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odvi ni um cat al yzed pol vbut adi enes The present invention relates to
a hi gh-nol ecul ar-wei ght, |inear, neodym um catal ysed pol ybut adi ene
havi ng a hi gh proportion, >95% of cis-1,4 units and having a | ow
proportion, <1% of vinyl units, and al so having a small
nol ar - mass-di stribution index (MDl), and to 5processes for producing
t hese and t o 98e0mpeWweof . Pol ybut adi enes are used as i nportant
constituents WO 20LBKE mi xtures in the tyre industry, aRC/ER20104065461
desirable here to inprove final propertiles, for exanple to reduce
rolling resistance and abr a5| on. Anot her application sector is
provi ded by £a ut $sol es, where high rebound
resilience is a prime concern. 10Pol ybut adi enes having a hi gh
proportion ofThei mesent4inyrafiens rdipdes etob e eighpmaduuiereekighor limarl apglymiuneateigsed
| arge i ndust rﬂo@butm ﬁawr@r&qngﬁrpﬁop'dﬁgld o9, oqrcfgqchnﬂgantjw‘i% ARd p?&pg'x‘%n
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al nost  e&cl usiracesses e pofiucdgtiakead ® ubabeaf.on conpounds of the rare
earths, these catal ysts being described by way of 15exanple in EP-A

0 011 184 an Cboﬁﬁ’utﬁleﬁesjar&sgﬂiz uﬂ%Eant Ednstloen® BOMEhef iRl REHd Nk AaudY, tand it
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u i cis | ybut adi ene ecifical
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resilience. -I;Fb%uﬁ%sﬁﬁéﬁhe%‘%'ph}n@%nhé?nt he art is aware that production of
pol ybut adi enes with | ow pol ydi spersity 20 is achieved by using

structur 1y i.ned ite catalysts b ed on allyl caonpl exes
of the rgre epﬁﬂ’ %dlenfsﬁ’ ’ggaolggsr‘rf’é"pﬂ‘é‘g‘b?é%eld* RIS KRS 2ot Pradesifiitre Lpng time on
Macr onol ecul arlar@hedvstsitisgaleamd afehuysli fmsarodE@QZyr(:s’Zdﬁ&th@r 0@ Proll X3 and Fhe for
catal yst systgps. Hs@dinpbdwahe i Mportant part in the production of
pol ybut adi enes. By way of exarrpl e, the neodym um cat al yst used in

industry is Zleler/ t em whi.ch s 5. forme

plurality of ar(}:laf thl\? tlaa]"eé%tgé‘ gmlﬁg’lp?fﬁ?r?s 8#1"‘36]?3‘{“?‘}%”6[& °§tsef‘g1?fﬁ’§P?e)?f
i nvol ves for mlvmlba@ffd Q!h dommmdﬁgofdm atey@tthsc bek rcaglystsaethgtdaegied barwap ef
di scerned in @mplin ERASH 0P MR EPI®L AL piRs di stribution within the
pol ymer. The known 3 cat al yst corrponents in the Ziegler/Natta

catal yst sys t ) ody squr chlorid
source and atr%t '%rﬁgﬁo%a ﬁhe P “?;E%ﬂgag amS?Fn%e gr%ﬂptgi:nﬁl?f [}T‘]é]HC‘f ?P%g’“\?‘gws fegbically
variety of vvaly@mmmemald@ﬂtpaiybut@(}n@rip@rralttuulalycxdmhagaogmsrppeamdut:h@ect of

catal yst systQmaeisBindeSabRbiePAH fBoundhdsiieRE, W t hout an ageing process,
for the polynerization reaction. P00l 00426- WO WO

2011/ 045393PCT/ EP20 65461 The pior art revea of .
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produci Ay polis/shieeedive nw strEpurglly3deEned 2ihg BisitecheBlysts bres! @ gilyloomslexef of the
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or 5 neodynl 2@#&#@@2#@9 &Wd a hal ogen source, are mxed in
solution in a hydrocarbon (hexane) at a tenperature of from-15C to
-60C, and t hdheeatabbtpysiemsysed play freimporfagt pary indhefporductiomefipplpblitagfenaat | east 8
hours before it is used for the polynerization reaction. The ageing
process i s pmekay atzkimplaht h@dynitm valdMst used in industry is a Ziegler/Natta system, which is

25 formed from a plurality of catalyst components. Formation of the catalyst mostly involves

formation of differing catalyst centres, and these can be discerned in an at least bimodal molar-
mass distribution within the polymer. The known 3 catalyst components in the Ziegler/Natta
catalyst system, mostly composed of a neodymjum source, a chloride source and an
organcaluminium 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.



US-A 5,686, 371 discloses a process for polynerizing one or nore
conjugated dienes by formng 10 the catalyst systemvia mxing of a
salt of a rare earth, an organoal um ni um conpound and a silicon
hal i de or organosilicon halide in the presence of a diene at a
tenperature of fromO to 30C. The catalyst is then aged at room
tenperature before it is used for the polynerization reaction. WO
02/ 068484 dedhopi W9d2-WOpr ocess i n which the known catal yst conponents,
as descri bed WQ@301d94%83 are directly introduced at a t elGIgEra019r06546f
from-20C to 80C, w thout any prior preﬂornation process, into a
but adi ene- hexane ,sol uti d the nerizatiqn reaction takes
place in a c P%aﬁé‘ﬂfﬁ%&@&ggw oy BEPrRIsHesfarirelfhatiaragyy crks pef
produci ng nedohypmdusingreytegizneat e mnth hi gh water content, above 10
000 ppm as catalyst constituent for the solution polynerization of
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tenperature, before these materials are use zati on
reaction. 25E®SE 1\9%‘)%’@5 it)ig ysedossiae Efé’é’%?f“?"’b‘é‘émf‘ﬁ@ Ekwae& Pre‘ﬁsscﬁ prgferably
neodym um catcakiysdt .200her e t he known cat al yst conponents are conbi ned
at a tenperature of 80C. tert-Butyl chloride is used as chlorine
conponent . AG@j. Qg 68@7%1@&1&%%%&%& Fﬁtlﬁen%ﬁé/ onfe %%&Q&otnjuﬁsltéﬁtd?e%% fo%mg he

