PO01 00459+ ForErg CoEMMLS(1¥P35) - 1 - Binpdal NdBR The present

i nvention relates to high nol ecul ar wei ght” "bi nodal

neodym um cat al ysed pol ybut adi ene having a high proportion, > 95% of
cis-1,4 un;’ts ﬁ@gidﬁgl ow proportion, < 1% of vinyl units, its nethod

of maki ng ol ybut adi enes are used in the tyre |ndustry as

i nportant constituents of rubber mxtures and for this an inprovenent
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Ot bR S B SRR HRL AR RSB MR B A6 0 o
i mpact nodiHis mampmvemént frothy Shat lpmpertzes:amcmlay sddsced asibnk mﬂstmpwﬁdﬁcemfabrasmn

br oduce. hi Of BBGI TR ArnrERp s 8rbol AR e e Bl o sk e e
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Macr onol ecul ar 20Chem stry and Physi cs, 2002 (203/7) 1029-1039 for
exanpl e. Thetalysls dhspd tongpmipermss v 8 rpiccaprtinare npoamtlapimgsabting nsetlfeaclusively to
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nostly different catalyst sites which can be discerned in the polyner
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or ganoal un i mCoOMRnda regg‘ﬁﬁ%gﬂ%q ‘1 n various ways under certain

t enperature con i t1ons, e catalyst systemis readied for the
polymerization with or w thout ageing. The prior art reveals a
plurality &fpeenisiidied of thamriingwziedbat molyRetpdience arcaprgdiced ysinpstmictisadl defined
for 30pr Odkiﬁél@-gﬂé)@e!téﬁpsltg adice 156 Sallyl E&Qﬂieﬁg%@%all: Ogaﬁhg s %%Béd Macromolecular

(LS/135) - nprising m xing al um ni um hydrocar byl or alum nium
hydr é8ar byphWéFﬂi@é Phh%@d%ﬂ%&%ﬁ3?7éé@%9c&38éqr@xmplﬁeodym um napht henat e
and a hal ogen source in a hydrocarbon solution (hexane) at a
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period of at |east 8 hours before use’in polynerization. Ageing is
preferably carried out at -2QC. 5The nunber of chain ends in the

pol yner i sThe@fetElypeedmepdyaiun §italyrtsor pmplin is aifiesleyratia systemm @hich iplopmed
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pol ymer. However, as the energ %ﬁdl ssi pation_of th ag mer decr eases,
e

rolling redieshifhsanbedisssaed inihg Pelmer BhuiA deapdiped r gss;ygribution. In the

pol yo®r i npfegéeNattd Qhtal9NatRlcR:, AC GRhliaNG )éata@éaecca‘nmaaén@onﬁ@s%t I
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better thafforyBE Brics %)Pléﬁ‘éqﬁ’e%?“'b‘é [Py otpnqAenigpgreompound, are mixed in various

ways under certain temperature conditions, and the catalyst system is readied for the

polymerization with or without ageing,

The prior art reveals a plurality of methods of making Ziegler-Natta catalyst systems used for

30 producing polybutadienes.

EP 0 375 421 B1 describes a process for preparing a catalyst for the polymerization of butadiene,
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yet fiart hemolenﬁm.that the branching is parti cuI arly inportant for
the processibility of the polyner. Branched pol yners used for ABS or
H PS i nproye MLio erties and r ce the dissolvi i ne.
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properties of branching in respect of processibility.

Polybutadiene and polymer are used as synonyms.
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i rradi at ed cattere rrer coil, .The angle . )
dependence 1JBT’ Jﬁcé Yeélrtier@?yé’Ftéﬂﬁlfe ‘?fph gmerioged ]@P‘gi“ﬂlé"hg’@f A &near polymeric
hydr odynamlw&haﬂm aaad/ Q:lhg tch&in rtadichisl pﬁyxgwoafrman OWhéréif (ROLMPEln the RGM
PO01 00459- For ei % co ieé (IJ E;{ 13a) ? des ed |n‘t1Fgr alia in
Journal of "ABISPTIEY ispaI Yamker B jralymEte 511?“’( Yy (1 3 forjthio lone 5 9pY hapnghed
have a sl opeyséridirdtit@ 0.6 in the RGMrel atr on For the same nol ar
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(Landsber ght&tdinogGer many) . Figure 1 shows a function of the cross

fl ow gradi ent used in the AF4 analysis. The inj ecti on volune in the

AF4 anal ysis was 100 id. Follow ng the injection 'phase, the sanple
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30 the hydrodynamic volume and/or the radius of gyration of the polymer.

In the case of linear polymers, the radius of gyration increases in proportion to the molar mass. As



