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The star-shaped polymers in accordance with the present invention are selectively hydrogenated star-
shaped polymeric V1 improvers for inclusion in lubricating oil compositions.
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Once polymerization of the conjugated diolsfin block has been completed, the monoalkenyl aromatic
hydrocarbon polymeric block may be formed by adding one or more monoalkenyl aromatic hydrocarbon
monomers to the solution containing the living conjugated diolefin blocks and continuing the polymerization
until substantially complste. Suitable monoalkenyl aromatic hydrocarbon monomers include aryl-substituted

56 olefins such as styrene, various alkyl styrenes, paramethoxy styrene, vinyl naphthalene and vinyl toluene. In
general, the amount of monoalkenyl aromatic hydrocarbon monomer added will be controlled such that the
desired molecular weight of the monoalkeny! aromatic hydrocarbon polymer block is obtained.
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unsat ur &t e polyalkeny! coupling agent will be added only after substantially all of the monomer present during the
preparation of the living polymer has been incorporated into the living polymer. The amount of polyalkenyl
coupling agent added may vary between wide limnits but preferably at least 0.5 moles per mole of living
polymer will be used. Conveniently, from about 0.5 to about 15 moles of polyalkeny! coupling agent will be
s§5 added per mole of living polymer. Preferably from about 1.5 to about 5 moles of polyalkenyl coupling agent
will be added per mole of living polymer. In general, the amount added will be sufficient to incorporate at
least 80 to 85 wit% of the living polymer into the star-shaped polymer. As is well known, addition of the
polyalkenyl coupling agent may be made in a plurality of stages.
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desired OiRoxdaés Y Bnation is accomplished at a temperature wnthm the range from 25°C to 175°C
so at a hydrogen partial pressure below 5000 psig (34.5 x 10°Pa), and usually within the range from 250 to
1500 psig (1.72 x 105 to 10.3 x 10°Pa). In generally, contacting times within the range from 5 minutes fo 8
hours will be sufficient to permit the desired degree of hydrogenation. The selectively hydrogenated star-
shaped polymer may be recovered as a crumb using known techniques or used directly as a solution.
The selectively hydrogenated star-shaped polymers of this invention may be added in a minor
55 proportion to a variety of oils including lubricating and fuel oils to produce oil compositions, particularly
lubricating and fuel oil compositions, generally having improved viscosity index characteristics. For exam-
ples the selsctively hydrogenated star-shaped polymers may be added to oils such as middle distillate
fuels, synthetic and natural lubricating oils, crude oils and industrial oils. In general, the concentration of the
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The conjugated diol efin polyner blocks of the bl ock copol yner have peak

nol ecul ar wei ghts, as -determ ned b gel 2ger nmeat i on chronmat ography (GPQ),
within the range from 20,000 to M the 20 nonoal kenyl aronatic
hydrocarbon pol ymer bl ocks have peak nol ecul ar wei ghts, as determ ned by
CPC, i i Wehd A Fpcholde! BaoDl riilaf e b7 ovi 0 that the

wei ght ratio o nonoa aromatl| c ydroca on nnnoner units to

conj ugat eghnghle@h b4 N nMONonmer units be within the range from0.05:1 to 1.5:1.
Mongal kenyl— aromati ¢ hydrocarbon to conjugated diolefin weight ratios bel ow
about §. 05:id thedef sxtimpidst diHeP pdriiRs oA IRAFogénatet Stdr-shapdP Poiphets Prodlidsdia Bdnmplag 1-6
chal act esé bl & wh icbremsveialiy ivaileié starsshagdao \polymaéio\ indprévers hadng i©dpisde hamopdlymer any
real advamisage used adViregrpecstin b 00W@E0 omltigredeylhibriaatiograit compbsitidn.Cha aciomeweistaint |

it has beeitablhi 8§ dopreveestwedré Shellvisv280Ylnd 1Shelivie 260". Rulim ofthi esmyrhercial Mirbbprayers are

hydr ocar baiteblecirapo8hell Ghereical Gompanf.i UBAa vaibase s08k dsed in the plepadion apipe owltigradee| y
suf f i op elivbricatingrod gerepositionewals lam HHRYI $QOHO bl avaitably fram laifigst spytce.The mulgjgradeditaicdtingell’ at
anbi ent cPResitions @repared iy heseepamplesf fiseragntaingdy é?ﬁe‘#&oefsa epmmeraiatlyy évai'#?'eg?%@@sm ng
and handPedtege (SabizoTR73 2gd 83 1e% "Pavieid #ER'e The Kaemsy ¢ yFopiice & 48 He 10
processafipEL 41§ viscogity indge e £old Sragiing, implpler é ‘éf?%?f' oﬂ /G '@? éFg‘%ehﬂ ed

pol yrrgr ?{T‘"‘R T o iy ﬂﬁv%ﬁ"m‘gﬂ%%l%g Injpra z? g ,}9% e ;ggx P ;W“:éf‘ ol
i vi nd®b %gﬂfe i i
Plo?/;/gl keﬁ% Fog%ﬂ? p%;é'%?"g % ?:{6?38 oﬁ’ ?BWW'?? E R&ed pol yners ar en of

course, well known in the prior art and several are disclosed in U S
Pat ents Nos. 3,985,830; 4,391,949 and 4, 444, 953; Canadi an Patent No.
716,64p and British Patent No. 1,025,295. In general, suitable polyal kenyl
l1ing agents contain at |east 35 two non-conjugated al kenyl groups. The
non- conj ugat ed al kenyl groups are usually attached to the sane or a
different electron-w thdrawi ng group such as an aromati c nucl eus. Suitable
pol yal kenyl coupling agents have the property that at |east two of the
al kenys groups are capabl e of independent reaction with different living
polymers and in this respect are different fromconjugated dienes. In
preparing the star-shaped polyners of this invention, pure or technical
grade pol yal kenyl coupling agents nay be used. Suitable 40 pol yal kenyl
coupling agents nmay be aliphatic, aromatic or heterocyclic. Exanples of
sui tabPe aliphatic pol yal kenyl coupling agents include the polyvinyl and
pol yal l yl acetyl enes, diacetyl enes, phosphates, and phosphites and
di met hacryl ates such as et hyl ene di net hacryl ate. Exanpl es of suitable
het er ocycl i ¢ pol yal - kenyl coupling agents include divinyl pyridine and
d|V|nyIth|ophene Sui tabl e aromati c al kenyl coupling agents, which are
prefer?ed in the present invention, include polyvinyl benzene, polyvinyl
t ol uene, polyvinyl 45 xylene, ponV|nyI ant hracene, pol yvi nyl napht hal ene,
and pol yvi nyl durene. Suitable polyvinyl groups include divinyl, trivinyl
and tetravinyl. As is well known, the polyal kenyl coupling agents may be
u§hd'i@ adm xture with small anmpunts of added anononers such as styrene or
al kyl ated styrene which will increase the size of the nucleus. The
star-shaped polyners of this invention may typically prepared by adding the
pol yal kenyl coupling 50 agent to the living polyner solution after the
pol yneri zati on of the nononers is substantially conplete; i.e., the
pol yal4«enyl coupling agent will be added only after substantially all of
t he nononer present during the preparation of the |iving pol yner has been
incorporated into the living polymer. The amount of polyal kenyl coupling
agent added may vary between wide [imits but preferably at |east 0.5 noles
per nmole of living polymer will be used. Conveniently, fromabout 0.5 to
about ®5 nol es of pol yal kenyl coupling agent will be 55 added per nole of
living polyner. Preferably fromabout 1.5 to about 5 noles of polyal kenyl
coupling agent will be added per nole of living polyner. In general, the
amount added will be sufficient to incorporate at |east 80 to 85 wt % of the
livinggpolymer into the star-shaped polyner. As is well known, addition of
t he polyalkenyl coupling agent may be made in a pIurallty of stages.
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5 EP 0 425 027 Bl In general, formation of the star-shaped polyner wll
be conpleted in the sane sol vent og %}é(@%ﬁgas was used to formthe |iving
pol ymers. Reaction of the living p Pfi’ h t he pol yal kenyl coupling
agent may conveniently be acconplished at a tenperature within the range
fromO to 150 C, preferably from20 to 120 [err]. The formation of the

st ar - shaped pol yner may convenlg t1 y| begagcang \'?lfﬁ(glgl an inert 5

at nosphere, preferably nitrogend| #t °E press 9y & i*n ®he range from0.5 to
10 bars (50,000 to 100, 000 Pa). ta@ $hQHH D@ V8 s of the present

i nveptian may be visualized as E ing a dense center or nucl eus of

crossl i nked pol y(pol yal kenyl cou bl o agemt)o ana R n:un:ber of arns extending
outwardly therefrom The nunber g M e teq-nen_ aq-wshaped pol ymer may vary
considerably, but typically ranges omﬂ6§@ﬂ Begpretegably from7 to 9, as
determi ned by gel perneation chromatography (GPC) using 10 nonoal kenyl