agei ng condit]ons ew se known fromthe prior art
and her &9t he BePRIYSSYstSs ViR PERSREA SUT of arfprs ieHE: ansvizapraluruniey AeRRtihandies |
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conmponent s atreatiadm 50C to 80C. In this variant, the mxture is cool ed
to from20 to 25C, and then DI BAH i s added. Ageing is not nentioned.
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versatate is pldcdisit cdfkin®ds pbded. DI BAH and i soprene at 50C, and the said
m xture is then cooled to 5C, and then ethyl al um ni um sesqui chl ori de
(EASC) is T e e f to
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chain ends 1Q 2 PRRES Cads eor 3VRRLRAS telsRHEAEMmIIRLEC u&&& thgéa%féﬁﬁs 0L Bor
chai n ends. e nunber of chain ends within the polyner has a
positive corr@ﬂﬁpwgﬁ“ﬁWWF%mergy di ssi pation. As the number of free
chai n ends increases, the anount of energy dissipation via the

pol yrer 2§ ncr é&9d36 5330ikevier desgribest the predustiont ofof ncodvariygy cetilss iyhatedlk ywe he
poly Imer decr ?a;@lg«.s ,cmﬁnhén&snge t&inkl anseeng%ﬁ@a&%ﬁocam N cme@&ui@ qsed 2
resilience o e

roves, e. 15Accordin
final proper P& Dmag ef“né"é?‘g R Vﬁ‘&’#’“ﬁ‘}a\‘?’f‘h‘b‘t 8 §*P5Cit HAFHEE r?gé'}/ p%ﬂﬁmg
nol ecul e ar e calditiays better than t hose of a branched pol yner, for
i dentical nolar nmass. Polymers having high nolar nass are noreover

preferable t mpnqbvmrlsﬂﬂ@au Bwh gwn R IpAsr aTBSE herd the LafalysNOMBdLAIAa Hikg
nunber - gyerage nRIar ses comer éallx avai | abl e
neodymium oxides, neo ym1um alco olates and carboxylates with an organometallic halide,

and also with an organic compound, at a temperature of from 20°C to 25°C. It is also possible to

utadiene

carry out the mixing of the said 4 components at from 50°C te 80°C. In this variant, the mixture
is cooled to from 20 to 25°C, and then DIBAH is added. Ageing is not mentioned.



25l evel of free novenent of the entire polynmer chain. In contrast,
nunber - aver age nol ar nmasses Mh above 1 000 000 g/ nol exponentially

i ncrease the solution viscosity of the polyner; the solubility of the
polymer is therefore reduced. A disadvantage of high nolar masses is
therefore that cost-effective production of the said polyners becones
nore difficult. 30This is because in the absence of the said

hi gh- nol ecul &00MWEHZREOf racti ons within the pol yner the anount of
deposit on t HEORRILO04538F t he reactor is reduced, i.e. | I/Epap10/0§5461
formed, and reactor operating tinme can ﬁherefore be | onger.
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10di stribution index (MDI) being <10. It is preferable that these
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Systens of t er-Natta catal on ne m um
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2, 2-di ethyl hé¥sH 9l BTOPFTHSS QY s Th POLYDeTd WRE A PeshRIA fRsis PR mofecyigare
known t hat exbeld tendr thas thpe bt 4 Bached pblyhe, i iddntitab@olarénags. | ow rol | i ng
resi stance, high rebound resilience or |owtyre abrasion, are

obtai ned by FoRndk &y gh@ﬁ)wﬂ; ﬁaaﬁir@;nsrxovéﬁ;@femmé’@LM%&Q@&@&D&M moapmas&
general |y determ ned by gel perrreatl on chromat ography

t he quoti ent Iobt ned lp i Vi dL ht] aver ag %] mass d‘%
nunber - aver age ‘o S MR R vet"’ﬁer et 8r %% m{nﬁrélalgr SXHEYC of
mol ar - mass dlpslbflpqtddwthsowe IBrlmild fmllalrﬂ)ﬁﬂéso onog@@q Qfmﬂll dhe iagtus] emplai-mass

good pragcessidngivenay m%lyﬁa@r i %strytgam{ indNEpdE HREEnd Wi dd 068G a RAad:l S
is seen inter ali |hn rg} ativel % v(\ﬁgn% i &VI scosity, relatively
smal | m xi ng "E&P WCh ply ispdspell bvond ad ik iFRIEen ¢ enper at ur es.
However, there is an adverse effect on the property profile of the
tyre. Low polNpabermaerage mplannesess Mnbgloy 100000 gime! appoisilady @sraqlmgecm, siroe

processing b%&a@smnyrbeeefuset blethab@.mnﬁ@lw Qﬁk‘édthgpk%b%cﬁ‘dﬁ:@ﬁlg inth QWY Bmer 1 1
has been found thaﬁ1 i ndex does royi de aﬁ%’f gcl_ﬁ
description &f twpike “%"6‘ ‘&8‘? [mBAF B B1°TE SROBf ‘%Pﬁl}"rb&‘%/ n Tacreased

particutar, nhwoelioifremmatnoiofits emgiropilaedchaibout t he margi nal regi ons of
the nol ar-nmass distribution, since the PDI nerely provides a quotient

cal cul at gd f 1O Banthe nw@ba@mem@y%@gﬁa@amm[ 0@\00 66! XPdnBtialPRSESRe

POO1 4
001 00426 V\qle solution viscosity of the polymer; the solubility of the polymer is therefore reduced. A
disadvantage of high molar masses is therefore that cost-effective production of the said

polymers becomes more difficult.

