DESCRI PTI ON BRANCHED CONJUGATED DI ENE- AROVATI C VI NYL COPCLYMER AND

PRCODUCTI ON METHOD FOR THE SAME Technical Field [0001] The present
invention relates to a branched conjugated di ene-aronmatic vinyl copolyner
and a production nethod for the sane. Background Art [0002] For

autonobile tires, in view of ensuring safety, it is inportant to use a

mat eri al havi ng excellent wet skid resistance and practically sufficient
abrasi on resistance and fracture JdPRB&RIBTIGN| cs. Meanwhile, recently,

envi ronnment al concern such as reduction of carbon dioxi de em ssion has been
soci ally demanded and a desire for devel oping fuel-efficient cars has

e ease, LBl AT AT ED B A Mo SR AR
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manuf acturing step is a matter of growi ng concern. In particular, a rubber
material requiring | ess energy consunption in kneadi ng conpounds and havi ng
satisfact ory. @ fcH$5aRi | ity has been desired. Mreover, also synthetic
rubber, as a raw material of tire, having satisfactory productivity with

| ower enerqbogqpsunption has been demanded. [0004] As a main
material for tire treads, there is a styrene-butadi ene rubber (SBR). There
are two kinds ofTHeEhegehyimenhtici rlategab Rosiainched eshjugatet diehgaromatiti on

met hod (E-SBR), in which nononmers suspended in water is radically

pol yner i zedvingnsbpalysneuanda ppodyctioni methoarfontiehsaméS- SBR) i n whi ch nononer s
in a hydrocarbon solvent is subjected to anionic polynerization using an
organic al kaline netal. O these, consunption of solution polynerized SBR
(S-SBR) has _increased, since S-SBR has a lot of flexibility in polyner
structure dBackgiodndAsh excel | ent bal ance between fuel efficiency and wet
skid resistance, particularly in tires using silica as a filler. [0005]
PolynerizinEMB?Bcesses for solution polynerized SBR (S-SBR) are roughly

cont nous. oty SR IEtssL L SRR SR B AEERR B 2o o
Todi 11 er ¢ o B R One kR en Sk G G b BB by B KBRS
rolli ng-reSéérfaé[bg\ereg%?éhéésﬁdcﬁac@r@%.s.raﬁgénsfueg ' MeBnjuhfgdecefifly,0e. obtai ned

(see, for exanp tent unent wever, atch pol yneri zati on

process al sgnfiRshnibBHYGHEAI SECIS ds hedSotidroyfdarBs @ BRSGRDEMIgsIorPhad he
produced rubber, due to its narrow nol ecul ar wei ght distribution; the

rubber conpesérisytiampaeinantee easedesire ieg deverpimpfuettefficient icargthas on of
bonds between nodified polynmer and silica, and | arge energy consunption in
t he pol ynerinzeddsed. pimeests cilcienstances)\it habbeepdesiesd tmtievlap iangaterial cool i ng
in every batch of polynerization. [0007] In the continuous

pol yner i zat having tav eslling-oesistaocet foe auteanek ilestiras einmsaticyjan dertiredreasisan
exotherm c reaction of polynerization can be used for heating required for
initiating ke Hb@ﬁlt@¢wliméTWWﬂﬂri zation, energy consunption per
production js | ow conpared to the batch pol yneri zation process. In

addi tion, siOR98l t he nol ecul ar wei ght distribution thereof is wde,
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ot her t echngiHBsunddI8hE halfga B sty Pro6cusabiifBnad BEcRXREPEE, a conj ugat ed
di ene-aromati c vinyl copol yirer obtai hed by ani onic polynerization in a

continuous pRryeRr FlabisgAthetie¢abber, W tdrav MaterN bf €/ Paving fffctogvi ng 3
or nore functional groups such as silicon tetrachloride (see, for exanple,
Pat ent Docupmductyity withmidwerceradrgg copsumption his ®egn demdralealgen- cont ai ni ng
silicon conpound, an al koxysilane conpound or an al koxysul fi de conpound
(see, for exanple, Patent Docunment 3), a nethod of coupling with a conpound
having 2 or nore epoxy groups (see, for exanple, Patent Docunent 4), etc.
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Pat.ent Docunent 1: Japanese Patent Laid-Open No. 2003-171418 Patent
Docunent 2: Japanese Patent Laid-Qpen No. 61-255917 Patent Docunent 3:
Japanese Patent Laid-Open No. 11-199712 Patent Docunent 4: International
Publ i cati on No. WD 01/23467 Sunmmary of the Invention Problens to be Sol ved
by the Invention [0010] However, there remains a roomfor inprovenent to
obtain a conjugated di ene-aromatic vinyl copolyner having satisfactory
processabi | [00P4vhen it is processed into a vul cani zate, providing a

vul cani zat e havi ng an excel |l ent bal ance between | ow hysteresis | oss
property and wetAsRingindeatetiahios tismtieads.tthere s stitpne-idtadiene \wbBar £ i ci ent
abrasion resistance in conbination with fracture characteristics. [0011]

Fur t her mor e(SBRk  t1dHn 3@ 840 #ingls| Qfs%%ﬁiﬂ‘?'%?r@ﬁt'oﬂdﬁﬁ%ﬁ?sa@ew gl!_o'r"equi re
Drdor to obbHHERZRFGh et Bk i Which BREPery R TR IT e L R Sorm 1 o
i i tivity, . [0 . sent i i . rade in th
I i g Y SP3RD 2 coiTB RSBEN B Sreegs e 11 i
di ene-ar 0”%h&3v¢1§§{$m893091'a{§§ roc?@ﬂ&hs&@énﬁ@tshﬁf?g Yaribgessabi T'ity when

it is processe 0 a vul cani zate, provides a cani zate havi ng an

excel l ent bgbaRRAzBRINESRG| MIOIBERICARENT faRA_ POTRRIS cBRsuIMBliof f d

resi stance and satistfying practically sufficient abrasion resistance and
fracture chgslagd®pbfhieizedBBRIBLSBRY hBdn@¥a63d, &iiceDS BBR hiagid it ofind a
production nethod thereof. Means for Sol ving the Problens [0013] The
present i nvietipilityl intpahgheestyuctiteddesigh and 2ol esxcetienttzalance besvaandiuet
problens. As a result, the present inventor have found that the
af or enent i oeffidigncy indreetcskid tesistance gragtitylafy imiineg using silieshed adiier.ugat ed
di ene-aromati c vinyl copolynmer such that a bound aromatic vinyl content, a
vinyl |inka@®08bntent in total |inkage units of a conjugated diene, a
wei ght average nol ecul ar weight (Mw+C), and a wei ght a&eragg nol ecul ar
wei ght (Mw C) / a Relwmerizagdragessas fok sPltiondolymerizad SR, (FrPBRI &€ wit hin
t he predeterm ned nunerical ranges, an hat Mboney..Vvi scosi t M.-C) and
Mooney st r &GN ‘éﬂﬁlgﬁddﬂtortéi‘foetypgﬁﬁ%bag’@[ﬁwg)ﬁmﬂ'z tm'éogﬁ%%yga?
predeterm ned rel ati onal expression. Based on the findings, the present
i nventi on hagnt%’@Hs£€é>6H6ﬁ'%33W8&f°[°6?ﬁ4] More specifically, the present
invention i ﬁ)o%% descri bed bel ow. [1] A branched conj ugat ed
di ene-aromatiC J/i nyl copol ymer (C) being a random copol yner, wherein
a bound aromati ' iL Bt SRk u iof I fivelvi nyl
copolynmer (C) i gln}’tpgﬁag%f)?%@@%ngggémﬁgs& 'er&@lgqefér}?}@lligﬁgg\ge%ont ent in
total |inkaggsiNihirsd@éedbf abiingad AbAHie?NE ansadtivePoBfnéoerfd N&d oresult,  a
pol ystyrene-equi val ent wel ght average nol ecul ar weight (MwC) of the
conj ugat ed dirgblsergsrovilinglow rylingeresistamss whEh usbt aisreechabgrial éor frer meat i on
chromat ography (GPC) is from 700,000 to 1,000, 000, aratio
((Mw ) / ( Mntr€adis oén bevaitained 4sees, dgeexarnple, Patedd efumemiti) C) Howeyenunber
average nol ecul ar weight (Mh-C) is from1l.7 to 3.0, and

the batch polymerization process also has disadvantages such as; lower

processability of the produced rubber, due to its narrow molecular weight
distribution; the rubber compound viscosity increase during kneading, due to
formation of bonds between modified polymer and silica, and large energy
consumption in the polymerization process due to inevitable process of
heating and cooling in every batch of polymerization.
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a Mooney viscosity (M.-C) and a Mooney stress rel axation rate (MSRC)
nmeasured at 120C satisfy the relationship represented by the follow ng
Expression (1): {214-(M-C)}/300 5 (MSR-C) {260-(M.-C)}/300 ... (1) where
100 (M.-C) 5_ 140. [2] The branched conjugated di ene-aromatic vinyl
copol ymer (C) according to [1], obtained by coupling a conjugated

di ene-aromatic vinyl copolyner (I), having a pol ystyrene-equival ent wei ght
average mol ecul 4 th@pgmm(qwnqumenxatm pOCEss (0t hermbenbandfdnee Mooney

Vi scosity (I\/L ) and a Mooney stress relaxation rate (MSR-| % gil ured at
120C sat i sfm@etnﬁéatee|I@ﬁn@¥@mqm@m%@ﬁtcwobgm W@“quam gs fﬂress. on
(2): {260(I\/LI / 300 R-1) élO( lﬁ)%@" 2 where 65 (M.-1) 5_
100, with & | eQHERY IOTAN RN BNdracts Erat aiPaly Mssization, /NS aY.al gr oups.

E:g]rrprf\_sf(r)lgp 055”'St“'f*9 oD netateRBGRE s oA i 1 Bl B%&B"?“X}ﬁ%&#ﬂ%8p§?5ﬁé¥”(eé)
according t;ﬁre[:%;l,s or| [a(?dlt?d}fj sﬂ'n:te tﬁgdﬂ&@bﬁl:ﬁ rt;:-‘licf}{t dlét‘ﬂ)u iéh Tt (?

produci ng t ranc conjyugated di ene-aro Copo yner

according t@dilko éatkﬂoto%ﬁ&é&d&ﬂa}/ is obtafhetf €Pr ccfrﬂfr‘lthEOU3| y suppl ying

a solution contai'ning a ¢ ugat e ene COITpOUI’l an aromatic vinyl

conpound angb|jimeARARIH 6rd%@ls¥'ﬁ%%'tﬁééé advarthgéat qu\TV@VéT kBREbAr , thereby
conducting a pol ynerization reaction to obtain a solution of a conjugated

di ene- ar omapalgmeringd SBR (G BBR) ey disgdadantages ethad SyPBR eomdundesdarge a
step of coupling the conjugated di ene-aromatic vinyl copolynmer by using a

mul ti f unct i emerhy i khéading ltawipoyinds avhera eompiositiooris pragunedsarwhhash can react
with the active polynmer end. [5] A et hod for produ0| ng the branched
conj ugat ed mcevrmoae@adwhty; aonnyareddp dhe amulgia) patymeeridedgSBRB (E1$BRY i 2] |

conpri si ng tep of contlnuously supplying a solution containing a
conj ugat ed \Whiehe @&@aumer ghbeanehas iace Jormyad dwirkbRelimaigaben-ani oni c

pol ymarlzatﬂgﬁ inltlator to a reactor equipped with a stirrer to conduct a
pol ymer i zatl® eaction a step of continuously obtaining a solution

From an out et di* oer Fedprapes, Higfe o782 mETRa ot HaG P RV R on Lgat d
 en ar ol Ay SROEITE: Wty e M 5 Bl oL having 4
wher ei n polymerization in a continuous polymerization process, with a silicon coupling

agent having 3 or more functional groups such as silicon tetrachloride (see,

for example, Patent Document 2), a method of coupling with e.g., a halogen-

containing silicon compound, an alkoxysilane compound or an alkoxysulfide

compound (see, for example, Patent Document 3), a method of coupling with

a compound having 2 or more epoxy groups (see, for example, Patent

Document 4), etc.

[0009]
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inthe polynerization reaction, the polynerization reaction is continuously
conducted for an average residence tine of 15 mnutes or nore and 35
mnutes or less while maintaining the internal tenperature at the outlet of
the reactor at from95 to 110C. [6] The met hod for producing the
branched conj ugated di ene-aromatic vinyl copolyner according to [4] or [5],
wherein the nmultifunctional nodifier is used such that a total nole nunber
of functional groups of the multifunctional nodifier is from0.1to 0.5

ti mes based on a nole nunber of the anionic polynerization initiator.

Advant ageousummaytof thg InveatioRvent i on [ 0015] According to the present
invention, [t is possib t rovi de branched conjugated di ene-aromatic
vi nyl copol é?ﬁ?rle,mgﬁ? ﬁ#&‘ée‘gkgtyl“? L!'H‘lengPBcessabi lity when it is processed
into a vul \(,I\r'bﬁi é te, provides a vul cani zate having an excel |l ent bal ance
between | o 9 eresis loss property and wet skid resistance and sati sfying
practically suffiCi Lon. resi r acteristics,
and further has %%gﬁreﬁ%r%?%@%é%%%@@rﬂ{?ﬁ@@%ﬁvg@%ﬁ{%%?@?a producti on

met hod t her &?;j%, Méq%ﬁeﬁ@gr&:ﬁéﬁé’biﬂgln%oéirﬂér h%\%ﬂ@g%?g%fgkwﬁ}ocessabitliﬁ‘;

enbodi nent o e present 1 nvent el na rred'to as "

present emb@AbARNS prodddskediftoBP{EIcanieste !p?é\}ibm%;(g?@lﬂéérﬂﬁﬂtehﬁ% anhe present

enbodi ment below is an exanple for explaining the present invention, and

therefore, gksellehebgahce besidemidow Rysietesid IBst @roparty Sied Weeskidt enbodi nent
descri bed bel ow. The present invention can be appropriately nodified within

t he range ofesistengs ahd fintherdfavanypraaticalycs udficient airagion[rBsistartvednconj ugat ed
di ene-aromati c vinyl copol yner] The branched conj ugat ed

di ene- ar onatorobinatiph vwithpfoastues cljaCactefristiess present enbodi nent is a
conj ugat ed di ene-aromatic vinyl copolymer (C), which is a random copol yner;
and in whicl®011] t he bound aromatic vinyl content in the conjugated

di ene-aromati c vinyl copolyner (

i % b X h
}/i nyl |inkage cdzer rmoke Eéﬁcrl"?lci: %%%@ISE%@? ?"(‘J%%lféfg Q{?ﬁq’mfr@lﬁgédocﬂ ene ;[se
30 43 ol % L - eqQui i :
ol ecu |b ar Omxa;aﬁmfé e5izafion Rt B e AER QW SR L (o G AR yer
Q. . . I  onattt .
I v R i

aver age ml@ﬁ% I Jus from1.7 to 3.0; and t he Mboney viscosity
(M.-C) and the ?}t})]g\rﬁ?ats}%tp)é s relaxation rate (MSR-C) neasured at 120C

satisfy the[oroqbiati onship represented by the foll ow ng Expression (1):

The present invention was made in the aforementioned circumstances,
and aims at providing a branched conjugated diene-aromatic vinyl copolymer,
which has satisfactory processability when it is processed into a vulcanizate,
provides a vulcanizate having an excellent balance between low hysteresis
loss property and wet skid resistance and satisfying practically sufficient
abrasion resistance and fracture characteristics, and further has excellent

productivity; and a production method thereof.

Means for Solving the Problems
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(224-(M-C))/ 300 (MSR-C) {260-(M.-C)}/300 ... (1) where 100 (M-C) 140.

[ 0018] The branched conjugat ed di ene-aromatic vinyl copolynmer (C of
the present enbodinent is a random copol ymer. The random copol ymer here
refers to a copolyner in which the content of a conponent having an
aromatic vinyl chain length of 30 or nore is |low or zero. [0019] The
branched conjugated di ene-aromati c vinyl copolyner of the present

enbodi ment i's nothd preseatingentosijeasively studiad femsmving dpe pfarementioged

conj ugat ed di ene conpound and an aromatic vinyl conmpound. As the conjugated
di ene” conpoiel e F’R@adﬁﬁ%tthé PressNt invaniehrve fonadddativ8nds descri bed

| b i I d. As th i d di - i i I
ot er o b OB Ohr o Shhiest,p e e Sealaated ol pns gLl vinyl
d t - but,adi - I f l,e: .
o ey oo R B0 WA R Re Sl PEBR oMl
in the case, yhehe L) |ﬂh§8@§‘8gnt‘éﬂi‘l “t%i’él%ﬂkggrgﬂﬁﬁé Bfﬁtdomu J1d qiepgoLyner (C)
copor yner, unt” of po

i s a butadi éne-styrene en an a yrene I hsol ubl e

in met ha”0Iwé@h?ﬂ%?é@%%@l{e%@far%ﬁ-ﬁ, IéKrng taﬁ:gﬁgﬁh%rﬁ BiphSlat @dr

di ene-aromati ¢ vi nyl “copol yner met hod (the nethod

described iReight MIwE)/3 Hdriberiverdge mbledf@éMﬁéigﬁP#Mn—b)‘I&ﬂoﬁ‘éI%ﬁ?\ih the
anount of pol ystyrene based on the total amount of branched conjugated

di ene- ar omegheredeiermataaoh ytiericdl Gangés, airef thaaNMopney YideysitpgdLal) dess and
nore preferably 3 % by mass or |ess. [0021] Furthernore, according to
a met hod i nMebhel stress belaxativarate (MSFaCe chelistined at v261C satisfyyal copol yner
(© is deconposed by a method of ozonolysis and the styrene chain

di st ri but i opredeteamangd ealatignaj expressiasat iBasedrmrothet finglingshjhe cresentit i s
preferred that isolated styrene (in other words, styrene having a chain
formed of ahyenliprehas Peenacoamplishesht ai ns 40 % by mass or nore of the total
bound styrene content and it is nore preferred that a | ong-chain bl ock
styrene (i nIOQtIfIﬁr words, a styrene having a chain forned of 8 or nore
styrene units) ntains.5 % by mass qor. | ess of the total nd styrene
content. [0022] cl\ﬂore Sp%’l@:ag&%ﬁ p({%%&lp%en IOWF PoSE I)ng II?I%I)QIIIIQ branched

conj ugat ed Qgenearomati c vinyl copolyner (C) of the present enbodinent is
from30 to % by mass and preferably from32 to 37 % by mass. The bound
aromatic vinyl ; et ] : i traviol et
absorption by aqgﬁg?]@%g%b@eﬁ% g@(ﬁ%@%ﬁjcﬁggmérgi@g%-ﬁg%mti C

vinyl copol \iRiond Edpolyt@P herein Furthernore, the vinyl |inkage content
in the total linkage units of the conjugated diene is from30 to 43 nol %

and preferably fa pouR@atomatlc WayLeorftert igxeeRbejughted dieneasematievinyt he
branched conjugated di ene-aromatic vinyl copolyner (C is a

but adi ene- stopayraec (Poik\roen 30ttb 8896ty masakage content (1, 2-1i nkage
content) in a butadiene bond unit can be determ ned by the Hanpton nethod
(the met hod desa@ vibgdirkagR coRtertamiatahljinkagel ytitscdla @gugaied diene is923
(1949)). [0024] A conjugated di ene-aromatic vinyl copolyner is
general |y, fremngfsto 438w%. mi xed with a natural rubber, a butadi ene rubber,
etc., to obtain a vul cani zate. \Wien the bound ar%majfic Vi EP/@COFF[B‘S: ent and
the vinyl |inkagtPeystyesne-sauivalenh el dyeragds mescaipraveiat &wikat 9 vi nyl
copol yner ( fal.l within the aforenmentioned r the copolynmer (C) can
e’ xed whineeRukgatR ehesarontatt GRY tonpiiner GIERheg ey aBLur s wi ¢ hout
excessively i bl 1z ik h . %(g(? ! ating fromthem
Because of ?%ﬁ?aqgmv{ﬂré@ﬁ?@%ﬁ%@gﬁ&éﬁﬂg% aﬁg@\‘é@%@gp \I\CIIIeIZ‘II | ow hysteresis
| oss property a t I ISh . i \ . The

gl ass transiti orIIngéeIﬁ’p%I?IgIIt gglgﬂ(ﬁ)fé)t)ﬁ%&%ﬁ@h@%r@@%%ﬂ%@tgﬁ%m II/I(\IVngl)l c Vvinyl
copol yner (@aﬁﬁﬁb@?a%%’@%"fhoﬁe’%ﬁ@iv@gﬁt (Vin-2) § RBADL Y thr30Mand0 to - 15C and
nore preferably from-357to -18C. If The glass transition tenperature falls
within the range, a vulcanizate having an excell ent bal ance between | ow
hysteresis | oss property and wet skid resistance can be obtained. The gl ass
transition tenperature is obtained by recording a DSC curve in accordance
with | SO 22768: 2006 while increasing a tenperature wthin a predeterm ned
tenperature range and enpl oying a peak top of the DSC differentiation curve
(inflection point) as the glass transition tenperature. [0026] The
branched conj ugated di ene-aronmatic vinyl copolyner (C) of the present
enbodi ment has a pol ystyrene-equi val entswei ght average nol ecul ar wei ght
(Mrv-C) of from 700,000 to 1,000,000, and preferably from 750,000 to

950, 000, as descri bed above. For obtaining satisfactory abrasion resistance
and strength, Mv-C is 700,000 or nore. For maintaining satisfactory
processability, Mw~-C is 1,000,000 or less. Furthernore, the ratio of




[ 0027] In the branched conjugated di ene-aromatic vinyl copolyner (C
of the present enbodi nent, Mooney viscosity (M.-C) and Mooney stress
relaxation rate (MSR-C) neasured at 120C satisfy the relationship
represented by the follow ng Expression (1): {214-(M-C)}/300 (MSR-C)
{260-(M.-C)}/300 ... (1) where 100 (M.-C) 140. [0028] Mooney stress
relaxation rate (MSR) is obtained by a nethod specified by |1S0289-4: 2003.
More speci fi cal layMoghegvisvosite (MiiGlcaryd ayMocnayestrasae)axationtrate (MSBt opped.
In the period of 1.6 seconds to 5 seconds after the termnation of the
rotor, doubCemessdred ahi20%6r sgfishpthe wmwiafianship represantes byithe selloviag)) is
obt ai ned by_plott] ng( them The absolute value of the slope of the resultant
liner line Egprteéﬁ'é’ﬂr é to as MBR In the case where copol ymers have the

sanme Mooney vi scQsi,t r ger n er, o ches, the smaller the
MSR val ue. Ther e{giﬁ-éx"%m?@#3@%‘%@%@5@4@%@%@@ §1I§|0wi ng extent of

br anchi ng. cifically, R can be determ ned by the nethod descri bed
i n Exanpl eswﬁé%iwéé&h'rétéd 4.ONE/boney vi scosity and Mooney stress

rel axation [rzﬁ%e are usually neasured at 100C, however, in the present
enbodi nent , oney viscosity and Mooney stress relaxation rate nmeasured at

120C are enpl oyefhe bieREd conjugaldl HidReCAdmatibSiry| icbpbl?nfe‘??C forementi oned
upper limt value of Expression (1) or less and a copolfyner thus has a

sufficient @e@cﬁamgqb [F, @Bl Wby cBapkhmalcyhRigated @gaeldremtaticvinyl
processability and a vul cani zate of the copolymer has an excel |l ent bal ance
bet ween | ovcdpaiyraeed), havirgsa polyséyrese-aadivattnt swaightr agragenugecular al so
satisfies practically sufficient abrasion resistance and fracture

char act er i sweight (Ntivel) lof frioer 500,008x0 00,050 anmchadhooneyavisicadity (Mlwhranche MSR- C
val ue, the nore excellent processability and the nore excellent the bal ance
bet ween | ova Meansyesiiess|relaxation patet(MId) measwigdoatr B° 6t satistying the

vul cani zate. However, in the case where it is |less than the aforenenti oned
|l ower |initrelafianshiprepregrited bydhe fQjlowing ExPeassiano@)nust be performed, with
the result that tj Vi d ses,  Thi is.practically

unf avor abl e. [Od%iﬂm'b}/ééﬁé (%g'i}é?‘?’?ﬂig\qﬁdﬁ&ﬁ/es@?gat ed on the behavior
of conjugated di ghe t] i nyl copolynmers and obtai ned the foll ow ng

fi ndi ngs. IWH?Weggég(M{gB %@%% yners having the same microstructure (bound
aromatic vinyl : v ' jugat ed di ene
| i nkage units) gﬁg{ ﬁ%‘#'ﬂg‘rﬁgﬂ‘\é"@ﬁh‘é&'Q%@%ﬁ”@f%ﬁﬂﬁkw’ﬂgﬁg’% gggl?ﬂ?% di fferent
in nol ecu:vzér%]mei ght, if M-C values of the copolyners are plotted on the X
axi s and - C val ues thereof are plotted on the Y axis, the slope

(MSR-C/ M- C) cam bempeBitiokioTet iéntRed cdhjdg8teddieh8aromaste viyl t he state of
branching is varied by, e.g., changing the polynerization tenperature and

t he cont entcadolygmgr comprisingi br anchi ng nodifier, the plotted linear |ine
shifts up or down (while the slope is maintained at - 1/300, only a
Y-intercept shi fthepramehad cdrgegated wiknegaromationdpyif aopotynéxiC)idcchBRE and
M.- C of a conjugated di ene-aronmatic vinyl copolyner (C) satisfy the

condi ti ons ©ddtPriZd@ndy Expression (1), a preferable state of branching can
be defined, and that if the vinyl |inkage content, the wei ght average

mol ecul ar wei ght3N RRLEZNIGHET he ratio ((MwC)/(M-C)) of a wei ght average
nol ecul ar V\ﬁlght to a nunber average nol ecul ar wei ght are each controlled
so as to fal' within a specific range, it is possible to obtain a

IQOS‘JLZQﬁ Lato. C|2$ iR iadhy st §Fae{§?31%ﬁi93°fgh@€iﬁiebtgfér%gf’a&f?ﬁ@?ﬁif'WLQ?,"
oract ) cal |y Sy et (O AR AR T I 2f EeoERIS"s TECT Lo char act eri i cs.

and further has I Fals Y ini t her M.- C and
VBR- C pr ef er abl yaegtgp idg??h%lﬁlé re gitjﬁlﬁc))lzashﬁi?{)ggggdr)%gg?lttaéndﬁ%? md%?? oW ng
Expressi on digag cohfpdung, bRlarbinans inyl EepeaRd Al dvanibricipdlyrautizgtion
Expression (la) is satisfied, the effect of the present enbodi nent becones
further renmitistdrite.a feator( Meréby ESRLCtINGR 60lynedizalidd réactior 0 obtain @la)
where 106 (M.-C) 135. [0032] The branched conjugated di ene-aromatic
vi nyl copolynmer (C of the present enbodinent is preferably obtained by
coupling a conjugated dienearomatic vinyl copolynmer by use of a

mul tifunctional nodifier having 4 or nore functional groups. In this
manner, the extent of branching and thegnol ecul ar wei ght can be effectively
increased to obtain a copolyner having satisfactory productivity thereof,
processability when the copolynmer is processed into a vul cani zate and

provi ding a vul cani zate havi ng an excel |l ent bal ance between properties.