X

aronati € equi val ent nol ecul ar e ghPs, he @y kenylearomatic scal e
actual |l y used being that bestmsﬁl heﬂtf o & @ &B i3 Fononer contained in
the pol yner. The star-shaped Bo&yftets of this T M &ht? oh nay be represented
by the general fornula [err] wherein A, Ba.ar.},d JaLE 85y previ ously defined,

y is a nunber. indicating the averaggy nuﬁ)g s R} S grrt he radial bl ock
copol yrrer a value from6 to 13, when determ ned as previously indicated and
X is the poly(polyal kenyl couplipg ggenty JyrlLys. 15 Preferably, nis 1
and X is a poly(polyvinyl aronmafjc. Q,Eupl"! g “agem )i nic| eus. Most

preferably, X is a poly- (divingl 2o8nhzefe)® Fud &us. As indicated above, the
nucl eus,X i s, generally, crossl 8 ked. The star-shaped pol ynmers produced via
t he~met hod descri bed above wi | I-; n. ingmt & -atcow, gparticularly alkalli
nmetal atons, preferably |ithiunm,peo in Jdhe pueleys thereof and
additional arms may be incorporgfed t o tthet st af -Shvdped pol yner by addi ng
one or nore nononers to the stag s‘naped polymer 20 after it is forned. The
nononer s may be the sane or Q B o ent fof @M KOSE wised in the initial
preparation of the arms. t hegp®t &ht that T i Ihdbe® or nononers added

are different, the arns wul d be di ff er &hta 3H sdwer® FThe addition of
monomer at this poi nt couTd be controlled such that the additional arns

t hus produced woul d be bl ock copolymeers. Any additional polynerization

woul d, & course, be conpleted @t §sdbstantjally Jhe same conditions as were
initially used in the preparati @ ¥ th& ¥ar? chs? TV g pol yners 25
ultimately incorporated as arnsJ @ @glth® st& DA yTer. As a practical
matter, however, there would be®nd' &lvantage to increasing the nunber of
arnms in_the star pol ymer via this techni queHThl‘g i s.pgrticularly true
since additional arms of the sane OEI @ fa e-rmtntqpe |oul d have been
incorporated directly. To the extenselt hat BUeh flire hrere| ncorporation is not
necessary or desirable, then, the netal sites nay be deactivated by addi ng
watgr, an al cohol, such as nethanol, |et tabl? '1'§b|d?opanol or 2-ethyl hexanol
or~4 cagpoxylic acid such 30 as for 'c.ﬂi(ﬂoﬂoﬁ Lc®tic acid. Other
conpounds are, of course, known in tahe g A tet Jdeactivate the active
or living netal atomsites and any ttga gr%véu unds may al so be
used. Alternatively, the star poly @l,grp“yu rogenat ed to
deactivate the netal sites and sincet hyd?dgechaQ Pi8 An essential step in
the pregaration of the desired hydr el s shahed polyners of this

i nvention, hydrogenation is the pref oE, B gffect deactivation in
the present invention. 35 In genelal ,rﬁatm aErﬁpﬁd pol ymers prepar ed

P

o %
e-r

1

by conbining the m xture of living poly s pol Yal kenyl coupling
agent maty be hydrogenated using any of the techniques known in the prior
art to Be i nassrnss

As will be apparent from the data summarized in Table Ii, the VI improvers of this invention (Examples

s5 Nos. 17-22), with the exception of Example 20 at 25°C, which involved the use of a relatively high
molecular weight ratio, resulted in oil compositions having significantly lower TP-1 MRV viscosities at both
-25°C and -30°*C than did the commercially available star-shaped polymers (Examples 23 and 24). The VI
improvers of this invention also resulted in oil compositions generally having lower cold cranking simulator
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suitable for such hydrogenation. In general, the hydrogenation conditions
enpl oyed will be suffircient to e t_at least 95% and preferably at
| east 98% of the original ethyleﬂ$£6gﬁéQ$U?§tion i s hydrogenated. The
hydr ogenati on conditions also will be selected so as to ensure that |ess

than 10%,ga4ieY £15" 8lhd nibred Rindhltic &lmwé% 150+ & kHan Sio WEBi| cEmpbisficHs Lokt thd S
hydr ogenabhdercidy aldiekis Rhrifadd Pdifmorst A Willf aldo bR abSrdhDirGiv B8 dkitd QimdriZed iR Gatil | OF
art to sq| eetdnsmhtt VEHitP GENERE €, sdnbraly iRErbd3bs with éctbading lslyfine EBfonb @ 16 RbILIO
hydr,ogenab,fmyhbearﬁe afrthm.pmed)ﬁﬂlmr of this invention. In general, these
t eghni gues invol ve the use of a suitable catalyst particularly a catalyst
or Cat al \Egdmpes@6d1 sor conprising a Goup VI or Goup Vill netal atom

Sui tabl e catal ysts are described in U K Patent Specification No. 45

1, 030, 306. Imtheser exarplésastil ptherr poftions af therhedrbasdatéchstar skrpedialymersyprddyeid diyBrneblen g
the star-1dns st aperte\eammercigly avaiipble $taryshaped pelymesic YErmproyen baying isopyers. homgralymer No.
3, 700,%833'ms| were [ygedsod é@BfotemJQFﬁ‘Wgt'gf@at"&ﬁFaﬂm oil gompogitiog3The commercially
hydr ogen&Yﬁ"@H’P ¥k impoyer i3 ﬁ'lﬂ""'ﬁ 2005 FherammensialVlj improves issayaiiable Glomathell Saenipal

dd pT"M %ﬂ?ﬁ uBAd igfhe ereﬁf%f'a'e ot °t' RRMAOgItigR wag An
g?gducgr IOF ‘r?“ Iﬁb 19 I ;‘;g?&‘ag tfm %ﬁgg in @P %5%%4 a’gifg l%an%tmg oil

al koxi de °'T' B SrLaiThe ?démw thin
the raR g rj :%%IP ' ,%éf ﬁpmap mini o%
(34.5 x ? %%E g dhinply tJa{ugrn Eﬁ

X 1O[err]at x @ us

range fraan, ..{shrfdareec‘m&ch .ﬁgr}hgg ; isﬁi; Jepacﬁ;ay A ﬁnt{hgﬁ ﬁe&adﬁ@

T
degr ee,,Ofine bt SomishaiReH nd Bi eesasﬁ%%hms&zua mvdpemeRRwed star- shaped polymer
may~be recovered as a crunb using known techniques or used directly as a

solution. The selectively hydrogenated star-shaped polynmers of this

i nvention nmay be added in a mnor 55 proportion to a variety of oils

i ncluding lubricating and fuel oils to produce.oil conpositions,
particalarly lubricating and fuel oil conpositions, generally having

i nproved viscosity index characteristics. For exam ples the selectively
hydr ogenat ed star-shaped pol yners may be added to oils such as m ddle
distillate fuels, synthetic and natural lubricating oils, crude oils and

industrial oils. In general, the concentration of the EP 0 425 027 B1
the cofmercially available VI inprovers (cf. Exanples 7-12; 13 and 16).
Exanples 17-24 5 In these exanpl es other portions of the hydrogenated

star-shaped pol yners produced in Exanples 1-6 as well as two comrercially
avai |l abl e star-shaped polyneric VI inprovers having i soprene honopol yner
arms were used as VI inprovers in a 10W40 nultigrade |ubricating oi
conposition. The two commercially available VI inprovers were "Shelivis
200" and "Shellvis 250". Both of the commercial VI inprovers are avail able
from Shel |l Chem cal Conpany, USA. The base stock used in the preparation of
the nultigrade io lubricating oil conposition was an "HVI 100N' oi

aval agle froma first source. The multigrade |ubricating oil compositions
prepared in these exanples also contained 7.75 wt % of a connercially
avai l abl e additive package ("Lubrizol 7573") and 0.3 wm % "Acryloid 160".
The kinematic viscosities at [err] and 150[err]C, the viscosity index, the
cold cranking sinmulator (CCS) viscosity at -20[err]C and the engi ne oi
punpabt#lity at [err] using the mni-rotary visconeter (TP1l-MRV) according
to ASTM D4684 15 were determ ned for each lubricating oil conmposition. The
VI inprover actually used, the anount thereof added to the oil conposition
and all other results are summarized in Table Il below 20

