- WO 2011/ 1032990 GHoke011/ 052330 - 1 - The present inventi gﬂff@r 34 £1%052330

to high nol ecul ar wei ght binodal neodym ugrcatal ysed poly ene

havi ng a high proportion, > 95% of cis-1,4 units and a | ow
“proportion, < 1% of vinyl units, its method of maki ng and use.

Pol ybut adi used tur ngys

const i tuent?g@g‘?@sregtb ber tln?d;trhllragss téngu#‘o %&Mﬁ%el n :%rr{rﬁp()?%{/enﬁg??'mum Plalysed
final propeelypusadiens hetings highduenetionot 95%g of eisil $timite endamibw pabpertion, < 1%, of
abrasi on f o ﬁm%ﬁmﬂoﬁoﬁ'ﬁ Vﬁi&du&further field of use is in golf

ball cores or shoe soles, Tn Ich case high rebound resilience is a
prime concern. Pol ybut adi enes having a high proportion of cis-1,4
units havePoueHadisay e dseria dheotyresindusiy as imppeientroondtitesota lof nfbber mixtures and for
consi gerab

g 019 10*1%3{&%2{11%68%9%}5&@%%1&%?& i H%EQS #e@u&?'?olﬁ%}ggzﬁﬁﬁgﬁtgd al;?rifluggél L sion
pol yst yr enér ecamnig, }ﬁscieélf@aéé@rﬂ@n ﬁ@lé ﬁf)’éﬁ?nﬁ@ gof bukh eorr:mreh@moteb.sn ahizh case high
currently %mtreﬁ%ggsgﬁggeg&ﬁgdm vely to produce high proportions

of cis-1,4 units, and they are described in EP-Al 0 011 184 and

EP-B-Al 0 007 027 for exanple. It is known fromthe prior art that
speci fi cal PYybrislinnss Dirfegan d1ighs prargsbory bficiadideneits haverbgert henufadurgt oope large
of hi gh- ci Ry BUiA 8RERiRAYE JRAkd bﬁﬁh@%&’aﬁ%‘s@dboun MRield encgregg\nd of

in respect of ralling resistance, abrasion an resr
persdf ski P‘Illéfd“‘i"?ﬁ‘r?rﬁg‘-‘%aﬁldﬁ]éo fopamnect hedifigpipy ofinobttivemes are pr oduced
using structurally defined single-site catal ysts based on allyl
conpl exes ohtalyak Base@loh Remp l
and Physi cs, 5003 (203/ ?) %gg@ﬁ%%égfg g?ﬂt%x%@ %OT éﬁgeé‘g 'l%%%&&xs“’ely o
systens usB@dinekigh ePﬁOHOFﬁS’E}? ol Lpapits. and thayer eé@‘@e@ ingéP-81 0 011 184 and EP-B-Al
pol ybut adi gnesg27Hexbiglestrial 'y used neodym um catal yst, for
exanple, is a Ziegler-Natta systemwhich is formed by a plurality of

Cat al yst- formation involves formng nostly

cat al yst corr?g{lrent
different &4 i thes PR hthataspegiicaly deedymiem-oaialysed mbrbytﬂ@pnqgmng the
at | e;st bgrﬂﬁ]ﬁ@f m@ﬁkﬁrpo%ﬁt%dlgﬁe% tlﬁb@tﬂdl%ﬂyl AAvidtedlsqRbR f‘neM tpect of rolling

catal yst system the fanmiljar 3 catalyst Conponents, m)st
consi st ngreé‘Fta‘éce @?W@@H%/WPW&?HFE@ a chloride source and an
organoal um ni um conpound, are mxed in various ways under certain

t enper at ur & eeBfiskillens, tharf it Bars W pYShutsSled Mel ﬁodu%é’tﬂﬁ@% §REntANG defined
pol yrrerlzatlg(in wth or )t/)vrthout agein The prior ‘art reveals a

plurality SrRElGaifhertalyssy Dasek ioR llvh exyrnlexenaf ware cattls ys dessiibdeing Magregrolecular

for producChgnitel 48 Phaiisees (2030FR0-1339 14 &lanfle. descri bes a process

for prepari ng a catalyst for the polynerization of butadiene,
corrp%sr ng H])g al um ni g hydr ocar byl or_al um ni um hydrocar byl

hydr P HEGHEES RBYH ERIRROTRRE B8 i thewradysHehelipebiutadiges

hal ogen sour ce in a hydrocarbon solution (hexane) WO

2011/ 10 13991961&1592031 Q23R hium 2ata1y3’ﬂ.,t foReapRReik Al AEderOatta dRfent @hich BFormed

and agei ngbt &Ft al ¥st sfgstem or abp |od of at least 8 hours
bef ore use |arrp L PR PYRPORARS Ga s IopRatioR 1yBives fomping agstly different catalyst
-20C. The mmarch erm Iehdiboermed dsthé Poliner Wstlb&namﬁ@mﬁmms%mumn In the
energy dis The greater_ t f free chain ends t he
gr eat er th%leé %{} Eﬁfggﬁt pSEEEn By r}mgarn‘g yst qqIReYRES, TSty rrongpEegyf 2
di ssipat i Oﬂibodjfnnhﬂ&oﬂmb,yﬂ&ﬂordﬁ(’sbﬁ%@rﬁd ad @ﬂgﬁﬂoﬁﬁnﬁlﬁ*&h shRApsRdIae 'iﬁ?e?ieﬁr various
and the rebound resilience of the gméls aﬁi roves for exanp

bi

Accor di ngl V23t KeEeF | WHpin, fegparaure o d athe peAtaliet r SYRIER Ay r@ﬁﬁlﬁd iR the
chai n endspdhetierizaionciiiheor aidodlapdys better than those of a branched
pol ymer of the sanme nolar nass. CoBR and Ni BR are al so known from

the prior ar t hey ar r ched than the_ 10Ii near
NdBRppoI yn@respmésar%rgge@f EbB]HI E’r %988‘5%45 tbl?"‘igelf‘?gr e hﬁﬁ@i GHpyst systems used for
| nt er nat i opraducinz@OPputaBhe86 and Journal of Macronol ecul ar Sci ence,

30 EP 0 375 421 BI1 describes a process for preparing a catalyst for the polymerization of butadiene, -
comprising mixing aluminium hydrocarbyl or aluminium hydrocarbyl hydride, neodymium

neodecanoate or neodymium naphthenate and a halogen source in a hydrocarbon solution (hexane)



-On the ot heyoha{whorBewever, it is known that |inear rubberg~Papsotiidhazo
solution viscosities and that these high_saqlution viscosities

inevitably also |l ead to high process viscosities in the ABS or H PS

“process. It is further known that the dissolving tine depends on the
degree of by aRERLAG &t -{ P80 2dot] BHEAke; ' i

distinctly sl owgr_ rate t_ha_nobr an’cﬁe °e%é)ﬂ>}}¥reg?él§§|t'$§%?go\égﬁ%?%%feaééeaSt 8 hours

vi scosi t i ebefarsdise m@olvawgeationi sz s meferablivsamjedattlay-20%¥Huce t he

econonm c viability of using |linear polybutadienes. It is yet

further Knononhhgd of RRaib ARGH Mpdisnd? L bsSbkidle! 4 Eﬂépggf a0

processi bili t;l} of tohe ;lgol ymer tﬂ% a%(l:hed Sgﬁﬁ(i{lrrér s_r use 41% f& Tgy%agéthe
i mprove t hevaRsy ¢of ifisp chgingadst thezreatra theeensrsy dissiva@ubys ths| poiymert Homeeve e the
pol yner nobay ARHLIARI B R LSRRG rdREAET ' ili

Vi scosity. Nd%l?%gplayrrer S an neo%lyr?i u’m_cag 5%3%3%%4%8’1% @%gﬁlgiﬁéeﬁgés&grr eeSlhence
synonyns. Ptihe golymerieprves, fusramms. dceadipelysihel Bnad prepertiynifartineatpalyymse taving
pol ybut adi gag tWhLikh 8RS phioiadikant ﬁ@gﬁ%ﬁ&r tﬂ%%&ée%fa%fan!:ﬂeﬁ%@@h‘{ey of fle same
respect of dynam c properties and al so the advant ageous properties of
branchi ng MR B8¥ect of processibility. 30Pol ybut adi ene and pol yner

are used as synonynms. WO 2011/101399PCT/ EP2011/052330 - 3 -

rel ati onshicBRR Sind NIBI® afeOdisol M8 wR HoW B pRo B @l;reéllra bd %ra%@%o?e Bt lihém the

the | ong chain branched polymeric fraction. The fractions are elute

usi nd® asynieter NEBR | roliyrterse pei despidhed prarsemplade iTon Tedmalpgy Interiional (2009), 82-86
pol ybut adi gRESwA HWE Tl NBY KidbE Peiakh X ;%ﬁh@h&ﬁﬁﬁ’y B¥004), A41(3), 245-256.
neodym um cont ai ni ng cat al yst bsystens. Suc systens” are

Ziegler-Natta catal ysts based on neodym um conpounds which are

sol ubl e i nTHYraRageh B carmidBREaidy rarticilaslyip Bigriueroteitynanie properties and a lower
parti cul ar byerdr fkQpEd, thlﬁquﬂ%ﬁﬁhl%{onMeﬁPcﬁ&g%siﬂﬁﬁgglgg’;%%%caﬁons and to

al koxi des, nore particul arly neodym um neodecanoate, n

oct anoat e, BB AToeHRdTaHHENGE Hetod b2l aprliationtn B @706 86 R Srtseabny theaise of linear
and/ g5 neOF&ﬂ?B&H&le%e@ ﬂldhl%h hﬁﬁbﬁa Jp@f}@)?lteﬁ@ Qﬂﬁ% nﬁ&uldﬁ?é IngbegS Er&ﬁatct toughness, for

surprisingly, the polybutadiené according to the 1 nvention has
linearity &#8PHr anchi ng and accordi ngly conbi nes the two properties.