[ 0033]



Furt hernore, the conjugated di ene-aromatic vinyl copolyner (C) is nore
preferably a conjugated di ene-aromatic vinyl copolyner (1) having a

pol ystyrene-equi val ent wei ght average nol ecul ar weight (Mw1) of from

500, 000 to 700,000 and having a Money viscosity (M--1) and a Mooney stress
rel axation rate (MSR-1) neasured at 120C satisfying the foll ow ng
Expression (2). As aresult, it is possible to provide a copolyner, which
has sati sf asalatign pf @cesjigbtdd dignatasamiaticivinyb copelygied hiaring an gefiveani zat e,
provi des a vul cani zate havi ng an excel |l ent bal ance between | ow hysteresis

| oss properRglymeaendt arki d resi stance and satisfying practically sufficient

abr asi on resi stance and frﬁct re chﬁ@%cte.i stics, and furthc—r\r haé excel | ent
productivity. {ZdepMlcoppingie conjuggier dienergiqmpliq Ynylgapolymery here 65

126C hnd NosTiRg adnpittunctienal bR a8 CRRRe)S RERTab.Sbos beiFgHL = =

preferably I . 1 pression (2a). {268-(M-1)}/300 (MSR-1)
{300- (M.-1 )%%%B%‘f?‘ﬁ'.“@?&?é?é bR 63?8( M-1) 89. [0035] [ Met hod f or

pr oduci ng nched conj ugat ed di ene-aromati c vinyl copol yner] A
preferable thod for producing the branched conjugated di enearomatic vinyl

copol ymer (C) ofa hi@héd f595tbd GHTRG e BRincHRERIONfiRfated dienedardhfflicilinyl
continuously supplying a solution containing a conjugated di ene comnmpound,
an aromat i ccoﬁmwhepwdiagdoam (ﬁq'gp@bmm@mmeri zation initiator to a
reactor, thereby conducting a polynerization reaction to obtain a solution
of a conj ugat ed alstepecfaoatimtously soyplyingposgloton baniatgnga aofjugetegol yner
end, and a step of coupling the conjugated diene-aromatic vinyl
copol ynmer bgiensicogpoumnd), ahfanomationilyl nomipbued anddmanianigrpatymerizatiast i onal
groups which can react wth the active polyner end. [0036] A nore
pr ef er abl e irdtatRdofareastaRMIPREBWER 2rtiead te sapddcttepolimangatiotat i ¢ vi nyl
copolymer (C) of the present enbodi ment conprises a step of

cont i nuous! {38! yi ng a sol ution containing a conjugated di ene conpound,
an aromatic vinyl CO;B%OUI’] i zation ipitiator to a

r eact or ]tcaqui pped | é’ogﬁpﬁéllg?I?BB%E%ﬁa{?&&gﬁ%gg ?rﬁmfg?fe d'ﬁ@g'cti on;
Ui nyt copol AnAEY Ry BV 1Dk 38 Al Rabme sl BB PR DI0LG

and A 3cilt 9figperformng coupling by using a multifunctional nodifier
having 4 or nore’ functional groups which can react with the active pol yner

end. [0037] a stePCHUodblity i Eou @a%@%-b%ﬂﬁ&i@Viﬁglp@dc?%ﬁgb@ods, it

is possible to efficiently produce the branched conjugate -aromatic
vinyl copol y&ieg a(rebitifindtidhapmedlier havipgdd 6EMore WM ctibnhlegroaps atHiemtan
processability when it is processed into a vul cani zate, provides a

vul cani zat erdaaVimith the aetivepblgnterlemdance bet ween | ow hysteresis | oss
property and wet skid resistance and satisfying practically sufficient

abr asi on rewheteamce and fracture characteristics. For exanple,

conventional |y, when a conpound containing SBR as nenti oned above is
kneaded, an i nt dnile palyxearization reactBanthg polymesizatian (graiiond®pared to t he
case of using a small-volunme m xer (for exanple, nme. of several liters

anpl e, a vol
or |ess) asCQriBwouslycangystestfor gnjaveeage rwqueéﬁg%ogﬂgm@'PHbesaon'anf‘e-vo| ume

m xer (for ex l e, vol une of several. hundreds lLjters or re) as used in
R Step of rahdPaCTBHERSHERBUe TEA Dlatupd SiR e alld Trda iR i
processability significantly de ases..~Therefore, the processability
becones a n%'l’%etﬁf eﬂqq:ci%atifgcg’[]ES Rsﬁzj Pesult, the viscosity of a conpound
i ncreases the skin and edge of the conpound sheet tend to be coarse. In
t he production nethod of the present enbodi nent, excellent processability

can be maint ai ”%@H@%éd‘fcﬁ%@?@cﬁ&%@b%cﬁé&%%ﬁﬂg@&d didHe.arbhfatier anched

conj ugat ed di ene-aromatic vinyl copolyner (C) can"be efficiently produced

wi t hout t heyig{isspamfhé0acsbraihgRb ¢For [BP Whdrein the multifunctional modifier is

used such that a total mole number of functional groups of the multifunctional




(Conj ugat ed di ene conpound) The conjugated di ene conpound for use in
produci ng the branched conjugated di ene-aronmatic vinyl copolyner (C of the
.present enbodinment is not particularly limted and exanpl es thereof may

i ncl ude 1, 3-but adi ene, isoprene, 2,3-dinethyl-1, 3-butadi ene,

1, 3-pent adi ene, 3-nethyl -1, 3- pentadi ene, 1, 3-heptadi ene and 1, 3- hexadi ene.
These may be used singly or in conbination with two or nore. O these,

1, 3- but adi enedifiatisifsaprehéo Broctipeebased @n mmalepuambesphthea®niPNcy and t he
econom c efficiency, [0039] (Aromatic vinyl conpound) Exanpl es of the
aromati c viRgYMedagMAItREr use in produci ng the branched conj ugat ed

di ene-aromatic vinyl copolynmer (C) of the present enbodi nent nmay include
styrene, p-nethylstyrene, a-nethylstyrene, vinylethylbenzene, vinylxylene,
vi nyl napht hal ene and diphenyl et hyl eng. These may be used singly or in

conbi nat i orﬁ%mrﬁaqwso‘?ﬁ‘ﬁ%?é’fﬁa Vn["ﬁ@ﬁ‘ér,‘ styrene is preferred. [0040]

Al | enes anq eiﬁtylenes whi ch may possibly be contained as inpurities in a
conj ugat ed 8| conpound and an aromatic vinyl compound beconme a factor of

inhibiting a pO'AYdEB;Aitﬁgtééméﬁ.%%gm fﬁ‘i}eﬁ{?&,a}ti@, Lot §RRAdePR braiiiedf or e,

the concentration o min the total nonomer is preferably specified to

I ess than Z%jwbd[d@fblhrdrﬁéﬂd/mylimfge§WW@ﬂhés excellentn the present

enbodi ment, a’conjugated di ene conmpoun nd an aromatic vinyl conpound are
general 'y gmeéymﬁty Qhen'it 8 FrobEssyd intda valanesite,i rovides pavdlcanizatel y
limted and exanpl es thereof may include a solvent of a hydrocarbon such as
a sat ur at echdwnly an@xbelferddlancedbetweendolwyhystaresisdoss [Bopertyiandexehpl es
thereof may include a |inear or branched aliphatic hydrocarbon such as

but ane, perskichecsistancmand rsatisfyjrigapractieallyssuftisient abrag@ngesistaneesanch as

cycl opent ane, cycl ohexane, nethyl cycl opentane and net hyl cycl ohexane; an
aromati ¢ hyftecuer eharasiesisties aﬁ'é'rleét%@[ hag pyeslienh pepduptiviiethareota aRgdr ocar bon
m xture of these. [0042% (Nbﬁoger coPcentration) In the present
enbodi ment , ProNidlend REpfiICtion meiRPd $¢'8RT of a conj ugat ed di ene conpound and an
aromatic vinyl conpound in a polynerization solution in which a

pol yneri zation reaction is perfornmed is not particularly Iimted; however,

in view of gr BYJRAYA n ration is preferably fromb5 to 50 % by
mass and MQ@%%‘%’L‘?@W{)Qﬁ@&ﬁ%’?‘fé&t‘% % by mass. [0043] (Anionic

pol ymer i zat[]iog%i nitiator) In the present enbodi ment, an anionic

pol yneri zathi nitiator that may be used in a polynerization reaction is

not particul arl yad bmpoRfnamcbrana présnt imeintish (RBXiAdTRErveR Y tal aclthere
netal -based initiator and an al kaline-earth netal -based initiator. As the

al kal i ne n%@sehﬁémdobiﬁﬁéﬁt@t\ﬁiﬂ ber matk epedificaigrddscribédibelonsedTheni tiator, all
al kaline netal -based initiators or al kaline-earth netal -based initiators

may be usedpm@sehbembadinidreybeiaw és polexarpie tdrieoplaiming itbe pozsesbinvienyion Of
them at |east one kind of conpound of an organic al kaline netal conpound
and an or gaand theireforé rthe qaesentrimvertiondapot it ited tothe preseny embedinaent. [ 0044]
The organic al kaline metal conpound is not particularly lim¢ted; however,
in view of desgribedibejowet Ehe pagsesit davantion;aa WEW@EBQE%W modifiest er r ed.
Exanpl es of the organic [ithium conmpound may  include a | ow nol ecul ar wei ght
conpound, aWitBindhgirange thﬁrﬂ'ébtll?ﬁfﬁrg%@r@fcaé”é%%gi li zed ol i goner, a conpound
havi ng a Sifbﬁl 2 lithiumin a single nolecule, a conpound having a plurality
of 1ithiumlO14]si ngl e nol ecul e, conpounds having lithiumbonded to an

organi c group sygh car Lt hiu - havi ng a
ni trogen-1ithi u#ﬁﬁ%’ﬂ%‘egn%%é‘?%;ﬁ%g&%f %?g\?'?ér}% \QRYI%%%%%JM bond.
The branched conjugated diene-aromatic vinyl copolymer (C) of the
present embodiment is

a conjugated diene-aromatic vinyl copolymer (C), which is a random

copolymer; and in which




[ 0045] Specifically, exanples of the nono organic |ithium conpound
may include n-butyllithium sec-butyllithium tert-butyllithium

.n-hexyl lithium benzyllithium phenyllithiumand stilbenelithium [0046]
Exanpl es of the multifunctional organic |ithium conpound may include
1,4-dilithi obutane, a reaction product of sec-butyllithium and

di i sopropenyl benzene, 1,3,5-trilithi obenzene, a reaction product of

nbut yl | i t hi um atie bogn®arematieEingheorient inthe serigateddigng-area@ticon product
of n-butyllithiumand a polyacetyl ene conpound. [0047] Exanpl es of a
conmpound haomwOﬁOMTﬁrdEépﬂﬁ rPE"n?a:Fﬁ B8 78 bydDas$sicl ude 1t hi um di net hyl ani de,

l'ithiumdiethylamde, |ithiumdipropylamde, |ithi di n: hex m de

it hi um di i sopr g‘b‘?l"% age qcmq 'Hg&é‘ﬁ‘g’]ﬂmee%fsrﬁfgg}? CPPt%aH%/F' ﬁwdﬂ di de,
l'i thium pi peridjde,,dithjum heptanethyl eneimde and |ithium norpholide.

[ 0048] pf?orﬁﬁgtﬁedfmé,/‘” organi c al kal i ne netal conpounds disclosed in U.

5. 507, 753 can’ o8 e poyshEele RN Mot averddt oo BBl EMBR of V1 um
and secbut yhbidoiyted BFen%‘:é’rbﬁi'&t\)‘ir%%ﬁg?[gﬁ?ﬁ%%&?ﬂtﬁﬂé@ KPEPeLRGForRY be

used singly or as™ m xture of two or Exanpl es of ot her
organi ¢ al kalg 060 ¥t »oocmagounds may include an organi ¢ sodi um conpound, an
organi ¢ potassi um conpound, an organi ¢ rubidi um conpound and an organic
cesi um conpound th&patd f(Mw-©yaNIpLEYH dfiee ewighteerayd mdbtecital weightiteht hal ene
and pot assi um napht hal ene. Besi des these, an al koxi des, sul fonate,

car bonat e ahd rumlokr avferage hialegulaodeight srfdompot. 2¢sBumamdy be used. The
organi c al kaline nmetal conpound nay be used in conbination w th other
organi ¢ nmetal cdhpdloaney Visnsdy (ML-C) anththeaMosney stress relanatien ral®npound i s
not particularly limted and exanpl es thereof may include an organic
magnesi um cOMPRBdNeasuredfii2d° edatisbrthedeaiationshiariareasenteshby thest ront i um
compound. Specific_exanpl es, thereof may include di butyl magnesi um

et hyl but yl nfg ﬂ‘@%ﬁgﬁ%pdﬁggﬁﬁéﬂﬁl but yl magnesi um Furthernore, compounds such
as an al koxi de, f on ar a 1 de.qf aline-earth netal
may be used. Thééﬁ'&&é}gﬁ:ﬁ@@l %WS%&&R%BM?;P%&%@O%ES may be used in
conbi nati o it h r i | kal i ne et al -based initiator and ot her

or gani ¢ net %'tc?o}é)d(;grﬂ@%gé{%géﬁ] (Pol ar conpound) In the nmethod for

pr oduci ngnta)togqﬁgched conj ugat ed di ene-aromatic vinyl copolyner (C) of the
present enbodi nent, a polar conmpound such as a Lewis base is preferably
added in a smal ITHRNBYaAENEH cORRBAtdddiEABRMALIE AR ¥OESI#Rr 20) 8f pat i ¢ vi nyl
conpound with a conjugated di'ene conpound, in order to use as a vinyl agent
for contr ol preBentermbedipsdritis huardeh copofymergaliee ndom copayriecher
copolyner, and in order to inprove a polynerization rate. [0052]

The pol ar crefersdod ¢copahohepiarwhichitize cyntentrof @ dompdnertih@vieg anher eof may

i ncl ude ethers such as tetrahydrofuran, diethyl ether, dioxane, ethylene

gl ycol di nearematistvirey! chatrhighgtheofgd G opmode ksulopl orezéter , di et hyl ene gl ycol

di net hyl ether, diethylene glycol dibutyl ether, dinethoxybenzene, and

2, 2-bi s(2- [BR3Phnyl ) propane; tertiary am ne conpounds such as

t et ramet hyl et hyl_enedi am ne, di pi peri di noet hane, . tri net hyl am pe,
triethylanine, pyi§ Qﬁaﬁﬁh%‘i‘l&oﬁﬂgﬁ&q q"Bpﬁéro'é‘lafdﬁlvinyﬁﬁ?%q’lyé!ekgiﬂlf'e conpounds

such as potassiumt:anyl ate &olhﬁgm untt - but ﬁir.ate odi umii-but%trate and

sodi um any| AEsentemBPdtngTtes ppt BPREH S Iwi Pofiis adandamupeRe Hidissi um
dod I b : | : i her | X d ph hi
compounds SiigAted BB oA T A B B S ) b beed
singly or 1g, £kl idrcdhpBuhdndthdBFSmatic vinyl compound, the

compounds described later can be appropriately used. As the conjugated

diene-aromatic vinyl copolymer, a styrene-butadiene copolymer, a styrene-




[ 0053] The use anount of polar conpound is sel ected dependi ng upon

t he purpose and the degree of effect and not particularly Iimted; however,
the use amount is usually fromO0.01 to 100 nol es based on one nole of an

al kaline metal or an alkaline-earth netal atomin an anionic polynerization
initiator. [0054] The pol ar conpound nmay be used in an appropriate
anount as a nodifier for a mcrostructure of a polyner diene noiety

dependi ng ujsaprees copolymenyandla styeene-buiadiene-ispprane eopedymer aret he vi nyl

| i nkage content in total conjugated diene |inkage units can be controll ed.
Mbst pol ar OefsRMEsand astyranedydadieng gepalmer iemare erefariied zati on ef f ect
in copolynebhﬁﬁhion bet ween a conj ugated di ene conpound and an aronmatic

vi nyl conpo -YIThus, the distribution of an aromatic vinyl conpound in a

I d the bl ock f th ' i nyl . d (f
exanl o, styrene! B SEA BRoIhe Cane WEeBURE P Tetr P ls AR it o
3 | oht’® A BEeCAFrSeT gt o
o conj ugat edranls VRN EFAEREL BOLR SPndiane- oV RotERG Bt et ea oy

cont i nuous| Ypsypiloy ?Bg/cs) r&Ré‘Mé%ﬂ}tﬁQirpH’e‘&?aer?ri@Qgé‘lgz faréf @é@érﬁﬁoé’ih?‘yl

conpound, an ani oni ynerization initirator, olyneri zation sorvent as

ment i oned alqy Britfhed OMfldatédrBidhe-SonRRAicAlingd *EBBNAthr (Cf) byRREI&AhYfL 0 a
predeterm ned reactor equipped with a stirrer and'continuously letting out

a sol ution ehethod PihicUdiatrRd dbisenBedi® Vi KOLTROFE astally UBPolyhRr8dihe out | et

of the reactor. Furthernore, a nononmer and/or a polynerization solvent are
brought i nt d,42{1826)thdramouat ghpolgstyrdrad basetpon trie totdlameotrmtef ar e
supplied to a reactor by the nmethod di sclosed in Japanese Patent Lai d-Open
No. 2002- 285b8drched ¢dngugaied idiers-arcmnaticavipyll gopehinert (Cris prafetsbiy by &yt i on
caused by a small anount of inpurities. [0056] The supply site of
e.g., a nonomEs drss ABH naere Rraterakly oY by Mmasser lesscopol ymer sol ution are
not particularly limted. Any site, e.g., the bottom portion and top
portion of éQ@%éctor and an arbitrary site between them nay be used. It is

bor (i on and a. coBBMURETOTEoAGRYEING ©°7 Bilthnd ﬁjwﬁkﬁﬁhé‘ib?%%%@@?&m@%gﬁzt o
58%5823 < et ARl Py FRBMOATY BbERnpRReo B ifsfhafd VPR, N
pper  por t1 SreRPYe R AR ) PR RRRA 1 An R By SR PekFertEr)

The pol yner IchPSrh Qb gF AAHL IGPC), $t iQrp‘?éi%h%B'tHaPiQBF&%d §f%ré’% lif offdrf@rasi ng the
internal tenperature at” a reactor outlet at 95 to 110C and at an average
resi dence tisBpefé habingl Noh&IR fOIMED6Ea 8y ISBtymemsILAR) euntdin8 0 %hsy | nt er nal
tenperature at the reactor outlet refers to the tenperature of a copol yner
sol ution at ndes sreaoteoof thettbtzl bolind istypeny eoptent and iitvis nyoreyprefetregbivaty a
reaction rate and forman appropriately branched structure before a

coupl i ng r eadongichiin blockstyrene (ig adhereondsl alstyranainayingeachaiorfobyed
netalation, it is preferred that the internal tenperature at the reactor
out | et be séf 8ta5 MGIE Vyramerwnits) gosiams adh by naags enlens of His tetalibomngr a
coupling reaction by inactivation due to an excessive netal ation reaction
and the |ik8YrepRCcPitedtnal tenperature is preferably set to 110C or |ess.
The tenperaiﬂ@gﬂof t he copol yner solution can be controll ed by heat
exchange by s of an exterior heat exchanger and internal heat exchanger

Fur &i?"rﬁi o ¢ TBeHpBng Pralpafin SENT B eRF e dfiphht e B8k Giiener on
{ermpor at ur 0 S0 Phe P UECoRnE TS} Ot Bre A erodiret Mo R 0 er
POrTi N of HyaniERBh@brderdbly RoRPSEid 57aL by Held netheBollieatRR! Ay ©

measur ed by t her nonet er, Ich is provided at a position, which 1S soaked
when a sol ubbAl contdrt TAABE détefrRinbddyoiebBarid P uraliond dbsofstioplbyes to the
reactor and which is not directly affected by the flow of the nononer

sol uti on tophenglurplp &f theobidmehed aohjugatétheienterosaitigtviro copolyheeri(€act or s
conpletely mxed, the internal tenperature of the |lower portion of a
reactor is virtually the sanme as the internal tenperature at the reactor
outlet. Conversely, when the solution is in plug-flow conditions, there is
a large tenperature difference between the internal tenperature of the

| ower portion of the reactor and the ingernal tenperature of the reactor
outlet. If polynerization is perfornmed while controlling stirring
conditions such that a difference between the internal tenperature of the

| ower portion of a reactor and the internal tenperature of the reactor
outlet falls within the range of from3 to 15C, an appropriate residence

