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pol ymers functionalized by termnal gr ouﬁs‘, and to the production and
, use of the said polynmers.” Inportant desirable properties in tyre
treads ar e Jgéalkylsdylexy-terminatedpolymers a wet surface, low 5 rolling
resi stance and al so high abrasion resistance, but it is very
difficult ! o\ he skid resistance .of a.tyre w thou .
a1 mul ¢ ancoddp JTPIBAT b0 BEbmeRTHELARGE e dutel Bt RS Mearaggipaond vse
Low rol | i ngfthesiig¢palpoes.i s i nportant for | ow fuel consunption, and
hi gh abrasi on resistance is the decisive factor for high tyre

lifetime. The t .ski,d resistance and . rollin esi stange of a tyre
tread are ?lﬁ?ﬁ\et HEpEBIPBr PHECALTE 809 a‘{‘fﬁ%ﬂhm &A1 B gpwrt Jugface, low

of thé rubbalisg tesieEnderandra@utd g ghrhdieh febivthbebut R OGS diMfidult 0ii@Brove the skid
rebound resilience aé/ relati veltﬁ hi 9 t.erg)er at ures éGOC to 100811 are
used for tRESYFECT 4G “HOW TR RRGUH b WP Tl Trduane apd abragigp fepigtance.
ot her ?and Lotvubliiag SesiMahcf’e | iﬂﬁja@‘lgntljﬁm“ﬂglef ﬁ?jlbtﬁiipti@lh, dnﬁWi@QiﬂSE&@iﬁﬂ&é&ﬁsﬁﬁmt{ {3 the
to 23C) and, .respectively, w ow rebound resilience in the range
from 0OC to%%%veaiggorfawﬁﬁlg&gf%m?or i nproving wet skid resistance. In
order to conply with this conplex conbination 15 of requirenents,

the tyre tMTaadeusk@bresibtxicd hed raageeddiancact Otyse tidal ey ighly bependent oif @6 dynamic
usualby used are

made of e or, nore rubbers wi.th rel ativel i gh

o 2ed07 + andie il Bl ShodP e i BRabguA artunr Ruther wih i pebound
one or nor eesilishdeen selaiviely high abdperiuyes|(60vCab A98°Q) ranGdell if@Nthd SRPEEALIH oeder to

e.g. pol ybut adi ene havin igh -Ccis.content or st yrene- but adi ene
~ rubber hav?| rfog(?\?gsrfiﬁ%}ﬁg‘ d&bﬂ? %&1?1’%&?‘:‘{1 Wbﬁﬁswtﬁﬁlh‘@oﬁfn@ fagjor gt low temperatures
pol ybut adi éfeto@3o0uaed rdspeciadly) twithnlohvarébaigd resilened @ the dangé FroGOIMERL 23°C are
and 20l ow vin content. Anionicall ol ymerized sol ution rubbers .=
cont ai ni ng B o ducro 6P Vel e i Giser  apERe P bR psmbination
st yr éfie- bubfickgainenentspihe e thalV@eamixantagak d@wefiow ittesPlidhixgires usually used
enul si on rubbers f.or produci tyre treads with lowrollin
resi st ance 2 TRE® AR CL JOLe 8"3&?? %"t‘tgirﬂf’tévreﬁyaﬁn\é\ié gpiﬁs EYKEPY Itqnﬁ’gfaﬂr‘f’f'%fsmene'
vi nyl cont dmhdiamdubles agl afenetdr amsed tubbdts v pdtatlyriew @Rk mbiGeitediberature, e.g.
branchi ng associ ated t.her.ewith. 5 This | eads t.o particul ar
racttcar RROAMHAuEsRE R o REn on Soisbe Rl iy sy goment
and rol | i ngnd lesi siyhaaeendbr 4 iytuyadizne Pogited inc@dhitiof BV Mdteta®54-ti content and
ener di ssi pati ontlﬁnd therefore to rolling resistance in tyre
treads, cof® YPUSPHFUe pol ymer chain ends and from reversible
formati on and disjunction of the filler network which is formed by

the filler Apivaghllypdyrhdrized sndioa rubbes banaikihgdégbldisads, 8. doh@ioh ylghitddend and
m xture. 30l,ntroduction i

f functiqgnal groups at the polyner chain
ends. per m PR, ST Riydicon aipleln Yo BlRaEE e CUTPRORCIR SUe, fybers for
t he sur f acerodbcitgdgreftichdsovith Ghirsllihgsistaice. Tiesidvintigectohsiaédamiotn svairdlpbility
i R T N L S
f unc®b onal Thirleddnad patiQilg pravédcal iadEnoye mhke thsipanhs Bawah wdbekiflirbdigdnce and
in the tyre, tread, and i.S. cap. lead to kening of the filler
ot wor k. antPUTRETEERE e g PIEBET GABPTPGT I S ASr Pt teretore f
WD2012/ 065 Bd)iaGESifeki2e iril fyQG8AdL) comefrom e EpoIQmsr dhainadksanki Gfom reversible formation
\Angsl L:‘ Cg.';( ;%gqs gi(s)jﬁlg%g%% rg{g%l til%arf%u Soalgg%}%rlhg Jl'i?ll%(g liog glgeegl{l]er(%r%\ésec{yosehec%'ang%r carbon
4, 4' - bi s( dbrek)hyddanteayb eszinpieone or N-net hyl caprol act am as
functionalization reagents. The use of ethyl ene oxide and
N-vi gyl pyreol i.done | | sq kno fromEP 0.864 606 .A . US 4,417 9
11 ot Q8o s SepR ot afhond) ol UBY Mabd incr sheir pirs regys Ploaisal e Lhenteal Grge of
whi ch havett® shidtchhin efidsad theesmsfbcet ofohenilengiis Badasd irdsti2ed Sreadvald 6F motion thereof,
al | cyl oxy glllJ(P t%%ljelxolfleetgtrgdug'é] e/nce)lrgy%{sgilpﬁ%% w%lélrtl) awtelt}/rlél rggds is g&]esclt tloI d%/gepmilc rs?tlress. At the

same time, the said functional terminal groups can improve the dispersion of the filler in the tyre

tread, and this can lead to weakening of the filler network and thus to a further reduction of rolling

35 resistance.



- sol ubi ity WR20R&65P¥cess sol vent, high tOXI city or high vBCA{ERZ011/069910
and this can lead to contam nation 15 of2the returned sol vent.
_Furthernore, many of the said functionalization reagents can react

with rore O¥ErFoRa@ctheisior mogi§rarivay ofderatinel meups haneithetafose besndeveloped. By way of
coupling reaghiionepWhigh afeApf &e@&lbgé %f?]éjﬁgé YE 4343%15@&1&@1391%1110%9nzophen0ne or

control. This s especially true tor t bovenent I one
These al so Waw@ykchpolpgipmhap dinstenrbizrtion e raebents r daet ben off dldengajodlide and
silanes wi tmququ]nsm@mdeﬁu & aﬂ%%'l&ﬁﬁ@ﬁ H6R2ER 0 8B4 sbOUQ! ¥ES Al 93y ﬁaga%mber of other
conponents suc hal i des or al koxy groups, and thé latter are
easi |y 20 pesilelngipnliaignsetgshts. Hal i des pronote corrosion; al cohol s
can lead to contam nation of the process solvent. A further
di sadvant a a
that, aft e%%?llﬁe@ W tfbenﬁchtlz{?egan aﬁftail E‘Jg %tlalgz%ﬁsv%?a ggﬁz El.ltbgtnménlt or a X)gsu%stsl'uen% and/or
si | oxane- t erstoxyaubstitysols preilisorc mrpadoulst baVIaygowh;ult@wlhnyrfer ﬁnetmalgalmmpﬁ tertninal
the pol yner r .
hydr ol ysi s O(?J'B?hﬁdl %rsblﬁ%sg(@gf t?%ab%gér?nré 10n(c)e]ﬁ| S%#SPéQ&bfnélhe 3¢ atam,ca%lﬁﬁlly be
this | eads rtabacadlbwnd@mmce@enemokyaasdlamentimd iR ther shmsmexylooéd duheituent(s) on Si
r Ubbqbs dur, é/’eﬂ‘g m'éllﬁe gpfug&gnitgggu%q;ﬁnchl\@@én tal?t dhsdrozilvs?s (l:)a%qn eraetS {h tge Pller of
for reducing the 8a d Vi sCoSi i ncrease | ]i et érm nat ed
pol yners, elmtmplt%d bwitvg. &dtdlptesoﬁmtahessdfalbs typzamg'oulelagém$244;6§e,dj$m,185 042,
acid and a%}{&Epglgbg%A P 0 801 078 Al), addition of siloxane (EP 1
198 506 B1) itron of long chain alcohols (EP 1 237 934 Bl1) and
addition of reagents for pH control (EP 1 726 598). 30An advant age of
hydr oxy- teHﬂmaérﬁdlanobﬁ/fhferaBovehﬁntvdhb&: funtfisabatich reagdnet Meedisadianelds, e.g. poor
group and C.r is that the ca reaction cri bed
above, *Tor e & eafiessnivert it lonisl ot B Vot 60 s Ga e ficontaminaton
met hdds des€ ltheheﬂnfed soliverttr Bdtheinivge, i@ F ﬁtebs(afdldﬁdctﬂihlgtﬁmpﬁageﬁtsg:an BRe with
of ethyl ene oxi inctionalization r ent er,
oxi de hae. THE HPE 28 ARG e BRRRHER v and R 5ods 0 rARe b ey ich are ofen
O her et hdd;mptlwaﬁd difficul @o ofntiob tTHIESR ,esﬂ’tﬁl\dﬂy trhe felithasboaarhagionddnalbnes. These

t3 gn;iﬁs ;O;J ﬁ ﬂ a\fe t%, ﬁ.&rtb ncf :??QYaél&g%g]%g%g?tlaolrl?) %ﬁtsghes %?tﬁ Itl{eea?llol;l%ai)%E)}m%? chain
tert-butyl dndrﬁ'tvhlybssﬂbewhgee(bﬂhbh@oﬁntscm)cm@d hh-lldés oradl ko3 @kSips, € [Thedlgtter are easily

