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groups. To obt aiifiohdl & ikURoWhORA bAMIERR dnld/ok NEp&YES MHdshiBRe Horl i
pol yneri c chains, the

copolymerization between conjugated dienes and a monomer with an aromatic vinyl



10 follow ng are used preferentially; hexanethylcyclotrisiloxane
(D3), which allows the incorporation of continuous sequences of the
si | oxane fWERMIRA3?group -[-Si (CH3)2-0- ]-, with diffREHB2008HEGRHS,
and a silanol termnal group -Si (CH3)2-0H. These el astoners
have a Mooney Viscosity (M1+4 @ 100C) in a range from 30 to 90, and
an average nol ecul ar weight in the range from Mr=80, 000 to 700, 000,
15 with a pol ydi spersion in the range from1,05 to 4,0, when anal yzed
by Size Excl usion Chronat ography (SEC), based on pol ystyrene

st andar ds.structure, ciihdwefimkotabnesl én fhredrs extterjieas én theaasproprivite conditions,

t enper at ures, . Tqg, ifn the range from- 92C to -1C, dependi ng on t he
cheni cal dBHEmgbepehits frthsir STployanspf my yulsapizedelestemmeriqeonensynds, ther effest

t he m cros ' t. di e incarporat.ed in the 20
copol yner St gyt Qlanke S8 BNARAE e SRR CRTPRES Y e
pol yneri ¢ Hehipbmeric SFBbPolhEHbIVEL, Ritdhtdd0h NE bf BothldF\itd &ltRmities of the
differentiated fromthe main chain. This bl.ock can be honopol yneric
(e. g.: Spolpplxmeniti eninspifolpatedshy tamijal danctiogmd | grops) & tHeep@perties of the
copol ynmeri zati on qof two_or nore_ conjugated dienes, or
copol yrrer-i‘?gqaw&wi PASeREFICOTOmPOURT & 19b i thyjstaie efihednat i ¢ vi nyl
structure, or 0 I i on.of ,one or re caonjugated di enes w,th
one or or e morR i b thédd bRk Mmil RO B RGBT Bt EoneRiR it
di fferent Have diffetent! Slast temsitiof SérRpeRathis g_fg) SrofH BB Bfath cHAIHR! YR blastomer
provided that the final structure of this block is different fromthe
mai n chai rin theipeepertéasml thebiubrahiged WBIODOHY OFPEAYRGT hEI3200B/ 003442 11
contailﬁ from5_to 250 incorporated ners per chain. It is preferable
e

that tiese bl odk& EBhKRPKR{ weicy otkid mesitanee rerpriigsy of amleanigedon

nore pref : j .1 0. 130. i ncorporate rs
per chai n%@%&fégﬁ 2% %nc?hg@sé %ﬁq%eﬁflngbr{)‘?\e\aerg r?/t2 '?Stl)&rg a @glr A gragm{; eaPrﬁq?ﬁs grmer,
functi onalvitiet ineRdesdénedll hdndpobaseR o? Bopdlandicaflekeftiaftl 1h BEOSRIRES ON
of a sequence of siloxane groups -[--Si( )2-0- -]-, which vary in

t he range the extiemities of 0@ pohimesicpbaing ddNawediby terivdiah furkiddabgedpby t he

si | anol te{"mggrati on (--Si(CH3)2-01-1). A schenmatic representation of
the structitedogdict hese el astoners is presented below. A 10 where, A
represggnt the ARk RCHRlRSinOhistindobHGre cép%éﬂife s BY thNenctionalized type S-
copol yneri zati on between one or nore conjugated dienes W PHEeonP%

NDr € MoNOIBBE prddubedly tBE ProREds O ¥hibMik pslyinefiafion il ®Ndion. S- SBR), whi ch
have a preferentially randomdistribution of their constituent mers,

| i near or brandhexassthagicelly &rmaddyaa preferantiill eochposition betiveer nhent mofe
1,2- vinylic, unchLE, based on the i ncoroﬁgr at eg conj ugat ed diene; 15 B
r epr esent SOHUBFEL KIS AN OBE (OF FRUF dMRNIOMEEY WHE 4 BormplG inyh strystyrg,
chain, hom@ %Mﬁf@ Ho‘bo&fc‘)ng "I"hefBgyéw&ﬁgbﬁ@%&;osﬂ'ﬁé%%tﬁﬁ ﬁﬂ&%st&{ctu e, with
copol yneri C, (e.g.: copolymerization of two or nbre conjuga ed

di enegp oranCapperpyiamer dhemidab Roftentt WO1,05vidVIIE QniTy) AREY &n \d Borfila@idodiBAd C
vinyl structure, or copolynerization of one or nore conjugated dienes
Wi th one drcommratednih dhteeepohimer, and sheosperific functiphalsgrougst r the palyheriti ng
the different possible 20 mcrostructures for the diene(s) enployed,
provi ded tsﬂ'ﬁ‘fm{éhe final structure of this block is different fromthe
mai n chai n; The

Ei . e Cof 1 | !
chai ns of these esle%dfg%rrrﬁee?gsﬂap‘;rég%%r ent%gﬁ%%ﬁfﬁg@bgé%n @@Weﬁt
- COX, whenmerX aldhgahdwahia@@himeriatdhain§38the end ofhese chains, in one or both of the

2009/ 077839PCT/ 1 B2008/ 003442 12
25  extremities, is a small block, with a structure differentiated from the main chain, which

can be homopolymeric or copolymeric. Beyond the small blocks at the end of the

chains, these elastomers have a terminal functionalization, preferentially with functional



NCO, am ne, epoxy, silyl, silanol or siloxane, as well as the

pol ysi | oxane groups, and sil oxanes or pol ysiloxanes containing am ne
groups; anWopP®fiErsdhtially: Am ne groups: -N(R1)2, - NROEABOW/OBRE,
-NH2, where RI and R2 are identical of different, can be al kyl,

| i near or branched, cycloal kyl, aryl, allcylaryl, aral kyl 5or vinyl
groups, in each case having 1 to 20 carbon atons; Silyl, silanol and
sil oxane groups: -SIiH2(OH), -Si(121)2(OH), -SIiHOH 2, - SIRI (OH) 2,
-Si(OH)3,--Si(0121)3, -(SIRIR20)"-R3, -Si(R3)3-mX)m where Xis a
hal ogen, Xunctiohhiezatiomisdth specifie fieictidral gramps,t whibietnteedt ahd/aneeadORith nhé S
t he nunber of | i nked roups varying fromO to 3, R and R2 are

i denti cal T8 Q!Fm"éh‘ tit e‘aﬂ%rm_@ede%p%@ al koxy or al kyI | i near

b hed, | 43 ral k i
onan boar brel ahelina B B 55 tho QbfteiibiteQ iy }r%;ﬁﬁstmm
or branchegthé Bol§AeAc CRARs fé@ﬁ/hm éﬂ%ﬁn@ﬁn@% éfex%h 'beRbeedt 5 and 250

nononucl ear aryl ~group; i | oxane groups that contal ned am ne groups,
ar e repr egners enl inprd prefefentiatiyl tetweeh20 and 180 mers. The 1,4-¢is, 1,4-trans, 1,2-vinyl

Al - SKA2- NgFQOl A02- OMOROz ( R3) 34r +z), where: k can vary fromO to 2,y
can vary faPgraven e 3,4-vinyd ity £a1 alsp i present in the stmetue, depending pmtheR

and R2 ar ferent, and can be al kyl, |inear or
br anched, eCOh g&&?gwpeem?lgygd al kyl aryI aral kyl or vi nyl groups, in

each case haV' %e%ﬁﬁnﬁ%&ﬁﬁ@@@b@%tﬁeml &hdins 3F M‘Jesegél%&ﬁers %feg
is Hor alkyl, linear or branched, in each case 20 having 1

car bon at qmﬁgrennalb( afbthe nypel -€3F, ~é:OﬂH gCOX), whenel XAk achatbghR, -SH;—: (C$$H,n-s
of up to 12 carbon atons,_ linear or_branched, preferentially alkyl,
alyl dP vifgP, amine, epoxy,silyhsilensl gf silovane as velhasies Bolysiioxanet sreuns, mrd n
char acterfﬁ%a@égoraly@%@g gs namm?a%lglg%rlqp%group 1 of elastoners) and

I n Tabl e group St ormers ows, 25including the
appl i cabl e ranweérex%ﬁﬂialgaﬁlbse@@%cam Bottbr re %&m tRE foRloRRHeQiRE Bres:
S-SBR Bl S-SBR B2 Appl i cabl 2009/ 0778 9PCT/ 1B2008/ 003442 13
Range Styrene/ Buniadigamps:r-2(R0f, RRARZhaNH, ByHyweilght R, 46d1R2 @reSdlefical

19.6/80.4 5/95 to 50/15(% ?ontent of the 1,2- Vinylic Units,% (a) 64.1
63.7 8 t o 98@iiterent, can be alkyl, linear or branched, cycloalkyl, aryl, alkylaryl, aralkyl or vinyl

15  groups, in each case having 1 to 20 carbon atoms;

;.

Silyl, silanol and siloxane groups: -SiH,(OH), -Si(R;);(OH), -SiH(OH),, -

SiR1(OH),, -Si(OH)s, -Si(OR )3, ~(SiRjR20),-R3, -Si(R3)3.m(X)m, Where X is a halogen,

x is the number of repetitive units between 1 and 500, m is the number of linked groups,

varying from O to 3, R; and R; are identical or different, and can be alkoxy or alkyl,

20 linear or branched, cycloalkyl, aryl, alkylaryl, aralkyl or vinyl groups, in each case

having 1 to 20 carbon atoms, and R; is H or alkyl, linear or branched, in each case
having 1 to 20 carbon atoms, or a mononuclear aryl group;

Siloxane groups that contained amine groups, are represented by the formula —

A'-Si{AZ-NHK(R 1 )2:40)(OR){R3)3.4y+2), Where: k can vary from 0 to 2, y can vary

25 from 1 to 3, and z can vary from O to 2, 0 < y+z < 3, being that R, and R, are identical

or different, and can be alkyl, linear or branched, cycloalkyl, aryl, alkylaryl, aralkyl or

vinyl groups, in each case having 1 to 20 carbon atoms, mononuclear aryl groups, Rj is

H or alkyl, linear or branched, in each case having 1 to 20 carbon atoms, or a



Mooney Viscosity (M 1+4 @100C) 60.9 58.3 30 to 90 Mol ecul ar Wei ght
and Pol ydi spersion (SEC, PS standards) Mw=412, 000 Pd=1.2 Mn=432, 000
Pd=1. 3 80, ¥0C0197#39, 000 Pd=1. 05-4,0 d ass Transiti on TITABLE@E03E42
Tg, DSC, C-25.4 -25.5 -92 to -11 8Structure of the main el astoner
chain RMNIR Statistical Copolyner 1, 3-butadiene-styrene; |inear
chains Statistical Copolyner 1,3-butadiene-styrene; |inear chains

M cr o- sequences of a sanme ner which has |less than 10 unities units

groups that inferact and/or react with the reinforcements utilized in the vulcanized
elastomeric compounds

Furthermore, the main chains are linear or branche&, with a controlled
microstructure, and present a determinate content of 1,2-vinylic units, based on the

5 conjugated diene incorporated in the copolymer.

