-1- Modified polynmers based on conjugated di enes or on coni ueated di enes and
on vi'nylaromatic conpounds, a process for their preparation, and their use
5 The present invention relates to coupled nodified diene polyners
containing heteroatons, to their preparation, and also to their use. A
known method, in particular for use in tyre construction, uses organic or

i norgani ¢ conpounds particularly suited to-this purpose to link (couple)
living, or preferably living, alkali-netal-term nated polyners based on
conj ugat ed di enes or based on conjugated dienes and on vinylaromatic 10
conmpounds, the result being in particular an inprovenent in processing
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15 groups, ester groups, and also halide groups, and especially the corresponding compounds of silicon

or of tin (EP-A 0 890 580 and EP-A 0930 318), e.g. their halides, sulphides or amides. German

Auslegeschrift 19 803 039 describes rubber compositions which are intended for high-performance
tyre treads and some of whose underlying rubbers have been coupled using compounds of tin, of

phosphorus, of gallium or of silicon.

20 There are likewise various known methods for end-group functionalization of polydienes. In the case
of polybutadiene catalyzed by neodymium-containing systems, examples of compounds used are
epoxides, substituted keto compounds from the group of the ketones or aldehydes, and other
examples are acid derivatives and substituted isocyanates, as described by way of example in
US-A 4906706. Another known method of end-group modification uses doubly functionalized

25 reagents. These use the polar functional group to react with the polydiene and, using a second polar
functional group in the molecule, interact with the filler, as described by way of example in

WO 01/34658 or US-A 6992147,

Some of the linking agents used hitherto have considerable attendant disadvantages, and by way of
example in the case of diene polymerization reactions catalyzed by rare earths, in particular by
30 neodymium-containing systems, they lead to end-group modification and are therefore unsuitable as

coupling agents.



30 neodym um cont ai ni ng systens, they |l ead to end-group nodification and are
therefore unsuitable as coupling agents. - 2 It was then an object of the
present invention to provide nodified diene polynmers which avoid the

di sadvant ages of the nodified polyners used hitherto and which inprove the
ease of incorporation into rubber m xtuRes and the nechani cal / dynam c
properties of the resultant rubber nouldings. A particular intentionis to
i nprove t helttveathepropbiesafl bn prsseopioraniiensio piovide mpdifisd Aigheypolyntees atidnaypid titei oned

di sadvant ag i e product i.on I j 0 .fied
pol ymer s caﬁgarﬁig%tag% oaf\%e”l rg%agéeﬂg)f)lﬁégrf E\léeégglgﬁ;ef/t @i@%@%;ﬁ?q@ﬁ Q%celé%r(g??fﬁrp %h(fnhe

i nventi on. Terupbee se@xitres mdahd imerhanitaldyehioic ropedivd cfetbe rosdiafti rebbep oloyidiegss Abased
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accordi ng t BUHET PEPHRN! to(”f‘S’roY)egfeo CPFBEEERCTBUIRPTEY where BR = di ene pol yner,
vi nyl aromati c-di ene copol yner, PUR = main pol yurethane unit and n is
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i nvention, th i ol yur et hane yni.t use r ef erabl onprses a product
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(conponent A) with a polyfunctional H acid conmpound (conponent B). The

conponent AThs pdseaamvadio tHefebore propidesnelsdifidd fohenepobagddune tormpupatd idRaGy@nat es

and/ or thioisoc ates which are, descri bed by way of e le in Ul nmnn's
Enay k] opadi MR BETIER L aHaH G RS (e PO ASBIS 0f I ndusr i al
Chem stry], 4th Edition, Winheim Verlag eme, 20 Volune 19, 1980, pages
303 to 304 and Vol une 13, 1977, pages[%&]VP 358 or W Siefken in Justus
Li ebi g@ Annal en der Chem e, 562, pages 75 to 136. Conponent A includes at

n

| east e c&’ﬁiﬁ%und of the following structure Q[NCX] g, in which 25 q = a

nunber greater than or equal tq 2,
BR = diene polymer, vinylaromatic-diene copolymer,

PUR = main polyurethane unit and
n is greater than or equal to 2, preferably from 2 to 10.

For the purposes of the invention, the main polyurethane unit used preferably comprises a product
15 mixture composed of a polyfunctional isocyanate and/or thioisocyanate (component A) with a

polyfunctional H-acid compound (component B).

The component A used can comprise compounds of the polyfunctional isocyanates and/or
thioisocyanates which are described by way of example in Ullmann’s Enzyklopéadie der technischen
Chemie [Ulimann’s Encyclopaedia of Industrial Chemistry], 4th Edition, Weinheim: Verlag Chemie,

20 Volume 19, 1980, pages 303 to 304 and Volume 13, 1977, pages 347 to 358 or W. Siefken in Justus
Liebigs Annalen der Chemie, 562, pages 75 to 136.

Component A includes at least one compound of the following structure

Q[NCX] q,
in which
25 q = a number greater than or equal to 2,
X =0 orS§, preferably O, and

Q is an oligomeric structure having from 4 to 1000 carbon atoms, preferably from 6 to 500 carbon
atoms, where this structure can contain double bonds, or Q is an aliphatic hydrocarbon radical
having from 2 to 200 carbon atoms, preferably from 6 to 100 carbon atoms, a cycloaliphatic hydro-

30 carbon radical having from 4 to 200 carbon atoms, preferably from 5 to 10 carbon atoms, an aro-



X =0or S preferably 0, and Qis an oligoneric structure having from4 to
1000 carbon atons, preferably from6 to 500 carbon atons, where this
structure can contain double bonds, or Qis an aliphatic hydrocarbon radical
having from2 to 200 carbon atonms, prefergbly from6 to 100 carbon atons, a
cycl oal i phatic hydro 30 carbon radical having from4 to 200 carbon atons,
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groups can be formed via the reaction of a polydiene containing hydroxy groups (e.g. compounds of

20 the fundamental type represented by “Krasol® LBH”) with diisocyanates.

