DESCRI PTI ON METHOD FOR PRODUCI NG MODI FI ED CONJUGATED DI ENE- BASED POLYMER
MODI FI ED CONJUGATED DI ENE- BASED POLYMER, AND MODI FI ED CONJUGATED

DI ENE- BASED POLYMER COWPQSI TI ON Techni cal Field [0001] The present
invention relates to a nmethod for producing a nodified conjugated

di ene-based pol ynmer, a nodified conjugated di ene-based polyner, and a
nodi fi ed conj ugated di ene-based pol yner conposition. Background Art [0002]
Recently, consideration for the enp’ IéN protection such as reduction
of carbon di oxi de em ssion has beensoCially requested. Specifically, a
demand for fuel efficiency in autonobiles has been increased. For such a
circunstance, as a material for tires for autonobiles, particularly a

material fopmeErOPEF ORERROBIE AGGINMODIEE D CONSUGAT D PHERELBAEED mat eri al
exhibiting lowrolling resistance has been demanded. On the other hand,

fromthe vi p@OrMEROMGBIFED CONRIGRTEN DIENE-BRSEDI ROL¥MERI ANDY

excel l ent wet skid resistance, and practically sufficient abrasion

resi stance MODIHIED OONKIGATEDeDIENE-BASED RREVIMERGGMBOSITIDIS]
Conventionally, as a reinforcing filler for the tire tread, carbon bl ack,
silica, and the |ike have been used. Use of silica has an advantage of
achieving the | owered hysteresis |oss properties and the inproved wet skid
resi st ance. TREhRigakFielsontrary to carbon bl ack havi ng a hydrophobic surface,
silica having a_hydrophilic surface has di sadvantages such as small
affinity w {®%]lconjugat ed di ene rubber and dispersibility inferior to that

f b bl ack. his. , i i d the lik d
{ 0 be addit ih onai TS EFRER ib@ AN e s p?ﬁ%ﬁ%@@r&?gﬁﬂﬁﬁé &a'P‘Pf‘{f/':andl ggngee
ili . . 10004 F L.
et o 1 eahisuLgEIiebrEaRbd polymen rrbailied ORI P%ﬁ%ﬁ%ﬂﬁupaﬁgw g
t t £ .\
ol ecul & nabPgH SR8 Buhiligg Cohllgdled GRneAted iingy 8BS’ (700L

the chain end can reduce the hysteresis |loss by inproving the

di spersibility of silica in a rubber material, and further, by reducing the
nunber of fpaekgeunaertends via bond with the filler particles. For

exanpl e, Patent Docunment 1 discloses a nodified diene rubber obtained by
reacting a pogd2fi er having a glycidyl amno group with a polyner end, and
Pat ent Docunent 2 discloses a nodified diene rubber obtained by reacting
gl yci doxyal koxysRecerglywicohside patioprfer thenenvifeumntdrdal prBteation dhobasents 3 to 7
di scl ose nodified di ene rubbers obtained by reacting al koxysil anes

cont ai ni ng @dushipnef gatgn gicxideemissipndrasdiren serlaliyoigsvestedons conpri si ng
these nodified di ene rubbers and silica. Patent Docunent [0005] Patent
Document 1: SPREEFA iAcirmand frrifugt efbeieney ineviomoiles hasheam incisashent 2

Japanese Pajent Lai d-Open, No. 07-233217 Patent Docunent. 3: Japanese Patent
Lo - Cpen GO 24810 HGHSHaEee AF ADRIFHANO ATCY T AHCBOBIES HE Gl cBen No.
2003-171418

material for a tire tread contacting the ground, development of a material
exhibiting low rolling resistance has been demanded. On the other hand,
from the viewpoint of safety, development of a material exhibiting excellent
wet skid resistance, and practically sufficient abrasion resistance and fracture
characteristics has been demanded.
[0003]

Conventionally, as a reinforcing filler for the tire tread, carbon black,
silica, and the like have been used. Use of silica has an advantage of

achieving the lowered hysteresis loss properties and the improved wet skid



Pat ent Docunent 5: International Publication No. WO 07/34785 Patent
Docunment 6: International Publication No. WO 08/ 13090 Patent Docunent 7:

I nternational Publication No. WO 07/114203 Sunmmary of the Invention

Probl ens to be Solved by the Invention [0006] In the case where a
functional group having high reactivity with silica is introduced into the
pol ynmer end, however, the functional group tends to react with silica

mer end | ot . ds to | ®on.
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breakage in the sheeting céss 'a It er kneadi ng. Moreo when t he
conposi t i Onaﬁiﬁit? Withesl cbRjugardvdib fd Bt é?fdoéiﬂﬁénsimm?ﬁrﬁfé!olbﬁfd thapben t he
conposition is Torned into a vul cani zed product containing an inorganic
filler, a nodaonrmack/ eddrahisnreasdetasitind teupingtaefeds badltios ikehepéditdi es and
the wet skid resistance is denmanded. [0007] The present invention has
been made i be addiiodalytontaired iswartdecioinmprevedispsrsibility and bopdsilicafot he
present invention is to provide a nethod for producing a nodified
conj ugat ed theombbased pol yner, a nodified conjugated di ene-based pol yner,
and a nodi fied conjugated di ene-based pol yner conposition, in which the
nodi fi ed col$0Q¢kt ed di ene-based pol ynmer has a good bal ance between the

hysteresis | oss properties and the wet skid resistance, practicall
sufficient abr as'?lﬁﬂf)erreéqc@f‘ﬁiﬁc%ﬂ%mﬂtsfbaé’@tw wadedgreduceysietpss losé
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conj ugat ed. gf £95idiBASFLRALUTTHe EABInAld:Cart RERERE FIBIEAEOY Gosd P et PO
conprising: a step of polynerizing a conjugated di ene conpound or

copol yner i Zin'ﬁﬂp@in@QHé‘dﬁ@é?QﬁbﬂigﬁﬂﬁsiWﬂ?qb@r#ﬁat@ﬂa@%ﬁﬂ%ﬂﬁer\(ibvw conpound
using an al kali netal conmpound or an al kaline earth nmetal conpound as a

pol yneri zat fgducingy theaiumibéroofdRseap Slymee ends 9&t Bondlwthehbdisedpaditieger havi ng
a reactive end; and a nodifying step of reacting a conmpound having a

speci fi c stFocéxaraple, Patértdocemedntviedisoldses atrhedified disgs ridbber ebtiekd

pol ymer. Thus, the present invention has been conpleted. [0009] The present
i nventi on iy seadtioglaomodiflerhaving a gicidyt amdnd groupr with @i palyrerrend f anst

conj ugat ed di ene-based pol(i/imer, conpri si ng; a polynerization step of
pol yneri zi ngatent isicumené @ disdases amedified dieneopbbenebiamiatpureastindgat ed

di ene conpound. with an aromatjc vinyl conpound using an_al kali t al
conpound or IYAdQKKRIKPRESIaRe t"‘ﬂthn%Pﬁb)/"?ﬁfr?dgﬁncf%g‘e& %%?9&9995%%”&% tiator
to obtain conj ugat ed..di epe- based pol yner pavi ng. a reactive end, and
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these modified diene rubbers and silica.

Patent Document

[0005]

Patent Document 1: International Publication No. WO 01/23467
Patent Document 2: Japanese Patent Laid-Open No. 07-233217
Patent Document 3: Japanese Patent Laid-Open No. 2001-158834
Patent Document 4: Japanese Patent Laid-Open No. 2003-171418




and a hydrocarbon, and which has two or nore silyl groups to which two or
nore al koxy groups are bonded. [2] The nethod for producing the nodified
conj ugat ed di ene-based pol yner according to [1], wherein the nodifier is a
conmpound represented by fornula (1): R7 5 /\6 (RLOS -R NNR Si-(0R2)n(1)
mMm R,I13\ 8 | 4 R(3-mMR(3-0 (wherein RL to R4 each independently
represent an al kyl group or aryl group having 1 to 20 carbon atons; R5 and

R0 Caoh | nIPRRIAadimé A0S S3Ra bR Kl RS U dBYI el to 20 car bon

atons; R7 an each 1 ndepen ent y represent a hydrocarbon group having 1

to 6 car bonmmoaﬂﬁeﬁm Thidriatitha PUBREHTOR 196, wc’&oemmoe menbered ring
with adjacent two Ns; and m and n each i ndependently represent an integer

of 2 or 3). PaBint Documerfiie Ietiatibrizp PuBliealion Me. Weeommdiboed conj ugat ed

di ene-based pol ynmer according to [1] or [2], wherein all the silyl groups
in the nodifier are each silyl group to which three al koxy groups are
bonded. [4]

Summary of the Invention

Problems to be Solved by the Invention

[0006]

In the case where a functional group having high reactivity with silica is
introduced into the polymer end, however, the functional group tends to react
with silica particles during a kneading step to increase viscosity of the
composition, leading to inferior processability such as difficulties in kneading
the composition and frequent occurring sheet surface roughness and sheet
breakage in the sheeting process after kneading. Moreover, when the
composition is formed into a vulcanized product, particularly when the
composition is formed into a vulcanized product containing an inorganic filler,
a more improved balance between the hysteresis loss properties and the wet
skid resistance is demanded.

[0007]

The present invention has been made in consideration of such
circumstances, and an object of the present invention is to provide a method
for producing a modified conjugated diene-based polymer, a modified
conjugated diene-based polymer, and a modified conjugated diene-based
polymer composition, in which the modified conjugated diene-based polymer
has a good balance between the hysteresis loss properties and the wet skid
resistance, practically sufficient abrasion resistance and fracture strength,

and high processability when the modified conjugated diene-based polymer

is formed into a vulcanized product.




The nethod for producing the nodified conjugated di ene-based pol yner
according to any one of [1] to [3], wherein a total nunber of noles of the
al koxy group bonded to the silyl group in the nodifier is within a range of
0.8 to 3 tinmes nunber of noles of the polynerization initiator to be added.
[ 5] The nethod for producing the nodified conjugated di ene-based
pol ymer according to any one of [1] to [4], wherein the polynerization step
is continuous. [6] The net hod for producing the nodified conjugated
di ene- based pol yner according to any one of [1] to [5], wherein a

pol ystyr eneneeHsat 8Blyiry! rav&hage nol ecul ar wei ght of the nodified
conj ugat ed di ene-based pol yner neasured by gel perneation chronmat ography

(GPC) is 20 to 600, 000. [7] A nodi fi ed conjugat ed di ene-based
pol ymer obtained by the method for producing the nodified conjugated

di ene-based pol yAsma resakbflerignsivearygeamt inforddr totsvesthe hrdblerds abold,i ed

conj ugat ed di ene-based pol yner conposition, conprising: 100 parts by
mass of a r thebpreseahimveeturs fmumtdaouti thgt aomethed fort praduidgmamioslifled nass of t he
modi fi ed conjugated di ene-based pol ynmer according to [7], and 0.5 to 300
parts by nasenipfatedsdicnedasadgplymer eamselveitihe problems aoxgethesmethiosct s of
the I nvention [0010] According to the present invention, a nmethod for
produci ng aCREWIsiNgd asdep ahaelymedizirea sasikdatssl §igbe COMRAMNG9Ted conj ugat ed
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Qut the | nveBh R} having a reactive end: and a modifying step of reacting a compound
having a specific structure with the reactive end of the conjugated diene-
based polymer. Thus, the present invention has been completed.
[0009]
The present invention is as follows.
[1]
A method for producing a modified conjugated diene-based polymer,
comprising:
a polymerization step of polymerizing a conjugated diene compound or
copolymerizing a conjugated diene compound with an aromatic vinyl
compound using an alkali metal compound or an alkaline earth metal
compound as a polymerization initiator to obtain a conjugated diene-based
polymer having a reactive end, and
a modifying step of reacting a modifier with the reactive end of the

conjugated diene-based polymer, the modifier being a compound which has

one or more heterocyclic structures comprising two or more nitrogen atoms



[ 0011] Hereinafter, an enbodi nent for inplenenting the present
invention (hereinafter, referred to as "the present enbodinent") will be
described in detail. The present enbodi nent below is only an exanple for
describing the present invention, and the present invention will not be
limted to contents below. The present invention can be properly nodified
within the scope of the gist and inplenented. [0012] A net hod for
produci ng a nopdified_conj t i - ol ol he

D esent  ontl Aony LR A28 W R R o SO O ot 2 21 g
conjugated,ﬂb&pgkg RR@gzﬂétﬁﬂggbynerizing a conjugat ed di ene conpound
with an aronatic vgﬂgl ompound using an al kali metal conpound or an

al kal i ne eﬁgrh met al compound as a polynerization initiator to obtain a
conj ugat ed ene- based pol yner having a reactive end, and a nodi fying
step of reactingng metodifer prdutirid e radificd €otjidatdd tiemedmatedgat ed

di ene- based pol yner, the nodifier being a conpound which has one or nore
het er ocycl golpaspaccirdimgttod1pwhereia theimodjfier iataocampodnd réprésentadbiyn and

whi ch has two or nore silyl groups to which two or nore al koxy groups are
bonded. [ OGadhula (1): In the polynerization step of the nodified conjugated
di ene- based pol yner according to the present enbodi nent, a conjugated di ene
conpound i s polynerized or copolynerized with an aromatic vinyl conpound
using an al kali netal compound or an al kaline earth nmetal conpound as a

pol ymeri zation initiator to obtaug7a conj ugat ed di ene-based pol yner havi ng

a reactive end1. [ 0014] Ther @\nj ugat e{sfli ene- baseg pol ymer that forns
a nodified ] ;;.a.t_e d.I.?Q é_% fedp Ve ‘pol f a singl

conj ugat ed gﬁe}rg 0 %o'un , a pPoNy ONof cﬁffegse'nt gl ngs)znof conj gggzed di ene
conpounds, i.e., a copplynmer of dRiferent kindg of conjugated diene
conpounds, or a copoR/q@ngf a conj ugat ed di eRe _Qm)ound and an aromatic

vi nyl conpound. [0015] The conj ugated di ene conpound nay be any

pol ynmeri zabl e nononer and is not particularly limted. Exanples of the
pol yneri zabl e nononer may include 1, 3-butadi ene, isoprene,

2, 3- di met hydynbrénRt @oR€BSch hdépeABEAl) Ripfeseht R AlkyI-grodp pearygrene,

1, 3- hept adi ene, and 1, 3- hexadi ene. Anong t hese, preferable are

1, 3- but adi emgyiRgd tb 20ERDEN Btams { REand Rieichtindépémtimily reptesanbahabi 1 i ty.
One of these may be used alone, or two or nore thereof nmay be used in

conbi nat i onalkyleAé Group havingHetoe2®oarhion atomgt RE amddrheachindepeademtiorrer

copol yneri zable with the conjugated di ene conmpound, and is not particularly
limted Exmpptsentafhydiecarbongroep havipg tiondeamenaipmsnanddern @yinthe,

pret hyl styrene, a-methyl styrene, vinylethyl benzene, vinylxylene,

vi nyl napht hstrugiere @frﬁj5dﬁf;5'ﬁ@ﬁy‘r\@ﬂwr%f¥€09W@J?%é‘,’"odﬁl%f M9 e  styrene
fromthe view point of industrial ava&%gbi}ha%. One of these may be used

al one, or tS@chbindpaeRdenly iepresaly apdnieIes © Sbi nat i on.

(3]

The method for producing the modified conjugated diene-based
polymer according to [1] or [2], wherein all the silyl groups in the modifier are
each silyl group to which three alkoxy groups are bonded.

[4]

The method for producing the modified conjugated diene-based
polymer according to any one of [1] to [3], wherein a total number of moles of
the alkoxy group bonded to the silyl group in the modifier is within a range of

0.8 to 3 times number of moles of the polymerization initiator to be added.



[ 0017] In the case where the conjugated di ene-based polyner is a
copolyner, it may be a random copol yner or a bl ock copol yner. Exanpl es of
t he random copol yner nay i ncl ude but adi ene-i soprene random copol yners,

but adi ene-styrene random copol yners, isoprene-styrene random copol yners,
and but adi ene-i soprene-styrene random copol yners. Exanpl es of conposition
distribution of the respective nononers in the copol yner chain may incl ude
perfect ra m copol ymers having a conposition close to a statisti cal
randonlcong ition, or a tapered random copolymer in which distribution of

t he conpositi onﬁhgirhgfp\%ﬁﬁgapﬁb%fwgihgamgd%ﬁjd@gt@d Hrherwdsdd nkage of the

conj ugat ed di ene, -l'inkage "and the |i ke nay be

uni form or (f ' ingl lone of [1 @m B&rei tHesolhhetikatiopstepier may

i ncl ude di b@é@étg%%cﬁgmngr@%nposed[ (])f wo bl ocks, l???bl ock cop(ipymsrs
conposed ofcdnifihggud! ocks, tetrabl ock copol yners conposed of four bl ocks and
the like. For exanple, the block copolyner is expressed as an S-B di bl ock
copol ymer, [8n S-B-S triblock copolymer, or an S-B-S-B tetrabl ock copol yner
wherein S represents a bl ock conposed of an aromatic vinyl conpound such as
styrene, and B féerresthodsfonpmdusing theposdifiedfconjugatethpiggetasedi ene conpound
such as but adi ene and i soprene and / or a bl ock conposed of the copol ymer
of the arorpalymerpesardingripanyonsaf ihéo Binvhemirna RANSIEERSRIMNAEN n t he
formul a above, the boundary between tg bl ockfs does nqtdgl.wa%ﬁ need to be
clearly di SIURBENayrsage mplesdacwelghhobing Medmedfanivated OIRNGBIIY mer  of