D Y T




[ 0061] The pol ystyrene-equi val ent wei ght average nol ecul ar wei ght
(Mw1) (neasured by GPC) of a conjugated diene-aromatic vinyl copolynmer (1)
obt ai ned by a polynerization step prior to a coupling step, is not
particularly limted; however, Mw1I| is preferably from 500,000 to 700, 000.
In view of obtaining satisfactory abrasion resistance and strength, Mw1 is
preferably 500,000 or nore. In view of productivity and processability of a
conj ugat ed [@@ZHe-aromatic vinyl copolymer of the present enbodi ment
obtained after coupling, Mw1 is preferably 700,000 or |ess. [0062]
Furthernore, theFdBheimReetheryipdinkpgawontentimihe ot dinkage upits obieai ned in

t he polynerization step before couplipg ste referably has.a oney

vi scosity (QEDJ|Upat£r${Sjél§Rﬁ/ﬁ% ey %‘?F%gg "‘P%'F}‘aﬁ%é Pg‘?f‘gfi%%ﬁ?%é i9 i?ré’&‘g{%?-ed at
120C satisfying the relationship represented, by the follown ressi on
(205 260- (teF PYemaih Tr Rigease whets fabips hegoniugSies digRgrLSma < 1) - 100.
[ 0063] - e e j i - i c Vvinyl

copol yrer (&”@B@é‘ﬂﬁ'@&t‘g‘?} Fesrb 8%@?%9@ ygeqﬁa%%g)aogﬁﬂﬁgft tl‘?ég?gﬁ[ f?ﬁe@%de‘?nt of

br anchi ng, 11zab] i i &E@b - r : to
satisfy theaag%g}{ W?%@ng{&ﬁé@}'ﬁ{gb%g%ﬁ p?%‘gggﬁke(é%i%@geg% ure an
active pol ymps HaRehtsH dthbe lthele Rl RIsttiBed W R. RIHdisehi ARaRaEalor med
after a polynerization reaction, a polynerization reaction is performed so
as to sati st;hetrﬂﬂgtr@fzq,rgz@mgm)gd lower Iimt value or nore. [0064] As
descri bed above, wth the solution of the conjugated di ene-aromatic vinyl
copol ynmer h§80243 an active polyner end |let out fromthe reactor outlet, a
mul ti functional nodifier having 4 or nore functional groups and which can
react with an achfioonjygstgardieneraromaticodimyl giopolymey i ganerallyt io mosiduct a
coupling reaction. In this manner, the branched conjugated di ene-aromatic
vi nyl copol gages,dnixed avihy 2 satitrakibber rebutadienepabber, siteietp obladsa)

The reactor nEy be a vessel-t)ége react or, equi pged with a stirrer, simlarly
to a pol yneMHESNIZ8Ee- v S8/5eN the bourd @romale vinwheoientand Hrewny tnagestirrer

1T con BB AR o B Sendf RS B el LY,
X e R SO o R B B BRI L L
]??g'mpli’fg OW't ggﬁﬁigﬁgdf éét%g?étgwélgn?é RRNMAL iferd Qﬁ‘tpbﬁf'ﬂ‘&i sslv%lypr ef erably

a polynerization vessel 1n the tur bul ence

condi tions. cbR{MaEbilizing withl tHen %ﬁb%%é@:;ﬁ/élv%ebﬁrdmp fRsth théml aHekalisgl t ed;

however in the aforenentioned point of view, the residence tine is
preferably bf i aneulshnidhe: éxeelnt INBHlamtbeMieennbRiBsaIbYisliogsm one m nute
to 15 mnutes. The reaction tenperature of a coupling reaction is not
particul ar| prépertyt @t weoskideesistamceicaw lod obfaireddii ng a suf fici ent

nodi fication efficiency, the reaction tenperature is preferably fromb50 to
110C and noi@3Hjeferably from 70 to 110C. [0067] (Miltifunctional nodifier
having 4 or nore_functional group) The mul tifunctional nodifier

havi ng 4 or nor elh@gassdransitprolepparpiuse of the breachediconjugatedadienge pol yrrer
end of a conjugated dj ene-aromatic vinyl copolyner having an active polyner
end used | naf‘?fga%? wiaxhgorabBal teref the presenigmbedimept i Rrefarakly fram anpl es

Lo NI S BRSPS R S,
carboyl! S eSS o W PeS SR WPt AR ARl . .,
group, an ephfvﬂéé}m %g\f)z te'aesg"éggﬁﬂfé”é{%'ﬁ% Wégski?r{%?ik%?%%xy IEéC aci d ester

group, a dithiocar I C acl ocar bo c acid am de

group, an i ghhéd OUthe gf&sgtt@}ﬁ%ﬁi%ﬁit pRrSURYR oitafiel cHf a OSC

al koxysilyl group, an iSocyanate group, a thiolsocyandte group, a
conj ugat ed gi;R@encediianBvitI S YRYE8YI008MHIR: increasing a temperature

11



[ 0068] Note that, in calculating the nole nunber of a functional
group, in view of reactivity with the active polynmer end of a conjugated

di ene-aromati c vinyl copolyner having an active polyner end, an epoxy
group, a carbonyl group, an epithio group, a thiocarbonyl group, an imno
group, an ethylenei mno group, a hal ogen group, a conjugated diene group,
an arylvinyl group and an al koxy group of an al koxysilyl conpound is
regarded asWith§ agrredgtaroinediampgraiure rangsaansheyplaying bdpeakitep ofjtheup, a
carboxylic acid am de group, an acid anhydride group, a thiocarboxylic acid
ester groupDSE ditfereptigtionosuive éinflestiprereist) ap therglass transitian kemperaiteeei d

am de group i socyanate group and a thioisocyanate group are regarded as
a bifunctio roup, a phosphoric acid ester group and a phosphorous acid

d - f i I .. Th | tif [ I
modi 11 o used i n' PREBIaE o aRlaR A reh e o sV (SRS ¢ e
f ti | . : .
unott onal  BHAYHR cHodRERE(E delRibne ecudRATLIGR: AorkbE mojecuiar
compounds s Yy RVIPICY 2R n) %g,@ob'tew',@bmgbu%dﬁm&@@bwdﬁﬂfbd,o@mcno
conpounds such” as tetraglycidyl nmetaxyl enedi am ne,

tetraglyci dgbarponodspieepiibe®hbane. E&tdmainity SitisfactBReabrasRteddtdeand
tetragl yci dyl-1, 3- bi sam nonet hyl cycl ohexane;” and conmpounds havi hg an epoxy
group and aaatistength)Mwa @ 700,000 o3 wedreas Far Snahtadiingsutisfapiory

trimet hoxysil ane, 3-glycidoxypropyltriethoxysilane, 3-glycidoxypropyl

t ri but oxysi pbaowessabitityy Mw-€Xlissh9beM0arllessrd Fapthermaredhkeiraseefl(Mw- [ 0070]
Furt her nore, exanBIes of a multifunctional nodifier having an al koxysilyl
group may i Gl(MneCHl Kdhe waightavesags nedecuaroneight (MwrGnist thexyusnbeme,

tetraet hoxysi |l ane, tetrabutnysilane _bis(triethoxysiIyégnethane,

bi s(tri met haXggeympleciansaveightdMmyC3 (s fromet.If dey3sd Rpd pRefesakly from 2.0 to

bi s(triethoxysilyl)octane, bjs(triethoxysilyl)ethy]en .

bt sCt iyt gt IG: $3ISTA ! RiRGe<spilty, B HieORBMAGYMEREne and
bi s(3-trinnethoxysilylpropyl)-N-nethyl, amne: and co unds havi.ng an i m no
o oup_ and ai iU | C AN SRt o TFehe ARALTRRRI. PR Al S
(triethoxysi -1 i : PR,

N (13- di moPhYBut JTEGBREFu A Wions andmelecyey weioh distibutianare.

N ( 1- net hyl i - B ' ' )5 TN

N-cihyl | donge S i HSEDE b ool g el GPCRRRS R & ith

N-(3-tri et hearsrdrcel tBraPeMibratidh Sudefyihed By da7y Sanli@d7ddlystyrene. Furthernore,
exanples of a nultifunctional nodifier having a hal ogen group may i ncl ude
hal ogenat ed[@0273ne conpounds such as silicon tetrachloride, silicon
tetrabrom de, silicon tetraiodide, bistrichlorosilylethane,

2,2,4,4, 6, 6- hexakhtherwadchedednjugateddigrnerasomatic ¢ingl, G pblymér (Bxafths| 2-

(met hyl di chl orosil yl)ethyl] benzene; and al koxy hal ogenat ed sil ane conpounds
such as nonptgsent embodimanty Madrayeviscasity HMbaG) anddMdoneysitiessaelaxation

di chl or odi net hoxysi | ane, di br onodi net hoxysil ane, trichl oronethoxysilane and

tri br onoret FRIRYMIR meamred atdPOHesatisfy the xelatiorship Representedybyl thel ude

hal ogenat ed _t n_coggounds such as tin tetrachloride, tin tetrabrom de and
bi stri chl or BIOXRY FXPIRSSON @Xd pol yhal ogenat ed phosphorus conpounds such as

of furcher pr of celf SN VS0 AIUIIRED AN 90 nlhuce o compound

having a fu ' up,hayjhg high affinity for silica, a polyepoxy
conmpound ha@ﬁ%&gjabggéﬂfgﬂé?ﬁgﬂal groups having a large effect of inproving
t he nol ecul gygougi ght by coupling and a conpound having, in total, 4 to 6
functi onal 815%%5 of an epoxy group and an al koxysilyl group. Exanples of

further preferabligorty sirksdrdibRatidn MFMSRF)% BB Lhy denéthetepetified
conpound having an amno group in a nolecule and a conmpound having 2 or 3
di gl yci dyl aB}/ TSO2BOUPR008. aMBrk &petiicalip eftet Modhey U sty errakurgy | ncl ude
tetragl yci dyl met axyl enedi am ne, tetraglycidyl am nodi phenyl net hane,

t etragl yci dglretor pdstopbededirathensericainef 1.6 seconds to 5 seconds after the

tetragl yci dyl- 1, 3- bi sam nonet hyl cycl ohexane. The af orenenti oned

mul tifunctional nodifiers may be used singly or in conbination with 2 or
nore. [0074] The addition anmobunt of each of these nmultifunctional
nodifiers, nore specifically, the total nole nunber of functional groups in
the nultifunctional nodifier is preferally fromO0.1 to 0.5 tines and nore
preferably fromO0.2 to 0.4 tinmes based on the nole nunber of an anionic

pol ymeri zation initiator. To inprove processability by branching and to

i nprove strength by increasing a nolecular weight, it is preferred to add
0.1 tine or nore the anbunt of the nmultifunctional nodifier. In view of the




As descri bed above, after the coupling reaction is conducted, if necessary,
e.g., a predetermned inactivator and a neutralizer, my be added to the
sol ution. Exanples of the inactivator may include water, alcohols such as
met hanol , et hanol and isopropanol. Exanples of the neutralizer may include
carboxylic acids such as stearic acid, oleic acid and versatic acid,
aqueous inorganic acid solutions and carbon dioxi de gas. [0077]
Fur t her nor e tergiination akthgrratrhdeukis dparyibeir aiaphcofdewsiuet (Te apdrimne fopol yner
(C© of the present enbodi nent itself h viscosit%g in Vview

t

e BT byt sl b i o
gfgbid i or M2 nsdtptliey el SRR andySRnciin oe Sasd whar Bopelymers

. oot adecy 1"3e Yhe FamepBHb LS B taaer insi s Gurashss g 2-

et hy 14, 6 Gl oR/AAGH QM MALRIERD ks L3I hay be usddatlithol 1 ur  her

i nprove processa Ity o e branched conjugate ic vinyl

copol ymer ( GhoRind &eRf SX5BhcKiRBOdMBBspetifichfy, MSR&anask Hoterfthebgnder
oil. An addition nethod thereof “is not particularly limted; however, it is

preferred t g nxheddescridd ih@)@ﬁ‘?ﬂds (later dedlcyibed). S Modneyvigaskityiarril t o
obtain a solution of an oil extended copol yner, followed by renoving the
sol vent. ThMeoregrsirissatlaxatonoitepaetustall@naasured et howvaveexanpl e,
aromatic oil, naphthenic oil and paraffinic oil may be used and preferably
substit ut e the peasenthembodirhemty Manneynisc®sity lapdriesney stresssretdxadionpol ycycli ¢
aromati ¢ hydrocarbon conponent defined by Method 1P346 is used. O them
substitute fate measwred@tdik0°Cane @mployed % by mass or | ess of a polycyclic
aromati ¢ hydrocarbon conponent is preferred in view of environnental safety
and preventiQﬂ?Qh: oil bleed, and further in view of wet grip property.

Ex | f f bl i f ; i il i | ude TDAE
Chiontod i stil 1 b a5t iere i the Agreniantionsd UaPPEIELAIE Phr Sof vat o)
d i bed i Kaut sch i K tstoff 2(12)799 £ 1999 RAE
Chocl el AERTUSIILY o100 oy A opbR MG 1546 hEE B idianrene it Rc,

ti | | i : L d 0 t
P e bos Brpndhind dhe ROBBYer i ehCallshy i pRocBLERADHNN 4 LORAADIH00 PATLS

vi nyl copol SR f m 20
057, 5 par H B My e B e o B Bh P bt

conj ugat ed dhanfetakfRisistaNéddhd @RROIatITAES pfactiehlly BEffibleds 8bfastsrPodi ment
froma polymerization solution is not particularly limted and a

convent i onakégistanogmnaetdutirecsharbete apids. e Theftighextherdxtentaofzahcing f
separating a solvent by steamstripping, etc. and thereafter separating a
pol ymer by finditheiower,thedSBve dahie, deanvatoze iexgelterd pdogessgbility and then a

pol ymer; a nethod of concentrating the obtained polymer in flashing tank
and furt her nesxeelientihealanceybeiwaen dow hysieresielass; propedy apdivwet of
directly renpving a solvent by drumdryer etc. can be applied. [0080]

[ Branched c8kidugastancgi fievideamigaies \Hawevesoindhg rase vdiasedl isiless than The

branched conj ugat ed dj.ene-aromati.c vi nyl  copol r conposition refers to a
Conmposi ti on ths alokeRENEgNeH [oWes TN EYRINEY ArhibiemIdeL coUP g feastiph gist be

af orenenti on branched..conj u ed di.ene-arponmatic vinyl copolynmer (C) of
Che. pr esent PEHBEBENRRET 1S He JosproHREnGS et shoned N bR i o ray

include a r Hgﬁ%¥g£9hﬁﬂﬁﬁﬂﬁéher t han the branched conjugat ed di enearomatic
vi nyl copolyner Inmorganic filler, a silane coupling agent, a rubber

sof t ener, a(Mykganizing agent and a vul cani zi ng accel erator/vul cani zati on
aid. O theLe conpositions, a conposition at |east containing an inorganic
filler is pref erTﬁéilpré\@rﬁirﬁlé‘i\%rfihﬁé’dtig_ﬁte_oaoﬁ"d@é‘ﬁ@ﬁé\_/iépﬁﬂ sijligated diene-

di ene-aromati c vinyl copolynmer conposition containing the branched

conj ugat ed dr@nati@viayedapolynes adpbiayigrr theGpli@kingfmdiigesent tissrbass ment  and
an inorganic filler 1s preferred. [0081] Exanpl es of the rubbery

pol ymer ot hef copalymenehéviag e damenicgedtactaliegbeund anerhatic vingl/tortepbl yner
(© may include a conjugated di ene-based polynmer or a hydrogenated pol yner
t hereof, a random copol yner of a conjugated di ene conpound and a vinyl
aromati ¢ conmpound or a hydrogenated pol yner thereof, a block copol yner of a
conj ugat ed di ene conpound and a vinyl aromatic conpound or a hydrogenated
pol ymer thereof; a non-diene-based pol yner and a natural rubber. [0082]
Speci fic exanpl es thereof may include a butadi ene rubber or a hydrogenated
rubber thereof, an isoprene rubber or a hydrogenated rubber thereof, a
styrene-based el astomer such as a styrene-butadi ene rubber or a

hydr ogenat ed rubber thereof, a styrene-butadi ene bl ock copolynmer or a



di ene rubber, an ethyl ene-butene-di ene rubber, an ethyl ene-butene rubber,
an et hyl ene- hexene rubber and an et hyl ene-octene rubber; a butyl rubber, a
brom nated butyl rubber, an acryl rubber, a fluorine rubber, a silicone
rubber, a chlorinated pol yet hyl ene rubber, an epichl orohydrin rubber, an
a, 13- unsaturated nitrile-acrylic acid ester-conjugated di ene copol yner
rubber, a urethane rubber and a pol ysul fi de rubber. [0084] The

af or ement i 0R8d i iekgae ePRtiest imelaliseniasater fiesg linkpae upitehandBaviRgvi ng a
functi onal roug. The nol ecul ar, meight,thereof i.S referabIY frgn12 000 to
2,000, 000 aMeF pamerentofhiareNing angheingdifferentin sepjepdar weiahs. i Mu-Ed

r ubpery

LLFSL& L“ﬁiﬁy%w%fsuifééé’ ngpﬁﬁl'wﬁ%iﬁi e PRl oL oR et WSRs y%ﬂléé Pt
(" of tne pEeclh B TEtE v Rl TMER GUBLFCT FATER pfofipaned RO Yo"

af or ement | ORpgh URAGKNARY WPine 4BR: EAbaRGANgE §EHLS b O P AHEGHIAEY

limted; however, in view of obtalning a vul €aniza avPﬁg an-e | ent

bal ance bet ‘b%ﬁ)?né%ti@)ﬁstéﬁffpf%?ét_ﬁré 9A§ tiE eBRIhY oPBY. e hnuHtdrdnERiBG Thedifigr, and

satisfying practically sufficient abrasion resistance and fracCture
char act eri sthe plotfedgineat iife shiftshp & dowh eRhil@Helape s Mantamadaitat i ¢ vi nyl
copolymer (C)/the aforenentioned rubbery polyner is preferably, from 20/80
to 100/ 0, nav30|roelyes dbinyerceptsiifié)0 RronmPiBedd findihgs it Wasrfound ehatrief er abl y
from 50/50 to 80/20. [0086] Exanpl es of the inorganic filler may
i nclude a siMSR> badddLithof gannjghidd dienaratomatib amybcapdlymel QOB Satisfy
Exanpl es of the silica-based inorganic filler may include solid particles
cont ai ni ng $heeonditignsspecitiedbykixpressigoiona ppéfesalle stateofibranclingini t . The
mai n conponent here refers to a conponent containing 50 % by nass or nore
of the sili&anhesdrfinedoppdihat if the \dny! ligkage crotesk.dhpweaigh avesagdei | i ca- based
ceous earth,

i ic fill include silica clay tale nica. diat
wol | ast oni t EORGHERWPISN SHAEC] 298 e reicstilmal (GGl @ WPIRbRYSI@Es  ance

such as glass  fibher. Furthernmore. a silica-based in nic filler, wth

nydr ophobi ¢ TelPr g6 weldiordiager Fetegs fRigISawelRt 8B el bontisthn <
filler and L LEas ke (Yo S M ~11 I : t hese,
Si1ica and Soaraedel Wifia3EeehEraRag (s ddsyile GPBhaMh. 2 eDRolfafet: whlen. ‘201"
used. As theggidatis@ctdron @&ﬁ%@bmt R¥n B9 &% bHiiG@ X ss silica
and synt heti g sia!li cgt engir I ca nm)l @egﬂ?elgfb %’%S’?’Egs@% a\/\_g???)rgggs?s silicais
preferred sipheRdéd aRafcamizx BLINGTHN ExAiEHt Balahas detwsdrs loveRydtBrdsRy i Ng
effect and an effect of balancing wet skid resistance with another

property. [ 0&¥8roperty antrwétiskidresiwtaece andjsatish/dd shaetiealgrsuffidient vi nyl

copol yner conposition, in view of obtaining practical satisfactory abrasion
resi st ance ahdadiormogaistancéanddtaeturstdhasactehstiosi and genthexdssr gtdetlanspeci fi ¢
surface area of the aforenentioned silica-based inorganic filler,

det ermi ned PyodUIVBET adsorption nmethod, is preferably from 100 to 300 nR/ g
and nore preferably from 170 to 250 nR2/g. [0089] Furthernore, if a
siIica-baseHN%¥Urganic filler having a relatively small specific surface

conb E]Lf | oﬁx;v"‘vi”?'rfgﬂégﬁerﬁierf&i ﬁ/ﬁé@gnﬁﬁ@%&a@eﬁ?Suﬁsr%"illgw.ztﬁg rg%igﬁa%@vgfﬁ g
ifi 200 . ,

ot 1 st act or jotBsefleiby b8 ofREE Smréetol €l iR bR B NG | ow

hysteresis lré’ﬁr%s?ét%ﬂﬁﬂ%e? oW %%%%sn#ﬁ%@gg SQALANL fhe Eﬂg&oclf th In the

branched conj'uga I’ene-ar onmarti y yner conmposi tion, fhe content

of the sili i j i i icularly Iimted; however,

t he content6?ﬁ§$§gﬁﬂrgmg?§?%%gﬁvééﬁ&gkﬁéegkqgﬁ%%o parts by nass based on
100 parts by masgaelihe)[ubberMSRINEM5SANT)NB00. L ifaor anched

conj ugat ed di ene-aromati ¢ vinyl copol'yner (C), nore preferably from5 to
200 parts bwhapsgosrdMug)ker3preferably from20 to 100 parts by mass. In
view of exerting an addition effect of a filler, the addition anount of 0.5
parts by nmafd032] nore is preferred. In contrast, in view of obtaining
practically sufficient processability and nechanical strength of the
conposition by sufficiently dispersing a silica-based inorganic filler, 300
parts by nass or less is preferred. [0091] Car bon bl ack is not
particularly limted and, for exanple, carbon black bel onging to each of
the classes such as SRF, FEF, HAF, | SAFLand SAF can be used. Carbon bl ack
havi ng a nitrogen adsorption specific surface area of 50 n2/g or nore and a
DBP oi|l absorption anount of 80 nmL/100 g or nore is preferred. [0092]




The: content of carbon black is preferably from0.5 to 100 parts by nass
based on 100 parts by nass of a rubber conponent containing a branched

eonj ugat ed di ene-aromatic vinyl copolyner (C), nore preferably from3 to
100 parts by nmass and further preferably from5 to 50 parts by nmass. In

vi ew of expressing performance such as dry grip performance and el ectrical
conductivity required for the use in tires and the like, 0.5 parts by nmass
or nore is prefe a%m%@é@we@ﬁler@oalma@ Woylraepolysnen (6o of i er
conponent. I n vi dIS er&b&f1r ¥ 100 E%rts by mass or less is
preferably HEﬁf@tﬂ‘ 98 tl'é(?rﬁ kY |obtaraed bycoup 96&9@*”%%9!%\?1’ [ 0093]

Note that, to the h h t di {
COHSOSI?IOnaRHpﬂ@?v®§gﬁxf c§?h¥g%%e ?dhﬁ@ a%863'b§géﬁpﬁﬁﬂ c flller

?rgf' al ot de 128 SerndictFL Bose. oS e She ki b @éﬁ??iﬁ@ &ome
epr esent e e &ERh Lok %'?fé#%%%r&ﬁ%&&?%t%wﬁa%@@' B x and

y each represents an rrnteger o as a naln

consti tuti osalisfHelo 9/ p@@'&ﬂh?ysthb?@dfe?fod@hblﬁﬁ'm fHeléBgymét isani um oxi de,

nmagnesi um oxi de and zi nc oxi'de Furthernore, "a m xture containing a netal
oxi de and aprddeeEeamte o vult&iizatehdid ploarinda vit vfrﬂia@ﬂlza(?éhdelngaéh &xcdlient. The
nmetal hydroxide is not particularly limted and exanpl e thereof nmay include
al um num hytalaxicd detwagmesopentidy/ dr oxi de and zirconi um hydroxi de. [ 0094]

To the branched conjugated di ene-aromatic vinyl copolyner conposition, a
si | ane coupld03¥@lagent may be added. The silane coupling agent has a
function of accelerating the interaction between a rubber conmponent and a
si | i ca- based i norg#grenare] therconiwanted dienegawupaticavinylgopelyanér (§)tiy or a
binding abilit to each of a rubber conponent and a silica-based inorganic
filler. Genmoaﬁ>4 Pye eé?h!&sm\waﬁ%@ﬂ@eaa@matmvwmpﬁb/w (Bthavinga

?L:gixﬁfv' of Pﬁ&oﬁg‘%ﬁfeeq%\weh@wg' e eTads s e%@"anrﬁ?dab? Bl fﬁlé:'?n'dei S e

0095
Speci f1c exaimeB0 8 O?néﬁoiﬁihé%&?pﬁo BTy BRBERLMCIERTE Mpangls. |00
1(3;[ g' [egh(()i(ﬁg r QQ re?é%qgu]ra{ee{)Mﬁﬁﬂbj ’ Iredde:':\t 1%O°C satisfying the following