I'n the past, size exclusion chromatography (SEC), coupled with |ight
scat t er | Ngoafhedths Aaid, YoWbe alit RabwniBa 1hbe redbkX HHRANS: SYdoh 3REKiHO%nd that
char act erl}zhlﬁn .the chain structure of pol ybutadiene as 15 well as to
det er ni ne {O¢¥ 11%@1 VUGB VisGasttigh nedifabbraloueaddn bighorosasanspdties in HerAlS or HIPS
It has beeproelat.ar i ffkkr khgdhn tHae BB 166 Gnd cﬁ:?erfd@ oh & égfe%fbtf*b%cmg in that

cann be Fati sfactorily characterized usi nt% hi s net ho )
Asy tri clREHRPYIET JispelBialig élé‘flicﬂhé}loi”él‘nfa(% ) bigpched pelymersr Ehqbigher process

because i t vikdosiiey ¥ndUefIetlpendisoRagaGhe ohehil SediBe 1RO LeonbBic Nidbility of using linear
separati on tgkes pl ace in an enpty channel w thout stationary

20phase. SBY {875 can accordingly be achi eved al nost free of
shearing and interactions. Structure-property relations nake it

possi bl e tD ideacithe knben GOk Q) Bihdcaitg 18 bBANarYPIPEHAR ToPRE FRREGIHARE the
the properties o tr}]gie pol ymers. The RGMrelation is a
correl ati oPPlHB‘frmé@ﬂc golymers yeedder 489 g HIBR impgoms the selutioneprorsttics anfbrsducw/the

of the mMacHieIBiahe Théplyhé nelained 8 deftefofbpBirhiRgdddrRinedSe oittios VRRRIL.

of the radius of gyration over the

NdBR polymers and neodymium-catalysed polybutadienes are synonyms.

It is therefore desirable to provide a neodymium-catalysed polybutadiene which has the
advantageous properties of linearity in respect of dynamic properties and also the advantageous

properties of branching in respect of processibility.
30 Polybutadiene and polymer are used as synonyms.

The object is achieved by polybutadiene of the-aforementioned kind, which has a linear polymeric

main fraction and a long chain branched polymeric fraction, wherein the slope in the RGM



-25nol ar mawwo T\ /f0aghous of gyration (RVE) is deternined bypd/@Pbo11/052330
scattering, where the irradiated |light is3scattered by the pol yner

~coil. The angl e dependence of the scattering signal is used to

det enni ne the hydrodynam ¢ vol unme and/or the radius of gyration of

the pol ynefelationshiplist H1€).5 &% &h& bollyinBeR maROEYIWBH Sind 837 BHkHESI108E chain branched
gyration increases in proportion to the nolar mass. As 30descri bed
inter aliaP?FFEIFASHEIN of Applied Pol ymer Science, 54 (1994) 91-103,

| i near pol yners have a slope of 0.5 to 0.6 in the RGMrelation. For

the same nWhefaciasSre died SeSisinimétAc DB fRI HWEFacERiation (AP4).

2011/ 101399PCT/ EP2011/ 052330 - 4 - increases and the radius of

gyration decreases wth.increasing branching in the pol yner. The

hi gher thesfg“eag]é(g‘“ °O5} 4h GHFSHED d"fegff H@%ﬁ‘&hlx/ﬁétﬁlysqdh@ MERMRIYT OISR catglyst
t he REM r ehaieh®nSudBr yitehie drePriby N Sta ada 1y@6 IEddb@ i n@ayhaw AndusdsORBich are
of less than 0 5.in the RGMrelation, and a slope of 0.33 and | ess

i ndi cat es MR P IBAAFEEY pol yners of spherical geonmetry. SThese
paranmeters were determ ned using, in the course of the investigation,
coupl ed syShemsodatigh StdniGueds aselir aet pefi@ldryg prefiribly RSB I é£bdxyRWs or
field flow fracti ong{oi. n- wth rruu}ltf'[y-an%lgglg scattering photfoneters

and concenPPR PR JECEIEES, rBoTe pRUTHAY; § Uh CHECENoglE, nagdymiysy j eptanoate,
to anal ysi ficodfminp Qlayhithinste)Veiebdyiiiis Ob v &kktihyhokilobteP Whid/éry ndddyminkh€2,2-diethyl-
conci@trat onis 3 ng/m. 10 In each case 1 ng/m of BHT was added

for stabil MPHPEH. The dissolving time was 16 hours at room
tenperature, followed by 4 hours in an oven at 50C and a subsequent

4ﬁ houlr S aft Waafmr_tcbﬂibe rsarbﬂii_@ly,ﬁﬁ% @g@bﬁlﬁlﬂerﬁfdcedﬁdﬁk]_ﬁleo h@hﬁéﬂiﬁ@hﬁlﬁﬁg&aﬂw and
t he pol yney sol ution Itate sl 1 ght shaking wth the hand,

ot herwi se h@%ﬁ@ﬁ?%%@%ﬂﬁ@mei%&wr@%?oever t ook place. So as

not to renove the high nol ecul ar weight particles of polyner,
filtrationinwiis msg tstzedxclidien Alrdmetograpiel (SESYAsoupiidi witte gl dchiteing or viscosity

regenerated_cel |l ul ose nmbrane (.cut -.of ndate, 10, kg/ nol PS). The

nol ecul ar %é?c lﬂ?’swaﬁﬁ%e %ﬁ%‘gﬂ’ﬁ Pﬁ%ﬁglﬁ orvépg&%@ﬁﬂh%‘gf%m&e ‘?ﬁ)é’lg}%b‘fafi\?%e as
i ndex5i ncredent tofdefrhidié dJmglebdar peight disaibieie andAphratnbiers NBas6H SMBAd Seen
were made wi.th.t tem.of the AF4 2000 system_ from Postnova, .
Aaalyt os Tl dD TR P Merie Y Sopth e B g wing
a MALLS deth&aheliodf r om Dawn DSP, Watt Technol ogy (Santa Barbara, USA)
and an Rl 20detector of the type PN 3140 from Post nova Anal ytics

(Landsber g/ Lech, .Car Fi.gure 1 s a function . qf the.cross
o or adr angoet i o FolcRedoes QR nds e Pt St 7 g el e
AF4 anal ystieranesiziif nethbdd Fbl AB% segarttive takjsqiddedn aphagey clidifel SEifHOLE staishary

convegyed int he channel at. |l ow. ra of 0.2 m n sp. as 1.o

pre- Z(ryrpt a fg%téc'e Padat ron o ralflﬂﬁg%(}ﬁéeg ﬁ# %@c’ftrffef ﬂ%srﬂgaé}n&taij‘g@?e?ch?rﬁhl y
concentrated solution. During this procedure, the cross flow 25

remai ns cobisicame-brppaty rdlationsakent \paksikde to\ deecibadhd lcomelatiohebeswecnatmordular
focus, is ] i L ve duri the injection procedure. This flow
ensures a %%%g%@%ﬁ?m?ﬁ%é&%%?gﬁog%g e/prcr’li%'rl%uefgrﬁrough t he detector, and makes
it possible to fix the injected sanple within a very narrow zone

(reduci ng TheRGM: relatigraind sotyelagddniweg) the Folivsofigngtioh@MS)jaed theamlghase M of
of 4 m nut | ntially ed to O wthin 1l mnute
and the or SepepiEeleaatnl & SERARCRL Aok ol RHEE NabCthd iy PR e

pol yMers awelergisng to the invention consist of two fractions, a
linear main fraction, which has a slope > 0.5 in the RGMrel ation,

dal . D . . ch 3
" e, RONTFol s S ADFRGE (RPIsy T8 BlEiAACh) Qo BT MR R Racified: e i
branched pwkferet bthe palymieoepil Ebuenss: ddpendeeoei afitim scaittiing sighal gynsed itmdetafnine
the di ssol wet BObMRRL oG hOBRL epgg@ogg%%&g@g%wrs whi ch have

a radius of gyration o ove 1 remi erably < 10% and

In the case of linear polymers, the radius of gyration increases in proportion to the molar mass. As
30 described inter alia in Journal of Applied Polymer Science, 54 (1 994) 91-103, linear polymers have
a slope of 0.5 to 0.6 in the RGM relation. For the same molar mass, the density in the polymer coil



