-1 - Initiator systemfor synthesizi ng hi gh-vi nyl di ene rubbers, a
met hod for producing high-vinyl diene rubdbers, and use thereof to
produce hi gh-vinyl diene rubbers The present invention relates to an
initiator systemfor the synthesis of high-vinyl-content diene
rubbers, and to a production process and its use for the production
of dlene honopol yners and 5di ene copolyners haV|ng hlgh vi nyl content
at hi gh pollgitiator syst¢nn fortsumthesizing high : 9t £ )i
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An inporta nto dry and

wet surfaces. It is very difficult here to inprove the skid _
resi st ance The peeseny inveniianiyslates & pruinitistes syeny forripapynihegjs obhigh-yipyl-content diene
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is thé dec ﬂ@pfe/éonoé)éwsf hyving high ginyl eeatdnt ﬁtehlghmdymﬁlézam tegipergtures. The resultant
resi st ancehﬁgﬂdm{y@kéﬂtaﬂ dfeﬁéﬂuﬁﬁé?s%@ mlcu@ar%xﬁ@abﬁ%ﬁﬁg &ﬁc@i@ﬁ% £ s t he
dynam ¢ nechani cal properties of ? he rubbers from |ch the"tyre is
constructed. In order to |ower rolling resistance, rubbers w th high

rebound r e<iimpeREt BROPIE) desifaddn rasiigeoad adirsion tuimend MEOMTEEE It is vw@@ﬁcult
are used f@gelh %nﬁrﬁﬁ@thte sRiddesisdhcd BEa g&@ %’ith&ﬁ@ﬁlnultﬁhgagﬁf fmirkdd Bk Wistance
danpi ng factor at | ow tenperatures ( respectively, having

| ow r eboundnd agasiquelseigtancy. Ir%rqllmgl@suftwmm@tlﬁca%@r é@%ﬂtﬁhm@@g@ewd high
for ijoprovifgsinelesiskid id BS ERIsBRERtor i} IHAGE 1ikQinkOMPl Y Wi th the said
conpl ex requirements profile, mXxtures conposed of various rubbers

are used in the tread. The usual method uses m xtures conposed of one.
or more rubBeiet kit wsistancgend ikneHegTange akatyrs deneid [ugely o8 Hsedvarie gnechanical

e.g. sStyrepRphutast B ubbets 2Rk waiBl t1Refry:@ H@c&ﬁtrﬁ&gdeh{ &Eé}% SoWr tra]mg resistance,
relatively |l ow glass _transitign tenperature ybut adi ene

with high Tubkers with bighrehundresilipnce seglatively jigh %FIT@FVFJEﬁ‘ﬁég%@& te{80°C) are used

rubber havifgighd M t%hd. /(BB 6RELHRAL, r@dbers\6BihY% H1Q1Wia)ﬂpﬂﬁélfa&&r&§ E)Gfttexﬁﬁerzﬁures (0°C)
t adi ene produced in_sol ution and havi ng derate 1,4-cis

poly
cont gﬁt an@n FERFeiy s havigs lashieboupg Fepigpcsdn @Wé%ngﬁ #omACrig %%Wﬂmageous for

content (1liZpbanded: diignalstace kW tf tamIy Raml th @aﬁ@'fcbl:hﬁeﬁ uﬁl&ﬁ‘ems profile,
suitable for the productlon of tyre mxtures with reduced ro

r esi st ance "HHECEHICORPSED AT WaHous kiiper s dssdsindhe dcada I hgagel insehy HV Wtﬂres
of exanpl e chipdst b dhe2R4ndk FubbBRIWilUeRETEN 8Sh i Bshshiol RenYieflre, e.g. styrene-

content are pref erably produced via_ anionjc solution polynerization,
requiring PHadigRsgIRRer, 6611 &F one 5 os RbRers with pelafvelytlpns glesyiFangip sgiperayre, c.g.

m cr ggt r uchulkButsd@ge | vAtOki ?h d WLdiEbnkdRE o) ésyERRiNEIF A LIORNP bASESR - rubtitr ALHRY Tow
to arrive at the range of > 80% vinyl content that is of interest for

i nproved wepTesK F?Pt?%épé vepidey ik C%‘f‘?ﬁéﬁ@&'@%ﬁ“ﬁrﬁ&@%‘i Huslutigp and having
carried oUtnowbrild 1USEs QhtchhdHaPWRyI3BnwhtCr ost ruct ure regul ators at
relatively | ow tenperat ur es bel ow 80C. By way of exarrpl e, US 4 224

197 refers to US . 3 381 far .the s%nt hesj s of .the érbUt adj enes
descri bed TRYPHadigSE davinedBeheyipyl cotend §-#507956 digpspre e SR (B Sraipepgnd are

