LOW VI NYL STYRENE- BUTADI ENE POLYMERS AND METHODS OF MAKI NG THE SAME
BACKGROUND 5Low vi nyl SSBR (Sol ution Styrene Butadiene) is difficult to
produce iwoaotoistispuous pol yneri zati on due to the ki netiPC3/EPR011/059918

copol ynmeri zation. Fast kinetics is required in a continuous polynerization
to get an acceptabl e production rate and high conversion (|l ow residual

nonomer concentrat i Olénéwg vbr&*@?;&%}&m% 56@%@“ a product with a
Possi bl e o produce | o %&@@ ARG RSNG| or agents, so cal l ed

random s TMEDA (N, N, N', N -tetranet hyl et hyl ene di am ne).
Fbmever,zg’gﬁé%%ﬂwé TMEDA in a continuous polynerization process, results

in asSSBR pr qietinhe SR ¢9bkiBbmShiteNE Bitddicte) N @glcuRty pRid@ceansent . Such
polyners are not suitable for tire application, because _these polymers have

a decr easdingeys palymeszatignsduanedhe Kinetics OEFRANBENZEEOP uF PEIHBYIERES ( DTHFP)
has bee i ; | i Howe en using
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per cent )theard SMTIMEDAGNE @BAEN D URIIyENRNBH pesiReel @60 Wid BSBRNi mal | evel s
of residual 25 nononers. U S. Publication No. 2009/0111933 di scl oses
an oi | - exPEReteMNiBd CORBINS oYV §HAT BFAC BHEICTAE Lo SUSRPOY RIS REt Bt of a

but adi e REr B %Ea%wbgga&éﬁéw@%%@%{&é hiVe 8 dBHARGEd AYRiqpge nol ecul ar

wei ght (M) from 500,000 to 700, 000, a nol ecul ar wei ght distribution
(Mv 1L/ | igpistaro®. 1.8 to 2.5, c¢) a nononodal 30distribution of polyner
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al so conpaiymsrizatfomn diovesner, winerupsiog MTATR imgogich preessamivo trenprotihaoncan be

adsorbed gn sili nd an extender oil. The I rs ib Lh.this
patent B SSErE Bs BRngay cotimenatas bR eblBF Py 1 FFESE5R: oauet
with a | Quh aabrasddrstyrené sbaatforldanisie, e BPO2IBZEERNAke fiddion agent is
clainmed in order to optimze the polgégzer roperties. . . ,Eulropean Pat ent
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process wbichemhisyes aridgic tredomen coevegsioh GLthSninRudll et obreskwal 2007/ 0219316
di sc oses a conti nuous polynerization process, carried out in the presence
of | eREMOMRE® r eactors in series, for the preparation of statistical

vi nyl ar ene/ ciorg. raatiestioni g 2000[w0l1y 083 sisclbhes whjlextareleed poiyrhent range from

15 to 50 percent by weight, The pol ynerization is copol ynmerjzation of
vi nyl ar%‘%@?’%’?‘lﬁ’%@é?%f’!'%@ é%Pﬁﬁ%EM%g;h’fbfﬁaé@?%%%% ???équ}g@%h?z“f'?éms, ina
hydr ocar fpaifof@ling ) a ﬁﬁm@eﬁwﬁ@w&uﬂa&wm (Mn® o500, 004200, 000 t he

presence of at |east one initiator and a 2-nmethoxy ethyl tetra-hydrofuran
( THFA- et by maleetian weight distribution (Mw/Mn) from 1.8 to 2.5, ¢) a moncemodal

30 distribution of polymer components having a molecular weight of 100,000 or more,
and d) a viny! conient of the butadiene unit of 20 to 80 mole percent. The
composifion also contains a functional group-containing polymer component than
can be adsorbed on silica, and an extender oil. The polymers described in this

patent have however a high vinyl content which results in a final product with a low



U S. Patent 4672097 di scl oses a process for preparing random zed copol yners
of conjugated dienes and vinyl aromatic hydrocarbons, and whi ch have 20l ow
vi nyl conwenbsl/1sbp2usi ng an anionic initiator system cegpEPINgsdikali
nmetal trihydrocarbyl magnesiates, optionally together with an organolithium
conpound. However such initiating systemare not very soluble in

ny dr ocar s SRINEBIERCAN L BUS of 0 Ainctishbpalien HBeROBLIAMEN BRley P T 2at i ons.
In particular, I'n ord tarn ow Vi nyl Fevel |ne wth a good
random zmtlrmneﬂmjpdﬂylgaler papediesi on a high 25 terrper ature has to be used,

whi ch causes the ne QD an the living. chain ends
uhich causes el BLLAL L O0aNS) 8, S2Eh Eyal k9N Blothe, bluLnoghain ends
Pat ent Negpa %@%mnﬁé’e?&%lym&@ﬁ%&ﬂgug@i@d oﬁ@%&%v@ﬁ@nﬁuémean Pat ent
Application No, 0019100A1. 30As di scusF g there remains a %%%,d for
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t hat achi eve hi gh nmononmer conversions with mininmal |evels or exanpl e

bel ow 1006hisRAETES a lvs Vigu3SEHR ifopkipnedTbse %e@eafwstfbe@w nmet by the
fol l ow n&brff VEYESH | RMow SHMMARY (I‘uﬂég AR AN Fo!\!ent Op?u-';m@at'lcfhvﬁr’&%%'tom ovi des

a process for the contlnuous ynmerization o conprisin
NONOITET | EEMOVEt g rdactpy stbriomens. styrene and 1, 3-but adl ene, said process

ot et "one Do SRl RO PRA P L5 risElondr 2 TR g dgtoh &t o ane
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are, each i ndependen sel ected from
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active initi atorzfe&actlve for polynerization) ratio is fromO lto

1.0, prefQROABTSriZatigMO Vinyt aete/ooniHgatersliene menamar. wnfi%lﬁp@eam@b 0.85; and
15 0. 05
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0.6, prefe nor e pre era rom
The [ nvelnttherwreﬂe@@emfet/metsor@ mmatms@mﬂlaohmﬁthm @hvide@aﬁwmﬁm‘ancorrprl si ng
m)nomerlﬁ. %’ﬁlyg {)(Yl fromstyrene and 1, 3-butadi ene , and wherein the
pol ymer has ‘a e follow ng characteristics: 20A) vinyl content from
12 to 40 wei ghiS. peitaadty 2085 ¢idciosed a@rwdsgmcbr mtepmm’ugmdbzmédbut adi ene in
rene .cqnt ent ht percent,

th | t
bcen onCaely TS g coproe R IS e R s ais RVrotdrBinS aRtlafhibn BEVE SN

contgnt {BQ\DJW]Q;Qoh@m@ bWs%A rp@(m@matimnéxaseyist@m b&\ﬂﬁMﬁh@Btkaﬁﬁfndtﬁlle 25pol yner .
BRI EF DESCRI PTI ON OF THE gure 1 shows the trend of the

vi nyl coffihgdiocaedy m@eﬂ%ﬁfeefomweaﬂy Mﬁfmwéwearaeﬁgeoehthwm PRATBPURDI ar rati o
of the pﬁ@ﬁ@@éﬁslﬁlﬁtiﬁth?ﬁ&e sEéh%Y@nélggeg%géﬁib%qg i‘@df&‘%m\%éd{é@n@f 36 and

72 mnutes i n each rization r Figure 2 shows the trend
of the c‘tbneemcstuwﬁaa!e i gﬁ@ttﬁuens oblymesizations. potpadiicmas/ woardeeto) ofitaingt or nol ar

rati o b0 Jil SEREbALReRR e LES AERERELER Mo fh BORLFSOR SHighs 11 each
25 temperature has to be used, which causes the metallation and/or deactivation of the
living chain ends.
Additional polymerizations and rubbers are disclosed in the following: U.S.
Patent Nos. 3554997, 4429091, 5679751, and 6372863, and European Patent
Application No. 0019100A1.
30 As discussed, there remains a need for continuous polymerization processes
to produce a low vinyl SSBRs with low block styrene contents. There is a further
need for such a polymerizations that achieve high monomer conversions with
minimal levels (for example, below 1000 ppm) of residual monomers. These needs

have been met by the following invention.



5As di scussed above, the invention provides a process for the continuous

ani oni c polynerization of a polyner conprising nononeric units derived from
styrene aw02b113isbutadi ene, said process conpri sing: PCT/EPRYIM®F928 Ng t he
nononers in the presence of an initiator, and at |east one pol ar agent
selected fromFormula 1; 10R5R8 Fornula 1 wherein RL and R2 are each

i ndepend I sone enbodi nents, Rl and R2 are each
independ%gM%Aﬁp(@} gMEI gIPolt\pup In some enbodi nents, RL and R2 are each
met hyl . 15In Ermmvmftbmcbrmdbsa pR3cesR4or 1Re,coRbnudtis ﬁtﬂﬂiﬂﬁ&ﬁbﬁ ofach

i ndepend sel ect.ed from hydr n.or,an alk erabl ydr ogen
o o 1OV BB THNG B ORRb A R APL eHBom st p hfd, TRiteai el o each
i ndependgatéss ssheediggl from the group consisting of hydrogen and a Cl-c4
al kyl group. In sone enbodinents, R3, R4, R5, R6, R7 and R8 are each

i ndependent | W%@@&"&jm@rfﬁﬁwrﬁ%‘%? SipPresRare of #y Iniipte 2Ry at gstonad net hyI
In sone éyﬁ@g@ctéa?forﬁ{%o ale R6, R7 and R8 are each hydrogen.

1,2-diene Is added to t e pofymarlzatlon and the 1,2-diene to active
initiator (active for polymerization) Reolar ratiois from0.1 to 1,0,
preferably fromO0,1 to 0.9, and nore preferably fromO0,1 to 0. 85, 25The
pol ar agent to the activesiniti hO isgrfrom0.05 to 0.6 ,

. . 5, m 0.15 to 0. 3. I n one
enbodi ment, the 1,2-dierre is\repr/esefit ed \by C=C=CHR, wherein Ris

sel ected from hydr ogen or an bly hydrogen or a Cl-05

al kyl . I n one enbods represented by H2C=C=CHR,
wherein Ris selected froman al kyl, and’ preferably a Cl1-05 alkyl. In one
enbodi nent the 1,2-diene is 1, 2- bEbﬁnkuiene I n one enbodi nent, the

initiator i nc th esut for i oni ¢ 5pol ri ti In sone
O T kP 09 SR & Lok Bl SHR, PRRLUISLLER( sy | 1 sore
is am OYQWORB'[RHUHB(R(S R7 adl RA arkidalh WdepeRapr®senéabd frenhyerbgdd dhi um

agents for use in accordance with the £resent t eachi ngs i ncl ude but are not

i mited ¥balkybapypreeramimoregsn oA ¢il-¢# elyim tert-butyl lithium n-pentyl
lithium and ghevhdks a 4%@9@@ é}%éd%%hé Bsry%fnzahah %ﬂ%h@ﬁ@%ﬂ@% s, the

initiator conprises n-buty hi um I'n one 'embodi nent, fhe poI ar
agent i sacdweem%thyéﬁcdjf/@fquqﬂmﬁ@ﬂ@nmpaam)ﬂo taérosrhaxﬂmtieiv cqueferably I n
one enbogi nent

(t)l@e @@wrewgﬁg cgﬁ\b?{fdg@s' Snreater than 97.5 wei ght

15percent; pre}erab greate percent, and nore preferably
gr eat®er t han v@8erami tghtpotmragemttp tbaaemeo‘mithmraholanmmmis bbb ed.6f eed. I n

one e”bop‘?#e%?é‘%ly fi:[ort]r?GH more ;}/refeera?bly from 5“?5% B% styrene after
The invention also provides a composition comprising a polymer comprising
monomeric units derived from styrene and 1,3-butadiene , and wherein the polymer
has at least the following characteristics:
20 A) vinyl content from 12 to 40 weight percent, based on the weight of
polymerized butadiene in the polymer,
B) block styrene content less than 8 weight percent, based on the weight of
styrene in the polymer,
C) a styrene content from 10 to 50 weighi percent, based on the weight of the
25  polymer.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the trend of the vinyl content as function of the 1,2-
butadiene/active initiator molar ratio of the products obtained with two reactors and a

residence time of 36 and 72 minutes in each polymerization reactor.