The wi dth &Pt Peoegeiengountries (6§/Bh), g | of (gyration is deternined from

the differential plot. The maxi numdifferential value of the
distribution of radii is halved and the width of the distribution of

dii of t.i i s .obtaine i renge. bet .radij
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P [ rear st an 9 s o PolufoR bR s Gt o shecpobpre o he higher
branched pdieydrdecoffbraching rof tﬂé,ﬁﬂlpmace&ﬁdu&r meoaébpﬂ:eﬁl the RGM Qeldén) Branched
th | ybut adi ene _according to t i nvent] o t ess conprisin
the SPeps BPYmEn g iesoriped gchaving aislepe gfes tha D Suncthie BORF Glfiom ande slape of 0.33
cat al yst sysd lessEndiasedighly bigeisdfoliMeesuTSpiRtitdl gedictizz0. conmponent Al an

al koxi de, a phosphonate, phosphi nate and/ or phosphate, a carboxyl ate,
a conplexetho are earth neta etones and/ or

ound of r ls with dj a
2a1t o cORSSURARr He'nforied pE @ P Fhirie Pl e Bt sponlay svtems
oxygen or nértsistogeof déaoionamgmai rsypmettie Mk field Qo riktidhati@r -S 8thntlti-angled
conmponent B;a dialkylal um ni um hydride, preferably
di i sobut yl éﬁau?‘ﬁ‘nrgiptll}ﬂﬁé%tﬁVd“P? %lcﬁrﬁ)ég%%%&ﬁ’%ponent C a diene, preferably
but adi ene or isoprene, and conponent D:.and at | east one

or gandmet aDesctiptiad afcleglyspred aFabl y et hyl al um ni um sesqui chl ori de
(EASC), PO001 00459-Foreign countries (LS/135) - 6 - mnutes to 2

hours, andpl . M ' 0 Q bel -10C, prefera
to bel ow - 55%6[9 S{I%ﬁgﬁﬂhgﬁ’%%ﬁsﬁ"c?ﬁﬁ @%Sgg’g%‘(@%&ﬁpﬁ?y ?gf- '%hﬁtcll)%f%gt]ra}tvn 1sbgJ 1¥1g/n11,
pref or m nglt éesh wasdi If inglhl eA BTy wis sdsd émsbiliaatioenPler ditsolvingodme 86Cl14 bours at
80C, prefe t duration_of..L0 mi nutes t 0

hours, pr egog?laﬁpé%%%miﬁﬁtw eeé %E' i lg)%bgolgﬁguorv gn at %0 épaél y rFé‘%Sle%?eﬁlg4%§%urs at room
nmononer s atenmpetabmgp diefire raed BEtwtbe heat2@:atmat, 1166 Gplymdr salutbmegasenditaygd by slight

mai m1§‘i ni “%S}QE u}?t(ﬂltyﬁ?a[hh,zo%ér\gﬂe & lnlééhia%@al%gmgge%izg{%jﬂ wIYaaits%éve?‘Eooﬁ place. So as not

conversi on
to remove the high molecular weight particles of polymer, filtration was omitted: The AF4 channel

was equipped with a regenerated cellulose membrane (cut-off mandate 10 kg/mol PS).

The molecular weights and concentrations were computed using a refractive index increment of
0.137 ml/mg for polybutadiene. All the measurements were made with the pump system of the

20 AF4 2000 system from Postnova Analytics (Landsberg/Lech, Germany). The detector combination
used is a MALLS detector from Dawn DSP, Wyatt Technology (Santa Barbara, USA) and an RI
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
25 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
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
30 later bands broadéning). Following the injection phase of 4 minutes, the focus is exponentially

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

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



85% by wergh00432-Eergloncountiies{LYBAY i ght and nore preferably 95% by

wei ght, of but adi ene at a ten'%e'r ature of 100C, preferably
100C to 140C and nore preferably 10100C to 125C for 10 to 120 m n,
preferably for 15 to 60 m.n. The cess.according to the present

i nventi on RS ‘é‘n%agg‘?foci}crﬁ%nﬁlé& giilyst system that has optinum
activity and leads to the desired pol yner nmentioned above. It is an

i nterplay ahehige dégi@d‘ﬁﬂbﬁ'aﬁcmﬂgioﬁﬁhé ic@@ chiin b@&hﬁ@ﬁﬂ%&rt&ﬂfﬁcﬁorﬁﬁedﬁcﬁ@the maximum

catal yst that determ ne n erties of the r and al so
e eronont LG SHEoD b roloD PURIER. s SHITIoD 3 FOBrEr oY bh v 2
t he sane rmaaimr g@stidasgdbdven 0phiradkicisg, ;imfghalﬁallemﬂnainowra’afably < 5%.
neodym um cat al ysed pol ybut adi enes. The presence of the diene in the

producti on of talyst.is rti.cul arl ortant, since

rtal gt it o Bilisy B0 ol faln X T RReH e StiE - g g preferably
hexane, cyel40hexanejord @kfaably <035 @n.sol vent m xture of the C6 fraction.

O her solvents are simlarly conceivable. 20The sol vent can be added

in pure fo ol t-he..i ndi vi dual cata C

amount of ;rg%: édt 05 pe%1 sg'gloncog ApShehB G tdﬁtﬁ?mfl%dsh%%ﬂg%ﬁ?%f] mdrPT?r;f The
conponent Aakiosodiffermitial Salinsettﬁmedastﬂbx%n afediDishalved Add thevelidpr @fftier didotiyution of
bet ween 0.0 0.2 mol [ L. | ar tio nent A

conponent BOT T syritka T shged Ao darates bedole PREr Sl veif e o thes
rangeofrorrnﬂmamhma]lu'eso and nore preferably in the range from1l:3 to
1:50. The molar ratio of 25 conponent A to corrponent C is in the

range fro 0 ef er abl |n the [an

and 1or e B’F’e eé'?bté tl]l'e Pglylg tgd’lerngnaccéorgM% egln%/en 19% ng cha n branch?cp Bolaﬁnenc
conponent Aa:ttmncom]nmgniol)ﬁhersﬂmﬂhh:eg/nmhge from1:0.5 to 1. 20,
preferably in the range from1:0.7 to 1:10 and nore preferably in the

range fro (o}

e modt 11 S et Bl polymerimaif ReBE0S o8l SRGHALHE EogPrSheiBa fotFheri
30pr ef er abkyctioB0C and nore preferably -60C POOl 00459- For ei gn
countries (LS/135) - 7 - tributylalumnium (TIBA), is in the range
from3: 0. 44 Godeod & ABARY & Ghaibite it R 0