It is likewise possible to use reaction products composed of polyfunctional isocyanates and/or
thioisocyanates (component A) with the polyfunctional H-acid compounds described below (com-

pound B), where these contain free isocyanate groups.

It is preferable to use compounds which are soluble or miscible in non-polar aliphatic, cycloaliphatic
25 or aromatic solvents. Preference is given here to the isocyanates of HDI, MDI, HMDI, TDI or

Krasol® LBD type, these being readily commercially available.

For the purposes of the invention, the component B used can comprise polyfunctional H-acid com-
pounds, among which are inter alia thiols, alcohols and/or amines as described by way of example in
Ullmann’s Encyklopddie der technischen Chemie [Ullmann’s Encyclopaedia of Industrial

30 Chemistry], 4th Edition, Weinheim: Verlag Chemie, Volume 19, 1980, pages 31 to 38 and
pages 304 to 306.

Component B includes at least one compound of the structure B



pound B), where these contain free isocyanate groups. It is preferable to
use conpounds which are soluble or mscible in non-polar aliphatic,
cycloaliphatic 25 or aromatic solvents. Preference is given here to the

i socyanates of HDI, MDI, HVDI, TDI or Krasol(r) LBD type, these being
readily comrercially avail able. For the .gurposes of the invention, the
conponent B used can conprise pol yfunctional Hacid com pounds, anong which
are inter alia thiols, alcohols and/orTﬁm]q,,es as described by way of exanple
in Ulmnn's Encykl opadi e der techni schen Cheme [U Il mann's Encycl opaedi a
of Industrial 30 Chem stry], 4th Edition, Winheim Verlag Chem e, Vol une
19, 1980, pdy¥Hch31 to 38 and pages 304 to 306. Conponent B includes at

| east one conpound of the structure B- 4 T[YH p, in which p = a nunber
greater thaf “oynupgeigreatepthan orgqual 92, 5 or NR, where R is hydrogen, an

al i phatic hydrocarbon radical having from2 to 200 carbon 5 atons,
preferably frofh SothR.rheed pbyiregen 48 aliphaticyrdrecitiop Frdicpldatipaifreie AfbdR crrhen cal
havi ng sf rom fbmb Prefa iy F&H BN 1 AR ’atoBE,eclfc?El@ﬁkylyatit: BMc@be?ra&@al%QJi&oﬁon@E e, an
aromatic hyarocar bon Tadical having from6 to 200 carbon atons, preferably
from6 to 130&ertsontoqsopreferably fram Stoyl0ghibphaioms an prymedaiidmsarbemdiical lhavizgi ng
from8 to 2 f . e, if
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heteroatons fromthe gr N, S, T .is an ol.igoneri¢c.structure having from
o 200 et SeBoPlR ol citiosfelafi ol SR BRI el Sonaiihd 11

structldr e caRntvaet @hthinda bt ®orb detetsatandrdnatie fregnO,iNgIsmed by way of exanple via
pol ymeri zati on of dienes with OH containing conononers, via polynerization
of di enes WTtiflan digbM¢rRIsetGure Bavirg frir?) tee PO yarlgnCittips, prafdrably fRan2ientoo carbon
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hydr ocarbon radical having from4 to 200 carbons atons, preferably from5
to 10 car boRCBINGHE'S CofAInipg, FRQKY growcﬁng subsequent hydrolysis, or subsequent substitution of an

15 oligomer by OH-containing groups, or T is an aliphatic hydrocarbon radical having from 2 to
200 carbon atoms, preferably from 2 to 10 carbon atoms, a cycloaliphatic hydrocarbon radical
having from 4 to 200 carbons atoms, preferably from 5 to 10 carbon atoms, an aromatic hydro-
carbon radical having from 6 to 200 carbon atoms, preferably from 6 to 13 carbon atoms, or an
arylaliphatic hydrocarbon radical having from 8 to 200 carbon atoms, preferably from 8 to

20 12 carbons atoms, where, if appropriate, each of the oligomeric, aliphatic, cycloaliphatic, aromatic
and arylaliphatic hydrocarbon radicals mentioned contains one or more heteroatoms from the group

O, N, S.

It is likewise possible to use reaction products composed of polyfunctional H-acid compounds with
the polyfunctional isocyanates and thioisocyanates described above where these contain free H-acid

25 groups.

It is preferable to use compounds which are soluble in non-polar aliphatic, cycloaliphatic or aromatic
solvents or which are miscible with non-polar aliphatic, cycloaliphatic or aromatic solvents.
Compounds preferably used here are the H-acid compounds of the type represented by Krasol®
LBH, ethylene glycol, glycerol, and substituted and unsubstituted compounds of the type represented
30 by dihydroxybenzene, examples being tert-butylpyrocatechol or 1,2-, 1,3- and

1,4-dihydroxybenzene, these compounds being readily commercially available.



carbon radical having from6 to 200 carbon atons, preferably from6 to 13
carbon atons, or an arylaliphatic hydrocarbon radical having from8 to 200
carbon atons, preferably from8 to 20 12 carbons atons, where, if
appropriate, each of the oligoneric, aliphatic, cycloaliphatic, aromatic

and aryl aliphatic hydrocarbon radi cals nerti oned contains one or nore
heteroatons fromthe group O N, S It is |ikew se possible to use reaction
products conpoRER! cathlysyalay fbou rpmsérmrdadingl-thaoeiadioﬁozvithoﬁm(r}slyﬁnmmhnal tHi&id compounds.
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preferably 1, 6;% ut adi ene and i soprene, or fromthe conjugated dienes

descri bed abdVOQRigmel vi nyl aromatics, e. g styrene and di vi nyl benzene,

preferably 1"1"131e glgjatn'g’cgtllv% r}z?tlo BR: P8R%Qnebea9agle Xi[zl? nﬁJR here is considered to be the entirety of
components A and B. The quantitative ratio BR:PUR, based on the ratio by weight (g/g) is 100:

from 0.01 to 30, preferably 100: from 0.02 to 10 and particularly preferably 100: from 0.05 to 5.