Elastomers with radial polymeric chains, or even a mixture of linear and radial
chains, can also be obtained in the appropriate conditions. For this to happen, it is
necessary to use coupling agents, such as tin_tetrachloride (SnCly) and silicon
tetrachloride (SiCly), with rigorous control over the efficiency of the coupling reactions.

10 More specifically, these elastomers are copolymers obtained by the
polymerization of one or more monomers of the conjugated diene type (e.g.: 1,3-
butadiene} with one or more monomers with an aromatic vinyl structure (e.g.: styrene),
which present a predominantly random distribution of their constituent mers in the main
chain, wherein microsequénces of a same mer have preferentially less than 10 units, and

15  has a preferentially linear or branched structure, They also present a controlled
microstructure, with a chemical content of 1,2-vinylic units between 8% and 80%,
based on the total of the conjugated diene incorporated in the copolymer, and can also
present different content of 1,4-cis, and 1,4-trans units, as well as 3,4-vinyl, depending
on the conjugated diene employed.

20 These elastomers present, at one extremity or both extremities of their polymeric
chains, a small block with a structure differentiated from the main chain,
homopolymeric (e.g.: polybutadiene or polystyrene) or copolymeric, (e.g.: the
copolymerization of two or more conjugéted dienes, or the copolymerization of two or
more monomers with an aromatic vinyl structure, or the copolymerization of one or

25 more conjugated dienes with one or more monomers with an aromatic vinyl structure,
including the possible different microstructures for the employed diene(s), provided that

the final structure of this block is different from the main chain, followed by a terminal



Block wth nmers of butadiene at the end of the main chain Block with
an average of 50 ners of butadi ene per chain, followed by
functi onal WoR09¢78% ock wi th an average of 150 ners of BSIVIBI08H3443er
chain, followed by functionalization % to 250 Functionalization

+-Si (CH3) 2-0-1t; --Si(CH3)2-0H Terminal with an average of 8.0 groups
per chain including the silanol group Termnal with an average of 5.0
groups per chain including the silanol group 1 to 500 DSC =
Differential Scanning Calorinmetry. W) 2009/ 077839PCTEB2008/ 003442 14
SEC = Si zenéhonhcisarcmylGrowyratdgr aphyn’ RS chajnelof sp ¥6 eReaba) atontspBedr on
the content of the diene incorporated in the copolyner 5 Table 2 -
Group 2 ofbranched. predprentialyafiryl.@lyl gr WBR- 2 Appl i cabl e Range

S YLere Bt o0 A T DS Myl Shlies, U s 10
terminal functional groups of their polymeric chains, in the form of structures that can
5  be represented by the general formula --[--Si(R;R2)-0-],--Si(R|R2)-OH, where R; and
R are identical or different, and can be alkoxy or alkyl, linear or branched, cycloalkyl,
aryl, alkylaryl, aralkyl or vinyl groups, in qach case having 1 to 20 carbon atoms, and n
represents the number of units of the siloxane functional group before a silanol terminal
group, varying from 1 to 500.

10 Polysiloxane sequences or blocks can also be incorporated and distributed along
the polymeric chains although they are preferentially terminal.

Small sequences or microsequences of one of the monomers of the copolymer,
situated along the polymeric chains, can also form part of the structure of these
elastomers.

15 More specifically, the elastomers of this invention present a percentage
composition in weight of their main chain, which can vary from 5% to 50%, for the
aromatic vinyl monomer (e.g.: styrene), and from 50% to 95% for the conjugated diene
(e.g.: 1,3-butadiene). Preferentially, these elastomers present a composition from 15%
to 40% for the % w/w of the monomer with an aromatic vinyl structure, and from 70%

20  60% to 85% for the % w/w of the conjugated diene incorporated in the copolymer.

They have a controlled microstructure, with a chemical content of 1,2-vinylic
units from 8% to 80%, in the main chain, based on the conjugated diene incorpqrated in
the copolymer. More breferentia]ly, the chemical content of the 1,2-vinylic units found
in the range from 10% to 70%, can also present different chemical contents in its

25  microstructure of 1,4-cis, and 1,4-trans units, as well as 3,4-vinyl units, depending on
the conjugated diene employed in the copolymerization.

These elastomers present at the end of their polymeric chains, at one or both of

the extremities, a small block with a structure differentiated from the main chain,



61.0 8 to 80 Mooney Viscosity (M 1+4 @100C) 56.4 54.9 30 to 90

Mol ecul ar Wi ght and Pol ydi spersi on (SEC, PS standards) Ma=352, 000
Pd=1. 34 Mww838¢s00%3%d=1. 4 80, 000 to 700, 000 Pd=1. 05- 4. PCHIBS®S/003442
Transition Tenperature, Tg, DSC, C -24.7 -19.3 -92 to 1 Structure of
the main chain RMNIH Statistical Copol yner 1, 3-butadi ene-styrene;

| i near chains Statistical Copolyner 1, 3-butadi ene-styrene; |inear
chai ns M cro-sequences of a sane ner which has |less than 10 unities
WO 2009/ 077839PCT/ 1B2008/ 003442 15
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homopolymeric (e.g: polybutadiene or polystyrene} or copolymeric, e.g.:
copolymerization of two or more conjugated dienes, or copolymerization of two or
more monomers with an aromatic vinyl structure, or copolymerization of one or more
conjugated dienes with one or more monomers with an aromatic vinyl structure,
including the possible different microstructures for the diene(s) employed provided the
end structure of this block is different from the main chain. Preferentially, these small
blocks at the end of the polymeric chains consist of polybutadiene or polystyrene,
followed by a terminal functionalization with the siloxane and silanol functional groups.

To obtain this functionalization in the extremities of the polymeric chains, the
following are used preferentially; hexamethylcyclotrisiloxane (D3), which allows the
incorporation of continuous sequences of the siloxane functional group --{--Si(CH3),-O-
]--, with different lengths, and a silanol terminal group --Si{CH,),;-OH.

These elastomers have a Mooney Viscosity (M11+4 @ 100°C) in a range from
30 to 90, and an average molecular weight in the range from Mw=80,000 to 700,000,
with a polydispersion in the range from 1,05 to 4,0, when analyzed by Size Exclusion
Chromatography (SEC), based on polystyrene standards.

These elastomers present glass fransition temperatures, Tg, in the range from —
92°C to —1°C, depending on the chemical content of the aromatic vinyl monomer of the
copolymer and the microstructure of the conjugated diene incorporated in the
copolymer.

They present, in one or both extremities of their polymeric chains, a small block
with a polymeric structure differentiated from the main chain. This block can be
homopolymeric (e.g.: polybutadiene or polystyrene) or copolymeric, (e.g.:
copolymerization of two or more conjugated dienes, or copolymerization of two or
more monomers with an aromatic vinyl structure, or copolymerizatidn of one or more
conjugated dienes with one or more monomers with an aromatic vinyl structure,
including the different microstructures possible for the diene(s) employed, provided that

the final structure of this block is different from the main chain. These small blocks



Bl ock with an average of Block with an average Block with ners of 54
mers of styrene per of 130 ners of styrene styrene at the end of
chai n, folWoiewmiBiher chain, followed by 5 to 250 t he RGH/TB200B/A03H2
functionalization functionalization ¥unctionalization Ternmnal with
an average Terminal with an +-Si (CH3)2-0-1n- of 3.0 groups per chain
average of 3.0 groups --Si(CH3)2-0H including the silanol group per
chain including the silanol group 1 to 500

contain from 5 to 250 incorporated mers per chain. It is preferable that these blocks
contain from 10 to 200 incorporated mers and, even more preferable that they contain
from 20 to 180 incorporated mers per chain.
The elastomers of this invention also have a terminal functionalization, which is
5 bgsed on the preferential incorporation of a sequence of siloxane groups -[--Si(CH3);-O-
-J-, which vary in the range from 1 to 500 units per polymeric chain, followed by the
silanol termination (--Si(CHj3),-OH).
A. schematic representation of the structures of these elastomers is presented

below.

10 where, A represent the main chains of a polymer, formed by the copolymerization
between one or more conjugated dienes with one or more monomers with an aromatic
vinyl structure (e.g.: S-SBR), which have a preferentially random distribution of their
constituent mers, linear or branched structure, and a controlled chemical content of 1,2-
vinylic units, based on the incorporated conjugated diene;

15 B represents a block with a structure differentiated from the main chain, homopolymeric
(e.g.: polybutadiene or polystyrene) or copolymeric, (e.g.: copolymerization of two or
more conjugated dienes, or copolymerization of two or more monomers with an
aromatic vinyl structure, or copolymerization of one or more conjugated dienes with
one or more monomers with an aromatic vinyl structure, including the different possible

20  microstructures for the diene(s) employed, provided that the final structure of this block
is different from the main chain;

F is terminal functional groups of the polymeric chains of these elastomers

preferentially of the type -OH, -COOH, -COX, where X is a halogen, -SH, -CSSH, -



DSC = Differential Scanning Calorinetry. SEC = Size Excl usion

Chr omat ogr aphy PS = pol ystyrene = based on the content of the diene

i ncor por at e 2p¢/07H82 copol ynmer 5 The Producti on Process PCT/IB2008003442he
production of these elastoners, it isl2necessary to enploy a

pol yneri zation process that allows a refined control over the

pol ymeric structure of the final product. The anionic polynerization
and-its characteristic of "live polynerization", 10 allows the

obt ai nment of polynmers with a controlled architecture. Due to their
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allowing a_ _|arge control over the mcrostructure and the
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envi ronnent al B6ylgstupj cti ons. The initiator normall y enpl oyed in
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¥
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can al so be enphapeefuph 2hertoortogs liechr dir bragshed o fbeentialiyralkyl, alyl or
1, 3-but adi ene, there are: 2-alkyl-1 ,3- 25 butadiene,
2, 3-di al ky1-1, 3™t adi ene, 2-al kyl -3-al kyl -1, 3- but adi ene

