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WD 2009/ 077839PCT/ 1B2008/ 003442 1 PROCESS FOR THE
PREPARATI ON OF A 1, 3- BUTADI ENE AND STYRENE COPCLYMER
WENIATTHBNG A RANDOM SECTION I N I TS MAI N CHAI NPCT/1B2008/003442

FOLLOWNED BY A BLOCK W TH A 1STRUCTURE DI FFERENTI ATED

FROM THE MAIN CHAI N, HOMOPOLYMERI C OR COPOLYMERI C,
5FUNCTI ONALI ZED AND THE PRODUCT OBTAI NED FROM THI S.

This invention refers to a process for the preparation

of a 1, 3-butadi ene and styrene copol yner, containing a

PROTINE FOR TAR PREPAR APION G A 3 8T RHFENRYARDN PERENE

W LIT a structuare adrrrereriti ated 11T O ore 1mar m criarl 11,
COFORY MER CONY A ROING WRANDOMSECTION iN EES MAIN CIAIN
product obtained fromthis. 10 BACKGROOND O THE
FOINVOWEDBY A BLOGK aFVITl“Hg\ SEREI@’HUREIDHIFERENWMT FROM
adaptable in their usage has been a const ani chal | enge

f or EHEMAINAGHAING B
g r ow eN nd f ‘ BT Al
t he gg{tloﬁl eee$$ tt(; Iacﬁr:p%g fgI e Preg%rsﬁ(?n o{ heﬁié) élﬁ and

proguce great orts Fom sci en
styf'éi‘l% dopAIgHRE, 'c\bﬁtaﬁﬁﬁé”é Rt &ctlbﬁ $f 1t§ Hﬁhr{ SAUE Followed by a block
The stci énce of polyners has nade deci si vé

withod stridititel diffefentibhted Srdi A€ $fain Dhan,t BorhOpctaENE or copolymeric,
research and the use of sophisticated processes of

funstibyaliezed, zatl ithaprodestoptaved dtaen Have been obt ai ned, with
a_conbi nati on of pr ‘f)ertl es that until now were not

B%%QHNHQEWHE@’I @NIHBNM materials. The enphasis

i ded thi
e ORlERBE et e S, PERETYc it b St Lt fos, pgen
coﬂs%ﬁ %ﬁ‘ﬁleﬂgé Yor% hé@érﬁiatlel:%o il rl’ééeﬁ{ ars. The grd%ﬁgg QAefnBfd for

W de vari pol yners, el asto rs ar best
makdtidW¥thatiRe hﬁ) aﬁ;ﬁt@plﬁatb Bﬁl@ﬁc&@fﬂﬂ@bhﬂnﬁaﬁd dpdcifidproperties, added to

el astically when submtted to tension and then return
thessolvigenakbmatictionsooftitdizatiar, ihgs prdudedrgreatietforts fremt serentists in the

ceases, elastoners can be 25 enployed to obtain many
Seﬁr?hp@nrmwatp\fe@@lmoes {hibesechallenges.y used in the form of

{i'r S8 g PR 1&%%%% A& B TTHEAGT i prosess Due to
1nt&%ﬂ$et %ésgﬁ'gl{l SangU R - VVI 8@&@@&&(9 g&%?@sl %ﬁ)f Céﬁqym@ﬁza%hl new

raps an range
rda’h@tg HalS been EBMih EVAVIHHON cbiabhati¥of properties that until now were not
2009/ 077839PCT/ 1B2008/ 003442 2 These rubber or

fourldaia tteaditidnall p kaekwit nsateriabs. ddieesnnphasit evitdprebpectito hiesenvironment
need to present a series of properties, which cannot

hagy pyided this ressatshnand generdtedh peasgssey and rprodustscthee agsf increasingly
ti resi for autonobiles, the follow ng properties are

ecqlegi? }yeqppr(gqugget, ci ty | ow abrasi on wear, good adhesi on

o A BB ad et S IR g B o
thefiMargd cag"f!%f oy Hei%%t élssilcm}s e YubRRd & {gfsiBh 86 AP Feturn

rf'ormance in one of the others. This is
speaiRbhgly Wodgeirr edigigala g dien Ofhet fefisibh measeb bR6tOfREs can be
i npossible to optimze all the properties. A
employbeé rto ofbtaiol many nspodad preductsi sdwnbgortectly used in the form of
manuf acturers, with the objective of conbining and
vulcanires, poBPQURdS. dAppRg these moepetﬁ fregaigly tines;ip aﬂrtb%m e?@plemty,
sent.i al nsi, st t he.co
mc@@é“%&‘eﬁi“‘f’f‘%&% S %1"5 H}%tF‘Z?% ﬁd?‘%ajg&‘f‘i 2 PEllR H‘aésr Saps and a
. gl nt | oads, which interact
“”%%%égég 9£§%P Rﬁegggally with the el astonmers, and in
the use of conpatible additives in the preparation of
t he vul cani zed rubber conpounds. For exanple, tires
manuf actured with e of the type SBR
(copol yners 1SCQNQBMgﬁ@@EEE€ styrene), including those
produced in a cold enulsion (E-SBR) and those produced
in a solutlon (S—SBR) mnth a chen1ca| cont ent of
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pol yneric structure, including the incorporation of

specific functional groups, increases WO
WQRDINTBIB39PCT/ 1B2008/ 003442 3 the m sci bi |l i t RCHEB20REA93442

the different elastoners, a well as their interaction

with the reinforcenent | oads, which markedly inproves

the resulting properties of the tire. As has

been described in other researches, an increase in the

chem cal content of the 1,2-vinylic units, in the

pol yHeRNhfber G | QitoRtrid %&Jcastlﬂ i mHatd xéeﬁlc%tié% need to

results 5 in an increase of its glass transition
prdsentpzeseties b progertienhivitibh parat diesyabe combineé 8RmiltanBoushe In the

skid resistance properties of the vul cani zed conpounds
cageopf tirgsefor (aptemobilesathel following pedperties a& reguiraderefgsticity, low

SbBEO G e 000 PRGSO OTpAIRR SHTTages, S FHY TETHRe. I low and
Ch S d

high, Kaberthies PR GBRRGIEN 5F ol Bleke aepRekfedRomany

reshfié‘qn A4Er8P8Tn HRGGBAharfke M SR opﬁle %ﬁﬁ?se THIY i %%19&?12/' vtidSsirable

the solubility of the elastoners of type S-SB

an®rioer ofehétine iEezomesithpasibl, td ofligiZRRI1anepypertits. H.
Schuster, H M Issel and V. Peterseim- Selective
| nt & mnband sphitishabavertees used Bate rhanufturpest inithl the pbjective
and Polynmer-Filler Interactions; Rubber Chem

of orthiing , andg improvingothe. different erpperties #fytheir r produgtal This has,

ST P bing usied dfte? ﬁgaﬁ&tggﬁ%m the giilization of
dlfpe%ﬁ’i'efer%ﬁf@fﬂenp qg tﬁgﬁ@?ﬁxfé{a@fy tﬂ?sﬂ: 1?a1]|y| w1th the

conpat eren el n orcenen
elaStaRleey Qfd fim tHehﬁSe\ﬁﬂ ORiPaiBld daHiASELHENE réparapioH W he am%&uzed
i nproves the resulting properties of the tires. There
rubbsr corspemidal interest in the tread, the part of the
tire where the main 20 nmechani cal forces are
conFenexample e mgnafasturedewih slastomess owlxertyp@§§8c€cop@lymers |

L3 e%%%esfsta“s%@ﬂairw!@%%&%aé% wiraih SRl GrgReB PR and those
pr(}d#.lﬁgf’ 1n G‘as’ Q&Eﬁ&l f(g §Bkc?t IQ:@tht ’ eé’h%mlgaﬁ i eg{%ép%lfl %nﬁ)gﬁ@lo §®gene of

a conj uga I ene an
ap;mﬁmaym% %Feséﬁto Aotk ﬁﬁ wemkldswsisfaheé Cand? abA3 MBR' Blling
of type S-SBR are mainl’y used. These copol yners
respptaxcerifheatinps thdoare mmnmfa;curremdrctmcdnmtwm elastonteks suehias the 1,4-
constituent nmers along their polyneric chains and can
CinBRdpplybutediene Eligh 69, MRt(Nabiradkehben)asd rIRb(Bplyampramne) gresent
ure of random and bl ocked dlstrlbutlon ey are
lovaé@ﬁlgg\reswtﬁnqer?@ dolgPaRintiid reststange (Pilea 9\1%"5& &y sLup, L. F.

BRI BRI B8 e S 0
In(ﬁlrsfry a0Chgréss! Qpﬁé}e&ﬁheﬁu Mds! Afe€ At eﬁ iNa, a§99@% dThe agpropriate

reference. een préviously stat
combidaio®foft fiRs@rdiffédehh elRfRRes, in0 viiichfised &DRPOUAS, YalloWs the
tread, requires a | evel of developnent that allows the
pr%kupﬂlmyaﬁames withpewnpetved balasce &f poopertiisher pol yrrer s,
whi ch prOV|de tires (and the tread) with a hig
per MaraRisEe th q Hs&/ | duwerrpasibles r@dﬂhélﬁw Wiliged in; ﬁh@« preparation of
erf mance ndlt i ons n the.doc on of.
S‘Pé BRTRYSSE VR dhe cpuenintf FUBSDORTIES in the
glgrsg‘tglgtgﬁczgr}]ccljﬁd?us ﬁle 1ﬁc &gﬁ(‘é{{n gfs%ﬂgnglcg%n% ﬁzriTlegroups increases
resultlng in the copolynerlzatlon betmeen the
conj ugat ed di enes and a 10 nononmer with an aromatic
vinyl structure (e.g.: S-SBR), which contains
functional groups of siloxane and silanol in the end
section of the polyneric chains. These groups interact
with the silica used in the vul cani zed conpounds,
inmproving its properties. The patents display the
conparatlve results obtalned fron1the enploynent of

o o e s o o o o ey
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250bserved properties are al so presented. In
vi ew of the abovenentioned state of the art
wa@ieasoasaent s, this invention provides a produRCT/EBRA082003442
process of preparation of & new famly of elastoners
of type SSBR, designed principally for the production
of high performance tires. The production of these
el astoners uses advanced processes of polynerization,
allowi ng larger control over the macrostructure and
the ety WshWeS Bk diltereROLNWBMersT RS WRIIPSA! MR ihferRESHUGHIN the
t hus produced allows for the production of tires wth
reiffogdeinentipady, athlich markedlyimpas es fheaedultidl propé&ties of the tire.
particularly with respect to the tread. 5 OBJECTI VE OF
THEAS Keshern@yscribed in Dther isparchesyan wtreasd i thewchentical wointent of

the preparation of elastoners of type S-SBR
the( ‘e%‘ﬂH}Y;ﬁé‘%S’dF the roligiFniaPestons 99@@@@@%& Pf tyeg S-$BR, results

in by RO RS RRSPA et TS hbEE PripfFE R imbrivement in
e e RS Nl Ao RpmpBh fop s (G Lira, L. F.
Ni&int,r d. | ekinbred, OSINVULt Rires, aPd.. Al CWASinhs!CL UERstofnes For High
i ntroduction of blocks with one or nore nononers at
Petfornannel Tifest hePresénterbrat ca Mexdting, of shdé Rubbleb\Dimision, American
term nal, functionalization, and the enploynent of
ChemicabSeqes) Gleieland, Rapen Noali2z 280194 ast omeri ¢ conpounds

and,their properties. DESCRI PT OF, THE | NVENTI .
T5TMeRs e Aeniisratey gﬁ%& B hHREE Ehirpfeal paent of these units
assRAL AR BhlbAfty W tRe ool A8H PE AR Th IR B1SORR Whth as 1.4
cont ai ni ng random section”tn its nain chain, _
Cis-BRI 0aR GR. 8. BeRgsker\VH M. assel AtE WU PBtetbefnh €rSMdctint Psteractions
fromthe main chain, honopol yneric or copolyneric,
in Elastotieon & Basedor @ompatitplitydind tPolymadr- Hilled Intbectians; Rubber Chem.
1, 3- but adi ene and styrene copolyner, with a random
Tedwel.i &h 5 F9%e nain chain, followed by a block with a

structuge differentiat 20 fromthe main chain, .
PombBHF e ey SGhctiish Sipiaen Ul s DORAPPRERE W e different

