-1- Functionalized hieh-vinyl-content diene rubbers The present invention
relates to rubber m xtures, conprising functionalized hi gh-vinyl-content

di ene rubbers, to the preparation of sucHhH-rubber m xtures and to the use

t hereof for the production of rubber 5 vulcanizates which serve in
particular for the production of highly reinforced rubber noul di ngs,

particul arl preferably for the production of tyres, where these have
particul arl tignalizy "ri-“'ndchtéums'ner:arraartlcuIarIy hi gh wet skid

resi stance and abrasion resistance. An inportant property desired in tyres
is good adhesion to a dry or wet surface. It is very difficult here to
inprove the skid resistance of a tyre without at the sane time increasing
the rolling 10 resistance and the abrasion. A low rolling resistance is
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and these can therefore have only little éffect on the interaction between
fill er and rubbers with relatively low glass transition temperature, e.g. polybutadiene with low vinyl content.

20 Anionically polymerized solution rubbers containing double bonds, e.g. solution polybutadiene and
solution styrene-butadiene rubbers, have advantages over corresponding emulsion rubbers for the
production of low-rolling-resistance tyre treads. The advantages lie inter alia in the controllability of
vinyl content and the attendant glass transition temperature and the extent of molecular branching.
Particular advantages result from this in practical applications in relation to wet skid resistance and

25 rolling resistance of the tyre. For example, US-A 5 227 425 describes the production of tyre treads
from a solution styrene-butadiene rubber and silica. For further improvement of properties,
numerous methods of end-group modification have been developed, as described in EP-A 334 042
using dimethylaminopropylacrylamide, and as described in EP-A 447 066 using silyl ethers.
However, by virtue of the high molecular weight of the rubbers, the proportion by weight of the end

30 groups is low, and these can therefore have only little effect on the interaction between filler and
rubber molecule. EP-A 1000971 discloses relatively highly functionalized copolymers which
contain carboxy groups and are composed of vinylaromatics and of dienes, with up to 60% content

of 1,2-bonded diene (vinyl content). Copolymers composed of diene and of functionalized



rubber nolecule. EP-A 1 000 971 discloses relatively highly functionalized
copol yners which contain carboxy groups and are conposed of vinylaromatics
and of dienes, with up to 60% content of-2;2-bonded diene (vinyl content).
Copol ynmers conposed of diene and of functionalized -2- diene and of
functionalized vinylaromati c nononers are described in US 2005/0 256 284 Al.
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EP 796 893 A1 to slightly improved wet skid resistance with the same rolling resistance and

improved abrasion resistance.

20 It was therefore an object to provide rubber mixtures which do not have the disadvantages of the

prior art.

It has now been found that the use of functionalized high-vinyl-content diene rubbers whose vinyl
content is > 60% can produce tyres with reduced rolling resistance, with high abrasion resistance,

and with high wet skid resistance.

25 The present invention therefore provides rubber mixtures composed of at least one rubber and of
from 10 to 500 parts by weight of filler, based on 100 parts by weight of rubber, where the rubber
has been prepared via polymerization of one or more dienes in solution and subsequent introduction
of functional groups, the said rubber has from 0.02 to 3% by weight, preferably from 0.05 to 2% by
weight, of bonded functional groups or salts thereof, and the content of 1,2-bonded dienes (vinyl

30 content) is from 60 to 95% by weight, preferably from 62 to 85% by weight, based in each case on

the solution rubber used.

The glass transition temperature of the inventive rubbers is moreover preferably > -50°C.



has been prepared via polynerization of one or nore dienes in solution and
subsequent introduction of functional groups, the said rubber has from 0.02
to 3% by weight, preferably fromO0.05 to B by weight, of bonded functional
groups or salts thereof, and the content of 1,2-bonded dienes (vinyl 30
content) is from60 to 95% by wei ght, preferably from62 to 85% by wei ght,
based in eagch case on .the, solution ruhber used.. The glass transition .
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subsequent introduction o? functional groups.
The invention moreover provides a process for the preparation of the inventive rubber mixtures in
that the dienes are polymerized in solution to give rubber, and the functional groups or salts thereof
20 are then introduced into the solution rubber, where solvent is removed using hot water and/or steam
at temperatures of from 50 to 200°C, if appropriate in vacuo, and then filler and, if appropriate,

process oil is added.

In another embodiment of the inventive process, the dienes are polymerized in solution to give
rubber, and then the functional groups or salts thereof are introduced into the solution rubber, and
25 then the solvent-containing rubber is mixed with process oil, and the solvent here is removed during
or after the mixing procedure with hot water and/or steam at temperatures of from 50 to 200°C, if

appropriate in vacuo, and then filler is added.

