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Modified polymer compositions

The present lnventlon relates to a process for the continuocus

preparation of modified elastomeric polymers, comprising the
steps of (i) providing and polymerizing at least one
conjugated diene monomer and, opticnally, one or more
aromatic vinyl monomer din  the presence of an aniocnic

iltiator and & compound according to Formula 1, e.g. 2,2-di-

I
(Z-cxolanyl)propane or a derivative thevecof, to provide a

living anionic polymer; an {ii) adding a ,sulfanylsilane"

living anionic polymer

e

ompound toe the

The present invention also relates to elastomer pcolymers

ing to the above process. In yet

that are obtalinable acco
ok

another embodiment, he present invention relates to a
composition comprising the elastomeric polymer and,

cptionally, further constituents such as oil, filler and/or
vulcanizing agent. The Invention further relates to a process
for the preparation of a cross-linked elastomeric polymer

comprising the step of adding a vulecanizing agent to the
elastomeric polymer. Moreover, cross-linked elastomeric
polymers thus cobtainable as well as articles and conpositions
comprising the elastomeric polymer, the cross-linked

elastomeric polymer or both are described.

Aving anionic polymers, including living canjugated
polydienes and copolymers of conjugated dienes with arcmatic
alpha olefines, in particular living polybutadiene, living
polyiscprens or copelymers of butadiene and/or isoprens with
arcmatic alpha clefins, including styrene, can be modified
with "sulfanvlsilane”™ compounds to gilive modified elastomeric
polvmers with altered properties. 3Such polymers are also
sometimes referred to as “modi fled polymers” or
osed 1in US 2008/0287601

Al, these modified polymers can be used in the preparation of

[

“functicnalized polymers”. As disc

rubber compcsiticns. Such rubber compositions serve as a raw
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material for varicus applications, e.g. for the manufacture
of tires. When cross-linked or oured, the rubber compositions
were found to exhibit decreased values Tan dat 60 °C without
negatively impacting Tan & at 0 °C wvalues. In particular,
tires were found to exhibit low relling resistance 1f they
comprise a rubber compesition having reduced wvalues Tan & at
60 °C. Such tires show good fuel economy and therefore meet
current demands such as reduced emission of carborn diouide,
Tan & at 0 °C values of the cross-linked rubber composition
correspond to wet skid properties of articles such as tires
comprising such a composition. Despite some advantages, there
ars, however, drawbacks asscciated with these modified prior
art polymers.

When processing and compounding prior art elastomeric
polymers with, e.g, fillers such as silica or carbon black,
these polymers were found o exhibit increased Mooney

F

3

viscositlies (CMU; hereln after also referred to as “Compeound
Mocney iscosity”) of the final composition, i.e. the
composition comprising the modified polymer and further

compounds  such as, e.g. sili

('}

a or carbon black. Inc

1

r
values CMU, however, reduce throughput rates in the polymer
n

compounding process and boost energy consumption when mixing.
In some caseg, the mixing equipment even fails comple to
process materials of such high viscosity.

Prior art attempts to address these problems by means of
starting materisls focussed on modified polymers having
it

reduced Mooney Vise ities (MU} before compounding. Low MU

ieved to allow for

o

5
values of mwmodifled polvmers were be

}_..J

acceptably low CMU values in the final composition. However,
compounding modified polymers having low viscosities turned
out to be difficult. Specifically, processing such polymers
in rubber production plants may vield sticky polymer crumbs,
and the final peolymer will likely show increased cold flow.
While gticky polymer crumbs tend to agglomerate and cannot be

dried efficiently, polymers showing increased cold flow mav
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t be adequately packed and tfransported. Furthermore, i1f

@)
polymers cannot be dried efficiently, it

will be difficult to
caloulate the correct polymer amount reguired according to
polymer tire formulation recipes.

Therefore, there is a need to provide elastomeric polymers
showing improved processing characteristics as compared to
polymers obtained by conventicnal modification reactions, and

o

allowing the provision o©f cross-linked (vulcanized) polymer

values Tan & at 0 °C are still suffi

compositions having decreased values Tan & at 60 °C while

cient. Meoreover, there is
a need for polymers facilitating the provision of articles
such as tires having low rolling resistance and good wet skid
properties. There is a further need for polymer compositions

Te

comprising "sulfanylsilane”™ modified polymers, silica and/or
carbon black, and showing CMU values facilitating processing
and compounding steps thereof. Particularly, there is a need
for rubber formulations having reduced compound Mocney
viscosity wvaluez (CMU) in thelr non-cured state during
reactive mixing in combination with low hysteresis loss, as
represented v low heat build-up and low Tan § at
values, and good grip, as represented by high Tan &at 0 °C
{wet grip) and high Tan dat ~10 °C (ice grip) valu

cured rubber formulations. Overall, there is a nee
provide an efficient process for the manufacture of the

desired polymers.

In a first aspect, the present invention ther

a process for the ceontinuous preparation of an el r

polymer. The present invention thus refers to a continuous
o

polymerization process, said process comprising the steps

{1} providing and polymerizing at least cone conjugated diene

monomer and, optionally, one or more aromatic vinyl monomer

at a temperature of 110 “C or less in an organic solvent in
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the presence of an active initiator and in the presence of a

cempound according to Formula 1:

3
24 o R2 o- . 06
R4 \ R’ R

RS R8 n

-
|

wherein O in Formula 1 Is oxygen, Rl and R2 in Formula 1 are
each independently hydrogen or an alkyl group, wmreferably
hydrogen or a Cl1-C4 alkyl group; R3, R4, R5, R&, R7 and RE
are each Independently selected from hydrogen or an alkyl

3 Aan

1»4 -

group, preferably hydrogen or a Cil-C6 alkyl group; n

integer value selected from 1, 2, 3 or 4, preferably 1;

and wherein the active initiator is an anionic initiator and
the molar ratic of the compound according to Formula
active initiastor is from 0,15 to 10;

to provide a living anicnic polymer; and

(11} adding a first guantity of a compound accecrding o
Formula 2 to the living anionic polymer in an amount such
that the molar ratlio of the compound according to Formula 2 /

active initiator is of from 0,21 or more:
(RO} ,8i-A-S-SiR'R’"R’’’ (Formula 2)
wherein S in Formula 2 is sulphur, 51 is silicon, O is

oxygen; groups R are each independently selected from alkyl,

aralkyl or aryl, preferably from Ci~C10 alkyl, C7-Cl7 aralkvl
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or C6-Clé aryl; groups R, R’ and R’'" are independently
from each other selected from alkyl, aralkyl or aryl,

preferably from C1l-Cil0 alkyl, C&-Clé aryvl or C7-Cl7 aralkyl;

ey

is a divalent hydrocarbvl group, preferably C1-C20 alkylene
or C7-CZ5h aralkylene.

ALY

The term “continuous process”, “continuous pelymerization” ox
similar terms as used herein, refers toc a polymerization
process in which the solvent, at least one conjugated diene
monomer and, optionally, one or more aromabtic vinyl monomer,
and all the ingredients, necessary Lo periorm the
polymerization reaction, are dosed to a reactor in specified
ratics in a continucus manner. Typically, two or more
polyvmerization reactors connected in series are used. In a

preferred embodiment, steps (1) and {(ii} as well as opitional

0

step {(1iii} which 1s described herein below are carried out in
reaction wvessels connected in series. Step (1) can be
performed in more than one reactor vessel but, preferably,
gtep (i} is performed in cne reactor vessel. Preferably, the
flow of the sclvent, the at least one conjugated diene

monomer and, optionally, the one or more aromatic winyl

monomer, and all the ingredients necessary to perform the

polymerization reaction {(including the anionic initiator and

the compound acccrding toe Formula 1) are adijusted such that

o
the mezn residence time of the reaction mixture during each
of steps (i), {1i} and, opticnally step {iii) is in the ranges
of from 30 to 150 minutes. If individual steps (i}, (ii1}) and,
opticonally {i1ii} are carried out in individual, subsequent
reaction wvessels, it 1s thus preferred that the flow rates
are adijusted in crder to achieve residence times of from 30
to 150 minutes in each reaction vessel. In one embodiment,
the residence times may range from 30 to 80 minutes. In

ther embodiment, the residence times may range from 90 to

i

The monomers provided in step (i) of the process according to

the present Iinventicn include at least one conjugated diene
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moncmer. Representative conjugated diene monomers include but
are not limited 1, 3~butadiene, Z—alkyl-1,3~-butadiene,
isoprene (2=methyl-1, 3~butadiene), 2,3-dimethyl-1,3-
diene, 1,3-pentadiene, 2,4-hexadiene, 1,3~hexadiene, 1,3~
adliene, 1,3~octadiene, 2-methyl-2, 4-pentadiene,
cyclopentadiene, Z2,4-hexadiene, 1,3-cyclooctadiens, and
comblnations thereof. Preferred conjugated dienes include but
are not limited to 1,3-butadiene, isoprens, and combinations

thereof.

In addition to the at least one conjugated diene monomer,
other polymerizable monomers may additicnally be provided in
step (i}. Suitable examples of additional monomers include
without limitation olefins selected from d-olefing, internal
olefins, cyclic olefins, polar olefins or non-conjugated
diclefins. Preferred additional monomers are CZ2-20 o~
olefins, including, but  not limited to, long chain

macromclecular a-olefins and aromatic vinyl compounds.

In a preferred embodiment, the present invention relates to a
process wherein in step (1) one or more aromatic vinyl
monomers are provided as additional monomer. Representative
examples of aromatic vinyl monomers include but are not
limited *to styvrene and its derivatives, including but not
limited to Cq.4 alkyl substituted styrenes, such as 2Z-
methylstyrene, F-methylstyrene, 4-methylstyrene, 2, 4—
dimethylisytrene, 2,4, ¢~trimethylstyrene, o-methvlstyrene, and
stilbene, 2,4~diisopropylstyrene,4-tert-butylstyvrene, inyl
benzyl dimethylamine, (d-vinvlbenzyl)dimethyl amincethyl
ether, N,N-dimethylamincethyl styrene, tert-butoxystvrene,
vinylpyridine, and mixtures thereof. Preferred arcmatic vinyl
monomers include styrene, 4-methylstyrene, and a combination

thereof.

Suitable polar oclefins include acrylenitrile, methacrylates
and methylmethacrvylate, Suitable nonconjugated clefins

include C4-20 diclefins, especially norbornadiens,
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ethylidenencrbornens, 1, 4-hexadiene, 1,5-hexadiene, 1,7
octadiene, 4~vinylcyclohexene and divinylibenzene, including
1,2-divinvylibenzense, i1,3~divinylbenzene and 1,4~

divinvlbenzene, and mixtures thereof.

In ocne embodiment of the present invention, the process
comprises the polymerization of conjugated dienes, preferably
1,3~butadiene or isoprene to give a homopolymer. In a Ffurther
empbodiment, the preccess involves the polymerization of at
least one conjugated diene, preferably 1,3-butadiene or
isoprene, with at least one conjugated diene; and/or with at

ast one aromatic o-olsefin, preferably with at least one
arcmatic vinyl monomer, more preferably with styvrene or 4-
methylstyrene; and/or with at least one aromatic diolefin,
preferably divinylibenzene, to gilve random or block <o~ or

terpolymers.

The solvent used in accordance with the invention is an
organic scolvent suitable for anionic polymerization
reactions. Anionic polymerizaticn reactions proceed according
to an anionic polvmerization mechanism. Throughout the
polymerization, the polymer chain-end is ilonic or “living”

In corne embodiment, the pcolymerizaticn solvent 1s selected
from non-polar aromatic and non—aromatic scolwvents including
butane, pentane, cyclohexane, hexane, heptane and octane. In
a preferred embodiment, the solvent is selected from one or
mere of butane, cyclohexane, hexane and heptane. FPreferably,
the Sclid Content of Monomers is from 6 Lo 24 percent by
welght, more preferably from 10 to 18 percent by welght and
most preferably from 12 to 15 percent by weight based on the
total weight of monomers and sclvent. The ferm “total solid
content of moncmers”, “solld content of monomers’”, or similar
terms as wused hereln refer to the total mass {or weight)
percentage of mconomers based on the total weight of solvent

and monomers (e.g. butadiene and styrene).
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The initiator used to start the polvmerization reaction in
accordance with the present invention 1s an anionic
initiator. Suitable examples of anionic initiators include
crgano metal compounds having at least one lithium atom, the
organo metal compounds centaining a non-polar C1-C20
hydrocarbon group. Preferably, the organo mstal compound is
an alkyl lithium compound (hereinaiter also referred to as
alkyl lithium), such as ethyl lithium, propyl lithium, n-
butyl lithium, sec-butyl lithiuwm, tert-butyl lithium, phenyl
tithium, hexyi lithium and 1,4-dilithio-n-butane, oY &
mixture of two cor mere of these compounds. Most preferably,
n-putyl lithium, sec-butyl lithium or a mixture thereof is
used as anlionic initiator in accordance with the present

invention.

The above initiators may be used alone or in combination as a
mixture of two or more different kinds. The amount of
initiator used varies Dbased upon the monomers being
polymerized and it also depends on the target molecular
welght of the produced polymer; however, the amount is
typically between 0,0124 mol of initiator / kg of monomer
{total polymerizable monomer)and 0,00143 mol of initiator /
kg of monomer (total polymerizable monomer) if the target
nunber average molecular weight Mn 1s from 80002 g/mel to
700000 g/mol.

The term “active initiator” (in the following also referred
to as “I*”) as used herein, refers to the amount of initiator
that takes part in the polymerization resaction, and that is
not deactivated by impurities contained in the reaction
medium. For example, in the polvmerization of butadiene and
styrene in the presence of butyl lithium as anionic

initiater, the active butyl lithium content

-

* “ P . ; ; .
(MI*lmol/minl) is calculated based on the absolute number

average meolecular weilght (Mn) of the living anicnic polymer
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obtained in stepr (i1}, the conversion, and the total charged

amount of monomers
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C = Momomer Conversion, and

Mn = number average molecular welght of the living anionic
polymer cbtained in step (i) prior to the addition of the
compound according to Formula Z.

