Modi fied pol yners based on conjugated di enes or on coni ugated di enes
and on vinylaromati c conpounds, a process for their preparation, and
their use b5The present invention relates to coupled nodified diene
pol ymers containing heteroatons, to their preparation, and also to
their use. A known nethod, in particular for use in tyre
construction, uses organic or inorganic conmpounds particularly suited
to this purpose to link (couple) living, or preferably I|iving,
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i n physi cal and dynam ¢ prqpe tles in pa |cular t hose connected to
rolling resis e -y TEERIE AR SFHERpI i ng agents used for

t he rubbers nentioned in |ndustry are not only a very wide variety of
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30 neodymium-containing systems, they lead to end-group modification and are therefore unsuitable as

coupling agents.



For the purposes of the invention, the conponent B used can conprise
pol yfunctional H-acid com pounds, anong which are inter alia thiols, .
al cohol s and/ or am nes as described by way of exanple in Ul mann's
Encykl opadi e der technischen Chemie [U Il mnn's Encycl opaedi a of

| ndustrial 30Chem stry], 4th Edition, Winheim Verlag Chem e, Volune
19, 1980, pages 31 to 38 and pages 304 té& 306. Conponent B includes
at | east one conpound of the structure B T [Y%h_p,.in which p = a
nunber gr eat et Bigtharogbiesiif die pregenbinveption te) progdeypodified digprapolymers;vduch avoid the
hydr ogen, andialdiahgd ofhbdiindabhats badh@dko HaVihRe ihfireiR & of Horporation
carbon 5 atons, preferabhy from3 to 10 carbon atons
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preferably f poiBufar henibisCRimpR B @S ropdftiah@patidsc hydrocar bon radi cal
having from6 to 200 carbon atons, preferably from6 to 13 carbon

atonms, Qr an_arylaliphatic hydracarbon radical having from.8 ta 200
carbon ot ons TR BRg b SR Fe I o At R ot 5p Adngeind Khoun
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OH- cont ai ni ng conononers, via pol yner [BREWh of dienes with
conononers cont ai ni ng epoxy groups and subsequent hydrolysis, or
subseqd@nt sbstitution of an 15 ol igomer by OH containi ng groups,
or T is an aliphatic_ hydrocarbon radical having from2 to 200 carbon
atons, pref ePREINF Rolen vipyarqpatie ietssarolies, a cycl oal i phatic

hydr ocar bon r@di_cal haviﬁgﬁt}:;1 from4 to 200 carbons atons, preferably
from5 to 10PER7HBN PAYYRESe WH A opat i ¢ hydrocar bon radi cal havi ng
from6 to 200, carbon atons, prefe ly .from6 to 13 carbon atons, or
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possible to E@%ﬁr{cg%%??%hc{cﬁﬁraga&h%{ggn%ége%'sed of pol yfunctional H acid
conmpounds with the pol yfunctional isocyanates and thioi socyanates
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| gl ycol , 9I cerol,
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di hydr oxybenzene, exanpl es being tert-butyl pyrocatechol orl,2-,1, 3-
and 1, 4- di hydoopopdneA relhdes atimeree ooppod ofiie fikiving sthemdi | y conmercial |y
available. - 5- A PUR catalyst can be present during the reaction
with the polyfunctional Hacid corrpouggg;cx ddi ti on of the PUR
catal yst can take place at any desired juncture. It is advantageous
t hat the PUR,Gagl yst be added after the reaction of the diene
pol ymers with conpounds of conponent (A). PUR catal ysts that can be
used caonpri sg=aRymRf grtdd@ HinGWuatRAPOUNds descri bed by way of exanple
5in Ulmnn's Encyk% opadi e der technischen Chemie [U Il nmann's
Encycl opaedi & =af od9) pfetably @, afdheni stry], 4th Edition, Weinheim Verlag
Chem e, Volune 19, 1980, page 306. It is particularly advantageous to
use tin conpQusghsoligsttriafiuome, haexoig £& 1060 dahord itbihd, piefetably diomadte 30 sarbon