conpl etion of conversion is |less than about 2400 ppm preferably | ess than
about 20 2100 ppm or preferably |ess than about 2000 ppm or nore

pr ef er ablwol2esis1sttian about 1800 ppm I n one enbodcmEPRy11l0b®18

pol ynerization is run at a tenperature in the range from 30C to 120C
preferably from 40C to 110C, and nore preferably from 75C to 95C. 25In one

enbodi nent , taI nomnme ont,e inthe feed.is 35 weig

e oant o ot gl e GRNI ind BodAFin@ B siferioh e 1.2, 50 1S 9L o
wei ght pertséibhe/abaseiditarortrhdiat etialwihnaentacbraendaessiaattestthoyengs ted to the
reactor. ] n one enbodi rene but adi ene weight ratio in the

feed i s f7BYURE PRI @anaggﬁf'%?% 'y from20:80 to 43:57. I n one
enbodi mepETAlL pelgderThes a vinyl content from12 to 40 wei ght percent,
preferably from 15 to 36 wei %ht percent, nore preferably from20 to 30

wei glt percerfts dfﬁ@@é@dcﬁb%’ﬁeﬁ RETUSALoRProyidesrapiogess MitheICeHEUPHS t he

pol ymer

f 20
to 34 we?’B?I“'CS e?&%hﬁmsa%l pgﬁ’ﬂ‘ieﬁe‘%b@@l lé’ﬂgqﬁ% p H;/ﬁ%rﬁlfégdeeg %uta Iefle |r(rzmt he

pol yner . styrene anldrﬂ atbetm&ftﬁjismmrpcaslsezopmrgﬁ'mr has a bl ock styrene content

| ess than 8 wej n [ bI n, .o e I 7_wei ght
percent, mor & &Bgérézﬁ'i%ﬁv %Sg‘gm? H?h ¥reés§ﬁ§§ 5{1%“ mét%r gﬁ?%ggg cme based on
the wei ghdladgamokgketddzieshm Foymelaet;i n the pol ymer. 10l n one enbodi ment, the
pol ymer has a styrene content from 10_.to 50 wei ght percent, preferably from
15 to 45 weight percent, nore preferaRFy from20 to 43 wei ght per cent,
based on weight of the polyner. I n oneoenbodl nment, the polymer has a
l\/b?)ney \ﬁh5005| 'Itv% (M \1[+B at 1 15{:3928nte egt5)8d| man]'E, tgle
pol ymer has a Mooney Vi scoS$ rom 0 , preferably
from40 to 120. I n one\enbodi nert, the pofynmer has a nol ecul ar wei ght
di stribution (MAD) from15t om1l.7 to 2. 2. I n
one enbodi nent, the poly as a ver age\ nol ecul ar wei ght 20( Mnh)
great@r than, or equal to,* 75 000 gRsol & preferdbly greater than, or equal
to, 77,000 g/nole. In one enbodi nme pol ymer has a nunber average

nol ecul ar wei ght (Wwn) from 70, 000 PST@Bg,bOO ginole, preferably from 70, 000
to 300, 000 g/vmbrem R and Reaeagichendspehbientpokly Byl dragp alnesrght aver age

| | ht at t han t 05, 000 g/ | e,
e or et i Re e Ehef INBbedlany 00 4HAEN 4raion® B ment

t he pol yampodigents, \mlg,mRQ\geégg@hmélt ular weight (My) from 105,000 to
1, 500, 000 g/ ol e, preferably from 130, 000 to 900, 000 g/ nole. In one

embothi ment , tIREOPE RBPTIMENID R3S Hidv Bt REsRE ANt are e lagenassentve,
selected from hydrogen or an alkyl, and preferably hydrogen or a C1-C4 alkkyl. In

some embodiments, R®, R*, R®, R® R” and R® are each independently selected from
the group consisting of hydrogen and a C+-C4 alky! group. In some embodiments,
R® R* R® R® R and R® are each independently selected from the group consisting
20  of hydrogen and methyl. In some embodiments, R®, R*, R® R® R” and R® are each
hydrogen.
A 1,2-diene is added to the polymerization, and the 1,2-diene to active initiator
(active for polymerization) molar ratio is from 0.1 to 1.0, preferably from 0.1 to 0.9,
and more preferably from 0.1 to 0.85.
25 The polar agent to the active initiator molar ratio is from 0.0510 0.6,
preferably from 0.1 to 0.5, more preferably from 0.15 to 0.3.
in one embodiment, the 1,2-diene is represented by H2C=C=CHR, wherein R
is selected from hydrogen or an alkyl, and preferably hydrogen or a C1-C5 alkyl.



30hexane, heptanes, a m xture of cycl ohexane with one or nore al kanes, or a
m xture of one or nore of cycl ohexane, hexane, and heptanes w th butane.

i n anot hawoantiodrment, the sol vent may include, but is mot/Ereenitossis o,

strai ght and branched-chai n hydrocarbons, such as propane, butane,

i sobut ane, pentane, hexane, heptane, octane, cyclic and alicyclic

hydr ocar bons,, SHER A% aHEHORR A SertE L NERt A8 by TRICLE CHtROBRXRAER and

met hyl cycl oheptane. n I'venti ve 'process y conprisé a conbination
of two as sulrcedcirbodmalikyisaad podemabiyleed 14t @kpl. 5The i nvention al so

provi des a polyner forned fro n. i nventive,_process. The invention al so
provi des a cgﬁéagﬁmbgﬁi%%%heg’ﬁﬁi’% 'Fﬁwﬁéﬁﬁagéenﬁol yIer . The

i nvention al 39 opé @Wibbasmént, fietihehr eRiyintiedathale Juable fonaniemaponent for ned
froman inventive conposition. In a further enbodi nent, the ar_iﬂl cleis a

tireS | rPoiBeIioRND BLPGraR EMRCRENSHE | A7) 1B TRLOT {0 YR ASRBKIRERE With e

i nventi Gf8d R HMgsd8 andbr§ATR@RIMI (€. GO IHSIAY RepebyRBiivERPr i Si ng
mononeric units dertved from styrene "and "1, 3- but adi ene, and wherein the
pol yrer IHaivmeagenésaior usedn pegardanasgyithieddetentdeaeyngs include but argngji ny|
cont ent : el - Vs T : i ght
per cent ,Mrr'o?éraet%é]r% glflg%l}f}ﬁ'l%?%ﬁ%ﬁtﬁ%é&@?%?ﬁﬁ%ﬁzC@ﬁgﬁ&ggg@f%ﬁﬁ?hﬁ wei ght
of 15pol ikeeenz edmbineioiethereaf. theompelepbediments, the iniBitobkomkristsyr-batyl cont ent
Iess1 thaﬂ 8 wei ght percent, preferably less than, or equal to, 7 weight

per cé]nt, i%?’e preferably | ess than, or equal to, 6 weight percent, based on
t he wei ght ofin pak embddiragntSthe eer adent Redieolyipsiofurylpropane (‘DTHIFR")séyr ene
content from10 to 50 wei ght percent, preferably from15 to 45 20 wei ght
per cent , STYFEP§IP¥s erably from 20 to 43 wei ght percent, based on the wei ght

of the polyner. | n ongqgnbodi ment, the polynmer has a Mooney
Viscosity (M. 1+4 at 100C) from 3@<to 90. I n one enbodi nent,

t he pol yner has a Mooney Vis Uy ? —1+4 at 100C) 25from 20 to 150,
preferably from40 to 120. ! yoIn onesenbodi nent, the pol yner has a

mol ecul ar wei ght distribution {(M\D) “ftof 1.5 to 3, preferably from1.7 to
2. 2. I n one enbodi nent, the polyner has a nunber average

mol ecul ar weiiglahe EMbhodihent, éie tobimonameeguatesion ig Gréder pamal & weighf er abl y

greater than, or equal to, 3077,000 g/ nole. |In,one enhodinment, the polyner
e 15 nubdlen taberadan st e fan vt RS PO TGS GODCE B E00 ) ol 6.
preferabyy from 70,000 to 300,000 g/ nole. I n one enbodi ment, the

pol ynmer has a wei ght averagg nol ecul ar wei ght (Ma) greater than, or equal
to, 105, 98@hgpsreed, basast en Eiphargpwd eémoppEler feid.-equal to, 130, 000 g/ nol e.

o oo oo TBAepriB gl IR chasarenat SHALPTRRaRHpy weLort (M
g/ nol e. completion of conversion is less than about 2400 ppm, preferably less than about

20 2100 ppm, or preferably less than about 2000 ppm, or more preferably less than

about 1800 ppm.

in one embodiment, the polymerization is run at a temperature in the range
from 30°C to 120°C, preferably from 40°C to 110°C, and more preferably from 75°C
to 95°C.

25 in one embodiment, total monomer content in the feed is from 5 to 35 weight
percent, preferably from 10 fo 30 weight percent, more preferably 12 to 28 weight
percent, based on the total amount of monomer and solvent fed to the reactor.

In one embodiment, styrene:butadiene weight ratio in the feed is from 10:00 to
50:50, preferably from 20:80 to 43:57.



I n one enbodi nent, the polyner is nodified with a nodi fying agent (or

nodi fier), selected fromthe group consisting of am nes, am des,

t hi ogl ycowe,20sl/isrmen al koxi des, and sil ane-sul fi de nodi Preme2011/059918

I n one enbodi nent, the polyner has a glass transition tenperature (Tg) from
100C to -45C, preferably from-5C to -45C I n one enbodi nent an

| nventi ve conpasLilan des Ol o GORRI hREo gy PhdieAtrd NS S, SqPOst ti on
may conprise a co i nat | on” o or nofr e iments 'as escr ed herein.
An i nvengareentppleyarably feyn Gﬁweﬁml@tmmmmbmmfwaw fmm D Ie3d5

enbodlnents s desc ion, rOV|des an
Tt cl o WGRBEPUPRg. BETEe OB OB AMERT Ces A PO tive
conmposi tion. [hind eiddifEne TROOEdRERLIn tH@etacﬂymeﬁiserdrﬁza t&BﬂGWelé;m anot her
enbodi ment, the article is a shoe conp An inventive

arti dl e PRIgeRloRpIacsen @emﬁhh@‘tﬁ%mﬁzeemtwe%mhenP@bfdnertent s 20as
described hergigie em gm bodllm@ht‘?%;ixﬂgﬂérshé@é}ﬁ[?%[( %11 REAFCRSS t@ss been

di scovered to produc oW Vi ny SBR, wt styrene content, at
hi gh conweigst grsensycefesdBRIcss tair, tor eguairtp y? weqmt petcehbrmctreemefiewtﬂt res,

Rt R e

negl i gi bihehamblyneespect to the fed amount of 1,2- diene used in the

inventive polynerization es d scrl ed her een |scovered
et st ng' 1,18 Bt ashBef ReoRBVTat fone hE R BePFybr B G v9 Hpanc
(DTHFP) , périe, 5@MrablGin POty AB gt ot aBBRSprefFalig SN et above,
produces SSBRs with | ow anbunts of vinyl and | ow anmounts of bl ock styrene.

I n addi t V8i¥ht REIFGNI3BTRALP WeithbeF tNeAMEPYS ons (greater than 98 w9 are

al so achi evedn fchingdbdRBRAIT®: SOPVEF RALR Mo%n%?&hs&i‘sﬁt?%l_"l@4 ARdogtyj m nates
the need to renpbve and recover réesidual nononers. Also, the final polyner
is stillfremnding %8¥nd can be chain-end nodified, for exanple, by nodification

and/ coupl i e i G800

coupli ng agerﬁp%ﬁgge%ﬁ%dqﬁﬁé g%e%ag@%gﬁédé %y"t"g‘%?\ns‘f" 6&Wapplaﬁca?&c§/n and
filler. oiXiter$0| pefardbly fouh 48rie 180t |limted to, sulfenyl halides (see
EP1016674 |ncor or at.ed, herei.n by ref rence enzo. non. ate,

hydr oxyl  mer OSSR AR N TE Fo B s B v REP L R BY oL AL Bce) | and
acryl am m@nqogppglqﬁefe%}ae&oﬁwﬂaé@@ | ncor por at ed herein by reference).