Lol e ti vi . fic
claBBF PGk ) AR A BB RRRHTE o improvea
corhP4tibiltg WRAUTHRCHiffePer®! relrfbreemantd fille@agmplolbd Nh IAEYvulcanized
desi rabl e characteristics and perfornance: The
elatotnatic campowidscaley inigrevesahe/remiliing propbitiee of theairésesul t s
in elastomers with an 25i nproved bal ance of nechanical
pr opbereiies aprsial Hoteedsbiie thy &rgadsrthe partapf thet {ire wheteethe main
end use. WD 2009/ 077839PCTI/ 1B2008/ 003442 6 structure,
meghaniosd lrggscies smqentz%teg - Whee theiopertiet Mk respRcttp gatety, such
appropri.ate condi ti.ons ringing benefits to their
as ‘é’ﬁ‘g‘F%gﬁgﬁ?Sl?tﬁn‘WU?&gﬁ%%?%el astoneri c conpounds, the
ef f ¢hd effstomedtc! NGt prbdif B el CospARINS
of tﬁegeggo_ y%ec:bgﬁw\’}\lﬁ?%%@ngﬁ tggggba sl_%al é,.esﬁélﬁlélﬁﬁm the
tredt) @O GloyiEIly CoRposedpef ¥opvlyrberd] Qithed Byt dadopfhigatedOdienedbnd a
both of the extremties of the 5 polyneric chains,
mohomeowstl abyprdneatici iyl sfructotel onal groups, in the
pr oEerti es of the vul cani zed el astoneric conmpounds, is
not Elastoners oft type s$HBR @re mgnkyy psed. These ggopglymegg present a
ffect .of these, bl.ocks, f.ormed by.ho ol ymers .or. .
PregamOTApHE ehOGR, SRFALOR Of (PEF SAESNGL REiS AR i polymeric
. .0 schai-ns.: of :
B BHIAIEF el SRR L BB REIR A of Umare of random
an® bRk Bikirbufi O Ge dbdisi®in eWdinrh&itiofithe ARAI proseMies of
that the wet/icy skid resistance properties of
vul cani zed el astoneric conmpounds can be inproved by
using in their preparation an el astoner, which
i ncl udes a smal |l honopol yneric or copol yneric bl ock,
situated in one or both of the extrenmties of the
pol ymeric chains, followed by term nal functional
groups. The Product 15The elastomers in this invention

s s . s o o M Y o ~ P —
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25 extremties, is a small block, with a structure
differentiated fromthe main chain, which can be
Wh090/0T18§heri ¢ or copol ynmeric. Beyond t he snmal PCHIB208003442
at the end of the chains, these el astoners have a
term nal functionalization, preferentially with
functional WD 2009/ 077839PCT/ 1B2008/ 003442 7
functionalization with specific functional groups,
whi ch interact and/or react with the reinforcenents of
the die. ¥ ﬁfl’l@Hﬁ%mﬁ@HW@s\mth the curkB® sBHBbE thB At WlBid fcorporated
bl ocks with the differentiated structure, situate ]?
in fthientrel afa refeeenige! yneri ¢ chains, can have different
| engths, preferentially between 5 and 250 5 ners and
err ASQmebeﬁepmViau$ly Sta&tdw&emt@@oﬁthd aft Sithneespect Thiares, especially
4-cis, . 1,4-trans 2-vin and even the 3, 4-vinyl

the jrgadsTesiires Iyl %w@een@nqt ataflgw the emplpEmeRteyf aeHi materials,

or s EAES SRt rofideie B Dikiee) withahiSpeiEitindRce, in view
ofﬁl'v@ﬁbagﬁl Sndffe gérfJn aﬁwdoahit%gﬂf the type - OH, - COOH,

ogen, -CSSH, - 10 NCO,
anm ne thee@6vi¥nenSdtiol | of Sakdn@BP 0929582 |(08261013,288)eldl ERS 110998
the pol ysil oxane groups, and sil oxanes or

(Up @l,6651,162xBe thero ist adescriptianofithe graparmsion Ané fuse efipolytlienes and
t hese groups can be better represented by the

comiyméw reguliing Jetthe eepolxmicrieatipnobgiween sh(emgrnugaim@es and a

MOIPPYE L o1 SRS XIRY RO PR R of JHlanaiigh contains functional
gro%}sg lo? @ﬂl&ya!ne aﬁ&% lanoﬂll(ﬁl hy lSCC{%%l%If% %oqgrggﬁpg au‘]ss These groups

I'n each case on a
1nt§'al:ty\|vuh ftid Q) usdish ﬁie'v%l‘cﬁﬁf%e& E&H inds, Sh@?&‘g‘g its propertles The
-Si(R1)2(OH), -SiH(OH) 2,
patefdis ( @sfla$, the( SorRaROYex -rEﬁlts (ﬁtiﬁ%j fffdrﬁ()ﬂﬁb whﬁlbgn%nﬁ ®f athese
hal ogen, x is the nunber of repetitive units between 1
elagtaenes0, sevierakvil ¢naized elsstomstic lcpmpeendgr oups, varying
and

fromO to 3, are_identical or different

can B8 Bt %x&‘%% @%E&@Z desspibey {he, profess of nthee Breparation of  the
ﬁln%}r/]igrléag%ﬁg g; gyrl‘?%é/ in bérﬁl i;gt &t&é’:ﬁht&%{ a}ltﬁg grneﬁlc ' a&nggl? u&ﬁ.lﬁture 1S
ess@ﬁtlﬁiykﬁhlat of hﬂﬁﬁfock’rwﬂérériﬁé‘ ﬁﬂendeﬁna?@%&ti%ﬁsc%n hRv4 Bgly&e‘he or a

carbon atons, or a nononuclear aryl group; Siloxane
co;gﬂymas redudting ﬁnhﬁtheea)pammelzgicﬁubaweat ¢he' eqtjagated didnbind a
the fornmula - Al-Si (A2-NaH) k(R1)2-0)y(ORl') (R3) 3-(y+z),
mcmhmee with emmrematic Vinghstouatere Ae.gy: SR )y avhere thef ershsectipns are
and. z can var¥ fromO to 2, 0 y+z 3, being that Rl
pregﬁantp@ygpcqulagms} PEHNCHr di ff er ent, and can be al kyl,

SRt e GRS 10 S e oSV gt in e

R Y B S, e
beﬁ%&@ﬂfé @nfiFatedWierts aMa Z{HABMEr Wit R AP eronddBe A3/ @RE&dr. Fhe use

groups that interact and/or react with the
of rthesef Guncdomalized updlymensdini Nukchiizedi lebatonmeid edrapéwndsr el their
compounds Furthernore, the main chains are
obserygskpropertipy ara@lsedresgnted a control | ed m crost r ucture,
and_present

2- .
uni 4 ViGia. 05 4B ABpTRIeSGu) Stk St b JeTSIURRGS chisginvgntion
P PN procsss PR DL ) S BRDHIR G-
SB<Ra'a Ex?egi @%&M@I B fhe ipRoduldBoR BPRIBR PeAbnde8 didsi TH@ production

For 't happen, 1t is necessary to use coupling
agents, such as tin tetrachloride (SnCl4) and silicon
tetrachloride (SiCl4), with rigorous control over the
efficiency of the coupling reactions. 10 More
specifically, these el astoners are copol yners obtai ned
by the pol ynerization of one or nore nononers of the
conjugated dlene type (e g.: 1, 3 butadlene) mnth one

o o s .




10

15

20

25

20These el astoners present, at one extremty or both
extremties of their polyneric chains, a small bl ock
WaQRaop/0g7832 ructure differentiated fromthe nmai NPCHEB2608/003442
honmopol yneric (e.g.: polybdtadi ene or pol ystyrene) or
copolyneric, (e.g.: the copolynerization of two or
nore conj ugat ed di enes, or the copol ynerization of two
or nore nononers with an aromatic vinyl structure, or
t he copol yneri zation of one or 25 nore conjugated
of €ieS& ERst¥inert R8BS a®fanb&RI FrolBNIEY SN FolWhérlzafBn HIRNRAS Bnger control
vinyl structure, including the possible different
ovéri the natrostthatureand ariclobteuctunelod ytecholyméere (s) , provi ded
that the final structure of this block is different
f r obhe igtastemnenicanedust thusi prodrcedmllowstfer thenproduafion of tires with
/O77839PCT/182008/ 03442 9 nonqnucl ear aryl. group
bighl Y eRITaLlR RTRTIAEE SREGIFRRtORS ﬁﬁ%laaz Wl TBRgCLp Sstread.

rentially alkyl, alyl or
OﬁjﬁffVBpr&?@‘Cﬂ@?ﬁ ?;gt oners of this i nventi on,
si | %@Bﬁﬁc@&@opﬂ&f BRvBMtidiPls! the WacpdratiBn otf%u;fioﬁ?érs of fype S-SBR
functional groups of their polyferic chalns,
(copolymend oft t Bciutidicnetdtend)ann&dified rig pt‘h%ﬁreﬁé@ﬂheﬁy §tﬁf2ture and
general formula --[--Si (RIR2)-0-], 1--Si (R R2)-0OH,
funmenailzﬂll afa:hd eRpenity; and gret prepdration proédser ent, and can be
al koxy éailly [.i near .or br anched, cycl oaI kyl, aryl,
al kMOé? ypw gadlyk $his dnveptipgy (degls grifs the prepajation: a§ gopolymers of

oA R T o
bloRRS Vith dhedr! I &l et " bt tﬁ?é&gﬂﬁnﬁ: cﬁgﬁ}l gowed by a

500. 10Pol ysi | oxane sequences or S can
termiiQOr faActRInglizatiot, dhétthé Retiptshnadn®ne these BOPAIFRENSCin vulcanized
chai ns al t hough they are preferentially term nal.
elaSinalehcsempemdsanthhemprom“eeﬁ.lences of one of the
nononers of the c%% mar situated al ong the

DW% TON QI THE INKENIION f or m part of the structure

ol adBEnEYEER IS 1 AVBErS fOp Fi RIFPARII o8 dnt dwtadiene and
styi:éﬁ'é%?blghﬁg 6}brﬁal /J‘} Qbm! {ehidn mt{]m‘:‘iﬂ?éﬂ}n} %fl&sbeé:ﬁy a block

vary FOrTthe ar onmt 1 e vih

with€a Gtructiieydigefehtiated Cfr(frﬁ QRe AeHTA tcﬁalﬁ5%x§1915ol§1|ﬂ€nc or copolymeric,
conj ugat ed di ene (e.g.: 1, 3-butadiene).

furletiefializeditand lal produch st iredlades aried-butpdiesemid styreoepoilyrmen with
from15%to 40% for the % w w of the nmononmer with an

a rmd@nchtiow ithihe mainsbeigy Bllosed byrablodlovith Bomiure dgBysntiated

oph e%p@qﬁ, o%{opto y(rene%%n. C%E{)/lgglglqlégtﬂ{?ﬁ: iﬂrﬁg]&&o otree garltlgularly,
i R 058 0 S Bl Pl Lo

allGROFHARE BfhndiRRRe b E%spﬁﬁath?aﬁ with hipalyF @&%‘abﬂ@l’dharaMéh@ucs and
preferentially, the chem cal content "of the

perforthanicélyl i ¢ units found in the range from 10%to 70%
can al so present different chemcal contents inits
25niTbe ¢esalr controb evcxf the, pelysneric ambiteciute resalts imelastomess with an
well as 3,4-vin uni ts, depending_on the conjugated
1mmo§%b§ﬁx%ﬂed%fégeq ﬁmpﬂéorggﬁggpsywrtpgrgfqrg greater sultabq-lpfggg their end
eI astoners present at the end of their polyneric
U%hains, at one or both of the extrenities, a small

