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(57) Abstract: 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 1) one or more conjugated diene monomers and 11) one or more vinyl aromatic monomers. Furthermore,
the invention relates to a process for the preparation ot a copolymer component comprising coupled copolymer and terminally modi -
fied copolymer, and to the copolymer component. Also, the mvention 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.
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Initiators for the copolymerisation of diene monomers

and vinyl aromatic monomers

FIELD OF THE INVENTION

H

The 1nvention relates to the use of an alkalili metal salt de-

H

rivative of a specific vinyl aromatic monomer, as an 1nitiator

i

for the copolymerisation of 1) one or more conjugated diene

monomers and 11) one or more vinyl aromatic monomers. Further-

more, the 1nvention relates to a process for the preparation

F

of a copolymer component comprising coupled copolymer and ter-

minally modified copolymer, and to the copolymer component.

Also, the 1nvention relates to a method for preparing a rub-
ber, and to the rubber. Moreover, the 1nvention relates to a
rubber composition comprising the rubber. Finally, the 1inven-
tion relates to a tire component comprising the rubber, and to

a tire comprising the tire component.

BACKGROUND OF THE INVENTION

It 1s 1mportant for rubbery polymers that are used 1n tires,

hoses, power transmission belts and other 1ndustrial products

to have good compatibility with fillers, such as carbon black

and silica. It has also been recognized that the filler 1n

rubber compounds should be well dispersed throughout the rub-

ber, 1n order to 1mprove various physical properties. Such

polymers can be functionalized with wvarious compounds, such as

amines and silanes, to attain a 1improved 1nteraction with

filler and a Dbetter dispersion of the filler throughout the
rubbery polymers. For 1nstance, fillers (such as carbon black
and si1lica) are used 1n standard rubber compounds for tire
treads.

EP 2 1906 320 Al discloses a process for the copolymerization

H
p—

of amine monomer and conjugated diolefin monomer, and that

polymers can be terminated with a terminating agent having a

hyvdrolyzable group. One example for the amine monomer 18
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H

vinylbenzylpyrrolidine. Embodiments of 1nitiation systems 1in-

clude anionic 1nitiators, such as alkyl lithium compounds.

EP 2 772 515 Al teaches a rubber composition comprising a con-

jugated diene polymer and a silica. The polymer 1s obtained by

polymerizing a monomer component 1including (1) conjugated

diene compound and (11) silicon-contalning vinyl compound, 1n

H H
p—

the presence of a polymerization 1nitiator. The teaching of

this document allows one to obtain elastomers with functional

groups that are able to 1nteract with the filler, but these

H

features are achieved by use of additional organosilicon

comonomer which 1s located 1n the polymer mailin chain and may

i

deteriorate the processability of rubber. Also, there 1s no

possibility to control weak 1interactions between rubber and

filler, since the amine 1nitiators contain only one amino

group.

US 2010/116404 Al teaches the synthesis of functionalized

elastomer derived from styrene, 1,3-butadiene, and an amine-

substituted styrene. The functionalized elastomer 1s used, 1n

admixture with diene-based elastomer, and 1n further admixture

with polvketone short fiber.

H

US o0,027,722 B2 discloses a polymer contalning units of a vi-

nyl aromatic monomer (ring-substituted with one or two
alkyleniminealkyl groups) that can be polymerized i1nto rubbery

polymers having low hysteresis and good compatibility with

fillers, such as carbon black and silica.

EP 2 182 028 Al teaches modified butadiene rubber having a vi-

nyl content of 35% by weight or less and having, 1n a mailn

chain, a nitrogen-containing styrene derivative which provides

1mproving rolling resistance performance. The preparation of

H

erent contents of

N-functionalized polymers with oh

H

N-functional groups, by incorporation of suitable styrene mon-
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H

omers 1nto the polymer chain, leads to a wide variety of sty-

H H

"erent content of N-functional

rene-butadiene rubbers with di

i H

groups and thus exhibiting different dispersing properties of

inorganic fillers. The N-functionalized styrene derivatives

are based on divinylbenzenes.

Us 2011/0275756 Al teaches the synthesis of functionalized

SSBR containing amine-substituted styrene and nitrogen-

containing silicon-organic groups on the polymer chain end.

Uus 5,550,203 B teaches anionic 1nitiators for use 1n polymer-

1z1ng olefin-containing monomers. The 1nitiliators are derived

from amines.

H

Therefore, 1t was the object of the 1nvention to provide an

elastomeric copolymer with controlled micro- and macrostruc-

H

ture and with precisely controlled 1location of functional

H

groups of a giliven type which allow controlling the weak 1nter-

action between the filler and the rubber, thus influencing

tire wet traction and strong i1nteractions which are responsi-

ble for rolling resistance. Moreover, these advantages should

be achieved without any additional organosilicon or amine

I

comonomer 1n the polymer main chain, the presence of which

H

might otherwise deteriorate the processability of rubber.

It has now surprisingly been found that this object 1s

H

achieved and the problems of the prior art overcome by the use

H H

of an alkali metal salt derivative of a vinyl aromatlic monomer

having general formula (A)

7\

Q
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the alkalili metal 1s selected from lithium, sodium,

and potassium; and

)

R 1s selected from groups of formula (B) and (C):

(R—t—=)

N (R1 C R2)
| X
AN
R’ R
(CHZ)n (B) (C)
whereiln
X 18 an 1nteger of from 1 to 10;
n 1s an integer of from 2 to 10;

HH

R' and R® groups within a repeat unit and in differ-

ent repeat units are 1ndependently selected from a hydro-

gen atom and an alkyl group having from 1 to 4 carbon at-

oms; and

R° and R® are 1ndependently 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 -(CHy),-0O-(CHy),-CHs, wherein vy

H

H

1s an 1nteger of

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

H

as an 1nitiator for the copolymerization of 1) one or more

conjugated diene monomers and 11) one or more vinyl aromatic

monomers.

I

The present 1nvention provides copolymer elastomers of dienes

with strictly designed micro- and macrostructure and with pre-

H

clsely selected location, type and amount o:

functional groups

1n the polymer chain. The copolymers prepared according to the

i

present 1nvention contain two types of

functional groups,
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which performs a balance between strong and weak 1nteractions

between polymer and filler (in particular silica and/or carbon
black) .
A first type of functional group which 1s chemically bound and

incorporated 1nto the polymer chailin 1s a tertiary amine group

which provides weak 1nteractions between polymer and fillers

(such as silica and/or carbon black). Weak 1interactions, such

as for example hydrogen bonds formed between silica particles

and tertiary amino-group from polymer chain, contribute to

higher tan & at 0°C, which corresponds to enhanced wet traction

H H

when these types of polymers are used 1n tread parts of tires.

H

A second type of functional group may be an alkoxysilyl group

(S10R) and may be chemically bound and 1incorporated at a ter-

H H

minus of the polymer chain; this allows for the formation of

strong i1ntermolecular bonds between polymer and silica. Strong

interactions significantly improve (tan & at 60°C) which re-

lates to rolling resistance and hysteresis loss, 1.e. the

H

fallure of a property that has been changed by an external

H

agent to return to 1ts original value when the cause of the

change 1s removed.

H F

Additionally, the 1ntroduction of controlled amounts of func-

H

tional groups of wvarious types, 1.e. providing weak and strong

F

interactions with filler, allows the optimal formation of

bonds between polymer and filler and thus contributes to en-

hanced reinforcement and 1ncreased abrasion resistance.

The wvulcanizable copolymer components of the 1nvention are

based on functionalized polymers, and articles prepared there-

from exhibit multiple advantages as compared to the articles

based on non-functionalized polymers, particularly with regard

to reduced hysteresis at similar or 1mproved wet traction.

i

Furthermore, the modification of the polymer with a combina-
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H H

tion of functional groups of both types provides far better

H H

reduction of hysteresis of wvulcanizates 1n comparison with

vulcanizates prepared from non-functionalized compounds or
those containing only one type of functional group.
The present 1nvention allows for the preparation of function-

alized polymers with controlled micro- and macrostructure and

H H
p—

with precisely controlled location of functional groups of a

given type. Furthermore, the present 1nvention gives copolymer

components comprising fractions QO and T, both being function-

H

alized wvia wvarious patterns. The content of fraction Q, 1ndi-

cated as x, may range from 0.01 - to 100 weight percent, and

H
p—

the content of fraction T, 1ndicated as y, expressed as 100-x

welght percent, may range from 99.99 - to 0.0l weight percent.