OXYSI

bi's-[2-(trigkprekrin (2)) - R Bekak e‘li Tsa;gﬁsfﬂlé’?o 130380|B/ar mel@hfcpignt of

the silane coupling agent i's preferabl ts by mass based
on 100 part satisfacteBsp@cebsebil gw@mms Qﬂb@és%d |rﬁ@ab@$c%ﬂuza1@rmmd%sfa I ler,
nore preferably fron10 5to 20 parts by mass and further preferably fron11
to 15 part sviiganzate halieg anrixesliertfbdldreceshétvrendowiystegesigdnds ppertgf er abl y
0.1 part by mass or nore, in view of the blending effect and preferably 30
pal | s by nassd wetiskisisresistancevand satisfyiog pnactically shifficiesr @pradi®®97] To

t he branched conjugated di ene-aromatic vinyl copolynmer conposition, a

r ubber soft@‘ﬁé&tamab@f@p@me@baraﬁt@fﬂsj@s and furthes\haspaxeebenrtaotuctyityAs t he
rubber softener, mneral_ oil i qui d-state or | ow nol ecul ar wei ght
synthetic soft ed@ﬁor(MhTBH§p@ﬁdMS&l}rﬁrﬁ%TQ;rl(Mer}l?dH)secbiubber sof tener called
process oil r e r.oil used for softening a rubber, increasing a

vol ume therW P“ﬁ ﬂﬁfa ﬁ@yprocessablllty thereof is a mixture of an
aromatic ri f naphthenlc ring and a paraffinic chain. The softener in
which the n er of carbon atons of a paraffinic chain occupies 50% or nore

ot toner i n whi ar e R BBE) ABeny GRICHaA PR MR G ARLVBRRY
occupi es fr&%s%oreq aistlrafe @ﬁ% gn%%sﬁré&igmm ﬁo@%%éffg?a{:ba)f 'Ffé‘%fgﬂié ener |

whi ch the nu aronatl on atons exceeds S an
aronatic soﬁmgw@ﬁ}EAQEgQ@nrggper softener to be used in conbination with
t he branched conjugated dlene aromatic vinyl copolyner (C), a softener in
whi ch an ar omat i{2684MONYB00 & (MBR-OPL (3GER(MLAYBOD nqda) s preferred since it
has good adaptability. ?00 98] The content of the rubber softener is
preferably whera 8 kqMLOD p89.t s by mass based on 100 parts by mass of the
rubber conponent containing a branched conjugated di ene-aromatic vinyl
copolynmer (C), nore preferably from 10 to 90 parts by mass and further
preferably from30 to 90 parts by mass. If the content of the rubber
softener nore than 100 parts by mass based on the rubber conponent,

bl eed-out easily occurs and the surfacesof the conposition nmay becone
sticky. This case is unfavorable. [0099] A nethod for mxing a
branched conjugated di ene-aronmatic vinyl copolyner (C), another rubbery
pol yner, and various additives such as a silica-based inorganic filler,
carbon bl ack or another filler, a silane coupling agent and a rubber

.copol
&n®




copol ynmer conposition may be vul canized with a vul cani zing agent to obtain
a vul cani zed conposition. A vulcanizing agent is not particularly limted
and for exanple, radical generators, such as an organi c peroxide and an
azo conpound, oxinme compounds, nitroso conpounds, polyamn ne conpounds,

sul fur and sul fur conmpounds can be used. Exanples of the sulfur conpound
may i nclude sul fur nmonochl oride, sulfur dichloride, a disulfide conpound
and a pol yn#38]pol ysul fi de compound. [0101] The use amount of a

vul cani zing agent is not particularly limted and usually preferably from
0.01 to 20 part siMgthadder pyadeeingdranehesheerjuggtedetiengyarqiatic vibyer conponent
contai ning a branched conjugated di ene-aromatic vinyl copolynmer (C and
more prefer GPYYMEEM 0.1 to 15 parts by mass. [0102] A vul cani zati on

hod i i I I l.im,ted d i [ ] k . hod b
S A B B 50
e t p y
e T et R
vul canl 2 19 accel eih ook S LGHS Loy HbriRg Fosingastl onal

sul f enam dedipgesbmpo tHérRinHrBRTHIRSA cBripdudbEHRPLAS 8Fionfpolymerization

al dehydeam ne- based, an al dehyde- anmioni a- based, a thiazol e-based, a

thi our ea- bamdtihtoetata feabtéh ittasrabpabRd ectirRs dolyeratish MeadtpelosRbiprs. The
vul cani zation aid is not particularly limted and a conventional ly known
mat eri al casoloton oéd.cobjyattae dicneeasreaiaticasnyl wopolyenerihaviraxanlactivel st eari c
acid. [0103] The use anmount of a vul cani zi ng accel erator is usually
from 0. 01 tpolygsa@ndsabg mass based on 100 parts by mass of the rubber
conponent containing a branched conjugated di ene-aronmatic vinyl copolyner
(C) and pref er 2bBiePrefraupling the ¢onjpaated dignengsematipwingkeoratyugt byf

vul cani zation aid is._not particularly limted and preferably from1l to 10
parts by m%%'”ﬁés@&ﬁﬁﬁ‘ﬂ%@@a[)w '%i‘a&ﬁ%“ f W%?%fgpéﬁ’eﬂﬁq%ﬁé'ﬂ"%ﬁﬁﬁr
conponent . E)(%L?gﬂ t .To the br ar(lﬁhed conj ugat ed di ene-aromatic vinyl
copol yner c 'tpi Bﬁ,acgge P8 b'ned'ser{ e purpose of the present enbodinent is
not i npai reﬂ) %Zm ous additives such as a softener and a filler, a thernal
stabilizer," an antistatic agent, a weathering stabilizer, an anti-aging

agent, a col orani i Jﬁeﬁég‘?:élhgﬁ?ﬁopg{ﬂre%otd@%\glt%Qrﬁcﬂ%@%ﬁdﬁg‘%‘?ﬁ(ﬁjd%’f‘\%§ may be

used. Specific exanpl y I'n e calciu ar bonat e,

magnesi um cardpeaad ﬂn¥laédﬁ6iﬁh'é? | Jfahé& praxénb arbydimeht @rfpridss t he thermal

stabilizer, an antistatic ‘agent, a weathering stabilizer, an anti-aging
agent, a col or and sepdofacontihiogsipsuppyhiya BBIUEOH @bAtat@ing Recaigated. Exanpl es
[ 0105] The present invention wll be nore specifically described
bel ow by waglieok dexapmines aarafoatip airad cumpbyadianesan &loibaict pulymehigatipresent
invention is not limted to the foll ow ng Exanpl es. Measurenent and
eval uat i on indtatonte & gachdryeruippedwibex stireer tagphded a polgrrzatisn and
Conparative Exanples will be described below [0106] (1) Bound styrene
anount reastieR] or of orm sol uti on of a measurenment sanpl e was prepared.
Absor ption by ae:fhenyl %{no.ug of stg{e,ne at Uv254 nm was neasured by a
spect r ophot onet €t SEgrof pontiaye\she pbiaiingassalution e sANUgatRdisDenanuf act ur ed
by Shi nndzua%orﬁé}orati on }o otﬁ ai.n_a bound sf rene unt mﬁso )

IC vVinyl copolymer having an active polymer end from an outlet of the

reactor; and
a step of performing coupling by using a multifunctional modifier

having 4 or more functional groups which can react with the active polymer

end.

[0037]




[0107] (2) Mcrostructure of butadiene noiety (vinyl |inkage content)

A carbon disulfide solution of a neasurenent sanple was prepared. An
infrared spectrumwas neasured within the range of from600 to 1000 cm-1
by using a cell containing the solution and a Fourier transforminfrared
spectrophot oneter (FT-1R230 manufactured by JASCO Corporation). A

m crostructure of a butadiene noiety (vinyl |inkage content) was determ ned
from t he absor bafeesrdingdophe atarementiededpieduntignimethods cibisdeersidl@ite h t he
conput ati on expressi on of the Hanpton met hod. [0108] gB)_ Mooney Vi scosity
and Mooney sfficiesdly pspdyca therprageled conjugatedudiag-aieraatis viny! ePRPI¥MEboney
stress relaxatiopn rate at tenperature of 120C were neasuyred, i n.accordance
uh 1 S028010) ofHhe PapsRrS caR e h VIR Sy oo I Saresap IRy Waen 1S
manuf act ured by Ueshinma Sei sakysho Co Ltd.).. Fjirst, a_sanpl S

b eheat ed aProEESESq DS aniinaiiea e, Biaves B HOlrhpizels faying aRgResied ot or

Four m nuteg_| 1 I ! - e i scosity
(ML, 4) 1 oereE G e iSe RS KB b Bha WAL 3R BSisteiianand 257, |

the period Qétis?yiﬁgﬁzgaagic%ﬂggﬂﬁ%i St%ﬁaéigﬁ’ r%ﬁétﬁh@é‘tahﬂrmaci%que was recor ded

in Mooney unit ev econ e double I ogarithm c graph of torque

val ue and t EraCRIRABES) FoRSRRSIBI BESVMoRbIY, it 4 8MpoliAe donesiRing! t he
resultant linear Iine was determ ned and the absol ute val ue of the sl ope

was regar degBrsad/hmitivnet ddve iekfesddd anrinteensIVEREr sUéH 88 Banburnyei ght

aver age nol ecul ar wei ght and nol ecul ar wei ght distribution Using a
gel per nmeat mixerddusedt oGoapared &ptrar edaesofi usingaamalhvelemeomixengfocont ai ni ng
pol ystyrene gel as a filler were connected, neasurenent was perforned to
obt ai n a chexamplegeamlumedisgherahiteragelass) asusad imeilatoratery lekal dnni ned
based on a calibration curve prepared by using standard pol ystyrene.

Fur t her nor ethe ¢aser@ftysing @ lange-v@igatmixee (fagexamplss @ vwlume of isevaiahrber

aver age nol ecul ar. wei ght was obtained. Fromthis, a nolecu] ar wei

di st Li but i Oh‘;'('%pémerd\%%@) Aslused|np %@P@ﬁ?@“ﬁ'%\‘”?ﬂ/@ﬁﬁ Rempyod E‘t ar
i i ) 0110 yi . i i
o oy ar o 88 RS %@%br%ﬁésab@n %ﬂmﬁcéiﬁtb[}%%ge%%mh%@aﬁl
Co i T R- an Co i SK
GBOOOHR TR o i sl R U oA 8 Y ASRNESG: ti ons: an
oven t erer gt iegcls 406 85nd HeELLOM B b AU B AfrE

detector (H manu ture osoh rporation) was use

measur ement sgadRbRd td Be BhroteS |HitRS BlodRitioR rMénph d?ftheTFFes%ﬂt prepare a
measur enent sol ution. The neasurenent solution (2001AL) was injected into

the gel per ggdbdimesthertdlicdd priddissabiffyodait b nidintafiddosvenidasichesrent . [0111]
(5) dass transition tenperature (Tg) I n accordance with | S022768:
2006, Tg wascateapusredubtjorus eTtafs, BEOB2MERedwonfuaEted didneyarbbratiSoiimyice. Wi |l e
supplying heliumat a flowrate of 50 nL/m nute and increasing a

t enper at ur ecopalymet (0)can be effitienttyf pradated mitheyt theCgararoentiongss r ecor ded.
The peak top of the DSC differentiation curve (inflection point) was
regarded asPePbigmaSs transition tenperature. [0112] (6) Conversion rate

To a sealed 100 mL-bottle containing n-propyl benzene (0.50 nL) as an
internal st&%#8ld and tol uene (about 20 nmi), about 20 nL of a pol yner
solution obtained froma,reactor outlet was poured to prepare a measurenent

sarrEI S. Tlhe obt @&9\?&%9@%&0%‘&@ ed by gas chronat ogr aphy (G|C) bWi th a

Corve of 13 but Lt el ERng REAE o 5 G bl B8 3Fe BafBl . rononer
i | aj - . ' j : sol uti

has dot or i SR BbAEH QIbAE ARARANE B CORITIHEN (CREREpré SLrttBmiiteRt 20 1 | o"

and the stypeSariBMaRR limiRH& e RIApBE ShereBihaly ih&adnl fblladiene, TWO

aut ocl aves (each having an interior volune of 10L and a ratio (L/D) of

hei ght (L) iseprraimetBdiridhylei3nsutddichay i Bdpétatiznet 3ahethlpp1/30t t om porti on
and an outlet at the top portion and provided with a stirrer and a jacket
for contr ol pem@diepap e [Rheptadispecarcb n3eiodedliene. s These. mahdefugeslsingigct or was
used as a polynerization reactor and the second reactor was used as a
coupling reactor.
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[ 0114] 1, 3- But adi ene, styrene and n-hexane, fromwhich inpurities
such as noisture were renoved in advance, were added respectively at
addition rates of 23.8 g/mnute, 11.9 g/mnute and 187.5 g/mnute to
prepare a solution mxture. To the obtained solution m xture,
n-butyllithium (nbutyllithiumfor treatnent) for use in an inpurity

i nactivation treatnent was added at an addition _rate of 0.100 nmol/ m nute
and ni xed b§F ilsEorapingtian withdwe; araporern Okthegei ba-kHtadigne angdsiserignenuous! y

norone ook i AN e B R A P " Omes "5 ot
subst ance atg maddi tion rate of 0.014 g/mnute, and n-butyllithium was
used as a p 0? rization initiator at an addition rate of 0.145 mol/m nute

wer e supplied to(ﬁ%r’?\ﬁiik%l Egﬁﬁﬁ)ﬂﬁd pol ymeri zation reactor), fromthe
nthrs

bott om porti on. nner, a polynerization reaction was continuously

perf or med whi | & EQ4hpis!drie bifinbfd FPPorhBHIAR IS8 ih LFERRIAG Wee of the

copol ymer solution) at the outlet o e polynmerization reactor to be 100C.

At this tinBrariched@vajuRged Rheedtomaticinyl Ropbynie?qCYh Of thdsredBnfi Nut es.

[ 0115] Fromthe top portion of the first ‘reactor (polynerization
reactor), tembeaiestrmaginglidestypsne; Prinetidstgianel bavwethyityremed supplied to
the second reactor (coupling reactor). After the polynerization reaction in
the first reagkethyliemdenee vinybdyleore, vegtrtaphthalene aedaliprstrgdathyienet he pol yner
solution was sanpled slowy with sufficient care so as not to being the

pol ymer sol ihesmmayke veed aipglyerin comebinatiorf wshmtwherinmoret 6 these,second
reactor (coupling react@;&a, and added to a solution mxture of nethanol
(about 1 mi$tyeane syretes ne (about 30 nlL). Subsequently, an anti oxi dant
(BHT: 2, 6- dl-t-ﬁ)utyl -4- hydroxytol uene) was added to the solution m xture
such that 0.0948 of the antioxidant was contai ned per polyner (100 g) and

L e ol L PN Bl Gl B e SR 0
o ccul o 9 PSRRI SN JESRBKR T B ATIRAEE, .

sanpl e was Wiﬁﬁﬁ%@ﬁ ?dk@%{?iﬁé%r‘l Foctflon@indld BoupliffyebtiEs. | 0116]

The Mboney viscosity e sanp eI (‘conj ugat'ed “di ene-aromati c vi nyl
copol yner (Thereférel B comenddtion of ReerYRR BRYtotdIisSomet AxXprefetapkat e (VBR-1)
t hereof was 0.687, and the pol ystyrene-equival ent wei ght average nvol ecul ar
wei ght (M $pedifiedty leds ltyarP0D ppan 674, 000. Furthernore, the pol ynerization
conversion rates of 1,3-butadiene and styrene (neasured at the inlet of the
second reacf0®1{coupling reactor)) reached to 98% and 96% respectively.
[0117] Wi | e keeping the tenperature of the second reactor (coupling
reactor) at 85C,(PoltmerigationdolventB- bi sani nonet hyl cycl ohexane was added at
an addition rate of 0.0184 nmol/mnute to the second reactor (coupling
reactor) from t HE therresaniembasimest, @otrnivgatad digng corgpreeng andmn

Tetragl yci dyl-1, 3- bi sam nonet hyl cycl ohexane was a, conpound hayvi ng 4 epoxy
groups per Rt ‘énﬂ&?r@wqda?'%é(ﬂ%ﬁ@mcwﬂwpeﬁﬁ%'%%ﬁBB’P”Bf herct i onal

¢ R R AR AR5
an-adi 1 ort P ASkgSRR PR AF R SR BlbHELh AR SRRt 05 g or
BHT was add rBEérb;&?i'.y'?ﬂec(fi%@agﬁ\}gégtﬁ&ég?t @?k‘?g&lﬁ&e E\Qﬁggk BEbfarthkL O

Thereafter, the solvent 'was reno to o ranc conj ugated
di enear omat 4 H4atIeHydFORRbYNBLCK & -butdHel Bentane, hekBfe 'Xﬁlem@bté(r\é%ﬁﬁ' ty (M-Q)

at 120C of the branched conjugated diene-aromatic vinyl copolyner (C) after
the coupli nglidyehe hi@dcarsonldfoh?asibgclbpentbhengyictexans, rel axation rate
(MBR-C) thereof was 0.401. The pol ystyrene-equival ent wei ght average

mol ecul ar weletiicy(cldpebtame and hesthley EiBhe xarse ; @BGarof{atiery drdearbai isach
((M-C)/(Wn-C)) of a weight average nolecular weight to a nunber average
mol ecul ar wa$ hanzenss toludfe aRdrntylenenanda hydeodzobionl nextyre nbth@seunt was 33 %

by mass, the vinyl |inkage content (1,2-1inkage anount) in the butadiene
bond unit was 34 nol/0 and the glass transition tenperature neasured by DSC
was -31C. [0119] To the branched conjugat ed di ene-aromatic vinyl

copol ynmer solution, further 37.5 parts by mass of S-RAE oil (NC 140
manuf act ured by Japan Energy Corporatid®) was added based on 100 parts by
mass of the polynmer. Thereafter, the solvent was renpbved to obtain an oi

ext ended copol ynmer (Sanple a). The properties of the obtained copolyner are
shown in Table 1. [0120] [Exanples 2, 3] n-Butyllithiumserving as a
pol yneri zation initiator, 2,2-bis(2- oxolanyl)propane and




extended copol yner (Sanple d). The properties of the obtained copolyner are
shown in Table 2. [0122] [Exanple 5] As shown in Table 2, an oil

ext ended copol yner (Sanple e) was obtained in the sane manner as in Exanple
4 except that the addition anount of

tetragl yci dyl-1, 3- bi sam nonet hyl cycl ohexane was changed. The properties of

t he obt ai ned copol yner are shown in Table 2. [0123] [Exanple 6] The
addi ti on antA#¥d of n-butyllithium serving as a pol ynerization initiator,
2, 2- bi s(2-oxol anyl ) propane and tetraglycidyl-1, 3- bi sam nonet hyl cycl ohexane
were as shown in rBeHCORGEREAtIeBhdi ti ons were the same as in Exanpl e 4.

oropor i 6 of tHE tlbsiepﬁt?ﬁn %@qqﬂ%ﬁé?i“s@%% concEiReloh 3 B0t 2ay

Co i v 3 . i . i zati
o ot v BB CuAhe oo RPN A B PP 22071
amount rati gogine]riz%ﬁBHrsﬁmtﬁﬂ‘?n W?ﬁcﬁéﬁoﬂ}s?g?r?z%tfoﬂ rﬁgaimkgggfd?%egﬁélmlte 1,

changing th upply anount of nononer, I ng an avera residence tinme to

45 m nutes aaicuRRlY MBI How'eWBP S 3t Bf BlodulBvified%d Bon&Httftionti® 90C and
changi ng the supply amounts of other substances 'as shown in Table 1.

Ther eaf t er, paiferalfsfrand®eo 809, byenasd Y8 nore preéRIEIE fron 106 3pamymaNNer as
in Exanple 1 to obtain an oil extended copolymer (Sanple g). The properties
of the obtamasg. copol yner are shown in Table 3. [0125] [Conparative

Exampl e 2] As shown in Table 3, the addition anmobunts of
n-butyllith[QD#33erving as a polynerization initiator and

2, 2- bi s(2-oxol anyl ) propane were changed and furt her,

tetragl yci dyl-1,éu‘b®f§alﬁpivmtwpﬁy@ltlai¢é)<ane was not added. Other conditions
were the sane as in Conparative Exanple 1. A polynerization reaction was
performed in thdNdBger @mbadimentafanigpicrolyRarizatiominitipterthat may, oi |
was added apd thS.soI vel\nt was. r enov er. as in anple 1 to

obtai n an of? UK é'haézfvleaﬁeﬁ}mrelegﬁﬁfﬁsgn&?nearﬁ%@%?med W PRETes 1 1o
obt ai n a _ b fenthbartigasty |
G nole y epaliErtd(inay Bide apAleliRe el BAAE hif8F ah An MRaIRBIESHE °7 L0 o

vas_conduct Ribarbd3 iHFRRIO" As ReRlATETHERLEA% EAMALAHERGRIE IR

measured by use o ymer solution en ou rom op porﬁi on of

the second pRagiLIsed IRfiaRiORRikafife HlethNSas iﬁitf&i‘(ﬂ's%%‘i’iéﬁ%fea?ﬂ?_ shown in
Table 3. [0127] [Exanple 7] As shown i n Table 4, a polynerization

reacti on anghetalasuiRld indiatdathaobe (EEE aRE6HE émtﬁlewa@@[wgmizbhsn anount
ratio of 1, 3-butadiene and styrene, changing the supply anmount of nononer

from those mitidtion abdlithodObthdmi patdbastloneskintiiofgoapoavdroigd drganidence time to
25 mnutes and an internal tenperature of the reactor outlet to 97C and
changi ng suplkbinemeial conopowtchand anlmsgamic @dkalifbezaathf metal componmsd isdded and
t he solvent was renoved in the sane manner as in Exanple 1 to obtain an oil
ext ended coptsifeiably insluslede i). The properties of the obtained copol yner are
shown in Table 4. [0128] [Exanples 8, 9]

[0044]

The organic alkaline metal compound is not particularly limited;

however, in view of reactivity, etc., an organic lithium compound is preferred.

Examples of the organic lithium compound may include a low molecular

weight compound, an organic lithium compound of a solubilized oligomer, a

compound having a single lithium in a single molecule, a compound having a

plurality of lithium in a single molecule, compounds having lithium bonded to
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The- addi ti on anmounts of n-butyllithiumserving as a pol ynerization
initiator, 2,2-bis(2-oxolanyl)propane and tetraglycidyl-1, 3-

bi sam nonet hyl cycl ohexane were set as shown in Table 4. Ol extended
copolynmers (Sanples j, k) were obtained by setting other conditions to be
the sane as shown in Exanple 7. The properties of the obtained copol yner
are shown in Table 4. [0129] [Exanple 10] As shown in Table 5, a
pol yneri zat ABQrIaHe OTreHP aweh as @cﬁ%ﬁ?%trﬂ@acﬁqrﬂmam%ﬁmwlwaby enpl oyi ng
the sane anpbunt ratio of 1, 3-hutadiene and styrene as in the nethod of
Exanpl e 7, EW&S&P?E}*"PH@%’%BP? 3HRIDPRUNST haviRg Ain-litbtd bR§dan aver age

resi dence tB}rLHésio 22 mnutes and the internal tenperature of the reactor
outlet to 1 nd by changi ng the supply anounts of other substances as

0 120 s oy A M Al
[Gorpar at 1 vE EesHEP St 368 ARYEARR, KFEL FIMSR RGUITIE 2rount o

tet raglyci dydnylifhiuih, SHEMMIRLAVAGY StiBERURARNAS reduced from the amount | n
t he net hod of anple 7. An oil extended copolynmer (Sanple n) was obtained

by setting mdz,gp] conditions to be the sane as shown in Exanple 7. The
properties of the obtained copolyner are shown in Table 5. [0131]

[ Conpar ati ve ExabByarapkk of the multfanstionan organialithéurh cotnpouindmaay Zredluden
reaction and a coupling reaction were conducted by enpl oying the sane
anount rati d,4edilithichbuianedd mectianpredysteiseadutyllithuem aadhod of Exanple 7,
changi ng the supply amount of nononer, setting an average residence tinme to
45 m nut es @ifipproarenylvenaene, { shpdrilibigbenaene, eraastion produatioén-t o 90C and
changi ng the supply ampunts of other substances as shown in Table 5.