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-



- 7- The inventive polynerization of the unsaturated nononers in the
preserice of the Ziegler-Natta catal ysts nmentioned can preferably be
carried out as far as conplete conversion of the nononers used. It

is, of course, also possible to interrupt the polynerization reaction
prematurely as a function of the desired-properties of the polyner,
for exanple at about 80% conversion of the nononers. The 5

unconvert ed dmetirehyderarpop redigal beving fanmt & 198 corbmmaieed, miefarably filomsth tosBagrbon

after the pol [ : ' (JaP : '
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pol ymers or vinylarone I ene copol ymer :
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| socyanat es apdafualdh GbRRY ARG SonichPoofith U Bl hBGbSRL i et ol 1
which this is Carried out 1Is preferé%ly the sane as the aprotic
organi ¢ 10 séi vent or solvent mixture used for preparation of the

di ene polyners or vinylaromatic-di ene copolynmers. It is also, of

course, possi Bkgnpled oM@ RorhpdBnds Of APt Bl ¥y 1eRd diibdefBatesOduct £ tedaifetiylRRe
pol yfunctional isocyanates and/or thioisocyanates in_another solvent.
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hexanes, hept ap&fsocyaydsd; Ohgoadene MELhyh@y Cl PR ARG, DRAZRAR.3, A DhMERES-
and et hyl benzene, preference being given to hexanes, cyclohexane, and

tol uene, and tRVERIPmELYIPCRlRE Sfepll Afdeabdropeyifanaas: disyigheymee-
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the conpounds, i s preferably carried out in-sjtu wWthoyt internedigfe
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carbon ditox! a8 Rt BRIy Rabealior e pa BRI SRINABTYRE eoves
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via appropr i abf RLEl L ALARLY SXRETLAPALS et Sulf3 Al Nool £AME0R 10 oy
1000 g, preferagS y F0M 15010 ‘0% g, B4LEd“ N g o174 e BEnts 7&
25 anount of bwwsitaver congipidg isbéyenatengramt (' Keasg®dRERE00i avd BEUE], Iwpere alrerisogydnate
out at tenper f f
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u ou

then, in a third step, reacted in-situ, preferably w ;

i nternedi at e fhigPareash (Gmpenad Ap oYith thernolyfupgtions] Hloteidfepmpounds iggeribegibeleyy gpom-
conpounds, pr gbal B Merd MisObitainHeE R éna@g@éﬁar am nes (conponent B). -
8- For the reaction of the resultant polyner solution with conponent
B, a PUR catal yst can |i kew se pbe used. This can jnvolvye the PUR = |
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inventive coupl ed and nodified polyners can var}/ w dely. The )
nurber - aver ag&lingsingc Enerklonidieghr feghnishen Hehemign félnfapmsm Enxsippacdia 0ofD dpjuig!
about 2 £00 0@erfiQfy), L4d EXAGD WERHe NAkia 2 BRIniC AFdIARS 10 T19800 BaghsNYERY BY Gnd
polymers. During the work-up it 1s possible to treat the reaction

m xture with P& reagents - as nentioned above - which contain

Component B includes at least one compound of the structure B
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T[YH]p,
in which
p = a number greater than or equal to 2,

Y =0, S or NR, where R is hydrogen, an aliphatic hydrocarbon radical having from 2 to 200 carbon
atoms, preferably from 3 to 10 carbon atoms, a ¢ycloaliphatic hydrocarbon radical having from 4 to
200 carbon atoms, preferably from 5 to 10 carbon atoms, an aromatic hydrocarbon 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 12 carbons atoms, where, if
appropriate, each of the aliphatic, cycloaliphatic, aromatic and arylaliphatic hydrocarbon radicals

mentioned contains one or more hetercatoms from the group O, N, 8.

T is an oligomeric structure having from 2 to 1000 carbon atoms, preferably from 2 to 100 carbon
atoms, where this structure can contain double bonds and has been formed by way of example via
polymerization of dienes with OH-containing comonomers, via polymerization of dienes with
comonomers containing epoxy groups and subsequent hydrolysis, or subsequent substitution of an
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
12 carbons atomns, 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
groups.

