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30 weight of the end groups is small, an® t hese can therefore have

only a small effect on the interaction between filler and rubber
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monomers in the functionalised diene rubbers is from 0 to 60% by weight, preferably from 15 to
45% by weight, and their content of dienes is from 40 to 100% by weight, preferably from 55 to

20 85% by weight, where the content of 1,2-bonded dienes (vinyl content) in the dienes is from 0.5 to
5% by weight, preferably from 10 to 85% by weight, and the entirety composed of copolymerized
vinylaromatic monomers and dienes gives a total of 100%, and the said rubber comprises from 0.02
to 20 parts by weight, preferably from 0.1 to 5 parts by weight, of chemically bonded
hydroxymercaptan, based on 100 parts by weight of diene rubber.

25 Preferred hydroxymercaptans are 3-mercaptopropane-1,2-diol, 2-mercaptopropane-1,3-diol, 3-
mercapto-2-methylpropane-1,2-diol, 2-mercapto-2-methylpropane-1,3-diol, 4-mercaptobutane-1,2-
diol, 4-mercaptobutane-1,3-diol, 2-mercaptomethyl-2-methylpropane-1,3-diol, 5-mercaptopentane-
1,2-diol,  5-mercaptopentane-1,3-diol, = 4-mercapto-3-methylbutane-1,2-diol,  4-mercapto-3-
methylbutane-1,3-dicl, 3-mercaptocyclopentane-1,2-diol, 2-mercaptocyclopentane-1,3-diol, 4-

30 mercaptocyclopentane-1,2-diol, 4-mercaptocyclopentane-1,3-diol, 2-mercapto-4-cyclopentene-1,3-
diol, 3-mercapto-4-cyclopentene-1,2-diol, 3-mercaptocyclohexane-1,2-diol, 4-
mercaptocyclohexane-1,2-diol, 4-mercaptocyclohexane-1,3-diol, S-mercaptocyclohexane-1,3-diol,
2-mercaptocyclohexane-1,4-diol,  2,5-dihydroxythiophenol,  2,6-dihydroxythiophenol, 2.4-
dihydroxythiophenol, 3,5-dihydroxythiophenol, 2,3-dihydroxythiophenol, 34-
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HS-R-OH ,
20 in which

R is a linear, branched or cyclic C1-Csg-alkylene or —-alkenylene group or an aryl group, where

each of these groups has a further hydroxy group as substituent, and, if appropriate, can have

interruption by nitrogen, oxygen or sulphur atoms and, if appropriate, has aryl substituents.

The rubbers according to the invention for the rubber mixtures according to the invention are

25 preferably produced via anionic solution polymerization or via polymerization by means of
coordination catalysts. Coordination catalysts in this context are Ziegler-Nafta catalysts or
monometallic catalyst systems. Preferred coordination catalysts are those based on Ni, Co, Ti, Nd,
V, Cror Fe.

Initiators for the anionic solution polymerization reaction are those based on alkali metal or on
30 alkaline earth metal, an example being n-butyllithium. It is also possible to use the known
randomizers and control agents for the microstructure of the polymer, examples being potassium
tert-amyl alcoholate, sodium tert-amyl alcoholate and tert-butoxyethoxyethane. Solution

polymerization reactions of this type are known and are described by way of example in I. Franta,
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possi bl e t 8P FEpHises. such sedilprpnisrexidesid dienzard P%E'Slélé%@éd &Ftalsmr%#ﬁﬁ,ssuch as

1,1-di(tert-butylperoxy)-3,3,5-trimethylcyclohexane, and also azo initiators, such as azobisiso-
butyronitrile, or benzopinacol silyl ethers, or the reaction can be carried out in the presence of

20 photoinitiators and of visible or UV light.

The amount of hydroxymercaptans to be used depends on the desired content of bonded hydroxy
groups in the diene rubber according to the invention. It is preferably from 0.1 to 5g of

hydroxymercaptan, based on 100 g diene rubber.

The present invention also provides rubber mixtures, comprising the diene rubbers according to the
25 invention and also from 10 to 500 parts by weight of filler, based on 100 parts by weight of diene

rubber.

Fillers that can be used for the rubber mixtures according to the invention comprise all the known

fillers used in the rubber industry. These encompass not only active fillers but also inert fillers.

Examples that may be mentioned are:
30
- fine-particle silicas, produced by way of example via precipitation from solutions of silicates,
or flame hydrolysis of silicon halides with specific surface areas of from 5 to 1000m’/g (BET
surface area), preferably from 20 to 400 m”/g, and with primary particle sizes of from 10 to
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per oxi des, such as dil aur oyl peroxrde and di benzoyl peroxide, and

ket al peroxides, such.as . .

1,1-di (terf-but t;rt'b%f%lxc%fs: $:o8 agoln apdepy, RS SRR LY AT ng o 8 Wi%az o

initiators, such as azobisisobutyronitrile or benzopinacol eryI

SomndDoi o 1 ot oPEaR Bre St PBre SR GaR b D, b BB REG RS ©

hydr oxyner captans to be used depends on the desired content of bonded
hydr oxy groups |nt Ehed di ene rubbe accordl n% to the | ventr on. c{
preferably “from5 1Y es§u°313812mﬁ 0xyr1r‘%enrr1 % AECERY r?”f%mdlmcﬁm e
r ubber. The present invention also provides rubber m xt ures,

i sing the di hb di d. al
From 10 167500 BAF S B ReT SR BRF P S i SR EO pRrrE Byt

wei ghs of diene rubber. Fillers that can be used for the rubber

m xt ures accordin invent.i 0 rrse wn fillers
used in thé rubﬂigg l|1(r%II d?? éi%emsu thr %rmaﬁmtm nTydro ?r ve fillers
but also inert fillers. Exarrpl es that may be nenti oned are: 30

fine-particle silicas, produced by way of exanple via precipitation
from sol ut -rons ofrbgi bledkatpespared by ftheaflamdylakohryess chidnnelitlick gprocks) fudese-black

with specific s f%&gegaggggf n‘ExQ)t:esg rtﬂéé?nél ﬁl%kéo@&ggggé& glggl Ho@gsg ofaﬁr?%}ocess

preferably fro esrz
from2®0 to - - &weir BET surface areas being from 9 to 200 m?/g, e. g super abrasion furnace (SAF),

intermediate SAF, intermediate SAF low structure (ISAF-LS), intermediate SAF high
modulus (ISAF-HM), intermediate SAF low modulus (ISAF-LM), intermediate SAF high
structure (ISAF-HS), conductive furnace (CF), super conductive furmnace (SCF), high
abrasion furnace (HAF), high abrasion furnace low structure (HAF-LS), HAF-HS, fine

