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WO 2011/ 045393PCT/ EP2010/ 065461 - 1 - Neodym um catal yzed

pol ybut adi enes The present invention relates to a

hi gh- nol ecpl.giviieih Htatvabd DE lnmﬂ dym um cat al ysed pol ybut adi ene
havi ng a hT@%ﬁbTUﬁGF cis-1,4 units and having a | ow
proportion, <1% of V|nyI unlts and al so having a smal

mol ar - mass T SEEPBUIVEHIoON nislates (9DR) highmelacalabypishie divear, epdypriwegeialyged
these and %aymle&@ BLARS a B%hxﬂ%goﬂ%eﬂw Q}rf%lsulstﬁgmésanﬂ rﬁmgg RMw proportion,
constituents of rubber nlxtures in the tyre industr i §

desi rabl e hEreok BnyinprGy endf dlppahaviieop emel] auplaroenss-digtalgion 1t1‘@)3xr @@aﬁeand to
rol ligg reﬁké&&ﬁ@ﬁp%ﬁ@mﬁ?&ééhﬂ@knﬁ@ﬁkﬂﬁf application sector is

provi ded by golf-ball cores or shoe soles, where high rebound
resilience_is a i me concern. 10Po|ybutad|enes havi ng a high

proport i onP@VbLﬁﬁ‘g‘iﬂIS 2re yyedtes irppeytant sersttughts A ieblpr fkturgs ingheytyed ipdusn, aad it
l'arge i ndugt ddsgdpls ﬁékla Qo 1&&@\!@-&'%31“1% 11f1£r fd?reglgd‘fﬁ!e ng r&dﬁE@%olﬁﬂhdreQitsﬂ%e and
rubber products, and al so for inpac pol ystyrene.

current mefBeToANaE BPHFGOR ST pY Bﬁ%‘fdﬂ Bhgﬂ g-baib P@esloféﬁhemiiql@s belle Hégh
al nost  excldpsini8ediffcoit a EQ&QLM§&§ based on conmpounds of the rare
earths, these catalysts ei ng described by way of 15exanple in EP-A

0 011 184 and EP-B-Al 0 007 027. It is _known fromthe prior art that,
amond®t he §plgbisadimes hryingjadpehonrepapinmys Gisdeft wiie davediseruprpdlused foy a long time on
neodym um ¢ afra M&RHi PR PIIAEH BB PRYSHRAK 1tk 6 &Hérh@@ﬂﬁ@&nﬁﬁeﬂﬂsﬁso for
properties in respect of rolling resistance, abrasion and rebound

resi | i enceMPPRempEREEPOLRIIMRd in the art is aware that production of
pol ybut adi enes with | ow pol ydi spersity 20 is achi eved by using

struct ural Inye glefehngdn& srabigeihd 1IBgCRbMNSESf bias aelmaghsa;hé Mok @iﬂ?&s@&&%e of
of the rare earths, these being descrlb d by nple_in

Macr onol ec GEYStChasad & comprie fpﬁi/ dae eopep tf(eﬁmwaﬁystﬁbfw @mg@)ed Tryeway of

cat aljyst sysheNFinEpesh PbAYIsaAnd FRELAARDoP@t I n the production of
pol ybut adi enes. By way of exanple, the neodyni um catal yst used in

industry is . a Ziegler/Natta system which is 25 forned from

plurality itf %‘E‘i Hﬁro%%'%t amqug thegrown pf she hlﬁbm&a?l&*rwe%gﬁchﬁcaﬂy
i nvol ves f @gduedniv@caddlysdil fpf)@mtstgerﬁahaley;ﬁmc@ﬁﬂy L@Santal g&ﬁl %%%e@ﬁﬁre’?%ct of
di scer ned |n an at Iea t bIﬁDd% qglar-nass distribution within t

pol yner . 1%H%Mﬁm§e@'?§P% WEHEKXS n the Ziegler/Natta
cat al yst systen1 nostly conposed of a neodym um source, a chloride

sour ce and Tadlp&@fcpaRritiad thth§ it NGkl Ii)fbduc&foﬁ oﬂpéiﬁdltdd[bnés wigl Mw\ﬁdoﬁﬂlspersﬁy

variety of ,wa der .certai n, 30t ture cond

ot ahat s PhRr e T RO i b o RO D b EP SoBP SE e the
fo rT ht he pokaymmma&ne@en bélﬁgi(ﬁbécﬁﬁelzd bmagxoaiié;%ﬂ@&%%éﬁﬁaﬁéﬁa{m?%ﬁ&ry ardd
- e pr|o art ity of production processes for

Zi egl er/ Naft %m%é¥§¥§§¥ﬁ%$y§éﬁé$used for produci ng pol ybut adi enes. EP
0 375 421 B1 describes a process for producing a catalyst for

pol ymeri zi mge bl bydens uvdaeias af imPdridAl patt imhb pebdagidh bYpolditadlehd® Ni um
hydr ocar byl hydri de, neodym um neodecanoate or 5 neodynium

napht henat and.a hal ogen source m.xed.in tiop in a -
ytir ocar bo Ry CRESS RSt R 15 RevurS it uf Ky B3 At S sl piien s
cat alz§st sysiednfioar & phealiged cﬁt@]]ystacon@bmemd Obrnatiod @ sic Gtdlat hﬁastﬂ;eﬁrﬁbﬁes

it is used.for.th | vrer.i.zati Qn reacti on. agei.n roc
br ef or bl y FERPITE et herelity BR esn if dirLEdt & FgEaagofdmoter
pol yneri zi agssodigributiofoviehic tie|pobyaiee didi kaoes 3itatyet tonfp@nents in the ZleglerfNatta

catalyst system, mostly composed of a neodymium source, a chloride source and an
organoalumintum compound, are mixed in a very wide variety of ways under certain
30 temperature conditions, and the catalyst system here is prepared, with or without an ageing

process, for the polymerization reaction.
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10 the catal yst systemvia mxing of a.salt of a rare earth, an

or ganoal um ni um conpound and a silicon halide or organosilicon halide
in the pr ?%Qﬁﬁm‘% rBvellls @MRurdlty 8f ﬂr@dﬂéﬁ&rﬁﬁrb’&@s&:@?orfﬁé%[&/&a&é)caa%gt syERhs used
catalyst is then aged at roomtenperature before it 1s used for the
pol ymer i zaf'eFPdreBE el gadifprs02/ 068484 descri bes a process in which

t he known cat al yst conponents, as described 15 above, are directly

i nt r oduced g2ty 335 4SNP EHALAES a Bfoclsk AIPprodBGng DcaBBst f&f?&?ﬁeﬁa@gaﬁmra{én@,rwhm
preformati on process, into a butadi ene-hexane solution, and the

pol yneri zaff HERtYerPcriKkley Prmipmm Rydecedit hylidasnged eiamsneotymanoates gr
659 dgscri heslymiit RH8S:Snatd) inddd RIHAEH HElrBEREYNCH M RERES FANRAIRaYbL thexane)
hi gh water content, above 10 000 m as catalyst constituent for the
sol ution p&l¥IFBPFEHIG Brirogt -1p it ‘Qdﬁ‘%ﬁe?ﬂd thecajest eysterehessis deaddoty peripgh of at
decanoat e iigstCHBRisREbraMt §d st for ke Yo R Pk dfioh R CRIP PR Uk R pmégszs Béilgﬁgemuy

derivatives thereof, preferably diisobutylal um nium hydride

at a terrpetcﬁflﬁf}@‘%ﬂ?cfrom 0O to 18C. tert-Butyl chloride, as chloride
source, is added at roomtenperature. The agei ng process lasts for 30
m nut es at Ushe 53861871t BERRERL jb6Rss H8JoDfRrRE S8e SFBERE bl Bieh3®Y fb:@ing
t he pgl yner.i zation reaction. 25EP O 076 535 |i kew se describes the

pr odd€t i on e yaelals ™ TiinPdrariAtelt afjtdie o R wERRoHRIETustompound and a

conponent s siksh kP bn@gardkilifor! IRMBEIAhd pRscafe SOLCdiett ta-tBHf etk Ik SHokhfiS 1o
is used as_chl orine conponent. Agei ng? I's nmentioned, wthout any
H

explicit stStterdnrcatplystiihehedgesd e Tedn dmmesiue befpregt spuped i thespqlyerigagen
known fronmpdabgonpri or art, and here the catalyst is produced via

m xing 30 of neodym um oxi des, neodymn um al cohol at es and

car boxyl at .th an organonetal lic halide, and also with an organic
conpound, 3‘?0215/@%%43%@5%0& B HPIRPS AT IO e Jgewn icplayst compgngsiss g5 Keetibyl
carrysout tbee/Thosi dd@ctBf inklB@ucS@iafl a 4eBRRREE Mt fFon@t20PC 0l OE HALRY Gny bor
this variant, the mxture is coqled to from20 to 25C, and, then _D{§AH
i s added. AFETRGIISPIASES: AU @ bgReane-hose s uinn 254 dherrotyresostig) restign tekes
3 - EP 1 1%6cdfd Blimlbschaeas a process for produci ng pol ybut adi enes
with reduced sol ution viscosity/ Money viscosity ratio, where a

pref or mat i i s, used during catal yst production. Here, .the
neodymi um FEdi? 50D Apscrips & progssk e WP P B Hiee negdspuate With Sesh water
and the saiéhtént dbbivee] 0l (B0 pb@ascarlyadohdinkhi forhd sd1kgR dpalyméh@dtﬂdmoﬂwﬁaiene,
sesqui.chl ori de (EASC) i 5 added. The ageing .period, at  a

t enpéPat ur &28F 5 S sofgniEg canoaty BEOTPER %w& # allyilpmippug; sompewnd e
a plural it yiydfdedayaitivéQnBad RESrbla diisaiyRleni RehNgddddDIBAR)) 8s a @fferature
added duri n? t he %Ol yéreri zation reacti Cfn,i n order to increase the
degree of BF §AH g% 'rfﬁ'@u%lc@ﬁ’é e, ghehlofide SovRe Aepdled 2t wopreEpsiainse The
very narr owges prbdelats 5 Q6 it dYROME Yarkd ©@O&hNE, Belbrb ChesdRhatviidll M8 uSdd for
t he coupli &% b}/ wa%a,of t he bi sdiene, the resultant branched pol yner
has at | eadt® AYPFBEUOREH'®nds 10per nol ecul e, whereas |inear

nol ecul es possess only 2 chain ends. The nunber of chain ends within
the 6l yneEPHy6a3PUikdstibe/ Gescitics @leapro@tivg bi 2 GBEIyeNuH iceElyRAtvheR . thdknown
t he nunber of free chajn ends increases, the fngount of energy. .