O her nodifiers include ani nes, im and nitriles nodifiers (for

exanpl e see ép@@m@}nodﬁp@,&bmwotmsﬁm nu ééiﬁffgelf@iﬂ‘itﬂ@)r4‘de'9@ach
'ncozmor@m%rt@%?mnb&é@jaert@rm@o Sndideroehiy a@a@ertﬁm%@quatbanes

i ncludin but no imted to, epoxy- cont ai ni ng Silanes, are used f

modi f yi nthJH‘égbmi?ner chain end for use in silica fillers (for exarrpl e, see
10 EP- A-299074, ted herein
by refer ence)iﬂ °R§§ ti onai%tstﬁggégf)ﬁor tE%%%?égﬁtagggﬁﬂ?gmngggggﬁ‘?erri ng to
such, ar@in)ifexh G8LA0Itn Swom(wmbmaﬁﬁerabiydmrpd'ﬂal(@doww ®ynofeef er ence.
Swtable rTDdIIerI’S m(% nig q%eb r]g chl or { weiaht O her
sui tabl e chai i BreHETEE: M pomet %spﬁ"‘f%g Sé(ﬁta% H”B?&&%aé IRt AV} de, a
15si23 cogrehadrititen, oaetjua ta] Ka00Eg/neols] prefeodbipkapiddean oor eyual & ure of the
af or erren%)::i on&gﬂ &?ﬂgounds. Common hal i de coupling agents include tin
tetrachl 6¢9-8@0 ¢ tetrabromde, tin tetrafluoride, tin tetraiodide,

silicon tetraﬁftJnerénﬁtﬁ)d.rﬁéhi wpé; itneﬁl%é) m%mbr nnézet:unat vt figw) si i con
tetraiodide, tin and silicon tri all or tin a | icon dlhalldes 20can

al so be fiead 05810 20G00p BawIRi wrﬁfqrabiyé'ﬁmsm @%tq %@Q gdpiraele. have a

f f |
rihal T des haucns smoddihenCie BARLREaR, el KA bR eX e oo have
a 3 nmumeeinet heptanes a mxkoe yd ickelniesxankevtthenootineid alkesespor hewiatuag o

0 o1 DXl B8 et e SR AR RO s Bl 11 and i eon

In another embodiment, the solvent may include, but is not limited io, straight
and branched-chain hydrocarbons, such as propane, butane, isobutane, pentane,



25(R1)3snd, (R1)2sSnCl2, R1SnCI3, Sid 4, (R1)3SiCE, (Rl)2SiCl2, R1Si C 3,

Cl 3Si --0--S1C13, C3Sn--SnCl3, Cl3Sn--0--SnCl3. Exanples of tin and silicon
al koxi deswoauplismg2agent s i nclude: Sn(Owe)4, Si(Ow)4, Boi@e2)d/ 089918

Si (OEt) 4. Such agents can be continuously added during the

pol ymerization, in cases where asymetrical coupling is desired. This

COnt | nndiefIchadan: | BREYrdofie, ARl aRodaRRSE) St DR GBRALALE oM t he

zone where e 74 I'sToccurr e coupli ng agent

can be agdedheptane, hwdmamemmlamﬁlmathymwioleeqﬁapee cycl ohexane, to the
pol yrrerlzatlo adm xture with suitable m i stribution and

reaction. %B‘MB"‘VVﬁd’rQ@%ﬁ%mW FPMPYRT EgPﬁP '%éloa&égvao ShlMP™after a high

degree (gm§@d§1mheg Shgdmsibad heasy been attai ned. For instance, the coupling
agent will narmally ~be added only after a npnomer conversion of greater

t han Sabout 85 FePREHIEN s Heuides aarglyasr formedifom &y iveaiiys PIsséest-ef erred for
coupl 1 ng agent o SugRd e %@%&S?Cdnﬁﬁﬁ“ﬁwﬁ%@i“éﬂ%‘ e o ®ekain end
nmodi fi cati on Hmnb@t@mésmgroa@i@sn@ arfiele goaipfigina gt dapshone goBpRBeNast

o the prapb8 oAtk ftni cindu i IR AerimBbalnBRE md Sreciis e, 28 o
exper i neintariothestendivdirentptileyariciezatisbne csmpenénir med in the first reactor,
and etrar net.hoxysi l.an TNVG, . lin ent) is.added in the second (and
st eact oA RO GLCIRFRERR AR EB s BUY S oLyt HheFEgn

conpri simgnémeh Ve dareeRdionTelyrése almmLm.eﬁldabeé,eAﬁm wheredi theqastmaene
additive. In one enbodi pent, the ﬁpﬁﬁ ymer is conbined, and/or reacted wth,

one or nHeAlieasidhe ollawing EFRSHIFISH” agent, and optional Iy, additional

additives inci Udi‘n?i@aon@&ﬁt fr@?ﬁ 12 kdThd %lér@peﬁ;@ﬁﬁp%@a?ﬂﬁfroﬁﬂ!ﬂd mw@@ﬁf‘t s, and
unnodi fi ed, uncrosslinked el astomeric polymers (that is conventional

15uncr osegrreetos arafesablifomapyesP svaighitereans, brsedimsdhemaightad with a
rmdlf er ed and term nated as is conventional in

H pOIWE“%ﬁ%mQ@%ﬁe ﬁﬁﬁg p?r}rﬁ@{t he pol yner fornul ati on contains one or
m)r e f| I | er s,Bwhioch siyezneeccagemtdess ihao Smeaighlagmrne s, p&ianplyéessaimasumt abl e
fillers |ncI d n bl ac sili.ca arb n-silica I e filler,
Oy ot 2RO E e bl B S BRACY iR 12 BBkttt ! he
conbi natbagyedain mérMhtbifaﬁlynmﬁeslstyer intthe podmien-sil i ca

dual - phase-fillers, or the conbi n of carbon-silic ual has filler
and car bon b|¢:l)()ﬁ SMBV‘%PO@FP fiend :b e‘ﬂe'gﬁﬁq%ﬁ?fﬁbl’?@asgq’f%l I4§

ManYiACt ye g g@é’rcéntf H{o?asef@fa n@‘%m @@do BasyagY ﬁerr@aﬁnbaaééaq;rp%%;gnem fic
surface area from50 to and a DBP oil absorption from 80 to 200
mL/ 100 g@fa*h%iﬁofy&efexanpl e FEF 25HAF, | SAF, or SAF class carbon black. In

one_embodi el o8 il @B HRITIANEPRa ¥ RROrEATRRRRY Ak 113 disigecy N one

enbodi ment, carbon an a unt from 100
parts byfrwal@rtbg{}and pref erably from5 to 100 parts by wei ght nor e

PoTos parts o) et B SoelRas i oo Ry Vi e e R BB her o
pol yager . frﬁn&@ﬂcl%@epreﬁ@awwm @0 toragoal so contain an oi | . DEFI NI TI ONS
The term "conposition, H‘t?ﬁd her

ejin inIues xtueof rials,
whi ch conpri Oﬁ‘ﬁee”?:*%ﬂ%aé?tn PO?&@%J&?# ‘? t"i’?iﬂ "pﬁ" “tﬁ' HtQn @E@}D
deconposilr@mqn5R{Q%}@f@agiﬁfraﬁm frrigm4 he materials of the conposition. The
term "polyner,"” as used herein, refers to a polyneric conmpound ﬁrepared
In one embodiment, the polymer has a number average molecular weight
(Mn) greater than, or equal to, 75,000 g/mole, preferably greater than, or equal to,
30 77,000 g/mole.
In one embodiment, the polymer has a number average molecular weight

(Mn) from 70,000 to 500,000 g/mole, preferably from 70,000 to 300,000 g/mole.



by pol ynerizing nononers, whether of the sanme or a different type. The
generic term polyner thus enbraces the term honopol yner, usually enpl oyed
to refer wo2pnlwmares prepared fromonly one type of nonege/EP2andsioshe term
i nterpol yner as 5defined hereinafter. The term "interpol yner," as
used herein, refers to polyners prepared by the polynerization of at |east

t wo dlfferent t 0

i ncl udes COp()ip%feinl?o&gﬁgﬁ,{ﬁ% GIY%ggﬁ%e%%eeﬁ]etra%?f)ggg%giﬁg@gyg’?e%gw‘g from
two di f fgeettr thymes eqliaitondiedc) gande pobfenEsis gpra@athad, drragmanar; e 10 t han
t wo difff@?@(ﬁ t%/_fgels of nononers. The term "vinyl content," as used
herein L9 he mass (or weight) percentage of butadi ene that

i ncor por at es jhdnkhgntodmBRstie wilyiBr ﬁ&@amlmeﬁa@@rﬂoieamar Wétgth@ﬁﬂﬂ? on the

but adi ene portl on (tot al _anount of ymeri zed butad |ene% in the polynmner.

15The t effei 196408 1o @R 9/male, rig a%ﬂ‘f@ﬂhm BPREx9eG0Vhe/melss (or
wei ght ) percqnto%een%omxﬁteﬂ% wyrhef F}Ebdiﬂ@dwﬁﬁ%srﬁgdﬂﬁn%?%eﬂﬁbzght of the

pol ymer. he terns "styrene b fraction ck 'styrene
cont ent , rmodifiegi mie@ted frermibe gieumSeSISNgdfBMines. amitles Mbioglycolsr sibedron of

styr ene,ai}g&ag& %radtsqgné g&@@emﬁ@r pol ymeri zed styrene in the pol yner,

whi ch i s I hcofporate rene sequences 20l onger than six styrene units.
The term™" corihmmemnsqutnhyn!ethez;aﬂkyma; hams glesadramsitienigmpefaturs (T feom

pon ri 1.0 =pLocess i.n,wWhi he | vent, the nmonomer(s), and all the
|ngr1 di e s %@ (tt-? qi%frB@r &r‘? ﬁgpol ynerization reaction, are fed in a

conti nuous nHhigee ér@b@hrh@ﬁt@roahvesﬁtnxel&rﬁmlefn @Sbs\t GBRIpkES ahdill Os.
Typically two or nore polynerization 25 reactors connected in series are

used, howeverAn tHen§ asitiogyMBY CPRRTIES 3 GRMPiRAfen/at due oF more The term

“active émbbdiplePis ad §8doribag huaAs herein, refers to the amount of initiator
that takes part in the polynerization reactl on, and is not deactivated by

i mpurities cot @ivaelve pplymer Max CoMPRSEdiomRington ehtaipplr &orehe acti ve
butyldit i cal cul at ed based on the absol ute nunber
{4 é}hﬁecﬁ‘]%n@éi 8@#’@%@&%;& ! .

aver age no ul-ar  wel the final polynmer, the conversion, and the
t ot al chargedT?aamumt;amfaimpmmies an(arBdle (apripriging)attedsh oty cgmpomad) m&k(g /
m n)

Conver s B e oakpy bvEeliEibanii oty MbEr smRBekeplABE B s Eol ecur ar

wei ght. !ﬁ%oﬂk&r@ﬁb dirated, thauok i9h slmewafpoh@ﬁpl " as used herein, refers
to the total anpunt of styrene and but adl gym n, fed in a conti nuous

pol yreri zat i F‘é’ﬁﬁ‘ﬂ"&ra“'%&“ﬂl‘b‘?@%’"‘ﬁ%a rea I”ﬁt’f)ﬂé’f Qg'im@%f’?”'ﬁ%'ﬁ%e” S

pol yarer i zahbonink8¥etaR. The phrase "total nononer conversion,” as used
herein, refers to the final 10nononer conversion (for exanple, the final
sum conver si chcortingioys eatymedigation process has been discovered to produce low

vinyl SSBR, with low block styrene content, at high conversions. Such SSBR is
particularly required for used in tires, especially tire treads.
Typically very low, residual levels (5-20 ppm) of 1,2-butadiene are present in
25 1,3-butadiene. Such low levels are negligible with respect fo the fed amount of 1,2-
diene used in the inventive polymerization processes described herein. It has besen
discovered that using 1,2-butadiene in combination with ditetrahydrofuryl propane
(DTHFPY), in a continuous polymerization process, as described above, produces
SSBRs with low amounts of vinyl and low amounts of block styrene. In addition, very
30  high monomer conversions (greater than 98 wt%) are also achieved. A high
monomer conversion is cost effective, and eliminates the need to remove and
recover residual monomers.
Also, the final polymer is still living and can be chain-end modified, for

example, by modification and/or coupling reactions. The appropriate chain end



but adi ene) determ ned for the |last polynerization reactor. The terns
"conprising,"” "including,"” "having," and their derivatives, are not

i nt ended wo 2exicisotie t he presence of any additional conpeoEmP013EPIOr
procedure, whether or not the sanme is specifically disclosed. In order to
avoid any doubt, all 15conpositions claimed through use of the term