After the ca a%e;st Ingstem S prle t n%‘g%uga? g%&%gﬁ té)tlhgl%\;eggl}urne 1© process
t he pol ynmee¢mpyisingthd stepgafiri ed out in organic solvents. These sol vents
have to be inert to the catal yst system used. Exanples of 5suitable
solvents aje apQfRth eata@At lppcth%&ﬁo% enppreﬁeﬁmghslgg%a& taysd&e&@ars&f)&?ne%umum
as benzene, toluene, pentane, hexane, 1 sohexane, %ep tane an

cycl ohexane. Th@%@?gfﬁerl sati on can be carried out conti nuously as

wel | as batchwi se. The polynerisation is carried out at a tenperature
between -20 andyfldent A:n oOne tahphlﬁéild@@%béﬁ%ﬁate tiSshiha! ¥1§f/0r phosphate a
consi sting of the conponents A, B, d optionally T

10add®d to a mi xture of 100 pa%af‘:@xwe,meucgmlemd s@PRAspd ofyirang eﬁbome@ls with
parts by weight and preferabl yyi&dres %&%taﬁdﬁﬁn\e@hﬂﬁhd%ﬁ‘tﬂmﬂﬁﬁ@,rd the rare
The tinme maintained at the end of the polynerisation is herein also
referred to as delay tine. Theﬁaﬂblla?‘ﬂﬁl?ﬁé atl SHYECAbPe MitEERe PNy eompound,

ensures the branching reacti onlprabecsBfunPlerRehe/mers above 1
mllion g/ nol.

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

wherein initially, in a first step, the components A, B and C are mixed at a temperature of

30 -20°C to 80°C, preferably 0°C to 40°C, for a period of 5 minutes to 10 hours, preferably 10



15The t enp&P i dfitad-Foreiap countries (kS/BRl ol ymeri sation, i.e. during the
delay tinme, is preferably in the range from 100 to 140C and nore
preferably in the range from 100 to 120C. On conpl etion of the del ay

time the catalyst is activated by .addition of snall ampunts of

wat er, car boxy PPEEP ds'OBF a&ﬁéﬁﬁ&eémf“ﬂﬁe lé%’%ld@‘."’n%%%s@l%ﬁfﬁ’%ﬂy forRgtow
pol yneri sat i on -3wCUbid o AXRiok Belehifopa@fiDas synonyns. 20Cust onmary
stabilisers can be added to the polyner solution in customary anounts

rior to the work-up. anpl es of stabilisers used are sterica
P hder ed phenoPR B, PERERE Shiatied ot pRiTog. & demere of 30 o 80°G
2, 6-di -t ert - bupsekerablybswab B fee migd dufMion eXERInGtes (280 pOdrY, PRsf&atay 80 minutes to
i sol a%ed by evEé)orat ing the polyner solution, by precipitating wth a
nonsoPvent  such’&Fet hanol , ethanol, acetone for exanple or
preferably by steamdistillation of the solvent. 25The stripping with
steamis fol| opdgmbyzivghemoticidyala teisiergure béttvaddl-20 &idae*@r screw
assenbl i es such as expel |l er/ expander screws or noving bed dryers.
Drying takes place in_a conventjon manner, for exanple in dryin
cabi net or i n” SCSEHEIIYGPURRINTE L€ DEbOERELHR selbton ELBF ndigrt o prsgtverson of
i nvention can &88%her whightugetbrablyo 200%chyt waiplithand me@ bieferdily 296%hiat weight, of
il dm i.t h ot her rubbers_i he praoduction of bber
T xtures and r AURUPS SO0 BG83 PoPaPet BB L00Flleylpgfy ARG more prefraby
vul cafi sat es a$00i€ed1356C f@x&npl 2 min, frbferablyrfer isnd6&miny or in the

manuf acture of shoe soles or industrial rubber goods. Suitable

addi ti onal fubbers faor,. producin ubber vul cani sat.es.ingl ude . not onl
natural ruBBoR g i PRl ik HevEEC) BRER AT ROHEGIRS e
rubber s ar basdesiouinbedvifyornddrainpd theidesivad pelyfnemmantioned above. It is an interplay of the

Kaut schukt echnol ogi e.. Gent ner Ver | St u t 80. and | rant a
SE) ot onor SANY TANREY CorpCURIE. N B ap@ i SgRof o il of e
1989. They polpotnrde alsmthe rcabmics BR&o prodndtico pakespol ybut adi ene ABR

- but adi ene/ C1- C4- al kyl acryl ate copol yners CR- pol ychl oroprene 10l R-

pol y {ksopr St i ol.y. hayi ) .
20 15520 PR 8RR e AG0L RS 3 MO i e v
i sobut yl enecddgoprerialseppdlymtadeenes. The preseNBRfthelyliknadn tip grodustiph ofiiht cathlest is
copol yners i r Ni:L L s. of 5% % an

SopoLYTer o AN AFEAITLLL) SABEIMARLS B IR Rl i yons
ful |y hydr oghdatednhBRlphdstyer toRDMor a etlhgnt ervaurprod plyd @h Eaddioen@ther solvents are

copol yners similarly conceivable.