"The width @yetoilptizgn of radii of gyration is determ ned f&pgp
differential plot. The maxi numdifferentigl value of the distri %u {005%330

~of radii is halved and the width of the distribution of radii of
gyration is obtained as difference between the two radii val ues of

h T . i eas 1 an i . i
the curve alorehfte s thaFRAL 60dyraRh UGS éQﬁ{hﬁL&%aggggkegﬁ%&pg&%ﬁg{@ﬁ'ﬂ%@a

according to the invention has a | ong chain _
fraction cBFpicESE 9§ bschipg 0§ the polymer thsnlogemthe. slapecif dhaBIGM relpéon. Branched

linear pol Y affRicttribbPhtia@ig b Sl SALE M sl iERE gg&?%lgh a slope of 0.33

branched pol yneric fraction. A process I's provi
produci ng #Meessdndissice highly hemnghed pplimarg of erbetieal pepwmstivi on, the process
15conprising the steps of: 1.nodified catal yst production with

pr ef o5 M NgTheGE REraARlAl Yot Riehess uhased @ caﬁ&d%{'ﬁi}ﬂérﬂl&g' }iéﬁ,ic'agp@é s@fems
conponent A: an al | coxide, a phosphonate, ph%ﬁ) i nate and/ or
phosphat e, CopsiE#gRHa frastianating seihplesreretio fpwist! Bew fastonationt-hwitk railté-angled

wi th diket %ﬁ&n@%ﬂét&het&@aﬁcﬁ@n&én%@tidﬁ%ﬁ%ﬁd of the halides of the rare
earth metals with an oxygen or nitrogen donor conpound, preferably

neodym um yersatate, _conponent B:a diallcylalum nium hydride,
pr ef er abl y 8B srbysisiiatifn hydri de (DI BAH), 25conponent C a
di ene, preferably butadi ene or isoprene, and conponent D:.and at | east

one or ganor@drad kiabysiathé fe$merd wefeclisabIvad BPcabuHY ik M S tdhERbRd %ml
( EASQ) , erein |n|%|al inafirst ste e conponents A,

wh ly, t. s the conpe
and & are el sRd mymio gﬁlbre%%f't adfed Br SLaE@@tPB-p%G?SSBF@Eé%W% bicheuss at

40C, for arcpgr te@perthiredfolloRed B 4tHOuhGn RRWEn atP30ef hah! Mbs3Qkd: 18 NEESt room
to 2 hours, and then the m xture is cooled down to bel ow -10C

pr ef er abl y'*PBraWs BTl s sbgphy headArsetment shagolymer solgion s @iiated by slight

prior to agdiihj Gith @le AARAREM: 43 mechRRtd] BBRbLNizRiE Wb BGr I place. So as not
nodi fi ed cat al gst system at a tenperature of -30C to 80C, prePerabI

5C to 50C, ©fgroverle Heh mpieeniargreiehprariclen o polyaen Sifragn vas omitted. dha HiFY cg@nel

m nutes t owdduipped with DRpdetadRENuIdsB thelnBRNIRIAHE n3ndle B KARRPERL Ur e
bet ween -20 and 100C, 4. gubsequent ISy r?ai nt Eaflfbﬂi ng the epoI yrrer?zgti on

sol ution the end, viz, at a conversion of 85% by wei ght, _
pr ef er abl 3‘} ROBOIESH AR HFES FFoREEatonS Mregmpusd 0By ajefraghive index increment of

but adi ene @at3ami/pEFer dibuedihe. 10 Ge Mésirahad Ner%qu@etvﬁthlﬂg%uﬁ?QyﬁQﬁ &f the
preferably 10 to 120 mn, preferably for 15 to 60

to 125C for ,
mn. 10Th eA%$ 8@8%“%’& ?fBFlc}‘iOﬁtQO‘fWHé%ﬁlé%@hﬁfg@ﬁ% Rerresiay o B flafeséor gombination
neodym um a8 &c MAl ASydetecHY FbRAMAMADSP, Wyatt Technology (Santa Barbara, USA) and an RI

20 detector of the type PN 3140 from Postnova Analytics (Landsberg/Lech, Germany).
Figure 1 shows a function of the cross flow gradient used in the AF4 analysis:

The injection volume in the AF4 analysis was 100 pl. Following the injection phase, the sample
was conveyed into the channel at a flow rate of 0.2 ml/min so as to pre-empt any degradation of the
molecules in the relatively highly concentrated solution. During this procedure, the cross flow
25 remains constantly at its maximum value. A second flow, the so-called focus, is likewise active
during the injection procedure. This flow ensures a constant flow of 0.5 ml/min through the
detector, and makes it possible to fix the injected sample within a very narrow zone (reducing the
later bands broadening). Following the injection phase of 4 minutes, the focus is exponentially

reduced to 0 within 1 minute and the cross flow program follows.

30 It can be determined that the polymers according to the invention consist of two fractions, a linear
main fraction, which has a slope > 0.5 in the RGM relation, and a long chain branched polymeric

fraction having a slope of < 0.3 in the RGM relation.



~has opti muiweebividiyeend | eads to the desired polymer mentpePR$2011/052330
above. It is an interplay of the quantitysand action of the

~constituents of the catalyst that determ nes the final properties of

t he pol yner and al so the econonics of the production process.

Conponent  @ht §igh GEk &S ABkAckiRE.SRIB £ORA Fiin rlcQfach ' '

nmol ecul ar wej ght %LS_ neodflﬁrjn#%cr)n catg ysed po@%@%ﬁ? éngg.g %{Elﬁ%}g%g{ﬁg%ﬂum

of the di eRSYSPitEtipe of thet dissalved peliaers.atnd] spsthe iproppaion iof phlammerp which have a

i nport ant, r&iRGegRatRhdPhsove MRkY K< COURLAX1520 159 o

Useful solvents Pﬁcl ude hgxane, cyclo ’exan%flto Jagﬁggjéf%ge%%lggﬁtﬁ

m xture of the C6 fraction Qther solvents are simlarly conceivable.

The sol ventthe ¥ifltthef thediersvytion of Fadiiob Evrpiinn in ¥ery ahvesn amennting do ¥ ¢élinwi pheferably

cat al yst campeneml orchiereRB8 1N of sol vent depends on conponent A

in that the concentration of conponent A to solvent is between 0.05

and 0.3 nolfL and preferably between 0.08 and 0.2 nol/L. The nolar

ratio of cdi Wé%fhf’tﬂb’ftﬁ’né@ﬁ%ﬁgﬂfml?@} i§ defgrrpifed from dee diffespatinl plot dhe maximum

1: 100, pr etigfadaliyt viRe bh@ed@RgRtbt Madii B Haled p@PHENGaHRE fie Fa't{s‘ﬁ—%‘a{iéﬁ)!)ﬁ’radii of
0 0

inthe range from1l:3 to 1;50. The nolar ratio of conponen

conponent Wony i opjgmet! g GHferueprpatween; e two orslii yafuss of dis| oprverpt tiipee numerical
range fromgdized. to 25 1:100 and nore preferably in the range from1l:3
to 1:50. The nolar ratio of conponent A to conponent Dis in the

range, from1:0.5 to 1:20, preferably in the range from1:0.7 to 1:10
and nbre pPEfEshn| e Pﬂylf‘}‘if’ég‘inﬁri’ﬁ%’r‘ih?%m thegngentign hasga lopgechaiadiranehed polymeric
t enper at ur gadtion SbrefistneQblyirdess pdilfibegdment al yst production is

preferably -10C or -20C, preferably -30C and nore preferably -60C.

