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DESCRIPTION
FIELD OF THE INVENTION

[0001] The invention relates to the use of an alkali metal salt derivative of a specific vinyl 
aromatic monomer, as an initiator for the copolymerisation of i) one or more conjugated diene 
monomers and ii) one or more vinyl aromatic monomers. Furthermore, the invention relates to 
a process for the preparation of a copolymer component comprising coupled copolymer and 
terminally modified copolymer, and to the copolymer component. Also, the invention relates to 
a method for preparing a rubber, and to the rubber. Moreover, the invention relates to a rubber 
composition comprising the rubber. Finally, the invention relates to a tire component 
comprising the rubber, and to a tire comprising the tire component.

BACKGROUND OF THE INVENTION

[0002] It is important for rubbery polymers that are used in tires, hoses, power transmission 
belts and other industrial products to have good compatibility with fillers, such as carbon black 
and silica. It has also been recognized that the filler in rubber compounds should be well 
dispersed throughout the rubber, in order to improve various physical properties. Such 
polymers can be functionalized with various compounds, such as amines and silanes, to attain 
a improved interaction with filler and a better dispersion of the filler throughout the rubbery 
polymers. For instance, fillers (such as carbon black and silica) are used in standard rubber 
compounds for tire treads.

[0003] EP 2 196 326 A1 discloses a process for the copolymerization of amine monomer and 
conjugated diolefin monomer, and that polymers can be terminated with a terminating agent 
having a hydrolyzable group. One example for the amine monomer is vinylbenzylpyrrolidine. 
Embodiments of initiation systems include anionic initiators, such as alkyl lithium compounds.

[0004] EP 2 772 515 A1 teaches a rubber composition comprising a conjugated diene polymer 
and a silica. The polymer is obtained by polymerizing a monomer component including (i) 
conjugated diene compound and (ii) silicon-containing vinyl compound, in the presence of a 
polymerization initiator. The teaching of this document allows one to obtain elastomers with 
functional groups that are able to interact with the filler, but these features are achieved by use 
of additional organosilicon comonomer which is located in the polymer main chain and may 
deteriorate the processability of rubber. Also, there is no possibility to control weak interactions 
between rubber and filler, since the amine initiators contain only one amino group.

[0005] US 2010/116404 A1 teaches the synthesis of functionalized elastomer derived from
styrene, 1,3-butadiene, and an amine-substituted styrene. The functionalized elastomer is
used, in admixture with diene-based elastomer, and in further admixture with polyketone short
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fiber.

[0006] US 6,627,722 B2 discloses a polymer containing units of a vinyl aromatic monomer 
(ring-substituted with one or two alkyleniminealkyl groups) that can be polymerized into 
rubbery polymers having low hysteresis and good compatibility with fillers, such as carbon 
black and silica.

[0007] EP 2 182 028 A1 teaches modified butadiene rubber having a vinyl content of 35% by 
weight or less and having, in a main chain, a nitrogen-containing styrene derivative which 
provides improving rolling resistance performance. The preparation of A/-fu notion a lized 
polymers with different contents of /V-functional groups, by incorporation of suitable styrene 
monomers into the polymer chain, leads to a wide variety of styrene-butadiene rubbers with 
different content of /V-functional groups and thus exhibiting different dispersing properties of 
inorganic fillers. The /V-functionalized styrene derivatives are based on divinylbenzenes.

[0008] US 2011/0275756 A1 teaches the synthesis of functionalized SSBR containing amine­
substituted styrene and nitrogen-containing silicon-organic groups on the polymer chain end.

[0009] US 5,550,203 B teaches anionic initiators for use in polymerizing olefin-containing 
monomers. The initiators are derived from amines.

[0010] Therefore, it was the object of the invention to provide an elastomeric copolymer with 
controlled micro- and macrostructure and with precisely controlled location of functional groups 
of a given type which allow controlling the weak interaction between the filler and the rubber, 
thus influencing tire wet traction and strong interactions which are responsible for rolling 
resistance. Moreover, these advantages should be achieved without any additional 
organosilicon or amine comonomer in the polymer main chain, the presence of which might 
otherwise deteriorate the processability of rubber.

[0011] It has now surprisingly been found that this object is achieved and the problems of the 
prior art overcome by the use of an alkali metal salt derivative of a vinyl aromatic monomer 
having general formula (A)

R (A) ,
wherein 

the alkali metal is selected from lithium, sodium, and potassium; and

R is selected from groups of formula (B) and (C):

x
(R-----C----- R2)
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wherein

x is an integer of from 1 to 10;

n is an integer of from 2 to 10;

R1 and R2 groups within a repeat unit and in different repeat units are independently selected 
from a hydrogen atom and an alkyl group having from 1 to 4 carbon atoms; and

R3 and R4 are independently selected from alkyl groups containing from 1 to 10 carbon atoms, 
aryl groups having 6 to 10 carbon atoms, allyl groups having 3 to 10 carbon atoms, and 
alkyloxy groups having the structural formula - (CH2) y-O- (CH2) Z-CH3, wherein y is an integer 

of from 1 to 10 and z is an integer of from 1 to 10;

as an initiator for the copolymerization of i) one or more conjugated diene monomers and ii) 
one or more vinyl aromatic monomers.

[0012] The present invention provides copolymer elastomers of dienes with strictly designed 
micro- and macrostructure and with precisely selected location, type and amount of functional 
groups in the polymer chain. The copolymers prepared according to the present invention 
contain two types of functional groups, which performs a balance between strong and weak 
interactions between polymer and filler (in particular silica and/or carbon black).

[0013] A first type of functional group which is chemically bound and incorporated into the 
polymer chain is a tertiary amine group which provides weak interactions between polymer and 
fillers (such as silica and/or carbon black). Weak interactions, such as for example hydrogen 
bonds formed between silica particles and tertiary amino-group from polymer chain, contribute 
to higher tan δ at 0°C, which corresponds to enhanced wet traction when these types of 
polymers are used in tread parts of tires.

[0014] A second type of functional group may be an alkoxysilyl group (SiOR) and may be 
chemically bound and incorporated at a terminus of the polymer chain; this allows for the 
formation of strong intermolecular bonds between polymer and silica. Strong interactions 
significantly improve (tan δ at 60°C) which relates to rolling resistance and hysteresis loss, i.e. 
the failure of a property that has been changed by an external agent to return to its original 
value when the cause of the change is removed.

[0015] Additionally, the introduction of controlled amounts of functional groups of various types,
i.e. providing weak and strong interactions with filler, allows the optimal formation of bonds
between polymer and filler and thus contributes to enhanced reinforcement and increased
abrasion resistance.
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[0016] The vulcanizable copolymer components of the invention are based on functionalized 
polymers, and articles prepared therefrom exhibit multiple advantages as compared to the 
articles based on non-functionalized polymers, particularly with regard to reduced hysteresis at 
similar or improved wet traction. Furthermore, the modification of the polymer with a 
combination of functional groups of both types provides far better reduction of hysteresis of 
vulcanizates in comparison with vulcanizates prepared from non-functionalized compounds or 
those containing only one type of functional group.

[0017] The present invention allows for the preparation of functionalized polymers with 
controlled micro- and macrostructure and with precisely controlled location of functional groups 
of a given type. Furthermore, the present invention gives copolymer components comprising 
fractions Q and T, both being functionalized via various patterns. The content of fraction Q, 
indicated as x, may range from 0.01 - to 100 weight percent, and the content of fraction T, 
indicated as y, expressed as 100-x weight percent, may range from 99.99 - to 0.01 weight 
percent. The overall content of both fractions typically sums up to about 100 weight percent.
Fraction Q:

[0018] In the above formula, F1 represents the monomer of formula (A), containing a 

functional group capable of forming weak interactions with filler. F1 can be located at the alpha 
and/or the omega end of the copolymer;

F2 represents the same monomer as F1, or a different one, and also contains functional group 

capable of weak interactions, similar or different than in F1. F2 is located more in the centre of 
the copolymer.