3-(tert- W20 P P2011/ 069910

bty y i met ﬁ%}‘}"sﬁ?‘@ @ﬁﬁ it PERCEpRAREs R ékf&*ﬂfﬂwamaﬂf%ﬁqn%fmﬁtw pihe pracess

?gi oni cbpgls%fmmt A:lﬁ&:cher ﬁmalﬁégenmthéd]seg%ﬁla?gds ﬂ(hl:ty’dﬂa{‘ﬁéhor@-fe@é@ftsl i€ ﬁlat after the
escri be exa 5 5 1, a SO in yanma,

N R hoe  EReERin BGER, Bl iEn Pk T 80 goR TS, B £osplag Py BF the

wi t h subst ISi ORi gﬂupsfat tHRanl}&ie@@Eim aiid3or hheaycer theSDQHIdgrﬂ@s after hydrolysis of the

tert-butyl th ter a po S be reacted in a

subsequentg %%ﬁé }?Xt %18“5% 3156%&’?6%3‘3% lﬁ%ﬂ%éa 3 Jingdsspd incigase in the
di sadgant agizcosity loftihd mbbweiuﬂﬁg fasriclp @tﬂﬂhtbﬁgé iyl SethB&t hdvB®een described for
tert-butyldi net£¥l SiJ

y r.oup exhi, b| h Iev of steric
shi el di ng, "4HE™ SS’Idy"é?CgS”Bflg‘frﬁaée b Oxmﬁfwﬁwﬁé‘tw%% FREBIeshedigRddigon of
gi ve the Oktabitigity rédgeitefbosee oheid BRS adit &hSIﬁdeE (EPARGI OTBS ALS Uﬁﬁltllaﬂ? olf @iMékane
reaction ti H. Pr ectlve trinmethylsilyl
whi ch exhi 6‘?? ?éﬁg%eé) \ﬁ itien 8$lt°§$ %t}a?rba E]ESR hzyf%ﬁ&g}éﬁﬁ‘?? dét%i’éll peagents for
10hydr ol ysipH cemtedI QEP be2daispsyl for this type of functionalization, since
the lower level of steric shielding |eads to attack of the ani onic

pol yger chain .en An ob was t her. re to provid nmer s
i S0ar o TORAET s o B SR o e G oAp EH e FHobe Aot C
di sadvant agalsr afant $ie ispthatothe abﬁphng reaction déE&%eﬁ&ibdvtef&rﬁﬁﬂg Bis0-3¢ bk Laoes not

b r oposi n mers whi ch n nal roups,
Y ant oes A ST kP e st 5o BL e e Bt E e quf g .gyuse of
the end of ethplenpatigumriunkiahalizativh@sagetRl HowRer, aglefBo:6@hab ehel di@iNantad of high

volatility and high toxicity. Other methods, such as use of ketones, have the disadvantage that

35 numerous side reactions can proceed alongside the desired reaction to give the hydroxy-terminated

polymer. In contrast, tert-butyldimethylsilyl ethers of w-halo-l-alkanols, such as 3-(tert-



- cycl oal | cyl WO3AH/@580%y| noi eti es which can conprise het er B&THRR2031/060910

as 0, N S, and Si. It is preferabte that all of the noieti es

R are identical and are conposed of n-al kyl substituents,

" 20parti cul antybliwftbyleihdeybéichigrapropers, racnpeithtivglyowifisthe lahiohis polymer chain ends
pref erabl e . 0

functional |Oggglg(%%*%gg?ﬂ]&gﬁﬁ%ragog%ggﬁdg\%%n%ecearb nal Oq\é%élrlple h US & 9?)5§681 and also in

(term nal O Frlvaps) A. khepeSt Nekdbame,eMperodolc €theni é’kjrydﬂﬂﬂ y1§i7,53b3f5-3tlh83) with

polymers a Ve n rou

and havi ng(\st{i %Elgnﬁlﬁlgl 5%%%8%?" cc%&d TBJ{'%%%S%Q&{H?E%%‘ QX%@%E%WS%& gy Friihated

pol ynérs f @olymesdunibageactsd ipalsyirequsntdydotdisngp tto givhdydmyertmioated polymers. A

functionali e I

copol yner S ?vaa?%%{)ﬁfetm\t}?%l Qgpﬁgﬁg)?{ﬂgzg dnolg ﬁ'gl? %8¥J?£&yl§ﬂ}%hhyis% group exhibits a

vi nyl ar omathllgil lmhms.shlemmmwg@i =83l EﬁZ@Mqh@ls&Ql:smylexy@eupr giveshe OH

used are pr, r sutad P nt

2, 3-di net hf? %ugttg%%féﬁeke%il%ﬁen “’e?&fn 0%? ga‘p%selog Qt?on targe exalawé)r%le Pr?t%ctwe
i's parti culgeups Sppleﬂfetriashﬂﬂeﬂailml oreiéchlexBibsut ?adfﬁleheelauﬁdteop shisldpigeand .permit easier
Exarrﬁ}loes gjhgwof}élls @élﬂlgpt?]e' Lﬁgct‘fie)r enOtE}EeL &thé ?I‘)rg‘ﬁ?ﬂ]]og esm%g %% 1&& lesvte]yof sfife shielding
a- met hyl st y¢adne, aﬂwWIthmﬁpMMallob'ﬂr@; cfmnﬂndydnb%nzene tr| vi nyl benzene

and/ or divinyl naphthalene. It is particularly preferable to use

styrene. The g écg “letﬂé?&&% @rp‘?ox%e {ﬁ% LWh%oaq%%gtlyﬂaﬁze%ruyoﬁl‘n%nal groups and
sol ution polynerization or via pol rrzation

coor di nat i O’fill@aﬁoalpy@ﬁfstheldirﬁad\%ﬁntggf@@fﬁtbemlor agoor di nation catal ysts are
Ziegler-Natta catalysts or nononetallic catal yst systens. Preferred

coordi nati 10based on N

& o w oo B 37 s ek B BRAGRERSMAT ol e s i o Fmigh voues.
procéés arendhbthhbaaethnmakmagmmprmbﬁnmummDalkallne earth netal,

e.g. nethyllithium ethyllithium isopropyllithium n-butyllithiun1
sec-butyllithium pentyllithium n-hexyllithium cyclohexyllithium
octyllithium decyllitThium 2- (6-1ithio-n-hexoxy)tetrahydropyran,
3-(tert-butyldi hyl s| I oxy)-1-propyl lithium phenyllithium 15

4- but yl phen Ilbt U2 -naphthyllithium p-toluyllithium lithium

am des of seg¢ondayy am nes, e.g. lithiumpyrrolidide, Iithium

pi peridide, |ithram hexanethyl enem de, [ithium di phenyl am de. These
lithiumamd can al be pg@duced in situ via reaction of an
organol i t hi um conpound wi th condary amines. It is also possible to
use di - and pol yfunctional organolithium conpounds, e.g.