di ssi pat i ofP%H PREONEAR CORRETR s EMPEFRES 8F 80%s rhButghehipfdegs used as
ener gy di sshipaie dodpontite Apeiny B rméh€ictedasehout! &yl bipficit BGitedleANGE the ageing
decreases and.the rebound resilience of the polyner inproves, for
exanpl e. 18MWPHi ngly, the final properties of a |inear polyner
having only 2 chain ends per nolecule are always better than those of
a Ibr anched Epal 12freBs4 isflitewisel Riviwin Cfgilm 1® bAsr dlﬂfanﬁi heﬁﬁﬁlé’m’lﬁslt ﬁ@f@dﬁlgediﬂighﬁxing
nol ar, .mass are ,nmoreover prefera t ol ymers having | ow nol ar._mass.
T S0k nowAl AR an abei Rt L Se o e OB ErE pyde,
avai | abl e pad ylaigdinesgsicdompbida laltstmpetDurt 3580 00 (110 2400 GOAsGhd¥@ble to
The actual ol & o Sing 0P8 il DU et ofleft® RREIBhoc! B R S aiahe, Bt commture

is cooled to from 20 to 25°C, and then DIBAH is added. Ageing is not mentioned.
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25l evel of free novenent of the entire_palynmer chain. In contrast,

nunber - aver age nol ar nmasses Mh above 1 000 000 g/ nol exponentially

increase t e 159k UsT BN NdcRERSA (¥oclds foh GrRRLMIEIolyblifAgiesR! Wil lriduYeLkohihi)
polymer is therefore reduced. A disadvantage of high nolar masses is

ther ef or e ¥RERSITEBOPRGH Viewity datisy othEs ioPreBFmRte BRFHS | Yerk dyting coittyst

nore di ffi grlatietiod OF&YE,Sthé ﬁeoﬁ%ﬁﬁﬁﬁ\%rdaﬂtet f@%ﬁ%%&cﬁmpbmm 28 @isd rene at 50°C,
hi gh- nol ecul ar-wei ght fractions wth t he pol yner the am)un%

deposit on2ihibe jpif puxtee it ten seokdiin s’ Q §n‘il ggn 6@'&1 alupiggum Isﬁsﬁélcﬁé‘lldel @ASC) is

f or ned, angddeﬁa?ﬁeoégeﬁjgeﬂeﬁMf 'lgattérﬁﬂnera@lﬁ@ of Remei e s, A8 Fom a plurahty of
Mai nt enance and cl eanin the reactors is therefore mnimzed, and

this saves Hfue t%ﬁ@“é%l’&é?fsﬂéys Cowpmyets g 530 REPERIEENE 354w ded dtmng the
't i's knowpokhetizaGHTRE R ah oiePtodseRd ROMMAR I bhaMEnS Lo ?Bi&ﬁ@% and also
m)lar-rrass distribution, the breadth of the nolar-mass dis but i on
bei ng i nf | HEFELE thyPtip Ehecapanays. Sﬁ%%&hﬁ@@@w%oawg@scew rgiies By atusf oftee
t he obj ect c&ﬁﬂiﬁ% 9% BpthE 'B%dﬂeﬁl%/ BRIt Nark BraREIRY 8B Ry hdsHERhst 4 free chain ends
pol ybut adi ene q mol ecul ar wei ght whi ch Py "virtue of |ow

sol utiPon viPgdBdsae E’h‘?ﬁeﬁﬁﬂléwa@ cgHesRsspsImbfeeingids. 5 process in the
pol yneri zation reaction, while also having an advantageous effect on

the servi canpn@es bi @ﬁm%dst\kﬂﬁm{ m@ E@l&m@%ay b @Byﬁve%rramﬂﬁlvm%e@ bidGbAOS.
which is unlform | i near, nol ecul ar_ wei ght

pol ybut adi éxéh orunghp of §sech ﬁ@r??ii%lﬁ%aSPﬁa therrandupk oseerey dissipation raotbwe?amer

in order tgucaskbseMBwtRe Rbheatoultted %%ﬁwssgbég%'thé/ p(lenler"‘éec}éaQ& rollmg
being from70 to 90, and its nolar-nmass- i stribution index

bei ng <10. rgsistapee 6?%?%?Saﬁ}detheh§b°@ﬁe@éﬂlﬁwpyftfuthadﬁ’f#mﬂs W&’P@ebe@ﬁ examyie

cat aligsed bycdgi@ely sl hd gfbb@:h@é &9 1YE R Bner %ﬁ% fpéhal:nmnﬁs be¥ BEOIRNE are
Ziegler-Natta cat al%st s based on neodym um conpounds whi ch are

sol ubl e i n2FiAYE brstar BHEose Phie biqeded PrlviRsTcloRissuiral melamgsar t i cul arl y
preferably conprises neodym um car boxyl ates or 15 neodym um

al cohol at eolyindrspavihd Bidh AblaPReERE HERARPSELABRAS FolyNEO ANAUSY molar mass.
oct anoat e, neodyni um napht henate, neodym um 2, 2-di et hyl hexanoat e

and/ or neo%]y m 2, 2-di thyI hept anoate It is known t hat excel | ent
properti esti 1S tXpPER nibat (fhe gy Svered Pl |1ﬂﬁs"13e§4nst°§n6‘§nmﬁi“©]|1§’ available

rebound r egblybiRiti@edrard ONBridIE fRRT ASVO0 BF @0/ had 1 Bei MhbldAGhass

pol ydi spersi t PDI PoJ ydi spersi t 20 is generally determned b
gel pérnea bbb Béﬁf@atyglﬁw ety tow 1 & GRecHlioPIdbHEndh P P jaree

di vi di ng Wedgil whvEmAgE Rh& wdlBRForlily 100l s@ver age nol ar mass
M, and therefore represents the breadth of nolar-nmass distribution.

Broad nol at-mass di stribution od processi ng. behavi our of

Pher i ber NaftSSarBises PRt prmeaus i dnd QoorIng obt parecbily diss apgeous, since

relatively sﬂaﬁsﬁcﬂl)b(&)uéaﬁse\/bﬁ el dnall Hhethatdake ey Send Eocﬂ" Mhdifl ZR6 1R poldBer
ere is an adverse

relatively Io ru enper at ures wever,

effect on A& gﬁ‘érz’ﬁ‘é} h? UPRATS Tlﬁﬁgyta\;‘o “‘Elowhﬁﬁlt%lff%?blé“r lzgmpgn increased
accordi ngl yevhlacﬁ‘ﬁtea@lommswt& @fifegplyn@ncliae processi ng behavi our of

t he abovementioned pol ybut adi ene However, it has been found that the

PDI i ndex does not r ovi de an uat e descrip tual

properties ‘iier NRE B ?'i?ﬁﬁYeragFﬁn ?Sﬁ‘ﬁl ?,33?1"8 @&Bﬂﬁ{"‘? iﬁxﬁ"ge‘ﬁﬁa iRfEggse
about the rmmrglutah visegHitons tinf pdly@ernmeadohmﬁﬁ oflthe tgolyanek lzpﬂwresdra@@quJMGA
EE Irrbrenraf gl/gtdgg’cgw desta H%EOt I aGIn;[nasngsl ?su%h%}e odre ftkga(t) Toétbs?fectwe produc’noef\lr gfg ?heasr.]a(ijd

polymers becomes more dIfﬁcuIt.

30 This is because in the absence of the said high-molecular-weight fractions within the polymer
the amount of deposit on the walls of the reactor is reduced, i.e. less gel is formed, and reactor
operating time can therefore be longer. Maintenance and cleaning of the reactors is therefore

minimized, and this saves time and expense.