[0019] F3 represents the terminal modifying agent as used for the functionalization of the 
omega terminus of the polymer and typically contains alkoxysilyl groups responsible for strong 
interactions.

[0020] n indicates the number of repeating units of F1, and preferably ranges from 1 to 20 
repeating units;

m indicates the number of repeating units of F2, and preferably ranges from 1 to 20 repeating 

units; p represents the number of polymer chains covalently bound to F3 (derived from the 
terminal modifying agent), preferably being in a range of from 0 and 10.
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[0021] J represents the organic residue of the organometallic compound used to prepare the 
initiator of the invention and may e.g. be an alkyl group, aryl group, phenyl group, protected 
amine or protected hydroxyl group.

[0022] X represents the moiety derived from the coupling agent reacted with the nucleophilic 

end of the copolymer, the coupling agent typically having general formula X1nYpX2m (E).

SUMMARY OF THE INVENTION

[0023] In a first aspect, the invention relates to the use of the alkali metal salt derivative as 
defined above, as an initiator for the copolymerization of i) one or more conjugated diene 
monomers and ii) one or more vinyl aromatic monomers.

[0024] In a second aspect, the invention relates to a process for the preparation of a 
copolymer component comprising a coupled copolymer and a terminally modified copolymer.

[0025] In a third aspect, the invention relates to a copolymer component comprising coupled 
copolymer and terminally modified copolymer.

[0026] In a fourth aspect, the invention relates to a method for preparing a rubber comprising 
vulcanizing the copolymer component according to the third aspect.

[0027] In a fifth aspect, the invention relates to the rubber as obtainable with the method 
according to the fourth aspect.

[0028] In a sixth aspect, the invention relates to a rubber composition comprising the rubber 
according to the fifth aspect.

[0029] In a seventh aspect, the invention relates to a tire component comprising the rubber 
composition according to the sixth aspect.

[0030] In an eight aspect, the invention relates to a tire comprising the tire component 
according to the seventh aspect.

DETAILED DESCRIPTION

[0031] According to the first aspect, the invention relates to the use of an alkali metal salt 
derivative of a vinyl aromatic monomer having general formula (A)
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R (A) ,
wherein

the alkali metal is selected from lithium, sodium, and potassium; and

R is selected from groups of formula (B) and (C):

N —

(C)

z/ \

\ /\x y
"~(CH 2)'rT (B)

wherein

x is an integer of from 1 to 10;

n is an integer of from 2 to 10;

R1 and R2 groups within a repeat unit and in different repeat units are independently selected 
from a hydrogen atom and an alkyl group having from 1 to 4 carbon atoms; and

R3 and R4 are independently selected from alkyl groups containing from 1 to 10 carbon atoms, 

aryl groups having 6 to 10 carbon atoms, allyl groups having 3 to 10 carbon atoms, and 
alkyloxy groups having the structural formula -(CH2)y-O-(CH2)z-CH3, wherein y is an integer of 

from 1 to 10 and z is an integer of from 1 to 10;

as initiator for the copolymerization of i) one or more conjugated diene monomers and ii) one 
or more vinyl aromatic monomers.

Alkali metal

[0032] The alkali metal is selected from lithium, sodium, and potassium, and is preferably 
lithium.

[0033] The alkali metal typically becomes part of the alkali metal salt derivative of the invention 
by reaction of an organometallic compound with the vinyl aromatic compound of formula (A). 
Thus, the alkali metal salt derivative is typically prepared by reaction of one or more 
organometallic compounds with one or more monomers having general formula (A). The time 
of reaction between organometallic compound and monomer of formula (A) is preferably from 
1 to 60 min, more preferably from 1 to 20 min and most preferably from 1 to 10 min.

[0034] The organometallic compound may be an organometallic lithium compound, organic
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sodium compound, or organic potassium compound:

• As the organometallic lithium compound, there are preferred those having a 
hydrocarbon group having 1 to 20 carbon atoms; for example, methyllithium, 
ethyllithium, n-propyllithium, isopropyllithium, n-butyllithium, sec-butyllithium, tert­
butyllithium, tert-octyllithium, n-decyllithium, phenyllithium, 2-naphthyllithium, 2- 
butylphenyllithium, 4-phenyl-butyllithium, cyclohexyllithium and cyclopentyllithium; of 
these compounds, n-butyllithium and sec-butyllithium are preferred.

• As the organometallic sodium compound, there are preferred those having a 
hydrocarbon group having 1 to 20 carbon atoms; for example, methylsodium, 
ethylsodium, n-propylsodium, isopropylsodium, n-butylsodium, sec-butylsodium, tert­
butylsodium, tert-octylsodium, n-decylsodium, phenylsodium, 2-naphthylsodium, 2- 
butylphenylsodium, 4-phenylbutylsodium, cyclohexylsodium and cyclopentylsodium; of 
these compounds, n-butylsodium and sec-butylsodium are preferred.

• As the organometallic potassium compound, there are preferred those having a
hydrocarbon group having 1 to 20 carbon atoms; for example, methylpotassium, 
ethylpotassium, n-propylpotassium, isopropylpotassium, n-butylpotassium, sec­
butylpotassium, tert-butylpotassium, tert-octylpotassium, n-decylpotassium, 
phenylpotassium, 2-naphthylpotassium, 2-butyl-phenylpotassium, 4-
phenylbutylpotassium, cyclohexylpotassium and cyclopentylpotassium; of these 
compounds, n-butylpotassium and sec-butylpotassium are preferred.

[0035] The mole ratio of organometallic compound to monomer of formula (I) is preferably in a 
range of from 0.05:1 to 1:1, more preferably in a range of from 0.1:1 to 1:1, most preferably in 
a range of from 0.2:1 to 1:1.

[0036] It is preferred in all embodiments of the invention that the organometallic compound is 
an organometallic lithium compound, preferably selected from n-butyllithium, sec-butyllithium, 
and tert-butyllithium.

[0037] In formula (A), R is preferably a group of formula (B), and

• x is 1 or 2, preferably 1;

• R1 is a hydrogen atom, preferably wherein R1 and R2 are both a hydrogen atom, and
• n is 4 or 6, preferably 4.

[0038] Most preferably, the compound of formula (A) is /V-vinylbenzylpyrrolidine, in particular 
the /V-vinylbenzylpyrrolidine is A/-(3-vinylbenzyl)pyrrolidine or A/-(4-vinylbenzyl)pyrrolidine, and 
more preferably the mixture of A/-(3-vinylbenzyl)pyrrolidine and A/-(4-vinylbenzyl)pyrrolidine.

[0039] Preferably, the alkali metal salt derivative is of formula (D)
r Ί
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wherein

M+ is the alkali metal, preferably lithium;

n is an integer of from 0 to 20, preferably from 0 to 10 and most preferably from 0 to 5; and

C4H9 is n-C4Hg or sec-C4Hg.

[0040] The alkali metal salt derivative according to the invention, derived from functionalized 
monomer, acts as a functionalizing agent allowing modification of the a-terminal of the 
copolymer. The number of repeating units of functionalized monomer of formula (A) can be 
controlled and adjusted to the particular needs of the specific application.

[0041] The derivative is according to the first aspect used as an initiator for the 
copolymerization of i) one or more conjugated diene monomers and ii) one or more vinyl 
aromatic monomers.

Conjugated diene monomer

[0042] According to the present invention, the copolymer comprises, in addition to units 
derived from the monomer of formula (A), units derived from one or more conjugated diene 
monomers. Any anionically polymerizable conjugated diolefin may be used. Conjugated diolefin 
monomers containing from 4 to 8 carbon atoms are generally preferred. Vinyl-substituted 
aromatic monomers can also be copolymerized with one or more diene monomers into 
rubbery polymers, for example styrene-butadiene rubber (SBR). Some representative and 
preferred examples of conjugated diene monomers that can be copolymerized according to 
the invention include 1,3-butadiene, isoprene, 1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, 2- 
methyl-1,3-pentadiene, 2,3-dimethyl-1,3-pentadiene, 2-phenyl-1,3-butadiene, and 4,5-diethyl- 
1,3-octadiene.