1,4-dilit huaomateﬂmefthalpdlydjef tHal, wmhﬂalI@eR’aéh(ﬂE cantbel iBerit R foR Ukt 5 48 Blky),
n- butylllthl but yl I'i t hi um al so possible to use the

m, and C
known randS?ﬁ%aélfy 4 araﬁ(&ﬂ]?% 1es iy can ??ﬂ?pr{s?] et?f??f?‘ﬁ%’t“f’]&ést 1% Sofid He

polymer, e.g. diethyl ether, di-n-propyl ether, diisopropyl ether,

di - n-butyl refkhesferalt et emer gie)ﬁﬁ&létleg IRTRE hd/elntlﬁﬂ Qﬁ‘cf are %E)BFJ)S%@%f Qla}f&péubstltuents
di et hyl ether, ethylene glycol di-n-butyl ether, ethylene glycol

di t ePP- but Wmé‘ﬂl?fé’rrefer@‘?é‘tlﬁwgéwn&Ify‘iﬂéﬂl SEfuREt hyl ether, di et hyl ene

gl ycol diethyl ether, diethylene glycol 25 di-n- butyI et her,

di et hyl ene rgl ¥Rl bﬁ’éthét%et H aRbRRly:

2- (2- et hoxyet ﬁ -2 nmet 0t?%%lopazlinzélja rt? gl%;e%tﬁ)g ﬁé c;c;g%a]hz%i b%erﬁlllfal groups have
ether, tet ﬁ%myv@} dwr@mgrowaftsr@qrm mek ©Hhgroupsr, wmurtyﬁe@mmodudaém hydrolysm of the
tet rahydro bivhENEYdor&h

tr1 ot byl aty e s e et e S Al b Bl AR e Broups
N- et hyl rmlﬂfﬂ?(jllligie formqu (Hyl mor phol i ne, 1, 2 d| pi peri di noet hane,

1, 2-di pyrrolidinoet hane, 1, 2- dlnDrphollnoethane and also the

Boi adoand SEn AR 38 t%dﬁ’cf ETE s JhRPELR By BroptBL dRblpefond oy

this type mm}ngmnpsmﬂ daq:re @émnars bed dieye mmplymfersanlﬁﬂip&&e ivia dopolymatidadion of

dienes with vinylaromatic monomers.
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Conpr ehensi ve Pol yner Science, Vol. 4, Patt I (Perganon Press Ltd.

_ Oxford 1989 pp. 53-108. The preferred di enehonmo- and copol yners are
pref er abl y iFesaLrsed aienpisfesdiy ddtbutapices, eisrsenes bidwenpdionss 2ch-dimethylatadiene, 1-

pol ymer i zatghesy1RoReRIRnd kiR/drNey fexBRERL It Gs HAMNBRY Pref@atie to BN §fb{1fa@1'e§e and/or

hydr ocar bons, such as 5 isomeric butanes, pent anes, hexanes

hept anes, JePHHEs and decanes, cyclopentane cycl ohexane,

met hyl cycl ohexane, ethylcyclohexane or 1, 4-di met hyl cycl ohexane, or

aromatic hM&FBE DEM Srinyfebsihhtia S cRMEBBR, HaPl 48NBe REDYIDERAGRL, o, m- and/or

xylene di et hyl benzene "or propyl benzene. These sol vents can be used

i ndi vicdual |Pymﬁhylﬁtﬁre%rrbw fb%ﬂstmeef e-BRtulsiyeeng, v@ﬁym@héytep@hewmelbenzene

and n- hexangyin

T0The. ampant” SreaaHeaRI APl A aRR IR Ry pERHSEIORRE BT on 1

usually from 100 to 1000 g, preferably from 200 to 700 g, based on

100 g of tHe&Ceftid rRObaRBUre grefrBhlymbioduesd dyie Haviver sohitipn | Rolgnasigation or via

possi bl e t goR@leyiFRioh 28 hBMs @%Hﬁﬁﬁtl&lﬁ @ﬂalyﬁs tiheniaRefRee c&;rdlﬁmo\{e&&i?ysts are

In a possible nmethod for conducting t pol ymeri zati on’ process,

nononer s arfdedlsidNaga raidnits %rrréor\sr%tallla§amlasttswa¢m&: Resfegied cogrdingtipa catalysts are those

pol ymer i zatya@ oRN2CES 31, 178, N(h@zncf Mid, ek via addition of the

initiator or 15 catal yst. is al'so possible to polynerize the

materials in a feed rocess |n whi ch nononers and sol vent are added

to the pol yRERPEAPT Bﬁ JnieRct GRutioppalyBetiFEon Rocess ey thete basedap atkalj guetal or on

used as i NizlkaBhe ChaRhIencRdl, | Sg.adgadwhibi, t&ﬁﬂﬁﬁﬁﬂ{mﬁs%pﬁ{aﬁh&lhﬁn S(?zlt)ﬁ%mﬁtmum
There are possibl.e variatjons, for exanple use of the sol vent

initial chargRuyllithivg nepilitygm, fabwkliﬂahmowctqh@wﬂlﬁhltlmamsyllrtbruna;aie@rll,vtémm 2-
and then aQQﬂlﬁﬂl@ﬁLh@fofo&raWﬁ 3- tért-b%lﬁln%%yﬁkﬂ@@)hLﬁoﬁyﬂltﬁ’iﬁﬁr abth@nﬁlﬂﬁmm

pon rization Process conti nuousl 0SssSI
to add fur trigyl mﬂﬂh@ru%dla@&hx}léﬁmunaaﬁ?lwghth&m élfhlltlhé‘n@ﬁﬁjoﬁfﬁconﬂ% ammes e.g

pol yner i zatiigim RyRsiesd, lithign ﬂ@ér}tﬁﬂéf iRkl RRathltiRedetidey ﬁfhﬁuﬂ\ﬁlgﬁgnylafnﬁ&ﬁhese
a few minutes to some hours. olymerization time i s usually about

10 mi nut es HpuR GRdes san sf‘lsod?eeﬂré‘ihﬁﬁﬂ Vi FiftoMip Zeackipmaf e ofsgnolithimréompyng with

pol yner i zatst@ndRy AeResS ICidA1sH BoGBNAWGEEH- Shd Pty fukiod B}%%ﬁﬁlhﬁ compounds, e.g.
pressure or else at elevated pressure 25(from1 to 10

Sur pri si ngllyt-ditithiphutange epnds sfilithivmn pireragde de inf prsfeeablsr t‘?m\*sé n-butyllithium and
bIS(QOIa|kybﬁhhﬁﬁmnﬂerOXIdeS as fiinctionalization reagents can
produce polyners which are functionalized by term nal groups and

whi ch do nqt, have the di sadvantages of the prior art. In particular,
Cthis net hod' EafoiatsRuipcise the koW mgnslorpiners agh sptitobagents for the microstructure of the

triallcylsi bM{l‘n@fQé gg meugﬁ eth¥) aic;h?@f)ﬁ eftek: &Hféﬂﬁoﬂ}y efher, QW bﬁg?éth&f etR}16de Hycol
shi el di ng SOan

an exa
trimethyl si rrgﬁﬂaswthefrﬁ@ﬂﬁp% glwcrl Shathyy P@Plb 9%)(1%&%%1 di nﬂarleetheén%dmglml di-
t he gener alie/f-pitibkiRy, (didiylene glycol dimethyl ether, diethylene glycol diethyl ether, diethylene glycol

25 di-n-butyl ether, diethylene glycol di-fert-butyl ether, 2-(2-ethoxyethoxy)-2-methylpropane,
triethylene glycol dimethyl ether, tetrahydrofuran, ethyl tetrahydrofurfuryl ether, hexyl
tetrahydrofurfuryl ether 2,2-bis(2-tetrahydrofuryl)propane, dioxane, trimethylamine, triethylamine,
N,N,N’,N’-tetramethylethylenediamine, N-methylmorpholine, N-ethylmorpholine,
1,2-dipiperidinoethane, 1,2-dipyrrolidinoethane, 1,2-dimorpholinoethane, and also the potassium

30 and sodium salts of aicohols, of phenols, of carboxylic acids and of sulphonic acids.

Solution polymerization processes of this type are known and are described by way of example in
1. Franta, Elastomers and Rubber Compounding Materials; Elsevier 1989, pp. 113-131, in Houben-
Weyl, Methoden der Organischen Chemie [Methods of Organic Chemistry], Thieme Verlag,
Stuttgart, 1961, Volume XIV/1, pp. 645 to 673 or Volume E 20 (1987), pp. 114 to 134 and pp. 134
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where RI, R2, and R3can be identical or fifferent and are al kyl ,
~cycloal kyl, and arallcyl noieties 5which can conprise heteroatons

such as 0, '!°%andplgp iy Comprelensiys Robyupes Seignqen¥pl- 4| Rartd} (Rerpemap Pesss ke, Rxford
are identicgkoyapdsangs.conposed of n-al kyl substituents, particular
preference being given to nethyl. The invention therefore also _
provi des t elé?% of bis(trialkylsilyl) peroxides as functionalization

reagents f Atrdidirgeliome- pst Sprelywer apgrefPibly Perdpsrd 1n Avelent-drefemaderlvents

are functi aned foz e pBlymdMagsdhrocks 4E AR Spdfidlsoth& e NapsenrhiQE B ddddarbons, such as
groups of the formula él or which have term nal hydroxy groups. The
averade (nuffBEFC RY@RRYANEY SFXaRes SERINS: qoRBeHIdyIretss, £¥elBpaaiangy ayelohexane,

t he i nvent iythyddyelope:@h& edblcycldheRdie 50 1,9Q0ndtwy 16 R86kaR 8r SbfBc hydrocarbons, such
preferably om 100 000 to 1 000 Q00 g/nol, their glass transition

f .
t enper at ur €8 L%FWQW‘PB%“— yibeREchc Xyl otscdicthylaengenar prapy banzeney dlese olerpts can be
and 15t hei rusdbiaiRdudlyseras icbiBifatlodl Prbtdentd 06 tBRYE1ehekiHRMnd A-HeRardOBlending
Mboney units eferably from30 to 150 Mooney units. The invention
further pr (thdgg‘réo }Setnﬁdé'é@wl‘sﬁlpoﬁbéeduci ng the pol ymers according to
the invention
10 The amount of solvent for the process according to the invention is usually from 100 to 1000 g,

preferably from 200 to 700 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.