WO 2011/045393 PCT/EP2010/065461
WO 2011/ 045393PCT/ EP2010/ 065461 - 5 - The nol ar-mass-di stri ut?on

i ndex (MDI) has therefore been introduced according to the invention,
and is det &f ¥ika6n (Ha0 B0rBBrciRBY FIBAIEOFolHHEO MRSk 3R molit mhS didiSution. th
guot i ent Obt%ai ned by divi di ng:;ﬁ/ (QQQ/O() ﬁ%yr Mv (101%, Igﬂd gtnhe‘r ef oruewr1=t ¢
descri bes tH&dhoh Hie mala st Jstabution eipginfiaeeed by theeatalyskploducdsnprogesans
that the nolar-mass distribution of the polynmer is very narrow, and

S5t her ef or e 1t fad thérefort) the b BRI 16 iNeUaTdAlich ©FRoR® 4 MeABSybERGiene of high
ng to.the invention therefore has the desired

pol ybut adi ene a corcllh t . ( _ )
excel | ent ﬁ‘gfféﬂ%f mgieht yhiel bx vigtuer ofrlew solpten Yisopsity sarcprvidmen gpsytpreduction
pol ybut adi giceaas eHeGolehetiutibm Babtih SRkilcOfkol Havin® 2YadvRhiee8h dlte¥ 398 % ervice
and its 1, 2-vinyl ntent is <1% preferably <0.8% particularly

pref erabl y Pé‘t?.cl?é@ Oﬁ@"rﬁ@bﬁl&rmﬂwfﬂ ROk syudtuy whish 4 ugiforms) lipspre pich pf high
t he pol ybutriadénewaigsording to the invention is preferably from 350
to 630 nPas, with preference from400 to 580 nPas. It is noreover

preferable that, the branching index (Bl) of the polybutadiene .
accor di ng tﬁbp‘_f’ W_@lta_rrbllﬁ?éﬁ &ﬁﬁme@qﬂfl?ﬂ?ﬁ?f%ﬁ ifrodyiongt ProgosehE ¢fdestip efftieve the
obt ai ned bybjtityiifdi M@o:wed! wikdosity WIBLOI069C) idYDBBAY 7Y it$ ©OS bbd -its | holaSmass-
kno that, .far . o{ngrre Oée,l dentical structure, solution viscosity
15 in reaséjém%l”ﬂg‘b ‘?xoéfﬁ?lp nE<boney viscosity increases. If the
increase i s subproportional, i.e. if Bl is smaller than 5, solution

viscosity iIsis echigatl that pRdsy Pelybls@aehitags badd cdthi®d r@dﬁ&ﬂ%ﬁuﬁﬁ?omaining

linearity of the ases the undesjred nunber of free

aol yneg .and i ncr _
chai n ends Y $ ﬁ@%‘bf’f)ﬁﬁ BPe A Eieﬁlﬁrr']gﬁ?e?atqwsé? based gp @gqdypivm gpmpounds
i's nostly byinshghd soaddiih hidro@rbohdicr eased nunber of very
hi gh- nol ecul ar - wei ght pol yner chai ns, and nakes production of the
pol ymer 20npre difficult. The Money rel axatjon of the polybutadi ene
according t etnﬁ%dypjr‘%%ﬁﬁ’pé’ﬁn gse%?rggﬁgl:y %?W@?’éﬁ?@“?ﬁﬁ?@é@%%@ﬁb%ms or
af t er1530 seeodybtomn eylcohelaxat Qarticalad mestiftiua besstedioat | RPAGEUAT obtdibate,

pol ymer chains after dynam c siressi .0 he pol yner after the end
of the MbodEYYHRES JIRRHRHES,pgRdkTim &%Wt&ﬁf‘?&?‘g’? ppfon) pepdyriumy 2 grdigth-

pol ynmer. 2%éhencael ar- mass di stribution of the pol ybutadi ene according
to the invention is Mv 90% < 1 000 000 g/nol and Mwv 10% > 100 000

g/ nol . Thi | ar - s distribution is ideal for the pol ybutadiene
accor di ng ? o R ﬁgeﬁcgkﬁf PIERCREEs ™ B WREHTS B&d 08’68@&5 r"lsigtaﬁ?eog’iggégbound
easy productsilenceanrdovatyrd fteaskanae bbtaRediananhieas pblyaisgbesd (rglaﬂl).mdiis ersity
final Opropegténersloé t he Ié?rIEr. The oln%ébut agi &%}e accog ing to the

i nveriti on MO EALY ﬁ%%%’“}eﬁgéf BFEHI YRS PR ahl theftiolisit phigwedby
rebound r eslividie eeightarbragt aolar na€AMvE by hOmPdrAeteg, mbRE AdSEM] arddStherefore
associated wth tI @?g dgtFOﬁi tion OB. thg)e.wal | s of the reactor, and |ess
gel ling, aAd e HUH BF Brea Shydlrr-Brs A5EIPHECY i me of the reactor.

Mai nt enance of the reactors is thus mnimzed, and this saves tine
and expens &road W] 20hdst AEEBAGRGE /sER20 B06DpodBding béhaviolihe thohipbert adiremner
accordi ng tn%xttmt;'ag ainHY}%nti on .has 1ot.her advgnta es duri n@ t he production
process, diFIRG tFARE BT BRI EUP TPV 0P Y FEEER I 5PHY e Rlativgy sEpl mixing
al so Zhas t hignec hat settiesly Sow estrusegubmpdatings. Meeven tiged fs Maddvers@bffédd on the
tyre production. 1 A further invention is a process for producing
t he pol ybutpa |1@ﬁ%mg€83%iqﬁ§ to the invention, by 5carrying out the
followi ng steps: 1.nodified catalyst production using a preformation
process, wilpl prwlispbrsitatedoyditglis st themphaiedffen daebepiic¥ing WAPAGE bfGhe
conponent @Bov%%erﬂ'o%gc{mo'laf}u?adl%ﬁe a carboxyl ate of neodym um preferably
neodym um ver sat a%e, POy )

However, it has been found that the PDI index does not provide an adequate description of the
30 actual properties of the polymer. In particular, no information is provided about the marginal
regions of the molar-mass distribution, since the PDI merely provides a quotient calculated from

the weight-average and number-average molar masses.
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10conponent B: a diallcyl al um ni um hydr.isde, preferably

di i sobutyl al um ni um hydri de (DI BAH), conponent C. a

triallcyl algl hélthaeoRebaton RSl eV Mast fhbkEkY had iU fBidésa (aa_éoﬁﬁﬂg to the
conponent D: a_diene, preferably butadiene or isoprene, and

conponent ERVeRion ayds despingd Famesercansatien supmalesanhy oif isitheglugtient obtained by
et hyl al um g HSe®a4) ?W(ld%),@ﬁ&é@ei‘or&"@%E@ow i fRall gr&petty 8F @ polymer. A
conponents A, _B, C and are firstly mxed at a tenperature of ffom
0C to 80C, sprbddrlaply meesninbtheteplamess fiskibatiqnerfi thelPeymerr i v nefmawr el
to 10 shour Sherdib:@ iRk 2kidrh hoRRoddulidid &Shed Bmeedhour s, and the mixture
is then cooled to below -10C, preferably to below -30C, prior to

addi tion of conponent E, 202.a process of preformation of the o
modi f i ed céfthamg)n@ utadjene @fgoafing toy fgwérﬁra{oa tergipre thag the -dggied egeelient properties in
preferably tfeemihes.t 0 50C, for a period of from1l to 250 hours,
preferably from2 to 100 hours; 3.polynerization of the nononers at a
terrperaturg%gf from-20 to 15Q0C. By conducting.the process accordi ng
to the i nvelfildifis sorteiadf Prordybyiadicbaceesring do hainyeyian syt prefasblyfiPeh,
is based onnagodyinyrocars: Wi % hrérasbly 488, g&ii&uvdrwmf@my whirgh | eads
to the desired abovenenti oned properties of the polyner. The final
properties of the pal yner_an he cost-effectjveness of the . o
D 060t 1 on TF SBEE IR RRL S 4176 (8RN ar B oo R A odeq insion i
t he cat al yglefattl$ frbhBemtoss30 hfPas, ath pesfasmt omt40e 1SR Of cat al yst
used is too small, although the nolar mass rises, and the Money

viscosity qf. the pol r.therefore rises, there js 30correspondi n

sl owi ng of ?'t ﬁém?f%d?‘(sft ?fgﬁf%ie tﬁﬂéﬁ%%ﬁm,lﬂ%eﬁdﬂﬁmﬁéhq go%xlw&éw a%P@I%tPQhe
econoni c r émeens. is MR 803 U TAL BIIPEE/ b2Hd 06@Bed 61 dividing sdilitionSviscosity by
surpri si ngé\;[hat t he pgodjf.ication, n rrelgﬂthe l.Qqwering of the | L
t enper at ur " F8FY MY 6 SHYH V@b 185 gt igentigal stmyetprs, sqlgrion viscosity
addi tlison ofindréeesphdpoftiodlyse MdaeyEyiscobityIndrii€esatidhd ih@Bak isGabjréfdetiabi, V.6 if
ef fect of %t.%%‘ I?lléB,g\H S. congonent @W&H}g TI BA as conponent C,
perm tted FOrHEETEhUER 2aSCHPE MFEEIE s BAIYRESOrRnsaiae. anditiug redyoes be
which is depesgityerfis pbndt NinddinéBRedER! VWitskiad SRHeRCEFOREH BBt @nlidleAny
invention, with the abovenentiqned ;\%ro erties. It i s_BreferabI e that
conponent BREPTPHERB B i Geht-i Mafreafi 1o hats DY Braehhrlogt by A increased
hi ghrol eculnambseifgbly Moyt IMPveaiha bysae dh@in}zﬁ%ﬂ%ﬁﬂk&‘?ﬁducﬁ&?oﬂh@@@ﬂﬁc@r
of tg% di ene d%llgﬁ ng catal yst production is particularly inportant,
sincevit pdMhf 8" ¥dr mation of a stable catal yst conplex. The sol vent
used can conpri se hexane, cycl ohexane, toluene, or a solvent mxture
of 10t he C&htMwhtyomlaxdtionios tHRPaBbhYIiRRSSEMi foahe!HRePoh & m&ObWE Pleforably

