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60 The nucleus of the star polymer is preferably a poly(polyvinyl aromatic coupling agent), such as poly-
(divinylbenzene), and suitably bears 4 to 25, especially 5 to 10, polymeric arms. Those polymeric arms are
conveniently derived from one or more Cs; to Ci2 conjugated dienes, preferably being hydrogenated
polybutadiene or polyisoprene chains, and suitably each arm has a number average molecular weight of
from 5,000 to 150,000,
85 The star polymers which are grafted in the present process are generally produced by the following
reaction steps:
(i)} polymerizing one or more conjugated dienes in solution in the presence of an ionic initiator to form a
living polymer;
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(i1) hydrogenated copol yners of conjugated di enes and nono-al kenyl arenes;
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‘which th | r é gc:é Ipr e % on, present in order to inh e tondency o
%\9 roce Jg she 0SS pro jes of the final product, which is believed to arise
mamly from a couplmg side reaction between two nitrogen-containing polar {e.g. 4-vinyl pyridine) star
shaped molecules. '
45 The amount of nitrogen-containing compound grafted onto the star polymer is suitably between 1 and
20, preferably 2 to 12 and especially 4.5, % m/m, based on star polymer, whilst the amount of coupling
inhibitor is dependent on the nature of the inhibitor selected. In the case of anisole, the amount is suitably
between 5 to 15 and especially 9% m/m being preferred; and in the case of the comonomer, N-
vinylpyrrolidone, an amount between 1 and 10%, especially 2 to 3% m/m, is preferred, all amounts based
s0 on star polymer.
The process for preparing the grafted hydrogenated star polymers may be carried out at a temperature
from 70° to 180°C, but is preferably between 110° and 130°C, with grafting at 120°C giving optimal
results in respect of the shear loss characteristics of the final product. A convenient practical compromise
between a shori reaction time (requiring a higher reaction temperature) and satisfactory shear loss
§5 characteristics (optimal at 120°C) can be attained by an initial reaction at 120°C (e.g. for the first hour),
followed by gradual heating to 130°C (e.g. over 1-2 hours), concluding with several hours at 130°C. The
amount of free radical polymerization initiator is suitably chosen to balance the production of the necessary
grafting sites on the star polymer and thereby the number of grafted chains, and the chain-length of the
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catal yst conprising the reaction product of an alum nium al kyl and a ni ckel
or cobalt carboxylate or 25 al koxide. A favoured catalyst is the reaction
product formed fromtriethyl alBriora7aiz4@eBd ni ckel octoate. The hydrogenated
star-shaped polyner is then recovered in solid formfromthe solvent in
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based soon star polyner. The process for preparing the grafted
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180 C, donditionsbgingobsadabfofloiset ween 110 and 130 C, with grafting at [err]
giving optimal results in respect of the shear |oss characteristics of the

finabs product. A g g}éﬁ Ble@N[ RBLcAGH 4 ¢3- cCONPr om se between aj short reaction
NG il