L, Ly e e e

al pha- net hybtest ¥ 1 di‘rélé%ton'i@;ﬁ/)aan@rlﬂ AR @“(g’rbﬁdb/ bhﬂraa%%qers)m follows,
2009/ 077839PCT/ 1B2008/ 003442 17 orto, neta para- net hyl'styrene,
par a- t2Sbutiptluding thempplicablayingeofon emd,itemet hoxyst yrene, vi nyl nesi tyl ene,

etc.
Table 1 - Group 1 of elastomers

S-SBR B1 S-SBR B2 Applicable
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nononers, which normally occurs between 30 and 45 mi nutes. The
control of the tenperature during this step is fundanental for the
obt ai nmentWEf209&78d®si red chenical content of the 1, 2- HGTIBRAHS/HFi42s,
whi ch vary depending on the tenperatUdfe of the reaction. 5The
pressure of the reactor during this step varies nornally in the range
from2 Kgf/cn2 to 6 Kgf/cnR. Once the total conversion of the
conmononers is achieved in the first step, in a second step a

det er m nafe quantity of MOTET (S)ar e addepthat—w 1 L,UIIWO'S‘E_t—h‘?_
smal | endj bl ock of the naiBlopoithen averadeaif nsBlotlOWith an avkdagei jon i s
perfornedf gver the actjve|anionic¢ chains of|the copoltyrrer, in the

range of RIAgeVHl mee det wedhmers of siignopre.  Mfd 36 mess 9fistaeney, it
occurs in r e qf .te alure tween b0C and .75C, witlh t
reactor pp sgiberagﬁ%nen? RE ¢ ﬁ’g{é" %Onlﬁ ‘r”ne‘ggkgfi crré’efﬁﬁ%n’l@??‘% Y 3% 250
The react |tBdakinBAgInUM i S [BWheoAbAfon N t heserpqRMhiidaffs untji| the
total 15 [gonversrom of the added—nononer{s)—whtrchrorraty—ocetrs
bet ween 1Fuantibrdlzationut es | Terminal @ith en t¥eeagdeo| Bdrmimahwithanon df t he
nmononer (s) is achieved, in a third step, thg conpound is added that
wi Il functToiérivetive copfidyherpurginenchae staveragaef 3.0 &roans ani c

chai ns, whi N~Ecor porat.e.a small end bl ock with g.structure
di ff erent| a#i{:tﬁ’%\rl\%%nt he Zjn%g?lﬂggﬁgﬂﬁqﬁi n t RS PR IRCBANE rer ad §7 800
0C and 80C, and {heypame range of %@ﬁ%&ﬁg@ﬁﬂ)! oygd in the

previ ous step: Preferenttatty—hexanmethytecyctotrtsttoxane—(B3)

i s enpl oy dB@s Differehtial Scarmirgy Caorirgetagent . This cyclic conpound

al l ows, by _the opening of its ring, the incorporation of the

cont i nuousEeT airs Easlugipn Gheoragte e functional group (--[--

25Si (CH3) 250-1-:-).. Once this step is concluded, which normally

t akes fro%815P?l¥gt¥6n%1 nutes, a termnator agent is added, maintaining
the sane [ eyaQon tRESHk@RNSS the ARAGHHchPBRted HR IR chFoly & _ _
2009/ 077839PCT/ | B2008/ 003442 22 al cohol, or other alcohol with a high
nmol ecubar Wi Ryletlpction Bywpéssyed as the term nator agent of the

pol yneri zati on, This final step is normally concluded in 10
mnutes, with tAe HeaPPAydionont ohess |elasimerset ityis ARFeSHATE tohAMPdoyarid

pol ymor i ¢ PeRizalcordten 8] alefirh fhed hBH st BRI skt | o

subsequentfing] srbadsk| i zed with the addition of an appropriate quantity
of trynonyl phenyl phosphite and octadecyl 3,5-di-tbutyl-4-

hydr oxyhydr oci TharmimiapblymeridaivnsandEi\MBhaSedgid bfistivatpolyenesization’ es
of the_invention now foll Oé/%Homever, t hese exanpl es do not, in_ an

manner Oor 2fB¥ithe phipipmepteofspelygmers withhp sortrolledharghitapiptee Due (e gheir lafge.y
Preparat| %ﬁgtfilitg,n}%ﬂea%to%éﬁ Osftruélliﬂfs%? rclg% EF %biaﬂl@ﬁ} %lﬁ)%ké %qg‘é% ;t’:\!{;'rﬁ?o‘f oV N

pol yneric charn ave "a “random ion1n elrr-con uent” ners
and a contiitceshtrhburd 40U hbkbsifuburdsMhepdlimer, Relvang thl Rekpbition of
pol ybut adi ene, followed by a continuous sequence of t'he sil oxane

f unct i onalfurptiona) gré1Ps {rOHS pelytikriy clemre. a si | anol termnation (-

Si (CH3)2-0H). A, schematic representation of the structure of this

el astomer is prB&BIACcEs rEBiH2 rigorods wspecppmof the emiployed yratgriafpteyemove

15 any impurities that could act as terminators and/or prejudice the control of the

polymerization.
The elastomers cited in this invention are obtained by this process of
polymerization, with the employment of different reactional conditions and additives

that aim to incorporate determinate characteristics in the final product.



20 where, Rl and R2 = CH3; PBD = bl ock of pol ybutadiene; n = n of

si |l oxane units In a 2 liter capacity reactor, equipped with a
turbi ne type ¥WdAIP cal agitator and a refrigerati on cRVIB2G0B@I3RIY St
step was perforned of the anionic copél ynerization of the

1, 3- but adi ene nononers and styrene, in a solution of cycl ohexane,
with the polar additive TMEDA, and using n-butyl-lithiumas the
initiator. WD 2009/077839PCT1l B2008/ 003442 23 For this

copol ynmeri zation, the reactor was filled with 182 g of 1, 3-butadi ene,
46 g of styren@he1#86:sy off patymérivhtionne thesd castongerdfcad MeDéondaitad ng £ or
a chem cal content of total solids at the end of the reaction of 15%
in wei ght .Comguons angnaes pray baiches. Howeier.t the dptch meBsyisorormally preferred

n-butyl -1i,thi um.was used iLch ) Cess 0o neutralize a
ipur 4 e LR BBt b, ot cover, M6 SRRRIRS b PR By
initiate thgieqnRlofMRI jol@hdon, strictly speaking. The

copol yneri zati on was conducted sem -adi abatically, wth the

t enper &t ur e befTheeeaciOE afithe FOGmarizatidn, sitetly epakingparearalized cafpldyie:
nononers. In a second step, 5,5 g of 1,3-butadiene was added to the
reactor. FAventrgnefereatially apelisisuchypsiayclohexangen n/kexans, ethaugh etiengolvnts he

reacti onal di.um.. form ng..a .smal.l ock of .pol ybut.adj ene_at e end
of "t he_cnit S Hiflic' ST RRzed ol n0br BRabRitiREleS) Sachiastalfimene
Was acconmphy 16 e Wnblbybd G10WRARE RIS 18 HEBSHidBPEectd it migati VY Lifedtd1®
total conversion of the nononer. Subsequently, I1n a third step, 1,8 g
of hexanettley kmetitobf ithe Ireactioms, (iID3horeadiffichit ad dedthoveyhiameh fore anti®nitehtal
the active anionic termnals of the polymeric chains, formng a
sequenfe &5EGt0B%ane functional groups. This third step was conducted

with the tenpe ur. t 6 nd, 70C. _for,a period.of t.0, 20
mnutes. T mhdrRaT AL PoBY fpest oy RRBRiaRS i o Bl Mas
added, t 0 fRaGhi WAsdheal, colfpBuiildf\ie: S0LP D] AIKVERIAR! Ein afs8HY AisRE.
silanol term nal group in the polyneric chains. 20 This step took 10

m nut es afdamgakes o tewdkyd grovps bf these inéiapes aeumethpl ethgk m-EFO51 aiscbrapyT,
The el astoriiepr .obtained jn this way, and still in_solution, was

subsequentrrtdy sgsr Yt e oW M-t HFAmAorhetLreghgxds nhpyl ey Brant
t rynonyl ptﬁgﬁ%}l lp_ag(ﬁeggfatng %&ge 5 g of the antioxidant octadecyl
butyl-4-hy 0hy r

3,5-di-t- I oxy cirmamate. 25The produced el astoner was
recovered by t RMorélspecitizaldy, tRyiaRRt dreh-Bityl-i8ium, sec-butyl-lithium, n-propyl-

lithium, isobutyl-lithium, t-bufyl-lithium and amyl-lithium.

Alkyl-dilithium or even alkyl-multi-lithium initiators, as described in the patents

WO 02/02063 and GB 2368069, can also be utilized for the obtainment of these
20  elastomers.

The monomers 1,3-butadiene and styrene are mainly used for the production of
these elastomers, although other conjugated dienes and other vinyl-aromatic monomers
can also be employed.

Of the conjugated dienes, aside from 1,3-butadiene, there are: 2-alkyl-1,3-

25  butadiene, 2,3-dialkyl-1,3-butadiene, 2-alkyl-3-alkyl-1,3-butadiene, 1,3-pentadiene, 1,3-
hexadiene, 2,4-hexadiene, etc. As well as styrene, other vinyl-aromatic monomers can

also be employed, such as alpha-methyl-styrene, orto, meta and para divinylbenzene,



solvent of the polyneric solution, in an open mll, heated to 100C
The Mboney viscosity (Ml +4 @ 100C) of the produced el astoner was 58.
The total WPRaAdWdr83gont ent of styrene in the copol yner REAABIDS/60HENd
the chenical content WD 2009/ 077839RCT/| B2008/ 003442 24 of the
1,2-vinylic units, based on the incorporated 1, 3-butadiene, was

63, 7% Both these results were obtained using RW 'H spectroscopy.
The nol ecul ar wei ght and the pol ydi spersion of the el astoner were
determ ned by Size Exclusion Chromat ography, based on the standards
of pol yst yrtenmetapmd\pack-methylbgrena) paest-butNleed 3k, ORY1-Biueat,; mehad40rdne0
g/ nol and pd=1, 2 respectively. Wth the values of the obtained
nol ecul ar W@ﬁ%‘@le&ﬁﬂm-he masses of the added materials and the

nb f | f. the d i ned. i indti o i.bl
Lo deterrine t A2 Hnensa yRolt: Seanel soner ke JoPmvlic BiSet Breticnen
average hagkogpd?hted kn e QPLKRISEGHIENEbRincBP RONITE] RlaY aét?&t IF}@;&& bases,

average. 10The confirmation of the finuctionallzation o

el ast offer swels a0 DLNNI A -tetramdfiyieth e zatine SIMBP A)  aterilydiofigratc SEHP) 6r Of
the el astomer subnitted to a ﬁrocess of purification, in which a

cycl e of ditssdvdratenylnrepagg (PEHERhrfe wide range ofisfhesv arglipmines san glso be
et hanol and,.dryi.n was. k.epea 3.tlmes, to rempve any.residyal, of
Che T unct RoHErs STkreBR BERED! FhersbVERhe it PRV R dPEoR HeE.
The anal ygig- BREf 8608 cyldh [ hingi

(deut er at ed cﬁr??%reof orm, Vi t r%uftgpﬁgﬂ%g%ﬁﬁgﬁewgb??%wa Cét)lhrﬂ;}%sﬁ ane

as a mar kdiethylene glicd pdintethyinethtr, Riéthylteer giytelr disthiyk ethér, eliethylenee glycol
functiognal ized with siloxane, presented typical signs or bands of the

hydr od@n dimeeBr; eBert frémetbylhgmings Jtiphy] iskes Nometh siorphobine.eNegibyit |
inthe re '%@gﬁﬁ%}'ﬁ%ﬁfﬁlﬁﬁ&h%@%@{%m 20The results of the RW 'H

anal yses, 5§ of the Size Exclusion .

Chr onat ogr aphy Ta8 tetniBaln HiHRESnaRsatidR| &6 11Rbe tRioAREE GMiNESBLE W@ the
initiator, allowed the obtainnent of an average val ue for the |l ength
of the segbEntesofompréiengsfhedntenaetidniofahe polginede chains(with e (réniynteh)s,

i ncluding.the silanol termnal group Si(CH3)2-0H), which were

( up Si (G H, W e
i ncor por atedhe nGRBIZEd | SPPPPRIS A iih Sisually mfofyced ptdliziges@ functionalized
25cornesp o] its. . e the resuyl f the. .
char act e ?z a%%é n 8&!?@?5 a&‘é@?%ﬁg‘lﬁn tgggc‘[%)vregg'g ?ag%l%’fsthgﬁdmcm chains and

2009/ 077 8 3 oHpoBeiOB4t o drt AedmbitahRioRal Br@pkomer S- SBR Exanpl e 01
Mooney Viscosity (ML1+4) at 100C 58.0 Total styrene content, in

copol yner, % wai ptge, varkdy dff fisctiondzatienstcanf iniprideiien bt ircotporated idthése)

elastomers. It is preferable that these functionalizations are incorporated in at least one

of the extremities of the polymeric chains, or in both.