20 The solvent can be added in pure form or as solvent of the individual catalyst components. The
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
25 component A to component C is in the range from 1:1 to 1:200, preferably in the range from 1:2 to
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 | of the modified catalyst production is preferably -10°C or -20°C,
30 preferably -30°C and more preferably -60°C.

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



and i xt ur 899540459 Larcien countries (L{YBHer i al s gf interest for the

production of notor vehicle tyres with the aid of surface-nodified
fillers are in particular natural rubber, emulsion SBR and al so
solution 20 SBR rubbe ith | ass trapsitjon tenperature abov

"50C, whi ¢ FRRASPETEHAT: Ban RsdPHEe dB Tl ¢ & (13 tndarfigrlly éf Be fangs fom 1:0.5
functional tgr.eups, as described in EP-A-0 447 066, pol ybutadiene

rubber of high 1,4-cis content (>90%, produced using catal ysts based
on Ni, Co, ,Ti or , .and al so | ybut adi.ene r.uhber  havi a vinyl
cont ent of Adct B solys e v ORI B Bzt doored. 1 pobiheeafioii sagied out
further prevbfesic sbigertsbihese flvehtdriRse €OBE alehti t00hd BRaIPA|syfieth adéde PRamples of

according ta e 25i nventi on, i ch neral.ly . contain from5 to 300
parts bygwé*&h{g Sgventharg GRmFES Grp aH&F‘?de ?31"{"?']&1“%“%1?3’3?003@8?31 Yrhyap benzene, toluene,
silicas, ppedueadhdsafic, @¥Rphehspitae pidsicRhé@hd. on from sol utions of
silicates, or flanme hydrolysis of silicon halides with specific

surface ar%ﬁs Hn the.rangg frq@yS t0.100 andlﬁr ferably in the range
from 20 t o ADBC BT BEM Qo r A LTRYTUSNY VT hASTACRERY particl e

sizes in the range from10 to 400 nm The silicas may optionally al so

be present Tas polyxedsaBonXs desictvcuh a0t hemperstiel bawésle) @idchioas. DX bake$ypical

of A, of f of ,_of 7Zn, .of Zr or of 001 459- For ei gn .
count 1 o5 PREpert e Bupis® oot iof e FmBlriu A Butrendsd 2, ARy TIBA is
silicate, alldedlto nmixearbhldtetaak bgivkightadfeoisert viths toE0 pas bywaHt hodjhrefemibly 8
calciumsili@atgé mﬁLhtBET surface areas of 20 to 400 n2/g and

primry paftiarg® By SREPSF2oBf ™0 t o 400 nm S5natural silicates, such

as kaolin and other naturally occurring silica, glass fibres and

gl ass-fi br @hptinedueinginedat the ergitaf #regs)ynerisajba sderinci obefatis] toawdddy time.

oxi des, such as zinc oxide, calciumoxide, magnesi um oxi de, alum nium
oxi de, net t . SUC g I .cal cj

car bonat o, 155 S95P SAE o Spie bl BB RAREHEL B LRBNEL frnil e Boc of polymers
hydr oxi de, abrerghesiliomefmadr oxi de, 10netal salts, e.g. the zinc or
magnesi um salts of [al pha],[beta]-unsaturated fatty acids, e.g.

acryhkc or i L A carb . i .
sor 'St e, TTHACRN fi B bit ofthd Holpbafll 36 A0 BN Ri0y THEL 1o B 1y e
m xt ures t kaegedém 100 to 140 aaidarpripratekably i e rensge fom 190 sck¥°€o be used
herein are produced by the | anp-black, furnace-black or gas-black
process, a - : - :

| SAF, 15 HAF:b?1 CE‘% ﬁ%&%@%ﬂ%ﬁ%@ﬁgﬁg& lsf%ﬁﬁg“? @%’EY g&{ ’%é’rot?isglﬁﬁl gﬁF Jats of water,
t hose base@arbrrypotadsor algpholicfor ¢ramaléi ene- st yr ene copol yners,

but adi ene-acrylonitrile copol yners and pol ychl oroprene. Zinc

di acryl at e@mfv]ﬁal soRkilhndSolynfefiSatRA o1 AU RE RO ESas forpAE L | cul arly
preferred. The fillers neriti oned can be used alone or "'m xed. In one
particularly preferred enbodi nent, the 20 rubber m xtures contain a

m xt 4P e of CPitefRtry shbtisereqan be pdded to dhgcpplyaer sglution énpusiaman: agoungpprior to the
carbon bl agkgip) FBampié RY stBfisds hikdt e 08 AihQRDOpkRok r2lodft amines or
preferably from0.1 to for the |ight-col oured leIers to the

_ 10 fo
bl acks. Thehgspiifegpush ay &69i-tertdmtty aebpdehenel fagxpmplgat eri al s or as a
slurry in water or a solvent to the solution of the pol ybutadi ene(s)

accordi ng trBe pdiendri MR by REBpdrHIAB e FoDnkth sO1idHABy Precipitel @@l al Pdnsolvent
25 advance, but it is Preferable to use the as-pofynerLzed.squtlon
directly. SifBeegebolwthaptieaceians fonexamples pisieablt Wettsaa disfillation of the solvent.