-

The compound according to Formula 1 above, preferably 2,2-di-
{2-oxolanylipropane or a derivative thereof 1s used in
accordance with the present invention as a polar compound to
acdjust the composition distribution of the aromatic wvinvl
monomer as optional comonomer In the polymer and, thus, serve
as a randomizer compound. The compound according to Formula 1
above, preferably 2,Z2-di-{Z-cxeclanvyl)propane or a derivative
thereof is alsc used in accordance with the present invention
as a polar compeound to adjust the composition distribution
and the amount of the 1,Z2-polybutadiense polymer units in the
volymer or optionail copelymer and, thus, serve as a
randomizer compound. Furthermore, the compound according to
Formula 1 above, preferably 2,2-di-{Z-oxolanyl)propane or a
derivative therecf 1is alsc used in accordance with the
present invention as a polar compound to accelerate the
polymerization rate. Without wlishing to be bound by theory,
the compound according to Formula 1 is also expected to
interact with the cation, in particular with the lithium
cation of the anionic initiater to adijust the 1,4 insertion
of the conjugated diene monomer, in particular butadiene. In
a preferred embodiment, Rl and R2 in Formula 1 are each
independently a Cl-C4 alkyl group; and R3, R4, R5, R6, R7 and
RE in Formula 1 are each independently selected from hydrogen

or a Cl-C¢ alkyl group. In some embodiments, R3, R4, R5, Ré,
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R7 and RB are each hydrogen. In a preferred embodiment, n
within formula 1 is 1. In an alternative embodiment, n is
selected from 2, 3 or 4. If n in Formula 1 is not 1, then,
preferably, R3 represents the same group as Rb&, R4 represents

the same group as R7, and RS represents the same group as RE.

In a further preferred embodiment, the compound according to
Formula 1 above 1s 2,2-di-{Z-oxolanvlipropan {in the
following also abbreviated as “DTHFP”), hereinafter also
referred to as di{tetrahydrofuryl)propane {in the following

also abbreviated as “DOP™).

The compound according to formula 1 is added at a molar ratio

-

the compound according to formula 1 to the active

L
N

o

1

initiator within a range of from 0,15 to 10, preferably at a
ratio of from 0,4 to 5, most prefersbly of from 0,8 to 3. The
compound according to formula 1 may be directly added to the
polymer solution without diluticn; Thowsver, it may be
beneficial to add the modifier in solution using an inert

solvent, e.g. the solvent described above.

It has been found that the use of a compound acceording to
formula 1 as pelar modifier in acceordance with the present
inventicn allows a random incorpecration of the optional
aromatic vinyl monomer, e.g. styrene 1in the polymer chain.
Eccerdingly, the block content of the aromatic vinyl monome

-

r,
e.g. the styrene block content can be kept low, for example
below 10 weight percent, preferably below 5 weight percent,
more preferably below 3 weight percent based on the weight of
the aromatic vinyl monomer in the polymer, and depending on
the molar ratic of the compound according to formula 1 to the
active initiateor. A low block content of the aromatic vinyl
menomer, in particular low styrene block content is typically
regquired in the manufacture of tires. The term “stvrene block
fraction”, “styrene block content”, or gimilar terms as used

herein refer to the weight fraction of styrene, based on the
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total amount of polymerized styrene in the polymer, which is
styrene sequences longsr fthan six styrene

incorporated as

units.

Step (1) of providing and polymerizing the monomers, L1.e. at
least one conjugated diene monomer and, optionally, one or
more aromatic vinyl monomer is preferably carried out at a
temperature above room temperature (25 “C). In a more
preferred embodiment, the temperature in step (1) is in the

n
range of 40 to 110 °C, most preferably in the range of 50 to

[

95 °C. In a further preferred embodiment, the temperature in
both steps (i) and (ii) is in the range of 55 to 90 °C.

In step {(ii}, the compound according to Formula 2 above 1s
added to the living anionic polymer in an amount such that
the molar ratic of the compound acceording to Formula 2/
active initiator is of from 0,21 or more, preferably of from
0,22 or more, more preferably of from 0,25 or more, even more
preferably of from 0,28 or more and most preferably of from
0,2 or more.

In a preferred embodiment, each group R in Formula 2 is
independently selected from CL-C10 alkyl, C7-C1l7 aralkyl or
Ce~Cle aryl; groups R’, R’’’ and R’'7’ in Formula 2 are
independently from each cther selected from C1-CL0 alkyi, Co-
Cle aryl or C7-CL7 aralkyl; and A in Formula 2 is preferably
Cl-C20 alkylene or C7-C25 aralkylene. In a more preferrsd
embodiment, groups R, R, R’ and RT’'’ in Formula 2 are
independently selected from methyl, ethyl, isopropyl,
n-butyl, tert.-butyl and sec.-butyl; and divalent group & is
an alkyvlene greup, most preferably a straight or branched Cl1-
Ch alkylene group . Preferred examples of compounds according
te formula 2 include: (MeQ)331i-(CH;)3;-3-3iMes, (EL0) 381~ (CHy)5—
S-8iMe,, (Pr0O}3381i-(CHy)3~5~5iMes, {(BuO) 281~ (CHy) 3=5~51iMes,
(MeQ) 381~ (CHy) p»—8~5iMe,, (EtO) 331~ {CH; ) »~8-5iMe,, {PrO) 8i-
({CHp)p=S=-5iMes, {BuO} 381~ {(CHy ) ,~-3-51iMes, (MeO) ;8i~CHy~5~51Me,,
(Et0) 3S1~CHz~5-81iMa,, (Pr0) 81i-CHy-8~-51iMe,, {BuO) s31~CHy~ 5~
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SiMe, (MeQ) 181-CH,-CMe,~CH,-5~51Me,, (ETQ) 38i~CH~CMe,—CHy— S~
SiMes, (Pr0)381i-CH,-CMe ,~CH,~S~S1iMe., {Bu0) 381i~CHy—CMey~CHow S~
SiMes, { {(MaQ)351i-CH,~C (H}Me~CHy~5~5S1Me;, (Et0)38Si-CH,~C(H)Me~
CH2~S—SiMeE, (Fr0):81-CH,~C (H)Me-CH,~5-51Me,, {BuO) 351~ CHy~
C{H)Me~CH, -3 ~-31iMe;, (Ma0)81~{CHy)~5-31Et,, (ETLO):31-{CH;) 3~S=
S5iEts, (Pr0) 51— (CHy) s~ 8~5iEt,, {(Bul),5i~(CHz},—5-831Et
(MeQ) 381~ (CH,} ,~S-51Et,, (BL0) 181~ (CHy ) »-5-SiEts, (PrQ) 81~
{CHy) p~8~81iEts, {BuQ) 281~ (CHy ) »~8~81E1Ts, {(Ma0) 33i~-CH,-S-5iEt,,
IE£0) 351 ~CH,~S—SiEt,, (Pr0) 831 ~CH,~8-3ikt,, (BuC) 38i~CH,~ S~
SiEt,y,  (MeQ):8i-CH,-CMe,~CH,~S~SiEty,  {Et0):5i-CH,~CMe,~CH,~S~
g 1-CHy~-CMe~CH~S~S1ET, (BuQ) 3851i~CH~CMe, ~CHy— S
Sift,y, {{MeD):Si-CH,~C(H)Me~CH,~5-SiEt,, (Et0),8i~-CH,~C(H)Me~
C S1-CHy,~C{H)Me=wCHy~5-81E1,, (BuO)351i-CHy~
MaD} 31~ (CHy ) 3=5-58iMe,tBu  (ELO} 331~ (CTH,) 4~
S~SiMeztBu, { Si-{CHy) 5~S~S3iMe,TBu, - (BuO) 381~ {CHy) 3~ 5~
5iMe,tBu, (MeO

SiMe, v B, (Pr0)38i-{CH;),~8~SiMe,tBu, (Bu
SiMe,tBu, (Me()831-CH,~3~S51Me, LBy, {Et0) .81 ~CH,-53-581Me, tBuy,
(PrO}Si~C ‘>mS—”iIe?VBJ, {Bud) ;Si-CH,~3-5iMe,tBu, (Me()51i-CH,-
CMe,=CHa= 53-8 1Me,tBu, (Et0]8i-CH,~CMe,~CH,~35-31Me 1By, (PrO) Si-
CHy=CMe = CHy~S=-51Me, 0 Bu, (Bul) 3841 -CHy,~CMe,~CH,~5=SiMe, TR,
{ {(MeC) 351~-CH,~C{H)Me=~CH, -5 -51Me,tBu, {EtO)gsi—CHZ—C(H}Me—CHZ S-
SiMe,tBu, (Fr(0)381-CH,~C (H)Me—-CH,~- 5~3iMe,tBu, IBuD) 481~ ChH,-

1

C{H}Me~-CH,~5~-SiMe,tLRuU.

The compound according to Formula 2 {hereinafter also
ferred to as modifier 1) is preferably added at azlmost
omplete or at complete conversion of the at least one

conjugated diens monomer and, 1f applicable, the one or more

arcmatic vinyl monomer, preferably at a conversion rate of
the polymerization of between 85 and 100 % by weight based on
the amcunt of monomers provided. The phrase “amount of
wonomers provided”, “charged amount of monomers”, or similar
erms as used herein, refer to the amount of monomers

rovided in the continucus polymerizaticon process, e.g. at a

given reactor. In a preferred embodiment, the conversion rate

is between 92.0 and 99.5% % by weight, preferably between 84
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and 99.% % by weight based on the amocunt of monomers
provided. The term “monomer conversion” zs used herein refers
to the monomer conversicon (for example the sum conversion of
styrene and butadiene) determined, e.g. at the outliet of a
given polymerization reactor. Preferably, a s=substantial
amount of the living polymer chain ends is not terminated
pricr te the reaction witn modifier 1, i.e. the living chain
ends are present and capable of reacting with this modifier
in & polymer chain end modification reaction. In the course
of the modification reaction, one or more than one polymer
chain can react with medifier 1, 1.e. with the compound
according tco formula 2. As a result, one or more than one
polyvmer chain is linked to the functicnality derived from the

modifier compound.

The use of the compound according to formula 2 thus leads to
"sulfanylsilane” modifiled polymers. In one empodiment, these
polymers have a modification degree (mol% of "sulfanylsilane”
odified chain-end based on the tctal number of produced
macromolecules) of 20% or more, preferably 50% or more, most

preferably 80% or more.

The ceompound according te formula 2 may be dirvectly added to
the polymer scolution without dilution; however, it may be
beneficial to add the modifier 1in seolution using an inert

solvent, e.g. the sclvent described above.

Under the conditiong described herein above for step (i), it
is possible to cbtain a high degree of randomization and a
high degree of livingness. It 1is believed that the high
degree of living polymer chains allows a high degree of
polymer chalins to cennect with the compound according to
formula 2 during step (i1l) and, optionally, with the compound
of Formula 3 in step {(1i1i) described herein below. Without
wishing teo ke bound by theory, it is believed that these
conditions {including, e.¢. a relativse random distributi

of, e.g. styrene and vinyl units and a high degree of polymer
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Q.

chains meodified by the compound of Formula 2 a optionally

by the compound of Formula 3) enable an efficient reduction

Feng

i

of hysteretic energy loss measured as values Tan & at 60 °C

£ cured polymer compositions comprising "sulfanvlisilane®
modified polymers and silica and/or carbon black., Moreover,
it is pelieved that improved processing characteristics of
these polymer compositions including CMU can be attributed to
these conditions. It has been further found that the above
conditions allew for a relatively narrow molecular weight
distripution in the final polymer. For example, it has been
observed that the final polymer can have a molecular weight
distripution (MWD) of from 1.7 to 2.5, preferably from 1.9 to
2.1 which can be attributed to the high degree of livingness

referred to above.

Tt has been found that carrying out the process as described
above allows the provision of a medified elastomeric polymer
demonstrating improved processing behavior when compared to
other elastomeric ’Tsulfanylsilane” modified polymers. In
particular, elastomeric polymers according to the present
invention show improved processing characteristics during
reactive mixing, i.e. when combined with fillers such as
silica or carbon black to give silica-rubber or carbon black
rubber formulaticns. This improvement can be measured as
reduction of compound Mooney viscosity (CMU} of the non~cured

formalations {hereinafter also referred

In3

o as “first
cemposition”) comprising elastomeric polymers according to
the present invention and & filler as compared to non-cured
formulations comprising prior art polymers and a filler,
provided that the Mooney viscosity of the (filler-free)
elastomeric peolymer according to the invention and the Mooney
visceslity of the (filler-free) pricr art elastomeric polymer
are identical or at least similar. Alternatively, the
improvement can be measured as reduction of the difference of
the compound Mcooney viscesity of the non-cured composition
comprising a polymer and a filler (first compoestion) and the

ler-free elastomeric polymer

et

Mconey wviscosity of the fi



WO 2013/139378 PCT/EP2012/054919

15
(Pr cessing Improvement=AMooney=CMUsg; g, compesition "MUsiastoreric
polymer) - LThe specific compound Mooney viscosities of these

formulations allow an increased throughput during reactive
mixing. At the same time, the elastomeric polymers obtainable
according to the rocess of the present i1nvention prove
valuable when preparing cross-linked elastomeric polymers as

described below.

In a preferred embodiment, 1,Z2-butadiene is added during step
(i

7 above as additional component. Preferably, the molar
ratio of 1,2-butadiene / active initiator is from (,0% to

\

4, most preferably of from 0,1 to (,Z. It has been found

)

that the use of 1,Z-butadiene in combination with a compound
according to formula 1 avoids gel formation and reactor
fouling and, thus, contributes to an efficient polymerizatiocon
process. Fouling of the polymerization reactor leads to the

reguirements of meore frequent reactor cleanings.