Ther eaf t er , Uit apdidB-Butadians ang Juinylagnzependida reaciaerodyst danner as
of the obt apuEBBE Frde SouaGYEREPIBING 5. [ 0132] [ Tbl e 11 Exampl e
1 Exanpl e Z[O%a}j’rpl e 3 Polynerization condition C) cu 3 No. a b
Examples of a compound having a nitrogen-lithium bond may include
lithium dimethylamide, lithium diethylamide, lithium dipropylamide, lithium di-
n-hexylamide, lithium diisopropylamide, lithium hexamethyleneimide, lithium
pyrrolidide, lithium piperidide, lithium heptamethyleneimide and lithium
morpholide.
[0048]
Furthermore, organic alkaline metal compounds disclosed in U. S. Pat.
No. 5,708,092, British Patent No. 2,241,239 and U. S. Pat. No. 5,527,753
can be also used. Particularly preferable ones are n-butyllithium and sec-
butyllithium. The aforementioned organic lithium compounds may be used
singly or as a mixture of two or more.
[0049]
Examples of other organic alkaline metal compounds may include an

organic sodium compound, an organic potassium compound, an organic
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c 1,3-Butadiene(g/mnute) 23.8 23.8 23.8 Styrene(g/mnute) 11.9 11.9 11.9
n- Hexane(g/ m nute) 187.5 187.5 187.5 Polynerization tenperature(C) 100 100
100 n-Butyllithiumfor treatnment(nmol/ mnute

rubidium compound and an organic cesium compound. Specific examples
thereof may include sodium naphthalene and potassium naphthalene.
Besides these, an alkoxides, sulfonate, carbonate and amide of lithium,
sodium and potassium may be used.

The organic alkaline metal compound may be used in combination with
other organic metal compounds.

[0050]

The alkaline-earth metal compound is not particularly limited and
examples thereof may include an organic magnesium compound, an organic
calcium compound and an organic strontium compound. Specific examples
thereof may include dibutylmagnesium, ethylbutylmagnesium and
propylbutylmagnesium. Furthermore, compounds such as an alkoxide,
sulfonate, carbonate and amide of an alkaline-earth metal may be used.
These organic alkaline-earth metal compounds may be used in combination
with the organic alkaline metal-based initiator and other organic metal
compounds.

[0051]

(Polar compound)

In the method for producing a branched conjugated diene-aromatic
vinyl copolymer (C) of the present embodiment, a polar compound such as a
Lewis base is preferably added in a small amount in order to randomly
copolymerize an aromatic vinyl compound with a conjugated diene
compound, in order to use as a vinyl agent for controlling a microstructure of

a conjugated diene moiety of a copolymer, and in order to improve a

polymerization rate.

[0052]




) 0.100 0.100 0.100 n-Butyllithiumserving as(mmol/m nute pol ynerization
initiator) 0.145 0.158 0.182 Polar substance -1 Addition anmount (g/ m nute)
0.014 0.015 0.017 TGAWH -2 Addition anmount(nmmol/m nute ) 0.0184 0.0192
0.0211
The polar compound is not particularly limited and examples thereof
may include ethers such as tetrahydrofuran, diethyl ether, dioxane, ethylene
glycol dimethyl ether, ethylene glycol dibutyl ether, diethylene glycol dimethyl
ether, diethylene glycol dibutyl ether, dimethoxybenzene, and 2,2-bis(2-
oxolanyl)propane; tertiary amine compounds such as
tetramethylethylenediamine, dipiperidinoethane, trimethylamine, triethylamine,
pyridine and quinuclidine; alkali metal alkoxide compounds such as
potassium-t-amylate, potassium-t-butyrate, sodium-t-butyrate and sodium
amylate; metal salts of organic sulfonic acids such as potassium
dodecylbenzene sulfonate and sodium dodecylbenzene sulfonate; and
phosphine compounds such as triphenyl phosphine. These polar
compounds may be used singly or in combination with two or more.
[0053]
The use amount of polar compound is selected depending upon the
purpose and the degree of effect and not particularly limited; however, the
use amount is usually from 0.01 to 100 moles based on one mole of an
alkaline metal or an alkaline-earth metal atom in an anionic polymerization
initiator.
[0054]
The polar compound may be used in an appropriate amount as a
modifier for a microstructure of a polymer diene moiety depending upon
desired vinyl linkage content. In this manner, the vinyl linkage content in
total conjugated diene linkage units can be controlled. Most polar
compounds simultaneously have an effective randomization effect in
copolymerization between a conjugated diene compound and an aromatic

vinyl compound. Thus, the distribution of an aromatic vinyl compound in a

copolymer and the block amount of the aromatic vinyl compound (for




Li t‘hi um equi valent ratio 0.30 0.30 0.30 Average residence tine (1st
reactor)(mnute) 30 30 30 Mononer concentration(/0 by nass) 16 16 16
Anal ysi s value Polyneriza -tion conversion rate 1, 3-Butadiene(% 98 99 99

example, styrene block amount) can be controlled by using the polar
compound.
[0055]

(Polymerization step)

The polymerization reaction of a conjugated diene compound and an
aromatic vinyl compound is conducted by continuously supplying a
conjugated diene compound, an aromatic vinyl compound, an anionic
polymerization initiator, a polymerization solvent as mentioned above and a
small amount of polar compound, if necessary to a predetermined reactor
equipped with a stirrer and continuously letting out a solution of a conjugated
diene-aromatic vinyl copolymer from the outlet of the reactor. Furthermore,
a monomer and/or a polymerization solvent are brought into contact with an
organic metal compound before they are supplied to a reactor by the method
disclosed in Japanese Patent Laid-Open No. 2002-284814 to thereby
inactivate a polymerization inhibitory action caused by a small amount of
impurities.

[0056]

The supply site of e.g., a monomer solution and the let-out site of a
copolymer solution are not particularly limited. Any site, e.g., the bottom
portion and top portion of a reactor and an arbitrary site between them, may
be used. Itis preferred that a monomer solution be supplied from a site
near the bottom portion and a copolymer solution is let out from a site near
the top portion. Generally, in anionic copolymerization, since a conjugated
diene compound is more preferentially polymerized than an aromatic vinyl
compound, part of the conjugated diene compound may be supplied from the
upper portion of the reactor for the purpose of randomization.

[0057]
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Styrene(%9 96 98 99 Bound styrene anount (% by mass) 33 33 33 Vinyl
| i nkage content (1, 2-linkage(nol/0) content) 34 34 34 dass transition
tenperature(C) -31 -31 -31 Analysis value of polyner before coupling

The polymerization reaction is preferably conducted while maintaining
the internal temperature at a reactor outlet at 95 to 110°C and at an average
residence time of 15 minutes or more and 35 minutes or less. The internal
temperature at the reactor outlet refers to the temperature of a copolymer
solution at the reactor outlet. To improve productivity by increasing a
reaction rate and form an appropriately branched structure before a coupling
reaction by accelerating a thermal branching reaction by metalation, it is
preferred that the internal temperature at the reactor outlet be set to 95°C or
more. In contrast, to prevent inhibition of a coupling reaction by inactivation
due to an excessive metalation reaction and the like, the internal temperature
is preferably set to 110°C or less. The temperature of the copolymer
solution can be controlled by heat exchange by means of an exterior heat
exchanger and internal heat exchanger and temperature control of the
monomer solution to be supplied.

[0058]

Furthermore, it is preferred that the temperature of a copolymer
solution in the lower portion of the reactor be lower by 3 to 15°C than the
internal temperature at the reactor outlet. The internal temperature of the
lower portion of the reactor is more specifically defined as the temperature
measured by a thermometer, which is provided at a position, which is soaked
when a solution corresponding to 1/3 of the total volume is supplied to the
reactor and which is not directly affected by the flow of the monomer solution
to be supplied to the reactor. When the solution in the reactor is completely
mixed, the internal temperature of the lower portion of a reactor is virtually
the same as the internal temperature at the reactor outlet. Conversely,

when the solution is in plug-flow conditions, there is a large temperature

difference between the internal temperature of the lower portion of the




Wei ght average(104g/ nol) nol ecul ar weight (mwd) 67.4 62.5 57.3 Mooney
viscosity at 120C (M--1) 93.5 82.4 70.8 {260 - (M-1)}/300 0.555 0.592
0.631 {310 - (M-1)}/300 0.722 0.759

reactor and the internal temperature of the reactor outlet. If polymerization
is performed while controlling stirring conditions such that a difference
between the internal temperature of the lower portion of a reactor and the
internal temperature of the reactor outlet falls within the range of from 3 to
15°C, an appropriate residence time distribution occurs, and a heat
branching reaction of a copolymer can be appropriately conducted.

[0059]

Furthermore, in view of obtaining at least a predetermined conversion
rate of a monomer and further sufficiently conducting a heat branching
reaction, the average residence time is preferably 15 minutes or more. In
view of productivity and suppressing an effect of inactivation upon a coupling
reaction, the average residence time is preferably 35 minutes or less.

[0060]

The conversion rate of a monomer at the reactor outlet is preferably
95% or more, further preferably 98% or more and more preferably 99% or
more. The higher the conversion rate, the better the unit of output. In
addition, since a load on a solvent recovery step is low, excellent productivity
is obtained. The conversion rate here can be determined by the method set
forth in Examples (later described).

[0061]

The polystyrene-equivalent weight average molecular weight (Mw-1)
(measured by GPC) of a conjugated diene-aromatic vinyl copolymer (1)
obtained by a polymerization step prior to a coupling step, is not particularly
limited; however, Mw-I is preferably from 500,000 to 700,000. In view of
obtaining satisfactory abrasion resistance and strength, Mw-I is preferably

500,000 or more. In view of productivity and processability of a conjugated
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0. 797 Mooney stress relaxation rate at 120C (MSR-1) 0.687 0.724 0.772
Anal ysis value of (final) polynmer after coupling Wight average(104g/ nol)
ol ecul ar weight (mv+C) 88.6 79.0 71.3 (MwC)/(M-C) 2.33 2.37 2.28
Mooney vi scosity at 120C (M- C)
diene-aromatic vinyl copolymer of the present embodiment obtained after
coupling, Mw-| is preferably 700,000 or less.
[0062]
Furthermore, the conjugated diene-aromatic vinyl copolymer (1)
obtained in the polymerization step before a coupling step preferably has a
Mooney viscosity (ML-1) and a Mooney stress relaxation rate (MSR-I)
measured at 120°C satisfying the relationship represented by the following
Expression (2):
{260-(ML-1)}/300 < (MSR-I) < {310-(ML-1)}/300 ... (2)
where 65 < (ML-I) < 100.
[0063]
In order for the branched conjugated diene-aromatic vinyl copolymer
(C) obtained after coupling to have a sufficient extent of branching, a
polymerization reaction is preferably performed so as to satisfy the upper
limit value or less in the Expression (2). To ensure an active polymer end
sufficient to perform a coupling reaction performed after a polymerization
reaction, a polymerization reaction is performed so as to satisfy the
aforementioned lower limit value or more.
[0064]
As described above, with the solution of the conjugated diene-aromatic
vinyl copolymer having an active polymer end let out from the reactor outlet,
a multifunctional modifier having 4 or more functional groups and which can
react with an active polymer end, is brought into contact to conduct a
coupling reaction. In this manner, the branched conjugated diene-aromatic
vinyl copolymer of the present embodiment can be obtained.

[0065]
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134.2 120.4 108.9 {214 - (M.-C)}/300 0.266 0.312 0.350 {260 -
(M.-C) 9% /300 0.419 0.465 0.504 Mooney stress relaxation rate at 120C
{(MSR-C) 0.401 0.448 0.478 *12,2-Bi s(2-oxol anyl) propane

The reactor may be a vessel-type reactor equipped with a stirrer,
similarly to a polymerization vessel, a vessel-type reactor equipped with a
stirrer, smaller than a polymerization vessel, or a static mixer. It is preferred
that a conjugated diene-aromatic vinyl copolymer solution be sufficiently
mixed with a multifunctional modifier, and a sufficient residence time for a
reaction be obtained. From this point of view, when a vessel-type reactor
equipped with a stirrer is used, the volume of the reactor is preferably from
1/20 to 1/5 of that of a polymerization vessel in the turbulence conditions.
[0066]

The residence time is not particularly limited; however in the
aforementioned point of view, the residence time is preferably from one
minute to one hour and more preferably from one minute to 15 minutes.
The reaction temperature of a coupling reaction is not particularly limited;
however, in view of obtaining a sufficient modification efficiency, the reaction
temperature is preferably from 50 to 110°C and more preferably from 70 to
110°C.

[0067]

(Multifunctional modifier having 4 or more functional group)

The multifunctional modifier having 4 or more functional groups which
can react with the active polymer end of a conjugated diene-aromatic vinyl
copolymer having an active polymer end used in the present embodiment is
not particularly limited. Examples thereof may include a compound having
at least one functional group selected from the group consisting of an epoxy
group, a carbonyl group, a carboxylic acid ester group, a carboxylic acid
amide group, an acid anhydride group, a phosphoric acid ester group, a
phosphorous acid ester group, an epithio group, a thiocarbonyl group, a

thiocarboxylic acid ester group, a dithiocarboxylic acid ester group, a
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*2TFetragl yci dyl-1, 3- bi sam nonet hyl cycl ohexane [0133] [Table 2] Exanple 4
Exanple 5 Exanple 6 Sanple No. d e f Polynerization condition
.1, 3-Butadi ene(g/ mnute) 28.6 28.6 28.6 Styrene(g/mnute) 14.3 14.3 14.3
n- Hexane( g/ m nut e)

thiocarboxylic acid amide group, an imino group, an ethyleneimino group, a

halogen group, an alkoxysilyl group, an isocyanate group, a thioisocyanate

group, a conjugated diene group, and an arylvinyl group.

[0068]

Note that, in calculating the mole number of a functional group, in view
of reactivity with the active polymer end of a conjugated diene-aromatic vinyl
copolymer having an active polymer end, an epoxy group, a carbonyl group,
an epithio group, a thiocarbonyl group, an imino group, an ethyleneimino
group, a halogen group, a conjugated diene group, an arylvinyl group and an
alkoxy group of an alkoxysilyl compound is regarded as a single functional
group; a carboxylic acid ester group, a carboxylic acid amide group, an acid
anhydride group, a thiocarboxylic acid ester group, a dithiocarboxylic acid
ester group, a thiocarboxylic acid amide group, an isocyanate group and a
thioisocyanate group are regarded as a bifunctional group, a phosphoric acid
ester group and a phosphorous acid ester group are regarded as trifunctional
group. The multifunctional modifier used in the present embodiment has a
total of 4 or more of the functional groups per molecule.

[0069]

Examples of the multifunctional modifier having an epoxy group may
include polyepoxy compounds such as polyepoxylated liquid polybutadiene;
glycidyl amino compounds such as tetraglycidylmetaxylenediamine,
tetraglycidylaminodiphenylmethane, tetraglycidyl-p-phenylenediamine and
tetraglycidyl-1,3-bisaminomethylcyclohexane; and compounds having an
epoxy group and another functional group such as a 3-glycidoxypropyil
trimethoxysilane, 3-glycidoxypropyltriethoxysilane, 3-glycidoxypropy!
tributoxysilane, epoxylated soybean oil and epoxylated linseed oil.

[0070]
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225.1 225.1 225.1 Polynerization tenperature(C) 105 105 105
n-Butyllithiumfor treatnent(mol/mnute ) 0.120 0.120 0.120
n-Butyllithiumserving as(nmmol/m nute polynerization initiator) 0.185 0.185
0.200 Pol ar substance 1 Addition anount(g/ m nute) 0.025

Furthermore, examples of a multifunctional modifier having an
alkoxysilyl group may include alkoxysilane compounds such as
tetramethoxysilane, tetraethoxysilane, tetrabutoxysilane,
bis(triethoxysilyl)methane, bis(trimethoxysilyl)ethane, 1,6-
bis(trimethoxysilyl)hexane, bis(triethoxysilyl)octane, bis(triethoxysilyl)ethylene,
1,1-bis(trimethoxysilylmethyl)ethylene, 1,4-bis(triethoxysilyl)benzene and
bis(3-trimethoxysilylpropyl)-N-methyl amine; and compounds having an imino
group and an alkoxysilyl group such as N-(1,3-dimethylbutylidene)-3-
(triethoxysilyl)-1-propane amine, N-(1,3-dimethylbutylidene)-3-(tributoxysilyl)-
1-propane amine, N-(1-methylpropylidene)-3-(triethoxysilyl)-1-propane amine,
N-ethylidene-3-(triethoxysilyl)-1-propane amine and N-(3-triethoxysilylpropyl)-
4,5-dihydroimidazole.

[0071]

Furthermore, examples of a multifunctional modifier having a halogen
group may include halogenated silane compounds such as silicon
tetrachloride, silicon tetrabromide, silicon tetraiodide, bistrichlorosilylethane,
2,2,4,4 6,6-hexachloro-2,4,6-trisilaheptane and 1,2,3,4,5,6-hexakis[2-
(methyldichlorosilyl)ethyllbenzene; and alkoxy halogenated silane
compounds such as monochlorotrimethoxysilane,
monobromotrimethoxysilane, dichlorodimethoxysilane,
dibromodimethoxysilane, trichloromethoxysilane and tribromomethoxysilane.
[0072]

Furthermore, examples thereof may include halogenated tin
compounds such as tin tetrachloride, tin tetrabromide and
bistrichlorostannylethane; and polyhalogenated phosphorus compounds such
as trichlorophosphine and tribromophosphine.

[0073]
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0.025 0.027 TGAWVH '2 Addition anmount (nmol/m nute ) 0.0133 0.0236 0.248
Lithiumequivalent ratio 0.17 0.31 0.31 Average residence tinme (1st
reactor)(mnute) 25 25 25 NMononmer concentration(% by nmass) 16

Of them, examples of further preferable multifunctional modifiers may
include a compound having a functional group having high affinity for silica, a
polyepoxy compound having 4 to 6 functional groups having a large effect of
improving the molecular weight by coupling and a compound having, in total,
4 to 6 functional groups of an epoxy group and an alkoxysilyl group.
Examples of further preferable multifunctional modifiers may include a
glycidyl compound having an amino group in a molecule and a compound
having 2 or 3 diglycidylamino groups in a molecule. Specific examples
thereof may include tetraglycidylmetaxylenediamine,
tetraglycidylaminodiphenylmethane, tetraglycidyl-p-phenylenediamine, and
tetraglycidyl-1,3-bisaminomethylcyclohexane.

The aforementioned multifunctional modifiers may be used singly or in
combination with 2 or more.

[0074]

The addition amount of each of these multifunctional modifiers, more
specifically, the total mole number of functional groups in the multifunctional
modifier is preferably from 0.1 to 0.5 times and more preferably from 0.2 to
0.4 times based on the mole number of an anionic polymerization initiator.
To improve processability by branching and to improve strength by
increasing a molecular weight, it is preferred to add 0.1 time or more the
amount of the multifunctional modifier. In view of the economic efficiency,
0.5 times or less the amount of the multifunctional modifier is preferably
added.

[0075]

As described above, a coupling reaction is conducted by bringing a

multifunctional modifier having 4 or more functional groups which can react

with an active polymer end into contact with a solution of a conjugated diene-
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16 16 Anal ysis val ue Pol yneriza -tion conversion rate 1, 3-Butadiene(% 98
98 99 Styrene(% 97 97 98 Bound styrene anount (% by mass) 33 33 33
Vinyl |inkage content (1,2-1inkage(nol% content)

aromatic vinyl copolymer having the active polymer end to obtain the
branched conjugated diene-aromatic vinyl copolymer (C) of the present
embodiment.

[0076]

As described above, after the coupling reaction is conducted, if
necessary, e.g., a predetermined inactivator and a neutralizer, may be added
to the solution. Examples of the inactivator may include water, alcohols
such as methanol, ethanol and isopropanol. Examples of the neutralizer
may include carboxylic acids such as stearic acid, oleic acid and versatic acid,
aqueous inorganic acid solutions and carbon dioxide gas.

[0077]

Furthermore, since the branched conjugated diene-aromatic vinyl
copolymer (C) of the present embodiment itself has high viscosity, in view of
preventing gelation in a finishing step after polymerization and in view of
improving stability during processing, if necessary, a known rubber stabilizer
is preferably added, which may include 2,6-di-tert-butyl-4-hydroxytoluene
(BHT), n-octadecyl-3-(4'-hydroxy-3',5'-di-tert-butylphenol)propionate and 2-
methyl-4,6-bis[(octylthio)methyl]phenol.

[0078]

In view of further improve processability of the branched conjugated
diene-aromatic vinyl copolymer (C) of the present embodiment, it is preferred
to add extender oil. An addition method thereof is not particularly limited;
however, it is preferred that extender oil be added to a polymer solution and
mixed to obtain a solution of an oil extended copolymer, followed by
removing the solvent. The extender oil is not particularly limited and, for
example, aromatic oil, naphthenic oil and paraffinic oil may be used and

preferably substitute for aromatic oil containing 3 % by mass or less of a




34 34 34 dass transition tenperature(C) -31 -31 -31 Analysis val ue of
pol ynmer before coupling Wi ght average(104g/nol) nol ecul ar wei ght (ma1)
67.9 67.9 62.7 Mooney vi scosity at 120C(M.-1) 86.2 86.2 73.4

polycyclic aromatic hydrocarbon component defined by Method 1P346 is
used. Of them, substitute for aromatic oil containing 3 % by mass or less of
a polycyclic aromatic hydrocarbon component is preferred in view of
environmental safety and prevention of oil bleed, and further in view of wet
grip property. Examples of more preferable substitute for aromatic oil may
include TDAE (Treated Distillate Aromatic Extracts) and MES (Mild Extraction
Solvate) described in Kautschuk Gummi Kunststoffe 52(12)799 (1999), and
RAE (Residual Aromatic Extracts). The use amount of extender oil is not
particularly limited; however it is usually preferably from 10 to 60 parts by
mass based on 100 parts by mass of the branched conjugated diene-
aromatic vinyl copolymer (C) of the present embodiment and more preferably
from 20 to 37.5 parts by mass.

[0079]

A method for obtaining the branched conjugated diene-aromatic vinyl
copolymer (C) of the present embodiment from a polymerization solution is
not particularly limited and a conventionally known method can be applied.
For example, a method of separating a solvent by steam stripping, etc. and
thereafter separating a polymer by filtration, followed by dewatering and
drying to obtain a polymer; a method of concentrating the obtained polymer
in flashing tank and further devolatilizing it by vent-extruder, etc.; or a method
of directly removing a solvent by drum-dryer etc. can be applied.

[0080]

[Branched conjugated diene-aromatic vinyl copolymer composition]

The branched conjugated diene-aromatic vinyl copolymer composition
refers to a composition prepared by mixing predetermined materials with the
aforementioned branched conjugated diene-aromatic vinyl copolymer (C) of

the present embodiment. Examples of the predetermined materials may




{260 - (M-1)}/300 0.579 0.579 0.622 {310 - ( I
Mooney stress relaxation rate at 120C (MSR-1) 0. 667
value of (folymer inal) p after coupling

M.-1)}/300 0.746 0.746 0.789
0.667 0.715 Analysis

include a rubbery polymer other than the branched conjugated diene-
aromatic vinyl copolymer, an inorganic filler, a silane coupling agent, a rubber
softener, a vulcanizing agent and a vulcanizing accelerator/vulcanization aid.
Of these compositions, a composition at least containing an inorganic filler is
preferred. More specifically, a branched conjugated diene-aromatic vinyl
copolymer composition containing the branched conjugated diene-aromatic
vinyl copolymer (C) of the present embodiment and an inorganic filler is
preferred.

[0081]

Examples of the rubbery polymer other than the branched conjugated
diene-aromatic vinyl copolymer (C) may include a conjugated diene-based
polymer or a hydrogenated polymer thereof, a random copolymer of a
conjugated diene compound and a vinyl aromatic compound or a
hydrogenated polymer thereof, a block copolymer of a conjugated diene
compound and a vinyl aromatic compound or a hydrogenated polymer
thereof; a non-diene-based polymer and a natural rubber.

