
Modified polymers based on conjugated dienes or on coniugated dienes
and on vinylaromatic compounds, a process for their preparation, and
their use  5The present invention relates to coupled modified diene
polymers containing heteroatoms, to their preparation, and also to
their use. A known method, in particular for use in tyre
construction, uses organic or inorganic compounds particularly suited
to this purpose to link (couple) living, or preferably living,
alkali-metal-terminated polymers based on conjugated dienes or based
on conjugated dienes and on vinylaromatic 10compounds, the result
being in particular an improvement in processing properties and also
in physical and dynamic properties, in particular those connected to
rolling resistance in tyres. Linking agents/coupling agents used for
the rubbers mentioned in industry are not only a very wide variety of
organic compounds having appropriate groups capable of linking to the
living polymers, e.g. epoxy groups (German Auslegeschrift 19 857
768), isocyanate groups, aldehyde groups, keto  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 0 930 318),
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. 20There 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
30neodymium-containing systems, they lead to end-group modification
and are therefore unsuitable as coupling agents.  - 2- It was then an
object of the present invention to provide modified diene polymers
which avoid the disadvantages of the modified polymers used hitherto
and which improve the ease of incorporation into rubber mixtures and
the mechanical/dynamic properties of the resultant rubber mouldings.
A particular intention is to improve the tear-propagation properties.
5Surprisingly, the abovementioned disadvantages in the production of
rubber mouldings using known modified polymers can now be avoided
using the polymers modified according to the invention. The present
invention therefore provides modified polymers based on conjugated
dienes or on conjugated dienes and on vinylaromatic compounds
according to the formula (I) below: [BR]-PUR 10where 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 15mixture composed of a polyfunctional
isocyanate and/or thioisocyanate (component A) with a polyfunctional
H-acid compound (component B). The component A used can comprise



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
Encyklopadie der technischen Chemie [Ullmann's Encyclopaedia of
Industrial 30Chemistry], 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  T [YE] 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  5 atoms, preferably from 3 to 10 carbon atoms, a
cycloaliphatic 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 10mentioned contains one or more
heteroatoms from the group 0, N, S. 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  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 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  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 0, 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(r) LBH, ethylene glycol, glycerol, and substituted and
unsubstituted compounds of the type represented 30by
dihydroxybenzene, examples being tert-butylpyrocatechol or1,2-,1,3-
and 1,4-dihydroxybenzene, these compounds being readily commercially
available.  - 5- 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 after 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 Encyklopadie 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,



- 7- 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  5
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 thioisocyanates. The solvent or solvent mixture in
which this is carried out is preferably the same as the aprotic
organic  10 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 15very 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
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). 20During 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 0C to 200C, preferably from 30C to 130C.
The reaction can likewise be carried out at atmospheric pressure or
else at elevated pressure (from Ito 10 bar).        The reaction time
is preferably relatively short. It is in the range from about 1
minute to about  30 I 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).  -
8- 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 0C to 150C,
preferably from 30C to  5 130C. 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-1. 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 100 000 to
about 2 000 000 for the 10conventional 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



2 3 4 5 6 Hexane [g] 8700 8700 8700 8700 8700 8700 1,3-Butadiene [g]
1300 1300 1300 1300 1300 1300 DIBAH 20 % [ml] 21 21 21 21 21 21 EASC
20% [ml] 2.5 2.5 2.5 2.5 2.5 2.5 NdV 8.8% [mll 2.75 2.75 2.75 2.75
2.75 2.75 HDI [g] (component A) 3.9 3.5 2.3 2.3 2.3 1.6 Ethylene
glycol [g] (component B) 1.5 1.3 0.9 0.9 0.6 



0.9 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 50 45 52 55  Table
2: 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 1-ID! HDI ND! HD1 Component A [g]
2.3 2.3 1.6 2.3 Component B 4-tert- butylpyro- catechol 4-tert-
butylpyro- catechol 4-tert- butylpyro- catechol Glycerol Component B
[g] 2.30.82.30.7 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  Table 3:
Example 11 12 13 14 Hexane [g] 8500 8500 8500 4350 1,3-Butadiene in g
1300 1300 1300 650 DIBAH 18.45 % [ml] 23 23 23 12 EASC 20% [ml] 2.5
2.5 2.5 1.2 NdV 8.7% [ml] 2.8 2.8 2.8 1.4 Component A HDI HDI HDI HDI
Component A [g] 2.3 2.3 2.3 1.2 Component B 



4,4-para- phenylene- diamine Poly BD 605 E Poly BD 605 E Vullcanox
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 0.4 Dibutyltin laurate [ml] none 0.5 0.5 Mooney before
modification ML 1+4 (100) [MU] 35 61 45 Mooney after modification   -
12- Example 15 16 17 ML 1+4 (100) [MU] 47 65 52  Examples 18-26 The
following substances were used for studies of the mixtures: Trade
name 