In another embodiment, the process acceording to the present
invention further comprises the additional step (iil) of:

(i1i} subseqguently adding a second quantity of the compound
according te Formula 2 and/or adding a compound according to

Formula 3 in an amount such that the molar ratio of th

o

compound according to Formula 2 and/or Formula 3 as added in

gtep (iii) / active initiator is of from 0,21 or morse:
{(ROV-RF7T7I31-A~3=-S1R"R'R'77 (Formula 3)

wherein groups R 1n Formula 3 are independently selected from
alkyl, aralkyl or aryl groups, preferably from C1-Cl0 alkyl,

C7-Cl7 araikyl or C6-Cle arvl; groups R’, R'7 and R/’ are

H

independently selectad from alkyl, aralkyl or arvi,
5 ¥

preferably from C1-Cl0 aikyl, C6-Cl6 aryl or C7-Cl7 aralkyl;

group R7FF im elected from an alkyl, aralkyl or arvl,

referably from C1l-Cl0 alkyl, Co~Cl6 arvl or C7-Cl7 aralkvyl;
& Y Y Y Y
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A ls a divalent hvydrocarbkvl group, referably Cl-CZ0 alkvylene
¥ Yy Y

or C7-C25 aralkylene.

Preferably, each group R in formula 3 is independently
selected from Cl-Cl0 alkyl, preferably Cl-C4 a Ly CU-C17
aralkyl, preferably C7-C1l0 aralkyl; or Ce-Cle aryl,
preferably Co~ClZ2 aryl; groups R, R’7, R’ and R'"’'' are
independently from each other selected from CI-CL0 alkyl,
preferably Cl-C6 alkyl; Ce~Ci6o aryl, preferably C6-CLlZ arvl;
or C7-Cl17 aralkyl, preferably C7-C10 aralkyl; and A is C1-C20
alkylene cor C7-CZ5 aralkylene. Mozt preferably, each of R,
RY, Rf7, R''7 and R''77 in formula 3 above 13 selected from
methyl, ethyl, isc-propyl, n-propyl, n-butyl, iso-butyl,
tert.-butyl, phenvl and benzvl; and A is - (CHZ)m- wherein m
is an integer wvalue sgelected from 1, 2, 3, 4, 5 or 6,
preferably from 3, 4, 5 or 6.

Adding a ‘“second cuantity” of the compound according to
formula 2 is to be understood in the context of step {ii)
above which comprises the mandatory addition cf the compound

according to formula 2 in the amount (“first uantity”)

d
identified above. In a preferred embodiment, step (1ii)
comprises the addition of the compcound according to Formula
3. If step {(iii} does not comprise the additiorn of a second
guantity of the compound according teo formula 2, then the

]

compound according to formuia 3 is added in an amcunt such

a

that the molar ratio of the compound according Formula 3 /

active initiaster is of from 0,21 or more, preferably of from

0,22 or more, more preferably of from 0,25 or more, even more
H i » by

preferably of from (0,28 or more and most preferably of from

h

0,3 or more. IIf, however, the opticnal step (iili) comprises
the addition of a2 second quantity of the compound according
o formula 2 without adding the compound according to formula
2, then thils second guantity represents an amount such that
the molar ratioc of the compound according Feormula 2 / active
initiator is from 0,21 or more. In this latter case, the

overall amount of the compound according to formula 2 then



WO 2013/139378 PCT/EP2012/054919

17

1

results from steps (ii) and {(iii) such that the overall molar
ratio of the compound according Formula 2 as added in steps
{11} and (iil) / active initiator is from 0,42 or more. In a
preferred embodiment, step (1ii) of adding the =econd
gquantity of the compound according to formula 2 and/or adding
a compound according to formula 2 is carried out by adding an
excess amount of one or both cf these compounds with respect
to the molar amount oI polymer chains that are still living

after step (ii).

At the outlet cf the polymerization reactor or the series of

two o©or more polymerization reactors, a solution of an

elastomeric polymer i1s obtained which is preferably mixed

with an antioxidant.

The modified polymer resulting from the process according to

[

the present invention can be worked up by & method known pe

se. In general the active or non-active residue of th

®

initiator compound, of the residue of the compound of Formula
2 and, cpticonally, of Formula 3 is deactivated, at some point
during the processing of the polymer, preferably after
completion of process step (1i) or (diii}, in a manner known
per se, e.g. by means of water, organic acids, anionic acids
or an alcchol. The use of water, crganic acids, anlonic acids
or an alcohol furthermore renders metal organic residues
derived from the pelymerization initiatcor compound or
metallated polymer chain ends less reactive and thus less
dangerous. Removal of residues derived from the initiator
cempound and from the compounds of Formulae 1, 2 and,
opticnally 3 can sometimes be omitted, particularly when the
guantity of components of the initiator and of the compounds
according to Formulae 1, Z and, opticnally 2 is wvery low. If
desired, however, the level of residues derived from the
initiator, from the ccompound of Formula 1, from the compound
of Formula 2 and/or from the compound according to Fermula 3

can be reduced in the polymer in a known manner, for example,
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by washing. The deactivaticon step can be followed by a
stripping step (removal of organic solvent{s} from the

Y
polymer).

It is preferred tc steam-strip the peolymer solution before
the elastomeric polymer 1s dried. While steam stripping can
be conducted in a stirred tank containing boiling water,
drying can be carried out, e.g. by means of sgueezing and
heating, for example in a section consisting of two
extruders. Alternatively, tThe solvent can be removed under

reduced pressure.

g, the elastomeric polymer can ke presszed into any
hape, preferably intoc bales. Alternatively or
¥, ©The elastomerlic polymer can be mixed or
compounded with, e.g. fillers. Mixing and compounding the
elastomeric polymers with, e.g. fillers can, as a further

alternative, be already conducted prior to soclvent removal.

In a second aspect, the present invention thus relates to an
elastomeric polymer obtainable according to the above

process.

In one embodiment of the present invention, a softener s

as o©il may be used in combination with the elastomeric
polymer to reduce viscosity or Mooney Viscosity values, or to
improve processabllity and various performance propertiss of
polymer compositions after vulcanization.

The oil{s} can be added to the elastomeric polymer prior to

b
the end of the pelymer preparation process or as a separate
component after polymerization, for example after steam
stripping. Preferably, the o0il is added in an amount of from
10 to 50 parts by welght of o0il per 100 parts by weight of
polymer. Representative examples and classifications of oils

are indicated below.
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Although there are no specific limitations regarding the
content of 1,Z-bonds and/or 3,4-bends  (hereinafter also
referred to zs "vinyl content™) o©f the conjugation diolefin
portion of the elastomeric polymer, for most applications,
the wvinyl content c¢f the elastomeric polymer is preferably
from 10 to 20 percent by weight. The Term “vinyl content” as
used herein refers to the mass (or weight) percentage of,
e.g. butadiene and isoprene that incorporates in the polymer
chain in the 1,2 and in the 1,2 or 3,4 position,
respactively, and 1s based on the portion «f, e.yg. butadiens
and/cr isoprene {(total amount of polymerized butadiene and/or
prene} in the polymer. In a more preferred embodiment the
vinyl content ranges from 20 to 80 percent by weight. If the
vl kond content in a polymer 1s less than 10 percent by
ight, 7resuliting products may have inferior wet skid
istance. If the vinyl content in the elastomeric polymer
exceeds 20 percent by welght vinyl bonds, resulting products
may exhibit compromised tensile strength and abrasion

reglstance, and relatively large hysteresis loss,

In one embodiment, the process according to the invention
comprises the homopolymerizaticn of 1, 3«butadiene or iscprens
in the absence of styrene to give a homopolymer, i.e.
polybutadiens or polvisoprens, In a more preferrad
embodiment, however, the Drocess involves the
copolymerization of, e.g. 1,2-butadiene and styrene to give
styrene-putadiene copolymers. The weight ratio of styrene to
1,3~butadiene 1is preferably of frem 0 to 50, more preferably
of from 5 to 43, most preferably of from 10 to 40 percent by
waight. In one embodiment the styrene content of the
copelymer ranges from 5 to Z5 percent by weight. In another
empodiment the styrens content of the copolymer ranges from
25 to 45 percent by weilght. The fTerm “styrene content” as
used herein refers to the mass (ocr welight) percentage of

styrene in the polymer, based on the weight of the polymer.
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In yet another embodiment of the inventiocon, the elastomeric
pelymer has a molecular weight distribution (MWD) of 1,7 to
2,5, ©preferably of from 1,% to 2,1. Preferably, the
elastomeric polymer has a number average molecular welght
(Mny of from 80.000 to 700.000 g/mol, more preferably of from
110.000 te 300.000 g/mel.

While dependent upon the specific polymer and desired end use
application, the modified elastomeric polymers ¢f the present
invention preferably have Mooney viscosity (ML 1+4, 100°C, as
measured in accordance with ASTM D 1646 (2004), in the range
from 0 to 150, preferably from 15 tco 1008, and more preferably
in the range from 30 to 9C using a Monsanto MV2000
instrument. If the Mooney viscosity (ML 1+4, 100°C) of the
polymer 1s more than 150 MU, processabilit (filler
incorporation and heat build up in the internal mixer,

banding on the roll

=

ill, extrusion rate, extrudate die
swell, smoothness, etc.) 1s negatively impacted because
compounding machinery used at the manufacturer cof tires are
not designed to handle such high Mooney rubber grades, and
the cost of processing increases. Inr some cases, a Mooney
viscosity (ML 1+4, 100°C) of less than 15 or even scmetimes
of less than 30, may nct be preferred due to increased tack
and cold flow of the uncresslinked elastomeric polvmer,
resulting in difficult handling, poor green strength, and
a

poor dimensional stability during storage.

In a third aspect, the invention concerns a composition
comprising the above elastemeric polymer. In a preferred
embodiment, the composition comprises oil and/or & filler. In
yvet another embodiment, the composition comprises further
optional additives. In other words, the elastomeric polymer

or the composgition comprising the elastomeric polymer may be
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biended with o©one or more filler, cptionally oil and

opticnaliy other additives.

Iin a preferred embodiment, the elastomeric polymer is
combinad and reacted with filler{s) selected from the group
comprising silica, carbon-silica dual phase filler, carbon
black, carbon nano~tube filler, lignin, glass filler, layersd
silicates, such as for example magadiite, in some preferred
embodiments comprising silica as main filler -component, and,
optionally, additional constituents, including, but not
limited to, processing aids, oils, vulcanization agents and

silane coupling agents sc as to form a first polymer

composition,

-]

n  one embodiment, the first composition further
comprises at least one additicnal, modified or un-medified,
elastomeric polymer, optionally comprising an oil. Examples
of preferred unmodified elastomeric polymers are listed in
International Patent Publication No, WO 2009/148232 (Attorney
Docket No. $6728), and styrene-butadiene copclymer, natural
rubbers, polvisoprens, and polybutadiene are particularly
preferred. It iz desirable that the unmodified polymers have
a Mooney viscosity (ML 1 +4, 100 °C as measured in accordance
with ASTM D 1646 (2004), as discussed above) in the range
from 20 to 200, and preferably from 25 to 150. The subject

composition preferably includes fillers, which serve as

reinforcement agents.

The oili{s} can be added to the polymer prior to the end of

the polymer preparation process and as a separate component

of the first polymer composition 1in accordanc with the
present teachings. For representative examples and

classification of The olls seea International Patent
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Application No. PCT/US09/045533 and U.3. Patent Application
Publication No. 2005/0159513, each of which i1s incorporated
herein by reference 1in 1ts entirety. Representative olls
include but are not limited to MES (Mild Extracticon Sclvate),
TDAE (Treated. Distillate Aromatic Extract), RAE (Residual
Aromatic Extract) dncluding but not limited to T-RAE and &5~
RAE, DAE including T-DAE and NAP (light and_heavy naphtheni
o0ills), including but not limited to Nytex 4700, Nytex 8450,
Nytex 20, HMytex 832, Tufflic 2000, and Tuffle 1200. in
addition, native oils, including but not limited to vegetable
oils, can be used as extender coils. Representative oils also
include functionalized variarticons of the aforementioned
cils, particularly epoxidized or hydroxylated olls.
forementionad o©ils comprise different concentrations of
polyveyclic aromatic compounds, parafinics, naphthenics and
aromatics, and have different glass transition temperaturss,
The above menticned types of oll have bsen characterized
(Kautschuk Gummi Kunststoffe, vol. 52, pages 79%-805). In

DAE are extender colls for

0.
+

some embodiments, the MES, RAE an

rubber.

Opticonally, processing aids can be added to the filrst polvmer
compositions in  accordance with tThe present teachings.
Proccessing alds are usually added to reduce the first polymer
composition viscosity. As a result, the mixing period is
decreased and/or the number of mixing steps is reduced and,

conzeguently, less energy 1s consumed and/or &  higher

throughput in the <ourse of the rubber compound extrusio

5

process is achieved. Representative processing aids which
can optiocnally be used as a component in the first polymer
compesitions in accordance with the present teachings are
described in the Rubber Handbook, SGF, The Swedish

Institution of Rubber Technology 2000 and in Werner Kleemann,
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Kurt Weber, Elastverarbeltung-Kennwerte und
Berechnungsmethoden, Deutscher Verlag fir Grundstoffindustrie
{Leilpzig, 19230}, each of which 1s incorporated herein by
reference in 1ts entirety. Examples of representative
processing aids which can optionally be used as component in
the first polymer compositicons in accordance with the present
teachings can be classified as follows:

(A} fatty acids including but not limited fo oleic acid,
priclene, pristerene and stearinsyra;

(By fatty acid salts including but not limited to
Aktiplast &T, PP, 37T, T, T-60, 8, F; Deoflcow 8; Kettlitz
oy FL, FL Plus; Dispergum 18, ¢, E, K, L, N, ;

T o T,
stoel 6, 15, 19, 21, 23:; Struktol AR0P, &A&L, EF44,
1

e

EFch, EM16, EMB0, WA48, WB16, WB42, WS1B0, WS2Z2B0 and ZEHDL
g

(C) dispersing agents and processing aids including but

o
o
o
};J
1,;
=
34)
+
B
[eR
it
O
e
+

flus 12, 16, 42, 54, 25:; Deoflow A, D; Deogum
80; Deoscol H; Rettlitz Dispergator DS, KB, O0OX; Kettlitz-
Mediaplast 40, 5C, Pertac/GR; Kettlitz-Dispergator 3I;
tol FL and WB 212; and
(D)} dispersing agents for highly active white fillers
including but not limited to Struktol W33 and WB42.
Bifunctionalized silanes and monofunctional silanes
{herein also called “silane ccoupling agents”; are also
occasionally referred to as processing aids  but  are

separately described below.