[0082]

Specific examples thereof may include a butadiene rubber or a
hydrogenated rubber thereof, an isoprene rubber or a hydrogenated rubber
thereof, a styrene-based elastomer such as a styrene-butadiene rubber or a
hydrogenated rubber thereof, a styrene-butadiene block copolymer or a
hydrogenated copolymer thereof and a styrene-isoprene block copolymer or
a hydrogenated copolymer thereof; and an acrylonitrile-butadiene rubber or a
hydrogenated rubber thereof.

[0083]

Furthermore, examples of the non-diene polymer may include an olefin

elastomer such as an ethylene-propylene rubber, an ethylene-propylene-




Wei-ght average(104g/nol) nol ecular weight (Mv+-C) 79.6 87.3 75.9
(Mv-Q/(M-C) 2.48 2.42 2.35 Mooney viscosity at 120C (M.-C) 119.5 128.2
115.4 {214 - (M.-C)}/300 0.315 0. 286

diene rubber, an ethylene-butene-diene rubber, an ethylene-butene rubber,
an ethylene-hexene rubber and an ethylene-octene rubber; a butyl rubber, a
brominated butyl rubber, an acryl rubber, a fluorine rubber, a silicone rubber,
a chlorinated polyethylene rubber, an epichlorohydrin rubber, an o, -
unsaturated nitrile-acrylic acid ester-conjugated diene copolymer rubber, a
urethane rubber and a polysulfide rubber.

[0084]

The aforementioned rubbery polymer may be a modified rubbery
polymer having a functional group. The molecular weight thereof is
preferably from 2,000 to 2,000,000 and further preferably from 5,000 to
1,500,000. A so-called liquid rubber of a low molecular weight may be used.

These rubbery polymers may be used singly or in combination with two
or more.

[0085]

In the case where the branched conjugated diene-aromatic vinyl
copolymer (C) of the present embodiment is used in combination with the
aforementioned rubbery polymer, the ratio of them is not particularly limited;
however, in view of obtaining a vulcanizate having an excellent balance
between low hysteresis loss property and wet skid resistance and satisfying
practically sufficient abrasion resistance and fracture characteristics, the ratio
of the branched conjugated diene-aromatic vinyl copolymer (C)/the
aforementioned rubbery polymer is preferably, from 20/80 to 100/0, more
preferably from 30/70 to 90/10 and further more preferably from 50/50 to
80/20.

[0086]
Examples of the inorganic filler may include a silica-based inorganic

filler and carbon black.
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0. 329 {260 - (M_-C)}/300 0.468 0.439 0.482 Mooney stress rel axation
rate at 120C (MSR-C) 0.422 0.372 0.409 *12,2-Bi s(2-oxol anyl) propane
J2Tetragl yci dyl-1, 3- bi sam nonet hyl cycl ohexane [0134] [Table 3]
Conpar ati ve Exanple 1 Conparative Exanple 2

[0087]

Examples of the silica-based inorganic filler may include solid particles
containing SiO; or SizAl as a main component of a constitutional unit. The
main component here refers to a component containing 50 % by mass or
more of the silica-based inorganic filler. Specific examples of the silica-
based inorganic filler may include silica, clay, talc, mica, diatomaceous earth,
wollastonite, montmorillonite, zeolite and an inorganic fibrous substance such
as glass fiber. Furthermore, a silica-based inorganic filler with hydrophobic
surface treatment and a mixture of a silica-based inorganic filler and a non
silica-based inorganic filler can be also used. Of these, silica and a glass
fiber are preferably used and silica is more preferably used. As the silica,
for example, dry-process silica, wet-process silica and synthetic silicate silica
may be used. Of these, wet-process silica is preferred since it has an
excellent fracture-characteristics improving effect and an effect of balancing
wet skid resistance with another property.

[0088]

In the branched conjugated diene-aromatic vinyl copolymer
composition, in view of obtaining practical satisfactory abrasion resistance
and fracture characteristics, the nitrogen adsorption specific surface area of
the aforementioned silica-based inorganic filler, determined by the BET
adsorption method, is preferably from 100 to 300 m2/g and more preferably
from 170 to 250 m?/g.

[0089]

Furthermore, if a silica-based inorganic filler having a relatively small
specific surface area (for example, specific surface area: less than 200 m%g)
is used in combination with a silica-based inorganic filler having a relatively

large specific surface area (for example, 200 m?/g or more) as needed,
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[ Polymerization condition !'(133 . . . No. g h 1,3-Butadi ene(g/ mnute)
16.0 16.0 Styrene(g/mnute) 8.0 8.0 n-Hexane(g/mnute) 125.6 125.6
.Pol yneri zation tenperature(C) 90 90

satisfactory abrasion resistance, fracture characteristics and low hysteresis
loss property can be highly kept in balance.
[0090]

In the branched conjugated diene-aromatic vinyl copolymer
composition, the content of the silica-based inorganic filler is not particularly
limited; however, the content thereof is preferably from 0.5 to 300 parts by
mass based on 100 parts by mass of the rubber component containing the
branched conjugated diene-aromatic vinyl copolymer (C), more preferably
from 5 to 200 parts by mass and further preferably from 20 to 100 parts by
mass. In view of exerting an addition effect of a filler, the addition amount of
0.5 parts by mass or more is preferred. In contrast, in view of obtaining
practically sufficient processability and mechanical strength of the
composition by sufficiently dispersing a silica-based inorganic filler, 300 parts
by mass or less is preferred.

[0091]

Carbon black is not particularly limited and, for example, carbon black
belonging to each of the classes such as SRF, FEF, HAF, ISAF and SAF can
be used. Carbon black having a nitrogen adsorption specific surface area of
50 m?/g or more and a DBP oil absorption amount of 80 mL/100 g or more is
preferred.

[0092]

The content of carbon black is preferably from 0.5 to 100 parts by
mass based on 100 parts by mass of a rubber component containing a
branched conjugated diene-aromatic vinyl copolymer (C), more preferably
from 3 to 100 parts by mass and further preferably from 5 to 50 parts by
mass. In view of expressing performance such as dry grip performance and

electrical conductivity required for the use in tires and the like, 0.5 parts by
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n-Butyllithiumfor treatnent(mml/mnute ) 0.067 0.067 n-Butyllithium
serving as(mmol /m nute polynerization initiator) 0.100 0.090 Pol ar
,Substance .1 Addition amount (g/mnute) 0.0070 0.0065 TGAMH -2 Addition
anount (mol /m nute ) 0.0125 - Li t hi um equi valent ratio
mass or more is preferably added based on 100 parts by mass of the rubber
component. In view of dispersibility, 100 parts by mass or less is preferably
added based on 100 parts by mass of the rubber component.
[0093]

Note that, to the branched conjugated diene-aromatic vinyl copolymer
composition, other than the aforementioned silica-based inorganic filler and
carbon black, a metal oxide and a metal hydroxide may be added. The
metal oxide here refers to solid particles containing a substance represented
by chemical formula MO, (M represents a metal atom, and x and y each
represents an integer of from 1 to 6) as a main component of a constitutional
unit. Examples thereof may include alumina, titanium oxide, magnesium
oxide and zinc oxide. Furthermore, a mixture containing a metal oxide and
an inorganic filler other than the metal oxide can be used. The metal
hydroxide is not particularly limited and example thereof may include
aluminum hydroxide, magnesium hydroxide and zirconium hydroxide.

[0094]

To the branched conjugated diene-aromatic vinyl copolymer
composition, a silane coupling agent may be added. The silane coupling
agent has a function of accelerating the interaction between a rubber
component and a silica-based inorganic filler, and has a group having an
affinity or a binding ability to each of a rubber component and a silica-based
inorganic filler. Generally, a compound having a sulfur bonding moiety, an
alkoxysilyl group and a silanol group moiety in a single molecule is used. In
view of the above, a silane coupling agent is preferably used in combination
with the aforementioned silica-based inorganic filler.

[0095]
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0.30 - Average residence tinme (1st reactor)(m nute) 45 45 Mononer
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by mass)

Specific examples of the silane coupling agent may include bis-[3-
(triethoxysilyl)-propyl]-tetrasulfide, bis-[3-(triethoxysilyl)-propyl]-disulfide, and
bis-[2-(triethoxysilyl)-ethyl]-tetrasulfide.

[0096]

The content of the silane coupling agent is preferably from 0.1 to 30
parts by mass based on 100 parts by mass of the aforementioned silica-
based inorganic filler, more preferably from 0.5 to 20 parts by mass and
further preferably from 1 to 15 parts by mass. The content of the silane
coupling agent is preferably 0.1 part by mass or more, in view of the blending
effect and preferably 30 parts by mass or less in view of the economic
efficiency.

[0097]

To the branched conjugated diene-aromatic vinyl copolymer
composition, a rubber softener may be blended in order to improve
processability. As the rubber softener, mineral oil or a liquid-state or low-
molecular weight synthetic softener is mentioned. A mineral oil-based
rubber softener called process oil or extender oil used for softening a rubber,
increasing a volume thereof and improving processability thereof is a mixture
of an aromatic ring, a naphthenic ring and a paraffinic chain. The softener in
which the number of carbon atoms of a paraffinic chain occupies 50% or
more of the total number of carbon atoms is called a paraffinic softener.

The softener in which the number of carbon atoms of the naphthenic ring
occupies from 30 to 45% is called as a naphthenic softener. The softener in
which the number of aromatic carbon atoms exceeds 30% is called as an
aromatic softener. As the rubber softener to be used in combination with

the branched conjugated diene-aromatic vinyl copolymer (C), a softener in
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33:33 Vinyl l|inkage content (1, 2-1inkage(nor/o) content) 34 34 d ass
transition tenperature(C -31 -31 Analysis value of polyner before
.coupl i ng Wei ght average(104g/nol) nol ecul ar wei ght (mwd) 63.4 - Mooney
viscosity at 120C (M--1) 85.4 -
which an aromatic compound is appropriately contained is preferred since it
has good adaptability.
[0098]
The content of the rubber softener is preferably from 0 to 100 parts by
mass based on 100 parts by mass of the rubber component containing a
branched conjugated diene-aromatic vinyl copolymer (C), more preferably
from 10 to 90 parts by mass and further preferably from 30 to 90 parts by
mass. If the content of the rubber softener more than 100 parts by mass
based on the rubber component, bleed-out easily occurs and the surface of
the composition may become sticky. This case is unfavorable.
[0099]
A method for mixing a branched conjugated diene-aromatic vinyl
copolymer (C), another rubbery polymer, and various additives such as a
silica-based inorganic filler, carbon black or another filler, a silane coupling
agent and a rubber softener is not particularly limited. For example, a melt
kneading method using a general kneader such as an open roll, a Banbury
mixer, a kneader, a single-screw extruder, a double-screw extruder and a
multi-screw extruder; and a method in which components are dissolved and
mixed and then heated to remove a solvent are mentioned. Of these, the
melt kneading method by a roll, a Banbury mixer, a kneader or an extruder is
preferred in view of productivity and satisfactory kneading property. A
conjugated diene-aromatic vinyl copolymer and other components may be
kneaded at a time or separately mixed multiple times.
[0100]
The aforementioned branched conjugated diene-aromatic vinyl
copolymer composition may be vulcanized with a vulcanizing agent to obtain

a vulcanized composition. A vulcanizing agent is not particularly limited and
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{260 - (M--1)}/300 0.582 - {310 - (M-1)}/300 0.749 - Mooney stress
relaxation rate at 120C (MSR-1) 0.785 - Analysis value of (final) polyner
after coupling Wight average(104g/nol) nol ecul ar weight (m+C) 82.3 71.2

for example, radical generators, such as an organic peroxide and an azo
compound, oxime compounds, nitroso compounds, polyamine compounds,
sulfur and sulfur compounds can be used. Examples of the sulfur
compound may include sulfur monochloride, sulfur dichloride, a disulfide
compound and a polymeric polysulfide compound.

[0101]

The use amount of a vulcanizing agent is not particularly limited and
usually preferably from 0.01 to 20 parts by mass based on 100 parts by mass
of the rubber component containing a branched conjugated diene-aromatic
vinyl copolymer (C) and more preferably from 0.1 to 15 parts by mass.
[0102]

A vulcanization method is not particularly limited and a conventionally
known method can be applied. The vulcanization temperature is, for
example, from 120 to 200°C and preferably from 140 to 180°C. In
vulcanization, if necessary, a vulcanizing accelerator, a vulcanization aid, etc.
may be used. The vulcanizing accelerator is not particularly limited and a
conventionally known material can be used. Examples thereof may include
a sulfenamide-based, a guanidine-based, a thiuram-based, an aldehyde-
amine-based, an aldehyde-ammonia-based, a thiazole-based, a thiourea-
based, and a dithiocarbamate-based vulcanizing accelerators. The
vulcanization aid is not particularly limited and a conventionally known
material can be used. Examples thereof may include zinc oxide and stearic
acid.

[0103]

The use amount of a vulcanizing accelerator is usually from 0.01 to 20

parts by mass based on 100 parts by mass of the rubber component

containing a branched conjugated diene-aromatic vinyl copolymer (C) and

40




(M+-C)/(M-C) 2.30 2.12 Mooney viscosity at 120C (M.-C) 124.3 115.3
{214 - (M.-C)}/300 0.299 0.329 {260 - (M--C))/300 0.452 0.482 Mooney
stress relaxation rate at 120C (MSR-C) 0.498 0.712

preferably from 0.1 to 15 parts by mass. The use amount of vulcanization
aid is not particularly limited and preferably from 1 to 10 parts by mass based
on 100 parts by mass of the aforementioned rubber component.

[0104]

To the branched conjugated diene-aromatic vinyl copolymer
composition, as long as the purpose of the present embodiment is not
impaired, various additives such as a softener and a filler, a thermal stabilizer,
an antistatic agent, a weathering stabilizer, an anti-aging agent, a colorant
and a lubricant other than the aforementioned ones may be used. Specific
examples of the filler may include calcium carbonate, magnesium carbonate,
aluminum sulfate and barium sulfate. As the thermal stabilizer, an antistatic
agent, a weathering stabilizer, an anti-aging agent, a colorant and a lubricant,

known materials can be applied.

Examples
[0105]

The present invention will be more specifically described below by way
of Examples and Comparative Examples. Note that the present invention is
not limited to the following Examples. Measurement and evaluation
methods for physical properties applied to Examples and Comparative
Examples will be described below.

[0106]

(1) Bound styrene amount

A chloroform solution of a measurement sample was prepared.
Absorption by a phenyl group of styrene at UV254 nm was measured by a

spectrophotometer for ultraviolet and visible region
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*12, 2- Bi s(2-oxol anyl ) propane *2Tetragl yci dyl-1, 3-bi sam nonet hyl cycl ohexane
[0135] [Table 4] Exanple 7 Exanple 8 Exanple 9 Sanple No. i j k
Pol ymeri zation condition 1, 3-Butadi ene(g/ mnute) 31.2 31.2 31.2
Styrene(g/ mnute) 17.1 17.1 17.1
(UV-2450 manufactured by Shimadzu Corporation) to obtain a bound styrene
amount (mass%).
[0107]
(2) Microstructure of butadiene moiety (vinyl linkage content)
A carbon disulfide solution of a measurement sample was prepared.
An infrared spectrum was measured within the range of from 600 to 1000 cm"
' by using a cell containing the solution and a Fourier transform infrared
spectrophotometer (FT-IR230 manufactured by JASCO Corporation). A
microstructure of a butadiene moiety (vinyl linkage content) was determined
from the absorbance at a predetermined wavelength in accordance with the
computation expression of the Hampton method.
[0108]
(3) Mooney viscosity and Mooney stress relaxation rate
A Mooney viscosity and a Mooney stress relaxation rate at a
temperature of 120°C were measured in accordance with 1ISO289-1 and
ISO289-4 by using a Mooney viscometer (VR1132, manufactured by
Ueshima Seisakusho Co., Ltd.). First, a sample was preheated at 120°C for
one minute, and then rotated at 2 rpm by a rotor. Four minutes later, torque
was measured and determined as Mooney viscosity (ML1+4). Immediately
after that, rotation of the rotor was terminated. In the period of 1.6 to 5
seconds after the termination, torque was recorded in Mooney unit every 0.1
seconds. The double logarithmic graph of torque value and time (seconds)
was obtained by plotting them. The slope of the resultant linear line was
determined and the absolute value of the slope was regarded as Mooney
stress relaxation rate (MSR).
[0109]

(4) Weight average molecular weight and molecular weight distribution
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n- Hexane(g/ m nute) 220.1 220.1 220.1 Polynerization tenperature(C 97 97
97 n-Butyllithiumfor treatnent(mmol/mnute ) 0.136 0.136 0.136
n-Butyllithiumserving as(mmol/m nute polynerization initiator) 0.218 0200.
0. 185
Using a gel permeation chromatographic apparatus in which three
columns containing polystyrene gel as a filler were connected, measurement
was performed to obtain a chromatogram. A weight average molecular
weight was determined based on a calibration curve prepared by using
standard polystyrene. Furthermore, the ratio of the weight average
molecular to the number average molecular weight was obtained. From this,
a molecular weight distribution (weight average molecular weight/number
average molecular weight) was determined.
[0110]
As an eluting solution, tetrahydrofuran (THF) was used. As a column,
a guard column: Tosoh Corporation, TSKguardcolumn HHR-H, column:
Tosoh Corporation TSKgel G6000HHR, TSKgel G5000HHR, TSKgel
G4000HHR were used. In the conditions: an oven temperature of 40°C and
a THF flow rate of 1.0 mL/minute, an RI detector (HLC8020 manufactured by
Tosoh Corporation) was used. A measurement sample (10 mg) was
dissolved in 10 mL of THF to prepare a measurement solution. The
measurement solution (200 plL) was injected into the gel permeation
chromatographic apparatus to perform measurement.
[0111]
(5) Glass transition temperature (Tg)
In accordance with 1ISO22768: 2006, Tg was measured by use of
DSC3200S manufactured by Mac Science. While supplying helium at a flow
rate of 50 mL/minute and increasing a temperature from -100°C at a rate of
20°C/minute, a DSC curve was recorded.  The peak top of the DSC
differentiation curve (inflection point) was regarded as a glass transition
temperature.

[0112]
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Pol-ar substance .1 Addition anmount(g/ mnute) 0.043 0.040 0.038 TGAMH '2
Addi tion amount (mol /m nute ) 0.0292 0.0277 0.0265 Li t hi um equi val ent
ratio 0.33 0.33 0.33 Average residence tinme (1st reactor)(mnute) 25 25 25

(6) Conversion rate

To a sealed 100 mL-bottle containing n-propyl benzene (0.50 mL) as
an internal standard and toluene (about 20 mL), about 20 mL of a polymer
solution obtained from a reactor outlet was poured to prepare a
measurement sample. The obtained sample was measured by gas
chromatography (GC) with a packed column in which apiezon grease is
supported. Based on a calibration curve of 1,3-butadiene monomer and a
calibration curve of a styrene monomer previously obtained, the amount of
residual monomer in the polymer solution was determined. In this manner,
conversion rates of 1,3-butadiene monomer and the styrene monomer were
determined.
[0113]

[Example 1]

Two autoclaves (each having an interior volume of 10L and a ratio
(L/D) of height (L) to diameter (D) being 4) having an inlet at the bottom
portion and an outlet at the top portion and provided with a stirrer and a
jacket for controlling temperature were connected in series. The first reactor
was used as a polymerization reactor and the second reactor was used as a
coupling reactor.
[0114]

1,3-Butadiene, styrene and n-hexane, from which impurities such as
moisture were removed in advance, were added respectively at addition
rates of 23.8 g/minute, 11.9 g/minute and 187.5 g/minute to prepare a
solution mixture. To the obtained solution mixture, n-butyllithium (n-
butyllithium for treatment) for use in an impurity inactivation treatment was

added at an addition rate of 0.100 mmol/minute and mixed by use of a static

mixer. The solution mixture was continuously supplied to the first reactor




Mononmer concentration(% by mass) 18 18 18 Anal ysis value 1 Polyneriza -tion
conversion rate 1, 3-Butadiene(0/0) 99 99 99 Styrene(0/0) 98 98 98 Bound
.,styrene anount (% by nass) 35 35 35

(polymerization reactor), from the bottom portion. At the same time, 2,2-
bis(2-oxolanyl)propane was used as a polar substance at an addition rate of
0.014 g/minute, and n-butyllithium was used as a polymerization initiator at
an addition rate of 0.145 mmol/minute were supplied to the first reactor
(polymerization reactor), from the bottom portion. In this manner, a
polymerization reaction was continuously performed while controlling the
internal temperature (temperature of the copolymer solution) at the outlet of
the polymerization reactor to be 100°C. At this time, the average residence
time in the reactor was 30 minutes.

[0115]

From the top portion of the first reactor (polymerization reactor), the
polymer solution was continuously flowed out and supplied to the second
reactor (coupling reactor). After the polymerization reaction in the first
reactor (polymerization reactor) proceeded steadily, the polymer solution was
sampled slowly with sufficient care so as not to being the polymer solution
into contact with the air from the inlet of the second reactor (coupling reactor),
and added to a solution mixture of methanol (about 1 mL) and cyclohexane
(about 30 mL). Subsequently, an antioxidant (BHT: 2,6-di-t-butyl-4-
hydroxytoluene) was added to the solution mixture such that 0.2 g of the
antioxidant was contained per polymer (100 g) and then the solvent was
removed by a drum dryer to obtain a sample (conjugated diene-aromatic
vinyl copolymer (1)) to be subjected to measurement of a molecular weight,
Mooney viscosity and Mooney stress relaxation rate. Mooney viscosity and
Mooney stress relaxation rate were measured after the sample was passed
through 6-inch rolls set at 110°C, ten times.

[0116]
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Vinyl |inkage content (1,2-1inkage(nmol% content) 40 40 40 ( ass
transition tenperature(C -21 -21 -21 Analysis value of polyner before
.coupling Weight average(104g/nol) nol ecul ar wei ght nud) 59.0 63.8 68.2
Mooney viscosity at 120C (M-1)

The Mooney viscosity (ML-1) of the sample (conjugated diene-aromatic
vinyl copolymer (1)) at 120°C was 93.5, the Mooney stress relaxation rate
(MSR-I) thereof was 0.687, and the polystyrene-equivalent weight average
molecular weight (Mw-1) measured by GPC was 674,000. Furthermore, the
polymerization conversion rates of 1,3-butadiene and styrene (measured at
the inlet of the second reactor (coupling reactor)) reached to 98% and 96%,
respectively.

[0117]

While keeping the temperature of the second reactor (coupling reactor)
at 85°C, tetraglycidyl-1,3-bisaminomethylcyclohexane was added at an
addition rate of 0.0184 mmol/minute to the second reactor (coupling reactor)
from the bottom portion to conduct a coupling reaction. Tetraglycidyl-1,3-
bisaminomethylcyclohexane was a compound having 4 epoxy groups per
molecule and the ratio of the total mole number of functional groups to the
mole number of n-butyllithium added (equivalent ratio) was 0.30. To the
polymer solution taken out from the top portion of the second reactor
(coupling reactor), an antioxidant (BHT) was continuously added at an
addition rate of 0.071 g/minute (n-hexane solution) such that 0.2 g of BHT
was added per polymer (100 g) to terminate the coupling reaction.
Thereafter, the solvent was removed to obtain a branched conjugated diene-
aromatic vinyl copolymer (C).

[0118]

The Mooney viscosity (ML-C) at 120°C of the branched conjugated
diene-aromatic vinyl copolymer (C) after the coupling reaction was 134.2 and
the Mooney stress relaxation rate (MSR-C) thereof was 0.401. The
polystyrene-equivalent weight average molecular weight (Mw-C) measured

by GPC was 886,000 and the ratio (Mw-C)/(Mn-C)) of a weight average
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66.6 77.2 83.2 {260 - (M--1)}/300 0.645 0.609 0.589 {310 - (M-1)}/300
0.811 0.776 0.756 Mooney stress relaxation rate at 120C (MSR-1) 0.692
,0.671 0.636 Analysis value of (final)

molecular weight to a number average molecular weight was 2.32.
Furthermore, the bound styrene amount was 33 % by mass, the vinyl linkage
content (1,2-linkage amount) in the butadiene bond unit was 34 mol% and
the glass transition temperature measured by DSC was -31°C.