VimyT ConpdiRmP RSB oY o8 feip et or rop AP B FRRET IR 2080 oE: 7l butea

in a taperem er. Alternatively, in the block B, several portions in
which the a iti'c vinyl conpound is uniformly distributed and / or several
portions ir[7];hi ch the aromatic vinyl conpound is distributed in a tapered
manner may ‘coexist. Alternatively, in the block B, several segnments having
di fferent conte iddEorl, idGard- M SbiFEes ©9themethBdt he case
where sever al blr)%c Ogﬁﬁs or @%@ée‘?gloqebr?@ogﬁedégggi st in the@gopol ymer, the

nol ecul ar  wWej ghdduiny tHeemstiffisdtddhfugaied biene-tidseocsoipoet hiccordiny totdrese

bl ocks nay be the sane or different. [0019] - I'n the present

enbodi ment , oridhef [dPry [@at ed di ene-based pol yner having a functional group is
further hydrogenated in an inactive solvent. Thereby, all or part of double
bonds can H&]converted into saturated hydrocarbons. In this case, heat

resi stance and weatherability can be inproved to prevent deterioration of
product s duri ng Amesiias eenjugatedidiene-baspd palyaras. CORPASIAs GOMPMSHY: obt ai ned
products denonstrate higher perfornmance in varijous ap&lai cati Oﬂ% Sél&h as
appl i cation to ad@Odpasts Pygassggpjubber compgpgnteRAINING NPYjess fpan

hydr ogenation rati o of sat ur.at ed doub] e honds based, on the Lygat ed

di ene” conpoRAE BUAASS %ﬁ{ﬁ?m%@ﬁ%@Cg'éJPaﬁ{eé’o‘?'%%'i’Fa?ﬁé’oiyén?rhgccﬁﬁ&ﬁég , and is
not particu ralr{}/ limted. In use as a vul cani zed rubber, preferably, the
doubl e bonds?i qhe conj ugated diene portion partially remain. Fromsuch a
vi ewpoi nt, the I i i he j 4k ¥l portion in the
pol ymer is pref yg%?)%ﬁp%tgn@%%@%%g%?gngg!% %%e?éfdgggﬁé&'ﬁm;é}n% to 65% and
still nore preferably from 10 to 60% The hydrogenation ratio of the
aromati ¢ doubl e bonds based on the aromatic vinyl conpound in the copol yner
of the conjNgedRdq8bGNEfEORRIYRE IARGtibRe aromatic vinyl conpound is not
particularly Iirri?ed, and is preferably not nore than 50% nore preferably
not nore th@o18p% and still nore preferably not nore than 20% The
hydrogenation ratio can be nmeasured by a nucl ear magnetic resonance

spect romet er ( NMd®ordihg@a the present hventibnda fathog frrqyeducingra medilied
particularly limted, and a known nethod can be used. Exanples of a

parti cul ar | gonjugatet|diemebhsed polynsrdasaeditied eanivagtaddicnedagettet hod of

bl owi ng gaseous hydrogen into a pol ynmer solution in the rgr esence of a

cat al yst t oP@¥rEsr achg dnedjiedcraioatsddisnedasedmolyroak ePPRPSHEY CRAcI ude

het er ogeneous catal ysts such as catal ysts havi.n noQl e metal supported on
a porous inB@Q&Y'@eiﬁb‘é’h dae %?Fﬁﬁ?gﬁé@éﬂ@@?sd'8&?%@?8?0%'@%%&%3 Batal ysts
obt ai ned by nmaking a salt such as nickel and cobalt soluble and reacting
the salt with organic alumnumor the like, and catal ysts using netall ocene
such as titanocene. Anong these, preferable are titanocene catal ysts from
the viewpoint of allow ng selection of a particularly mld hydrogenation
condi tion. Mreover, an aromatic group €an be hydrogenated using a
supported noble netal catalyst. [0022] Speci fic exanpl es of the

hydr ogenati on catal yst may include (1) supported heterogeneous

hydr ogenati on catal ysts having a netal such as Ni, Pt, Pd, and Ru supported

-, e o o —




The al kali netal conpound used as the polynerization initiator is not
particularly limted, and organolithium conpounds are preferable. Exanples
of the organolithium conpound may include | ow nol ecul e conmpounds,
organol i t hi um conpounds of sol ubilized oligomers, conmpounds conpri sing
carbon-1lithiumbonds in the bonding formof an organic group and lithium
conpounds conprising nitrogen-1ithium bonds, and conpounds conpri sing

tin-lithi u%&%@éan%?%ﬁhﬂ% 1y36er85RABEL bidpaiREaRR e fefBiid! nC! ude

nbutyl i t hitim~ Sec- yl'ithium” tert-butyllrthium n-hexyl I'ithium
benzyllit hlﬂégﬂstéﬂ?,%f'wédtiba{l}mﬁiaié%t sbidsrnRlsidtahseanéraerlrestiehgthe conpound
conprising nitrogen-1lithium bonds may include |ithium dinethylam de,

li thi um di efdayhigRipiecedsabllitywhehrhe piddified eonjughtdidudiené-basbepplyaede,

l'i thium diisopropyl am de, |ithium hexanethyl eneimde, l[ithium pyrrolidide,
| i thi um pi gefordhetbintd btviulsamizeepp@dechyl enei m de, and |ithi um nor phol i de.
[ 0024] In addition to the nono-organolithium conpounds, a

pol yfunctional organolithium conpound can be used in conbination to perform
pol yneri zati on. Exanples of the polyfunctional organolithium conpound may

i ncl ude 1, Mdies faii Gntiag &utdhe danantion product of sec-butyl i thi um and

di i sopropenyl benzene, 1,3,5-trilithiobenzene, a reaction product of
nbutylIithﬂéﬂﬂ1h,3-butadiene, and di vi nyl benzene, and reaction products of
nbutyl l'ithium a acetyl ene co unds., Furt.he

conpounds di scl g'g‘?%g'?":a e[, af empRpdimenidor @ﬁ'ﬁﬁ‘,eﬁl o rﬂ;ﬁ 8%‘%%2‘9%’1%#9” &gt o

2,241,239, U.S.. Patent, No, 5,5 753 g . [0025
Sechut F{géﬁsrq'vﬁ?ﬁ%ﬁﬁsaﬂfz_ LPseB Embsgmeti GRbedmEace: 1002
to control Sl FOEPISREAY FIRRARR BoiphSuRly afexdifBle B depbitoiRgdngast ness

organol | ¢ yELEATAOUh, B 1hE pheesht erlish il BB ifikBlcomanbe used as

a mxture. ot her organoal kal1 netal conpounds may
i nclude or wgﬁodWQﬁeﬁmﬁu%tiﬁr@aﬂ@@gw}ﬁi GHER QUMNIS thes@aeosfubi di um
conpounds, and organocesi um conpounds. Specifically, exanples thereof may
i ncl ude sodhdmgista ifgll@nentsdd pot assi um napht hal ene. Besi des, exanpl es

t hereof may include al koxi des, sul fonates, carbonates, and am des of
l'ithium sdODd®) and potassium Moreover, the other organoal kali netal
conpounds nmay be used in conbination with other organonetal conpound.

[ 0028] Ex anpletsodfortpiediadiRala medidad conjugeied S@ﬂpchm@drm@)ymﬁbl ude

or ganonmagnesi um conpounds, organocal ci um conpounds, and organostrontium
conpounds. XseEdingdathe praseahBMbodimerteeMPRSeS: ncl ude di but yl magnesi um

t hyl but yl [ d | but yI ' \Yo) . d h
al Koxi des, | sul f GRBRNTITIEaNaD RiEnea! PolHenAna asCospueated dens CIPPRIRLEEI s ray
b d. Th | kal i. h et al d used
Conbi nat  orb QOGRS Rerar IR deheauRnolRd B PR compouna.
0029 - [ ' [ based |
s pr e er aciSfyld Falo ) el bial AEfBoudd\ 4P BIGHRL BandeRRT 2ot bn T

using the aliaho, kb ATRBHAKAHTH Nt oldbRaitld-Ab 162 @84 bnalBhaba cOMpOUNG

as the polynmertzation initiator. Particularly, nj ugat ed di ene- based

pol ynmer is smy@ePhglingaPlieaciiveehBhdhaving a reactive end and obtained by
a propagation reaction by living anionic polynerization. Thereby, a

nodi fied conjugaf mdﬁ¥iag%t@@aeréawh remobifier agthahbirgictivedérfd ofthieon rati o
can be obtained. The tormof the polynerization is not particularly
limted, ancbrijhgatpdldieres-based palyossr, the medifier beihgi anchrapohndwhich has
continuous manner using two or nore reactors connected to each other.

Parti cul ar | gne ar oone hetesasyges gomprigiagi toe artrapre Ritrogen @teibF @ndet ause a

rel atively high nol ecul ar wei ght polyner can be stably produced. [0030]

I f the conj fwg@@%fben@i@ whieh iasdweooRTt rapressiyl DEHRS, toawich A OE MQIRd t he | i ke
as inpurities, the nodification reaction described |ater may be inhibited.
For this recdlkex giy@stasedondedt he concentrations (mass) of these inpurities
IS preferaﬁbﬁ Q t nmore than 200 ppm nore preferably not nore than 100 ppm
and still d ﬁreferably not nore than 50 ppm Exanples of allenes may

i ncl ude propadi ene and 1, 2- but adi ene. Exanpl es of acetyl enes nay incl ude

et hyl acetyl ene and vi nyl acetyl ene.



[ 0031] Preferably, the polynerization reaction of the conjugated

di ene-based polyner is perforned in a solvent. Exanples of the solvent nmay
i ncl ude hydrocarbon sol vents such as saturated hydrocarbons and aromatic
hydr ocar bons. Specifically, exanples of the hydrocarbon sol vents may

i ncl ude aliphatic hydrocarbons such as butane, pentane, hexane, and

hept ane; alicyclic hydrocarbons such as cycl opentane, cycl ohexane,

ey SyeL opent Bithe BBTER R BHLR YRdNE Moa Re@ UBhiuGafuAdBRBIARY SUCh 22

benzene, tol uene, "an ne an carbons co Ising a mxture thereof.

Pref er abl y.\RF hidSiHinBU6ing prédd MR aHiheRE & Yrigstedidlené cat ed wi th an

or ganonet al” conpoun ore the conjugated diene conpound is subjected to
the pol ymerdoaddy i%etﬁﬁ?rhéﬂzélﬁ6ﬁé§@olgmléﬂk¥dfﬂﬁth@%fwnﬂidﬁﬁ ltdorepeuntl i n a
hi gh concentration is |1kely to be obtained and further a higher

modi fi cati agsifigth @Ik heted cymipoubd crein gikalihe é83 Hethlncdrhpoyrad ssnar i zat i on
reaction of the conjugated di ene-based polyner, a small anmount of a pol ar
conpound ngyoliraeczatarh initiadorderoktainraooitnygtedatiens-rased polymeirhawing 8 vi ny|
conpound with a conjugated di ene conpound, in order to control a

m cr ost r uctreaetivef ead.conj ugat ed di ene noiety of a copolyner as a vinylating
agent, and in order to inprove a polynerization rate. [0033] As the
pol ar conpd@Ad4] et hers such as tetrahydrofuran, diethyl ether, dioxane,

et hyl ene gl ycol _di met hyl et her, ethyl ene gl ycol dibutyl ether, diethylene

gl ycol di net hyl Jtheeqqmw%ﬁﬁﬂ'%bgggfeply&%ﬁlﬂ%fem%% mﬂi’ﬁ@f’rﬁ?{‘#&%‘é ne, and

2, 2-bi s(2-oxol anyl ) propane;. tertiar m ne compounds, such

t et r anet hyl %‘?ﬂ%b)éﬁégipg&"ﬁ S& Fb‘?'}ﬂ@l’%Q?ﬁ&&%%ﬁ%‘%??%&'ﬁﬁ?&%&und’ a

triethyl am ne, rkdi . J > 1 L Res i . .al i npounds

such as pot%‘ggingﬁwot8@%‘?%?@%%&%;hi?%%gﬁﬁeu@y@bé?l@%%il'Sm%(gﬁﬁfrgt% g, and

sodi um anyl at e rolay i kP B@ﬁ@}idq%, and the

| i ke can be&uﬁg%gngﬁagg?pcﬁg@g%%fgﬁg?%p@r%bhgﬁg}ggau ed al one, or two or

mor e thereoéorﬁ@?at@&dﬁ’éi’%icérﬂpﬁﬁﬁ@bﬂatdn%on{éfﬁaﬁﬁyl compoundThe amount of the

pol ar conpoun 0 be used is not particularly I'mted, and is sel ected

dependi ng 4Bhe purpose and the degree of the effect. CGenerally, the
q0045F

anount of the polar conpound to be used is preferably fromO0.01 to 100 nol

based on 1 nol dthe denjpgatedaiérsatompound mat be angppolyneenmabde monepeend

(vinylating agent) nay be properly used as a regulator for the

m cr ost r uctandisofottpasticdaiybmited. dExamppssrofitbe polynerizable pranomRIgeAYi ng on

a desired vi nKjI i nka?e content. Many pol ar conpounds sinultaneously have

an ef f ect i viscugadodibeiadjere fisepreng, 2edigmibylyhdrauiadieas, be-remdadigReugat ed

di ene conpound with the aromatic vinyl . con‘g can be used, for

oynd, ~and, c
adj ust ment &Meihyt .3thantadiene. 1 83heptadignec Oaﬁﬂ‘hééﬁ?iﬁﬂﬁd mang hes&y;j ust er
for the amount of, the rene bl ock.. As a nethad for randem zing ,the
conj ugat ed U@é{ég@ﬂﬁoﬁ%’@ﬂ‘ﬁef'ﬁ@ngr'ﬁ‘?ﬁf?f‘g WA eX'SW]B’(?Uﬂc??'%OZ%'?‘?‘lod may be
used in which.part of~1, 3;:hutadi IS 1t tently ri t he
copol yneri z%\fe]"%ﬁ!'&yas %@%%F F’beé% riq%{)ﬁ)gp%ﬁgrs%g%f’}%n@L%i%Gg@%r%.mgg- 140211.
[ 0035] be '&Qg ﬂp&é{m[niaﬁehi on tenperature is not particularly limted as
long as it 1S a?errpera ure at which the polynerization reaction such as
l'iving ani iO%EC" ymeri zation progresses. Fromthe viewpoint of
productivity, the tenperature is preferably not I ess than 0OC. Fromthe
vi ewpoi nt of sectHd awndatkWihyiGodibourkghly e &RNOme  cdpolymedidbler to the
reactive end after the polynerization is termnated, the tenperature is

preferably with thecenjubatedid®e compound, and is not particularly limited.
Examples of the aromatic vinyl compound may include styrene, p-
methylstyrene, a-methylstyrene, vinylethylbenzene, vinylxylene,

vinylnaphthalene, and diphenylethylene. Among these, preferable is




[ 0036] Mor eover, fromthe viewpoint of preventing cold flow of the
conj ugat ed di ene-based pol yner, a polyfunctional aromatic vinyl conpound
such as divinyl benzene nay be used for control of branching. [0037]

The amount of conjugated diene to be bonded in the conjugated di enebased
pol ymer according to the present enbodinent is not particularly limted,

and the anmount is preferably from50 to 100% by mass, and nore preferably
from60 to 0 : . LGilit NYBnd 8f fhesh gein the
conj ugat ed g&é‘%@ﬁé@i@%@%r@r‘ ;ng%@jcﬁtﬁ%l%h?ﬁ'gwpr esnent en‘gogﬁﬁgnt i s not
particul arl lﬁ?édi EL&rPedorﬁﬂéio? Rfor@MReidof hiayb& l§eR M YorhbpatiBnt 0 50% by mmass,

era

and nore pre 'y’ 'from?20 to 40% by mass. If the anmount of conjugated

di ene to bedggorged and the anmpunt of aromatic vinyl to be bonded are within
t he ranges, a vul cani zed product can be obtained in which the bal ance

bet ween t he hysterteeicaskagserprthpeohjugatethdichbebased iyrder ssa sopolgmer.s
better and the abrasion resistance and fracture strength are satisfactory.
Here, the aitonay befa mndout copalymgl ot e bieckocopbdymenn Ebxamples wf gk by

ul traviol et absorption of a phenyl group. Fromthis, the amount of

conj ugat ed thnrgom copplymssmaay inchdebd wadienedeopienerandommearaiyreals, y, the
anmount of aromatic vinyl to be bonded can be neasured by the nethod

accordi ng t butadigns-styréns; eandeay cpaelymers.gsamene-styrengyaBd oy CORPEMEG Sy |

| i nkage content in the conju aied di ene bond units is not particularly
linmited, an@nfytdigpears 'P%‘S WERe i3 %“?Qpﬂgﬂ‘%rs'angxwgsp? eferably from

25 65 | % At. i.nv|] Jink it hi h ; i d
G N T T R e T e
Droper | €S 08y HpEHerRhl i ShPU5RA S OGS coMfobBntib

the modi i ed,fafE9ahaGTARBoRSE brRPLIERI] fahdbrf EOUIYIFR irPivnf adi ene and

styrene, the viny ge cont ent nkage content) in the butadiene

bond units gafritiichesranEicoRthdaltion iSaapéea. NThBadn R dRior eawAgR fofaliyt i cal
Chem stry, 21, 923 (1949)). [0039] If the mcrostructure (anmounts of
t he respect iinkadwotiel donjlate@didnecdec ard ligkage] 1024inkad=aand tilikeratay i s
within the range, and the glass transition tenperature of the copolyner is
wi t hi n t he bangdfoah or4bsttibutet’5C, a vul cani zed product can be obtained in
whi ch the bal ance between the hysteresis | oss properties and the wet skid
resi stance {@M8jch better. As the glass transition tenperature, according
to 1 SO 22768: 2006, a DSC curve is recorded while the tenperature is raised
in a predet er ni nE¥aMelEsRdha bioGkGRROIYNMMRIEMBY ARCIHEP diylogk,gonsdymers

O Lot YT 0 HaG, Bed bbbt BS LSS Baig. brons! o
D e B SR b S B Hodd LB L gl
s LU pRERES ot Sl Mt ot e ore
Put a0 e SiBAE SRS S0 SokNBRE B SEOVRERShohts Fahid

(1946)). | Pa%lBél@E&nFB&&P@f bRaramatiy Yinjgcémpoan®@dltnh ab shaklet a¢Be
i nsol ubl e in nethanol, the proportion of the block in which not |ess than

30 aronati crapragentsrd bdcRiconfpozedad the conjahateabdignsebnpouadisueh &% by nass,
and nore preferably not nore than 3% by nass based on the anount of the

pol yrer . [ 0®4fddiene and Byopirémee amtl Had adssck chmgosbd vbthet trepatymeugbihed

di ene- based pol yner having a reactive end is obtained, and a nodifying step
of reacti ngasomsti¢ ¥ingl compound hedteaconjugatasudiene gonfaoumndd, In e modi fi er
bei ng a conmpound which has one or nore heterocycles conprising two or nore
nitrogen at e uaabaveythedaundery betvesn the eekstdassorotaivays negd tgpsups to
whi ch two or nore al koxy groups are bonded, Ther e%, t he nodi feir‘rzg

conj ugat ed &leanly-digtnayishisdy ndh the easQIVRETe the black Bdsdhe carglym th&an be
obt ai ned. The coppound whi ch has e or. nore, heterocycl es gonprisi.ng two or
nore ni trog@ﬁo'ﬁ?g&‘:""é( ePRPRYRA 6893&%&0%83{&9 UFNR SOMRRYNG, ﬁwgg@n%qqcyl
groups to which two or nore al koxy groups are bonded is used as the

nodi fi er.



Ther eby, a bond can be forned between the term nal of the conjugated

di ene-based polyner and Si. [0042] In the conpound used as the

nodi fier, all the silyl groups are each preferably a silyl group to which
t hree al koxy groups are bonded. If the conpound is used as the nodifier,
the reactivity of the nodifier and interaction properties of the nodifier
wi th ot her conpound can be further enhanced and the processability of the

modi f i ed cqgwﬁh%ﬂﬁﬂ%é%ﬁ%ose HIBE uhflohiy REALGRY, BRBiSERBILE fa”

enhanced. scrl bove pre era
modi fier thapefedy haﬁnépmﬁﬁaﬁ\%}& 85 R EQJCWB fvErIdorflans ihfwhibR the

al koxysilyl group in formula (1) efficiently reacts with the reactive end

of the conjampaifid vihyg RenfpriRd ipenfoRhly distiboeadarEt sessvdraipdrions mal of the
conj ugat ed di ene- based pol ymer and Si "can be fornmed nore efficiently.