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/ 045393PCT/ EP2010/ 065461 - 5 - The nol ar-mass-di stribution
index (MDI) has therefore been introduced according to the invention,
and is determ ned fromgel perneation chromatography; it is the
guotient obtained by dividing Mv (90% by Mv (10%, and therefore
describes the final property of the polymer. A small M, <10, neans
that the nolar-mass distribution of the polynmer is very narrow, and
5t her ef or e t (7801 @4263WPor m net wor k structure can be forned. The

pol ybut adi enéV@éeidids’dy to the invention therefore has RETERGLI0FEE!]
excel l ent properties |n tyre mxtures. -fhe 1,4-cis content of the
pol ybut adi enS cord to t e invention is >95% preferably >96°/?
Bnd i ts 1, 2- V1 RFEEHY Sy prtics? aptareaiye Saise) melaprscfuiprap. e
preferably <®réddh oflifihadars@badistrintionibsiopiaiiieyced Rithe Gitalk38frodnaion pe)s. of

t he pol ybut adi ene according to the invention is preferably from 350

to 630 nPas, mNudshneRigE @k gﬂ}&Eacfctgrﬁl AR ihRnRE& [ﬁ?\ﬂ& a Unbar bSyHARESRVR high

preferable that the branchj e Bl) .of 't but adi ene
accordi ng to THE RS “}g Hf(]ﬁ‘(" 8]2“’?0“ “’fsﬁ‘é“qBFanl Of e FEB AT Ton
obt ai neds by drazcesdinnbe Phimetizabon redcg@pwhiteyalsh Yaviigen advanzigeas sffdcy/on the seivige
known that, fof, exﬂ&'&t‘%ﬁrrﬁbb&fb I HRPLE £ RynRt EHELRNRich SO et %8%%@(
15 i ncreases proportlona y Yas Nboney viscosity I NnCcreases.

increase i s SASHHPEIE onal, i.e. if Bl is smaller than 5, soI ution
viscosity is reduced by polyner branchi ng, and this reduces the
linearity of 4 peybpodiynvef thamape megioealse the titedutithes propdedniu ptderto adhichs e
chai n ends. %mécts Hp%xoraﬁegp@wl@m. 168586k Irofd 708 96 6k 8t hdl@hads-
is m)stlé brou a out an i ncreased nunber of

hi gh- nol&cul é‘f iogrrdehdfRIhkemeshi ns, and makes pr oductl on of the
pol ymer 20nore difficult. The Mooney rel axation of the pol ybutadi ene
accor di ng t o It keprefaaentthap riheses pridrnadves hpveetieer aiphlysed g | deaiymiumadont&iging
after 30 sec. M@n%eﬁl@loamt ty¥ark %legem@tca@pwsasgym%bmmcmpoarlas

pol yrmer chai ns after dynam c stressing of the polyner after the end
of the NbonethﬁBé@ﬁ‘?I\é'?%‘ﬂPydﬁ?CHB%s and indicates the linearity of the
pol ynmer. 25The nol ar-mass distribution of the pol ybutadi ene accordi ng
t o t he i nventlhoncodgniiviyc@ird utediBRiCOST pgfemably @moriskdned @bivn GEOx IS or
g/ mol . This nRl@hudBstordiaet, rfnby;racqar 'n§od|_an§|i%| néoq&aﬁot;@ H%Mﬁh&ha&‘taﬁ&%

according to the invention, since, descri bed above, it provid
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final properthegsosté the pol yner. The pol ybut adi ene according to the
invention not only has inproved rolling resistance and 30 increased

rebound resi Iji g Refn thiExc@lefQPrdperiQas e mikRreR Q4GS oRECAYRE:, thh feSound
associ ated wi tﬂ | ess g%ﬁﬁ% t'j on oFt&t he walls of the reactor nd | ess

gel Iing, and "THEFEFLY P ABEPArTTRY TG POl P BAEP By olvdkperst
Mai nt enahce of gehdrglydeteraiimed By gebpeimhragonhinatbhgradly (GRIY)L it ik ths qidwe sbtdideiBy

and expense. dxﬁ%%&?%@ramnm AN P 655 ﬁ&ﬁfs Eﬁ 2040 Q8o ﬁ?ﬁlan-gh.ﬁ" refore

pol ybut adi ene accor to the inventio er advant ages duri ng
t he productl6ﬁmﬁ?ﬁ%%§%ﬁﬁﬁﬁ?mﬂﬁ“Fﬁ§W§BBWP and during storage and

processing, and also has the characteristics required for use in golf
ball's or in tByead npiapthasstdisoibution is seen inAodduprsch@ing ibeha@ntricthe ndbba apd OBES S

for producin gm;ttﬁ%s ngll t}ﬁp 'i‘gtsg&lll 1&&%11?91995@%19 %\J 19 t'.éewgc{)ﬁ/t? %Iéthgly SIR"MI. mixing

Scarrying out the ’fol | owi ng st eps:

usi ng” a2 %r ef d%%ﬂ#dﬂatﬁﬁléjd% gxtrugipry ﬁma%u%*f He\a%varb Jhete léy?%ﬁ ﬁrée Efé‘féb‘al h
neodym um coerpasatiitfof@geponent A: an al cohol ate or a carboxyl ate of
neodym um preferably neodym um versatate, 10conponent B:. a

di al kyl al um RiymAUELekAE acBlafbS HaOIY oFidsROBHEY o PIotis D dNAELAEr the

abovementioned polybutadiene.

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.



(DI BAH), conponent C. a trial kyl al um ni um conpound, preferably
tributylalumnium (TIBA), conponent D. a diene, preferably butadiene
or isoprene, and conponent E: at | east one

organonetal lic halide, preferably ethylal um nium 15sesqui chl ori de
(EASC), where, in a first step, conponents A, B, Cand D are firstly
m xed at a tenperature of fromOC to 80C, preferably from 30C to 60C,
for a periodPofl swAVE m nutes to 10 hours, preferably from 20
mnutes to 2 Woatd/048AH the mixture is then cool ed to BSIIGR201806461
preferably to below -30C, prior to addirfron of conponent E, 202.a
process of preformation of the nodified catal yst systemat a
tenperature dfe fMGRPASHETPYCBgede: (MEDebaBPEteT SRiRsETT4°c (recordingy togthe
peri od of fr éavediot,andis Getdrminedionpgeteanatidnthfomaingrabhy;ot id B0 qlvaent stained by
3. pol ymeri ZaliafQhw 1406, BPOGTERS, Al o, g%o?erma@e&w&mﬁfp chERTr 08Ptk