25 furnace high structure (FF-HS), semi reinforcing furnace (SRF), extra conductive furnace
(XCF), fast extruding furnace (FEF), fast extruding furnace low structure (FEF-LS), fast
extruding furnace high structure (FEF-HS), general purpose furnace (GPF), GPF-HS, all
purpose furnace (APF), SRF-LS, SRF-LM, SRF-HS, SRF-HM and medium thermal (MT)
carbon blacks, or the following types accordirig to ASTM classification: N110, N219,

30 N220, N231, N234, N242, N294, N326, N327, N330, N332, N339, N347, N351, N356,
N358, N375, N472, N539, N550, N568, N650, N660, N754, N762, N765, N774, N787 and
N990 carbeon blacks;

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

35 butadiene-acrylonitrile copolymers and polychloroprene.

Fillers preferably 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



400 nm The silicas can, if appropriate,-7a so take the form of i xed
oxi des with other netal oxides, such as oxides of A, of My, of Ca,
of Ba, of Zehbewfcomprise,oas fothelfiller constituergy ptrhigtuieccogipbied af pa¢-cadagdd Eers, such as

al um ni um I t

2L o0 S bEPE B, ALALL0S, 5900 1R AL el 5505 o Sy BOEBES, e
400 n2/ g arbthclaamﬁlorpﬂnﬁrﬂqunlaptefwwfdma@rm&r]§ lof from10 to 400 nm
natural silicates, such as kaolin and any other naturall y occurring
formof sil .

strands), Tlhg 3@299&%%2?%%5%9%“&9% %{ﬁé?a&%é E&gt}g%&as Z1 e o%’% eo,fﬁuer’ based
cal ci @Gm oxwdéOO pay o sicight aficitleher. Tigs prafecatriernto usn foon 2kto 26@ pats by avcipbhat es,
such as magnesi um carbonate, cal cium carbonate, or zinc carbonate; 15
nmet al hydroxi des, e g. al um ni um hydroxi de or nmagnesi um hydr oxi de;

car bon bl adlhs rpbbep arigdreb yof tthe ifveetioe - dah swkoppsconesenly ¢heafmeionblisad Idiene rubber
process: | WAAGE WhAel BIAE EBers 05 B RGP EABES Sy oh0 SR LLPARE Kubers, The
process, ace ess’ or ess, herr surtace
areas bei ngmbmttmf thegeois Zwllyrﬂi B¢ r@ggﬁomtﬂ;ﬁeuo %bﬁrlasswightf prefembly f{BAR) to 70% by

i nt en di a E. .l i r

|t or g at s dapesc SR SREER-EaRonar i b RGBT Kby of affiopaty
(1 SAF-LM, adtifﬂeuhrbedidamead%mmngﬂm respetioe uﬁ@déd BAef HE yybberomid tredsiod the invention.
furnace (CF), super conductive furnace (SCF), high abrasion furnace
(HAF), high abrasion furnace | ow structure (HAF-LS), HAF-HS, fine 25

f urnace hi dghampleudftaddidonaFrbbis) are sgnial mbbeanfapd gismgynfhatinabber( SRF) , extra
conductive furnace (XCF), fast extruding furnace (FEF), fast

extruding furnace | ow structure (FEF-LS), fast extruding furnace high

st ruddbur e (SFiEhetiB)hberydneyrafrom the pitesature ere histedhdrd PRy ay @RRarhith;. Taky encompass inter
pur pose f jace (APF), SRF-LS, SRF-LM SRF-HS, SRF-HM and nmedi um

t her mal F carbon bl acks, or the follow ng types according to ASTM
classifi catl on: N110, N219, 30 N990 carbon bl acks;

r ubber gel |n _partip {)&5 J.pose based on pol ybut adi ene,

but adi ene- styr ene copofyners, 35butadi ene-acrylonitrile copolyners

and pol ychloroprene. Fillers preferably used are fine-particle

sili %8s an(ﬂlﬁ{ carb OﬁuBhf@l?é%.g-alk}l a70ry'late copolymers

CR - Polychloroprene
IR - Polyisoprene
25
SBR - Styrene-butadiene copolymers having styrene contents of from 1 to 60% by weight,
preferably from 20 to 50% by weight,
IR - Isobutylene-isoprene copolymers
30
NBR - Butadiene-acrylonitrile copolymers having acrylonitrile contents of from 5 to 60% by
weight, preferably from 10 to 40% by weight
HNBR - partially hydrogenated or fully hydrogenated NBR rubber
35

EPDM - ethylene-propylene-diene terpolymers



rubbers corrpfi se, as further filler const§tuents, a mxture conposed
of pale-coloured fillers, such as fine-particle silicas, and of
carbon bl acké alsmmwestdfehesd mblregs. Nhte'rids of inpmbtefemé pmrlmiorf ofl th@orsvehidle tyres are

carbon bl aCkS 3 ular §t9r?lh rub%:er mulsmn Ry als% ; liu%gn m‘TBi g 8555%6151‘(1011

The amount &% &3 RE FEFE are |n He r &
parts by weé¢metatoé abm&el €0°C, lpalybuiacﬁ@ma rillﬂ:@:r pétht ]Sg]bylsvmntghtt (>CHO°/d),uhbdﬂIced using

It is prefer béts? ba;[sgdo i (fjor o.[morzlgd a% Pta&eqe%u%el%pnﬁ (Y,]tnpr clggtfn% gﬁp to 85%,

m Xt ur es o1‘°ffi nven ron’can cdrrprl s
di enesr ubbandatmwhmﬁnmdflhesb al so ot her rubbers, such as natural
rubber, or else other synthetic rubbers. The anount of these is

usually I nthe Lange rom05t 85% ht ref erab
by 10nars RSl AMonerk b heiavhiih A b LB E R Yer ol kb h by

m xture. Tiveyaifiexandpleoderadai the cmalmlgmﬁmfdbﬂrubhdn luextsresjeplasinikmgggann) @an serve for
the respect| Vg_a ?hndegbe}‘lgcbth%fﬁllte bUbbeb u%ﬁ*guﬁggers?ndttgtse ﬁﬂvrep?% Iﬁnce)@?ve the