Ao AR S P o

coptIVRBIRZAYBR Hebvde: énjugd®dydHehaCinng minofet Ythy i Afmade vinyl
copol ynmeric, e.g.: copolynerization of two or nore

conj ugat ed dlenes, or copol ynerization of two or nore
nmononmers with an aromatic vinyl structure, or

copol yneri zati on of one or. nore conjugated dienes with
one or nore nononers with an aromatic vinyl structure,
5 including the possible different mcrostructures for
t he di ene(s) enployed provided the end structure of
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To obtain this functionalization in the extremties of
the polyneric chains, the 10 foll ow ng are used
Wee@wbeT®RL i al | y; hexanet hyl cycl otri sil oxane ( DB3QT/IBOS93442
all ows the incorporation ofé conti nuous sequences of
the siloxane functional group --[-Si (CH3)2-0- ]--,
wth different |l engths, and a silanol term nal group
--Si (CH3) 2- OH. These el astoners have a Mboney
Viscosity (M1+4 @100C) in a range from30 to 90, and
str@l‘!ﬁu@v RARGR fMLESHHIREd W1 B8 exfremiiRs! fN ¥R hpRBpriate conditions,
80,000 to 700,000, 15 wWith a pol ydi spersion in the
bnngng beiofitsrtolthelr entpldyrfient il &olcamiaddyeladotayriStamtpounds, the effect
Excl usi on Chr omat ogr aphy qLSEC:) based on pol ystyrene
of & staunieralighange in the ppbysteris|chging abthesqpadyuers, whigh sncludes a small

transition te eratu in the range from- 92C
Olflaporlr@eﬂﬁ 8HERA ﬂae% ’mlé %%éﬁ?fl dppong ehb%tgto fhe Fﬁtéemltles of the

oSBT GO0 L B o

: vultcﬁiﬁzcgpelﬁs?&ﬂéﬂd'f&fmpomﬁy f’ﬁ@c%ﬂ@vn u?] fhe Qe OF thl

extremties of their polyneric al ns, asma] bl ock

W t Alsa, theleffeer (bﬂlhéderbl@ékldrﬁnﬁbcf f)ﬁh@ﬁb]{)(ﬂhﬁérsfdr‘éﬂpél%ers which

main chain. This bl ock can be honopol yneric (e
haysodiffbrentglassrteansitiopdbmperptueese(l gp fromapo mairechiains c(fethg elastomer,

copol yneri zation of two or nore conjugated dienes, or

in thg ﬁmpymsqs 0§ thei vavcagized glastomenpis Cﬁ@p@m@né REt knayyn: h an

or “oteRebftyas ol Shé veicY ohidh fsteion citap g sbr Wlcanized
elaﬁfb%?n@%o%gﬁ?&s' EanVBJ‘Yxh I%R’Ed’l% l{fs h%kfﬂ%gﬁéﬁtﬁ% .9 elastomer,

erent 'm crostruct ur
whedhiiheés, a mavn&ﬁ@b&m&né blecd‘pbn&herfetm(s&(t st 1ntdh'e$)r both of
block is different fromthe main chain. These snal
thetex retngties WOHRGODYHG TBSARET follBROA 8 OBk fuirktiondd tgmups.
from5 to 250 incorporated ners per chain. It is
ThBIPéP@F%bI e that these bl ocks contain from10 to 200

contif RlaploBirom a%ﬂﬁ%ﬁ?ﬁ%@ﬁ)ﬁ& gl Dot h%éalta?defype s-
SBR] FroRhERUAEE Brdtsd dhahid o el Ao o7 M 18

pr eTRéEhel lﬁilswcl'l_‘g %1’&%%9 Q'i)référeﬁtlaﬂ %Hﬁ)@ﬁﬁoﬂfbeﬁiféeﬁxcﬁl@eor more
groups 4--Si ¥, ch vary in the range from

corfjugated Biznes aﬁd; ope rorpmbwﬁrommeﬁsawnh dnodromiagicl viyylt dticture, in
silanol termnation (--Si (CH3)2-0H). A schematic
appremaé@pmamom Dreythawe 8 contralled svacristru¢turecandimistastrueture, with

is presented low. A . .10 where,. A represent the nain
an @Hawﬁga%fchsnw‘f yieBtent Pl piskinglic LR, cf&ﬁ%sf ﬂ? fam.ugﬁed diene

1nc§§>ﬁ)\r’\zﬁg i nﬁ;“ oﬁ?mg 0?@?{ til:%gv P%ﬁ}ﬁg Sffll? Slé){l én %e riggfy%lerlc

stretBR) V\,hl ch have a preferentially random
distribution of their constituent ners, linear or
br amhdie dltonmist Hake a prodomindily randogddistibitien bf Gt @iktituent
of 1,2- vinylic units, based on the incorporated

mersp ajong theamaii pehpmericelBinse At §weant of thesé cledinsyiin bneor both of the
structure differentiated fromthe main chain,

extFREmitiBb iy Arempll black gWithmtwm%énf@ff@néﬁedﬁzﬂnyme;m@ﬁéjﬂa@r which

car, B i PLly s consi ARG ShiePa T PR IO TkiH e Blcof the

chz{gig% gf@é éla%ﬁllgrs%vg fa%%ihﬁ ﬁ{ﬁ&%half‘ztaﬁgﬁéﬂ t@gngﬁ e}ﬁ with funcﬁlonal

nmeri zation of one or nore conju
one or nore nononers with an aromatic vinyl structure,
including the different possible 20 m crostructures
for the diene(s) enployed, provided that the fina
structure of this block is different fromthe main
chai n; Fis termnal functional groups of the
pol ymeric chains of these elastonmers preferentially of
the type -OH, -COOH, -COX, where X is a hal ogen, -SH,
-CSSH, -
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WD 2009/ 077839PCT/ 1B2008/ 003442 12 NCO, am ne, epoxy,
silyl, silanol or siloxane, as well as the

WQ 0987188k ane groups, and sil oxanes or pol ysi | BXEFE2808/003442
cont ai ning am ne groups; arid preferentially: Am ne
groups: -N(R1)2, -NR1IR2 -NHI ZI, -NH2, where Rl and R2
are identical or different, can be al kyl, linear or
branched, cycl oal kyl, aryl, alkylaryl, aral kyl 5or
vinyl groups, in each case having 1 to 20 carbon

ﬁ‘&%?‘(q%’f)até‘(%ok—‘o% sp%!lnﬁ?gﬁ_}l)lcztﬁﬁgl %‘Iollzlgﬁ(f %&_l@célg §RMRS andRir RAPith the

reinforde@th, of i (B Z2d comPbimtds?20) x- R3, -Si (R3) 3_nm(X) m
where X is a halogen, x is the nunber of repetitive
uni The bmalkpelynierimridodks Ovithﬁhiesliffetentrimm giruotire, situkted at the end
oups varying fromO to 3, and R2 are identic
RRlymerie ﬁﬁam%r?an have éﬁf%@tdm&&% pewferﬁpk@lly betWﬁ%fhrs a@fi 250

AN 1 T 12
an(fueQ theag]q | éhléf &h %%)A( Eéeﬂte A u stpt[c?lﬂg h&&enhlﬂg on the

eac case’ h car on atons,

commgﬁay@kﬁ@&ngmy&jgroup, Si | oxane groups that
cont ai ned am ne groups, are represented by the formula

- 1Fhé\terfifahTuidioh &l (RO sOuf{ tERIpp BirkeBic3chying Jof thdse rebastokners are

can vary fromO0 to 2, can vary from1l to 3, z can

pref%rmnqﬂywﬁ the type;Ol, H, -GeXayvhermX iRp halozero-SH.e-CSSH, -
NGl ingceroRycTsh TgRo o PN Ry Ml the palykfiane Broups, and
sil&{aﬂgg or%ﬁg%éﬂﬁxqeg c&ﬁ&lﬁl aa?rﬁngg%lug 1 to 20 carbon

ear is Hor alkyl,
lin P%fer@ﬁtldlfyaﬂﬁgbeﬁoubsrbaﬁ%meﬁélsi‘épx%@erﬁéi’BMe %’oﬁcﬁvxgg structures
car bon at ons, a nmononucl ear aryl group, and

A2 Amn€in€ Igamps -N(RU)@ INRIR2, c NHR N -MHgsheré Ry aad RQrare 1dentlca1
branched, preferentially aIkyI alyl or vin
or R esiche kot astined,cyaal ey b Wb, aralst o vinyl
char.acteri st ent ed in Table 1 (group 1 of
EIoHpP%R3R & h gﬂ ‘?“(t@inéup 2 of elastomers), as

f ol N di;n L h li a

AR RIS TR SO S .
SirgeolapP ! sg@nhg -Si(OR \é)? %@@9&?3)7%9%;@3 3B 8/ PR3 44s !l%alogen

nge Styrend/ Butadi ene ratio(main chalny by wei ght,

x islhe HufhibePofl@p&itBR.uhitd b&vet®w 1 284 360, m is the number of hnked groups,
varying from O to 3, R; and R, are identical or different, and can be alkoxy or alkyl,
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 —
Al-Si(Az-N((H)k(Rl)2_k))y(OR1)Z(R3)3{y+Z), where: k can vary from 0 to 2, y can vary
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
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Content of the 1,2- Vinylic Units,%(a) 64.1 63.7 8 to
80 Mooney Viscosity (M 1+4 @ 100C) 60.9 58.3 30 to 90
wokdoenuisay Wi ght and Pol ydi spersi on (SEC, PS spemntinass03442
Mr=412, 000 Pd=1.2 Mn=432, 000 Pd=1.3 80,000 to 700, 000
Pd=1.05-4,0 G ass Transition Tenperature, Tg, DSC, C

-25.4 -25.5 -92to -1 1 Structure of the main
el astomer chain RMNIH Statistical Copol yner
1, 3- but adi ene-styrene; linear chains Statistical

grddpR Gh¥t Flterdet SR 2L &NGith LtHE GBfRForbdNGR wfRAd R the vulcanized

elastomeric compounds

Furthermore, the main chains are linear or branched, with a controlled
microstructure, and present a determinate content of 1,2-vinylic units, based on the
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 (SnCl;) and silicon
tetrachloride (SiCls), with rigorous control over the efficiency of the coupling reactions.

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
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.

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
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
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M cro-sequences of a sanme ner which has |ess than 10

unities units Block with nmers of butadiene at the
wep07788he main chain Bl ock with an average oPCHUB2Ae (3442

of but adi ene per chain, fol%owed by functionalization

Bl ock with an average of 150 ners of butadi ene per

chain, followed by functionalization 5 to 250

Functionalization 4--Si (CH3)2-0-11- --Si (CH3)2-0H

Termnal with an average of 8.0 groups per chain

mdnBﬁll,lélgdr NGyIt BEup 1 an@NO! arldr SURe LRAITL B Iug% fh cﬁﬂ)oﬁva%xﬂg Qmear or

O groups per chain including th [fanol group

br&@h&ﬂ@ref@gﬁﬁﬁly@lﬁ}fl%ﬁrﬁrlvﬂi 1Scanni ng Cal orimetry. V\D
2009/ 077839PCT/ | B2008/ 003442 14 SEC = Size Excl usion

Chr Gontthg relgstomd?s of hid \isteptiemesijaxpnes laess peforentidlly used as

content of the diene incorporated in the copol yner
termynl éurzctmn@rwepszo fiheip palypispig chaing i @mlsofsmcmes that can

be @gﬁ%ﬁ 8% 3 SReral 1Sl SRR O AL SRR SRR, and
R, are 1dentlcal or different, and can be alkoxy or alkyl, linear or branched, cycloalkyl,
aryl, alkylaryl, aralkyl or vinyl groups, in each 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.

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.

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%
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 preferentially, 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
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,
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21.4/78.6 23.3/76.7 5/95 to 50/ 150 Content of the 1, 2-
Vinylic Units ,% (a) 62.8 61.0 8 to 80 Mboney

woe@enzissy (M 1+4 @100C) 56.4 54.9 30 to 90 ROI/EBR20084103442
Wei ght and Pol ydi spersi on (6EC, PS standar ds)
Mr=352, 000 Pd=1. 34 Mn=358, 000 Pd=1.4 80,000 to 700, 000
Pd=1.05-4.0 d ass Transition Tenperature, Tg, DSC, C
-24.7 -19.3 -92 to 1 Structure of the main chain RW H
Statistical Copolyner 1,3-butadiene-styrene, |inear

ho@?ﬁ(gelglflm?% git('ﬁ.?:i CRdlySRRAtAETebr 1 pdryRikafd) ene- SlopbBiRric, 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 (D;), which allows the
incorporation of continuous sequences of the siloxane functional group --[--Si(CHj),-O-
]--, with different lengths, and a silanol terminal group --Si(CHj;),-OH.