[t is preferable to use compounds which are soluble in non-polar aliphatic, cycloaliphatic or aromatic
solvents or which arc 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
by dihydroxybenzene, examples being tert-butylpyrocatechol or 1,2-, 1,3- and

1,4-dihydroxybenzene, these compounds being readily commercially available.
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A PUR catalyst can be present during the reaction with the polyfunctional H-acid compounds.
Addition of the PUR catalyst can take place at any desired juncture. It is advantageous that the PUR

catalyst be added afier the reaction of the diene polymers with compounds of component (A).

PUR catalysts that can be used comprise any of the known compounds described by way of example
5 in Ullmann’s Encyklopidie der technischen Chemie [Ullmann’s Encyclopaedia of Industrial
Chemistry], 4th Edition, Weinheim: Verlag Chemie, Volume 19, 1980, page 306. It is particularly
advantageous to use tin compounds and amines, examples being dibutyltin dilaurate, stannous

octoate or 1,4-diazabicyclo[2.2.2]octane.

For the purposes of the invention, the term BR includes diene polymers and vinylaromatic-diene
10 copolymers prepared from conjugated dienes, e.g. 1,3-butadiene, 2,3-dimethyl-1,3-butadiene,
3-butyl-1,3-octadiene, isoprene, piperylene, 1,3-hexadiene, 1,3-octadiene, or 2-phenyl-1,3-butadiene,
preferably 1,3-butadiene and isoprene, or from the conjugated dienes described above with

vinylaromatics, e.g. styrene and divinylbenzene, preferably 1,3-butadiene, isoprene and styrene,

The average molar mass (Mw) (determined using GPC = gel perineation chromatography) of the
15 inventive modified polymers is from 50 000 to 1 500 000 g/mol, preferably from 200 000 to
700 000 g/mol.

The quantitative ratio BR:PUR can be varied widely. PUR 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
andf/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
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titanium, of cobalt, of vanadium or of nickel, or else based on compounds of the rare earth metals.
The Ziegler-Natta catalysts mentioned can be used cither alone or else in a mixture with one another.

It is likewise possible to use anionic catalysts, e.g, systems based on butyllithium,

Zicgler-Natta catalysts based on compounds of the rare earth metals are preferably used, examples
3 being compounds of cerium, of lanthanum, of prasecdymium, of gadolinium or of neodymium, where
these are soluble in hydrocarbons. The corresponding salts of the rare carth metals are particularly
preferably used as Ziegler-Natta catalysts, examples being neodymium carboxylates, in particular
neodymium neodecancate, neodymium octanoate, neodymium naphthenate, neodymium 2,2-
diethylhexanoate or neodymium-2,2-diethylheptanoate, and also the corresponding salts of
10 lanthanum or of praseodymium. The Ziegler-Natta catalysts that can be used moreover also
encompass catalysts systems based on metallocenes, as described by way of example in the

following references: EP-A 919 574, EP-A 1025136 and EP-A 1078939,

The polymerization reaction can be carried out by conventional methods in one or more stages and,
respectively, batchwise or continuously. The continuous method in a reactor cascade composed of a

15 plurality of reactors in series, preferably at least 2, in particular from 2 to 5, is preferred.

This polymerization reaction can be carried out in a solvent and/or solvent mixture. Inert aprotic
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 fo 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 1o 10 bar).
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2.52.51.2 NdV 8.7%[m] 2.8 2.8 2.8 1.4 Conponent A HDI HDI HD HDI
Conponent A [g] 2.3 2.3 2.3 1.2 Conponent 7B

10

15

20

25

30

The inventive polymerization of the unsaturated monomers in the presence of the Ziegler-Natta
catalysts mentioned can preferably be carried out as far as complete conversion of the monomers
used. It is, of course, also possible to interrupt the polymerization reaction prematurely as a function
of the desired properties of the polymer, for example at about 80% conversion of the monomers. The
unconverted diene can by way of example be removed via a flash stage after the polymerization

reaction.

In a second step, the diene polymers or vinylaromatic-diene copolymers are, after the polymerization
reaction, reacted with compounds of the polyfunctional isocyanates and/or thicisocyanates. The
solvent or solvent mixture in which this is carried out is preferably the same as the aprotic organic
solvent or solvent mixture used for preparation of the diene polymers or vinylaromatic-diene
copolymers. It is also, of course, possible to change the solvent/solvent mixture, or to add the
polyfunctional isocyanates and/or thioisocyanates in another solvent. Examples of aprotic organic
solvents that can be used are: pentanes, hexanes, heptanes, cyclohexane, methylcyclopentane,
benzene, toluene and ethylbenzene, preference being given to hexanes, cyclohexane, and toluene, and

very particular preference being given to hexane.