COW”%H nﬂe(‘?ﬁd/bp%%ﬂaﬂﬁ%ﬁ%&!nﬂ%'tB'b%Wos@ﬁ’%bé&r\ﬁﬁvg ‘i'hé’Yaﬁ‘Qét’a lic ound,

whet her yrrerl c or unl'ess stated to t e contrary n contrast,
the ter nand itlens Metdifiegs bcheint batldrg not limited trd ssifémyd ralides see&’i@ﬂ Gany
succeedi.ng reci

t ot her e e [ o edure exceptin
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Chr omat %@@By:n(xé‘&c)andbﬁtﬁ%@ rOsHifRers Y o ke leSd e dRs 57 90Eae 182pp| yer sanpl e
(9-11rin dissolved in 10 nl tetrahydrofuran to forma solution. The

sol utio 1&% EE1188"146i et 4 2044 oprnly mp@r@pratw heGipby &ipfsneeina@nfkel into a

SEC col ugR R I

Ref r;gt I on I'lrﬁ)g4 %%;%;)Eﬁé;]l'éﬁégt@%ﬁ%g‘ use tp{‘gﬁgg‘t:balelp%?% Cbltgtﬁem"l'r\éo%ge%gjlga(r:ovérgﬁz

The nol ewalusedvied ghtfipg theneriymangia) emaiorwleoulswce(ﬂllﬁs (jooleysmpicesee based
ol t andar d

FrortChol B TS horar 71 204 e R B LFEPoS G 2t e BT B e e

di vi d} ngszéTﬁ/ﬁd:Sm]lB@cddxtwnaMIogiﬁbrSaSrR@&&EW?&I‘&@I&@S)WE@CT@EJ $att are 1. 45

MPS Is to a nvyer.sfon noner

Conver s; BRORSRE Have) SO Bt Aga TR s Bo, Hean oo e STeBR g  at i on

in the nﬁbsma@hne&ﬁ&wsut%saéndmcmddés the pol ymerization by mean of gas

chr omat ogr ap out "O0. pol ymer sol ution" was collected in a m

vial, and di |<ﬁ¥1@asqﬁaﬁ?ﬂ a@mgnéw%ﬂ%‘%ﬁéﬂf cagBling agrnt iRplyde 7 fHa halfqifmaed
sarrp1l5e" BRI igBes tin USRS feaa§.)(;’ébﬁ‘%ﬁvox!dét Qrﬁnﬁﬁ@r@gfthg%%’@ﬁ’%%h%@d The

sanpl'e was heated to 140C 10 m nutes headspace was anal yzed by GC
usi ng t heorhpdurelsi ng 10conditions shown in Table 1. Table 1: GC Conditions

Devi ce: HP 58(?9%0%%‘#5&:@8@@%!&% inciude tin tetrachloride, tin tetrabromide, tin

tetrafluoride, tin tetraiodide, silicon tetrachloride, silicon tetrabromide, silicon
tetrafluoride, silicon tetraiodide, tin and silicon trihalides or tin and silicon dihalides

20  can also be used. Polymers coupled with tin or silicon tefrahalides have a maximum
of four arms (or four coupled polymer chains), tin and silicon trihalides have a
maximum of three arms and tin and silicon dihalides have a maximum of twe arms.
Alkoxysilanes, hexahalo disilanes or hexahaio disiloxanes can also be used as
coupling agents. Useful tin and silicon halides coupling agents include: SnCly,

25  (R4}sSnCl, (R¢)2SnClz, R4SnCls, SiCls, (R1)3SiCl, (R1)2SiClp, R4SiCls, ClsSi--SiCls,
ClSi--0--8iCls, Cl3Sn--SnCls, ClzSn--0--SnCl;. Examples of tin and silicon
alkoxides coupling agents inciude: Sn(OMe)s, Si{OMe)s, Sn(OEt)4 or Si{OEf)4.

Such agents can be continuously added during the polymerization, in cases
where asymmetrical coupling is desired. This continuous addition is normally done

30 in a reaction zone separate from the zone where the bulk of the polymerization is
occurring. The coupling agent can be added in a hydrocarbon solution, for example,
cyclohexane, to the polymerization admixture with suitable mixing for distribution and
reaction. The coupling agent will typically be added only after a high degree of

conversion has already been attained. For instance, the coupling agent will normally



PE-1 60 mx 0.32 mm x 1,0 pm Detector: FID Tenperature Program From 40C to
150C, 8C/ mn; hold 0.5 mn Head pressure: 110 kPa Different standard

sol ut i onsweaoth/isf74a known concentrati on of the conmponentsTaP20mnieest

(but adi ene and styrene) were prepared. A calibration curve for each
15conponent was prepared by analyzing the standard solutions (the peak area

> 1 eROrbe 8 LNDSHEDD Sincbhs ERNSENL @ a O IRl PEPBEILKEngomPOneNt )

The conce each conpaonen R was cal cul at ed
accor di ngednoretiliase 1Cafll thpiabilyore preferesd for the monomer cd'uhk&er@famtma‘ac’ﬁcﬂtal Solid

Content (TSC) i | cul d t he total t i ents fed.
T o Easiahen bl B hers Fricheping asett & padt alh easmbegin; 1S (hoe ©
(9/ M) +eavln¥ing @hdioh thdin féwﬁﬁodnﬂéaibn)caﬁ b%uidne(t%/ @adnhg fhelmam%uﬁ%d%@mn (g/ mn)

+ Cycl ohexane (g/mn)). Bde = But adi ene . rene But yl
Li t hifum the last pofymgnizating r%%&équﬁ%%r a aOftV@E%lP” ebef faa%t&?t/ehﬁs geen pegchsd

el oy edi, (DAL hadlhr CFoPBRINNSL SElamp B LGN ¥@BYhTLRATRE! T esi dual

nonomers con n t e ori gl nal polyner sol uti1on anount of
r esi dual expeniorast & \{vhm then polymerinaticndn begouned in theddstireastot, ledf ol | owi ng

ol A S ST IR R R AR e

nononer A&ddifieesi on was caI culated as: C (% = 100 - (RM( g/mnBd
g/nrjinSt)*l Q0). 1 H NVR. Vi n nd total rene ont ent was

Tenslil ed. Usi ngURVRRIST HBY B30 RostamEToisid & RECaORESERELES omet e
BRUKER %@Ee@@@felﬁadd at am @t@édc&% Qh&;neﬁlﬁb&@%ﬁi TSpuRmersed as

solvent in ight ratio of 0.05/99. The content of vi nyl units
(1, 2- but%ﬂ'@ﬁ%d UHIYY eaeter veth. BRe 9"%”? Aeersa Xdicanigatingy 39t cul at ed

?CCZ; di NGl afh & dkiflohala REiVe Ml dhg Bt Mt imitdd &/, GBediedlors, &JupRdy ~ 24- % Bd
C agents, and unmodified, uncrosslinked elastomeric polymers (that is conventional

15 uncrosslinked elastomeric polymers that have not been reacted with a modifier, but
that have been prepared and terminated as is conventional in the art).

In one embodiment, the polymer formulation contains one or more fillers,
which serve as reinforcement agents. Examples of suitable fillers include carbon
black, silica, carbon-silica dual-phase filler, clay, calcium carbonate, magnesium

20 carbonate. In one embodiment, the combination of carbon biack and silica, the
carbon-silica dual-phase-fillers, or the combination of carbon-silica dual-phase-filler
and carbon black and/or silica are used. Carbon black is typically manufactured by a
furnace method, and has a nitrogen adsorption specific surface area from 50 to 200
m?'/g, and a DBP oil absorption from 80 to 200 mi/100 grams; for example, FEF,

25 HAF, ISAF, or SAF class carbon black. in one embodiment, a *high agglomeration
type” carbon black is used. In one embodiment, carbon black or silica is added in an
amount from 2 to 100 parts by weight, and preferably from 5 to 100 parts by weight,
more preferably from 10 to 100 parts by weight, and even more preferably from 10 to
95 parts by weight, for 100 paris by weight of the total elastomeric polymer. A

30  polymer formulation may also contain an oil.

DEFINITIONS

The term "composition,” as used herein, includes a mixture of materials, which

comprise the composition, as well as reaction products and decomposition products

formed from the materials of the compasition.

10



The fraction of the block styrene (bl ock styrene content) of the total
styrene 15content, here defined as styrene sequences as |onger than 6
units, wasoestirsetsed, as recommended by Tanaka et al., PoTRPbD@OSGCHEM Stry
and Technol ogy (1981), 54(4), 685-91. The fraction of styrene sequences

| onger than six units is estimated fromthe relative intensity of ortho-Ph
proton signal ! i 4
(1000 20l\/bor-1®y tgﬁ@cos?rgﬁpogpﬁg %/Fr%]rémﬁﬁ%fe%pq@ wgﬁ%ﬁ%gb@lﬁﬁﬁh%r né%%ured
accor di rgy ;bcﬂym&TM@ntﬁvbﬁwe(rQO,@kﬂethemﬂthe aapeaheadiffagnt fyoe. dhegeeent nute, and

arotor o IOI’ltImE‘ t ate rat e 100
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Condi ti qflymers pregdtedfidm @mrwuen%elaﬁﬁbmhepranaxﬁeltermnt@pcvwmer performed by

nmean of two continuous stirred tank reactors (CSTRs) connected in series.
Each % eaaford hgtPBaRes une of 6.3 liter, and was equi pped with a heli coi dal

stirrer, suitaflignh Ohdfhdily@r0bs RO Y E QLR rS R 81OBR prEPSchaRaher s were
run at full capacity. Extéernal water 30circulation in the reactor walls
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react or ;mephredﬁm W o differd rd tyne sEd ohorfdnoss natcepolyegtd piepdradieondesireed f eed,

and ar tant flow of the reagent. Cycl ohexane was purified by
passﬁﬁ i ﬁ'ﬂ‘? ugﬁefﬁfwv%ﬁsu%fﬂ%n%?ram The initiator (n-butyl Iithiumin
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t et r anet hox si |l an TNVS) was added, . as cou I|n %ent at the head of the
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total anmount of dosed cycl ohexane is reported in the exanples.
polynerlﬂﬁyméhs wer e perfornmed under exclusion of noisture and oxygen, in a

ni tragen at g tgﬁﬁ.g a
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cont2huegatiors aonrestateincerick ree ofed] Rowenat, dse reagents maebé ééd mvenigoasount s

were fed |nto the first poI ynerization reactor Sty = 3.24 g/mn, Bde =
4.48 g/ M&ICOfy cl ohexane = 56.61 g/nmin, BuLi = 0.078 nmmol /min (0, 0017

mrol /m n of BFHéteFrﬁ"‘atﬁGéHhihbto@’S *gn@la O QTG IMIRITE R 1B tHE amuihver iRubior, DTHFP
= 0.013 mol /mn, 1,2-Bde = 01 mol / m n,
that takes part in the po!ymerizatzon reaction, and is not deactivated by impurities

contained in the reaction medium. For example, the active butyllithium

30  ("+Imolmin)) is calculated based on the absoiute number average molecular weight

{(Mn) of the final polymer, the conversion, and the total charged amount of monomers
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30Met hanol, as a term nation agent, and | RGANOX 1520 (0.15 phr), as an

anti oxi dant, were added to the polyneric solution out fromthe second

react or. wormnaisers2conver sion of 95.2 % (4860 ppm Sty, @6@/mPponBs®)s was
achieved in the first reactor, and a total nononmer conversion of 99.94% (20
ppm Bde, 50 ppm Sty) was achieved in the second reactor. The nononer
conversion was cal cul ated by neasuring the anount of residual nononers via
GC (Gas Chromat ography). The polyner fromthe second reactor was anal yzed
by SEC, and had the foll owi ng properties: M =98, 900, Mv =213700, MAD =
2.161. THesakE CREYE Pictd/®nand styrene bl ock content was 5 neasured by

1H NVR. The follow ng results were obtajned: styrene = 41.9% vi nyl

(1, 2- pol ybut adi ene, a3l ¢ 2000 - di ene fraction) = 24.6% bl ock
styrene =-6% The Mbé’ﬁgy(%]\/fﬁg@%s’?%‘gl\ﬂ/ﬁi (gf pol ymer was 39.6, 1)