50

55
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E 18
25 30 35 40 45 50 55 10 EP O 425 027 Bl [err] As will be apparent from
the data summarized in Table |1, tEE V@ai‘ﬁg#qvers of this invention
(Exanmpl es 55 Nos. 17-22), with the 2488y of Exanple 20 at 25 *C, which
involved the use of a relatively high nolecular weight ratio, resulted in
oi | conpositions having significantly lower TP-1 MRV viscosities at both
[err]Jthan did the commercially i | gbpe star-gh d pal yners (Exanpl es 23
and 24). The VI inprovers of th?ﬁmgngeggi o% rza:'l %o?-f%s ts‘_ed in oil
conposi tions generally having | Bofd crarkirng & Mulmat or EP 0 425 027
Bl ivi;scasities at -20 C and hi gher_kinematic viscosities at 150[err] C t han
di T he oil conpositions containing ‘Ehg co§rr8r8i 8 g/ga\gai | abl e star-shaped
polymers. As will also be apparent ~f%o thg @:-a a:-s%ﬂ@r} zed in Table 11,
the kinematic viscosity at 150[er rEn . gener gl Ny oy mcreadses Wi th i ncreasing
styrene content in the diblock copgllyngr agpng @f of e Star - shaped pol yner.
Exanpl ed? 25-31 I n these exanpl es, &tig‘l},Lotﬁeﬁ Ro&t Qo Pf the hydrogenat ed
st ar - shaped pol yners produced in Barpfes & &8 #Soval ks a5 one comercial ly
avai | abl e star-shaped polyneric VI inprover having isoftene honopol yner 10
arms were used as VI inproverssinta T 40wl i gr @de kubricating oi |
conposi tﬁi) on. The comercially vai§ | & VI ai fpRove §a§ "Shelivis 200". The
commercial VI inprover is available from shel’l "chem Cal Conmpany, USA. The
base stock used in the preparation of the guktgnadeas Woricating oil
conposition was an "HvVI 100N' oil frongla dif heheht Bs&uice than that used in
Exanpl es 17-24. The multigrade lubricating oil conpositions prepared in
t hese exanpl es contained an experigsental’ S by ezdigsae&:sant-i nhi bi t or
ade#tive 15 package. The ki nenmat i« i Qcoskst se to &g, the viscosity
i ndex, the cold cranking sinulatorg( viscosity at -25[err]C, the engine
oi | punpability at -25[err] using Sh® ginigrQtary & gscometer (MRV)
according to ASTM D4684 and t he hiR tgnmpefatiufeShPg® Shear rate (HTHSR)
viscositey at [err]using t t aper %l HeQri ng i Buaflol @TBS) according to
ASTM D4683 were determ ned|for each ubricating oil conposition. The VI
i nprover actually used, t anountgtgepeofmagdednt [ .2’0;{ he oil conposition
and all other results are&unmari z8doi@ Taﬁlg ]:IL" Qen-oyx 25
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As will be apparent from the data summarized in Table lll, the VI improvers of this invention {Example

65 Nos. 25-30) resulted in oil compositions having significantly lower TP-1 MRV viscosities at both -25°C and
-30°C than did the commercially available star-shaped polymer (Example 31). The VI improvers of this
invention also resulted in oil compositions generally having lower cold cranking simulator viscosities at
25°C and higher kinematic viscosities at 150°C than did the oil composition containing the commercially

13



- * kY
30 35 40 45 50 55 12 EP O 425 027 Bl 55 Nos. 25-30) resulted in oil

conposi tions having si-gnificantly MRV vi scosities at both
-25[ERR] C and -30 C than did theEll @ﬁﬁ%?%% | y avail abl e star-shaped

pol ymer (Exanple 31). The VI inprovers of this invention also resulted in

oi | comogiibhiP8s- sﬂé‘p@&"b i«&éé Aih b bPYpbrert Fbfl 1] RRRKuMRarkbi I Y SHocolfihg $4bR), L 1 €S
at 25[ er rg158 76l kimEHRE Vis {}eo‘F?rTe'oﬁ oﬂmﬁoﬁﬁ&fsttén%to%créhg@ [h%c!r&asﬁ% Qnttu’i‘e
oi | coNPasd dikiseR céBRindr dvhd\& tie Mar-SHRAPSESoRmaY. | v EP 0 425 027 B1 avail able

star-shaped polynmer. As will also be apparent fromthe data summari zed in

t he _reCEEstamjes'Balsbe the 150 [err] C ki nmeatic viscosity of the oil

corﬁj‘gsi tions tends to increase with increasing styrene content in the

di bl ock copiolihsseExamples stil) othor pertitscof the ipelpreets pepaysten Exabiple&X.cBngpt € veisAis@bas|Vih

t hese Exampbwess ig t10WH0gouifigradg ubiidatingsoile fThe loils werb prepared pithelende df THYI BN Ehes 1,
3 and 6 VEVE250NHA thasank manmpasiscsumimiaiized D\Exarapigs - 16i Afteripreparation: the ail campositions |
The oi 1os Weesr swbipstedyia agepdifipd BLAH1-Bhenging fest pgipterminenthe shert stabiifty indGORED. joppaymer sane
manner adglefived ylﬁ?ﬁ‘f'ﬂ'r logse dfter @xAERusR 9 teg cpodifigns. iy the mogified @rpeepyre, [Pabkith keaings are
conposi t |4s9fsand $heyigst rocedyp isstopepdialierd0 fipHs- As isavelbknewn. thedSsh ﬁd’?‘ﬁéat?deaétm"f"‘bs
determ ne the shear stability index (SSI), or polyner derived viscosity

|l oss, after exposure to test conditioga=vbin the nodified procedure, Babbitt
beari n§s are used and the testssnoeed*}r GVB Xt apped after 10 hours. As is
wel | known, the SSI is calculated as ws: [ERR] wherein: 20 Vn =
the new oil vi scosity; W = the used oil viscosity; and Vb = t he

Vi scosi t Yngkint he oi | wi thout polynmer The nultigrade oil conpositions tested
|n thig Exqm;,l e b few GNcssied 7. 75 wt % "Lubrizol 7573" and 0.3 wt %

"Asyl oi d 1§Q'= Ting uscRoi Vibcosi§cdndal | y obtained in the tests of this Exanple
are summar vged i the Wis@sitof ihelol didotpoiy@& € | V. For conveni ence, these results
ar e conpamechuigialls di3bmiositidhd tetetCiA 16 Exalple ab chmtaisn | 7e75 hndv% PLE20 @5i3Nahdn0.3
comer ci attey“Aeylaid 116051 Fhe/testteTaciDalgraobtaB®d Bbthe tests of this Example are summarized in the

25 following Table IV. For convenience, these resulis are compared with 10W-40 oil such as that of Example
13 prepared with a commercially available VI improver.
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M 1

40 45 50 55 14 EP 0425027 Bl 5 [err] 30 354 40 45 45 As will be apparent
fromthe data summari zed in Table E%@U&g% obl conposition of this invention
responded better in this test that RaBL been expected fromthe shear
stability test (ASTM D3945) results (of. 55 Exanple 32 with Exanple 7). As
is well known, commercial VI inprovers normally provide SSI val ues between
0 and 35, although | ower (negative) vakdjes Wolll & S equal l'y useful. It

foll ows, then, that the polyners of Ex | ef ZoBRare suitable for use as
commercial VI inprovers. The increase in the kinematic viscosity of the oi
of iExanpl e 32 was, of course, unexpec but the viscosity remai ned well
within the 15 4 EP 0 426 027 Bl u® | range. Exanple 36-38 5 I n
this Exanple, three nultigrade autowd}igfe |ubricating oils were prepared
usi ng techniques identical to t hos® anpl es~/l2 and the kinematic
viscosities of the oils then detergi'spa|at efefall t enper at ures ranging
from401err] Cto 150 C. One of t8e”mditi ghale i conpositions contai ned
1. 3wt % of the pol ymer prepared in Bx e 6, a second contained 1.7 w%
"Shel lvis 50" (trade mark) and the™th 1.9 mt % "Shelivis 250" (trade
mark) as VI inprovers. The resul ts3oBj &' ned with each oil conposition are
sunnariigd 10 in the follow ng Tall o} V which lists the Exanpl e No.; the Vi
i nprover used; and the kinenmatic vgs® ity @atet de wentrigrade tenperature
at which it was determned. 15 20 -35§ T e

L]
< <
et o

New?