[0043] Preferred conjugated dienes are 1,3-butadiene and isoprene, in particular 1,3- 
butadiene.

VINYL AROMATIC MONOMER
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[0044] The copolymer of the present invention further comprises one or more vinyl aromatic 
monomers. Some representative and preferred examples of vinyl aromatic monomers that can 
be utilized in the synthesis of rubbery polymers include styrene, 1-vinylnapthalene, 3- 
methylstyrene, 3,5-diethylstyrene, 4-propylstyrene, 2,4,6-trimethylstyrene, 4-dodecylstyrene, 3- 
methyl-5-n-hexylstyrene, 4-phenylstyrene, 2-ethyl-4-benzyl-styrene, 3,5-diphenylstyrene,
2,3,4,5-tetraethylstyrene,  3-ethyl-1-vinylnapthalene, 6-isopropyl-1-vinylnapthalene, 6- 
cyclohexyl-1-vinylnapthalene, 7-dodecyl-2-vinylnapthalene, and a-methylstyrene.

[0045] Preferred are styrene and a-methylstyrene, in particular styrene.

POLYMER PREPARATION

[0046] In a second aspect, the invention relates to the preparation of a copolymer component 
comprising coupled copolymer and terminally modified copolymer, the process comprising:

1. a) providing an initiator component comprising one or more of the alkali metal salt 
derivatives as defined according to the first aspect;

2. b) contacting a monomer component comprising
1. i) one or more conjugated diene monomers and
2. ii) one or more vinyl aromatic monomers

with the initiator component, to initiate anionic copolymerization;
3. c) continuing copolymerization, to result in a copolymer;
4. d) continuing copolymerization of the copolymer, in the presence of one or more 

functionalized monomers, to result in a functionalized copolymer;
5. e) coupling a part of the functionalized copolymer with one or more coupling agents, to 

result in coupled copolymer;
6. f) terminally modifying a part of the functionalized copolymer with one or more terminal 

modifying agents, to result in terminally modified copolymer.

[0047] Preferably, step b) is the addition of the initiator component to the monomer 
component, to initiate anionic copolymerization.

[0048] The copolymer is typically prepared by forming a solution of the one or more anionically 
copolymerizable monomers i) and ii) above in a solvent, and initiating the copolymerization of 
the monomers with the alkali metal derivative as described above. The solvents used in such 
solution polymerizations will normally contain from about 4 to about 10 carbon atoms per 
molecule and will be liquids under the conditions of the polymerization. Some representative 
examples of suitable organic solvents include pentane, isooctane, cyclohexane, n-hexane, 
benzene, toluene, xylene, ethylbenzene, tetrahydrofuran, and the like, alone or in admixture.

[0049] Copolymers of the invention typically comprise from about 99.99 to 30 percent by
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weight of diene units and from 0.01 to 70 percent by weight of vinyl aromatic monomer units.

[0050] Copolymers described by this invention typically have 1,2-microstructure contents in a 
range of from 5% to 100%, preferably from 10% to 90% and most preferably from 20% to 80%, 
based upon the diene content.

[0051] To obtain a random structure of copolymer and/or increase the vinyl structure content, 
especially when specifically styrene and butadiene monomers are used, an internal modifier 
may optionally be added to the polymerization, with the usage between 0 to 90 or more 
equivalents per equivalent of lithium. The amount depends upon the type of internal modifier 
and the amount of vinyl desired, the level of styrene employed and the temperature of the 
polymerization. The polymerization process of this invention is normally conducted in the 
presence of polar internal modifiers, such as tertiary amines, alcoholates or 
alkyltetrahydrofurfuryl ethers. Some representative examples of specific internal polar 
modifiers that can be used include methyltetrahydrofurfuryl ether, ethyltetrahydrofurfuryl ether, 
propyltetrahydrofurfuryl ether, butyltetrahydrofurfuryl ether, hexyltetrahydrofurfuryl ether, 
octyltetrahydrofurfuryl ether, dodecyltetrahydrofurfuryl ether, diethyl ether, di-n-propyl ether, 
diisopropyl ether, di-n-butyl ether, tetrahydrofuran, dioxane, ethylene glycol dimethyl ether, 
ethylene glycol diethyl ether, diethylene glycol dimethyl ether, diethylene glycol diethyl ether, 
triethylene glycol dimethyl ether, trimethylamine, triethylamine, Ν,Ν,Ν',Ν'- 
tetramethylethylenediamine, N-methylmorpholine, N-ethylmorpholine, N-phenylmorpholine.

[0052] A potassium or sodium compound may be added in step b), preferably together with 
the polymerization initiator, when it is intended to increase the reactivity of the polymerization 
initiator or when it is intended to arrange the vinyl aromatic monomer at random in the 
copolymer obtained, or to allow the obtained copolymer to contain the vinyl aromatic monomer 
as a single chain. As the potassium or sodium compound added together with the 
polymerization initiator, there can be used, for example: alkoxides and phenoxides, typified by 
isopropoxide, tert-butoxide, tert-amyloxide, n-heptaoxide, benzyloxide, phenoxide and 
mentholate; potassium or sodium salts of organic sulfonic acids such as dodecylbenzensulfonic 
acid, tetradecylbenzenesulfonic acid, hexadecylbenzenesulfonic acid, and 
octadecylbenzenesulfonic acid.

[0053] The potassium or sodium compound is preferably added in an amount of 0.005 to 0.5 
mol per mol equivalent polymerization initiator. When the amount is less than 0.005 mol, the 
addition effect of the potassium compound (the increase in the reactivity of polymerization 
initiator and the randomization or single chain addition of aromatic vinyl compound) may not 
appear. Meanwhile, when the amount is more than 0.5 mol, there may be a reduction in 
polymerization activity and a striking reduction in productivity and, moreover, there may be a 
reduction in the internal modification efficiency in this primary modification reaction.

[0054] The copolymer can be made in a batch process, or in a continuous process by
continuously charging the monomers i) and ii) into a polymerization zone.
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[0055] After stabilization of the temperature of the monomer mixture, in a range typically from 
-20 to 160°C, the initiator of the invention is preferably added (step b)). The resultant reaction 
mixture is typically agitated, to sustain homogenization of temperature and of all reagents in 
polymer solution. The reaction is typically carried out under anhydrous, anaerobic conditions. 
Reaction can be carried out for about 0.1 to 24 hours, depending on the temperature, 
molecular weight of desired product and modifier used. After the reaction according to step c) 
is completed (i.e. full conversion is achieved) steps d), e) and f) should be performed, 
depending on the desired structure of the product.

[0056] After the polymerization of monomers in step c) is finished, functionalization of the 
omega terminal of the copolymer is performed, according to steps e) and f).

[0057] In step d), and to perform omega end functionalization, addition of functionalized 
monomer to living polymer solution resulting from step c) is performed. It is preferable to use 
one of the functionalized monomers of general formula (I). Addition of functionalized monomer 
according to step d) should most preferably be performed at conditions that are similar to the 
polymerization conditions in step c).

[0058] After the addition of functionalized monomer to the living polymer chain end, the 
resulting copolymer can be described with the general formula (V), see Fig. 1.

[0059] In formula (V), n1 is an integer of from 0 to 20, n2 is an integer of from 0 to 10,000, n3 
is an integer of from 0 to 10,000 and n4 is an integer of from 0 to 20, and n2+n3 > 0.

[0060] Coupling in step e) is preferably done by addition of the selected coupling agent to the 
copolymer system resulting from step d). Preferably, the addition is at conditions similar or 
close to the polymerization conditions described for step c).

[0061] It should be noted that, according to the invention, the fraction of copolymer chains 
being coupled can vary between 0.01 (nearly no coupling) to 99.99% (nearly all chains 
subjected to coupling), which is achieved by the controlled addition of coupling agent, in the 
amount required to bond the desired fraction of the copolymer chains. The exact amount of 
coupling agent is calculated based on its theoretical functionality and required coupling 
fraction.