In another embodiment of the invention, the filler is added with the process oil after introduction of

the functional groups.

30 The inventive rubbers for the inventive rubber mixtures are preferably prepared via anionic solution
polymerization or via polymerization by means of coordination catalysts. Coordination catalysts in

this context are Ziegler-Natta catalysts or monometallic catalyst systems. Preferred coordination



rubber, and then the functional groups or salts thereof are introduced into
the solution rubber, and 25 then the solvent-containing rubber is m xed
with process oil, and the solvent here is-4enoved during or after the m xing
procedure with hot water and/or steam at tenperatures of from50 to 200C, if
appropriate in vacuo, and then filler is added. In another enbodi nent of the
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widely fr omTéie am@pnt of solvent in the inventive process usually amounts to from 1000 to 100 g, preferably

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.

20 The polymerization temperature can vary within a wide range and is generally in the range from 0°C
to 200°C, preferably from 40°C to 130°C. The reaction time likewise varies widely from a few
minutes to a few hours. The polymerization process is usually carried out within a period of from
about 30 minutes to 8 hours, preferably from 1 to 4 hours. It can be carried out either at atmospheric

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

25 The functional groups here are introduced according to known processes in single- or multistage
reactions via addition reactions with corresponding functionalizing reagents to the double bonds of
the rubber or via abstraction of allylic hydrogen atoms and subsequent reaction with functionalizing

reagents.

The carboxy groups can be introduced in various ways into the rubber, an example being
30 compounds such as CO, which provide carboxy groups are added to the metallated solution rubbers,
or use of the transition-metal-catalyzed hydrocarboxylation reaction known in the prior art, or

treatment of the rubber with compounds containing carboxy groups, for example mercaptans
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(HS-R -C0O)2X in which R is a linear, branched or cyclic O -C36-al kyl ene
group or C1-C3 :ﬁlkenylene group, each of 10 which, if appropriate, can
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interruption by nitrogen atons, by oxygen atons or by sul phur atons, or is
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X is hydrogen or a metal ion, e.g. Li, Na, K, Mg, Zn, Ca or an ammonium ion which, if
appropriate, has C;-Cys-alkyl groups, C;-Cjs-alkenyl groups, cycloalkyl groups or aryl

15 groups as substituents.

Preferred carboxymercaptans are thioglycolic acid, 2-mercaptopropionic acid (thiolactic acid), 3-
mercaptopropionic acid, 4-mercaptobutyric acid, mercaptohexanoic acid, mercaptooctanoic acid,
mercaptodecanoic acid, mercaptoundecanoic acid, mercaptododecanoic acid, mercaptooctadecanoic
acid, 2-mercaptosuccinic acid, and the alkali metal and alkaline earth metal, zinc or ammonium salts
20 thereof. It is particularly preferable to use 2- and 3-mercaptopropionic acid, mercaptobutyric acid
and 2-mercaptosuccinic acid, and the lithium, sodium, potassium, magnesium, calcium, zinc or
ammonium salts thereof. Very particular preference is given to 3-mercaptopropionic acid, and the
lithium, sodium, potassium, magnesium, calcium, zinc or ammonium, ethylammonium,

diethylammonium, triethylammonium, stearylammonium and cyclohexylammonium salts thereof.

The reaction of the carboxymercaptans with the solution rubber is generally carried out in a solvent,
for example hydrocarbons, such as pentane, hexane, cyclohexane, benzene and/or toluene, at
temperatures of from 40 to 150°C, in the presence of free-radical initiators, e.g. peroxides, in
particular acyl peroxides, such as dilauroyl peroxide and dibenzoyl peroxide, and ketal peroxides,
30 such as 1,l-bis(tert-butylperoxy)-3,3,5-trimethylcyclohexane, or else azo initiators, such as

azobisisobutyronitrile, or of benzopinacol silyl ethers, or in the presence of photoinitiators and



acid, 2-nercaptosuccinic acid, and the alkali netal and al kaline earth
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preferably takes place after polynerization of the nononers used, in

solution via reaction of the resultant polynmers, if appropriate in the
presence of free-radical initiators, w 8-y oxynmercaptans of the fornul a
HS-R2-OH in which 15 RZis a linear, branched or cyclic Cl-C36-alkyl ene
group or Cl-C3%i.g! kenyl ene group, each of which, if appropriate, can have
up to three further hydroxy groups as substituents, or can have

interruption2by nitrogen atons, by oxygen atons or by sul phur atons, or can
have adyl R is a linear, branched or cyclic C;-Css-alkylene group or C;-Css-alkenylene group, each of

which, if appropriate, can have up to three further hydroxy groups as substituents, or can
have interruption by nitrogen atoms, by oxygen atoms or by sulphur atoms, or can have aryl

substituents, or is an aryl group.

