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1 MPROVER FOR O L COVPCSI TIONS Field of the Invention This invention rel ates
to star po rogenat ed i soprene and but adi ene, and to oil
conpositi Omﬁ%@ﬂmmﬂlﬁ the star polyners. More 5 particul arhyu Q{ﬁ 2
i nvention ch oil conpositiend with excellent |ow rrper%? ure
properties and*#%tkeni ng effici ency and star polyners with excellent
finishing Bl CS. Background of the Invention 10 The viscosity of
| ubri cati nam@“‘ﬂmm@mmgﬁ with tenperature. In general, oils are identified
by a viscositly I ndex ich is a function of the oil viscosity at a given

| ower tenperat UFE¥End a gi vesr N GhalyMeEREr Sas Pry e ven | over
tenperature and the given 15 higher tenperature have varied over the years
but are fixed at any gi ven IMRROVRRaFORSPRALt EOMPRESEEANFe ( ASTM D2270) .
Currently, the lower tenperature specified in the test is 40C and the

hi gher tenperature is 100C_ For two engine lubricants with the same

ki nematic 20 Jiiedgksiafy the Imyentiian one having the | ower ki nematic
viscosity at 40C whishangehbeohl #BERt¥ESEAS5tYri BdEYmeriCoPi| With the

hi gher viscosity index undergoes |ess kinematic viscosity change between

t he t enper at uh@siregengtednisepoene| andchutadienescardtio igidex | nprovers 25

t hat are adde ks o]] ' S h S ' i nd well as the
oot o EoiBosi g1 BAs bb AL MAE AR ENE NEryL éﬁ%%&‘o%‘f%y e ¥ cat fon

syst em does neparspegiliylyhethie bhventioni rglabelextecsuch @k 8 August 2002
classif y nultj ils. o] i h vVer Standard did require
that certain é:lrog@gg?rtfgébgl véﬁ:rémg)g?%%gg tv‘?é\go "T?%gg'?%a% REX ?sapol at ed
from ki nenmat i andi shaskepingasfif bokehsyt akénsvar hpghgaiers twarper at ures, for

it was recogni zed ;hag gils t hat \Agre eéceed{;n%y vi scous at
Iowterrperatureé‘ge& g8&d éﬂbf%ﬁngtﬁ ?fﬂﬁ TF+7rt%Fties in cold weather. For
this reason, Bakkggoadd of | shehistepossessed hi gh viscosity index val ues
wer e fayvoured. The oilLs gayve th owest ] ow tO, t enperature extrapol at ed
viscositY es. Si nceﬁ‘gﬁe?{}sﬁ M’Haggd %Fbﬁ%{il?%ec”c%? dva%?’aﬁﬁlw i mul at or
(CCS), ASTM Dp2fgetrheurel | yIAGdMELZHDL)oi Bs ndEker tdenti flileghtshearrat e

vi sconmeter which correlates with engi ne crankjng speed and starting at |ow
t enper at ur es. V¥SGaFLEY ahRPEY ‘i%l?’(}i%%o%if’ﬁn??w oA fettindd- 5P 3 CCS,
are defined i att BegHhEnJB80e St 68HPE Fa BliEe VaSE 081 dwd M dBgHex NOt used. For
this reason, polyners that inprove the viscosity characteristics of

| ubri cating otPEPgFatubfet i TRt JEYRR rEWed ERMRALAIES RRfodite &ivemst ead
of viscgsity BQghBEeXehPPFrINVEFS hdPslayariddiSvadt Sthd SRy & Hat cranking
viscosity is not sufficient to fully estimate a lubricant's | owtenperature
per for mance i A18REI ABsANBAELVSDOC PR o1 B R AT t 1Rt REAGSAYP LA s‘@t%x{lqjy be
determ ned  p2270). Currently, the lower temperature specified in

the test is 40°C and the higher temperature is 100°C.
For two engine lubricants with the same kinematic
20 viscosity at 100°C, the one having the lower kinematic
viscosity at 40°C will have the higher viscosity index.
The o0il with the higher viscosity index undergoes less
kinematic viscosity change between the temperatures of
40°C and 100°C. In general, viscosity index improvers
25 that are added to engine oils increase the viscosity
index as well as the kinematic viscosities.
The SAE Standard J300 viscosity classification

system does not specify the use of viscosity index to



25 in a |lowshear-rate visconeter called the mni-rotary visconeter (MRV).
This instrunment can be used to neasure viscosity and gel formation, the

| atter by the nmeasurenent of yield stress. Inthis test, an oil is slowy
cool ed over a two-day period to a specified 30 tenperature bgf ore V%@@Si ty
and yield stress are determned. A yield styess observation @?‘r@lu k an
automatic failure in this test, while punping viscosity nust be below a
specified limt r J ugust, .2002.- 3w |l . not cause
an engine to ex%{eé)lsgggg glu%g%f n%gf%lilsu'r e%ﬁr‘?‘ﬁeg KAt \R@é’teﬁgf’cgﬂai tions.
The test is songtam@srdefiédr edqoiorastide dettdRV dgmeles ASEM DEGR9. Numer ous
materials are used in_the fornulation of, 5 fully-farmul ated | tigraded
engi ne oils. BeSTTRETPhEIBalelretisteSuiar MSF ﬁéﬁf&é’%&r“-&ﬂ??ﬁf’@,

napht heni ¢, andkfivemasyst hestesd ty s dumsindrtl dsakednhatpaligreri ¢ Vi

i nprover,_and the pour BOi nt ggfr_essants, there are nunerous | ubricant

addi ti ves® addedtSRehe heFess i Medfe S| egpafized ihatudlagshet, were

detergents, di spaisad Sglqndi Hdis RA MowlaidngsssiitureEheaaskdbehgand
additives are usually conmbined in diluent oil and are general ly ' referred to

as a di sper santS%hH; b€ of i phtReeleorimsL el d Meathedcagkor1bhEsnkeasPract i ce

in the forml athon 0 raqgubl i grateoidodsed2 PR Lsokatgeindbpematic
viscosity and cranking viscosity, which is determ ned by the specified SAE

grade requi r eme¥akIes ‘GrEe jhuuratke DITHREK Rl sam@votihepdPresteppessant
are conbjned widdinge M tii PP’ VEFaf) lidd %@Q%Eirﬁte%.aggﬂw Bhape Ramest ock,

or two or nore basestocks having different viscosity characteristics. For
exanpl e, for arhaBARgRYEPedniihd gradde cnankigencdmulatioon (6EST heASIM package

and the pour pagi e i | d cg{}ﬁ{ ut .t he ints of 25
HvI 100 neutral% angdpl-l()/fg%ggﬁ%trﬁra D%;%d@l’ 30 nee%?tfg pbééégt%@%% ght be
adj ust ed al ong méitteh thecathefampmhiah @oridelidtes arigbt engsnescravkimg e
arrived at. Th 0 i n re nt.' el ectiqn rmal,l . depends. on t he
fype of wex pr i A RS A Ak SRRt e raa R AR e