20 The invention further provides a process for the preparation of inventive polymers, where the
compounds containing conjugated dienes are first polymerized alone or together with vinylaromatic
compounds, and then these polymers are reacted with compounds of the polyfunctional isocyanates
and/or thioisocyanates, and this polymer solution then obtained is reacted with polyfunctional,

H-acid compounds, preferably thiols, alcohols and/or amines.

25 The inventive coupled and modified polymers are preferably prepared in three steps. The first step

prepares a diene polymer and/or vinylaromatic-diene copolymer.

The first step for preparation of the inventive polymers is generally carried out in such a way as to
react a catalyst system with the respective monomer or with the monomers, in order to form the

polymers.

30 The BR component is then prepared here by the processes known in the prior art. Catalysts used here
preferably comprise compounds of the rare earth metals, as described in more detail by way of
example in EP-A 011184 or EP-A 1245600. It is also possible to use any of the Ziegler-Natta

catalysts known for the polymerization reaction, examples being those based on compounds of



The average nolar mass (Mv) (determ ned using GPC = gel perneation

chromat ography) of the 15 inventive nodified polyners is from50 000 to 1
500 000 g/ nol, preferably from 200 000 to 700 000 g/nmol. The quantitative
ratio BR PUR can be varied widely. PUR here is considered to be the entirety
of conponents A and B. The quantitative “Patio BR PUR, based on the ratio by
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solvents are preferred, examples being paraffinic hydrocarbons, such as isomeric pentanes, hexanes,
heptanes, octanes, decanes, 2,4-trimethylpentane, cyclopentane, cyclohexane, methylcyclohexane,
ethylcyclohexane or 1,4-dimethylcyclohexane, or aromatic hydrocarbons, such as benzene, toluene,
20 ethylbenzene, xylene, diethylbenzene or propylbenzene. These solvents can be used individually or in
combination. Preference is given to cyclohexane and n-hexane. Blending with polar solvents is

likewise possible.

The amount of solvent in the inventive process is usually from 1000 to 100 g, preferably from 500 to
150 g, based on 100 g of the entire amount of monomer used. It is, of course, also possible to

25 polymerize the monomers used in the absence of solvents.

The polymerization reaction is preferably carried out in the presence of the abovementioned inert

aprotic solvents.

The polymerization temperature can vary widely 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
30 few hours. The polymerization is generally 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

elevated pressure (from 1 to 10 bar).



neodym um neodecanoat e, neodym um oct anoat e, neodym um napht henat e,

neodym um 2, 2- di et hyl hexanoate or neodym um 2, 2-di et hyl hept anoate, and al so
the corresponding salts of 10 | anthanum or of praseodym um The
Ziegler-Natta catalysts that can be used noreover also enconpass catal ysts
systens based on netal |l ocenes, as describe&d by way of exanple in the

follow ng references: EP-A 919 574, EP-A 1025136 and EP- A 1078939. The

pol yneri zat i Qhe irvagivé @olyQaitated ofake ureguraed ndyontedninethi ipkeate mmmh@dgleﬂ-mlat«ane or
nore stages a res ecgtivel ChVVI e or _conti nyously. ont i nuous
ot hod o s FRMrRRET e el D e S S8 £ T ST pPrs g Pt
series, prefesabiy, dlcodresito pdssibldtop@érupCtié pdlyrfidriition rdaglioh prenatuRRlyesk @ finebn Thi s
pol ymeri zation reaction can be carried out in a solvent and/or solvent

mi xture. | nePt hafeEed Ropedist Rfdhetrolysiers fop pempleabepout R pramstsiop of the mpmamsrst Thsi ¢

hydr ocarsbons un@héeheficdeSAABY iway RE BlatBRDe s8N0 a 1IERhRNESs th pbI& Fation
decanes, 2, 4- trlnethylpentane cycl opent ane, cycl ohexane, nethyl cycl ohexane,

et hyl cycl oheXeeinor 1, 4-di met hyl cycl ohexane, or aromatic hydrocarbons, such
as benzene, tol uene, 20 et hyl benzene, xyl ene, diethylbenzene or
pr opyl benzendn a S step.dhodisne golymers previnylEnaiprdienri caRRAoys a5, aftas the pelimprivationon.

Pref erence i §eagﬁo“epgagt&1 GHE k%ﬁﬁ,ﬁﬁcﬂ%fatﬁbd &ytﬂﬁﬁ?ﬂ?1Sf>§br%&g'aﬂgorv‘fh¥oﬁo&9rla?e5 The

solvents is |1kew se possi he a unt o) vent in the inventive
process i s uselednt gr sbivenhnigoe int whlsﬂomlsgs capied ot iapieferdblych B06 at the a5 Ogganigas ed

on 100 ts‘ggen?%f isglsen?rmﬁpr% u%gd ?g-r) atlolﬁsgdt’he dq !:%b Q\Ersco?u\yl a’ro § &gne'

p035|ble to pol ynmeri ze e nDno s used I'h th sence 0 ven

pol yreri zat i @oporyaacst itom alss, qurceﬁreer, Phossibleciar ahired thmsolwent/sblhen pmﬁanenoreto afld thee
abovenent i oned] {’u g ? t ﬁ/olﬁ\éents. The golt%rrerl zag on[te erature. can
vary widely ZRePLiogl e yﬁf’?‘i? "i“ O RSPYRYES 11 SINBCY S 2 66EPIeS § r%t%°a°6¥"§/“°from
40C to 130C. sdi h@tsl’ thactanoua: tidedeard: | émtivies Chexaes, Gﬁpmnede&#lofld’x@rm Zmeﬁ@MdepﬂitHnQS to
a 30 few hours. ﬁﬂg rrerlzatlonls ener al carrleq out w eri od

of from about*&enen® "t@%”ﬁ%?’@femﬁ?e Ef é‘B?VXf‘?"B?ﬁS’ICYf Bheﬁa“ﬁ(ﬂlé “effeta an be

carri edsout ab%@mlcmp@femmﬁggﬁemame or else at elevated pressure
(froml to 10 bar). - 7 The inventive polynerization of the unsaturated

nononers in tine rRERnediche @fend ?&yr&r@m Oy inbik-didh8tBplics WRM HeOBPoumddis
preferably be carried out as far as conplete conversion of the nononers
preferably carried out in-situ without mtermedlate isolation of the polymers, and the diene polymers
or vinylaromatic-diene copolymers here are first, after the polymerization reaction, reacted with

compounds of the polyfunctional isocyanates and/or thioisocyanates (component A).