Preferred hydroxymercaptans are thioethanol, 2-mercaptopropanol, 3-mercaptopropanol, 4-
20 mercaptobutanol, 6-mercaptohexanol, mercaptooctanol, mercaptodecanol, mercaptododecanol,
mercaptohexadecanol, mercaptooctadecanol. Particular preference is given to mercaptoethanol, 2-

and 3-mercaptopropanol and mercaptobutanol.

The reaction of the hydroxymercaptans with the solution rubber is generally carried out in a solvent,

the method for this being the same as described for the carboxymercaptans.

25 Carboxylic ester groups and amino groups can be introduced in corresponding fashion from

mercaptocarboxylic esters and mercaptoamines of the general formula
HS-R’-COOR‘, HS-R*-NR°R°

in which



substituents, or is an aryl group. Preferred hydroxynercaptans are

t hi oet hanol, 2-nercaptopropanol, 3-nercaptopropanol, 4- 20 nercaptobutanol,
6- mer capt ohexanol , nercaptooct anol, nercap?edecanol, nercaptododecanol,

mer capt ohexadecanol , ner capt ooct adecanol . Particular preference is given to
ner capt oet hanol, 2- and 3-nercapt opropanol and nercaptobutanol The reaction
of the hydrqoxynercaptans with the sol utjon rubber carried o

'n a sol ventt th%aﬁ'ef%o'aralr pd phPsTiBG Tregd alene grupaE @e@efﬂ RnF Group.hach of

car boxymer capt ansyhichDifappopriatd, icen Bk @p t@ThAleBrtiRR darBSHyNe e GO RHs ©AAMRAE groups
i ntroduced in correspondl ng fashion from ner captocarboxylic esters and

mer capt oami nes  ofas stigents akrar kv eninteraporRy WO 29TSREY NRBRB2toMH oy Wiphury -
R3 is a linear C Cl- C36- al kyl ene group or

G - C36- alkenylengﬁggoﬁggmp ﬁgg*)aﬁlch if appropriate, can have up to three
further carboxyllc ester groups or am no groups as substituents, or can
have i@t err ®ti ons bylnmat,rlvg@the@toorwcllcb%@ma@@h gaquper 63n-Ch1syallsmylpEll9up leucrhm;f

or is an aryl grq i near.

group or C3-C36- &l ﬁm%“al“’ °?“o€§ve\‘/&§ﬁ”c l‘°’? “‘“%%P%Q’?’Pa@ ‘%é e ’}ésv"e’q? qﬁ?“f%
by nitrogen atonmsr 1sblyphen<>y gonp shhrarliavb yp s gkl sutatitbems or amsmaitis s@bspﬂuemggl

group which can have up to 5 al kyl substituents or aromatic substituents, RS
and R6 are hydrogen or a |inear, branched or cyclic Cl-C36-al kyl group or

C - C36-al kenyl group 10 which, if appropriate, can have interruption by

ni trogen at ®and RY aRXy@RgeRbOAEinddf, bRirchedWr R GL@EBIkylQroupSor &, [T E4lkdny DgrowP
whi ch can have up to 5 alkyl substituents or aromatic substituents. Fillers
that d&n be used Yhigh theaporepsiatet Farehave Ipierruntion thy, Hogen catomsy byfoxysra atems e by
known and used i Ryiph& atJrHsbgﬂs d ﬁlfiléyslt dp, Jﬁﬁﬁ&n%&@ﬁﬂ)ﬁ%alﬂﬂtsu%k%n@%ﬁ hr\éﬁnatlc
fillers but also inert fil ntion may be nmade by way of exanpl e of
fine-particle S|Bu@m§$mprepared, for exanple, via preC|p|tat|on of solutions
of silicates, or flane hydrolysis of silicon halides with specific surface
areas of fr

area) and V\nmésp{rl@r?é?g&b%&? eégge?lzlge;ﬁgt}eyfn rom %g aﬁ}po ( “lm%ﬁg% P((E:glgﬁegan
al so, if appulder indtstry. ’H&sqacmesxepﬁss not ohlyectﬁ\@rfﬂhecfbumlsoedemﬁ]ldes