150C. By conduct] n? he” process ‘accor I nvent I on

possi bl e to FBIhMELcAPanspat thatyfhg meplar-npss mﬂalﬁori of thearobrnep it SR GUYHT: 3T
and whi ch hasheteieahataGhifovth hatworR RhcBBic&hbeligmels t o t he desired
abovenenti oned properties of the polynmer. The final properties of the

p0| ymer and tﬂ@p&%ﬁ&ﬂl@({e a@&[’dm‘éﬁgﬁé%\fgﬁtloﬁ H\greggquyﬁlg Id%ﬂe xge(flglﬁ%roggrges in
functions of the anmbunt and nmode of action of the cata
constituent s ¥R exanpl e, the ampunt of catal yst used is too
smal |, although the nolar mass rises, and the Mooney viscosity of the
pol ymer t her dhot.¢cis cawst ofttizgrbitgiicas acROdidg 10 @k 26-<MiEn WB95%, preferably >06%,
2011/ 045393PGH ALY QRRAGL100bEERAF ARGl BeRhiy DG action of

t he nonomer, this s undesir for economCc reasons. It is

surprisij gt t he nodi.fi : t oyerin

Comper atloe. 1B sHien Hionp Bl e PR bR gfaw%ﬂrtp iguenton i
addi ti on of tpherablyl fom 3de egdUmEe, Hih prfdrdncd fiven 408 ¢ 180 ofad

col | aborative effect of catal yst DI BAH as conmponent B, and TI BA as
conponent C, 1 ﬁﬁ}ebxteﬁgrefeﬁﬁlgﬁﬁat @8 bRhchg GRLA{ BY)S$f tﬁe)ﬁi‘btﬁﬁ&dﬁﬁb s&amha§ td @eal
activity and.which | §i y&e ]%Ior obt ai n'oﬁ%& ?E g ? ut.adi ene
accor di ng to"fvﬁlg"’ilﬁsv | ?1,‘ 1§ S WRISYTRRIET Bh Al %‘Féf)lgﬁ“?llvésg‘mq Pis
pref erabl e tMaongyonpestgnk iDkiosn ghatyofoo pdymersdefnidentied! simctuke, tstletton visedity or

produci g hi %reaﬁpﬁr%ﬂloﬂglry\ﬁ@}dg&{ey Q&QQ%%%&E&W&QJ Mé@ige 1991“3%‘9&6%941@@%?
The presence of the diene during 10 cCatal production is

particul arlyH WBPF%I"R“ Ssiohtien Y‘i"osﬂﬁé PsrfF‘{“éedfbéfrpﬁlé{’E“Frdﬁanﬁtf‘“gaa@tﬂélbfeé‘“’es the
cat al yst conphexty dihewe spnlymeﬂhndjiieﬂasesathe COMREIrEdS eurliteiX an @ree CY:cd @ﬁtﬂxaﬂﬁ

tol uene, or gq, %glohéﬁﬂ&naglrﬁcrtegg §erQFanf{ €Lb 919 brolug é §§%1?gﬁ%!1 inreased

possible to use’o vent's. e solvent can ure torm
or in the fomanesr oSN golelag ﬁ@ght Relyr dhpdtls. wd ks ProdeippefrfanpodymeThe
anount gf solpnsendirfelgpends on conmponent A, where the concentration of
15conmponent A with respect to the solvent is from0.05 to 0.3 nol/L,

referably frg
20rrponent yB : Sgwongr?reﬁa atgn %f Mp#&bu&n%‘per g_%[lly "Eofat?’l% ﬁqve 1%1 19%[%&%18[5&1’@1‘8[}139
parti cul ar |y Sprlsr Bamyp yﬁfrﬁa ﬁqclMsonpsore@xqgren istbpruelEbont by stippage pf the polymer

conponent A tcﬁmr@mmomﬁmw&ressmé 6OWe bolmé 1f@r fheldad opfRf Ms@AB) Yhedsireant

1:0.5 to 1:8,_ the nent A to 20 conponent Dis
from1l:1 to fmﬁﬁﬁagg;“r“g a&?%‘ﬁ?m‘:a?wop&gﬂj ‘0 1:100 and particularly

preferably from1l:3 to 1:50, and the nolar ratio of conmponent A to

conponeft  E {14 fpighinass gisisidytign pf 19, pojgbuadisnaiieding énibg iyemsion § M £6%and

particularly IFDJD@(BOBI’g&:kHI Yind’ @M% 0108 00®g/ho18This molar-mass distribution is ideal for the
polybutadiene according to the invention, since, as described above, it provides easy production

and at the same time gnarantees the desired good final properties of the polymer.

The polybutadiene according to the invention not only has improved rolling resistance and
30 increased rebound resilience, but also is easier to produce, because it is associated with less
deposition on the walls of the reactor, and less gelling, and therefore longer operating time of

the reactor. Maintenance of the reactors is thus minimized, and this saves time and expense.



The cooling tenperature in step 1 of the nodified catal yst production
process is preferably -10C or -20C, preferably -30C, particularly
preferably -60C. It is surprising that the said 25step has led to a
catal yst systemw th which the pol ybutadi ene according to the

i nvention can be produced. The invention further provides rubber

m xtures conprising a pol ybutadi ene according to the invention. After
t he catal yst B9sdms-Was been preforned, the polynerization reaction
is carried oWORBL1/03889%r gani ¢ sol vents. These sol vent s FATEEP2DIE/065ST t
inrelation to the catal yst system usedé-By way of exanple, aromatic,
al i phatic and_cyc] oal i phati ¢ hydrocarbons are suitable, exanples .