The sol vent _can be ded .j.n re formor i.n . the formof_ solvents of
the i ndi vi d0& eréﬁjﬁ“aq% (7 ef§8ﬁﬁ‘g§é‘%‘?f1§¥ fe[lgﬁ@l‘)ar}%wgﬁ@g%|b¥éhﬁpaa%b€fﬁia§°‘dﬂlef
conponent Ahaihefe dyRemicosmesisr 6t the holinet QFAOME Nind AfWhé MdoB&P 8l suk@nent
the solvent is f%ﬁmdg.OS tg. 0.3 %D{éﬁ/’ﬁLl referably fromO0.08 to 0.2

mol /L. 15TRECHS 20 ndisare thydineanibn ke RoAT. o component B is from1:1 to
1: 100, preferably from1:3 to 1:80 and particularly preferably from

1: 3 t25 1: 5@ hetrhdaramsadistbuiion of the polpbRediéncAct@dia®nP direhtenfol & MmOIN% <

1:0.4 to 1: eferabl y f Q.5 to 1:8, the nolar ratio. qf
conponent ,&]@8 0@%%518[1 %rﬁjlt MB [Ogj"nf 21(9&0%} g mf’g T%ISZTBQ?""IB?S(@%?F&’BF?P Prifipl forghe
to 1:10 ? andlypaaditreukardiyg fries @vankiby sfnf:e?m dés&iﬁg@ aloveOit pragidesteh@ prBd@fion
rati o of caonponent A .to conponent, E is 1: 0.5 tg 1:20,

D0pr of or abIg AEEe 5157 eigRee Gt dpd S B e ebrERSBIG: 1 rom
1:0.8 to 1:8. The cooling tenperature in step 1 of the nodified

cat al yst prihd yotybondipreosesding So piiecfresnaibh yiot AT has imR0d pNaf esstddnye and
-30C, parti.cul arl referably.-60C.. It .is surprising that the sai

step Nas | é%r?aéeda%%(guﬁglr?élfen%yySFte%ov\}ls CRIRHP cPFIOdgﬁee BEFSrol S asied o Less
accordi ng tdepdshien ionvienvalBrof clencder pamd dess @elling) atd) ehetefivte Ming@ropbdtifidBine of

the reactor. Maintenance of the reactors is thus minimized, and this saves time and expense.
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After the catal yst system has been prefgrned, the polynerization

reaction is carried out in organic solvents. These sol vents nust be
inert in rehatdodBub@eteNfoct@ind! ¥ Sthe SHSHEM 143 Efther BivARY esofi ?ﬂglpﬁoductwn

aromatic, aliphatic and cycl oaliphatic hydrocarbons are sul
exanpl es b@FIESIHBEAABAWON: Il BT Sigrmar arbpropeshiag #né 2lsp ahibig aheracteristics

hept ane anqmﬁmgggp@%%pgﬂf@mgmgghxgﬁgﬁ&ﬁbﬁon reaction can be carried
out either continuously or batchw se.

2011/045393PCT/EP2010/065461 - 8- 1In one usual enbodi nent, the
catal yst conBEhedn srticnysadrensdorprodycing thepolylpadienesiceniding tor the Hvention, by

m Xt uge ofc&ggm%@ﬁgﬁﬂmbwﬁggg& of solvent wwth from5 to 50 parts by
wei ght, preferably from8 to 30 parts by weight, of nononer.

Once the desired conversi on has, been reached, the catal yst is
deact i vat ed- vi a mQAtRe FHYS Prodhgtion ushag® pisfamaiion presessewWiptee ! ciialyasystems
car boxylic aCId%m@ﬂoﬁﬁ&ﬁﬁﬁhﬁgmH%%&Mc@nDuntS of usual stabilizers can
be added to the polyner solution, prior to work-up. Exanples of
stabilizers used are sterica % hlndered phenol s or aromati c_am nes
or phosphites, &ogPongnigy:gpnp ?1{ olah Py} cobBYiRE HytesAEnBR, preferaplygneodymium
polymers are isolated viavgvapgration to concentrate the pol yner

sol ution, via precipitation 10by a non-sol vent, such as nethanol,

et ha acet one, pr ef. V|a st eam di s Ilat on of the

ol vl ATt er  EHBNEEE I ST BUTHY D B e. eteEbo & BB JSFRe
sui tabl e sieving assenbllgambﬁg§U|table assenblles conpri sing screws,
exanpl es bei ng expeller screws and expander screms or by using a

fl ui di zed- bed dr The u rocesses d for ng,
exanple in a drfi é ‘néfia 39'?4[%{‘]‘51“?@?%9 %%@Ey&?wa g (T}‘BA)
pol ybut adi enes according to the invention can be used alone, in a

bl end wi t h ar omatimnent [al bk glead, pesf@itlshutalient br idopinet aide W t h ot her
rubbers. Suitable additional rubbers for producing rubber

vul cani zates are_not y tu r ubber j.c L
Exanpl es of 20 prer gﬁ?%dmgéns ?‘%(Fﬁﬁggw%&ﬁréﬁﬁ%Sc?F%@hy i mihium
Hof mdidan, Kaut schukt echnol egipécliRidsliesaSTechnol ogy], Gentner Verl ag,
Stuttgart 1980 and I. Franta, Elastoners and Rubber Cowpounding

el £ SPYhEr p LA AR, TORYCSRERTRERRY) BRI o) oo o
copol yners 25CR[ﬁmhy@FﬁJ @r&ﬂb@,eprefetamd’tqm §©°@ ter@"&l?ﬁr aqiegwcbnbfﬂnuwadineﬂee to
copolymers havi Qghﬁfy,rpef\&gragl(})rrﬁo m2§ m(?nutesr rQ Iil'ou}rso arflscp éeb%lxmre is then cooled to

below -10°C, preferably to below -30°C, prior to addition of component I;

20 2. a process of preformation of the modified catalyst system at a temperature of from
-30°C to 80°C, preferably from 5°C to 50°C, for a period of from 1 to 250 hours,
preferably from 2 to 100 hours;

3. polymerization of the monomers at a temperature of from -20 to 150°C.

By conducting the process according to the invention, it was possible to form a catalyst system
25 which is based on neodymium and which has ideal activity, and which leads to the desired
abovementioned properties of the polymer. The final properties of the polymer and the cost-
effectiveness of the production process are functions of the amount and mode of action of the
catalyst constituents. If, for example, the amount of catalyst used is too small, although the
molar mass rises, and the Mooney viscosity of the polymer therefore rises, there is a
30 corresponding slowing of the reaction of the monomer, and this is undesirable for economic

reasons.
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wei ght, preferably from20 to 50% by weimght I1R-isobutyl ene/isoprene

copolynmers WO 2011/ 045393PCT/ EP2010/ 065461 - 9 - NBR

]: but adi ene/laér :;uhmab ink rti;]dt ehdiﬁﬁﬁﬁyaﬁgiliﬁna?alﬁ thg 1@k @R kﬁgr&ﬂngergﬁﬂatfgﬂg%xigé of
rom5 to 60% wei , .prefer.a rom 10, tq . 40% wej ght o

oot val 1y A ety MO M RHEE i ot ol Cut g alie - B additonal

- et hyl ene/ potighptatinesiticesfraRObIBIE 5 Sapdndit B] dEHBASas tb@pdi@hiC, permitted

rubbers. eri.als.of interest {l.or thg Pro.ducti on .of nptor vehicle

tyres are PRPA3SYF Pf £ EABlyst Ratem which Mgl aqtily agdowhielpiz degipye for gbtaining the

sol utison SBRIybuiadierescydrdifg @HE&Si&vdntiaxﬂS\ﬁt’h&l@'hbb@ﬁﬁﬁtﬁ@%&l{:@p@%ye -50C,
which may, if appropriate, have nodification by silyl ethers or by

ot her functj onal 0 , as described in EP-A-Q 447 066, . .
pol ybut adi eI]flleS I%r‘cffﬁ’% I L{}Eag\‘??r%onﬁ?tg[ﬁ 158 jopprger ddeptig tWig‘>t§ﬁ%s?d PF pEnduene figh-
usi ng Cﬁt almaécmlabaﬁls'gﬁt mdwniunm]{alyﬁbd Qolybitadiatasl aﬂaes prleae(ﬁp@loybw a&h@?ﬂﬁng
rubber having, vin ontent .o rom0 to.75% an So.m xfures o
these, The TRUSHTSISIOR IS FOISPs R (ERcP BRI RiiSemBHell of diftaply catlyst
gener a:c | IyI (DOﬂipYek.SEae}tspl@mtﬁsdd(paﬁ?&nmf thexaby c}ﬁﬁblghine,gﬁcolg@ﬁb, afd is%lﬁn@ﬁlixullre of
i nert, fi .. fine-particle silicas, produced by way of exanple
via pleci pﬁ{‘%??g%tlf’?&ﬁf g@aﬂ‘f P‘ﬁﬁgleé‘f USSOFPESERS. or flame hydrol ysis of
silicon halides with specific surface areas of from5 to 15 1000

n2/ g, pref étabblyeftroamb?@dded id @hrendfng of Bithe Soif st @h8 ) teNBdMdul catalyst
primary parctogncleetssi g%s of ttrgm 10 to 400 nm The silicas can, if
appr opri at §°TRPERSt LREIPHET POV GRSREY OB XPHBRIEH £h WBFIR dPe FRipeptration of
oxi des, suchmasnehhg veifti gmcioh e soladnt Mifromf.08a0 008 mBA., pefferdily fidfn &8 to
or of Ti, 0 01(%éynt hetic silicates, such as alumniumsilicate, or