[0044] R7 Weiich & ardshafitc WniVebriRpSund GREtibLted iml a tapered niahnar fh4ys- n)
(wherein RL to R4 each independently represent an al kyl group or aryl group
havi ng 1 t caXistar Biernativety; inRbecidckB, sevdrai sefppemddraving diffprargent an

al kyl ene group having 1 to 20 carbon atons; R7 and R8 each independentl|y
repr esent acqment@cﬁéntmmarcgmupwnqumpqumtbrr@ycmemﬁ aliotive case where a ring
structure of 5 or nore nenbered ring wth ad&acent two Ns; and mand n each

i ndependentqe;)’ef@rh*%@‘érﬁ OaﬁeY‘?ﬂaéB@Ck%B exigtindhe cppolysjer, the moleeyiasi es of t he
difi t by f | y
giD sl[ 3|. (e{ r |r K %lﬁ ;e(ggq? ﬂyq tﬁy%égqu ]sgpégséggﬁgmr@sglo& gf gﬁ_ese blocks may be

(triethoxyﬁbly ro%f%ﬁ) erazine, 1,4-bis[3-
(di met hoxy ﬁf#'g 6 EHﬁyl ] pi perazine, 1,3-bis[3-(trimethoxysilyl)propyl]

i m dazol i di[g , 3-bis[3-(triethoxysilyl )pr opyI ]i m dazolidine, 1,3-bis[3-
(di et hoxyetnyl'si | yl)propyl]im dazolidine, 3- bi s[ 3-

t th |yl
(o enddieshuinnne 8 o asiat sy Sistisggsomer

(tribut OXYSHdeﬂq BfgRtibinal gdoup i4 TRk &6 QBYAtedTiklbASnadiven® jditse,

preferable are those V\/nereln mand n are 3 fromthe viewpoint of the

reactivity THerebg, dlbgh parebf doubleeids @aniiedpeiveres inmd satatdied conpounds,
e.g., inorganic filler such as silica, and the processability of the

nodi fi ed cdnjdugedrednsli eimethizacesd, pebt/ resistancdand bieatmedbiliSpean becal | y,

1,4-bis[3- (trimethoxysilyl )pr_opy'l | pi perazine, _ ‘

1, 4- bi s[ 3- (impiretetbioyprievgnt @ﬂtepyerphpﬁrmgde$ during processing at a high

1, 3-bis[3-(trinmethoxysilyl)propyl]imdazolidine, 1,3-bis][3-
temperature.” As a result, the obtained products demonstrate higher
performance in various applications such as application to automobiles.
[0020]

More specifically, the hydrogenation ratio of unsaturated double bonds

based on the conjugated diene compound can be arbitrarily selected
according to the purpose, and is not particularly limited. In use as a
vulcanized rubber, preferably, the double bonds in the conjugated diene
portion partially remain. From such a viewpoint, the hydrogenation ratio of
the conjugated diene portion in the polymer is preferably from 3 to 70%, more
preferably from 5 to 65%, and still more preferably from 10 to 60%. The
hydrogenation ratio of the aromatic double bonds based on the aromatic vinyl

compound in the copolymer of the conjugated diene compound and the

10



(triethoxysilyl)propyl]imdazolidine, 1,3-bis[3-

(trimethoxysilyl)propyl] hexahydropyrim di ne, 1, 3-bis[3-
(triethoxysilyl)propyl]hexahydropyrim di ne,

1, 3-bis[3-(tributoxysilyl)propyl]- 1,2,3,4-tetrahydropyrimdine are
preferable. Arong these, 1,4-bis[3- (trinmethoxysilyl)propyl]piperazine, and
1,4-bis[3- (triethoxysilyl)propyl]piperazine are nore preferable. [0046]
The nodifie - ' r o [ n

nt ermedi a @ obiGAM FomRytel s TREBRHRRary Hitnes RS MsRraBY EOLBRAET . o

t he nodifi 0 Lo 4doz a ; t he
o 1 cat | o o A SR et ARGRbiE I Sk0ahd SR SRty Pl ol 'y

known nodi fingfes tHERY20%. UTHE Hydr6GerititAt a@d cahtdd mebBaredangs nuslesri ch the
effect of the present enbodiment™is obtained. [0047] The reaction

t enper at ur emagdetiefsson@fcé ispecibrpetdrifMmRdi fier is reacted with the
reactive end are not particularly limted. The reaction is made preferably
at 0 to 12000R6F not | ess than 30 seconds. [0048] In the nodifier,
the total nunber of noles of the al koxy group to bond to the silyl group in
t he conpound i s Ameteodfinhydirogenationds nahpartictiladlydimited3 andreeknowmor e
preferably within the range of 1 to 2.5 tinmes, and still nore preferably

wi thi n t he Mgt ean be uged. + Fampleseofapadiculsrlyrislitableomethasd 1961 yneri zat i on
initiator to be added. The total nunber of nples of the al koxy group is
pref erabl y ydsogengtiongmaydpcude grinethed\afhlpwingigaseods twAmIty Bt&ar fi ci ent

di ficati ti th dified ' t di - d I to b
bt ai ned.  arRBPEAelBn g $E pissenc of 8B P MeERITANBE R B Cost of t he
difier. B | %, h ' j ' [ bility,
the. pol yirert SaieRRel tas GfRulrtFostl BER RIS espladsMBBEY cAfuvsls sRERES " Dorymer

t. : E ' LAt - ' ffect
of The. pr estiay si1ing 2ot ekl PARRED ords o b et ey <
preferably piPHYFRGeRBolS BhtalydEs BALY HE CafMite bR h§ hidliNg B%altl €SS than
5% by mass, nore preferably not |ess than 20% by nass; and Still nore

preferably sigh aehaickénait 66aIbYolIBRSarRf rdadtng hey 5B with\drganie diumunenal
group conponent (the nodified conjugated di ene-based polynmer nodified with
t he nodi fi esr)theAke pame chtalysto usitdgtraetallocete sieh astiamcehayvi Aghang unct i onal
group conponent, chromatography can be used for neasurenment in which a
nmodi fi ed cothpsegpreferablezimititgnecenencatalystsl fromdhe vieavpdiet cfelandtgd from a
non-nodi fi ed conponent. Exanples of the method using chromatography may

i ncl ude a mealectvn of apadiculaslyanitd hrdiogenatiopeenditiond Moreyesran col umm
packed with a pol ar substance that adsorbs the functional group conponent,
such as si|3egatiggraupcande hygiagerateg usig 2 stepPeEed sphlednetal satalyst.
non-adsorbe[ﬁ gggponent for conparison. [0050] The pol ystyrene

equi val ent A r average nol ecul ar wei ght (M) of the nodified conjugated

SL?EEA??E‘E%E?L%&&?CS%W@%%@?9?62”%?@%%55@%5?@@%* %"&%B%@?(S?Sog,yo%S',
300 060t o Sporsh HReEbeRBRyS PydrdbERalll cablycts hPRG PEEIASRERESNOT
400, 000. AtP@PBinﬁﬂlﬁde%uﬁﬁrﬁgHorﬁ‘%érﬂo?ﬁ%iliw?‘&luhhﬁa' diatdrhiitd, (?Z#Hr{égd the

strength when the no i'ed conjugated di ene-based pol yner is into a

vul cani zed gy-esliet Ziegler by dfdldrtibni capsIpstaksind\an drihie Gdlcpsalneichhs gt nore
than the upper limt value, the processability can be further inproved.

From t he vi@upee,rdndoCr physitsitioprrape saksuoh akhkeeWldcone editpapdect, a
ratio (Mv/ M) of the weight average nol ecular weight (Mv) to the nunber
aver age nolredutiag ageingbticti bk organgalemareab| and () rthd s65alled drfana@mdtahor e
preferably from1l.1 to 2.5.

complexes of organometal compounds such as Ti, Ru, Rh, and Zr. For

example, as the hydrogenation catalyst, hydrogenation catalysts described in

Japanese Patent Publication Nos. 42-8704, 43-6636, 63-4841, 1-37970, 1-

11



I DY/ —nDonnoooo------.

[ 0051] In the nmethod for producing the nodified conjugated

di ene- based pol yner according to the present enbodi nent, after the

nodi fication reaction is perforned, a deactivating agent, a neutralizer and
the like may be added to the copol yner solution when necessary. Exanpl es of
t he deactivating agent may include water; and al cohols such as nethanol,

et hanol, and isopropanol. Exanples of the neutralizer may include

caueous soPabbinavde aa), Bl ¥ebandss PatdLai e Na g T0oR ToaR fRs ¢
Fromthe vi g%@oi E&ﬁmﬁes%ieg Egéfé%lé H?G‘%bﬁﬁti@ﬁ cagdlyst may inchideha ng st ep

after the b’ merization, a Irnproving stability during processing, a
stabi || zer £adihBkire of Plit8hetahd Lorderd ndidredmeifiq ognoogtalgat ed

di enebased polynmer according to the present enbodi ment. The stabilizer for
rubber is RPN cularly limted, and a known one can be used. Preferable
are 2,6-di-tert-butyl-4-hydroxytoluene (BHT),

n-oct adecy}g@q}4' - hydroxy-3',5 - di-tert-butyl phenol) propi onat e,

2-met hyl -4, 6-bi's[ (octylthio)nethyl]phenol, and the |ike., '0053i]s In
order to i nprovahehekali metad sabipdung used: afethecrRlyMetizalini) RS dotne- based
pol ymer according to the present enbodi nent, an exten%gr oi | .can be added
to the nodigarbcllady|imiad cendiperanohiien GRMRAHIIS AP RECRRE A ﬁ‘a SSret hod

for adding an extender oil to a npdified conjugated  diene- ed polymer is
not parti cuifdhe prganglithiam MWW%F@VNES‘H&%&M%&O'?W'WW oa"ﬁﬁgmender oi |

is added to a polyner solutiogn, .and m xed,.t e opol ymer
sol uti on, a@faaﬂ‘H@K%’m 9@WP°PE8§ 8&69'&8{”??&?‘“9??@%?’%@é@%ﬁ‘ggﬁ%ﬁpoi y%er

sol ution. Exanpl es.of the exten il [ ha liedibisy,

napht heni c Qﬂrggﬁ'ﬁﬁHwnpbﬁrgﬁf'Ph?%gghfi@g fﬂ@)r%laﬁ %éggﬁcgrggg?ggl e aré
alternative_aromatic. Qi . Al N {Fcanpsahds coémMpAsingonponent
whose cont e‘fﬂmB%Y%¢§n?%éﬁ%{§gglﬁtg‘%%grr%g%tnﬁgb?‘lef’y’sqﬁ% (r:ret Eod is np?&norge than 3%
by mass, ”@mi{h HoRRRO! Blafipld ¥ theuigahalthisad @éMPoOn@Minotmdefn-o!l _

bl eeding and wet grip properties. Exanpl'es of the alternative aromatic oils
may i ncl Ud?%i%?sé@%uﬁlﬂﬂmrﬂ,ﬂe%ﬂﬂﬁyﬂmhldm,@hmskyllﬂmmsbexﬁzfydhtBIz(rmm 799
(1999), an E. The ampunt of the extender oil to be added is not

parti cul ar | yheryhithiaeh, deenstiisénelithitive diwamples of it coMmpoURFERPHFINGass, and
preferably 20 to 37.5 parts by nmass based on 100 parts by nmass of the

modi fi ed conitrogehéithidinependsamay ipougersthiuh elreethylamide, jilymMe et hod f or
obtai ning the nodified conjugated di ene-based pol yner. accgr ding to the
present enbdietmgamider, Gthiumealipropyiastide dithium Ai-nhexKBINIFtAYE can be used.
Exanpl es of the nethod may .include a nethod in which a lLvent. i s renoved
by steam stdiimr@@ylamldefaéxhlvmel)ewtm"ﬁa?w@?’ *'tg{'qul"? PYE E‘ﬁde 'ﬂb'd&Zwat er ed

and dried to obtain a polyner; t hod, i n_whi.c |ar solution is
condensed uBiPgEdises i'h'%t!mrﬁ‘épﬁ%{ﬁﬁﬁ“ﬁ@"ﬂﬂ%ﬁ%&@@@?%%‘ﬁ%' extruder or the
i ke; and a tEod in which a polynmer solution is directly volatilized by a
drumdrier e |like. [0055] The nodified conjugated diene-based pol yner

according to the| prcgdﬁt?%g)emquﬁg—%ﬁ‘%érgg@tf}hmmF)Hmv%SP@YM“bﬁmlzed

product. For exar[}pef vul canri ze uct can be obtai hed as foll ows:

the modi fi ed, coniiiiaheshm gl #RPcARBEUsBAlY BBmbARAAD oo he pr esent

enbodi nent an 1norganic filler such as a silica-baiﬁd
inorganic fi ar |&C&f tha beetiorad bygaerolittitvercanhpournche

nodi fi ed coh%hgg?g%qgﬁeng?gggtd polyégwhaccordingﬁfg the present

enbodi nent, paysinkRide £adlthiodutgR)a, reactierbprrdusbdt geebutydithiumcamd zi ng
agent, a vul cani zation accelerator and aid, and the |ike when necessary to
prepare a mqgémegenyjbbumteadl,Bi,ﬁdﬁéthh}imaepelqutl@@rﬁTQQP@tierﬂ' and the
modi fi ed conjugated di ene-based pol ynmer conposition is_heatgd agﬁ

vul cani zed. batgithiurheka-butadiene ancdivinyibanzenei aed RAftiegReUES A 8- based
pol ymer conposition conprising a rubber conpopent containing the nodified
conj ugat ed dﬁuadlﬁhbmeddW@I‘W?Y'%!&@@@Pﬁﬁ”@% “E,lértnlbqreggqﬂnogllh%dp t, and the
silica-based inorganic filler. The silica-based inorganic filler is

di spersed in the nodified conjugated diene-based pol ynmer according to the
present enbodi nent. Thereby, the nodified conjugated diene-based pol yner
can have a good bal ance between the hysteresis | oss properties and the wet
skid resistance and practically sufficient abrasion resistance and fracture
strength, and obtain high processabilitﬁ when the nodified conjugated

di ene-based polyner is forned into a vu ani zed product. Preferably, the
silica-based inorganic filler is contained as a reinforcing filler also in
the case where the nodified conjugated di ene-based pol ynmer conposition
according to the present enbodinment is used for autonobile parts such as
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[ 0056] In the conjugated diene-based pol ymer conposition, a rubbery
pol ynmer other than the nodified conjugated di ene-based pol yner according to
t he present enbodi ment can be used in conbination with the nodified

conj ugat ed di ene-based pol yner according to the present enbodi nent.
Exanpl es of such a rubbery pol yner may include conjugated diene-based

pol ymers or hydrogenated products thereof, random copolymers of a

Con] ugat of ARG ETBeHRdeAn oo b At R60BEAEKOPLERARAC Ao Mg 0genat ed

products thereo ynmers of a cohjugatéd di ene conpound and a
vinyl aromeg bg1 38POUS P Qlenb N 8BTS HOREkE dahedis®be Uiea:- di ene- based
pol yners, and natural rubbers. Specifically, exanples of the rubbery

pol ymer mayoops] ude but adi ene rubbers or hydrogenated products thereof;

i soprene rubbers or hydrogenated products thereof; styrene el astoners such
as styrene-but acisthe arghbelithiuom cbmbugdnpnewabreoamm-butyﬂ&hrem and sec-
styrene-but adi ene bl ock copol yners or hydrogenated products thereof, and
st yr ene- i sdputglithilvhdom dlop viewpsints of industria) avatlabllityrasdbeasinessetoeof ; and
acrylonitrile-butadi ene rubbers or hydrogenated products thereof. [0057]
Exanpl es ofcartiel aqelynenzatipnsie@ctionyners may i ncl ude ol efin el astomers such
as et hyl ene erne rubbers, ethyl ene-propyl ene-di ene rubbers,

et hyl ene- bde diene rubbers, ethylene but ene rubbers, ethernehexene
rubbers, ethyle e rubber but rubbers rom d butyl rubbers;
acrylic rubber s &eﬁé OrrG%rb%'ﬁQ'” ‘%/’F‘BBH% $ M&%US‘%& G%Y"Haﬂ éﬁ

pol yet hyl e bersb hl or ohydri n rubbers; a, 13-unsaturated
nitriIe-acﬂﬁFF%’éE?% %é@@ﬁ FﬁéHF%d di ene copolynerlzatlon rubbers;

uret hane r B and pol ysul fide rubbers. [0058] The variety of

r ubbery poﬁy above may be a nodified rubber having a polar functional

group such as a%ﬁ Y o BHRHREANLAIAHELA BHHRINAETRAY [afudd ewpoi nt of a

bal ance bet ween or mance and” processi ng properties, wei ght aver age

nol ecul ar V@gghbsécﬁum&frﬁb@tﬁlﬂ\% %ré@%ﬁd?a?er@ﬁ(bo@l%burﬂ%do r\%r@blaf@ﬁ abl 'y

5,000 to 1,500,000. Alternatively, a |ow nolecular weight, so-called
| i qui d r ubbsympaundze andestgafdsesiimideagmundebe Syepificyiig rexampled thersefd al one,
or two or nore thereof nay be used in conbination. [0059] In the case

of the nodirmagihcludg sgditednaplethealehesed patbysiem caphibaleneon Besidaesi si ng t he
nodi fi ed conjugated di ene-based pol yner according to the present enbodi nent
and the rubb@nplpsityereof maybinende akaxideso sgrﬁ@rwesa@arbsonaﬁesmm Aedes

conj ugat ed di ene-based pol yner / rubbery pol yne referably fron120 / 80
to 100 / 0,Oofdifjuirpsedipnafasidapetassigm Jdoreoyer, ttbe@@herr organegialsmetdl nor e
preferably fron150 / 50 to 80,/ 20. At . the ndi n ratr of nDdrfred

on] ugat et ATGPRUTRASEAY B YR M/ ComBENg B Tes” HbeRper a

vul cani zed ﬁ@gg ct can be obtained in which the bal ance betmeen t he

hyst eresi s [ properties and the wet skid resistance is better, and the

abr asi on reSiStg}&%oaggorrrrﬂegérmesggﬁm@aa% G3u ek lppLor v, [0000)