20 During this reaction it is preferable to exclude disruptive compounds which could impair the reac-
tion. Examples of these disruptive compounds are carbon dioxide, oxygen, water, alcohols, and

organic and inorganic acids.

The amount of organic solvents can readily be determined via appropriate preliminary experiments
and is usually from 100 to 1000 g, preferably from 150 to 500 g, based on 100 g of the entire

25 amount of monomer used.

The inventive process is usually carried out at temperatures of from 0°C to 200°C, preferably from
30°C to 130°C. The reaction can likewise be carried out at atmospheric pressure or else at elevated

pressure (from 1 to 10 bar).

The reaction time is preferably relatively short. It is in the range from about 1 minute to about

30 1 hour.

This polymer solution then obtained is then, in a third step, reacted in-situ, preferably without
intermediate isolation of the polymers, with polyfunctional, H-acid compounds, preferably thiols,

alcohol and/or amines (component B).



used. It is, of course, also possible to interrupt the polynerization
reaction prematurely as a function of the desired properties of the

pol ymer, for exanple at about 80% conversion of the nononmers. The 5
unconverted di ene can by way of exanple be removed via a flash stage after
the polynmerization reaction. In a second3step, the diene polyners or
vinyl aronatic-di ene copolymers are, after the polymerization reaction,
react ed wi t hFerdhryeaskensof e reslsanhpalymman sedutiop it corapoesrabef B4R sailysopan likewise be

t hi oi socyanagsgg Thg% mme\{@rm@gataﬁgg MRBtpE xture in which this is carried
out is preferably the sane as the "aprotic organic 10 sol vent or sol vent
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pentanes hexanes anes, cycl ohexane, opent ane

t ol uene and bdndy irbthmzbrsp@ctrpmeﬁ énomn2260 hxeimv cgi chacmqm tiveos aofi dess thayc2|4(hhwxaree
and tol uene, and1 % very particul ar preference being given to hexane. The
reaction of ERE W ErR&“Sol ymers or vi nyl ar omat i c- dlene copol yrer s mnth t he
conpounds | fe ab carried.out |n situ |nterne iat | ation
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of the pol yfuncti I tes and/ or thioisocyanates (conponent A). 20
Duri ng Bhl s F‘é‘é?f‘f‘?‘@ﬂaplp’t‘ %“gﬁ&g?‘é?m&meé’og@e@xcl ude di sruptive compounds which

could inpair the reac- tion, t hese di.srupt.ive conpounds are
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The amount  OfeRioBRANbEVeS HHIARbRaIE adlive ﬁﬁﬁdglery eba@n;ﬂia%eiﬁmla&ms\bk YatRPR PRopratee
prelimnary experinents and is usually from 100 to %ﬁ referably from
A

150 to 500 gMmiyaeld SoreraveEr @V@fag%%éthéfrﬁemwamzsreaéﬁsemthefea Grvepre heferg thethe
inventive proe&as dofmdsiablhyd carried out at tenperatures of fromOC to 200C,
preferably from 0 to 130C. The reaction can |likew se be carried out at
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reaction tine is preferably relatively short is in the range from about
| mnute to udraa suitdge flodgelent, such as alcohols. The flocculated polymer i 1s then by way of example

removed from the resultant fluid via centrifuging or extrusion. Residual solvent and other volatile
constituents can be removed from the isolated polymer via heating, if appropriate under reduced

pressure or in a current of air from a blower.

20 The usual compounding components can, of course, be added to the inventive polymers, examples
being fillers, dye, pigments, softeners and reinforcing agents. The known rubber auxiliaries and

crosslinking agents can moreover be added.

The inventive modified polymers can be used in a known manner for the production of vulcanizates

or of rubber mouldings of any kind.

25 When the inventive coupled and modified polymers are used in tyre mixtures it was possible by way
of example to obtain a marked improvement in tear-propagation resistance in compounded materials

comprising carbon black and in compounded materials comprising silica.

The invention moreover provides a use of the inventive modified polymers for the production of tyres
and of tyre components, and of golf balls and of technical rubber items, and of rubber-reinforced

30 plastics and of ABS plastics and HIPS plastics.

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



This polymer solution then obtained is then, in a third step, reacted
in-situ, preferably without internediate isolation of the polyners, with
pol yfunctional, H acid conpounds, preferably thiols, alcohol and/or am nes
(conponent B). - 8 For the reaction of the resultant polymer solution with
conponent B, a PUR catal yst can |ikew se-Be used. This can involve the PUR
catal yst |isted above. Anpbunts from 10 to 1000 ppm based on the pol yner, of
t he PUR cat aEymipléan accel erate the reaction. The reaction is carried out
at tenperatures of fromOC to 150C, preferably from30Cto 5 130C. The
o Al S s e 0 By WS G 5P S0l gl ©"
ti mes of | esPrit ndnx@dn-freutechnaaleradg @axanawisyusaics qoiadne . Thd pely e zettod Iraactionevaght  of

the inventi ed and nodifi | i del'y. The nunber -
aver ag6 ol R TUBFERIES P & RGO FaRYECE it ABHOE 1 000 o about 2 000