[0062] Functionality of coupling compound should be understood as theoretical number of 
living chain ends which may undergo a reaction with coupling agent.

[0063] The structures of best performing coupling agents are shown below (E-l to E-V):

Cl------ Si-------Cl
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ch3

E-I E-II E-III (E-TV)
f r r

and
Cl/

Sn
\
Cl

(E-V)

[0064] The above examples are coupling agents having a functionality of two, but it should be 
noted that this invention does not put any restriction on the functionality of the coupling agent. 
However, it is preferable to use a coupling agent having a functionality ranging from 1 to 8.

[0065] After the coupling of copolymer chains functionalized with functionalized initiator and 
functionalized monomer, the copolymer represented by described earlier general formula 
'Fraction Q' is obtained (see formula (VI) in Figure 2).

[0066] In formula (VI), n1 is an integer of from 0 to 20, n2 is an integer of from 0 to 10,000, n3 
is an integer of from 0 to 10,000, n4 is an integer of from 0 to 20, and where n2+n3 > 0. Also 

R1 and R2, represent the functional groups described previously, p1 is an integer which 
describes the functionality of the coupling agent, and X represents the residue of the coupling 
agent.

[0067] For example, when dimethyldichlorosilane is used as coupling agent, the resulting 
copolymer can be described as follows (see formula (VII) in Figure 3).

[0068] In step f), the terminal modifying agent responsible for formation of strong interactions 
with fillers such as silica or carbon black is added to the copolymer solution, providing the final 
copolymer described earlier as 'Fraction Τ'.

[0069] It should be noted that the terminal modifying agent reacts with any remaining living 
polymer chains which were not reacted earlier with coupling agent, as described in step e) 
above.

[0070] Any compound containing at least one atom selected from the group consisting of
nitrogen, oxygen and silicon, and being reactive toward a living polymer chain, can be used as
terminal modifying agent. Examples of the terminal modifying group containing at least one
atom selected from the group consisting of nitrogen, oxygen and silicon include: an amino
group, an amide group, an alkoxysilyl group, an isocyanato group, an imino group, an
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imidazole group, an urea group, an ether group, a carbonyl group, a carboxyl group, a 
hydroxyl group, a nitrile group, a pyridyl group.

[0071] Specific examples of terminal modifying agents include:

3-glycidoxypropyltrimethoxysilane,

(3-triethoxysilylpropyl)tetrasulfide,

1-(4-N,N-dimethylaminophenyl)-1  -phenylethylene,

1.1- dimethoxytrimethylamine,

1.2- bis(trichlorosilyl)ethane,

1.3.5- tris(3-triethoxysilylpropyl)isocyanurate,

1.3.5- tris(3-trimethoxysilylpropyl)isocyanurate,

1.3- dimethyl-2-imidazolidinone,

1.3- propanediamine,

1.4- diaminobutane,

1-[3-(triethoxysilyl)propyl]-4,5-dihydroimidazole,

1 -glycidyl-4-(2-pyridyl)piperazine,

1 -glycidyl-4-phenylpiperazine,

1 -glycidyl-4-methylpiperazine,

1- glycidyl-4-methylhomopiperazine,

I -glycidylhexamethyleneimine,

II -aminoundecyltriethoxysilane,

11 -aminoundecyltrimethoxysilane,

1 -benzyl-4-glycidylpiperazine,

2- (3,4-epoxycyclohexyl)ethyltrimethoxysilane,

2-(4-morpholinodithio)benzothiazole,

2-(6-aminoethyl)-3-aminopropyltrimethoxysilane,

2-(triethoxysilylethyl)pyridine,

2-(trimethoxysilylethyl)pyridine,
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2-(2-pyridylethyl)thiopropyltrimethoxysilane,

2-(4-pyridylethyl)thiopropyltrimethoxysilane,

2.2- diethoxy-1,6-diaza-2-silacyclooctane,

2.2- dimethoxy-1,6-diaza-2-silacyclooctane,

2.3- dichloro-1,4-naphthoquinone,

2.4- dinitrobenzenesulfonyl chloride,

2.4- tolylene diisocyanate,

2-(4-pyridylethyl)triethoxysilane,

2-(4-pyridylethyl)trimethoxysilane,

2-cyanoethyltriethoxysilane,

2-tributylstannyl-1,3-butadiene,

2-(trimethoxysilylethyl)pyridine,

2-vinylpyridine,

2-(4-pyridylethyl)triethoxysilane,

2-(4-pyridylethyl)trimethoxysilane,

2- laurylthioethylphenyl ketone,

3- (1-hexamethyleneimino)propyl(triethoxy)silane,

3-(1 ,3-dimethylbutylidene)aminopropyltriethoxysilane,

3-(1 ,3-dimethylbutylidene)aminopropyltrimethoxysilane,

3-(2-aminoethylaminopropyl)trimethoxysilane,

3-(m-aminophenoxy)propyltrimethoxysilane,

3-(N,N-dimethylamino)propyltriethoxysilane,

3-(N,N-dimethylamino)propyltrimethoxysilane,

3-(N-methylamino)propyltriethoxysilane,

3-(N-methylamino)propyltrimethoxysilane,

3-(N-allylamino)propyltrimethoxysilane,
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3,4-diaminobenzoic  acid,

3-aminopropyldimethylethoxysilane,

3-aminopropyltriethoxysilane,

3-aminopropyltrimethoxysilane,

3-aminopropyltris(methoxydiethoxy)silane,

3-aminopropyldiisopropylethoxysilane,

3-isocyanatepropyltriethoxysilane,

3-glycidoxypropyltriethoxysilane,

3-thioglycidoxypropytrimethoxysilane, and

3-thioglycidoxypropytriethoxysilane.

[0072] The amount of terminal modifying agent to be used depends on its functionality (i.e. 
number of groups being able to form bonds with living polymer chains) and the amount of living 
polymer chains. It is well known that in case of terminal modifying agents bearing a 
functionality greater than 1, exact control of the amount of coupling agent used allows to 
further influence copolymer properties and i.e. introduce additional coupling. Preferred 
amounts of terminal modifying agent are in a range of from 0.001 to 50 mol per 1 mol of living 
chain ends, more preferably is to use range from 0.5 mol to 10 mol per 1 mol of living chain 
ends.

[0073] After the addition of terminal modifying agent in step f), antioxidants, and/or alcohols for 
stopping polymerization reaction may be added, if necessary (step g).

[0074] The copolymer resulting from the addition of functionalization agent could be described 
with general formula (VIII), see Figure 4. In formula VII, n1 is an integer of from 0 to 20, n2 is 
an integer of from 0 to 10,000, n3 is an integer of from 0 to 10,000, n4 is an integer of from 0 
to 20, and where n2+n3 >0;
R1, R2, R3, R4 represent functional groups described above (see step a);
p2 describes the functionality of the terminal modifying agent and can vary from 1 to 9; and 
F represents the residue of the terminal modifying agent.

[0075] When glycidoxypropyltrimethoxysilane is used as terminal modifying agent, the resulting 
copolymer would have structure (IX), see Figure 5.

[0076] In a third aspect, the invention relates to a copolymer component comprising coupled
copolymer I) and terminally modified copolymer II).
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[0077] The coupled copolymer I) is obtained by a process comprising

la. contacting a monomer component comprising i) one or more conjugated diene monomers 
and ii) one or more vinyl aromatic monomers, in the presence of an initiator component 
comprising one or more alkali metal salt derivatives as defined according to the first aspect;

lb. further copolymerization in the presence of one or more functionalized monomers, to result 
in a functionalized copolymer; and

lc. coupling at least part of the functionalized copolymer with one or more coupling agents, to 
result in the coupled copolymer.