15 Mention may be made by way of example of:

- fine-particle silicas, prepared, for example, via precipitation of solutions of silicates, or
flame hydrolysis of silicon halides with specific surface areas of from 5 to 1000 m%/g,
preferably from 20 to 400 m%/g (BET surface area) and with primary particle sizes of from
10 to 400 nm. The silicas can also, if appropriate, be present in the form of mixed oxides

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

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

primary particle diameters of from 10 to 400 nm;
- natural silicates, such as kaolin and other naturally occurring types of silica;
25 - glass fibres and glass-fibre products (mats, strands) or glass microbeads;
- metal oxides, such as zinc oxide, calcium oxide, magnesium oxide, or aluminium oxide;
- metal carbonates, such as magnesium carbonate, calcium carbonate, or zinc carbonate;

- metal hydroxides, such as aluminium hydroxide or magnesium hydroxide;



20 with other netal oxides, such as Al, My, Ca, Ba, Zn, Zr, or Ti oxides; -
synthetic silicates, such as alumniumsilicate, alkaline earth netal
silicate, such as nagnesiumsilicate or c&tciumsilicate, with BET surface
areas of from20 to 400 n2/g and primary particle dianeters of from10 to
400 nm - natural silicates, such as kaolin and other naturally occurring
types of silica; 25 - glass fibres and glass-fibre products (nmats, strands)
or gl ass m er obeadin blacke thelcarbi bleeks toshie@beddBrezraarbox blieks pﬁ@hne&i biynhe Rarkeblack
Carbonat o, _oal o) biever SENR ERUE PR rdPE btk BR-PR Bhontiisf B
as al unmi ni um hydp@mseleacgwlen&ghaéspmmShydmxprqtess tigir BEF bofacklarek being frem Gatobon

blacks to be usegydine & %Af‘faﬁé)&m?'%%‘ﬁgfiag%ﬂrf E6, ARG, EF 08 ARKS, HaF,

process, channel - ocess furnace rocess, gas-bla rocess

t hermaf- bl ack pHAEESS, Fa‘é%t%RFeﬁ@I‘bFBE-ILSpF% -, GRFeH r@%s"d’F SRELS, S$RFF
surface areas beLN%Fs Oflis %KPOHMZQQ ml.ﬂrboﬁ bgickss'%:oordl%l: A§rM|1$ﬁ6 HM9 N220,

| SAF- LM | SAF- HS FEF-LS,
FEF, FEF-HS, GPFNR&.’ 1@3# NAﬁ: N@RFNE@ N N33, Néh’i: N9, Nt m5énH3$\ﬁrN§§$ bon
bl acks, accordi ng3t NSTMiddo, 1850, NBEE, Nd¥82Q660, N2RL N7S2.34765NR4 2, NYED4nd WBA6,
N327, N330, N332, N§39 N347, N351, N356, N358, N375, N472, N539, N550,
N568, N650, N660°r acki762, N765, N774, N787 and N990 carbon bl acks. 10 -
r ubber gels in particular those based on pol yhut adi ene, butadlene styrene
copol ¥ but &@P%@Sa&mﬁﬁvw@s oparly Rupdiens hytadisns EHERT SPIWAES. Fill ers
pref erabl y used ﬁ‘ﬂtﬁjléde&@fy%ﬁﬁkQ&&ly%{e}slaﬁgﬁolmwraﬁen@ar bon bl acks. The fillers
menti oned can be used aldone or in"a mxture. In one particularly preferred
enbodi ment, the rubber m xtures conprise, as fillers, a m xture conposed of
pal e- col our Edlefsinreferably usadcare fne-Fartivke silicas andfos carben blagkscas and car bon bl acks,
where the mxing ratio of pale-coloured fillers to carbon blacks is from
0.05 to 20; f ers
are in the raonFhBitold B fhsd o Iy s HARERUR Akl DERSre® bméidingl
wei ght of r uﬂ)befrmlxﬁre@mrﬁﬁnse,casm@s,pﬁamtxslrd)gonweaieghfpfd‘t-eohpnref @lieasbwh asbep-paificls
:_E\éggﬁ évremrn Lllgaﬁs; 16) bu%cksalwsgreonprlxﬁgraglgt (g)aeéol!lc dffllférs(%§ Icz?rgcfn l:;lzizc:g%ls%omlbtdSOn
el se synt hetd 20, prefeblySromietoarsount of these is

The amounts used here of the fillers are in the range from 10 to 500 parts by weight, based on 100
parts by weight of rubber. From 20 to 200 parts by weight are preferably used.