The overall content of both fractions typically sums up tO

about 100 weight percent.

Fraction Q:
1 . ( 2) EF;}J
J—{FW \ F% X \F
N m
Fraction T:

B I

In the above formula, F' represents the monomer of formula (A),

H
p—

containing a functional group capable of forming weak 1nterac-

tions with filler. F' can be located at the alpha and/or the

omega end of the copolymer;

H

2 1 .
F'° represents the same monomer as !, or a di erent one, and

—

also contains functional group capable of weak 1i1nteractions,

H

"erent than in F'. F° is located more in the cen-

similar or di

’

tre of the copolymer.




CA 02981121 2017-09-27

WO 2016/162482 PCT/EP2016/057757

B represents the terminal modifyving agent as used for the

H

functionalization of the omega terminus of the polymer and

tyvpically contains alkoxysilyl groups responsible for strong

interactions.

H

: : : : - 1 ~
n 1ndicates the number of repeating units of F° , and prefera-

bly ranges from 1 to 20 repeating units;

H H

: : : : 2 ~
m 1ndicates the number of repeating units of F° , and prefera-

bly ranges from 1 to 20 repeating units; p represents the num-

H

ber of polymer chains covalently bound to F° (derived from the

g
p—

terminal modifying agent), preferably beling in a range of from
0 and 10.

H

J represents the organic residue of the organometallic com-

H

pound used to prepare the 1nitiator of the 1invention and may

e.g. be an alkyl group, arvyl group, phenvyl group, protected

amine or protected hydroxyl group.

X represents the moilety derived from the coupling agent react-

H

ed with the nucleophilic end of the copolymer, the coupling

agent typically having general formula Xﬂﬁbxﬂl(EU.

SUMMARY OF TH.

L]

INVENT ION

H

In a first aspect, the 1nvention relates to the use of the al-

kalli metal salt derivative as defined above, as an 1nitiator

H

for the copolymerization of 1) one or more conjugated diene

monomers and 11) one or more vinyl aromatic monomers.

In a second aspect, the 1nvention relates to a process for the

F

preparation of a copolymer component comprising a coupled co-

polymer and a terminally modified copolymer.
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In a third aspect, the 1nvention relates to a copolymer compo-

nent comprising coupled copolymer and terminally modified co-

polymer.

In a fourth aspect, the 1nvention relates to a method for pre-
paring a rubber comprising vulcanizing the copolymer component
according to the third aspect.

—

In a fifth aspect, the i1nvention relates to the rubber as ob-

tainable with the method according to the fourth aspect.

In a sixth aspect, the 1nvention relates to a rubber composi-

—
p—

tion comprising the rubber according to the fifth aspect.

In a seventh aspect, the invention relates to a tire component
comprising the rubber composition according to the sixth as-

pect.

In an eight aspect, the 1nvention relates to a tire comprising

the tire component according to the seventh aspect.

DETAILED DESCRIPTION

According to the first aspect, the 1nvention relates to the

H H

use of an alkali metal salt derivative of a vinyl aromatic

monomer having general formula (A)

7\

Q

R (A)

whereiln

the alkalili metal 1s selected from lithium, sodium, and po-

tassium; and

)

R 1s selected from groups of formula (B) and (C) :
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9
(R1 C R2)
| X 1 2
N (R C—R )
| X
AN
R R’
(CHZ)n (3) (C)
whereiln

X 18 an 1nteger of from 1 to 10;
n 1s an 1nteger of from 2 to 10;

H

erent re-

R' and R° groups within a repeat unit and in di

peat units are 1ndependently selected from a hydrogen atom and

an alkyl group having from 1 to 4 carbon atoms; and

R° and R*® are 1ndependently 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 -(CH;),-0-(CHy) .-

H

from 1 to 10 and z 1s an 1nte-

CH;, wherein v 1s an 1nteger o

H

ger of from 1 to 10;

H

as 1nitiator for the copolymerization of 1) one oOr more

conjugated diene monomers and 11) one or more vinyl aromatic

Mmonomers.

Alkalili metal

The alkali metal 1s selected from lithium, sodium, and potas-

sium, and 1s preferably lithium.

F

The alkali metal typically becomes part of the alkall metal

I H

salt derivative of the 1nvention by reaction of an organome-

H

tallic compound with the wvinyl aromatic compound of formula

(A) . Thus, the alkali metal salt derivative 1s typically pre-

H

pared by reaction of one or more organometallic compounds with

H

one oOr more monomers having general formula (A). The time of
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"

reaction between organometallic compound and monomer of formu-

la (A) 1s preferably from 1 to 60 min, more preferably from 1

to 20 min and most preferably from 1 to 10 min.

The organometallic compound may be an organometallic lithium
compound, organilic sodium compound, oOr organic potassium com-

pound:

- 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, phenvyl-

lithium, 2-naphthyllithium, 2-butvylphenyllithium, 4-phenyl-

H
p—

butyllithium, cyclohexyllithium and c¢yclopentyllithium; of

these compounds, n-butyllithium and sec-butyllithium are pre-

ferred.

- 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,
1sopropylsodium, n-butylsodium, sec-butylsodium, tert-butyl-
sodium, tert-octylsodium, n-decylsodium, phenvylsodium, Z—
naphthylsodium, 2-butylphenylsodium, 4-phenvlbutylsodium,

i

cyclohexylsodium and cyclopentylsodium; of these compounds, n-

butvlsodium and sec-butvylsodium are preferred.

- As the organometallic potassium compound, there are pre-

ferred those having a hydrocarbon group having 1 to 20 carbon

atoms; for example, methylpotassium, ethylpotassium, I —
propylpotassium, 1sopropylpotassium, n-butylpotassium, sec-
butylpotassium, tert-butylpotassium, tert-octylpotassium, n-
decvylpotassium, phenylpotassium, Z-naphthylpotassium, Z2-butyl-
phenvlpotassium, 4-phenvlbutylpotassium, cyclohexvlpotassium
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H

and cvyclopentylpotassium; of these compounds, n-butvlpotassium

and sec-butvlpotassium are preferred.

The mole ratio of organometallic compound to monomer of formu-
la (I) 1s preferably i1n a range of from 0.05:1 to 1:1, more
preferably 1n a range of from 0.1:1 to 1:1, most preferably in
a range of from 0.2:1 to 1:1.

H

It 1s preferred 1n all embodiments of the 1nvention that the

organometallic compound 1s an organometallic lithium compound,

preferably selected from n-butvyvllithium, sec-butvyvllithium, and
tert-butyllithium.

)

In formula (A), R 1s preferably a group of formula (B), and

- xXx 18 1 or 2, preferably 1;

- R' is a hydrogen atom, preferably wherein R' and R?

are both a hydrogen atom, and

- n 1s 4 or 6, preferably 4.

)

Most preferably, the compound of formula (A) 1S N-
vinvylbenzvlpyrrolidine, 1n particular the N-vinylbenzvyl-
pyvrrolidine 1s N-(3-vinylbenzvyl)pyrrolidine or N-(4-vinyl-

H

benzyl)pyrrolidine, and more preferably the mixture of N-(3-

vinylbenzyl)pyrrolidine and N-(4-vinvlbenzvyl)pyrrolidine.

)

Preferably, the alkali metal salt derivative 1s of formula (D)

+

N N

wherein

M" is the alkali metal, preferably lithium;
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H

n 1s an 1nteger of from 0 to 20, preferably from 0 to 10

and most preferably from 0 to 5; and

CsH9 18 n—-CsHg or sec-CsHs.