The silica-base rgani c 'S no par and a known
one can be I [ Si 02 or Si3Al as
a structura gﬂ?r[ng ?’é’ﬂg{: é) drg @géélérﬁrgﬁéoﬂﬂgéﬁc% earhgrr nci pal

conponent  adrghR8stPdAthEH %F’Hpouﬂu& §Be@in&érgabkam AiRRIEST rRdy IMtfude
silica- based inorganic filler may include i norganic flbrous subst ances such

as silica, dibayimagiesiumi ethyldlitgheignesiunwandgiopyibugyimagntsiam | | oni te,
zeolite, and glass fibers. Alternatively, a silica-based inorganic filler
havi ng a hyooguvebi comipcundsasieh averalkonrdresusrﬂfomrhteéaeamdnates,lmsjed i norganic
filler and an inorganic filler other than silica can be used. Anobng these,
silica and ahides dfidkaline @masthometals nislydhe aped.si These organmoatkapnetarthbl e from
t he viewpoint of reinforcing properties. Exanples of silica may include
anhydrous sPetatgompoepApimay e used i aombinatiopiwittean a@lkalimet@l e, Anong t hese,
preferable is recr itated silica fromthe viewoint of a good bal ance

bet ween thec%"l‘f? othep PEAANKNRMALCIMRRYRF e charact eristics and the wet
skid resi st @ggl [0061] In the nodified conjugated di ene-based

pol ymer co&@ ion, fromthe viewoint of obtaining practically sufficient
abrasi on resistance and fracture characteristics, the nitrogen adsorption
specific surface area of the silica-based inorganic filler determ ned by
the BET adsorption nethod is preferably from 100 to 300 n2 / g, and nore
preferably from 170 to 250 n2 / g. Wien_necessary, a silica-based inorganic
filler having a relatively snall speciﬂﬁc surface area (for exanple, a
silica-based inorganic filler having a specific surface area of |ess than
200 n2 / g) and that having a relatively large specific surface area (for
exanple srlrca based |norgan|c frller having a specific surface area of

o " o ~ NN



As descri bed above, the anmobunt of the silica-based inorganic filler to be
bl ended in the nodified conjugated di ene-based pol yner conposition is
preferably 0.5 to 300 parts by nass, nore preferably from5 to 200 parts by
mass, and still nore preferably from20 to 100 parts by mass based on 100
parts by mass of the rubber conponent containing not |ess than 20 parts by
mass of the nodified conjugated di ene-based pol yner according to the
present enbodi RhLd:cas i ! i illker to be
bl ended is pr epgﬁg%? é@g@@@@dﬁhghﬁﬁ%bdﬁ@ﬁ?g@@i&%@%S'B%%?gﬁofyﬁﬁeéri)lgemoi nt of
denonstrati ' gy i , fi unt is
preferably ‘ﬂ%fér%g'ﬁ t{tﬁ@%d%ﬂ&fﬁ rggfr“?gg%& %@géﬁﬁa é%n%ﬂ%étﬁnerv?/pwgpé]f u%i}[’r‘@ thED

suf fici ent | YkalfirepfcomsburiteandPoE N SkAlind Sarth et BripSurkPaPEsd ti on

havi ng practically sufficient processability and nechanical strength.

[ 0063] polyineripatibrf inttthteonjREytit @driyli ths cobkRted dleyeetaseanpsigmer & may
contain carbon black. Carbon black is not particularly limted, and for
exanpl e, canbonpidEfacblyod pebomerchassy auehctae SRFandBBfaindd-pylaSAF, and SAF
can be used. Anong these, preferable is carbon black in which a nitrogen
adsor pt i on ppeagatien mactiao dydiving arionistpalyysrization. sOlhereby,@ madified di but vl
pht hal ate (DBP) absorption nunber is not less than 80 nL / 100 g. [0064]
The anmpunt &Niégatee Mienesbrsedbpeymardavkyw a bighy mpdifigstion fatimean Bt o 100

et S ab1 TRy £ Redbsh A she R clens oh e e panata e o "'
i R
bl ended i s Q) elhAR1 Yo 108 rs| BRRebAANoLRnARRES PadlBEn] " LBbANIsEWPO! Nt of
denonstrati né) df@] grlep perrsfcor NERce and per@or‘ mance- sach As COnauct i vi ty

required | [}ifﬁ lsa'giﬁfﬁrdrpé‘te fis Héf@?atﬂé‘@e&?@sdél éifélati?ﬂgll}ﬁ’qrgfrﬁ{l%(g]&r] Weighfror e than

100 parts omthe viewpoint o spers

Moreover, thQymBechh 8d stanly Wsdgskdli ene- based pol ymer conposi tion may
contain a netal oxide and a netal hydroxide in addition to the silica-based
i norgani c fiobBey and carbon bl ack. The netal oxide is a solid particle

cont ai ning a conmpound represented by formula MO (M Mrepresents a netal
atom and x and lytheasomjuggied siesrte compodred eontainslaliemed) aestylkenpsj amd pal
conponent of the structural unit. For exanple, alumna, titanium oxide,
magnesi um dRedi&e asnthpeirities dhiedeodification esstion deseribed iaten pay ®eni xt ur e of
the metal oxide and_an inorganic filler other than the netal oxide can be
used. The neh&itedydFekihiereasonothesiptalicf thexepgcentiations (mass) ekihestes t her eof
may i nclude al um num h¥dr oxi de, magnesi um hydr oxi deh%fgg%gzi rconi um

hydr oxi de. [TRYSEES IS PreTerply RetaMPethapAHURRM B iE BFISFRIEAORBIYSrer

Sy Lﬁgﬁ%to@qp&p?ﬁlgﬁl h%@%gﬁ%e Eﬁéﬁnﬁﬂpﬁéﬁﬂé z@“&gﬁg}@“%ﬁ%ﬂﬁgﬁ?agge?ae

ponas) ¢ ¢ APHER/ BB P SheTiin T B F itefl sH Sh LSl 1o
i %ﬁ%@iﬂscl‘élt@%ﬁ% &hd vﬁ?;/‘é’ééi‘YIle}{e p 9

bond porti on, roup, é si1anol group portion in one

nol ecul e iqog§¢p. Specifically, exanples of the silane coupling agent may

i nclude bis-[3-" (triethoxysilyl)-propyl]-tetrasulfide,

bis-[3-(triet hO)BféférdH)l?:WeW eflz&tidrf fedRtiond the conjugated diene-based
bis-[2-(triethoxysilyl)-ethyl]-tetrasulfide. [0067] The amount of the
si | ane coupdlyrmengepdrfdrmdakinkd soldect. i €xangiles abthe dolvantimdy inzlRe parts by
mass, nore preferably from0.5 to 20 parts by mass, and still nore

pr ef er abl y Hydoocdrbon sobepds sschhgs sasatedswuirocarb00s padtasommationss of t he
silica-based inorganic filler. At an anmount of the silane coupling agent to
be bl ended Wdre¢arbene r angeificallye examplas @fithe thydearshion splyaBtsdBap! | ng agent
can be nore renmarkable. [0068] In order to inprove processability,

t he nodif i dacligpjalighatichydresatbenssushiambiitagenpridane oieXade. 8Bft ai n a rubber
softener. As the rybber softener, mneral ojl synthetic softening agents,
'iquid_syntiRatrce: Vel REagahobs SUCh &R GvSlcentane. FBREXESR het i ¢
softening agents are suitable. The mneral oil rubber softener referred to
as a process oil or extender oil, which is used in order to soften the
rubber, increase the volune, and inprove the processability, is a mxture
of an aromatic ring, a naphthene ring, _and paraffin chains. If the carbon
atons of the paraffin chains are not | és than 50% of the total carbons,

t he rubber softener is referred to as a paraffinic rubber softener. If the
carbon atons of the naphthene ring are from30 to 45% of the total carbons,
it is referred to as a naphthenic rubber softener. If the aromatic carbon

oy o o P Y Y - v Y v o



The amount of the rubber softener to be blended is preferably fromO to 100
parts by mass, nore preferably from 10 to 90 parts by mass, and still nore
preferably from30 to 90 parts by mass based on 100 parts by mass of the
rubber conponent containing the nodified conjugated di ene-based pol yner
according to the present enbodinment. If the anount of the rubber softener
to be blended is not nore than 100 parts by nass based on 100 parts by nass
of the rub I LEki f f the
corposi ¢ 1 on N RRBERKand, sEE BB rRkat. SRR nihGe RS SR,

nmodi fied cagy i s Dase r | i enbodi nent
with the ot e?&?%ﬁg%ﬁyggg?ynerggﬁgégggﬁpﬁgg%ﬁgggﬁcggpbﬁggggﬁﬁggﬁ%ased

i norgani ¢ fihble&df, PrefBRIbIR!iRpIrities BEEh BkldiBhes bRa atetyparesaentéatadagent ,

and the rubber softener is not particularly limted. Exanples of the nethod
may i ncl udewith aBldrg&ineraeiangonponnd besbregharconjudjated diemexaompowrid 8s an open
roll mll, a Banbury m xer, a kneader, a single screw extruder, a twin
screw ext r usidrjectaddo thepblymesization esdctioteyecaand agpotpmnieoavimgvehiasctieach
conponent is dissolved and m xed, and thereafter, heated and a solvent is
renoved. Anenthintdbigh, cqnoehtration és likely tebenebtained add dgrthetambighesi ng a rol |,
a Banbury m xer, a kneader, or an extruder fromthe viewpoint of the
product i vi trogifigation ttienediselydoheoaetieved. Moreover, a nethod of kneadi ng
the nodified conjugated di ene-based polyner and a variety of additives at
one tine, dP0a2het hod of di viding the nodified conjugated diene-based

Can’ be used. | ogh ife PobmeeRbon i ERe ot BR olioalF e b Rbler "

conposition

vulcani 1 nge S0BN A G B CFEPRAS it SHELAFEGEY AR . o<
ol yam o COmanaEes 20 o O S L My BBt A3, obrpl e The

sul fur conpestRPSuRER YN bhddri @onhttol HmiBRIsaeRtRE iof, conjidated dicHd Pbiede.
di sul fide conpounds, polyneric polysulfide conpoundS,” and the |ike. The

amount of tdre ¥obSIper aB% We@ating ageat, whddn iosdgedamprdye &rom 0. 01 to 20
parts by nass, and preferably fromO0.1 to 15 parts by mass based on 100
parts by nasdywkrithtorn théer conponent contai ning the nodified conjugated

di ene-based pol yner according to the present enbodiment. As the nmethod for
vul cani zat i[0A33h conventionally known net hod can be used. The vul cani zi ng
tenperature is generally from 120 to 200C, and preferably from 140 to 180C.
[ 0072] | n Anberglaneerraeuns, ethersgusars etiebrdfe@nc diathy! etkgr. be used
when necessary. As the vul canization acce] erator, gonventional Iy known
mat eri al ca‘i‘i%@”%ﬁﬁwe@Qﬁﬁ’loég'"éﬂthtﬂﬁg‘e‘?fuﬁﬂ‘é{,ﬁ"?agly%ﬂ diitylethels or nay i ncl ude

23%332} ordBt afé}eﬁ: G Ry nRE Ay PR R It or o base
RIS S e e e
accel or at or o R st e B P B 0y o™ ne e
vul cani zat itﬁﬂwéfhf\anﬁrﬁé‘,c’(rim%inét Bidife AdlquiRlgiidife Alk&iPredd dioged. The

anount of the vul cani zat accel erator’ to be use& i's generally fromO. 01
to 20 part scdipdlsss sadhad pefaebrph-Y-ahiyareOpdtassiukbt-patyrated odpst-based on
100 parts by nmass of the rubber conponent containing the nodified

conj ugat ed slitgratd aaetlspdilsnanyate ghdispdineocdrhpoyridsssudh asrbodi ment. [ 0073]
In the nodified conjugated di ene-based pol yner conposition, a softening
agent and ftriphenylphbsphindézand theslikedemcbe beed.abOwne,of dineseapolari ety of

addi tives such as a thermal stabilizer, an antistatic agent, a weathering
stabi | i zer , canpeundsoxiay e used aloner phiyvagemore theteef maybiecdsad ifay be used
within the range i.n which the purpose of the present enbodi nent is not

i npai red. ACTMBBaBeMer softening agent, a known softening agent can be
used. Exanqhﬁ gf the other filler specifically may include cal cium

car bonat e, éﬁ si um carbonate, alum nium sulfate, and bariumsulfate. As
the thernmal stabilizer, antistatic agent, weathering stabili zer,
anti oxi dant, coloring agent, and |ubricant described above, known materials
can be used. Exanples [0074] According to Exanpl es bel ow, the present
enbodi mrent wll be described nore in detail, but the present enbodi nent
Will not be limted to 15



Exanpl es bel ow. Sanpl es were anal yzed according to the nethods shown bel ow.
[0075] (1) Bound styrene content A chl orof orm sol ution was used as a
sanpl e. Based on absorption of the UV at 254 nm by a phenyl group in
styrene, the bound styrene content (% by mass) was neasured (UV-2450:

manuf act ured by Shi madzu Corporation). [0076] (2) Mcrostructure of

but adi ene portion (1,2-vinyl |inkage content) A carbon disulfide

| uti . ' t | {.nf d t
as moasured w tEaTRANT SRE Sl BinBad b ed8 e noflhCubBl oc TiC ur o
f but adi | i ki C a
ot edet or m T e B e e P R IR B on et hod

(FT-1R230: afpsutf agienersllybihe) Ambth{of the pilardmpddiy td bé dsedoney viscosity
According to JIS K 6300, a sanple was preheated at 100C for 1 m nute, and

t he vi scosi preferbblrfrém0.01te 9 00asolRasdr&t1 nhdbighe pdlyndriLgishanitiseirght and
nol ecul ar wei ght distribution A chronatogram was obtai ned by neasurenent

usi ng a gel Sper apalaraoncpowTdivirg/ atrityadésROmaydbenpropesigrised agfat hree col ums
in which a pol ystyrene-based gel was used as a filler. The wei ght average
mol ecul ar wegyator fomfheamicrobtsuctund of theveamjugated idéend portiosiingthe pdlyimener e
determ ned according to a calibration curve using standard pol ystyrene.
From t he ra4§Rensing Ae agesiied v dialjagerspatent.ar Masy gielaraemprundsmber aver age

simultaneously have an effective randomizing effect in the copolymerization
of the conjugated diene compound with the aromatic vinyl compound, and
can be used for adjustment of distribution of the aromatic vinyl compound or
as an adjuster for the amount of the styrene block. As a method for
randomizing the conjugated diene compound and the aromatic vinyl
compound, a method may be used in which part of 1,3-butadiene is
intermittently added during the copolymerization, as described in Japanese
Patent Laid-Open No. 59-140211.

[0035]

The polymerization temperature is not particularly limited as long as it
is a temperature at which the polymerization reaction such as living anionic
polymerization progresses. From the viewpoint of productivity, the
temperature is preferably not less than 0°C. From the viewpoint of securing
a sufficient reaction amount of the modifier to the reactive end after the
polymerization is terminated, the temperature is preferably not more than
120°C.

[0036]

Moreover, from the viewpoint of preventing cold flow of the conjugated

diene-based polymer, a polyfunctional aromatic vinyl compound such as

divinylbenzene may be used for control of branching.
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nmol ecul ar weight (Mv/ M), an index of nol ecul ar weight distribution was
cal cul ated. Tetrahydrofuran (THF) was used as an el uent. The col unms
used were a guard colum: Tosoh Corporation TSKguardcol um HHR-H, and

col ums: Tosoh Corporation TSKgel G5000 HHR, TSKgel G5000 HHR, and TSKgel
4000 HHR. On the condition of a tenperature of an oven of 40C and a
flowrate of THF of 1.0 nL / mn, a nolecular weight was neasured using an
RI detectoqoﬁégiSOZO made by Tosoh Corporation. 10 ng of a sanple was

di ssolved in mL of THF, and 200 [IL of the solution was injected into

Accoring Lo 1 SO SRR oTow LRl dee BBSRaPARR (o bR teE, T

Ltd., the D¥sedUbNPmepractSeHPRAhPreSerttinbSaRRIMISAG clilgiged from
-100C at the reg)ﬁﬁe gr]:n 20C/ mn un‘céll,{ey}r a fl ow of heliumoe‘@go rrL§/ m n. The

peak top oflirhifed RFA efdreo@ittis preferdble frohN60 &6 1 00% PP hidss, wAd nelsrei ned as
the glass transition tenperature. [0080] [Exanple 1] Two aut ocl aves
wer e connecpreterablyefearh 66 toc80% bysraases, Thdé anmuwind of ancendtio/vingl tarbe nner
volunme of 10 L and a ratio of an inner height to a dianeter (L / D) of 4,
and havi ng koended istthé conjugates diemedfasedeoalymet aesadingdodhe puesant on t he top
thereof, and a stirrer and a jacket for controlling a tenperature. O the
aut ocl aves, emhedimenits ot partigylariydisiiese andshe aps preserably fremd . and

t he second aut ocl ave was,K used as ification reactor. M xi ng was

per formed ot HY Paas aNbMose pi@‘e?ﬁt{ﬁrom 0t 48 ymass; & the@moupty of

o1 St Ur e e SRR iR BRNTRDATE TR B LR o Heoat ment
(nobutyi 11 costiec 4t i el P, 3 Bloghe b B R b PRI e
the first ribaris o iRk he Rfcharis R ERBHS Elne JEHA ' 20 a polar
substance &esatdriticlis Yetier 848 the abMdion ﬁ%ggnéngr%}w}ﬁatcmrﬁr&t th 8k as a

pol ynerization initiator at a rate of mn to the bottom of the
first reactgytisfadi€ryPolHeYE! theddrheint Fatbimafic Waty| €0bé ibonaed saaibd hat the
inner tenperature at the outlet of the reactor was 90C. The

t enper at ur enebastired Segltradiolet abisorptivasofkephedtl gdddp. afvdniths, the

bi s[ 3-(trinmethoxysilyl)propyl]piperazine was added as a nodifier at a rate
of 0.0375 narmobunt ofigonjugated kéersotot bofidedears atsorkze detecminedt o perform a
nmodi fication (coupling) reaction. ~An antioxidant (BHT) was

cont i nuous| gpegitirallyt hesapouphefraresialici viny! te badwndedraantkee measyfed by second
reactor at 0.048 g / mn (n-hexane solution) so that the flowrate was 0.2
g per 100 ¢hgmethedAacording to Fammes@Rearibedtah reacti on was conpl et ed.
Then, the S[8b¥§£t was renoved to obtain a nodified conjugated di ene-based
pol ymer. urther, 37.5 parts by mass of an S-RAE oil (NC- 140, made by

was added Lo ¢ ndERTE e SENThGHte AiTiehn BE R GHAET o beh e o e
con ngat ed aronERu BT pEl drBrlgb ool 7oRORA Bl RRAE! | 0°

100C of Sa"ﬁ}b?ertﬁbwg?orﬁ(%go 891%oPR! y?‘tér\ﬁﬁ‘ﬁ IRRAGY BbAight WithBthed4RH8 IS

nol ecul ar wei gh asured by GPC wa 08,000, “and the nunber avérage
nol ecul ar WRilgHHiz&wBrodidt B8R beMbtainka in whfchitheasalhhceobefWtnBasur enent  of
the sanple before oll extension, the bound styrene content was 33% by nass,
the vinyl Ihyskergsisdoss prape(tles?ahd teaget skidtresisiance idbeadi ane thond units was
38 nol % and the glass transition

abrasion resistance and fracture strength are satisfactory. Here, in the case

where the modified conjugated diene-based polymer is a copolymer of

butadiene and styrene, the vinyl linkage content (1,2-linkage content) in the
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tenperature nmeasured by DSC was -25C. [0081] [Exanple 2] An

oi | -extended nodi fied conjugated di ene-based pol yner (Sanple B) was
obtained in the sanme manner as in Exanple 1 except that the anmount of
1,4-bis[3-(trinmethoxysilyl)propyl]Piperazine to be added as the nodifier
was 0.0563 mmmol / mn. The result of an analysis of Sanple B was shown in
Table 1. [0082] [Exanple 3] An oil -extended nodi fied conjugated

di ene. basedRabAB LIRS nd BBt Bl ol o BRorABRIERIRAL a5 11

Exanpl e 1 except that the no Ier was c

1, 4-bi 3- } | i [ 1, 4-bi 3-
is| (mwgﬁﬁmic}éi CRERRYH, 1P ep871 949 O |
p

(triethoxysi pi perazine. The result of an analysis of Sanple C
was shown ijpo3gpl e 1. [0083] [Exanple 4] An oil -extended nodified
conj ugat ed di ene-based pol yner (Sanple D) was obtained in the same nanner
as in Exanpl e 1 |etheanicrédtaictiinesamulints of theaespbathgetsbridsoim the modified

1,4-bis[3-(trimethoxysilyl)propyl]Piperazine to 1, 4-bis[3-
( di met hoxy nedriydated Wigne-based polyeveay isneithiarite rargeamandrithe glasshisanstitr i er to
be added was 0.0563 mml / mn. The result of an analysis of Sanple D was
shown in Taehpezaturg¢ 008 comdiympt is Within the range of 145det-dhYeda nodi f i ed
conj ugat ed di ene-based polyner (Sanple E) was obtained in the sanme manner
as i n Exanpiucanized ppaduchsan peobiaaediie whighstherkalgaee pelyysen the
(1t f, lror:ets Lgxg}gqlté,rrep;s%ﬂ)é ;,HM%E%'@%&% ﬁ’eﬁ;( gﬁihg_gs{[s?anlc’e?}él?liwséhBBetter. As

the glass transition temperature, according to ISO 22768: 2006, a DSC curve

is recorded while the temperature is raised in a predetermined temperature

range. The peak top of the DSC differentiation curve (Inflection point) is

defined as the glass transition temperature.