The inventive rubber mixtures can comprise not only the functionalized solution rubbers mentioned
20 but also other rubbers, such as natural rubber, or else synthetic rubbers. The amount of these is
usually in the range from 0.5 to 85% by weight, preferably from 10 to 70% by weight, based on the
total amount of rubber in the rubber mixture. The amount of additional rubbers added again depends

on the respective intended use of the inventive rubber mixtures.

Examples of additional rubbers are natural rubber and synthetic rubber.

25 Synthetic rubbers known from the literature are listed here by way of example. They encompass
inter alia
BR = polybutadiene
ABR = butadiene/C,-Cs-alkyl acrylate copolymers
CR = polychloroprene

30 IR = polyisoprene



usually in the range fromO0.5 to 85% by weight, preferably from 10 to 70% by
wei ght, based on the total anmount of rubber in the rubber m xture. The
anount of additional rubbers added agai n d&pends on the respective intended
use of the inventive rubber m xtures. Exanples of additional rubbers are

nat ural rubber and synthetic rubber. 25 Synthetic rubbers known fromthe
literature listed here by way of exanple. They enconpass. inter, alig BR
' pol ybut adSBie ABR —SBUEASHECOPRATER RPN ST SETEa g Sy i,
pol ychl oroprene 30 | Rprfdsdly fro@R0&NS0% By wSBR = styrene-but adi ene copol yners
with styrene contents of from1l to 60% by weight, preferably from20 to 50%
by weight |IR =1 sobutgl ene-j soprene copol yners NBR =

but adi ene- adlRy| ofi t r i FEOWYISHA-PRIFNS CRPAIYMEIEr yvI onitrile contents of from5 to
60% by 5 weight, preferably from10 to 40% by wei ght HNBR = partially

hydr ogenat eg{gr  conpl gh@hi¥ndedNIQERMALB6Iy NER withtRBlonitER¥htents of from 5 to 60% by
et hyl ene- propyl ene-di ene terpol yners and m xtures of these rubbers. For the

producPi on of notor vasight ereferatdyfromd & 408 by weigkarti cular interest are
natural rubber, emulsion SBR and sol uti on SBR whose gl ass transition

t enper at ur e g4 10 ab i R A cis content (>
90% whi ch ﬁg? een p grgglg)g@gaosg?ﬂ%éﬁ(t}g%grﬁé}??ghggpsagﬁﬁtgn Ni lm(’:l%p Ti or Nd, and

pol ybut adi ene rubber with vinyl content of up to 80% and m xtures thereof.
The inventi ¥EDMmbber rihytene-popdens;diak tapelymas al so conpri se ot her rubber
auxiliaries, which by way of exanple serve for the crosslinking of the

rubber _moxt YAE Rrixties %*h%& BB \Eor Eﬂ%epr%\éﬁ& v mot%?v iq8 g)rré%, %ﬁte@%lsto? artim%lar
vul cani zat es produce romthe inventive rubber m xtures, Tfor e specific
appl i cat i on irtérest aedf naturalr fablsen| eniulGeroSBR iamk sahgtioa FBR $hass @thsatransiioh pdmyferanre is

sul phyr.- donoy coppounds, Ige i nventiyve, rubber 1. Xt WJ.es .ca reover, as
renti dRed. " SR TEC. BRRacR e M Mebuidr et ke UHONHEN B erbprerared Sng
accel er at or gataléitt bR¥A SRt Co, NERNG babpdiybaidRne huibBHwitht\ail kbt Sf up to 80%, and
anti ozonants, processing aids,

mixtures thereof.

The inventive rubber mixtures can, of course, also comprise other rubber auxiliaries, which by way

of example serve for the crosslinking of the rubber mixtures, or which improve the physical

15 properties of the vulcanizates produced from the inventive rubber mixtures, for the specific

application thereof.

Particular crosslinking agents used are sulphur or sulphur-donor compounds. The inventive rubber
mixtures can moreover, as mentioned, comprise other auxiliaries, such as the known reaction
accelerators, antioxidants, heat stabilizers, light stabilizers, antiozonants, processing aids,
20 plasticizers, tackifiers, blowing agents, dyes, pigments, waxes, extenders, organic acids, retarders,

metal oxides and activators.

As mentioned above, the inventive rubber mixtures can receive mixtures of additional rubbers,
alongside the functionalized rubber. The amount of these is usually in the range from 0.5 to 85% by
weight, preferably from 10 to 70% by weight, based on the entire amount of rubber in the rubber
25 mixture. The amount of additional rubbers added again depends on the respective intended use of the

inventive rubber mixtures.

The inventive rubber mixtures can by way of example be prepared via blending of the functionalized
rubbers with filler and with the other mixture constituents in or on suitable mixing apparatuses, for

example in kneaders, on mills, or in extruders.