Exanpl es of™% I ona ers are natu SO sy
r ubber 153§1¢m1manc&orrphbdml sopantdsnf thO’nhcarhmtek broéucad froe tizrrebler sietesrer@ding

ey, encoapass, i nt er a_BR- Pol ybut adi ene 20ABR
- But adi ene?@n&l" qé{h 78t Pk edﬁe?oseegh

‘acry e copo P61 ychl or opr ene
| RPol yi sopr ene SBR Styrene- but adi ene copol yners having styrene
cont ent s ofCrésslovking agents68ed vy pwe cudaly, sulphwefor saphuy-déroo ner@@unds. B@sldmypossible, as
wei ght, mentioned, that the rubber mixtures according to the invention comprise further auxiliaries, such as the
known reaction accelerators, antioxidants, heat stabilisers, light stabilisers, antiozonants, processing
aids, plasticizers, tackifiers, blowing agents, dyes, pigments, waxes, extenders organic acids, retarders,

15 metal oxides, silanes, and also activators.

To the extent that the rubber mixtures according to the invention also comprise fillers, cils and/or
further auxiliaries, these can by way of example be produced via blending in or on suitable mixing

apparatuses, such as kneaders, rolls or extruders.

The method of production of the rubber mixtures according to the invention is preferably such that the
20 polymerization of the monomers is first undertaken in solution, and the functional groups are
introduced into the diene rubber, and after completion of the polymerization reaction and introduction
of the functional groups, the diene rubber according to the invention, present in the appropriate solvent,
is mixed with antioxidants and, if appropriate, process oil, filler, further rubbers, and further rubber
auxiliaries, in the appropriate amounts, and, during or after the mixing procedure, the solvent is

25 removed using hot water and/or steam, at temperatures of from 50°C to 200°C, if appropriate in vacuo.

Process oils used preferably comprise DAE (distillate aromatic extract) oil, TDAE (treated
distillate aromatic extract) oil, MES (mild extraction solvates) oil, RAE (residual aromatic extract)

oil, TRAE (ireated residual aromatic extract) oil, and naphthenic and heavy naphthenic oils.

In a further embodiment of the process according to the invention, the dienes and the vinylaromatic
30 polymers are polymerized in solution to give rubber, and then the functional groups are introduced
into the diene rubber, and then the solvent-containing rubber is mixed with antioxidants and
process oil, and, during or after the mixing procedure, the solvent is removed using hot water
and/or steam, at temperatures of from 50 to 200°C, if appropriate in vacuo. In a further
embodiment of the invention, following the functionalisation reaction, filler and/or process oil and,

35 if appropriate, further rubbers and rubber auxiliaries are added.



IR |sobutyl ene-isoprene copol ymers NBRBut adi ene-acrylonitrile

copol ynmers having acrylonitrile contents of from5 to 60% by wei ght,
pr ef er abl y L b durthkDerhionddédt bfiheviivediion HNBRIerpaadded ity theyato@sgeribdfed imioduction
fully hydrogﬁp teg NER r ubber EPDM - et hyl ene- propyl ene-di ene

t er pol ymer §° % TCHONNE %50 i xt ures of these rubbers. Materials of
interest for the production of notor vehicle tyres are nore

parti cul ar IThe p@teunt ialentiotbiogher penidesshowse 88R: ruabel nentees ®odrding rtheSBRption for the
with glass transition tenperature above -50C,, pol ybut adi ene rubber

o th b gn ErERdRh driGERES: Shith 3n AR Erve RO S ROy MR rber
Co, Ti5 or Nebuldas impasticufaofoy thepadusineofitybber havi ng vi nyl content of
up to 85% 5and also m xtures of these. The rubber m xtures according
to the invention can,. of cqur prise bb uxi | bari.es. whi.ch by
wey of exar Eampes Bepd frfeld R SRR, bl WARho A B R B!
(crosslinking agents), or serve for coupling of the rubber to the
filler, or bring about better dispersion of the filler, or inprove

t he chem cal and/or physical properties of the vul cani sates produced
fromthe rubber m xtures according 10to the invention, for the
specific intended purpose of these. Crosslinking agents used are
particul arly sul phur or sul phur-donor conpounds. It is also possible,
as nentioned, that the rubber m xtures according to the invention
conprise further auxiliaries, such as the known reaction

accel erators, antioxidants, heat stabilisers, light stabilisers,

anti ozonants, processing aids, plasticizers, tackifiers, blow ng
agents, dyes, pignments, waxes, extenders organic acids, retarders,
15net al oxides, silanes, and al so activators. To the extent that the
rubber m xtures according to the invention also conprise fillers,
oils and/or further auxiliaries, these can by way of exanple be
produced via blending in or on suitable m xi ng apparatuses, such as
kneaders, rolls or extruders. The nethod of production of the rubber
m xtures according to the invention is preferably such that the 20
pol yneri zation of the nononers is first undertaken in solution, and
the functional groups are introduced into the diene rubber, and after
conpl etion of the polynerization reaction and introduction of the
functional groups, the diene rubber according to the invention,
present in the appropriate solvent, is mxed with antioxi dants and,

if appropriate, process oil, filler, further rubbers, and further
rubber auxiliaries, in the appropriate anounts, and, during or after
the m xi ng procedure, the solvent is