30It is further possible to use an alumnniumtriallcyl, preferably )
tributyl al Eﬁ?‘-’r‘i bc‘PEéhe( LﬂG%fAl?Of‘YEF%?c PR frrgfon) i greatsy, dep theprgichatn wanchadhaolymeric
nmol ar rati @ga@fonconponent A to alumniumtriallcyl, preferably
tributylalum nium (TB3A), is in the range from1:0.4 to 1:15 and
preferably,in the.ran from1:0.5 WD 2011/101399PCT/ EP2011/ 052330 -

B 071 A RpLehy s TGtk o YR Pl R RHERS GRRAEERE oring PR g rsces
desi igd, t benpdlngmerstepabfon is carried out in organic solvents. These
solvents have to be inert to the catal yst system used. Exanpl es of
suitabl e solvents.are aromatic, al.jphatic and cycloaliphatic )
hydr ocar bog‘s sﬁgﬁﬁgscaﬁ%}ﬁsggﬁoél}m{oBI“Gglr%,%to%'b‘ﬁ%f‘%}ﬂ%?éatﬂyﬁé G based ienegwnivm
hept ane and cycneikgaiie. The pol yneri sation can be carried out
continuously as well as batchw se. The polynerisation is carried out

at a tenperature between -20 and 100C. In.one typical .enbodi nent, the
catal yst consi SCIMG0f t he cor’?ﬁoﬁ%?ﬁl SR pE?Spgf’I?%d O3pRRalg pEndiH gpliopphate,
TB3A is added to a mixture of cadOxytae,ts chyiplaeddybimpmbing of t@ot cah thetfls with

to 50Q,parts by weight and prefgrabl 10t 0,30 parts b i ght. . of
m)no?r%r. The tinme naintained 4 efl%y 'SP aflﬁlgo‘g{i?‘??f’él?l%{ggﬁieg’ﬁﬁ@eé of the rare
herein also referred to as deleayh tiemts Whie dhelogyeehi 6% nittogsilidod®! @ompound,

temper ature ensures the branchi reactjion in the case of polyners
abg\ee 1 mllion g/ nol pré}gably neodymlqlm versatate, poty

component B: a dialkylaluminium hydride, preferably diisobutylaluminium
hydride (DIBAH),
25 component C: a diene, preferably butadiene or isoprene, and
component D: and at least one organometallic halides, preferably ethylaluminium
sesquichloride (EASC),

wherein initially, in a first step, the components A, B and C are mixed and at a temperature
of -20°C to 80°C, preferably 0°C to 40°C, for a period of 5 minutes to 10 hours, preferably

30 10 minutes to 2 hours, and then the mixture is cooled down to below -10°C, preferably to



-The t enper ®¥ne1iaio1sgye end of the polynerisation, i.e. durg é‘%@i’?ﬁ’ll/ﬂszsso
delay tine, is preferably in the 15range_rom 100 to 140C an

preferably in the range from 100 to 120C. On conpl etion of the del ay
‘time the catalyst is deactivated by addition of small anounts of

wat er, car boxybkigwagjod sy 1PldaRiRbscd &%Bne%rﬁ{rp' e. Polyner solution and
pol ymeri sation solution are under stood as synonyms. Cust omary

stabilisers can be added to the qurrer solution in customary anounts
prior to the ZWBPQUUH&OE?@W%@OG 104 (catplybti syslem aisetbrapermtuse of FACIty 80°C,

hi nder ed phenohgfeaibly-enatde, AMHR&SrAbn &h@%ﬂﬂ&téﬁ 2§(§Jﬁ ,ngerabgf 20 minutes to
2,6-di-tert-butyl-4,5-methyl phenol for exanple ol yhers dre

|soI ated by ev éPESr ng the pol ynmer sol ution, by precr pitating with a
nonsol vent such as nethanol, ethanol, acetone for exanple or

pr ef es abl y3 by lﬂﬁéﬂ ﬁdﬂlbﬁﬂe%tgterﬁpbﬁmev#&h-mand100%“9 stripping
With steamis by wat er removal using suitable sieve or screw

assenbl i es 25su h as expeller/expander s¢crews or noving bed dryers.
Dryi ng t akés pT”gﬁeélu?“ltrlydnad’%}ﬂ‘\‘PélﬁttP% RAlymERAHr solgtipn abhmpide Vizn 22 gpyersion of

cabi net or in a3sGeWeEn SprefcldE P%%Wt»@éﬂg}@@&?nﬁ% fliRG i@S%hﬁ' werght of
i nvention can further be used alone, cut with ar icor alip

oi I's or admi xedREHER BHEHERPFHHSRTs> 149° ?h@e%raékrukq%ﬁo df’f0°rQJEib3eP10Te Pfeferably

m xtures and rujgbeto MSPC aRi16aS BD nds, ﬁﬂ@’@r@bl?@& 1@%@6&5& inthe tyre
industry or in the manufacture of shoe sol es or

2011 0139 CT/ EP2011/052330 - 8 - industrial rubber goods. Suitable
addi ﬁ(élonal UBEFS A€ BHImE D RFRTFGRL BHPHeN pQYidesn Reodwaivpaseratalist Systemy that

natural rukhebtifbuh saliae SyNtdietd Ge rdbﬁ&b@ qasrymE’Ir ﬁéﬁfoﬁ&ﬂab%y@ ti&tah Gnterplay of the
rubbers are descri bed faor. exa

Kaut schukt BERNY| 2B irgongl e gqns n%%)}?é‘r"r}t%l@f tth’%Fﬁlﬂ ¥ é]il"’ct dptpuingsrife finalmrensttiss of the

El ast oner Spdiﬁderaﬂ(bﬂ&fth@dm@;ﬁﬁglbﬂﬁe Maamlbﬁif,@eesﬁ sevi er, Ansterdam
1989. They i ncl udemi nter 5a| ia BR- conventional pol ybut adi ene ABR -

but adi ene/ at e ol ymers CRpol ychl or opr ene
| Rpol yi sop&%rﬂ%onf’% Fi’%tpﬁ%% ﬁ"&‘?eﬁ‘@n%bﬁf* N\t é’r PARAuRigs dtighy mglecular weight
contents ofieodPmiim-Gidipsed Iﬂ)lﬁbﬁ&ﬁ%ﬁ&bTHNe %ﬁseﬁ&odéfﬂ@ dfb@%dl}ie ié‘!%{hgzlﬂbn of the catalyst is
Il Ri sobutyl ene i .saQprene co S ut adj ene-acrylonitril
copol ymer sPH LEIBP’WJB rﬁ“?cF ﬁygqﬂ‘b FREH §°’6"P B pAR iy Renfarpnde tselih pglvents
of 10%to iﬂﬁl%lebyexw&l, gidichexane, toluene or a solvent mixture of the C6 fraction. Other solvents are

similarly conceivable.

The solvent can be added in pure form or as solvent of the individual catalyst components. The
20 amount of solvent depends on component A in that the concentration of component A to solvent is

between 0.05 and 0.3 mol/L and preferably between 0.08 and 0.2 mol/L.

The molar ratio of component A to component B is in the range from 1:1 to 1:100, preferably in the
range from 1:3 to 1:80 and more preferably in the range from 1:3 to 1:50. The molar ratio of
component A to component C is in the range from 1:1 to 1:200, preferably in the range from 1:2 to

25 1:100 and more preferably in the range from 1:3 to 1:50. The molar ratio of component A to
component D is in the range from 1:0.5 to 1:20, preferably in the range from 1:0.7 to 1:10 and more
preferably in the range from 1:0.8 to 1:8.

The cooling temperature in step 1 of the modified catalyst production is preferably -10°C or -20°C,
preferably -30°C and more preferably -60°C. '

30 It is further possible to use an aluminium trialkyl, preferably tributylaluminium (TIBA), for the
catalyst system production. The molar ratio of component A to aluminium trialkyl, preferably

tributylaluminium (TIBA), is in the range from 1:0.4 to 1:15 and preferably in the range from 1:0.5



- 15HNBRpar t vpbl2g1hudnegenat ed or fully hydrogenated NBR rubpgfpp
EPDMet hyl ene- propyl ene-di ene copol yners and m xtures of these /EP2011/052330

rubbers. Materials of interest for the production of notor vehlcle
"tyres with the aid of surface-nodified fillers are in particul ar
natural rulgppg, emul sion SBR and al so solution SBR rubbers with a
gl ass transition terrperature above -50C, which nmay optionally be
nodified 20 with silyl ethers or other functional groups, as
descri bed #yterpe Aateimwtmﬁas pefeyRd léarf‘éfn@mgubéwedafchemogmemza:ioe fisscarried out
content (>80%WoaniPOPUELAHESR! Bef@t I E*}ng

and al so pol, %l:%ut adi ene rubber hgﬁ}%{éé/? \57: %f;ﬁqgég{cedr}#y%g?%eﬂ-ug%S %135 of
al so m xt uPEeblealveds are omaiicy plipfatie And eyelonlnhatiny lydragadonstsachy @&be:rene toluene,
M Xt uses Coaftaie-Rekahd) BoRRMEDEBMAL SREyRRESLA NY to the invention,

whi ch generally contain from5 to 300 parts by wei ght of an active or
inert fill %é %Wg 25col | oidal silicas, produced for exanple via

preci pi t at i 6hPY Frisaignn R bearmind oyt qontingonsly ap¥elfas@pehwisgdr ol ysi s of
silicon halides with specific surface areas in the range from5 to

1000 and pmeé @b@bieﬁsahﬂn tif@arfiad @0t bf @ emPerhtOre 00w aR/ 20 (BETioRMEf BC @ne typlcal

area) and w ry particle sizes in the range from 10 to 400
The silica&™ M‘% n;gﬁﬁﬁgliw QPUYing of thescqupponepis & Bel 2a0diRi@nd aptignakly ﬁEﬁA is

met al  oxi desded S41¢ iixhsre 0K i WGHItOby Mkiohtafr sdlent Hith Gao 50 barBy vifiohd nd SHbfedbly 8
or of 30T 1/ 101390PCI/ E1' 2011/ 052330 - %-Basyr){t gtiind phefefdbly