13.7
14.1

\'\/ 20

1.29
0.95

25

Wty vI
rover in 0il

TABLE IV
0.85
008

I

30

35

40

Polymer of Example No. 1
Polymer of Example No. 3
Polymer of Example No. 6
Polymer of Example No. 13

VI Improver Used

33
34
35

Example
No.
32

50

As will be apparent from the data summarized in Table 1V, one 0il composition of this invention responded
better in this test that would have been expected from the shear stability test (ASTM D3945) results (cf.
55 Example 32 with Example 7). As is well known, commercial VI improvers normally provide SSI values
betwesn O and 35, although lower (negative) values would be equally useful. It follows, then, that the
polymers of Examples 32-35 are suitable for use as commercial VI improvers. The increase in the kinematic
viscosity of the oil of Example 32 was, of course, unexpected but the viscosity remained well within the

15



LN

35 40 45 50 55 EP 0 425 027 Bl1 U inprovers at 40-C. At 1001C, the

ki nematic viscosity of the oils wePre '?5? roxji mately equal. Between
tenperatures of [err] the ki nenmat$rco § s?‘cy of the oil containing the

pol ymer of Exanple 6 was above that of both of the oils containing

commer ci gldny Ayl | able VI inprovers. 17 EP 0 425 027 B1 ainms Cains
for the followng Contracting States: BE, CH DE, FR, GB, IT, Li, NL, SE 1.
A star-s f#@gyner conprising a plurality of arms of a bl ock copol yner
containing a single 5 nonoal kenyl aromati c hydrocarbon bl ock and a single
conj ligat ed ifnal Bxhipie, iireCiuitigridb Bfonityich IeAIAG IR weRirépged BshgtbdhRiGuos SRS to

uni t's anahose pdExymes 7t dnayd kbl viseositdg enihg oilsLitdncdétormisatii 2l s@elal/Wwperatures
cont ai ni mapgihy drom GOt © tdl B50° Ot Cuhe &frthies maligratiet ofi roommpasitionsycoptaihedpe3wt® adf itt@npolymer

chr omat ogrepgbd/ inuEsample 60 A Gadond katajried di7owtte 'ShellyUEOY ditrade imarkp brglcthe dhirdviet gtk s,

t he nonodBhelivis/ 2503 (edeamark) ag YLimpravassh Thepesiits phidined it pacheil epimpositfon aiggummarized
monoal Rerin/the folloyring Table M whichdists itherExprobly Nevr thp Vbirriproweriuses: and:the kinemstic vispasiy af r om
7, 000 t o thecrentrigradgderaritugaal whiphtit pestleterfgipedc ul ar wei ght of the conj ugat ed

di ol efin block being within the range from 20,000 to 105,000 with the

provi so that the weight ratio fo nonoal kenyl aromatic hydrocarbon to
conjugated diolefin in the polyner be within the range fromO0.05:1 to
1.5:1.2. A polyner according to Caim1 wherein the nonoal kenyl aronmatic
hydrocarbon is styrene. 15 3. A polynmer according to 1 or Caim2 wherein
the conjugated diene is isoprene. 4. A polyner according to Caim1l wherein
t he nonoal kenyl aromati c hydrocarbon is styrene, the conjugated diene is

i soprege and the nunber of arnms is in the range from7 to 9 with the
sty'ene 20 equi val ent peak nol ecul ar wei ght of the styrene pol yner

bl ock being within the range from 7,000 to 80,000 and the peak nol ecul ar
wei ght of the isoprene polyner block is within the range from 20,000 to
105, 000. 5. A polyner according to Claim4 wherein the weight ratio of
styrens to isoprene in the polymer is in the 25 range from0.1:1 to
1.1:1. 6. A star-shaped polynmer according to any one of Clains 1 to 5
wherein at | east 98% of ethylenic unsaturation originally in the conjugated
di ol efin bl ocks is hydrogenated. '

30
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30 7. A process for preparing a star-shaped pol ynmer according to any one
of Clains 1 to 6 .conprising the f 1 ps:- (a) preparing bl ock
copol ymer arns contai ning a pol yng%@%%ﬁenyl aromat i ¢ hydrocar bon
bl ock conprising nmononeric units of one or nore nonoal kenyl aromatic
hydr ocar bon nononers and a pol yneric conj.ugated diol efin block conprising
nmononeric units of one or nore hydrogend&led 35, o conj ugat ed di enes by
first polynerizing the conjugated diol ez n ngnopreg or nonomers in solution
and..in the presence of an anionic initiatlor containing a single alkali
metal agom and then addi ng the nonoal kenyl aronmatic. hydrocarbon nononer or
nmorformer s and conpl eting the pol ynmerizatitgn to produce a |iving bl ock
copol yner having alkali netal atons at tdle efd %f%a nonoal kenyl aromatic
hydr ocar bon bl ock; 40 (b) reacting|theS i%ifg pol yner fromstep (a)
wi th a pol yal kenyl coupling agent to forma star-shaped polyner; and (c)
sel ectiwely hydrogenating the star-shap% poleyrgret hus forned to forma

-l

sel ectively hydroge- nated star-shaped | ymey fo8t ai ni ng hydr ogenat ed
conjugated diolefin nmononer units. 46 8.<4MA | mbricdting oil conposition
conprising a major proportion of a lubrigating oil and a mnor proportion
of a star-shaped polyner according towm onwot €ains 1 to 6. 9. A
conposi t% on according to Claim8 vvhem\% heeromcgntration of the
star-shaped polyner is within the ran\g% 'T'rom%."i to 5.0 Wt % based on

pol ymer plus oil. 50 Clains for the follo 'ng‘,Con‘t_’racting State: ES 1. A
process for the preparation of a star%}‘%wed o‘f-ynser conprising a plurality
of arms,of a block copolymer contai ning si Y12 Bonoal kenyl aromatic
h&dfocarbon bl ock and a single conjugafed 55 di ol efin bl ock having

hydr ogenat ed conj ugat ed di ene nmonomer ginPts andeanpol y( pol yal kenyl coupling
agent) nucl eus, said polymer containif 8 omg £0el3 total arns as

determ ned by gel perneation chyomat od? aphy ut&iTig~honoal kenyl aromatic

equi val et nol ecul ar wei ghts, tHe nonagal kenyl aronatic equival ent peak

nmol ecul ar wei ght of the nonoal k@inyl arén®tic hygr&carbon pol ymer bl ock
being within 18 EP 0 425 02'm|B1 u o ez c L M Sthe
range from 7,000 to 80,000 and &he pea% nmol ecul ar wei ght of the conjugated
diolefin block being within the range- r§ﬂ 20,080 to 105, 000 with the

provi so® hat the weight ratio of monodl k nyl aromatic hydrocarbon to
conjugated diolefin in the pol yner be Ri 8hi n ¥he range fromO0.05:1 to
1.5:1, the process conprising the fol IBwing steps: 5 (a)
preparing bl ock copol ymer arms contai nfngya psl wmeri ¢ nonoal kenyl aromatic
hydr ocarbon bl ock conprising nononeri c§ublts &f woe or nore nonoal kenyl
aromati & hydr ocar bon nonomers and a pofyMeri cQcfinjdigat ed diol efin bl ock
conprising nmononeric units of one or nore hydrogenated conjugated di enes by
first polynerizing the conjugated diolefin nononer or nononers in solution
and in the presence of an anionic initiator cgngai@ing a single alkali

mewal atgpm and then adding the 10 noal.keny aromati c hydrocarbon

monomer or nononmers and conpleting the pglynefi Zat¥on to
Y

VI Impr
Polynme
"Shellv
"Shell

k13
37
38

60

Example

As will be apparent from Table V, the kinematic viscosity of the oil containing the polymer of Example 6

55 was, generally, slightly lower than the kinematic viscosity of both oils containing commercially available VI

improvers at 40°C. At 100°C, the kinematic viscosity of the oils were approximately equal. Between

temperatures of 110°C and 150°C the kinematic viscosity of the oil containing the polymer of Example 6
was above that of both of the oils containing commercially available VI improvers.