20 For example, a functional group can be introduced via the utilization of a
functionalized initiator, and the other by the utilization of a terminator, also
functionalized, at the end of the polymeric chains. The groups can be identical or
different.

It is preferable that the functional groups are directly linked to the small

25  polymeric block with a differentiated structure, instead of being linked to the part of the
polymeric chain that has a random distribution of mers (main chain), since in this

position the interaction and/or reaction with the reinforcements is favorable.



63.7 Block with ners of butadiene at the end of the main chain
Average of 150 ners per polyneric chain Functionalization

-[ - Si (CH3) WOQ8W/TH39 CH3) 2- OH Average of 5 groups per pdiGIBRI0S/0GSH n,
including the silanol terminal group!¥(a) = based on the content of
the diene incorporated in the copolymer Exanple 2 (C2) 5Preparation
of an el astoner of type S-SBR functionalized, whose main polyneric
chai ns have randomdistribution in their constituent nmers and a
controlled mcrostructure, containing an end bl ock of polystyrene,
foll owed by a dontlsnpoferalle thattiesmall polymesic binck méthfaudifferentiracd gruotupe
(-[-Si(CJ-BI)Z-,O-l-) and a silanol termpation (- Si(043)2-CH). 10A
schemat i ¢ TPERINE §LFPsH ProRIEl to tls segieneel the infgragtion detiyesn thermsinforgements

D006/ o077a BRR agBBRE0 P A IR T U pelgmencctuing ooy of

pol ystyrene; nIf i§)knenSiba©%agd! Niatisty of comPouhde dah! B¢ WBREE thY the
reactor, equipped with a turbine type nmechanical agitator and a
r ef ri gér atfungiiopalization phipolfmerst sishep eftgdenp exider bedopgifendiee cabbmdioxide,

copol yneri ion, of t 1, 3- but adi ene nononers and styrene, in_a

sol uti on dﬁﬁﬁvwmﬁ%&%@@xﬂ& rearne pipuiides o glkoxysilanes ey Iphgaax yrilppes,

n- butyl -1 ghi . initiator. For this copolynerization, the
react or m&h@#%@ag\e%gﬁh 146 g of 1,3-butadiene, 37 g of styrene, 1343
g of cycl ohexamge 3afnts, BP 996780 TMA0EP 849333 fr6Vidé BRankipléd @i bunds and
quantity of 0,072 g of n-butyl-lithiumwas used, which was ‘necessary
t 0 neut r alfrgesssenvhat ppubé cinployed with this @bjentivel Wheskgateatsaure fichidbe im this
util ié d dto 10 ipitiate the copolynerization, strictly speaking.
The ¢ gol 3*‘]?@‘1“??5 P IRCHRE® conduct ed seni -adi abatically, with the
tenperature be - } -CO rsion. of the
monomers. - e mpl Ao brouPht e paleBh ShuSORNRES et i
reactor. ThéfereARAIBIGEtypeeDH,S COOH) -COX, aiete/R i@ halbidn, HIRI-0Ssaf be,
reactional medium formng a small block of 15 polystyrene at the end
of the chaimige, eFduys sitstlcsilandl or lsidoxane,yasavellzathepolysiloxdne asd yilexare pmeps

acconpl i shed \M'iPh the tenperature between 70C and 80C, until the
total conPEPSIVEIPXaRe SORtAHAS HHEE BOUPS.  Subsequently, in a third step,

0,3 g1@f hexa I LS ;Ml” cts
W th tlﬁe acti \r/rgbg%iogﬁlﬁ%:é) éé%c%ﬁ?%ﬂ%%e@ﬁﬁésgﬁﬁ%@é@??ﬁ?hal S, c@g%fn' ng a
20 sequence of Ashihep@nes: NG, ORI RDNHERS ~NL) ivhetd R f28ld R0ERe R ftical or
conducted with the tenperature between 70C and 80C, for a period of
15 to 20 ni nut different, canfFpenalkyly groups, tlinear| ershranghed, cyoloalkyl, airylc etkylaryd,
al cohol was addeﬂE to deactivate all. t{_.}e alcti e sni oni c term nals,
formng the si | oF winyh Rgectyrasg Y16 e ﬁBPéﬁ@ PRARMS ns. This step
took 10 m nuj egigndifsl £RNGEGE tbind: LF{PeSRRUIGHIS  $RRBIIDC

20 SiR1(OH),, -Si(OH);, -Si{(OR1)3, ~(SiR|R20)x-R3, -Si(R3)3.m(X)m, where X is a

halogen, x is the number of repetitive units between 1 to 500, m is the number of

replacement groups, and can vary from 0 to 3, R, and R, are identical or

different, and can be alkoxy or alkyl groups, linear or branched, cycloalkyl, aryl,

alkylaryl, aralkyl or vinyl, in each case having from 1 to 20 carbon atoms, and

25 R3 is H or alkyl, branched or linear, in each case having from 1 to 20 carbon
atoms, or a mononuclear aryl group; and

¢ Siloxane groups that contain amine groups, represented by the formula —Al-

SIAZ-NHR D240)y(OR 1)o(R3)3.(p+2), Where: k can vary from 0 to 2, y can vary



The el astoner obtained in this way, and still in solution, was
subsequently stabilized wth the addition of 0,7 g of the anti oxi dant
trynonyl ph&@20eig#shi te and 0,4 g of the antioxi dant oQ@CIABLIPE/003442

3, 5-di -t - but yl = 4- hydr oxyhydr oci nnamat’d. WO

2009/ 077839PCT/ 1B2008/ 003442 27 The produced el astoner was
recovered by the drying by evaporation of the solvent of the
polyneric solution, in an open mll, heated to 100C The Mooney

viscosity (ML1+4 @ 100C) of the thus produced el astoner was 55. The
total cheni cal foonident3, of cat yargdeni 0 t6 Be0copad ¥rie belvashi 3R 3dARg atehe
chem cal 5content of the 1,2-vinylic units, based on the incorporated

1, 3- but adi ene, idgatca probifferens; pnd sracke alled groupswbingar obbeanehad, axloadkyRIVN
"H spectroscopy, ;The .mol ecul ar _wei.ght and the .pol.ydi ign_of the
el asf omer wer gy"ﬂyé’taggwié&r%kf S "z”@y%?pelac F%ﬁ%ﬁ%#ﬁ%ﬁg’%ﬁ@%ﬁ%m
the standards @fylRRbcaLMER Boud! RY il HNGY Bﬁ&fl YRddRRl MRS iA00%cH /ol
Mh=260. 000 g/ mol” and pd=1, 3 respectively. 10To obtain the

char acteri zat i davingsot &tw20 ¢diban atdms oo ArrGnohindeas arvk gpupcand Ut 'emdartd
anal ytical nethods used in exanple 1 were adopted. In Table 4, the
resul ts of the 2AREECERP iat3 GEPosratans, dnear g5 bigpehed sprefersntialbratied, alyl
15Tabl e 4 El ast.oner, S- SBR Exanpl e 02 Mooney Viscosity (ML1+4) at 100C
55 Total styrene content, in copol ymer, % of weight, RW H 23.3

Content of Ilpg- ViheY!distddrd S of %kia) iknfo! irkfedinlifl RS ©F SHepr efe
at the end of the main chain Average of 130 mers per polymeric chain

Funct i onalbezandtioylcytlmerisitpaaref (B;)gmhighs aflews pthé ytepmina ind@poration of the
2009/ 01(7)78%535%5/0113. gezcl?zgr?c:/eg ?) ffhdézﬁmctional group -[-Si(CH3),-0-]-, with different lengths,
and a silanol terminal group --Si(CH;),-OH.

As previously stated, these elastomers are obtained by the process of anionic
polymerization in solution. The utilization of this polymerization process requires that
all the materials employed are void of any impurities that may in any way prejudice the

15  end result of the polymerization, such as humidity, chain transfer agents, etc.

This invention uses a method of polymerization divided into sequential steps, which
allows a large control over the polymeric architecture.

In the first step, the random copolymerization of main chain is performed, in an
appropriate reactor, involving the selected monomers. Nomally a monomer with an

20  aromatic vinyl structure (e.g.: styrene) and a conjugated diene (e.g.: 1,3-butadiene) are
employed in the appropriate proportions. The percentage ratio in weight between these
monomers varies in the range from 5% to 50% for the aromatic vinyl monomer and
from 50% to 95% for the conjugated diene. More specifically, it adopts a chemical
content in the range from 15% to 40% in weight for the aromatic vinyl monomer, and

25  inthe range from 60% to 85% in weight for the conjugated diene, for these copolymers.

The copolymerization reaction is conducted in an appropriate apolar solvent,

normally using cyclohexane or n-hexane.



28 [-Si(CH3)2-03- Si(CH3)2-0H chain, including the silanol term nal
gr oup (a) = based on the content of the diene incorporated in the
copol yner woep@vatisosn of the vul cani zed conpounds and tHGIIB2008/003442
properties. For a better eval ua®i on of the properties of these
el astoners, it is necessary to test themin the vul cani zed conpounds
enpl oyed in the production of tires. 5 The preparation of these
conpounds foll ows conventional nethods. The different conponents are
m xed in distinct steps, in the appropriate equi pment, followed by

the final step ok pétdehagd zaid Mweidht@hhokiees CIoPEREH ohik o RARES (HADS

occur that provide the final form Contained in the recipe of the
pr epar at i dhe ofiemibal centextrd shmidta} selilswethe ead of the rdRtiet arstfourglria theorabge

tested, arg other astoners _such, as natural rubber (NR) and

pol ybut adi é‘?f%tg("éﬁﬁ.%%%"’esw@‘%\f% &%ﬂﬁ&ﬂ&%&ﬁf% of inte) salids: employed,
as the fil; (N oY o antd S,
anti oxi dari & e AR RPN 0 6%, aft ol ntEESHCSIBUR, fis IR RS

vul canisz atdheiicaly singiifit of8e sililk bNtheAsadtiohd i¥ bedwest! i foi ko P9 cONpPounds

t hat produce sul fur during the vul cani zation step. 15To conpare the
results, a vul dantheeiitatiopofi thesevesacionspengenbmeatallio goapauafie p£fithium are

el ast oner. Tﬂﬁﬁyﬁﬁ rial.s u§ed in the preparation of the

vul cani zedMRM58uy M $ REFieTrRd as thesiniiatarsdusrto it agpToptiale Feaghvishd
the ref . : 0ThE .
o o o0 RREE SORARG a6 1 BUSRAR e TP el Bt S PRIy,

the first stepThalduahiity enpippdest shivveniatet Xeeelated do tBO LAl Ba¥s of the
tangential m xer, except those pertaining to the system of

vul carlilz atmhenomerh ewmploed b dhenterctioneanda $eotndainaledylar weight desined Zat ition
system co%ﬁé}ents were added. The final m xture, containing all the

required Bﬁ%ﬁts,‘mas then processed in an extruder and
25converted int = F : : 8 ' of
fires: o 2000 BIasBis B85 Bubis3a0gs tnpbOirelAfopaalFhd il

vul cani zatliewis base hilgth Rradd&ito alte @idiohslTalidh, Wekfe thelsiadl of iR deAEon I €
prepared to be subsequently tested to determ ne the typical

proper t i eduRgtiopHs ta ifceaass therbemirgbeentent of ke 1.3sinvis vars of gedpadymerine

final erfgr.mance i ndi cators of these nmaterials. The follow ng test

met hod? wef8™¥npl oyed to eval uate the properties of the 5 conpounds:

Har dness ShREedolyhbre D) Simil ATHREAI10- ARt And AR 35

505; Rebound resilience, at an anbient tefperature an nor m
DI N 53 51320 80%gamisiderisg the ngillof tietdiene issvbpogaied Wl percdpslyier. norm DI N 53
504; Elongation at break, at an anbient tenperature, norm DI N 53
504; 10 Stress lnisdasitpblegthatithe vhemigal pontgooof, the 12-vmyjistinitn be n therrange

anbi ent t o h GJAutE)e?O%. More specifically, a chemical content of 1,2-vinylic units between
20 55% and 65% is preferred.