000 for the 10 conventional applications of the inventive polyners. During
t he wor §- up Cbnvesiofmos&t lktemntied totmadetrichl®y; ke gotyimensdiitishsulieg: Wert welgh¢dnafleather
reagents - as .nentioned ahove - which contain active hydrogen, exanples
ber 5g ar cohoECBEh A Ben G GO BnTR Bl ding B T dop e Bing
advant ageouscdohiaf). anti oxi dants are added to the reaction mxture before the
nodi fied polyner is isolated. 15 The inventive polynmer is isolated
conventi onal IE%) for exangl e via steamdistillation or floccul aﬁai on usjng
sui tabl e 1 oMoArML T61ERD Mg Mey AEtsared ok sIUAMSBICI g2 BRing, He frgedotpr aler by
way of exanpbg mih@eBededindvdr ABerlo@9EY bk 1dobai d via centrifuging or
extrusion. Residual solvent and other volatile constituents can be renoved
fromthe isolated polyner via heating, if appropriate under reduced

pressurld or YV 1dF air froma blower. 20 The usual conpoundi ng
conponents can, of course, be added to the inventive polyners, exanples
being fillerga, sditon 4 greRtSalungfifh enafide andedasd NHBAH; NGI@FSH)S .2 JNBiok HHWN
rubber auxiliaries and crosslinking agents can noreover be added. The

i nventive moffylplepiniyey spiuicklords in BexaipsEASE A Cilirslul) ResAriBplar gpoupthwithdeBelict i on
of vul cani zaiffe neBliyntim VHRRS andRYSIHAGEnBiy AN vESARk in hexane (NAV, Nd(0,C oH o))

were added to a solution of 13% by weight of 1,3-butadiene in technical-grade hexane in a dried

a

15 20 L steel reactor under nitrogen, with stirring. The mixture is then heated to a prefeed temperature
of 73°C. The reaction is complete 60 min after the start of the reaction, and a polymer specimen is
taken. HDI (component (A)) is then added by way of a burette with 100 ml of hexane, with stirring.
After a further 30 min, ethylene glycol (component (B)) is added by way of a burette, together with
the PUR catalyst dibutyltin laurate and 100 ml of hexane, with stirring. After one hour of reaction

20 time, the polymer solution is stabilized by 2.6 g of the stabilizer Irganox 1520 dissolved in 100 ml of
hexane, and the polymer is then precipitated with about 10 I of ethanol and dried at 60°C in a

vacuum drying cabinet.

The compounds used (diene polymer, component (A) and (B), PUR catalyst), their amounts, and the
Mooney values for the individual polymer specimens, prior to and after modification and coupling,

25 are stated in Tables 1 to 4.



25 When the inventive coupled and nodified polyners are used in tyre
m xtures it was possible by way of exanple to obtain a marked i nprovenent
in tear-propagation resistance in conpounded materials conprising carbon
bl ack and in conpounded materials conprising silica. The invention noreover
provi des a use of the inventive nDdified'H%Iyners for the production of
tyres and of tyre conponents, and of golf balls and of technical rubber
items, and off*®4bber-reinforced 30 pl astics and of ABS plastics and H PS
pl astics. The exanpl es bel ow serve to illustrate the invention, but with no
resultant |imxhmpg effect. - 9- Exanplleg Thez pol ynefi zat|i on e@cg;ons wer e
n

carried out mwth-the-exelusi-onofalriand-poisture+under nitrogen. Dry and
oxygen-free (&A% al - gr ade hexane was SieiB748 | $890,pH00 (18780 H&TEPy

ri zati on
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ere
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was taken (STHASC pRSOrvVent and Tonomes ) gnd [agtef Ay hg (s05C in a
vacuum dryi WMMMMJ.DP val ue as asured _an equi pnent
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et hyl al um ni |lithylsesgiysiotll]l @ermrdecnt B) hexanel § BASG, | ALY ([CH5)|3€63) 4.9 equi nol ar
amount with |n 1 hreTreodymium S te d sgQhgtTrprrof] neodym um
versatate | ggggﬁgafggeﬁmhhg02C1oH19 %{54§£?e %Zde&ﬁEB%gHgo %%fon of 13% by
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react or undernit ——wWith—sti T g3 er nisxtru e heat to a

pr ef eed tenpgyéyﬁ#g&sggu 3C._The reacti%n i§6c n%fétZMGC #Pn g?f r the start
of the react|Movpeyaafer mopifitatiorr speci nen is| taken. HDI (Jconppnent| (A)) is
t hen added by-way—ofa-purette—wth—190gof fexanewthsst+rrtng. After
a further 30 nlivﬁyll@qq)uwgﬂje gl ycol (co rpg}nent%'l(B) @i S 4asdce 2b \%va;ﬂ of a
burette, together with the PUR catal yst dibutyltin laurate and 100 m of
hexane, with stirring. After one hour of reaction 20 tinme, the polyner
solution is §£ﬁgilized by 2.6 g of the stabilizer Irganox 1520 dissolved in