These elastomers have a Mooney Viscosity (Ml1+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 transition 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 copolymerizatién 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
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M cro-sequences of a sanme ner which has |ess than 10
unities WD 2009/ 077839PCT/ | B2008/ 003442 15 Bl ock
WQRap/0ZI83aver age of Bl ock with an average Bl oRKT/A#2008/003442
mers of 54 mers of styrenelper of 130 ners of styrene
styrene at the end of chain, followd by per chain,
followed by 5 to 250 the main chain functionalization
functionalization Functionalization Terminal with an
average Termnal with an 1--Si (CH3)2-0-11- of 3.0

cotAiRURSmPE o 85@ifboRyaRd S per ChaB. Ot RS preferable thid) e 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
based on the preferential incorporation of a sequence of siloxane groups -[--Si(CHj3),-O-
-]-, which vary in the range from 1 to 500 units per polymeric chain, followed by the
silanol termination (--Si(CH3),-OH).

A schematic representation of the structures of these elastomers is presented

below.

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;
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
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, -



i ncluding the silanol group per chain including the

silanol group 1 to 500 DSC = Differential Scanning
w@2000/071882 ry. SEC = Si ze Excl usi on Chr omat ogr aPEil/IE28084003442

pol ystyrene (a) = based onl%he content of the diene

i ncorporated in the copolymer 5 The Production Process

For the production of these elastoners, it is

necessary to enploy a polynerization process that

allows a refined control over the polyneric structure
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Exanple 1 (B2) Preparation of an el astoner of
type S-SBR functionalized, whose main pol yneric chains
have a random di stribution in their constituent ners
and a controlled 15 mcrostructure, containing an end
bl ock of pol ybutadi ene, followed by a conti nuous
sequence of the siloxane functional group

(-[-Si (CH3)2-0-]-) and a silanol term nation (-
Si(CH3)2-OH). A schematic representation of the
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82 S-SBRPBD (Si RIR2-0-) RLR2ZOH 20 where, Rl and R2 =
CH3; PBD = bl ock of pol ybutadiene; n = n of siloxane
W@ 200p877839 In a 2 liter capacity reactor, egRECTPR608/003442
with a turbine type nechanileal agitator and a
refrigeration cover, the first step was perforned of
t he ani oni c copol yneri zati on of the 1, 3-butadi ene
nmononers and styrene, in a solution of cycl ohexane,
with the pol ar additive TMEDA, and using
n- byfy | l)éersg”df (ﬁgmhti'fatl'oﬁ' &ft Bl -elasihers can be conducted in a
2009/ O 7839PCT/ 08/ 003442 23 For thi
cortidpouy fRhheadl fnbatthe. HRaever, th@batch |gresksyvid hoﬂﬁa?llygp&t“erred
1, 3-but adi ene, 46 g of styrene, 1290 g of cycl ohexane
becanst 1t prayidds TNEUAT cantoln gvérothea variebldsc that adfect the aholecular
fNé‘% %Ilds at the end of the reaction of 15%in
arc ¢ of therpolyBe nitj ation, a quantity of 0,085 g of

neuﬁ%r‘fafét L IR et Self Sukile S REed Smploying
SOIM@ 'bté}‘eénﬁﬁhn%o%{r' édcﬁ %Q f@@’ﬁé‘%&é &'nt h%ge, aﬂﬁough other solvents

copdl'ymeri zat’i strict I ng.
of the ARpHARIl &R ChrDal s)BS uldied USH htSeMNthe afbnbiatclasalshvh as toluene,
with the tenperature between 60C and 70C, until the
cart ajscabe emploe'eéi Idoweper,ttheir mpmis te be avéidedibemaosenit negatively affects
3- but adi ene was added to the reactor. This
theplsmetie, of Gh 8RO BHMOFR AABERIY do SISTONE.C 2eheloh enpFonmental
reactional nmedium formng a small bl ock of

_fes?%f%%t adi ene at the end of the chains. This step of

t he l;
TR NI Ry SR ln B AR RRBAER v oyitiom
althd)ﬁl | int é’&efa‘l’téﬂmpbﬂﬁﬂﬁéﬁth@ er&p M@k?ﬂﬁﬁﬁiﬁ{s can also be employed.
sequently inathird step, 1,8

‘ Elempdasmf thel allyyl| groupssifithesarigitigon) arameﬂa&l adgdch- pmdpyl: fisopropyl,

reacts with the active anionic termnals of the
-bpml,ymrb%ylc traptys, n-pwivhisagramyb aulsyb eseethexyl) axwntyl, n-octyl, n-

noth‘f %%%aita%[n‘%éfd%w&ﬁ 50 C and 70'C. ? Er”dS“pE?i o of

?pﬁ%}ﬂ&{ﬁ co o 1t1atorsEﬁé] %e C}Xyl llltHl - &1 ﬁ[q%ﬁhtlg géopyl-

hthﬂﬁﬁllg@o@j?ll-lﬁﬁiu?n tt-%hfgllJl‘tﬂhﬁm ailﬂﬁmy[lﬂtﬂlﬁ}ﬁ S' | anoI term nal
group in the pol yméric chains. 20 This step took 10

m nAllesd-diithivnasr eenadllof-ediltiithiumtinitiatg es described at the gatents
60C and 70C. The el astoner obtained in this way, and
WQt02/02063 ansl (B 2368008 cen mdssgbe nttiliged; ferbthe thdmmemh of these
the addition of 0,9 g of the anti oxi dant
elagtpistsny | phenyl phosphite and 0,5 g of the anti oxi dant

t t d
o e e b PRI popgon o
thelly elﬁé’t@ﬁ@fsa'altl?cﬁl fotfid? %oﬁj%?%@&‘ HieREs arﬁﬁotﬂé}l \\ﬁﬂﬁrdrsmatlgl_ monomers

solution, 'in an open m’l heated to
canMisg By endplogedi ty (M1+4 @ 100C) of the produced
el astoner was 58. The total chem cal content of
st yf)é rtbe i sonjugatedogichgsymsidaaomn9 | 3% wadieneh dherb earec 2kalkyl-1,3-
tent. WD 2009/ 077839PCT/ 1B2008/ 003442 24 of the
bu‘idlzn%|25%7F113t1:k3i§ﬂ>3t’§um@5%"e§ alkylinalkylnb 3bytadianedl 3-pentadlene 1,3-

1.3-b 3,79 Both th | ¢
e TGP RRR DEHEl] B R SRRl ronomers can

s ApIa0, 0 B0l SARERSERR! oHienEloBIEHRS HEfSlcnven,

t he standards of polystyrene, providing the values 5
Mr=430. 000 g/ nol; Mh=340. 000 g/ nol and pd=1, 2
respectively. Wth the val ues of the obtained
nol ecul ar wei ghts and the masses of the added

materi als and the nunber of noles of the determ ned
active initiator, it was possible to determ ne that
the pol yneric chains of the obtained elastoner in
average had a block of polybutadlene of apprOX|nater

A=~ A N1 o a1



10

15

20

25

15 sanpl e dissolved in CDCl3 (deuterated chloroform,

W t hout the use of TMS (tetranethylsilane) as a
WOrg0ooR@e7783A spectrum of RMNcharacteri stic of el BST/B2008/003442

functionalized with sil oxahé, presented typical signs

or bands of the hydrogen el ement of the nmethyl groups

linked to the silicon elenent, in the region between 0

and 0,1 ppm 20The results of the RW "Il anal yses,

together with the results of the Size Excl usion

°“%%ﬁ%?§‘?t thefderddee ;ﬂ'H—'m)%fyl %fyr@ffé' @ﬁlﬁgtolﬁ&% methoxyst}zrene

1ve init ator "owed t obt al nnent
vinglin&ugleageets/al ue for the Iength of the sequences of
the siloxane functional group (-[-Si (CH3)2-0-]-),
i ncFordthegeanitrel off Itha chemigalntantént pfdhp 162-vingli¢ OHBY Df Oh$ diene
whi ch were incorporated in the polyneric chains, _which
mCP’fPofar‘i‘r"Qs 1 HheaCOPOBERGT o RYIAT shstangessarg rﬂtﬂ@ed that pghpe Lgwis bases,

soc§ SASREAY et By S0 6T e R srarFRBsols Dol s (THE) o

oA P S AT SR RR WS koo e

i RAOKH EREmpRh eIt dickhi-cindk0ain BRpy PBther0 i et
1, 2. Vinyl i i teglm%(a) 63917 o \;fmﬂitibz e iisopropyl ether,

di- ﬂrrbutydzl |ethee, daoxanbeetbyleheoglytdielimethy] ether, nthsdﬂne m&obﬂleﬂl@ﬂ) ether,
ners pol yneri c chai n Functionalization

dleﬂ{ylesle(giysqlzd@eihyl ethwiry d}quy}zen@kglxwr@g@yuethsr giristhpydengeglycol
arpShoN TR SRy, kg 1S oLl SRohofer MRl 008
e SRR, 2,2, o s on o e

The terminal functionalization of these elastomers is introduced with the
objective of improving the interaction of the polymeric chains with the reinforcements
in the vulcanized compounds. It is usually introduced utilizing a functionalized
terminator, or by the reaction between the active terminals of the polymeric chains and
the compounds that present desirable functional groups.

A large variety of functionalizations can, in principle, be incorporated in these
elastomers. It is preferable that these functionalizations are incorporated in at least one
of the extremities of the polymeric chains, or in both.

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
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.
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pol ymeri c chains have random di stribution in their
constituent ners and a controlled mcrostructure,
waeawarishg an end bl ock of pol ystyrene, foll ORMEHIB2Y082003442
conti nuous sequence of thel&iloxane functional group
(-[-Si(CH3)2-0-]1-) and a silanol termnation (-
Si (CH3)2-014). 10A schematic representation of the
structure of this elastonmer is presented bel ow
C2S-SBRPS (Si RL R2-0-)"Si RROH WO
20080448 BRURETOIRERATHL B A3y RE BRI wift'a R RRafed structure
CH3; PS ="block of polystyrene; n = n of siloxane
renidiihg B close prokimify @ thistregiofiafaled inyerictiag betwec@dhé pfiffdrcements
with a turbine type nechanical agitator and a
and thiefunpsionali groupsothet is, prieteréritially atthe pndvafthp pofyoreniedhaiins.
t he_ani oni ¢ cqpol ynerization of the 1,3-butadiene
monBmisr &nawp e, & Jarge; wariety gtfucompounds c5am BReWalived for the
1.t h the polar, badditive TMEDA, and usin ..
fori i or B POINPRES chet s FRp RS, bEaBghgnope, carbon dioride,
: : j b RAR, e wa Lk Wi
iR ARG, Lok B s oy E i Biancs,
ph&iddlysilaheg el TMEDA. For the initiation, a
quantity of 0,072 g of n-butyl-lithiumwas used, which
was The petesar§P 39678 and[EPz849B3Y proyide iekamples of Icompounds and
present in the nmaterials being utilized and to 10 o
pracasses Hiak cathbe empinygdaritly His ebjectiver Theseypatgntsane igcludeskin this
d C%E)olt%zrrert'tezati on was conducted sem -adi abatically,
OHM I {NECEERS%r at ur e bet ween 50C and 70C, until the

! ahe G H0RRo00 5T BRTE merc ook B P Eimer, re

pref& eIy Jfegsd DM IdDORe-EOKI VeRNK 9h GalbBeH, NSHOICS g, -NCO,
reacti onal nmedium formng a small bl ock of 15

ampel yedxyy eiyd, sitanbher stlodamy, at vell ab ghengolysilok aesdndilokartehgroups
pol ynmeri zation of the styrene was acconplished wth

or poigsiloxapreeantainiag serinegOUFOC and 80C, until the total
conyer Si of the nononer. Subs ently, in a
t hi amgpgﬁzeswgugs ‘Eﬂﬂrh‘?g;’&ﬁreﬁeﬁﬁ}aﬁ%‘}}%‘h& &’giﬁ’lﬁ]‘lﬁl § atryghanes:

S [ rnea i h ct iV nj_on . .