time (requiring a |53r natg;clhmtt,merat ure) and sati sfaﬁtory shear | oss
55 char acteri stf-e car—ke—attahed—by an initial
reaction at 120 C (@‘aﬁ‘p'ef‘o% HP?F&”TEF?%Q CH‘QSl]r"?“" fol l owed by gfadual heating to
[ er (e.g. over 12 hours) & (f‘ﬂ?ﬂ?j"“'w th several hourslat [err]. The
anount of free radical paol r](%or QM%initiator is suitably chosen to
bal ance the produdt Bemplef lﬁ*eacl\msgnﬁ?ybughaﬁfatnpwgofsmﬁa@s on [ he star pol yner
and t hereby the nynBampigf [jRadctioncht $202Crut 4-zinyd pyridine enstinitiatdrengt h of the 3
EP 0 377 240 Bl grlafted chhiagded inghesyal partigos et hoursiged 3bayge of 1 to 10% m'm
genegal Iy 2. 0% m mon polynrer, being generally suitable. Th sonme cases, it
may be convenient to dose both the free radical initiator and the grafting
nonomer e@gmpiedabdde t hrough t he course of the reaction. In order to mnimze
undesi rabl e side '
The general procedure of Example 1 was followed, but employing additionally a coupling inhibitor
50 according to the present invention; the nature and amount of coupling inhibitor being set out in Table 1.
Table | records also the relevant performance parameters on the products of each example (Examples
1-8 being included for comparative purposes) as determined after formulation into a 10W40 oil at 1.1% m/m
polymer content. For further comparison, Example S denotes the comparable properties determined on the
ungrafted hydrogenated star polymer ("Shellvis” 200) (trade mark).
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bet ween 5 &y fot Bhisote; pn tetweernhansid0%, m/mrforkiNevinwparolidonaall ahQdritsiyased ayrstar polymer.
N-vingd pyrrolidone, all amounts based on star polynmer. 15 7. Process for
the prep r &¢'pRsipating 0'509"198?'?06§P’F‘Pf§'"6|31‘ ol eRRfRNND 13, ’WPP'W@FP%W?"%%‘”WBYI“WQ an
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ac C or di nglaltm% fa nt\ée ?rlllgwlcr)mg Contractlng %tate EGS

40
1. Process for preparing a grafted star polymer which consists of contacting a nitrogen-containing
polymerisable organic polar compound with a star polymer comprising a nucleus bearing polymeric
arms of
(i) hydrogenated homopolymers and hydrogenated copolymers of conjugated dienes; or
45 - (ii) hydrogenated copolymers of conjugated dienes and mono-alkenyl arenes; or
(iiiymixture of i) and ii),
and wherein at least about 80% of the aliphatic unsaturation of the star-shaped polymer has been
reduced by hydrogenation while less than 20% of the aromatic unsaturation has been reduced, in the
presence of a free radical polymerisation initiator, in a mineral oil solvent and, as coupling inhibitor,
60 either anisole, or, as comonomer, N-vinylipyrrolidone.

2. Process as claimed in Claim 1, wherein the nitrogen-containing polymerisable organic polar compound
is a nitrogen-containing heterocyclic compound selected from the group consisting of piperidine,
morpholine, piperazine, pyridine, pyrrolidone, pyrrole, benzopyrrole, quinoline, indole, which are all

§5 alkenyl-substituted and 2-methylvinylpyridine and N-vinylimidazole, preferably 2-vinylpyridine or 4-
vinylpyridine.



Pat ent anspr Uche Pat entansprUche f U fol gendende Vertragsstaate
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3. Verfahren wie in Anspruch 1 oder 2 beansprucht, wobei der freie Radikale liefernde Polymerisationsin-
itiator tert.-Butylperbenzoat oder Di-tert.-butylperoxid ist.

4. Verfahren wie in irgendeinem der vorstehenden Anspriiche beansprucht, wobei das sternf&rmig
45 aufgebaute Polymerisat aus einem poly(polyvinylaromatischen) Kern, der 4 bis 25 polymere, arm&hnli-
che Fortsdtze trigt, besteht, und eine durchschnittliche Molekulargewichtszahl von 25 000 bis 1 250

000 hat.

5. Verfahren wie in Anspruch 4 beansprucht, wobei das sternférmig aufgebaute Polymerisat aus einem

50 Poly(divinylbenzol)-Kern besteht, der 5 bis 10 arm#hnliche Fortsétze von hydriertem Polyisopren irégt,

' von denen jeder armdhnliche Fortsatz eine durchschnittliche Molekulargewichtszahl von 5000 bis 150
000 hat.