This additive is not consumed during the copolymerization and the quantity
utilized depends on an appropriate molar relation with the quantity of initiator
employed. This relation is chosen to allow a better control of the kinetics of the
reaction, as well as the microstructure of the diene incorporated with the copolymer,

25 The reaction of the copolymerization, strictly speaking, is achieved in the range
of temperature between 35°C and 120°C. More specifically, the copolymerization is
achieved between 40°C and 90°C. Even more specifically, the copolymerization is

achieved between 50°C and 80°C, which is maintained until the total conversion of the



norm DI N 53 504; Tan delta at OC neasured using a dynanic
deformation with an anplitude of 0,2% wth 10% pre-deformation, at a
frequency WP 2@UE9 St orage nodul us average E', with tHETBHpEREA2r e
from-25C to -5C, norm 15DIN 53 513, Zsi ng a deformation with an
anplitude of 0,2% wth 10%pre- deformation, at a frequency of 10
Hz; Exanple 3 Vul cani zed el astoneric conpounds prepared with the
group 1 elastoners. The group 1 elastoners are type SSBR Their main
pol ymeric chains have a 20 random distribution in their constituent
mers and anewsmers|whidh mounaliyt oegutsubatweano) and idhgnimnteenthd batiol f the

ol ybut adi ene, foll owed by a .cqntinuous. sequence of the siloxane,
£ et i onaltGEPLARTe dUng (isep S Gidamental fontheiobginment ef Hieigsircgrhomical

¢f ast ormor SoRrs f s 122l A, U (AICHARRREL Yo R EaphdiF g, e

Bl ock of peigrbht adi ene Term nal Functionalization 21.0% styrene;
sil oxane groups and WO 2009/ 077839PCTI | B20081003442 30 A2
(referénce) 63 . T%optessurgiofifhe réactornturing this etep varies normally in the range from 2

Kgflem? to 6 Kgffem?®.

Once the total conversion of the comonomers is achieved in the first step, in a
second step a determinate quantity of monomer(s) are added that will compose the small
end block of the main polymeric chains.

10 This addition is performed over the active anionic chains of the copolymer, in
the range of temperature between 55°C and 90°C. More specifically, it occurs in the
range of temperature between 60°C and 75°C, with the reactor pressure in the range
from 2 Kgffem? to 6 Kgf/om®.

The reactional medium is maintained in these conditions until the total

15 conversion of the added monomer(s), which normally occurs between 10 and 20
minutes.

Once the total conversion of the monomei(s) is achieved, in a third step, the
compound is added that will functionalize the copolymer with the still active anionic
chains, which now incorporate a small end block with a structure differentiated from the

20  main chain, in the range of temperature between 60°C and 80°C, and the same range of
pressure employed in the previous step. . .

Preferentially, hexamethylcyclotrisiloxane (D;) is employed as the
functionalizing agent. This cyclic compound allows, by the opening of its ring, the
incorporation of the continuous sequences of the siloxane functional group (--[--

25  Si(CH;)2-0-1--).

Once this step is concluded, which normally takes from 15 to 20 minutes, a

terminator agent is added, maintaining the same previous reactionary conditions. Cetylic



termnal silanol Bi 19.0%styrene; 64.1% 1, 2-vinyl (a) Block with an
average of 50 ners of butadiene per chain siloxane with an average of
8. 0 groupswWpeprIEsh i ncl uding silanol term nal group BXTAB20§803442
styrene; 63.7% 1,2-vinyl (a) Block wiZh an average of 150 mers of
but adi ene per chain siloxane with an average of 5.0 groups per chain
I ncluding silanol termnal group (a) = based on the content of the
di ene incorporated in the copolyner where, Ay is the el astoner used
as the reference in the conparative tests, which has a conposition
sim | ar t alehel, et atheorleolsl Britham tigB2nolbémler weright,i it ethplyedat theaeeniaator
bl ock of polyb¥tadiene at .the end of the polyneric chains, and is
funct i onal3s¥ T HemlymE1288%i nal sil oxane and 5sil anol groups, as

described in pgyer Iéaglgﬁe }SOI?O%%HJIIY coﬂclu\-llcimgcf Hlegdgﬁ%t O%Eﬁ,;ﬁrtﬂghﬁg%gct{%éhﬁé{e all

prepared as descri exanpl-e

quant i ti esh®hctivbanRATR MRS 2hRHR thidation 88 tHeQfIMo! §¥minal group DSI(CBHL-BA
used far the preparation of the vul canized conpounds, "using the

el ast orfer sn & poBinauecthEds. i s presented in Table 6. 10The rel ative
gquantities of the conponents are expressed as a percentage of rubber,

or pcb. Table @he Vﬁ?”gp%ﬂﬁ slatforagrmstilh Hasolbiapoisepbicquently stabilized ppiththgR
Bl-BR B2- %@dfﬁ%n ()E‘%In %fnﬁjagggte %Q:%ti‘ty of trynonylphenylphosphite and octadecyl 3,5-di-t-

butyl-4- hydroxyhydrocinnamate antioxidants.
EXAMPLES
10 Illustrative examples of the invention now follow. However, these examples do
not, in any manner or form, limit the scope of this claim.
Example 1 (B2)
Preparation of an elastomer of type S-SBR functionalized, whose main
polymeric chains have a random distribution in their constituent mers and a controlled
15  microstructure, containing an end block of polybutadiene, followed by a continuous
sequence of the siloxane functional group (-[-Si(CH3),-O-}-) and a silanol termination (-
Si(CH;),-OH).

A schematic representation of the structure of this elastomer is presented below:

B2 PED

sesamszm—(SiR R0, SiR,R,0H

S-SBR

20  where, R; and Ry = CHj;; PBD = block of polybutadiene; n = n° of siloxane units
In a 2 liter capacity reactor, equipped with a turbine type mechanical agitator and
a refrigeration cover, the first step was performed of the anionic copolymerization of the
1,3-butadiene monomers and styrene, in a solution of cyclohexane, with the polar

additive TMEDA, and using n-butyl-lithium as the initiator.
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For this copolymerization, the reactor was filled with 182 g of 1,3-butadiene, 46
g of styrene, 1290 g of cyclohexane and 1,5 g of TMEDA, aiming for a chemical
content of total solids at the end of the reaction of 15% in weight.

For the initiation, a quantity of 0,085 g of n-butyl-lithium was used, which was
necessary to neutralize any impurities still present in the materials being utilized and to
initiate the copolymerization, strictly speaking. The copolymerization was conducted
semi-adiabatically, with the temperature between 60°C and 70°C, until the total
conversion of the monomers.

In a second step, 5,5 g of 1,3-butadiene was added to the reactor. This monomer
reacts with the active anionic chains of the reactional medium, forming a small block of
polybutadiene at the end of the chains. This step of the polymerization of the 1,3-

butadiene was accomplished with the temperature between 60°C and 75°C, until the

" total conversion of the monomer.

Subsequently, in a third step, 1,8 g of hexamethylcyclotrisiloxane (Di) was
added, which reacts with the active anionic terminals of the polymeric chains, forming a
sequence of siloxane functional groups. This third step was conducted with the
temperature between 60 °C and 70 °C, for a period of 15 to 20 minutes.

Finally, in the last step, 0,4 g of cetylic alcohol was added, to deactivate all the
active anionic terminals, forming the silanol terminal group in the polymeric chains.
This step took 10 minutes and was conducted with the temperature between 60°C and
70°C.

The elastomer obtained in this way, and still in solution, was subsequently stabilized
with the addition of 0,9 g of the antioxidant trynonylphenylphosphite and 0,5 g of the
antioxidant octadecyl 3,5-di-t-butyl-4-hydroxyhydrocinnamate.

The produced elastomer was recovered by the drying by evaporation of the
solvent of the polymeric solution, in an open mill, heated to 100°C.

The Mooney viscosity (Ml11+4 @ 100°C) of the produced elastomer was 58. The

total chemical content of styrene in the copolymer was 19,6% and the chemical content
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of the 1,2-vinylic units, based on the incorporated 1,3-butadiene, was 63,7%. Both these

results were obtained using RMN 'H spectroscopy.

The molecular weight and the polydispersion of the elastomer were determined by Size

Exclusion Chromatography, based on the standards of polystyrene, providing the values
5 Mw=430.000 g/mol; Mn=340.000 g/mol and pd=1,2 respectively.

With the values of the obtained molecular weights and the masses of the added
materials and the number of moles of the determined active initiator, it was possible to
determine that the polymeric chains of the obtained elastomer in average had a block of
polybutadiene of approximately 150 mers, on average.

10 The confirmation of the functionalization of the elastomer was obtained via
RMN 'H spectroscopy, analyzing a sample of the elastomer submitted to a process of
purification, in which a cycle of dissolution in cyclohexane followed by coagulation in
ethanol and drying, was repeated 3 times, to remove any residual of the functionalizing
agent not incorporated in the polymeric chains. The analysis was performed with the

15 sample dissolved in CDCIl; (deuterated chloroform), without the use of TMS
(tetramethylsilane} as a marker.

A spectrum of RMN 'H characteristic of elastomer functionalized with siloxane,
presented typical signs or bands of the hydrogen element of the methyl groups linked to
the silicon element, in the region between 0 and 0,1 ppm, .

20 The results of the RMN 'H analyses, together with the results of the Size
Exclusion Chromatography and the number of moles of the determined active initiator,
allowed the obtainment of an average value for the length of the sequences of the
siloxane functional group (-[-Si(CH3);-O-]-), including the silanol terminal group (--
Si(CHj3),-OH), which were incorporated in the polymeric chains, which in this case

25  corresponded to 5 units. |

In Table 3, the results of the characterization of this elastomer are presented.
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Table 3
Elastomer S-SBR Example 01
Mooney Viscosity 58.0
(M11+4) at 100°C
Total styrene content,
in copolymer, 19.6
% weight, RMN'H
Content of
1,2-Vinylic Units, % ® 63.7
Block with mers of butadiene at the|Average of 150 mers per polymeric
end of the main chain chain
Functionalization Average of 5 groups per polymeric
-[-8i(CH3)2-O-1n- chain,
-3i(CH3),-OH including the silanol terminal group

® = based on the content of the diene incorporated in the copolymer

Example 2 (C2)

Preparation of an elastomer of type S-SBR functionalized, whose main
polymeric chains have random distribution in their constituent mers and a controlled
microstructure, containing an end block of polystyrene, followed by a continuous
sequence of the siloxane functional group (-[-Si{CH3),-O-]-) and a silanol termination (-
Si(CH3),-OH).