bei ng benzene ™ PEPPHEERS AsAiRRde TR_iRERuntehas bghuyaninges diapg HieProdugtion
cycl ohexane. prde@8lduBi@mspdE) AND diRifhik IstdDadd FV3HPESEIsinP 20 Bk B 4G Icharaderisticd he
pol yneri zat i i - [ out either continuously or

bat chwi se. Tﬁ%“%%ﬁg‘tr#é?‘ﬁfgl?‘?‘él%&r“gg‘% %Ogﬁm?lg carried out at a
tenperature of from-20 to 150C,  preferably frgmO to, 120C. . I'n one
usual enbodi rreRfter IHER% S &|PgEEss anﬁ&sgl&@a Pglﬁ%lﬁﬂﬁweaﬁff’éd%m (é,e ingeentipg, Shd
E i s added t gamyifgmuxthefobovodg skPO parts by wei ght of solvent with from
5 to 50 parts by weight, preferably from8 to 30 parts by weight, of
nmononer. Once. t hemp@sddcaalys pRNRNS Ridg B3R HoReE6 RGNS ust HeaGR st

i s deactivated vi %ddltlon_ of SmilEfL amounts of, for exanple, water,
carboxylic acids GFYOPeEHErEm composegqfal ampunts of usual stabilizers
can be added to the polynmer solution, prior to work-up. 10Exanples of
stabilizers used empongpiey| amplfapolpte qre cabbxphie b hepdyspium,r posferatilyc neadinies
or phosphites, e.g. 2,6-di vd@fale; butyl -4, 5-met hyl phenol . The pol yners
are isolated via evaporation to concentrate the polyner solution, via
precipitation by non- sl yen h _as et hanol t ha ol .
acet onefl@or pr ef e(?oa rifnt\sﬁ) a’ g’fagakglﬁﬂrﬁlg]?né l ijdra;rl?‘ai’ ﬁe?%?bl}:t ?e]lg&sug'%{l/uénﬁwm f%%‘df er
the steamstripping proces®Blter is renoved by using suitable
sieving assenblies or suitable assenblies conprising screws, exanples
bei ng expel | er sceoaipsneati™ e wjakpldiemhinfarceimSound) pref2ybly &b laBminium (TIBA),
fluidi zed-bed dryer. The usual processes are used for drying, for
exanple in a dryi QehGRUME, defe, hliedblPGltRNGCR RYGUR andlr Yer . 20The

pol ybut adi enes according to the invention can be used alone, in a
blend with aromatic or iphatic oils, or in M xture wt her.
rubbers. Suitabl e“581T Ongtl q?aﬁtbt%? sorga(’)l?me&ngdj‘éﬁﬁg ngﬁb\ie\gf el durtium
vul cani 2Zates are not only ratuphalide(GBBSr but al so synthetic rubbers.
Exanpl es of preferred synthetic rubbers are described, in W Hof mann,

Kaut schukt echnol ogheg:, [lRufBEkep, [REPHekOgYR, C L8 M Hefirstienixalat 2 Rnipbh@ARTOF

1980 and I. Frant ? t rs .a bg 2?6’,;? oundi. %t ials,

El sevi er, Anster d%%n égg’ d i?i€§8f%%qo%né %Eit?l e [Tgofflzgerﬁag)é @%Tlﬁlﬁ%flm

pol ybut adi ene 10 hours, preferably from 20 minutes to 2 hours, and the mixture is then cooled to
below -10°C, preferably to below ~30°C, prior to addition of component E;

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



ABR - but adi ene/ C1- C4- al kyl acryl ate copol ynmers CRpol ychl or opr ene

| Rpol yi soprene P001 00426- WO WD 2011/ 045393PCT/ EP2010/ 065461 SBR
-styrene/ but adi ene copol yners havi ng styrene contents of from1l to
60% by wei ght, preferably from20 to 50% by wei ght

I 1 R-i sobutyl ene/i soprene copol ynmers NBR - but adi ene/acrylonitrile
copol ymers having acrylonitrile contents of from5 to 560% by wei ght,
preferably frrommé@aewo40% by wei ght HNBR -partially hydrogenated or
ful l y hydrogevae@d/ OB r ubber EPDM - et hyl ene/ pr opyl ene/R{ITé&P&010/065461
copol yners and m xtures of the said rubBers. Materials of interest
for the production of notor_ vehicle tyres are in particul ar natural
rubber, enul SPEFIPOSHpe slofipe of woreadicy ef %ﬁmsmeﬁ dRbisds widesraRyt &5 geonopge
transition t eqpek.at ure above -50C, which may, if appropriate, have
nodi fication by silyl ethers or by other functional groups, as

described in IﬁllsD sépx@sm%zltzm %Qnodgﬁ!ﬂx)guﬁaﬂi P%%\F;é%ﬁlg%? thlg%ﬁ{ glgtu%IO fgth&mé @I S

content (>90%, produced using catalysts based

Nd, and al so Cffe}w%ﬂ?%?a?nésn% iy Bbﬂ%’? “’n%‘i‘x‘?i“ﬂ‘g Omhﬁy*rlmtdaﬁ%?ﬁE dY“hfq"’oi‘ﬁdém‘[‘ab
75% ands al s@oltiboshtive effecOdf chthips ®IBAH as compohii@ B, MAETBA @$icobigbiehtad, permitted
Egg\ébdgzr : geb{;/ﬁ{lgtli)ogroﬁ %n céattl}%{ ﬁ?teané }[M]{;:g Hagg(%gl v|'1t|y¥ nf‘?lm%ré §e%1sfv£ 90r oéalﬁlgg the
fine-particl QOHPWWd@a%aCCWIQﬁE@EHWWOW @F a@mwm%e%f@elﬁrﬁsem pitation
fromsolutions of silicates, or flanme hydrolysis of silicon halides
W th specifi dtisprefetdl thut emomefnt Driomnbndn@r HSfHdal vlthghat peee fie@ rpaddhmef Highm
20 to 400 n2/ rLiAar rt z f
from 10 to 4 dngnle(:ﬁg-c‘zle%g{ Isaél%fiﬁ%g%%&)1%s%&‘%?1%uiaﬁle9es w0 %res%&r. J(gc‘dm ﬁéﬁe ﬁl%ng

f or m of 18 xeda@ps rodussionist irtigelardyr impertagy, S’GS@I ’éié§m”§ fRatiae of patablx iceldwt of
A, of M, Ofcokex. mfﬁe sBaent Qded Zam,coﬁﬁnthexa&r cyObhekine, tSlMdhE, MR h kdlvehi hik GRLES,
such as al um nld%rE i licate, 0 netal silicate, such as
magnesi um si I°cat & 5? AFeT Ul *BET surface areas of
from20 to 400 nR/g and primary particle dianmeters of from 10 to 400
nm 25nat ur alThe pelyegtatap &e addsd fp pse ferp T i thinf@rm A sobeme el e individpgl yatalyst
occurri ng f orcomsdhents. rrhecanougd &S@lvfaﬂtbiéﬁbﬁdsadhdcoglbﬁﬁﬂ -A 1 e B¢ eddgtrftion of