The alkali metal salt derivative according to the 1nvention,

derived from functionalized monomer, acts as a functionalizing

i H

agent allowing modification of the o-terminal of the copoly-

H

mer. The number of repeating units o

F

functionalized monomer

H
p—

of formula (A) can be controlled and adjusted to the particu-

H

lar needs of the specific application.

The derivative 1s according to the first aspect used as an 1n-

1tiator for the copolymerization of 1) one or more conjugated

diene monomers and 11) one or more vinyl aromatic monomers.

Conjugated diene monomer

According to the present 1nvention, the copolymer comprises,

H

1n 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 at-

oms are generally preferred. Vinyl-substituted aromatic mono-

mers can also be copolymerized with one or more diene monomers

into rubbery polymers, for example styrene-butadiene rubber

H

(SBR) . Some representative and preferred examples of conjugat-

ed diene monomers that can be copolymerized according to the
invention 1nclude 1, 3-butadiene, 1soprene, 1, 3-pentadiene,
2,3-dimethyl-1, 3-butadiene, 2-methyl-1, 3-pentadiene, 2, 3—
dimethyl-1, 3—-pentadiene, 2-phenvl-1, 3-butadiene, and 4 5-
diethvyl-1, 3-octadiene.

Preferred conjugated dienes are 1, 3-butadiene and 1soprene, 1n

particular 1, 3-butadiene.
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VINYL AROMATIC MONOMER

H

The copolymer of the present 1invention further comprises one

or more vinyl aromatic monomers. Some representative and pre-

H

ferred examples of vinyl aromatic monomers that can be uti-

H

lized 1n the synthesis of rubbery polymers 1nclude styrene, 1-

vinylnapthalene, 3—-methvlstyrene, 3,5-diethvylstyrene, 4 —
propvlstyrene, 2,4,0-trimethvylstyrene, 4-dodecylstyrene, 3-
methyl-5-n-hexylstyrene, 4-phenvylstyrene, 2—ethyl-4-benzyl-
styrene, 3,5-diphenvlstyrene, 2,3,4,5-tetraethvylstyrene, 3=
ethyvl-1l-vinvylnapthalene, o—1sopropyl-l-vinvlnapthalene, =
cyclohexyl-1-vinylnapthalene, 7-dodecyl-2-vinylnapthalene, and

ox—methvlstyrene.

Preferred are styrene and o-methvylstyrene, 1n particular sty-

rere.

POLYMER PREPARATION

In a second aspect, the 1nvention relates to the preparation

H

of a copolymer component comprising coupled copolymer and ter-

minally modified copolymer, the process comprising:

H

a) providing an 1nitiator component comprising one or more of

the alkalili metal salt derivatives as defined according to

the first aspect;

b) contacting a monomer component comprising

1) one or more conjugated diene monomers and

11) one or more vinyl aromatic monomers

with the 1nitiator component, to i1nitiate anionilic copolymer-

1lzation;

c) continuing copolymerization, to result in a copolymer;
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H

d) continuilng copolymerization of the copolymer, 1n the pres-

F

ence of one or more functionalized monomers, to result 1n a

functionalized copolymer;

e) coupling a part of the functionalized copolymer with one or

more coupling agents, to result 1n coupled copolymer;

f) terminally modifyving a part of the functionalized copolymer

with one or more terminal modifying agents, to result 1n ter-

minally modified copolymer.

F

Preferably, step b) 1s the addition of the i1initiator component

to the monomer component, to 1nitiate anionic copolymeriza-

tion.

H

The copolymer 1s typically prepared by forming a solution of

the one or more anionically copolymerizable monomers 1) and

H

11) above 1n a solvent, and i1nitiating the copolymerization of

the monomers with the alkalil metal derivative as described

above. The solvents used 1n such solution polymerizations will

normally contain from about 4 to about 10 carbon atoms per

molecule and will be 1ligquids under the conditions of the

H

polymerization. Some representative examples of sultable or-

ganic solvents 1nclude pentane, 1sooctane, c¢yclohexane, n-

hexane, benzene, toluene, xylene, ethvlbenzene, tetrahvydro-

furan, and the like, alone or i1in admixture.

H

Copolymers of the 1invention typically comprise from about

H

99.99 to 30 percent by weight of diene units and from 0.01 to

H

710 percent by weight of vinyl aromatic monomer units.

Copolymers described by this 1nvention typically have 1,2-

i

microstructure contents 1n a range of from 53 to 100%, prefer-

ably from 103 to 903 and most preferably from 203 to 803,

based upon the diene content.
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H

To obtain a random structure of copolymer and/or increase the

vinyl structure content, especially when specifically styrene

and butadiene monomers are used, an 1nternal modifier may op-

tionally be added to the polymerization, with the usage be-

tween 0 to 90 or more equivalents per equivalent of lithium.

H

The amount depends upon the type of 1nternal modifier and the

H H

amount of vinyl desired, the level of styvrene emploved and the

H

temperature of the polymerization. The polymerization process

H H

of this i1nvention 1s normally conducted i1in the presence of po-

lar 1nternal modifiers, such as tertiary amines, alcoholates

or alkyltetrahydrofurfuryl ethers. Some representative exam-

i

ples of specific 1nternal polar modifiers that can be used 1n-

clude methvltetrahvdrofurfuryl ether, ethvyvltetrahydrofurfurvyl

H

ether, propyvltetrahydrofurfuryl ether, butyltetrahydrofurfuryvyl

ether, hexyltetrahvydrofurfuryl ether, octyltetrahydrofurfuryl

ether, dodecvltetrahyvdrofurfuryl ether, diethyl ether, di-n-
propyl ether, diisopropyl ether, di-n-butyl ether, tetra-

hyvdrofuran, dioxane, ethvlene glycol dimethyl ether, ethylene
glyvcol diethyl ether, diethylene glycol dimethyl ether,
diethylene glycol diethyl ether, triethylene glycol dimethyl
ether, trimethvlamine, triethvlamine, N,N,N’',N'-tetramethvyl-
ethylenediamine, N-methylmorpholine, N-ethylmorpholine, N-
phenyvlmorpholine.

H

A potassium or sodium compound may be added 1n step b), pref-

erably together with the polymerization 1nitiator, when 1t 1s

F

intended to 1ncrease the reactivity of the polymerization 1ni-

ti1ator or when 1t 1s 1ntended to arrange the vinyl aromatic
monomer at random 1n the copolymer obtained, or to allow the
obtalned copolymer to contain the vinyl aromatic monomer as a
single chain. As the potassium or sodium compound added to-

gether with the polymerization 1nitiator, there can be used,

for example: alkoxides and phenoxides, typilified by 1soprop-

oxlde, tert-butoxide, tert-amyloxide, n-heptaoxide, Dbenzyl-



CA 02981121 2017-09-27

WO 2016/162482 PCT/EP2016/057757
16

H

oxlde, phenoxide and mentholate; potassium or sodium salts of

organic sulfonic acids such as dodecvylbenzensulfonic acid,

tetradecylbenzenesulfonic acid, hexadecylbenzenesulfonic acid,

and octadecvyvlbenzenesulfonic acid.

The potassium or sodium compound 1s preferably added 1n an

H

amount of 0.005 to 0.5 mol per mol equivalent polymerization

initiator. When the amount 1s less than 0.005 mol, the addi-

i H

tion effect of the potassium compound (the i1ncrease 1n the re-

H

activity of polymerization 1initiator and the randomization or

i

single chain addition of aromatic vinyl compound) may not ap-

pear. Meanwhile, when the amount 1s more than 0.5 mol, there
may be a reduction 1n polymerization activity and a striking
reduction 1n productivity and, moreover, there may be a reduc-

I

tion 1n the 1nternal modification efficiency 1n this primary

modification reaction.

The copolymer can be made 1n a batch process, or in a continu-
ous process by continuously charging the monomers 1) and 11)
1into a polymerization zone.