Manufacturer BunaTM CB 22 / CB24 as non-functionalized polybutadiene
Lanxess Deutschland GmbH Ultrasil 7000 GR as silica KMF Laborchemie
Handels GmbH Si 69 as silane Degussa Hills AG Corax N 234 as carbon
black KMF Laborchemie Handels GmbH Enerthene 1849-1 as oil BP Oil
Deutschland GmbH Rotsiegel zinc white as zinc oxide Grilb Zinkoxid
GmbH EDENOR C 18 98-100 (stearic acid) Cognis Deutschland GmbH
Vulkanox(r) 40201LG as stabilizer Bayer AG Brunsbiittel Vulkanox(r)
HS/LG as stabilizer Bayer Elastomeres S.A. Vulkacit(r) CZ/C as rubber
chemical Bayer AG Antwerpen Vulkacit(r) D/C as rubber chemical Bayer
AG Leverkusen Ground sulphur 90/95 Chancel Deutsche Solvay-Werke
Proportion of additives * Comparative examples Unit 18* 19 20 21
BunaTm CB 24  100    Example 3   100   Examples    100  Example 6  



100 Carbon black ORB 7, (N330))  60 60 60 60 Enerthene 1849-1  15 15
15 15 EDENOR C 1898-100  2 2 2 2 Chancel 90/95 ground sulphur  1.5
1.5 1.5 1.5 Vulkacit 0 NZ/EGC  0.9 0.9 0.9 0.9 zinc oxide (IRM 91,
from U.S. Zinc)  3 3 3 3  - 13- Proportion of additives * Comparative
examples Unit 18* 19 20 21 Mixture tests: ML 1+4/100 MU 83.9 



84.1 90.2 89.3 Vulcanizate tests: Test specimen: standard 52 specimen
ShA hardness (70C) Shore A 60 59 60 60 Graves DIN tear-propagation
resistance Temperature23C 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 Temperature23C 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* 23 24 25 26 BUNATM CB 22  100     BUNAT14 CB 24
100    Example 1 100      Example 2 100      Example 4 100
Ultrasil 7000 OR 60 60 60 60 60  Enerthene 1849-1 15 15 15 



15 15  AKTIPLAST ST as processing aid from RheinChemie  2 2 2 2 2
EDENOR C 18 98-100  2 2 2 2 2  Vulkanox(r) 4020/LC  1.5 1.5 1.5 1.5
1.5 Vulkanox(r) HS/LG  1.5 1.5 1.5 1.5 1.5 SI 69  4.8 4.8 4.8 4.8 4.8
Rotsiegel zinc white 3.5 3.5 3.5 3.5 3.5  Vulkacit (r) CZ/C  1.8 1.8
1.8 1.8 1.8 



Vulkacit CD D/C  2 2 2 2 2  - 14-  Chancel 90/95 wound sulphur  - 15-
Mixture tests: ML 1+4/100 MU 79.7 60.2 64.1 74.6 63.2 Vulcanizate
tests: Test specimen: standard 82 specimen ShA hardness (70C) Shore A
64.0 64.5 63.0 64.0 62.0 Graves DIN 53515 tear-propagation resistance
Temperature23C  Average value for thickness 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-propagation resistance
N/mm 18.8 20.6 24.2 31.6 



28 Crescent tear-propagation resistance ASTM D624 B Temperature23C
Average value for thickness mm 2.35 2.47 2.27 2.36 2.36 F- Max N 60
69 87.6 77.5 115 Tear-propagation resistance N/mm 25.5 28 38.6 32.9
48.5  -16- Patent claims 1. Modified polymers based on conjugated
dienes or on conjugated dienes and on vinylaromatic compounds
according to the formula (I) below: [B12]"- PU where BR = diene
polymer, vinylaromatic-diene copolymer PU = main unit wherein the
main unit comprises a product mixture composed of a polyfimctional
isocyanate and/or thiosocyanate with a polyfunctional H-acid
compound, and n is greater than or equal to 2 2. Modified polymers
according to Claim 1, characterized in that the H-acid compound used
comprises thiols, alcohols and/or amines. 3. Modified polymers
according to one or more of Claims 1 to 2, characterized in that the
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. 4. Modified polymers according to
one or more of Claims 1 to 3, characterized in that the diene polymer
used comprises compounds prepared from the following monomers:
1,3-butadiene, 2,3-dimethy1-1,3-butadiene, 3-butyl-1,3-octadiene,
isoprene, 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 30g. 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. 