Vi scosi tds i ndexisqusiviey limsidld, ideteroimed bhynttdreaCCsSwW &hewdaf pried ursor s,

it may be necessary..t addi tion aur int._depressant of

di fferent type,sa’(ﬁ Sﬁé)a@-’gﬁ ?é(}rﬂ\d%& ar?tni%[ Q’pl(ﬁccﬁ)}g:y lfga _l§ ’lﬁéu%?e%OOZ pour
poi nt ~depr essarforussvh § Ofed duh b@RAImREIES tha tCAmMpadYat ehéovisbasity
interaction. O herwi se, |owenperature rheology wll deterjorate, and
TPI-MRV failur shagagrertifics ‘F’rf(reib’g’élt?@t&d’(ﬁ ?ﬁl&ﬁa!arﬁoﬁi’m%ﬁ’r’ﬁ?s 5 depressant
general Iy increasesdd® €0ds Ofi fc@sTuhaimddd Ak rgndnBeeblbsE CRlécodItGe @
formul ati on has been arrived at that has the targeted kinematic viscosities

and cramdi ng vildE8s tIRRTOYYS TPl - MRV viscosity is deternined. A relatively

| ow 10 punping vi scosbdyy antk tie ARLIERRniHed Endkr @§§nk§n€e$l rable. The
use of a VI inprover which contributes little to_ | owtenperature punping
viscosity or yivdlsearitessis farespiddsicay &9 fulfy FeEHMRER I dn of

mul tigrade oi | §.udtj JHAY M ZESyIdpelrdltudle PUYRIAEhBE LB 8RgPhés [ hajagmay
cause an engine punping failure and it provides the oil manufacturer wth
addi ti onal flexXi¥0 iadse nredid nese thp toPyaPiagnydsertitthPe hdeserminad e to

punpi ng 34 SCOSijky.a 1ow-shear-rate viscometer called the mini-rotary
viscometer {(MRV). This instrument can be used to
measure viscosity and gel formation, the latter by the
measurement of yield stress. 1In this test, an oil is
slowly cooled over a two-day period to a specified

30 temperature before viscosity and yield stress are

determined. A yield stress observation constitutes an
automatic failure in this test, while pumping viscosity

must be below a specified limit to ensure that the oil



Viscosity index inprovers that are hydrogenated 20 star polynmers containing
‘hydr ogenat ed pol yneric arns of copol yners of conjugated di enes, including
pol ybut adi ene nmade by the high 1, 4-addition of butadiene, were previously
described in US-A-4116917. US-A-5460739 descri bes star poly@Aggv%tiqu
(EP-EB-EP') arns as VI 25 inprovers. Such-pglymers produce goo ¥R Tkéni ng
characteristics but are difficult to finish. US-A-5458791 descri bes star

polymers with (ER-S-EP,) ar Loprovers. Said EP and EP' are
hydr ogenat ed bl glglg %tp&%ﬁg%oggegé,g&ggig EBR S K0 o SRR %Pbé&r%o of
pol ybut adi ene anirSnigs calbdl eektbérpobydiyiens. Ieh tealtyiwr sohavemexcel | ent

finishability characterij stics d d oils w o) | ow t enperat ure
per f or mance but rtelfigrtrﬁldcE@niaﬁgggﬁafggt_lggﬁsf?%%' MMdi%rﬁ%%i"shed. It - 5-8
August 2002 woul d be Nathearuzgmatsrialbeaabl eséd i aiCcEoxmpalayieh et h good
t hi ckeni ng char gc& rigti csland excel | ent fciini shi ng Qflal‘ acteristics. The
present infventi 6N Elyo cFBelaged ’3“%5}9%‘?? SRRt Y15 t RESEAGENER®N I n
accordance w t hbhBespbexent wh¥RNha PnihbEide iFadif¥inde] Aaphl8heROtYMEr

havi ng the struct %re selected fromihe gr ou$q consistin

f (I
(S- EP- EB- EP' ) n- ¥n¥0VER) SYREDh&L R Hy jaesd 199 1Hludes., EEgS?EP&YF)ﬂeRi%‘Qf ein EP

is an outer hydipgesebed BhaCkn&fpd@t Vb&OPE re3%hRgs? BHEPErare
aver age~nol ecul ar wei ght _(MAL) between 15 6,500 and 85, 000 before

hydr ogenat i on; EBMPEOHSh}EHPEiEeHRE cARdl bikeHiaddsdy Whishi eft Agvamkiveatunber
average gl ecul agewekghhnt MAEY ¢ betaees, 14500 and 515400

hydr ogenat i on angehav?ngnat Ieasfé 85~ 1, 9pol yg?élr iszat ?ngpgéﬂtﬁ ?%d an i nner
hydr ogenat ed bl BeRroPopBFyfieppeesanthayvi Phese dwrsdcantepddbt ivéecadar wei ght
(MAB) between 1,500 20d-3mn 004 P&t nat.l,00:...S.| ck of

pol ystyrene havlllng a guﬁger aver agg&%o%lg%%?’ \%}al?gﬁfe(ﬁ/b\%??%ﬂg, 000 to
4,000 when the Bebeorkd260i &8s extdisrergant-dimhi®»itoo packadgépPlombes & he S

bl ock is internablﬁl#agga% l); wherein the star polymer structure conprises
from3~ to 15~ by wei g “the pol ybut adi ene, the ratio of MM/ MM is from
0.75:1 td57.5:1, X i Sommponcpractivfe alBltipnl feinodaylionoopl a mguhybmtadeand n

is the nunber of. bl ock rar in . the star.polyner en_coupled with
2 or nore nol esg%)$ %%et%gﬁ?g%%{{g%%/l E:Esoq.ﬁ)qef% 1&5@?"%1§eyxﬁﬁ?§:l ?’?‘}?i ng bl ock
copol ynmer nol ecat@sking Svisigesit?0Ghictb isSaiedetinanedobynelie specifiafidil as
viscosity index_japrovers_in oil caonposit] farmul ated_for high

per f or mance eng‘?%‘gggr 2 {%?V%qwgdrbrﬁﬁjiélq&'y Jfﬁf)r&/ep?%]ﬁ\?qgeerﬁ{@r ature
perfornmance of p&er pebINer Sepise Seatits G taonibided WIPhOVEreI ipyowdovi de
Sk R IR ML e N MR SR
therefore be usssisebtdcls odeing different viscosity characteristics.