preferably with the aid of steam The conditions for this stripping
process ar gheaspivs dah efehh NE thlloWed bR hviafh RRioWalEHRR! shiiEY 8éveQd} screw assemblies

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



PO01 00459 2Py WaFargien countries (. 5PBA)33) - 10 - exanple. The rubber

m xtures according to the invention furthér contain crosslinkers, if
desired. Sulphur or peroxides can be used as crosslinkers, in which
case sul phur referred. The rubber m xtures accordin

partic
to the i nvéﬁll:‘?n(‘ﬁq ?#nf})él Iﬂ? e PifbBePs L i b yapristtet <, Sh@%é‘i’\les or

as reacti omduanﬂ&ﬁweﬁg@id@rﬁlltatﬂmddmndlaﬂb&rs foe pfod sdimiubbef @t Ranidated Mclude not
stabilizers, antiqzo ant ocessi ng_ai ds | astic) zers, tackifiers,

bl owi ng ag8HY sy eﬁﬂ@lh@ﬁ?ssynm&seeglbb% Ristrarpd syRheis bbese pigsdescribed for

retarders, empad itOW. dRFmad KalshuRetinsRERl GethdVakg,! Sth@iaRargh al NeFranta,
etc, which are known in the rubber

pol yet hyl en ycol , anetri ol

i ndus®ry. ﬁﬁﬂg rsmnéf%'ﬁffféocmb‘@nmiﬂa?lééwﬁ Amyjrrdarp 1989, Kpey include inter
precipitateggh silicas, the use of additional filler- 10 activators is
particul arly advantageous. Preferred filler-activators are

sul phur - cont ai ni ng et he re particularly

bi s(tri al k%&ym Tyl 8‘?“@930“%&3@5‘1‘}?%%3%5 as described in DE-A-2.141.159

and DE- A- 2. 255.577, oligoneric and/or polynmeric sul phur-containing

silyl ethersBRof - DbeAadﬁleréBﬁ@ﬂ:ﬂlkﬁﬁdryEFé-oﬁp&lylﬁ&@ 347,

mer capt oal kyl tri al koxysi |l anes, nore particularly

mer capt opropyl tri et ho SI | ane and t hi ocyanat oal kyl silyl ethers as

descri bed ﬁ% DE- A—% Z?Ef) 489 for exanple. 15The rubber auxiliaries

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

ot heddconsiRler at i qrmyiso@waeorrary anounts range for exanple fromO. 1%

to 50% by wei ght, based on rubber. The further adm xi ng of the

rubbers w the o) X r t

crossli nke?g and asté%}e eébg%tla Ehé)&%glﬁhigg%%mg 4 %fné Q{H}/en% qu%gtn\%gﬁ’tand Hreiferably of

manner usi ng sui t atf¥etori0¥ ygv@dassenbl i es, such as rolls, internal

m xers and m xing extruders. Conpounding and vul cani sation are nore

particul ariy described, .08 gn%: Encycl opedi a of Pol yner Science

and Engi neering, IS(%% gﬁng ‘°’°g‘¥" 81?(%?]Qr(scorrpoundi ng) and Vol . 17, pages
) -

666 ff (vul canisation The rubber m xtures according to the

i nvention &BR be \uadmng-renlonirile genobmeary hveneeargdeniirds cofentsoef Fstto 60% and
200C;and pref erabl y.d30 10153 do(/pw;gvg pal |y under pressure 10 to 200
bar). The rubber mxtures according to the invention are very useful

in the manufacture of noul ded articles of any kind. Nonlimting

exanpl es ofHNBRese n#fiailyByflragepated erdully ydmeenagddNBlyrubbér) es, gasket s,
menbranes, tyres, tyre treads, danping el enents and hoses.

30Parti cul appRr ef egnge-p yo%yghg@,@net&, M@hEQuUS structural tyre

conponents and tyre treads he rubB m xtures according to the
invention are further useful for i mpact nodification of P00l

00459- For eFHM BB s8e PPes 3o vppFa dor B progiiian BEmpTog Hibigle fyres with

for polyst yikeeorandhcs it E1Re ik ¥t iphiibhig: 2eRA WY, Smuilien BBROHAQ @lso solution
i mpact - nodi f| ed noul di nglﬁcorrpom tions, such as H PS or ABS,

th
pol yARr ( syRBAYRREROithb eyt HiaatifiamEprerawes ey -0d tHhich Iﬁ%?ﬁﬂioaﬂlyﬁse modified

pref er abl ywih &Sl cGib:S %pbtn@c'fuﬁdﬁom SroRpLELNEQitRA mV]EInW-(ﬁtIT@nEB' Fol PRIARIERE Subber
nmore particularly in the presence of styrene, pha- net h Ist rene,

al pha- 5 Rehigl g eontent(3A070), HO%FWF@% yiﬂélﬁ%s ben‘ewﬁﬁlb ﬁth%r Nhcpmgralso

other ring &uﬁﬁd@ymge@hhﬁyﬁ sfh r@Res of DiET L Akl Msd @k tRerbd?, 6
car bon atom; in the alkyl radia Thi s provi des a vi nyl aromati c
I I
pol yher SOTlllje;[ fngg]ntlon further provides the rubber mixtures containing the polybutadiene according to the