al kal i ne ear%rﬁ tal silicate, such as 20magnesium silicate or
calciumsilicate, with BET surface areas of from20 to 400 n2/g and
pri melSy parTfhechadardatmnetcomgomeht Anonomibnto BIRGoR]:1 6 &100, ghefShily GREHEES to
such as kaaql nd..any, ot her. nat ura i urring formof siljca,

ol ags 11 br sl BBl hUShe DA B4 10 AR B et e PorSegpe A G ormponent
m cr obeads,C mefrah Iok# ded;15s peteraty Fomcl:08itdd; 8, ald Giolamrai éfecomponent A to

magnesi um oxj de um ni um oxi de spetal carbo es, such as
magnesi um car %ﬂr?gtfﬁefs CA gﬂfﬂ?%ar%rgﬁeéat%& haoi’il ﬁg t%g'ﬁ]@g&ﬁlaﬁ)@?wﬁ%qyaﬁmfembly from
hydr oxi des,l:®taqg1:58] und thi umldrydtio i demparanasioudsnipysing B deforirat®s to 1:20,

| t .g. th ' ' .sal l.ph bet ak t t ed
oty ac ae aiyf bR O BB PR bt A RRA T om 3 1o &

carbon atons, exanples being zinc acrylate, zinc diacrylate, zinc

met hacr yl atle ceolng tdinpesthacn \steat leof thadnadified wardyst fredetibn proddss is preferably
2011/ 045393 EP2010/ 065461 .10 -.carbon _bl.acks..The carbon pl acks.
to be used 'ﬁg%oré%%%t Rlbegeéét\?%ﬁg hé’ raglcﬁégﬁ t%eé%a% 'q%a%'p]l-?ﬁisl %‘WSW6€%§ e said
f ur nace- bl atk hpylet Bsscatatysgastelivatikvipehobesaytandienhiccbrdhg YethBbedivohfcat Be
areas of frg

to 200 nR/ g, exanpl es being SAF, |SAF, HAF, FEF or
GPF car bon®) ({Bli‘%ﬁ%'s,
25 The invention further provides rubber mixtures comprising a polybutadiene according to the
invention,

After the catalyst system has been preformed, the polymerization reaction is carried out in
organic solvents. These solvents must be inert in relation to the catalyst system used. By way of
example, aromatic, aliphatic and cycloaliphatic hydrocarbons are suitable, examples being

30 benzene, toluene, pentane, n-hexane, isohexane, heptane and cyclohexane.
The polymerization reaction can be carried out either continuously or batchwise.

The polymerization reaction is carried out at a temperature of from -20 to 150°C, preferably
from 0 to 120°C.
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5rubber gels, in particular those basedgan pol ybut adi ene,

but adi ene/ styrene copol yners, butadi ene/acrylonitrile copol yners and

pol ychl or opg eiteusudP@fubbdimbml thPERNRK 6GRsdSofBbMEsheh@ AZBNE, DhACE Y] A8 10 a
and fine-parti C',?Elﬁ('}' i cas and carbon ‘bl ack | ers mentioned

S. e fi
can be usedHT parts by weigkt efrselvertvithifgony aie PERATI OV yeishe Pesfyayy from 8
embodi ment to $¢vurk UPREEh b Hchetbaer. cOnprise, as fillers, a mxture of

pal e-col oured fillers, e.g. 10fine-particle silicas, and of carbon

bl acks, vvhg)re thpe r,a%io of . pal e-coloured fillers to carbon bl acks in
the mi xt ur &S e IETHReR Conyetsion 28s besp asaghedpihg cotplythindepciivgted gia affigon of pall
in whisch t Aot dfofos exabpleadsed cdBoxyieacidlonhicamiof the pol ybut adi enes
according to the invention is preferably that of solids or of sliny

in water or.in a solvent. The rubber soJution can be produced in
hdvance. Dol oRRt bF Riial HASHEao o eoSided i g poWEiRr SoIHGPTT PRt forEorkas.

pol yner i zatxempleLatitabiilers SsddedstetidaBE hindered NSO by 8BknaticSanki@br TFpﬁH@%&ﬁé@,
or e

thermally or preferabl ith e gid of steam The conditions

said stri pﬁigngégf'ﬁgg’é@){'égﬁm’é@é%e aIbe determ ned through prelininary
experinmentation. Preference is further given to addition of the
fillers t?mhg%lsmbﬂs drepgﬂe_yautiael&agmims gdilfd:bl_ﬂ@_tettﬁe pélgmérnyRisd, R pRéciiftich
m xt yre of .rubber nd .i ncor por atjon m xi ng i n_a known manner,.

e g. By 20lERRE A ksTERuEt = THEPPLABRIOLALERI S fa%f&fslfaagﬁéa Yy ggtillation of
i nvention allesolveanpri se crosslinlcing agents, if appropriate.
Crosslinlcing agents used can conprise sul phur or peroxides, and

sul phur is rticul arl referred here. The rubber m xtures accordin
Lo the i nvélRr Gl i wedpeBies WSS o G PRORTF PAIPBSIc Bt aiies o
r ea(t:) t : on acdiebkraadembles camptitng Weents Sexalglad beSﬂgaiﬁﬁbélie.Z &fdxs ahl gipander screws, or
stabilizer .25 anti ozo ts, processing aids, plasticizers,

t acki fi ers,%yﬁf%%\fﬁ‘&&éﬂéﬁgg{?ye&yes, pi gments, waxes, extenders, organic
acids, retarding agents, netal oxides, and also activators, e.g.

tri etihanol ik neal podeyses hry huesddogdryiegl for dxexplaéd 4 ti9ing califiet or inhesewb@inthger
known to t eegubber industry. In the preferred rubber m xtures using
hi gh- acti vi fyy ‘precipitated silicas, it is particularly 30

advant ageous to use additional filler activators. Preferred filler

act i vat or s Tae golgitplnnes aomidaigro iy isvenjidn entberwsed alonepar 4 blead @ith aromatic or

bis(trialk L. | gyl I id d ihed i .
e A 2. 141 LB iS SHE 9o el Blled b RN REne R s BRI GeBFOw) Py fpr producing
sul phur - comtthen valgansdatey | are tnbie psly ofatDi- dbler 436, aBb1syathetiERabbe®. BX4mBés? pf

and rcap |Gyl trial k ilanes., i.n. ti.cul ar .

2011784530 9RCH BB RBIES o Reendgl D3| HEMRE, 1 ebitseingivais dRuee
t hi ocyanat Gatinolpkylsi Gartneet Nenag, eStgitgaas 1883 candbédirama, DElafohs 44d 4BSbber
The anmount s. used .of e. rubper. _auxili.ari e usual ampunts, and
depend i nt 3?9 mgﬁ‘%“é‘m I’IIJI aFehneaﬁsi’ E@%"ﬁcﬁé feea™ I%gg}rrgﬁ%’sen%?mpﬁgﬂﬁtﬁ unts are
anounts of fromO0.1 to 50% by wei ght, based on 5rubber. The further

bl endi ng ofBRt he -r ubbesmwentiond polybutadibrer r ubber auxiliary products

menti oned, crosslinking agents and accel erators can be carried out in
the usual yayk with tbe. gLl catidablsuging.assemlies, such as
rolls, internal m xers and m xi ng” extruders: The conpoundi ng and
vul cani zati on processes are described in nore detail by way of
exanpPe 10iGR Encycl opelsi¢idorefirereol ymer Sci ence and Engi neering, Vol . 4,
pp. 66 ff (conmpounding) and Vol. 17, pp. 666 ff (vulcanization).

IR - polyisoprene

SBR - styrene/butadiene copolymers having styrene contents of from 1 to 60% by
weight, preferably from 20 to 50% by weight

IR - isobutylene/isoprene copolymers
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The rubber m xtures according to the inwention can be vul cani zed at

usual tenperatures of from 100 to 200C, preferably from 130 to 180C
(i f appr OpI’NERg -undebuadiessdiryor@ifilel cfoﬁﬂﬂyﬂa@rsﬂ@wﬁ@@c@ﬁﬁﬂmle Je'gﬂjtlgﬁs E)ﬂ]l?fléﬁf 5 to
m xtures according t e inyentio ent suitability

produci ng roul di ngs %P%B’H %@refq{%}l,zﬁ ‘g) eRaWfEds of the said
noul di ngs are O-rings, prof| | es, gaskets, rrenbranes tyres, tyre
treads, dariimBg -el en@aﬁisngamdrdgm.orRaaymb@ug@ate@mkenmm is given to
various tyre corrponents and tyre treads. 20The rubber m xtures

accordi ng t]ﬁ)ﬂhﬁue [ nve eover.suitable for inpact nodifying

t her nopl astics, in pa egé}?rﬁpﬁ?%%eﬁ%f“ipgyﬁ?ne and

styrene/ acrylonithle copol yners. The rubber m xtures are particularly
sui taldl y used nﬁ}dureg@ﬂ the krad tubbers. qua‘ratsiaftiﬂtmstgnltﬁeﬁraddctimfeﬁotoﬂéaﬁm [0

are used bel o fur | anat,i.on the Jinv 0 )
5011 0s5a0350l) babe AHED of er’l"é“““‘%%% A 1F?1\§%H{1‘?‘\/§B%>Zﬁ%lfse“’f‘h glass
1: Pol yer i Zemsiton tedipdrattuadbeeeSORCt Whiciainmay, y&dppppeita hred malifiqatocesslyl ethers

Cat al yst pr eforrratl 0 r.0 : 24 o f .