H

After stabilization of the temperature o

F

the monomer mixture,

i

in a range typically from -20 to 160°C, the initiator of the

invention 1s preferably added (step b)). The resultant reac-

tion mixture 1s typically agitated, to sustain homogenization

H H

of temperature and of all reagents 1n polymer solution. The

reaction 1s 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 de-

sired product and modifier used. After the reaction according

to step c¢) 1s completed (1.e. full conversion 1s achieved)

steps d), e) and f) should be performed, depending on the de-

H

sired structure of the product.
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H

After the polymerization of monomers 1n step ¢) 1s finished,

H H

functionalization of the omega terminal of the copolymer 1is

performed, according to steps e) and f).

In step d), and to perform omega end functionalization, addi-

F

tion of functionalized monomer to living polymer solution re-
sulting from step c¢) 1s performed. It 1s preferable to use one
of the functionalized monomers of general formula (I). Addi-
tion of functionalized monomer according to step d) should

most preferably be performed at conditions that are similar to

the polymerization conditions 1in step C).

After the addition of functionalized monomer to the 1living

polymer chailn end, the resulting copolymer can be described

with the general formula (V), see Fig. 1.

I

In formula (V), nl 1s an integer of from 0 to 20, nZ2 1s an 1n-

H H

teger of from 0O to 10,000, n3 1s an 1integer of from 0 to

H

10,000 and n4 1s an integer of from 0 to 20, and nz2+n3 > 0.

H

Coupling 1n step e) 1s preferably done by addition of the se-

lected coupling agent to the copolymer system resulting from

step d). Preferably, the addition 1s at conditions similar or

close to the polymerization conditions described for step c).

It should be noted that, according to the invention, the frac-

H

tion of copolymer chailins being coupled can vary between 0.01

(nearly no coupling) to 99.99% (nearly all chains subjected to

H

coupling), which 1s achieved by the controlled addition of

coupling agent, 1n the amount required to bond the desired

i H

fraction of the copolymer chains. The exact amount of coupling

agent 1s calculated based on 1ts theoretical functionality and

requlred coupling fraction.



CA 02981121 2017-09-27

WO 2016/162482 PCT/EP2016/057757

18

i

Functionality of coupling compound should be understood as

H

theoretical number of living chain ends which may undergo a

reaction with coupling agent.

H

The structures of best performing coupling agents are shown

below (E-I to E-V):
///Q§§§
\/
CI Si CI
CH, / ™~
o 6
Cl—Si—Cl RO—Si—{ CH, Vg OR
\/ Cl CH2 Cl | \ } |
L, 0 CH, P CH,4
3
=1 b— E—111 (E—T1TV)
ClI
/
Sn
\
CI
(E-V)
and

The above examples are coupling agents having a functionality

H

of two, but 1t should be noted that this 1nvention does not

F
p—

put any restriction on the functionality of the coupling

agent. However, 1t 1s preferable to use a coupling agent hav-

1ng a functionality ranging from 1 to 8.

H

After the coupling of copolymer chains functionalized with

polymer represented by described earlier general

‘Fraction Q' 1s obtained (see formula (VI) in Figure 2).

functionalized 1nitiator and functionalized monomer, the co-

formula
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In formula (VI), nl 1s an 1nteger of from 0 to 20, nZ2 1s an
integer of from 0 to 10,000, n3 1s an 1nteger of from 0 to
10,000, n4d 1s an integer of from 0 to 20, and where nz2+n3 > 0.

Also R' and R?, represent the functional groups described pre-

—

viously, pl 1s an integer which describes the functionality of

H

the coupling agent, and X represents the residue of the cou-

pling agent.

For example, when dimethvyldichlorosilane 1s used as coupling

agent, the resulting copolymer can be described as follows

(see formula (VII) 1n Figure 3).

In step f), the terminal modifying agent responsible for for-

H

mation of strong interactions with fillers such as silica or

carbon black 1s added to the copolymer solution, providing the

final copolymer described earlier as ‘Fraction T’.

It should be noted that the terminal modifying agent reacts
with any remalning living polymer chains which were not react-

ed earlier with coupling agent, as described 1n step e) above.

Any compound contailining at least one atom selected from the

group consisting of nitrogen, oxygen and silicon, and being

reactive toward a living polvmer chain, can be used as termi-

nal modifying agent. Examples of the terminal modifving group

containing at least one atom selected from the group consist-

1ing of nitrogen, oxvgen and silicon include: an amino Jgroup,

an amide group, an alkoxyvsilvl group, an 1socyvanato group, an
1mino group, an 1imidazole gJgroup, an urea group, an ether
group, a carbonvl group, a carboxvl group, a hvdroxvl group, a

nitrile group, a pyridyl group.

Specific examples of terminal modifving agents include:

3—-glvcidoxypropvltrimethoxvyvsilane,

(3-triethoxvsilvylpropyl)tetrasulfide,
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1-(4-N,N-dimethyvlaminophenyl)-1l-phenvlethyvlene,
1,l1-dimethoxvtrimethyvlamine,
1,2-bis(trichlorosilvl)ethane,
1,3,5-tris(3-triethoxvyvsilvlpropvl)isocvanurate,
1,3,5-tris(3-trimethoxysilvlpropvl)isocvanurate,
1,3-dimethvl-2-imidazolidinone,

1, 3-propanediamine,

1,4-diaminobutane,
1-[3-(triethoxysilyvl)propyl]-4,5-dihydroimidazole,
l-glvcidyl-4-(Z-pyvridvl)piperazine,
l-glycidyl-4-phenvylplperazine,
l-glycidyvl-4-methylpiperazine,
l-glvycidyl-4-methyvlhomopiperazine,
l-glvcidylhexamethyleneimine,
ll-aminoundecyltriethoxysilane,
ll-aminoundecvltrimethoxysilane,
l-benzvl-4-glycidylpiperazine,

2= (3,4-epoxyecyclohexvyvl)ethyvltrimethoxysilane,

2= (4-morpholinodithio)benzothiazole,

2= (b—aminocethyvyl)-3-aminopropvltrimethoxysilane,
2—{(triethoxysilvlethvyl)pyvridine,
z-(trimethoxvysilvlethvl)pvridine,
2—-(Z2-pyridylethyl)thiopropyltrimethoxysilane,
22— (4-pyridyvlethvl) thiopropyvltrimethoxysilane,
Z2,2-diethoxy-1, o-diaza-Z2-silacvyclooctane,

2, 2-dimethoxy-1, 0-diaza-2-silacvyclooctane,

2,3-dichloro-1,4-naphthoguinone,

2, 4-dinitrobenzenesulfonvl chloride,
2,4-tolvlene diisocvanate,
2—(4d-pvridyvlethvl)triethoxysilane,
2—(4-pyridylethvl)trimethoxysilane,
z-cvanoethvltriethoxvsilane,
2-tributvlstannvyl-1, 3-butadiene,

2= {(trimethoxvsilvlethvl)pvridine,
Z2-vinvlpyridine,
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- (4-pyridylethvyl)triethoxysilane,

- (4-pyridyvlethvyl)trimethoxysilane,

-laurvlthiocethylphenvl ketone,

- (1l-hexamethvleneimino)propvl (triethoxv)silane,

- (1, 3-dimethvlbutvlidene)aminopropvltriethoxysilane,

- (1, 3-dimethvlbutvlidene)aminopropvltrimethoxysilane,

- (N, N-dimethvylamino)propyvltriethoxysilane,

- (N, N-dimethvlamino)propvltrimethoxysilane,

- (N-methyvlamino)propyltriethoxysilane,

(
(
(
(
- (m—aminophenoxy)propvltrimethoxysilane,
(
(
(
(

- (N-methvlamino)propvltrimethoxysilane,

2
Z
z
3
3
3
3-(Z-aminoethylaminopropvl) trimethoxysilane,
3
3
3
N
N
3

- (N-allylamino)propyltrimethoxysilane,

3,4-cd1aminobenzolic acid,

3J—aminopropyldimethylethoxysilane,

J—aminopropyltriethoxvyvsilane,

3—aminopropyltrimethoxysilane,

3—aminopropvltris (methoxvdiethoxy)silane,

3J—aminopropvlidiisopropylethoxysilane,

3—1socvanatepropvltriethoxvsilane,

3—glvcidoxvypropyltriethoxvysilane,

3-thioglvcidoxvyvpropvtrimethoxysilane, and

3-thioglvcidoxypropyvtriethoxysilane.