[0078] The terminally modified copolymer II) is being obtained by a process comprising

Ila. contacting a monomer component comprising i) one or more conjugated diene monomers 
and ii) one or more vinyl aromatic monomers, in the presence of an initiator component 
comprising one or more alkali metal salt derivatives as defined according to the first aspect;

lib. further copolymerization in the presence of one or more functionalized monomers, to result 
in a functionalized copolymer; and

lie. terminally modifying at least part of the functionalized copolymer with one or more terminal 
modifying agents, to result in the terminally modified copolymer.

[0079] Preferably, the copolymer is obtained by the process according to the second aspect.

[0080] Further preferably, the copolymer component comprises

• 1 to 99 % by weight of coupled copolymer, preferably 50 to 90 % by weight of coupled 
copolymer, more preferably 60 to 80 % by weight of coupled copolymer; and

• 99 to 1 % by weight of terminally modified copolymer, preferably 10 to 50% by weight of 
terminally modified copolymer, more preferably 20 to 40% by weight of terminally 
modified copolymer.

[0081] Most preferred is a copolymer component wherein the coupled copolymer has 1 to 11 
terminal groups based on the vinyl aromatic monomer having general formula (A), preferably 1 
to 5.

[0082] The coupling agent is preferably of general formula (E):

X1nYpX2m (E),
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wherein

Y is selected from silicon (Si), tin (Sn), titanium (Ti), sulfur (S), carbon (C), germanium (Ge), 
zirconium (Zr), lead (Pb), hafnium (Hf), oxygen (O), and nitrogen (N) atoms and methylene 
(CH2) groups, or their combination; and p is in a range of from 1 to 20;

X1 is independently selected from

• hydrogen (H), chlorine (Cl), bromine (Br) iodine (I), and fluorine (F) or their combination;
• alkyl groups containing 1-20 carbon atoms;
• hydrocarbyloxy groups where the hydrocarbyl group may contain 1-20 atoms;
• alkylsilyl groups where the alkyl group may contain 1-20 atoms;
• alkoxysilyl groups where the alkyl group may contain 1-10 carbon atoms;
• epoxide or episulfide groups containing 2 to 20 carbon atoms;
• or combinations thereof; and

where n is in the range of from 0 to 6;

X2 is independently selected from

• hydrogen (H), chlorine (Cl), bromine (Br) iodine (I), and fluorine (F) or their combination;
• alkyl groups containing 1-20 carbon atoms;
• hydrocarbyloxy groups where the hydrocarbyl group may contain 1-20 atoms;
• alkylsilyl groups where the alkyl group may contain 1-20 atoms;
• alkoxysilyl groups where the alkyl group may contain 1-10 carbon atoms;
• epoxide or episulfide groups containing 2 to 20 carbon atoms;
• or combinations thereof; and

where m is in the range of from 0 to 6.

[0083] More preferably, the coupling agent is a silicon halide coupling agent, and the silicon 
halide coupling agent is preferably selected from silicon tetrachloride, silicon tetrabromide, 
silicon tetrafluoride, silicon tetraiodide, hexachlorodisilane, hexabromodisilane, 
hexafluorodisilane, hexaiododisilane, octachlorotrisilane, octabromotrisilane, octafluorotrisilane, 
octaiodotrisilane, hexachlorodisiloxane, 2,2,4,4,6,6-hexachloro-2,4,6-trisilaheptane, 
1,2,3,4,5,6-hexakis[2-(methyldichlorosilyl)ethyl]benzene, and alkyl silicon halides of general 
formula (G)

R5n-Si-X34-n (G),

wherein R5 is a monovalent aliphatic hydrocarbon group having 1 to 20 carbon atoms or a
monovalent aromatic hydrocarbon group having 6 to 18 carbon atoms; n is an integer of from
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0 to 2; and X3 is selected from chlorine, bromine, fluorine, and iodine atoms.

[0084] Likewise preferred is a copolymer component wherein the terminal modified copolymer 
has 1 to 11 terminal groups based on the vinyl aromatic monomer having general formula (I), 
at the terminus other than the terminus modified with the terminal modified agent.

[0085] Further preferred is a copolymer component wherein the terminal modifying agent 
comprises alkoxysilyl groups.

[0086] In a fourth aspect, the invention relates to a method for preparing a rubber comprising 
vulcanizing the copolymer component according to the third aspect.

[0087] In a fifth aspect, the invention relates to a rubber as obtainable according to the method 
of the fourth aspect.

[0088] In a sixth aspect, the invention relates to a rubber composition comprising x) the rubber 
according to the fifth aspect.

[0089] Preferably, the rubber composition further comprises y) a filler component comprising 
one or more fillers. The filler is preferably selected from silica and carbon black. It is prererred 
that the y) filler component comprises silica and carbon black.

[0090] Preferably, the rubber composition comprises

x) a rubber component comprising 15 % by weight or more (preferably 20 % by weight or 
more, more preferably 30 % by weight or more) of the rubber of the fifth aspect, and

y) a filler component in an amount of 10 to 150 parts by weight relative to 100 parts by weight 
of the rubber component.

[0091] The rubber component may further comprise one or more further rubbers, and the 
further rubber is preferably selected from natural rubber, synthetic isoprene rubber, butadiene 
rubber, styrene-butadiene rubber, ethylene-a-olefin copolymer rubber, ethylene-a-olefin-diene 
copolymer rubber, acrylonitrilebutadiene copolymer rubber, chloroprene rubber, and 
halogenated butyl rubber.

[0092] In a seventh aspect, the invention relates to a tire component comprising the rubber 
composition according to the sixth aspect.

[0093] In an eight aspect, the invention relates to a tire comprising the tire component
according to the seventh aspect.

[0094] The advantages of the present invention become apparent from the following
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examples. Unless indicated otherwise, all percentages are given by weight.

EXAMPLES

[0095] In order to provide more details about the synthesis and properties of copolymers 
prepared according to the present invention, functionalized styrene-butadiene copolymers with 
exactly controlled micro- and macrostructure and with functional groups of various type 
inserted at a precisely selected location in polymer chain are described in Examples 2 to 3. 
They are compared with non-functionalized copolymer described in Example 1.

Inertization step:

[0096] 1200 grams of cyclohexane were added to a nitrogen-purged two liter reactor and 
treated with 1 gram of a 1.6 M solution of n-butyllithium in cyclohexane. The solution was 
heated to 70°C and vigorously stirred for 10 minutes, to clean and inert the reactor. The 
reactor contents were then removed via a drain valve, and nitrogen was purged again.

Example 1 (reference sample)

[0097] 820 g of cyclohexane were added to the inerted two liter reactor, followed by addition of 
31 grams of styrene and 117 grams of 1,3-butadiene. The inhibitors from the styrene and the 
1,3-butadiene were removed. 2.21 mmoles of tetramethylethylenediamine (TMEDA) were then 
added, to provide random incorporation of styrene monomer and to increase the vinyl content 
of the butadiene units. The solution inside the reactor was heated to 60°C and was 
continuously stirred during the whole process. When the desired temperature had been 
reached, 0.045 mmoles of n-butyllithium were added to perform quenching of residual 
impurities. Then, 0.845 mmoles of n-butyllithium were added to initiate the polymerization 
process. The reaction was carried out as an isothermic process for 60 minutes. 0.0525 
mmoles of silicontetrachloride were then added to the polymer solution as a coupling agent. 
Coupling was performed for 5 minutes. The reaction was terminated using 1 mmol of nitrogen- 
purged isopropyl alcohol and was then rapidly stabilized by addition of 2-methyl-4,6- 
bis(octylsulfanylmethyl)phenol in an amount of 1.0 phr polymer. The polymer solution was then 
treated with ethanol, and precipitation of polymer occurred. The final product was dried 
overnight in a vacuum oven.

Example 2

[0098] 820 g of cyclohexane were added to the inerted two liter reactor, followed by the
addition of 31 grams of styrene and 117 grams of 1,3-butadiene. The inhibitors from the
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styrene and the 1,3-butadiene were removed. 4.45 mmoles of tetramethylethylenediamine 
(TMEDA) were then added as a styrene randomizer and to increase the vinyl content of the 
units derived from butadiene monomer. The solution inside the reactor was heated to 60°C 
and was continuously stirred during the whole process. Upon reaching this temperature, 0.067 
mmoles of n-buthyllithium were added to the reactor, to quench residual impurities.