( ”?it S, I’ ands rrr%%onent Agwﬁsresf?ect(fci; %e save t 1err% ad 05o I dl/Lﬁ%'gF' rabe} frPrIn rb(bg to

oxi de, caIC|u m oXi mnlumo

carbonates, 9dakrlhs nagnesi um car bonat e, cal ci um car bonate, zinc
carbonate, netal hydroxi des, e.g. alum nium hydroxi de, nagnesi um
hydr oxi de, RAOhoROARSN\MMPYR:R Alid cOA38 BGTHdP20 101 0056drably from 1:3 to

1:80 and particularly preferably from 1:3 to 1:50, the molar ratio of component A to component

OSSI%} KO US{: 8‘(%81’&?}!%1

C is from 1:0.4 to 1:15, preferably from 1:0.5 to 1:8, the molar ratio of component A to
20 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.

The cooling temperature in step 1 of the modified catalyst production process is preferably
-10°C or -20°C, preferably -30°C, particularly preferably -60°C. It is surprising that the said
25 step has led to a catalyst system with which the polybutadiene according to the invention can be

produced.

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
30 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

benzene, toluene, pentane, n-hexane, isohexane, heptane and cyclohexane.



- 10 - metal salts, e.g. the zinc or magnesiumsalts of

[ al pha], [ bet akunsaturated fatty acids, e.g. acrylic or nethacrylic
acid, having from3 to 8 carbon atons, exanples being zinc acryl ate,
zinc diacrylate, zinc nmethacrylate, zinc dinethacrylate, and m xtures
t hereof; carbon bl acks. The carbon bl acks to be used here are those
whi ch are produced by 5 |anp-black process, furnace-black process or
gas- bl ack pr @des@4xdOowhi ch have BET surface areas of from 20 to 200
n2/ g, exanpl e¥OBILAGSISAF, | SAF, HAP, FEF or GPF car bon IITAEFRR€L0/06%f6ber
gels, in parti cul ar those based on pol yBut adi ene, but adi ene/ styrene
copol yners, tadi ene/ acrylonitrile copol yners and pol ychl or oprene.
10Parti cul ar P RSN i%‘“@ﬂ PRI €84 P BithT GRSl gsbatchise:
fine-particle silicas and carbon blacks. The fillers nmentioned can be
used al one orThg polgmerization peaction s eryisd putrat p dripemthag of freh e?d e d SEFLErdFRENt |
t he rubber m%wtgezoe@rrpri se, as fillers, a mxture of pale-col oured
fillers, fine- partr cle silicas, and of carbon blacks, where the
ratio of paI - col ou e car bo Iacks

L0 00 P2 5 SRS S L2 0B RS RLAGKS L Bl SR B0l
fillers are asithd Of HJOthre bﬁdiﬂlﬂbﬁf{ﬁﬁplwﬁt wikefropod tp 50 pard ibe reight aecfortdl frgo 8 o

the inventi onog(spaggte_,;fvee;gabbﬁ&ngnmgr of solids or of slurry in water or
in a solvent. The rubber sol ution can be produced in advance but it

:_ Zag[ Iel;ﬁl‘ ?gl 3%%(2@1& dt=i§1ée tc?ﬁ)ve}é gas bg enrr!ea\c/: eiagthe (t'aﬁryst is geaawa%ﬂﬁ orir ?fnsmall
preferably wiamhugss fel’edaﬂ%ﬂe mteamrboxwheacebnmlqoh@hs for the sar d
stripping process can easily be determ ned 20t hrough prelimnary
experi ment at itBiml altefsesfanae stitslizbi lciher adgédvie nhet @iyaddkdhition poibr fo hrk-up.

];1‘: l(![ ﬁ:: Z (?) ]9 t f]% cftl,slog st %rgg%:?q%:r%g:gcaﬂiﬁrggeged pgen%]? 0} argmaltﬁ\ér%{%sl o%%ho%%hltgso a
e.g. by usi ngga%cﬁ'éarderyl-“ﬁh’e‘:ﬂwhrb@elr m xt ur es accord| ng to the
invention al so conprise crosslinking agents, if 25 appropriate.

Cr ossl i nki ng Thgpitinseruseitbladviacoipratiato Sdmlcemhhté the poljed: Etitde Sra padefditation
sul phur i's p%ﬁ/t’aln&y oWeJltysua{ :?sfn?elr (il laq%o? or g{)@%né Hrbggemlgp w‘a 'Elteam-dlatcflct(rao'b%f
to the invention can conprise urt er fies, 'suc
reaction accéleeplmérs, anti oxi dants, heat stabilizers, |ight
stabilizers, antiozonants, processing aids, plasticizers, tacldfiers,
bl owi nglagentadier thy e®gm- plhgjirgrnr@,esswaatess registedrtgfeniy stiga sk dngaGietiblies or
retardi ng ag .