The tenper @lltébléifordﬁéﬁrrothhﬁdn bnyiala&tuekawm&eaucédafoutngees&ysaamﬁlvﬁthogooa hr@t skid
poI yBgt adi enes haV| ents > 80% are 50C or | ower

t errpé‘f%{aa‘fee%s @;ﬁhw pyplg instengath i eldd sPohéaur?é@n?SH’\é“vmg high vinyl

react i on Mexdtent @rerrpieferata@ Foalced vandidiic §dMRios Polyeericioh eRbuifhy thlQise of polar
reacti on m>%dure has to be | owered, to prevent any excessive rise of

t enper at ur &YERTERgSICR S FORGHEF RPHEF-0F ﬁ‘f%%@'%@“felrﬁg‘%ﬁﬁ riygpg thy gefymerization

pol ymer i zabicesss 18 HRRE & MtieSataheraReVIt 8YE G, cofiteMCRat qpamhﬂe&atf&dlmpmved wet
cool ing can ge omtted to sone extent or entirely,

pol ymer i zaffibnepFBEs $hec RAYBE AP iRRFCBU M Of ‘faél‘%lt Pvewh hlasahofséhe. Ygown

cont got, I @Satbdubgrd Feghla@eht RARARMG! iow tmpefailrth 8816V &°Ca BY @8y of example,

pol yneri zatjion tenperature_duri nlg ani oni ¢ sol ution polynerization
US4 224 197 refers to US3 30T 840 for the synthesis of the polybutadienes described in the

patent specification having vinyl content of > 80%. The temperatures described in that document

for the synthesis of the polybutadienes having vinyl contents > 80% are 50°C or lower, with a



10 of the corresponding halides with elenental lithium (see, for
exanple, A. Streitwieser, C. H Heathcock, O ganische Cheme [Oganic
Chem stry], Verlag Chem e, Winheim 1980, pages 192-194) or via

reacti on of secondary ami nes wi th organolZ-thi um conpounds (see, for
exanple, H Beyer, Lehrbuch der O gani schen Chem e [ Textbook of

Or gani ¢ Chésripstatys arGecoppmizelly di@qdwa@ﬁgetsmusimcgahq red@ig8 migagesusl BoeabBe )and/or
However, t Iﬁ?e io'hhpkéh@an?%:f gl?esreg&i%n q1|11§t(are qg@g}egg fdé\%nt A excesswe rise of
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1to 8, pr efieg tdkpethylothylénddgimne as-midrostrichee fagum;p[- and H@l)unbwhenmyl 'ﬂaeholate as

i1 or at ur e Yo WAFIE oFbokAh 73 BAUGGH b PELIRESL (ST I RS Pl v

and/ or sod mmdummbmadﬁene(s @)ithhvay! edveenpefifeoma$2-$ 36 and with( $lhss Yradditio@Rmperature of
(111), wherg d o r r. . 3 .

ot oo Bl ot e DDy AL NP8 e
C5- C18- ar ythosehaying mehkedly logiter plassltiaysitivori¢rapengurene or nor e het er oat ons.
The heteroatons are pr ef erably oxygen and/ or nitrogen. 10Exanpl es of
conpounds gf..1 i ol L

et hanol at e, S SQ"?‘ p‘(laé\éo% %ltct“%f Fmtﬁg)l G%“gg’%{agg‘lﬁfg’%&a“ﬁg dw? Ghymionic diene
n- but anol amelymgwilmwrsie@hl@udf&ﬁmté@ée the digadyantagss of thepaeroiriasml wigdalsmpermits

B o i e B A S e

oct anol ate, sodi um 2-et hyl hexanol ate, sodi um decanol ate, sodi um

3, 7- di et hyurgsisgyaildiaatiow Besai foanchehat o isitietor systeny uopapassing (A) at least one
t et r ahydr of o hdtfana! &hﬁmﬁo%ym péaﬁr&ka&lgml&qﬁk{vy R nAaLphe E%Lta&rfe sodium
and/ or sodi um p- decyl phenofl ate. is al so possSi use so

al koxi des aﬁaméwrdmﬁsaﬁ@mm)amégiedpeswt havgdhg dsadvantiget @f theRigrprtasd gepeeially
are di sodi E%ﬁtfs %Ja&mn%@la@ﬁmosa%% afll &ad! aagal?m&s niRt WA RA @M alhigh
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formula (| Ppl)vmarfi@helbrf%ms@tw yFurthermasp| t:hepﬁl@mdwomlmﬁ 458 fiensd gempdymers
ina 20 k?%@ﬁceﬁ%ﬁ&%e MitBrok %Feﬁﬂ &Iﬂh@i%vénﬂ@n GRET %%@%glhﬁxgteﬁ%&%ﬁ@s%b%dzyc,

phenols with sodium I'n one ‘enbodi ment of the |nvent|on
i ni t Pat or dydsedmessly abave -2 Cevitth wpnlingadrantagss inseghedd fesigirnceone
representative of conponents (A), (B) and (C). However, in another

enbodi ment TR pleligy indMeiRL kB foeld@sf & #aer %s@ln‘%@!iﬂl&ﬂc ﬁglymenzatmn comprising
repr esentati ves of Cor’rponents resent

parti cul ar K§) %ﬁ@ﬁt@aaxgénqlﬁlavmph@pquﬁ ,t(ééﬁtdf’a%%tdé(ﬁmtﬂpalkﬂkefhﬂ\?éﬁfcr)@hleaSt one
conpri ses Radth YikchtilidUndr s Pith@figsec- but yl I'i t hi um as conponent
(A), bis[2-(N, Ndinethylamno)ethyl] ether of the fornula (Ha) as
conponent and_ SOdI um 3, 7-di net hyl- 3- oct anol at e and/ or sodi um

ment hol at e(fag oEasRpEhiEm: cquppind (A% s a iaspt #H calor Polybmslirork FamreyRd. fiyeferred

the dpene GRRAGKNIRIAIZEMpARIPLE &S Hun®RIRIfSSRANNG pot assi um
al koxi des, potassium carboxyl ates, potassium am des, sodium

sul phonates. I n anot her enbodi nent of Rtlr]e |(Bvent| on, the initiator
=L1 .