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

- 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

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



Subsequent 01 QdaEorgion covnties ($/Bilon i s produced by free-radi cal

pol ynmeri sation of the vinylaromatic polyﬁgr solution or in the
presence of ethylenically unsaturated nitrile nononmer and 10
optionally by addition of further vinylaromatic nononers and
optionally in the presence of solvents in continuous, sem-continuous
or batch operation of the vinylaromatic polynmer solution according to

known processesyndifetib Wilkeate$ 0kuthi &N aRmirSiis PEINGicO MDY RBEH Sddtd] Ofilicate such as
Acrylic nonomers or nalelc aci derlyatlvef can b used preferably ,a

up to 30% by weRGHEUBEliGHS & pridrasisel Hith Rk o %6 B59° RergHe 49f m"g and
t ot al nDnonerspnﬁﬁﬁﬁeﬁmkmﬁnﬁ&eeﬁnadjamhmpolynerisatlon is carried out
in solvents, useful solvents include aronmatic hydrocarbons such as

t ol uepe, ethylbenz xyl nd ketones such as acetone met hyl
ethyl Sketone.  FELRY TGOS REFURGE CHETRB LG I Ses. and al 20

m xtures thereof Preference is given to ethylbenzene met hyl et hyl
ket one and- aceglanditandndblas-fitde Prodictr(@ats] N@iddPor. glass mickétRads,

pol ynmerisation is advantageously started by nmeans of free-radical
initiators, but { n al.so be 20carried out thernmall Y Ehe nol ec Iar
wei ght of the PB§ y?’?% oS B PR SR IE S ST LY S B SR B 98 B2 RS MR

wei ght regulators. Suitable initiators for the free-radica

pol yneri sati onmatabcagonfitts, achiay magresionicabsnad) cativg eabomos einé cdroonhiege
radi cal s. The nol ecul ar wei ghts can be set using customary

ol ecul ar vei Ofil RANLALOLS, SHGNARIIRLSALh Al B0k eligs. © O

tert-dodecyl nerca cycC ene
terpi nol ene, al pha- nethylstyrene diner. The process can be carried
out Bat chw se, mstahialts.ong.itheisins oy magnesivandalin ab laddhy], [beta]-uriFhterated fhtti avigds, c.g.

conposi tions ag fcddrrﬁgetﬁagrﬁ%pgma YN fo%ca%q a ?Ill éﬂgfl oD h@gctbr%'lgt\%l zlilyc diacrylate,

processed by ex t usi on ect I’'on noul di ng erirn
moul di ng, pr esQﬂﬁ@e@mlswmmdlmqhacwlétgﬂmﬂl nmtnlmei@br@@;par ts. P0OO1
00459- Foreign countries (LS/135) cores. The invention will now be

more parti cul aplyondfREL. ’I‘H@Eja M\Antlﬁ c'ic:‘?f%f%@&ﬁ H’nﬁ% i
00459- Forelgn cédﬁ%rles (L ' 2 3" 166 gﬁ%fﬁﬁbfﬂf?gé%bh?Cﬁnmme
product i on andblgekedraagrblagk process and have BET surface areas of 20 to 200 m%/g, e.g. SAF ISAF,

15 HAF, FEF or GPF carbon blacks.

- rubber gels, particularly those based on polybutadiene, butadiene-styrene copolymers,

butadiene-acrylonitrile copolymers and polychloroprene.
Zinc diacrylates, colloidal silicas and carbon blacks are particularly preferred.

The fillers mentioned can be used alone or mixed. In one particularly preferred embodiment, the
20 rubber mixtures contain a mixture of light-coloured fillers, such as colloidal silicas, and carbon
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
25 advance, but it is preferable to use the as-polymerized solution directly. Subsequently, the solvent
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



A dry, argbB0L¥sdTorcign equntriesdl.YBOsel was charged with 7.5 ni (42

mol ) of diisobutylaluninium 5 hydride, "2 nl (12 mml) of isoprene
and also 11.3 nL (3 mmol ) of a 0.265 nolar sol ution of neodym um
versatate in hexane. This was followed by 90 mn of stirring at 50C
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hexane. Tharh@mfawlﬂimr@ab@lrda toSBe Hﬁ/érﬁﬂn \Wathet @htaid QosliaRes, Puesirt Millphur or
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but ad? ene. 2FRIFLERs KGR A ey Hehtlizersg light etrbllizrg, getlffﬁo?ﬁﬂb';f processing  aids,
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105C for 6QhMareiaewn irx86r@b&findult®y. Vi Scous sol ution were drained off,
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bi s[3-t-bu - 2- hydr.oxy- 5- et h henyl ] nret hane, we ncor por at

under sti rwti‘ﬁ pr%ﬁé@%ﬁ‘é@m W%bb‘?%@ém'%gr%‘ﬁﬁﬂﬁf{ﬁlkﬁaﬁ e 4y of oed rona fiter-
Wi ght of petieeidat isapdredul6lNYadvghtaddBus3 Fgefened Whenetivavdrs Gas lsﬁlpnu{rwbm&rhﬂg silyl
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tT 0 (I\j/boney OE\A-L 286,577, %llgorﬁﬁb’l ah%ﬁ-bdlﬁﬂerﬂ:rbudlﬁhgzddoﬂﬁnﬁfg .ﬁby{j &hérd taf DtBh@} 435311
o determ ne ation e ut adli ene accor Ing to e