17



produce a living bl ock copol ymer having alkali netal atonms at the end of a
nonoal kenyl aronmatic hydrocarbon block: (b) reacting t l
fromstep (a) with a polyal kenyl 'i% Qé%bent to forlmml “Iulmmn um

pol ymer; and 15 (c) selectivel y hydr ogenati ng t her sttar +shtpetl gol yner
thus formggmto forma selectively hydroge- nated star-shaped pol ymer

cont ai Ni RGaimy iy WLERBASARY EOHaLEIRY Sitkes BE, TH e, FRIGBIRY, LI/NLIGE 2. A process
according to Claim1 wherein the nonoal kenyl aromati ¢ hydrocarbon is

styrene. 120A str-sHapsf BORHS RMBRING! &) Glufaly (F AmiB 31 8 'blodk \WbRIyMbIN cdnBifing AN kikglat ed
di é_g,e 5S | SRpioaikényl dlomafic RYdAsEaBon BI6ck@hdl b RBiglk @orfdgaedtidlefit dck inavighdrogenated
nonoal kenyl coajugaiaat dieneh yrdficinea rupitsn ands a Soly{pelydikenyi Neduling | agert mdleos, esaid pdymer

| soprene ancbntaining ramiBieto 13ftotalr amps as datetminbb by gel ernfeatiomchiromatogdaphy ibing inenoal-

st yrene equkengl aeratip eglivaent moladular walghtghthe ofondalkenys apmetivcequivalgnigpeakbindedulabei ng
wi t hi n t he weighyef e mencalkg@Darbmatiz hydrocarb8) pyiaer hleck bding vithia Rhermehgedomaf.00eé ght
of t hei sopbla9e ap@lﬂym@pk tleeuer weighti of ferconihgatad gigiaiin plocinbein, YD they ran@Sir@O .

5. A proces30098de 182009 wib i aiovsalthaintbe ateight; yatio {gemepeplkanyl fromase *5’#"9‘?569% 9 0

i soprene i ncaniygatesisliglatip in thespofymet 'PPe"”'ihﬁﬁ@éa"ng(‘J'ﬂ’T‘Goi‘ ¥1.1:1. 30 6. A
process accordlrug to anxq&ne of 5 wherein at | east 98% of

et hyl en| & U SYYTF 265Esine '@T"HaW'\eS?'" ﬂ?? ’P‘H‘@a"f,eﬁﬂ ff?@‘é‘fcéﬂdra‘fafﬂ%fslsﬁrﬁﬁ‘faoc ks is

hyd f t b t I

omod: & oo B G Nt R PlobPosle b 1 00

| ubri cat i1g,qi| @PQccﬁrd N9 cidith 4 q?ﬁérm%eoin ddaRdnf’ 3 Q%drg% Hﬁ‘£ Feﬁ&’atﬂgd by
& ProCess agnfy oP&!e A(reri%na%d o bf S Is 1 th 3iyrene

f
accoy digng  t gufehight Phak Ligd Wei gf the Qt?r%ﬁﬁ pgdi\}rr\ep Bio gja%tﬁﬁm Me” rﬁﬁb%l% Yorer

i s thin t Br00b ke hdak Moldeular 3)’8@ erQﬂ:cPQ | AR Ehe RandS fr&th bo 008%
Pat ent ansprmsrggo Pat ent anspr Uche fUr foI gende Vertragsstaaten: BE, CH, DE,

FR, GB, IT, U N, SE 1. Ein sternfdrm ges Pol yner, unfassend ei ne Mehrzahl
von Ar ners. an polghét@tdomingak Claipod whivksin, thaveéight exlio distyrene todibdpiiiie @i thezsolyi@nis Bl e K
aus eismem nangeetoloddyd riarmat i schen Kohl enwasserstoff und ei nen ei nzi gen

Bl ock aus ei nem konjugi erten Diolefin enthAlt, wobei letzterer hydrierte
Mononer eitnhéistagshapess pdumrer @ccoggingrie any PheepfsClaim Vieto st whaneinl aluledsh 98°% refl ethylawi)
Kern aus ei wepeton pigislly/a theecnivgeiop diolgkngiloeks is bydjogenmisdei  besagt es Pol ymer 6
bis 13 Gesantarnme aufweist, bestimm mttels Gel perneati onschromat ographie
unter Yermef 8\j% rﬁ”‘?ﬁ'ﬂﬁ‘sélsk’éﬂW% ROHENSY SEPEiR Rcﬁ!iY \9?1“1 o {Hamb] 28 somPgeng Bt en,
und der Peafeloypstens; des m)noal kenyl ar omat i

Aqui val ent - l\/b(F)eclE‘iPP%ﬂg 5\%’1‘ coRp! ?"?i n? '%gr TJP §° Q&’?a'é‘?“ﬁ' "}?ngyg[oggppn block

yl'aromati schefl r‘fgit nd a

£
Wi hr e n der Fpo ofi nju at com nsl mon men ni ne or m hydro nated
SR ‘3‘@35 %ga et :5535% A %E“r: g
Maf gabe, daB rboH rﬁon\smar N Biridiihg B N &nzatlon to

Kohl enwasser Sﬂr&zf:e Z!ikmg oﬁ; :eﬁhvﬁ%; QN rhétal lafbins At hET8Ra bR ﬁ&{oﬂk&u
0,,05:1 bis 1,ngdrdcattioR Block; 5 Ein ymer gem il Anspruch 1, in wel chem der

nondal Jeeny | ary Bkt it oI REisH! @it StobyaNonj| Sbuplind-agbt B 1A &/ SEsnPBAEE
Anspruch 1 ogelymér; aidn wel chem das konjugierte Dien |Isopren ist. 19
(c) selectively hydrogenating the star-shaped polymer thus formed to form a selectively hydroge-
nated star-shaped polymer containing hydrogenated conjugated diolefin monomer units.

45 8. A lubricating oil composition comprising a major proportion of a lubricating oil and a minor proportion of
a star-shaped polymer according to any one of Claims 1 to 6.

9. A composition according to Claim 8 whersin the concentration of the star-shaped polymer is within the
range from 0.1 to 5.0 wt % based on polymer plus oil.
50
Claims for the following Contracting State : ES

1. A process for the preparation of a star-shaped polymer comprising a plurality of arms of a block
copolymer containing a single monoalkenyl aromatic hydrocarbon block and a single conjugated

55 diolefin block having hydrogenated conjugated diene monomer units and a poly(polyalkenyl coupling
agent) nucleus, said polymer containing from 6 to 13 total arms as determined by gel permeation
chromatography using monoalkenyl aromatic equivalent molecular weights, the monoalkenyl aromatic
equivalent peak molecular weight of the monoalkenyl aromatic hydrocarbon polymer biock being within

18



EP O 425 027 B131111!11111112111 11 4. E n Polymer gema '
wel chem der nonoal kenyl aronat i sche_Kohl enwasser st of f Sﬂmmﬁu:muwl l”"l
konj ugierte Dien Isopren ist und i &P R i e Anzahl Von®Arhen! i Bereich
von 7 bis 9 liegt, wobei der Peak-Wert des '
Styrol - Aqui ‘;@' eite Mol gﬁ %Qﬂ?t% QJ&ttE)e ﬂﬁﬁ X142 WBBhtYdF Bl Rbisgsd iidlefREhIStk BBiny ON
i | %tﬁé nlge 20,008 14 s, 000wt t brbvidd @Rat 1B weight! ratto B MibrioRlkéhy i smatic
Sopr enpol y cgg o cORUGREL HiiBNin\iPtRe polyier e within the A I GosHOBABA, thb pYbess S.
Ei n~Pol yrer 5 ilidwing stbps:! N Wel chem das Gewi cht sverhal tnis von Styrol
zuil sopgen i n RgHiBRK cdpbilyRé afths"ddntdifiRg & pdlyrderi® mBnobikdnl atorhatie Biidrocdrbon tiack Ei n
st &fnf 6rmi ges Ny m&e | units’ EFedne @ RO rishbalkényl RfomatiehydirobarisonSmonbmers@hd e m
m ndest ens 98 ShyehRAc dénfugsted) Giolefi biodk EbarpridiigOmbr@men enitk ah jouy ioe mbenhyBiogénated n
vor handenen et doyjugatddsdidnes) byirgiemiymbiizingt thee canjubately diclefin meperake or gionpehers7in seltign
Ver f ahren zur didiisthe blesunge 6flan @siordd ieitidtarrcontgjeing Psihgjenaiirali mglahat®n andghancheiling e der
Anspr Ucle 1 bimorib8ikenyl ardinatici hydussrberd mdiomen aicimeromis raid gormpieting thegpolymgrjzation to
Her st el | ung voprodBke e Hidugblbokreepammer having reikpliametal pipms; ah &1 89¢ Py HEPRogkesybramalit s
monoal kenyl ar obydregarbosdleekn Kohl enwasser st of f, der nononere Einheiten

ei nem oder mehfbkieaqing ihp SenarelireLiFan stepe) Wik RarlvRiY! SAYRIE-a0PT f9, P %ﬁtﬁ’"stylgﬁggBt ,

und ent hal t endP@iMeEAPol yer bl ock aus, konj ygi ert em Di fin er. e
i nhei t @ von ] FREGISHAPARISRHIDN e SFAbepeq paine odorn 3 sdivelf 06
NI o o e Eibuirschicm bl s

grertembDolefinin

L6sung pol risiert W.r wer den i - Aheihts &

Sni onijschg. nﬁﬁr‘fcfaszfta8?°\§q,'"g§%é'a'g‘l ﬁ&eldr{'ztﬁ%g%&%g:afbnet'algi 'gt om I(iasnt rﬁgts und dann
as .oder e J I ¥lyat | ;