where R is an optionally substituted alkyl moiety having from 1 to 32 carbon atoms, an optionally

substituted cycloalkyl moiety having from 3 to 32 carbon atoms or an optionally substituted aryl



m crostructure regulators, e.g. diethyl et her, di-n-propyl ether,

di i sopropyl ether, di-n-butyl ether, 5 ethylene glycol dinethyl

et her, ethylene glycol diethyl ether, ethylene glycol di-n-butyl

ether, ethylene glycol di-tert-butyl ethér diethylene glycol

dlnethyl ether, diethylene glycol diethyl ether di et hyl ene gl ycol

di - n- but yl H@E%ha"ﬂtﬁ @%ﬂ‘éﬁgc@‘l@@é@m% which ppﬂ@aklﬁypan@ph@m one or more heteroatoms.
2- (2- et hoxyelt BRYYIb1e RaTRE R RAGRAMN mttggén Eﬁﬁﬁiﬁ&lsﬁﬁ% rRALABED YL 4 secondary
ether, tetrahydrofuran, ethyl tetrahydrofuryl et
d|tetrahyd@bﬂ@ﬂywwﬂﬁﬁmﬁwcOdW@R@%%@ﬂm?FMQﬁhylanlne triethyl am ne,

N,N, N, N -tetranethyl -

10et hyl eneql_‘!x IQ@oNh@?ct YRR |cbtﬂfou%seﬁrl@%a§ﬂ]ﬁmﬂlﬂ Ry iR ﬂbﬂ?@ﬂfﬁlghium
noethane rol i di noet hane and/ or hol I noet hane

nol ar Srati & lwfyllegwwo werdbutBhithivgn, dsAyBithiemy wc}lewéhthlﬂ@mcmcl@fxsﬂlnﬂlblmlotgtyihthmm
pref er abl y dEJyﬂMuQmOQ (_I_-H:tlﬁo %Qeﬂoxy)f@&aﬁycﬁaﬁ)ﬂnc@ @ér& Mut%'aﬁﬁe%{)@slﬂlﬂ/y) h rﬁ?gﬂ |lithinm,
0.1:1to 3: he nolar ratio of "conp t o ‘conpound 3 B)

is fromDO. @b@ymlthlwn,m@utzlphﬁwéft@ﬂ@bﬂylal?hﬂaﬂwhlsm; mtgiylilﬂtﬂen 2pd/qr ligapyny amides of
par ti cul ar kyoRief ey efol Offbifiml njohﬁfaezht:luu r]ﬁpeﬁgid@r hfhﬁ{nﬁ Qilﬂfenylamde The
conpound (C) to conpound g iI's Trom 0.02 1, preferably from
0.1:1 to 1@rgenolijkipm cpmpqungds, Aararﬁycoswmrlbf@wlabkmd@ctg orcap e progluced via reaction

The ijgvent ippnpal sprepop¥ihgemlibe vﬂ{ho‘i}éﬁ{ehtgln 1fa{1u&1h€seé Nigdyl @ia‘ﬂ{pléy}’it GfBiRteser,
the invention, by m xing conponents (A) (O _in an esir

e Hfheh S sk ol ot Py o s | $epases

at room t enpefed) W Qia %5&09 ro%&eﬁdawlﬁﬂag fn %}g%bmhw'c%ﬁo@dp tsgg 885 example,
for the productlon of di ene honopol éfers and "di ene copol yners havi ng

vi nyl cont éhBeyy behguyoh dﬁr%w@bfrryc g fhexhaaieef %qgamh@h@imétﬁsé S. Hirzel Verlag,
conponent , sRyio5ea08d, g efshl%sqgﬁjn%\»%{?éil/ HHE 1¥iH | ARk, %lsBDdE%}@cTu%ed"Msﬂu via
the initiator systen1o% t he i nvention t referable that the
procéss of reaqiéon ofge Argpemithivm e@wqueélwem@ecal@dapbéw@mnzm i on

tenperatures of 25 > 60C, preferably > 75C. The pol yneri zation

t enper at ur exgh@tLdr 3hig0leeMC Q%%@ﬁ&cﬁ&ﬁpéﬂfgﬁﬁdﬁlﬁurﬂ rc@ﬁip@tmd§ 8 1f4rcﬁ>1mu89utane
to 160C in the reactor. However, it _is also possible to initiate