For example, for an SAE 10W-30 multigrade, the

concentration of the DI package and the pour point
depressant might be held constant, but the amounts of
25 HVI 100 neutral and HVI 250 neutral or HVI 300 neutral
basestock might be adjusted along with the VI improver
until the target viscosities are arrived at.
The pour point depressant's selection normally
depends on the type of wax precursors in the lubricant
30 basestocks. However, if the viscosity index improver
itself is prone to interact with wax precursors, it may
be necessary to add an additional pour point depressant

of a different type, or an additional quantity of the



10 oil to make a viscosity inproved oil conposition. Concentrates can al so
‘be nade, which will contain at |east 75~ by weight of the base oil and 5 to
25~ by weight of the star polyner. Detailed Description of the Invention i5
The star polyners of the present invention are readily prOd%fﬁﬂ &%:&ﬁﬁ
processes described in CA-A-716645 and US-fF-27145. However, 9S4

pol ynmers of the present invention have nol ecul ar wei ghts and conpositions

whi ch are not tangt by the references and 20 are selected to obtain
surprisingly i MAvRPIwIACRFFESaRar BSBRr FF it 282 3ERFRT APty i ndex

i nprover. The |dofigihddey 1R RBLeCuhesra¢€ GPUPIchavdisd podwal kenyl
coupling agent such as divinyl benzene wherein the ratio of noles of

di vi nyl benzene YeFRgRATHF 25 hgol paEr Wibl cdetiesiamata, |andtTEE-MRWNnd
preferably at | ' i 1he ol lyd Y Y, nat ed
to saturate at flggg'gr%gséylgg \ﬁg%a%{'p p?%e%éailiﬁgt&fga%%%?%%?%gﬁf, of
t he i sopPene aﬁ’@%ﬁ%@iﬂénéenﬁrﬁgh%ﬂmaﬁ@néﬂ@ zosho Pl fommpkat iofg t he
styrene bl ocks jar e nefiinkel §abrfQLntMProved performance. The pol yners

described by this invention contribute less to viscosity, as neasured in
the TPI-MRV test, tiPmse a- fgraugatioROoPs drdemearyitveat ado thet Hease thee

addi tional pol Y3byceas RifEHar FOMPs &lod 18 U0 LWIPIS HG3Hd AL A6 L3

i nvention al so prov tigrade oils gher viscosity in &5t han
hydr ogenat ed, &he- fElyMBEprisecosity £ pidbemrimedr. otAhere layrdrvedandtosd

pol y(styrene/i } . bLock. copol r_star paol rs. ;The present invention
has an al vant aggg%ﬁgg E)’?(sa\g/:é%hggd?%%g@’eer ya Nt cecé??é’ﬁeewrﬁtsrﬁasﬁ &%t ar
pol yners whi chdpsavriatéehi ghhéi gbe t @frendat Wingrovieghwiliedr conite ithtelsTHSR)

viscosities in,engine _oils are prepared by addition of small polystyrene
bl ocks to the %%ggi50F9 ?gféqWé?{#Eﬂﬁ?) tBGoVesF oSN @5t W 15! yst yr ene

bl ocks enhancedteggekons- behy Siésiraptdhau thel Foreullag idnl ofhen the
pol ystyrene bIoci has a 3,000 15 to 4,000 nunber avera%e nol ecul ar wei ght
and were at thBUAkt8FALF PbFti oht BHidYimHess &h&y rhskmethd OEBdatiRgt hi s

inventiap, it Basobeesndi koY esfekd hat etn@in%aaamgd}a@ntfaglqu&% gl geed when

t he pol ystyrene bl ocks are internal_ in a tetrabl ock copolyner and, in the
internal 20 caBEOViAESpENG sy drniasturesl ekl ageishenades not need to

be limted to 810Q0pMBxtyUM KA udlotMRihetNebmpBREALE B¥dEpgenat ed
pol yi soprene arns do not” suffer interaction with Wax precursors because of

the abundance @PNBEABERE &P KBUMPRNGVHSCOFALH -gr oups that are present when
1,9-addition, 3,9- a@@é&b??t;éofn%ezgfﬁﬂ:@é}de‘}g EhGY 3 W ?-Lgd'rgg@h%rﬁ%.d The star
gne ni- mal I

polymers of this invention are desi to be m nteractive to wax,
| i ke th@0hydr ogeant pdl gmeps| somtupimame dydrogenapelypedymebar bame bétter 30

performance th - ppl yi I ar zQuUN Lgh
pol yet hyl ene- 11 eéggﬁg%%fgﬁé%?ﬁﬁﬁ%ﬁgg%?ﬁghg%’tﬁgcgpgggathgﬁﬁggféggﬁgked
but adi ene bl ockadarky pthae cuiighurk Heraddidionhefnbvkedéeby,i wesetion 8

?ﬂgﬁ“ 2002 Of%ﬁé‘v%gﬁfwaée{&iﬁooﬁ% ustald178b15N0WBs LB 4@BR53I Nty why
posi tioning shoul d be Tavoured.
describes star polymers with (EP-EB-EP') arms as VI
25 improvers. Such polymers produce good thickening
characteristics but are difficult to finish.
US-A-5458791 describes star polymers with (EP-S-EP')
arms as VI improvers. Said EP and EP’ are hydrogenated
blocks of polyisoprene, said EB is a hydrogenated block
30 of polybutadiene and S is a block of polystyrene. Such
polymers have excellent finishability characteristics
and produce oils with good low temperature performance

but the thickening characteristics are diminished. It



However, it is believed that when hydrogenated star polyners are used as
‘'viscosity index inprovers which 5 have hydrogenated arns containi ng

pol ybut adi ene and pol yi soprene bl ocks, the hydrogenated pol yet hyl ene-1i ke
segnent of one armis further away from adjacent nei ghbours ép\ug\%t%o@n and
the interaction of a wax precursor with Aubt+ pl e hydrogenat ed polybutadi ene
t0 bl ocks of the sanme polyner nolecule is |less favoured. On the ot her hand,

pol yet hyl ene- | ik oy f0geiahedqBohybus gl o &l 0o ks: SQN00t 2 o Pnfced t 0o

close to the outer edge or periphery of the star
wax- pol yet hyl end ilntg@osc tthédakpsing oharachen irethics end Septakkentt of the

hydr ogenat ed pcgixg:é%qﬁige?ﬁa%gtgg]?i%gf%é:c‘hfzﬁlé opgg%ﬁjtﬂggnp{?r{ he star

mol ecule will resul e inter- cryst zation of these arns
in solution. ApHovéidesseuch @i Bebwgney. and possibly gelling occurs, which is

br ought about t hice i i 20 crystallization of many star
nol ecul e? to f@(xnﬁng? Jada Oéﬁ@f&l. S-EP outer blocks (see |), EP-S
outer blocks (11), &mn tkecoERanaeevith athes grssent |invyersr bomesarke S t hat

i nt I I iati tes. .T hi t dual I f
i 21 ng. i nt EEOSLAEa! & S3EE CPOLVNY F Wit HeRis A e ek, ¢ he
rati o of EP/ EP'froml ehel groupi ghisi{ddiy M) should be fromO0.75:1 to 7.5:1.