G2 0t e ABRG APT g5  sarer  of

LA ymerisationsreaktion unter Bildung eines
Li vi ng- Bl ogk qOpeleésBbrdig BNEIEMIEWABGH tHE nfdnoaerye larom@iicZ hyiFdarbon is styrens, the
Al kal i net al | abgeted Mehd) #OsdBloné SndBh® Glifbef o &fms ROINQRS HaRgdyfrain 7 209 with the styrene
romat i schen %Qﬁﬂa%ﬁt\/\ib‘éﬁ moeéulk wsigit Lok W8 sBkeine (pblymaretidcie beindeithict the rangke fom .08 af e
(a) er haj t ena,0ddvdnd Grofpabiyifidscalaniveightdf terisophey pdiyuen yibdklipithin i rnge-fromed0,00hioe r
Bi | dung ei nesosdoor nf or m gen Pol ynmers; und (c) sel ektive Hydrierung des so
erhal tenen sternfdrm gen Polyners unter Bildung eines selektiv hydrierten
st er nf or ni germ grodeymaeradingie| Qldine 4 whireio the weightitetiotob styrenesto fepriprieds the pelymer is in the
konj ugi er t en rédigefrer 014:1301.1:1. enthalt. 8. Eine Schm erol zusanmenset zung,
unfassewsd einen groleren Anteil eines Schm erols und einen kleineren Anteil
ei nes st er B cﬁr.n_'io$?1 agngrdipgrdp any) aneaef Flaigge o) Spareiu At 1aget By% of ginYlef Unsgirais o
E![ ne qusam‘rerPﬁa't'l v, inghereRpikgaed Solefinblodkss iSihydregepatest o Konzentrati on an
sternfornm gem Pol yner i m Berejch von Q bis 5,0 .CGew, %1 i ... b n f
die Summe Yorf P@Fﬁ?ﬁé?’ B Prepgration We%.ﬂ%ﬂ%ﬁﬁﬁ'ﬁ&'?ii@e" gﬁ"gh a¢ t"se\Zﬁ'ﬁ %tﬁ %gg’gat :
ES 40 # Ei rP“\Pq%%' 'b{?{rae' ;'Eﬂ't%% ﬁggﬁ@ P NeS astén"}aérnﬁ%gg'n %8 yr?ers,
unf assend el rfE° AN 8N A REN aus e nem Bl ockcopol ynmer, wel ches ei nen
ei nzel nen Bl of brggﬁﬁ Ig@aomﬁmmp@merwnqwmunﬁaam 166 3laPshapata iy oS fs KHithin Wied

L

eonen ei nzi gep, 13415.0 Gt A QR pbiHhé o B, D ol ef in “enthi | t, wobel
| et-zt er g hygr 1%8rte Monomer ei nhei tgn%eg konj ugi erten Di ens aufweist, und

unfassend phimandpidheaus ei nem Pol y- (pol yal kenyl kuppl ungsm ttel), wobei
besagt es PphihtaRspiidhe Tur Iolgérise Meitmagsataatenf \BE, SH, DEDER, GBIIT) LN, SBI S

1. Ein sternfSrmiges Polymer, umfassend eine Mehrzahl von Armen aus einem Blockcopolymer, welches
45 einen einzelnen Block aus einem monoalkenylaromatischen Kohlenwasserstoff und einen einzigen
Block aus einem konjugierten Diolefin enthilt, wobei letzterer hydrierte Monomereinheiten des konju-
gierten Diens aufweist, und umfassend einen Kern aus einem Poly{polyalkenylkupplungsmittel), wobei
besagtes Polymer 6 bis 13 Gesamtarme aufweist, bestimmt mittels Gelpermeationschromatographie
unter Verwendung von monoalkenylaromatischen Aquivalent-Molekulargewichten, und der Peak-Wert
50 des monoalkenylaromatischen Aquivalent-Molekulargewichts des Polymerblocks aus einem monoalken-
ylaromatischen Kohlenwasserstoff im Bereich von 7000 bis 80000 liegt, wihrend der Peak-Wert des
Molekulargewichts des Blockes aus dem konjugierten Diolefin im Bereich von 20000 bis 105000 liegt,
mit der MaBgabe, daB das Gewichtsverhélinis von monoalkenylaromatischem Kohlenwasserstoff zum
konjugierten Diolefin im Polymer im Bereich von 0,05:1 bis 1,5:1 liegt.
56
2. Ein Polymer gemiB Anspruch 1, in welchem der monoalkenylaromatische Kohlenwasserstoff Styrol ist.

3. Ein Polymer gem#8 Anspruch 1 oder 2, in welchem das konjugierte Dien Isopren ist.
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45 Gel per neat i onschr omat ogr aphi e unter Verwendun

nonoal kenyl ar omati schen Aqui val ent - Mol eku-_| ar gew cht e“ w ml w
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0, @515 bi s Jooby Bis 1056@liegtunt assend di e nachst ehenden Schritte: (a)

Her St el | ung von Bl ockcopol ynerarnen, enthaltend einen pol yneren Bl ock aus
monoal kemsy| ik Polysert ge&ﬁhemsdﬁmhlem\maﬁmmf%wncmarhmhmtswrdﬂzm tsoprere in deom

ei nem oder Paimiet IneBerslenn@a D)2 isl1dridiegtrat | schen Kohl enwasser st of f (en) unfaft,
und ent hal tend eonen Pol ynerbl ock aus konj ugi ertem 55 Di ol efin, der
nmononemwe 6Ei Eih efetnéimigesnPolimer ganiid drgendieihene der Anspylthe & bischin inkwsichery mindesiqns 98 %

Di ol ef i n( ender wrsbriinglich inslor BiSgkea raus kagiiglerted @?'eﬂm@ﬁ@ﬂ"é)etWBﬁqgﬂhPﬂﬂgfgéithﬁiém
Diolefin i nhMQB@WRgdepGl"?rrerl siert wird (werden), und zwar in Anwesenheit

5%36351‘32'732'53 &grgl]!re{a EEZW;T O;r%r de%p%h%&%qﬁ%ﬁvﬂgﬁﬁeﬁ@ tal ltﬁ{ Rnspﬁltrzﬁ h1abls
gglhllﬁg‘ri?z Z? ? O(fl) 2 oei q e|n>en ﬁgly ren ck au monoalken IaroE d
nw E%i@ {ikﬂfn . elri il "’% sa} rg é Ende

h&Hel o

gefuhrt w rd,m nes
(Te)rS] Ofilnkg'? ﬁ:c o |5| gr“er m&'rgryé@hyﬁherte md@feh&r? bﬁleﬁﬁ&#t on

20 &Q%gs ‘ey G R )W ﬁoﬁu dtont DidfBfH in Losung polymerisiert wird
Pol-yal keny! ki Wgﬁmz ar iR Anwesenheit teﬁlas HinREhemiinitidioRy d&'m&nzﬁgeQVAREIWGMIW
Pol yners; @ik | d4€ olibrOdib NidabrBer@F Sors thofidalkarylafaifscheint IKBRIdnwassgrett

Pol yners unt efugé%b&tduragwaadaﬁ@dml Rlynbisatityistsdkontuiler BildangfehesILigayBibimtopalpnas

wel ches Monorgrebé hettirktavivd wtbeiotelsrbcAlkafifbthiatome @incBntie sindsi Bidcked sives envhdutibriyla- 70
2. \Ver fsahr en romgischén Kghienedssdrstoffsraummeibtchem der nonoal kenyl aromat i sche

Kohl enwasser sppiditer&iRgaition des In Stlfe (a)/arhditaien & iving-Baymetneib pinerh Pdlyalikaeyikipplugasiit ¢ h
gekennzei chnetl undaBlddassires sipmifmegandPolpmens; undopren ist. 4. Ein Verfahren nach
Anspruch 1, i) veiskiveciyddeungndss calsaltenbm stemidrmigenhBolyasrs wiexcBildeng saings fseléity 1 o
und 16 dalwdiieian stern@migsnHolymersswpishesMonsmergineiteraus by dripdam kaniugiegep A¥alefit on
Armen #m Ber e¢n8ltvon 7 bis 9 |iegt, wobei der Peak-Wert des

