CONJUGATED DI ENE POLYMER, CONJUGATED DI ENE POLYMER COVPCSI TI ON, AND METHOD
FOR PRODUCI NG CONJUGATED DI ENE POLYMER Technical Field The present
i nvention relates to a conjugated diene polyner, a conjugated di ene pol yner
conposition, and a nethod for producing a conjugated di ene pol yner.
Background Art In recent years, with the growi ng concern over

envi ronnent al probl ens, the demand for good fuel econorggfor aut onobi | es

has been beco@QNJUEASEDRIENREQLYMER] §ONMISATERRIENE BOLYMER| ent f uel

Conpos: t1 on € THPORBORNE BT EORBROB M AT PG

conj ugated di ene polymer such as pgypyisi ene or but adi ene-styrene
copolynmer and a reinforcing agent is used. For exanpl e,
JP-B-1-29802 (JP-B denotes a Japanese exani ned patent application
publication) proposes a styrene-butadi ene copolymer of a high vinyl bond,
and a polﬂﬁﬁhn@éﬁﬁ@kitlon usi ng the copolyner. Di sclosure of the Invention
However , ponnEfggo osi ti.ons usin bove describ %ogventiopajefogjugated

di ene pol ymer esenk fngnion ng? P& oW”fgr? §he'S${'Fe RGT

conjugated diene polymer composmon, and a method for producing a
conjugated diene polymer.
Background Art

In recent years, with the growing concern over environmental problems,
the demand for good fuel economy for automobiles has been becoming
stronger, and there is also a demand for excellent fuel economy for rubber
compositions used for automobile tires. As polymer compositions for
automobile tires, a rubber composition containing a conjugated diene polymer
such as polybutadiene or butadiene-styrene copolymer and a reinforcing agent
is used.

For example, JP-B-1-29802 (JP-B denotes a Japanese examined patent
application publication) proposes a styrene-butadiene copolymer of a high vinyl

bond, and a polymer composition using the copolymer.

Disclosure of the Invention

However, polymer compositions using above-described conventional
conjugated diene polymer are not sufficiently satisfactory in the strength.

Under such circumstances, objects of the present invention are to
provide a conjugated diene polymer capable of giving a polymer composition
excellent in strength, a polymer composition containing the conjugated diene
polymer and a reinforcing agent, and a method for producing the conjugated
diene polymer.

A first of the present invention relates to a conjugated diene polymer

having a monomer unit based on a conjugated diene and a monomer unit
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Under such circunstances, objects of the present invention are to provide a
conj ugat ed di ene pol yner capabl e of giving a polyner conposition excellent
in strength, a polymer conposition containing the conjugated di ene pol yner
and a reinforcing agent, and a nmethod for producing the conjugated diene
pol ymer. A first of the present invention relates to a conjugated

di ene pol yner having a nononer unit based on a conjugated di ene and a
nonomer uhasedbagemOOﬂmafﬁﬂﬂ@ﬁ%ﬂeﬁ@Wﬁegéhﬁ%ﬁﬂﬂyﬂ@%rnula (1) bel ow,

R1Si (OR2) nR3" Ad%(f%i 3 (wherein ﬁrrepresents 1 or 2, nrepresents 1 or
2, m+n =2 or ) S s a( ydrocar byl group having a pol yneri zabl e

car bon- ca \p ﬂf @%ﬁ@%\tsl@ drep/! ﬂs?éﬁrésé’ntgyﬂrd?cﬁf Byl+ gr eup, oaRd,RWhen
a

t here are p ur s each may be the sanme or different; R3

repr esent geprasérityl a GyotRatbyhigrody hbaing arpodwygedrable caean- carbsubddibieent ,
and, when there_are plural R3 s, R3 s each nmay be the sane or glffgrent
and R4 reppegeRt gepresanteya hydmeprion gaoupand, twh%dth%? AEe glusapR™s A

Commosi 11 BHOR aRabe e sowe Grffeteht T Grbbeln @rreﬁﬁ‘ﬁsﬁ%up"*na&nﬂ?voréﬁg
agent. — an ox Jg“utéynhgnﬂ.p Mbpstr &ﬁeghg' Wﬁ%ptfh%re I5¢ HiGral 7O s2 Ry Bagh f or

producing”a ¢C ene yImeri zi ng a nonomer conponent

cont ai ni Nengy E@ﬂieu%é@r @ifﬁé?@nﬁ%dd&?"c%meﬁmsrahpdlkﬂ@bepl oby dubstituted (1)
bel ow by an "al kali netal catalyst in a hydrocarbon sol vent,

R1Si (OR2) anfBoBAup- m n) (1) wherein mrepresents 1 or 2; n represents 1 or
2, m+ n =2 or 3; RL represents a hydrocar

carbon- carbon db§BFenthehiie mesentpueHan’ at%d? E:%’lrj'ﬁ £ 4*3’8?5‘ gﬁéjx‘%eﬁabl ©
there ar 658@? g{poﬁzco?\talﬁ% §%8h Yecpgrehgg)x i Nd Q'ré!fn%r@ﬂ\ dﬁ\

represent r oup ave en-cont al ni ng Stit uent ,
and, when theret\&hﬁd Rfughel pfRR3eht iM@ntiofadlatéBytobs rmbthodlafee @nbddc‘hbea ent;

and R4 represents an al kyl group or a substituted am no group.
conjugated diene polymer by polymerizing a monomer component containing a

conjugated diene and a compound represented by Formula (1) below by an
alkali metal catalyst in a hydrocarbon solvent,