[0040]

In the case where the conjugated diene-based polymer according to

the present embodiment is the conjugated diene-aromatic vinyl copolymer,

preferably, there are few or no poly aromatic vinyl blocks in which not less

than 30 aromatic vinyl units are chained. Specifically, in the case where the

copolymer is a butadiene-styrene copolymer, the polymer is decomposed by

a Kolthoff method (a method described in |.M. KOLTHOFF, et al., J. Polym.

Sci. 1,429 (1946)). In a known method for analyzing the amount of

polystyrene insoluble in methanol, the proportion of the block in which not

less than 30 aromatic vinyl units are chained is preferably not more than 5%

by mass, and more preferably not more than 3% by mass based on the

amount of the polymer.

[0041]

By the method described above, the conjugated diene-based polymer

having a reactive end is obtained, and a modifying step of reacting a modifier
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The result of an analysis of Sanple E was shown in Table 2. [0085]

[ Conpar ati ve Exanpl e 1] An oil -extended nodi fied conjugated

di ene-based pol yner (Sanple F) was obtained in the same nanner as in
Exanpl e 1 except that the nodifier was changed from
1,4-bis[3-(trinmethoxysilyl)propyl]piperazine to bis[3-
(trimethoxysilyl)propyl]-Nnethylamne. The result of an anal ysis of Sanple

F h 0T , V@ . :
" vaS shoun i e Le 08 AN 8 AEY BB Chugoun vlfen
obt ai ned | Nofdier ARAE HERIBE(ciaS chRRKAMALR dr AYRERfrodkAatée drRd {1 e v

changed fromt -bi's (trine propyl ] pi perazine to 1, 2-

bi s(3-tri et hryshiovh)fid@ARN HEREWESUNbro§ild aréu teswhichftwdarphéreG was
shown in Table 3. [0087] [Conparative Exanple 3] An oi |l - ext ended

nodi fi ed coakugpyrlipdi fracdmdedd Tbeyeny, tiSamplifiedfonjagatetiidemebased t he same
manner as in Exanple 1 except that the anount of n-butyllithium

(pol yrer i zapolgmerr mictomtirgg Jo the presentcerdbodisment £20 benatbtainedi n,Thehe anount of
2, 2- bi s(2-oxol anyl ) propane to be added was 0.018 g / min, the nodifier was
changed fr ocorhpduid $fhish has oee looxywelhatgrecyges compsising e eomere
[3-(triethoxysilyppropyl]-4-methyl pi perazine, and the anount of the

modi fi er tonibegat@emamsde hedrogamior and whichhas twq ek mere syl hatRs i of

Sampl e H was shown in Table 3. [0088 Tabl e 1 anple 1.
P which two or more alkoxy gl;oups re[bonded is Lsegésqﬁe maodifier.

Thereby, a bond can be formed between the terminal of the conjugated
diene-based polymer and Si.
[0042]

In the compound used as the modifier, all the silyl groups are each
preferably a silyl group to which three alkoxy groups are bonded. If the
compound is used as the modifier, the reactivity of the modifier and
interaction properties of the modifier with other compound can be further
enhanced, and the processability of the modified conjugated diene-based
polymer to be obtained can be further enhanced.

[0043]

Among those described above, preferable is the modifier that is the
compound represented by formula (1).  If the alkoxysilyl group in formula (1)
efficiently reacts with the reactive end of the conjugated diene-based polymer,
the bond between the terminal of the conjugated diene-based polymer and Si
can be formed more efficiently.

[0044]
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Exanpl e 2 Exanple 3 Sanple No. A B C Polynerization condition Butadiene(g /
mn) 16.0 16.0 16.0 Styrene(g / mn) 8.0 8.0 8.0 n-Hexane(g / mn)

R

7
1 o5 7N\ 6 2
(R0)—S8i—R—N_ N—R—Si—(OR"), (1)
8

R (s—m) R Rs—m

(wherein R' to R* each independently represent an alkyl group or aryl group
having 1 to 20 carbon atoms; R® and R® each independently represent an
alkylene group having 1 to 20 carbon atoms; R’ and R® each independently
represent a hydrocarbon group having 1 to 6 carbon atoms and form a ring
structure of 5 or more membered ring with adjacent two Ns; and m and n
each independently represent an integer of 2 or 3).

[0045]

Examples of the modifier represented by formula (1) may include 1,4-
bis[3-(trimethoxysilyl)propyl]piperazine, 1,4-bis[3-
(triethoxysilyl)propyl]piperazine, 1,4-bis[3-
(dimethoxymethylsilyl)propyllpiperazine, 1,3-bis[3-(trimethoxysilyl)propyl]
imidazolidine, 1,3-bis[3-(triethoxysilyl)propyllimidazolidine, 1,3-bis[3-
(diethoxyethylsilyl)propyljimidazolidine, 1,3-bis[3-
(trimethoxysilyl)propyllhexahydropyrimidine, 1,3-bis[3-
(triethoxysilyl)propyllhexahydropyrimidine, and 1,3-bis[3-
(tributoxysilyl)propyl]-1,2,3,4-tetrahydropyrimidine. Among these, preferable
are those wherein m and n are 3 from the viewpoint of the reactivity of the
modifier, interaction properties with other compounds, e.g., inorganic filler
such as silica, and the processability of the modified conjugated diene-based
polymer to be obtained. Specifically, 1,4-bis[3-
(trimethoxysilyl)propyl]piperazine, 1,4-bis[3-(triethoxysilyl)propyllpiperazine,
1,3-bis[3-(trimethoxysilyl)propyl]imidazolidine, 1,3-bis[3-
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125.6 125.6 125.6 Polynerization tenperature(C 90 90 90 n-butyllithium
for treatment(mmol / mn) 0.075 0.075 0.075 n-butyllithiumfor
pol ymeri zation initiator(mmol / mn) 0.150 0.150 0.150

(triethoxysilyl)propyllimidazolidine, 1,3-bis[3-
(trimethoxysilyl)propyl]hexahydropyrimidine, 1,3-bis[3-
(triethoxysilyl)propyl]hexahydropyrimidine, 1,3-bis[3-(tributoxysilyl)propyl]-
1,2,3,4-tetrahydropyrimidine are preferable. Among these, 1,4-bis[3-
(trimethoxysilyl)propyl]piperazine, and 1,4-bis[3-
(triethoxysilyl)propyl]piperazine are more preferable.

[0046]

The modifier may contain other compounds, e.g., impurities such as an
intermediate product during synthesis of the modifier and a condensate of the
modifier as long as these do not significantly adversely affect the modification
reaction and the like. Alternatively, other conventionally known modifiers
may be used in combination within the range in which the effect of the
present embodiment is obtained.

[0047]

The reaction temperature and reaction time when the modifier is
reacted with the reactive end are not particularly limited. The reaction is
made preferably at 0 to 120°C for not less than 30 seconds.

[0048]

In the modifier, the total number of moles of the alkoxy group to bond
to the silyl group in the compound is preferably within the range of 0.8 to 3
times, more preferably within the range of 1 to 2.5 times, and still more
preferably within the range of 1 to 2 times the number of moles of the
polymerization initiator to be added. The total number of moles of the
alkoxy group is preferably 0.8 times or more from the viewpoint of obtaining a
sufficient modification ratio in the modified conjugated diene-based polymer
to be obtained, and preferably 3 times or less from the viewpoint of cost of

the modifier. Preferably, from the viewpoint of improving the processability,
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Amount of polar substance*1l to be added(g / min) 0.020 0.020 0.020

Modi fi er

Kind of nodifier*2 BTVSP BTMSP BTESP

mn) 0.0375 0.0563 0.0375

the polymer ends are coupled to each other to obtain a branched polymer
component.
[0049]

From the viewpoint of further enhancing the effect of the present
embodiment, the modified conjugated diene-based polymer is preferably
produced so that the polymer contains preferably not less than 5% by mass,
more preferably not less than 20% by mass, and still more preferably not less
than 50% by mass of the polymer having a functional group component (the
modified conjugated diene-based polymer modified with the modifier). As a
method for determining the polymer having a functional group component,
chromatography can be used for measurement in which a modified
component containing a functional group can be separated from a non-
modified component. Examples of the method using chromatography may
include a method in which determination is performed using GPC column
packed with a polar substance that adsorbs the functional group component,
such as silica, as a filler, and using the internal standard of a non-adsorbed
component for comparison.

[0050]

The polystyrene equivalent number average molecular weight (Mn) of
the modified conjugated diene-based polymer according to the present
embodiment obtained by gel permeation chromatography (GPC) is preferably
from 20,000 to 2,000,000, more preferably from 100,000 to 1,000,000, still
more preferably from 200,000 to 600,000, and still further more preferably
from 300,000 to 400,000. At a molecular weight not less than the lower limit
value, the strength when the modified conjugated diene-based polymer is
formed into a vulcanized product can be further improved. At a molecular

weight not more than the upper limit value, the processability can be further
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Li t hium equivalent ratio*3 1.0 1.5 1.0 Anal ysis val ue Bound styrene
content (% by nmass) 33 33 33 Vinyl linkage content(nor/o) 38 38 38 d ass
transition tenperature(C -25

improved. From the viewpoint of physical properties of the vulcanized
product, a ratio (Mw / Mn) of the weight average molecular weight (Mw) to
the number average molecular weight (Mn) is preferably from 1.05 to 3.0,
and more preferably from 1.1 to 2.5.

[0051]

In the method for producing the modified conjugated diene-based
polymer according to the present embodiment, after the modification reaction
is performed, a deactivating agent, a neutralizer and the like may be added to
the copolymer solution when necessary. Examples of the deactivating
agent may include water; and alcohols such as methanol, ethanol, and
isopropanol. Examples of the neutralizer may include carboxylic acids such
as stearic acid, oleic acid, and versatic acid; and aqueous solutions of
inorganic acids and carbon dioxide gas.

[0052]

From the viewpoints of preventing formation of gel in a finishing step
after the polymerization, and improving stability during processing, a
stabilizer for rubber is preferably added to the modified conjugated diene-
based polymer according to the present embodiment. The stabilizer for
rubber is not particularly limited, and a known one can be used. Preferable
are 2,6-di-tert-butyl-4-hydroxytoluene (BHT), n-octadecyl-3-(4'-hydroxy-3',5'-
di-tert-butylphenol)propionate, 2-methyl-4,6-bis[(octylthio)methyl]phenol, and
the like.

[0053]

In order to improve the processability of the modified conjugated
diene-based polymer according to the present embodiment, an extender oil
can be added to the modified conjugated diene-based polymer when

necessary. The method for adding an extender oil to a modified conjugated
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-25 -25 Wi ght average nol ecul ar wei ght (Mw) (thousand) 908 870 824
Nunmber average nol ecul ar wei ght (W) (thousand) 393 399 379 Mw/ M1 2. 31
2.18 2.17

diene-based polymer is not particularly limited. Preferable is a method in
which an extender oil is added to a polymer solution, and mixed to prepare
an extended copolymer solution, and the solvent is removed from the oil-
extended copolymer solution. Examples of the extender oil may include
aromatic oils, naphthenic oils, and paraffinic oils. Among these, preferable
are alternative aromatic oils containing a polycyclic aromatic (PCA)
component whose content determined according to the IP 346 method is not
more than 3% by mass, from the viewpoint of environmental safety,
prevention of oil bleeding and wet grip properties. Examples of the
alternative aromatic oils may include TDAE and MES shown in Kautschuk
Gummi Kunststoffe 52(12) 799 (1999), and RAE. The amount of the
extender oil to be added is not particularly limited. Generally, the amount is
10 to 60 parts by mass, and preferably 20 to 37.5 parts by mass based on
100 parts by mass of the modified conjugated diene-based polymer.

[0054]

As the method for obtaining the modified conjugated diene-based
polymer according to the present embodiment from the polymer solution, a
known method can be used. Examples of the method may include a
method in which a solvent is removed by steam stripping or the like, and a
polymer is filtered off, dewatered and dried to obtain a polymer; a method in
which a polymer solution is condensed using a flushing tank, and volatilized
by a vent extruder or the like; and a method in which a polymer solution is
directly volatilized by a drum drier or the like.

[0055]

The modified conjugated diene-based polymer according to the

present embodiment is suitably used as a vulcanized product. For example,

the vulcanized product can be obtained as follows: the modified conjugated
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Mooney viscosity after 37.5 phr of oil extended (100C) 80.0 89.7 77.3
*12, 2- bi s(2-oxol anyl ) propane *2BTNMSP:

1, 4-bi s[3-(trimethoxysilyppropyl]pi perazi ne BTESP:
1,4-bis[3-(triethoxysilyl)propyl]piperazine *3Molar ratio of the total
anount of an al koxy group bonded to a silyl group contained in the added
nodifier to the total anmount of n-butyllithiumto be added [0089] [Table

2] Exanpbignd-yz5B80Hofymer 3B §indo e present embodiment is mixed with an

inorganic filler such as a silica-based inorganic filler and carbon black, a
rubbery polymer other than the modified conjugated diene-based polymer
according to the present embodiment, a silane coupling agent, a rubber
softener, a vulcanizing agent, a vulcanization accelerator and aid, and the
like when necessary to prepare a modified conjugated diene-based polymer
composition, and the modified conjugated diene-based polymer composition
is heated and vulcanized. Among these, preferable is a modified
conjugated diene-based polymer composition comprising a rubber
component containing the modified conjugated diene-based polymer
according to the present embodiment, and the silica-based inorganic filler.
The silica-based inorganic filler is dispersed in the modified conjugated
diene-based polymer according to the present embodiment. Thereby, the
modified conjugated diene-based polymer can have a good balance between
the hysteresis loss properties and the wet skid resistance and practically
sufficient abrasion resistance and fracture strength, and obtain high
processability when the modified conjugated diene-based polymer is formed
into a vulcanized product. Preferably, the silica-based inorganic filler is
contained as a reinforcing filler also in the case where the modified
conjugated diene-based polymer composition according to the present
embodiment is used for automobile parts such as tires and vibration-proof
rubbers, and for vulcanized rubbers such as shoes.
[0056]

In the conjugated diene-based polymer composition, a rubbery
polymer other than the modified conjugated diene-based polymer according
to the present embodiment can be used in combination with the modified

conjugated diene-based polymer according to the present embodiment.
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E Pol ymeri zation condition .. Butadiene(g / mn) 16.0 16.0 Styrene(g /
mn) 8.0 8.0 n-Hexane(g / mn) 125.6 125.6 Pol ynerization tenperature(QC
90 90

Examples of such a rubbery polymer may include conjugated diene-based
polymers or hydrogenated products thereof, random copolymers of a
conjugated diene compound and a vinyl aromatic compound or hydrogenated
products thereof, block copolymers of a conjugated diene compound and a
vinyl aromatic compound or hydrogenated products thereof, non-diene-based
polymers, and natural rubbers. Specifically, examples of the rubbery
polymer may include butadiene rubbers or hydrogenated products thereof;
isoprene rubbers or hydrogenated products thereof; styrene elastomers such
as styrene-butadiene rubbers or hydrogenated products thereof, styrene-
butadiene block copolymers or hydrogenated products thereof, and styrene-
isoprene block copolymers or hydrogenated products thereof; and
acrylonitrile-butadiene rubbers or hydrogenated products thereof.

[0057]

Examples of the non-diene-based polymers may include olefin
elastomers such as ethylene-propylene rubbers, ethylene-propylene-diene
rubbers, ethylene-butene-diene rubbers, ethylene-butene rubbers, ethylene-
hexene rubbers, ethylene-octene rubbers; butyl rubbers; brominated butyl
rubbers; acrylic rubbers; fluorine rubbers; silicone rubbers; chlorinated
polyethylene rubbers; epichlorohydrin rubbers; a,3-unsaturated nitrile-acrylic
acid ester-conjugated diene copolymerization rubbers; urethane rubbers; and
polysulfide rubbers.