25r enoved usi ng hot water and/or steam -&b -t enperatures of from 50C

to 200C, if appropriate in vacuo. Process oils used preferably

conpri se DAixapffilat il | ate aromatic extract) oil, TDAE (treated
distillate aromatic extract) oil, MES (mld extraction solvates) oil,
RAE (residyal ar tic.extract) ojl, E (treated residual aromatic
extract) olpamEhg BaBRTR A SH s R uhERr S gor it fmeheiprvere- L2
enbodi ment dedl (dedvedify o aRSsveaapr ding to the invention, the dienes and
the vinylaromatic 30 polyners are polynerized in solution to give

rubber . and"® AU RSP a e ARG Gt s g avor

ant i 0%i dantsso pothepinec®sismmbl of patadiumttett-hfg atvoh@dte @fi the f@mGfX#.9% strength solution

procedure, .the solvent,is r v usi hot r d/ or a .
Penper at ur A SBIRPPI Bt b BORE NP BNEGIen L F AT Dt | 45 A 1.3 butacine,
further enhadilsembol @f bulBitliny €Rtthoform fof2BBWteEptl betutfodns hisand Thamixame was

reaction, filler [/ or .process oil nd 5if opriate, furthe ;
o bber o and i Be G R 1 SHE SRl ARfaioh o R BE b AiRepttoanSl 2 diol, o
enbodi ment spdcintdiavds Mivitabdiatelf taked €or fniekdaptbtitrabion dithe thivtuie ek lien heaek®s] 1030, and

after, intrqduction of the functiqnal groups. .The pre t inyenti.o
fur e 10 "pr ot P e b s S Re R eas e SR Oh G e P Egolutcn) was
[ Event [ gn fatded! hfﬁerﬁg(l)ﬁlfiﬁfeis,ms;?f:hn\ém?&aﬁigﬁﬁ&ﬁ& fomhedhpiotitratioh,Nang @hétethé @gactor
t he production o i reinforced r er, 5no Lngs, .J.n parti.cul ar

for Tho pr GUIBET A ofesrE i S g PSR L U8 s PR e Bom e
t he i nvent iethanol badtdried 4600 inaBynof@daht ant limting effect. - 10 -

Exanpl es Exanple 1: Synthesis of styrene-butadi ene rubber and
functionali salt i.on llltS_i ng 3-nercaptopropane-1,2- diol (according to the

i nventi on) PR EM&wi ng were initially charged with stirring to a

dri ed5and michveng@irbatsd ankgiregmicagingpotentiometio fitration 866} ahanblichedn eqlution): 77%

0.11 nmol ot assi.u - i holate (in the formof 14.9%
otrengtn sOIRPORRRTYEVLE b AGy 2 §8083hE o

t ert - but oxwaiish conyeat (ha e spedibséopy): BI% by weielte, 112.5 g of 1, 3- but adi ene,
and 1.5 | of butvllithium(in,. formof 23%strength solution in
hexane) . %@"?ﬂeﬁ?rﬁ?%&bﬁé%sl?%té%séo&y%%&ggﬁwf%t 1 h, with stirring. After
addition of 0.77 g of 3-nercaptopropane-1,2-diol, a specinen was

i mredi at el Extrajie h stows thmeit dcsagobsililé toruad ieantion FFeediedexthberewitad melvamophaated2-diol
to 1 %C arillg

solution as a simple method of producing a hydroxy-functionalised diene rubber according to the
invention. No unpleasant odour from unreacted hydroxymercaptan can be discerned from the

functionalised diene rubber according to the invention.

Example 2a: Synthesis of styrene-butadiene rubber and functionalisation using 3-mercaptopropane-

25 1,2-diol (according to the invention)

The following were initially charged with stirring to a dried and nitrogen-blanketed 20L steel reactor:
8.5 kg of hexane, 1.2 mmol of potassium tert-amyl alcoholate (in the form of 14.9% strength solution
in cyclohexane), 91.2 mmol of tert-butoxyethoxyethane, 375 g of styrene, 1125 g of 1,3-butadiene, and
18.8 mmol of butyllithium (in the form of 23% strength solution in hexane). The mixture was heated to
30 70°C for 1 h, with stiring. After addition of 10.7 g (98 mmol) of 3-mercaptopropane-1,2-diol, a
specimen was immediately taken for mercaptotitration. The mixture was then heated to 115°C, and
1.45 mL of 1,1-di(tert-butylperoxy)-3,3,5-trimethylcyclohexane (in the form of 50% strength solution)
was added. After 90 minutes, a specimen was again taken for mercaptotitration, and then the reactor

contents were discharged and stabilised using 3 g of 24-bis(octylthiomethyl)-6-methylphenol



10 1 nmL of 1,1-di(tert-butyl peroxy)-3,3;5ttrimethyl cycl ohexane (in
the formof 5% strength solution) was added. After 90 mi nutes, a
speci men wdbgagail R0t fedoe Nibhp Duneg diagiree iof thatriﬂxbnx; sodrtidn t thera whdiso u@ma’saﬁr odour

contents re precjipitated in et tab|I|

FUbber was ToCoTREE FPRRAL RO g AR P Sf 4o PR AOF gl oy SR peam
h. Anal ysi 3o stéig mﬂetrsbbeﬂﬁmmueﬂ&lrmb’bebmhi wan ﬁh@l]girmg/fmrléaapmalt 60°C in a vacuum
(potentionetric titration using ethanolic AgNG3 solution): 77% Money

Vi scosity €N)i“1+4 at 100Q): 72 Mooney units Vinyl content (by IR
spectroscopy): 51% by wei ght Styrene content (by IR spectroscopy):

25% by wei ghilykixaeike 1 shows that it is possible to use reaction of
R R et e A
accordi ng tsalutidng 80%venti on. No unpl easant odour from unreacted
hydr oxynmer ptan .ca m t he. functionalised diene
r ubber acc d’n‘?‘?’mtcgsn?(ﬁﬁ"?ﬁ%/agﬁ daeﬂ6];M%(myumtsExarrpI e 2a: Synthesis of
styrene- but\ﬁnbtlecﬁmﬂr(ﬁjbﬂupeamﬂcdpwhm%bymﬁglsat| on usi ng
3- mer,capt opr o ane d| ol n t he invention) The
fol l &&n N élec?%“’:tn?éﬂy VISR Oséoéjﬁ %/dhygrflig}?trl ng to a dried and
nitrogen- blanketed 20L steel reactor: 8.5 kg of hexane, 1.2 mol of
potassiumtert-anyl alcoholate (in the formof 14.9% strength
solution in cycl ohexane), 91.2 muol of tert-butoxyethoxyethane, 375 g