di i sobutyl aq?%% %}}eﬁ%%{‘% PPy aﬁgesﬁgli (133:_‘%5%8&48%66 pgk’b‘gtadwne mLQer%avmg

t r| i sobut yllagluh#-msunmteﬂt (290:%) frb@ucetrby psind ceiteﬂﬁqm‘lﬁﬁﬁi, orelNG Gal Bi0orNd, 3ndrhlso
l) of ar sol ut ono mversatate,

| ntr uced 51 bﬁtg(%grheergﬁbﬁ f(;)avmg(?( Py oL eé‘o Oﬁéﬁngé"d Igfaiﬁoéjﬂf?mffévf@”e The

m xture was stirred at 50C for 90 mn. The sol ution was then cool ed

with dry i céheameentibre further ptoioe rtlat mbberhmdmn&a@ﬁﬁdh £30611Y cotpfis2 froml J to

of a 0.25 of ethyla ni. um sesqui chl ori de i n hexane
wer e added%lmgmso&e‘%o%h% €§?a|°¥5 FLE5Paffon was 10al | owed to stand

overni ght at roomtenperature and was then used for the
pol yneri zat-i on fwaptition .silieed, prodnéeddtyi way ofeaemprvia pRGipgatoh frvex sutetions of

(crted over, ol LAl ERKE) A0 8 18Rl il TIRLL 8L, v

nmol ar sol ution iumtn hexane

of NdS of the cadf8) m¥g, psrably Gnm 2050 ¢efsol g(ﬁ’fﬂﬂ‘mﬂa,reagcm\mglﬁﬁnmypdmcle
preformation pr 0 i.en ha

argon-inerti zed%%.g%gfLﬁogfpg%éo%@Bgm frléé\igﬁ&gﬁan efaQFm ea??/\/g%gﬁag(g%heecfa %o%ﬁed
and pol yneri zed okges Rithothe radial Skides, bung .as B dxigeodf Alhef Mg, sf QasofSal of Zf
were then di sch?’q}; fTand 2 nL of nethanol, and also 0.6 g of

bi s[ 3- <t >but y1- Z-hydr 0Xxy- 5- et hyl phenyl ] rret hane were incorporated by
stirring. The polyner was then dried in vacuo at 70C. Wi ght of
product af ter 26uridtngilic8?s, guirsrbynivingcdshteyon Akalitedartt m& GGl Chte, Bith as

MJ; Mg Rel ax 30 0, 0 %.1 1N 2
room terrper atur g?dgﬁqglfgﬂ Sﬁg‘gaﬁ b %1'.: Xllm%% ‘%tﬁ%gs St Efﬁ&g%\?ﬁ %%/Sﬂg
= 122 000 g/ nol an@\@l@@%fpﬂtigséla@@@sgfﬁomlONtDﬂQOnTn 6; 25Mh: 255 000

g/ nmol; Mwx. 487 000 g/ nol. Conparative Exanple 2:Polynerization

wi thout catalys %éﬂ?a?giﬁéa@,t &luglpasﬁcraglﬁfaa%ﬁ any other naturally occurring form of silica,

- glass fibres and glass-fibre products (mats, strands), or glass microbeads,

- metal oxides, such as zinc oxide, calcium oxide, magnesium oxide, aluminium oxide,
25 - metal carbonates, such as magnesium carbonate, calcium carbonate, zinc carbonate,

- metal hydroxides, e.g. aluminium hydroxide, magnesium hydroxide,

- metal salts, e.g. the zinc or magnesium salts of [alpha],[beta]-unsaturated fatty acids,
e.g. acrylic or methacrylic acid, having from 3 to 8 carbon atoms, examples being zinc

acrylate, zinc diacrylate, zinc methacrylate, zinc dimethacrylate, and mixtures thereof:
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555 g of hexane (dried over nol ecul ar sjeve), 1.03 nL of a 1 nolar

solution of diisobutyl- alum niumhydride in hexane, 1.67 nL of a

0.618 nol ar sol bdrb@Nbifdks.t Thel GtRMtBIAcRY %@hé&ﬁ‘ﬂeﬂ: DEXRRE whih4re medeéed%y
0. 05 nol ar solution_of neodym um versatate in hexane, 45

300. 05 nol ar solPEPrask Procatshimgrcerhpsk Erﬁ?%ghaﬁwlﬂ%rpmiéss{aﬁdmd@vem

130 g of but adi aRfcHBRER of Wan2 8L/ M%@%E’Q&{pﬁp%%g/s%%@@ HA¥S FEF or GPF
charged to a dry, argon inertized 1.9 L gl ass aufoclave. 'The m xture

was heated to 65D Iynerlzed for 2 h, with stirring. 568 g of
t he viscous solution were then discharged, and 2 nL of nethanol, and

al so 9.6 g-of bi®mhd- gﬁsmtgambuﬁr iy sl s G FEBbaMHRRES Bith i BRIRAGR o \Aﬁézgmers

i ncor porated by_st } he pol ymer was then dried in vacuo a

Wi ght of produbt ?r{eé‘Fryg’B’rtS’rIFﬁ@ml%r%f“%%@orwré%s| ty (M. 1+4 at 100
C: 77 MJ;, M.-Relax 30 sec: 6.9 % Solution viscosity (5.43 %in

t ol uene, aPatiOQMpiEIBRE A gD )s zif2BatARRS ;ancBﬁﬂe-p%nfblé\&icaf and®&8Son blacks.
distribution: w(10% = 85 000 g/nol; w90% = 1 070 000 g/ nmol, MDI:
12.6; 10Wn.. 1 000 g/ no) ; 52 00 g/.nol . rati ve Exanpl e

3: Pol yner i 28% %ﬁﬁﬁrsolﬁle‘gi%%ddcaéhw@' © Bt l%a% aﬂgygta ﬁwz:ﬁ“&r ﬁ%t%ﬁ)aﬁmeﬂg Preferred
Wi t hlout fTI Bnﬁbmgait Yihé lrnﬂibadlmﬁ&urﬁlhoﬂ@dsd)raiffgérgﬁi DRuP 100 QEIS Solodred fillers( 4.2.
nm no 0 iiso al um m i.soprene
and 4D 185PaRtle i i 5t G0 ecn e UF e o P e B raebon
ver sat at e bhclax aeeniseeds frdth 0.06 wCEY pleftkDlyafral §.1 t@rgon-i nerti zed

Schl enk vessel . The m xture was stirred at 50C for 90 mn It was then

cooled to 25 nol ar ,sol ution of .
Cohytal um A% TR S b piRet afisada s Ruler Shind fohiidlends apepaing to the
sol uti on covem@nfis pefetddn iﬁﬁt&:ff@biﬁﬁtdr QN sIpfrP GEHSeVdSn alsb@mdr HeOruBte RElution

ht at room erat,ure a was th d for t.h
%Sgrlygren ?ﬂlt i°8 PP ﬁg‘? I%r?dgﬁﬁ? yH’étr z‘ﬁt?%ﬁmpg : S@%%Pngdﬁf‘”%;ré’ﬁb the

(dri el ovepolymbeatibhreagioaiehsed J:h16cﬂlyn‘lrhé)§01\'€eh€1s Q‘ﬁﬁn&bﬁi&\’éed&@érhhhﬂpﬂr preferably
descri bed above, .coming fromt ref i on process, and.120

but adi one N a8 OF et R o e A PP Db §rors o o4 b cihefmined
aut ocl ave. tlifdﬁl%hlﬂii@ﬁhﬁﬂa@é&@&nﬂ@ﬁtleﬁl to 65C and pol ynerized for 3 h,

with 25 stirring. 616 g of the vi scous solution were then discharged,

and 2 nL o t hano and a

b1 51 3- CobuPTESRR vt e RmioR of o) Miseia e solid eo'ymisgieppospuipady the

stirring. iihentimloy e nﬂm&etoﬁﬁIEbﬁfﬁleﬁd incarpeadorobP nixif}Gn Méloghtmaher, e.g. by

produgct after i 9: 103 g Mooney vi scosity (M. 1+4 at 100 O): 44
' ?ﬁ Rel 3§<m%?‘)£ﬁsé8%‘ 5.2 % Sol ution viscosity (5.43 %in tol uene, at

roomtenperature): 278 nPas; Bl: 6.3 30Mdl ar-mass distribution:

W 10% = 8Zh€QOblgt noixturas( S@bfding #WB3he)Megaiblse comprise crosslinking agents, if

appropriate. Crosslinking agents used can comprise sulphur or peroxides, and sulphur is
particularly preferred here. The rubber mixtures according to the invention can comprise further
rubber auxiliaries, such as reaction accelerators, antioxidants, heat stabilizers, light stabilizers,

25 antiozonants, processing aids, plasticizers, tackifiers, blowing agents, dyes, pigments, waxes,
extenders, organic acids, retarding agents, metal oxides, and also activators, e.g.
triethanolamine, polyethylene glycol, hexanetriol, etc., these being known to the rubber
industry.