The reaction of the diene polymers or vinylaromatic-diene copolymers with the compounds is
preferably carried out in-situ without intermediate isclation 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).

During this reaction it is preferable to exciude 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

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 clse at elevated

pressure (from 1 to 10 bar).

The reaction time is preferably relatively shorf, It is in the range from about 1 minute to about

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).



4, 4- para- phenyl ene- diam ne Poly BD 605 E Poly BD 605 E Vul | canox
4030 Conponent B [g] 3 4.2 8.3 2 Dibutyltin laurate [mM] 0.5 0.5 0.5
0. 25 Mooney before nodification M. 1+4(100) [MJ] 45 46 29 35

Mooney after

nodi fication M. 1+4 (100) [MJ] 54 60 39 41 Table 4:

Exanple 15 16 17 Hexane [g] 4350 4350 4353 1, 3-Butadiene in g 650 650

650
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For the reaction of the resultant polymer solution with component B, a PUR catalyst can likewise be

used. This can involve the PUR catalyst listed above.

Amounts from 10 to 1000 ppm, based on the polymer, of the PUR catalyst can accelerate the
reaction. The reaction is carried out at temperatures of from 0°C to 150°C, preferably from 30°C to
130°C. The reaction can be followed via titration of the NCO content or via evaluation of the NCO
bands in the IR spectrum at from 2260 to 2275 cm™. Reaction times of less than 24 hours are

generally adequate.

The molecular weight of the inventive coupled and modified polymers can vary widely. The number-
average molecular weight is in the range from about 100000 to about 2 000 000 for the

conventional applications of the inventive polymers.

During the work-up it is possible to treat the reaction mixture with terminator reagents - as
mentioned above - which contain active hydrogen, examples being alcohols or water or appropriate
mixtures. It is moreover advantageous that antioxidants are added to the reaction mixture before the

modified polymer is isolated.

The inventive polymer is isolated conventionally for example via steam distillation or floceulation
using a suitable flocculent, such as alcohols. The flocculated polymer is 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.

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.

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 balis and of technical rubber items, and of rubber-reinforced

plastics and of ABS plastics and HIPS plastics,

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



DI BAH 18.45 % [m] 12 12 12 EASC 20%[m] 1.2 1.2 1.2 NdV 8. 7% [m ]
1.4 1.4 1.4 Conponent A HDI TDI TDI Conmponent A [g] 1.2 11.7 1.2
Conponent B Et hyl enedi ami ne Et hyl ene gl ycol Ethyl ene gl ycol Conponent
B[g] 0.50.4 0.4 Dibutyltin laurate [mM] none 0.5 0.5 Money before
nodi fication M. 1+4 (100) [MJ] 35 61 45 Mponey after nodification -
12- Exanple 15 16 17 M. 1+4 (100) [MJ] 47 65 52 Exanples 18-26 The
foll ow ng subgfaites were used for studies of the m xtures: Trade
name

The polymerization reactions were carried out with the exclusion of air and moisture, under nitrogen.
Dry and oxygen-free technical-grade hexane was used as solvent. The polymerization reaction was

carried out in an autoclave of 2 L to 20 L capacity, as appropriate for the batch size.

5 Conversions were determined gravimetrically; the polymer solutions here were weighed after the
specimen was taken (still with solvent and monomer) and after drying (at 65°C in a vacuum drying

cabinet),

Mooney ML 144 (100} value was measured on equipment from Alpha using the large rotor, after

one minute of preheating, over a period of 4 min at 100°C.
10 Inventive examples 1-17

A solution of diisobutylaluminium hydride in hexane (DIBAH; ANC,H,),H), a solution of
ethylaluminium sesquichloride in hexane (EASC, Al{C;Hs)Cly) in equimolar amount with respect
to the neodymium versatate and a solution of neodymium versatate in hexane (NdV, Nd(O,CpH 9)3)
were added to a solution of 13% by weight of 1,3-butadiene in technical-grade hexane in a dried
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 101 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.