of styrene, [’%m] Il it i :
(in the foﬁn\gl&bﬁ—%goﬁ%h%gﬁf%aﬁg q1u§t9 ?%enlﬁila‘%r %l%xane lsfﬁéénﬁﬂjgiéuééééa%waﬂe
heated to 3@- dii@@c{?@dmgtonhewmhmﬁti rring. After addition of 10.7 g (98
mol ) of 3-nercaptopropane-1,2-diol, a specinen was inmredi ately taken

o orea PSR B n DaG A

f or mléf 50%k5dweroghyene, £ maol tawasn tartaesl alwhwletp (ig Grergrmue é49%atrength solution
speci nen r e,
“@?g@%?%x%heg%% &I fﬂgﬁ'ia JéJeUSI n%3g &@%{eﬁa@%‘zstéﬁl 393 EkRhe, and

contents wer an sta

2, 4- bi s( octlybmmiadaeh lehlemre@tthg,fp@h@ﬂé% strqqgrbgsahmn in hergnd)y Bigydktig pwas heated to
During di sefas e piy mﬁrnﬁgbﬁ@fmﬁ%yswygl(4fs%ﬁ HB5ndi: Pt‘d@r%a‘i@?@%ol a

odour from unreact'ed 3 capt opropane-1, 2-diol. The
i sol at ed f spagimepeavag mmeéimelwkeaﬁrm@r@pte@rﬁtlp@ The mixtnre wes thendisated to 115°C, and

sol uppon. g ﬂL‘%}ﬁqrdl(‘EﬁWfS{i‘M y)-3 ﬁ'@kﬁlﬂeﬂﬂfldﬁﬂh&%g (ﬁu%é"i‘BHﬁ St 5866 $G8etl Bifon)

vacuum oven. 5Anal YSI'S resu tsi nverS|on
3-nercapto pﬂfawﬁn@Aﬁer P-ralinefes, £ proeian Wesrasein faken for mszmmﬁremnn@déteh datacier

ﬁ‘g :\?S sol u tcbﬂéh}s wadd %M@%d VhiGRS |.1§1ﬁ’g e Mf%"’ﬁb@(%ct}l@rﬁ&)lethﬁ)% h@f'ﬁ?ﬁ)ﬁenol
(Trganox 1520 from Ciba). During discharge of the rubber solution, there was no unpleasant odour

from unreacted 3-mercaptopropane-1,2-diol. The rubber was isolated from the solvent by using steam
25 to strip the rubber solution. The rubber crumb was finally dried for 16 hours at 60°C in a vacuum

oven.

Analysis resulis:
Conversion based on 3-mercaptopropane-1, 2-diol (potentiometric titration using ethanolic AgNO;
solution): 80%
30 Mooney viscosity (ML1+4 at 100°C): 74 Mooney units
Vinyl content (by IR spectroscopy): 50% by weight
Styrene content (by IR spectroscopy): 25% by weight



Vinyl content (by IR spectroscopy): 50% by-wei ght 10Styrene content
(by IR spectroscopy): 25% by wei ght Exanple 2b: Synthesis of
styrene- butmﬁfmgaac Suhhesis oftgterfetinailienabliesaidifiomtiotalisagon using 3-mercaptopropane-

3- mer capt opr.0 accordl ng to the invention) The foll ow ng
were initi ‘5&2‘??3?17 %Iovdwt‘% 2%y ing to a dried and
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ol ) of s g eoha i s i s el R i BB Hie Ty Bl Wi v
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201. 45 nlL of 1d| tert u e -3 5:1ri t o
the form ofP %%%né"faf tegy tf’%nq ﬁ?eréétgmgﬁ%aﬁw% lﬁ%}? Q?S , ahd
Spefl n}[an wasts agaom, lt-(ﬁﬂt@ﬂﬁbuft)dpciierm?)’ Eb,a,Fumﬁéé]ﬁyﬂ@'clbmanee(hﬁhd foamof J9&6 stre@ﬂt goiution)
con S were nd stabilise

B o oU7F el B i B Pish e PAR SR ket ption ot he rector
Dur| ng di sehatmevad disdiergéddab enbibel udinging oﬂzhaelme(ow@mwmethmpds-ﬁaﬂmphenol
odour from rea C ane
ool at e BHER DB R R EPEa P gl o P SAg by pteasant odour
sol ution. Tﬂa;m unidabied 3—m‘el:tﬂiitopma@mé i palidl.yThel ribeet whaoisolded frarm ki seltrenb By ising s@am
vacuum oven. nver3| 0 sed.on o
3o capt o S eREb stk T SRR A s B GhoeRa iR AT
AgNQG35sol utomﬂ) 80% 30Mboney viscosity (M.1+4 at 100C): 74 Mboney

units Vinyl content (by IR spectroscopy): 50% by weight Styrene
cont ent (b%nLIIBR;SlSslgsutsroscopy): 25% by wei ght

Conversion based on 3-mercaptopropane-1, 2-diol (potentiometric titration using ethanolic AgNO;
solution): 80%
Mooney viscosity (ML1+4 at 100°C): 72 Mooney units
20 Vinyl content (by IR spectroscopy): 50% by weight
Styrene content (by IR spectroscopy): 25% by weight

Example 2d: Synthesis of styrene-butadiene rubber and functionalisation using 2-mercaptoethanol

(comparison)

25 The following were initially charged with stirring to a dried and nitrogen-blanketed 20L steel reactor:
8.5 kg of hexane, 1.2 mmol of potassium tert-amyl alcoholate (in the form of 14.9% strength solution
in cyclohexane), 91.2 mmol of tert-butoxyethoxyethane, 375 g of styrene, 1125 g of 1,3-butadiene, and
17.6 mmol of butyllithium (in the form of 23% strength solution in hexane). The mixture was heated to
70°C for 1 h, with stirring. After addition of 7.7 g (99 mmol) of 2-mercaptoethanol, a specimen was

30 immediately taken for mercaptotitration. The mixture was then heated to 115°C, and 1.45 mL of 1,1-
di(tert-butylperoxy)-3,3,5-trimethylcyclohexane (in the form of 50% strength solution) was added.
After 90 minutes, a specimen was again taken for mercaptotitration, and then the reactor contents were
discharged and stabilised using 3 g of 2,4-bis(octylthiomethyl)-6-methylphenol (Irganox 1520 from
Ciba). During discharge of the rubber solution, there was a marked unpleasant odour from