A schematic representation of the structure of this elastomer is presented below:

C2 S-SBR

i—(SiR1R2-O-)nSiR1 R,OH



2222CBS2221.61.6 1.6 Sulfur 2222 2 2 Were: BR =

pol ybut adi ene rubber; 6PPD = N-(1, 3-di net hyl buty1l)-W phenyl - p-

phenyl enedwasosva77s3dQ = 2, 2, 4-trimet hyl-1, 2- di hydr oqui nadvgeooBoddrfz =
N, N- di phenyl guani di ne CBS = benzotri asol - 2- cycl ohexyl sul f enami de; Q|
= type TDAE (Treated and Distilled Aromatic Extract); Silica = VN3,
Degussa AG Germany, surface area: 175 n2/g, CTAB 160 n2/g; Sil anol
(functionalization reagent) = SILQUEST A 1589, Ceneral Electric, USA
10In Table 7, the results obtained in the abovenentioned tests for

the di ffengafie R GRARSE FOIPI LYK oRBEYRYRAEH LA of siloxane units
In a 2 liter capacity reactor, equipped with a turbine type mechanical agitator and
a refrigeration cover, the first step was performed of the anionic copolymerization of the
1,3-butadiene monomers and styrene, in a solution of cyclohexane, with the polar
5 additive TMEDA, and using n-butyl-lithium as the initiator.
For this copolymerization, the reactor was filled with 146 g of 1,3-butadiene, 37
g of styrene, 1343 g of cyclohexane and 1,1 g of TMEDA.
For the initiation, a quantity of 0,072 g of n-butyl-lithium was used, which was
necessary to neutralize any impurities still present in the materials being utilized and to
10 initiate the copolymerization, strictly speaking. The copolymerization was conducted
semi-adiabatically, with the temperature between 50°C and 70°C, until the total
conversion of the monomers. ‘
In a second step, 9,3 g of styrene was added to the reactor. This monomer reacts -
with the; active anionic chains of the reactional medium, forming a small block of
15  polystyrene at the end of the chains. This step of the polymerization of the styrene was
accomplished with the temperature between 70°C and 80°C, until the total conversion of
the monomer.
Subsequently, in a third step, 0,3 g of hexamethylcyclotrisiloxane (D3) was
added, which reacts with the active anionic terminals of the polymeric chains, forming a
20  sequence of siloxane functional groups. This third step was conducted with the
temperature between 70°C and 80°C, for a period of 15 to 20 minutes.
Finally, in the last step, 0,3 g of cetylic alcohol was added, to deactivate all the
active anionic terminals, forming the silanol terminal group in the polymeric chains.
This step took 10 minutes and was conducted wifh the temperature between 70°C and
25 80°C.
The elastomer obtained in this way, and still in solution, was subsequently stabilized
with the addition of 0,7 g of the antioxidant trynonylphenylphosphite and 0,4 g of the

antioxidant octadecyl 3,5-di-t-butyl-4-hydroxyhydrocinnamate.



Tabl e 7 se4Vul cani zed conpounds 32 Measured property Az Bi 132 Az-BR

Bl - BR B2- BR Har dness ShoreAat an anbi ent tenperature 68.3 69.8 70.7

62. 8 63. 6 Wa-28¢0lfassdness Shore A, 70C 65.0 66.6 67.6 59.01a82fsDB42
Rebound resilience, % 27
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The produced elastomer was recovered'by the drying by evaporation of the
solvent of the polymeric solution, in an open mill, heated to 100°C.

The Mooney viscosity (Mi1+4 @ 100°C) of the thus produced elastomer was 55.
The total chemical content of styrene in the copolymer was 23,3% and the chemical
content of the 1,2-vinylic units, based on the incorporated 1,3-butadiene, was 61,0%.
Both these results were obtained using RMN 'H spectroscopy.
The molecular weight and the polydispersion of the elastomer were determined by Size
Exclusion Chromatography, based on the standards of polystyrene, providing the values
Mw=358.000 g/mol; Mn=260.000 g/mol and pd=1,3 respectively.

To obtain the characterization results of this elastomer, the same procedures and
analytical methods used in example 1 were adopted.

In Table 4, the results of the characterization of this elastomer are presented.

Table 4

Elastomer _ S-SBR Example 02
Mooney Viscosity 55
(Ml11+4) at 100°C
Total styrene content,
in copolymer, 233
% of weight, RMN'H
Content of 61.0
1,2-Vinylic Units, % @
Block with mers of styrene at the end of | Average of 130 mers per polymeric
the main chain chain
Functionalization Average of 3 groups per polymeric




at ananbi ent tenperature 15.0 14.9 14,5 32.2 32.4 32.7 Rebound
resilience, % at 70 CIn 1 anginza:;:LIIVI 48.9 48.9 46.9 44.9 45.5

Tensi | eSt rgagbévo7daa at ananbi ent tenperature 14.8 14. 7 pkdyikaobdioddabd. 1

14. 3 El ongation at break, % 28
-[-Si(CH3),-O-]»- chain, including the silanol terminal
-Si(CH3),-OH group

@ = based on the content of the diene incorporated in the copolymer

Preparation of the vulcanized compounds and their properties.

For a better evaluation of the properties of these elastomers, it is necessary to
test them in the vulcanized compounds employed in the production of tires.

5 The preparation of these compounds follows conventional methods. The
different components are mixed in distinct steps, in the appropriate equipment, followed
by the final step of vulcanization, where the crossed links connections occur that
provide the final form.

Contained in the recipe of the preparation of these compounds, as well as the

10 elastomers to be tested, are other elastomers such as natural rubber (NR) and
polybutadiene (BR). There are also other important components, such as the fillers,
among them silica, oils, accelerators, antiozonants, antioxidants, stearic acid,
plasticizers, etc, as well as the vulcanization system, consisting basically of sulfur or
compounds that produce sulfur during the vulcanization step.

15 To compare the results, a vulcanized compound was prepared, using a reference
elastomer.

The materials used in the preparation of the vulcanized compounds containing
the elastomers of this invention and the reference compound, are presented in Tables 6
and 9.

20 The vulcanized compounds were prepared in the following manner:

In the first step, all the components were mixed in a laboratory tangential mixer,
except those pertaining to the system of vulcanization. Once the pre-mixture was
obtained, the wvulcanization system components were added. The final mixture,
containing all the required components, was then processed in an extruder and

25  converted into the pre-form of a tread, used for the production of tires.
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After the vulcanization in high pressures and temperatures, trial samples were
prepared to be subsequently tested to determine the typical properties of the vulcanized
compounds. The results are used as the final performance indicators of these materials.

The following test methods were employed to evaluate the propesties of the
compounds:

¢ Hardness Shore A, in an ambient temperature and at 70°C norm DIN 53 505;

» Rebound resilience, at an ambient temperature and at 70°C, norm DIN 53 512;

¢ Tensile strength, at an ambient temperature, norm DIN 53 504;

« Elongation at break, at an ambient temperature, norm DIN 53 504;

e Stress modulus at 100% and at 300% of elongation, at an ambient temperature,
norm DIN 53 504;

e Tan delta at 0°C measured using a dynamic deformation with an amplitude of
0,2%, with 10% pre-deformation, at a frequency of 10 Hz;

e Storage modulus average E°, with the temperature from —25°C to —5°C, norm
DIN 53 513, using a deformation with an amplitude of 0,2%, with 10% pre-
deformation, at a frequency of 10 Hz;

Example 3

Vulcanized elastomeric compounds prepared with the group 1 elastomers.

The group 1 elastomers are type S-SBR. Their main polymeric chains have a
random distribution in their constituent mers and a controlled microstructure, containing
an end block of polybqtadiene, followed by a continuous sequence of the siloxane
functional group (~-[-Si(CH;),-O-]--) and a silanol termination (--Si{CH3),-OH).

In Table 5, the main characteristics of these elastomers are presented.

Table 5

Elastomer S-SBR Block of Terminal

composition polybutadiene Functionalization

21.0% styrene; siloxane groups and
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e comparative tests, which has a composition

similar to the elastomers B and B, However, it does not have a block of polybutadiene

at the end of the polymeric chains, and is functionalized with the terminal siloxane and

silanol groups, as described in patent EP 110998.

The elastomers B; and B, were prepared as described in example 1, with

adjustments made to the quantities of the employed materials, as required.

The recipe used for the preparation of the vulcanized compounds, using the

elastomers Aj, B, and B, is presented in Table 6.

The relative quantities of the components are expressed as a percentage of

rubber, or pcb.

Table 6
# Vulcanized compounds
Components,  [f| A, B B, | A-BR | Bi-BR | B;-BR
pcb
Aj (reference) 100 - - 50 - -
B - - 100 - - 50




34 The group 2 elastoners are type S-SBR. Their nmain polyneric
chains have a randomdistribution in their constituent nmers and a
contr ol | edwmizesomstasaict ure, containing an end bl ock of rayiBtoos/eI3es2
foll owed by a continuous sequence of 3the sil oxane functional group
(--[-Si (CHO2-0-]1--) and a silanol termnation (--Si (CH3)2-0H). 5In
Table 8, the characteristics of these el astomers are presented. Table
8 El astomer SSBR corrp05| tion Block of polystyrene Term nal

functi ona, refer nnrn\ 21. 0% styrene;-63.0%1 2- A n\ll 1_3
not prese e ter ﬁ naI gr oups qjg()21 4% sLyr ene; 62. 8%576 21 Vi nyI
(a) Bl ock 15 of—54—rgrs—of aLylene Pef chatai-stoxane—wt h
an averag fos per chdi n i-ncl udi ng-sil anokot ey mspal | grsgup
C2 23. 3%ty % L, 2- vinyl (a) BIocKW Tha
Silica £ 95 95 a5 95 95 95
ol IS 35 35 as | a5 | 45
6PPD % 2 2 2 2 2 2
7
TMQ y 2 2 2 2 2 2
Antiozonant fq 2 2 2 2 2 2
o
(wax)
Zno B 25 2.5 2.5 25 | 25 | 25
Stearic acid E 2.5 2.5 2.5 2.5 2.5 2.5
Silanol ii 8.075 8.075 8.075 6.650 | 6.650 | 6.650
DPG A 2 2 2 2 2 2
CBS E 2 2 2 1.6 1.6 L6
Sulfor El 2 2 2 2 2 2
Where:

BR = polybutadiene rubber;
6PPD = N-(1,3-dimethylbutyl)-N"-phenyl-p- phenylenediamine;
TMQ = 2,2 4-trimethyl-1,2-dihydroquinoline
5  DPG = N,N-diphenylguanidine

CBS = benzotriazol-2-cyclohexylsulfenamide;
Qil = type TDAE (Treated and Distilled Aromatic Extract);
Silica = VN3, Degussa AG, Germany, surface area: 175 m*g, CTAB 160 m?/g;
Silanol (functionalization reagent) = SILQUEST A 1589, General Electric, USA.

10 In Table 7, the results obtained in the abovementioned tests for the different

prepared compounds, are presented.