Manuf act ur er
Lanxess Deut schl and GrbH U tr asi
Handel s GrbH S

bl ack KMF Laborchem e Handel s GrbH Enert hene 1849-1 as oi

Deut schl and GrbH Rot si ege

GrbH EDENOR C 18 98- 100 (stearic acid)
Bayer AG Brunsbiittel

Vul kanox(r) 4 11.G as stabilizer
HS/ LG as st ab?i‘zqqezfér

Vul

BunaTM CB 22 / CB24 as non-functionalized pol ybut adi ene
7000 GR as silica KMF Laborchem e
69 as silane Degussa Hills AG Corax N 234 as carbon

BP G|

zinc white as zinc oxide Gilb Z nkoxid
Codni s Deut schl and GrbH
kanox(r)

Bayer El astonmeres S. A Vulkacit(r) CzZ/ C as rubber
chem cal Bayer AG Antwerpen Vulkacit(r) D/C as _rubber chem cal
AG Leverkusenlﬁam@fd suIPhgr 90/9?_Ch1ndel Peuh§;he ?givﬁz-feﬁﬁe
Bunatm OB 24 |"LH0 B Exarml & 100 | FEQARETaRe o0 | T | S5 B0E 6

1,3-Butadiene [g] 1300 1 1300 | 1300 | 1300 | 1300 | 1300
DIBAH 20 % [ml] 21 21 21 21 21 21
EASC 20% [mI] 25 | 25 | 25 | 251 25| 25
NdV 8.8% [ml] 275 (275 | 275 1 275 3 275 ) 275
HDI {g] (component A) 39 1 35 | 23 23 | 23 1.6
Ethylene glycol [g] (component B) i5 (13 )09 | 09| 06 | 09
Dibutyltin laurate [ml] 0.15 |0.15 |0.15 [0.15 [0.15 [0.15
Mooney before modification

ML 1+4 (100) [MU] 39 46 36 34 40 39
Mooney after modification

ML 1+4 (100) [MU] 47 61 L_SO 45 52 55
Table 2:

Example 7 3 9 10
Hexane [g] 3500 8500 8500 8500
1,3-Butadienc 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% [m]] 2.3 2.8 2.8 2.8
Component A HDI HDI HDI HD!
Component A [g] 23 2.3 1.6 2.3
4-tert- 4-tert- 4-tert-
butylpyro- | buiylpyro- | butylpyro-

Component B catechol catechol catechol Giycerol
Component B [g] 23 0.3 2.3 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

Bayer




100 Carbon black ORB 7, (N330)) 60 60 60 60 Enerthene 1849-1 15 15
15 15-EDENCR C 1898-100 2 2 2 2 Chancel 90/95 ground sul phur 1.5
1:5 1.5 1.5 Vulkacit 0 NZZEGC 0.9 0.9 0.9 0.9 zinc oxide (IRM91,
fromUS Zinc) 3333 - 13- Proportion of additives * Conparative
exanples Unit 18* 19 20 21 M xture tests:;M 1+4/100 MJ 83.9

Table 3:
Example 11 12 13 14
Hexane [g] 8500 8500 3500 4350
1,3-Butadiene in g 1300 1300 1300 650
DIBAH 18.45 % [ml] 23 23 23 12
EASC 20% [ml] 2.5 25 2.5 1.2
NdV 8.7% [ml] 2.8 2.3 23 1.4
Component A HDI HDI HDI HDI
Component A [g] 23 2.3 2.3 1.2
4,4-para-
phenylene- | Poly BD | Poly BDy | Vulkanox

Component B diamine 60SE 60S 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 4]
Table 4:

Example 15 16 17
Hexane [g] 4350 4350 4350
1,3-Butadiene in g 650 650 630
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 0.4
Dibutyltin laurate [ml] none 0.5 0.5
Mooney before modification