In some embodiments, a silane coupling agent (used Ifor
compatibilization of polymer and stated fillers) 1is added to
the composition containing modified pelymers as described

herein and silica, layered silicate such as but not limited

to magadiite or carbon-silica dual-phase filler, which i

[4}]

used as filler component. The typical amount cof a =i

Jod

a

{2

o

coupling agent added is from about 1 to about 20 parts b

R
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weight and, in some embodiments, from about 5 to about 15

it

parts by weight for 100 parts by weight of the total amoun
of silica and/or carbon-silica dual-phase filler.
Silane coupling agents can be classified according to

T

oy
0]

Fritz Réthemeyer, Franz Sommer: Kautschuk Technologie,
(Carl Hanser Verlag 2006):
(A) functionalized silanes including but not limited

ol
to 81 230 (EtC)s5i(CHz)sC

225 {Et0O)38iCH=CHy, 2189

"
[82]
s

(Et0) 431 (CH,)35H, Si 69 [(EtO)3S1i(CH,)45:]1., Si 264 (Et0)s8i-
{CH,)2SCN and 31 363 (EtO)S51({(CH;~CHy=0)s (CHyl1a THa)s (CHpla
SH) (Evonic Industries AG); and

(B) moncfuncticonal silanes including but not limited to
Si 202 (BEtO)s~8i~CsH2, and 51 208 (Et0):-51i-CeHyv.

Further examples of silane coupling agents are given in

i
e
of
©
I

naticnal Patent Application No. PCT/US2008/045553, and

o
o

include but are not limited to bis-{3-hvdroxy-dimethylsilyl-
propylltetrasulfide, big=-(3-hvdroxy-dimethylsilyl-propyl) -
disulfide, bis~-{(2-hydroxy-dimethylsilyl-ethyl)tetrasulfide,
pig-{2-hydroxy~dimethylsiliyl-ethylidisulfide, 3-hydroxy-
dimethyvisilyl-propyl-N,¥-dimethylithiocarbamoyltetrasulfide,

hd

and 3-hydroxy-dimethylsilyl-propylbenzothiazcle tetrasulfide.

3

he elastomeric polymer in accordance with the present
teachings mayv be mixed wlith one or more fillers toc give a
first composition. Fillers serve as reinforcement agents.
Carbon black, silica, carben-silica dual-phase filler, clay
{(lavered silicates), calcium carbonate, magnesium carbonate,
lignin, carbon nano tubes, amcrphous fillers, such as glass
particle based fillers, s=starch based £fillers, and the like,
and ceombinations therecof, are examples of sultable fillers.

Exarmples of fillers are described in International

g

pplication No. PCT/US2008/045553 {fully incorporated herein

oy reference. In some embodiments, the combined use of
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carbon black and silica, the use c¢f carbon~silica dual-phase-
fillers alone, or the combined use of carbon-silica dual-
phase-filler and carbon black and/or silica are employed.
Carbon black is manufactured by a furnace method and in some
embodiments a nitrogen adscorption specific surface area of
50-200 wm°/g and DBP oll absorption of 80-200 ml/100 grams,
for example, FEF; HAF, ISA¥, or SAF clasz carbon black, 1is
used. In some embodiments, high agglomeration tyvpe carbon
black is used. Carbon black is typically added in an amount
from Z to 100 parts by weight, in some embodiments from 5 to
100 parts by weight, in scme embodiments from 10 to 100 parts
by weight, and in some embodiments from 10 to 95 parts by
weight for 100 parts by weight of the total elastomeric
polymer.

Examples of silica fillers include but are not limited
to  wet process silica, dry process silica, synthetic
silicate—type silica, and combinations thereof. Silica with
a small particle diameter and high surface area exhibits a
high reinforcing effect. SmaXl diameter, high agglomeration-
type silica (i.e., having a large surface area and high oil
absorptivity) exhibits excellent disgpersability in the
elastomeric polymer composition, representing desirable
properties and supericr processability. An average particle

diameter of silica, in terms of a primary particle diameter,

51

is in some embodiments from to 60 nm, and in scme
embodiments from 10 to 35 nm. Moreover, the spscific surface
areaz of the silica particles (measured by the BET method) is
in some embodiments from 35 to 300 m‘/g. For examples of
silica filler diameters, particle gizes, and BET surfaces,
see International Patent Application No. PCT/US2009/0455%3,
Silica is added in an amount frem 10 te 100 parts by weight,

in some embodiments frcem 30 to 100 parts by weight, and in

ot

some empodiments from 30 to 25 parts by weight for 100 parts
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by weight of the total elastomeric polymer. Silica fillers
can be used in combinations with other fillers including but
not limited to carbon black, carbeon-silica dual-phase-filler,
clay, calcium carbonate, carbon nano  tubes, magnesium
carbonate, and combinations thereof.

Carbon black and silica may be added together; in which
case The total amount of carbon black and silica added is
from 30 to 100 parts by weight and, in some embodiments, from
3G to 25 parts by welight for 100 parts by weight of the total
elastomeric polymer. So long as such fillers are
homogenecusly dispersed in the elastomeric composition,
increasing quantities (within the above cited ranges) result

in compositions having excellent rolling and extrudin

o]

processabllity, and vulcanized products exhibiting favorable
hysteresis loss properties, rolling resistance, improved wet
skid resistance, abrasion resistance, and tensile strength.
Carbon-zilica dual-phase~-filler may be used either
independently or in combination with carbon black and/or
silica in acceordance with the present teachings. Carbon-
silica dual-phase~filler can exhibit the same effects as
these obtalned by the combined use of carbon black and
silica, even in the case where it 1s added alone. Carbon-
silica duzl-phase-filler is so called silica-coated-carbon
black made by ceoating silica over the surface of carbon

4

Plack, and 1s commerciaily avallable under th trademark

]

CRX2000, CRX2002, or CRX200¢ {product of Cabot Co.).
Carbon-silica duali-phase-~-filler is added in the same amounts

ca. Carbon-

l.._i.

£

as previously described with respect to sil
silica dual-phase-~filler can be used 1in combinations with
other fillers including but not limited to carbon black,
silica, clay, calcium carbonate, carbon nano tubess, magnesium

carbonate, and combilinations thereof, In some embodiments,
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carbon  black and silica, elther Individually or in
combination, are used.

Silica, carben black or carbon black-silica dusl-phase-
fillers or combinations thereof can be used in combination
with natural fillers including but not limited to starch or
lignin.

Examples of fillers are described in International
Patent Application No. PCT/USZ2009/045553, which 1is
incorporated herein by reference in its entirety.

In some embodiments, the silica incorporated in the
rubber compound has a surface area determined by nitrogen
adsorpticon (hereinafter referred to as “NZAY) of from 1350 to
300 m?/g. A silica having N2A of less than 150 m°/g leads to
an unfaveorably low reinforcing effect. A silica having NZA
of more than 300 m®/g provides a rubber compound with an

increased viscosity and a detericrated processability. In

—
£

“he  case of carbon black incorporated into the rubber
compound, a NZA from &0 to 150 /g is suitable. A carbon
black having NZA of less than 60 HF/g leads to a low
reinforcing effect. A carbon black having NZA of more than
150 m'/g provides a rubber compeound with an increased
hysteresis loss and a deteriorated processability.

Irn one embodiment, sillca is added in an amcunt from 10 to
100 parts by weight, in scome embodiments from 30 to 100 parts
by weight, and in some embodiments from 320 fo 95 parts by
weight for 100 parts by weight of ths total polymer.

In ancther embodiment, carbon bklack 1s added in an amount

n

from 2 to 100 parts by welght, in some embodiments from o
100 parts by welght, in some embodiments from 10 to 100 parts
by weilght, and in socome embodiments from 10 to 95 parts by
welight for 100 parts by weight of the total polymer.

In vet another embodiment, carbon black and silica may

be added together, in which case the total amount of carbon
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black and silica added, is from 30 to 100 parts by weight,
and preferably from 30 fco 85 parts by weight for 100 parts by

welght of the total polymer.

In a further embodiment, the composition comprising the
elastomeric polymer according teoe the present invention
further comprises & wvalcanizing agent. Sulfur, sulfur-

alning compounds acting as sulfur-donors, suliur-
accelerator systems, and peroxides are the most common
vulcanizing agents. Examples of sulfur-containing compounds

acting as sulfur-dencrs Iinclude but are not limited o

dithiodimorpholine {DTDM) , tetramethylthiuramdisulphide
{TMTD) , tetraethylthiuramdisulphide {(TETD), and
dipentamethylenthiuramtetrasulphide (DPTT) . Examples cf

sulfur accelerators include but are not limited to amine
derivatives, guanidine derivatives, aldehydeamine
condensation products, thiazoles, thiuram sulphides,
dithiccarbamates and thiophospahtes. Examples of peroxides

used as vulcanizing agents include but are not limited fTo di-

tert,-butyli-peroxides, di-{tert.-butyl-peroxy-trimethyl-
cyclichexane}, di-(tert,~putyl-perozy~isopropyli-ibenzane,
dichloro-benzoylperoxide, dicumylperoxides, tert.-butyl~
cumyl-~peroxide, dimethyl-di (tert.-butyl-peroxy)hexans and
dimethvl-di (ftert.-butvl-peroxy)hexine and butyl-di{tertc.-
butyl-peroxv)valerate {(Rubber Handbook, SGF, The Swedish

Institution of Rubber Technology 2000). Further examples and
additional dinformation regarding wvulcanizing agents can be
found in Kirk-Othmer, Encyclopedia of Chemical technology
3¢, Ed., (Wiley Interscience, N.Y. 1982), wvolume 20, bpp.
365-468, (specifically “WVulcanizing Agents and Auxiliary

Materials” pp.320-402).
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A vwvulcanizing accelerator ¢f sulfene amide-type, guanidins-
type, or thiuram-type can be used togethsar with s vulcanizing

agent as reguired. Other additives such as zinc white,
vulcanization auxiliaries, aging preventives, processing
adjuvants, and the like may be optionally added. A
vulcanizing agent s typically added to the polymer
composition in an amount from 0.5 te 10 parts by weight and,
in some preferred embodiments, from 1 to & parts by weight
for 100 parts by weight of the total elastomeric polymer,
Examples of wvulcanlzing accelerators, and the amcunt of

accelerator added with respect to the total polymer, are

o

given in International

atent Publication No. WO 2009/1489%32,
Sulfur—accelerator systems may o©r may not comprise zinc
oxide, Preferably zinc oxide is applied to as component of

the sulfur-accelerateor system.

In yet ancther aspect, the present invention thus relates to
a process for the preparation of a crosslinked elastomeric

polymer, comprising step (iv) of:

{iv) adding a wvulcanizing agent to the elastomeric
polym
olym ;

1

er or to a composition comprising the elastomeric
er; and cross-linking the elastomeric polymer.

ke

Step (iv) of wvulcanizing the elastomeric polymer or the
composition comprising the elastomeric polymer can  be
conducted using conventional vulcanization egquipment and

conventional vulcanizing agents referred to above.

The invention further relateg To crosslinked elastomeric
polymers obtainable according to the above process comprising

step {(iv), as well as <To compositions comprising said

crosslinked elastomeric polymer,
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Moreover, the present invention 1is directed to articles
comprising one of the compositions of the present invention,
In other words, the invention thus relates tTo articles
comprising compesitions which comprise the elastomeric
polymer or the crosslinked elastomeric poelymer referred to
above. In a preferred embodiment, the article according to
the present invention is a tire tread, a tire side wall, a

conveyer bkelt, & seal or a hose.

It has been found that the wvulcanized elastomeric polymer
compositions of the present invention exhibit leoew rolling
resistance, low dynamic heat build up, and superior wet skid
performance. Therefore, the pclymer compositions of the
praesent invention, preferably compositions containing
modified polymers as described hersin and fillers as well as
a vulcanizing agent, and the vulcanized elastomeric polymer
compositions, are well suitable for use in preparing tires,
tire treads, side walls, and tire carcassesz, as well as other
industrial products such as belts, hoses, vibration dampers,
and footwesar components. Moreover, the polymers according to
the present invention show improved processability {(including
improved incorporaticn and reduced heat buillt up in the

mixing equipment, reduced banding on the ro

-t
}‘MJ
=
)
et
-

improved
extrusion behaviour, reduced extrudate die swell, smoothness,
etc.) when compared = the processablility of prior ar

compositions comprising traditional modified polyvmers.

Beyvond  the above, it is observad that the modified
elastomeric polymers according to the invention can be used
for the modification of plastics, particularly in polystyrene
in the preparation of HIPS (high impact polystyvrens), in
styrene-~acrylnitrile copolymers in the preparation of AES

{acrvlinitrile~butadiene-styrene copolymers) olvurethane or
By N B4 14 s Y

i

nolycarbonate.

1

¥
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The invention will now be described in further detail by way

of the following examples.

TEST METHODE

S5ize Exclusion Chromatography

Molecular weight and melecular welght distribution of
the polymer were each measured using Size Exclusion
Chromatography (SEC) based on polystyrene standards. Fach
polymer sample (9-11mg: was dissolved in tetrahydrofuran (10
mlL! to form a solution. The sclution was filtered using a
0.45-um filter. A 100-pL sample was fed into a GPC column
(Hewlett Packard system 1100 with 3 PLgel 10um MIXED-B
columns) . Refraction Index-detection was used as the
detector for analyzing the molecular weight. The molecular
weight was calculated as polystyrene based on the calibration
with EasiCal PS1 (Easy A and B} Polystyrens standards from
Polymer Laboratories. The number-average molecular wesight
(M} figures and the weight-average molecular welght (Mw)
figures are given based on the polystyrene gtandards. The
molecular welght distribution is expressed as the dispersity

D = Mw/Mn.