In a possible method for conducting the polymerization process, the monomers and the solvent are
used as initial charge, and the polymerization process is then initiated via addition of the initiator or
15 catalyst. It is also possible to polymerize the materials in a feed process in which monomers and
solvent are added to the polymerization reactor, where the initiator or catalyst is used as initial
charge or is added with the monomers and the solvent. There are possible variations, for example
use of the solvent as initial charge in the reactor, addition of the initiator or catalyst and then
addition of the monomers. It is also possible to operate the polymerization process continuously. In
20 all cases, it is possible to add further monomer and solvent during, or at the end of, the

polymerization process.

The polymerization time can vary widely from a few minutes to some hours. The polymerization

time is usually about 10 minutes up to 8 hours, preferably from 20 minutes to 4 hours. The

polymerization process can be conducted either at atmospheric pressure or else at elevated pressure
25 (from 1 to 10 bar).

Surprisingly it has been found that the use of one or more bis(trialkylsilyl) peroxides as

functionalization reagents can produce polymers which are functionalized by terminal groups and

which do not have the disadvantages of the prior art. In particular, this method can introduce, at the

polymer chain end, trialkylsilyloxy groups, which are attended by a low level of steric shielding
30 and which are easy to hydrolyse, an example being trimethylsilyloxy.

The bis(trialkylsilyl) peroxides are compounds of the general formula (II)



" functional i?g&%%’/loqsgp?ﬁ nal groups, where one or nore corrpogﬁaﬂéE%zfmyﬂ@”m

formula (11) are added in the formof pure substance, solution or

. suspension to pol ynmers having reactiv$ pol yner chain ends. 20 The
addition preferably takes place aft eR'concl u&'on of the

pol ymeri zati on process; however, F&Zt— _n(.o)eilqglé.a_ ,place prior to

conpl ete nmononer conversion. The reagtion of donpounds of the fornul a

(I'') with polynmers having reactive pgiyner cBain ends takes place at

the tenperatures usually used for the polynerization process. The

reaction times for the reaction of conpounds of the formula (I1) with

t he reactive polyner chain ends can be froma few m nutes to a nunber

of hours. 25The anobunt of the said conpounds can be selected in such

a way that W of the reactive pol ymer chain ends react with

conponents of the formula (11), or a sub-stoichionetric anount of the

sai d conpoukidR’, eaRbe usede idntcahmuiffsent sad aef alkile cRAN@YEs aralkyl moieties

according to formula (11) .can _cover wi.de r e e ferred

am)ungs are from 0. 005 Wh)Chfﬁ%’ BVHRXE?B%??M%HWQE%%’I%&EF@HabI y from

0.01 to 1% by wei ght, based on the ampbunt of polymer.

W02012/ 06590RRCHEERR 01l 4D 69 Gk0neictes R i idahded ianhak @ompogadwhdalkyl substituents,

according t r mul 1) it.is. al possi ble to use the coupling
reagent s tﬁggfcglﬁﬁf%rﬁﬁ%eaqefnﬁ e Ifl?s)[rgylt he ani oni ¢ di ene-pol yneri zati on

process, for the reaction with the reactive pol ynmer chain ends.

Exanpl es ofThelesetignthplefong ake aaeites tange st bisaadkilgiyaskdx@les d€ functionalization
met hyl tri chl orosil anea di mit hﬁliydi chl oroqsi I an%, tin tetrachlorjde, .

di but yl ti n “CHEEHP 575 BRIucing the Bolympery 35roTding, ko the (ipyiafiem &hinhy arg functionalized by

di gl yi€i dy| tetdivest gr@tysh ahd hibhthivesbetihad ERIp iT\he) oA er WI@SRVE RERihAINg droxy

reagents can be added prior to the conpounds of the formula (I1),

t oget her wi{#Pf'hese, or after these. After addition of conmpounds of

the formula (I1), and prior to, during or after the work-up of the

pol ymers, arhByse@by &lumbet BR8N ok SndieB@ S thohollyRersClcEAURP G0 Fhe t¥Ention are
trial kylsilyl rF%g}oups at 10 chain ends, ereupon th

ther?go(lggrrer wh e _
corres pon_dipﬁfﬁe HIﬂGR’yl-q 800iorfa O¥H 00y pae Prsfesshly Bem 0RO torh 0B 108 werepd, their
of the trigldeytadsiich @htRuEABeiRY ffdRY-1 RfCOBAME REeaBHI RV 194 @10 0°C, and
addi ti,on of . mneral acids or_via adgltl on of fluorides to the polyner
sol utlPon. HiFtHeeHwisrstss BYE 1dd 10T D geips frem iito 20 dioneypunits; priferably from
Wit s, Prot agkd ym@s@fépﬁni'tsn Organic Synthesis, ri Edition 1991, WI ey,
New York. After addition of conponents of the formula (I1) and
optionally of coupling reagents, the 15 conventional antioxidants,

such as st dhp dasentjonhiuribis rreeiigsn @rmopasss for orrdoding winebmerpiroedingtie she ianchtion
t hi oet her s,q,RlgnaRLE TR @RliNa | ' | .
the trial kyl sill ;I oxytg{ter ﬁangggggsg%%? gprg&egg}d%@g%é ?%ﬁ%l?%;dm %gta%%d 0
pol yrers. [the foan of miee sybgaricpl selution erdtisperréoncto nolgmeis baihg wrttyn delymei dhgin ends.
used ofhor  ditgReqdittRRESrabS ke ! bbbl | G ot vy, i
TDAE (Treated Dilst itkﬁl alztae?,&r o?r&?i%ca fo%gl(l:l%l gﬁtﬁgﬁ)&%&fﬁﬁlﬂé&%% lrm;{)(b:et"?%ﬁcan
Sol vat e) oialss fakrpRcE et aemplae monehe coR@rsion: Thetejction of coriRAls of the formula
(Treated Regj @ 18R QTR JiGs Exki [ ' heay.

napht heni C%%jl I@? {%195 ‘alngs;go pc;gg?%%%é_}tcgag %ﬂ]‘j ?1{3?@? ésef]a%gﬂ Sgﬁrg%gat%rgﬁ%ﬁly used
bl ack and $¢7the Rolymeriratierbbresess. difid reagtitretimesufier ticardcen offtvenpowids efithectamula
be renoved (fI);]\Qim tthg"f‘ea&ﬂ’e%m?fderz&taln%dsocraﬁ%gﬁﬁm.@{%\;f DGRy %H&I{l D8 houss.

met hods, such as distillation, steamstripping, or application of " a
vacuum optionally at elevated tenperature. 25The invention further
provildes t Hae ageurspf thysaid spypannds epndwselesied nouethe wanthenall ofithe reactive polymer

functional icg8d ol ERF W @J)n&ﬂfng#p%f 338 Ya (gﬂ?',eor a sub-stoichiometric amountoclgf the said

trial kylsilyloxy-term nated pol yners according to the 1 nvention

t he hydr ox§oTRIuAiiseande uisel Theemsups bid ot corpandcasrortiog tofoptiie (IHgan cover a
vul cani zablgqd ﬂd@?'ﬁ‘h@ﬁi@ﬁ%& LhORs are from 0.005!th 25 b (N@Fgﬁt': Emi&lﬁr{}%efglgﬁly from

0.01 to 1% by weight, based on the amount of polymer.