ML 1+4 (100) [MU] 35 6l 45
Mooney after modification




84.1 90.2 89.3 Vulcani zate tests: Test specinen: standard 52 specinen
ShA hardness (70C) Shore A 60 59 60 60 Graves DI N tear-propagation
resi stance Tenperature23C Average val ue for thickness nm2.14 2.23
2.26 2.48 F- Max N 129 165 171 198 Tear-propagati on resistance N mm
60.4 73.8 75.5 79.7 Test specinmen: ASTM D624 B Crescent

t ear - propagati on resi stance Tenper ature23€& Average val ue for
thi ckness nm 2.04 2.35 2.23 2.44 F- Max N 85.1 195 222 200
Tear - pr opagat|pimpgies! stance Nnm41.6 83. 1 99. 3 @ 17

ML 1+4 (100) {MU] 47 65 52
Examples 18-26

The following substances were used for studies of the mixtures:

Frade name Manufacturer
Buna™ CB 22 / CB24 as non-functionalized Lanxess Deutschjand
polybutadicne 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 0Oil Deutschland GmbH
Rotsiegel zinc white as zinc oxide Grillo Zinkoxid GmbH
EDENCR 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

R o[ | 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 IS 15 15 15
EDENOR C 13 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
zinc oxide (JRM 91, from U.S. Zinc) 3 3 3 3




Exanpl es Unit 22* 23 24 25 26 BUNATM CB 22 100 BUNAT14 CB 24
100 . Exanple 1 100 Exanpl e 2 100 Exanpl e 4 100
Uctrasil 7000 OR 60 60 60 60 60 Enerthene 1849-1 15 15 15

- 13-
s o | w] w] w u
Mixture tests:
ML 1+4/100 MU 83.9 84.1 90.2 89.3
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 um 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% 123 124 (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| 601 60
Enerthene 1849-1 15| 15] 13 15 15
AKTIPLAST ST as processing aid
from RheinChemie 2] 2| 2| 2 2
EDENOR C 18 98-100 I I A
Vulkanox® 4020/LG il e R M
Vulkanox® HS/LG ol T B I
SI 69 4.8 4.8 4.8| 48| 4.8
Rotsiegel zinc white 3.5 350 35| 3.5] 35
Vulkacit ® CZ/C 18) 18) 18 18 13
Vulkacit @ D/C B ] B




15 15 AKTIPLAST ST as processing aid from Rhei nChem e
EDENOR C 18 98-100 2 2 2 2 2 Wul kanox(r) 4020/LC 1.5

1.5 Wul kanox(r) HS/LG 1.5 1.5 1.5 1.5 1.5 Sl

Rot si egel

1.8 1.8

1.8

-14-

69 4.8 4.
zinc white 3.5 3.5 3.5 3.5 3.5 Wulkacit (r)

Chancel 90/95 ground sulphur

1.5

1.5

1.5




Vul kacit CDDC 22 2 2 2 - 14- Chancel 90/95 wound sul phur - 15-
M xture tests: M. 1+4/100 MJ 79.7 60.2 64.1 74.6 63.2 \Vul cani zate
tests: Test specinen: standard 82 speci nen ShA hardness (70C) Shore A
64.0 64.5 63.0 64.0 62.0 Graves DI N 53515 tear-propagation resistance
Tenper at ure23C Average value for thicknggss mm 2.38 2.57 2.29 - 2.34
2.28 F- Max N 44.6 52.9 55.6 73.8 63.9 Tear-propagati on resi stance
Nmm 18.8 20.6 24.2 31.6

Mixture tests:
ML 1+4/100 MU 79.7160.2] 64.1| 74.6| 63.2

Vulcanizate tests:

Test specimen: standard 82 specimen

ShA hardness

(70°C) Shore A 64.0|64.5] 63.0( 64.0] 62.0
Graves DIN 53515 tear-propagation resistance

Tetnperature 23°C

Average value for thickness mm 2.38(2.5712.29) 234 2.28
F- Max N 446|529 55.6] 73.8| 63.9
Tear-propagation resistance N/mm 18.8120.6) 24.2] 31.6 28
Crescent fear-propagation resistance ASTM D624 B