The amount of

~

terminal modifving agent to be used depends on

H

1ts functionality (1.e. number of groups being able to form

el

bonds with 1living polymer chains) and the amount of 1living

polymer chains.

H

1fyving agents bearing a

H

It 1s well known that 1n case 0

F

terminal mod-

functionality greater than 1, exact

control of the amount of coupling agent used allows to further

influence copolymer properties and 1.e. 1ntroduce additional

coupling. Pre

—

a range of

ends, more pre:

~

per 1 mol o:

H

ferred amounts o:

living chain ends.

terminal modifying agent are 1n

’

from 0.001 to 50 mol per 1 mol of living chain

"erably 1s to use range from 0.5 mol to 10 mol
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After the addition of terminal modifyving agent in step f), an-

tioxidants, and/or alcohols for stopping polymerization reac-

tion may be added, 1f necessarvy (step g).

F

functionalization

The copolymer resulting from the addition o

agent could be described with general formula (V ), see Fig-

H

ure 4.In formula VII, nl 1s an 1nteger of from 0 to 20, nZ 1s

I H

an 1nteger of from 0 to 10,000, n3 1s an 1nteger of from 0 to

H

10,000, nd4d 1s an integer of from 0 to 20, and where nZ2+n3 >0;

R1, R2, R3, R4 represent functional groups described above

(see step a);

H

pZ2 describes the functionality of the terminal modifying agent

and can vary from 1 to 9; and

H

F' represents the residue of the terminal modifving agent.

When glvcidoxypropvltrimethoxysilane 1s used as terminal modi-

fving agent, the resulting copolymer would have structure

(IX), see Figure 5.

In a third aspect, the 1nvention relates to a copolymer compo-

nent comprising coupled copolymer I) and terminally modified

copolymer ) .

The coupled copolymer I) 1s obtained by a process comprilising

Ta. contacting a monomer component comprising 1) one or

more conjugated diene monomers and 11) one oOr more

I

vinyl aromatic monomers, 1n the presence of an 1niti-

ator component comprising one or more alkalili metal

salt derivatives as defined according to the first

aspect;
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H
p—

further copolymerization 1n the presence of one or

more functionalized monomers, to result 1n a func-

tionalized copolymer; and

coupling at least part of the functionalized copoly-
mer with one or more coupling agents, to result 1n

the coupled copolymer.

The terminally modified copolymer ) 1s being obtained by a

pProcess comprilising

Pre

a-.

contacting a monomer component comprising 1) one or

more conjugated diene monomers and 11) one oOr more

I

vinyl aromatic monomers, 1n the presence of an 1niti-

ator component comprising one or more alkalili metal

salt derivatives as defined according to the first

aspect;

H
p—

further copolymerization 1n the presence of one or

more functionalized monomers, to result 1n a func-

tionalized copolymer; and

H

terminally modifying at least part of the functional-

1zed copolymer with one or more terminal modifying

agents, to result 1n the terminally modified copoly-

mer ®

ferably, the copolymer 1s obtained by the process according

to the second aspect.

Further preferably, the copolymer component comprises

- 1 to 99 % by weight of coupled copolymer, prefera-

bly 50 to 90 % by weight of coupled copolymer,

O -

more preferably 60 to 80 % by weight of coupled

copolymer; and

- 99 to 1 % by weight of terminally modified copoly-

H

mer, preferably 10 to 50% by weight of terminally
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modified copolymer, more preferably 20 to 40% by

H

welght of terminally modified copolymer.

Most preferred 1s a copolymer component wherein the coupled

copolymer has 1 to 11 terminal groups based on the vinyl aro-

matic monomer having general formula (A), preferably 1 to 5.

The coupling agent 1s preferably of general formula (.

whereiln

Y 18 selected

(Pb), hafnium

methylene (CHj)

H

]
e

X' Y X (

L]

) 1

from silicon (S1), tin (Sn), titanium (Ti), sul-

fur (S), carbon (C), germanium (Ge), =zirconium (Zr), lead

(HEf), oxygen (0), and nitrogen (N) atoms and

groups, or their combination; and p 1s 1n a

range of from 1 to 20;

X' is independently selected from

hyvdrogen (H), chlorine (Cl), bromine (Br) 1odine

(T), and fluorine (F) or their combination;
alkyl groups containing 1-20 carbon atoms;
hvdrocarbyloxy groups where the hydrocarbyl
group may contain 1-20 atoms;

alkylsilyl groups where the alkyl group may con-
tain 1-20 atoms;

alkoxysilyl groups where the alkyl group may

contain 1-10 carbon atoms;

epoxide or epilsulfide groups containing 2 to 20

carbon atoms;

H

or combinations thereof; and

F

where n 1s 1n the range of from 0 to 6;

X% is 1ndependently selected from
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- hyvdrogen (H), chlorine (Cl), bromine (Br) 1odine

(T), and fluorine (F) or their combination;

= alkyl groups containing 1-20 carbon atoms;

— hyvdrocarbyloxy groups where the hydrocarbyvl
group may contain 1-20 atoms;

= alkylsilyl groups where the alkyl group may con-
tain 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;

H

- or combilinations thereof; and

g
p—

where m 1s 1n the range of from 0 to 6.

More preferably, the coupling agent 1s a silicon halide cou-

pling agent, and the silicon halide coupling agent 1s prefera-

bly selected from silicon tetrachloride, silicon tetrabromide,

silicon tetrafluoride, silicon tetraiodide, hexachloro-

disilane, hexabromodisilane, hexafluorodisilane, hexaiododl-

silane, octachlorotrisilane, octabromotrisilane, octafluoro-
trisilane, octaiodotrisilane, hexachlorodisiloxane,
2,2,4,4,0,0o-hexachloro-2,4,06-trisilaheptane, 1,2,3,4,5, 0-
hexakis[2- (methyldichlorosilyl)ethyl]benzene, and alkyl si1li-

H

con halides of general formula (G)

R°,-Si-X"4n (G),

wherein R’ is a monovalent aliphatic hydrocarbon group having 1

to 20 carbon atoms or a monovalent aromatic hydrocarbon group

H

having 6 to 18 carbon atoms; n 1s an 1nteger of from 0 to 2;

3, ~ . : ~ : : :
and X° 1s gselected from chlorine, bromine, fluorine, and 10dine

atoms.

Likewlise preferred 1s a copolymer component wherein the termi-

nal modified copolymer has 1 to 11 terminal groups based on
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the vinyl aromatic monomer having general formula (I), at the
terminus other than the terminus modified with the terminal

modified agent.

Further preferred 1s a copolymer component wherein the termi-

nal modifyving agent comprises alkoxysilyl groups.

In a fourth aspect, the 1nvention relates to a method for pre-
paring a rubber comprising vulcanizing the copolymer component
according to the third aspect.

—

In a fifth aspect, the 1invention relates to a rubber as ob-

H

tainable according to the method of the fourth aspect.

In a sixth aspect, the 1nvention relates to a rubber composi-

—

tion comprising x) the rubber according to the fifth aspect.

Preferably, the rubber composition further comprises vy) a

filler component comprising one or more fillers. The filler is
preferably selected from silica and carbon black. It 1is
prererred that the vy) filler component comprises silica and

carbon black.

Preferably, the rubber composition comprises

X ) a rubber component comprising 15 % by weilght or more

Q

(preferably 20 % by weight or more, more preferably 30 %

H

by weight or more) of the rubber of the fifth aspect, and

V) a filler component in an amount of 10 to 150 parts by

I

welight relative to 100 parts by weight of the rubber com-

ponent.

The rubber component may further comprise one or more further

rubbers, and the further rubber 1s preferably selected from

natural rubber, synthetic 1soprene rubber, butadiene rubber,

styrene-butadiene rubber, ethylene-a-olefin copolymer rubber,
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ethylene-a-olefin-diene copolymer rubber, acrylonitrile-

butadiene copolymer rubber, chloroprene rubber, and halo-

genated butyl rubber.