35 unreacted 2-mercaptoethanol. The rubber was isolated from the solvent by using steam to strip the



- 12 - Exanple 2c: Synthesis of styrene-bitadi ene rubber and
functionalisation using 3-nercaptopropanel, 2-diol (according to the

i nvent i on) ritber sbimtidro Whenybhee cremb wiat fuzlly yriglfar lgdduraat d0°G in a vacungn ¢v@na
dried and nitrogen-bl anketed 20L steel reactor: 8.5 kg of hexane, 1.2
mol of pot rt-amyl alcoholate (in the formof 14.9% strength
sol ution 5&%3§$%gﬁh§xane) 91.2 mmol of tert-butoxyethoxyethane, 375

g of styrefepveiddagpdoh Zin@sabmthdlpb(peipntamdmiﬁmﬁlomhg aifianblict AGNQ; tsblitinam): 80%
(in the for %: i i ane). The m xture was

heated to ;@%ﬁ%gﬁéé&%?ﬂﬁﬁgﬁﬂ%@?Fﬁﬁ%§ﬁmﬁ ﬁgﬁyaddltlon of 20.6 g (189

mol ) 5of 3\ﬁandammumyﬂpqmanﬁqﬁyﬂﬁﬁ%byamgme0|nen was |nned|ately t aken
for mercap tlntercan n?{fa I]Ih%ct% xt Uj’ 25(%/% Wﬂl N heated to 115C, and 1.45

m. of 1,1- 3? ert- b §| Sfp§ thylcyclohexane (in the
formof 50% strength solutlon) 10was added After 90 m nutes, a

speci nren was again taken for mercaptotitration, and then the reactor
contents were di scharged and stabilised using 3 g of

2, 4-bis(oc i Q. Cink

During dis lilI’gl::Q 5f t L:S}ls gfbgg% SO eﬁ%kub%%r{}%@%%é%%aﬁ&%%?ﬁégg gﬁ‘%maptoemand
odour fr om(esmperdsoned 3 mer capt opr opane- 1, 2-di ol . The rubber was

isolated fromthe solvent by using steamto strip the rubber

sol utjpon. Ettsfotwtaa tveferla{tthy\eﬁa%ga‘dlml lidingtd e a Iafﬁbr%apuslﬁceéa 260&eel Rador:

vacuum l1l5oven. alysi s resul CbnverS|on based

3- ner capt o@rqug@ﬁbmne QZmnmlotmtﬁﬁ@m tedr@ewtal‘eohelatpﬁlatlteMﬂﬁa%étrmth@pmeon
AgN®B sol uti Doh x%ge%dY?%ﬁM oﬂeﬁ%ﬁ@ﬁ%ogwﬂéﬁé 25 0; %f@@@ué 1{%5 "Butadiene, and

units 20Vi ny content R spectroscopy tyre e
content ( by SRIspeturdSEOmihETs Qf;ﬂ%e?trgltﬂh %lvawpmee@ae E}Prwﬁeewes peated to
styrene- butzgeh gpey rvHﬁil%ﬁrrnng r]‘—g’tef' SHaGHoh 8PHY d ?@64 ffholy of f‘ﬂtercaptoethlalnol as ecunendwas

2- mer capt oet hano mgarlson 25The folTowng were i1 nit rge
Wit hlsti rr|un@6til@telatad$¢ pmerpaptatiratiang Bre-ik e Bign ted & HETC,p h‘&ibrlL of 1,1-

di(tert-butylperoxy)-3,3,5-trimethylcyclohexane (in the form of 50% strength solution) was added.
After 90 minutes, a specimen was again taken for mercaptotitration, and then the reactor contents were
discharged and stabilised using 3 g of 2,4-bis{octylthiomethyl)-6-methylphenol (Irganox 1520 from
Ciba). During discharge of the rubber solution, there was a marked unpleasant odour from

20 unreacted 2-mercaptoethanol. The rubber was isolated from the solvent by using steam to strip the

rubber solution. The rubber crumb was finally dried for 16 hours at 60°C in a vacuum oven.

Analysis results:
Conversion based on 2-mercaptoethanol (potentiometric titration using ethanolic AgNO; solution): 85%
Mooney viscosity (ML1+4 at 100°C): 73 Mooney units
25 Vinyl content (by IR spectroscopy): 51% by weight
Styrene content {by IR spectroscopy): 25% by weight

Example 2f; Synthesis of styrene-butadiene rubber without functionalisation (comparison)

The following were initially charged with stirring to a dried and nitrogen-blanketed 20L steel reactor:
30 8.5 kg of hexane, 1.2 mmol of potassium tert-amyl alcoholate (in the form of 14.9% strength solution
in cyclohexane}, 74.2 mmol of tert-butoxyethoxyethane, 375 g of styrene, 1125 g of 1,3-butadiene, and
16.1 mmol of butyllithium (in the form of 23% strength solution in hexane). The mixture was heated to
70°C for 1.5 h, with stirring. The reactor contents were then discharged and stabilised using 3 g of 2,4-



8.5 kg of hexane, 1.2 mmol of potassium-t4rt-amyl al coholate (in the
formof 14.9% strength solution in cycl ohexane), 91.2 mmol of
t ert - but oxe{deokiieinkhylB6-niihylphernof (ginok & 59, frotl Qiba)gT I&frutibsﬁwhuioﬁdadémﬁx the

- hexane) SR PHSHRHE IR LGB P oo el R i s

Af t er addi t60ﬁfl1n@fva3uuﬁm@1e(1.99 mrol ) of 2-mercapt oet hanol a speci nmen
was 30i mredi ately taken for nmercaptotitration. The m'xture was t hen

heated to %%%& @145m_of 1,1-
di (tert-bu § t)9335tr|msthylcyclohexane(intheformof 50%
strendgt h sollaiheyongcosigsMadeed 100%C): 62 MMOneyiunitd es, a speci men was again

taken f t Jen th t tent
i schar ged ARGy s Ry 31og SppeieR " eactor contents were

2, 4- bi s( octSyhréreicamait (bylk sfectiamtdpy). piredbe weightr ganox 1520 from Ci ba).