30t ri et hanol g%aﬁlg aJJEﬁ %:/Secl(:8 ﬁb‘%ﬁﬁ 2 %ﬁ&ﬁgﬁi b fggerp%fews gitd%xp andebscrews or
bei ng known t@urlrséfﬁrmqsebedrd%ustry PO01 00426- WD WO

2011/ 045393PCT/ EP2010/ 065461 - 11 - In the preferred rubber m xtures
usi ng hi gh- adhe vsuiiyproosses arpinted foe drytoig] foc@mpld i akdsying asbiicut lirger deygw-conveyer
advant ageous a3 Use additional filler activators. Preferred filler
activators are suI phur - cont ar nr ng silyl ethers, in particular

bis(tri ? kox B@X 26p hj des, as descrr bed in

DE- A-2, 141, 1 : B UEHORS 3co > IR POR PY Eedplepeolh AR ik pramatic or
sul phur cont aliphatirgeilj bryih aGi’llh'@TESNlﬂuf othed niDEerA-S4itabBSd@fidnakunbbelsHor\prOdubin g
347, and ner Q%Ero@dlé%katté’s ?Aagaxdﬁw 11 Qsmbﬂep bpraz{l{ok%éné{c ru‘rbers ﬁxamples of

mer capt opropyltriet hox sil ane and | ocyanat oa
as descri bed PrefBE: S)ﬁ(‘thf el ore desm"b‘ﬂ*’né1 Wnﬁ{?ﬁ?@m H“IH te‘thﬂfé"ﬁ‘%%é‘rer
auxiliaries aenology®l GedileNY&lag,a8ehttghepangd IaﬁH arpraitd aerﬁurbntebe ahdtraBgked

use. | es. of u ts. are to 50% by

wei ght , Qggsez:omﬁouf%n%btm ﬁemrf’Amf r'Z!Dm B;fg Fyneélcodlrp astS o7 rallabber S wth
t he other rubber auxiliary products nentroned crosslinking agents
and accel erat®rs van Be™ediopd edvyidiensn the usual way with the aid of

sui table m xi ng assenblies, such as rolls, internal mxers and m xi ng
extruders. ABRThe cormpoedadiGig4atidl aglacampobmteison processes are

CR - polychloroprene

1R - polyisoprene



20The rubber m xtures according to the invention have excell ent
suitability for produci ng noul dings of any type. Non-limting

exanpl es of the said nouldings are O-rings, profiles, gaskets,
menbranes, tyres, tyre treads, danping el enents and hoses. Particul ar
preference is given to various tyre conponents and tyre treads. 25The
rubber m xtures according to the invention are noreover suitable for
i npact nodi f PP@IPO#IseWdopl astics, in particular for polystyrene and

st yr ene/ acr yIVoar1A0#8% opol yners. The rubber m xtures &C3/EP2016/065461
particularly suitably used for golf balPs, in particular golf-ball
cores. Exanpl are used bel gw for further explanation of the
Cvent o881 D045 8O St B Bt 6 TR G | ,00% by
Exanpl es I nventive Exawjzhepéfeldy frorekd @abd% onweghtbut adi ene with

catal yst-preformati on process Catal yst production and preformation
process: 4. 2fk nL (24 i{¥BR}Ine@bpretielcgRBMEN| al um ni um hydride, 3.03 nL
(12 mmol ) of 5 triisobutylalumnium 1.2 nL (12 nmol) of isoprene,

and al'so 11. gl (3 :'a&i?‘é/{a%rﬁﬂrﬁm%@%pme% h.«ﬁ@}? ‘dé&lgﬂm%f coREQAYR TS 1

versatate, were introduce exane 1nto a rgon-inertized

Schl enl ¢ vessel . The rP%tbyiveishiepseletbiy fraslO4e 4830y weight 90 nin. The
solution was then cooled with dry ice and when the tenperature had
reached - 30CHNBRL- ( 2 mpafhl)y h9drogendled 2bfuliphydfogadtedWBR AbEE: et hyl al um ni um
sesqui chl oride in hexane were added. The preforned catal yst solution

was 10al | owegpbgr St andmoNyddipgitte/@he LpQPMd-£nPer ature and was then
used for the polynerization reaction. Polynerization reaction: 595 g

of herane (SupEiyBiste BPLEHRSE e BBl iy Byt
(0. 18 mml ofareNd)paifuldr hetuph by s¢tmudsyin iHRgrand 3180 ehdwsion ISBBdukbbrewath glass

Cﬁm' ngdf({ om tnglﬁitigﬁ %&9&5@1{2 L&Oet Bﬁ@?ﬁ?&vgmaﬁ'f‘i@ ap]a%i}riﬂe, fve ?U&iﬁ&li@}{]@ silVg Et?ers
char ge 0O a ,.cargon-irnerti ze . ass a ocCl ave.. e mxture
e on 16 B andrrirene it 26 desiippd 51 A A0, Fah e tjent oo e
the viscous $ighutticoromenr ¢-90%E prodicsd byawse datalpstschaid vh No fConEitda didpingd aland
also 0.6 g OE%l%uﬁhéﬁe%ﬁQ%Vl&g' %ﬁﬁg&{emﬁéﬁ FRLAY gﬁ%&hkm& BARE., Wer e

i ncorporated by stirring. The polynmer was then dried in vacuo at 70C

Wi ght of product after 20drying; 8 Mooney viscosity (M. 1+4 at
100 C): 81 wﬁge et Srusoredes Yie noplatTo A dECR OB s g  to
t ol uenels at Ao pmyeéghbdlian &)ive do il8rt flRa;e. Bl : 6. 4 Mol ar - mass

distribution: w10% = 122 000 g/ nol; w90% = 933 000 g/ nol, M :

7.6; 25Nh: 255 O00fheQPhrBIL silibAY préiBded B9 Qvag/ofBdample via precipitation from solutions of

silicates, or flame hydrolysis of silicon halides with specific surface areas of from 5 to
1000 m*/g, preferably from 20 to 400 m*/g (BET surface area) and with primary particle
sizes of from 10 to 400 nm. The silicas can, if appropriate, also take the form of mixed

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

- synthetic silicates, such as aluminium silicate, or alkaline earth metal silicate, such as
magnesium silicate or calcium silicate, with BET surface areas of from 20 to 400 m%/g

and primary particle diameters of from 10 to 400 nm,
25 - natural silicates, such as kaolin and 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,
- metal carbonates, such as magnesium carbonate, calcium carbonate, zine carbonate,