In a seventh aspect, the invention relates to a tire component
comprising the rubber composition according to the sixth as-

pect.

In an eight aspect, the 1nvention relates to a tire comprising

the tire component according to the seventh aspect.

H

The advantages of the present 1nvention become apparent from

the following examples. Unless 1ndicated otherwise, all per-

centages are given by weight.

EXAMPLES

In order to provide more details about the synthesis and prop-

H

erties of copolymers prepared according to the present i1nven-

tion, functionalized styrene-butadiene copolymers with exactly

controlled micro- and macrostructure and with functional

F

groups of wvarious type 1nserted at a precisely selected loca-

tion 1n polymer chain are described i1in Examples 2 to 3. They

are compared with non-functionalilized copolymer described 1n

Example 1.

Inertization step:

H

1200 grams of cyclohexane were added to a nitrogen-purged two

i H

liter reactor and treated with 1 gram of a 1.6 M solution of

n-pbutvllithium in cyclohexane. The solution was heated to 70°C

and vigorously stirred for 10 minutes, to clean and 1nert the

reactor. The reactor contents were then removed via a drain

valve, and nitrogen was purged agalin.
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Example 1 (reference sample)

H

320 g of cyclohexane were added to the 1nerted two liter reac-

H H

tor, followed by addition of 31 grams of styrene and 117 grams

H

of 1,3-butadiene. The 1inhibitors from the styrene and the 1, 3-

H

butadiene were removed. 2.21 mmoles of tetramethylethylene-

diamine (TMEDA) were then added, to provide random 1ncorpora-

i H
p—

tion of styrene monomer and to 1ncrease the vinyl content of

the butadiene units. The solution 1nside the reactor was heat-

ed to 60°C and was continuously stirred during the whole pro-

cess. When the desired temperature had been reached, 0.045

i H
p—

mmoles of n-butyllithium were added to perform qgquenching of

H

residual 1mpurities. Then, 0.845 mmoles of n-butvyllithium were

added to 1nitiate the polymerization process. The reaction was

carried out as an 1sothermic process for o060 minutes. 0.0525

H

mmoles of silicontetrachloride were then added to the polymer

solution as a coupling agent. Coupling was performed for 5

H

minutes. The reaction was terminated using 1 mmol of nitrogen-

purged 1sopropyl alcohol and was then rapidly stabilized by

i

addition of 2Z-methyl-4,6-bis(octylsulfanylmethyl)phenol 1n an

amount of 1.0 phr polymer. The polymer solution was then

H

treated with ethanol, and precipitation of polymer occurred.

The final product was dried overnight 1n a vacuum oven.

Example 2

H

320 g of cyclohexane were added to the 1nerted two liter reac-

H H

tor, followed by the addition of 31 grams of styrene and 117

grams of 1,3-butadiene. The 1inhibitors from the styrene and

H

the 1, 3-butadiene were removed. 4.45 mmoles of

tetramethylethylenediamine (TMEDA) were then added as a sty-

H

rene randomizer and to 1ncrease the vinyl content of the units

derived from butadiene monomer. The solution 1nside the reac-

tor was heated to 60°C and was continuously stirred during the

g
p—

whole process. Upon reaching this temperature, 0.067 mmoles of

n-buthyllithium were added to the reactor, to gquench residual

impurities.
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To another 100 mL glass vessel,

added,

and 1.70 mmoles of
was mixed
as 1nilitiator into the two liter reactor.

ried out as an 1sothermic process

After

ethenvlbenzvyl)pyrrolidine were added to the solution of
Addition of

polymer.

formed

dimethyldichlorosilane were added to the

polymer,

tionallzatlion was per:

tive

polyvmer solution.

polymerization

at

and the reaction was continued

(0.348 mmoles of

20 minutes.

followed by addition of

H
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H
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1-(4-ethenvylbenzyl)pyrrolidine was per-

F

H
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Func-
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tor
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dition

phr polymer.
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H
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H
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dried overnight 1n a vacuum oven.

Example
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H
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H
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at 1.0

The polymer solution was treated with ethanol,

final product was

cyclohexane were

and

styrene

g
p—

a styrene

the units de-

The solution 1nside the reactor

was heated to 60°C and continuously stirred during the whole

process.

Upon reaching the temperature,

0.067 mmoles of

H

n_
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butyvllithium were added to the reactor, to perform quenching

H

of residual 1mpurities.

H

To another 100 mL glass vessel, 20 grams of cyclohexane were

I H

added, followed by addition of 1.70 mmoles of n-butyllithium

H

and 3.30 mmoles of 1-(4-ethenvlbenzvl)pyrrolidine. The mixture

was mixed at room temperature for 10 minutes and transferred

as 1nitiator to the two liter reactor. The reaction was car-

ried out for 45 minutes as an 1sothermic process. After

polymerization had ceased, 3.360 mmoles of 1-(4-

H

ethenylbenzyl)pyrrolidine were added to the solution of living

H

polymer. Addition of 1-(4-ethenvlbenzyl)pyrrolidine was per-

H
p—

formed at 60°C over 15 minutes. 0.338 mmoles of

H

dimethyldichlorosilane were then added to the solution of liv-

1ng 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 polyvmer solution. Functionalization was

carried out at 60°C for 20 minutes. The reaction was terminated

H

using 1 mmol of nitrogen-purged 1sopropyl alcohol, and was
rapidly stabilized by the addition of 2-methyl-4, 6-

bis(octylsulfanylmethyl)phenol at 1.0 phr polymer. The polymer

H

solution was then treated with ethanol, and precipitation of

polymer occurred. The final product was dried overnight in a

vacuuln OVell.

CHARACTERIZATION
Vinyl content (%)
Determined by 600 MHz 'H-NMR, based on BS ISO 21561:2005

Bound styrene content (%)
Determined by 600 MHz 'H-NMR, based on BS ISO 21561:2005
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Molecular weight determination

Gel permeation chromatography was performed wvia PSS Polymer

Standards Service multiple columns (with guard column) using

THE as the eluent and for sample preparation. Multi-angle la-

ser light scattering measurements were carried out using a Wy-

att Technologies Dawn Heleos light scattering detector, DAD
(PDA) Agilent 1260 Infinity UV-VIS detector and Agilent 1260

Infinity refractive 1index detector.

Glass transition temperature (°C)
Determined based on PN-EN ISO 11357-1:2009

Mooney viscosity (ML 1+4, 100°C)

Determined based on ASTM D 1646-07, using an L rotor under the

H

conditions of preheating = 1 minute, rotor operating time = 4

minutes, and temperature = 100°C

Vulcanization characteristics
Determined based on ASTM Do6204, using RPA 2000 Alpha Technolo-

gles rubber processing analyzer, operating time = 30 minutes,

and temperature = 170°C

Evaluation and measurement of properties of rubber composition

A rubber composition (vulcanized) was prepared using a polymer

H

obtained 1n each of Examples, and was measured for the follow-

1ng test 1tems

Tyvre predictors (tan & at 60°C, tan & at 0°C, tan & at -10°C)

A vulcanized rubber composition was used as a test sample and

measured for this parameter, using a dynamilic mechanical ana-

lvzer (DMA 450+ MetraviB) 1n shear mode under the conditions

e O =

of tensile strain = 23, frequency = 10 Hz, 1n the range of

ﬁ

temperature from -70 to 70°C, with heating rate of 2.5°C/min.
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Rebound resilience
Determined based on ISO 466/

Table 1 shows the characterization results for the three sam-

ples synthesized for this study.