GC Ananlysis to Measure Monomer Conversion
Monomer conversion was determined by measuring the residual
moncomez concentration in the pclymer sclution at the end of
the pelymerization by means of gas chromatography.

Bopcut 0.5¢ of polymer soluticn was collected in a 2

]
=
s

-

vial and diluted 1:10 using cycoleohexane solvent. About

{2

0

=
W2

of the diluted sample was weighed by help of a syringe into

a
sealed headspace vial. The sample was heated to 140 °C for 10
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minutes. The headspace was analyzed by GC using the following

conditions shown in Table A.

Takble A
Device: HP 5890 with HP 7694
Column: PE~1 60m x 0.32 mm x 1.0um
Detector: FID
Temperature Program: From 40 °C to 150 °C, B8

°c/min.; hold 0.5 min

Head pressure: 110 kPa

Ouantification was performed by external standard
technigue.

The maximum solid content 1s calculated bpased on the
total amount of ingredients fed.

TSC max = (g/minBde + g/minSty)/ (TF)*100%

TF (Total Flow, g¢g/min) = (Bde (g/min) + Sty (g/min} +

DOP  {g/min) + Buli {(g/min) + 1,2-Butadiene (g/min} -+

Cyclohexane (g/min)).

Bde = 1,3~RButadiens

Sty = Styrene

Buli = Butyl Lithium

The result of GC analysis is normally given in ppm of
residual monomers contained in the original polymer sclution.

The amount of residual monomers (RM) in “g/min” can be

calculated from the following formula:
RM {g/min) = {({({{g/minBde + g/minSty; /TSC
max)*100) /1000000) * (ppmBde + ppmSty) )
or alternatively
RM (g/min) = (TF/1000000)* {ppmBde + ppmSty)

The monomer conversion was calculated as:

C (%) = 100 — (RM/{g/minBd + g/minSt)*100
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1H~-NMR

Vinyl and total styrene content were measured using 1H-
WMR, according to ISC 21561-2005, using & NMR spectrometer
BRUKER Avance 400MEz), and a 5-mm dual probe. CDCL3/TMS was
used as sclivent in a weight ratlic of 0.05% : 95.95%. The
content o¢f block styrene consisting o©of more than 6

consecutlve styrene units was determined according to the

=4
[
i}l
5
a
¥
Wy
i
o

method reported by al. in Rubber Chemistry and
Technelogy, 1981, 54, ©No. 4, &85-€691 using the relative
intensity o©f ortho FPh-proton signals resonating higher than

2.7 ppm.

Mooney Viscosity MLI+4 (100 °C)

Mconey viscoslity was measured according tco ASTM DLl6de
(20041, with a preheatin tim@.of one minute, and a rotor
cperation time of four minutes, at a temperature of 100 °C

[ML1+4 (100 °Cy] on a MV2000 E from Llpha-Technologies.

GC Analysis to measure the Concentration of the Compound
according to Formula Z and 3

The concentration of the Compound according to Feormula 2
and 2 Iin the polymer solution was measured by means of gas

chromatographyv under the conditions set forth in table B.

cd

0.4-0.6 g of polymer solution was collected in a 10 ml

vial and diluted with abcut 5 g cyclohexane. The analysis 1s

}—

performed with an autosampler. In each wvial 1 ml of polymer
sample was added. A calibraticon with 3 different solutions of

known concentraticn of Modifier 1 was performed.
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Tablie B

Device: Agilent-GCeBa0

Column: Caplllary Ceclumn
Model NWumber: Restek 13423

Temperature Program: From 30 °C to 200 °C, 15
°C/min, hold 15 min
Mode: Spli

Inlet Initial temp: 230 °C {(On)
Pressure: 130.0 kPa (On)
Split ratio: 10:1
Split flow: 18.2 mL/min
Total flow: 22.8 mlL/min
Gas saver: Off
Gas type: Helium

Detector: Temperature: 250 “C (On)
Hydrogen Flow: 30.0 mL/min
{On)
Rir flow: 400.0 mL/min (On)
Combined flow: 30.0 mL/min

Vulcanizate Compound properties

Reolling Resistance

T
L

an & (60

O(ﬁ)

S

was

measured using the dynamic

spectrometer

Eplexor 150N manufactured by Gabo Qualimeter Testanlage GmbH

{germany)

freguency of 2 Ez at 60 °C.

the rolling resis

applying a compression dynamic

The smaller the

strain of

index,

0.2% at a

the lower
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Grip

Tan & {0 °C} was measured at 0 °C using the same equipment and

load conditicns as described above with respect teo the
1

rolling resistance. The larger the index the, better the wet

skid resistance,

Abrasicn
Din Abrasion was measured according to DIN 53516. The larger

the index, the lower the wear resistance.

EXAMPLES

Reactor conditicons

The following examples were performed by means of two or
three continuous stirred tank reactors {(CSTRs) connected in
series. Each reactor had a volume of 5.8 liter, and was
equipped with a helicoidal stirrer, suitable for mixing of

4

high viscous solutions, the speed cf the stirrer during al

—

trials was 200 rpm. External water cilrculation in the reactor

walls regulated the desired ifemperature. The reagents
required for polymerization {styrene, 1, 3-butadiens,

cyclohexane, DOP (ditetrahydrofuryipropane), n-bubtyl lithiun

=

and 1,2-butadiene) were fed inte the head of the first

reactor with mass flow-meters. Fach flow-meter regulated the
desired feed, and guaranteed a constant flow of the reagent.
Cyclohexane was purified by passing it through an alumina

column.

In the description of the experiments the term “active

" {nBL,pm) refers to the amount of initiator (n-

oo

T
butyl lithium) that takes part in the polymerization reaction
and that 1s not deactivated by impurities contained in the

reaction mediuvm. The term “excess initiator” (nBlL,exc) refers
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to the amount of initiator that is charged to deactivate the

impurities present in the system.

the resulting polymer solutions were stripped with steam

.

Al
for one hour to remove sclvent and cther veolatiles and dried
in an oven at 70°C for 30 minutes and another one to three

days at room temperasture.
Reagents

Cyclohexane {(distilled) was used as a solvent. 1,3-butadiens
(Bde) (distilled) and styrene (3ty) (drisd via CaHZ) were
usad as monomers, Ditetrahyd:ofuryl propane {(DIHEFP; DOP) and
1,2-pbutadiene (1,2-Bde} were diluted in cyclohexane. n~Butyl
lithium (nBL) was used as anionic  initiator. Unless
explicitly stated otherwise, (CH30)351-(CH2)3-8~-
S1(CH3)2(C(CH3)3) was used as compound according to formula 2
{hereinafter also referred to as Modifier 1) and
(CH30) 2 (CH3) 81— {(CH2}3-5-51i (CH3} 2 (C{CH3:3) was unsed as
compound according to formula 3 (hereinafter also referred to

as Modifier 2).
EXAMPLE 1

A styrene/butadiene copolymerization was performed using two
reactors connected in series. The first reactor was used for
the polymerization, Modifier 1 was added 1in the second

reactor, the Modifier 1/ nBL,pm molar ratio was (.28,

In this trial a DOP/active initiator molar ratio of 1.609% was
used. The temperature of the first reactor was €8 °C and the
temperature of the second reactor was 70°C. The flow of the

total amount of ingredients and solvent was regulated in
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order to achieve a residence time of 100 minutes in each

reactor. The flow-rates of the ingredients added in the first

reactor were the follewing: Sty = 1.39% g/min, Bde = 4.16
g/min, Cyclohexane = 40.76 g/min, nBL.pm = 0.03848 mmol/min,
nBL,exc = 0.003109%, DCP = 0.061% mmol/min. Modifier 1 was

added in the second polymerization reactor with a flow-rate
of 0,01061 mmol/min {(conc. of Modifier 1 soluticn 0.00274
mol/l) . A monomer conversion of 9$8.62% was obtained out of
the first reactor, and a conversion of 99.97% was obtained

out of the second reactor.

Methanol, as Terminating agent, and IRGANOX 1520 (0.15 phr),
as anticxidant, were added to the polymeric solution in the
line out of the second reactor. The polymers coming out of
the first and the sescond reactors were analyzed by GPC [with
a polyvstyrene calilbration). The feollowing results were
chtained for the polymer obtained in the first polymerization
reactor: Mn = 217929 g/mol, Mw = 461253 g/mol, D = 2,116, The
following results were obtained for the polymer obtained in
the second polymerization reactor: Mn = 305054 g/mol, Mw =
623149 g/mol, D = 2.039., The following results were cbtained
for the polymer in the first polymerization reactor: styrene
= 25.7 %, wvinyl 82.7% (1,Z-polybutadiene, calculated on the

£

butadiene fraction) = %, block styrene (» &6 styrene uniis):

-

o
T e

The following results were obtained for the polymer in the
second polymerization reactor: styrene = 25.8 %, wvinyl (1,2
polybutadiene, calculated on the butadiene fraction} = 62.9%
block styrene (> & styrene units): 1%,

The Mooney Viscosity ML 1 +4 of this product was 94.2.
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EXAMPLE 2

A styrene/butadiene copolymerization was performed using two
reactors connected in series. The first reactor was used for
the polymerizaticon. Modifier 1 was added in the sacond
reactor. The Modifier 1/nBL.pm molar ratio was decreased to
0.252.

|

n this trial a DOR/aniocnic initiator molar ratio of 1.464
was used. The temperature of the first

P

the second reactor

it

reactor was 68 °C and the temperature o

was 70°C, The following amounts were added into the first

polymerization reactor: Sty = 1.329 g/min, Bde = 4.16 g/min,
Cyclohexane = 40.76 ¢g/min, nBL,pm = 0.01%67 mmol/min; DOP =
0.0288 mmol/min. Modifier 1 was added in the second

polymerization reactor with a flow rate of 0.00435 mmol/min

{conc., of Modifierl solution 0.00274 mel/l). The flow of the

£

total amcunt of ingredients and scolvent was regulated in
order to achieve a residence time in each reactor of 100
minutes.

A total conversion of 88.2% was obtained cut of the first
reactor, and a conversion of 92.02% was obtained out of the
second reactor. Methanoi as terminating agent and IRGANOX
1520 (0.1% phr) as antioxidant were added to the polymeric
solution in the line out of the second reactor. The polymers
coming out of the first and the second reactors were analyzed
by GPC  (with a polystyrene calibration}. The fecllowing
results were obtalined for the polymer chtained in the [first
polymerization reactor: Mn = 380%68 g/mol, Mw = 798801 g/mol,
D = 2.085%. The fcllowing results were cobtained for the
polymer obtained in the second polymerization reactor: Mn =
428465 g/mol, Mw = 896831 g/mol, D = 2.093. The following
results were obtained for the polymer in the first

poiyvmeriration reactor: styrene = 25.4 %, vinyl 60.8% (1,2-
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polybutadiene, calculated on the bhutadiene fraction}, block

styrene (> © styrene units): 1 %.

The following results were obtained for the polymer in ths

second polymerization reactor: styrene = 25.2%, wvinyl (1,2~
polvbutadiene, calculated on the butadiene fraction) = 60.9%,
block stvrene (> €& styrene units): 1%, The Mooney Viscosity

ML 1+4 of this product was 115.4.

EXBMPLE 3

A styrene/butadiene copolymerization was performed using
three reacters connected 1n series. The first reactor was
used for the polymerization. Mcdifier 1 was added in the
gsecond reactor and Modifier Z was added in the third reactor.
The Modifier 1/nBL,pm molar ratic was (0.388. The Modifier
2/nBL,pm molar ratio was 1.163.

Furthermore, 1in this example 1,2Z2-butadiesne was used. A
DOP/nBL.pm  melar ratio of 1.8697 was used and a 1,2-
butadiene/nBL,pm molar ratico of 0.2114 was used. The
temperature of the first reactor was €8 °C. The following
amounts were added into the first polymerization reactor: Sty
= 1.39% g/min, Bde = 4.17 g/min, Cyclohexane = 40.7¢ ¢g/min,

nBL.pm = 0.018%2 mmol/min; DOP = 0.032} mmol/min, 1,2-

butadiene=0.004 mmol/min.

Modifier 1 wag added in the second polymerization reactor
with a flow rate of 0.00734 mmol/min {conc. of Modifier 1
sclution 0.00273 mol/l). Modifier 2 was added in the third
reactor with a flow rate of 0.02201 mmeol/min (conc. of
Modifier 2 solution 0.0545 meol/l). The temperature of the
second and the third reactor was 70 °C. The residence time

was 100 minutes in each reactor.
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A monomer conversion of 91.97% was obtained out of the first
reactor, a conversion of 26.7% was obtained cut of the second
reactor and a conversion of 26.73% was obtained cout of the

third reactor.

Methanol as terminating agent and IRGANOX 1520 (0.15 phr) as

antioxidant were added to the polvmeric sclution in the line

ekl 4

¢

[

ut of the third reactcor. The polymers coming out of the

+

irst and the second reactors were analyvzed by GPC (with a

polystyrene calibration). The following results were obitained

for the polymer obktained in the first polymerization reactor:
M o= 413244 g/mol, Mw = 846182 g/mol, D = 2.048., The

following results were obtained for the polymer obtained in
the second polvmerization reactor: Mn = 447261 g/mol, Mw =
800845 g/mol, D = 2.014. The following results were obtained
for the polymer obtained in the third polymerization reactor:
Mn = 470670 g/mol, Mw = 934077 g/mel, D = 1.985.