- Exanpl es of WQABZ/Q65%% rubbers are natural rubber and al soPEJAtR2611/669910

rubbers. The amount of these, to the ext€éht that they are present, is

usually in the range fromO0.5 to 95% by wei ght, preferably from1l0 to

" 80% by wei dhtdditxaste dompountieadcotale tafoumi (B it ;m)dlgor;mssilhlﬂtdlhtethﬁ cotipling .reagents
The anount 907RCT/ EP2011/ 069

addi ti onal I@Jt 5& %%ﬁ’ u%ﬁgﬁé{ﬁe;% " dleltlel1%°1¥merlzatl g rOcelssnt 8nHI§area°§8n Sfth the

t he mi xt ur esaciiec pelplingy chain tehds. iBxemples ofi .thede Iqosphngfregenns heet isdicom bdecidoride,

Kk f b |

known, {1 oM S GIRLALE, Ui IEIRIRDY, 1Y BLBORE SRl avore
acryl ate cm&méamwmns@ywhdlgﬁsa%bwem b,ai4ads(elﬂe-ocmqh§all)l;enmns These
havi ng fr 0rpglgpglﬁgOc(gaggntél\@ah%gta[ﬁeké)rn%pt% tﬁeoé}}m%gﬁt%sds o h he St (¥I)ftro§et er w1tl?%1ese or

by wei ght, la enu
10SSBRSt yr efter-these.adi ene copol yners haV| ng from 1- 60% by wei ght
styrene contents, preferably from 15-45% by wei ght, produced via

sol ution po atl n 1lRl.so yl ene-isopr.ene copol

BRBut adi oA RET Bt Pmpates o R Ha PO G RY TP it B8 Bdebye nerigm of e
acrylonitr Ipbbfnmﬂsni bﬁlrfﬂysmpst@foﬁn alhé ylaffer fonthd Ble£4@86 dTythaneihiglikilyl groups at the polymer
15HN art| enated or f dro enat d NBR rubber

EPOVEDg et VISP b Gofesp i e L R AR e o e PE b gmed (e cleavage
sai d rubbero$ theMhlkylsibil groap chmbewes sl dxamplpbodigeveg vitdidatioy @hiletal bydLsr via
are in addition of fluorides to the polymer solution. Further methods are described in T. W. Greene, P. G.

M. Wuts, Protective Groups in Organic Synthesis, 2™ Edition 1991, Wiley, New York.

After addition of components of the formula (II) and optionally of coupling reagents, the
15 conventional antioxidants, such as sterically hindered phenols, aromatic amines, phosphites, and
thioethers, are preferably added prior to or during the work-up of the trialkylsilyloxy-terminated
polymers or of the hydroxy-terminated polymers. It is also possible to add the conventional
extender oils used for diene rubbers, e.g. DAE (Distillate Aromatic Extract) oils, TDAE (Treated
Distillate Aromatic Extract) oils, MES (Mild Extraction Solvate) oils, RAE (Residual Aromatic
20 Extract) oils, TRAE (Treated Residual Aromatic Extract) oils, and naphthenic and heavy
naphthenic oils. It is also possible to add fillers, such as carbon black and silica, and rubbers and

rubber auxiliaries.

The solvent can be removed from the polymerization process by the conventional methods, such as

distillation, steam stripping, or application of a vacuum, optionally at elevated temperature.

25 The invention further provides the use of the polymers according to the invention functionalized by
terminal groups, namely the trialkylsilyloxy-terminated polymers according to the invention or the
hydroxy-terminated polymers produced therefrom, for producing vulcanizable rubber

compositions.

It is preferable that the said vulcanizable rubber compositions comprise further rubbers, fillers,

30 rubber chemicals, processing aids and extender oils.

Examples of additional rubbers are natural rubber and also synthetic rubbers. The amount of these,
to the extent that they are present, is usually in the range from 0.5 to 95% by weight, preferably from

10 to 80% by weight, based on the total amount of polymer in the mixture. The amount of rubbers



- particul ar WERAFESPYbber, ESBR and SSBR with gl ass transi PLCIWEP2011/069910
t enper at ure above -60C, poI ybut adi ene rubber having high cis-content

(> 90% , which has been produced using catal ysts based 20on N, Co,

" Ti or Nd, anditienaly agstl yibtwindéperds onuhdbesspebizve intendag useoof 8/nixitumss| according to the
content, ang.akso mxtures of these. Fillers that can be used for the
rubber conpositi ons according to the invention are any of the known
fillers used in the rubber industry. These conprise active and inert
fillers. BExahfilobsynthptin ruphers knewrrEpmitherlisdataeds givdhiersdy pay of elamplsi Thieg awmprise
produced by,uay,of exanple via precipitation from solutions of

silicates or via flame hydrolysis of silicon halides with specific
surface areas of from5 to 1000 n2/g (BET surface area), preferably
from 20 toB®0O np/g, akeyiitediensri mary particle sizes of from10 to

400 nm The silicas can, if propriate, also take the form of m xed

oxi des wit H\Bft her et aIBu&ﬂieB?ég‘C@ﬂﬂ%a%at@)%?PGb@e@f A, of My, of Ca,

of Ba, of Zn, of Zr, or of Ti; W2012/065907PCT/ EP2011/ 069910 - 9- -
synthetic dRlicates, s®eHSa&eRs umini um silicate, or alkaline earth

netal silicate, e.g. magnesiumsilicate or calciumsilicate, with BET
surface ar@aBRof from SHrens buidienerrpplypeas kaving figmi 1rkQP4 yymigl yrgne contents,

di ameters of from 10 t @rAQLb1dm D08 bitlveight! ﬂr&ﬁf&@ﬁwa ShiEondRl mgkatlen

and any other naturally occurring formof "silica; glass fibres and

gl asgof i br gsproduct s ( BRtrshe-bhfiaRASPolyritrs VRS o Mo@@@ﬁwezght Et}%@é contents,

oxi des, such as zinc oxide, calcium oxide, magnesium Oxi

al uni ni um oxi de; 10 mePEerRbhy Hom A3-4Ys b)élff%‘ﬁhtﬁo‘??ﬁ?ff%aﬁohﬁ%ﬁfﬂmﬁﬁ@n
cal cium carphonate, or zinc carbonate; petal hydroxides, e.g.

al um ni um Hdr oxi de or Iﬁ?ﬁ‘&ﬁ@éﬁ“ﬁ?ﬂ“ﬁ‘ﬁa‘i@@m@ 15metal sul phates, such

as cal cium_sul phate or _bar,jum sul phat car bon, bl acks: The carbon
bl acks for Iﬁﬁ% here ar EUaELsacpreg éaPObg;ﬂW@Wg 5AR 537 8 By weight acrylonitrile

contents, preferably from 10-40% by weight
15 HNBR Partially hydrogenated or fully hydrogenated NBR rubber
EPDM Ethylene-propylene-diene terpolymers

and also mixtures of the said rubbers. Materials of interest for producing motor vehicle tyres are in
particular natural rubber, ESBR and SSBR with glass transition temperature above -60°C,
polybutadiene rubber having high cis-content (> 90%), which has been produced using catalysts based

20 on Ni, Co, Ti or Nd, and also polybutadiene rubber having up to 80% vinyl content, and also mixtures
of these.

Fillers that can be used for the rubber compositions according to the invention are any of the

known fillers used in the rubber industry. These comprise active and inert fillers.
Examples that may be mentioned are:

25 - fine-particle silicas, produced by way of example via precipitation from solutions of silicates
or via flame hydrolysis of silicon halides with specific surface areas of from 5 to 1000 m*/g
(BET surface area), preferably from 20 to 400 m*/g, and with primary particle sizes of from 10
to 400 nm. The silicas can, if appropriate, also take the form of mixed oxides with other metal
oxides, such as oxides of Al, of Mg, of Ca, of Ba, of Zn, of Zr, or of Ti;

30



- channel pro¥©2812463%hce process, gas process, thernal pro®E€Jd8EP2011/069910

acetyl ene process or arc process, their HET surface areas being from

9 to 200 nR/\g, e.g. SAP, |ISAF-LS, |ISAF-HM 20 | SAF-LM | SAF-HS, CF,

" SCF, HAF-LS, HARynthsF siligitesmciHs, ah@pmumxicate, BERKAIBe eflRnetdt BlicdiGe.g. magnesium
GPF- HS, GPF, APE;: _ . - . - . .

bl acks, or the fsgllcﬁg\% ér?g mtnﬁgg%a%ggrﬁ EF%T%%BE\ ﬁ%%gzsdggﬁﬁ@%? g grﬁd: with primary

N110, N219, N22@artisedbmer2dffromigpm 40882, N326, N327, N330, N332,

N339, N347, N351, N356, N358, N375, N472, N539, N550, N568, N650,

N660, N754, N762, N765, N774, N787 and NO990 25carbon bl acks; rubber

gel s, 5in parti cuparal siioats sidhse d2odin apbiny bitradiuete ocostring émm-ofsitieili ene

copol yners and/ or pol ychl oroprene with particle sizes from5 to 1000

nm Preferred fillers used are fine-particle silicas and/or carbon

bl acks. The fi | Igtassiibresrand glassdiboamodyets (reatel steindmierr plassinrcrebegilsxt ure. | n

one particularly preferred enbodi nent, the 30 rubber conpositions

conprise, as fillers, a m xture conposed of pale-coloured fillers,

such as fi ne- pamiat bedssi uplcasgine axide, oficivmokide npkeesis, oxidher elumhéinmpsideng

rati qpof pal e-coloured fillers to carbon blacks is from0.01:1 to

50:1, preferably fromO0.05:1 to 20:1. W2012/065907PCT/ EP2011/ 069910

- 10 - | n anot hewctad pdsbrapias mich of megnesiim vazbringte,ralciumearbaipite pr zine carbonate;

conpositions al so conprise rubber auxiliaries, which by way of

exanpl e i nmprove the processing properties of the rubber conpositions,

or serve for thenctal bgkdxidekierggalwhiniumehydiobide pr roagngromi byidomxgle; or i nprove

t he physical properties of the vul canizates produced fromthe rubber

conpositions of the invention, for the specific intended purpose of

t he d&i d 5Svul camietedsuphates sudhap eadsiem sdighaterst barigwtsilpmidet ween rubber and

filler, or serve for the coupling of the rubber to the filler.