Temperature 23°C

Average value for thickness mm 2.35)12.47(227)236] 236
F- Max N 60| 69876775 115

Tear-propagation resistance N/mm 25,5 28|38.6}132.9]| 485




28 Crescent tear-propagation resistance ASTM D624 B Tenper at ure23C
Aver age value for thickness mm2.35 2.47 2.27 2.36 2.36 F- Max N 60
69 87.6 77.5 115 Tear-propagation resistance Nmm 25.5 28 38.6 32.9
48.5 -16- Patent clainms 1. Mdified polyners based on conjugated
di enes or on conjugated dienes and on vinyl aromati c conpounds
according to the formula (1) below [B12]"- PU where BR = diene

pol ynmer, vinylaromatic-di ene copollgparer PU = main unit wherein the
mai n uni tPslenpelaimes a product m xture conposed of a pol yfinttiona

i socyanate and/or thiosocyanate with a pol yfunctional Hacid
conpound, and MiolFicd heRiREs Ba@loddonfRuRl didelorZon Maflighic8 diched AARILS

according to qlﬁj/lﬁ?o%au%&ﬁﬁ&dn%ﬁ hc?c%ﬂhhg’totd?@fmﬁqhﬁ G(U‘t%fd“d conmpound used
conprises thiols, alcohols and/or am nes. 3. fied polymers

according to one or nore of i% l_ to 2, characterlzed in that the
pol yfunctional isocyanate us onprises hexanet hyl ene 1, 6-

di i socyanat e, d cgclohexylnethane diisocyanate tol uene 2,4- and
2, 6- diisocya | met hane- % d|| ganate and/ or

4'
di phenyl net ha Zfdziene p(ﬁ’f ocy/ 3 appa adl%aﬂr ymers accor di to
one or nore of" € APHE Uty ef?m 1R iyt SOPEIsEH2 P‘E’BP LM EIER ‘é’r‘i‘?oﬁ‘ifr
used conpri sesP Htﬂ‘i‘a]sls oRYabAF @aifqrrt@ﬁfqoa@naﬁ%vvﬂbwab'f% Hsacid

1, 3- but adi ene, “Em%mﬂﬁﬁ@@hyl 1, 3- but adi ene, 3-butyl -1, 3-oct adi ene,

i soprene, pipet }ﬁlgéWéerﬂlan@lWéRdm éne, 1, 3-octadiene,

2- phenyl - 1, 3-but adi ene. 5. Mdified polyners according to one or nore
of C ai ns 124, MotlifiedptlemenadcordinghaCldilmd, rlaracertrgd weihghthe HfacBR t 0 PU
is 100g: fromddnfpbugd tsed 36miprices tRvlcdsshofsanmdionhempregpar at i on of
nodi fi ed pol yners according to one or nore of Clainms 1 to 5,

charact eri zgd Modifis@bolyhRrsCeoRaAs 0RO mbraion 14081 4§ 2l BdradiegnaSinar e
first polyneritwaadhepsPRnOionkPE6Ak4te memoiﬁbﬂyés%saﬂﬁéthﬁemounds and
then these poly{¥BEanaEaliéRaMeRH MMl £2TBRMARS life DAL Yidwet i onal

i socyanat es ang{sgdy ahgﬂa CHI p0¥ ane-2, Ful 1SB|!§'_‘v_a§1a1@ bRk ﬁglx‘l‘hétﬁﬁhetwn

obtained is reg Fﬁg uncti ona aC| corrp Use of
the nodified polyrers accordl ng to one or nore of Clains 1 to 5 for

t he pr oduct i 'é EEOflﬁt N %IDS agﬁ%fd 551% 1_?98?? rp)ﬁg?rren?b?mm 1 tc? 5 Sc%ar%]::tenlee%SIn

plastics an ene po ymel use rises compounds prepared from the following
monomers: 1,3-butadiene, 2,3- dlmethyl 1,3-butadiene, 3-butyl-1,3-octadiene,
1soprene, piperylene, 1,3-hexadiene, 1,3-octadiene, 2-phenyl-1,3-butadiene.

5. Modified polymers according to one or more of Claims 1-4, characterized in that
the ratio by weight of BR to PU is 100g: from 0.01 g to 30 g.

6. Process for the preparation of modified polymers according to one or more of
Claims 1 to 5, 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.

7. Use of the modified polymers according to one or more of Claims 1 to 5 for the
production of tyres and of tyre componenets, or else of HIPS plastics and ABS
plastics, and of golf balls,