Cal cul ati 8n'8f" ' CHY Tronomer vepsihon in RL GC results 10 ppm Sty R1=4860
ppm BdeR1=850 3.3 rain:r 9,?@ 2) &al cul ati of"6f® the total mononer
conver si 0= TotaRAof$meeSthigsBaTSkxpiBis@daPrriBaeR =0 Exanmpl e 2, E2
The pol ynerization was perfornmed in the same manner as in Exanple 1. The

f ol | Swi NYNCONERTBIBAYMRES ENQISBHAT WF'90ki ght ratio of styrene to butadiene of
42 10 2558, bpn ke figlal QrRuntHihbndRe Bl Y @shidbY Inekdih NeteRs (dhle/ i ) of
0.201, c) total nmol Li/"kg of nononers"” of 0.0123, and d) nolar ratio of

1, 2- Bde #mousiital wtyrena apd hviadisinenty §/mt. fed Bes continuous polpieerizetipwi ng anmount s

were fed.l i ] | I it M = 4 g/mn, Bde =
4.48 gl n%er?%g’yéc"[&gfﬁé'ﬁé fe@qéﬁ%ﬁ']sé?éndtﬁ,ﬂc’%fﬁ‘?ﬁ@{eb‘.z%%reﬁé%’ﬁ/ m n 30(0.011

mmol / m n of Bifla pHrese Itofalmdnoesr andvésios 2 Gsmsel/hereinofefarstd the BBwli ), DTHFP
= 0.}%166 mol / m_n 1.2-|(:%de = O'EOB%I% mpl /mn. The r(?s'#dence ime was 72

mi nuttes TRIGREHCHIELYIER (Tor examplg, & {INRLr m GROYT' S 100 T§1Y18%° 8346 (840 ppm Bde,
4450 ppnyfaipndedetaehiney &t tha ldshpolyesikatictaehelior. and a total nonomer

conversion of_99.97% (30 m
The terms Q‘c(ompr?s?ng,

»oagy

including,” “having,” and their derivatives, are not
infended to exclude the presence of any additional component, step or procedure,
whether or not the same is specifically disclosed. In order to avoid any doubt, all

15  compositions claimed through use of the term “comprising” may include any
additional additive, adjuvant, or compound, whether polymeric or otherwise, uniess
stated to the confrary. In contrast, the term, “consisting essentially of” excludes from
the scope of any succeeding recitation any other component, step or procedure,
excepting those that are not essential tc operability. The term “consisting of’

20  excludes any component, step or procedure not specifically delineated or listed.
TEST METHODS
Size Exclusion Chromatography (SEC)

Molecular weight and molecular weight distribution were determined using

Size Exclusion Chromatography (SEC}, based on polystyrene standards. Each

25  polymer sample (9-11mg) was dissolved in 10 mi tetrahydrofuran to form a solution.
The solution was filtered using a 0.45um filter. A 100 pl sample was fed into a SEC
column (Hewlett Packard System 1100 with 3 PLgel 10um MIXED-B columns).
Refraction index (Rl) detector was used for analyzing the molecular weight. The
molecular weight (polymer sample} was calculated as polystyrene, based on the

30 calibration with EasiCal PS1 (Easy A and B) Polystyrene Standards from Polymer
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5 Bde, 1 ppm Sty) was achieved in the second reactor. The polyner fromthe
second reactor was analyzed by SEC, and had the follow ng properties: M
=91, 100, Wiy2611118474200, MAD = 1.917. The m crostructure aou/Erbynes®ibl ock
cont ent was measur ed by 1H NWR The follow ng results were obtained:
styrene 42. 4% vinyl (1, 2-polybutadi ene, 10cal cul ated on the but adi ene
fractio % avs

Pol yrer %aaqqr%tﬁhg%sﬂgéeﬁﬁ&%e ﬁa&?thaeSGSs/%Bnngﬁaragﬁéﬁag %tse gl?a'v’@grtrp? n%ieculﬁg

f ol | owi ngeigbhali Pblqstyramr(é’ayssgdhe &ctovel gh{MnRBI10454VisE8BRNe t o but adi ene of
42 to 58, b l.ay ratio DTHFP.to active butyl lithium (nol/nol) of
0.179, F% ag?()%{ﬂ’{/lﬁ?? Mcl‘ OB HIHEFE®  of 0.0123, and d) nolar ratio of
1,2-Bde to aq%v(ﬂnériddhwmdrmhs BBlehmiled®ydhéasurin theTéﬁduanlnHMnﬁ@ anount s
were fed into the first polynerization reactor: Sty = 3.24 g/mn, Bde =

4. 48 59/ reancepyaliannetameoimst selutign af e eagLef the eobyoiesization Pwa@mfoow

mol / i rBiiatdgPapHy TSI HES PO IRASZRISTERY B bofiborad il

DToER = S m@%pﬂy b HE3 PO DI BEEtTERY WEsboflccr@d 1l ¥BOL 20 s
72 m nutw d:mt@héﬁowmmiohexane Abaeingheng obivealivtasnsaofiple3wed % (2100 ppm

Bde, 54 h 0 nomer
converS| OR o 3&%}9’7%% r%% \n‘?éf%%(?ea%c@ge%d Bgéés}"afaﬁﬁfa%g%“é g&g%%dﬂi%%@@ F1e second
react or . 14H€ fpol%&rremut% o?ffhe heaﬁ:ﬁsa:eomnjaﬁamﬁddmy @Gasusmathezietibvoiig SEC, and
had 1the follow nﬁ \':\3/ frti' els vh =78, 150, Mwv = 138,300, MAD = 1.77. The

m cr'@st rRYHOES SHVE @ a& bl ock content was neasured by 1H NVR The

foll ow ng resultsTapre:-abt @gndionst yrene = 42. 2% vinyl (1, 2-pol ybut adi ene,

cal cul ated on [heicdeut adi ene Tl-acEggmyitr HFl7d94 bl oCk styrene| = 3% 30

Exanple 4, E4 Column; The p0|yn E?%GW‘X@@% aT=YE q)rgrmﬁ im The sane manner as
in Exanple 1. (Feét&lIOWI Mg~ CQ I[IOHS WETE USEUT T) wel gnL atio of

styrene to but o1 active butyl

i thi um (ol / atgfern1, dy " g ' of 0.0123 and
d) nolar rati gioti 3 2 Bde-to 3 %3 e—t--t-hi-um-{ek-rel)—ef—0-201. The
fol | owi ng armpuf @d\.%iséi%d i_nitld fk!?&tiwpslﬁpel—wmn—r-e@,t or: Sty =
6.484 g/mn, Bde = 955 g/ mn, cyclohexane = 113.21 g/mn, BuLi = 0.191

Smrol / min (0. I A SUtBAS CAE 0! ArkIAMPGOBEERATIOD, of 3D RABPPRRTIS of
active Bylihihre Tﬁﬁgdlengaﬁégﬁlréﬂ@é'v(lé\ﬁb reﬂargﬁ B@%aﬂb%t%ﬁ%r\@%k Egim. The

resi dence tinme was m nut és each react nononer conver si on
of 95 58BYERIEEOWPP i Brhsed 88508b’EWGSW)StEWéQFCh%MHW‘édmmPQ%aFEﬂﬁ%t react or,

and 2 ¢ oLBbEBaORRGRBY L eAlalh o EASRAN I Bl 3. PP StY) v

achi eved e second re rom decond reactor was
anal yzedcdnceSEﬂ;ormfcbalohctoMp@niaoi indie agmpreoq]ﬂmﬁaresas hMalcHaie ot ordibg o

169, 900, , M\D = 855. The m crostructure and styrene bl ock content was
maasuredth8§ EM{W@” CUVES.-The following results were obtained: styrene =

42.5% vinyl The RagelubrbadBene Cobmal TSC pikedicuhitdeaked adienetdir action) =
27.0% bl ock styrene = 7% Exanple 5, E5
20 amount ofingredients fed.
TSC max = (g/minBde+ g/minSty)/(TF)*100%.
TF(Total Flow, g/min} = (Bde (g/min} + Sty (g/min) + DTHFP (g/min) + BuLi {g/min) +
1,2-Butadiene (g/min) + Cyclchexane (g/min)).
Bde = 1,3-Butadiene
25 Sty = Styrene
BulLi = Butyl Lithium
In all the examples, a total solid content of 12% was employed. The result of
GC analysis is normally given in ppm of residual monomers contained in the original

polymer solution.
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The pol ynerization was perforned in the sanme manner as in Exanple 1. The
follow ng conditions were used: a) weight ratio of styrene to butadi ene of
42 to 58,wbpommisars2rati o of DTHFP to active butyl |ithi eaw(@reéihnsdoys of
0.211, c) total mol Lirkg of 20nmonomers"” of 0.0123, and d) nolar ratio of
1,2-Bde to active lithium (nmol/nol) of 0.384. The foll owm ng anmounts

fed t ; " Bde =
vt o0 ot BN RN SRR ARE S  eS
mol / m nfobcfzwﬁglfcrrﬁma inmpurities and 0. 159 mrol /m n of active 25BuLi), DTHFP

i nut o5 R GAER FUEINESR T omR Sl 00 i AoadteT shSRRSE BarveP8700 ppm

Bde, 8814 femaihily RAIgA%A) 2 Er/10008 mgdeme Sty and a total nononer
conversi on of 99. %/3% S(%60 {op\f{dee (btg be %gglas (;)IChI eved in the second

r eactoor . hw%emrré@mf%ﬁﬂw caicuaied /e- Eéa{fam Oafi MA@ PHEd by SEC, and
had the% {g){sgﬁ@g propertles vnh =88, 800, Mw = 162,800, MAD = 1.833, The

m crostructu and styrene bl ock content was measur ed by 1H NVR The

fol | owi nG/1"\d8til t s were obtained: styrene = 42.4% vinyl (1,2-polybutadiene,

cal oul at ed onyhhe, Bk oL RS G AGA: 7R 2ok AN Euo Ol | EXampl

6, E6 frer i |on was ranne
Exanpl e 2[1SsﬂhmdmIubmgnmrg{\fkﬁbmhcﬁnomﬁew\BRBKMVAN)CM@mdraaﬁmm Dlalst yr ene

tob adi ene nmol ar r of DTHEP to utyl lithium
(ot i 57556 Ghed2 By ws et FPrai s warert B BEEES And o) ol &
ratio of 1, 2-Hgecdmemivire] hch|E§'I(I1LQrb(afmidn§QIrﬁtsQéfe&eﬂﬁn2ﬁy to the bufgerfeol | owi ng
anounts were fed into the first polynerization reactor: Sty = 6.484 g/ mn,

Bde = 8.@&Y iyrachaledRqcortinaithe f@tl%mzsfamah BuLi = 0.191 mmol /min (0.025

rrrml /mn of BuLi for i rrp%mr;yq 35{°/cﬁ£!"&ﬂ ﬂﬂ(%@dm%%mﬂ?f active 10BuLi), DTHFP
= 0.0336 mol/mn, 1,2-B = 0.0917 |7mn. The residence tinme was 36

m nutes in eabM® ﬁ@%’i@ﬂ(ﬂfth@ block Swrmfhmk_ gyrvercsnientoff tisdtab@yremas5 ppm
A B e o R Sl Tl
react or . aslfeeopohgmzd Hyr Danakhest bhseddmtbear édetustryvasd daehnaiegy @P8EEC, and had
e o U P4 B S8 AR Rl I D A B R
f ol | owi ngomass kéistveainenely 8 Getb-PatproRnaighaAre3dmatet Mydher thah Polppouit adi ene,
cal cul ated on the butadi ene f r% ction) = 30.6% block styrene = 3% 20
Exanpl e Koopgey Viscosity ML1+4 (100°
20 Mooney viscosity on polymer (no filler and no oil) was measured according to
ASTM D 1646 (2004), with a preheating time of one minute, and a rotor operation
time of four minuies, at a temperature of 100°C [ML1+4(100°C)] on a MV2000 E
from Alpha-Technologies.
EXAMPLES
25  Reactor Conditions
The following polymerization experiments were performed by mean of two
continuous stirred tank reactors (CSTRSs) connected in series. Each reactor had a
volume of 6.3 liter, and was equipped with a helicoidal stirrer, suitable for mixing of
high viscous solutions. The reactors were run at full capacity. External water
30 circulation in the reactor walls regulated the desired reaction temperature. The
reagents {styrene, butadiene, cyclohexane, ditetrahydrofurylpropane (DTHFP), 1,2-
butadiene (1,2-Bde) and n-buty! lithium (Buli)) were fed into the head of the first
reactor with mass flow-meters. Each flow-meter regulated the desired feed, and

guaranteed a constant flow of the reagent. Cyclohexane was purified by passing it
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The pol ynerization was perforned in the sanme manner as in Exanple 1. The
follow ng conditions were used: a) weight ratio of styrene to butadi ene of
42 to 58,wbpommisars2rati o of DTHFP to active butyl |ithi eaw(@reéihnsdoys of
0.186, c) total mol Lirkg of nononers” of 0.0123, and d) nolar ratio of
1,2-Bde to active lithium (rnol/nol) of 250.845. The foll ow ng

anount s f I nt. first . i I; a o = 6 g/ mn,
sde = 5. BBl A7l RS bl T e R T5h SR LR Bnexibd) gt % 0. o1
mol / m nthefinlBubf therfirstnpagion. | e Dngrekabhpls letravedthoxysilafe aMEywaBabitigd, DTHFP =
0.0336 mml/min, 1,2-Bde = 0.153 mmol/njn. The ' i e was 36