Exanpl es of rubber auxiliaries are crosslinlcing agents, e.g. sul phur

or sul phur ~donoratbonpdssddhe sarbomabladks feracst iher aac tebepmpardby the flame process,

antioxi dants, h t abi L i aht _stabili zer ti0zone agents,

processi ng ai ds?ﬁ% gls’%a} P(%:e:sgi E%é?wtﬂéé‘%%f ig%r @Q&B% él\?\nmﬁagl pgg"é%sf é?ety %: FOCESS or are

pi gnents, waxes prasgsetheie BET sofapanices baigiom 9itd 20(em’/g, el SAES IBATISS [SAF-HM,

NS e ; Sy >
o |- 20AE (17 catell B e L AR BSTRES, Bk Mr B FRAS M ety FELs, e,
Extracti on Sol v&EEHSGPF-HIASPY R, GREILSASRIvEM, SRIEKS $RA-JMoinkd MTTéMlon blacks,
Treated Resid ' j _napht heni

hapht heni ¢ oi | 80t Sad R 7 oA LPASTMARR TR RN, AR NP RE ) s,
auxiliaries is IN4RNN206NY826, MHATL NBO3DB3PaNGEI, Y343 NS, NSaGeN 358 N375,
15100 parts by Web8hlsed 10ath K85y 196sof NRBE 7aal N7 L5652k s ¥RPr o0

fromb5 to 150 parts by Wweight o er auxilnari‘es.
25 carbon blacks;

- rubber gels, in particular those based on polybutadiene, styrene-butadiene copolymers and/or

polychloroprene with particle sizes from 5 to 1000 nm.
Preferred fillers used are fine-particle silicas and/or carbon blacks.

The fillers mentioned can be used alone or in a mixture, In one particularly preferred embodiment, the

30 rubber compositions comprise, as fillers, a mixture composed of pale-coloured fillers, such as fine-
particle silicas, and of carbon blacks, where the mixing ratio of pale-coloured fillers to carbon blacks is
from 0.01:1 to 50:1, preferably from 0.05:1 to 20:1.

The amounts used of the fillers here are in the range from 10 to 500 parts by weight based on 100
parts by weight of rubber. It is preferable to use from 20 to 200 parts by weight.



" The invent |‘8929ﬂ2§0658?70w des a process for . the production of HfF2011/069910
rubber conpositions of the |nvent|on &Brding to which at |east one
~triallcylsilylo nat pol accordlng t.og the invention,

hydr oxy- t erfi® ﬁ%ﬁ%&“@%‘%‘% r"?glﬁo‘ﬂYf E-?P fheaPRber GRRIPOSHPNS HRgI eFPTiet THbber auxilfarics
further rublgihsy vdfdf ekadipse laigfbvé the edcesditd ¥ blobatids@F 1he|rﬁbbE{1@>m'1§GQ&H?1t §,%r serve for
ment i oned 0 I s/ are ed in a mxin at us. at tenperatures
from 20 - %&oésww PO SRR T MV&&F% Plyisal paopetsiss pr B yelegpizates
in a singl eralageroat thamasuértcb:ap@g@nmf@mmﬁaln@f & eeBpEEicRAbiied Pi¥&H of e said
2to n1X|ng st ages t.herefore OSSI@g $§ mag of exanpl e that
the additi oH“HF*4 %HW%@“ e JuIerattiop etsieen wRbse apf Hlla, rrﬁeafesf%rp%? squgling of the
m Xi ng St agehbeothe fllar. a rol |, preference 25bei ng given here to
tenperatures in the range from30C to 90C. It is preferable that the
addi ti on of_ sul cel erator. takes place in the fin m Xi
g ExaproRB Rt s S Pl BE R FESub R T imetirpas and
rubber conmais Iretabtﬁmisic&ﬂeeauﬁrq|ahﬁqmdaﬁlﬁleﬁﬂ&fasl,hzdri}Ul@lﬁt%&blh%rég QfitfozaRChofit | fbﬂessmg

trud th fore further provides vul canjza
r ubber eiiﬁb“&.&‘%@ﬂ%ﬂeﬁﬁﬁ%’ﬁ%. R AR S SSTIRT MBIE T DY RBF At pilanes,

groufd® havirtigdére rmata akidey; oxtpsledilst g 1DAF MDIsaAll4td A réthatio Piid@) bBI TOARN Treated

hydr ox r roduced _t her.ef 012/ 0659 / P2011/069910 -
Y eaad s RORRES ERDeoh s NG Pirorim TOrFa i dei GReiiee Aromatic
wi th high \mtra(S}(dnd TR&S (Theated Resithihl Abdragic Brirh @Bk En@c!’lﬁ‘a@hthemc dd¥eheavy naphthenic
vul cani zabl %g ﬁ q§85|tions according to the invention are al so

sui tabl e fSFsﬁP eI NP Bul di ngs, e.g. for the production of cable
sheat hi ng, hoses, drive belts, conveyer belts, roll 5coverings, shoe

sol es, seaITlhagotali ng:ﬁlnaﬂﬁmﬁmhﬂﬁar&b a4TenNths .ranph dro@X 8NP B%pd@t@b@%ﬁ@ﬁ Vigased on
to | ll%lJSt r 6}5@ pgrgeby wmg%%% enQi'rety o% %lﬁler ﬁng/ preﬁeralfj)lettg'%e 1ch|>nrln Sttlo ng parts%y weight of

rubber auxiliaries.

The invention also provides a process for the production of the rubber compositions of the
invention, according to which at least one trialkylsilyloxy-terminated polymer according to the
invention, or a hydroxy-terminated polymer produced therefrom, optionally with further rubbers,
20 fillers and rubber auxiliaries, in the amounts mentioned above, is/are mixed in a mixing apparatus

at temperatures from 20 — 220°C.

The vuleanizable rubber compositions can be produced in a single-stage or a multistage process,
preference being given to 2 to 3 mixing stages. It is therefore possible by way of example that the
addition of sulphur and accelerator takes place in a separate mixing stage, e.g. on a roll, preference
25 being given here to temperatures in the range from 30°C to 90°C. It is preferable that the addition

of sulphur and accelerator takes place in the final mixing stage.

Examples of assemblies suitable for producing the vulcanizable rubber compositions are rolls,

kneaders, internal mixers and mixing extruders.

The invention therefore further provides vulcanizable rubber compositions comprising polymers
30 functionalized by terminal groups having terminal groups of the formula (I) or having terminal

hydroxy groups produced therefrom.

The invention further provides the use of the vulcanizable rubber compositions according to the

invention for producing rubber vulcanizates, especially for producing tyres, in particular tyre
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(conparative exanple) 10The following wéte charged to an inertized

~20L reactor: 8.5 kg of hexane, 1125 g of 1, 3-butadiene, 375 g of
styrene, 28readpplwhere these. sive mactilana by relfing yésisnespaitle highdwed skid. e@stance and

mrol of butyl.Lit Rkdpceand the contents were heated to 70C. The

m xture was polynerized for 1 h at 70Cwith stirring. The rubber

sol ution was then discharged, and stabilized by adding 3 g of

| rganox(r) "11152»@10élﬂza=ﬂ>lebiubl(a®cbtybctshioonmcblyllng 16 tIneinbgitiph erzcllsp sainabld fve producing

Isgl nghomgtﬁndggdgpg\évg ﬁb orsthee rod 1()ch}? I D6k s};eat 1%%5 rh%lsoebseﬁn\geg_ eggb \é@x%sge? ng})%l?s;, roll

styrede corspeingg, blyoeISResp@bngmapwamlmg léhdnys. wei ght gl ass

transition tenperature (DSC): -16C, numnber-average nDIar mass Mh

1606 - 71 Ve Sples st post Y hrlbufingsnten, mb RS h et IR e et Rt ed.

styrene-but adi ene copol yner (according to the invention) The

foll owing were charged to an inertized 20L reactor: 8.5 kg of hexane,
1125 g of 1, 3-butadiene, 375 g of styrene, 28 nmol of