1
silidltes, ios%?cﬂ"nm%lgy‘éﬁ”ﬁ]i’ﬁ M98 i cate, al kaline earth netal silicate
such as magnesiumsilicate or calciumsilicate, wth BET surface

areas of 2@0hé tméH@intiicd atAclerdarof FRMYIyRRI S B heeRMRORESE to 20ddlE 1RO
nm natural silicates, such as kaolin and other naturally occurring

silica, 5gl.as fi res and glass-fibre products (mats, strands) or

gl ass micr Egeeg 5lsmfdf‘>'3got8’§‘1,’er§tﬁ‘i?hen§ ©S, 10 F & reagtiqnein the GasecRf, polymers
magnesi um @bdvde,nﬁﬁibnlgihﬂbll.um oxi de, .metal carbonates, such as magnesi um
car bonate, cal cium car bonate, zinc carbonate, net al hydr oxi des, e.g.

al um ni um OXI d ne5| r oxi salts . .the
zinc or rralgf%em Fﬁasa %ﬁéﬁmﬁ@?té% h%éi[uf}?gq@die%aé{ttw é?cl?rﬁfgfably in the
e. g. 140acr yngcfran lmatohaﬁ?(ydnﬂmoa@pxdferabiyhhttﬁrﬁr(ge&oﬁmal)bwllmi?@ﬁs such as
zinc acrylate, zinc diacrylate, zinc nethacrylate, zinc

di met hacry}, S .t her eof ; The .carbon bl ac

to be used ﬁer eﬁlﬁﬁ%p%ﬁﬁ -4k G Y SEAe £ ‘%ﬁr{'ﬁf?tgéﬁ aqdifion of smplfl apguugy o water,
gas- bl ack parbmrehtsaclcamdalhmm&'kampkf ace areas of 20 to 200 n2/g, e.g.
SAY, | SAF, HAF, FEF or GPF carbon bl acks. 15rubber gel s, particularly

Lhose baseq, onLARlYBLAYLSS Ul Sl ens St ens, opolyrer s

but adi ene- ac fonitri ymer s an "Zi nc
di acryl ates, coIIO|daI silicas and carbon bl acks are particularly
pr ef er r ed. Coriem4ry |stabilisersreant boadigd ¢a thebmlymse dolationin arstomaresnounts pnite to the

parthgul arl, (_af t My xtures cont ai n

m xture of %‘rlkgh)t : usr gg?@ﬁ? ﬁ$§seds%§ ﬁ{%gg@ow S Ga PPl X aaéomaé]ﬁdammes or
car bon 20bpkespidtes Wcha&ﬁ &idinigrtibatyl-6, Simeththghena dgrexdmgen 0. 05 to 20 and
preferably fromO0.1 to 10 for the light- coloured fillers to the

bl acks. The polymers are isolated by evaporating the polymer solution, by precipitating with a nonsolvent

such as methanol, ethanol, acetone for example or preferably by steam distillation of the solvent.

The stripping with steam is followed by water removal using suitable sieve or screw assemblies

25 such as expeller/expander screws or moving bed dryers.

Drying takes place in a conventional manner, for example in a drying cabinet or in a screw dryer.

The polybutadienes according to the invention can further be used alone, cut with aromatic or
aliphatic oils or admixed with other rubbers in the production of rubber mixtures and rubber

vulcanisates as used for example in the tyre industry or in the manufacture of shoe soles or



-The filler syemi1nigkes ably added as solid materials or as ?Cf)]ﬂﬁgﬁ!&ﬁ%o
water or a solvent to the solution of thegpolybutadiene(s) according

to the invention. The rubber solution can be produced in advance, but
it is preferable to use the as-polynerized solution directly.

Subsequent lipausthifigusial ¥&sat. Rbile LERMEC b ﬂgp#nloﬁuc% Rb&E SLRRA Mt Mhde not
the aid of steam The conditions tor this str pplnf;process are

easi |y det &Rk paldali whbes| Hupiakear ynibgijse rubbesmt Brefeond sythdtis ridbiserhere described for
pref er abl e fofp1d Bew, ikdaim, mu@&uﬁggﬁglogi%, &gl?néqlf%ﬂ PaLYRHE ARHSAS | Franta
according to the invention or to a mxttre of ru ers a be ’
i ncor por at E¢psionter ged Rmrbarerameoundingniaterikln clskyier.f Amstendamplo8. ThéPinclude inter
2011/ 30139QRCT/ EP2011/ 052330 - 10 - peroxides can be used as
crosslinkers, in which case sulphur is particularly preferred. The
rubber m xtures according to the invention may contain further rubber
auxi | i ary Poduct sconygtienapolybufediensn accel erators, antioxi dants, heat
stabilizers, light stabilizers, antiozonants, processing aids,

plasti ci zensRr t acl gihgéRiCc1obAMNG AR oPolyd%ES, Pi gnents, waxes,
extenders, organic acids, retarders, 5netal oxides and al so

activators gsuch as triethanol am ne, polyethylene glycol, hexanetriol,
etc, whichre knoR@YPITPHEer ubber i ndustry. In the preferred rubber

m xtures with high-activity precipitated silicas, the use of

addi tional oti | | er -padgiddpwat ors i s particul arly advantageous. Preferred
filler-activators are sul phur-containing silyl ethers, nore

particul ar bis(trial koxysilylallcyl) polysul phides as described in
DE- A—lg., 141I.5§§9 and®™"¥ dign ‘.Y"z’s{?.“%éﬂ‘ga“ag PR FonEenty i A grto §BYoyane pregerably of
sul phur - cont ai ni N4 toydovedyhedignt of DE- A-4. 435. 311 and EP-A-0 670 347,
mer capt oal kyl tri al koxysi |l anes, nore particularly

nercaptoprﬁﬁyltriet o§%§iLane and t hi ocyanat oal kyl silyl ethers as
descri bed DE- A-'f A XEE PHPE | e. The rubber auxiliaries

are used in customary anounts, which depend on the intended use anong

ot her consNB& at i OnsadieGerstrglonitrile acmilyiicss hamgeadrdbnieNa bt 605% Qo ¥, and
to 50% by wei ght, based 1 ru . The further adm xing of the
rubbers with the d?%%?gﬁgﬁﬂgéHﬁgﬁfﬁ%gggnauxiIiary product s,

crosslinkers and accelerators can be carried out in a conventional

manné$ usi AYBRUI t giektellphydrogpnassenblly igglrogsnaedd NBR fubbdrs, | nt er nal
m xers and m xi ng extruders. Conmpoundi ng and vul cani sation are

nore parti |y ri )] | e in Encycl opedi a of 20Pol yner
Sci ence angygﬁginee i%ﬁ?p%gkgggfgﬁggggngé ff (conpoundi ng) and Vol

17, pages 666 ff (vul canisation). The rubber m xtures according to

t he | nvent rushmixawestsd thest whbdrs ddpterialscaf Sttenwirfyr the poductivn pmotof vébile tyges with
200C and pgef K opt | der pressure. 10 to 20Q .
bar ). o i p AR O o R ekt i el KRRET SEtpl 258 pgaion
useful in BRR rabarsfweith aiglessofansitor Weger2®eer dbowd S6°Q) fwhivhymdyi eptlionally be modified

Nonl b ti ng & %aTRE, darticles are 0-rings, .orofiles,
gasket s, nel_rgggs%§g§§géﬁﬁ$§?%ﬁ f@gﬁgf&%%%%?ﬁﬁﬁi éﬁgﬁp@&aﬁ%ﬁ%%§g§§nmba
Part i cul ar ofphigh deqit eontant (19084), prodwcad ugug cattlysis based lon tNiy €o CONMONENAE also

and tyre traads. bb hl@ﬁ £#BQQ£ Hat es.,accor.ding to the
i nventi on %r fe é urther usefuf for Irlrpé)é%wr{r%?ﬁ?imég?lfoo fpes theréof.
The invention further provides the rubber mixtures containing the polybutadiene according to the

invention, which generally contain from 5 to 300 parts by weight of an active or inert filler, e.g.