R'Si(OR)mR*Ra.mny (1)
wherein m represents 1 or 2; n represents 1 or 2, m + n =2 or 3; R' represents
a hydrocarbyl group having a polymerizable carbon-carbon double bond; R?
represents a hydrocarbyl group, and, when there are plural R%s, R?s each may
be the same or different; R® represents an aryl group that may have an
oxygen-containing substituent, and, when there are plural R%s, R®s each may
be the same or different; and R* represents an alkyl group or a substituted
amino group.

According to the present invention, it is possible to provide a conjugated
diene polymer capable of giving a polymer composition excellent in tensile
strength, a polymer composition containing the conjugated diene polymer and a

reinforcing agent such as silica, and a method for producing the conjugated

diene polymer.

Mode for Carrying Out the Invention



According to the present invention, it is possible to provide a conjugated
di ene pol yner capable of giving a polyner conposition excellent in tensile
strength, a polyner conposition containing the conjugated di ene polynmer and
a reinforcing agent such as silica, and a nmethod for producing the

conj ugat ed di ene polyner. Mdde for Carrying Qut the Invention The
conj ugat ed di ene polyner of the present invention is a conjugated diene

pol yner havi ng Tdenenibveated flieng gelymedrefathe Ripaenl Byeaicths af®nivgaedner

unit based. on a nononer .represente L Fornyl & ( I .

RisrarRe) - hese Baar TRt FRERLRT i S38Y.Sh & boBfidted djens and ¢ 1 o
2; m+ n modofer initBase8RIES Sronferegidientdyby GbaHmIaN@Ybemva pol yneri zabl e
car bon-carbon doubl e bond; R2 represents a hydrocarbyl group, and, when
there are plur &'SROR?).RARS:eash me) be the same or different; R3

represents an aryl group that nmay have an oxygen-containing substituent,
and, whenwhREgiR myfeprpsemts|! ®32:sh repgegertschongymMpk Nthé 0§ i ofePAPSaEs ent :
and R4 represgnts,an alk roup or a substituted i No,Qr . B2 In
the prese thysdgg%qrpycg{qﬁ!wa%ﬂg %M‘%SE%? e gcrag% n'f’%@o@s%%f@ggb%nyddr%car bon
resi due. [ I 8RH ©RARBA théreXraYiluial RMI RA saedtndhagen atom
in a hydr?ﬁ?%@g%pwdsregrgﬂgﬁpég by a hydrgcar E)BJlIJ group. ,g hydrocgr byl ene
group reppestet samedbr aifeventy RF oreprboents esn dargl group that Ty danpugat ed

di ene includes 1, 3-butadiene, isoprene, 1,3-pentadiene 5
2, 3- di met byygen-confaininy swestitaert, laedawhendheea are phnal RhesB® areachgmayin not

| ess than one. Exanpl es_of the j ugat ed di ene include prefera

13 but adberiBe aare Cogneneent and R Heiesent 7RI BYS & B Rbbeg

pol ymer i ngu'ir?o Jgon-carbon doubl e bond. Exanples of Rl include preferably
groups represented by Fornmula (2) below, R5

In the present specification, the hydrocarbyl group represents a
hydrocarbon residue. A hydrocarbyloxy group represents a group in which a
hydrogen atom in a hydroxyl group is substituted by a hydrocarbyl group. A
hydrocarbylene group represents a divalent hydrocarbon residue.

The conjugated diene includes 1,3-butadiene, isoprene, 1,3-pentadiene,
2,3-dimethyl-1,3-butadiene, 1,3-hexadiene, etc., and these are used in not less
than one. Examples of the conjugated diene include preferably 1,3-butadiene
and isoprene.

R' is a hydrocarbyl group having a polymerizable carbon-carbon double
bond. Examples of R' include preferably groups represented by Formula (2)

below,
R5

\ /
c=C (2)
H \(T}p—— *

wherein p is 0 or 1, R® represents a hydrogen atom or a hydrocarbyl group,
and T represents a hydrocarbylene group, and * denotes a bonding position.
In Formula (2), p represents 0 or 1.