process at dHhew lgchexpppthyenadismides dililiexe piperazidpn B e Prfcaable Fﬂj%é’i’b%lflhthmm
ways of caniybigceMbiitthen process of the invention. In one enbodi nent

of the invention, the nononers and/or vinylaromatic conobnoners are

first used_as |n|t|al charge, and then 30the initiator systemis

added. ek eraeﬂéh(rrpwgelkﬂgghﬂa@iam eppeurd gt el foraHz {he

individual conponents of the initiator systemare added in any

desi red sequence. In ope preferred enbodi nent gf the invention,

t he individual conponents (M Fé ) ofy theyinigtrator systemare
first used as initial charg@ligg '%L"&ﬁ FEﬂT_ rs and/ or

vi nyl,aromati ¢ conononers Rrfe Snetered into the mRiure. In one
prefg red enmbodi mrent of the invention, the individual c ﬁponents of

the initiator system e.g. (B) and/or (C), are first used as initial
charge andwhkhen t he nononers and/or vinylaromatic conbnoners are

i ntroduced and then conponent (A) is introduced. I n anot her
preferred &yRIdRhadR’ conpmnﬁmn&ﬂ©ﬁ¢ﬂh@m¢ﬁaam&ﬂ@lmmmnaﬂmsmgﬁdﬁmum12cmhm1

vi nyl aromati c 10com)norrersoms Wﬁgﬁép Lhe . sol venIFI ar.e

continuously into the reaé Fom 143i% % ?mg%ﬁﬁgﬂgﬁ?émfﬁfShmm%
and/ or (C) can take pl acefraﬁmtbrtm&‘uathoatatm @teférhigdy fony Setoi & @ibom atoms, aryl
proc Preferred dienes .ar

ggnt adi ene, 2, 3-di et AVIHE & gd n@ﬁtéom ﬁ?QpLOS?@?"i‘ %’”%UP%%F@H@ ERpPGtoms, or
1 3 hexadi ene. It is part agalkyhmbictigy ledviag dhine 7 to 18isabdn delas)tpaeférable from 7 to
and/ or 15i sopr ene. Exanpliﬁ % |Q%%aronatic conononers that can be
used are styrene, o- & o t hyl styrene, p-tert-butylstyrene,
a- net hyl styrene, vinylnaphthalene di vi nyl benzene, trivinyl benzene

m and n are identical or different and are whole numbers from ! to 8, preferably

from 1 to 4.

30 It is preferable that the compound of the formula (II) is bis[2-(N,N-dimethylamino)ethyl] ether of



can be carried out at the anionic chain end, these being typical of

t he anioni c diene polynerization process. Exanples of coupling
reagents and/or functionalization reagents are silicon tetrachloride,
10tin tetrachloride, glycidyl ether, al kokysilanes, cycl osil oxanes,
am nobenzophenones. The di ene honopol yners and di ene copol yners
produced witheHfotnhea (Iha) bélew or system of the invention usually have

aver age (nunber-average) nolar nasses of from 10 000 to 2 000 000

g/ nol . The present invention al so provides Lbe use of the
initiator systemof the |nvenf?0m\T/;\\ eﬁgrgdu tron of diene

homopol ynrer s and/ or di ene copo¥ymers h&i ng™vi n\ patent of > 60%
based 150n the di ene conponent. The exanpl es belom/s rve to
illustrate the invention, but with nolimting effect. - 8 -

Exanpl es ExXanpsiilemnpalkgy athhe B3 cof bporogesd dui webodshiaove| framiheglitemiare, e.g. as
used as i nigtdabedGh Eggzgwmﬁﬁrstrrrrng, in a 2L steel reactor which
has been dried and bl anketed with nitrogen: 850 g of hexane, 1.74
mol of bis[2-(N, N—dlnethylanlno)ethylé 5 et her ( BDVAEE) &H% 0. 29
mmol &f sodihapddinyalipridaamg/or it ehearaded Q) hes-tonagpereldprigilnEhe for m of
50% strength solution in hexane), 150 g of 1, 3-butadi ene, 0.58 mol

of n-butyl hNatdumpBuLi) (A) (in the formof 23%strength solution in
hexane). The mi xture was heated to 80C for 60 mnutes, with stirring.
The rubber sol ution was then precipitated in_ethanol and stabilized
with 2, 6- divheEt ingligear bragphed glaturatedior unsuated eptioplbyapestuteddbersoalkyl Cs-Cie-

i sol at ed f LR %}OCG-@QQB@th@i@tya{vhll:Q%@oﬁdﬂyV&Eiﬁﬁlsf&fe 46 nfdre ABRIYSIS. The
results: V'nyI cont ent spectroscopy): 94% by wei ght d ass

transiti on hefEIPpema AiFPES qf@blresefnan%e%ﬁey viscosity (M.1+4 at
100C): 95 Mooney units 15Exanples 1B to 1Wwere carried out

cor r ggpondipRghylesbtt ddnipbends BF tHeFb@iulSHH} H8BedilR NEIRNbIER] J08Rm cthanolate, sodlum
tenperatures and quantjtatjve roport|$ns St ated in Table 1, Exanp