10 A o RO PSRN S Mo A v dmict o
sequgfe&it OfarShé @ SUPICTihORadr AR, ladkyithhyll alkylaryl,
step was conduct ggp%rtdr?gi hle terlrrper atur ec)Eg% vve)én dCa yiary
anda(ky] of vihyR irpedch@dsediavify frem 2Qo 20 Barbes atoms;
Finally, in the last step, 0,3 g of cetylic al cohol
vias Stpld exlanelo antk stlokanst groaps: tHELEH), V81 @@y -SiH(OH),, -
termnals, farmng the silangl ternnal roug}ﬁi n the

pol SHefPH) e D3 TRIOR Y (3B dheOoR i Rl s e X is a
COSEE LI e SR G GRS A DR AR nber o

Zgljl ;%ﬁmgéi\@gr’@ijgsgﬁi"?ﬁg lvg.mslhggi; giatﬁteﬁi, W, L4 RE are identical or

t ry agfeyédNeid)dah e okl r alkg1 Biofpd l@kartdi®rarhéd) cydantkyl, aryl,
oct adecyl 3,5-di-t-butyl-4-hydroxyhydroci nnamate. WO
2009k§lard 38mikyl dBRG8/10@3dh 2as2 having frofiné tpr2@ceactssh atoms, and
el astoner was recovered by the drying by evaporation

of Rads Sopr/alkyl, branched polipeasy inceash|cgsq baving froanl dpef carbon
mll, heated to 100C. The, Mooney viscosity (M1+4

@ 18685, 8%2 PREROYCIRAT A 8IPYBAM ast omer was 55. The

2 S b L A0 A R
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Both these results were obtained using RW 11
spectroscopy. The nol ecul ar wei ght and the

W 09€TSper si on of the el astoner were det er m nRCI/EBR008/003442
Si ze Excl usion Chromatography, based on the standards
of polystyrene, providing the values Mrv=358. 000 g/ nol;
Wh=260. 000 g/ nol and pd=1, 3 respectively. 10To obtain
the characterization results of this elastomer, the
same procedures and anal ytical methods used in exanple

1 Wabg 249RL e cad RarlaRd@ ¢tio N6 < @EHULIS HRingl MG R, and R, are

characterization of "this el astoner are presented.
15Thalehicat drl differents anScaBBe RUANErsups 21ihée rog brifiched)Sdythoalkyl,
(ML1+4) at 100C 55 Total styrene content, in
copatyyradleylaryd, afalkydiog lvinyl Rivida¢h ¢ase@ Ba@ngdronehto 3@ carbon atoms,,
1,2-Vinylic Units, %(a).61.0 Block with ners of .

st yrghéneponpglgare@Qupy Ranis HegrnalkWabranshed gpdingar, im@ach case

o BRSE B Y P50 CahRbgEAC] hMBhiAS L YS! 3HF AT a2
BT OB oS AREMldny o
gr ogPvinylla) = based on the content of the diene

i ncorporated in the copol yner

For the elastomers of this invention, preferential use is given to
hexamethylcyclotrisiloxane (Ds3;), which allows the terminal incorporation of the
continuous sequences of the functional group -[-Si(CH3),-O-]-, with different lengths,
and a silanol terminal group --Si(CHj3),-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
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. Normally a monomer with an
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
in the 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.
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Preparati on of the vul cani zed conpounds and their
properties. For a better evaluation of the
w@empersses of these el astoners, it i s necessarPyI/IB2008/003442
test themin the vul cani zedo conpounds enpl oyed in the
production of tires. 5 The preparation of these
conpounds foll ows conventional nethods. The different
conmponents are mxed in distinct steps, in the
appropriate equi pnment, followed by the final step of
vul [ ] ] lJ 0 L ONS
occort pFaEhaEe HTFpklif HeRSRER, | Ry BRABRGHGP Rensure thr
the’ @@l @bntbiteoRHE Rl abli@Natahe LAESLhE BRAUN I fodRd Welhle range
as the 10 el astoners to be tested, are other
froel 8f5tto A8Yes Mure bpeaificaly it Blentpldfedrin (HdRangend total solids employed
. pol ybut adi ene iBR). There are al so other inportant
is indhp smearod fromdhode 18ke and leverr moresnsaidicalhs i isidesicable that the

SR B PGB PSR,
\ém 981“&1%%&13%%{)@%)?&%%% J‘éé%@f%h? t rB%ho ae?alllﬁcg lc{)%lgc%nd% uolffﬁ“{fn'um are

r compoun UCE sulTar durin

emﬁl&y@&rﬂllﬁgﬂﬁﬁhiﬁﬁﬁ@- referted ‘a‘é’ﬁ}é"’lﬁﬁiab@,edlfe%q{stagpr riate reactivity

vul'cani zed conmpound was prepared, using a réference
withlths tapokymerization T[3ebutamdi &fel-tireneis@litd lardeh Cormereidl ataibility.
of the vul cani zed conpounds contai ni ng the el astoners
of The sjuantitynemployeh@ftthis ndiatere frc eclatodrpo uthel, totat emass of the
presented in TabLes 6 and 9. 20The vul cani zed )
moagmSEuFBloONed dn jhe seactianiand: the eng) malgeplgr eglé rdesired for the
co$ﬁ q§ first step, all the conponents were mxed in a
a o?atory tangential m xer, except those pertaining

t0 WS 1aYRifiRe9f alvs!hisan 1k ht@g of %%g&%eﬂizﬁfoﬁi YhithGcts as a

was obt ai ned, the vul cani zation systentconponents were
Leathdede, witieh fsiddded o thé veattiondd idedivmh, h@fort thel i@t sBBY rdaeon. Its:
conmponents, was then processed in an extruder and
furzBowny & inetcasathe chemigal esohtentroHtheal L rvimdic umtscbfftbe pphyeneric
production of tires. WD 2009/077839PCT/ 1B2008/ 003442
Chapgs. Aft er the vul cani zation in high pressures and

tenperatures, trial sanples wer repared t.o be
ThEERRRENTY ettt e HeT GRUBTERTOh gL BV Pl (e range from 8%
020, i ' T Its
to BYRREIHGERN e gl AAhE B ELoRFRELRHA e WBOh B os e
mat &rik Aesirabld'@af el PGl tEREntBFHOI-ViRYIR: SR Y BGthE @ange
eval uate the properties of the 5 conpounds: Hardness
frohb0% té, 7004 Moreaspeti€ically, englendtal rentendofat,2 A0 icourits lelNveen
53 505; Rebound resilience, at an anbient tenperature
55%reand £5%3@refaedn DIN 53 512; Tensile strength, at an

anbient temperature, normDI.N 53 504; Elongati qQn, at )
br o1Rs. additie 5 metecinsiiBed dpripg, the CapilymEIRNEs g the gyantity

St e ul us a % of . el angat | t. ..
o B N bR BRSO BRI g
emPloyBBaTHisCR1didh g oSN &MafloWed YelBl botroM Jfkh@ kinetics of the

anplitude of 0,2% wth 10% pre-defornation, at a
reattigguenell adthelidribstructuréSdtithe dieneiidotposated/ with e dopolymer.

with the tenperature from-25C to -5C, norm 15DI N 53

513 The s¢agtiom ofithe sopelymsrizationh staistly speakingdis ashieged iy the range

W th 10%€re- deformatign, at a freguepcy of 10 Hz;

of ¢Smpgspare3deieem A5 Le ane 128t ndpre: seasHisaiindte sopphymeaization is
ac}We\Eela ﬁg\?vegnr Y* 1angI Q)%&O "Bed ‘more specifically, the copolymerization is

achieved between 50°C and 80°C, which is maintained until the total conversion of the
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The group 1 elastoners are type S-SBR Their main
pol ynmeric chains have a 20 randomdi stribution in
WO p@pt07183Nnst i t uent mers and a controll ed PCT/IB2008/003442
m crostructure, containing2kan end bl ock of
pol ybut adi ene, followed by a conti nuous sequence of
t he sil oxane functional group (--[-Si (CH3)2-0-]--) and
a silanol termnation (--Si(CH3)2-0H). In Table 5, the
mai n characteristics of these elastoners are

mo‘%ﬁl% ] t\?ﬁch %ggﬁl? g Scc%rﬁ%z@t%&egﬂ%ro E’ldsﬁge lﬁ Sithe Yntrol of the

po Yy I ene Term nal ncti on Zatl on

r&%esddﬂ’ngrtﬁls stépl i PRI cBitaD lﬁﬁ&h@@ﬁtanﬂ’&nt of the desired chemical
2009/ 077839PCT/ | B2008/ 003442 30 A2 (reference) 63.0%

coritei®- of thyd 1(2ayinpli¢ upitgswhicht earyi depknding amotheBfend@rdiffe of the
styrene; 64.1% 1, 2-vinyl (a) Block with an average of
reastioyer s of but adl ene per chain siloxane with an

Cor R Braes gp U o0 Biting i lep BSSSROTAY, ime rage from 2
Kgf/cm® to 6 Kgf/em?.

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.

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 Kgf/cm® to 6 Kgf/cm?.

The reactional medium is maintained in these conditions until the total
conversion of the added monomer(s), which normally occurs between 10 and 20
minutes.

Once the total conversion of the monomer(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
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 (--[--
Si(CHj3),-0-]--).

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
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Bl ock with an average of 150 ners of butadi ene per
chain siloxane with an average of 5.0 groups per chain
WO pbTI8EY sil anol terminal group (a) = basedPGHIB2¢8/003442

content of the diene incorpdrated in the copol yner

where, A2 is the elastonmer used as the reference in

the conparative tests, which has a conposition simlar

to the elastonmers Bl and B2. However, it does not have

a bl ock of pol ybutadi ene at the end of the polyneric

alc6h@ BS oth@h glcbﬁolfdv'ﬁl?'é'ﬂ%ﬂdofe%gla N e eﬁaJs the terminator

sil oxane and 5sil anol groups, as descri d i n patent
agdnPofl tHePBBymerization. The el astoners Bi and B2 were
prepared as described in exanple 1, with adjustnents
rrad@htscﬁrtah etep dsmnerintall¥ conéludddeinelPohoyees, with ¢hé ddastivation of all
The reci pe used for the preparation of
thet awev‘?/ ameam Paips eprhiuidamationsohige silencd testraherapaBi (Gl ),-OH

in ¢ F h resented in Table 6. 10The relative
3‘888 yi"#?“é’sC 't he conponents are expressed as a

e SE0iaRyg) HABHEE PSP R e
addM¥or bEhE appropliaté Ydantity o'i"ernonleﬁenylphosphite and octadecyl 3,5-di-t-
butyl-4- hydroxyhydrocinnamate antioxidants.

EXAMPLES

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
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(CHj3),-OH).

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

B2
S-SBR

(SIR{R,-0),SiR,R,0H

where, R and R; = CHj3; 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 (D3) 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 (M11+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
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.

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
sample dissolved in CDCl; (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. |

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(CHj3);-O-]-), including the silanol terminal group (--
Si(CH3),-OH), which were incorporated in the polymeric chains, which in this case
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

(Ml11+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

-[-Si(CH3)2-O-]x- chain,

-Si(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(CHj3),-OH).

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

C2 S-SBR

-PSHSiR1R2-0),,siR1R20H
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the different prepared conpounds, are presented. Table
a refrigeratiemtovsy thofirs stapl wvas perfovieed nfdle gnionpe 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.

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
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. l

In a second step, 9,3 g of styrene was added to the reactor. This monomer reacts -
with thé active anionic chains of the reactional medium, forming a small block of
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
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
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.
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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 (M11+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
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15.0 14.9 14,5 32.2 32.4 32.7 Rebound resilience, % at

70 C 50.4 48.9 48.9 46.9 44.9 45.5 Tensil eStrengt h,
wopHIATEAaNDI ent tenperature 14.8 14.7 13.1 1BCBIBR2A(8I003442

14. 3 El ongation at break, 98 atananbient tenperature

-[-Si(CH3)2-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.

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
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.

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.