[0058]

The variety of rubbery polymers above may be a modified rubber
having a polar functional group such as a hydroxyl group and an amino group.
From the viewpoint of a balance between performance and processing
properties, the weight average molecular weight is preferably 2,000 to

2,000,000, and more preferably 5,000 to 1,500,000. Alternatively, a low
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n-butyllithiumfor treatment(mmol / mn) 0.075 0.075 n-butyllithiumfor
polyneri zation initiator(nmmol / mn) 0.150 0.150 Anount of polar
substance*1l to be added(g / mn) 0.020 0.020 Modifier Kind of nodifier*2
BDVVSP BTMSHP

molecular weight, so-called liquid rubber can be used. One of these rubbery
polymers may be used alone, or two or more thereof may be used in
combination.

[0059]

In the case of the modified conjugated diene-based polymer
composition comprising the modified conjugated diene-based polymer
according to the present embodiment and the rubbery polymer, a blending
ratio (mass ratio) of modified conjugated diene-based polymer / rubbery
polymer is preferably from 20 / 80 to 100 / 0, and more preferably from 30 /
70 to 90 / 10, and still more preferably from 50 / 50 to 80/ 20. At the
blending ratio of modified conjugated diene-based polymer / rubbery polymer
within the range, a vulcanized product can be obtained in which the balance
between the hysteresis loss properties and the wet skid resistance is better,
and the abrasion resistance and fracture strength are more satisfactory.
[0060]

The silica-based inorganic filler is not particularly limited, and a known
one can be used. Preferable are solid particles containing SiO; or Si3Al as
a structural unit. More preferably, SiO, or SisAl is the principal component
of the structural unit. Specifically, examples of the silica-based inorganic
filler may include inorganic fibrous substances such as silica, clay, talc, mica,
diatomite, wollastonite, montmorillonite, zeolite, and glass fibers.
Alternatively, a silica-based inorganic filler having a hydrophobized surface,
or a mixture of the silica-based inorganic filler and an inorganic filler other
than silica can be used. Among these, silica and glass fibers are preferable,
and silica is more preferable from the viewpoint of reinforcing properties.
Examples of silica may include anhydrous silica, precipitated silica, and

synthetic silicate. Among these, preferable is precipitated silica from the
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Amount to be added(mmol / min) 0.0563 0.0375 .-3 Lithium equival ent
ratio 1.0 1.0 Analysis val ue Bound styrene content (% by mass) 33 33 Vinyl
| i nkage content(nol% 38 38

viewpoint of a good balance between the effect of improving the fracture
characteristics and the wet skid resistance.
[0061]

In the modified conjugated diene-based polymer composition, from the
viewpoint of obtaining practically sufficient abrasion resistance and fracture
characteristics, the nitrogen adsorption specific surface area of the silica-
based inorganic filler determined by the BET adsorption method is preferably
from 100 to 300 m?/ g, and more preferably from 170 to 250 m?/g. When
necessary, a silica-based inorganic filler having a relatively small specific
surface area (for example, a silica-based inorganic filler having a specific
surface area of less than 200 m? / g) and that having a relatively large
specific surface area (for example, silica-based inorganic filler having a
specific surface area of not less than 200 m? / g) can be used in combination.
Thereby, high abrasion resistance and fracture characteristics and hysteresis
loss properties can be obtained in a highly balanced manner.

[0062]

As described above, the amount of the silica-based inorganic filler to
be blended in the modified conjugated diene-based polymer composition is
preferably 0.5 to 300 parts by mass, more preferably from 5 to 200 parts by
mass, and still more preferably from 20 to 100 parts by mass based on 100
parts by mass of the rubber component containing not less than 20 parts by
mass of the modified conjugated diene-based polymer according to the
present embodiment. The amount of the silica-based inorganic filler to be
blended is preferably not less than 0.5 parts by mass from the viewpoint of
demonstrating the effect of the added inorganic filler, while the amount is

preferably not more than 300 parts by mass from the viewpoint of sufficiently
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G ass transition tenperature(C -25 -25 Wight average nol ecul ar wei ght
(Mv) (thousand) 746 888 Nunber average nol ecul ar wei ght (W) (thousand)
352 382 Mw/ WM 2.12 2.32 Mooney viscosity after 37.5 phr of oil

ext ended (1000

dispersing the inorganic filler to obtain a composition having practically
sufficient processability and mechanical strength.
[0063]

The modified conjugated diene-based polymer composition may
contain carbon black. Carbon black is not particularly limited, and for
example, carbon black of each class such as SRF, FEF, HAF, ISAF, and
SAF can be used. Among these, preferable is carbon black in which a
nitrogen adsorption specific surface area is not less than 50 m?/ g, and a
dibutyl phthalate (DBP) absorption number is not less than 80 mL / 100 g.
[0064]

The amount of carbon black to be blended is preferably from 0.5 to
100 parts by mass, more preferably from 3 to 100 parts by mass, and still
more preferably from 5 to 50 parts by mass based on 100 parts by mass of a
rubber component containing the modified conjugated diene-based polymer
according to the present embodiment. The amount of carbon black to be
blended is preferably not less than 0.5 parts by mass from the viewpoint of
demonstrating dry grip performance and performance such as conductivity
required in application of tires and the like, and preferably not more than 100
parts by mass from the viewpoint of dispersibility.

[0065]

Moreover, the modified conjugated diene-based polymer composition
may contain a metal oxide and a metal hydroxide in addition to the silica-
based inorganic filler and carbon black. The metal oxide is a solid particle
containing a compound represented by formula MO, (M represents a metal
atom, and x and y each represent an integer of 1 to 6) as a principal
component of the structural unit. For example, alumina, titanium oxide,

magnesium oxide, and zinc oxide can be used. Alternatively, a mixture of
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57.9 78.9 *12, 2- bi s(2- oxol anyl ) propane *2BDMVSP:

1, 4- bi s[ 3- (di met hoxynet hyl si |l yl ) proPyl ] Pi Perazi ne BTMSHP:

1, 3-bis[3-(trimethoxysilyl)propyl]hexahydroPyrimdine *3Mlar ratio of the
total anmount of an al koxy group bonded to a silyl group contained in the
added nodifier to the total amobunt of n-butyllithiumto be added [0090]

[ Tabl e 3] Conpara- tive Exanple 1 Conpara- tive Exanple 2 Conpara-

the metal oxide and an inorganic filler other than the metal oxide can be used.
The metal hydroxide is not particularly limited, and examples thereof may
include aluminum hydroxide, magnesium hydroxide, and zirconium hydroxide.
[0066]

The modified conjugated diene-based polymer composition may
contain a silane coupling agent. The silane coupling agent has a function to
make the interaction between the rubber component and the silica-based
inorganic filler close, and has a group affinitive with or bondable to the rubber
component and a group affinitive with or bondable to the silica-based
inorganic filler. Generally, a compound having a sulfur bond portion, an
alkoxy silyl group, a silanol group portion in one molecule is used.
Specifically, examples of the silane coupling agent may include bis-[3-
(triethoxysilyl)-propyl]-tetrasulfide, bis-[3-(triethoxysilyl)-propyl]-disulfide, and
bis-[2-(triethoxysilyl)-ethyl]-tetrasulfide.

[0067]

The amount of the silane coupling agent to be blended is preferably
from 0.1 to 30 parts by mass, more preferably from 0.5 to 20 parts by mass,
and still more preferably from 1 to 15 parts by mass based on 100 parts by
mass of the silica-based inorganic filler. At an amount of the silane coupling
agent to be blended within the range, the effect of the added silane coupling
agent can be more remarkable.

[0068]

In order to improve processability, the modified conjugated diene-
based polymer composition may contain a rubber softener. As the rubber
softener, mineral oil synthetic softening agents, liquid synthetic softening
agents or low molecular weight synthetic softening agents are suitable. The

mineral oil rubber softener referred to as a process oil or extender oil, which
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tive Exanple 3 Sanple No. F G H Pol ynerization condition Butadiene(g / mn)
16.0 16.0 16.0 Styrene(g / mn) 8.0 8.0 8.0 n-Hexane(g / mn)

is used in order to soften the rubber, increase the volume, and improve the
processability, is a mixture of an aromatic ring, a naphthene ring, and paraffin
chains. If the carbon atoms of the paraffin chains are not less than 50% of
the total carbons, the rubber softener is referred to as a paraffinic rubber
softener. If the carbon atoms of the naphthene ring are from 30 to 45% of
the total carbons, it is referred to as a naphthenic rubber softener. If the
aromatic carbon atoms are more than 30% of the total carbons, it is referred
to as an aromatic rubber softener. As the rubber softener used with the
modified conjugated diene-aromatic vinyl copolymer according to the present
embodiment, those containing a proper amount of aromatics are preferable
because such a rubber softener tends to have affinity with the copolymer.
[0069]

The amount of the rubber softener to be blended is preferably from 0
to 100 parts by mass, more preferably from 10 to 90 parts by mass, and still
more preferably from 30 to 90 parts by mass based on 100 parts by mass of
the rubber component containing the modified conjugated diene-based
polymer according to the present embodiment. If the amount of the rubber
softener to be blended is not more than 100 parts by mass based on 100
parts by mass of the rubber component, bleed out and stickiness of the
surface of the composition can be suppressed.

[0070]

The method for mixing the modified conjugated diene-based polymer
according to the present embodiment with the other rubbery polymer and
additives such as the silica-based inorganic filler, carbon black, other filler,
the silane coupling agent, and the rubber softener is not particularly limited.
Examples of the method may include a melt kneading method using an

ordinary mixer such as an open roll mill, a Banbury mixer, a kneader, a single
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125.6 125.6 125.6 Polynerization tenperature(C) 90 90 90 n-butyllithium
for treatment(mml / mn) 0.075 0.075 0.075 n-butyllithiumfor
pol ymeri zation initiator(nmmol / mn) 0.150 0.150 0.120

screw extruder, a twin screw extruder, and a multi screw extruder, and a
method in which each component is dissolved and mixed, and thereafter,
heated and a solvent is removed. Among these, preferable is the melt

kneading method using a roll, a Banbury mixer, a kneader, or an extruder

from the viewpoint of the productivity and good kneading properties.
Moreover, a method of kneading the modified conjugated diene-based
polymer and a variety of additives at one time, or a method of dividing the
modified conjugated diene-based polymer and a variety of additives into
several portions to perform mixing can be used.
[0071]

The modified conjugated diene-based polymer composition may be a
vulcanized composition obtained by vulcanization by a vulcanizing agent.
As the vulcanizing agent, a radical generator such as organic peroxides and
azo compounds, oxime compounds, nitroso compounds, polyamine
compounds, sulfur, sulfur compounds can be used, for example. The sulfur
compounds may include sulfur monochloride, sulfur dichloride, disulfide
compounds, polymeric polysulfide compounds, and the like. The amount of
the vulcanizing agent to be used is generally from 0.01 to 20 parts by mass,
and preferably from 0.1 to 15 parts by mass based on 100 parts by mass of
the rubber component containing the modified conjugated diene-based
polymer according to the present embodiment. As the method for
vulcanization, a conventionally known method can be used. The vulcanizing
temperature is generally from 120 to 200°C, and preferably from 140 to
180°C.
[0072]

In the vulcanization, a vulcanization accelerator may be used when

necessary. As the vulcanization accelerator, a conventionally known
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Amount of pol ar substance*1l to be added(g / mn) 0.020 0.020 0.018

Modi fi er

Kind of nodifier*2 BTMSA BTESE TESWP

mn) 0.0375 0.0375 0.1300

material can be used. Examples of the vulcanization accelerator may
include vulcanization accelerators such as sulfenamide-based vulcanization

accelerators, guanidine-based vulcanization accelerators, thiuram-based

vulcanization accelerators, aldehyde-amine-based vulcanization accelerators,

aldehyde-ammonia-based vulcanization accelerators, thiazole-based

vulcanization accelerators, thiourea-based vulcanization accelerators, and

dithiocarbamate-based vulcanization accelerators. As the vulcanization aid,

zinc oxide, stearic acid, and the like can be used. The amount of the
vulcanization accelerator to be used is generally from 0.01 to 20 parts by
mass, and preferably from 0.1 to 15 parts by mass based on 100 parts by
mass of the rubber component containing the modified conjugated diene-
based polymer according to the present embodiment.

[0073]

In the modified conjugated diene-based polymer composition, a
softening agent and filler other than those described above, and a variety of
additives such as a thermal stabilizer, an antistatic agent, a weathering
stabilizer, an antioxidant, a coloring agent, and a lubricant may be used
within the range in which the purpose of the present embodiment is not
impaired. As the other softening agent, a known softening agent can be
used. Examples of the other filler specifically may include calcium
carbonate, magnesium carbonate, aluminium sulfate, and barium sulfate.
As the thermal stabilizer, antistatic agent, weathering stabilizer, antioxidant,
coloring agent, and lubricant described above, known materials can be used.
Examples
[0074]

According to Examples below, the present embodiment will be

described more in detail, but the present embodiment will not be limited to
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.-3 Lithiumequivalent ratio 1.0 1.0
Il

content (% by mass) 33 33 33 Viny
transition tenperature(Q

2.0 Anal ysis val ue Bound styrene
nkage content(nol% 38 38 39 dd ass

Examples below. Samples were analyzed according to the methods shown
below.

[0075]

(1) Bound styrene content

A chloroform solution was used as a sample. Based on absorption of
the UV at 254 nm by a phenyl group in styrene, the bound styrene content (%
by mass) was measured (UV-2450: manufactured by Shimadzu Corporation).
[0076]

(2) Microstructure of butadiene portion (1,2-vinyl linkage content)

A carbon disulfide solution was used as a sample. Using a solution
cell, an infrared spectrum was measured within the range of 600 to 1000 cm™,
and the microstructure of a butadiene portion was determined based on the
absorbance at a predetermined wave number by the expression according to
the Hampton method (FT-IR230: manufactured by JASCO Corporation).
[0077]

(3) Mooney viscosity

According to JIS K 6300, a sample was preheated at 100°C for 1
minute, and the viscosity after 4 minutes was measured.
[0078]

(4) Molecular weight and molecular weight distribution

A chromatogram was obtained by measurement using a gel
permeation chromatography (GPC) using a series of three columns in which
a polystyrene-based gel was used as a filler. The weight average molecular
weight (Mw) and the number average molecular weight (Mn) were
determined according to a calibration curve using standard polystyrene.

From the ratio of the weight average molecular weight to the number average
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-25 -25 -25 Weight average nol ecul ar wei ght (Mw) (thousand) 901 901 717
Nunmber average nol ecul ar wei ght (W) (thousand) 384 397 372 Mwv/ M 2.35
2.27 1.93

molecular weight (Mw / Mn), an index of molecular weight distribution was
calculated.

Tetrahydrofuran (THF) was used as an eluent.

The columns used were a guard column: Tosoh Corporation
TSKguardcolumn HHR-H, and columns: Tosoh Corporation TSKgel G6000
HHR, TSKgel G5000 HHR, and TSKgel G4000 HHR.

On the condition of a temperature of an oven of 40°C and a flow rate
of THF of 1.0 mL / min, a molecular weight was measured using an Rl
detector HLC 8020 made by Tosoh Corporation. 10 mg of a sample was
dissolved in 20 mL of THF, and 200 uL of the solution was injected into the
apparatus, and measured.

[0079]
(5) Glass transition temperature (Tg)

According to ISO 22768: 2006, using a DSC3200S made by Mac
Science Co., Ltd., the DSC curve was recorded while the temperature was
raised from -100°C at the rate of 20°C / min under a flow of helium of 50 mL /
min. The peak top of the DSC differential curve (Inflection point) was
defined as the glass transition temperature.

[0080]
[Example 1]

Two autoclaves were connected to each other in series, the autoclave
having an inner volume of 10 L and a ratio of an inner height to a diameter (L
/ D) of 4, and having an inlet in the bottom of the autoclave and an outlet on
the top thereof, and a stirrer and a jacket for controlling a temperature. Of
the autoclaves, the first autoclave was used as a polymerization reactor, and

the second autoclave was used as a modification reactor.
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Mooney viscosity after 37.5 phr of oil extended (100C) 75.1 74.8 54.9
*12, 2- bi s(2-oxol anyl ) propane *2BTMSA:

bi s(3-trinethoxysilyl propyl)-N nethyl am ne BTESE:
1,2-bis[3-(triethoxysilyl)ethane TESMP:

143- (triethoxysilyl)propyl]-4-nmethyl pi perazine *3Mbl ar ratio of the total
anmount of an al koxy group bonded to a silyl group contained in the added

di fi h | - Lhi .
[Bxarpies 6 to- 1 reyadPebyed Butbonyh e B A FRuadBiLs <nown
in Tabl es 1g 0 Bmira By fer®, WA § /hin'sih-HELshfof WRIthTRpEFitiéd T ubber

to obtain a r?llober composi tion cont gi ning the raw material rubber according
to the bl englichh@yvmorlivvefd ferfieRnipesivande! | F8r pavURtERt Rshctil 8tien based

pol ymer (Sanples Ato H): 137.5 parts by nass
treatment, the mixture was further mixed with 0.075 mmol / min of n-
butyllithium (n-butyllithium for treatment) by a static mixer immediately before
the mixture was fed to the first reactor, and continuously fed to the bottom of
the first reactor. Further, 2,2-bis(2-oxolanyl)propane was fed as a polar
substance at a rate of 0.020 g / min, and n-butyllithium was fed as a
polymerization initiator at a rate of 0.150 mmol / min to the bottom of the first
reactor. The polymerization reaction was continued such that the inner
temperature at the outlet of the reactor was 90°C.

The temperature of the second reactor was kept at 85°C, and 1,4-
bis[3-(trimethoxysilyl)propyl]piperazine was added as a modifier at a rate of
0.0375 mmol / min from the bottom of the second reactor to perform a
modification (coupling) reaction.

An antioxidant (BHT) was continuously added to a polymer solution
flowed from the top of the second reactor at 0.048 g / min (n-hexane solution)
so that the flow rate was 0.2 g per 100 g of the polymer, and the modification
reaction was completed. Then, the solvent was removed to obtain a
modified conjugated diene-based polymer.

Further, 37.5 parts by mass of an S-RAE oil (NC-140, made by JX
Nippon Oil & Energy Corporation) per 100 parts by mass of the polymer was
added to the modified conjugated diene-based polymer solution, and the
solvent was removed by a drum dryer to obtain an oil-extended modified
conjugated diene-based polymer (Sample A).