30m nut o8 PALRIEIAGEARE B head of I SRERBRC D PUF Lo PUBEIBS5E %950 ppm
Bde, 883@tBRiBtNkildRsSwachiiBwRbnidyclohexdnd, st of RAES 86se MaxAct &halintnnoner
conversion of 98.32% (230 ppm Bde, 1615 ppm Sty) was achi eved in the second

r eactr . theHeaginy niie o) gimayat okdrseirycloaexaie kdsraited §-Be exg™Bies; and had

the f ol | owi NgTRs BEGHIclBStionYcrd Sefidfine MihForl3i B oMk d 4hd

m crostructure aﬁd%tjre‘r?énylg\r%rc%econt%nt iqvvari‘é(rqrﬁeasuroe >S/ {H- NNI%.)(%I}ﬁ]é

f ol | owi nip & egbes afpespheit.ai ned: styrene = 41.5% vinyl (1, 2-polybutadiene,

5cal cul a}?gg ‘%ﬁ t he butadi ene fraction) = 33.8% block styrene = 2% Exanple
gents . . . .

8, ES8 e polynerization was perfornmed in the sanme manner as in

Exanpl e 1. Theydiohd:xawerdistlmulwasansdweresaeed: Thy 1\iebghtienat{diefillzkl) st yr ene

to bytadiene of 26 tq 74, h) nolar ratio of DIHEP to, active butyl |ithium

(ot R 3R EEneoriedy i Godh Wik Lepd B atom i hiRuRLITBIRPEAYe and a)

mol ar 1 afpTHPEP) dn24 BdftadeRs verediited i ddmeixan®] Methardi 8d8rck) was The

foll owi ng amounts were fed into the first polynerization reactor: Sty =
2.06 g/ n¥$8d BB NYRUPNAIENtcycl ohexane = 56.76 g/nin, BuLi = 0.114

mol i m nE&Qﬁ_Fa%zﬂrE‘ml /mn of BuLi for inpurities and 0.092 mmol/mn of
active Bu DITHFP = 15 0.0180 mmol /min, 1,2-Bde = 0.0320 mmol/m n. The

resi dence ti nd siyiene/buigiiigne sorpliimesicatiorewas gerformed using ts@astor conver si on

of 975 6726 {HEAURRLE 22300 RUDH W Bim ANy Hehd B8y fds1 o eact or,
and a conplete conversion was aclieved in the seco reactor. e pol yner
from t hebglediend (Bea) ttothenatal amalupk eimbyoBER, arahdydiawexbhe (@finkedldsow ng

properties; =84, 500 =.166, 000 =.1.964. The ni.crostructure and
St yrene brGcloRGRILAENRAY SL220P a0 Bl HHONTRS TR irg RPBANG FEEAT er o
obt ai neda) weighergioof 26nd¥% toiulydietd oP4R @ §dUi)adbienetiotAITH R fda®@iNet he
but adi ene fractio % _ bl ock StY le 9,  E9 gExaane

o R cus BRI helErd it how dotaitiel LERBRT masor T 1C, 200 S aos

per {8y Megholah rhfite oS RIBBIERRNREVEB Ul IithiATEl € 184. THEDhpEi@ire B¥Both the
(tetranmet hoxysil ane) was added in the second reactor. The foll ow ng

condi t i of¢gciss wagssedt a5 kei g flavaof thedptas apoenkoftingiedieats emeseven2 to 58,

b) nol ar j ' L4-hy 1./ 14, ¢

ol ar £l PS agleg HHier o0 ot e o LAY B R ) o ht o
Li /" kg ofeactmeners" of 0.0123 30and e) nolar ratio of TMS to active lithium

ool yirer 1 zat i oFfs aPsy soluighd 5tk R AT AR RREE 10 R $eByerSiblane -
56. 645 g/ amdtheBodlymerifhtibhSesttion/ wascdilind20 fambidsiience ftinBusi 7X @muteguri ti es
and 0. 0980 thilwe{ %Elgw%fg a?n%tim\égw%%i‘ezd int%Ttlﬂlgl?irst polymerization reactor; Sty =

3.24 g/min, Bde = 4.48 g/min, Cyclohexane = 56.81 g/min, BuLi= 0.078 mmol/min

{0,0017 mmol/min of BulLi for impurities and 0.0763 mmol/min of active BulL.i),

DTHFP = 0.013 mmol/min, 1,2-Bde = 0.0125 mmol/min.

30 Methanol, as a fermination agent, and IRGANOX 1520 (0.15 phr), as an

antioxidant, were added to the polymeric soiution out from the second reactor. A

monomer conversion of 95.2 % (4860 ppm Sty, 850 ppm Bde) was achieved in the

first reactor, and a total monomer conversion of 99.94% (20 ppm Bde, 50 ppm Sty)

was achieved in the second reactor.
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= 0.021 mol/mn, 1,2-6de = 0.019 mml/mn, TM5 = 0.0213 mmol /m n. The

residence tine was 72 mnutes in each reactor. A nononmer conversion

of 96. 57%0&éD/pBpreBde, 3380 ppm Sty) was achi eved in treTiEPRGI/OF®ALT OF ,

and a total nononer conversion of 99.54% (12 ppm 5 Bde, 525 ppm Sty) was

achieved in the second reactor. The polymer fromthe second reactor was

anal yzed by C, and had the .foll ow roperties.;. =102, 50Q, Mv =

214, 200, Mp TeBEEmar ey S elaute ] B e py B APOUR s,

The m cresiduatinghemansiviatyt ¢bes Dhesrkaoardptnl. WAs popasyfeeh thye skidoMVR. 10The

following results were qbtgined: styrene = 41.1% vinyl (1,2-polybutadiene,

cal cul ot BECGH WS I RE TOrE it hask e oiemingiprafectas. Syt 608 W,

The convessizen, mtDef 21188 TRE ORErosRasLRL aﬁﬁi%tg_ﬁl%é mlom ShtehtwsPi te of the
po

presence of the coupli n%Eagent in the sane . ynerization reactor.
Conpatr at Mgasyrrd iyl Wi-NMIGET ne doflewinmh[apiis wWesg Pbigingas siyestest AR @%. Vimhe same

manner ag 4. 1 i : kL =) u Y Lght ratio
of styr eﬁéi ? 8%8@25@ ghga% stffﬁ’o‘%doﬁgat@%@ﬁ%fr%?%t }’%4.%’{0 ' @)@%ﬁl—s’@%ﬂgcti ve

butyl |i6%i urhe(obrepViscesity0L 66 ofpolymeawas8P.6.i r kg of nononers” of 0.0123
and d) I [ &Ll f - iyve Li,thium/(nol/nol) of 1.133. 20The
fol | ow g@ ?%c&?}%t!so?\mégrt%&péggﬁw%{%81:[1\%3&#'5%%{%0' ymerization reactor: Sty =
3.24 g/ n3Q,reBdigs = 4. 48 g/ m n, cycl ohexane = 56.61 g/ mn, BuLi = 0.0945
mmli(g n, DIHFR = g 81661, 2-Bde = 0.113 mmol /m n. The residence tinme was 72
m nut®s PRMeRER458%0r . A nonomer conversion of 88. 75% (5170 ppm Bde, 8100
ppm Sty) pwaBdbaetmsgved in the first reactor, and a total nonomer

conver si on of QY&QQ?A)#?lSé) m Bde, 2500 ppm Sty) was achieved in the second
r eact or . ¥ ke Tpbty mer-2f Forr e slederd fr@sict or was anal yzed by SEC, and had
the follow.rg properties: M1 =70,800, Mv = 119, 300, MAD = 1.685.

The mi crestraetuttdng s tyr edélprockdcontiehit? yasinreasurecholyrkHsNVR. 30The
fol | owi ng"testli ts were obtained: styrene = 41.6% vinyl (1,2-polybutadiene,
cal cul ated on the bytadiene fraction) =%%73% block Styrene = 3%

Conpar at T V& EXanpl &2, 2" sk ghewrpplyrerizal mommmas performed in the
same manner as in=E%amgke 1. The following conditions were used: a) weight
rati o of styrene to butadi ene of 42 to 58, b;%?r WO

2011195794 Fopof 1he BdR) IO CONBTSIPTON rHFP t o active butyl [ithium
(ol / mol 5c0fsQkal 69 and c) nolar ratio of 1,2-Bde to active lithium
(nol/rol) of 1.155. The followi ng amounts were fed into the first

pol ymer i Pami o Ra2t or: Sty = 6.48 ginmin, Bde = 8.95 g/ nin, cyclohexane
113.21 %ﬁ?}\%d&ﬂf—iwz 0.191 mmol /min, 5 DTHFP = 0.0336 mmol /m n, 1, 2-Bde
0.229 mmol'/min. "The residence tine was 36 mnutes in each reactor. A
nmonomer ceh¥Eersi.on of 85.42% (6850, ppm Bde, 10350 ppm Sty) was achieved in
the firsizgF@act or- i?ﬁ’ﬁdﬂh"’tﬁ{f"%*T‘*”Ers’?ﬁ"%’?éﬁe?*‘“‘%ﬁﬁ{‘v@‘r ’é‘?‘"ﬁr?‘*‘s%ff“{éé‘?%“‘é%’i’(?sooo ppm Bde,
7800 ppm Sty) was achieved in the secpnd, reactor., The polymer fromthe 10
second réactomnwasiaralyzed e okliow agspeaperti es: M

=70.2D0, Mv = 119, 000," M/\Dgﬁ gé;ﬁ@%?j‘&.e-&-3.1:%5;*-;-?"}312‘3353}2?