The crystallization tenp ture of these hydrggenated star polyners in oil
may be | owered by 30 redﬁé?ng tﬁ% Eoégfﬂx%t%l)écgl ar wei ght of hydrogenated

pol ybut axdi ene toget her wi(th) pl acEFrIHEBHER N -Rydr ogenat ed pol ybut adi ene
bet ween hydrogenat ed pol yﬁgfreﬂéap sEeﬁments and by substitution of S blocks
ocks.~

g _ 8 August 2002 for i i Bfeduction in EB results in i nproved

| owt enper at ur ghdPbiNRV test results. It also results in the additional

benefit of butadi ene-containing star polyners that are | ess sensitive to
pour point 5 depres&Bntist §Pe”Brel dnaganated M@eckhicth RRY HiAeRTEse de oil s

whi ch have ti mgageRgngentimyé s CHR tahd ARSI a6l \ﬁ%ﬂtdtﬁggtbaéwéﬁcri bes

sem crystalline star polyner viscosity index inprovers t provi
superi orl5| ow t énpLPagAel pef P rinfinze fvdngdenatdeonso 10 without the use of

Suppl erent al pour parnt - dep esary i Stk BEEAY Rt it Mg
whi ch are usef al numbey| avepras arasl emud agr efedodis| Myeephetweby 165@hiamd cal |y
Fo The 11ving ool 0rSons bobt HRRERE sty S Mbnd it A0t S e ot er
bl ock is conpl ppéymadiezagiémsoprene to the pol ynerized |iving bl ock
Copolyngﬁ, addi ng SE¥569§ Qﬁ inner hydrogenated block of polyisoprene
having a number average molecular weight (MW;) between
1,500 and 55,000 before hydrogenation;
S is a block of polystyrene having a number average
molecular weight (MWg) of 1,000 to 4,000 when the S block
25 is external (I) and 2,000 to 15,000 when the S block is
internal (II or III);
wherein the star polymer structure comprises from
3% to 15% by weight of the polybutadiene, the ratio of
MW,;/MW; is from 0.75:1 to 7.5:1, X is a nucleus of a
30 polyalkenyl coupling agent, and n is the number of block
copolymer arms in the star polymer when coupled with 2
or more moles of the polyalkenyl coupling agent per mole

of living block copolymer molecules.



20 the desired point depending upon the desired | ocation of the polystyrene
‘bl ock, and then coupling the living bl ock copol ynmer nolecules with a

pol yal kenyl coupling agent to forma star polyner, followed by
hydrogenation. It is inmportant to naintain high 1,9-additioqskné&& t 25
t he polynerization of the butadi ene bl ock-og the bl ock copol yne t hat
pol yet hyl ene-1i ke bl ocks of sufficient nolecular weight are al so obtai ned.
However, it is not igportant that the inner polyisoprene block be nade by
high 1,4-addition of %&Sprséﬁé. p?bf@@‘,erist S2RoHFRLBL 38 PASSPBIEY tHIdRH a
randoni zer suchimprdietByhinebher compblethbinsngobhalkteapoby igrafter the
attai nnent of a su%ficient nol ecul ar %gight of ﬂigg?l,Q-ad ition butadiene
had been obt ai NRYFLCB3RGHUERIZREI - 8 TRETFRHADKT 281 IRbEI Pt Yadded at
the concl usi on ofiptbeeblbadtenpepakyirer peatbomans@dobethersol ydaduet i on of
nore isoprene to. give, the sgcond ol yi soprene bl ock. Al ternatively, the

random ze? coul ¥ HECaHE¥IIBEEEr LMBTOERPPet | ORCHIPTRELER BRAURA bl ock

pol yneri zati on, y28€o§08¢UaE eDbwWblipkRati1fé § Ot Cébipa P s b5 O &ftr The star
pol yners of the present invention nmay be characterized grlor to

hydr ogenati on aROWADERF BHauWbRdebiefkr EabionutPers Bhrardsh? ihixd higher

pol y(pol yal kenyl,i9 ¢ogphing agent) and a nunber of bl ock copol yner arns
extending outwardly therefrom The nunber of arns, as determ ned by |aser

| i ght angl e scatterifigeseudpbymang ¢anythenefore dbe yuded with calbaser anges
fromabogy 13 10 8h0Ytngge 45018c080e0alnptdfed!aly OGICRISJIRY De

hydr ogenat ed using any of the techniques known in the prior art to be

sui tabl e for hyGhrogenatabaes ofanl @lsai be unade urwtiicm. wibhexmrtainhat

hydr ogenati on difi st uf ki gj o0 hydro te | east 95~ of
t he ori gi nal olcjg |# c?g% %ﬁsﬁ?g % i%%,ﬂé% é(‘:stben |%/J:‘joan'g§$sti° ?Eas’%e | oyed so
that the parti ardiyghydobgenat edaorpbliyhgre hydr ogenat ed pol ybut adi ene bl ocks
do not crystaJI6;§é d f bef.ore hydrogenation, or
cat al yst Wash- otH SHPr et e e penari-or—the—pertent age of but adi ene 25
used in p¥eparati on Dhetheastpolpnbysesft thue i pue sath sibsatiicnt dre

hydr ogenati on i n cyc] ohexane ere_is sonetines mar ked, i.ncrease in the
viscosity of tH& iﬁi ?FdH%F%CQYdt%?y%f%ﬁ?§§%ﬁi ?ﬁfh?ﬂafkﬂybutadiene
bl ocks, the soloreiR-1E6945 adnd eUSHPUR 1 0B, NeHouerded 3k adiae poll§mers
tenperature mhgégéﬁg stallizatjon would occur. In general, hydrogenation

i nvol ves the u RIFTST I RUERFIQR BRVedS T FVUSES23R4s. A

m xture of ni ckedmeed iyt hexanaat €h adde t ibet iyl didHe hafidiénce8 AHEUSt
2002 - 11 from1l.8 to 3 noles of alumniumper nole of nickel is

preferretf The 3RRITRYEAAEI]Y &2 LRI Y nBREPHFS ALY | HIRARYSh L#y be added to
a variety of | ulynSata Agrdi psr £ OrmAREOVEs 2 WK 1oy | Tk qhprackeli stics.
For exanple, the selectively hydrogenated star polyrners may be added to
fuel oils such as miHaeeldVsng|Pal ¥nercnaleaykiheatie EARPIRE Wiah a
lubricating oi Iy Uden Pl | Soffli AGdbgdht Aud |as divafAiddidRnko €engine
oils, they may be "used in lo the fornul ation of automatic transm ssion
fluids, gear |ubraxsinsthenhieraflneles wdivinyjhrnzane &9y laNdngt of

the selegdivel ¥q¥ qgg r; po . pe ' t oi |
W t hsarmgatnlt\s{ f?pcé}n a %%t i%gﬂfséoéa %u%yﬁé%’t Yo 'ell'ngﬂr?g t cc?nfr%tggy Egr Ien;i ne
oil's, 15 anpuntleagt h3 nlt heTheingfeaf rpod whati. thern shirativelty~ are

f d. Lubrj ' ' Pt i . ted st
preferrod.  LUbhl RALdd, Slda COIPOSLILORS B CRALAA 943 by N fup ogenated star

pol ymers of thi's 1 hvention SO contai ives sich as
anti-corrosive pefoshthlbl yest bedsoxd8tand g, weladher gerft ssheduwoppenet and
depressants, and one. or  nor e additional VI inprovers. Typical additives
whi ch are usef uﬁ%1%?ﬂfl%ﬁﬁ?%ating oi |l conposition of this invention and
their de3xription wBbthethousnizenah- AL 37eiRdO6 @i de RS- 9%t BEIEOBI ocRS
Preferred Enbodi nent_of.th nvention In preferred star,.pol rs _of the
pr esent i nvent i%hf ‘fﬁjethfﬁge%oﬁvgp%ﬁgvﬁ%lé%{ﬁ%ﬁ'm%‘?eght ”i*fﬁ/ﬁ" df"°FRe out er
pol yi soprene bldudcisbdetiveerhilsd, 000eabtton Sodifr imitos €l dydroagenat i on, the
nunber aver age