2, 2-bi s(2- %ggrﬁﬂydrofuryl)propane and also 10.5 mmol of butyllithium
and the co were heated to 70C. The m xture was polynerized for
1 hat 70Cwth stlrrlng 25 Bls(trlnethyIS|Iy1) perOX|de (11.6
mol ) (2. O'Exggploda Synthasisafs pitadicd g gplwer e heat ed

to 7Q§ for The E&f%}%g dv I - érH%%Q%bb%tg% Se)t(alﬂ QIggng%\?\g,é%%%diene,

and stabilize rganox
renoved by 3§§ eaﬁ?rt:stnel %ﬁommgl OfIﬁéﬂlﬂ(ZmbéWd@ﬁmyﬁprm aud aleadl(l mmylad botyBithium, and

65C. t I 1% tyrene
content ( by " ShecErcedh ) 5L REARARERILo el B WAL 00 L MRS e
t enper at ur erDE)SG))lutIOIIIA@s nhﬂmb@]nscmgdaged nﬂh]ahzed-abx Mdu,(gg'_g@ S Irganox® 1520

?;anﬂagé %é%ls@éﬂgﬂ W)-%E}B%léll]ﬁ%n rri\)/gSI s%ivglﬁo\%cjist %mgx!’vld loy4steae‘l§n-s gp%?g The
szoﬂél0659@%9@Tﬁ§P@@I¢&®@9@@@aHﬁﬂQ - Tyre tread rubber conpositions
wer e produ | adlene C from 0
Exanpl e | ac‘\ﬂg lé\%frtre%g g%p éeclzo)%céo ; g?%)r/ bg }gg t?%ne €O, tentgg&hsspec %CO%XTS%L?A) by
the triall oyeight; Ig}dsawnsﬂmnmematrwres@&%nd6wt Akitenavergp aojaranass M, (GPC, PS

di 2b
Tabio 11 Spabf H2XERb: BT T AR BB MO BTR Y M hout

sul phur and accel erator) were 5produced in a 1.5L kneader. The

sul p EH r-an %xg‘ﬁﬁg Hl? rSﬂtHJsis%991‘3@5]&i&?0@(&§en\4\§1121%d tsggh %Re-ﬁl(?ar&lle)ﬁg (C:iop(é1 ymg'ro ( aEccgﬁinag to the
invention)
The following were charged to an inertized 20L reactor: 8.5 kg of hexane, 1125 g of 1,3-butadiene,

375 g of styrene, 28 mmol of 2,2-bis(2-tetrahydrofuryl)propane and also 10.5 mmol of butyllithium,
and the coﬁtents were heated to 70°C. The mixture was polymerized for 1 h at 70°C with stirring,
25 Bis(trimethylsilyl) peroxide (11.6 mmol) (2.07 g) was then added, and the reactor contents were heated
to 70°C for a further 20 min. The rubber solution was then discharged, and stabilized by adding 3 g of
Irganox® 1520 and the solvent was removed by steam-stripping. The rubber crumb was dried in vacuo
at 65°C.
Vinyl content (by IR spectroscopy): 51.7% by weight; styrene content (by IR spectroscopy): 24.8% by
30 weight; glass transition temperature (DSC): -14°C; number-average molar mass M, (GPC, PS
standard): 251 kg/mol; My/M,: 1.31; Mooney viscosity (ML1+4 at 100°C): 77 MU

Examples 2 a, and b: Rubber compositions




“rol . - 13WO2BIHPEPR7 2b according to the invention o OL OBCGIAEP2811/069910
IEE9E Cn ,- O CVCYNZL -12 -

Tyre tread rubber compositions were produced which comprise the styr\ene-butadiene copolymer from
Example la as comparative example (rubber composition 2a), and also the trialkylsilyloxy-terminated
styrene-butadiene copolymer according to the invention from Example 1b (rubber composition 2b).
Table 1 lists the constituents. The rubber compositions (without sulphur and accelerator) were
5 produced in a 1.5L kneader. The sulphur and accelerator constituents were then admixed at 40°C on a

roll.
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. Styrene-but adi ene copol yner from Exanple la
Triallcylsilyloxy-term nated styreni - but adi ene copol yner from Exanpl e
| b Hi gh-cis-content polybutadi ene"(@fJNATM CB 24 from Lanxess
) Eeutschl and Silica (Utrasil(r) 7000) Carbon black (Vulcan(r) J/N
@75) TDAE oil (Vivatec 500) Processing aid (Aflux 37) Stearic acid
EEdenor C 18 98-100) Antioxidant (Vul kanox(r) 4020/LG from Lanxess
Beut schl and GrbH) Anti oxi dant (Vul kanox(r) HS/ LG from Lanxess
Beut schl and GrbH) Zinc oxide (Rotsiegel zinc white) Wax (Antil ux
®54) Silane (Si 69(r) from Evoni k) Di phenyl guani di ne (Vul kacit(r)

C from Lanxess Deutschland GrbH) Sul phenam de (Vul kacit(r) Nz/ EGC
fr om Lanxess Deutschland GvbH) Sul phur (90/95 ground sul phur,
Chancel ) Sul®honamni de (Vul kalent(r) E/C) correspondi ng vul cani zat es
are listed @ Exanples 3a and 3b in Table 2.
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Trialkylsilyloxy-terminated styrene-butadiene copolymer from Example 1b

tan & maximum (MTS amplitade sweep at 1 Hz, 60°C)

tan & at 0°C (dynamic damping at 10 Hz)

tan & at 60°C (dynamic damping at 10 Hz)
Tensile stress at break (S2 test specimen) [MPa)

Styrene-butadiene copolymer from Example 1a
Abrasion (DIN 53516) [mm®]

Styrene-butadiene copolymer in vulcanizate:
Elongation at break (S2 test specimen) [%]

Vulcanizate properties:
Rebound resilience at 23°C [%)]
Rebound resilience at 60°C [%%]

The tyre tread rubber compositions of Examples 2a and 2b in Table 1 were vulcanized at 160°C for 20 minutes. The propertie

corresponding vulcanizates are listed as Examples 3a and 3b in Table 2.

Examples 3 a. and b: Vulcanizate properties

Table 2: Vulcanizate properties

W02012/065907



- Tabl e 2: VUVERRIZMS0Dr operties W2012/ 065907PCT/ EP2011/ 086F1IEP2011/869910
- Tyre applications need low rolling resil8tance, and this is present

. if the values neasured in the vul canizate are high for rebound
resilience Afe Q%ﬂ?xca@'ﬁﬁls hW 169 TrofliRg) rélsiaﬁbed)iﬁlﬁmlsclscﬁ'&@ﬁtqg iR vehieg Bncasured in the
tenperature (60C) and | ow for tan maxi mumin th ng)ltueswee

As can be sEEANZAE FgBieh for rehayad ﬁﬁﬂl@&ﬁ@fz@& € ¢ Imamne Shdymemisrdsmans ebhigh
the inventiwgapdeat LS ahi m ﬁﬁ&@&ﬂ%ﬁl&ﬁhﬂ th€ ﬁﬁﬁlr&ie s@% Aé QWok &3n RPTabI 2, the

dynam ¢ danpi ng at and | ow tan maxi mrumin the anplitude swee

Tyre appl i catergee A Esgnpedpopmrding Kﬂéhe lg‘f@ilﬁpnrf@rrg%lasbcreboawhrwmnse 3t §0°C, low tan
present Wheyin imyitasdik Z@doec mslo@-tati%%xﬁﬁﬁ\ i tﬁé@h{ﬂﬁm&&&wam c

danmping at | ow terrperature (00). can be seen in Table 2, the

vul cani zat e_ of npl e 3b accor di n to the invention features a hi gh

tan 8 val uelreeray a?ﬁs RlsuagsH gl Wt skgaesisppreang Bt is prggenionen sheamlcpnizaie has  high
hi gh abr asitgnsrasd ﬁa&i@mﬁc depirzaRloRaemf@turt (P0). haRkhioekeert iR G able 2, the vulcanizate

vul cani zate of 1 mpl e 3b according to the 1nvention features | ow
DI N abrasi ¢t a??%@%@ﬁ?@”ﬁ@?@?ﬂﬁ@é@f@n & yadue.in st dapping a0°C.

1. Pol yners funct| onal i zed by term nal groups, characterized in that
E Ihe pol y mergrdupyBeations isa héed lighi abiibiOxX desigthRy A Xan bB gech @68l 0 the vulcadizate of

10 Example 3b according to the invention features low DIN abrasion.



. at the end BPXWPROGAY n, where fe, R2, and R3 can be i dent PEAYERZ011/069910

different and are alkyl, cycloal kyl, andlérallcyl noieties which can
_conprise heteroatons such as 0, N, S, and Si. 2. Polyners
finictionalized by term nal groups, according to Claim1l,
characterized in that all 100of the noieties R are identical. 3.
Pol ymers functionalized by term nal groups, according to Caim 2,
characteri&gg kﬁiﬁ@at the noieties R are n-al kyl substituents,
preferably et groups. 4. Polyners functionalized by term nal
groups, according to Caim3, characterized in that the pol yners have
term nal hyldr oxyPofyngp SunctidheliRd thyasenifd @reupt aihaRbkfzodiia thy WeOpdlsrhsrs Rhve a
t he 15t erm nal 8L§Eﬁs Ef t he f?rn%}a %{ . 5. Polyners functionalized
by terminal grouf® Y HEEY NGOt 8 BB or 4, characterized in that
the polyners are diene polynmers or are di ene copol yners obtai nabl e
via copol ynerization of dienes with vinylaromatic nononers. 6.