Example 2, E2
The polymerization was performed in the same manner as in Example 1.
The foliowing conditions were used:; a) weight ratio of styrene to butadiene of 42 to
25 58, b) molar ratio of DTHFP to active butyl lithium {mol/mol) of 0.201, c) total mol
Li’kg of monomers” of 0.0123, and d) molar ratio of 1,2-Bde fo active lithium
{mol/mol) of 0.366.
The following amounts were fed into the first polymerization reactor: Sty =
3.24 g/min, Bde = 4.48 g/min, cyclohexane = 56.61 g/min, BuLi = 0.0945 mmol/min
30 (0.011 mmolmin of Bul.i for impurities and 0.0826 mmol/min of active Buli), DTHFP
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The m crostructure and styrene bl ock content was neasured by 1H NVR The
followng results were obtained: styrene = 39.3% vinyl (1, 2-polybutadiene,
cal cul at edto@mvisersbut adi ene fraction) = 38.4% bl ock stycemP26118%9145A
summary of sone pol ymerization conditions are shown below in Table 2. Table
2: Polynerization Conditions for Exanples 1-9 and Conp. Exanples 1 and 2

o ey B R08 iy P2l SR hi e M laepls Motz 2t Lo o
nol e 1* raidlitdieRA Faph réamtol.imn) (mol/mn) (nol/nmol) (nmol/mn) (noUrnol)
A monomer conversion of 95.52% (840 ppm Bde, 4450 ppm Sty) was
achieved in the first reactor, and a total monomer conversion of 99.97% (30 ppm
5  Bde, 1 ppm Sty} was achieved in the second reactor. The polymer from the second
reactor was analyzed by SEC, and had the following properties: Mn =81,100, Mw =
174,700, MWD = 1.917.
The microstructure and styrene block content was measured by 1H-NMR.,
The foliowing results were obtained: styrene = 42.4%, vinyl (1,2-polybutadiene,
10  calculated on the butadiene fraction) = 26.5%, block styrene = 6%.
Example 3, E3
The Polymerization was performed in the same manner as in Example 1. The
following conditions were used: a) weight ratio of styrene to butadiene of 42 to 58, b}
motiar ratio of DTHFP to active butyl lithium {mol/mol) of 0.179, ¢) total moi Li/"kg of
15  monomers” of 0.0123, and d} molar ratic of 1,2-Bde to active lithium (mol/mol) of
0.814.
The following amounts were fed into the first polymerization reactor: Sty =
3.24 g/min, Bde = 4.48 g/min, cyciohexane = 56.61 g/min, BuLi = 0.0845 mmol/min
(0.0016 mmol/min of Buli for impurities and 0.0929 mmol/min of active BulL.i),
20 DTHFP =0.0166 mmol/min, 1,2-Bde = 0.0756 mmol/min. The residence time was
72 minutes in each reactor.
A monomer conversion of 93.64% (2100 ppm Bde, 5400 ppm Sty) was
achieved in the first reactor, and a total monomer conversion of 98. 72% (10 ppm
Bde, 300 ppm Sty) was achieved in the second reactor. The polymer from the
25 second reactor was analyzed by SEC, and had the following properties: Mn =78,150,
Mw = 138,300, MWD = 1.77.
The microstructure and styrene block content was measured by 1H-NMR.
The following results were obtained: styrene = 42.2%, vinyl (1,2-polybutadiene,
calculated on the butadiene fraction) = 31.1%, biock styrene = 3%.
30 Example 4, £4
The polymerization was performed in the same manner as in Example 1. The
following conditions were used: a) weight ratio of styrene to butadiene of 42 to 58, b)
molar ratio of DTHFP to active butyl lithium (mol/mol} of 0.221, c) total mol Li/"kg of
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monomers” of 0.0123 and d) molar ratio of 1,2-Bde to active lithium (mol/mol) of
0.201.

The following amounts were fed into the first polymerization reactor: Sty =
8.484 g/min, Bde = 8.955 g/min, cyclohexane = 113.21 g/min, BuLi = 0.191
mmol/min (0.039 mmol/min of BuLi for impurities and 0.152 mmol/min of active
BuLi), DTHFP = 0.0336 mmol/min, 1,2-Bde = 0.0306 mmol/min. The residence time
was 36 minutes in each reactor.

A monomer conversion of 90.585% (2460 ppm Bde, 8650 ppm Sty) was
achieved in the first reactor, and a total monomer conversion of 99. 67% (20 ppm
Bde, 340 ppm Sty) was achieved in the second reactor. The polymer from the
second reactor was analyzed by SEC, and had the following properties: Mn =81,600,
Mw = 169,900, MWD = 1.855.

The microstructure and styrene block content was measured by TH-NMR.
The following results were obtained: styrene = 42.5%, vinyl (1,2-polybutadiene,
calculated on the butadiene fraction) = 27.0%, block styrene = 7%.

Example 5, £5

The polymerization was performed in the same manner as in Example 1. The
following conditions were used: a) weight ratio of styrene to butadiene of 42 to 58, b)
molar ratio of DTHFP to active butyl lithium (mol/mol) of 0.211, c) total mol Li"kg of
monomers” of 0.0123, and d) molar ratio of 1,2-Bde to active lithium {mol/mol) of
0.384.

The following amounts were fed into the first polymerization reactor: Sty =
6.484 g/min, Bde = 8.855 g/min, cyclohexane = 113.21 g/min,, BuLi = 0.191
mmol/min (0.032 mmol/min of BuLi for impurities and 0,152 mmol/min of active
BuLi), DTHFP = 0.03368 mmol/min, 1,2-Bde = 0.0611 mmol/min. The residence time
was 36 minutes in each reactor.

A monomer conversion of 80.25% (2700 ppm Bde, 8810 ppm Sty) was
achieved in the first reactor, and a total monomer conversion of 89.03% (160 ppm
Bde, 900 ppm Sty) was achieved in the second reactor. The polymer from the
second reactor was analyzed by SEC, and had the following properties: Mn =88,800,
Mw = 162,800, MWD = 1.833.

The microstructure and styrene block content was measured by 1H-NMR.
The following results were obtained: styrene = 42.4%, viny! (1,2-polybutadiene,
calculated on the butadiene fraction) = 29.2%, block styrene = 6%.

18
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Example 6, E6
The polymerization was performed in the same manner as in Example 1. The
following conditions were used: a) weight ratio of styrene to butadiene of 42 to 58, b)
molar ratio of DTHFP fo active buty! lithium (mol/mol) of 0.202, ¢) total mol Li/kg of
5 monomers of 0.0123, and d) molar ratio of 1,2-Bde to active lithium (mol/mol) of
0.552.
The following amounts were fed into the first polymerization reactor; Sty =
6.484 g/min, Bde = 8.955 g/min, cyclohexane = 113.21 g/min, BuLi=0.181
mmol/min {0.025 mmol/min of Buli for impurities and 0.166 mmol/min of active
10 Buli), DTHFP = 0.0336 mmol/min, 1,2-Bde = 0.089171 mmol/min. The residence
time was 36 minutes in each reactor,
A monomer conversion of 89.60% (3745 ppm Bde, 8530 ppm Sty) was
achieved in the first reactor, and a total monomer conversion of 99.18% (30 ppm
Bde, 870 ppm Sty) was achieved in the second reactor. The polymer from the
15 second reactor was analyzed by SEC, and had the following properties: Mn =85,300,
Mw = 151,500, MWD = 1.776.
The microstructure and styrene block content was measured by 1H-NMR.
The following results were obtained: styrene = 42.3%, vinyl (1,2-poiybutadiene,
calculated on the butadiene fraction) = 30.6%, block styrene = 3%.
20 Example 7, E7
The polymerization was performed in the same manner as in Example 1. The
following conditions were used: a) weight ratio of styrene to butadiene of 42 to 58, b)
moiar ratio of DTHFP to active butyl lithium (mol/mol) of 0.1886, c) total mol Lirkg of
monomers” of 0.0123, and d) molar ratio of 1,2-Bde to active lithium (mol/mol) of
25 0.845.
The following amounts were fed into the first polymerization reactor: Sty =
6.484 g/min, Bde = 8.955 g/min, cyclohexane = 113.21 g/min, BuLi = 0.181
mmol/min (0.01 mmol/min of Bul.i for impurities and 0.181 mmol/min of active BuLi),
DTHFP =0.0336 mmol/min, 1,2-Bde = 0.153 mmol/min. The residence time was 36
30  minutes in each reactor.
A monomer conversion of 88.32% (4950 ppm Bde, 8835 ppm Sty) was
achieved in the first reactor, and a tofal monomer conversion of 98.32% {230 ppm

Bde, 1615 ppm Sty) was achieved in the second reactor. The polymer from the
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WO 2011/ 1R TRl reBRR L& RSB ed: styrene = 41.5%, viny! (1,2-polybutadiene,
5 calculated on the butadiene fraction) = 33.8%, block styrene = 2%.
Example 8, E8

The polymerization was performed in the sarme manner as in Example 1. The
following conditions were used: a) weight ratio of styrene {o butadiene of 26 to 74, b)
molar ratio of DTHFP to active butyl lithium (mol/mol) of 0.196, ¢) total mol Li”kg of

10 monomers” of 0.0147, and d) molar ratio of 1,2-Bde {o active lithium (mol/mol) of
(.348.

The following amounts were fed into the first polymerization reactor; Sty =
2.06 g/min, Bde=5.68 g/min, cyclohexane = 56.76 g/min, BuLi = 0.114 mmol/min
(0.022 mmol/min of BulL.i for impurities and 0.082 mmol/min of active Bul.i), DTHFP =

15 0.0180 mmol/min, 1,2-Bde = 0.0320 mmol/min. The residence time was 72 minutes
in each reactor.

A monomer conversion of 97.67% (650 ppm Bde, 2100 ppm Sty) was
achieved in the first reactor, and a complete conversion was achieved in the second
reactor. The polymer from the second reactor was analyzed by SEC, and had the

20  following properties: Mn =84 500, Mw = 166,000, MWD = 1,964,

The microstructure and styrene block content was measured by 1H-NMR.
The following results were obtained: styrene = 26.4%, vinyl (1,2-polybutadiene,
calculated on the butadiene fraction) = 24.3%, block styrene = 2%.

Example 9, £9 (Example with coupling with tetramethoxysilane (TMS))

25 The polymerization was performed in the same manner as in Exampie 1,
except that TMS (tetramethoxysilane) was added in the second reactor. The
following conditions were used: a) weight ratio of styrene to butadiene of 42 to 58, b)
molar ratio of DTHFP to active butyl lithium (mol/mol) of 0.214, ¢) molar ratio of 1,2-
Bde fo active lithium /(maoi/mol) of 0.194, d) total mol Li/"kg of monomers” of 0.0123

30  and e) molar ratio of TMS to active lithium of 0.214 (mol/mol).

The foliowing amounts were fed into the first polymerization reactor: Sty =
3.24 g/min, Bde = 4.48 g/min, cyclohexane = 56.61 g/min, Buli = 0.118 mmol/min
(0.020 mmol/min of BuLi for impurities and 0.0980 mmol/min of active BulLi), DTHFP

20
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= 0.021 mmol/min, 1,2-Bde = 0.019 mmol/min, TMS = 0.0213 mmol/min. The
residence fime was 72 minutes in each reactor.

A monomer conversion of 96.57% (670 ppm Bde, 3380 ppm Sty) was
achieved in the first reactor, and a total monomer conversion of 89.54% (12 ppm
Bde, 525 ppm Sty) was achieved in the second reactor. The polymer from the
second reactor was analyzed by SEC, and had the following properties: Mn
=102,500, Mw = 214,500, MWD = 2.092. The Mooney Viscosity of the product was
36.

The microstructure and styrene block content was measured by 1H-NMR.
The following results were gbtained: styrene = 41.1%, vinyl (1,2-polybutadiene,
calculated on the butadiene fraction) = 27.5%, block styrene = 4%.

The conversion out of the second reactor was still high, in spite of the
presence of the coupling agent in the same CSTR polymerization reactor.
Comparative Example 1, CE1

The Polymerization was performed in the same manner as in Example 1. The
following conditions were used: a) weight ratio of styrene to butadiene of 42 to 58, b)
molar ratio of DTHFP to active buty! lithium (mol/mol) of 0.166, c) total mol Lirkg of
monomers” of 0.0123 and d) molar ratio of 1,2-Bde to active lithium /(mol/mol) of
1.133.

The following amounts were fed into the first polymerization reactor: Sty =
3.24 g/min, Bde = 4.48 g/min, cyclohexane = 56.61 g/min, BuLi = 0.0945 mmol/min,
DTHFP = 0.0166 mmol/min, 1,2-Bde = 0.113 mmol/min. The residence time was 72
minutes in each reactor.

A monomer conversion of 88.75% (5170 ppm Bde, 8100 ppm Sty) was
achieved in the first reactor, and a fotal monomer conversion of 97.08% (715 ppm
Bde, 2500 ppm Sty) was achieved in the second reactor. The polymer from the
second reactor was analyzed by SEC, and had the following properties: Mn =70,800,
Mw = 119,300, MWD = 1.685.

The microstructure and styrene block content was measured by 1H-NMR.
The following resulis were obtained: styrene = 41.6%, vinyl (1,2-polybutadiene,
calculated on the butadiene fraction) = 37.3%, block styrene = 3%.

Comparaftive Example 2, CE2
The polymerization was performed in the same manner as in Example 1. The

following conditions were used: a) weight ratio of styrene to butadiene of 42 to 58, b)
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molar ratio of DTHFP to active butyl lithium (mol/mol) of 0.169 and ¢) molar ratio of
1,2-Bde to active lithium (mol/mol) of 1.155.

The following amounts were fed into the first polymerization reactor: Sty =
6.48 g/min, Bde = 8.95 g/min, cyclohexane = 113.21 g/min, BulLi = 0.191 mmol/min,
DTHFP = 0.0336 mmol/min, 1,2-Bde = 0.229 mmol/min. The residence time was 36
minutes in each reactor.