100 m of

Example 7 8 9 10
Hexane [g] 8500 8500 8500 8500
1,3-Butadiene in g 1300 1300 1300 1300
DIBAH 18.45 % [ml] 23 23 23 23
EASC 20% [ml] 2.5 2.5 2.5 2.5
NdV 8.7% [ml] 2.8 2.8 2.8 2.8
Component A HDI1 HDI1 HDI HDI1
Component A [g] 23 2.3 1.6 2.3
4-tert- 4-tert- 4-tert-

butylpyro- | butylpyro- | butylpyro-
Component B catechol catechol catechol Glycerol
Component B [g] 23 0.8 23 0.7
Dibutyltin laurate [ml] 0.5 0.5 0.5 0.15
Mooney before modification
ML 1+4 (100) [MU] 31 33 34 33
Mooney after modification
ML 1+4 (100) (MU] 45 44 43 46




hexane, and the polyner is then precipitated with about 10 1 of ethanol and
dried at 60C in a vacuumdrying cabinet. The conpounds used (di ene pol yner,
‘conponent (A) and (B), PUR catalyst), their anounts, and the Mooney val ues
for the individual polymer specinmens, prior to and after nodification and
coupling, 25 are stated in Tables | to 431-- 10- Table 1: Exanple 1 2 3 4 5
6 Hexane[g] 8700 8700 8700 8700 8700 8700 1, 3-Butadiene [g] 1300 1300 1300
1300 1300 139&bled BAH 20 % [m ] 21 21 21 21 21 21 EASC 20%[m] 2.5 2.5 2.5
2.5 2.52.5 NdV 8.8%[nl] 2.75 2.75 2.75 2.75 2.75 2.75 HD [g] (conponent
A) 3.9 3.5 2323231 -b6—Ethylenre—ghycol—fgl{conrpanr 1.5 1.3 0.9
0.9 0.6 0.9 |E5¥BRIEyI tin laurate [m]10.16 0145 ¢. 18 0./15 ¥ 15/ 0. 15 Mboney
bef ore nodiflmggnbpél MC T1+4 (100) [[ MeKoo39|4Gsap 8434y 39 4j‘@oney after

nmodi ficatio (100) [MJ 47 61 50 45 52 55 Tabhlle Expnmple 7 8 9 10
Hexane[ g] 8506-BBEEN8BE0 8500 1,[3- Bi0ad] erddl n|g13%0d 1@6@) 1B00 1300 DI BAH

18.45 % [ m ] D:ngg48455%Z[§,]] EASC Zd%[f@j V. 077 . 0| Z2. 3y 2.0 NV 7% [mM] 2.8
2.8 2.8 2.8 | Canpaonent HDL HDL _|HDIL HDI

EASC 20% [ml] 2.5 25 2.5 1.2
NdV 8.7% [ml] 2.8 2.8 2.8 14
Component A HDI HDI HDI HDI
Component A [g] 23 2.3 23 1.2
4,4-para-
phenylene- ; Poly BD | Poly BD | Vulkanox

Component B diamine 60S E 605 E 4030
Component B [g] 3 4.2 8.3 2
Dibutyltin laurate [ml] 0.5 0.5 0.5 0.25
Mooney before modification

ML 1+4 (100) [MU] 45 46 29 35
Mooney after modification

ML 1+4 (100) [MU] 54 60 39 41
Table 4:

Example 15 16 17
Hexane [g] 4350 4350 4350
1,3-Butadiene in g 650 650 650
DIBAH 18.45 % [ml] 12 12 12
EASC 20% [ml] 1.2 1.2 1.2
NdV 8.7% [ml] 1.4 1.4 1.4
Component A HDI TDI TDI
Component A [g] 1.2 11.7 1.2
Component B Ethylenediamine | Ethylene glycol | Ethylene glycol
Component B [g] 0.5 0.4 04
Dibutyltin laurate [ml] none 0.5 0.5
Mooney before modification

ML 1+4 (100) [MU] 35 61 45
Mooney after modification




Conmponent A [g] 2.3 2.3 1.6 2.3 4-tert- 4-tert- 4-tert butyl pyro-

but yl pyro- butyl pyro- Conponent B catechol catechol catechol dycerol
Conmponent B [g] 2.3 0.8 2.3 0.7 Dibutyltin laurate [mM] 0.5 0.5 0.5 0.15
Mooney before nodification M. 1+4 (100) [MJ 31 33 34 33 NMboney after

nodi fication M. 1+4 (100) [MJ 45 44 43 46 - 11- Table 3: Exanple 11 12 13
14 Hexane [g] 8500 8500 8500 4350 1, 3-Blradiene in g 1300 1300 1300 650

DI BAH 18.45 % [m] 23 23 23 12 EASC 20% [m] 2.5 2.5 2.5 1.2 NIV 8. 7% [m ]
2.8 2.8 2.8 |Ex4mpleonponent A HDI |HDI H3 HDI| Commonentf A [gy 2.3/2.3 2.3

[
505 £ 4030 [CpaniIB a0 o) 3 4.4 8.3 9 i byl ¥ I adrateFm] b5 0.5 0.5
0.25 Mooneygpaigisasnwdi fication M. 1+4 (100) [MJ 45 46 29 35 boney after
modi fi cation
The following substances were used for studies of the mixtures:
Trade name Manufacturer
Buna™ CB 22 / CB24 as non-functionalized Lanxess Deutschland
polybutadiene GmbH
KMF Laborchemie Handels
Ultrasil 7000 GR as silica GmbH
Si 69 as silane Degussa Hiils AG
KMF Laborchemie Handels
Corax N 234 as carbon black GmbH
Enerthene 1849-1 as oil BP Oil Deutschland GmbH
Rotsiegel zinc white as zinc oxide Grillo Zinkoxid GmbH
EDENOR C 18 98-100 (stearic acid) Cognis Deutschland GmbH
Vulkanox® 4020/LG as stabilizer Bayer AG Brunsbiittel
Vulkanox® HS/LG as stabilizer Bayer Elastomeres S.A.
Vulkacit® CZ/C as rubber chemical Bayer AG Antwerpen
Vulkacit® D/C as rubber chemical Bayer AG Leverkusen
Ground sulphur 90/95 Chancel Deutsche Solvay-Werke
B e wi [ ] o] w[
Buna™ CB 24 100
Example 3 100
Example 5 100
Example 6 100
Carbon black (IRB 7, (N330)) 60 60 60 60
Enerthene 1849-1 15 15 15 15
EDENOR C 18 98-100 2 2 2 2
Chancel 90/95 ground sulphur 1.5 1.5 1.5 1.5
Vulkacit ® NZ/EGC 0.9 0.9 0.9 0.9
zin¢ oxide (IRM 91, from U.S. Zinc) 3 3 3 3