The following results were cbtained for the polymer in the
first polymerization reactor: styrene = 24.9% %, wvinyl 60.8%

(1,2- polybutadiene, calculated on the butadiene fraction),

bRlock styrene (> ¢ styrene units): 1%
The following results were obtained for the polymer in the
second polymerization reactor: styrens = 24.5%, wvinyl (1,2~
polvbutadiens, calculated on the butadiene fraction) = §1.2%
block styrene (> & styrene units):; 1%
The follcowing results were obtained for the polymer in the
third polymerization reactcer: styrene = 24.2%, vwvinyl (1,2

polybutadiens, calculated on the butadiene fracticn) = 61.5%,

block stvrene {»6 styrens units): 1%

The Mooney Viscosity ML 1+4 of this product was 112.6.

o+
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EXAMPLE 4

The reaction was performed in 2 reactors connected in
series. The first reactor was used for the polymerization,
Modifier 1 was added in the second reactor. The Modifier
1/nBL,pm molar ratio was 0.644. In this trial a DOP/active
initiator molar ratic of 1.608 was used. The temperature of
the first reactor was 68 °C and the temperature of the second

reactor was 70°C.

The following amounts were added into the first
polymerization reactor: 8ty = 1.041 g/min, Rde = 3.335 g/min,
Cyclohexane = 40.76 g/min, nBL,pm = 0.03849, mmol/min; DOP =
0.0619 mmol/min., Medifier 1 was added in the secon

polymerization reactor with a flow-rate of 0.0248 mmol/min
{conc. of Modifier 1 solution 0.00273% mol/l). The residence
time was 100 minutes in sach reactor. A monomer conversion of
97.89 % was obtained out of the first reactor, and a

conversion of 99%.96% was obtained out of the second reactor.

{

Methancl as terminating agent and IRGANCK 1520 (0.15 phr) as

antioxidant were added to the polymeric scolution in the line

out of the second reactor. The polymers coming out of the
first and the second reactors were analyzed by GPC {(with a

polystyrene calibration

—

The following results were obtained for the polymer obtained

n the first polymerization reactor: Mn = 213666 g/mol, Mw =

(=8

i

55748 g/mol, D = 2.113. The following results were obtalned
for the polymer cobtained in the second polymerization

reactor: Mn = 265780 g/mcl, Mw = 538284 g/mol, D = 2.025.

The following results were cbtained for the polymer in the

Hh
H -
ks
n
rt

polymerization reactor: styrene= 25.2 %, wvinyvl 62.7%
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{1,2- polybutadiene, calculated on the butadiene fraction),
bilock styrene (> & styrene units): 1%. The following results

were obtained for the polymer in the second polymerization
reactor: styrene = 25.2%, vinyl {1,2- polybutadiens,
calculated on the butadiene fraction) = 62.7%, block styrene
(> 6 styrene units): 1%,

The Mooney Viscosity ML 1+4 of this product was ©7.6.

Example 5
L styrene/butadiene copolymerization was performed using
three reactors connected in series. The first 2 reactors were

.

sed for the polymerization. Mcdifier 1 was added in the

'

t

hird reactor. The Modifier 1/nBL,pm molar ratio was 0.286.

=

Furthermore, 1in this example 1,2-butadiens was used. 24
DOP/nBL.pm molar ratio of 1.%2% was used and a 1,2~
butadiene/nBL,pm meclar ratio of 0.148 was used. The following
amounts were added inte the first polymerization reactor: Sty
= 4.724 g/min, Bde = 13.8 g/min, Cyclohexane = 132.33 ¢/min,
nBL.pm = 0.1256 mmol/min; DOP = (.2418 mmol/min, 1,2-

butadiens=0.01860 mmol/min.

B

Modifier 1 was added in the third polymerization reactor with
a flow rate of 0.03720 mmol/min (conc. of Modifier 1 solution
0.005446 mol/ly. The temperature cf all the reactors was 70

C. The residence time was 35 minutes in each reactor.

L monomer conversicn of 81.04% was obtained out of the first

99.72

Fi

o

reactor, a converslion o was obtalned out of the

@

second reactor and a conversion of 92.84% was cbtained outr of

the third reactor.



WO 2013/139378 PCT/EP2012/054919

43

Methanol as terminating agent and IRGANOX 1520 (0.15 phr) as
antioxidant were added to the polymeric solution in the line
out of the third reactor. The polymers coming out of the
first and the second reactors were analyzed by GPC {(with a
polystyrene calibration). The following results were cobtained
for the polymer obtained in the first polymerizaticn reactor:
Mn = 205392 g/mol, Mw = 397187 g/mol, I = 1.%34. The
fellowing results were obtalned for the polymer cobtained in
the second polymerization reacteor: Mn = 215441 g/mol, Mw =
403586 g/mol, D = 1.873. The following results were obtainesd
fer the polymer cbhtained in the third polymerization reactor:
Mn = 267466 g/mol, Mw = 499838 g/meol, D = 1.869.

The following results were cobtained for the pclymer in the
first pelymerizaticn reactor: styrene = 25.7 %, vinyl ©63.5%

(1,2~ polybutadiene, calculated on the butadiene fraction),

blcock stvrene (> & styrene units): 1%.

The following results were obtained for the polymer in the
second polyvmerization reactor: styrene = 25.7%, vinyl (1,2-
polybutadiene, caiculated on the butadiene fracticn) = 63.8%,

block styrene (> 6 styrene units): 1%.

The following results were obtained for the polymer in the
third polymerization reactor: styrens = 25.8%, vinyl (1,2~
polyvbutadiene, calculated on the butadliene fraction) = £63.98%,

N

block styrene (»6 styrene units): 1%.

The Moonsy Viscosity ML 1+4 of this product was 63.1.

Example 6

A styrene/butadiene copolymerization was performed using
three reactors connected in series. The first 2 reactors were
used for the polyvmerlzation. Mcedifier 1 was added 1in the

third reactor. The Modifier 1/nBL,pm molar ratlc was (0.239.
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Furthermore, in this example 1,Z-butadiene was used. A

DOP/nBL.pm  mcelar ratio of 18 was used and a 1,2~

RN

butadiens/nBL,pm molar ratico of 0.155 was used. The following
amounts were added into the first polymerization reactor: Sty
= 4,724 g/min, Bde = 13.8 g/min, Cyclohexane = 132.33 g/min,
nBL.pm = 0.1198 mmol/min; DOP = 0.2418 mmol/min, 1,2-

butadiene=0.01860 mmol/min.

Modifier 1 was added in the third polymerization reactor with
a filow rate of 0.031 mmol/min (conc. of Modifier 1 solution

-

0.0310 mol/l). The temperature of all the reactors was 70 °C.

ot

The residence time was 35 minutes in sach reactor.

A monomer converslon of 88.87% was obtained out of the first
reactor, a conversion of ©98.43% was obtained cut of the
second reactor and a conversiocn of 89.71% was obtained out of

the third reasctor.

Methanol as terminating agent and IRGANCK 1520 {(0.15 phr) as
antioxidant were added to the polymeric soluticon in the line
out of the second reactor. The polymers coming out of the

First and the second reactors were analyzed by GPC (with a

polystyrene calibration). The feollowing results were obtained
for the polymer obtained in the first polymerizatiocon reacior:
Mn o= 121664 g/mol, Mw = 409029 g/mol, D = 1.%23. The
fellowing results were obtained for the polymer obtained in
the second polymerization reactor: Mn = 222630 g/mol, Mw =
408364 g/mol, D = 1.834. The following results were obtained
for the polymer obtained in the third polymerization reactor:

Mn = 253857 g/mol, Mw = 485285 g/mol, D = 1.812.

The following results were obtained for the polyvmer in the

first polymerizatioen reactor: styrene = 25,9 %, wvinvl 64.4%
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(1,2- polybutadiene, calculated on the

block styrene (> & styrene units)

The followling results were obtained

second polymerization reactor:

polybutadiene, calculated on the butadiene
bhlock styrene (> 6 styrene units):

The following results were cbtalined for

-

third polvmerization reactor: styrens

polybutadiene, calculated on the butadisne fraction; = &4.

block styrene (»6 styrense units)

1z

styrene

2

1
LG

g
L.

for

PCT/EP2012/054919

the polymer in

25.9%, wvinyl

The Mooney Viscosity ML 1+4 of this product was 71.6.

B

Teble 1. Molecular Weight and Molecular Weight

’

after polymerization {(step (i))

and at

the end of

the

butadiene fraction},

the polymer in the
26.2%, vinvl ;2=
fraction) = 64.4%,

the

Distribution

process

(after step (ii) or (iii}) as well as Mooney Viscosity Values

E C Mri, Mw and D of polymers Mn, Mw, D and Mooney Viscosity
b obtained before addition (MU of poiymers obtained at
A of modifier 1 the end of the examples

M

P Mn Mw D M Mw D MU
L {g/mel) | {(g/mol) {g/mol) {g/mol)

E

1 0.28 217829 461253 2.116 305554 623149 2.039 84.2
2 0.25 380%e8 799801 2.02¢ 428465 896831 2.083 115.4
310.388% 0 413244 B46182 2.048 4708670 8534077 1.985 112.86
41 0.642 215666 455748 2.113 265780 538284 2.025 67.6
51 0.29¢6 215441 403586 1.873 267466 499838 1.869 63.1
&1 0.25% 222630 4083¢4 1.834 253857 485285 1.912 71.6
A: Modifier 7 was added in the third reactor as described

above with respect to example 3;

[

C: mo

2 / active initiator

ar ratio {mol/mel} of the compound according to Formula
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Example 7
Determination of % molar amount of living chains

In the following example the % molar amount of living
chains is evaluated. A continuous polymerization experiment
was performed as described in the previous examples. A molar
excess of Modifier 1 with respect to the moles of active
initiator was added 1in tThe second reactor. Under these
conditions =ach living chain should react with one molecule
of Mocdifier 1. The residual amount of Medifier 1 in the
pelymer solution was analyzed via GC. The molar amount of
living chain ends corresponds to the cifference of the molar
amount of Modifier 1 chargec and the molar amount of Modifier

1 detected in the polymer solution.

The reaction was performed in 2 reactors connected in
series. The first reactor was used for the polymerization.
Modifier 1 was added in the second reactor. A molar excess of
Modifier 1 was added in the second reactor: Modifisr 1/nBL,pm
molar ratio was 1.19,

In this trial a DOP/anionic initistor molar ratic of 1.605
was used. The temperature of the first reactor was 68 °C and

the temperature of the second reactor was 70°C.

The following amounts waere added into the first
polymerization reactor: Sty = 1.36% g/min, Bde = 4.19 ¢/min,
Cyclohexane = 40.77 g/min, nBL,pm = (0.018 mmol/min; DOP =
¢.028% mmol/min. Modifier 1 was added in the second

iy

polymerization reactor with a flow rate of ¢.02146 mmol/min
{conc., of Modifier 1 solutien 0.00275 mol/l). The residence
time in each reactor was 100 minutes. The feed concentration

of Modifier 1 in the polymer solution was 127 ppm.
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88.7% was cobtained out of the first

h

A monomer conversion o
reactor, and a conversion of 90.66% was obtained out of the

second reactor. Methanol as terminsting agent and IRGANCX

JEY
(923

(0,15 phr) as antiloxidant were added fto the polymeric

20
ol

M

U‘\

in the line out of the second reactor. The polymers

i

coming cut of the first and the second reactors were analyvzed
by GPC (with a polystyrene calibration). The following

results were obtalined for the polymer obtained In the first

polymerization reactor: Mn = 418%24 g/mol, Mw = 873412 g/mol,
D= 2.085. The fcllowing results were obtained for the
polymer obtained in the second polymerization reactor: Mn =

435858 g/mcl, Mw = 869482 g/mol, D = 1,995.

The following results were obitalned for the polymer in the

second polymerization reactor: styrene = 25%, wvinyl (1,2~
polvbutadiene, calculated on the butadiene fraction) = 61.0%,
block styrene (> 6 styrene units): 1%. The following results

were obtained for the polymer in the third polymerization

reactor: styrene = 24.9%, vinyl (1.2- polybutadiene,
calculated on the butadiene fraction) = 81.3%, block styrene
> & styrene units): 1 %.

The amount of Modifier 1 in the polvmer sclution out of the
second reactor was analvzed with GC and resulted to be 206
ppm, which corresponds to 0.003885 mwol/min of Mcodifier 1
detected in the polymer solution out of the second reactor.
This means that 0.01757 mmol/min of Modifiser 1 reacted with
the living chains and this number also corresponds to the

5 Y

111 living in the second

ct

number of c¢hains which are s

o0

reactor. A degree of livingness of 97,¢ is calculated in

this experiment.
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The data obtained in this experiment confirms that a very
high degree of livingness can be obtained in the reaction

conditions disclosed in this inventicon.

EXBMPLE 8 (comparative)

(Continuous Polymerization, linear)

The reaction was performed in 2 reactors connected in series.
Both reactors were used for the pelymerization. In this trial
a2 DOP/active initiator molar ratic of 2.048 and a 1,2-

butadiene/nBL.pme molar ratio of 0.162 was used. The

h

temperature of the first reactor was 65 °C and the
temperature of the second reactor was 70°C. The following
amounts were added into the first polymerization reactor: Sty

-

= 3,58 ¢g/min, Bde = 11.04 g/min, Cyclohexane = 107.25 g/min,
nBEL,pm = 0.07631 mmol/min, nBL.exc = 0.0151 mmol/min; DOP =
0.1563 mmol/min, 1,2-butadiene= 0.01234 mmol /min. The
residence time was 38 minutes in each reactor.

A monomer conversion of 84.1 as obtained out of the first
reactor, and a conversion of $9.01 % was obtained out of the

second reactor.

Methancl as terminating agent and IRGANOX 1520 (0.15 phr) as

-

antioxidant were added to the polymeric solution in the line

out of the second reactor. The polymers coming out of the
first and the sscond reactors were analyvzed by GPC (with a

polystyrene calibraticn). The following results were obtained
for the polymer obtained in the first polvmerization reactor;
Mn = 246850 ¢g/mol, Mw = 489634 g/mol, D = 1.985. The
fellowing results were obtained for the polymer obtained in

the second polymerization reactor: Mn = 269100 g/mol,

Mw = 504031 g/mel, D = 1.873,
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The following results were obtained for the polvmer in the
£

irst polymerization reactor: styrene = 26.5 %, vinyl = 63.4

oo

{1,2~ pcolybutadiene, calculated on the butadiene fraction),

"

block styrens (> 6 styrene units): I

o

. The following results

were obtained for the polymer in the sscond polymerization

reactor: styrene = 2&.9%, vinyl {1,2- opolybutadiene,
calculated on the butadiene fraction} = 63.8%, block styrene
{» & styrene units): 1%.