e pPe 1P

viscosity, as measured in the TPI-MRV test, than



30 nol ecul ar wei ght (MAZ) of the pol ybutadi ene block is between 2,000 and
6, 000 before hydrogenation, the nunber average nol ecul ar wei ght (MAB) of
t he i nner polyisoprene block is between 5,000 and 90, 000, the nunber

aver age 8 August 2002 - 12 nol ecul ar wei ght (MAB) of the ﬁ@&ﬁgﬁ&e
bl ock is between 2,000 and 4, 000 when the b block is externa d en
4,0d0 and 12, 000 mhen the S bIock Is internal, the star polyner conpri ses

| ess than 10~ | h but d|en and t t|o of MAL/ MMB i s
from0.9:1 to 3*?1 tpS% ﬁ%?qyé %ﬁ Qﬁgiﬁﬁﬁg %ﬁ%?%ﬂ%mk i's
preferably at |astk 89$om§hefsthé gsxmlymers d)éschhﬂoém as}entthiswﬁﬁdrmloafe
preferably of tmi?truct | 0 The cou Ied pol yners
are sel ectivel P 1RdFS gﬁéfeguéfthrigéxﬁt&? Qﬁ Mt Bi35AHanoat e and
tri et hyl al um niinadxasi rjan Aﬂzd%gér@dtédpfaﬁb%ﬁl}llefbplrér% ZBthayl to saturate
at | east 98~ of the |soprene an ' 15 Having thus broadly

but adi ene units
descri bed® t he FRSYERES] H6eﬂFP6ﬁd%#é%??ﬁ??ﬁ%ﬁtﬁ?kﬁj%ﬁﬂﬁﬁﬂ?ﬁ%ﬁOpqﬁﬂﬁ Yi nvention

is further desqlideqdcbyol pet Obt HMigKL Wi¥ewP! €s whi ch shoul d not be
construed as the limts of the invention. EXAMPLES 20 Polyners 1 to 3 were
made according to t ABE€pPESEARL| FESRTIAN &t \Areradvantrp® vk interna

pol ystyrene bl Qﬁlé%leag BoL¥oBéry it 3, E4fd aln iR Aty T gioq e €ach

star arm These polyners were conpared to two polyners nmade according to
US- A- 5460739, MSighepsovidedhiah Righpsemparateirg, goighnshearPglaggers 6 and

7, and ggol ynqmmge 36058 Pfed o UGy PR %Js ﬁ@(}g};@ B:edT pol yrer

conp03|t|ons and vi scosities of these po ynmers |n Tabl e 1.
Tabl e 1 Pol ynmerdddtpesi of opmahid mdints twranss itlypoks Wtert$teer§it_’albl ockStep 2

bl ockStep 3 bl aekShEPs. The previous discovery showed that

polystyrene blocks enhanced cyclone-finishing without
gelling the oil when the polystyrene block has a 3,000

15 to 4,000 number average molecular weight and were at the
external position, farthest away from the core. 1In this
invention, it has been discovered that the same
advantage is achieved when the polystyrene blocks are
internal in a tetrablock copolymer and, in the internal

20 case, the polystyrene block molecular weight does not
need to be limited to 4,000 maximum.

Star polymers that contain hydrogenated
polyisoprene arms do not suffer interaction with wax
precursors because of the abundance of pendant alkyl

25 side-chain groups that are present when 1,4-addition,
3,4-addition, or 1,2-addition occurs with isoprene. The
star polymers of this invention are designed to be
minimally interactive to wax, like the hydrogenated all-
polyisoprene-arm star polymers, but have better

30 performance than the all-polyisoprene-arm stars.

To counteract the high polyethylene-like density
near the centre of the star, the hydrogenated butadiene

blocks are placed further from the nucleus by insertion



4 bl ockStep 1 MW (true)Step 2 MV (true)Step 3 MN (true)Step 4 MV

(true)Pol ystyrene Content, %calc. basis arm MAWelt Vis 120C,

MPa- sl 111 211 1SBI 232, 50010, 2003, 30019, 50015. 62. 81. 6721 1SBI 236, 0005, 8007, 3001
4,0009. 22. 22.573SI 1BI Z3) 10026, 1006, 00019., 2006. 31. 61. uaust

8441 1Bl Z- - 31, 5004, 40021, 400- - 01. 31. 4751 181 % -.37, 6003, 60013, 606 9 4W¥Z% 66l
Snana65, 00035, 000nana351. 7--7SI----3 50051, 000----6.41.7--811Sl Z-- 34, 2009, 1

0014, 300--16. 51 2 39 a = n ble or availahle. a = | i near
pol yner. w 00 'f\?@ﬁ(‘)l\ng ‘ng Per 5t rPé?’FcB"lW”sAEt%ow 40

Mul ti grade O|!%éiﬂaﬂﬁif%%bvmﬁuﬁhV@&%Itﬁﬂding should be favoured.
However, it is believed that when hydrogenated star
polymers are used as viscosity index improvers which

5 have hydrogenated arms containing polybutadiene and
polyisoprene blocks, the hydrogenated polyethylene-like
segment of one arm is further away from adjacent
neighbours in solution and the interaction of a wax
precursor with multiple hydrogenated polybutadiene

10 blocks of the same polymer molecule is less favoured.

On the other hand, polyethylene-like hydrogenated
polybutadiene blocks cannot be placed too close to the
outer edge or periphery of the star molecule. While
wax-polyethylene interaction is to be minimized, the

15 placement of the hydrogenated polybutadiene blocks too
close to the ocutside of the star molecule will result in
the inter-molecular crystallization of these arms in
solution. An increase in viscosity and possibly gelling
occurs, which is brought about by the three dimensional

20 crystallization of many star molecules to form a lattice
structure. S-EP outer blocks (see I}, EP-S outer blocks
(IT), or the EP outer blocks (as in III) are needed so
that intramolecular association predominates. To

achieve the dual goals of minimizing intermolecular

25 crystallization and interaction with wax, the ratio of
EP/EP' molecular weights (MWi;/MW;) should be from 0.75:1
to 7.5:1,

The crystallization temperature of these
hydrogenated star polymers in oil may be lowered by
30 reducing the block molecular weight of hydrogenated
polybutadiene together with placement of the
hydrogenated polybutadiene between hydrogenated

polyisoprene segments and by substitution of S blocks



10DC, cStVITBS, 150C, cPDIN Vis Loss, 9Ol N P, MPaCCS -20C cPTPI -30C,

-cP11. 0213. 92163- 200a3. 6710. 414. 22, 74022, 90020. 9614. 021613. 6710. 914. 22, 98032
, 80031. 0813. 921613. 694. 014. 22, B9024, 90040. 9313. 971633. 5111. 014. 72, 80024, 100
50.9413.871613. 598. 813. 42, 85023, 30061. 2113. 471643. 37