M. 1+4 (100) [MJ] 54 60 39 41 Table 4: Exanple 15 16 17 Hexane[g] 4350
43504350 1, 3-Butadiene in g 650 650 650 DIBAH 18.45 % [m] 12 12 12 EASC
20%([m] 1.2 1.2 1.2 NdV 8.7%[ni] 1.4 1.4 1.4 Conponent A HDI TDI TDI
Conponent A [g] 1.2 11.7 1.2 Conponent B Et hyl enedi am ne Et hyl ene gl ycol

Et hyl ene gl ycol Conmponent B [g] 0,5 0.4-B3-4 Dibutyltin laurate [m] none
0.5 0.5 Mooney before nodification M. 1+4 (100) [MJ 35 61 45 NMooney after

nodi fi cat i on| Pr@portitnxdapdiaves5 16 17 M |1+4 (1100 MJ] 47 65 32 npl es
18- 26 The f ol usipagatseibaiprses wer e used’Pbr sti¥di es & thezon xt Ei‘(as: Tr ade
narrs Vanuf acikars M CB 22 | (824 a5 [on Tunctl onalTz2o7 Lankers e us
o1 oa oo BIEEYTHE®S T ane Decussa hul SAG KW Phbof tHem B Hander.

Vulcanizate tests:

Test specimen: standard S2 specimen

Shore

ShA hardness (70°C) A 60 59 60 60

Graves DIN tear-propagation resistance

Temperature 23°C

Average value for thickness mm 2.14 2.23 2.26 2.48

F- Max N 129 165 171 198

Tear-propagation resistance N/mm 60.4 73.8 75.5 79.7

Test specimen: ASTM D624 B

Crescent tear-propagation resistance

Temperature 23°C

Average value for thickness mm 2.04 2.35 2.23 2.44

F- Max N 85.1 195 222 200

Tear-propagation resistance N/mm 41.6 83.1 99.3 82

Examples Unit 22% 123 |24 |25 |26

BUNA™ CB 22 100

BUNAT CB 24 100

Example 1 100

Example 2 100

Example 4 100

Ultrasil 7000 GR 60| 60} 60| 60| 60

Enerthene 1849-1 159151 15 151 15

AKTIPLAST ST as processing aid

from RheinChemie

EDENOR C 18 98-100 2 2 2 2 2
Vulkanox® 4020/LG 1.5] 1.5 1.5] 1.5 1.5
Vulkanox® HS/LG 1.5 1.5] 1.5] 1.5 1.5
SI169 48 48| 48| 48| 438

3.5 3.5( 3.5 35| 35
1.8 1.8 1.8 1.8 1.8

Rotsiegel zinc white
Vulkacit ® CZ/C
Vutkacit ® D/C




Corax N 234 as carbon bl ack GrbH Enerthene 1849-1 as oil BP G| Deutschl and
GbH Rotsiegel zinc white as zinc oxide Gillo Zinkoxid GrbH EDENOR C 18
98- 100 (stearic acid) Cognis Deutschland GrbH Vul kanox(r) 4020/LG as
stabilizer Bayer AG Brunsbuttel Vul kanox(r) HS/LG as stabilizer Bayer

El astomeres S.A.  Vulkacit(r) CZ/ C as rulper chenmi cal Bayer AG Antwerpen

Vul kacit(r) D/ C as rubber chem cal Bayer AG Leverkusen G ound sul phur 90/95
Chancel Deutscttie—Sotvay-WVerke —Propprtion 1%Lu"a"v g 19 20 21 *
Conpar at i ve | €heaseh? Y memdTHpheB 24 1 | e ] B npl e Eloo Exanpl e 6
100 Carbon black (IRB 7, (N330)) 60 60 60 60 Enerthenel849-1 15 15 15 15
EDENOR C 18 98-100 2 2 2 2 Chancel 90/95 ground sul phur 1.5 1.5 1.5 1.5

Vul kacit (r) NZ/EGC 0.9 0.9 0.9 0.9 zinc oxide (IRM91, fromU. S. Zinc) 3 3
3 3 13- Proportion of additives Unit 18 19 20 21 * Conparative exanpl es

M xture tests: M. 1+4/100 MJ 83.9 84.1 90.2 89.3




Vul cani zate tests: Test specinen: standard S2 speci men Shore ShA hardness
(70C) A 60 59 60 60 G aves DIN tear-propagation resistance Tenperature 23C
Average value for thickness nm2.14 2.23 2.26 2.48 F- Max N 129 165 171 198
Tear - propagation resi stance NNnm 60.4 73.8 75.5 79.7 Test specinen: ASTM
D624 B Crescent tear-propagation resistante Tenperature 23C Average val ue
for thickness mMm 2.04 2.35 2.23 2.44 F- Max N 85.1 195 222 200
Tear - propagation resi stance NNnm41.6 83.1 99.3 82 Exanples Unit 22* 23 24
25 26 BUNAT"' CB 22 100 BUNATM CB 24 100 Exarrpl el 100 Exarrpl e 2 100
Exampl e 4 10Qx 11 15 15 15 15
15 AKTI PLA as _processing aid from Rhei nCh 2 |EDENCR C 18
98-100 2 2 2{ML P+H4/MQl kanox(r) 4020/ LE@W. 5 1.99.1{@®.21.68.11.78.6 | \AllKanox(r) HS/LG

1.5 1.5 1.5 "Vu:l)camzzﬁe tests:

Test specimen: standard S2 specimen

ShA hardness

(70°C) Shore A 64.064.5] 63.0({64.0{ 62.0
Graves DIN 53515 tear-propagation resistance

Temperature 23°C

Average value for thickness mm 2.382.57]2.29(234] 2.28
F- Max N 44.6152.9) 55.6] 73.8| 63.9
Tear-propagation resistance N/mm 18.8120.6| 24.2( 31.6 28
Crescent tear-propagation resistance ASTM D624 B