In the preferred rubber mixtures using high-activity precipitated silicas, it is particularly
30 advantageous to use additional filler activators. Preferred filler activators are sulphur-containing
silyl ethers, in particular bis(trialkoxysilylalkyl) polysulphides, as described in DE-A-2,141,159
and DE-A-2,255,577, oligomeric and/or polymeric sulphur-containing silyl ethers of
DE-A-4,435,311 and EP-A-0670347, and mercaptoalkyltrialkoxysilanes, in particular
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Mv. 387 000 g/nmol. Testing of mixture For production of a conpounded
material, nir@pRpropAsRhbHRIlPe! YART thaceok@hiRE tstylt Nehet, NN AOMNeRrIRM in

| nventive nd the pol yner from Conparative Exanple 3 is
m xed mﬁthﬁéggﬁggéjéﬁ%stances and vul cani zed. The physical properties

of the respective conpounded nmaterial are then determ ned and
conpar ed. The afihai andes thsatbd: uxilifres Mk tidublEansdudl] 88 WPER] Rfr alia on the

foll ows: Cora 236 carbon bl ack from KMF Lahgorchem e ndel.s H
Wvatog. 500 aet bRt R s SR onts 3F R e SR i Basgon
oxi desfromnbid. | 0 Zi nkoxi d GrbH;, EDENOR C 18 98-100 stearic acid from
Cogni s Deut schl and GrbH;, WVul kanox(r) 4020/ LG and Vul kanox(r) HS/ LG

stabilizer al,so .Vul it(r) CZLC .rubber em cals fram Lanxess
Deut schl anf{“ﬁ%}ef ,&rsH"tnfi‘lnﬁx"l%%gﬁ rékigﬁﬁi it dpe aﬁar jF 8rogpcts gnentioned,
sul phur fr orsffnRing agdhenineé accelenaweddan\be cimiadpltien the GaEPaLAitY the BiRGIuRAbE:
M xt ure const.i tuent

. in_phr* é er. 100 f. pol yne %; | nventive
Exanpl & 1 T00"E EOHLER TS BIbpEReLIgH ek Kbt
The compounding and vulcanization processes are described in more detail by way of example

10 in Encyclopedia of Polymer Science and Engineering, Vol. 4, pp. 66 ff (compounding) and Vol.
17, pp. 666 ff (vulcanization).

The rubber mixtures according to the invention can be vulcanized at usual temperatures of from
100 to 200°C, preferably from 130 to 180°C (if appropriate under pressure of from 10 to
200 bar).

15 The rubber mixtures according to the invention have excellent suitability for producing

mouldings of any type.

Non-limiting examples of the said mouldings are O-rings, profiles, gaskets, membranes, tyres,

tyre treads, damping elements and hoses.
Particular preference is given to various tyre components and tyre treads.

20 The rubber mixtures according to the invention are moreover suitable for impact modifying

thermoplastics, in particular for polystyrene and styrene/acrylonitrile copolymers.
The rubber mixtures are particularly suitably used for golf balls, in particular golf-ball cores.

Examples are used below for further explanation of the invention.
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Examples

Inventive Example 1; Polymerization of butadiene with catalyst-preformation process

Catalyst production and preformation process:

426 mL. (24 mmol) of diisobutylaluminium  hydride, 3.03mL (12mmol) of
triisobp.tylaluminium, 1.2 mE (12 mmol) of isoprene, and also 11.3 mL (3 mmol) of a 0.265
molar solution of neodymium versatate, were introduced in hexane into a dry, argon-inertized
Schlenk vessel. The mixture was stirred at 50°C for 90 min. The solution was then cooled with
dry ice and when the temperature had reached -30°C 8 mL (2 mmol) of a 0.25 molar sohition of
ethylaluminium sesquichloride in hexane were added. The preformed catalyst solution was
allowed to stand overnight at room temperature and was then used for the polymerization

reaction.

Polymerization reaction:

595 g of hexane (dried over molecular sieve), and also 1.12 mL (1.12 mmol) of a 1 molar
solution of triisobutylaluminium in hexane, 1.71 mL (0.18 mmol of Nd) of the catalyst solution
described above, coming from the preformation process, and 124 g of butadiene were charged
to a dry, argon-inertized 1.9L glass autoclave. The mixture was heated to 65°C and
polymerized for 2 h, with stirring. 549 g of the viscous solution were then discharged, and 2 mL
of methanol, and also 0.6g of bis[3-<t>butyl-2-hydroxy-5-methylphenyl]methane were
incorporated by stirring. The polymer was then dried in vacuo at 70°C. Weight of product after
drying: 87 g

Mooney viscosity (ML 1+4 at 100 °C): 81 MU; ML-Relax 30 sec: 5.4 %

Solution viscosity (5.43% in toluene, at room temperature): 518 mPas; BI: 6.4

Molar-mass distribution: w(10%) = 122 000 g/mol; w(90%) = 933 000 g/mol,
MDI: 7.6;

Mn: 255 000 g/mol; Mw: 487 000 g/mol.

Comparative Example 2: Polymerization without catalyst-preformation process

555 g of hexane (dried over molecular sieve), 1.03 mL of a 1 molar solution of diisobutyl-
aluminium hydride in hexane, 1.67 mL of a 0.618 molar solution of triisobutylaluminium in
hexane, 3.45 mL of a 0.05 molar solution of neodymium versatate in hexane, 3.45 mL of a

0.05 molar solution of ethylaluminium sesquichloride in hexane, and 130 g of butadiene were
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polymerized for 2 h, with stirring. 568 g of the viscous solution were then discharged, and 2 mL
of methanol, and also 0.6g of bis[3-<t>butyl-2-hydroxy-5-methylphenyl]methane were
imcorporated by stirﬁng. The polymer was then dried in vacuo at 70°C. Weight of product after
drying: 96 g

Mooney viscosity (ML 1+4 at 100 °C): 77 MU; ML-Relax 30 sec: 6.9 %
Solution viscosity (5.43 % in toluene, at room temperature): 725 mPas; BL: 9.4
Molar-mass distribution: w(10%) = 85 000 g/mol; w(90%) = 1 070 000 g/mol,
MDI: 12.6;
Mn: 199 000 g/mol; Mw: 520 000 g/mol.

Comparative Example 3: Polymerization of butadiene with catalyst-preformation process,
without TIBA

Catalyst production and preformation process:

7.5 mL (42 mmol) of diisobutylaluminium hydride, 1.2 mL (12 mmol) of isoprene, and also
11.3 mL (3 mmol) of a 0.265 molar solution of neodymium versatate in hexane were introduced
into a dry, argon-inertized Schlenk vessel. The mixture was stirred at 50°C for 90 min. It was
then cooled to 5°C, and 8 mL (2 mmol) of a 0.25 molar solution of ethylaluminium
sesquichloride in hexane were added. The catalyst solution coming from the prefoﬁnation
process was allowed to stand overnight at room temperature and was then used for the

polymerization reaction.

Polymerization reaction:

580 g of hexane (dried over molecular sieve), 1.68 mL of the catalyst solution described above,
coming from the preformation process, and 120 g of butadiene were charged to a dry, argon-
inertized 1.9 L glass autoclave. The mixture was heated to 65°C and polymerized for 3 h, with
stirring. 616 g of the viscous solution were then discharged, and 2 mL of methanol, and also
0.6 g of bis[3-<t>butyl-2-hydroxy-5-methylphenyl]methane were incorporated by stirring. The
polymer was then dried in vacuo at 70°C. Weight of product after drying: 103 g

Mooney viscosity (ML 1+4 at 100 °C): 44 MU; ML-Relax 30 sec: 5.2 %
Solution viscosity (5.43 % in toluene, at room temperature): 278 mPas; BI: 6.3

Molar-mass distribution: w(10%) = 82 000 g/mol; w(90%) = 783 000 g/mol,
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@3C % 62 55 @0C % 65 63 MIS Anplitude Sweep (r) 60C, 1 Hz G
(0.5% 1st neasurenment NMREDL:9.7;

Mn: 279 000 g/mol; Mw: 387 000 g/mol.

Testing of mixture

For production of a compounded material, in each case the polymer according to the invention
5 from Inventive Example 1 and the polymer from Comparative Example 3 is mixed with various

substances and vulcanized. The physical properties of the respective compounded material are

then determined and compared.
The substances used for the mixture studies were as follows:

Corax N 236 carbon black from KMF Laborchemie Handels GmbH, Vivatec 500 oil from
10 Hansen & Rosenthal; Zinkweiss Rotsiegel zinc oxide from Grillo Zinkoxid GmbH; EDENOR C
18 98-100 stearic acid from Cognis Deutschland GmbH; Vulkanox® 4020/LG and Vulkanox®
HS/LG stabilizers, and also Vulkacit® CZ/C rubber chemicals from Lanxess Deutschland
GmbH, Antilux 654 stabilizer and RHENOGRAN IS 60-75 sulphur from Rhein Chemie.