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

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 properties of the
compounds:

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

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

o 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 polybutadiene, followed by a continuous sequence of the siloxane
functional group (--[-Si(CHj3),-O-]--) and a silanol termination (--Si(CH;),-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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a (--[-Si 2-0-1] - nd a silano].termnation )
© ¢ ks o GiBgn ot Bt SieBime ™ inBe oRlsmer where, A: is the
ela?thﬁ)%f QUL ' N lrgf%&lnégqn ‘%Ré‘Bé?MﬁQr?ﬁvéMP%stP &lﬁ&? hsp% comnposition
advantage of presenting a srghifican nprovement
sintila@ td fh¢ chdstoinére B, ahd B%%Iov%v%ﬂ @doed AoPhdlc UH16EKNEY fdibutadiene
wet skid resistance. Both these properties are
at tle ehd abthle patyrherid chizéns, andrznforctionaliged viatiathel termdinal siloxane and
_Vul cani zed el astoneric conpounds prepared with the
silagobgrioups, @b detcohed in paten0EROI099827839PCT/ | B2008/ 003442
34 The group el astoners are type S-SBR. Their |
rrai “ﬁh?)&la;?FPé?‘?rg ]%lhé?qzwsBZhgﬂ? BIOPaiea ot dfsstibedy it jeampl 1, with
. ir.C tituent ners d a.confroll.ed .
s fehs PR I el iBe o e BRS HH frBlebR. 5reauiced
pol yge y& dokdroe &ionOBit iﬁéuﬁﬂéan%ﬁuc?dﬁ% Alls, [dhg th
si | oxane uﬁgti orfal g)rr%aé 1(--[-Si (CH3)2-0-]--) uan?ﬂ a g e
elastomennod ,, Beahd Batis presdntedSin(I@blR)&- OH) . 51 n Table 8, the
characteristics of these elastoners are presented.
TabThe gelative quantities of the components are expressed as a percentage of

rubber, or pcb.

Table 6

| Vulcanized compounds

Components, A, B, B, A>-BR | B;-BR | B;-BR
pcb
A; (reference) 100 - - 50 - -

B, ‘e : 100 : - | 0
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El ast omer SSBR conposition Bl ock of polystyrene
Term nal functionalization Al (reference) 21.0%
W@ 2a0Pe7I839 63. 0% 1, 2- vinyl (a) not present Amni PE/IB2008/003442
term nal groups Cl 21.4% s8yrene; 62.8% 1, 2- vinyl (a)
Bl ockwi t han average of 54 ners of styrene per chain
sil oxane with an average of 3.0 groups per chain
i ncludi ng silanol termnal group C2 23.3% styrene

61.-0% - _vin a) Blockw than average of 130 ners
B, of ot yreneliper chal n, S1 yone, W Lh. an gversoe o5 0 -
GOt —chat-A—nehuairg—sthanrel—term-nal—group—(a)
he content of_the [di eng ingorggratiedsyn 50
Silica | 95 95 95 95 95 95
Oil 35 35 35 45 45 45
6PPD 2 2 2 2 2 2
T™MQ 2 2 2 2 2 2
Antiozonant 2 2 2 2 2 2
(wax)
ZnO 2.5 2.5 2.5 2.5 2.5 2.5
Stearic acid 2.5 25 2.5 2.5 2.5 2.5
Silanol 8.075 8.075 8.075 6.650 | 6.650 | 6.650
DPG 2 2 2 2 2 2
CBS 2 2 2 1.6 1.6 1.6
Sulfur 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
DPG = N,N-diphenylguanidine
CBS = benzotriazol-2-cyclohexylsulfenamide;
Oil = 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.
In Table 7, the results obtained in the abovementioned tests for the different

prepared compounds, are presented.

Table 7

Vulcanized compounds




where, Al is the elastonmer used as the reference in

the conparative tests, which has a conposition simlar
W@ 2000108788 ast oners Cl and C2. However, it doesPCDIB2eB/®3442

a block of 10 polystyrene 3 the end of the polyneric

chains, and is functionalized termnally with the

am ne groups. The el astoners Cl and C2 were
prepared as descrl bed in exanple 2, with adjustnents
A ; 5924.‘/.. 20@9/ 07 783§PCT/|1 B2408/ 003443r3% B, -BR | B,-BR
Hagmeounds, WSl ng thel ol astondre AL, of e e
presented inj.Jable 9| The rel atijve quantitieg of
Sharhe Sonmonemts ©B.3t he r62Bpe |ar e7%pr es@B as &3.6 63.1
ercentage of | rubber| or pcb.] 5 Table|9 Wul ¢ani zeg
am @ﬁbounds Coptponent s, pcb A1 |Cl C2 C1{NR C2-NR Cl - BR
temperal%ure ) 50 50 - - BR
Hardness
Shore A, 70°C 65.0 66.6 67.6 59.0 59.9 59.3
Rebound resilience, |
% 15.0 14.9 14,5 32.2 324 32.7
at an ambien
temperature
Rebound resilience,
% 50.4 48.9 48.9 46.9 44.9 45.5
at 70 °C
Tensile  Strength .
Mpa 14.8 14.7 13.1 14.8 14.1 14.3
at an ambien
temperature
Elongation at break
% 325 340 309 578 577 576
at an ambient
temperature |
Stress, Mpa
at 100% 3.18 3.26 3.26 1.66 1.79 1.78
deformation
Stress, Mpa
at 300% 0 14.97 13.96 14.46 6.30 6.22 6.29
deformation
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- - - - - 5050 AL (ref.) 100 - - - - - - C 100 - 50
- 50 - C - - 100 - 50
WO 2009/077839 PCT/IB2008/003442
33

E’, Mpa
with
temperature 630 451 449 35 32 33

between

(-25°C to —5°C)

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(CHj3),-O-]--) and a silanol termination (--Si(CHj3),-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.



- 50 Silica 95 95 95 95 95 95 95 Ol 35 35 35 35 35 35
35 6PPD 2 222222TM22
WO 2009/077839 PCT/IB2008/003442
34

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(CH3),-O-]--) and a silanol termination (--Si(CHj3),-OH).

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
Ci 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

@ = pased 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
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.




2222 2 Antiozonant (Wx) 2 2 2 2 2 2 2 2ZnO2 2 2 3
333 Stearic Acid 2223333
WO 2009/077839 PCT/IB2008/003442
35

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.

Table 9

Vulcanized compounds

Components, pcb

Ay C C, Ci-NR | C;-NR | C;-BR |C;-BR
NR - - - 50 50 - -
BR - - - - - 50 50
A (ref) 100 - - - - - -
C . 100 - 50 - 50 -
C, - - 100 - 50 - 50
Silica 95 95 95 95 95 95 95
0Oil 35 35 35 35 35 35 35
6PPD 2 2 2 2 2 2 2
T™Q 2 2 2 2 2 2 2
Antiozonant 2 2 2 2 2 2 2
(Wax)
ZnO 2 2 2 3 3 3 3
Stearic Acid 2 3
Silanol 9 8 8 8 8 8 8
DPG 2 2 2 2 2 2 2
CBS 2 2 2 2 2 2 2
Sulfur 2 2 2 2 2 2 2

Where:
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Si | anol

2 2 Sul fur
WO 2009/077839

NR = natural rubber;

BR = polybutadiene rubber;

6PPD = N-(1,3-dimethylbutyl)-N"-phenyl-p- phenylenediamine;

36

TMQ = 2,2 4-trimethyl-1,2-dihydroquinoline;

DPG = N,N-diphenylguanidine;

CBS = benzotriazol-2-cyclohexylsulfenamide;

Oil = type TDAE (Treated and Distilled Aromatic Extract);

9888888DPGCBS222222222222
22222

PCT/IB2008/003442

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

property

Ay

C

C;

Ci-NR

C-NR

Ci-BR

C,-BR

Hardness
Shore A
at an ambient

temperature

75.3

73.5

76.5

72.8

72.5

72.1

71.8

Hardness

Shore A, 70°C

70.4

70.5

70.0

69.2

67.9

69.3

68.1

Rebound
resilience, %
at an ambient

temperature

15.6

14.9

13.3

22.0

19.3

322

28.6

tan delta

at0°C

0.540

0.554

0.576

0.365

0.384

0276

0.289

Stress, Mpa
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2 2 \Were: W 2009/077839PCT/ 1B2008/ 003442 36 NR =

nat ural rubber; BR = pol ybut adi ene rubber; 6PPD =
WORG2/0383 et hyl but y1) - N - phenyl - p- phenyl enedPEriB098/003442

T™Q = 2,2,4-trinmethyl-1, 2-8i hydroqui noline; 5 DPG =

N, N- di phenyl guani di ne; CBS =

benzotri azol - 2- cycl ohexyl sul fenam de; GO = type TDAE

(Treated and Distilled Aromatic Extract); Silanol =
ecagent Sl I QUEST A-1589 _ Ceneral

S0VNB, 3-8 glissa 44G
’ 490G | Gorany .61 | 2.47
2/ g, CITAB 160 |n2/g; 10l n Tahl e 10,

d in the abovenenti ongd test|s for

red conpounds, are presented. Table
ounds Measured property Al Gl C2

2- BR 44.9 409 | 477 | 439
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.

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,
siﬂce 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
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,
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 controlled microstructure, containing
an end block of polystyrene, followed by a continuous sequence of the siloxane
functional group (-[-Si(CHj3);-O-]-) and a silanol termination (-Si(CH3);-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,




Har dness Shore A at an anbient tenperature 75.3 73.5
76.5 72.8 72.5 72.1 71.8 Hardness Shore A, 70C 70.4

W 08/07830 69.2 67.9 69.3 68.1 Rebound resili ePCE]B2HSAI3442
an anbient tenperature 15.6814.9 13.3 22.0 19.3 32.2
28.6 tan delta at 0C 0.540 0.554

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
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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0.576 0.365 0.384 0.276 0.289 Stress, Ma WO
2009/ 077839PCT/ | B2008/ 003442 37 at 100% def ornmti on

WQ289/03783D 3.62 2.49 2.37 2.61 2.47 Rebound PCT/IB2008/003442
resilience, % 39

CLAIMS
1. A process for preparing copolymer of 1,3-butadiene and styrene containing in
its main chain a random segment, followed by a block having a different structure to the
main chain, homopolymeric or copolymeric, functionalized and characterized by
comprising the steps of:

e a first step of random copolymerization corresponding to an aromatic vinyl
structure monomer and a conjugated diene with percentage relationship ranging
between monomers of 5% to 50% w/w, for the aromatic vinyl monomer, and
ranging from 50% to 95% w/w for the conjugated diene;

e a second step of adding a determined quantity of the monomer(s) in a
temperature range of between 55°C and 90°C, with the reactor pressure ranging
from 2 Kgf/cm? to 6 Kgf/cm?;

e a third step of adding functionalization compound of the copolymer in a
temperature range of between 60°C and 80°C, in the same pressure range as used
in the prior step; and

e a stabilization step comprising the additien of antioxidants
trinonylphenylphosphite and octadecyl 3,5-di-t-butyl-4-hydroxyhydrocinnamate.

2. The process of claim 1, characterized by the fact that in the copolymerization

step the percentage relationship between these monomers varies from 15% to 40% w/w
for the aromatic vinyl monomer and from 60% to 85% w/w for the conjugated diene.
3. The process of claim 1, characterized by the fact that the solvent employed

in the copolymerization step belongs to the class of aliphatics, is preferably one of

among cyclohexane and n-hexane.

4. The process of claim 1, characterized by the fact that in the copolymerization
step the percentage relationship w/w monomers/solvent corresponds to a content of
solids between 8% and 30% w/w.