The Mooney Viscosity ML 1+4 of the product was ©66.5.

Brample 9 {(comparative)

A styrene/butadiene copolymerization was performed using two
reactors connected Iin series. The first reactor was used for
the polymerization, Modifier 1 was added in the second

reactor, the Modifier 1/ nBL,pm molar ratic was 0.202.

a DOP/active initiator molar ratio of 1.764 wa

fonr?

ria

-+

In this

n

“Z
e

used., The temperature ol

ey
D

the first reactor was 68 °C and ¢

'

temperature of the szecond reactor was 70°C. The flow of the
total amount of ingredients and solvent was regulated in
order to achieve a residence time of 100 minutes in each

raactor. The fiow-rates of the ingredients added in the first

reactor were the following: Sty = 1.39 g¢g/min, Bde = 4.16
g/min, Cycilohexane = 40.7¢ g/min, nBL.pm = 0.03509 mmol/min,
nBRL,exc = 0.003108, DOP = 0.061% mmel/min. Modifier 1 was

added in the second pelymerization reactcer with a flow-rate
of 0,00707 wmmel/min {(conc. of Modifier 1 solution £.00274
mol/1ly. A monomer conversion of 287.40% was obtained out of
the first reactor, and a conversion of 99.9%7% was obtained

cut of the second reactor.
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Methancl, as terminating agent, and IRGANCX 1520 (0.15 phr),
as antloxidant, were added to the polymeric solution in the
line out of the second reactor. The polymers coming out of
the first and the second reactors were analyzed by GPC (with
a polystvrene calibration). The following results were
obtained for the polymer obtained in the first polvmerization
reactor: Mn = 291033 g/mol, Mw = 643178 g/mol, D = 2.21. The

following results were obtained for the polymer obtained in

the second polymerization reactor: Mn = 299626 g/mol, Mw =
I T 4 - D AT ) £ T T ey e ey 7 e o 4 3
671626 g/mol, D = 2.242. The following results weres cbtained

for the polymer in the first polymerization reactor: styrene
= 25.7 %, wvinyl 63% [(1,Z-pclybutadiense, calculated on the
butadiene fraction) = %, Dblock styrene (> € styrene units):
1%,

The following results were obtained for the polymer in the

second polymerization reactor: styrene = 20.7 %, vinyl (1,2-
polybutadiene, calculated on the butadiene fraction) = 63%,

block styrene (> 6 styrene units): 1%.

The Mooney Viscosity ML 1 +4 of product was 88.7.

Example 10 {Comparative)

The co-polymerization was performed in a double wall 20 liter
steel reactor, which was first purged with nitrogen before
the addition of crganic sclvent, monomers, polar coordinator
compound, initiator compound or other components. The
polymerization reactor was tempered at 40 °C. The following
components were then added in  the followin order:
cyclohexans solvent (2000 gi; 1,3-butadiene monomer (1514.35
gl and styrene moncnmer (414.52 g} and tetramethylethylane
diamine {TMEDA) as polar coordinator 20.5 mmel,
TMEDA/nBL, pm=1.720. The mixture was stirred for one hour. HN-

butyl  lithium (11.92  mmol) was added to start the
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polymerization. The polymerization was performed for 80
minutes, not allowing the polymerizaticen temperature to
exceed 60 °C. Afterwards, 7.75 g 1,3-butadiene monomer was
added, followed by the addition of tin tetrachleride (0,903
mmol) . The mixture was stirred for 20 minutes. Subsequently,
another 27.9 g 1,3-butadiene moncmer was added, followed by
the addition of (CH30)35i-(CH2)3-3-851(CH3)3 as compound
according to feormula 2 (10.16 mmol, Compound according to
Formula 2 / nBL,pm = (,852). For the termination of the
polymerization process, the polymer solution was transferred
after 45 minutes into a separated double wall steel reactor
containing 100 wml ethancl and 1.4 ml of concentrated HCL
{concentration 36%) and 5 g of irganox 1520 as stabilizer.

The following results wers obtalined for the synthesized

polymer: Mn = 342581 g/mol, Mw=496873 g/mcl, D= 1.263,
styrene=21%, vinyl=62.4%, Mocney Viscosgity = 62.4

Example 11 (Comparative)
The co-polymerization was performed in a double wall 10 liter

steel reactor, which was first purged with nitrogen before

the addition of organic solvent, monomers, polar coordinator

compound, initiater compound or other components. The
polymerization reactor was tempered at 40 °C. The following
following order:

components were then added in  the
g

); 1,3-butadiene monomer (773.82 qg);

o

cyclohexane {554
styrene moncmer (210 g); tetramethylethylene diamine as polar
coordinator (10.2385 mmol), TMEDA/NBL,pw=1.700. The mixture
was stirred for one hour. N-butyl lithium (6,109 mmol) was
added to start the polymerization. The polymerization was
performed for B0 minutes, not allowing the polymerization

temperature to exceed 60 °C. Afterwards, another 14.18 ¢
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1,3-butadiene monomer was added followed by the addition of
CH3AO) 351-{CHZ)3-3-531(CH3)3 as compound according to formula 2
(7.262 mmel, compound according to formula 2 / nBL,pm ratio=
1.1%0). For the termination o©of the polymerizatlcn process,
the polymer solution was transferred after 42 minutes into a
separated double wall steel reactor containing 100 ml ethanol

and 1.4 ml of concentrated HC1l {concentration 36%) and 5 g of

Irganox 1520 as stablilizer. The following results wers
obtained for the synthesized polymer: Mn=274259 g/mol,
Mw=346417 g/mol, D= 1.263, styrene=20.51%, vinyl=64.45%,

5

Mooney Viscosity=6

The following tables provide an overview of molecular ratics
enploved in the foregoing examples (table 2} and summarize

polymer characteristics (table 3).
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Table 2. Summary of recipe details of all the examples
EXAMPLE i} B C D SnCid4 / nBL,pm
1 1.609 - 0.280 - -
2 1.464 - 0.252 - -
3 1.697 0.211 0.388 1.163 -
4 1.608 - 0.6044 - -
5 1.925 0.148 0.2 - ~
6 2.018 0.155 0.2 - -
g8 2.048 0.162 - - -
9 1.764 - 0.202 - -
10" 1.720 " - 0.85 - 0.0780
11" 1.700 % - 1.190 - -
A molar ratio (mol/mol) of the compound according to
formula 1/ active initiator;
B molar ratio (fmel/mol) of 1,2-butadiene / active
initiator;
C molar ratio (mel/mel) of the compound according to
formula 2 / active initiator;
D melar ratio (mel/mol) of the compound according to
formula 3 / active ilnitlator
Bt in Examples 10 and 11, TMEDA was ussd as polar
coordinator compound instead of the compound according
to formula 1; the values iIndicated in column A thus

refer to the molar ratic of TMEDA / active

initiator;




WO 2013/139378 PCT/EP2012/054919
54
Table 3., Polymer characteristics
Polymer i Sty- {Vinyl styrens | Mn M D Moconey
rene |Conten |block Viscosli
Con- |t content W
tent
{%) {%) (%) (kg/ | (kg/
mol) | mol)
Example | 25.8 62.9 1 305 623 2.03%9 94.2
1
Example | 25.2 60.9 1 428 897 | 2.093 115.4
2
Example | 24.2 £1.5 1 471 934 1.985 112.6
3
Example | 25.2 2.7 1 266 538 2.025 67.6
4
Example | 25.8 63.9 1 267 500 | 1.869 63.1
5
Example | 25.9 64.5 1 254 485 1.812 71.6
6
Examplie | 26.9 £3.8 1 269 504 1.873 66.5
g
Example | 25.7 63 1 299 271 2.21 88.7
9
Example | 21.0 62.4 1 343 497 1.263 62.4
Example | 20.5 64.5 1 274 346 | 1.263 eh
11
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Preparation of Compositions comprising a2 filler
Compositions were prepared using the solution styrene
butadiene rubber (SSBR} materials described in the foregoing

exanples, except example 7.

Silica Based Rubber Compositions

Polymer  compositions were  prepared by combining and
compounding 80 parts by welght of each of the elastomeric
polymers obtalned in examples 1, 2, 3, 4, 2, 6, 8, 9, 10 and
11 with 20 parts by welght of commercially available high cis
polybutadiene and the constituents listed below in Table 4,
in a 350 cc Banbury mixer (Labstation 35085 from Brabender
GmbH&Co KG}, feollowing a two-stage mixing process. Stags 1:
all components as indicated 1In table 4 were mixed together
for b5 to 7 minutes at 60 to 80 rpm, except for the components
of the vulcanizing agent (i.e. sulfur, TBRS3, and DPG) to form

-

a stage 1 formulation. Stage Z: Subsequently, the vulcanizing

agent was added and the mixture was mixed for additional 2 to
3 minutes at 30 to 50 rpm to give stage 2 formulations.

Mooney valuss were determined for each of these compositions
{“stage 2 formulation”) and are indicated in table 5 below as
“Mocnéy Compound” wvalues. After preparation of stage 2
formaulations, vulcanization was started by heating the stage
2 formulations at 160°C for 20 minutes. After wulcanization,
the compositions were left to reach room temperature to give
compcesitions “1A" to “1iA”. The physical properties for each
composition thus obtained are provided in Table 5. In this
table, samples “1A7 through “11A" designate compositions
cbtained from polymers described herein above in examples 1

to 11, except example 7.
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Table 4. Recipe used for the preparation of compositions 1A

to 11A.
Components Amount

phr)”®

Polymer according to Example 1 80.0
to 6, B8 to 10 or 11
High cis-polybutadiene Buna cis 132-Schkopau®™ | 20.0
Precipitated silica Ultrasil 7000GR* 80.0
Silane NxXTE 9.7
Stearic acid? 1.0
Stablliizer system:
Ozone protecting wax Antilux 654" 1.5
Antioczonant Dusantox? 6PPD 2.0
Zinc oxide® 2.5
Softener {(0il) TDAE® 20.0
Sulfur®* 1.4
TRES 1.5
DPEer© 1.5

a Z stage mixing, Brabender 3508, Internal Banbury mixer

b N-f~butyl-2-benzothiazolsulienamide, Santocure-TRBS,

-

Flexsvys Inc.
Diphenvlguanidine,
Second stage

VivaTec 500, Hansen &
Evenlc AG

N~ {(1,3~dimethylbutyl)-N

Dusio a.s,

O 0

Vulkacit D,

Lanxess AG

{curing system)

Rosenthal KG

-

'—phenvyl-

1,4-benzenediamine,

h Light & czone protective wax, Rhein Chemie Rheinau GmbH
i ... .Momentive

i Cognis GmbH
k Grillo-Zinkoxid GmbH

Solvay AG

m  Styron Deutschland GmbH

Based on total weight of styrene butadiene copolymer and

n
elastomeric diene polymer
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Table 5. Compound Data. Mooney Viscosities data and

vulcanizate compound properties

Mooney Mooney AMooney DIN Grip Rolling
Polymer | Compoun Abrasion Resistance
MU MU MU Tmm3] {tan d {(tan 4 @
@ 0°C) 60°C)
1A 94.2 58.8 ~35.4 104 0.31 0.124
Zh 115.4 80.7 ~-34.7 109 0.271 0.122
3A 112.% 79.7 ~32.9 92 G.259 0.114
4R 67.6 62.5 -5.1 92 06.321 0.121
5Rn 63.1 57 ~6.1 107 0.321 0.128
OA T71.6 62.6 -9 109 0.335 0.125
ga 66.5 57.3 -9, 2 114 0.3208 0.13
9A 88.7 52.7 -36 119 0.33 0.158
10R* 52.4 738.2 15.8 122 0.2428 0.0951
1in* 55 74,2 9,2 93 0.2639 0.0966

o

* In these compounds the aromatic coil Enerdex 65 was use

as

.1 VivaTec 500

[

softener in place cf TDAE o

The “AMooney” wvalue 1is the difference in Mooney viscosity
values of the solvent-free polymer (“Mooney Polyvmer”) and the
compositions comprising a filler (“Mooney Compound”). Lower
delta Mooney values are asscciated with a better processing

behaviour.

The data reported in Table 5 shows that compositions 1A, ZA,
3A, 4&, bR and OA that are based on polymers according to the
invention have improved processing characteristics as

compared to compoesitions 10A and 11A which are based on
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volymers prepared in a batch polymerization process. At the
same fime, abrasion, grip and rolling resistance properties

are improved as compared to comparative examples B8A and 934

that are based on polymers 8 and ¢, respectively.

The compositlons according to the present invention thus
combine the positive processing behaviour (as observed with
polymers that are obtainable 1in contlinucus polymerizatlion
processes) with  favourable product properties such as
abrasion, grip and rolling resistance. Compositlions 1A, 2A,
3n, 4A, 5A and 6A diplay overall the best balance in terms of
processing behaviour of the non-cured silica fecrmulations and

rolling resistance ¢f the cured formulations.