Dur | ng di scharge of the rubber solution, there was a marked

unpl easant odour from 35unreacted 2-nercaptoethanol. The rubber was
isolated fromthe solvent by using steamto strip the -13 - rubber
solution. The rubber crunb was finally dried for 16 hours at 60C in a
vacuum overExadpled yaicsaqeedingt B) tl€o mwvent®n osholya et vdrn mqﬁm@pn@smgm@ent 3-

(potggptionetric titr h

VFocal 1y Okt pighbn Ol R sEle b ol bty ROy shie R Bdh R ke,
spect r oscopshpreasiOBiabarenefrgrh tcorBpayatien exaopies 8d bnd(?ryyhdt Rhsqo@c funotsmaljring reagent 2-
25% by wei - ' r o
functi onal ?ljisggf Eé?\tﬁ%éﬁﬁé% %%%%g’?’h %‘gﬁ%{n}f %g%%%%g%?%é‘%‘%g&% ﬁ&%gnahsmg
foll owi ng wegenti nitially charged with stirring to a dried and

ni trogen-bl anketed 20L steel reactor: 8.5 kg of hexane, 1.2 mol of
potassiumtert-anyl alcoholate (in the formof 14.9% strength

solution in cyclohexane), 91.2 mmol of tert-butoxyethoxyethane, 375 g

of styrene, 1125 g of 1, 3- but adl ene, and 17.6 nmol of butyllithium

(in tlhe foMxamy of Rybbergixtures ol uti on i n hexane). The m xture was
heated to 70Cfor 1 h, with stiffing. After addition of 15.9 g (204
mol ) of 2Bk ARkRE! Q@x@%odu&d%&ﬁﬁﬁsﬂ%ﬂhé’@ﬁe&@uﬁﬁ%ﬁ x%t%ks\/ac&&!ﬁﬁgtoftﬁé invention

mercaptotitration. The m xture was heated to 115C, and
of 1,1- of Examples 2a-c (rubber mixtures 3a-c) and also the styrene-butadiene rubbers of comparatlve

Examples 2d-f (rubber mixtures 3d-f). Table 1 lists the mixture constituents. The rubber mixtures
(without sulphur, benzenethiazolesulfenamide, diphenylguanidine and sulfonamide) were mixed for a
20 total of 6 minutes in a first mixing stage in a 1.5 L kneader, where the temperature rose from 70°C to
150°C within a period of 3 minutes, and the mixture was maintained at 150°C for 3 minutes. The
mixtures were then discharged, stored at room temperature for 24 hours and, in a 2" mixing stage,
again heated to 150°C for 3 minutes. The following constituents of the mixture were then admixed on

aroll at from 40 to 60°C: sulphur, benzothiazolesulfenamide, diphenylguanidine and sulphonamide.

25



contents were

a speci men was again

and then the reactor

nercaptotitrati on

di (tert-butyl peroxy)-3,3,5-trimethyl cycl ohexane (in the formof 50%

strength solution) was added. After 90 m nutes,

t aken for
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5Mboney viscosity (M.1+4 at 100C): 72 Mooney units Vinyl content (by

| R spectroscopy):

51% by wei ght Styrene content (by IR spectroscopy):

25% by wei ght _Exanples 2a-c¢ according to the invention show that when
t he functignalli sing| readept 31 10 ner ¢apf (()\Ipropasevl, é—di_ol i s used,
there is ng uni esspnt ddeur f fopPyreact ed| Undtjiondl | 8i Ing reagent,
whereas it |is|appargent flrom cenparatiyve exanpl|esS |2U|{and®2e that when
t he functi gnalfistTmgrreagent 23 rgaptjoetanot| 7§ used| a |nmar ked
unpl easant |o8dy | gan ke |dbsce pepdofremauncepgt ed (flnet | @nal i si ng
reagent. 19EXar| 85| 38- . X Ribber | 0 [X2 Y2 s SRUBHEY, |F XEUf BY wer e
produced c nising| the |styrene-putjadilene rubbers accordijng to the
i nvéhtion gf Exanples 24-c g ibber |m xt ures| 39-¢) 4nd plso the
st yrfne- but|adilgpe g LbBer|s3 0t ¢onp@r|aE i\ Expen! B 20 | €rlubber
m xtfures 3d-f). Tabl e 1 |IV$t“S|t he nixt|dr ¢ “cpnstPtu@nfs| <The rubber
m xtar es (wthout—sptphtdr—benhzepetthiazolesptfengmge;
di phenyl gugngdi ne andesyld oram de), (veT & Mxed L%r | 20| atal of 6
mnges in |azflivst> pi @i N sthge || [@21.5| B kre [ders @ege t he
tenderaturg gose|frpopm 70C o 150C within|a perliod of 3| fjnutes, and
the v xturg $4s i ptai fed|at [ 15pC[for 3| N put es. The m xtures were
therE di schargeds | gt pred (& |1por | en ra%Jpe gorgzﬁhﬁ;@ and, in a 2"
m xighg stagef jagarn h®at|ed | 0| IT5PT |fon <3| ifi hutjes.| Ihe fel|l owi ng
cong} i tuent|s€ of thel m xtiure werel t Hentadm xed jontagoH—at from40 to
60C.g8 sul p_hurg benzot hlinazoéegg  fepani de,_ di henycl,gtf_animd a¢ and
sul ghonani deg |&| 8| & | |gFor Byr< |appl c&t|i@ns; | Sowerjol | ng
resi%tance |i S |needed, and this is dbtained whentie fo| Pawi ng are
meagiir ed i T rime yurcani gat ¢. Ny g varue fpr [regound Jes)ilience at
60C,ga lowltalN d|val ue ijn dynam c danping at high tenperature (600),
and;gin thg MS test, |gw AG |and ljow|tanh d nmgxi fum As clan be seen
from Tabl e |2, [t he vulocani sates of Hxanpl ¢s Ba-|c accordjng to the
i nvéhtion fleafure high 5 rebound| resilli encel vgl ues at 60G, |ow tan d
val yes in dynam ¢ daging at 60G and ljow AG* val yes] apd |low tan d
maxigm. Thg said ad'vzgntages, are achi eved| even |when {hel anpunts of
fimyionalilsing reagent |are¢ spalfer| than|in| the com)éo%ative Exanpl es
4d &nd 4e. @ @
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H gh wet slip resistances al so needed for f%'e applications, and this