5. The process of claim 4, characterized by the fact that the content of solids is

comprised between 10% and 18% w/w.
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44.9 40.9 47.7 43.9 at 70 C 42.5 44.4 37.0
The nmeasurenent of rebound resilience to the anbi ent
wo eovperamsure and the tan delta at 0C, are conveeil/iBeH/003442
i ndicators of wet skid res#gtance. There is always an
I nprovenent in the performance of this property when
the values for the rebound resilience to anbient
tenperature reduce and the values for the tan delta at
OC increase. 5 The results presented in Table 10
| Ndi6CThe pRiteds BT QURRENAnd 5, ilﬁ'l‘§ct9f19&f‘5§ Yhe a8 thhf¥Re content of
vul cani zed compounds Cl and C2, when conpared with the
solidfie cempeseddepmend 29landsig¥% e/wot h CL and C2 have
reduced rebound resiliencies to the anbient
t enﬁeiﬂa@ prasessafcclaim i ncharaeterized by ¢hevfacuthst the copelyternization
eltg at 0C. The corrbl nation of t he neasurenents of
Step H)SS AR organgmetallig Inttor AR ligrium: whish cppsises; golppst one of
def or ation handl.i n
a3 AT BB, -t iSEroRd. SebRIENel B, st PR e amy,
r r e n 0
n ﬁeﬁﬁt h%gg%% |xﬁgéﬂ6%1r rH:Sct l:ﬁclg gg}%ylt gﬂe&cﬁfe %ta'dg@rl Xrﬁf'?ggbutyl
lithi@r ease in the values of stress at 100@6defornat|on.
From a conpari son between the results of the
vul 8afhepaicessiwpolamdd, GHaracsrized bp thei factrthatan thercopol yireeization
ref erence compound Al, it can be seen that the val ues
stepf the rrenteah gfile2- Y1é§11¢ |ueﬁ% daries beween $io apd 80Py éw selation to the
formti gﬁgresent di screte vari ati ons,

coﬁljﬁa"i‘tg‘g&ieﬁﬁmtcﬂ?f)mct PR per f or mance r erml ns
unabt 4,e roc-EF%eoF l:ﬂﬁh §rﬁftel{1%'dsb}; E}Yeﬂﬁc{ t Ic &{@ent of 1,2-

have nmal neric ns Wi andom
virylict Biits’ Vﬁﬁ&sbétWé@ﬂtl()%rsﬁldaﬂd%a iAORA 4tidh! ﬁfj the conjugated diene
m crostructure, containing 20 an end bl ock
inqogdoystty irethe pofyaidrowed by a conti nuous sequence of the

si | oxane )
10. The process of claim 8, characterized by the fact that the content of 1,2-

vinylic units varies between 55% and 65%, in relation to the conjugated diene
incorporated in the polymer.

11. The process of claim 1, characterized by the fact that the copolymerizaition
step occurs at a temperature between 35°C and 120°C.

12. The process of claim 11, characterized by the fact that the copolymerization
step occurs at a temperature between 40°C and 90°C.

13. The process of claim 11, characterized by the fact that the copolymerization
step occurs at a temperature between 50°C and 80°C.

14. The process of claim 1, characterized by the fact that the monomer(s)
addition step that will comprise the block having a different structure to the main chain
occurs at a temperature between 55°C and 90°C.

15. The process of claim 14, characterized by the fact that the monomer(s)
addition step that will comprise the block having a different structure to the main chain

occurs at a temperature between 60°C and 75°C.
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functional group (-[-Si (CH3)2-0+) and a silano
termnation (-Si (CH3)2-0H), make possible the
w@bdoaiorisent of el astoneric vul cani zed conpoundBCT/IB20EIN03442
have the advantage of conb#ni ng properties such as a
good performance in wet skid resistance, WO
2009/ 077839PCT/ 1B2008/ 003442 38 wi t hout affecting the
handl i ng performance. These are desirabl e properties
in high performance tires. This invention was
des¢g I BROproBeds & PRt 1 'chﬁrm&«ﬁz‘%ﬁf@ﬂm@rﬁe&%&ﬂﬂé réfloh Bne of
exanpl es were provided in a purely illustrative nanner
thedetksfoatihtibr@ép hdviid a difRren€ StARNGE ffont thicnddR cheiR Mhries Between
the sane way, certain nodifications and/or alterations
10 pad/2Gedoutes. apparent to a person skilled in the art,
arising fromthis specification. However, any such

modt i dBe irspcesa ) drinhls esharacierdzes: by dbentgt thet fhe elastomer

included in th f thi i ion. WO
funsfiGhat 5o Ser A5pRo BirDersants b ERAE M B0 0o c o'

for 1 9repat RGeSO RP! YR 1 of:hzgrasfe;]iihggdfﬂfe ?aﬂ:gttﬁzityﬁlg "astomer

containing'in Its main chain a ran segnent,
funabhaietodteRoddutsik ataattiog titnediakyifs Botwesh 1 § ehd D@ ndifutes.

t he mai n chai n, honopol yneric or copol yneric,

fii hetTlengocess of alain dh ahackcerizzd byktie Saod that itlss fugctidralization

steps of; a first step of random copol ynerization
step snprdayso heampthydeygiptassdpsanec(Rs) apd & termanaipreagash shesen from

nd .a conjugated di ene w th rcentage rel ationship :

cet}%é%ﬂ?ﬂ@ﬁt?t?%“ﬂ]ﬁﬁ‘ﬁﬁ%‘%‘g%al@oﬁo 50% w w, for the

ar opgt ing, Vi - nd ' r % % .

o O el sl 0RO, 1 RGBT 8 SOOA0 SR in e
fundflehdliaforl@bs the RARnAlGH HehdtibnQUcchiR@t SRR afcthdi10 rinutes.

tenperature range of between 55C and 90C, with the

r ea2t or Cppagswir eradangoh ¢, 3 swadiéheKadd styenke ccontdighg dnidts main

a third step of adding functionalization conpound of

chaimea sandomy segment, folloaedchyaublock dayimgor differgpieptredae to the
and 80 used 15in the

0C, in.the sa ressure range a
fungtipnglized o prain, ehain, HSQE'HB?WHH BHsP%’iHH%‘F‘?asic gracterized by

Lt . [.Qxi dants tri nonyl phenyl phosphite
cm}éﬂ?dﬁ%gthgc}g@@%ngg&bgﬁet - but yl - 4- hydr oxyhydr oci nnamat e.
2. The process of claim1, characterized by the fact
that in the copolygprization sgfp t he peécentage
rel ati onshi p between these nononers varies from 15%to
40% w w 20 —thearomati O nd from 60%
to 85% w w for the conjugated diene. 3. The
process of claim 1, characterized by the fact that the
sol vent enployed in the copol ynerization step bel ongs
to the class of aliphatics, is preferably one of anong
cycl ohexane and n- hexane. 4. The process of
claim1, characterized by the fact that in the
copol yneri zati on 25step the percentage rel ationship
w w nononer s/ sol vent corresponds to a content of
sol i ds between 8% and 30% w w. 5. The process of

claim4, characteri.zed .b he fact that .the content af ..
WHEESH, db R EReBIAF SUAIT GBI h & AOVATSSTa TOHsg by he Gopoyimelization

between one or more conjugated dienes with one or more monomers having aromatic

vinyl structure, which have a preferabiy random distribution of their constituent mers,
linear or branched structure, and a controlled content of 1,2-vinylic units, based on the

conjugated diene incorporated;
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WO 2009/ 077839PCT/ 1B2008/ 003442 40 6. The
process of clains 4 and 5, characterized by the fact
wo baw/ot13ed cont ent of solids is conprised betweReT/IE2968/003442
and 16% w w. 7. The4process of claim1,
characterized by the fact that the copol ynerization
step enpl oys an organonetallic initiator of |ithium
whi ch conprises at | east one of 5 anobng nethyl, ethyl,
n- propyl, isopropyl, n-butyl, sec-butyl, t-butyl,
N- Ay lrepre &2 By Iblocﬁ H@\)ﬁ(% 1%61@%%&!1 tﬁ‘rehgl%hylthe main chain,

n- octyl n-nonyl, n-d octadecy

homsp&lyimehb Idrhiopﬁhymenc or else,CopdlyeneBE@ERSSf B0 61 @idie Ionomers
characterized by the fact ‘that in the copol yneri zati on

witht snoratie uylt gnictwé, dr, 2lse,i enpolymarizatien véone orbeomeeemjugated
8% and 80% in relation to the 10 conjugated di ene

diengy, a‘fl}bopa% &F moret wenalapwwmg aromatrcgvmyﬁh@nmnysegs:h@ﬂng the

O B e L b bt SRl & v
strﬁ éto'f ‘ﬁﬂs bRk %dl@i@f%’t‘ﬂ'%qge maﬁp&airp%ﬁ& porated in the

process Of claim 8,

ChaF&@hQérhﬁﬁﬂ fhctiongl gra6p of PtymbAe cleddi the AOH1-COOH, -COX
15vinylic units varies between 55% and 65% in

typeelvsdteranm X ds tehbalogen), uGaL, e €S8He ndIAO)camipey apedy, isilyl, Feilanol or
pol yne 11. The process of claim1,

Sﬂ@wafs,a@t additieny ty poliypidoxane tand 1stloxangeor palysiilpiens groups gontaining
ste occurz a]§1 % t enperature between 35C and 120C.

Ay ETARS, BIOT@YY P61°Ecl ai m 11, characterized by the fact

AEIH&& gr&?pu - @i,%f %C i 1,93%?2 whefeid ﬁigﬁd%% are identical or

difRr&femay Ok a@lbﬁ' Hhéal or GRACR&, %Sléléﬁﬁ%flb)ir}ﬂ hakf188A, JrQlﬁSll or vinyl

t he copol ymeri zation step occurs at a'tenperature
grdupt,Vin eackbéise AsvdngGGm 1 to 20 carbonld#omdhe process of claim
1, characterized by the fact that the nononer(s)
* SalyHistlangd and sgoxdngtgrounst -SbngEH)s eSiRg(OHc8iHEH g -$iR 1 (OH),,

i n_chai 25 occurs at a

-Sl?éﬁ&: %‘12@]12)2,[) {B;rggog%@t gﬁéRnge,ﬁgX)m, wherein X is prhalogen, x is the

o el P ShderBh of SO s b RRLL Pl varving
frofl 03 hﬁél LAY RY afll {deRfi& or Al Wrd ey bo QIM& 3r %ﬂ@l Ninear or

occurs at a ténperature between 60C and 75C

braohY, OyclSaRVICAyL, BROAEH 1) @Rdid o dinyl groups] n eeiEhQ:aﬁH RsagSfrom 1
of claim 1, characterized by the fact that the

to 2@ earbomatotrispandoRs isHé obhléyk bfancialt drdimess, apedeh caseghaying from 1
different structure fromthe mai n chai n varies between

to AQcaghen stoms; ?FLR’@QHOHUCIC‘“ aryl groyy,  The process of claim

- Son A e B B! I T B
NEBEIRB NI TV BRI R L Byl 2y vy fom 11

3, bt & toh&NGdriy Zdrh @toS? @R @CE YHS < B, WhérBRC R, caadtRznﬁe identical or
varyi ng between 15 and 20 m nutes. The

differetesnd nfaydieaalkyl] llnednammblhmhed,ecycﬂx;alkm,ear&hcalkylhat drilkyl or
functionalization step e
vmyéms,hgxle@@lccasc rhaglgglfma %Q)sarbam atozns; mopprEalear aryl groups,

s Erict figh Byt Of Bk each case hine e PiapiEiebo atoms, ora

har act er,i 1ed by2 t he t h
mwmﬁ%&m&ﬁ. SO0 o o e X O Rp il Rub Bl 12 SatbP gtors, branched
r d 10 m nutes. 21 -