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



Conpar ati ve Exanpl e 2: Pol ynmeri zati on without catalyst-prefornmation
process 555 g of hexane (dried over nolecular sieve), 1.03 nL of a 1
nol ar sol ution of diisobutyl- alum nium hydride in hexane, 1.67 niL of
a 0.618 nolar solution of triisobutylalumniumin hexane, 3.45 nlL of
a 0.05 nol ar solution of neodym um versatate in hexane, 3.45 nL of a
PO01 00426- WO WO 2011/ 045393PCT/ EP2010/ 065461 - 13 - 0.05 nol ar

sol ution of &VAWI0AIEWONI um sesquichl oride in hexane, and 130 g of

but adi ene wer¥0eHal§B®B to a dry, argon-inertized 1.9 L R{T4E3010/065461
autocl ave. The m xture was heated to 65@'and pol ymerized for 2 h,
\z,amntjhzstr:_r e ﬁgﬁlgﬁ sglfésn%E.g*e\sl%x?cgo?lénsaége%%gtsélg e YRS b a0 89 6

bi s[ 3- <t >but y1- 2- hg derpbioy: Sretiretr il hph dmpie] fret hardeather doti aeoplpdrat eide by
stirring. The pol yp®ile WaSdilchfe, Shd RGhab a3k Qinfitnact Qfe, atdhides @breor,
product after drying: 96 g Money viscosity (M. 1+4 at 100 C): 77 MJ,
M.- Rel ax 30 sec: 6..9 % Solution viscosi 43 % i n toluene, .at. room
temperature): 725 ﬁsé?agﬁl J:IthQ(’.aﬂ?mi\/Elr%%? -%onélslésggfl%? P GRS sk S D5 ced:[“éS
000 g/ not; w909 lamp-blagk7@o@BOfugsrdlack HOMSTor gaPblgk phdaess AGOWIIGhagy BET ;
Mv: 520 000 gi Nl g, QNRAY @tdove205% 260ahE, é;aﬁi@leymlsz@ is@®, @Ar, pekadigne
with catal yst-prefornmation process, wthout TI B,& Cat al yst production
and preformation FFOREEES: 157 5 ni (42 mol) of diisobutyl al uni ni um
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20 through preliminary experimentation.

Preference is further given to addition of the fillers to the solid polybutadiene according to the
invention or to a mixture of rubbers, and incorporation by mixing in a known manner, e.g. by

using a kneader.

The rubber mixtures according to the invention also comprise crosslinking agents, if

25 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,
antiozonants, processing aids, plasticizers, tackifiers, blowing agents, dyes, pigments, waxes,
extenders, organic acids, retarding agents, metal oxides, and also activators, e.g.

30 triethanolamine, polyethylene glycol, hexanetriol, etc., these being known to the rubber
industry.
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The amounts used of the mbber auxiliaries are usual amounts, and depend inter alia on the
intended use. Examples of usual amounts are amounts of from 0.1 to 50% by weight, based on
10 rubber.

The further blending of the rubbers with the other rubber auxiliary products mentioned,
crosslinking agenis and accelerators can be carried out in the usual way with the aid of suitable

mixing assemblies, such as rolls, internal mixers and mixing extruders,

The compounding and vulcanization processes are described in more detail by way of example
15 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).

20 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.

25 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 {12 mmol} of

5 triisobutylaluminiom, 1.2 mL (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 solution of
ethylaluminium sesquichloride in hexane were added. The preformed catalyst solution was

10 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
15 described above, coming from the preformation process, and 124 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 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
20 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;
25 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-
alumininm 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
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0.05 molar solution of ethylaluminium sesquichloride in hexane, and 130 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 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
incorporated by stirring. 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
11.2 mL (3 mmo}) of a 0.265 molar solution of neodymium versatate in hexane were infroduced
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 preformation
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
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Molar-mass distribution: w(10%) = 82 000 g/mol; w(90%) = 783 000 g/mol,
MDI: 9.7,
Mn: 279 000 g/mol; Mw: 387 000 g/mol.

Testing of mixture

5 For production of a compounded material, in each case the polymer according to the invention
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:

10 Corax N 236 carbon black from KMF Laborchemie Handels GmbH, Vivatec 500 oil from
Hansen & Rosenthal; Zinkweiss Rotsiegel zinc oxide from Grillo Zinkoxid GmbH; EDENOR C
18 98-100 stearic acid from Cognis Deutschland GmbH; Vulkanox® 4020/L.G 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.

15
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 5 9
VULKANOX HS/LG 3 3
ZINKWEISS ROTSIEGEL ) 9
RESIN SP-1068 3 3
ANTILUX 654 5 9
VULKACIT CZ/EGC 14 14
RHENOGRAN IS 60-75 336 236

* phr = parts per hundred rubber
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Inventive Comparative
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 14.7 131
Reboeund resilience
@ 23°C % 62 55
@ 60°C % 65 63
MTS Amplitude Sweep @ 60°C, 1 Hz
G* (0.5%)
1st 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.)
st 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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10 3. Polybutadiene according to Claim 2, characterized in that the branching index (BI) is
from 5to 7.
4. Polybutadiene according to Claim 3, characterized in that its Mooney relaxation after

30 sec (ML-Relax 30sec) is smaller than 6%.

5. Polybutadiene according to Claim 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:

1) modified 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),
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from1:0.8 20to 1:8. @SOMUUchernhlerwésv 180mursi si ng a pol ybut adi ene
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8. Process according to Claim 7, characterized in that the molar ratio of component A to
component B is from 1:1 to 1:100, preferably from 1:3 to 1:80 and particularly

15 preferably from 1:3 to 1:50, the molar ratio of component A to component C is from
1:0.4 to 1:15, preferably from 1:0.5 to 1.8, the molar ratio of component A to

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

20 to 1:8.
9. Rubber mixtures comprising a polybutadiene according to Claim 5.
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.
25 13. Use of the rmubber mixtures according to Claim 9 for polystyrene and

styrene/acrylonitrile copolymers,

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