Table 1.
Vinyl Styrene
M, M, Ig
Example content | content | Moone o
—— [g/mol] | [g/mol] | Mw/M: 510 e Y| [°c
. 190,000 | 339,000 | 1.79 60.73 20.41 50.5 -24 .1
(reference)
2 230,000 | 373,000 | 1.02 62.960 21.806 51.60 -22.1
3 222,000 | 367,000 | 1.65 62.07 21.67 49,3 -23.3

Based on 1,3-butadiene content

COMPOUNDING

H

Using each of the rubbers obtained 1in Examples 2 and 3 and

Reference sample 1, compounding was made according to the

H

“compounding recipe of rubber composition” as shown in Table 2

below. The compounds were mixed 1n two steps 1n Banbury type

H

of 1nternal mixers (350

L]

Brabender GmbH & Co. KG): step 1 1in

the white mixing line, step 2 1in the black one. The condition-

1ng time between steps 1 and 2 was 24 hours. In the third step
vulcanizating agents were mixed 1nto 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 re-

sults) to obtaln rubber compositions (vulcanized composi-

ci1ons) . Each wvulcanized rubber composition was evaluated and

measured for the above-mentioned tensile properties, tire pre-

dictors and rebound resilience. The results are shown 1n Ta-
ble 3.
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Table 2.

Component phr
SBR 75
Polybutadiene rubber’ 25
Silica’ 30
Carbon Black’ 10
Stearic acid 2
Zinc oxide 3
0il extender’ 37.5
6PPD> 2
Bis[3- (triethoxysilyl)propyl] tetrasulfide® 0.4
N-tert-butyl-2-benzothiazole sulfenamide’ 1.7
1,3-Diphenylguanidine® Z
Sulphur 1.5

H

lSynteca 44, a product of Synthos

‘7e0sil 1165MP, a product of Solvay
"ISAF-N234, a product of Cabot Corporation
“VivaTec 500, a product of Klaus Dahleke KG
"VULKANOX 4020/LG, a product of Lanxess

H

°si 69, a product of Evonik
'LUVOMAXX TBBS, a product of Lehmann & Voss & Co. KG

DENAX, a product of Draslovka a.s.

Table 3.
P
Rebound Tyre predictors ayne
Example | resilience effect
[%] Tan O tan o tan o G' 1—G' 90
(60°C)* (0°C)* (-10°C)° [kPa]
1 32.45 0.1779 0.4908 0.062065 431.71
2 35.54 0.14806 0.5844 0.0093 215.47
3 35.927 0.1450 0.0203 0.70406 207 .77

'Rolling resistance (lower is better)

‘Wet traction (higher 1s better)

"Tce traction (higher 1s better)
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It 1s deduced from these results that 1n a silica mix, judged

H

on the basis of the properties 1n the vulcanized state, SSBR 3

according to the invention 1mparts 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 1nvention.

H

Furthermore, 1t will be noted that the tvyre predictors of rub-

ber composition 3 according to the 1nvention are 1improved

H H
p—

relative to those of the control rubber composition 1 and of

the other rubber composition 2 according to the 1nvention.

Moreover, said tyre predictors are improved for rubber compo-
sition 2 according to the 1nvention relative to the control

rubber composition 1.

While certain representative embodiments and details have been

I

shown for the purpose of 1llustrating the subject 1nvention,

1t will be apparent to those skilled i1in this art that wvarious

changes and modifications can be made therein without depart-

H

1ng from the scope o0of the subject 1i1nvention, which scope 1s

defined by the following claims.
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Claims

H H

1. Use of an alkali metal salt derivative of a vinyl aromatic

monomer having general formula (A)

=

R
o

R (A)

wherein

the alkalli metal 1s selected from 1lithium, sodium,

and potassium; and

)

R 1s selected from groups of formula (B) and (C):

(R——=)

X 1 2
N (R C—R )
| X
//N
Y
R R
(CHZ)n (3) (C)
wherein
X 1s an integer of from 1 to 10;
n 1s an i1nteger of from 2 to 10;

HH

R' and R® groups within a repeat unit and in differ-

ent repeat units are 1ndependently selected from a hydro-

gen atom and an alkyl group having from 1 to 4 carbon at-

oms; and

R° and R* are 1ndependently selected from alkyl

groups containing from 1 to 10 carbon atoms, arvyl groups
having 6 to 10 carbon atoms, allyl groups having 3 to 10
carbon atoms, and alkvyloxy groups having the structural

H

formula - (CHy),-0O-(CHy),-CHs, wherein y 1s an 1nteger of

F

from 1 to 10 and z 1s an 1integer of from 1 to 10;
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H

for the copolymerization of 1) one oOr more

conjugated diene monomers and 11) one oOr more vinyl aro-

matlc monomers.

H

clailm

), and

claim 1, wherein the alkali metal 1s lithium.

)

1 or claim 2, wherein R 1s a group of

- xXx 18 1 or 2, preferably 1;

- R' is a hydrogen atom, preferably wherein R' and R“

are both a hydrogen atom, and

- n 1s 4 or o, preferably 4.

2. The use of
3. The use of
formula (

4. The use of

clailm

)

3, wherein the compound of formula (A)

1s N-vinvylbenzylpyrrolidine,

pre

ferably wherein the N-vinvlbenzvlpyrrolidine 1s N-(3-

vinylbenzyl)pyrrolidine or N-(4-vinylbenzvl)pyrrolidine,

more pre:

‘erably wherein the N-vinvlbenzvlpyrrolidine 1s

N-(4-vinylbenzyl)pyrrolidine.

5. The

tive 1s of

H

use OL

ﬁ

H

any one of claims 1 to 4 wherein the deriva-

formula

(D)

..I_

C4Ho

whereiln

M" is the alkali metal, and

R

CH—CH, CH—CH, M

5 &

Ko =

H

n 1s an integer of from 0 to 20.
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i

6. A process for the preparation of a copolymer component

comprising coupled copolymer and terminally modified co-

polymer, the process comprising:

a) providing an 1nitiator component comprising one or more

H

alkali metal salt derivatives of a vinyl aromatic mono-

mer having general formula (A)

=

R

=

R (A)

whereiln

che alkalili metal 1s selected from 1lithium, sodium,

and potassium; and

)

R 1s selected from groups of formula (B) and (C):

(R—t—=)

N (R1 C R2)
| X
AN
R’ R
(CHZ)n (B) (C)
whereiln
X 18 an 1nteger of from 1 to 10;
n 1s an integer of from 2 to 10;

HH

R' and R® groups within a repeat unit and in differ-

ent repeat units are 1ndependently selected from a hydro-

gen atom and an alkyl group having from 1 to 4 carbon at-

oms; and

R° and R* are 1ndependently selected from alkyl

groups containing from 1 to 10 carbon atoms, arvyl groups

having 6 to 10 carbon atoms, allyl groups having 3 to 10
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carbon atoms, and alkyloxy groups having the structural

H

formula - (CHy),-O-(CHy),-CHs, wherein y 1s an 1integer ot

H

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

b) contacting a monomer component comprising

1) one or more conjugated diene monomers and

11) one or more vinyl aromatic monomers

with the 1nitiator component, to 1nitiate anionic coO-

polymerization;

c) continuing copolymerization, to result 1in a copolymer;

~—

d) continuilng copolymerization of the copolymer, 1n the

H

presence of one or more functionalized monomers, to re-

sult 1n a functionalized copolymer;

~—

e) coupling a part of the functionalized copolymer with

one or more coupling agents, to result 1n coupled copoly-

mer; and

f) terminally modifying a part of the functionalized co-

polymer with one or more terminal modifying agents, to re-

sult 1n terminally modified copolymer.

— —

/. The process of claim © wherein step b) 1s an addition of

che 1nitiator component to the monomer component, to 1ni-

tlate anionic copolymerization.