[0119]

To the branched conjugated diene-aromatic vinyl copolymer solution,
further 37.5 parts by mass of S-RAE oil (NC-140 manufactured by Japan
Energy Corporation) was added based on 100 parts by mass of the polymer.
Thereafter, the solvent was removed to obtain an oil extended copolymer
(Sample a). The properties of the obtained copolymer are shown in Table 1.
[0120]

[Examples 2, 3]

n-Butyllithium serving as a polymerization initiator, 2,2-bis(2-
oxolanyl)propane and tetraglycidyl-1,3-bisaminomethylcyclohexane were
used in the conditions shown in Table 1. Other conditions were the same as
in Example 1. In this way, oil extended copolymers (Samples b, c) were
obtained. The properties of the obtained copolymer are shown in Table 1.
[0121]

[Example 4]

As shown in Table 2, a polymerization reaction and a coupling reaction
were conducted by employing the same amount ratio of 1,3-butadiene and
styrene as in the method of Example 1, changing the supply amount of
monomer, setting an average residence time to 25 minutes and the internal
temperature of the reactor outlet to 105°C and changing the supply amounts
of other substances as shown in Table 1. Thereafter, oil was added and the

solvent was removed in the same manner as in Example 1 to obtain an oil
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pol.ym er after coupling Wi ght average(104g/nol) nol ecul ar wei ght (nmw C)
78.5 82.4 86.1 (M-Q/(M1-C 2.35 2.32 2.28 Mooney viscosity at 120C
(M-C) 106.6 116.0 122.6 {214 - (M--C)}/300 0.358 0.327

extended copolymer (Sample d). The properties of the obtained copolymer
are shown in Table 2.
[0122]

[Example 5]

As shown in Table 2, an oil extended copolymer (Sample e) was
obtained in the same manner as in Example 4 except that the addition
amount of tetraglycidyl-1,3-bisaminomethylcyclohexane was changed. The
properties of the obtained copolymer are shown in Table 2.

[0123]

[Example 6]

The addition amounts of n-butyllithium serving as a polymerization
initiator, 2,2-bis(2-oxolanyl)propane and tetraglycidyl-1,3-
bisaminomethylcyclohexane were as shown in Table 2. Other conditions
were the same as in Example 4. In this way, an oil extended copolymer
(Sample f) was obtained. The properties of the obtained copolymer are
shown in Table 2.

[0124]

[Comparative Example 1]

As shown in Table 3, a polymerization reaction and a coupling reaction
were conducted by employing the same amount ratio of 1,3-butadiene and
styrene as in the method of Example 1, changing the supply amount of
monomer, setting an average residence time to 45 minutes and the internal
temperature of the reactor outlet to 90°C and changing the supply amounts
of other substances as shown in Table 1. Thereafter, oil was added and the
solvent was removed in the same manner as in Example 1 to obtain an oll
extended copolymer (Sample g). The properties of the obtained copolymer

are shown in Table 3.
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0. 305 {260 - (M_-C)}/300 0.511 0.480 0.458 Mooney stress rel axation
rate at 120C (MSR-C) 0.401 0.362 0.348 *12, 2-Bi s(2-oxol anyl) propane
F2Tetragl yci dyl-1, 3- bi sam nonet hyl cycl ohexane [0136] [Table 5] Exanple 10
Conpar ati ve Exanple 3

[0125]

[Comparative Example 2]

As shown in Table 3, the addition amounts of n-butyllithium serving as
a polymerization initiator and 2,2-bis(2-oxolanyl)propane were changed and
further, tetraglycidyl-1,3-bisaminomethylcyclohexane was not added. Other
conditions were the same as in Comparative Example 1. A polymerization
reaction was performed in the same manner as in Comparative Example 1.
Thereafter, oil was added and the solvent was removed in the same manner
as in Example 1 to obtain an oil extended copolymer (Sample h).

[0126]

In Examples 1 to 4 and Comparative Example 1, a polymerization
reaction was conducted in a single reactor, whereas in Comparative Example
2, a polymerization reaction was conducted in two reactors. A
polymerization conversion rate was measured by use of a copolymer solution
taken out from the top portion of the second reactor. The properties of the
obtained copolymer are shown in Table 3.

[0127]

[Example 7]

As shown in Table 4, a polymerization reaction and a coupling reaction
were performed by changing the amount ratio of 1,3-butadiene and styrene,
changing the supply amount of monomer from those of the method of
Example 1, setting an average residence time to 25 minutes and an internal
temperature of the reactor outlet to 97°C and changing supply amounts of
other substances. Thereafter, oil was added and the solvent was removed
in the same manner as in Example 1 to obtain an oil extended copolymer
(Sample i). The properties of the obtained copolymer are shown in Table 4.

[0128]
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Conparative Exanple 4 Sanple No. | mn Polynerization condition
1, 3-Butadiene(g/mnute) 35.4 31.2 17.3 Styrene(g/mnute) 19.4 17.1 9.5
N- Hexane(g/ m nute) 250.2 220.1 122.0 Polymerization tenperature(C

[Examples 8, 9]

The addition amounts of n-butyllithium serving as a polymerization
initiator, 2,2-bis(2-oxolanyl)propane and tetraglycidyl-1,3-
bisaminomethylcyclohexane were set as shown in Table 4. Oil extended
copolymers (Samples j, k) were obtained by setting other conditions to be the
same as shown in Example 7. The properties of the obtained copolymer are
shown in Table 4.

[0129]

[Example 10]

As shown in Table 5, a polymerization reaction and a coupling reaction
were conducted by employing the same amount ratio of 1,3-butadiene and
styrene as in the method of Example 7, changing the supply amount of
monomer, setting an average residence time to 22 minutes and the internal
temperature of the reactor outlet to 102°C and by changing the supply
amounts of other substances as shown in Table 1. Thereafter, oil was
added and the solvent was removed in the same manner as in Example 1 to
obtain an oil extended copolymer (Sample ). The properties of the obtained
copolymer are shown in Table 5.

[0130]

[Comparative Example 3]

As shown in Table 5, the addition amount of tetraglycidyl-1,3-
bisaminomethylcyclohexane was reduced from the amount in the method of
Example 7. An oil extended copolymer (Sample m) was obtained by setting
other conditions to be the same as shown in Example 7. The properties of
the obtained copolymer are shown in Table 5.

[0131]

[Comparative Example 4]
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102 97 90 n-Butyllithiumfor treatnment(mml/mnnute ) 0.154 0.136 0.075
n-Butyllithiumserving as(mol/ m nute polynerization initiator) 0.240 0.218
0.122 Pol ar substance '1 Addition anount(g/mnute) 0.049 0.043 0.021
TGAMH ' 2 Addi ti on anount (mol / m nute
As shown in Table 5, a polymerization reaction and a coupling reaction
were conducted by employing the same amount ratio of 1,3-butadiene and
styrene as in the method of Example 7, changing the supply amount of
monomer, setting an average residence time to 45 minutes and the internal
temperature of the reactor outlet to 90°C and changing the supply amounts
of other substances as shown in Table 5. Thereafter, oil was added and the
solvent was removed in the same manner as in Example 7 to obtain an oil

extended copolymer (Sample n). The properties of the obtained copolymer

are shown in Table 5.
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) 0.0345 0.0053 0.0492
residence tinme (1st

Li t hi um equi val ent

mass) 18 18 18 Anal ysis value Polyneriza -tion conversion rate

ratio 0.35 0.06 1.00 Average
reactor)(mnute) 22 25 45 NMononer concentration(% by

[0132]

[Table 1]

Example 1 | Example 2 | Example 3

Sample No. a b c
1,3-Butadiene (g/minute) 23.8 23.8 23.8
Styrene (g/minute) 11.9 11.9 11.9

c |nh-Hexane (g/minute) 187.5 187.5 187.5

2 [Polymerization temperature (°C) 100 100 100

§ n-Butyllithium for treatment (mmol/)mmute 0100 0.100 0.100

C . . . .

S n-Butylll_thlu_m serving as (mmol/minute 0.145 0158 0182

@ polymerization initiator )

‘5 [Polar substance "' Addition amount (g/minute) 0.014 0.015 0.017

2 e -

g TGAMH Addition amount (mmol/)mmute 00184 00192 00211

o}

o Lithium equivalent ratio 0.30 0.30 0.30
Average residence time (1st reactor) (minute) 30 30 30
Monomer concentration (% by mass) 16 16 16
Polymeriza | 1,3-Butadiene (%) 98 99 99
-tion Styrene (%)
conversion 96 98 99
rate
Bound styrene amount (% by mass) 33 33 33
Vinyl linkage content (1,2-linkage (mol%) 34 34 34
content)

Glass transition temperature (°C) -31 -31 -31
Weight average (10°g/mol)
. molecular weight 67.4 62.5 57.3

o | Analysis (Mw-1)

g \vaue of - [Mooney viscosity at 120°C (ML 935 82.4 708

I LA {260 - (ML-1)}/300 0.555 0.592 0.631

= | coupli {310 - (ML-1)}/300 0.722 0.759 0.797

s Ping M t laxati te at 120°C

£ ooney stress relaxation rate a 0687 0724 0772

(MSR-I)
Weight average (10*g/mol)
i molecular weight 88.6 79.0 71.3
AnaIySIS (MW-C)
E’f?r:“'e of  [(Mw-C)/(Mn-C) 2.33 2.37 2.28
polan)1 o | Mooney viscosity at 120°C (ML-C) 134.2 120.4 108.9
aftgr {214 - (ML-C)}/300 0.266 0.312 0.350
coupli {260 - (ML-C)%}/300 0.419 0.465 0.504
Ping Mooney stress relaxation rate at 120°C
(MSR-C) 0.401 0.448 0.478
*1 2,2-Bis(2-oxolanyl)propane
*2 Tetraglycidyl-1,3-bisaminomethylcyclohexane
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1, 3-But adi ene(%9 99 99 99
mass) 35 35 35 Vinyl
G ass transition tenperature(C

Styrene(% 99 98 97

Bound styrene anount (% by
| i nkage content (1,2-linkage(nol% content) 40 40 40

[0133]
[Table 2]
Example 4 | Example 5 | Example 6
Sample No. d e f
1,3-Butadiene (g/minute) 28.6 28.6 28.6
Styrene (g/minute) 14.3 14.3 14.3
< |n-Hexane (g/minute) 225.1 2251 2251
2 [Polymerization temperature (°C) 105 105 105
§ n-Butyllithium for treatment (mmol/)mmute 0.120 0120 0120
_5 n-Butyllithium serving as (mmol/minute 0185 0185 0.200
‘ﬁ polymerization initiator ) ' ' '
5 | Polar substance ' Addition amount (g/minute) 0.025 0.025 0.027
= _ -
§ TGAMH Addition amount (mmol/)mlnute 00133 00236 0248
o
o Lithium equivalent ratio 0.17 0.31 0.31
Average residence time (1st reactor) (minute) 25 25 25
Monomer concentration (% by mass) 16 16 16
Polymeriza | 1,3-Butadiene (%) 98 98 99
-tion Styrene (%)
conversion 97 97 98
rate
Bound styrene amount (% by mass) 33 33 33
Vinyl linkage content (1,2-linkage {mol%) 24 34 34
content)
Glass transition temperature (°C) -31 -31 -31
Weight average (10*g/mol)
) molecular weight 67.9 67.9 62.7
Q Analysis (Mw-1)
g villu?ngi Mooney viscosity at 120°C(ML-I) 86.2 86.2 73.4
I Le A {260 - (ML-)}/300 0.579 0.579 0.622
= | coupli {310 - (ML-))}/300 0.746 0.746 0.789
< Ping Mooney stress relaxation rate at 120°C
<
(MSR-I) 0.667 0.667 0.715
Weight average (10*g/mol)
_ molecular weight 79.6 87.3 75.9
AnaIySIS (MW—C)
E’f?r')g‘f) of  [(Mw-C)(Mn-C) 248 2.42 235
olvmer Mooney viscosity at 120°C (ML-C) 119.5 128.2 115.4
s {214 - (ML-C)}/300 0.315 0.286 0.329
coupli {260 - (ML-C)}/300 0.468 0.439 0.482
Ping Mooney stress relaxation rate at 120°C
(MSR-C) 0.422 0.372 0.409

*1 2,2-Bis(2-oxolanyl)propane

*2 Tetraglycidyl-1,3-bisaminomethylcyclohexane
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-21 -21 -21 Analysis value of polyner before coupling Wi ght
aver age(104g/ nol) nol ecul ar weight (mm) 59.7 59.0 65.2

Mooney

viscosity at 120C (M--1) 72.4 66.6 78.2 {260 - (M.-0}/300 0.625 0.645
[0134]
[Table 3]
Comparative | Comparative
Example 1 Example 2
Sample No. g h
1,3-Butadiene (g/minute) 16.0 16.0
Styrene {g/minute) 8.0 8.0
c |n-Hexane (g/minute) 125.6 125.6
;f:3 Polymerization temperature (°C) 90 90
g n-Butyliithium for treatment (mmol/)minute 0.067 0.067
é n-Butyllithium serving as (mmol/minute 0.100 0.090
C polymerization initiator )
S Polar substance ' Addition amount (g/minute) 0.0070 0.0065
£ |TGAMH ? |Addition amount (mmol/minute 0.0125
3 ) - -
o Lithium equivalent ratio 0.30 -
Average residence time (1st reactor) (minute) 45 45
Monomer concentration (% by mass) 16 16
Polymeriza | 1,3-Butadiene (%) 98 99
-tion Styrene (%)
conversion 95 99
rate
Bound styrene amount (% by mass) 33 33
Vinyl linkage content (1,2-linkage (mol%) 34 34
content)
Glass transition temperature (°C) -31 -31
Weight average (10°g/mol)
. molecular weight 63.4 -
© |Analysis B
E (Mw-I)
g Vi'lufn"f Mooney viscosity at 120°C (ML-I) 85.4 -
o {260 - (ML-1)}/300 0.582 -
= coupling {310 - (ML-))}/300 0.749 -
£ Mooney stress relaxation rate at 120°C 0.785 )
(MSR-I) )
Weight average (10*g/mol)
. molecular weight 82.3 71.2
Analysis (Mw-C)
Vf?'“‘f of  [(Mw-C)((Mn-C) 2.30 212
ég};‘n)q o, [Mooney viscosity at 120°C (ML-C) 124.3 115.3
after {214 - (ML-C)}/300 0.299 0.329
coupling {260 - (ML-C)}/300 0.452 0.482
Mooney stress relaxation rate at 120°C 0.498 0.712
(MSR-C) ' ]

*1 2,2-Bis(2-oxolanyl)propane

2 Tetraglycidyl-1,3-bisaminomethyicyclohexane
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0. 606 {310 - (M-1)}/300 0.792 0.811 0.773 Mooney stress rel axation
rate at 120C (MSR-1) 0.655 0.692 0.698 Analysis value of (final) polyner
.after coupling Wight average(104g/nol) nol ecul ar weight (m+C) 81.0 68.2
91.2

[0135]

[Table 4]

Example 7 | Example 8 | Example 9

Sample No. i i K
1,3-Butadiene (g/minute) 31.2 31.2 31.2
Styrene (g/minute) 17.1 17.1 17.1

c |nh-Hexane (g/minute) 2201 220.1 220.1

2 [Polymerization temperature (°C) 97 97 97

§ n-Butyllithium for treatment (mmol/)mlnute 0136 0136 0136

5 n-Butyllithium serving as (mmol/minute 0218 0200 0185

ﬁ polymerization initiator ) ' ' )

5 |Polar substance ' Addition amount (g/minute) 0.043 0.040 0.038

"z ] T

E TGAMH Addition amount (mmol/)mmute 00292 00277 00265

@]

o Lithium equivalent ratio 0.33 0.33 0.33
Average residence time (1st reactor) (minute) 25 25 25
Monomer concentration (% by mass) 18 18 18
Polymeriza | 1,3-Butadiene (%) 99 99 99
-tion Styrene (%)
conversion 98 98 98
rate
Bound styrene amount (% by mass) 35 35 35
Vinyl linkage content (1,2-linkage (mol%) 40 40 40
content)

Glass transition temperature (°C) -21 -21 -21
Weight average (10°g/mol)
. molecular weight 59.0 63.8 68.2

0 Analysis (Mw-1)

g |vale o [ Mooney viscosity at 120°C (ML) 66.6 772 83.2

2 gef)ére {260 - (ML-))}/300 0.645 0.609 0.589

= coupling {310 - (ML-1)}/300 0.811 0.776 0.756

< Mooney stress relaxation rate at 120°C 0692 0.671 0.636

(MSR-I)
Weight average (10°g/mol)
) molecular weight 78.5 82.4 86.1
Analysis (Mw-C)
V:‘r:“‘f of  [(Mw-C){(Mn-C) 2.35 232 228
(<I:>Ian)1er Mooney viscosity at 120°C (ML-C) 106.6 116.0 122.6
e {214 - (ML-C)}/300 0.358 0.327 0.305
coupli {260 - (ML-C)}/300 0.511 0.480 0.458
Ping Mooney stress relaxation rate at 120°C
(MSR-C) 0.401 0.362 0.348
*1 2,2-Bis(2-oxolanyl)propane
*2 Tetraglycidyl-1,3-bisaminomethylcyclohexane
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(M C)/ (M1-C) 2.42 2.38 2.15

Mooney viscosity at 120C (M.-C) 119.6 89.2

145. 3 {214 - (M.-C)}/300 0.315 0.416 0.229 {260 - (M.-C)}/300 0. 468
0.569 0.382

[0136]

[Table 5]

Example | Comparative | Comparative
10 Example 3 Example 4

Sample No. | m n
1,3-Butadiene (g/minute) 35.4 31.2 17.3
Styrene (g/minute) 194 17.1 9.5

c |n-Hexane (g/minute) 250.2 220.1 122.0

2 [Polymerization temperature (°C) 102 97 90

§ n-Butyllithium for treatment (mmol/)mmute 0154 0136 0075

& |n-Butyllithium serving as (mmol/minute 0240 0218 0122

§ polymerization initiator ) ] ) )

5 |Polar substance ' Addition amount (g/minute) 0.049 0.043 0.021

7 ) T

g TGAMH Addition amount (mmol/)mlnute 00345 00053 00492

(o}

Q Lithium equivalent ratio 0.35 0.06 1.00
Average residence time (1st reactor) (minute) 22 25 45
Monomer concentration (% by mass) 18 18 18
Polymeriza | 1,3-Butadiene (%) 99 99 99
-tion Styrene (%)
conversion 99 98 97
rate
Bound styrene amount (% by mass) 35 35 35
Vinyl linkage content (1,2-linkage {mol%) 40 40 40
content)

Glass transition temperature (°C) -21 -21 -21
Weight average (10*g/mol)
) molecular weight 59.7 59.0 65.2

Q Analysis (Mw-1)

g \vaue of - [Mooney viscosity at 120°C (ML) 72.4 66.6 782

2 Eef)ére {260 - (ML-1)}/300 0.625 0.645 0.606

2 |coupli {310 - (ML-D)}/300 0.792 0.811 0.773

S Ping Mooney stress relaxation rate at 120°C

< Y 0.655 0.692 0.698

(MSR-)
Weight average (10%g/mol)
_ molecular weight 81.0 68.2 91.2
Analysis (Mw-C)
Vf?:;'f of  [(Mw-C)/(Mn-C) 2.42 2.38 2.15
:)ol ) [Mooney viscosity at 120°C (ML-C) 119.6 89.2 145.3
aftgr {214 - (ML-C)}/300 0.315 0.416 0.229
coupli {260 - (ML-C)}/300 0.468 0.569 0.382
Ping Mooney stress relaxation rate at 120°C
(MSR-C) 0.335 0.508 0.261

*1 2,2-Bis(2-oxolanyl)propane

*2 Tetraglycidyl-1,3-bisaminomethylcyclohexane

[0137]
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Mooney stress relaxation rate at 120C (MSR-C) 0.335 0.508 0. 261

*12, 2- Bi s(2-oxol anyl ) propane *2Tetragl yci dyl-1, 3- bi sam nonet hyl cycl ohexane
[0137] [Exanples 11 to 16], [Conparative Exanples 5 to 8] The
sanples (Sanples a, b, d, e, gtoi, Iton) show in Tables 1 to 5 were
used as raw material rubbers to obtain rubber conpositions containing the
raw-material _rubbers in accordance with the follow ng fornmulations. [0138]

G | ext endetBxapplesc. et Hli WQ@T@@V?MWMH@@M b, d, e, gtoi, Ito
n): 96.25 parts b but adi ene rubber havi n a high content
of 1,4-cis (her erﬁﬁﬁﬁmpl?%ﬁﬁmﬁl@st% bad. Bi g1 bi @ﬁbﬁ%‘ﬁﬂ&a H@Srﬁ%\@r)
UBEPO_ BR- 150 nyf actured, b Ltd ci s-1inkage content:
685 30 00 5?555 e atenal fisherd 86 SblgiE Futier SorpPantinnea Ry
De a . r Car bon Co.,
Cea s b ootel @-%%}aﬂ%*‘é%%é% in acgpraaRe gt Mepiabbia el A8t act ur ed
by Degussa); @8@0 parts by mass S-RAE oil (JOMO process NC 140
manuf acture!ﬂ0 Japan Energy Corporation): 15.75 parts by mass Zinc oxi de:

ranuf 23{L?eﬁyb;m‘a?:i%&%Heﬁkoﬁaﬁs#égﬁ'eﬂﬁm ez g 8RS C by
mass | R0R): 10825 paits bMm&pr opyl - N - phenyl - p- phenyl enedi am ne): 2. 00
parts by nmass Sulfur: 2.20 parts by mass
- Polybutadiene rubber having a high content of 1,4-cis (hereinafter
referred to as high-cis-polybutadiene rubber) (UBEPOL BR-150
manufactured by Ube Industries, Ltd., cis-linkage content: 98%): 30.00 parts
by mass
- Silica (Ultrasil VN3 manufactured by Degussa): 75.00 parts by mass
- Carbon black (N339, Tokai Carbon Co., Ltd.): 5.00 parts by mass
- Silane coupling agent (Si75 manufactured by Degussa): 6.00 parts by
mass
- S-RAE oil (JOMO process NC140 manufactured by Japan Energy
Corporation): 15.75 parts by mass
- Zinc oxide: 2.50 parts by mass
- Stearic acid: 2.00 parts by mass
- Wax (Sunnock N, manufactured by Ouchi Shinko Chemical Industrial
Co., Ltd.): 1.50 parts by mass
- Age resister (N-isopropyl-N'-phenyl-p-phenylenediamine): 2.00 parts
by mass
- Sulfur: 2.20 parts by mass
- Vulcanizing accelerator (N-cyclohexyl-2-benzothiazylsulfinamide):

1.70 parts by mass

- Vulcanizing accelerator (diphenylguanidine): 2.00 parts by mass
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Vul cani zi ng accel erator (N-cycl ohexyl-2-benzothi azyl sul finamde): 1.70
parts by nass Vul cani zi ng accel erat or (di phenyl guanidine): 2.00
parts by nass Total: 241.90 parts by nmass [0139] A nethod for kneading a
rubber conposition will be described bel ow Usi ng a seal ed kneader
(content: 0.3L) equipped with a tenperature controller, a rawnmateri al
rubber (Sanples a, b, d, e, toi, Ito n, high-cis butadi ene rubber),
silica, an organietatid4in?0 éégﬁlbvri’ga%&qent and process oil were kneaded as
first-stageﬁ&%ﬁldi ng in the conditions: a fill factor of 72% and a rotor
rotation nu of 50/57 rpm At this tinme, the tenperature of the kneader

T S R TR R G
i ned. [0140],,.; , , - S i i

o Conbeut Ao s YRS BURRE o S S AT 0B
oxide, St e3Ebfy Aics pmARTAFRAAE SARLMES SR BU5 niieaged aomin

cont rol | ed_baiathd RIBLEACsMkac it Sarid ol BRI ERdYobdis i xer-

After cooling, as third-'stage kneadi ng, a vu ni zi ng

accel er at or weps Rnegded! a8 ikt RAe&Yingn Heedoridlidnss atfilfactépef 72ber eaf ter,

t he kneaded product was nol ded and vul cani zed by a vul cani zati on press at

160C for 20and autotsr. roftioarnurhisevoll SGIBT zgvihi Ot thib i) thé terhperapper éfi es of

t he rubber conposition were neasured. The physical property measurenent

resul t s ar ethehloveaden wasecdrdidllediangl T disicharge tentpefatur® {#he]rubber  The

physi cal properties of the rubber conposition were neasured by the

fol | owi ng neempesnd) was Bootidlleditsb&d5 twhB@1E. In this mahner, atribbeecond- st age

kneadi ng steg, a blend (about 0.2 g) was cut into about 1 nmm cubic pieces

and pl aced FAMROBHPPWa,BRREYE 100- mesh, made of wire) and wei ghed.