[ e
1A to 11 of "WHR"eIAGe T YR 1§ plptge godingt 7optanelaty o sediyy cseg- Bufﬁr%%c@dmm
pol ybut adi esesutiiawd) gsodeiny hrhpe%thnmrmaylso@@mt @s@tpeﬂtﬂﬂblét@r Yoding Nhefthrb$ate, hsodmm
transition t era ure at hig y zation tenperatures using the
initiator §V§'{’¥Eﬁ?n8 2% he SPHYRNL |73‘}c12‘.jm‘gﬁ'1yt3€5tﬁﬂ’(9tat%e SeHray e PoHEPIAG t hipdium
20conpar at iwghyHssires, Gbdimna diaeslatd,) sddiund A 7-BXRIMp-8 odiola®, N{dARS nefholate,
a styrene-bu adrene}W %thne% The follg 'Pg¥a used as initial
charé wi SPIER; e am ragolge, Sogum pheposa g, PrigeyIphsaplagy prgipr appdivm
bl anket ed WidebyipHehblogEmMis afkd Yogitdd toNSX sddtum ﬂk&;@deﬂ'ﬁﬂi scﬁfum phenoxides of polyhydric
bi s[ 2- (N, N_gpﬂﬁthyl nlno%eth |1 ether

( 9 nmmol |, of
sodi um 3, 78 Y hy x§m818 anB %t e ¥Na- MC) I6§- "E"FFéh §m o8V chegdium

strengt h sg|2uik@plehdbid@KanN@nethikthyd-40hethyl)pheiditidadi ene, 38 g of
styrene, 1.38 nmol of nbutyllithium (BuLi) (ﬁo (in the formof 23%

strength s ution in m xture 0, 80C for ,
it o, wih el e el b8 A e e oS St 56 BaoeRd in o
et hanol an(lincﬁztrr&ﬂﬂhﬂﬂeZﬁﬁl réattidn ﬁtkﬁcdﬂresb@fdﬁngﬁllﬂoﬂéls éhdq&heiiﬁsl witiBdfijum. The
precipitated rubber was isolated from et hanol and dried at 60C in

vacuo for r.esul base

t d a
het Dt o Bt steiien Bt Be iRt sy St e e gR B g Fosively
(1H NVR) : 268adpyeseatiyht of loamsndntsaf¥s] (BoMd EIyp Eloatver ein TghofhSEnboddeent -of the
9 -

invention there are also a plurality of representatives of components (A), (B) and (C) present.

It is particularly preferable that the initiator system of the invention comprises #-butyllithium
25 and/or sec-butyllithium as component (A), bis[2-(N,N-dimethylamino)ethyl] ether of the
formutla (Ila) as component (B), and sodium 3,7-dimethyl-3-octanolate and/or sodium mentholate

as component (C).

The initiator system of the invention can moreover also comprise, alongside components (A), (B)

and (C), the randomizers known from the literature for increasing the random incorporation of the



Mooney viscosity (M.1+4 at 100C): 72 Money units Exanpl és 2B to 2J

were carried out correspondingly with the initiator systens,

pol yneri zation tenperatures and quantitative proportions stated in

Table 2. Exanples 2A to 2E of the inventilon denponstrate that it is

possi bl e to produce styrene-butadiene 5 copolyners having very high

vinyl cont ehlagmektic sppoivingks dyiriag shet dienagopdlymertzatiqpenrancss; exaatpldaibging potassium

pol yrer i Zataihgiad&se S0 L{:rapo%xﬂacﬂapg%tﬁﬂﬁn{ ﬂi{l%}agogfumss%ﬁﬁ? Rl the

I nventi on IS é nnot e achi ev usi ng e conparative systens of

Exanpl es 2F to 2J. Conversion [k] L6 96< 96< 26< 96< L6 96< 96< 96<

36 96 V6 E6n 98ethgsenpedimgai< of gike gevenger 0@ indtiat@ €ysBm aBo2cdmpris€6 agditional

179 microstructure regulators, e.g. diethyl ether, di-n-propyl ether, diisopropyl ether, di-n-butyl ether,

5 ethylene glycol dimethyl ether, ethylene glycol diethyl ether, ethylene glycol di-n-butyl ether,
ethylene glycol di-fert-butyl ether, diethylene glycol dimethyl ether, diethylene glycol diethyl ether,
diethylene glycol di-n-butyl ether, diethylene glycol di-fert-butyl ether, 2-(2-ethoxyethoxy)-
2-methylpropane, triethylene glycol dimethyl ether, tetrahydrofuran, ethyl tetrahydrofuryl ether,
ditetrahydrofurylpropane, dioxane, trimethylamine, triethylamine, N,N,N’,N’-tetramethyl-

10 ethylenediamine, N-methylmorpholine, N-ethylmorpholine, 1,2-dipiperidinoethane,

1,2-dipyrrolidinoethane and/or 1,2-dimorpholinoethane.

The molar ratic of compound (B) to compound (A) is from 0.01:1 to 100:1, preferably from 0.05:1
to 10:1, very particularly preferably from 0.1:1 to 3:1.