6. Verfahren wie in irgendeinem der vorstehenden Ansprliche beansprucht, wobei die Menge der polaren,

55 Stickstoff enthaltenden Verbindung zwischen 1 und 20 Molprozent je Mol liegt und die Menge des

Kupplungsinhibitors flir Anisol zwischen 5 und 15 Molprozent je Mol und flir N-Vinylpyrrolidon zwischen

1 und 10 Molprozent je Mol liegt, wobei sich alle Mengen auf das sternférmig aufgebaute Polymerisat
beziehen.
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Revendications _
s0 Revendications pour les Etats contractants sulvants : BE, DE, FR, GB, IT, NL

1. Procédé pour la préparation d'un polymére étoilé greffé qui consiste & metire en contact un composé
polaire organique polymérisable contenant de I'azote avec un polymére étoilé comprenant un noyau
portant des bras polymeres

56 (1) d'homopolyméres hydrogénés et de copolyméres hydrogénés de diénes conjugués ; ou
{2) de copolymares hydrogénés de diénes conjugués et de mono-alcényl arénes ; ou
{3) d'un mélange de (1) et (2),
et ot au moins environ 80 % de linsaturation aliphatique du polymére étoilé a été réduite par

9
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par un Hr Yae demsRtioH dhuitd NGoriflaHed G&ﬁmiﬁntd&% Hufie/ %&Qénﬁrﬂtdngé;'b?opgm@n Fhined8 d'un
Revend| capbififtie BiSiTgrdits Bhtaru gaPiH fré8béSbion Pie\GRbIEonqledied revénicieatiRAr pEUr | a
preparation d' un polynere 6toie greffe qui consiste a nettre en contact un

CONP&S EReYGhddationOp @M NEGconfractydtsuivatbEs cont enant de | ' azoto avec. un

pol ynbre 6toild conprenant un noyau portant des bras pol ynbres 36 (D
d' honopbl Probédé poimyial pégalaties d'et palpnize golléyorifiéami topsisto g dete od codacOmesonposd) uguds
, ou (2) eeaieopghniawnpadgndisaticoyrtatmst deladotOaes. uwmejyrgrecioile cormfgenaning-myaeny |
arenes ; Gerta(‘Bzesdfaﬁan'mfﬁn ge de (1 et érp et ou au_noins environ 80% de
| * i n#at ur at {1b¥hemoppiypresdrogsine %m Biydeoggnés/ e dideg APugues o

hydr ogenat i @h %CQHHY@@'?JU “WH@’@WQ‘H‘%&"B’F'&@N'@‘P"&? di¥ati que a 6t 4

reduite, en 3hi'wsaienge de {Ihet49). initiateur de nryri sat | on ra | cal ai
dans un s@ gt 'H‘ﬂ"sl ""H?%B?’au% %saggbmipr A%y 8 ym % p"‘r
a\‘ﬁ/sol r°ge 29 Hnsgjuta t%:flr iqu8) 3 F?é'“' "29n 90‘11“ sel on
ur oly nsatlo radlc airg, dans un minérale .comme m eu de
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choi si glapgcsR QiR W@véﬁ@i@ﬁn‘)ﬁ i, UindPRbuel R A osé polQil’eqﬁéanhJ‘ﬁolyrﬁéﬁsémréah\mahpe la
pi perazi n@b rhBtel¥f rfdoRPoss! lﬁtéﬂiéﬁcﬁu&lle' déﬂt@r%nt Q'abid EHdlsEdant B JPEBE CoNSfithdpR a | @
45 pipéridine, la morpholine, la pipérazine, la pyridine, la pyrrolidons, le pyrrole, e benzopytrole, la
quinoléine, llindole, qui sont tous alcénylés, et la 2-méthylvinylpyridine et le N-vinylimidazole, de
préférence la 2-vinylpyridine ou la 4-vinylpyridine.

3. Procédé selon la revendication 1 ou 2, dans lequel Vinitiateur de polymérisation radicalaire est le
50 perbenzoate de tertiobutyie ou le peroxyde de di-tertiobutyle.

4. Procédé selon I'une quelconque des revendications précédentss, dans lequel le polymére étoilé
comprend un noyau poly(polyvinyl aromatique) portant 4 .25 bras polyméres et a un poids
moléculaire moyen en nombre compris entre 25 000 et 1 250 000.

55

5. Procédé selon la revendication 4, dans lequel le polymére étoilé comprend un noyau de poly(divinyl-
benzéne) portant 5 & 10 bras de polyisopréne hydrogéné, chacun de ces bras ayant un poids
moléculaire moyen en nombre compris entre 5 000 et 150 000.
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