The Mooney viscosity at 100°C of Sample A was 80.0, the polystyrene

equivalent weight average molecular weight measured by GPC was 908,000,
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Silica (Utrasil VN3, made by Evonik Industries AG: 75.0 parts by nass
Carbon bl ack (SEAST KH (N339), nade by Tokai Carbon Co., Ltd.): 5.0 parts
by mass Si | ane coupling agent (Si75, nade by Evonik Industries AG:
6.0 parts by nmass S-RAE oil (JOVO Process NC 140, nmade by JX N ppon
Ol & Energy Corporation): 4.5 parts by mass Zinc oxide: 2.5 parts by nass
Stearic acid: 1.5 parts by mass Anti oxi dant

(N-i sopropyl - 'hépnhuenq%%ﬁgggﬁgg&ggg%mm@@@g@@_s srédias, sybfur: 2.2

parts by on acce tor

(N-cycl °he’%%glﬁgﬁﬁ{ézr?ﬁegisé‘r%%éﬂ'intlgé‘g‘;agﬁé bdfofe BAldkferitiorTaES bYuheani zat i on

accel erator enyl guani di ne): ts by mass Total: 240.9 parts by

mass [0092] r i by Rasvethdwipadiaaly cohtent 01 Rdirkagenet hod.
A seal ed kn%g g‘re (the tiwr;l%;???zol%rresof 0. BﬁT) ing?udi ng a tenperature

control appraéMs iBStadie e bddd anitd wab 38tragi%s cdndk theaglasg frankidionaw mat er i al
rubber (Sanples Ato H), the fillers (silica, carbon black), the organic

si | ane coupkhipkrafdmedsieed® b ESC wad -252Cnc oxi de, and stearic acid were
kneaded on the condition of a fill factor of 65% the nunber of rotation of
a rotor of [Q08A]57 rpm At this tinme, the tenperature of the seal ed kneader
was controlled to obtain a rubber conposition at a discharge tenperature
(rubber conjoanmpled] 155 to 160C. Next, as a second stage of

kneadi ng, the obtained rubber conpound was cooled to rqomt tgve. The
anti oxi dant was Awiatextensedimedibies Feriudaied é&@ie' ﬁéﬁé’a‘b‘gﬁmﬁﬁ?%%@fe $L

| nprove di Svelggsolb(t)aning(]; ins’lthleI s(:aan"\elrrrllar'%nrgrsas in Example 1 except that the amount of

1,4-bis[3-(trimethoxysilyl)propyl]piperazine to be added as the modifier was
0.0563 mmol / min.
The result of an analysis of Sample B was shown in Table 1.
[0082]
[Example 3]

An oil-extended modified conjugated diene-based polymer (Sample C)
was obtained in the same manner as in Example 1 except that the modifier
was changed from 1,4-bis[3-(trimethoxysilyl)propyi]piperazine to 1,4-bis[3-
(triethoxysilyl)propyl]piperazine.

The result of an analysis of Sample C was shown in Table 1.

[0083]
[Example 4]

An oil-extended modified conjugated diene-based polymer (Sample D)
was obtained in the same manner as in Example 1 except that the modifier
was changed from 1,4-bis[3-(trimethoxysilyl)propyljpiperazine to 1,4-bis[3-
(dimethoxymethylsilyl)propyl]piperazine, and the amount of the modifier to be
added was 0.0563 mmol / min.

The result of an analysis of Sample D was shown in Table 2.
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case, the tenperature of the m xer was controlled to adjust the discharge
tenperature (rubber conpound) at 155 to 160C. After cooling, as a
third stage of kneading, sulfur and the vul cani zati on accel erator were
added to the bl ended product, and the product was kneaded by an open rol
mll set at 70C. Subsequently, the obtained product was nol ded, and

vul cani zed at 160C for 20 m nutes by a vul cani zing press. After
vulcanizati@@84physical properties of the rubber conposition were neasured.
The neasurement’ result of physical properties was shown in Tables 4 and 5.
[ 0093] [E'Eﬁﬁﬂé%{Sical properties of the rubber conposition were
measur ed by g%e folfow ng nmethod. [0094] (1) Conpound Mooney viscosity

Using a Mooney A ehekicidedaneaifiet t@njuyaléddiéndlshaskd solgmep|(Sampke By eheat ed
at 130C for 1 mnute; and the rotor was rotated 2 turns per mnute, and the

vi scosity alb€bbtainedif g swmne MRmeres. in Ehaniiie negxceps tatithe maotifierat es t hat
processability is higher as the value is smaller. [0095] (2) Tensile
strength  was chibrgéefreim & 4sbisEnr(timeteoxysiyduopyl]diyeraginet toris 81his[Best net hod
according to JIS K6251, and indexed wherein Conparative Exanple 4 was 100.
[0096] (3) (imetupastyhpropylfexahpdwpyrimidineUsi ng a vi scoel asticity tester
(ARES) nade by Rheonetric Scientific,_ Inc., the viscqel asg ity paraneter
was measured i nlhe tegultiof spcrnalysie rf Semmke Enwas shewn a Tl s i ndexed
wherein Conﬁ)%%%iive Exanpl e 4 was 100. Tan 6 neasured at 0C, a frequency of

[Comparative Example 1]

An oil-extended modified conjugated diene-based polymer (Sample F)
was obtained in the same manner as in Example 1 except that the modifier
was changed from 1,4-bis[3-(trimethoxysilyl)propyl]piperazine to bis[3-
(trimethoxysilyl)propyl]-N-methylamine.

The result of an analysis of Sample F was shown in Table 3.

[0086]
[Comparative Example 2]

An oil-extended modified conjugated diene-based polymer (Sample G)
was obtained in the same manner as in Example 1 except that the modifier
was changed from the 1,4-bis[3-(trimethoxysilyl)propyl]piperazine to 1,2-
bis(3-triethoxysilyl)ethane.

The result of an analysis of Sample G was shown in Table 3.

[0087]
[Comparative Example 3]

An oil-extended modified conjugated diene-based polymer (Sample H)
was obtained in the same manner as in Example 1 except that the amount of
n-butyllithium (polymerization initiator) to be added was 0.120 mmol / min,

the amount of 2,2-bis(2-oxolanyl)propane to be added was 0.018 g / min, the
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10 Hz,

performance. It
val ue is larger
a strain of 3% was defined as an i ndex of fuel
i ndi cates that fuel

smal | er.

amount o Yﬁﬁgﬁ’@sﬁg@k@?ﬁbé@w KPR RO SR

neasur ed, atgctt

Mor eover,

and a strain of 1% was defined as an index of the wet grip
indicates that the wet grip perfornmance is higher as the
tan 6 neasured at 50C, a frequency of 10 Hz,
efficiency properties. It
efficiency performance is higher as the value is

[0097] (4) Abrasion resistance Using an AKRON Abrasi on Tester

yipipelsbafftc?y- t he

fotation of 1000 was

iy YRR A BL s o oFeRe miuistbr asi on

resi stance index 1s larger. [0098] [Table 4] Exanple 6
Exanple 7 tobe added was 0.130 mmol / min.
The result of an analysis of Sample H was shown in Table 3.
[0088]
[Table 1]
Example 1| Example 2 | Example 3
Sample No. A B C
Butadiene (g / min) 16.0 16.0 16.0
& |Styrene (g / min) 8.0 8.0 8.0
-‘.z n-Hexane (g / min) 125.6 125.6 125.6
g | Polymerization temperature (°C) 90 90 90
S | n-butyllithium for treatment (mmol / min) 0.075 0.075 0.075
E n-butyllithium for polymerization initiator (mmol / min) 0.150 0.160 0.150
S | Amount of polar substance ' to be added (g / min) 0.020 0.020 0.020
£ Kind of modifier 2 BTMSP | BTMSP BTESP
& |Modifier Amount to be added (mmol / min) 0.0375 0.0563 0.0375
Lithium equivalent ratio 1.0 15 1.0
Bound styrene content (% by mass) 33 33 33
© | Vinyl linkage content (mol%) 38 38 38
S | Glass transition temperature (°C) 25 25 25
2 | Weight average molecular weight (Mw) (thousand) 908 870 824
2 |Number average molecular weight (Mn) (thousand) 393 399 379
< [Mw/Mn 2.31 2.18 2.17
Mooney viscosity after 37.5 phr of oil extended (100°C) 80.0 89.7 77.3
*1  2,2-bis(2-oxolanyl)propane
*2  BTMSP: 1,4-bis[3-(trimethoxysilyl)propyllpiperazine
BTESP: 1,4-bis[3-(triethoxysilyl)propyl]piperazine
*3  Molar ratio of the total amount of an alkoxy group bonded to a silyl group contained in the added modifier
to the total amount of n-butyllithium to be added

[0089]
[Table 2]
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Exanpl e 8 Exanple 9 Exanple 10 O | -extended styrene-butadi ene copolymer A B
C D E Compound Mooney viscosity 54 63 58 55 57

Example 4 Example 5
Sample No. D E
Butadiene (g / min) 16.0 16.0
& |Styrene (g / min) 8.0 8.0
-{—é n-Hexane (g / min) 125.6 125.6
g | Polymerization temperature (°C) 90 90
S | n-butyllithium for treatment {(mmol / min) 0.075 0.075
E n-butyllithium for polymerization initiator (mmol / min) 0.150 0.150
'S |Amount of polar substance ™' to be added (g / min) 0.020 0.020
£ Kind of modifier 2 BDMMSP BTMSHP
g . Amount to be added (mmol / min) 0.0563 0.0375
Modifier — , —3
Lithium equivalent ratio 1.0 1.0
Bound styrene content (% by mass) 33 33
@ | Vinyl linkage content (mol%) 38 38
® | Glass transition temperature (°C) -25 -25
2 | Weight average molecular weight (Mw) (thousand) 746 888
% Number average molecular weight (Mn) (thousand) 352 382
< [Mw/Mn 2.12 2.32
Mooney viscosity after 37.5 phr of oil extended (100°C) 57.9 78.9
*{  2,2-bis(2-oxolanyl)propane
*2  BDMMSP: 1,4-bis[3-(dimethoxymethylsilyl)propyl]piperazine
BTMSHP: 1,3-bis[3-(trimethoxysilyl)propyllhexahydropyrimidine
*3  Molar ratio of the total amount of an alkoxy group bonded to a silyl group contained in the
added modifier to the total amount of n-butyllithium to be added

[0090]
[Table 3]

40



Physi cal properties of vulcanized product Tensile strengthindex 111 111 105
104 110 Abrasion resistanceindex 104 115 113 114 113 OCtan 6(strain

199 i ndex
Compara- | Compara- | Compara-
tive tive tive
Example 1 | Example 2 | Example 3
Sample No. F G H
Butadiene (g / min) 16.0 16.0 16.0
S |Styrene (g / min) 8.0 8.0 8.0
§ n-Hexane (g / min) 125.6 125.6 125.6
9 | Polymerization temperature (°C) 90 90 90
§ |n-butyllithium for treatment (mmol / min) 0.075 0.075 0.075
E n-butyllithium for polymerization initiator (mmol / min) 0.150 0.150 0.120
'S |Amount of polar substance ' to be added (g / min) 0.020 0.020 0.018
£ Kind of modifier ? BTMSA BTESE TESMP
Y Modifier Amount to be added (mmol / min) 0.0375 0.0375 0.1300
Lithium equivalent ratio > 1.0 1.0 2.0
Bound styrene content (% by mass) 33 33 33
Q| Vinyl linkage content (mol%) 38 38 39
© | Glass transition temperature (°C) -25 -25 -25
2 | Weight average molecular weight (Mw) {thousand) 901 901 717
= | Number average molecular weight (Mn) (thousand) 384 397 372
< [Mw/Mn 2.35 227 1.93
Mooney viscosity after 37.5 phr of oil extended (100°C) 751 74.8 54.9
*1  2,2-bis(2-oxolanyl)propane
*2  BTMSA: bis(3-trimethoxysilylpropy!)-N-methylamine
BTESE: 1,2-bis[3-(triethoxysilyl)ethane
TESMP: 1-[3-(triethoxysilyl)propyl]-4-methylpiperazine
*3 Molar ratio of the total amount of an alkoxy group bonded to a silyl group contained in the added modifier
to the total amount of n-butyllithium to be added

[0091]
[Examples 6 to 10, Comparative Examples 4 to 6]

Each of the samples shown in Tables 1 to 3 (Sample A to Sample H)
was used as a raw material rubber to obtain a rubber composition containing
the raw material rubber according to the blend shown below.

Oil-extended modified conjugated diene-based polymer (Samples A to
H): 137.5 parts by mass

Silica (Ultrasil VN3, made by Evonik Industries AG): 75.0 parts by
mass

Carbon black (SEAST KH (N339), made by Tokai Carbon Co., Ltd.):
5.0 parts by mass
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104 106 104 101 106 50Ctan 5(strain 3%index 92 87 93 98 91 [0099] [Table
5] Conparati ve Exanple 4

Silane coupling agent (Si75, made by Evonik Industries AG): 6.0 parts
by mass

S-RAE oil (JOMO Process NC140, made by JX Nippon Oil & Energy
Corporation): 4.5 parts by mass

Zinc oxide: 2.5 parts by mass

Stearic acid: 1.5 parts by mass

Antioxidant (N-isopropyl-N'-phenyl-p-phenylenediamine): 2.0 parts by
mass

Sulfur: 2.2 parts by mass

Vulcanization accelerator (N-cyclohexyl-2-benzothiazylsulfinamide):
1.7 parts by mass

Vulcanization accelerator (diphenylguanidine): 2.0 parts by mass

Total: 240.9 parts by mass
[0092]

The rubber composition was kneaded by the following method.

A sealed kneader (the inner volume of 0.3 L) including a temperature
control apparatus was used. As a first stage of kneading, the raw material
rubber (Samples A to H), the fillers (silica, carbon black), the organic silane
coupling agent, the process oil, zinc oxide, and stearic acid were kneaded on
the condition of a fill factor of 65%, the number of rotation of a rotor of 50 / 57
rpm. At this time, the temperature of the sealed kneader was controlled to
obtain a rubber composition at a discharge temperature (rubber compound)
of 155 to 160°C.

Next, as a second stage of kneading, the obtained rubber compound
was cooled to room temperature. The antioxidant was added, and the

product was again kneaded in order to improve dispersion of silica. In this
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Conparative Exanple 5 Conparative Exanple 6 QI -extended styrene-butadi ene
copol yner F G H Conpound Mooney viscosity 51 58 63 Physical properties of
vul cani zed product Tensil e strengthindex 100 111

case, the temperature of the mixer was controlled to adjust the discharge
temperature (rubber compound) at 155 to 160°C.

After cooling, as a third stage of kneading, sulfur and the vulcanization
accelerator were added to the blended product, and the product was
kneaded by an open roll mill set at 70°C. Subsequently, the obtained
product was molded, and vulcanized at 160°C for 20 minutes by a
vulcanizing press. After vulcanization, physical properties of the rubber
composition were measured. The measurement result of physical
properties was shown in Tables 4 and 5.

[0093]

The physical properties of the rubber composition were measured by

the following method.
[0094]
(1) Compound Mooney viscosity

Using a Mooney viscometer, according to JIS K6300-1, a sample was
preheated at 130°C for 1 minute; and the rotor was rotated 2 turns per
minute, and the viscosity after 4 minutes was measured. The Mooney
viscosity indicates that processability is higher as the value is smaller.
[0095]

(2) Tensile strength

The tensile strength was measured by the tensile test method
according to JIS K6251, and indexed wherein Comparative Example 4 was
100.

[0096]
(3) Viscoelasticity parameter
Using a viscoelasticity tester (ARES) made by Rheometric Scientific,

Inc., the viscoelasticity parameter was measured
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110 Abrasion resistanceindex 100 95 101 O0Ctan 5(strain 1%index 100 98

108 50Ctan .3(strain 3%index 100 116 96 [0100]

in a twist mode. Each of the measured values was indexed wherein

Comparative Example 4 was 100. Tan & measured at 0°C, a frequency of
10 Hz, and a strain of 1% was defined as an index of the wet grip

performance. It indicates that the wet grip performance is higher as the
value is larger. Moreover, tan  measured at 50°C, a frequency of 10 Hz,
and a strain of 3% was defined as an index of fuel efficiency properties. It

indicates that fuel efficiency performance is higher as the value is smaller.
[0097]
(4) Abrasion resistance

Using an AKRON Abrasion Tester (made by YASUDA SEIKI
SEISAKUSHO, LTD.), according to JIS K6264-2, the amount of wear at a
load of 44.1 N and the number of rotation of 1000 was measured, and
indexed wherein Comparative Example 4 was 100. The abrasion resistance

is higher as the index is larger.

[0098]
[Table 4]
Example | Example | Example | Example | Example
6 7 8 9 10
Oil-extended styrene-butadiene copolymer A B C D E
Compound Mooney viscosity 54 63 58 55 57
é 5 Tensile strength index 111 111 105 104 110
é-g g Abrasion resistance index 104 115 113 114 113
53838
8§3a 0°C tan & (strain 1%) index 104 106 104 101 106
B
E ° 50°C  tand (strain 3%) index 92 87 93 98 91
[0099]
[Table 5]
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As shown in Tables 4 and 5, it was found out that in the nodified
conj ugat ed di ene-based pol yner conpositions in Exanples 6 to 10, tan 6 at a
hi gh tenperature was | ower, which neans the hysteresis | oss was smaller and
the lower rolling resistance of the tire was realized, tan 6 at a | ow

tenperature was hi gher, which neans the wet skid resistance was hi gher than
in the conpositions in Conparative Exanples 4 and 5. It was al so found out
that the abrasion resistance and tensile str re &g r,
conpared to Conparative Exanple 6, it was 10% agat'ggth Exg,%lt%]o ;gﬁngri}{s\%
Mooney viscosity was lower, and the balance between the process bl | i tv and

t he physi cal opgg@@@ag@@n@t,utg(ﬁ]gqevdébgﬁnérzed Dr odugt was bett@r. [Q101] H

[ Exanpl e—11] An-autocl ave having an fnner volume of 10 L, i

stirrer |and a j ackmbounamo@@p@gabﬁyof contrpl | | ngn t he t enpegsat urg was ezsed
as a reaetor- 7--g—ot—butadiene—273—g—ot——styrene—4800—g—of—ecyct ohexane,
and 1.30 g of 2 2- bi s{ebsiextieagty | ) pr opamexas t hetopol ar| substance |fromiwhi ch
i mpuritie§ Jer e removed—in—advance—were—praced—in—the—reactor—and-the

i nner  teBpRfat ur e ofbrasive resswicer was indept | at 3BC. As| the 950l ymeri zat0ion
initiator2 E&g:yt tohexane—sotution—contarm g 151 mor—of n=butytithioum
was fed t8 $ /e 1 e@f€t ortan Af t elstraim@’pol yraexi zat i dA0r eaclt i on YWas stjart ed?8 t he
t enper at ues wi t imthe Teactor startedto be raised ytheheat jgenerated
by the polymeri z&@0f®n, tanfid f(stiit BY) r edestesd| 70C.10Af t er| t he 1! yndri zat¥on

reacti on was conpteted, 339 nmot of
1,4-bis[3-(trimethoxysilyl)propyl]piperazine was added to the reactor, and
t he m)dlflcﬁlg? reaction was perfornmed at 69C for 5 mnutes. At this tine,
t he nol ar of the total anpbunt of the methoxy group bonded to the

i
POl noC LEbiRgsteiehd sagQOPym%r&%gp%s'nge' ErREs B o, s &
styrene- but QW&W ﬁ’é’rﬁit}f s(lgwg?lxﬁhilcb rﬂé’%ﬁ&&gahs){g?&'egsqgsgmcﬁ?ﬁmer