The molar ratio of compound (C) to compound (B) is from 0.005:1 to 100:1, preferably from
15 0.025:1 to 20:1, very particularly preferably from 0.15:1 to 2:1.

The molar ratio of compound (C) to compound (A) is from 0.02:1 to 50:1, preferably from 0.1:1 to
10:1, very particularly preferably from 0.2:1 to 2:1.

The invention also provides the production of the initiator system of the invention, by mixing
components (A) to (C) in any desired sequence. The mixing of the components here preferably

20 takes place at room temperature.

The present invention also provides a process for the production of diene homopolymers and diene
copolymers having vinyl content of > 60%, preferably > 80%, based on the diene component, by

reacting the dienes and/or vinylaromatic monomers with the initiator system of the invention.

It is preferable that the process of the invention is carried out at polymerization temperatures of

25 > 60°C, preferably > 75°C. The polymerization temperature stated also encompasses temperature
gradients of from 20 to 160°C in the reactor. However, it is also possible to initiate the process at
below 0°C, for example at -20°C.

There are a number of ways of carrying out the process of the invention. In one embodiment of the
invention, the monomers and/or vinylaromatic comonomers are first used as initial charge, and then

30 the initiator system is added.

In one preferred embediment of the invention, the monomers and/or vinylaromatic comonomers
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are first used as initial charge and then the individual components of the initiator system are added

in any desired sequence.

In one preferred embodiment of the invention, the individual components (A) to (C) of the initiator
system are first used as initial charge and then the monomers and/or vinylaromatic comonomers are

metered into the mixture,

In one preferred embodiment of the invention, the individual components of the initiator system,
e.g. (B) and/or (C), are first used as initial charge and then the monomers and/or vinylaromatic

comonomers are introduced and then component (A) is introduced.

In another preferred embodiment, components (A) to (C), the monomers and/or vinylaromatic

comonomers, and also the solvent are metered continuously into the reactor.

However, addition of components (B) and/or (C) can take place after initiation of the

polymerization process.

Preferred dienes are 1,3-butadiene, isoprene, 1,3-pentadiene, 2,3-dimethylbutadiene, 1-phenyl-
1,3-butadiene and/or 1,3-hexadiene. It is particularly preferable to use 1,3-butadiene and/or

isoprene.

Examples of vinylaromatic comonomers that can be used are styrene, o-, m- andfor
p-methylstyrene, p-fert-butylstyrene, o-methylstyrene, vinylnaphthalene, divinylbenzene,

trivinylbenzene and/or divinylnaphthalene. It is particularly preferable to use styrene.

Particular preference is given to combining 1,3-butadiene, isoprene, 1,3-pentadiene,
2,3-dimethylbutadiene, 1-phenyl-1,3-butadiene and/or 1,3-hexadiene as dienes and styrene, o-, m-
and/or p-methylstyrene, p-tert-butylstyrene, a-methylstyrene, vinylnaphthalene, divinylbenzene,

trivinylbenzene and/or divinylnaphthalene as vinylaromatic comonomers.

The process of the invention for the production of diene homopolymers and diene copolymers
preferably takes place in a solvent. Preferred solvents used for the anionic polymerization process
are inert aprotic solvents, e.g. paraffinic hydrocarbons, for example isomeric pentanes, hexanes,
heptanes, octanes, decanes, cyclopentane, cyclohexane, methylcyclohexane, ethylcyclohexane or
1,4-dimethylcyclohexane or aromatic hydrocarbons, such as benzene, toluene, ethylbenzene,
xylene, diethylbenzene or propylbenzene. The said solvents can be used individually or in
combination. Preference is given to cyclohexane and n-hexane. Blending with polar solvents is

likewise possible.

The amount of solvent in the process of the invention is usually from 1000 to 100 g, preferably
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from 700 to 200 g, based on 100 g of the entire amount of monomer used. However, it is also

possible to polymerize the monomers used in the absence of solvents.

The polymerization time can vary widely from a number of minutes to a number of hours. The
polymerization process is usually carried out within a period of from about 10 minutes up to
8 hours, preferably from 30 minutes up to 3 hours. It can be carried out either at atmospheric

pressure or else at an elevated pressure (from 1 to 10 bar),

Once the polymerization process is complete, coupling reactions and/or functionalization reactions
can be carried out at the anionic chain end, these being typical of the anionic diene polymerization
process. Examples of coupling reagents and/or functionalization reagents are silicon tetrachloride,

tin tetrachloride, glycidyl ether, alkoxysilanes, cyclosiloxanes, aminobenzophenones.

The diene homopolymers and diene copolymers produced with the initiator system of the invention

usually have average (number-average) molar masses of from 10 000to2 000 000 g/mol.

The present invention also provides the use of the initiator system of the invention for the
production of diene homopolymers and/or diene copolymers having vinyl content of > 60%, based

on the diene component.