25 - colloidal silicas, produced for example via precipitation from solutions of silicates, or flame
hydrolysis of silicon halides with specific surface areas in the range from 5 to 1000 and
preferably in the range from 20 to 400 m/g (BET surface area) and with primary particle
sizes in the range from 10 to 400 nm. The silicas may optionally also be present as mixed

oxides with other metal oxides, such as oxides of Al, of Mg, of Ca, of Ba, of Zn, of Zr or of
30 : Ti,



- 30t her nopl ambi20$1/10189¢ particularly for polystyrene and .P%T/EP2P1J1052330 )
styrene-acrylonitrile copolyners. To produyce inpact-nodifi'ed noulding
~conpositions, such as H PS or ABS, the polyner (synonym WO

2011/ 101399PCT/ EP2011/ 052330 - 11 - for pol ybutadi ene) according to

the invention kgmiptief @iallyafhrat alq}nﬁﬁﬂ{'Lvs%%a{en A R WEE O Gate_ such as
vinyl aromatic nononers, nore particularly in the presence oaf1 ]f

al pha- net hyl st Jrgsimasilieaimen paldien silisate, Bith BFT spfaeateyd of 30 emelpo /g and
di vi ny! benzene pangh el Binclek U ORIt € al kyl styr enes,

preferably having to 6 carbon atons in'the alkyl radial. This

provi des a vinylaromatic pol yner 5sol ution. Subsequently, a noul di ng
conposi tion i sHFGHEBHSSYcl kaalingad et nyoralrereusing stivaof t he

vinyl aromatic polymer solution or in the presence of ethylenically
unsat grat ed ni glakd fre¥RAOBREs- ARHroRicisAmats) Frattd) Gt inQoplasl ur t her

vi nyl aromatic rmnorrers and optionally in the pr esence of sol vents in
conti nuous, sem - i nugus or batch operation of the vinylaromatic

pol ymer sof ut| H’Ffta (s,’o“PEh HFCOXHREHGIIBY Gidsswagnegrm oxidg, alusgnipmiasiieor
suspensi on pol ymerisation. Acrylic nonomers or maleic acid

derivatives camehbcadonstepsiehas abinésiah chBolae, éﬁo{wxm’b&la&him@wbdﬁ%e
preferably at up to 20% by wei ght of tot aI mononmers. \When t he
free-radical poI r| sacfl on i.s carr in sol ?ﬁents usef ul

sol vent s i ncl ualg SRS ﬁyﬂ?rﬂﬁ’ﬁ’rrrb 0’% cﬁ‘a%’s?s”t“& Y&REde ot hyl benzene,

xyl enes and ketones such as acetone, nethyl ethyl 15ketone, nethyl
propyl ket enesmembtdiy| e puhy kink 6 oag@siamcand 60 amhx];[blé@]&m&zhﬁﬁt%@ffatty acids, e.g.

Preference is en to et hyl benze et hy etone and acetone
and gﬁ so to mX gctr{ll el%‘?%% ac‘#ﬁ”é{ﬂ?otp%%gé‘f%ns‘i"g ARSI He g djactylate,
started by neagsc méthﬁdiﬁetermm&aéthacmla*te addahigturdddierdof; Can al so be
carried out thermally; the nol ecular wei ght of the polymer forned can

be adjusted by f cu uI at or Sui bI e
initiators forcﬁ&% arcgsepﬁrnna)lc éllb?“lo(%,\@rl?gﬁeé{ Wﬁ?@ﬁbﬁﬁ‘igﬁfg’ﬁ Ryilack, furnace-
per oxi des whi chladeaqapblae pmctees hiidekave BBTCsatface afdae oN2I RCOD &/pWe L OIUTS ISAF,
can be set usi CHst y ar wei ght regul ators such as

mer capt ans, ieigl: Or.r@’F ef‘)flgfé}gﬁmyl mer capt an, n-dodecyl

mer capt an, cycl ohexene t er pi nol ene, al phanet hyl styrene di mer. 25The
procéss can berubbarr gebd padiculbdy chest sieseds emi potybntadign Uskadieadstyrene copolymers,
conti nuously. sitions ordln to the invention

can be thennop ngdtl‘%ﬁgg{;r%’%lggo OP (frsbanggxﬁctg | nj ection noul di ng,

cal enderin bl ow nmoul di ng, pressing and sint er| ng to form noul ded
parts. inc dipprglates.cobididal hilicasabdearban bidcis &rs pariohalytprefetkedr | y sui t abl e
for golf balls, nore particularly golf ball :30cores. The invention

V\X'b' Izoggyvl 8%&9@'1% g@rr% tohg&%a%xﬂexlsg&ﬁgﬁe ég f(é!}i }nboﬁ e %E %i&%ﬁ pgg dTeg grg,Sﬁlmeﬁtmthe

rubber mixtures contain a mlxture of hght—coloured ﬁllers such as colloidal silicas, and carbon

20 blacks in a mixing ratio in the range from 0.05 to 20 and preferably from 0.1 to 10 for the light-
coloured fillers to the blacks.

The fillers are preferably added as solid materials or as a slurry in water or a solvent to the solution
of the polybutadiene(s) according to the invention. The rubber solution can be produced in
advance, but it is preferable to use the as-polymerized solution directly. Subsequently, the sotvent
25 is removed thermally or preferably with the aid of steam. The conditions for this stripping process

are easily determined in preliminary experimentation.

It is further preferable for the fillers to be added to the solid polybutadiene according to the invention

or to a mixture of rubbers and be incorporated in a known manner using a kneader for example.

The rubber mixtures according to the invention further contain crosslinkers, if desired. Sulphur or



- 12 - PCTNeeR£p1140138830 A dry, argon-inertized Schl enk vpg
charged with 7.5 ni (42 nmol) of diisobutyhal umini um 5 hydr??el’,zw?ﬁgszz'“

nmL (12 mmol ) of isoprene and also 11.3 nL (3 mmol ) of a 0.265 nol ar

solution of neodym umversatate in hexane. This was followed by 90

mn of stirgeiditiedtantRQused k¥ Fosiikeds O NEOCBY s AR} isNBr o]

the addition of 8w (3 el R e e e My bideedicc 21 rbber

et hyl al umi AMGRTESSEiemio b laeention makenntin farber prlbrosmilidrymaedutty stuch as reaction

sol ution Wagcdidhtbrs! And:adaths OWEA Nkl AP MLGIRAT afntibRnaid. %\@&?&s&ﬂ%n ids

used for the Eo_lyrrerl_satlon._ 10Pol ynerisation: A dry, argon-inertiz g

1.9 L gl asPlatitiess srkifigasblewiae geemtswlyss Bgoens. sfaxtiesdenders.dirpanit asidsy retarders,

nol ecyl ar  §h&@Mexided oRP 2Rt a@valolisulh &f WdRdo1aANR) ¥ib ﬂ%@énggél)g:gl, hexanetriol, etc
f b O Powe y heating’

descri bed above and 120 g of butadi ene. This was

to 65C and guchArpknorngdphe mbberdadusian under stirring. A sanpl e was

taken to nmeasure conversion. Butadiene conversion after the

pol yner i satrh @it pheer@bHbbet Bk EFGR hioRG el BeclditBd sitile, MOLY B addit -
solution was wall heated to 105C fgltrgHGB m %ecﬁlen, 815186’ g o%/ tﬁgdltlloéal filler
vi scous sol%H 3RS \ie PEtigHaHh advapipecoun niyered fpr-arEvaienn oire anlghatconaping silyl

g of bis| 3-&mﬁyw}eﬁnﬁmgﬂip&y(ﬁ%%ﬂiﬁg?ﬁ Byl T RRREI NG HEd in[]ﬁ@%&%ﬂ AL B8 and

under_stirri ng.u?cThereaf_ter, . ~was vacuumdried a
Wi gl of PtobuetsSaf {elicempsicryd/on golymeric sulpimyeprnjeining sibd ethyrs O DELA4-436.311

1000): 43 My EYL@BGMM%’P&@&@&M%@&%Q&@E%&? '&?no\‘:%c ﬁgrgfdlz&%r &écé;‘?oﬁ%{l}%t?ethoxy-

tol uene, at _roomtenperature): 183 nPas ratio o utron vrs

to Mooney (iapeangthjocyanatmalidmlylethers s desaribrdinBEdS-19F 44469 o1 cxpmplRVE) :

To deternmne the RUMrel ation, the pol ybutadiene according to the
invention vyas redbeé afkilRanes #40adenSE dusishhadd aibiths, FACh SRIBUOREERRLALS Q1 among
and anal ysis mandates reference is nmade here to pages 253 to 5 of the

descri pti ofthepronsiderations oeistpgnagy aggunis apge foRmBmplesirare dbntoriélh Bxoweighte based
pol yhyt adi @aesmecording to the invention. Reference is nade here to
pages 3, 4 and 5 of the description. WD 2011/101399PCT/ EP2011/ 052330

- 13 - int el%r a}%t{ladi' fr actitg‘n havi ng .a radi us of gyration of above

100 urn is 1C49BeFhRAnRigng qfj Ge ullern i thaxetheinmentionp rebbar jauxiliary products,

di stributi QRosilEked afld BdBeleratofPcdhEAER AL inSh QﬁﬁfgﬁfonﬁlhﬁaMsﬁﬁj itk mixing
the statisti c%@_rrean was._formed from5 nunbers in each case, the

nunber s us &FBBIFgUEREs Pl Mg dtersasd Siragswidehel ow and above the

stated nol ar mass 5and the nolar mass itself. The radius of gyration

is typical loempbixisais sl edichiViiod Be 1540 Rertiediarth@sEXB¥h 16 &hinPiR ih Encyclopedia of
compyt.ed i grnll(:)rg-.l og gé t .as t he\@ﬁl pe of the radius of 4% ration

over ¥he moPEFChEYECT B8 Epgipcering. el 4 pages 66| 16 (rarpeding) andhEolmbT. pages 666 fF
mass and ofwiidmgisttag).us of gyration RVS was conputed. The sl ope of the

RUM rel ati on over a specific nolar nass range is given by the

quotient of.the difference of the 10natural] | ogarithms of RVMS at the
limts of &H&'@Bﬂd’%‘“ﬁf?&éﬁi"%“&ﬁé? g&ﬁ%‘tﬁ?‘&?ﬁﬂﬂlﬂ?x 7 atCHstoTpRTY teapaTaEkese 100
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Tab. 1 I in | ar .. . .
ab Mol & Toiter mlxturpc)s z?ccordmg to the invention are very useful in the manufacture of moulded
25 articles of any kind.