i s obtained when the vul cani sate has a high tand.value in namgc .
danpi ng at dFPbet @&B@Paesu@af r@@!@; TesRANGEAR nerded é&‘ﬂwﬂ?*‘r’é st éfﬂé} tie fllowing are
10vul cani satcasrddfin B anparREtedahich AhRIbIGERAN RsilitiRe hPOaT)taileN tah 6 /414 i@ dynamic
high tan d val ues in dynam c danping at 0C. Hi gh abL asj on resistance

i's al so nedaseing i highteMREHIE (R Plofnsl; indle MAR 95l g/ A" rIdORY fad|meexpnum. s can
vul cani sat g af, FXRMbES, AR ValcARGRE B Wahfled AR 4BHERE 1O thel RAMHEP foature high

reduced DI N abrasion val ues. The functionalised diene rubbers

accor di ng treounaesilippedivalugnatttRy, ddvoiard wauee in dyaarpid damping)et 687C andrlgie 4Gy values,
15| ess unpl [ ' ' j ST
dynam c megﬁﬂg)i ca ‘9%?%%S‘ﬁlf?gﬂéﬁ%%ﬁa%ﬁ%%ﬁ%ﬁ%ﬁ gvggrb@&g}\? P{%S? 0 c%lﬂlghsmg
resul t ant vekowaicsaellss than mghe copparative Exdraglesedd and 4eFunct i onal i sed di ene
rubbers, obtained via the polynerisation of dienes and, if

appr opri at gy L REIRLI BRI bRlickich! e Rls RBAAUPSRANRN uloan;
reaction w tlﬁiltﬁrlgxyner_capt a?]s 50! hgb}?lgrhul a. HS R-OH , In_whi chcaﬁsaItc
i s a |ineatas dnghenkvplugrin éynemicdampingaidow kemperaiies (B7C)- A ¢ea by bash &oiglgblp 2, the
or angpar yl VAL Res of Examples 4a-c according to the invention feature high tané values in dynamic damping

at 0°C.

High abrasion resistance is also needed in tyre applications. As can be seen from Table 2, the

vulcanisates of Examples 4a-c according to the invention feature reduced DIN abrasion values.

The functionalised diene rubbers according to the invention therefore have the advantage of markedly
15 less unpleasant odour during their production, and of improved dynamic mechanical properties and

improved abrasion behaviour of the resultant vulcanisates.



where each of these groups has a further h§é$0xy group as

substituent, and, if appropriate, 10can have interruption by

ni trogen, 6¥¥§&ﬂﬂaﬁ sul phur atons and, if appropriate, has aryl
substituents. 2. Functionalised diene rubbers according to Caim1l,
characterized in that the diene is 1,3- butadiene and the

vinyl aromatic nonomer is styrene. 3. Functionalised diene rubbers
according to Caml qor 2, characteri.zed. in that the solvent is _15a .
yar ocar borl o SUrGPERs HER R LA ViR Ry BTy e R
accordi ng to Onef GiylWheti®mokbradrih dsd®nBandGhibsepeheriehdtion with hifakynidd@ptans
hydr oxyner capt an_i s 3-nercapt opropane-1, 2-diol. 5. Process for the
produgtion of t REMEENERonal i sed di ene rubbers according to Caim 1
characterized in that dienes and, if appropriate, vinylaronmatic
nmononers are pol ymeri sed HS-ROsHsol vent and then are reacted, at
tenperatures of from50 to 180C in the presence of free- radical
initiators, with aﬁ$ﬁeast one hydr oxynercaptan of the formula:

HS-R-OH , in whith"R'is a linear, branched or cyclic Cl-C36-al kyl ene

or -al kenyl ene group or an aryl group, 25where each of these groups

has a further hydisaxinegt apchad oseyobt Ciggalkykene pr +dikeapipmeogroumndrean aty rgroup,
have i nterruption by nitrogen, oxygen or sul phur atons and, if ]
appropri ate, hadhgieprchsifplasse eigupilias a figthepyylaoay grquptag sestituendsd; i€ pppgopriate,
at | ggst one of cfhgavdliiRBSupiBR B mfr36E Wk el Gr ts@phdrakdi®s shd!l & appropriate, has aryl
characterized in that these also conprise from 10 to 500 parts by

wei ght of fill efubsiyendy on

2. Functionalised diene rubbers according to Claim 1, characterized in that the diene is 1,3-

butadiene and the vinylaromatic monomer is styrene.

3. Functionalised diene rubbers according to Claim 1 or 2, characterized in that the solvent is
15 a hydrocarbon or a hydrocarbon mixture.
4, Functionalised diene rubbers according to one or more of Claims 1 to 3, characterized in

that the hydroxymercaptan is 3-mercaptopropane-1,2-diol.

5. Process for the production of the functionalised diene rubbers according fo Claim 1,
characterized in that dienes and, if appropriate, vinylaromatic monomers are polymerised in
20 a solvent and then are reacted, at temperatures of from 50 to 180°C in the presence of free-

radical initiators, with at least one hydroxymercaptan of the formula:
HS-R-OH,
in which

R is a linear, branched or cyclic C1-Cyg-alkylene or —alkenylene group or an aryl group,

25 where each of these groups has a further hydroxy group as substituent, and, if appropriate,
can have interruption by nitrogen, oxygen or sulphur atoms and, if appropriate, has aryl

substituents.

6. Rubber mixtures, comprising at least one of the diene rubbers according to Claims 1 to 4,
characterized in that these also comprise from 10 to 500 parts by weight of filler, based on

30 100 parts by weight of rubber.



30100 parts by weight of rubber. - 19 -19- Rubber mi xtures accor di ng
to Claimé6, characterized in that these conprise, as fillers,
fine-parti &l e siRubbasuigneé arcoglingbo Olavh &céberact8rized lethatstbese Lorhyprise ag tfiblens, fine-
m xt ures according i09...0ne f. Cains 6 to 7 for the production
of highly reinf 5’?%8%%}18%63%1&%0&%&& in particular for the
production of tyres.

8. The use of the rubber mixtures according to one or more of Claims 6 to 7 for the

production of highly reinforced rubber mouldings, in particular for the production of tyres.