As a result o anal'yzing ene content was 26% by

mass, and theq wm&%mﬁg%@s@%%ﬁhéﬂ&aﬁe Khredi ?%dgfpﬂqnﬁétwaﬁos'ty of the

polyrrer was ) vi nyl 1 nkage content age content) of
the mcr ostfelm;serémr@fwééﬁmhdt JEHiEN eheRistthe el &kRY fsitainde @is thighgresul t - of
t he nmeasurenent using an I nfrared spectrophotoneter by cal culation

accor di ng tthanhe theueppositiehbda Cunspdrafive Exampliess4 ahdeisilt was alsoper at ur e
was -23C. The pol ystyrene equi val ent wei ght average nol ecul ar wei ght
(Mv) neasur tstindyoutHitatvthe aBrasion fesistaace amddensilecstagrgthovere wxaellemi ght  (Vh)
was 318,000, and the MM M was 1.17. [0102] [Conparative Exanple 7]

An aut ocl avioregNeaigcemparaskio Gempatatiye Exanplei6dt was fayng eutithatdheand a

j acket, and _capabl e of controlling the tenperature was used as a reactor.
777 g of but gBIRANEd M?‘?ﬁ@/ \'S'ﬁc%?t'ﬁ)’r‘@ﬁ%b%%”%“éﬁ bé?@F@W@JMﬁ%" théhd 0.52 g of

2, 2-bi s(2-o0xol an ro t he pol ar,.sub which inmpurities
were 1 onrov o acAsaH el Be hybiteL BRrs g or bk PRALCH WASr
tenperature &E the reactor was kept at 43C. As the polyrrerl zation
initiator, 21 ?/CI ohexane sol ution containing 6.52 muol of n-butyllithium
was fed to fOH eactor. After the polynerization reaction was started, the
tenperature-wthin the reactor started to be raised by the heat generated
by the pol YiBa InﬁﬂéHQﬁl, and finally reached 71C After the

pol ymeri zation reaction was conpleted, 4.35 nmol of 143-
(triethoxysilyl)m Qﬁwb]av@'ﬁﬁihﬁg’bﬁllrﬁ}%r%lmﬂe\maOq_d(i@@luctjmgtd@hrfeﬁaéﬂd)é and
the nodification reaction was perforned at 70C for 5 mnutes. 2.1 g of the
anti oxi di zi jagketgant caphbhle sfaconaddiiend the témperaliveowas skt tasareadisr. t he

sol vent was renoved by steam stripping, and the resulting polynmer solution
was dried by7agdfdutadiendtzidng af styyers e300t adf eyuoluo@oey erd 1(Hagufe J)

havi ng a nodi fi ed conponent. As a result of analyzing (Sanple J), the
bound styred@- bﬁ@ﬁi’t@mlammreﬁaﬂwsﬁh@polaamdbsmcbdmmmmmﬂélesontent was

74% The Mooney viscosity of the polynmer was 58.
were removed in advance were placed in the reactor, and the inner
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The vinyl |inkage content (1, 2-1inkage content) of the mcrostructure of

t he butadi ene portion determned fromthe result of the neasurenent using
an infrared spectrophotoneter by cal culation according to the Hanpton

met hod was 56% The glass transition tenperature was -23C. The

pol ystyrene equi val ent wei ght average nol ecul ar wei ght (My) neasured by GPC
was 368, 000, the nunber average nol ecul ar wei ght (M) was 281,000, and the

Mv / M ty h of
he sanpl ool EHAIHES o e IFaRTES o AEES ZAq e g etion nittoe™ " ©
Exanpl e 7 “Q%géléﬁgxﬁe Solliftth %Bﬁt%{ir\iﬁg 15UPR@holtd? reBilithidm! WAORSd fORBOSI tion

containing the raw nateri rubber according to thé bl end shown bel ow

Modi fied copigefst eAftdr EREpHIgARAiZAOOY Fddctiohawas strtbdatié t&hipek8fur® parts by
mass Silica (Utrasil VN3, made by Evoni k Industries AG: 25.0 parts by

mass Wwahihahe béactr §ateToKid a3y theplteatipenboated byathbon Co., Ltd.):
20.0 parts by mass Si |l ane coupling agent (Si 75, made by Evonik
| ndustri es paymediztiggrard finallyaeached 70°CS- RAffenihle falyihEriPatmressachian 140,
made by JX Nippon Ol & Energy Corporation): 5.0 parts by mass Zinc oxide:
3.0 parts bwasgompirtedr 3 89amme! op 1@-bisl3-grimethmesiviinrppyliriperazine was
(N-isopropyl -N -phenyl - p- phenyl enedi amne): 1.0 part by mass Sulfur: 1.9
parts by neadded to thereactor, and the modification reaction was pefformed at 69°C for
5 minutes. At this time, the molar ratio of the total amount of the methoxy
group bonded to the silyl group in the added modifier to the amount of n-
butyllithium to be added was 1.35. 2.1 g of the antioxidizing agent (BHT)
was added to the polymer solution, and the solvent was removed by steam
stripping, and the resulting polymer solution was dried by a dryer to obtain a
styrene-butadiene copolymer (Sample |) having a modified component.
As a result of analyzing (Sample I), the bound styrene content was
26% by mass, and the bound butadiene content was 74%.
The Mooney viscosity of the polymer was 60.
The vinyl linkage content (1,2-linkage content) of the microstructure of
the butadiene portion determined from the result of the measurement using
an infrared spectrophotometer by calculation according to the Hampton
method was 56%.
The glass transition temperature was -23°C.
The polystyrene equivalent weight average molecular weight (Mw)
measured by GPC was 372,000, the number average molecular weight (Mn)
was 318,000, and the Mw / Mn was 1.17.
[0102]

[Comparative Example 7]
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~ Vul cani zati on accel erator (N-cycl ohexyl-2-benzothi azyl sul finam de): 1.0
part by mass Vul cani zati on accel erator (di phenylguanidine): 1.5 parts by
mass Total: 162.4 parts by mass [ 0104] The rubber conposition was
kneaded by the same nethod as in Exanples 6 to 10 and Conparative Exanpl es
4 to 6. The physical properties of the rubber conposition were also
nmeasured by the sane nethod as in Exanples 6 to 10 and Conparative Exanpl es

4 to 6. The meapy soRRlave ir\ﬁﬂ]ﬁﬁ iﬁmﬁu%'mfﬁé%lmm,mﬂaahssa YRferdVg in
y wnhich t

Table 6. The index val ues e result is expresSed were determ ned
wher ei n Conpakeétt hig capapr! &f BniefiingtRE tempBrdible Wagbked &k a Fetrtar e 12

Conpar ati ve Exanple 8 Styrene-butadi ene copolyner | J Conpound Mooney
vi scosity 6777 g of butadiene, 273 g of styrene, 4800 g of cyclohexane, and 0.52 g of
2,2-bis(2-oxolanyl)propane as the polar substance from which impurities
were removed in advance were placed in the reactor, and the inner
temperature of the reactor was kept at 43°C. As the polymerization initiator,
a cyclohexane solution containing 6.52 mmol of n-butyllithium was fed to the
reactor. After the polymerization reaction was started, the temperature
within the reactor started to be raised by the heat generated by the
polymerization, and finally reached 71°C.

After the polymerization reaction was completed, 4.35 mmol of 1-[3-
(triethoxysilyl)propyl]-4-methylpiperazine was added to the reactor, and the
modification reaction was performed at 70°C for 5 minutes. 2.1 g of the
antioxidizing agent (BHT) was added to the polymer solution, and the solvent
was removed by steam stripping, and the resulting polymer solution was
dried by a dyer to obtain a styrene-butadiene copolymer (Sample J) having a
modified component.

As a result of analyzing (Sample J), the bound styrene content was
26% by mass, and the bound butadiene content was 74%.

The Mooney viscosity of the polymer was 58.

The vinyl linkage content (1,2-linkage content) of the microstructure of
the butadiene portion determined from the result of the measurement using
an infrared spectrophotometer by calculation according to the Hampton
method was 56%.

The glass transition temperature was -23°C.

47




71 Physical properties of vulcanized product Tensile strengthi ndex 99 100
Abr asi on resistancei ndex 101 100 OCtan 6(strain 1%index 103 100 50Can
6(strain 3% i ndex 96

The polystyrene equivalent weight average molecular weight (Mw)
measured by GPC was 368,000, the number average molecular weight (Mn)
was 281,000, and the Mw / Mn was 1.31.

[0103]
[Example 12, Comparative Example 8]

Each of the samples (Samples | and J) obtained in Example 11 and
Comparative Example 7 was used as a raw material rubber to obtain a
rubber composition containing the raw material rubber according to the blend
shown below.

Modified conjugated diene-based polymer (Samples | and J): 100.0
parts by mass

Silica (Ultrasil VN3, made by Evonik Industries AG): 25.0 parts by
mass

Carbon black (SEAST KH (N339), made by Tokai Carbon Co., Ltd.):
20.0 parts by mass

Silane coupling agent (Si75, made by Evonik Industries AG): 2.0 parts
by mass

S-RAE oil (JOMO Process NC140, made by JX Nippon Oil & Energy
Corporation): 5.0 parts by mass

Zinc oxide: 3.0 parts by mass

Stearic acid: 2.0 parts by mass

Antioxidant (N-isopropyl-N'-phenyl-p-phenylenediamine): 1.0 part by
mass

Sulfur: 1.9 parts by mass

Vulcanization accelerator (N-cyclohexyl-2-benzothiazylsulfinamide):
1.0 part by mass

Vulcanization accelerator (diphenylguanidine): 1.5 parts by mass
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100 [0106] As shown in Table 6, it was found out that in the
nodi fi ed conj ugated di ene-based pol yner conposition in Exanple 12, tan 6 at
a high tenperature is | ower, which nmeans the hysteresis loss is smaller and
the lower rolling resistance of the tire is realized, tan 6 at a | ow
tenperature i s higher, which neans the wet skid resistance is higher than
in the conposition in Conparative Exanple 8. Mireover, it was found out
that the conpou Vi Vi i is low, and the bal ance between the
processability gﬁag?ﬁgg!bﬁégfgih&%ﬁbperties of the vul cani zed product is
good. It wq@1@h o found out that the abrasion resistance and tensile
strength are exctellent. [0107] As above, it was found out that the

modi fi ed conj ugatidr@ibRP @oRPoSRioRUN A RieAfPb tHdsdrRe hhéthBE@RaAt Exanpl es
has a good bal ance between the hysteresis | oss properties and the wet skid

resi st ance, Eparaplgsi@td y0 anlifCarmpatatiobB@ntles 410 ¥. amte pingidalact ure
strength, and high processability when the nodified conjugated diene-based
pol yner is propeeds oftthe aubheroaompesitiqnn wee blso[rAéa8)red by the Hamepr esent
application is based on Japanese Patent Application No. 2009-230412 filed
on Cct ober metlrgbgs wi EkamplesXapmh0 Bad&Gomparfative Examplesid todnt diftes t her eof ,
whi ch were incorporated herein by reference. Industrial Applicability

[ 0109] meaAggengHgesyt ohibenivsingl perpastiesiwas sowndnnisile fed T8N ugat ed
di enebased pol yner accordjing to the present | nv%?rjlﬂt‘i on, . tge nodi fi ed

conj ugat ed BAex¥aliesy Waichiae resit is EXPRRSS§EVEISAIRIBINGEWRRIEN he

hysteresis Loss properties d th t skid resistance, practically

suf fi ci ent BWé?%ﬁPer é?'???ﬁ@@’aﬁngoé\?act ure strength, and high

processabi | | en formed into a vul cani zed product, can be obtained and
s j

the nodifi ugat ed di enebased pol yner can be suitably used as a
material f aﬁgyéIiety of nmenbers such as tire treads, footwear, and
i ndustrial J ucts CLAIMS What is clainmed is: 1. A nethod faor
producing @ nodified conjugated di ene-based pol yner, conpriSidghiparative | &
ol ymeri zation step of polynerizing a conjugate [ ug le 8
| ¢ tep of poly jugat ed Hif¥A®PiEd Qo
copol yner i zi-ng—a—conjugated-di-ene—conpound-w-th aparomatic—vi-ny—ecoenpound
usi ng an al kal i et al stgremgeutattkne cogaynadr kal i ne earth netal conpound as ja
pol ymer i zap-en—initHater—to—ebta-n—a—conjugated—diene-based—potyrer—havi ng
a reactivel end, and Compound Mooney viscosity 64 71
0 Tensile strength index 99 100
Il
SEB Abrasion resistance index 101 100
a 3 S
828 | 0°C tand (strain 1%) index 103 100
2%
o 50°C  tans (strain 3%) index 96 100

[0106]

As shown in Table 6, it was found out that in the modified conjugated
diene-based polymer composition in Example 12, tan § at a high temperature
is lower, which means the hysteresis loss is smaller and the lower rolling
resistance of the tire is realized, tan & at a low temperature is higher, which
means the wet skid resistance is higher than in the composition in
Comparative Example 8. Moreover, it was found out that the compound

Mooney viscosity is low, and the balance between the processability and the
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a nodifying step of reacting a nodifier wwth the reactive end of the

conj ugat ed di ene-based pol yner, the nodifier being a conpound which has one
or nore heterocyclic structures conprising two or nore nitrogen atons and a
hydr ocar bon and which has two or nore silyl groups to which two or nore

al koxy groups are bonded. 2. The nethod for producing the nodified
conj ugat ed di enebased pol yner according to claim1l, wherein the nDdifier IS

gi C(()ngg;J?g érﬂ%ﬁﬁ%&&%@%oﬁm& %rk}%%gdel#l gi}oﬁ gg\g% %hs clijepenc}ently
represent apafi br%%%‘r'\pregfstélffc)élargf %n?%ﬁbﬁgth]arb%&;%lléﬁtf bon atoms; RS and

R6 each i ndependently represent an ene group having 1 to 20 carbon
atonms; R7 o0qoRB each i ndependently represent a hydrocarbon group having 1
to 6 carbon atons, and forma ring structure of a 5 or nore nenbered ring

w th adj acent tws asovarlidvas fouthdoahst thedaopdifide rbhjugatst dieastbased nt eger
of 2 or 3). 3. The nmethod for producing the nodified conjugated

di enebased payyeeaceodorglionthetpresérati Emaimples haswehgoad halanke tetwvaén e gr oups
in the nodifier are each silyl group to which three al koxy groups are
bonded. hysteresiHessrpropsitien ang theiwet alsidtreeistasndes paptl@ae{a sifficient

di enebased pol yner according to any one of clains 1 to 3, wherei n a total
number of nahrégloafreﬁﬁéarm%@frgetytmsmm@édaﬂ@htg%bpnﬂceyqsatgvtbswerm he
nodifier is within a ran of 0.8 to 3 times, nunber, of nples qf the

pol yreri zatHnBH'fﬁeﬁqunﬁigﬂtg‘fg'%‘@ -Rageghpolymer is tormed dntoe HB'&af“Gngr oduci ng the
nodi fi ed conlj ggat ed di enebased pol ynmer according to any one of claims 1 to
4, wherein H Iyrrerl zation step is continuous. 6. The nethod for
pr oduci ng t ggdlfied conj ugat ed di enebased pol yner according to any one
of clains wherein a pol ystyrene equi val ent nunber average nol ecul ar

per neat ?Lnt EEr B L R e
2009-230412 filed on October 2, 2009 with the Japan Patent Office, and the

contents thereof, which were incorporated herein by reference.

Industrial Applicability
[0109]

According to the method for producing the modified conjugated diene-
based polymer according to the present invention, the modified conjugated
diene-based polymer having the good balance between the hysteresis loss
properties and the wet skid resistance, practically sufficient abrasion
resistance and fracture strength, and high processability when formed into a
vulcanized product, can be obtained and the modified conjugated diene-
based polymer can be suitably used as a material for a variety of members

such as tire treads, footwear, and industrial products.
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7. A nodified conjugated di ene-based pol yner obtained by the nmethod for
produci ng the nodi fied conjugated di ene-based pol yner according to any one

of clains 1 to 6.
conpri si ng:

8. A nodi fi ed conjugat ed di ene-based pol ymer conposition
100 parts by nass of a rubber conponent containing not

| ess than 20 parts by nmass of the nodified conjugated diene-based pol yner
according to claim?7, and 0.5 to 300 parts by nmass of a silica-based

inorganic filler.

CLAIMS

What is claimed is:

1.

A method for producing a modified conjugated diene-based

polymer, comprising:

a polymerization step of polymerizing a conjugated diene compound or

copolymerizing a conjugated diene compound with an aromatic vinyl

compound using an alkali metal compound or an alkaline earth metal

compound as a polymerization initiator to obtain a conjugated diene-based

polymer having a reactive end, and

a modifying step of reacting a modifier with the reactive end of the

conjugated diene-based polymer, the modifier being a compound which has

one or more heterocyclic structures comprising two or more nitrogen atoms

and a hydrocarbon and which has two or more silyl groups to which two or

more alkoxy groups are bonded.

2.

The method for producing the modified conjugated diene-

based polymer according to claim 1, wherein the modifier is a compound

represented by formula (1):

(R'0)—Si—R—N

R

7

N
/

8

R

/ 6 )
« . NTR—Si—(OR), (1)

3 4
R (3—m) R 3

—n)

(wherein R to R* each independently represent an alkyl group or aryl group
having 1 to 20 carbon atoms; R® and R® each independently represent an
alkylene group having 1 to 20 carbon atoms; R” and R® each independently

represent a hydrocarbon group having 1 to 6 carbon atoms, and form a ring
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structure of a 5 or more membered ring with adjacent two Ns; and m and n

each independently represent an integer of 2 or 3).

3. The method for producing the modified conjugated diene-
based polymer according to claim 1 or 2, wherein all the silyl groups in the

modifier are each silyl group to which three alkoxy groups are bonded.

4. The method for producing the modified conjugated diene-
based polymer according to any one of claims 1 to 3, wherein a total number
of moles of the alkoxy group bonded to the silyl group in the modifier is within
a range of 0.8 to 3 times number of moles of the polymerization initiator to be

added.

5. The method for producing the modified conjugated diene-
based polymer according to any one of claims 1 to 4, wherein the

polymerization step is continuous.

6. The method for producing the modified conjugated diene-
based polymer according to any one of claims 1 to 5, wherein a polystyrene
equivalent number average molecular weight of the modified conjugated
diene-based polymer measured by gel permeation chromatography (GPC) is

200,000 to 600,000.
7. A modified conjugated diene-based polymer obtained by

the method for producing the modified conjugated diene-based polymer

according to any one of claims 1 to 6.
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8. A modified conjugated diene-based polymer composition
comprising:

100 parts by mass of a rubber component containing not less than 20
parts by mass of the modified conjugated diene-based polymer according to
claim 7, and

0.5 to 300 parts by mass of a silica-based inorganic filler.

53