[0099] To another 100 mL glass vessel, 20 grams of cyclohexane were added, followed by 
addition of 1.70 mmoles of n-butyllithium and 1.70 mmoles of 1-(4-ethenylbenzyl)pyrrolidine. 
The mixture was mixed for 10 minutes at room temperature and transferred as initiator into the 
two liter reactor. The reaction was carried out as an isothermic process for 45 minutes.

[0100] After polymerization had ceased, 1.70 mmoles of 1-(4-ethenylbenzyl)pyrrolidine were 
added to the solution of living polymer. Addition of 1-(4-ethenylbenzyl)pyrrolidine was 
performed at 60°C for 15 minutes. Then, 0.338 mmoles of dimethyldichlorosilane were added 
to the solution of living polymer, and the reaction was continued for 5 minutes. 
Functionalization was performed by adding the alkoxysilane derivative (0.348 mmoles of 
glycidoxypropyltrimethoxysilane) to the polymer solution. Functionalization was carried out at 
60°C for 20 minutes. The reaction was terminated using 1 mmol of nitrogen-purged isopropyl 
alcohol and rapidly stabilized by the addition of 2-methyl-4,6-bis(octylsulfanylmethyl)phenol at 
1.0 phr polymer. The polymer solution was treated with ethanol, and precipitation of polymer 
occurred. The final product was dried overnight in a vacuum oven.

Example 3

[0101] To the inerted two liter reactor, 820 g of cyclohexane were added, followed by addition 
of 31 grams of styrene and 117 grams of 1,3-butadiene. The inhibitors from the styrene and 
the 1,3-butadiene were removed. 4.45 mmoles of tetramethyleneetylenediamine (TMEDA) 
were added as a styrene randomizer and to increase the vinyl content of the units derived from 
butadiene monomer. The solution inside the reactor was heated to 60°C and continuously 
stirred during the whole process. Upon reaching the temperature, 0.067 mmoles of n- 
butyllithium were added to the reactor, to perform quenching of residual impurities.

[0102] To another 100 mL glass vessel, 20 grams of cyclohexane were added, followed by 
addition of 1.70 mmoles of n-butyllithium and 3.36 mmoles of 1-(4-ethenylbenzyl)pyrrolidine. 
The mixture was mixed at room temperature for 10 minutes and transferred as initiator to the 
two liter reactor. The reaction was carried out for 45 minutes as an isothermic process. After 
polymerization had ceased, 3.36 mmoles of 1-(4-ethenylbenzyl)pyrrolidine were added to the 
solution of living polymer. Addition of 1-(4-ethenylbenzyl)pyrrolidine was performed at 60°C 
over 15 minutes. 0.338 mmoles of dimethyldichlorosilane were then added to the solution of 
living polymer, the reaction was carried out over 5 minutes. Functionalization was performed 
by the addition of the alkoxysilane derivative (glycidoxypropyltrimethoxysilane, 0.348 mmoles) 
to the polymer solution. Functionalization was carried out at 60°C for 20 minutes. The reaction 
was terminated using 1 mmol of nitrogen-purged isopropyl alcohol, and was rapidly stabilized
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by the addition of 2-methyl-4,6-bis(octylsulfanylmethyl)phenol at 1.0 phr polymer. The polymer 
solution was then treated with ethanol, and precipitation of polymer occurred. The final product 
was dried overnight in a vacuum oven.

CHARACTERIZATION

Vinyl content (%)

[0103] Determined by 600 MHz 1H-NMR, based on BS ISO 21561:2005

Bound styrene content (%)

[0104] Determined by 600 MHz 1H-NMR, based on BS ISO 21561:2005

Molecular weight determination

[0105] Gel permeation chromatography was performed via PSS Polymer Standards Service 
multiple columns (with guard column) using THF as the eluent and for sample preparation. 
Multi-angle laser light scattering measurements were carried out using a Wyatt Technologies 
Dawn Heleos II light scattering detector, DAD (PDA) Agilent 1260 Infinity UV-VIS detector and 
Agilent 1260 Infinity refractive index detector.

Glass transition temperature (°C)

[0106] Determined based on PN-EN ISO 11357-1:2009

Mooney viscosity (ML 1+4, 100°C)

[0107] Determined based on ASTM D 1646-07, using an L rotor under the conditions of 
preheating = 1 minute, rotor operating time = 4 minutes, and temperature = 100°C

Vulcanization characteristics

[0108] Determined based on ASTM D6204, using RPA 2000 Alpha Technologies rubber
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processing analyzer, operating time = 30 minutes, and temperature = 170°C

Evaluation and measurement of properties of rubber composition

[0109] A rubber composition (vulcanized) was prepared using a polymer obtained in each of
Examples, and was measured for the following test items

Tyre predictors (tan δ at 60°C, tan δ at 0°C, tan δ at -10°C)

[0110] A vulcanized rubber composition was used as a test sample and measured for this 
parameter, using a dynamic mechanical analyzer (DMA 450+ MetraviB) in shear mode under 
the conditions of tensile strain = 2%, frequency = 10 Hz, in the range of temperature from -70 
to 70°C, with heating rate of 2.5°C/min.

Rebound resilience

[0111] Determined based on ISO 4662

[0112] Table 1 shows the characterization results for the three samples synthesized for this 
study.
Table 1.

Example Mn 
[g/mol]

Mw 
[g/mol] Mw/Mn

Vinyl 
content

[%]1
Styrene 

content [%] Mooney
Tg ί 
[°C] I

1
(reference) 190,000 339,000 1.79 60.73 20.41 50.5 -24.1

2 230,000 373,000 1.62 I 62.96 21.86 51.6 -22.1
3 222,000 367,000 1.65 62.67 21.67 49.3 -23.3

1Based on 1,3-butadiene content

COMPOUNDING

[0113] Using each of the rubbers obtained in Examples 2 and 3 and Reference sample 1,
compounding was made according to the "compounding recipe of rubber composition" as
shown in Table 2 below. The compounds were mixed in two steps in Banbury type of internal
mixers (350E Brabender GmbH & Co. KG) : step 1 in the white mixing line, step 2 in the black
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one. The conditioning time between steps 1 and 2 was 24 hours. In the third step vulcanizating 
agents were mixed into the compound on a two-roll mill at 50°C. The conditioning time 
between steps 2 and 3 was 4 hours. Then, each unvulcanized rubber composition was 
vulcanized at 170°C, for T95+1.5 minutes (based on RPA results) to obtain rubber 
compositions (vulcanized compositions). Each vulcanized rubber composition was evaluated 
and measured for the above-mentioned tensile properties, tire predictors and rebound 
resilience. The results are shown in Table 3.
Table 2.

Component phr
SBR 75
Polybutadiene rubber1 25

Silica2 80

Carbon Black3 10

Stearic acid 2
Zinc oxide 3
Oil extender4 37.5

6PPD5 2

Bis[3-(triethoxysilyl)propyl]tetrasulfide6 6.4

N-tert-butyl-2-benzothiazole sulfenamide7 1.7

1,3-Diphenylguanidine8 2

Sulphur 1.5

1Synteca 44, a product of Synthos 
2Zeosil 1165MP, a product of Solvay 
3ISAF-N234, a product of Cabot Corporation 
4VivaTec 500, a product of Klaus Dahleke KG 
5VULKANOX 4020/LG, a product of Lanxess 
6Si 69, a product of Evonik 
7LUVOMAXX TBBS, a product of Lehmann & Voss & Co. KG 
8DENAX, a product of Draslovka a.s.

Table 3.