i nvention aﬁsﬁgﬁﬁ g%é Iamp%@alt lf% silapes, me@rpag%ﬁv%ré BB PPy e thoxy-
and anal yskisngmittaioemnite4le 61l @theS afBeride iEDE A - PBORIS168 56¥ ckfinple.Of t he
description. First, a radius of gyration (RV5) is determ ned for the

pol ybut adi cord to the.invention. Reference

Poond s T BES G iR re b i PSR BOBED BERBY g L BIEder a8S mons
(LS/ 13a) - othér consitdr@tiping| Cus@ehiaty dnidaisirfiye Havixagpla ffoadd.u% ©f50gyyabdig, based
of above 100 is 1.4% The fill wdth at half maxi num of the radii

di stributi 8h™ E‘l‘rZQ. 0 nm To conpute the slope of the RUMrel ati on,
the statistical nmean was fornmed from5 nunbers in each case, the
nunbers us&hbe lfmithmg atdhleumg/\mf c¢h® geisersmerats uthe el Sméeonsl atbera bowileary Roducts,

stated m)la ) t.he nol ar, massMsef di us of. gyration. .
s typi cal P TRETLORatOROR cohihe TBRBPEUGR 1 Vs ahiifsGhind 5o Bble Fiing
conpaged |assanltlmg-sh:ﬂgaspd>lht inesnat nxeslaop Mmixddg dxredaradi us of gyrati on

over the nolar mass. For this, the natural |ogarithmof the nolar

mass and OEoﬁigoeunrdf% anc? Vlcl)l rrci’s\é{lon F[ll‘c Thore ga%?arfé/ c{rg)crlt‘t)eéj for ex%mpﬁ% op Enc(g/]::lofjer}l?a of

RUM rel ati on specrtic no eis
guot i ent oPolyiner ﬁhldm@mehﬁxgménmgqé/olmmtgﬁs ab ff @gmpmunbmg) mfd \RMSlhtpagebéﬁs ff

limts of fvrdcarrli g under consideration, divided by the difference of
the natura ogarrthns of the nolar mass at the limts of the range

under consideration. Table 1 shows the nunerical val ues determ ned:
Tab. 1 nol dhe milse nlixfurephicgordmg$s thRMSention can be vulcanized at customary temperatures of 100

25 to 200°C and preferably 130 to 180°C (optionally under pressure 10 to 200 bar).

The rubber mixtures according to the invention are very useful in the manufacture of moulded

articles of any kind.

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

tyre treads, damping elements and hoses.
30 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



I n RVE RGVERQI QdpeRomsieasauntiysb$/BA of In RVS difference by In nolar

mass di fference) linear polyneric nmain fthction 250,000 12.43 33.6

3.51

10

15

20

25

30

1, 000, 000 13.82 69.4 4.24 difference 1.39 0.73 0.52

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

To produce impact-modified moulding compositions, such as HIPS or ABS, the polymer (synonym
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 propyl ketones, methy! 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 graft-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 mercaptan, 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, calendering, 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



RUM sl ope #2801 00459-Foreign gounttrigs (l-YBA&nched pol ymeric fraction 1,000, 000
13.82 69.4 4.24 10, 000, 000 16.12 109.8!%4:70 difference 2.30

COrgs.

The invention will now be more particularly described with reference to examples.
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20 solution viscosity (5.43% in toluene, at room temperature): 183 mPas
ratio of solution viscosity to Mooney (LV / ML): 4.3

RGM relation and radius of gyration (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

25 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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maximum of the radii distribution is 29.0 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
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.

Table 1 shows the numerical values determined:

Tab.1
RGM relation
slope
molar In molar (_Quonent of In RMS
difference by In molar
mass mass RMS | In RMS |  mass difference)
linear polymeric

250,000 12.43 33.6 3.51
1,000,000 13.82 69.4 4.24

main fraction

difference 1.39 0.73 0.52 RGB;I i:lope
long chain branched | | 505 060 | 1382 | 694 | 424
polymeric fraction
10,000,000 16.12 | 109.8 | 4.70
difference 2.30 0.46 0.20 RGI\; glope

Figure 3 shows a graphic representation of the RGM relation for the polybutadiene according to the
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

Polymerisation without catalyst preforming and without delay time

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,

2.75 mL of a 40% solution of neodymium versatate in hexane, 5.1 mL of a 10% solution of
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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

at 70°C. Weight of preduct 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 (LLV / ML}): 15.4

RGM ration and radii distribution:

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

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
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.

Table 2 shows the numerical values determined;

Tab. 2
RGM relation
slope
(Quotient of In RMS
molar In molar differfnce by In
MOoJar mass
mass mass RMS In RMS difference)
linear polymeric 250,000 | 12.43 342 | 3.33
main fraction
1,000,000 13.82 68.9 4,23
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slope up to 1 million g/mol molar mass. This means that the comparative polybutadiene has an

entirely linear structure.