A monomer conversion of 85.42% (68850 ppm Bde, 10350 ppm Sty) was
achieved in the first reactor, and a total monomer conversion of 88.36% (5000 ppm
Bde, 7800 ppm Sty) was achieved in the second reactor. The polymer from the
second reactor was analyzed by SEC, and had the following properties: Mn =70,800,
Mw = 119,000, MWD = 1.678.

The microstructure and styrene block content was measured by 1H-NMR.
The following results were obtained: styrene = 39.3%, vinyl (1,2-polybutadiene,
calculated on the butadiene fraction) = 38.4%, block styrene = 2%.

A summary of some polymerization conditions are shown below in Table 2.

Table 2: Polymerization Conditions for Examples 1-9 and Comp. Examples 1 and 2

E3

Polym. moles of moles of molar rafio moles of molar ratio of
1,2-Bde?® active of polar polar agent /
initiator (1")® | 1.2-Bde/mole agent mole I*
i+ (DTHFP) (DTHFP/I)
(mmol/min) | (mmol/min) (mol/mol) {mmol/min} {mol/mol}
E1 0.0125 0.0763 0.164 0.0130 0.17
E2 0.0303 0.0826 0.366 0.0166 0.201
E3 0.0756 0.0929 0.814 0.0166 0.179
E4 0.0306 0.152 0.201 0.0336 0.221
E5 0.0611 0.159 0.384 0.0336 0.211
£6 0.0917 0.166 0.552 0.0336 0.202
E7 0.153 0.181 0.845 0.0336 0.186
E8 0.032 0.092 0.348 0.018 0.196
ES 0.019 0.098 0.194 0.021 0.214
CE1 0.113 0.0945 1.133 0.0166 0.166
CE2 0.229 0.0946 1.155 0.0336 0.169

a) Moles of 1,2-Bde added to the polymerization of reactor 1.
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b) I* refers to the “active initiator.” For example, the active butyllithium (77 [mol/min]j
) was recalculated at end of polymerization, based on the number average
molecular weight Mn of the final polymer (calculated as SSBR), the conversion, and

the total charged amount of monomers (7#«(g/ min)+msy(g /min)y

. (K:?Bde (g /min)+ 1;1,5»,;,(g/ min)) x
n ;(mol / min) =~
5 Mn(g / mol) _where
C = Total Monomer Conversion (%), and Mn = Number Average Molecular Weight

A summary of the polymer properties for the inventive and comparative
polymers are shown in Table 3.
10
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Table 3: Polymer Properties

Block Total
Miw/ _ frac~ Monomer
Polym. Mn Mw Y Vinyl* | Styrene | tion™* Conv.
n
(2nd
reactor)
g/mol g/mol wit% wi% wi% %

E1 98900 213700 | 2.16 246 419 6 99.9
E2 91100 174700 1.917 26.5 42.4 6 99.97
E3 78150 138300 1.77 31.1 42.2 3 99.72
E4 91600 169800 1.855 27 42.5 7 99.67
ES 88800 162800 1.833 20.2 42 4 6 99.03
E6 85300 151500 1.776 306 42.3 3 99,18
E7 78800 134500 1.712 33.8 41.5 2 98.32

E8 84500 166000 1.964 243 264 2 100
Egr* 102500 214500 2.092 27.5 41.1 4 99,54
CE1 70800 118300 1.685 37.3 41.6 3 97.08
CE2 70900 119000 1.678 38.4 38.3 2 88.36

*Vinyl = weight fraction butadiene incorporated into polymer at the 1,2 positions
**Block fraction = styrene block fraction
*** Coupled polymer

5 It has been discovered that the use of DTHFP and 1,2-butadiene, in
combination in the reagent ratios claimed in this invention, aliow for the
polymerization of a low vinyl SSBR copolymer with very high conversion and low
styrene block content. It has also been discovered that these polymerizations have
very high monomer conversions.

10 Figure 1 shows the vinyl content as a function of the “1,2-butadiene/active
initiator” molar ratio, and Figure 2 shows the {fotal monomer conversion as a function
of the 1,2-bufadiene/active initiator ratio. The trends are reported for a residence
time of 72 minutes in each polymerization reactor (Example 1,2,3 and Comp.
Example 1), and a residence time of 36 minutes in each polymerization reactor

15  (Example 4, 5, 6, 7 and Comp. Example 2). The data show that the “1,2-
butadiene/active initiator” molar ratio from 0.1 to 1.0, produces, at a high monomer
conversion (greater than 98 wi%), a “low vinyl” SSBR polymer, with a vinyl content
from 24-34 wi%. When the *1.2-butadiene/active initiator” ratio is higher than 0.9
(Comp. Examples 1 and 2), the total monomer conversion decreases below 98%.

20 Although the invention has been described in considerable detail in the
preceding examples, this detail is for the purpose of iliustration, and is not fo be

construed as a limitation on the invention, as described in the following claims.
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1.678 38.4 39.3 2 88.36 *Vinyl = weight fraction butadi ene incorporated
into polynmer at the 1,2 positions **Block fraction = styrene block fraction
*** Couplwo 2polsmae 51t has been di scovered that the usecofEpRiiteRasd

1, 2-butadi ene, in conbination in the reagent ratios clainmed in this
invention, allow for the polynerization of a |ow vinyl SSBR copolynmer with
very hiqﬁH&mﬂyersion and | ow styrene block content. It has al so been

di scovered that these polynerizations have very high nonomer conversions.
10Fi gur el.1 shopmceseforitiny bomttnbes polymesizétioncod apolgmer kemprising

"1,2-butadi enelactive initiator" nolar.ratio, and Fiqgur oW he total
ronorer RaNoRRes oty Shme BT e s Sad crals BeBef a MNP rar or
ratio. The trpongseriigy theppoh@tefsan tife presesenstad infteit@f and atest@se i n each
pol yneri zati on reactor &Eﬁ%ng%e 1,2,3 and Conp. Exanple 1), and a residence
time “of RBAAYRN aglepigdd BBPYiReri zati on reactor 15 (Exanple 4, 5, 6, 7
and Conp. Exanple 2). The data show thkat the "1,2- butadiene/active
initiator" nmolar ratio fromO0.1 to 1. produces, at a hi gh nononer
conversion (greater thaa 98 wt " SSBR polynmer, with a vinyl
content from 24-34 wt % n Rye initiator" ratio is
hi gher than 0.9 (Conp. Exanples 1 j/and!2), \the tgotal nononer conversion
decreases bel ow 98% 20Al t hough t he i Rvent on Was been described in

consi derabl e detail in the ece his detail is for the

pur pose of illustration, i R : d as alimtation on the
invention, as described in the following clains. 'CLAIMS 1. A process for
t he continuous pol ynerization of aFp@hyigdr conprising nononmeric units

derived fromstyre an , 3-but adi ene, ,sajd process conpri sing:

ol yrer | 21 ng WHCHITLAR &2 dreraicn freebehus ARy nArs QIOPIRORAICACS east one
Spol ar ageRt RSERLGLSRE rRMaF@RBArE chih iRichehabhtd delected from hy b Rl and
R2 are each independently an al kyl, and preferably a Cl-04 al kyl; R3, R4,

R5, 5, ®yakydarepeaferabchvdregripenalent®4 akel ected from hydrogen or 10an
| kyl , and f . 04 Lo .. A :
al kyl, an pr@gﬁg@é}%% &X%—%ﬁgﬁé" iSO 104 pglkﬁ*)étnﬁ%tloln,, fpg.tﬁéwﬂ,z"\@\@ﬁ@'td‘ a

1,2-diene is t he ymeri zation, iene to active
i ni ti at oactivadtitiater factive fdnpodymeridaitiom) motar eatioriatfioon D tbrickn @eferatdy 1. 0,

pr ef er ably. 1y P13 oLk Pnnd prBrAoNPHnd PI588) gnd Tom 0. 1 to 0.85; and

wherein the polar agent fo the active initiator moiar ratio is from 0.05 to 0.6,

15  preferably from 0.1 to 0.5, more preferably from 0.15 {0 0.3.

2. The process of Claim 1, wherein the poilymer has a vinyl content from 12 to 40
weight percent, based on the incorporated butadiene portion in the polymer.

20 3. The process of any of the previous claims, wherein the total monomer
conversion is greater than 97.5 weight percent, preferably greater than 98 weight
percent, and more preferably greater than 99 weight percent, based on {otal amount
of monomer feed.

25 4. The process of any of the previous claims, wherein the polymerization is run

at a temperature in the range from 75°C to 95°C.
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wherein the polar agent to the active initiator nolar ratiois fromO0.05 to
0.6, 15preferably fromO0.1 to 0.5, nore preferably fromO0.15 to 0.3. 2.
The procewe 20f1/@Braem 1, wherein the polyner has a vinyl pcommpeont/ofgvaesn 12 to
40 wei ght percent, based on the incorporated butadiene portion in the

pol ymer. 203. The process of any of the previ ous clains, wherein the total
nononer gonv I greater
t han 98 ﬁm gﬁ]ihsep&rggée%t& %ﬁcﬁthé E?e%eg%g lg?g‘&’?‘% rqﬁ\% Giwgérgﬁa\?\ge?gt?t%kpercent
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wher ein {gfrBRUoKIER 18RSI RS 1Rt BOREANbale@Bh i Ifatfladiebant per cent

based on total nmass o e polymer, 7. The process of claim1l wherein
t he pol apolyggent conprises 10ditetrahydr ofuryl propane. 8. The process of
any of the preceding clains wherein the initiator conprises an

organol i t hi um conpound, preferably n-butyl lithiumor sec-butyl Iithium
159. A pot ymerTHeopnreeksd sfaraitrhe whecte e pdlacagemicotipeises evi ous cl ai ns.  10. A

conp Lis t he polyner of Cdaim9. 11.An article conprising at
| eas on@?eg(?ﬁ%gﬁ’éwﬂ f‘%’aﬁ’@d fromthe conposition of 20claim10. 12.A
conposition conprising a polyner conprising nononeric units derived from
styrene and 1, 3-butadiene, and wherein the polynmer has at |east the

f ol | owi ng cha@?c@@??sﬁt olagly (55‘26 P\"ﬁ‘*‘ﬁ?!"%&'ﬁi'ﬁ‘éHthf?@ﬁhﬁﬁ“ft‘%oﬁ@)wiﬁﬁtanper cent,

based ongigBRoRLE ool YFBEIE n-fBH{y@ﬁ#hl%ﬂ?of Sed-BEyPRhYFET . B)
bl ock styrene content | ess t han wei ght percent, based on the wei ght of

styrene in the polyner, and C) a styrene content from 10 to 50

f?f;?*‘o‘ 158" e B R forlil M Wi Bitoet oL 1 ARG R us D on Cwapy
roml.5 to 3.

10. A composition comprising the polymer of Claim 9.

11.  An article comprising at least one component formed from the composition of
20  claim 10.

12. A composition comprising a polymer comprising monomeric units derived
from styrene and 1,3-butadiene, and wherein the polymer has at least the foliowing
characteristics
25 A) vinyl content from 12 fo 40 weight percent, based on the weight of
polymerized butadiene in the polymer,
B) block siyrene content less than 8 weight percent, based on the weight of
styrene in the polymer, and
C) a styrene content from 10 to 50 weight percent, based on the weight of the
30 polymer.

13.  The composition of Claim 12, wherein the polymer has a molecular weight
distribution (MWD} from 1.5 to 3.
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WO 2011/ 157742PCT/ EP2011/ 059918 14. The conposition of Caim 12 or 13,
wherein the polyner has a nunber average nol ecul ar wei ght (M) from 70, 000
to 500, 00Rogbmisez42 15. The conposition of any of O ai mpctapiehi/osdves ei n t he
pol ymer has a Mooney 5Viscosity from30 to 90. 16. An article conprising
at | east one conponent fornmed fromthe conposition of any of Cains 12-15.

10 14.  The composition of Claim 12 or 13, wherein the polymer has a number
average molecutar weight (Mn) from 70,000 to 500,000 g/mole.

15.  The composition of any of Claims 12-14, wherein the polymer has a Mooney
5  Viscosity from 30 o 90.

16.  An article comprising at least one component formed from the composition of
any of Claims 12-15.
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