. 2.013. 42, 75037, 20070. 9514. 001623. 5811. 817402, 97036, 60081. 0
14.52,98030, 200 na = not applicable or available. a) VI increased with tine
b) HTHSR viscosity_lim

viscosity [im

linit is 60, 00orPeERpekSAESt 20danty 800} rBue1es N QONso Febligust 2002 -

t is 2.9 ¢cP nmn %SAE St andard J300) c) Cranking
£orsEB588 oS Smax TPSAEr SPHABAPR 3IB0BT XHSWiRildy iPseyerty

15 Polynmers 1 and 2 clearly have superior nelt viscosities to the

comer ci al po
Pol ymer 3 has

melt viscosity of " Po : _
Pol yner ¥, al tdepyfsespaatpslypaers feneenppabiemmand whieh denbogol yst yrene
contents. Howe cLhe tota c ~Mel i j he sum of the
Stop 1 to Step boralacarar varsh RvECt At dedten Iighry .

total arm nol etntlaxesei giheofinPehyhen Thushdescriibashsepierystahdiseep 1 and

B3 0hee P FOLATEY, ol o0 e Busstrg e

Step 2 nol ecul
2, Step 3, or
wei ght appr oxi

v SCoS| 1 Va1 USPNRUL I e O cRePRd A loPtlL ToCRr okl

yrerbeanddifdopalyhensiot o putadiemyy-cantaisings558791.
ﬁowm@l&go&hg%l Gr¥l §§9§'t%¥n%9t§.995€o cgoﬁ-p%-i;@ong. The 5

ymer 3 1s slig y lower than t commerci al star

ecular weights, 1s [ower 1 t han t he

sapedithal owf tBopgnetuldd performanaxpact ettichhdd sbe nelt

concentrat es weser ppepatedepsengaiixxan thé Réded Y Isippidemehesk. pdine
concentrates were usgd to %ggare fully fornmul ated SAE | OM40 nul ti grade

oils. In addi tPeH"to

i

poi nt depressant, drRgessant pbDimdLs 06t pelckaginvertd odh&hlicHVhk@ON and
HVI 250N base oi l. éiesel 25,in£ector ri (Dlgg t stin% for |ubricant
viscosity | ossuS@Est dRRgVEoliTR ?V%ﬁ%d%H%rQF ably, PEERITEACRE t hat

Polymergs 1 to

i ntermedi at e nechani cal . shear stability.

an P68 ¢ £PL ¢SBHL ghé ¥Ez Oig \&séﬁ]ﬁfgr@/qrrﬁ thavipResBhel &
e

2. The high shiRf-putel BothisrosrddingPHeadiang) tion thee 1¥4pRFed Bearing
Si mul ator (THglonys J50C¥08 1¥PhER Ot GOMRNIIAAeraLaE1BA! YFEER: havi ng

this | evel of
easily exceed

20

25

30

per’manent ability. This is significant because the results

eyeer block is complete, adding isoprene to the
polymerized living block copolymer, adding styrene at
the desired point depending upon the desired location of
the polystyrene block, and then coupling the living
block copolymer molecules with a polyalkenyl coupling
agent to form a star polymer, followed by hydrogenation.
It is important to maintain high 1,4-addition throughout
the polymerization of the butadiene block of the block
copolymer so that polyethylene-like blocks of sufficient
molecular weight are also obtained. However, it is not
important that the inner polyisoprene block be made by
high 1,4-addition of isoprene. Thus, it should be
feasible to add a randomizer such as diethyl ether to
the living block copolymer after the attainment of a
sufficient molecular weight of high 1,4-addition

butadiene had been obtained.

8451889555 -

Bt concentrate, these oils contained a pour

se results are shown in Table



8 August 2002 - 16 mninmumrequirenent of SAE Standard J300. Polynmers 1
and 3 matched the outstanding TPl - MRV performnce of Polynmers 4 and 5. The
SAE 10W 40 nultigrade oil which contained 5 Polynmer 1 also exhibited a
viscosity index tinme dependence. Over a three week period OfBA%ZO
tenperature storage, the viscosity index jpcreased from 163 to . %e

ki nematic viscosity at 100C did not change but the 40C viscosity dropped

from88 to 72 10 ce hi stokes. Polyners 2 and 3 did not show.a tine
dependence. The ExxORSHYRNGORE poF yrehld ffcaftdes & wdite cansd uidan

prepare fully-tpenshabedeHbEpS Y i, adRdObleFor BN HR rodiidtliSralcE gi ven
in Table 3. In addition 15 to the VI inprovers, these oils contai ned pour

poi nt depr essafiPrealdPPpersaht FHFf Hitorsesatidagel Yas@raaae: Pdrsk -Exxon

HVI | OON LP basgl eekna®ively| hend epimubaaiRid idon1@f pehadhlh ¥RYrest at -35C,
there was no significant ditference in performance between 20 Polyners 1, 2

and 3, vérsus 2°BR¥eLiopupfathe Ritadiens bilesk: pplymerdzatign, Peingner S, as

wel | as the coppgeéGtabnPOLYIRISHE ; Guctionldf i yapst 2002 Table 3
Performance in SAE SWEO I\/u??i gr ade OOI ché'F)r/lrrer P(l)??éergﬂétwt Kin Vis, 100C,

cSt VI TBS, 150C, cPCCBe sgBC pePyrs IFCthe present invention may be

cP10. 7210. 4016 ,.00020..67 , 490 30. .381593. 0
73, 51031, 00040&%%&%?@%%%8%80@%}%@,%8/6%%%.233Eg.zg5%g15%8%88280%%,%%6060. 8910
. 351622. 883, 28¢0eIt, BO030. 68¢De 62 A6 =03 138R4d, pODB0p3EYalKBHEE3. 023, 29041, 4
00 a) the tinme: nt behavi our was,not verified in t hi s_case by

noni torilﬁg Ki n%grrl?ﬁgggi é%%%ﬂfﬁtah ntuimﬁg.r ﬁ# F’goFﬁeCQPgiX@FFyaFﬂﬁex and it

i s determ ned dawytASIM 230 Ewa ddigh-tiheredratur eThe ghumbear ofahemyi, saesi ty
(HTHSR) at 150C s determ ned in the tapered bearjng,sinmulator (THS) by
ASTM 4683. DI NSHSETHREA] RY ¢ tasel MHabE08npg el S6atEET1BBCEHALPS BaFer m ned
by CEC L-14- AS&ryConsidétallo) buty ansinglsiynuhnges ¥rsmoabbMtand tsé
determ ned by ASTM 93. TPl represents the TPI-MRV viscosity as
determined in 3R Mief:rotary viscometer test method, ASTM D4684.

15 In general, the star polymers may be hydrogenated
using any of the techniques known in the prior art to be
suitable for hydrogenation of olefinic unsaturation.
However, the hydrogenation conditions must be sufficient
to hydrogenate at least 95% of the original olefinic

20 unsaturation, and conditions must be employed so that
the partially-hydrogenated or fully-hydrogenated
polybutadiene blocks do not crystallize and separate
from solvent before hydrogenation, or catalyst wash-out
is complete. Depending on the percentage of butadiene

25 used in preparation of the star polymer, during and
subsequent to hydrogenation in cyclohexane, there is
sometimes a marked increase in the viscosity of the
solution. To avoid crystallization of the polybutadiene
blocks, the solvent temperature should be maintained

30 above the temperature where crystallization would occur.