Example Rebound 
resilience [%]

Tyre predictors Payne 
effect

Tan δ 
(60°C)1

tan δ
(0°C)2

tan δ 
(-10°C)3

G'1-G'9O 
[kPa]

1 32.45 0.1779 0.4968 0.6265 431.71
2 35.54 0.1486 0.5844 0.6693 215.42
3 35.92 0.1450 0.6203 0.7046 207.77
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1 Rolling resistance (lower is better) 
2Wet traction (higher is better) 
3lce traction (higher is better)

[0114] It is deduced from these results that in a silica mix, judged on the basis of the properties 
in the vulcanized state, SSBR 3 according to the invention imparts to the corresponding rubber 
composition 3 reinforcement properties which are superior to those obtained with the control 
SSBR 1 and with the other SBR 2 according to the invention.

[0115] Furthermore, it will be noted that the tyre predictors of rubber composition 3 according 
to the invention are improved relative to those of the control rubber composition 1 and of the 
other rubber composition 2 according to the invention. Moreover, said tyre predictors are 
improved for rubber composition 2 according to the invention relative to the control rubber 
composition 1.

[0116] While certain representative embodiments and details have been shown for the 
purpose of illustrating the subject invention, it will be apparent to those skilled in this art that 
various changes and modifications can be made therein without departing from the scope of 
the subject invention, which scope is defined by the following claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not 
form part of the European patent document. Even though great care has been taken in 
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all 
liability in this regard.

Patent documents cited in the description

• EP2196326A1 [09931
• EP2772515A1 [09941
• US2010116404Ä1 [00051
• US6627722B2 [00961
• EP2182028A1 [09971
• US20110275756A1 [00081
• US5550203B [00091
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i

PATENTKRAV

1. Anvendelse af et alkalimetalsaltderivat af en vinylaromatisk monomer med den 

generelle formel (A)

5

10

15

20

25

30

R (A) ,

hvor

alkalimetallet er valgt fra lithium, natrium og kalium; og

R er valgt fra grupper med formel (B) og (C):

N —

(C)

1

(ch2)u (b)
hvor

x er et heltal fra 1 til 10; 

n er et heltal fra 2 til 10;

Ri og R2 grupper, inden for en gentagende enhed og i forskellige gentagende enhe­

der, er uafhængigt valgt fra et hydrogenatom og en alkylgruppe med 1 til 4 carbonatomer;

og

R3 og R4 er uafhængigt valgt fra alkylgrupper indeholdende 1 til 10 carbonatomer, 

arylgrupper med 6 til 10 carbonatomer, allylgrupper med 3 til 10 carbonatomer, og al- 

kyloxygrupper med strukturformlen -(CH2)y-O-(CH2)z-CH3, hvor y er et heltal fra 1 til 10, 

og z er et heltal fra 1 til 10;

som initiator til copolymerisation af i) en eller flere konjugerede dienmonomerer og 

ii) én eller flere vinylaromatiske monomerer.

2. Anvendelse ifølge krav 1, hvor alkalimetallet er lithium.

3. Anvendelse ifølge krav 1 eller 2, hvor R er en gruppe ifølge formel (II), og

- x er 1 eller 2, fortrinsvis 1;

- R1 er et hydrogenatom, hvor R1 og R2 fortrinsvis begge er et hydrogenatom, og

- n er 4 eller 6, fortrinsvis 4.

4. Anvendelse ifølge krav 3, hvor forbindelsen med formlen (A) er N- 
vinylbenzylpyrrolidin,

hvor /V-vinylbenzylpyrrolidin fortrinsvis er /V-(3-vinylbenzyl)pyrrolidin eller /V-(4-

vinylbenzyl)pyrrolidin,

mere fortrinsvis hvor N-vinylbenzylpyrrolidin er /V-(4-vinylbenzyl)pyrrolidin.
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2

5. Anvendelse ifølge et hvilket som helst af kravene 1 til 4, hvor derivatet har 

formlen (D)

5

10

15

20

25

hvor

M+ er alkalimetallet, og

n er et heltal fra 0 til 20.

6. Fremgangsmåde til fremstilling af en copolymerkomponent omfattende koblet 

copolymer og terminalt modificeret copolymer, hvilken fremgangsmåde omfatter:

a) at tilvejebringe en initiatorkomponent omfattende ét eller flere alkalimetalsaltderi- 

vater af en vinylaromatisk monomer med den generelle formel (A)

R (A) ,

hvor

alkalimetallet er valgt fra lithium, natrium, og kalium; og

R er valgt fra grupper med formel (B) og (C):

(Ch2v (b) (O

hvor

x er et heltal fra 0 til 10;

n er et heltal fra 2 til 10;

R1 og R2 grupper, inden for en gentagende enhed og i forskellige gentagende enhe­

der, er uafhængigt valgt fra et hydrogenatom og en alkylgruppe med 1 til 4 carbonatomer;

og

R3 og R4 er uafhængigt valgt fra alkylgrupper indeholdende 1 til 10 carbonatomer,

arylgrupper med 6 til 10 carbonatomer, allylgrupper med 3 til 10 carbonatomer, og al-

kyloxygrupper med strukturformlen -(CH2)y-O-(CH2)z-CH3, hvor y er et heltal fra 1 til 10,

og z er et heltal fra 1 til 10;

b) at bringe en monomerkomponent omfattende
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5

10

15

20

25

30

i) én eller flere konjugerede dienmonomerer og

ii) én eller flere vinylaromatiske monomerer

i kontakt med initiatorkomponenten, til initiering af anionisk copolymerisation;

c) at fortsætte copolymerisation, resulterende i en copolymer;

d) at fortsætte copolymerisation af copolymeren i tilstedeværelsen af én eller flere 

funktionaliserede monomerer, resulterende i en funktionaliseret copolymer;

e) at koble en del af den funktionaliserede copolymer med ét eller flere koblingsmid­

ler, resulterende i koblet copolymer; og

f) at terminalt modificere en del af den funktionaliserede copolymer med ét eller flere 

terminalt modificerende midler, resulterende i terminalt modificeret copolymer.

7. Fremgangsmåde ifølge krav 6, hvor trin b) er at tilsætte initiatorkomponenten til 

monomerkomponenten til initiering af anionisk copolymerisation.

8. Copolymerkomponent omfattende koblet copolymer I) og terminalt modificeret 

copolymer II),

I) den koblede copolymer opnås ved en fremgangsmåde omfattende

la. at bringe en monomerkomponent omfattende i) én eller flere konjugerede 

dienmonomerer i kontakt med ii) én eller flere vinylaromatiske monomerer i tilstedeværel­

sen af en initiatorkomponent omfattende ét eller flere alkalimetalsaltderivater af en vinyl­

aromatisk monomer med den generelle formel (A)

; (A) ,

hvor

alkalimetallet er valgt fra lithium, natrium og kalium; og

R er valgt fra grupper med formel (B) og (C):

(ch2V (b) (C)

hvor

x er et heltal fra 1 til 10;

n er et heltal fra 2 til 10;

R1 og R2 grupper, inden for en gentagende enhed og i forskellige gentagende enhe­

der, er uafhængigt valgt fra et hydrogenatom og en alkylgruppe med 1 til 4 carbonatomer;

og
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R3 og R4 er uafhængigt valgt fra alkylgrupper indeholdende 1 til 10 carbonatomer, 
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arylgrupper med 6 til 10 carbonatomer, allylgrupper med 3 til 10 carbonatomer, og al- 

kyloxygrupper med strukturformlen -(CH2)y-O-(CH2)z-CH3, hvor y er et heltal fra 1 til 10, 

og z er et heltal fra 1 til 10;
lb. at fortsætte copolymerisation i tilstedeværelsen af én eller flere funktionalisere- 

de monomerer, resulterende i en funktionaliseret copolymer; og

lc. at koble en del af den funktionaliserede copolymer med ét eller flere koblings­

midler, resulterende i koblet copolymer;

II. den terminalt modificerede copolymer opnås ved en fremgangsmåde omfattende 

Ila. at kontakte en monomerkomponent omfattende i) én eller flere konjugerede 

dienmonomerer og ii) én eller flere vinylaromatiske monomerer, i tilstedeværelsen af en 

initiatorkomponente omfattende ét eller flere alkalimetalsaltderivater af en vinylaromatisk 

monomer med den generelle formel (A)