The examples below serve to illustrate the invention, but with no limiting effect.
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Examples

Example 1A: Synthesis of polybutadiene

The following are used as initial charge, with stirring, in a 2L steel reactor which has been dried
and blanketed with nitrogen: 850 g of hexane, 1.74 mmol of bis[2-(N,N-dimethylamino)ethyl]
ether (BDMAEE) (B), 0.29 mmol of sodium 3,7-dimethyl-3-octanolate (Na-DMOQ) (C) (in the form
of 50% strength solution in hexane), 150 g of 1,3-butadiene, 0.58 mmol of r-butyllithium (BuLi)
(A) (in the form of 23% strength solution in hexane). The mixture was heated to 80°C for
60 minutes, with stirring. The rubber solution was then precipitated in ethanol and stabilized with
2,6-di-tert-butyl-4-cresol (BHT). The precipitated rubber was isolated from ethanol and dried at
60°C in vacuo for 16 h.

Analysis results:

Vinyl content (IR spectroscopy): 94% by weight

Glass transition temperature Tg (DSC): -5°C

Mooney viscosity (ML1-+4 at 100°C): 95 Mooney units

Examples 1B to 1W were carried out correspondingly with the initiator systems, polymerization

temperatures and quantitative proportions stated in Table 1.

Examples 1A to 1I of the invention demonstrate that it is possible to produce polybutadienes
having very high vinyl content and very high glass transition temperature at high polymerization
temperatures using the initiator system of the invention. This cannot be achieved using the

comparative systems of Examples 1J to I|W.

Example 2A: Svnthesis of a styrene-butadiene copolymer

The following are used as initial charge, with stirring, in a 2L steel reactor which has been dried
and blanketed with nitrogen: 850 g of hexane, 4.13 mmol of bis[2-(N,N-dimethylamino)ethyl]
ether (BDMAEE) (B), 0.69 mmol of sodium 3,7-dimethyl-3-octanolate (Na-DMO) (C) (in the form
of 50% strength solution in hexane), 112 g of 1,3-butadiene, 38 g of styrene, 1.38 mmol of s-
butyllithivm (BuLi) (A) (in the form of 23% strength solution in hexane). The mixture was heated
to 80°C for 60 minutes, with stirring. The rubber solution was then precipitated in ethanol and
stabilized with 2,6-di-tert-butyl-4-cresol (BHT). The precipitated rubber was isolated from ethanol
and dried at 60°C in vacuo for 16 h.

Analysis results:

Vinyl content ('H NMR; based on the butadiene fraction in the polymer): 87% by weight

Styrene content ("H NMR): 26% by weight

Glass transition temperature Tg (DSC): 9°C
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Mooney viscosity (ML1-+4 at 100°C): 72 Mooney units

Examples 2B to 2J were carried out correspondingly with the initiator systems, polymerization

temperatures and quantitative proportions stated in Table 2.

Examples 2A to 2E of the invention demonstrate that it is possible to produce styrene-butadiene
copolymers having very high vinyl content and very high glass transition temperature at high
polymerization temperatures using the initiator system of the invention. This cannot be achieved

using the comparative systems of Examples 2F to 2.
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Patent claims:

1.

5
2.

10
15 3.
4.

20
25 5.

Initiator system for anionic polymerization comprising

(A) at least one organolithium compound,

(B) at least one di(aminoalkyl) ether and

(C) at least one sodium alkoxide and/or sodium phenoxide.

Initiator system according to Claim 1, characterized in that the organolithium compound

(A) is a compound of the formula (I)
R-Li (D,

where R is an optionally substituted alkyl moiety having from 1 to 32 carbon atoms, an
optionally substituted cycloalkyl moiety having from 3 to 32 carbon atoms or an optionally
substituted aryl moiety having from 5 to 36 carbon atoms, which optionally can contain
one or more heteroatoms, or R is a secondary aliphatic, cycloaliphatic or aromatic amine

moiety.

Initiator system according to Claim 2, characterized in that the organolithium compound is

n-butyllithium and/or sec-butyllithium.

Initiator system according to Claim 2, characterized in that the di(aminoalkyl) ethers (B)

are compounds of the formula (IT)

R’ R®
;N+0Hﬁ;o+CHﬁTN<R4
R

(H)!

where

R R% RPand R? are identical or different and are alkyl moieties having from 1 to
12 carbon atoms, cycloalkyl moieties having from 3 to 8 carbon atoms, aryl moieties

having from 6 to 10 carbon atoms, or aralkyl moieties having from 7 to 15 carbon atoms,
mandn are identical or different and are whole numbers from 1 to 8.

Initiator system according to one or more of Claims 1 to 4, characterized in that the sodium

alkoxide and/or sodium phenoxide (C) is a compound of the formula (III)
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system for anionic polynerization conprising (A at |east one
organol i t hi um conpound, 5(B) at |east oné3d (am noallcyl) ether and
(C at |east one sodium al koxi de and/ or sodi um phenoxi de. 2.
Initiator systemaddor@ing to Claim1, characterized in that the
organol i t hi um conpound (A) is a conpound of the formula (1) RLi(l),