Nonlimiting examples of these moulded articles are O-rings, profiles, gaskets, membranes, tyres,

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

The rubber mixtures according to the invention are further useful for impact modification of

30 thermoplastics, more particularly for polystyrene and styrene-acrylonitrile copolymers.

To produce impact-modified moulding compositions, such as HIPS or ABS, the polymer (synonym
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for polybutadiene) according to the invention is preferably first dissolved in the presence of
vinylaromatic monomers, more particularly in the presence of styrene, alpha-methylstyrene, alpha-
methylstyrene dimer, p-methylstyrene, divinylbenzene and/or other ring-substituted alkylstyrenes,
preferably having 2 to 6 carbon atoms in the alkyl radial. This provides a vinylaromatic polymer

solution.

Subsequently, a moulding composition is produced by free-radical polymerisation of the
vinylaromatic polymer solution or in the presence of ethylenically unsaturated nitrile monomer and
optionally by addition of further vinylaromatic monomers and optionally in the presence of
solvents in continuous, semi-continuous or batch operation of the vinylaromatic polymer solution

according to known processes of bulk, solution or suspension polymerisation.

Acrylic monomers or maleic acid derivatives can be used preferably at up to 30% by weight and

more preferably at up to 20% by weight of total monomers.

When the free-radical polymerisation is carried out in solvents, useful solvents include aromatic
hydrocarbons such as toluene, ethylbenzene, xylenes and ketones such as acetone, methyl ethyl
ketone, methyl propy! ketones, methyl butyl ketones and also mixtures thereof, Preference is given

to ethylbenzene, methyl ethyl ketone and acetone and also to mixtures thereof.

The polymerisation is advantageously started by means of free-radical initiators, but it can also be
carried out thermally; the molecular weight of the polymer formed can be adjusted by means of

molecular weight regulators.

Suitable initiators for the free-radical polymerisation are grafi-active peroxides which decompose

into free radicals.

The molecular weights can be set using customary molecular weight regulators such as mercaptans,
olefins, e.g. tert-dodecyl meréaptan, n-dodecyl mercaptan, cyclohexene, terpinolene, alpha-

methylstyrene dimer.
The process can be carried out batchwise, semi-continuously and continuously.

The moulding compositions according to the invention can be thermoplastically processed by
extrusion, injection moulding, calenidering, blow moulding, pressing and sintering to form moulded

parts.

The use of the rubber mixtures is particularly suitable for golf balls, more particularly golf ball

COres.

The invention will now be more particularly described with reference to examples.
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Examples

Example 1

Catalyst production and preforming:

A dry, argon-inertized Schlenk vessel was charged with 7.5 mL (42 mmol) of diisobutylaluminium
hydride, 1.2 mL (12 mumol) of isoprene and also 11.3 mL (3 mmol) of a 0.265 molar solution of
neodymium versatate in hexane. This was followed by 90 min of stirring at 50°C. This was
followed by cooling down to 5°C and the addition of 8 mL (2 mmol) of a 0.25 molar solution of
ethylaluminium sesquichloride in hexane. The preformed catalyst solution was left to stand

overnight at room temperature and was then used for the polymerisation.

Polymerisation:

A dry, argon-inertized 1.9 L glass autoclave was charged with 580 g of hexane (dried over
molecular sieve), 1.68 mL of the preformed catalyst solution described above and 120 g of
butadiene. This was followed by heating to 65°C and 90 min of polymerisation under stirring. A

sample was taken to measure conversion. Butadiene conversion after the polymerisation was 95%.
To reach the delay time, the polymer solution was wall heated to 105°C for 60 min.

Then, 586 g of the viscous solution were drained off, and 2 mL of methanol and also 0.6 g of
bis[3-¢-butyl-2-hydroxy-5-methylphenyllmethane were incorporated under stirring. Thereafter, the
polymer was vacuum dried at 70°C. Weight of product after drying: 99.3 g

Mooney viscosity (ML 1+4 at 100°C): 43 MU; ML-Relax 30sec: 5.4%
solution viscosity (5.43% in toluene, at room temperature): 183 mPas
ratio of solution viscosity to Mooney (L'V / ML): 4.3

RGM relation and radius of evration (RMS):

To determine the RGM relation, the polybutadiene according to the invention was eluted and
analysed using AF4. For sample preparation and analysis mandates reference is made here to pages

3 to 5 of the description.

First, a radius of gyration (RMS) is determined for the polybutadiene according to the invention.

Reference is made here to pages 3, 4 and 5 of the description.

Figure 2 shows the radii distribution of the polybutadiene according to the invention, plotted as a
differential radii distribution -(solid line) and as an integral radii distribution (broken line). The
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Figure 3 shows a graphic representation of the RGM relation for the polybutadiene according to the
15 invention. A smaller slope from 1 million g/mol molar mass is clearly apparent. This means that the
polybutadiene according to the invention has a linear structure below 1 million g/mol molar mass,

while the molar mass thereabove has long chain branching,

Comparative example

.Polvmerisation without catalyst preforming and without delay time

20 A dry, argon-inertized 1.9 L glass autoclave was charged with 8500 g of hexane (dried over
molecular sieve), 23.0 mL of an 18.45% solution of diisobutylaluminium hydride in hexane,
275 mL of a 40% solution of neodymium versatate in hexane, 5.1 mL of a 10% solution of



-Tab. 2 nolwo yBs$A0i¥9enol ar mass RMS in RMS RGMrel ation S?’?ﬂ‘fEPZOll/oszsso
(Quotient of In RVS difference by In nol angnmass difference I near

polynmeric main fraction 250,000 12.43 34.2 3.53 1, 000, 000 13. 82
'68.9 4.23

ethylaluminium sesquichloride in hexane and 1300 g of butadiene. This was followed by heating to

73°C and 90 min of polymerisation under stirring, Then, 1012 g of the viscous solution were

drained off, and 2 mL of methanol and also 2.5g of bis[3-#-butyl-2-hydroxy-5-

methylphenyl]methane were incorporated under stirring. Thereafter, the polymer was vacuum dried
5 at 70°C. Weight of product after drying: 129.5 g

Mooney viscosity (ML 1+4 at 100°C): 43 MU; ML-Relax 30sec: 6.2%
solution viscosity (5.43% in toluene, at room temperature): 663 mPas
ratio of solution viscosity to Mooney (LV / ML); 15.4

RGM ration and radii distribution:

10 Example 1 was repeated to determine the RGM relation and the radius of gyration of the

polybutadiene for the comparative example.

Figure 4 shows the radii distribution of the comparative example, plotted as a differential radii

distribution (solid line) and as an integral radii distribution (broken line). The integral radii fraction

having a radius of gyration of above 100 nm is 12.2%. The full width at half maximum of the radii
15 distribution is 50.7 nm.

To compute the slope of the RGM relation, the statistical mean was formed from 5 numbers in each
case, the numbers used being the two closest measurements below and above the stated molar mass

and the molar mass itself.

The radius of gyration is typically abbreviated RMS. The slope of the RGM relation is computed in
20 a log-log plot as the slope of the radius of gyration over the molar mass. For this, the natural
logarithm of the molar mass and of the radius of gyration RMS was computed. The slope of the
RGM relation over a specific molar mass range is given by the quotient of the difference of the
natural logarithms of RMS at the limits of the range under consideration, divided by the difference

of the natural logarithms of the molar mass at the limits of the range under consideration.