Table 7

Vulcanized compounds
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temperature

Rebound resilience, |
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Tensile  Strength,
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at  an ambient
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E’, Mpa %
with %:‘
temperature ¥l 630 451 449 35 32 33
between g
(—25°C to -5°C) zi

The measurement of the storage modulus E', with the temperature between -
25°C to -5°C, can be considered as a performance indicator for icy skid resistance. A
reduction in the values of E' indicates an improvement in this property.

In Table 7, it can be observed that both the vulcanized compounds B; and B,,
compared to the reference compound A, and the vulcanized compounds B;-BR and B;-
BR, compared to the reference compound A;-BR, present lower values for the storage
modulus E', indicating a significant improvement in icy skid resistance. |

The rebound resilience at the ambient temperature can be used as an indicator
for wet skid resistance, where lower values indicate an improvement in this property.

The comparison of the results obtained for this property, between the
aforementioned compounds and their respective references, indicates that they remain
practically unaltered, and that the performance of these compounds, in relation to wet
skid resistance, was maintained.

The elastomers’ of this invention, which have main polymeric chains with a
random distribution in their constituent mers and a controlled microstructure, containing
an end block of polybutadiene, followed by a continuous sequence of the siloxane
functional group (--[-Si{CH;3),-O-]--) and a silancl termination (--Si{CH3),-OH), make
possible the obtainment of elastomeric vulcanized compounds, which have the
advantage of presenting a significant improvement in the icy skid resistance, without
prejudicing the wet skid resistance. Both these properties are desirable in high
performance tires.

Example 4

Vulcanized elastomeric compounds prepared with the group 2 elastomers.
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The group 2 elastomers are type S-SBR. Their main polymeric chains have a

random distribution in their constituent mers and a controlled microstructure, containing

an end block of polystyrene, followed by a continuous sequence of the siloxane

functional group (--[-Si{CHz),-0-]--) and a silanol termination (-~Si(CH3),-OH).

5 In Table 8, the characteristics of these elastomers are presented.
Table 8
Elastomer SSBR Block of polystyrene Terminal
composition functionalization
Ay 21.0% styrene; Amine terminal groups
(reference) 63.0% 1,2- not present
vinyl @
21.4% styrene; Block with  an|siloxane with an average
Cy 62.8% 1,2- average of 54 mers|of 3.0 groups per chain
vinyl ® of styrene per chain |including silanol terminal
group
23.3% styrene Block with an|siloxane with an average
C, 61.0% 1,2- average of 130 mers |of 3.0 groups per chain
vinyl ® of styrene per chain |including silanol terminal
group

(a) _

= based on the content of the diene incorporated in the copolymer

where, A is the elastomer used as the reference in the comparative tests, which has a

composition similar to the elastomers C; and C,. However, it does not have a block of

10 polystyrene at the end of the polymeric chains, and is functionalized terminally with the

amine groups.

The elastomers C; and C; were prepared as described in example 2, with

adjustments made to the quantities of the employed materials, as required.
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The recipe used for the preparation of the vulcanized compounds, using the
elastomers A, C; and C;, is presented in Table 9.

The relative quantities of the components of the recipe are expressed as a
percentage of rubber, or pcb.

5 Table9
Vulcanized compounds
Components, pcb
C C Ci-NR | C-NR | C;-BR |C-BR

NR - - 50 50 - -
BR - - - - 50 50
A (ref) - - - - - -
C 100 - 50 - 50 -
C, - 100 - 50 - 50
Silica 95 95 95 95 95 95
0il 35 35 35 35 35 35
6PPD 2 2 2 2 2 2
™Q 2 2 2 2 2 2
Antiozonant 2 2 2 2 2 2
(Wax)
Zn0O 2 2 3 3 3 3
Stearic Acid 2 2 3 3 3 3
Silanol 8 8 8 8 8 8
DPG 2 2 2 2 2 2
CBS 2 2 2 2 2 2
Sulfur 2 2 2 2 2 2

Where:




223333Silanol 98 88888DPGCBS22222222222222
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NR = natural rubber;
BR = polybutadiene rubber;
6PPD = N-(1,3-dimethylbutyl)-N"-phenyl-p- phenylenediamine;
TMQ = 2,2 4-trimethyl-1,2-dihydroquinoline;
DPG = N,N-diphenylguanidine;
CBS = benzotriazol-2-cyclohexylsulfenamide;
Oil = type TDAE (Treated and Distilled Aromatic Extract);
Silanol = functionalization reagent SILQUEST A-1589, General Electric, USA.
Silica = VN3, Degussa AG, Germany, surface area: 175 m*/g, CTAB 160 m?%g;
In Table 10, the results obtained in the abovementioned tests for the different

prepared compounds, are presented.

Table 10

Vulcanized compounds

Measured Ay Ci C

Ci-NR | C-NR | C;-BR | C»-BR
property

Hardness
Shore A

753 73.5 76.5
72.8 72.5 721 71.8
at an ambient

temperature

Hardness

Shore A, 70°C 70.4 70.5 70.0

69.2 67.9 69.3 68.1

i

Rebound

2
.

resilience, % £y

B 20 | 193 | 322 | 286
atanambient [§ 156 | 149 | 133
temperature %
tan delta # 0365 | 0.384 | 0276 | 0.289
at 0 °C 5| 0.540 | 0554 | 0.576
Stress, Mpa e




Sulfur 2 222 2 2 2 Were: W 2009/077839PCT1l B2008/ 003442 36 NR =
nat ural rubber; BR = pol ybutadi ene rubber; 6PPD =

N- (1, 3- di niwiohyddabasd) - N - phenyl - p- phenyl enedi am ne;  TN@AB2008/003442
2,2,4-trinethyl-1, 2-di hydroqui nol i ne;375 DPG = N, N-di phenyl guani di ne;

CBS = benzotri azol - 2 cycl ohexyl sul fenam de; G| = type TDAE (Treated
and Distilled Aromatic Extract); Silanol = functionalization reagent
SI LQUEST A-1589, Ceneral Electric, USA. Silica = VN3, Degussa AG,
Germany, surface area:_175 nP/q CTAR 160 nP/g: n Table 10, the
results optaPeied |n t e abb9erferdibnpd3Bdst|s %/ ne, di.f flepent
: P 2.47
prepared CRERQUALS. ar|e presented. Thble 10 cani zed goimpounds’
Measur ed property Al
Rebound - %
resilience,% =
?I‘;; 449 40.9 47.7 439
at 70 °C ;; 425 | 444 | 370

The measurement of rebound resilience to the ambient temperature and the tan
delta at 0°C, are conventional indicators of wet skid resistance. There is always an
improvement in the performance of this property when the values for the rebound
resilience to ambient temperature reduce and the values for the tan delta at 0°C increase.

5 The results presented in Table 10 indicate an improvement in this property, for
the vulcanized compounds C; and C; when compared with the reference compound A,
since both C and C; have reduced rebound resiliencies to the ambient temperature, and
an increase in the values of the tan delta at 0°C.

The combination of the measurements of rebound resilience at 70°C and of stress

10 at 100% deformation is used for an evaluation of the handling performance of a tire.
The decrease in the values of the rebound resilience at 70°C indicates an improvement
in the handling performance of the tire, as does an increase in the values of stress at
100% deformation.

From a comparison between the results of the vulcanized compounds C; and C;

15  in relation to the reference compound A, it can be seen that the values of the rebound
resilience at 70°C, and the stress at 100% deformation, only present discrete variations,
indicating that the handling performance remains unaltered.

The elastomers of this invention, which have main polymeric chains with a
random distribution in their constituent mers and a controlied microstructure, containing

20 an end block of polystyrene, followed by a continuous sequence of the siloxane
functional group (-[-Si(CHj;);-O-]-) and a silanol termination (-Si(CHj3);-OH), make
possible the obtainment of elastomeric vulcanized compounds, which have the

advantage of combining properties such as a good performance in wet skid resistance,



Cl C C-NR C2-NR Cl-BR C2-BR Hardness Shore A at an anbi ent
tenperature 75.3 73.5 76.5 72.8 72.5 72.1 71.8 Hardness Shore A, 70C
70.4 70.5 Wo.200080782967.9 69.3 68.1 Rebound resilience, POTAB2A8/003442
anbi ent tenperature 15.6 14.9 13.3 22380

without affecting the handling performance. These are desirable properties in high
performance tires.

This invention was described in terms of its preferred embodiment and the

examples were provided in a purely illustrative manner and should not limit the scope of

5  this document. In the same way, certain modifications and/or alterations may become

apparent to a person skilled in the art, arising from this specification. However, any

such modifications and/or alterations are deemed to be included in the scope of this

present invention.
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CLAIMS
1. Copolymer of 1,3-butadiene-styrene containing in its main chain a random
segmeni, followed by a block having a different structure to the functionalized main chain,

homopolymeric or copolymeric, characterized by comprising the following structure:

wherein

A represents the main chains of a polymer, formed by the copolymerization
between 5% to 50% w/w of one or more conjugated dienes with 50% to 95% w/w of one or
more monomers having aromatic vinyl structure, which have a random disiribution of their
constituent mers, linear or branched structure, and a controlled content of 1,2-vinylic units,
based on the conjugated diene incorporated;

B represents a block having a different structure from the main chain,
homopolymeric or copolymeric, or else, copolymerization of two or more monomers with
aromatic vinyl structure, or else, copelymerization of one or more conjugated dienes with one
or more monomers having aromatic vinyl structure, including the different possible
microstructures for the diene(s) employed, provided that the final siructure of this block is
different from the main chain; and

F is a terminal functional group of polymeric chains of the -OH, -COOH, -COX
type, wherein X is a halogen, -8H, -CSSH, -NCO, amine, epoxy, silyl, silanol or siloxane, in
addition to polysiloxane and siloxane or polysiloxane groups containing amine groups,
preferably being:

. Amine groups: -N{Ri)2, NR4Rg -NHR:, -NHj, wherein Ry and Rz are
identical or different, may be alkyl, linear or branched, cycloalkyl, aryl, alkylaryl, aralkyl or
vinyl groups, In each case having from 1 to 20 carbon atoms:

. Silyl, silanol and siloxane groups: -SiHa(OH), -Si(R:)(OH), -SiH{CH),, -
SiR1{OH)z, -Si{OH}s, -Si{ORy)s, -(SiR1R20)R3, -Si(R3)sm{X)m, Wherein X is a halogen, x is



deformati on 2.49 2.37 2.61 2.47 Rebound resilience, %
44.9 40.9 47.7 43.9 at 70C 42.5 44.4 37.0
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the number of repetitive units between 1 and 500, m is the number of ligand graups, varying
from 0 to 3, R; and R; are identical or different, and may be alkoxy or alkyl, linear or
branched, cycloalkyl, aryl, alkylaryl, aralkyl or vinyl groups, in each case having from 1 to 20
carbon atoms, and Rz is H or alkyl, branched or linear, in each case having from 1 fo 20
carbon atoms, or a mononuclear aryl group;

" Siloxane groups that contain amine groups, represented by the formula —
A-SIAEN{(HI{R1)24),{ OR1 ) Ra)ayez, Wherein: k may vary from 0 to 2, y may vary from 1 to
3, and z may vary from 0 {0 2 and 0 € y+z < 3, wherein, R; and R; are identical or different,
and may be alkyl, linear or branched, cycloalkyl, aryl, alkylaryl, aralkyl or vinyl groups, in
each case having from 1 {o 20 carbon atoms, mononuclear aryl groups, Rs is H or alky],
branched or linear, in each case having from 1 to 20 carbon atoms, or a mononuclear aryl
group, and A’ and A? are chains of up to 12 carbon atoms, branched or linear, preferably

alkyl, alyl or vinyl.