3. A copolymer component comprising coupled copolymer I) and

terminally modified copolymer ) ,

T) the coupled copolymer being obtained by a process

comprising
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Ta. contacting a monomer component comprising 1) OnNe

Oor more conjugated diene monomers and 11) one or

H
p—

more vinyl aromatic monomers, 1n the presence of

an 1nitlator component comprlising one or more

H

alkalli metal salt derivatives of a vinyl aro-

matic monomer having general formula (A)

/

=

R (A)

=
A

wherein

the alkalil metal 1s selected from lithium, sodi-

um, and potassium; and

R 1s selected from groups of formula (B) and
(C)
(R1 C R2)
| X 1 2
N (R C—R )
| X
AN
R’ R
(CHZ)n (3) (C)
wherein
X 18 an 1nteger of from 1 to 10;
n 1s an 1nteger of from 2 to 10;

R' and R’ groups within a repeat unit and in

different repeat units are 1ndependently selected

from a hydrogen atom and an alkyl group having from 1

to 4 carbon atoms; and

R° and R* are 1independently selected from alkyl

groups containing from 1 to 10 carbon atoms, aryvl

groups having © to 10 carbon atoms, allyl groups hav-
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ing 3 to 10 carbon atoms, and alkvloxy groups having

the structural formula -(CH;),-0-(CH;),-CHs, wherein vy

H H

1s an 1nteger of from 1 to 10 and z 1s an 1nteger of

from 1 to 10;

H

Ib. further copolymerization 1n the presence of one

or more functionalized monomers, to result 1n a

functionalized copolymer; and

H

Ic. coupling a part of the functionalized copolymer

with one or more coupling agents, to result 1n

the coupled copolymer;

) the terminally modified copolymer being obtained by a

pProcess comprilising

a. contacting a monomer component comprising 1) ONe

Oor more conjugated diene monomers and 11) one or

H
p—

more vinyl aromatic monomers, 1n the presence of

an 1nitiator component comprising one or more

H

alkalli metal salt derivatives of a vinyl aro-

matic monomer having general formula (A)

=
R

=

R (A)

wherein

the alkalil metal 1s selected from lithium, sodi-

um, and potassium;

)

R 1s selected from groups of formula (B) and

(C) :
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(R1 C R2)
| X
N
(CHZ)n (3 )
wherein

9.

10.

X 18 an 1nteger o:

Nn 1S an 1nteger o:

H

PCT/EP2016/057757

from 1 to 10;

from 2 to 10;

R' and R® groups within a repeat unit and in

different repeat units

to 4 carbon atoms; and

are 1ndependently selected

from a hydrogen atom and an alkyl group having from 1

R° and R*® are 1ndependently selected from alkyl

groups containing from 1 to 10 carbon atoms, arvl

groups having © to 10 carbon atoms, allyl groups hav-

ing 3 to 10 carbon atoms, and alkyloxy groups having

the structural formula -(CH;),-0-(CH;),.-CHs, wherein vy

H

1s an integer of from 1 to 10 and z 1s an 1nteger of

from 1 to 10;

H

H

b. further copolymerization 1in the presence of one

or more functionalized monomers, to result 1n a

functionalized copolymer; and

H

c. terminally modifying at least part of the func-

tionalized copolymer with one or more terminal

modifying agents,

modified copolymer.

to result 1n the terminally

H

The copolymer component of claim 8, obtained by the

I

process according to any one of claims 6 and 7.

comprilsing

H H

The copolymer component of any one of claims 8 and 9,
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1 to 99

.

O
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by weight of

bly 50 to 903 =

more pre:

polymer
99 to 1

: and

.

O

mer, pre:
mod ]
welght of

by weight of
‘erably 10 to 50%
fied copolymer,

terminally mod:

42

H

H

by weight of

H

more pre

H

terminally modi

any one of

PCT/EP2016/057757

coupled copolymer,

prefera-
coupled copolymer,
‘erably 60 to 803 by weight of

coupled co-

by welght o:
‘erably 20 to 40%

fied copolymer.

H

H

fied copoly-

- terminally

Dy

claims 8 to 10,

wherein the coupled copolymer has 1 to 11 terminal groups

based on the vinyl aromatic monomer having general

la

12.

wherein the terminal modaz

(A) ,

The copolymer component of

preferably 1 to 5.

i

any one of

H

formu-

claims 8 to 11,

fied copolymer has 1 to 11 ter-

minal groups based on the vinyl aromatic monomer having

general formula (A), at the terminus other than the ter-
minus modified with the terminal modifying agent.

13. The copolymer component of any of claims 8 to 12,
wherein the terminal modifying agent comprilses
alkoxysilyl groups.

14. The copolymer component of any of claims 8 to 13,
wherein the coupling agent 1s of general formula (E)

XY Xm (E),
wherein
Y 18 selected from silicon (S1i), tin (Sn), titanium
(T1), sulfur (S), carbon (C), germanium (Ge), zZ1lrco-
nium (Zr), lead (Pb), hafnium (Hf), oxygen (0), and
nitrogen (N) atoms and methylene (CHy) groups, or
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)

their combilnation; and p 1s 1n a range of from 1 to

207

X' is independently selected from

hydrogen (H), chlorine (Cl), bromine (Br) 1odine

(T), and fluorine (F) or their combination;
alkyl groups containing 1-20 carbon atoms;
hyvdrocarbyloxy groups where the hydrocarbyvl
group may contain 1-20 atoms;

alkylsilyl groups where the alkyl group may con-
tain 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;

H

or combilinations thereof; and

g
p—

where n 1s 1n a range of from 0 to 6; and

X% is 1ndependently selected from

hydrogen (H), chlorine (Cl), bromine (Br) 1odine

(T), and fluorine (F) or their combination;
alkyl groups containing 1-20 carbon atoms;
hyvdrocarbyloxy groups where the hydrocarbyvl
group may contain 1-20 atoms;

alkylsilyl groups where the alkyl group may con-
tain 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;

H

or combilinations thereof; and

g
p—

where m 1s 1n a range of from 0 to o.

The copolymer component ©O

H

claim 14 wherein the cou-

pling agent 1s a silicon halide coupling agent,
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16.

17.

18.

19.

44

preferably wherein the silicon halide coupling agent 1s

selected from silicon tetrachloride, silicon tetrabromide,

silicon tetrafluoride, silicon tetraiodide, hexachloro-

disilane, hexabromodisilane, hexafluorodisilane, hexaiodo-

disilane, octachlorotrisilane, octabromotrisilane, octa-

fluorotrisilane, octaiodotrisilane, hexachlorodisiloxane,
2,2,4,4,06,0-hexachloro-2,4,0-trisilaheptane, 1,2,3,4,5,0-
hexakis[2- (methyldichlorosilyl)ethyl]benzene, and alkyl

H

silicon halides of general formula (G)

R’.-Si-X"4.n (G),

wherein R’ is a monovalent aliphatic hydrocarbon group
having 1 to 20 carbon atoms or a monovalent aromatic hy-
drocarbon group having 6 to 18 carbon atoms; n 1s an 1nte-

H

ger of 0 to Z2; and X’ is selected from chlorine, bromine,

fluorine, and 1odine atoms.

A method for preparing a rubber comprising vulcaniz-

F H

1ng the copolymer component of any of claims 8 to 15 1in

H

the presence of one or more vulcanizing agents.

A rubber as obtainable according to the method of
claim 160.

A rubber composition comprising x) the rubber of
claim 17.

The rubber composition of claim 18, further compris-

1ng y) a filler component comprising one or more fillers

preferably wherein the filler 1s selected from silica and

carbon black,

more preferably wherein the vy) filler component comprises

si1lica and carbon black.
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H H

20. The rubber composition of any of claims 18 and 19, com-

pPrising

\C

X ) a rubber component comprising 15 % by welght or more

H H

of the rubber of claim 17, and

V) a filler component in an amount of 10 to 150 parts by

I

welight relative to 100 parts by weight of the rubber com-

ponent.

H H

21. The rubber composition of any of claims 18 to 20, compris-

O — —

1ng x) 20 % by weight or more of the rubber of claim 17,

’

preferably x) 30 % by weight or more of the rubber of

)

claim 17;

O -

more preferably x) 40 % by weight or more of the rubber of

)

claim 17.

22. The rubber composition of any of claims 18 to 21, wherein

x) the rubber component further comprises one or more fur-

ther rubbers:

preferably wherein the further rubber 1s selected from

natural rubber, synthetic i1soprene rubber, butadiene rub-

ber, styrene-butadiene rubber, ethylene-oa-olefin copolymer

rubber, ethylene-a-olefin-diene copolymer rubber, acry-

lonitrile-butadiene copolymer rubber, chloroprene rubber,

and halogenated butyl rubber.

23. A tire component comprising the rubber composition of

claim 22,

preferably wherein the tire component 1s a tire tread.

—

24. A tilre comprising the tire component of claim 23.
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