(A) ,

hvor

alkalimetallet er valgt fra lithium, natrium og kalium; 

R er valgt fra grupper med formel (B) og (C):

(rI—C--- R2)
x

hvor

x er et heltal fra 1 til 10;

n er et heltal fra 2 til 10;

R1 og R2 grupper, inden for en gentagende enhed og i forskellige gentagende enhe­

der, er uafhængigt valgt fra et hydrogenatom og en alkylgruppe med 1 til 4 carbonatomer;

og
R3 og R4 er uafhængigt valgt fra alkylgrupper indeholdende 1 til 10 carbonatomer, 

arylgrupper med 6 til 10 carbonatomer, allylgrupper med 3 til 10 carbonatomer, og al- 

kyloxygrupper med strukturformlen -(CH2)y-O-(CH2)z-CH3, hvor y er et heltal fra 1 til 10, 

og z er et heltal fra 1 til 10;
Ilb. at fortsætte copolymerisation i tilstedeværelsen af én eller flere funktionalise­

rede monomerer, resulterende i en funktionaliseret copolymer; og
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He. at terminalt modificere mindst én del af den funktionaliserede copolymer med 

ét eller flere terminalt modificerende midler, resulterende i terminalt modificeret copoly­

mer.

9. Copolymerkomponent ifølge krav 8, opnået ved fremgangsmåden ifølge et hvilket 

som helst af kravene 6 og 7.

10. Copolymerkomponent ifølge et hvilket som helst af kravene 8 og 9, omfattende
- 1 til 99 vægt% koblet copolymer, fortrinsvis 50 til 90 vægt% koblet copolymer, 

mere fortrinsvis 60 til 80 vægt% koblet copolymer; og

- 99 til 1 vægt% terminalt modificeret copolymer, fortrinsvis 10 til 50 vægt% termi­

nalt modificeret copolymer, mere fortrinsvis 20 til 40 vægt% terminalt modificeret copoly­

mer.

11. Copolymerkomponent ifølge et hvilket som helst af kravene 8 til 10, hvor den 

koblede copolymer har 1 til 11 terminale grupper, baseret på den vinylaromatiske mono­

mer med den generelle formel (A), fortrinsvis 1 til 5.

12. Copolymerkomponent ifølge et hvilket som helst af kravene 8 til 11, hvor den 

terminalt modificerede copolymer har 1 til 11 terminale grupper, baseret på den vinylaro­

matiske monomer med den generelle formel (A), ved den anden terminus end den termi­

nus, der modificeres med det terminalt modificerende middel.

13. Copolymerkomponent ifølge et hvilket som helst af kravene 8 til 12, hvor det 

terminalt modificerende middel omfatter alkoxysilylgrupper.

14. Copolymerkomponent ifølge et hvilket som helst af kravene 8 til 13, hvor kob­

lingsmidlet har den generelle formel (E):

X1nYpX2m (E),
hvor

Y er valgt fra silicium (Si), tin (Sn), titan (Ti), svovl (S), carbon (C), germanium 

(Ge), zirconium (Zr), bly (Pb), hafnium (Hf), ilt (O), og nitrogen (N) atomer og methylen- 

(CH2)-grupper eller deres kombination; og p er i området fra 1 til 20;

X1 er uafhængigt valgt fra

- hydrogen (H), chlor (Cl), brom (Br), iod (I), og fluor (F) eller deres kombination;

- alkylgrupper indeholdende 1-20 carbonatomer;

- hydrocarbyloxygrupper, hvor hydrocarbylgruppen kan indeholde 1-20 atomer;

- alkylsilylgrupper, hvor alkylgruppen kan indeholde 1-20 atomer;

- alkoxysilylgrupper, hvor alkylgruppen kan indeholde 1-10 carbonatomer;

- epoxid eller episulfidgrupper indeholdende 2 til 20 carbonatomer;

- eller kombinationer deraf; og

hvor n er i område fra 0 til 6; og

X2 er uafhængigt valgt fra

- hydrogen (H), chlor (Cl), brom (Br), iod (I), og fluor (F) eller deres kombination;

- alkylgrupper indeholdende 1-20 carbonatomer;
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- hydrocarbyloxygrupper, hvor hydrocarbylgruppen kan indeholde 1-20 atomer;

- alkylsilylgrupper, hvor alkylgruppen kan indeholde 1-20 atomer;

- alkoxysilylgrupper, hvor alkylgruppen kan indeholde 1-10 carbonatomer;

- epoxid eller episulfidgrupper indeholdende 2 til 20 carbonatomer;

- eller kombinationer deraf; og

hvor m er i område fra 0 til 6.

15. Copolymerkomponent ifølge krav 14, hvor koblingsmidlet er et siliciumhalogenid- 

koblingsmiddel,

hvor siliciumhalogenidkoblingsmidlet fortrinsvis er valgt fra siliciumtetrachlorid, 

siliciumtetrabromid, siliciumtetrafluorid, siliciumtetraiodid, hexachlordisilan, 
hexabromdisilan, hexafluordisilan, hexaioddisilan, oktachlortrisilan, oktabromtrisilan, 

oktafluortrisilan, oktaiodtrisilan, hexachlordisiloxan, 2,2,4,4,6,6-hexachlor-2,4,6- 

trisilaheptan, l,2,3,4,5,6-hexa-kis[2-(methyldichlorsilyl)ethyl]benzol, og

alkylsiliciumhalogenider med den generelle formel (G)

R5n-Si-X34-n (G),
hvor R5 er en monovalent alifatisk carbonhydridgruppe med 1 til 20 carbonatomer, 

eller en monovalent aromatisk carbonhydridgruppe med 6 til 18 carbonatomer; n er et 

heltal fra 0 til 2; og X3 er valgt fra chlor-, brom-, fluor- og iodatomer.

16. Fremgangsmåde til fremstilling af en slags gummi omfattende vulkanisering af 

copolymerkomponenten ifølge et hvilket som helst af kravene 8 til 15 i tilstedeværelse af 

et eller flere vulkaniseringsmidler.

17. Gummi opnået ifølge fremgangsmåden ifølge krav 16.

18. Gummisammensætning omfattende x) gummiet ifølge krav 17.

19. Gummisammensætning ifølge krav 18, der yderlige omfatter y) en 

fyldstofkomponent omfattende én eller flere fyldstoffer,

hvor fyldstoffet fortrinsvist er valgt fra siliciumdioxid og sod,

mere fortrinsvis hvor y) fyldstofkomponenten omfatter siliciumdioxid og sod.

20. Gummisammensætning ifølge et hvilket som helst af kravene 18 og 19, 

omfattende
x) en gummikomponent omfattende 15 vægt% eller mere af gummiet ifølge krav 17,

og
y) en fyldstofbestanddel i en mængde på 10 til 150 vægtdele i forhold til 100 

vægtdele af gummikomponenten.

21. Gummisammensætning ifølge et hvilket som helst af kravene 18 til 20, 

omfattende x) 20 vægt% eller mere af gummiet ifølge krav 17,

fortrinsvis x) 30 vægt% eller mere af gummiet ifølge krav 17;

mere fortrinsvis x) 40 vægt% eller mere af gummiet ifølge krav 17.
22. Gummisammensætning ifølge et hvilket som helst af kravene 18 til 21, hvor

x) gummikomponenten yderligere omfatter ét eller flere yderlige gummier;
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hvor den yderlige gummi fortrinsvist er valgt fra naturgummi, syntetisk isopren- 

gummi, butadien-gummi, styren-butadien-gummi, ethylen-a-olefin-copolymer-gummi, 

ethylen-a-olefin-dien-copolymer-gummi, acrylnitril-butadien-copolymer-gummi,

chloropren-gummi, og halogeneret butyl-gummi.

5 23. Dækkomponent omfattende gummisammensætningen ifølge krav 22, hvor

dækkomponenten fortrinsvis er en slidbane.
24. Dæk omfattende dækkomponenten ifølge krav 23.

10
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