Thereafter, h% wire nesh was soaked in toluene at 23C for 24 hours, dried

and the wei 5&4 bf conmponents insoluble in toluene was neasured. Based on

t he weight of thg jnsoluble c onents, .rubber hbound to a filler (branched

conj ugat ed di enegﬂ?%ﬁ%%gyv?%%gg 'BWWGQ mgg -%?Et-a dgrd'ibbﬁé rubber) was

cal cul ated 1.2e ' [ .0 the rubber
Eﬁmﬁﬁhﬁ? ma %(%cn@d {@fd&hg%m@g%?@%wgﬁg Etger{vgal%ofn L& z‘r?c[ y

content in the'rni end. oney Vi Scosi

Mooney Vi scggj I ; i i dance
W th 1S Kogoge St eRpe SRR M kY pfHoRe SR EY R Beddb R AC T or

one minute gnghid baseeahéd @fscﬂafqét@np(@fétdrét(ﬁ\_bﬂﬂb%r éompbn@fwhyw turns per
mnute (2 rpm. Four mnutes later, viscosity was nmeasured. The snaller the

Mooney Vi scoshtiylledaourss to6d°Cusy coteol B tHay tePitt BitIpé o thedimingtd keadi ng
time, which neans that processability is satisfactory. [0143] (3) Tensile

strength  coolirpeasithied-stagenigidadives suifasaned Juicaizing daoeleratot tvetdne dr awi ng
test nmethod of JIS K6251. The tensile strength val ues of Exanples 11 to 14
and Conpar a@tiged Brdipeadsd g am epeir mdlssed aby 07 Cid eXberelaftee dhe knehded of

Conpar ative Exanple 6 as being 100, whereas the tensile strength val ues of

Exanpl es 15pr0mrégwasml§ad andvallganizgsl by 8 WMganizationayessl abJ60He&xnad) based

on that of Conparatiye ample .7 as being 100. [0144] (4) Viscoelasticit
par anet er minutes. A¥ter b?c(e vrmcanlzat%n, the pﬁysmal pr[)pertle£ oﬂ‘tge rubber y

composition were measured. The physical property measurement results
are shown in the following Tables 6 and 7.
[0141]

The physical properties of the rubber composition were measured by

the following methods.

(1) Bound rubber content




A viscoel asticity paranmeter was neasured in a torsion node by using a
viscoelasticity tester (ARES) manufactured by Rheonetric Scientific Inc.
Measur enent val ues of Exanples 11 to 14 and Conparative Exanple 5 were
expressed by indexes based on that of Conparative Exanple 6 as being 100,
whereas the val ues of Exanples 15, 16 and Conparative Exanple 8 were
expressed by indexes based on that of Conparative Exanp as bei ng 100.
Tan6 (| oss tangehftyr theasenond-stage &neadingsigiprachlent (abowt0. argd vwasseytai n of 1%
was used as_ an index of wet skid reS|stance The IaF%Er t he value the nore

sati sfact or {0 P@S\!%ﬂ @WWQ‘%?I%’?&W plagad iy a Harris bagkety{d PW? 'tano (I osz
t t 50C 1 t 3%
Lﬁ”?ﬁfﬁe)x f ol here abrek ?nc&wéahreﬁfl TRifoternihe wsmﬁﬁva%%b%ké’q i m“)’f‘ Z r
EFur,t
modul ug) - meARPaR o Aot 10 R0 ds, 170 BRORE Weigl ¢ B et Rep bR | ng
stability. mﬁﬁhé‘%‘% Jpégﬁuﬁéa! “%a@?& otnr{g(f th{ Qﬁl[s?fttﬂg inddislL b mpdHent®r €

sati sfactor e handling stabili rasion resi stancé

Abr asi on | oggpidr Bburead @flllebXbﬂﬁTciLle&' c%ﬂﬂ:g’étéd)aféhboé}oﬁﬁm% bﬂE05

measured by use of an Akron abrasion tester (rmanufactured Yasuda Sel Ki

Sei sakusho Ltiigh-digbaee@riéanesely was éél@ulé@é’cﬁfb@eteﬂmmealhé%tl@@f h@serval ues
of Exanpl es 11 to 14 and Conparative Exanple 5 were expressed by indexes

based on t habunll t&arfiler & theerubkarnpbietefit msthbanitigl leAd. wher eas t he abrasi on
| oss val ues of Exanples 15, 16 and Conparative Exanple 8 were expressed by
i ndexes bas@@l4®] t hat of Conparative Exanpl e 7 as being 100. The larger the
i ndex, the nore excellent the abrasion resistance. [0147] [Table 6]
Exanpl e 11 Exanp(2 QompRangMooreymieoesite 14 Conparative Exanpl e 5
Conpar ati ve Exan*rt\)lll e 6 Ol -extended styrene- bhutadi ene copol yne
ooney viscosity was measured by using a Mooney wscometer in

accordance with JIS K6300-1. More specifically, preheating was performed

at 130°C for one minute and thereafter a rotor was rotated at a rate of two

turns per minute (2 rpm). Four minutes later, viscosity was measured. The

smaller the Mooney viscosity value, the lower the energy consumption during

kneading time, which means that processability is satisfactory.

[0143]

(3) Tensile strength
Tensile strength was measured in accordance with the drawing test

method of JIS K6251. The tensile strength values of Examples 11 to 14 and

Comparative Example 5 were expressed by indexes based on that of

Comparative Example 6 as being 100, whereas the tensile strength values of

Examples 15, 16 and Comparative Example 8 were expressed by indexes

based on that of Comparative Example 7 as being 100.

[0144]

(4) Viscoelasticity parameter
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a b-d E 9 h Conpound Mooney viscosity 55 52 53 54 54 61 Bound rubber (%
content 46 44 43 45 42 39 Tensil el ndex

A viscoelasticity parameter was measured in a torsion mode by using
a viscoelasticity tester (ARES) manufactured by Rheometric Scientific Inc.
Measurement values of Examples 11 to 14 and Comparative Example 5
were expressed by indexes based on that of Comparative Example 6 as
being 100, whereas the values of Examples 15, 16 and Comparative
Example 8 were expressed by indexes based on that of Comparative
Example 7 as being 100. Tand (loss tangent) measured at 0°C, a frequency
of 10 Hz and a strain of 1% was used as an index of wet skid resistance.
The larger the value, the more satisfactory the wet skid resistance.
[0145]

Furthermore, tand (loss tangent) measured at 50°C, a frequency of 10
Hz and a strain of 3% was used an index for a fuel-efficient property. The
lower the value, the more satisfactory the low hysteresis loss property.
Furthermore, G' (storage modulus) measured in the same conditions was
used as an index for handling stability. The larger the value and the larger
the rigidity, the more satisfactory the handling stability.
[0146]

(5) Abrasion resistance

Abrasion loss at a load of by 44.1 N and a rotation number of 1000
was measured by use of an Akron abrasion tester (manufactured by Yasuda
Seiki Seisakusho Ltd.) in accordance with JIS-K6264-2. The abrasion loss
values of Examples 11 to 14 and Comparative Example 5 were expressed by
indexes based on that of Comparative Example 6 as being 100, whereas the
abrasion loss values of Examples 15, 16 and Comparative Example 8 were

expressed by indexes based on that of Comparative Example 7 as being 100.

The larger the index, the more excellent the abrasion resistance.




strength 108 103 102 107 104 100 Abrasionlndex resistance 108 104 103 107

102 100 zate

r

roped OC tan 6lndex (Strain 1% 100 102 99

[0147)
[Table 6]
Example | Example | Example | Example | Comparative | Comparative
11 12 13 14 Example 5 | Example 6

Oil-extended styrene- a b d E g h
butadiene copolymer
Compound Mooney 55 52 53 54 54 61
viscosity
Bound rubber (%) 46 44 43 45 42 39
content

Tensile index| 108 103 102 107 104 100
E strength
‘»  |Abrasion Index| 108 104 103 107 102 100
:E > resistance
o ©/0°Ctans Index| 100 102 99 100 100 100
® S|(Strain 1%)
S 250°Ctan s Index| 95 97 97 95 98 100
£ |(Strain 3%)
> |50°C G Index 97 98 98 97 98 100

(Strain 3%)
[0148]
[Table 7]

Example | Example | Comparative | Comparative
15 16 Example 7 | Example 8

Oil-extended styrene- i I m n
butadiene copolymer
Compound Mooney 46 49 45 58
viscosity
Bound rubber (%) 42 45 37 54
content

Tensile index 105 107 100 110
§ strength
‘w | Abrasion Index 105 108 100 115
_CE; | resistance
© §/0°Ctans  Index| 103 103 100 101
© 3 Strain 1%)
< %50°C tan § Index 98 96 100 92
£ |(Strain 3%)
> |50°CG Index 99 98 100 94

(Strain 3%)

[0149]




10Q 100 100 50C tan 6lndex (Strain 3% 95 97 97 95 98 100 50C G I ndex
(Strain 3% 97 98 98 97 98 100 [0148] [Table 7]

Examples and Comparative Examples which used oil extended
styrene-butadiene copolymers having the same microstructure (bound

styrene amount and vinyl linkage content) are compared and discussed.

[0150]

Copolymer g of Comparative Example 1 polymerized at low
temperature was not sufficiently branched and thus failed to satisfy the
requirements of the above Expression (1). As is apparent from comparison
between Examples 1 to 6 and Comparative Example 1 in Tables 1 to 3,
residence time of each of copolymers a to f of Examples 1 to 6 in a reactor
for obtaining a sufficient polymerization conversion rate can be shorter than
that of copolymer g of Comparative Example 1. Therefore, the copolymers
of Examples 1 to 6 were found to have excellent productivity. Furthermore,
when the rubber compositions of Examples 11 to 14 are compared to that of
Comparative Example 5, the rubber compositions were found to have an
excellent balance between properties (such as tensile strength, abrasion
resistance, low hysteresis loss property and wet skid resistance) and
processability.

[0151]

Copolymer h of Comparative Example 2, which was polymerized
without performing a coupling reaction, was not sufficiently branched and
thus failed to satisfy the requirements of the above Expression (1). In
Examples 11 to 14 using copolymers a, b, d, e of Examples 1, 2, 4, 5, as
compared to Comparative Example 6 using copolymer h of Comparative
Example 2, the Mooney viscosity of the blend is low and processability is
satisfactory. As is apparent from tané values at 50°C and 0°C, Examples 11
to 14 were found to have an excellent balance between low hysteresis loss

property and wet skid resistance, and have satisfactory tensile strength and
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Exanpl e 15 Exanple 16 Conparative Exanple 7 Conparative Exanple 8
O | -extended styrene- butadi ene copolynmer i | mn Conpound Mooney viscosity
46 49 45 58 Bound rubber (% content 42 45

abrasion resistance and satisfy practically sufficient abrasion resistance and
fracture characteristics.
[0152]

Copolymer m of Comparative Example 3 had a small weight average
molecular weight and excessively low Mooney viscosity. When Examples
15 and 16 using copolymers i and | of Examples 8 and 11 are compared to
Comparative Example 7 using copolymer m of Comparative Example 3, as is
apparent from tand values at 50°C and 0°C, Examples 15 and 16 were found
to have an excellent balance between low hysteresis loss property and wet
skid resistance, have satisfactory tensile strength and abrasion resistance,
and satisfy practically sufficient abrasion resistance and fracture
characteristics.

[0153]

In Comparative Example 8 using copolymer n of Comparative Example
4 which was enhanced in coupling efficiency by performing polymerization at
lower temperature, as is apparent from comparison between Examples 7 to
10 and Comparative Example 4, residence time in a reactor for obtaining a
sufficient polymerization conversion rate is long. From this, when copolymer
n of Comparative Example 4 is compared to those of Examples 7 to 10,
copolymer n is inferior in productivity. Furthermore, since Mooney viscosity
of copolymer n is high, the Mooney viscosity of a rubber composition blend of
Comparative Example 8 is high. Thus, copolymer n was found to be inferior
in processability compared to Examples 15 and 16.

[0154]

The present application was based on Japanese Patent Application No.

2009-93252 filed on April 7, 2009 with the Japan Patent Office and the

content thereof is incorporated herein by reference.
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37 .54 Tensilelndex strength 105 107 100 110 Abrasionl ndex resistance 105
108 100 115 zate r roperl OC tan 6lndex (Strain 1% 103 103 100

-

Industrial Applicability
[0155]

A conjugated diene-aromatic vinyl copolymer of the present invention
is industrially applicable to e.g., a tire tread material, foot wear and industrial

products.
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101 50C tan 6lndex (Strain 3% 98 96 100 92 50C G lndex jStrain 3% 99 98

100 94 [ 0149] Exanpl es and Conparati ve Exanpl es which used oi
extended styrene-but adi ene copol yners having the sane m crostructure (bound
styrene amount and vinyl |inkage content) are conpared and di scussed.

[ 0150] Copol ynmer g of Conparative Exanple 1 polynerized at | ow

tenperature was not sufficiently branched and thus failed to satisfy the
requi renents of the above ExpressionQUAIMSAs is apparent from conparison
bet ween Exanples 1 to 6 and Conparative Exanple 1 in Tables 1 to 3,
residence tinme of each of copolyners a to f of Exanples 1 to 6 in a reactor
for obtai niw@g.sulffi cient polynerization conversion rate can be shorter
than that o 5ob'Ieed 5 of Conparative Exanple 1. Therefore, the
copolynmers of Exanples 1 to 6 were found to have excel |l ent productivity.
Furt hernore, when the rubber conpositions of Exanples 11 to 14 are conpared

to that of Comparalive Exafplend, canug% I@@%—c’émﬁ%itiléimg&ﬁ@?g{e?gﬁgtLO

have an excelle bal ance Ween proper such as

abrasi on reg%iﬁpaéw%d hP&‘b[%lM?ﬁw%FQﬁli\é're‘rPSS property and wet skid resistance)
and processabiFity. FOlSl ' Copol ymer h of Conparative Exanple 2,

whi ch was pol ymeq bgesd wtdrastic viﬁ?rédﬁtéﬁﬂﬁ the €BHighfd dieneidromativ@mynot
sufficiently branched and thus failed to satisfy the requirenents of the

above Expresspalymed|C) isifrdmi 301tbe3B %lby mak4, usi ng copol ymers a, b, d, e of
Exanples 1, 2, 4, 5, as conpared to Conparative Exanple 6 using copolyner h
of Conparative Exwimpgl lkagetdomtériton égtallirdagesi unitsadf a tenjbyated dignd sw and
processability is satisfactory. As is apparent fromtans val ues at 50C and
0C, Exanpl eom3Q to 43mal¥e found to have an excel |l ent bal ance between | ow
hysteresis | oss property and wet skid resistance, and have satisfactory
tensile strengt A BAstyréne-equivalent weight average molecular weight (Mw-C) of
the conjugated diene-aromatic vinyl copolymer (C) obtained by gel
permeation chromatography (GPC) is from 700,000 to 1,000,000,

a ratio ((Mw-C)/(Mn-C)) of a weight average molecular weight (Mw-C)
to a number average molecular weight (Mn-C) is from 1.7 to 3.0, and

a Mooney viscosity (ML-C) and a Mooney stress relaxation rate (MSR-
C) measured at 120°C satisfy the relationship represented by the following
Expression (1):

{214-(ML-C)}/300 < (MSR-C) < {260-(ML-C)}/300 ... (1)

where 100 < (ML-C) < 140.

2. The branched conjugated diene-aromatic vinyl copolymer
(C) according to claim 1, obtained by coupling a conjugated diene-aromatic
vinyl copolymer (I), having a polystyrene-equivalent weight average
molecular weight (Mw-1) of from 500,000 to 700,000 and a Mooney viscosity
(ML-l) and a Mooney stress relaxation rate (MSR-I) measured at 120°C

satisfying the relationship represented by the following Expression (2):
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abr,asi on resistance and satisfy practically sufficient abrasion resistance
and fracture characteristics. [0152] Copol ymer m of Conparative
Exanmpl e 3 had a snall wei ght average nol ecul ar wei ght and excessively | ow
Mooney vi scosity. When Exanples 15 and 16 using copolyners i and | of
Exanples 8 and 11 are conpared to Conparative Exanple 7 using copolyner m
of Conparative Exanple 3, as is apparent fromtano val ues at 50C and 0C,
Exanpl es 15 and {260+Mel)y/300d (MSRdVe {3H0-MEd)HK: .. i) ance bet ween | ow
hysteresis | oss property and wet skid resistance, have satisfactory tensile
strength anwheis %ﬁdM'—rés’i $9Qince, and satisfy practically sufficient
abrasion resistance an racture characteristics 15 | n

Conpar ati ve Exaﬁﬂf'baén‘ﬂg{%t"éwdpg?ﬂ@?r hagpg éo‘?fﬂHP%?‘\'/‘éﬁéiﬂr%Pﬂpﬁ whi ch was
enhanced in coupling efficiency by perform ng polynerization at |ower
tenperature, as is apparent from conparison between Exanples 7 to 10 and

Conpar ati ve Exanple 4, fi\seoqﬁgsat.sﬁ 8P 2 tPafereifihfliodigl ditheuafiiigc

sufficient poI yneri zati on ¢onversion rate

copol ymer nf I&Sﬁgﬂﬁﬁ Ie 4 1is corrpared to those of Exanples 7 to
10, copol yne € {'n I's m%fano? In product|V|ty Furt hernore, since Mboney

viscosity of copgkWBhcHed éoﬁ}ugﬁtedtd‘@mé\lamﬁand/vmgp@dﬁdyrﬁér ) atieding
conposi tion bl end of Conparative Exanple 8 is high. Thus, copolyner n was

found to betd ¢1hei H@r 2 ahdr ocessability conpared to Exarrpl es 15 and 16.

[ 0154] The present application was based on Japanese Patent
Application No. aDor@aibhlldr | ed on April 7, 2009 with the Japan Patent

O fice and the content thereof is incorporated herein by reference.

I ndustrial Applicability [0155] A conj ugat ed di ene-aromatic vinyl
copolynmer of the present invention is industrially applicable to e.g., a
tire tread materd-al, foo meHiodkied PredHsing the bf@ﬂﬁé@@?@“ﬂ@@t_@ﬂ dignephat i s
clainmed is: . A branched con at ed di ene romatlc VI nyl copol ymer
(C) being aarloﬁ‘ﬁﬂﬂﬁﬁ'ﬁﬂrﬁﬂp?ﬁ@?er mmpw to clajm g n% vi nyl content

in the conjugated di ene-aromatic v 0 38 % by

gnss f a vihyer 9 heR BU%%YéHIE’S&WQt%ESHU}I'PF ﬁQé@énlnglq%orwfgage onj ugat ed
. . o _

ol ocul ar wieRRE TR B Bh drpwatis i) BPmERlNG BRO bRy BkEo ﬁé?ge
(C) obtal ”eﬁutPaYorgt%' EW@P{;W@@?B%MQ&@ ?eéétfb’ﬁ‘té%t&%ﬂ

1, 000, 000, aralo( wel ght average nol ecu ar

wei ght ('W\/'Qluflgn 6f8%ﬂﬁf atefar9e- éFBh%Ql\é'\ﬁﬁyl‘&%bgiyhérM&v@g aSatfi@n 1.7 to
3.0, and a Mooney viscosity (M.-C) and a Mboney stress rel axation

rate (MSRC) pomariiepd ahd120C satisfy the rel ationship represented by the
fol |l ow ng pression (1): {214-(M.-C}/300 (MSR-C) _ . {260-(M-C)}/300 ...
(1) where 100 . _a stellof@ouphifig the conjugated diene-aromatic vinyl copolymer by

using a multifunctional modifier having 4 or more functional groups which can

react with the active polymer end.

5. A method for producing the branched conjugated diene-
aromatic vinyl copolymer (C) according to claim 1 or 2, comprising

a step of continuously supplying a solution containing a conjugated
diene compound, an aromatic vinyl compound and an anionic polymerization
initiator to a reactor equipped with a stirrer to conduct a polymerization

reaction;

66




2. ,The branched conjugated diene-aromatic vinyl copolynmer (C) according to
claim1, obtained by coupling a conjugated diene-aromatic vinyl copolyner
.1), having a polystyrene-equival ent weight average nol ecul ar wei ght (Mw1)
of from 500,000 to 700,000 and a Mooney viscosity (M-1) and a Money
stress relaxation rate (MSR-1) neasured at 120C satisfying the relationship
represented by the follow ng Expression (2): {260-(M-- Iza}/300 (MR- 1)
{310- (M- 1) }/ 30@ step of 2pninmeouslsebtamning p m;omﬁnfta]canmga idfdigae1 onal

nodi fier having 4 or nore functional groups 03|t|on of a
br anched c@mugaépéwsducen@wasmvartg cll ﬁgitlve;e‘a'dmﬁ@ndcfmfﬁﬁnsq’w tofthe {ne
branched conju at ed di ene-aromatic vinyl copolynmer (C according to claiml
or 2 and arf€PREY @@ c filler. 4. A method for producing the branched
conj ugat ed di enearoma ic vin copol I .C according to c |m1 or 2,
conpri sing iﬁ%?""&%ﬁﬁ ?{fmﬁﬁd?ﬁlﬁ ARy \QﬁY'Lﬁql%’h W% ning a
conj ugat ed di. . .c Vi ny 0

pol ymer i zatLﬁdﬁ&gﬂﬁﬁ'@%ﬂgp%ﬁﬂos@gpﬁ%\"ﬁg 4&16;rrljg f/e @§g§§?|aq1}8u§9 onéyrﬁgérl zation
reaction toq.gbf QiR tike 58’&\}& bag?"%f efigconj ugat ed di ene-aromatic vinyl

copol ymer having an active mer éend, and a step of coupling the
conj ugat ed \gh&ey aromati c vi nyI copol yner by using a nultifunctional

nodi fier having 4 or nore functional groups which can react with the active
pol ymer end. in the Polyfehtion réautiop! féUsoIpthetipatidn Asied isonj ugat ed

di enearomati c vinyl copolynmer (C) according to claim1l or 2, conprising

a step of caontinnoasiylcpngduptiedyfongn averdgé iesidenasttmedphyd aninotgswgahee di ene
conpound, an aromatic vinyl conpound and an anionic pol ynerization

i nitiator tanch3deaoties ardesppbile maihtainisg the mtermal eomRrature apthe/neri zat i on

reaction; a step of continuously obtaining a solution of a
conj ugat ed elitlet o thenteactonat igm 86ge| YI@8E. havi ng an active pol yner end from
an outlet of the reactor; and a step of coupling the conjugated

di ene-aromati c vinyl copol ymer by using a rruI tifunctional nodifier having 4

Shergip et Ol O PT R e StRof 30t PERREInG Qﬁgﬁﬁ%ﬁﬁﬁﬁ?ﬁﬁéﬁggmn
i i 15

mor 6 and 83 maﬁﬂg&%ﬁggﬁmﬁ%ﬁﬁwgmgﬁ GBI {omerat e at
the outl et e@ﬁltﬁflﬂ?ctloﬁ?f:ﬁ’ngglf@r id (1958 9 ﬁfﬁa%%qg}al %oTQﬂuHﬁ}é?%@fu éloﬂépduc' ng

t he branch conj ugat e I ene- arona I ¢ vinyl copolynmer according to claim

4 or 5, wheg r%uPsbhﬁnéTmUiﬂfumﬁdapnﬂJd.f@%frbﬁfow&ouﬁa%n%so&hééaaéna total nole
nunber of functional groups of the nmultifunctional nmodifier is fromO0.1 to

0.5 tinmes baskRon@Abér 60the dHidHe poimériyatiaRii®ifawrpol yneri zation initiator.

67