In general, hydrogenation involves the use of a
suitable catalyst as described in US-E-27145. A mixture

of nickel ethylhexanoate and triethylaluminium having



8 August 2002 - ie CL Al MS 1 A star polyner having the structure

'sel ected fromthe group consisting of (1) (S-EP-EB-EP )n-X (I1)
{EP-S-EB-EP' )n-X 5 (I111) (EP-EB-S-EP )n-X wherein EP is an outer

hydr ogenat ed bl ock of polyi soprene having a nunber average i ght
(MAL) between 6,500 and 85, 000 before hydraggenation; 10 EB Q?Agﬁbgﬁﬂbdﬂe
hydr ogenat ed bl ock of pol ybutadi ene having a nunber average nol ecul ar

'Gact 85~ 1 apolyhll i 1n> EPLSPSORrT AU ) FES S oA 15

pol yi soprene 15 dirafiditeal. nunber average nmol ecul ar melght (MAB) bet ween
1,500 and 55, 000 befaore hydrogenatlon is a block of polystyrene having a
nunber average nol ectf M®) SBRT PYomars Lddimemveidi®ml ock is

external (1) anehad, GO atd@eli5t@09 V\E'Eﬂeﬁ)heoz.s 1RIRGeaits nd0 dintser’pli rd dover
[11); mhereln the star polymer structure conprises from3~ to 15r by weight

of the poPybut aﬂléﬁés%tHelPQFFoCBFrM?W%@ fréProersmpley the 1 "X is a
nucl eus of a pOEb@b%ﬁﬁ»bl?oHPHkBSeﬁﬁﬁgﬂ sted pay 1! e&@emB@”%%ra@Bé@ ek 25

copolynmer arns in the star yner when coupl ed mnt or nore noles of the

pol yal kenyl couﬁP@%gO&dénﬁuﬁéraﬁnm%ﬂQ#eI4AEQileFGC¢U@éﬁoIfﬂ@ﬁhﬁﬁﬂébﬁmés 2.

A star pol ymer ﬂfat‘&&%'lml%br!l\legffh@ éffspc&ml keryls e%pllha&s%&&%tl s
di vi nyl benzene. August . A star. polymer of claim 2,

wherein nis thelﬁénber noﬁddmsonm@n mnmee@lwsr, htheyl sast bs mlegls iof
dIVInbequene Rhk rﬁu?%tka%'gﬂ éﬁﬁ%é%ﬁmyrgggﬁlgg %ﬁukﬁ érstar
erein the ecu érgﬁe

pol ymer of claiml nunber average noD
(MAL) of the ouﬂebrpohymsopaEthtdxinde;ﬂiﬂm@een I5, geédeand, 66000 before

ol ybat adi ene’ bFASEAS Shet Abere Soubn auin 1 55 Hg 6 SearhpardBexs: may
nunber aver age bBIbdahdedmehg@ttmeAlesﬁ wilth emnentpolfybsopbene IBl.06k |s
bet ween 5, 000 a 000 y e _hydrogenation, the_nunber.avera e nol ecul ar
el gt (MAB) of CPnaoBaty LBy Yk TR refionn 5 P80 SRRARE B Sunen < he S
bl ock i s 1ext er nalmoluBtEl yiahin betieverange EXdmandbdd0002whenabbatS2bkagk i s
internal, the star gol r gonprises | ess than 10~ by wei ght of the

pol ybut adi ene, &h8 PRE*FLFFD  of MM/ MAB is from0.9:1 to 5:1. 5. A star

pol ynmer of any one Oiubhﬁcﬁfﬁﬁ%d&ﬂy cdrpdEtid0sWheepaeh@ith the
1, 4-pol ymeri zatjon of the pol ybutadi ene block is at |east 89~ 6. A star

pol ymer  of any BM@rSEePHEeﬁr%%%HlRR}XH%%%NQf WhéFeiRVERE1RBI PRY0BLERe bI ocks

and the pol ybut adheaenbberks 2d®i @ilvdsLaricn9as byeicagpabgdve25 7. An oil
conp05|t|on conprising: a base oil; and a viscosity index |ggrOV|ng anount

of a star?® poIynéﬁdéF1§ﬁ§'oﬁ%tbﬁx%qﬁﬁﬁﬁuaﬁﬁﬁﬁﬁgeBFﬁrn§°“8 PRA1RSI yrreric
concentrate forqgepkeS98RES] tariSond) XOMIrleShABitional VI improvers.

Typical additives which are useful in the lubricating
0il composition of this invention and their description
will be found in US-A-3772196 and US-A-3835083.

25 Preferred Embodiment of the Invention

In preferred star polymers of the present
invention, the number average molecular weight (MW;) of
the outer polyisoprene block is between 15,000 and
65,000 before hydrogenation, the number average

30 molecular weight (MW,) of the polybutadiene block is
between 2,000 and 6,000 before hydrogenation, the number
average molecular weight (MW;) of the inner polyisoprene

block is between 5,000 and 40,000, the number average



at | east 75~ by weight of a base oil; and from5~ to 25~ by weight of a
'star polyner of any one of clains 1 to 6.
ACACALA AL AALL AQAL L ARA. A&l . AUY. AUF. AL L AY. I A UA F . Ay. | . ARAl Y. AL

r. ALl . Ah) G*ol %ADnt { vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal Ca]gfﬂlg %ma] cal
cal] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] c”a] ga]ca] c<a]cRal {!"’ é 7)G
)/ /-0 01q245p666662upkfa\vqca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]

ca]c“$%F?%f?£cahcaF@a!ca!cahé §%WF cakc%HLc LS%L%angEGg Z,ggh:v:}:;
e e el
a] cal] ca] ca] ca] ca] ca] cal.cal] ca] cal.cal ¢ =

] aeaacuc(@,lKeUglé?eﬁffJ '%\44210(9%] A ca}]zceQ] QF(';‘a]’-éa]’-E’é]e(F&]a a] cal] ca

] ca] ca] ca] ca] aiteC altea] ]l%fé]xciﬂdﬁ@ﬂﬁ%]efsa]l%%]scaﬂkfaaﬂ Q@]%C‘t‘) ] weki\WhkmelEn+o;
o000/ pEp[] '] 6] HaCaUa] aeaacuc@KeUeaeeebj w zt oi d_ZU| ca] ca] ca] ca] c"{d caU] cal ca

] ca] ca] ca] ca] CRg PILYRIEAPEENEa] AR &hearedfoablic Me Af¥n]ich) Y ca] ca
]ca )G G >10%% ().1910%h& ﬁ)4Ey@%&§th2a¥13w%b% QheYEQ%®§u€Edhene
"10%&'()-o~\ 1 k" 10% U U8 10% ¥ 10%&'51

Y1 109 ()-!Y! %k )lswwgee)abdwo@éadle@@m@%%&' £l 308 &PPLYPEEB1086 * & () -
4 -10% & () - +Ma.1Q0

P B k950l | - 1bvare )ﬁE Seht: 3potd 38 n(llft’):gﬁﬁr(e FeEabdyy ot 15FFESER B0k 1 & () -
zXJ<! 1055  (S-EP-EB-EP’),-X.