30 In a further embodiment, the inventive rubber mixtures can be prepared by first polymerizing, in



20 plasticizers, tackifiers, blow ng agents, dyes, pignents, waxes,
extenders, organic acids, retarders, netal oxides and activators. As

menti oned above, the inventive rubber m xtlres can receive m xtures of
addi ti onal rubbers, alongside the functionalized rubber. The anount of
these is usually in the range fromO0.5 to 8596by meight preferably fron110

to 70% by wei based on the entire anpu r ubber t he. rubber
m xt uroe Thé! 'gf?ﬁuth? mgRomerspentigneds nredypiag e g‘tﬂ'ﬁ ala%%ﬂphm&b @ Ftiop fibpgf@nd, At

respective baﬁ;ﬂaféﬁd)fuﬁ@ pOlymbitAtion FY4&dhi a8 ihtedAQ&Ton A the! Fi@RtionhD gro'ulfssv @dikihgy he
rubber m xtures can by way of exanple be prepared via blendin t he

functional i %wwnﬂh&s&el?rgsem if fthef qoresppndingcrolyeptivithaationidaats andyf wp@peafﬁ BIoFesEi@iht s
in or on SUHtlé}b#uﬂhéprﬁsua& ARPRFARS oiRer au;(fpianesel)lﬂ"%ﬁg){i}grd Platd ARGERY, Sind, Q¥ Ir lafler OF
i n extruders. In a further embodiment, the in ntlve rubbér m xtures can
be pre@aredﬂbymxmgsﬁwgmkwnamvmgﬁgSOWﬂnnm@hgowmxam%xsmWeanmnmﬂemssn%mmm@W@d,
i ntroduci ngtotﬂ)ﬁ ctroonaemglrc%léps into the solution rubber and, after

conmpl etion of 8 R 2385 reaction and introduction of the functional
groups, m xi ng the solutlon rubber present in the correspondi ng sol vent

wi th anti oxThaptenaindkntibf further povideatf@ use offtas svaitive rubberl Ihietures fforr theyproductidaber s,
and further rubber auxiliaries, ropriate anoun d, during or
S ter 5 { he MRS DY ve T fushudon MG ERG-CH! omen Bl Hhies mohidinee,

st eam at tea@@&mﬁ&&%&#ﬁm&&gm&%@@ to 200C, if approprlate in vacuo. The
present invention further provi des for use of the inventive rubber m xtures

for thﬁ production o vul cani zates, which serve in turn for the production
of hidhly réfhw%me'éﬂbql%ffé‘fe torflupteptefhinvention, Butwithophagy limging etest biroyduct i on of
tyres. 10 The exanples below serve to illustrate the invention, but wthout

any limting effect here. -11- Exanples Exanple 1: Synthesis of

hi gh- vi nyl -content pol ybut adi ene 8.5 kg of hexane, 171 mmol of
tert-but oxyet hoxyet hane, 8 mmmol of butyllithiumand 1.5 kg (27.73 nol) of

1, 3- but adi ene were charged to an inertized 20L reactor, and the contents
were heated to 5 80C. The mixture was polynerized at 80C for 1 h, with
stirring. The rubber solution was then discharged and stabilized by adding 3
g of Irganox 1520(r) (2, 4-bis(octylthionmethyl)-6-nethyl phenol from G ba),
and the solvent was renoved by stripping with steam The rubber crunbs were
dried in



vacuo at 65C. Mooney viscosity (M. 1+4, 100C): 80; vinyl content (by IR
spectroscopy): 82% glass transition 10 tenperature (DSC): -25C Exanples
2-4: Synthesis of COOHfunctionalized hi ghdvi nyl -content pol vbut adi ene
Example 2: 8.5 kg of hexane, 171 nmol of tert-butoxyethoxyethane, 10 mmol of
butyllithiumand 1.5 kg (27.73 nol) of 1, 3-butadiene were charged to an
inertized 20L reactor, and the contents were heated to 15 80C. The m xture
was pol ymer EXyBples 80C for 1 h, with stirring. 21 g (0.2 nol) of 3

mer capt opropi onic acid and 0.75 g of dilauroyl peroxide were then added, and
t he reactor Eg,gﬂél@@.t&nﬂwg{sgfmgﬁy%gl_;&tegggglgmmﬂg,em n. The rubber solution was
then di scharged and stabillze y addr ng g of lrganox 1520(r), and the
sol vent was renoved by stripping with steam The rubber crunbs were dried
in vacuo at 38%g. of2hexgpond]! nmelk o5 terrbytpryetheryethanpy (§ mmyls of \hugxflithigen archl - S(kgy

| R spectros : Ubr_ 5 ; r | 3:
The procedu ?Zg/%ol)go;f {?n& a%?r%fvéer@ g&%\%gﬂ%ny&ﬁ%g 62 gllt” ?{? &E %/L%&i,conﬁlgae?@%é@d &

vi nyl &ont eB@°C{ Be Infixtspewdsr pwdawepiygd atRD% forl bl swith strgng. iThn rutsbér sadutioe rves iep