St yrol - Aqui val ent - Mol ekul ar gew cht s des St r ol pol

7000 bi o Bobie HeGEpEaIIA |gaoas§ yfgi;’ g Sehists nd dnen "
| sopr enpol yh‘é‘f‘%?’bﬁ'@ oinp %%W@'"I‘ﬂ‘?" : Yf“?f) ffpend Pt ?91 Y% 5. Ein

Ygggﬁg%elr‘%“gch f “C%ﬁ %‘p i?“g?i fgem&%aiﬁrm&mrﬁ“%an@%c %h zu
Ver f ahren ge S ném's épr i %’ ° u I'n vvel em m ndest ens 98 % der
urspringl gk, ,@Pﬂgﬁh ﬁ}&ﬁgﬁ&ﬂ@, badiggrtem Di ol ef i n vor handenen
et.hyl eni sc hgesattigthelt hydriert worden 25 sind. 7. Ein Verfahren
zur-Hegst ¢l |Em3rf§4remezhr IRGAERY Siod YRATBRRGSEAORBE, uniiseratsie WRRrzAAE UdH Aabiedis €i ne
gr 6f e- ren ARbkiBiotkcBhdleter, Melthdscdieh BinBdiden aBidee Buskéissn 1 Mbridalkegkudinktisetion @®hlen-
st er nf 6r m geassbistoly 0T dinen loRkigasiedklals siskonjugieted Gidletinbwdidilt, wabbidétetbrenigdiiprte
Anspr Uche, wohsddireinheiten des konjugierten Diens aufweist, und umfassend einen Kern aus einem Poly-
(polyalkenylkupplungsmittel), wobei besagtes Polymer 6 bis 13 Gesamtarme aufweist, bestimmt mittels
45 Gelpermeationschromatographie unter Verwendung von monoalkenylaromatischen Aquivalent-Moleku-
largewichten, und der Peak-Wert des monoalkenylaromatischen Aquivalent-Molekulargewichts des
Polymerblocks aus einem monoalkenylaromatischen® Kohlenwasserstoff im Bereich von 7000 bis 80000
liegt, wihrend der Peak-Wert des Molekulargewichts des Blocks aus dem konjugierten Diolefin im
Bereich von 20000 bis 105000 liegt, mit der MaBgabe, daB das Gewichtsverhéitnis von monoalkenylaro-
50 matischem Kohlenwasserstoff zum konjugierten Diolefin im Polymer im Bereich von 0,05:1 bis 1,5:1
liegt, umfassend die nachstehenden Schritte:
(a) Herstellung von Blockcopolymerarmen, enthaltend einen polymeren Block aus monoalkenylaro-
matischem Kohlenwasserstoff, der monomere Einheiten von einem oder mehreren monoatkenylaro-
matischen Kohlenwasserstofffen) umfaBt, und enthaltend einen Polymerblock aus konjugiertem
55 Diolefin, der monomere Einheiten von einem oder mehreren hydrierten konjugierten Diolsfin{en)
umfaBt, wobei zuerst das (die) Monomer(e) von konjugiertem Diolefin in L&sung polymerisiert wird
(werden), und zwar in Anwesenheit eines anionischen Initiators, der ein einziges Alkalimetallatom
enthilt, und dann das oder die Monomer(e) von monoalkenylatomatischem Kohlenwasserstoff
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sternform gen Polyners im Bereich 50 Ge mgl u ;% auf
di e Sumre von Pol ynmer und 0l1. Reve g:bc“%rr’ljoﬁﬁbﬁ% Revevumn‘ |‘B

Etats contractants sulvants: BE, CH, DE, FR GB, IT, Lf, NL,"SE 1. Un

pol ymere en dt g L&u?@?@@éﬁé\ﬂhndﬁ?@%ﬁd&@a‘hbﬁsr@aﬂ& Qﬁé‘%ﬂdﬂn&&né&@ﬁﬂb -BIEBUcEpolymers
sequence renf eEJTErmB gBRt WiRKl WEHRF Bizidrds AlSimdlatidiednPERdS oMbHBBIKS EHEs monoalkenyla-
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not i~f«s nononer @) AbiRFCReakIBH kUl SiisdH) @meiteortlliving Poly@MyI8 ity (FOg akdnylPPIigamit- 40
polyal cdnyl e) tebahitdr Biiddhy sibdsaterntinhigsridiimetteurd & 13 bras au total comme
ddterm n6 par (chseektiveo Hydsiprionge detesopahaltergh | stamfrmigery @blyreers wited Bilslamyt eickssselpktivds
nol ecul ai res 4bysrierteh stetnéSrligercRulyrest welchesrNMonanerminheitan alsdwdriitén kénjugjedendjolefin
mol ecul ai re nagith@tl 4qui val ent de produit aromati que nonoal cenyle de |a

sequence pol ynbre hydrocarbure aromatique nonoal cdnyl 4-se situant dans |a
game déo 72:00/erishregmaghcipsprech 1 ip ws'eheasdwp@emnahrpeatﬁm Kehlpnwagsersieff Styralishic e

di ol ef i ni que conj uguee se situant dans de 20 000 a 105 000,
sous |a coﬁdu‘@ﬁ%‘ﬁ"cﬁ‘ﬁ%‘ "r"é°"r‘°5|d¢'6ﬁ’? dﬁ%‘&‘eqe‘éﬁ""%@h'lef HM&%{'P'BB%D'S’} BRRR 'ﬁue
o o oot % et E'a r?'agga ey gund
| oquel hYdrvésgjg ﬁ%ﬁ) ;,ﬂg %‘6 locl?? n Bareicti lvon
pol yrrere se b LAM pt ?af«r.a‘? o Shich o

di ene conj ug%oog%;s“.,m, re se a reven catlon 1,
dans | equel I hydrocarbure aronathue nnnoalcenyle est le 5s styrbne,

| & di engy CONjEHIVEaRBA nhchi ARPHIANE 1f volbiRm @ GAVIHBVoRERfs S6h StirblUS Bebion th lem
ga\ﬁ're de 7 a FiymbamBateith v ﬁpm&ﬁuumgﬁam mum equi val ent en styrbne de | a
sequence polynere styrene se situant dans |la ganme de 7 000 a 80 000,

tandi s quos.l Eierdirengenie winerh rder Amaprilei M tikes, lirawdden enmuiestas|9g 76 i€ urspdipgliemma se
Situe dans | alew®itekendais A0njakted DiFinObhanddden ethylenisttien pmbe,smhgthmtsiwldm Waden
revendi emt i osind, dans | oqueo | e rapport ponddral du styotne a |'isoprene
dans | e polynere se situe dans la gammp de 0,1:1 a 1,1:1. 6. Un polynbre on
dt oi | e sol &n Ein Yarehrepuzur Herplgllyeo efess Sehmierplasemmenseizung. V@'OBGS d4p Mermisghen @fne g(§Be-

nmoi Nns 98% de re0 Anteils eines ﬂchmlﬂ@lﬁtrmwmdﬂ?m@ny\nfeh?-eﬁﬁéte&fqrme?q Rehimerse hargesiol gach
sdquences di &F%‘PP'H?"hﬂPégmt’i‘ﬂl?NP@@@%“cﬂ%HF‘faPFydr oanes 7. Un procéde pour

pr 6par e un en 4toile_so uel.co S re ndlcat 1
A 6, compoPt %ﬁ’n\y b;e e wméésm W?qn% Qe%;‘f migen B Bereich
copol ynbre segh¥ °209P0 24! drocarbu- 10
re aronatlg %ﬁ cenyle, qui conporte des nDtlfs nnnonbre d'un ou de
plus d ﬁ&tﬁa ?Jr &%&X%ﬁ&%&%&%ﬁv@ﬁ& U’BE'&PBE 'Fh“gé'lf ¥ St une
sequence po |n|que conj ugue, mporte’ des 'notifs mononbre
d' un ou deqplysSpoffmidis & 4616 oRPirtdEtURe fam@r.e%drbﬂas SR doplirisRd Biquéhod RitfeRnanPune
pol ynbri sat i QBqudhte TRIGRSTRYdRocRbursl @RmBERUS MBhdaREYIS Bhd Siqldes ufidUe] dibisdifgueBnju-
O\l—gt 1oNn en [Fu&ksS e dds Uﬁbtlfsnr'nérioﬁ\bﬁUdiuérl’e%&ﬂﬁd@ﬁ!fdmﬁéhéaétodﬁen@ﬁu W&@éenﬂh&@lahtn
unique @ en pRlyAtthPs)ieditPolfaEre FdafefinaAt'de 6 2 13 bras au total comme déterminé par chromatographie
de perméation sur gel en utilisant des poids moléculaires équivalents de composé aromatique
monoalcénylé, le poids moléculaire maximal équivalent de produit aromatique monoalcénylé de la
séquence polymére hydrocarbure aromatique monoalcénylé se situant dans la gamme de 7 000 2 80
000, et le poids moléculaire maximal de la séquence dioléfinique conjuguée se situant dans la gamme
45 de 20 000 & 105 000, sous la condition que le rapport pondéral de I'hydrocarbure aromatique
monoalcénylé 2 la dioléfine conjuguée dans le polymére se situe dans la gamme de 0,05:1 & 1,5:1.