The process of the invention thus vields modified elastomeric
poilymers with improved processing properties during reactive
mixing of the modified elastomeric polymers with components

of the composition as represented in Table 5. Without wishing

D

te be bound by theory, the inventors believe that th

improved processing behaviour is the result  of  th

6]

combination o©of a broad molecular welight distribution of the
polymers {(with  respect to polymer produced in batch
polymerisation DIOCesS3es) and an efficient polymer

modification performed by using modifiers 1 and/ocr 2.
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[

Particularly preferred embodiments (EMs) of the present

nvention are listed herein below:

-

1. A process for the continuous preparation of an

elastomeric polymer, said process comprising the steps of:

(i} providing and polymerizing at
™

[

east one condugated diene

menomer and, opticnally, one or more arcmatic vinvl monomer

at a temperature of 110 °C or less in an organic solvent in
the presence of an active initiateor and & compound according

to Formula 1:

R? 2
O.\ /R O"\\_\_______ — R6
— E
AN
R4 \ R ’ =Y
R® r® n

-

{Formula 1}

I

wWiher ,.Lx. .:.«.L.E. E Al 1 ::l_ Leily ES ; .l_; "ormuala 1 o
herein O in Formula s oxvgen, R1 and RZ in Formul 1 are
r

h

ezach independently hydrogen or an alkyl group, preferably
hydrogen cr a Cl-C4 alkyl group; R3, R4, RE, R6, R7 and RSB
are each Incependently selected from hydrogen or an alkyl
group, referably hydrogen or a Cl-C6 alkyl group; n 1s an
integer value selected from 1, 2, 3 or 4, preferzsbly 1;
and wherein the active initiator is an anionic initiator and
the molar ratilo c¢f the compound according to Formula

active initiator is from 0,15 to 10;

to provide a living anionic polymer; and
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(ii) adding a first guantity of a compound according to
Formala 2 to the living anionic polymer in an amount such
that the molar ratio of the compound according to Formula 2/

active initiator is of from 0,21 or more:

(ROY3S1-A-S5-SiR'R"'R"'"  (Formula 2)

wherein 8 in Formula 2 1s sulphur, 81 is silicon, O is
oxvgen; groups R are each independently selected from alkyl,
aralkyl or arvl, preferably from Cl-C1l0 alkyl, C7-C17 aralkyl
or C6-Cl6 aryl; groups R’, R’ and R’’’ are independently

1

from each other selected from alkyl, aralkyl or aryl,

\.]
()

preferably from C1-Cl0 alkyl, C6~-Cle aryl or C 17 aralkyl;

foerd

A is a divalent hydrocarbyl group, preferably C1-C20 alkyvlene

or C7-C25 aralkylene.

2. The process according to EM 1, wherein step ({(1i) of
adding the compound of Formula 2 to the living anionic
polymer is started at a monomer conversicon of between B> and
100 percent by welght bkased on the amocunt of monomers
provided.

3. The process acceording to any of EMs 1 or 2, wherein the
molar ratic of the compound according to formula 1 / active

initiator is from 0.4 to 5.

4, The process according to any of the preceding EMs,
wherein the process comprises the additional step {iii) of:
{iid} subseguently adding a second guantity cf the compound
according to Formula 2 and/or adding a compound according to
Formula 3 in an amount such that the meolar ratico of the
compound according to Feormula 2 and/or Formula 3 as added in

step (i1ii) / active initiator is of from 0,21 cr more:

(RO)LR/ V77 S51-A~8~8iR7R' 'R’ (Formula 3)
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wherein groups R in Formule 3 are independently selected from
alkyl, aralkvyl or arvyl groups, preferably from C1-C10 alkyl,
C7-Cl7 aralkyl or Ce-Cle aryl; groups R", R’ and R"’" are
independently selected from alkyl, aralkyl or arvyl,
preferably from Cl-C10 alkyl, C&~-Cle aryl or CV7-Cl7 aralkyl:;
group R'7'7 is selected from an alkyl, aralkyl or aryi,
preferably from C1-Cl0 alkyl, C6-Clé arvyl or C7-Cl7 aralkyl;

.

A 1s a divalent nydreocarbyl group, preferably Cl-C20 alkylene

T
or C7-CZ25 aralkylene.

5

. The process according te EM 1, wherein Rl and RZ in
Formula 1 are independently selected from hyvdrogen or C1-C4
alkyl; sach of R2, R3, R4, R5, EKé, R7 and R8 is indspendently
selected from hydrogen or Cl-C6 alkyl; n 1s 1; wherein in
Formula 2, sach group R lg independently selected from C1-C10
alkyl, C7-Cl7 asralkyl cor C6-Cle aryl; groups R, R’ and R"'’
are independently from each other selected from Cl-Cl0 alkyl,
Ce-Cle arvl or C7-Cl7 aralkyl; and A is C1-C20 alkylene or
C7-C25 aralkylene; and wherein in Formula 3, each group R is
independently selected from CI-Cl0 alkyl, C7-CL7 aralkyl or
Cée-Cle arvl; groups R, R'7, R'77" and R'7’ are independently
from each other selected from C1-C1l0 alkyl, C&6-Cle arvl or
C7-Cl7  aralkyl; and A 1s Cl-C20 alkylene ox (C7-C25

aralkyliene.

6. The process according to any of the preceding EMs,
wherein the at least one conjugated diene monomer 15 selected
from 1, 3~butadiene, 2-alkyl-1,3-butadiens, Z2-methyi-1,3-
butadiene, 2,3-dimethyl-1,3-butadiene, 1,3-pentadiene, 2,4-
hexadiene, 1,3-hexadiene, 1,3-heptadiene, 1,3-octadiene, 2Z-
methyl-2, 4~pentadiene, cyclopentadiene, 2,4-hexadiene and/or

1,3~cyclooctadiene

7. The process according to any of the preceding EMs,
wherein the organic solvent is selected from one or more of
butene, butane, pentanse, cyclohexane, hexane, heptane,

ctane, benzene and toluens, preferably from one or more of
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cyclohexane, hexane, and heptane.

process according to any of the preceding EMs,

anicnic inlitiator comprises an organc metal

having at least one lithium atom and comprising a

Cl-C20 hydrocarbon group or a mixture thereof.

9. The process according to EM 8, wherein the anionic
initiator is an alkyl lithium, preferably n-~butyl lithium,
sec~-butyl lithium or a mixture thereof.

1¢. The process according to any of the preceding EMs,
wherein the compound according to Formula i is
di(tetrahyrofuryl)propane.

11. The process according to any of the preceding EMs,
wherein the temperature in step (i} is in the range of from
40 to 110 °cC.

1Z2. The process acceording te any of the preceding EMs,
wherein the temperature Iin step (1), step {ii) and optional
step {(iii) is in the range of from 33 te 90 °C.

13. The process acceording te any of the precsading EMs,
wherein step (1), step {(ii) and optional step (iii} are
carried out in reacticn vessels connected in series,

i4.

conjugated

moncmer,

The prcocess according to EM 13,

wherelin the at least one

diene the

~
b

monomer, optional aromati vinvyl

the anionic initiator and the compound according Lo

Formula 1 are added into a first reaction vessel with a flow
rate such that the mean residence time in each step (i) and
(ii1 as well as in optional step (iii) is from 30 to 150

minutes.
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<

15. The process according to any of the preceding EMs,
wherein 1,2Z2-butadiene is added during step (1) as additional

component.

16. The process according EM 12, wherein the molar ratio of

1,2-butadiene / active initiator is from 0,05 to 0,4.

¢t

17. The process according o any c¢f the preceding EMs,
wherein the at least one conjugated diene monomer and,
ocptionally, the one o¢r more aromatic vinyl moncomer is
provided in an amount such that the total sclid content of
moncmers 1s from 6 to 24 percent by weight bkased on the total

welght of monomers and solvent.

18. An elastomeric polymer obtainable according to any of

the preceding EMs.

12. The elastomeric polymer according to EM 18, having a
vinyl content o¢f from 20 to 80 percent by weight and a
styrene ccntent of from 0 to 50, preferably of from 10 to 40

percent by welght.

20, The elastomeric polymer according to EMs 18 and 19,

having a molecular welght distribution (MWD) of 1,7 to 2,5.

Y

The elastomeric polyvmer according to anvy of EMs 18 o

.

-
e o
20, wherein the polymer has a number average molecular weight
{Mn)} of 8C.000 to 700.000.

22. The elastomeric polvmer according to any of EMs 18 to
21, wherein the polymer has a Mooney Viscosity ML 1+4 (100
°Cy of 15 to 100.

Z23. A composition comprising  the elastomeric polymer
2

n
according to any of EMs 18 to 2
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24. The compositlon according to EM 23, further comprising

oll and/or a filler.

25. The composition according toe EM 23 or 24, further

comprising a vulcanizing agent.

26. The composition according to any of EMs 23 to 25,
wherein the f£iller is selected from one or more of silica and
carbon bklack.
7. A  process for the preparation of a crosslinked
of:

elastomeric polymer, comprising step {(iv)

{iv) adding a wvulcanizing agent to the elastomeric polymer
according te any of EMs 18 to 22 or to the composition

cocording to any of EMs 23 to 26 and cross-linking the
o

28. A crosslinked elastomeric polymer obtainable according
EM 27.

29. A composition comprising the crosslinked elastomeric

polymer according tc EM 28,

30, An article comprising the compesition according to any
of EMs 23 to 26 or 292,

31. The article according to EM 30, whearein the article 1s a
tire tread, a tire side wall, a convever belt, a seal or a

hose.
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CLAIMS
1. A  prccess for the continuous preparation of an

elastomeric pelymer, sald preocess comprising the steps of:
Y I O

{1} providing and polymerizing at least one conjugated diene
monomer and, optionally, one or more aromatic vinyl monomer
at a temperature of 110 °C or less in an organic solvent in
the presence of an active initiator and a compound according
to Formula 1:

3
R \Yo R? o -G
/i\\/
{ E 1
R4 \

RS RS n

(Formula 1)

wherein O in Formuia 1 is oxygen, Rl and R2 in Formula 1 are
each independently hydrogen or an alkyl group, preferably
hydrogen or a Cl-C4 alkyl group; R3, R4, R5, R6, R7 and RS8
are each independently selected from hydrogen or an alkyl
group, preferably hydrcgen ¢r a Cl-C6 alkyl group; n is an

integer valus selected from 1, 2, 3 or 4, preferably 1;

and wherein the active initiator is an anionic initiator and
the molar ratio of the compcund according te Formula 1 /

ctive initiater is from 0,15 to 10;

Ul

to provide a living anicnic polymer; and

{(1i) adding a first quantity of a compound according %o

Formulia 2 to the living anionic polymer in an amount such
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that the molar ratio of the compound acccrding to Formula 2 /

active initiatecr is of from 0,21 or more:
{RO)38i-A~-3~-3iR'RM'R" 7/ {Formula 2)

wherein $§ in Formula 2 is sulphur, S8i is silicon, © is
oxygen; groups R are each independently selected from alkyl,
aralkyl or aryl, preferably from Cl-C10 alkyl, C7-Cl17 aralkyil
or (C6-Clé aryl; groups R’, R'’ and R’’’ are independently
from each other selected <from alkyl, aralkyl or aryi,
preferably from Ci-Cl0 alkyl, <C6-Clé aryl or C7-Cl7 aralkyl;
A is a divalent hydrocarbyl group, preferably Cl-C20 alkyvlene

or C7-C25 aralkylene.

2. The process according to claim 1, wherein step (ii} of
adding the compound of Formula 2 to the living anionic
polymer is started at a meonomer conversicn of between 85 and
100 percent by weight based on the amount of monomers

provided.

3. The process according to any of the preceding claims,

wherein the process comprises the additional step (iii) of:

(iii) subseguently adding a second quantity of the compound
according to Formula 2 and/cr adding a compound according to
Fermula 3 in an amount such that the wmolar ratico of the

compound according to Formula 2 and/or Formula 3 as added in

step (iii) / active initiator is of from 0,21 or more:
[(RO),R' 7 81i-A~5~-SiR'R/'R’'" (Formula 3)

wherein groups R in Formula 3 are independently selected from
alkyl, aralkyl or aryvl groups, preferably from C1-Cl0 alkyl,
C7-C17 aralkyl or C&~Cl6 aryl; groups R’, R'’ and R’’’ are
independently selected from alikyl, aralkyl or aryi,
preferably from C1-Cl0 alkyl, C6-Cl6 aryl or C7-Cl7 aralkyl:
group R’'’'' is selected from an alkyl, aralkyl or aryl,
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preferably from Cl-Cl1l0 alkyl, C&6-Clé aryl or C7-Cl7 aralkyl;
B is a divale hydrocarbyl group, preferably Cl-C20 alkylene

nt
oxr C7-C2% aralkylene.

4. The process according to any of the preceding claims,
wherein the at least cne conijugated diene monomer is selected
from 1,3-butadiene, Z2-alkyl-1, 3-butadiene, Z2-methyl-1, 3~
butadiene, 2,3-dimethyl-1l,3~butadiene, 1,3-pentadiene, Z,4-
hexadiene, 1,3-hexadiene, 1,3-heptadiene, 1,3-octadiene, 2-
methyl-2, 4~pentadiene, cyclopentadiene, 2,4-hexadiene and/or

1, 3-cyclooctadiene

5. The process according to any of the preceding claims,
wherein the crganic solvent is selected from one or more of
butene, butane, pentane, cyclchexane, hexane, heptane,
cctane, benzene and toluene, preferably from one or more of

r
lbutane, pentane, cyclohexane, hexane, and heptane.

6. The process according toe any of the preceding claims,
wherein the anionic dinitiator comprises an corganc metal
cempound having at least one lithium atom and comprising a

1
non-polar Cl-C20 hydrocarbon group or a mixture thereof,

7. The process according te any of the preceding clains,
wherein the compound according to Formula 1 is

di{tetrahyrofurvllipropane.

h

8. An elastomeric polymer obtainable accerding to any o

the preceding claims.

9. A composition comprising the elastcmeric polymer

according to claim 8.

10. The composition according to claim ¢, further comprising

cil and/or a filler.
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11. The composition according to claim 9 or 10, further

comprising a vulcanizing agent.

12. The composition according to any of claims 9 to 11,
wherein the filler is selected from one or more of silica and

carbon black.

13. A process according to claim 3 further comprising step

(iv) of:

(iv) adding a wvulcanizing agent to the elastomeric polymer
according to claim 8 or to the composition according to any of

claims 9 to 12; and cross-linking the elastomeric polymer.

14. A crosslinked elastomeric polymer obtainable according to

claim 13.

15. A composition comprising the c¢rosslinked elastomeric

polymer according to claim 14.

16. An article comprising the composition according to any of
claims 9 to 12 or 15.

17. The article according to claim 16, wherein the article is
a tire tread, a tire side wall, a conveyer belt, a seal or a

hose.