2. A copolymer according to claim 1, characterized by one or more
conjugated dienes with one or more monomers having aromatic vinyl structure in which the
conjugated dienes are selected from 1,3-butadiene, 2-alkyl-1,3-butadiene, 2,3-dialkyl-1,3-
butadiene, 2-alkyl-3-alkyl-1,3-butadiene, 1,3-pentadiene, 1,3-hexadiene, 2,4-hexadiene and
the aromatic vinyl monomers are selected from styrene, alfa-methyl-styrene, orto, meta and
para divinylbenzene, orto, meta and para-methylstyrene, para-t-butyl-styrene, vinyl-tolusne,

metoxystyrene, vinyimesitylene, among others.

3. A copolymer according fo claim 2, characterized by small polymeric blocks

: having a differentiated structure, located at the end of the polymeric chains whose length
varies between 5 and 250 mers,

4. A copolymer according to claim 3, characterized by terminal functional

groups of the polymeric chains selected from --[--Si(R4Rz}-0-]--Si(R1R2)-OH, wherein Ry and

R; are identical or different, and may be alcoxy or alkyl, Iinear or branched, cycloalkyl, aryl,

alkylaryl, aralkyl or vinyl groups, in each case having from 1 to 20 carbon atoms, and n
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CLAIMS 1. ?ner 'of 1, 3-but adi ene-styrene containing inits main

chain ar amb)mmgmeamybuiaaleh@wedmaytha ramBEKofaars Reried TRbhf § &F @5 units;
structure to the functionalized main chain, honopol yneric or

copol ymer i Referabls befweeay 10286 200 unitdARshTase prgferahl bF*éYP? g 182 vt ure: A

n = number of siloxane units, varying between 1 and 500,

8. A copolymer according to claim 1, characterized by the following structure:

S-SBR PS

== —(SiR,R,-O-) SiR,R,0H

wherein

S-SBR represents & copolymer chain 1,3-butadiene-styrene;

Rsand Rz = CH3,

PS = block of polystyrene in which the number of mers varies from 5 to 250; preferably

between 10 and 200 units and more preferably beiween 20 and 180 units;



wherein A represents the main chains of a polyner, forned
by the copol yneri zati on between 5% to 50% w w of one or nore
conjugated dienes with 50%to 95% w w of one or nore nononers having
aromatic vinyl structure, which have a random di stribution of their

constituent ners, linear or branched structure, and a controlled
content of 1,2-vinylic units, based of#the conjugated diene
i ncor por at ed,; B represents a block having a different

structure fromthe main chain, honopol yneric or copolyneric, or else,
copol yner i zabirmier of silixape odits@ryirgemates®. W th aromati c vi nyl
structure, or else, copolynerization of one or nore conjugated dienes
with one or nore nononers having aromatic vinyl structure, including
the different possi blaeyBist @sidrdialiil £S5 % I
provi ded that the fi naII} structptrjérbg %’1[ t%;fo;&th (Q)%I?%frfs%qgl(a? gfgeﬁﬁt&%/crg@%the
mai n chai nelaigy eharacterized by comprising ghetséapapial f unct i onal gr oup of

I h
Egl )(;gngrnl ce ai nf@goft pt(‘.nﬁﬁ%gnjl' C mp @H&%g%@orres%&%iﬂg 1o arama%c Ylnyé sﬁn.bc)yée?_l e

in additi on tan&)zO&nyrs aahcomamjugmh Sllehé)mt‘la)eﬁientp@i yé;ataoﬁnhaﬂengh@tbp@een
cont ai ni ng am ne X ferably being Anm ne groups:
-N(R1) 2, NR1R2“°n°'%ﬂFR 5% & %’W’vm‘éﬁ*@ %ﬁOfF&'G&HH ”RQ‘-‘*'&‘?reade%ﬁméam 50% o

di fferent na>g5lg,eﬂ,/@|fd§me,cohh§mrdi&g branched, cycloal kyl, aryl,

al kyl aryl, aral kyl or vinyl groups, in each case having from 1 to 20
carbon at ons; 2 Seen stepsef| addiod acdeterinébguandy gt tbamwnomglﬁz( ©kdmperature

-Si (R1) 2 . :
SR sl e s St o B g e

nunber of rep@&@Kdiitwe units between 1 and 500 m | S the nunber of

| i gand groups, v,arg/i ng fromO to 3, Rl and R2 are identical or
different,® and B OT39dBg Jungtionazrian. C"I“P‘?i'@ar"f e ogpolysien dya temperature
cycl oal kyl allge Rbkiba! ¥dec Ak BbkY lin BE sﬂhg}ﬂ}esﬂﬁ@% e ab 058K theCRRe
havi ng from1 to 20 carbon atons, and is Hor alkyl, branched or
| i near, in eacékeprcase havi ng from1 to 20 carbon atons, or a

OOt S5, MRS RS R | Dty SNBSS

wher ei n: k nayctaagcyl 3 5-dimbOtyltdhydroxyhydraginaaley. from 1 to 3, and z may
vary fromO to 2 and 0 y+z 3, wherein, Rl and R2 are identical or
different, and may be al kyl, |inear or branched, cycloal kyl, aryl,

al kyl aryl, aral kyb. on Mb&gbk GERURS to u&me@cm%éﬁzehaw pg daamid, i 20
carbon atons, nononucl ear aryl groups, R3 is H or alkyl, branched or
li near, i reogglwherizativn St@vihﬁgjefcﬁﬂiﬁ@elfeiaeo@bfpdﬁtv@m tfweermnomrs daries from
mononucl Caf5o@idr il i ror Fbing rgﬁ%oﬂ ercen\%wo B4R el S FR"RON
atons, branched or [i near, pre era "T vinyl .

2. A copolwgatam;mdl ng to claim 1, char act er| zed by one or nore
conjugated dienes with one or nore nononers having aromatic vinyl

Yy
structure in whidh t RPEERH RGALBE TR LL %?réCtE@FggY@&f?qgﬁVhe solvent
1, 3- but adi @Rffoyed mah&kdpolimetztbhadin®aBngsdo g’\e(cya@:l Jr‘f)éﬁph%’u ssgﬁéﬁ‘@éﬂﬁﬁgof
2- al kyl - 3- aIkyI 1, 3- but adi ene, 1, 3-pent adi ene, 1, 3- hexadi ene,
2, 4- hexadi @wa3 syaiphereae anbivherese. v i nyl nmonomers are sel ect ed from
styrene, alfa-nmethyl 4 [Wy!
orto, meta and pg?a ma;% ﬁée?@%bco%:g to gfna'l‘a}‘l Suatrgci? nzc-f eyéant:)t plazt nqhe
vinyl -t ol meeymemzhtmy;mwheemcentﬂgayélmmt;:yd:f@Mnoraa@@gv@t b@fe&ponds toa
3. A copolyner according to claim2, characterized by small polyneric

bl ocks ha OHﬁn%Pfa‘?“F’?'éeft‘ﬁ‘??f‘lsa("c%:agt"’r‘h‘ﬁt ure, located at the end of the
pol ymeric chai ns jyhoge rb@éggtéacd(@ﬁgj & ot MECLharacBted B) B St that the
4. A copolymer according to claim3, characterized by term na

f unct i onal cogelgogsizatioh steh empbwmrg@omhfaimelt@tm o Githigah Which epmprises at least
--E-Si (RIR2)-03--Si (R1IR2)-0H, wherein R1L and R2 are identical or



PBD = bl ock of pol ybutadiene in which the nunber of mers varies from
5 to 250 units; preferably between 10 and 200 units and nore
preferably between 20 and 180 units; n = nunber of siloxane units,
varyi ng between 1 and 500. 8. A copolymer according to
claim1, characterized by the foll ow ng structure: S-SBRPS

(Si RIR2-0-) nSi RLR20H wherein S-SBR repYesents a copol ynmer chain

1, 3-but adi ene-styrene; RI and R2 = CH3; PS = block of polystyrene in
whi ch the nunmber of ners varies from5 to 250; preferably between 10
and 200 uniresf anchgostey, Etief, @padplly istredpie amui0sandtyl 8Outym-&6yl, seddmil, =
nunber of sjloxane units, varying from1l to 500. 9. A process for
prepar i ng BLYpFETRE: "HERYr EfPﬁﬂ' TP N asecy wataricw @Bd i g LT YRS
characterized by 1§0NRr jr8tdl dobi§disg &Pl 13, &aﬁ’éq@éfzeé;tbﬁﬂh@ffa& anglara
copol yneri zation corresponding to an aromatic vinyl sfructure nononer
and a conj%gelyrestizefios aier aFqurs 3h e tarmetahigebatedenBh Granti1go°Cangi ng bet ween
nmononers of 5%t qQ-.50% ti,e Vvin no and r i ng
from50%to 95%3v'w f< oer%%[&ﬁ%%%%&n]mﬁgggc{g di%n‘éijfar%gerg%ég%g‘ék%tfae%q*(’)aftqpeq
addi ng a deidtivmriinedf tyeaidck formetfontdep PG ARKifferht strucird o Seahdlk ehdimnge
of between 55 andﬁgoc, with the reactor pressure ranging from 2

Kgf / cnR to"'aﬁeﬁ%&fwe@ Oand20miPes- st ep of addi ng functional i zati on
conpound of the @@polayfBEest tcdbrdifdRELAIHNE ERRGferRbd Bt eR GRE tRnd
80C, in the sane pressure range as used in the prior Step; and a

st abi | i zatglastpmer dynctianaizelion sige harsadda treasfiorofime rvalyios i kbwses 15 and 20
trinonyl pn%ﬁé(t%@hosphi te and oct adecyl

3, 5-di -t-butyl-4- hydr oxyhydroci nnanat e. 10. A process
according to claim9, characterized by the fact that in the

copol yneri zati on step the percentage rel ationship between these
nmononers varies from15%to 40% w w for the aromatic vinyl nononer
and from60%to 85% w w for the conjugated diene. 11. A
process according to claim 10, characterized by the fact that the
sol vent enpl oyed in the copolynerization step belongs to the class of
aliphatics, is preferably one of anpbng cycl ohexane and n- hexane.

12. A process according to claim 11, characterized by the fact that
in the copolynerization step the percentage relationship ww
nononer s/ sol vent corresponds to a content of solids between 8% and
30% w w. 13. A process according to claim12,
characterized by the fact that the copol ynerization step enploys an
organonetal lic initiator of lithiumwhich conprises at |east 43 one
of anmong nmethyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
t-butyl, n-anyl, sec-anyl, n-hexyl, sec-hexyl, n-heptyl, n-octyl,
n-nonyl, n-dodecyl, octadecyl and isobutyl-lithium 14. A
process according to claim 13, characterized by the fact that the
copol yneri zation step occurs at a tenperature between 35C and 120C.
15. A process according to claim 15, characterized by the fact that
the reaction tine of the block formation step having a different
structure fromthe nmain chain varies between 10 and 20 m nutes.

16. A process according to claim 16, characterized by the fact that
the el astonmer functionalization step occurs in a reaction tinme

varyi ng between 15 and 20 m nut es.