2. Un polymére selon la revendication 1, dans leque! I'hydrocarbure aromatique monoalcénylé est le
styréne.
50
3. Un polymére selon la revendication 1 ou la revendication 2, dans lsquel le diéne conjugué est
I'isopréne. .

4. Un polymére selon la revendication 1, dans lequel I'hydrocarbure aromatique monoalcénylé est le

55 styréne, le digne conjugué est I'isopréne et le nombre de bras se situe dans la gamme de 7 2 9, le

poids moléculaire maximum équivalent en styréne de la séquence polymére styréne se situant dans la

gamme de 7 000 & 80 000, tandis que le poids moléculaire maximum de la séquence polymére
isopréne se situe dans la gamme de 20 000 & 105 000.

21



e X

18 | es nononbres de type hydrocarbure aromathue rmno \s
quoi | a polynerisation est anenogﬁg)s‘{zg qfl n d' obten m\m\“‘m
séquence actif presentant des at eorzr?r@( alcalin Lermtdsd Une
sequence hydrocarbure aronatique nonoal cdnyl:e; (b) Ia reactlon du pol ynbre

actif obgony @ hatsaine 1a(reVendidtidn 4/ BardA&AbI 16lRpSRBhBRLAPAYYR LBsdpido dns b de

former un ﬁﬁt‘%@s.ﬁed&w afhime®b 044 2 1,1:1. §°ﬁ hydrogdnati on sel ective du

pol ymbre on et0|Ie ai nsi forne afin d obtenlr un polynbre en etoile

sel gct i vematpolyere@d sttt selbaiiuiecqubledntie dbe Sevamicitions 1rdSOdEhs Bqudl @i mdinsra8YLdes

co r%ugu es hﬁf&t@&ﬁﬁ 8Bylénfqubla Eorigneaarsildsi séuente diblsmiguestnonjiguéest senthpdrpgsndsant  une

proportion prdponddrante d'une huile |lubrifiante et une proportion plus

fai bl e d7urunparbestd peur erépatioin pohsdreoen étbilerseloy llerlecauelopnguerides revegdigatione 4t 3 6ns 1

a 6. 25 9. domporiaatigsctapes swivamesl:on | a revendi cati on 8, dans Iaquel le | a

concentrat i ofe) &prémiame@raéﬂe @onglymére $6qugnod irenfagas; une-sogHe ﬂ‘i?é”hi@ ’G h!d’%‘ia UD% en

poi ds on se Imaramatiquq,morncalodnylf WPbFQ?‘PBT‘ngeSIm‘?‘i'Tfl’T‘ °m?-§é\9'é'ﬁﬂ 6'% f° Et a

contract ant €a|txparfydroqadyungaromatigys E’Bﬁg ”(5% y
H’é° fe, Blu3, °" A,

I

n|

en fet oile cosgggga?ﬂe ‘Ig‘gf‘ﬁi Wé?”i‘é(’ 8'é i % e
renfermant u RO

sdquence uni ée'ﬁ?ﬂf"éf‘lﬂ?f? ?JP ;‘%# ,FFQ?ELQ% (1 z Hne
confugbe v SR ﬂ% (i ag%zaga ""m .EE; yrih

pol ymbre rem‘ac i [oxt TBE attd Icénylée et ermnd par
chromat ogr aphys, chaﬁétf%%ae réf‘a nt 6 SoupRbé! uyaiaér@@tahaaer es
equi val ent s £aabh g{g,klg{ue m)noa ny e I'e poids noleculaire

Maxi may, 6qUI Tni’?ﬂﬁog i S3fdktivb d@b&ﬁ%ré GU&Olm‘lﬁﬁblﬁﬂrhﬁﬁ @'olienid v ORABIA Etoile

pokynbre hy drsasa.omnﬁ\yarogémt uFkdReriie ABShERT Viidnemsre dbitiriaiss cotlagués hyirggénésn de 7
000 & 80 000, et le poids noleculaire maxi mal de | a sequence di ol dfi ni que

COoNj ugub@, SBneSdoingdsition datiR IkbdAfip@BaMpaiantade P@Porton ppépofiiBfinte situne hiile lubdiizaie tet on
quo | e rappeistproporishesiuslfailked dOpolymarel enléolle seioa 'imerquelcongueedes puwendicdtinesal £8nyl 6 &
| a di adsefine conjugueo dans | e polynbre se situe dans |la ganmop de 0,05:1 a
1,5:1, c®. pomomoidostiompaiontizmventicaion8.alprsdaquellevaerneaptration ju palyMrecnfitcile poTiiuRle
bras de Copdsiny latgemms de| 0. A GE% wxroids amee bagantsus Bpamere Pyd Mpibr e hydrocarbu- re
aromat i que nonoal cenyl e, qui cogporte des notifs nononbre d' un ou de plus
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(C) I hydr og@maé eopssied £5:1, icy procidé pamportint s Stapesisuivantes ai nsi forme afin

d' obt oni r un @oh pdbarsiios e braoid @payhhiee sdquanné rehfeimackrung edguonce polymésiiydronasbuie s
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| a revendi cat deotypel hyddmerbure equetiqué manadicéryiér ¢ wne ségrense Pelvite diglilnigue ePjHORS. est
| e stywbne. qui comporte des motifs monomére d'un ou de plus d'un digne conjugué hydrogéné, en réalisant

d'abord la polymérisation du monomére ou des monoméres dioléfiniques conjugués en solution' en
présence d'un initiateur renfermant un atome de métal aicalin unique et en ajoutant le monomére ou
les monoméres de type hydrocarbure aromatique monoalcénylé aprés quoi la polymérisation est
amenéds & terme afin d'obtenir un copolymére séquencé actif présentant des atomes de métal

50 alcalin & 'extrémité d'une séquence hydrocarbure aromatique monoalcénylée;
(b) la réaction du polymére actif obtenu & I'étape (a) avec un agent de couplage polyalcénylé afin de
former un polymére en étoile; et
(c) I'hydrogénation sélective du polymére en étoile ainsi formé afin d'obtenir un polymére en étoile
sélectivement hydrogéné, qui renferme des motifs monomére dioléfiniques conjugués hydrogénés.
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2. Un procédé selon la revendication 1, dans lequel I'hydrocarbure aromathue monoalcénylé est le
styréne.
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| a revendi catpoids mdigcutbixe maxinpanu éduivialentren siycne deplarsédierce pdunire giydneese/sitidnt dapplaene
dans | e pol yrdemaegle %p0ue 884088 tndisgauarie pdids Moléculaird miaximurh, degla sEdveqnerobére
selon | ' une WW%“Q@M@HMP@H@@% 5 dans | equel au noins 98%
de | |nsatur at| on df hyl 6ni que & | ' ori.gi ne dans | es sequences d| ol df i ni ques
conj uguBsssdfit ;12 ??é’é "°" figation 4, gan 196‘!%543&98'& pondéral fucstying & Tisqprgne goas le
conposi ti on PWIFPEe F BF?"Fl'%ﬁ‘i‘f“@edBPﬂﬂ fe!5 ol on quuel on ndl ange une

proportion prdepon nt e o ubr i A ortl an
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la revend| gatyjy cZé pHPGABH £ B lifd b Rflndd! S@hé’&%‘? 681 off hiahde S€
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plus | huil e.gd Qs §

pé]'%n 5@0&5 sa§1 l'une quelconque des revendications précédentes.
\_ 20 8. Un procédé selon la revendication 7, dans laquelle la concentration du polymére en étoile se situe dans
la gamme de 0,1 & 5,0% en poids en se basant sur le polymére plus I'huile.
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