(DSC): -25C,. Exanple 4: .Th rqcedyre S as.i e 2. T

bol yher | 2t FTPRER AL SRR G3ERgsror Stinilsifh FPRR oS Giamdl vt uetdpteel v
1+4, 1000) : frdhlCibayj 4idlthc MW as(rBioVelR b§ REBHinG Sah Riédm. ThkUubi@t agmbd waegtiéd @n
-12- tenperature (SPSC): -22C. Exanpl e 5: Rubber m xtures and vul cani zate
properties RMPALOSHi-xt ures were prepared which conprise the functionalized
hi gh-vi nyl - content pol ybut adi enes of Exanples 2-4 and, as conparison, the
non- funct i onglohdedsdBighavil 1Y, -1064h sy, vn\?l y&wnagd BREspkdtRNopy): B2XATPASR tlanditd @
comer ci al styreéne-butadi ene copolynmer (VSL 50 g-o HM from LanxeSs, 50%

vi nyl 18ont efemperaes @SE):e28Ccont ent, Mooney vi scosity 65, glass transition
tenperature (DSC) -22C). The mxture constituents are listed in Table 1.

Ihe m xtur e%:x;(nm’_\k' lfei‘ﬂ!f:ts}@'rﬂe%@ P‘f céﬁil-ﬂnﬁgﬁénﬁfi&h%Eﬁ-ﬁl-%om@étgﬁﬂbﬁ&di&? alsl
neader. Th en adm xed

on a
Example 2:
8.5kg of hexane, 171 mmol of tert-butoxyethoxyethane, 10 mmol of butyllithium and 1.5kg
(27.73 mol) of 1,3-butadiene were charged to an inertized 20L reactor, and the contents were heated to
15 80°C. The mixture was polymerized at 80°C for 1h, with stirring. 21 g (0.2mol) of 3-
mercaptopropionic acid and 0.75 g of dilauroyl peroxide were then added, and the reactor contents
were heated to 90°C for 90 min. The rubber solution was then discharged and stabilized by adding 3 g
of Irganox 1520®, and the solvent was removed by stripping with steam. The rubber crumbs were
dried in vacuo at 65°C.
20 Mooney viscosity (ML 1+4, 100°C): 76; vinyl content (by IR spectroscopy): 81%; glass transition
temperature (DSC): -24°C.
Example 3:
The procedure was as in Example 2.
Mooney viscosity (ML 1+4, 100°C): 8S; vinyl content (by IR spectroscopy): 81%; glass transition
25 temperature (DSC): -25°C.

Example 4:

The procedure was as in Example 2. The polymerization reaction used 9.5 mmol of butyllithium.

Mooney viscosity (ML 1+4, 100°C): 111; vinyl content (by IR spectroscopy): 81%; glass transition



at 40C. 10 13- uina MNWNNMN-." M i QdOOOOCMN d

[V. m~ ry M[V”A maF - Wp inU Gl ~+0000- MNb -~"2
ONNpP, EbNNMNMYy OMNU\NC'U?FC) eCvi tJ GEOOOON
MOE" Nti UVm ONMVO vi L1 L1] LY OOOE

temperature (DSC): -22°C.

Example 5: Rubber mixtures and vulcanizate properties

Rubber mixtures were prepared which comprise the functionalized high-vinyl-content polybutadienes

of Examples 2-4 and, as comparison, the non-functionalized high-vinyl-content polybutadiene from