Pol yners functionalized by term nal ggaups,| according to Caimb5,
characterized in that the 20di enejpol yper is a pol ybutadiene, a

pol yi soprene, a butadi ene-i soprere-Cop®iReEer, a but adi ene-styrene
copol yner, an isoprene-styrene copol yner or| a

but adi ene-i soprenestyrene terpol yprer.R*W20[12/ 065907PCT/ EP2011/ 069910
-17- 8. Polyners functionalized by term nal groupg) according to
Claim 7, characterized in that the bis(trialkylsilyl) peroxides are
conmpounds of the general formula (I1) RIRI 11 R2 -Si-0-0 -Si-R2 11
R3R3 5

at the end of the chain, where R', R?, and R? can be identical or different and are alkyl,

cycloalkyl, and aralkyl moieties which can comprise heteroatoms such as O, N, S, and Si.

2. Polymers functionalized by terminal groups, according to Claim 1, characterized in that all
10 of the moieties R are identical.
3. Polymers functionalized by terminal groups, according to Claim 2, characterized in that the

moieties R are n-alkyl substituents, preferably methyl groups.

4. Polymers functionalized by terminal groups, according to Claim 3, characterized in that the
polymers have terminal hydroxy groups, where these are obtainable via hydrolysis of the

15 terminal groups of the formula (I).

5. Polymers functionalized by terminal groups, according to Claim 1 or 4, characterized in
that the polymers are diene polymers or are diene copolymers obtainable via

copolymerization of dienes with vinylaromatic monomers.

6. Polymers functionalized by terminal groups, according to Claim 5, characterized in that the
20 diene polymer is a polybutadiene, a polyisoprene, a butadiene-isoprene copolymer, a
butadiene-styrene copolymer, an isoprene-styrene copolymer or a butadiene-isoprene-

styrene terpolymer.

7. Polymers functionalized by terminal groups, according to Claim 6, characterized in that

one or more bis(trialkylsilyl) peroxides are used as functionalization reagent.



-where R, RYOUIH0GRE0Tan be identical or different and ar e P&TKER2011/069910

cycloallcyl, and aral kyl noieties which -ddn conprise heteroatons such

-as 0, N, S, and Si. 9. Polyners functionalized by termninal groups,
according td O diokngrs fReioaglized by iseming ardwas, aagording tofGleimp Flardctesizad im thet the
n-al kyl substi tL{ﬁ‘é’(ﬁrﬁlkyEflﬁ? 580k aPRbAYbunGS %H@gen&@ﬂi@nﬁﬁé HHers

functionalized by term nal groups, according to Caim?9

characterized in that the average (nunber average) nol ar masses of

the polyners are from 10 000 to 2 000 000 g/ nol, preferably from 100

000 to 1 000 000 g/nol. 11. Polyrrers functi onal i zed by term nal

groups, according to Caim 10, acteri z in that the gl ass

transition tenperatures of the poI ner s ar from-110C to +20C,
preferably 15from -110C to 0C R2-gP ;Lr@.r_ LLFQ@tl onal i zed by

term nal groups, according to d ai r]n cha}ract erized in that the
Mooney vi scosities [M. 1+4 (100C) |R®f the Rrel ymers are from10 to 200
Mooney units, preferably from30 to 150 Mooney units. 13. (Dse of

bi s(trial kyl si | y1l) peroxides as functionalization reagents for

produgi ng pol yners 20finctionalized by term nal groups, according to
CGaim1l or 4. 14. Process for producing polyners fiinctionalized by

term nal groups, characterl zed in that one or nore

bis(triallcylsi I‘W?)e Bemixinddl’ qah e ddeintierdfor dé&re@halrdeage}kvls)cycaawcyadmedralkyl

to pol ymers havi rQcess

according to C anlqc%-lﬁﬁrleglQo%t hgfgla%ggy%d& g%]g%h%%gﬂa |Sgn of the
fiinctionalization 25reagents takes pl ace after concl usion of the

pol yneri zat% on d’wbe@g%funct\mwi@bmmmFg@pﬁrasz@nmnmgg@@l 8, chaacterizdtt in that all
Process accordi ngQndididh Maldh 1t RLRGLERL, ﬁa?egerhlﬁ (Sﬂ %%‘%' chionetric
amounts or a sub- stoichionetric anount o uncti on tion reagents
is used. 18. Process according to CQaim15, 16 or 17, characteri zed

in tH&t thdOanodetynsts funstivtdlzedby mamnaitgrcmeagemrchngte@mmm €haBoferized29hat the

by wei ght, prefeg 0, bas d on th

of pol ymer havi n((gQ% H@é@r ‘%laﬁ‘e)r arl rl%mesr?sdscqI fzf Poces$™ ?{98}’”3]1[6 (%00 to
to any of the prQeQ@UD@[gg/mblapw&;amew(er)@&ted 909 000a/maloupl i ng

reagents are added for the reaction with the reactive polymer chain

ends. 20. e of rs. functionalized ter nal ou
according to" any g'fme%lsh n%ﬂ”&%i 8‘5‘ hﬁ teéﬁ‘lﬁ‘iaﬁ%r? o?ccff C‘%Q;mvl@i Qarcistesddn that
rubber conposi t ithnglassl@dditidiuleampBiadada| of thsjpcbﬁher@@fm@&htlmﬁs t& 62O ipRderably
to CII%I m 20, che},rroenctl%gcztgcaoén t hat they

12. Polymers functionalized by terminal groups, according to Claim 11, characterized in that

the Mooney viscosities [ML 1+4 (100°C)] of the polymers are from 10 to 200 Mooney
units, preferably from 30 to 150 Mooney units.

13. Use of bis(trialkylsilyl) peroxides as functionalization reagents for producing polymers
20 functionalized by terminal groups, according to Claim 1 or 4.
14. Process for producing polymers functionalized by terminal groups, characterized in that

one or more bis(trialkylsilyl) peroxides (functionalization reagents) are added to polymers

having reactive polymer chain ends.

15. Process according to Claim 14, characterized in that the addition of the functionalization
25 reagents takes place after conclusion of the polymerization process.
16. Process according to Claim 14, characterized in that an excess of functionalization reagents

is used.



- conprise anVGNHYPY oils, fillers, rubbers and/or rubbefCI/EP2011/069910

auxi liaries. 22.Vul cani zabl e rubber conpé§rtions conpri sing polyners
. functionalized by term nal groups having termnal groups of the

formula (1)7or HAKeRy2cesdinenal ClAYd i xshageteniasd i thd soidionmseicetmayis or a sub-

1523. Use of the sydiiEidadhdint IR CAM0S idabQSs &egording to Caim
22 for producing tyres, in particular tyre treads. 24.Use of the

vul cani zabl e rubber conpositions according to Gaim22 for producing
moul di ngs, §i®n pdiredessulaagording|te Shismt Wi nlf, ohoFleschavdetenigsdbinl tht the amount of

conveyer bel ts, {QkibnfOMRRi :BSnts N06m 9R05S: 298§ Ivieillhy, OG5 HAFEPLNG, b
el enents. 2025. Tyr_elsnolbt al nrab I’(lasaccor Ing to ale%%fgr&g%. ?/DUFgI ngs y
obt ai Aabl e accorvéﬁlgm bagsd op sheprpynt of polymer having reactive polymer chain ends.

19. Process according to any of the preceding claims, characterized in that coupling reagents

are added for the reaction with the reactive polymer chain ends.

20. Use of polymers functionalized by terminal groups, according to any of the preceding

claims, for producing vulcanizable rubber compositions.

10 21. Vulcanizable rubber compositions according to Claim 20, characterized in that they

comprise antioxidants, oils, fillers, rubbers and/or rubber auxiliaries.

22 Vuleanizable rubber compositions comprising polymers functionalized by terminal groups

having terminal groups of the formula (I) or having terminal hydroxy groups produced

therefrom,
15 23. Use of the vulcanizable rubber compositions according to Claim 22 for producing tyres, in
particular tyre treads.
24, Use of the vulcanizable rubber compositions according to Claim 22 for producing

mouldings, in particular cable sheathing, hoses, drive belts, conveyer belts, roll coverings,

shoe soles, sealing rings and damping elements.

20 25. Tyres obtainable according to Claim 23.

26. Mouldings obtainable according to Claim 24,