10where R is an | I 0
32 carbon at onswq)lglrr? Iggﬁ iolﬁ/neg 'ﬁ{%ﬁéﬂﬁ%;&tﬁ ﬁjﬁ 66? C}é)ﬁlésfg%t% ?imgﬁa\ﬂzg?bes%ﬂﬁac\l/ %balkyl
from 3 to 32 caCb&m-eyElentsylorr afis eptandnabiey stbdr ioptienadly asgptainspioat yor more
having from5 tg.368,ca5bon atoms, which optionally can contain one or

nore heteroatons, or Ris a secondary aliphatic, cycloaliphatic or

aromatic amine noiety. 153.Initiator system accordl ng to Caim2,
charalteri fed i Mitizien systa Geegadieg ite Hileim B ovhematadzedsion thet tthd ©cpmpriunds of the
and/or sec- but Yleddul il ard sdak h?cwﬁomsgoem@&ﬁ%mengomnQﬁ%ﬂmm sogium
characterized in that di (am noal I cyl) hers (Bj are conpounds’ of
the fornula (11 }SOPIRBﬁﬂRlaN‘e L@mmoné@rquw 40@meqcéumnola@2 S04%@m g fgef-butanolate,
Rdare identical (gfifli féﬁé&&bla@d BhiEma! ‘f%' eﬁeaﬁc%e es Jb"ﬁ}% NOhekekiRiFel { Qdium
12 carbon atons, cycloal kyl noieties havi :? rom3 car bon at ons,
aryl noieties hamlqi@?ﬁfnpbm 6 sedium 0 2cedipieiyld-pentanolgte, aﬁ@dlm@ylocﬁmléﬁﬂ espdium
having from?7 te. e{lfglh%%'efa& R 8RR N A Riut €0 G A2 -RUah IR S Nodium

and are whol e nunbérs from |
mentholate, sodinm tetrahydrofurﬁ.lranolate sodium phenolate, sodium p-nonylphenolate

and/or sodium p-decylphenolate.

7. Initiator system according to one or more of Claims 1 to 6, characterized in that the molar

ratio of the compound (B) to compound (A} is from 0.01:1 to 100:1.

15 8. Initiator system according to one or more of Claims 1 to 7, characterized in that the molar

ratio of compound (C) to compound (B) is from 0.005:1 to 100:1.

9. Initiator system according to one or more of Claims 1 to 8, characterized in that the molar

ratio of compound (C) to compound (A) is from 0.02:1 to 50:1.

10. Process for the production of the initiator system according to one or more of Claims 1 to
20 9, characterized in that components (A) to (C) are mixed.
11. Process for the production of diene homopolymers and/or diene copolymers having vinyl

content of > 60%, based on the diene component, characterized in that the dienes and/or
vinylaromatic comonomers are reacted with the initiator system according to one or more

of Claims 1 to 9.

25 12. Process according to Claim 11, characterized in that the reaction takes place at

polymerization temperatures of > 60°C.

13, Process according to Claim 11 or 12, characterized in that either the monomers and/or
vinylaromatic comonomers are first used as initial charge and then the initiator system or
the individual components of the initiator system are added in any desired sequence or

30 components (A) to (C), the monomers and/or vinylaromatic comonomers, and also the

solvent, are metered continuously into the reactor.
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158. I nitiator sg%%?e]mg%ﬁgnrtdi ng to one or nore of Clainms 1 to 7,
characterized in at ‘the molar ratio of conmpound (C) to conpound (B)
is fromO0.005:1 to 100:1. 9. Initiator systemaccording to one or

nore of Clains 1 to 8, characterized in that the nolar ratio of
conmpound (C) to conmpound (A) is from0.02:1 to 50:1. 10. Process for

t he gppoduction of the initiator systemaccording to one or nore of
Clainms 1 to 209, characterized in that conponents (A to (C are

m xed. 11. Process for the production of diene honopol yners and/ or

di ene copol yners having vinyl content of > 60% based on the diene
conponent, characterized in that the dienes and/or vinylaronmatic
conononers are reacted with the initiator systemaccording to one or
nore of Clains 1 to 9. 2512. Process according to Caim11,

characterized in that the reaction takes place at polynerization
tenmperatures of > 60C. 13.Process according to Claim11 or 12,
characterized in that either the nonomers and/or vinylaromatic
conononers are first used as initial charge and then the initiator
system or the individual conponents of the initiator system are added
in agg desi red sequence or 30conponents (A) to (C), the nononers

and/ vi nyl aromati c conononers, and al so the solvent, are netered
continuously into the reactor. - 14 - 14. Process according to one

or nore of Clainms 11 to 13, characterized in that the dienes used
conprise 1, 3-butadi ene, isoprene, 1, 3-pentadiene,

2, 3-di net hyl but adi ene, 1-phenyl-1, 3- butadi ene and/or 1, 3-hexadi ene,

and the vinylaromatic conononers used conprise styrene, o-, m and/or

p- met hyl styrene, p-tert-butylstyrene, cc-nethylstyrene,

vi nyl napht hal ene, 5di vi nyl benzene, trivinyl benzene and/ or

di vi nyl napht hal ene. 15. Use of the initiator systemaccording to one

or nore of Clains 1 to 9 for the production of diene honopol yners
and/ or di ene copol yners having vinyl content of > 60% based on the
diengoconponent. 10 15 20

25