Inventive | Comparative Example
Example 3
1
Mixture constituents in phr* (g per 100 g of polymer):
Inventive Example 1 100
Comparative Example 3 100
CORAX N 326 50 50
VIVATEC 500 4 4
EDENOR C 18 98-100 3 3
VULKANOX 4020/LG 9 5
VULKANOX HS/LG 3 3
ZINKWEISS ROTSIEGEL 9 5
RESIN SP-1068 3 3
ANTILUX 654 g 2
VULKACIT CZ/EGC 14 1.4
RHENOGRAN IS 60-75 236 936

15 * phr = parts per hundred rubber
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2.05 2.26 & (0.5% 2nd nmeasurenent MPa14.98 2.13 & (0.5% 3rd

measurenent MPa 1.97 2.12 G (15% 1st nmeasurenent MPa 1.13 1.11 &

(15% 2nd jreasurement MPa 1. 14 T'TT G [(Invéhavt 4 "easHp&IRE Ma 1. 14
1.11 Example 1 Example 3
Test Unit
ML 1+4/100 MU 80 52
Shore A hardness @
60°C 61 61
Tensile test @ 23°C
S300 MPa 5.6 53
D median % 526 514
F median MPa 14.7 13.1
Rebound resilience
@ 23°C % 62 55
@ 60°C % 65 63
MTS Amplitude Sweep @ 60°C, 1 Hz
G* (0.5%)
Ist measurement MPa 2.05 2.26
G* (0.5%)
2nd measurement MPa 1.98 2.13
G* (0.5%)
3rd measurement MPa 1.97 2.12
G* (15%)
1st measurement MPa 1.13 1.11
G* (15%)
2nd measurement MPa 1.14 1.11
G* (15%)
3rd measurement MPa 1.14 1.11
tan d {max.)
1st measurement 0.16 0.181
tan d (max.)
2nd measurement 0.16 0.181
tan d (max.)
3rd measurement 0.16 0.180

The two compounded materials have identical hardness after vulcanization and are therefore
directly comparable. In the tensile test, Inventive Example 1 exhibits improved dynamic
properties in comparison with Comparative Example 3, discernible in greater tensile strength

5 (F median) and greater tensile strain (D median).
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tan d (rmax.) 1st neasurenent 0.16 0.181stan d (max.) 2nd neasur ement

0.16 0.181 tan d (max.) 3rd measurement 0.16 0.180 The two
conpounded In®nevd Bkanlau eexhibaf tiagaklyNipdnes Settlih® kesilidh®anhehdddnareandith
are therefogre d%geckl goggﬁr b&ﬁ; I n %he Ieggil test,. Inventive .
Exanpl e 1 eSHimBi'E® ﬁ%‘?p WL c}@h Scteshy Iyaive Example 4 srbibits & smali ppximum
Conpar at i vevakosaigpl@mparatvsSERipicd @r the toixenrldeka (&dﬁ%lds@ faetof, NI blin@ b Kign of
medi an) andﬁ@%ggégr %ﬁnsile stﬂainISD nedia%g. , )
2011/ 045393 E GPereRipE Py theypolymar, and it is\faerefory massibler togppglygetiat rolling
narkedl y i mpiganedismeledydowasi nveniceEx@le COBPar@shpaiatif GompRati ve
Example 3. In the MIS test, Inventive Exanple 1 exhibits a snaller
maxi mum val ue than Conparative Exanple 3 for the tangent delta (tan

d) loss factor, this being a sign of reduced energy absorption by the
polymer, and it is therefore possible to conclude that rolling

Sresistance is markedly lower in Inventive Exanple 1 than in
Conparative Exanple 3. WD 2011/ 045393PCT/ EP2010/ 065461



WO 2011/045393 _ _ _ PCT/EP2010/065461
- 17 - Patent clains 1. Hi gh-nolecul ar-yeight, |inear,

neodym um cat al ysed pol ybut adi ene having a hi gh proportion, >95% of
ci s-1, 4 uniPhtentdlsinidavi ng a | ow proportion, <1% of 1,2-vinyl content,
and al so having a small nolar-mass-distribution index (M),
characteri ed at I\/bon | Scosi t of .th . )
ol ybut adi dne FREPRIRA EERE G T miir el hobPin fevns udieh
of the pol ybut @ﬂ)pemen I :89584yedf] (ﬁﬂ’l 4 hafis 20d havindal phufrashrede <aes ofdi,Dginyl
to daimi1l, char erlzdlnthat he sol uti.on. viscosit 3%
Lol uene) 15 11 B0 6086 HeA Tl AV T S te (IS e el in
103. P6l ybut adi éne accor ding to Caim2, characterized in that the
branching index (Bl) is from5 to 7. 4. Polybutadi ene accordi ng to

Claim 3, characterijzed |nthat ts rel
(M- Rel ax 30sec) i & °SHRITEPY &M?an é%‘ Bla%(@ﬁ#eélﬁéﬁ%“ Jé)orta
Claim4, characterized in that its rmlar-mass distribution is 15MN

90% < 1 000 006 g/ Hemcarenaiadiifibtiioh@died 0Dthg potpbutadfene Rrsaaks shaha.
produci ng hi gh-nol ecul ar - wei ght neodym' um cat al ysed poI ybut adi enes

Ao ding e ANSofbul Ao RLaESHL ROCRIA "B ERGRINERSL Y L] OO N,

steps: |I)nodifie uction us
with use of cat a4yst tolups&)mfmdaﬁhd 6ahmﬁaoﬁy&tahmﬁmmsé8{) mPas.
20conmponent A: an al cohol ate or a carboxyl ate of neodym' um

hyar o, prat or Sy it e P e RO Tkl Byl SratEhil Hekx con i

conponent C. a fwindltkyl al ut ni ni um corrpound preferably
tributylalum nium 25conponent D a diene, preferably butadi ene or

soprene, and Comﬂﬁ%en@ac@&rdili%?tiﬁlaﬂﬂg Wa%@%%%?ﬁ@vh\%{ fts ﬂi% he‘} relaxation after

preferably ethylalum ni um sesqui orid
step, conponent §9 g (ML-Relanids) wrsmafldrilen|6le. ni xed at a terrperature of
fromOC to 80C, preferably from30C to 60C, for a period of WO

2011/ 04539%!36” Eﬁ%%%l&@%é&}dmg t%g(lléim 4, characterized in that its molar-mass distribution is
15 Mw 90% < 1 000 000 g/mol and Mw 10% > 100 000 g/mol.

6. Process for producing high-molecular-weight, neodymium-catalysed polybutadienes

according to any of the preceding claims, encompassing the following steps:

D muodified catalyst production using a preformation process, with use of catalyst

systems based on neodymium, composed of

20 component A: an alcoholate or a carboxylate of neodymium, preferably

neodymium versatate,

component B: a dialkylaluminium hydride, preferably diisobutylaluminium
hydride (DIBAH),

component C:  a trialkylaluminium compound, preferably tributylaluminium,
25 component D: a diene, preferably butadiene or isoprene, and

component E: at least one organometallic halide, preferably ethylaluminium
sesquichloride (EASC),

where, in a first step, components A, B, C and D are firstly mixed at a

temperature of from 0°C to 80°C, preferably from 30°C to 60°C, for a period of
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from5 mnutes to 10 hours, preferably-f§om 20 mnutes to 2 hours,
and the mxture is then cooled to below -10C, preferably to bel ow
-30C, prior to addit ifrom Hhirneaponéhowk; preferablypiias €6 sninftespived bduﬂﬁtdndﬁhe

G proferanly from stirrea At seat bEPRGIEE Bt vt Sk HEse e o

preferably from 2 toaddonhdussyond)t Bpol yneri zati on of the nononers at
a tenperature of from-20 to 150C. 7. Process according to Caim 6,
characterized ip,tha 0 noner

with that used ? b p Ei %g%g noq%ﬁetf%rﬁaérlr‘?) (gf(r:tg% ar gt\%}gé{ figlyst sysiein ol & @efifte of
neody#i um 10cat al yse(ﬂfomoBQ‘iﬁhtoa&ﬁ @negferaBly fanG%&sa S Cofudiangribd oflfr@in to
7, characterized in frc corrponent A to conponent
Bis from1.1to 1:1 Ebaﬁoré eraalgﬁ Eliolf%ém‘ro’ :80 and particularly
preferably from1l:3 to 1.50 t he erI ar ratio of corrponent Ato
conponent Cis Byom polﬁimdrizratjormfllfe,m@oeiesraabteppénamm o520 @ 508, t he
nol ar ratio of corrponent Ato 15 conponent Dis from1l:1 to 1:200,
preferably 4f rompl; 2.t 0) r y. f & f

1: 50, and the no (frssr gctcﬁrgﬂng toaaﬂmpﬁe%a&xe?%ehcm%ﬁne@Q% [ngn(?;ﬂ%a%lyf
to 1:20, pr ef er apingmén idepticalowirh th@t lseﬂlcfmamdmgt hightinaletylarpreghe mabdymium-
from}: 0.8 to 1. .8.; xtures conprising a pol ybut adi ene
accordi ng to d grﬁﬁr}’%e(apfgfgg énéegnof t he rubber m xtures according to
Claim9 for produci ng noul di ngs of any type. 11. Use according to
Claim 10, Mhar adreeisAsepriling thglaim T‘rerhmﬁdpthgl tha the mylperato wp ovreprnent1 fo
Use of the rubbey Iféhuge rdi 1t190 Ct.

t her nopl asti cs. mfi% lfgai&ﬁ‘g 1?1u 1?%?%5’ grg%loir (gjrﬁﬁ ¥ %d@% %Xﬁ ngarly
for polystyrene pa:f@a@rﬁro@nleil tck§9, dhﬁ tnpiat eatio @b obryprmey. Azﬁmnds@tﬁlstm

rubber mi xtures ;3£Q8 ql.ﬂg pEe?er&glfa #8911y tcgqlg, tQ@Ho%a‘r ratio of component A to
15 component D is from 1:1 to 1:200, preferably from 1:2 to 1:100 and particularly

preferably from 1:3 to 1:50, and the molar ratio of component A to component E is

from 1:0.5 to 1:20, preferably from 1:0.7 to 1:10 and particularly preferably from 1:0.8

to 1:8.
9. Rubber mixtures comprising a polybutadiene according to Claim 5.
20 10. Use of the rubber mixtures according to Claim 9 for producing mouldings of any type.
11. Use according to Claim 10, characterized in that the moulding is a tyre component.
12, Use of the rubber mixture according to Claim 9 for impact-modifying thermoplastics.

13, Use of the rubber mixtures according to Claim9 for polystyrene and
styrene/acrylonitrile copolymers.

25 14, Use of the rubber mixtures according to Claim 9 for golf balls.