10501 L0085, ) 431 CHILE Qe kOB 0l NG DG ABRET O0-17
GLO%&' () - | 1055phkhanGQtlon of nickel ethylhexanoate and
triethylaluminium having a Al/Ni ratio of about 1.8:1 to
2.5:1 to saturate at least 98% of the isoprene and
butadiene units.

15 Having thus broadly described the present invention
and the preferred embodiment, the invention is further
described by the following examples which should not be
construed as the limits of the invention.

EXAMPLES

20 Polymers 1 to 3 were made according to the present
invention. Polymers 1 and 2 have internal polystyrene
blocks and Polymer 3 has an external polystyrene block
on each star arm. These polymers were compared to two
polymers made according to US-A-5460739, Polymers 4 and

25 5, two commercial polymers, Polymers 6 and 7, and a
polymer made according to US-A-5458791, Polymer 8. The
polymer compositions and melt viscosities of these

polymers are shown in Table 1.
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DIN Vis
Loss, %
0.4
10.9

0
11.0
.8
0
11.8
2

TBS,°
150°C, cPp
3.6

67
6
3.51
3.59
3.3
5
5

Table 2
Performance in SAE 10W-40 Multigrade Oils

(SAE Standard J300)

161
164

62
169

1
163-200°
161
161
163

1

Kin Vis,
100°C, cSt
13.92
14.02
13.92
13.97
13.87
13.47
14.00
13.93

Polymer
% wt
1.02
0.96

08
0.93
94
21
9
06

not applicable or available.

c) Cranking viscosity limit is 3500 cP max (SAE Standard J300)
d) Pumping viscosity limit is 60,000 cP max (SAE Standard J300)

a) VI increased with time
b) HTHSR viscosity limit is 2.9 cP min

Polymer
1
2
3
4
5
6
7
8
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aab bb bbi MNAANLOYEL (1o M028& ()5 sae standard 9300. Polymers 1
and 3 matched the outstanding TPI-MRV performance of
Polymers 4 and 5.
The SAE 10W-40 multigrade oil which contained
5 Polymer 1 also exhibited a viscosity index time
dependence. Over a three week period of room
temperature storage, the viscosity index increased from
163 to 200. The kinematic viscosity at 100°C did not
change but the 40°C viscosity dropped from 88 to 72
10 centistokes. Polymers 2 and 3 did not show a time
dependence.

The Exxon HVI1O00N polymer concentrates were also
used to prepare fully-formulated SAE 5W-30 multigrade
oils. These results are given in Table 3. 1In addition

15 to the VI improvers, these oils contained pour point
depressant, a dispersant inhibitor package, and
additional Exxon HVI100N LP base oil. Given the
reproducibility of the TPI-MRV test at -35°C, there was
no significant difference in performance between

20 Polymers 1, 2 and 3, versus 4 and 5, but all were
significantly better than Polymer 8, as well as the

commercial Polymers 6 and 7.
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Table 3
Performance in SAE 5W-30 Multigrade Oils
Polymer { Polymer | Kin Vis, VI TBS, Cccs, TP1I
swt 100°C, 150°C, | -25°C, -35°C,
cSt cP cP cP
1 0.72 10.40 161° 3.05 3,290 29,000
2 0.67 10.40 159 3.07 3,490 31,200
3 0.76 10.38 159 3.07 3,510 31,000
4 0.66 10.66 162 3.05 3,230 27,600
5 0.68 10.65 lel 3.02 3,220 28,700
6 0.89 10.35 162 2.88 3,280 46,800
7 0.68 10.62 166 3.01 3,330 47,000
8 0.75 10.54 165 3.02 3,290 41,400
a) the time-dependent behaviour was not verified in
5 this case by monitoring kinematic viscosity with time.

VI is the viscosity index and it is determined by
ASTM D2270.
(HTHSR) at 150°C is determined in the tapered bearing
simulator (TBS) by ASTM 4683. DIN VIS loss is the
10 viscosity loss at 100°C and is determined by CEC L-14-A-

High-temperature high-shear rate viscosity

93. CCS is the cold cranking simulator viscosity and is
determined by ASTM D5293. TPI represents the TPI-MRV
viscosity as determined in the mini-rotary viscometer

test method, ASTM D4684.
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CLAIMS

1. A star polymer having the structure selected from

the group consisting of

(I) (S-EP-EB-EP') =X
(IT) (EP-S-EB-EP'),-X
5 (III) (EP-EB-S-EP'),-X

wherein

EP is an outer hydrogenated block of polyisoprene
having a number average molecular weight (MW,;) between
6,500 and 85,000 before hydrogenation;

10 EB is a hydrogenated block of polybutadiene having
a number average molecular.weight (MW;) between 1,500 and
15,000 before hydrogenation and having at least 85% 1,4-
polymerization;

EP' is an inner hydrogenated block of polyisoprene

15 having a number average molecular weight (MW3) between
1,500 and 55,000 before hydrogenation;

S is a block of polystyrene having a number average
molecular weight (MWs) of 1,000 to 4,000 when the S block
is external (I} and 2,000 to 15,000 when the S block is

20 internal (II or III);

wherein the star polymer structure comprises from
3% to 15% by weight of the polybutadiene, the ratio of
MW;/MW3 is from 0.75:1 to 7.5:1, X is a nucleus of a
polyalkenyl coupling agent, and n is the number of block

25 copolymer arms in the star polymer when coupled with 2
or more moles of the polyalkenyl coupling agent per mole
of living block copolymer molecules.

2. A star polymer of claim 1, wherein the polyalkenyl

coupling agent is divinylbenzene.
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polyisoprene block 1s‘between 5,000 and 65, 000'% gore
hydrogenation, the number average molecular weight (MW,)
of the polybutadiene block is between 2,000 and 6,000
10 before hydrogenation, the number average molecular
weight (MW3) of the inner polyisoprene block is between
5,000 and 40,000 before hydrogenation, the number
average molecular weight (MWs) of the polystyrene block
is between 2,000 and 4,000 when the S block is external
15 (I) and between 4,000 and 12,000 when the S block is
internal, the star polymer comprises less than 10% by
weight of the polybutadiene, and the ratio of MW;/MW; is
from 0.9:1 to 5:1.
5. A star polymer of any one of the preceding claims,
20 wherein the 1,4-polymerization of the polybutadiene
block is at least 89%.
6. A star polymer of any one of the preceding claims,
wherein the polyisoprene blocks and the polybutadiene
blocks are at least 95% hydrogenated.
25 7. An oil composition comprising:
a base o0il; and
a viscosity index improving amount of a star
polymer of any one of the preceding claims.
8. A polymeric concentrate for o0il compositions
30 comprising:
at least 75% by weight of a base oil; and
from 5% to 25% by weight of a star polymer of any

one of claims 1 to 6.