25 Table 2 shows the numerical values determined:
Tab. 2
RGM relation
slope
(Quotient of In RMS
molar In molar diﬁerlme byln
. molar S
mass mass RMS | In RMS djfferenm::)
linear polymeric 250,000 | 1243 | 342 | 3.3
main fraction
1,000,000 13.82 68.9 4723




-- 15 - dif 'woaorg1013989 0.70 0.51 RUM sl ope #1 | ongicgkdh i 1/052330
branched pol ymeric fraction 1,000,000 13.82-68.9 4.23 10, 000, 000

16.12

difference 1.39 0.70 0.51 RGI\;I flope

long chain branched | 435 000 | 1382 | 689 | 423

polymeric fraction

10,000,000 16.12 193.5 527
difference 2.30 1.03 0.45 RGI\g glope

Figure 5 shows a graphical depiction of the RGM relation for the comparative polybutadiene. It is

clearly apparent that a slope starting at 1 million g/mol molar mass is approximately identical to the

slope up to 1 million g/mol molar mass. This means that the comparative polybutadiene has an

entirely linear structure.
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pol ybut adi engmeas an entirely linear structure. WO _
2011/ 101399PCT/ EP2011/ 052330 - 16 - Clains 1. H gh nol ecul ar wei ght

bi nodal dy cat al ysed pol ybut adi ene havi ng a_hi proportion, >
95% of ci i n}ﬁ.ﬁlﬂ% |"i°ie°5 "é“@k‘) oPeryRiumeca %SG%fPO%tha@lFIPf’y lhaving a high
content, char agtopériagd> 198%; I@ﬂtCIStlth uiel YUk asl enéoRdn, @ 19%.N6@N 2-vinyl content,
polymeric main fracti Oﬁgand alo chai n branched poi ymeric fraction,

wherein the sl BERcTeHzg ‘tq?dé‘?ﬁ’é AR ineaspaiymaeric spain fectign ad aepg ehain

mai n fraction bRfched @olfmkE frEJE’tﬁbn' Qﬂ@elﬁ hﬁé §10§H ﬁiﬂﬁ@?@l\@@ém{&Emﬁ is > 0.5 for the
fract;tson 2. Pol %lg)lut adi e%e accor di n , characterized in

that fhe fract PUNBCILTBAIR FrATHon a0kt A %fél%lﬁ%% ‘Fk}aﬁl branghpdinolmgrie fragion.

fractionation (AF4). 3. Pol ybutadi ene according to Caim 2,
characteri zed Poiybhatiene fhﬁcc@cﬂ@@ﬁf Tl 1 Rese@éi2eh i habas @acﬁ@l@' 48 effed using

gyration of above 100 15% ref ly < 10% and nore

preferably < 58 Zjﬁ:fgﬂ“ﬂ/%%ﬂ Adio %@8?‘8?%9 to daim3, .
characterized in that a width of t he pol ybut adi ene' s di stribution of
radii of ggrat Pﬁiﬁlb\itaﬁeﬁéﬁcdofdﬂﬂg tﬁmmma&layacénéﬁ iR MRafihg pf@ﬁﬁoﬂﬂﬁf‘e@f ABicY has a

< 35 nm 5.Proc bi npd umcataly

pol ybut adi enes™ 81881{@”"?{8’ %%ﬁ(ﬁa]ﬁg)"j g‘%‘;ﬁly Eé%rap‘%inﬂﬁpfﬁ%m@?éé?
cof: 1)nodified catal yst productl on with preform ng using catal yst

syst érs baded Bolythfaubame antonding an€laih i3 ghaddcterized in that a width of the polybutadiene's

distribution of radii of gyration is < 45 nm, preferably < 40 nm and more preferably < 35 nm,

5. Process for producing bimodal neodymium-catalysed polybutadienes according to any

preceding claim, comprising the steps of:

1)  modified catalyst production with preforming using catalyst systems based on

15 neodymium consisting of

component A an alkoxide, a phosphonate, phosphinates and/or phosphates, a
carboxylate, a complexed compound of rare earth metals with
diketones and/or an addition compound of the halides of the rare

earth metals with an oxygen or nitrogen donor compound,

20 : preferably neodymium versatate,
component B: a dialkylaluminium thydride, preferably diisobutylaluminium
hydride (DIBAH),
cotnponent C: a diene, preferably butadiene or isoprene, and
component D: of at least one organometallic halides, preferably ethylaluminium
25 sesquichloride (EASC),

wherein initially, in a first step, the components A, B and C are mixed and at a
temperature of -20°C to 80°C, preferably 0°C to 40°C, for a period of 5 minutes to 10 A
hours, preferably 10 minutes to 2 hours, and then the mixture is cooled down to below

-10°C, preferably to below -30°C, prior to addition of component D;
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phosphat es, a carboxylate, a conpl exed compound of rare earth netals

W th di ketones and/or an addition conpound of the halides of the rare

earth metals with an oxygen or nitrogen donor conpound, preferably

neodyni um ver sgj at Gptionﬁmn@@@ﬁﬂh%E’Eeal}dﬂiifﬁaldlé}ithl@rktlé%téihH’mt@x\‘l ErbilR of -30°C to 80 C,

preferably dii sobutél al Wi um o&dl’l de (MBAR), conponent C:a diene,

preferably but adi eREFEHPY 6poetE’: Br dhecGrpoReh 0 migttesio 358 hgnrsoprsferably 20

organonetal I i ¢ hal ufieses tpr@faabl y et hyl al um ni um 25sesqui chl ori de

(EASC), wherein initially, in a first step, the conponents A, B and C

are mxed and at a tlen%)erature of -20C to 80C,15$r efer abli 0C to 40C,

for a period o PRIYDTEOe Ry Denomstiad @ tegperirehyeer 20mAleEs: t o 2

hours, and then the m xture is cooled down to below -10C, preferably

;81?/6?_8\1\/3-9 gg %I' ?)rélraizgibsiqﬁerﬂgg%eﬁﬂtﬁi;l-i;ig)f[hewsmﬁﬁﬁ_ﬁﬁion :@f)lutichtfthe end, viz. aﬁ a conversion
- - Qpt.iona reformng_the

nodi fi ed catal yst %?gﬁl t W g]EteWé‘?ré%lXJF—%%%ﬂf by %éh{)ﬁn%@"@, pigfeEably 2565 by

5C to 50C, for L hewelglitabf Blli’tladiénele@ afﬁeﬂlpérﬁﬁret&' 2560°00pieferabBl €foet abl MoZD and

m nutes to 100 hours; 3 4! t he nongners at a tenperature

bet ween -20 and 10’6‘@1,6Pégﬁrgtﬂlﬁi@gﬁé‘hiﬁcﬁ‘é{ilﬂﬁ%ﬁ?ﬁﬁ&R"Fiférabléflf?/rnléﬁ? 9% ithn

solution at the end, viz, at a conversion of 85% by wei ght,

Er ef erably 690%&’1‘135&89&/@&@?&111@@3}}&1?658 éﬂﬂf&feei?aﬁhﬁllla@&l%ggjdum%gfhé c@tfﬂc)i/st system can

ut adj,ene at a te r.at.ur : r.ef er y t and nore

pr ef gpabl y 1008’%0(%%%2153(’:“?&?‘?‘%1%38 a&’ﬁj'gm}’@r‘i‘?ﬁ]ﬁ?l’é?%?rﬁﬁ?’ V%PB’F YRR 60

mn. 6. Process according to Caimb5, characterized in that the

product i on7of . Pheess ata@bdisg totsiteinoran nhatfdepizédoin atkalt yt the edd s etict Rl nuksizAghn the

an alumniumtrjiallcyl referably tributylal um ni.um Progess
according to C%r Fﬁaﬁx%?ftg? geé?'?’éf?%%%@?"fnfaéﬁec‘ilﬂ eHianee fom EWE,\C é%ing(f% ap¢, greferably
pol yneri zat i onirttherahgnipen 85°0rte 106°Ct he delay tine is maintained in the
range from 90C to 110C and preferably in the range from 95C to 100C.

8. Rubber gi xt i ning.a polybutadi ene.according to Caim4.

159. Use of §1t heﬁpﬁ%ﬁér%%% ﬁ{r;gléngaagpé)@"aﬁalﬁn?%c%ﬁlﬁ?fﬂ@a' gt he

manuf acture of noul ded articles of any kind. 10. Use of the rubber

m xt dpes abcor Uphef the rubber mixByesahenrdiog ar Clzimd8 imthe hahufhdétere b mlodBed articles of
article is a s )H&tldjral tyre conponent. 11. Use of the rubber

m xtures accordi'ng to Claim8 for inpact nodification of

t hernopl astics. 2012. Use of the rubber m xtures according to ClaimS8
for pol yst ¥9-enEsaefdhepbes mixtzsase picording tp IChaim Gpciayarerized id Siat fbs enoolded hmicle is

rubber m xtur e§stﬁfcﬁ:9£1ﬁj§r£‘9m£;%ngt_ai m 8 for golf balls.

11, Use of the rubber mixtures according to Claim 8 for impact modification of thermoplastics.

20 12, Use of the rubber mixfures according to Claim 8 for polystyrene and styrene-acrylonitrile
copolymers.

13, Use of the rubber mixtures according to Claim 8 for golf balls.