5 Example 1 and a commercial styrene-butadiene copolymer (VSL 5025-0 HM from Lanxess, 50% vinyl

10

content, 25% styrene content, Mooney viscosity 65, glass transition temperature (DSC) -22°C). The
mixture constituents are listed in Table 1. The mixtures (without sulphur and accelerator) were

prepared in a 1.5 L kneader. The mixture constituents sulphur and accelerator were then admixed on a

mill at 40°C.
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towC-qo+c~. C I U U -00- 15 Lowrolling resistance is needed for
tyre applications, and is present if the-Vutcanizate has a high value for
rebound resilience at 70C and |ow tan S values for dynam c danping at high
tenperatures (60C and 80C) and a low tan S maxi mumin the anplitude sweep.
As can be seen from Table 2, the vul canizates of the inventive exanples
feature high rebound resilience at 70C 5 and low tan S values for dynam c
danping at 60C and 80C and a low tan S maximumin the anplitude sweep. Tyre
appl i cati ons kAvswllinggrsistaaceris prededder tyrejapplicatians tapd s @reseh i therﬁuécaméatqchaégblﬂh i f
the vul cani ZaJaﬁle*l%F rethrwh eEnﬂEhc@ aY%b%?%ndf folw f&}{n?%lﬁesdﬁ:? Rfiﬁ'ﬂmﬁ @}4‘% at hi
tenperatures (-20C and S can be seen from Tabl ani Zat es
of the i nventtpmgermmm%mdéaf@raed hlogfhartéama)@nmallmsarﬁpinudwwm 4s cah®e skanpi ng
at -20C and 0 tion v N fiesi e.
can be seen fé;omﬂba%% %%uicgﬁweso czlinrYl Za 8’§am F gtf%léugeihlhlgh Eoun resmence?ttﬁg&
feature 3 ow Dinlll@btaasd wtues fok@yndnidé eamiipig A 60K dnd RObad anlbwttmaaﬁaydmmrpmsmel of
at | east one ru w@r and of from 10 to 500 parts by weight of filler, based
on 100 parts BPWEF §HEPof rubber, where the rubber has been prepar ed via
pol yneri zati on of one or nore dlenes in solution and subsequent

Tyre applications also require high wet skid resistance, and this is present if the vulcanizate has
high tan & values for dynamic damping at low temperatures (-20°C and 0°C). As can be seen
from Table 2, the vulcanizates of the inventive examples feature high tan & values for dynamic

10 damping at -20°C and 0°C.

Tyre applications moreover need high abrasion resistance. As can be seen from Table 2, the

vulcanizates of the inventive examples feature low DIN abrasion.



5 introduction of functional groups, the said rubber has fromO0.02 to 3% by
wei ght of bonded functional groups or salts thereof, and the content of

1, 2- bonded dienes (vinyl <content) is from®60 to 95% by wei ght, based in
each case on the solution rubber used. 2-1®Rubber mixtures according to Claim
1, characterized in that the functional groups are 10 carboxy groups or

hydr oxy groups. 3. Rubber m xtures according to Claim1l, characterized in
that the diene is 1,3- butadiene. 4. Rubber m xtures according to daiml,
characterized in that the rubber m xtures contain a m xture of different
fillers. 15 cPatentglaims for the preparation of the rubber nixtures according
to daim1l, characterized in that the dienes are polynerized in solution to

gi ve rubber, and tRguper RGN BdmpEPHPS 1845t SR fubbdrhfl &Pl €0 (1600 paps ryduced
into the solution rubber, where solvent is renoved using hot water and/or

st eam at t enper at uveightaif fillen bagd ond 00 patts by weightpfmahber, atherej the phberdhas besd t hen
filler and, if app i , oL} i ! . 1

m xt ures accordi ngﬁrt? ggr%aglﬁn? cglwrﬁ%fzﬁtt?%eb{)ro %";S?S’?‘) g% dtl)e?l e%:’%ﬁ?@“"} EII? dn% %Hrg%g%m

r ubber _rr5)ul di ngs. iatrodigtiorndf fuhaionallgrerps,nh said ebbadee frdmiy02 © 3O by wreightfdr t he
production of tyr egdnded functional groups or salts thereof, and the content of 1,2-bonded dienes (vinyl

content) is from 60 to 95% by weight, based in each case on the solution rubber used.

2. Rubber mixtures according to Claim 1, characterized in that the functional groups are
10 carboxy groups or hydroxy groups.
3. Rubber mixtures according to Claim 1, characterized in that the diene is 1,3-
butadiene.
4, Rubber mixtures according to Claim 1, characterized in that the rubber mixtures

contain a mixture of different fillers.

15 5. Process for the preparation of the rubber mixtures according to Claim 1, characterized
in that the dienes are polymerized in solution to give rubber, and the functional
groups or salts thereof are then introduced into the solution rubber, where solvent is
removed using hot water and/or steam at temperatures of from 50 to 200°C, if

appropriate in vacuo, and then filler and, if appropriate, process oil is added.

6. Use of the rubber mixtures according to Claim 1 for the production of highly

reinforced rubber mouldings.

7. Use of the rubber mixtures according to Claim 1 for the production of tyres.