OrHﬁ%&@%@?abg};%)lgg%ta&g?mf?g?but adi ene and styrene

containing in its main chain a random segnent,

followed by a block having a different structure to

the 15 functionalized main chain, honopol yneric or

copol yrmeric, characterized by conprising the follow ng

structure: A F
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wherein, A represents the main chains of a polyner,
formed by the copol ynerizati on between one or nore
W@ ap0gesed di enes with one or nore nononers hBUT/FRR008/003442
aromatic vinyl structure, which have a preferably
random di stri bution of their constituent ners,
20l i near or branched structure, and a controlled
~content of 1,2-vinylic units, based on the conjugated
di ene incorporated; WD 2009/ 077839PCT/ 1B2008/ 003442
42 B represents a bl ock having a different
structure fromthe main chain, honopol yneric or
cop2R.y rrer ¢apolyimtere psriuce aifolly3vbiitadivne Oandf styréneorofmolaén 21,
mononers wWith aromatic vinyl structure, or else,
chayagterized by the faotfhatit eeraprses therfollowingstactert: di enes wi t h
one or nore nmononers having aromatic vinyl structure,
i ncluding the 5di fferent possible mcrostructures for
the diene(s) enployed, provided that the fina
structure of this block is different fromthe main
chai n; and Fis a t&BRnal functional group of

pol ynmeric _chai'ns of the %&%ﬁ&@ﬂe: n
ne, / yl,

X is a hal ogen, -SH, -

wh%fe#ri”‘@ @BF&[ Ip?éslaxﬂé%%?%olgﬁela&%r{ 5@1”3 tb% gpelné/-?%glr%aﬁe a(p ﬂ =

oxane o ne groups s alt
CHY! PHPS= bmﬁt@ bél%bﬂta@rﬂeh@ﬁl whititREn@hBURT mer%m@fmm 5 to 250
NR1IR2, -NHRI, -NH2, wherein RL and R2 are identical or
unith; firefemabty, bétagerd @0 ainBJ00 Unitdedd mérelprefecdbbfbetween 20 and 180
cycl oal rl% aryl, al kylaryl, aral kyl or vinyl groups,
unitsy reaohmbersef SHavarwgmﬁtsmng betz@e@érabd)ﬁO(ht oms; Silyl,
sil apol__and si | oxane group .
- Si ¢41.Thy2 cepgfymersinspdaf 201 -1s} h&t@ém and) styrepe @f) glaim 21,

charidsred By e Gl de lmites B SIRMARFUENR £ < bet weer

1 and 500, mis the nunber of Ilgant groups, varying
fromO to 3S-8SBRand R2 arensientical or different and

may be_al koxy or al kyl
cycl oal kyl, aryl, al kyI ary g%& gq’oups
whk&irﬁ%qﬁﬁqgﬁeg@ﬁé Q%&g@ﬂé&q%&négrb%%%%g as% TRy %ﬁ&' RS CHs;
PSfJIQBElclofz&l*s@y@Qe MANHER th fRifber B mRrsRAHENHEMEAL 230Y |preferably
gr oup; oxane groups that contain am ne groups,
betwepn €6 and @00 hyits hed frorerpieferatlly b8ivwedR-20 and 180 units, n = number
NOH) k(R1) 2_ k))y(O?I)z(RS%S (y+z), wherein: k may vary
of siloxan®units, garyyxgrfayn\]ra@§ roml to 3, and z rmy vary

fromO to 2 and O vy

| dorti J4F GoPAPFe rpé?ﬁu“ a% %buﬁﬂélea? k%d srxrmsarof flaim 21,
chggagpe%,zgg ’balctﬂé: k‘a[cﬁ E%lcthw%{ﬁese%gl/ er }r’eocr%n rg? eﬁ%enes V%ﬁl one or
mofd %omﬁiwﬁé QR Vinr &Hfb?ureFfﬁ wiRch i & Kgdted dlenes are

branched or Ii1hear, 1n each case having fron1 20
seleaédfdmal, PHGtadiRhe, 2 -ARYIONBBuelienal ¥,B- chk’Jdﬂ,,S-Bﬁﬁdﬁhe,Fmdkyl 3-

A2 are chains of up to 12 carbon atons, branched or
alklyl-h@ehutadienef dr, xrpentadieie;| 1,3 dieyadiene, \A,4hexadiene 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-toluene,

metoxystyrene, vinylmesitylene, among others.
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WO 2009/ 077839PCT/ 1B2008/ 003442 43 22. A
copol yner product of 1, 3-butadi ene and styrene of
wa@b@pnorB19 characterized by the fact that it CPEPIB28E8003442
the followi ng structure: S46BRPBD -(Si R2-0-),Si R2CH
5 wherein S-SBR represents a copol ynmer chain of
1, 3-but adi ene-styrene; Rl and R2 CH3; PBD = bl ock of
pol ybut adi ene in which the nunber of ners varies from
5 to 250 units; preferably between 10 and 200 units
and >§DrheP rcsf,ayﬁ\al YorB@icpesn 12§lbaraﬂ1eﬁ§0aﬂm'sty%enét Jf claim 21,
nunber of sil oxane units, varying between I and
ch@dcteFived daptht faoe thay mochmqinsei a bodtehwidfatlp ameylienahits t)yﬁmﬁ 8%
of claim 21, 10characterized by the fact that it
an¢ &@Bﬁr b&seé on e tptal PhHedinjugatedrdienelineorp@aeBip the(cgpolmer.
OH wherein, S SBR represents a copaql yner

chadh 1. SOPAUEn vORiA epio. | RPuaqnRom st 25

cngpaffeliedp, B, R, el 3y Q%%Eﬁ%@hesﬂaﬁv”&@ gy graving
AifHALEUANIrREE IERECRARL ¥ndPBF HRGTIAREADthaf AOVHEE | neefl varies

= nunber of | oxane units, var
bakﬁzﬂsaﬁhesognﬁlyner product of 1, 3-but adi ene and
styrene of claim?21, characterized by the fact that it
conp? i seFhorepaymenrproduntj efydt3ebutedieme sandi $tireaaeoforciaim 26,
nore nmononers having aronmatic vinyl structure in which
ch%mteaaeri @g&pwnams ﬁgen%h ef c@mémeélwk%bﬁtwe@ Handdi88maers.

2 PRy s Sapien TiSinef oF dhEbigdine i RERE Of claim 21,
chﬂra%fé?%ﬂ(y & 'fac% tHht @?@Hﬁﬁgfe Bfodal Ero%'ia%f be &Mé&y Lhains

nonomner s e sel ect ronrs yrene

areddf SreNEYY LCOOW, eCOX &0 wheﬁﬁxa )@marrar@gen -SH, -CSSH, -NCO,
di vi nyl benzene, orto, neta and para- nethylstyrene

amjrer;, &pox Y Wilyl, - Skanoleoe siloxiang;| int alditioreto pelysiloxahy madailoxane or
vi nyl mesi tyl ene, anong others. WO

polz@ldrmacv EEZOPCTItAIBIEFEII00 WD, 4>4eferab1y bezrg The

& aARSE grc@wgf i‘@@@?’f %@{ﬁ‘@? %ﬁg' 2, PHEE #ee@rﬁ?i frgddentical

a Cgphﬁﬁg?ﬁfm%%ﬁa\rﬁkgkf lllngar%l'b& egg . gl%aﬁg b G zﬁlg rall aralkyl

based conj uga of o

the of o9l ¥3Bps, in each ca&%avmﬁefr&ﬂﬂ% Eﬁ%ﬁrbﬁﬁ Qedct  Of

1, 3-but adiene ‘and styrene of claim 25,

ohaiSiel, esilaneld ahy Sﬁlbﬁalfeagfoubﬁtat-SIHZ(@Q)]plSl(m)‘Q(@H’ﬁ| ISiH(OH),, -
polynmeric blocks having a differentiated structure,

| oc 2IRAOHD:, t +ha(QhYd, Hi(QR9s, pCﬂlBriezQ)cRehﬁl(rRa)s\MﬁXhe Whereln Xis
| engt h varies, between 5 and 250 mers.

copdl Balegenp Xoig e ngmber of senetigive Mwits hetvgepy bﬁed cﬁOO m is the

Stﬁb%ﬁff of NBHR Pl iryvg RRE § 5B a7 & SRR, idgpgical or
Copafr B, B &xﬂr@t b alkox3 %ﬁ(gl eﬁrfeaﬁrbg bthacheACcRiqalkyl, aryl,

claim aracteri ze fact that the term nd

fun@ndytuaﬂl a@ﬁl PorFviafl §oinyéwRhi cas€ having fedre 10to RDecarbon
- OH, %%) typg ggﬁgreln X is a hal ogen, -SH,

- CSStams; N@Uh &l oe alkgl branchad dnflineas iih eavhl casy haiingframd, to 20

in addition to polysiloxane and sil oxane or

pol yaibppRtms, §F desorusianamy] gWuRniide groups,

P roRag g B AMAT ARICFEOM TPRERTILpY B forinula —A'

g;ilgg?ﬁg(HpgﬂgfskgbgéﬁR?yhﬂgaraﬁiyl 2@80§%¥| grgt%2 y may

I
o T o Ry PRy By o ond

-SiHOH)2, - SIRI(OH) 2, -Si(OH) 3, -Si(OR1)3,
-(SIRIR20)x-R3, -Si(R3)3_,,,(X)., wherein Xis 20 a
hal ogen, x is the nunber of repetitive units between 1
and 500, mis the nunber of |igant groups, varying
between 0 and 3, RI and R2 are identical or different,
and may be al koxy or al kyl, Iinear or branched,
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WD 2009/ 077839PCT/ 1B2008/ 003442 45 R2 are identical or

different, and may be al kyl, l|inear or branched,
waeymboziskyl , aryl, alkylaril, aral kyl or vinylPQr/iB2pes/003442

in each case having from 1480 20 carbon atons,

nononucl ear aryl groups, R3 is H or alkyl, branched or

linear, in each case having from1l to 20 carbon atons,

or a nononucl ear aryl group, and Al and 5A2 are chains

of up to 12 carbon atons, branched or |inear,

pr eger, di ' T Y,

pr oggg?p gifén?é%wtg ljitlgét:jriyéth gﬁ%}]&éja%sﬁey?né%l’e %g?arc(#g)ir%@%i’ Feloalkyl,

chaaattkylasl akykyll e vibe grdupgitin teesintdsa hating Gdn@N to 20 carbon

groups of the polyneric chains selected from--[--

Si ( RioRB) n®npruckear Rrylt groups)R; itk pealkyRIbranmlie®@r dinear, in each

identical or different, and may be 10 al coxy or :

al k§ase hayingfromp | te) 2@ frhew atomscdrgamryenuclear aryl group, and A' and

al kykaryl,, .aral kyl -gr yiny rou in.each case
P g st ot o o Lcagbif Hloat, R Sted 6T ARG, PSSty i iy
nun‘gfe{,ing[ units of the functional siloxane group
bef ore term nal silanol group. 30. The copol yner
290 HE CoplyrheBpradt@dif @ eb@hdersd adabe®s ofcd1@? £ kharacterized
characterized by the fact that the ‘el astoner presents

by dahenvfast pleat demmbiaglefunotigro gidupo of ithe pélgmert rhainaisaledtsd tfrvah --[--

.may respectively vary from5%to 50%, for the
Si(Re el -5 Fafte- OB ohereinRd and dim o ddentica)yidi Berentnend may be

alog b ARy ooy oivsIoBfof 7 Rglertin HeLKe o vl roups,

. t C t t [ 0 en

i IS A5l HOAL1 L1 Sl I RDRRREL B ERRF AP s o

thetfifctin¥l m&m@aaﬁb%ﬁ DRrARANIRhoMirblp.ar omati ¢ vi nyl
structure 20 and Tfrom60%to 85%in relation to the
Vi0nThe copolyageprotiudt o€ 1ehytadjedecthddityrase 6 fedginp2l, ahasadtérized
t he copol ymer. 32. The copol yner product of . .

by theafagithatitherabastomerqirgseatsar wiw pergentagel conprsitiont iorifszmain chain

by the fact that the_elastoner has a Money viscosity
that ﬁﬂ@ FEpertSh vy oY GnoVan fono¢ Fomans ViRl monoper ghd from
d,anad from 80 000, t.0 700,000, with a pol ydi spersion
50?5%%/?§§tg?8%]&g.38?4lgne4. 0. . 33. The copol yner .
pHodtie corslymenpduct @if d isbifpdiens apdestiaens ofeqlainhy G rharacterized
byg ABCthal ih%%ﬁjas%érl}gr%tee?tg\{egﬁ E%Eer{}%E c?xg gl'tgégis anf rrﬁ%ﬁﬁ%&ﬁ 5% to

ass transition te
40%0 in feBatiqor tef the atylny pdredntsmernof-thé Grcaoched &ith aromatic vinyl structure

1

and from 60% to 85% in relation to the w/w percentage of the conjugated diene

incorporated in the copolymer.

32. The copolymer product of 1,3-butadiene and styrene of claim 21, characterized
by the fact that the elastomer has a Mooney viscosity ranging from 30 to 90, and an
average molecular weight ranging from 80,000 to 700,000, with a polydispersion
ranging from 1.05 to 4.0.

33. The copolymer product of 1,3-butadiene and styrene of claim 21, characterized
by the fact that the elastomer presents glass transition temperatures, Tg, ranging from

-92°C to —1°C, preferably between —50°C and 0°C.