Temperature 23°C

Average value for thickness mm 2.35(2.471 2271 236] 236
F- Max N 60| 69|87.6777.5] 115

Tear-propagation resistance N/mm 25.5) 2838.6(329| 485




S169 4.8 4.8 4.8 4.8 4.8 Rotsiegel zinc white 3.5 3.5 3.5 3.5 3.5 Wulkacit
(r)Cz/Cc 1.8 1.8 1.8 1.8 1.8 Mulkacit 8 DDC 2 2 2 2 2 14- Chancel 90/95
ground sul phur 1.5 1.5 1.5 1.5 1.5 15- Mxture tests: M 1+4/100 MJ 79.7
60.2 64.1 74.6 63.2 Vulcanizate tests: Test specinen: standard S2 speci nen
ShA hardness (70C) Shore A 64.0 64.5 63:0-64.0 62.0 Gaves DI N 53515

t ear- propagati on resi stance Tenperature 23C Average val ue for thickness nm
2.38 2.57 2Paent2lagus 2. 28 F- Max N 44.6 52.9 55.6 73.8 63.9

Tear - propagation resi stance NNnm 18.8 20.6 24.2 31.6 28 Crescent

tear - propagat i onyp,as DER vased ' TGERE bRAL A e 50 36 GinY @b kil OF
i cknean of 5 OBRLSREE vial M Sigdd SLAHRELRL ) Bl eyt 9 Fini ot

Tear - pr opagat i oncompgingds aadinglorim foBuk (D&eIB8. 6 32. 9 48.5 - 16- Patent clains
. Modified polyners based on conjugated di enes or on conjugated di enes and

on vinylaromati c conpounds accordi ng[éfqn_f,@g formula (1) below [BR]A PUR

5 where
BR = diene polymer, vinylaromatic-diene copolymer,
PUR = main polyurethane unit and

n is greater than or equal to 2.

2. Modified polymers according to Claim 1, characterized in that the main polyurethane unit
10 used comprises a product mixture composed of a polyfunctional isocyanate and/or

thioisocyanate with a polyfunctional H-acid compound.

3. Modified polymers according to Claim 1 or 2, characterized in that the H-acid compound

used comprises thiols, alcohols and/or amines.

4, Modified polymers according to one or more of Claims 1 to 3, characterized in that the
15 polyfunctional  isocyanate used comprises  hexamethylene  1,6-diisocyanate,
dicyclohexylmethane 4,4'-diisocyanate, toluene 2,4- and 2,6-diisocyanate, diphenylmethane-

2,4'-diisocyanate and/or diphenylmethane 4,4'-diisocyanate.

5. Modified polymers according to one or more of Claims 1 to 4, characterized in that the diene

polymer used comprises compounds prepared from the following monomers: 1,3-butadiene,

20 2,3-dimethyl-1,3-butadiene, 3-butyl-1,3-octadiene, isoprene, piperylene, 1,3-hexadiene, 1,3-
octadiene, 2-phenyl-1,3-butadiene.

6. Modified polymers according to one or more of Claims | to 5, characterized in that the ratio

by weight of BR to PUR is at least 100 g: 0.01 gto 30 g,

7. Process for the preparation of modified polymers according to one or more of Claims 1 to 6,

25 characterized in that the compounds containing conjugated dienes are first polymerized alone
or together with vinylaromatic compounds, and then these polymers are reacted with

compounds of the polyfunctional isocyanates and/or thioisocyanates, and this polymer

solution then obtained is reacted with polyfunctional, H-acid compounds.



5 where BR = di ene polyner, vinylaronatic-diene copolynmer, PUR = main

pol yurethane unit and n is greater than or equal to 2. 2. Mdified polyners
according to daim1, characterized in that the main polyurethane unit 10
used conprises a product m xture conposed of a pol yfunctional isocyanate
and/or thioisocyanate with a pol yfunctionalj7H acid conpound. 3. Mdified
pol ynmers according to Claiml or 2, characterized in that the Hacid

conpound used gcONPILUsSEShd MbdHied, po@rl'n@@ awoﬂlngmaéx@ror amertﬁss;lanﬂs 1 Mtkof theptoduction
pol ymers according to one or. nore of O ains characterized in that

the 15 pol yfuncti oREPTes sy MitomPersas OéélﬁFp‘?fng%SsplﬁéS(sai’ﬁ%ﬁWIP@ﬁé?S and of golf balls,

1, 6-diisocyanate, dicyclohexyl nethane 4, 4'-diisocyanate, toluene 2,4- and
2, 6-di i socyanate, diphenyl methane- 2,4'-diisocyanate and/ or diphenylnethane
4, 4" -diisocyanate. 5. Modified polynmers according to one or nore of O ains
Ito 4, characterized in that the diene polynmer used conprises conpounds
prepared fromthe foll ow ng nononers: 1, 3-butadiene, 20

2, 3-di met hyl - 1, 3- but adi ene, 3-butyl -1, 3-oct adi ene, isoprene, piperylene,

1, 3- hexadi ene, 1, 3- octadi ene, 2-phenyl-1, 3-butadiene. 6. Mdified polyners
according to one or nore of Clains 1 to 5, characterized in that the ratio
by weight of BRto PURis at least 100 g: 0.01 g to 30 g. 7. Process for the
preparation of nodified polynmers according to one or nore of Clainms 1 to 6,
25 characterized in that the conpounds containi ng conjugated dienes are
first polynerized alone or together with vinylaromatic conpounds, and then
these polyners are reacted with conpounds of the pol yfunctional isocyanates
and/ or thioisocyanates, and this polynmer solution then obtained is reacted
wi th pol yfunctional, Hacid conpounds. -17- Use of the nodified polyners
according to one or nore of Clains | to 6 for the production of tyres and
of tyre conponents, or else of H PS plastics and ABS plastics, and of golf
bal | s.