3. Pol ybut $49ed5%Eargien cauntiies (/B o characterized in that the

proportion thereof which has a radius of "gyration of above 100 run is

< 15% preferably < 10% and nore preferably < 5% 104. Pol ybut adi ene
according to Caim3, characterized in that the width of the

pol ybut adi e s distribution of radii of gyration is <45 run,
preferably nm and nore preferably < 35 rim5. Process for

produci ng bi nrodal neodym um cat al ysed pol ybut adi enes according to any
precedi ng ¢l ai ilighc audeculai ngelanebmioézﬂs neﬂdymﬂ;hnmﬁl)fsb@cbdbaﬁlaﬁyﬁd having a high

production with for m st ens _based

15neodyni um coﬁsog g™ 3? gc@ﬁﬁbsgle% HIAY é‘?‘n‘f 3I51 T RO Y phbg’pﬂ%ﬁ&tvényl content,
phosphi nat e andiactepinabiphiat ehe palybﬂﬁdiﬂ'be)hhﬁi BneaBpdlnhigr caed regiop anthdllodd chain
rare earth netal s .w di ke and/ or addi ti onpou

ol des of 1 ne PAFE! ot et Bae. RRCHRHE Bl e A PR gt or th
conpofind, 20pr edlgmaiid ain Gachioiiatdi O Srisathaloty clatmnpatied poBmeeric fraction.

di al | cyl aI um ni um hydride, preferably diisobutylalum nium hydride

( D1BAH) , npo n rene
corrponent angel %m? é%lgtac%oﬁgh%g‘b? afa%f’mé{erhzﬁ?l%gha? ff%c?‘g gre AR using
et hyl al um ni umgosesiuichiicd floe fieAabajon (WREr ei n i ni t| ally, i n a first
step, the conponents A, B and C are mxed at a tenperature of -20Cto
80C, preferabl r

oref er abl y 5 ¥01§&}t££enté%§6£riﬁﬁltoqzlg dol? ac en e %a}(fﬁu Ipropitni[logglocreo%ivawh has a
to bel ow - 10C rqgive oégalgion of dadyeﬂ@ﬁmunms"/{mpmcﬁerrawp<ad%|ahd mnreqfreferably<5%
component D; PO01 00459- Foreign countrl es (LS/B) - 18 -

optl ally,pre i t

30E ¢ & Bocy Sy luflk A PREL |d PR, @askSly U3 O ?%ﬁd‘% %@ﬁﬂﬁdms
to 250 hours, plstglﬂ)emtmbifyadz@)f gymtuings < #o nhOPrefeniblyss 403)m pol ipore piekirabdy + Aenm.
nononers at a tenperature between -20 and 100C, 54)subsequently

mai nt ai ni ng t he.paly, rpk&iﬁ&hgrblrﬁ&l %@;%B%}ﬁg&ﬁ m%ol)\/l:lfadwﬁé &cording to any

conversi on of ..85% wel g pre era tand nore
preferably QS%WWMlC@macomrlbug@dﬁ@weofat a tenperature of..100C,
preferably 100C to 140C and nore preferably 100C to 125C for 10 to

120 min, pref e'i)ab| }ﬁoﬁl%d Jc‘étah@t ORdfitdn @nh @fr&&%ﬁf% AHe" Stddt 9stéh@bhRd on
char act erlzed in that the production of the catalyst syst'em can
15 neodymium consisting of

component A: an alkoxide, a phosphonate, phosphinate and/or phosphate, 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 hydride, preferably diisobutylaluminium
hydride (DIBAH),
component C: a diene, preferably butadiene or isoprene, and
component D: and at least one organometallic halide, preferably ethylaluminium
25 sesquichloride (EASC),

wherein initially, in a first step, the components A, B and C are mixed 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 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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tributylalumnium 7. Process according fo"Claim5 or 6,
characterized in that at the end of the polynerization the

tenperature of .t he del ti is maintained in the range from90C to__

110G and pref ePhp) PR PERGE T A6 G el SR ot R GG ieL°C

contai ning a pol ybyptefdittn 6°@GLE0°d| Ay theodchtnf40 mibed o2 0 houRe preferably 20

rubber m xtures accordi ng @@CI aim8 in the manufacture of noul ded

articles of any ki A0 106¥6F the rubber nixtures according to

Claim9, characterized in that the noulded article is a structural

tyre conponent 3) 1lpolids&izidg thdr@onorizieit a rmpktiiRsShedeen -2l 4gd 100°CCl ai m 8

for inpact nodification of thernoplastics. 2012. Use of the rubber

m xt uges accorgjn 0 Claim@8 for polystyrene and. . :

Styrones acryi ot P rieeeeEa RipSine R dene B AR e b fidrigy e conversion

according to C ai miB=Rew Holvbighalpteferably =90% by weight and more preferably =95% by
weight, of butadiene at a temperature of =100°C, preferably 100°C to 140°C and

more preferably 100°C to 125°C for 10 to 120 min, preferably for 15 to 60 min.

6. Process according to Claim 5, characterized in that the production of the catalyst system can
10 optionally be carried out using an aluminium trialkyl, preferably tributylaluminium.
7. Process according to Claim 5 or 6, characterized in that at the end of the polymerization the

temperature of the delay time is maintained in the range from 90°C to 110°C and preferably
in the range from 95°C to 100°C.

8. Rubber mixtures containing a polybutadiene according to Claim 4.
15 9. Use of the rubber mixtures according to Claim 8 in the manufacture of moulded articles of
any kind.

10.  Use of the rubber mixtures according to Claim 9, characterized in that the moulded article is

a structural tyre component.
11.  Use of the rubber mixtures according to Claim 8 for impact modification of thermoplastics.

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

copolymers.

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