The hydrocarbyl group of R® includes an alkyl group, an alkenyl group,



(2) (T) whereinpis Oor 1, R5 represents a hydrogen atomor a

hydr ocar byl group, and T represents a hydrocarbyl ene group, and * denotes a
bondi ng position. In Formula (2), p represents 0 or |I. The hydrocar byl
group of R5 includes an al kyl group, an al kenyl group, etc. The al kyl

gr oup includes a net hyl group, an ethyl group, a n-propyl group, an

I sopropyl gro a n-butyl group, a sec-butyl group, a tert-but group

etc. ande@ néﬁ'}WIa"@ff (ﬂﬁﬁuﬁ’ énﬁﬁ'é?%r%tﬁ‘l‘%thyl'rﬁé"% KAty S99 P; r?cl"ué'é’?yh vi nyl

grup v gy s hend Gl B Wbul o g 'sdiEhil| SHOGRY, ety PO
group or §ro\Upn3é|tc 9%_?_Hpa IinSetRYIE§ DBt Eprefitdbr. hmboﬂﬂénﬂtg}ﬁhbﬁnalﬂﬂés a

pref erabl he hydrocar byl ene group of T includes an al kyl ene
group, anvmwg&m@ glnoauy,l ggoupy s 1fmropenylogroup ai rgedhylathghyingrogpoefc.and an
al kyl ene group, The al kyl ene group includes a nethylene group,

an et hyl eded Qr\tbnu\ﬂ QFQUR s preferablene group, etc. The al kyl ene group is
preferably o, T easy B s Sty FR SR P T IR BB o,
The aryl eggy arijdRodeh RioRl R ABle/preréfagy! ene group.
The hydrocarbylene group of T includes an alkylene group, an arylene
group, groups formed by uniting an arylene group and an alkylene group, etc.
The alkylene group includes a methylene group, an ethylene group, a
trimethylene group, etc. The alkylene group is preferably a methylene group
or an ethylene group. The arylene group includes a phenylene group, a
naphthylene group, a biphenylene group, etc. The arylene group is preferably
a phenylene group.
Groups formed by uniting an arylene group and an alkylene group
include a group formed by uniting a phenylene group and an alkylene group, a
group formed by uniting a naphthylene group and an alkylene group, and a
group formed by uniting a biphenylene group and an alkylene group. Groups
formed by uniting a phenylene group and an alkylene group (phenylene-
alkylene groups) include para-phenylene-alkylene groups (for example, groups
represented by Formula (2a) below), meta-phenylene-alkylene groups (for
example, groups represented by Formula (2b) below), and ortho-phenylene-
alkylene groups (for example, groups represented by Formula (2C) below),
depending on the position of a carbon atom on a benzene ring from which a
hydrogen atom is removed and the position of a carbon atom on a benzene ring
to which an alkylene group is bonded.
In the group formed by uniting an arylene group and an alkylene group,
preferably, a carbon atom of the arylene group of the group is bonded to a

carbon atom to which R® of Formula (2) is bonded.



G oups fornmed by uniting an arylene group and an al kyl ene group include a
group fornmed by uniting a phenyl ene group and an al kyl ene group, a group
formed by uniting a naphthyl ene group and an al kyl ene group, and a group
formed by uniting a bi phenyl ene group and an al kyl ene group. G oups forned
by uniting a phenylene group and an al kyl ene group (phenyl eneal kyl ene
groups) i rclude para-phenyl ene-al kyl ene groups (for exanple, groups
represent ed Dy o™yl a (2a) bel ow), neta-phenyl ene-al kyl ene groups (for
exanpl e, group qresented by Fof2al)a (2b) below), and

ort ho- phenyl eneal k¥hene groups (for exanple, groups represented by Formul a
i & position of a carbon atomon a benzene ring
fromwhich a hydrogen atomis renoved and the position of a carbon atom on
a benzene ring to which an al kyl ene group i s bonded. In the group
formed by uniting an arylene group and an al kyl ene group, preferably, a
carbon at of the a oup of the group is bonded to a carbon atomto
whi ch R5 of : é?%ﬁ %nded wherein r, s and t each represents an

i nteger of 1 and *Sdenotes Qgsonding posi tion. As the group
formed by unit dn aryl ene gro d an al kyl ene group

(phenyl ene- al ky~enhe group), groups fornmed by uniting a phenyl ene group and
an al kyl ene group are preferable, groups represented by Formula (2a) and
groups represe (gﬂ prmul a (2b) are nore preferable, and a

par aphenyl ene- & gne group (group represented by Fornula (2a) wherein r
= 1), a met 238 Iene net hyl ene group (group represented by Formula (2b)
wherein s = aara phenyl ene- et hyl ene group (group represented by
Formul a (2a) nr =2), and @Zceta phenyl ene- et hyl ene group (group
represented b AUl a (2b) wherein s = 2) are yet nore preferable.

Wen R5 is a nethyl group pis preferably 1, T is preferably a group

f or med by n|t|n roup nd an, al kyl ene grou or an yl ene

b oup: moMISHIBr e BNg Begrs IRPRSBHE 3By MAHE gt doptEng e SRR And an
aIkerne ggﬂgm Qﬁﬂﬁﬁ%lene al kyl ene group), or a phenyl ene group; and yet
nor e preferabl 9 enyl ene group, a para-phenyl ene-net hyl ene group, a

met aphenyl ene- iy me! §idRpJoRHEd by Urafing ahenyrleaaegfeu;bnalnermq gikQléne Group

nmet aphenyl ene- et hyl ene group. Wen R5 is a vinyl group and p is 1,
Tis pref (aprm:ryyemalavlleyureemeugr arpuparidrmest &y pyniting abplyera'lem gyoumandr oup or
an et hyl ene oups represented by For nmul ude,

pr ef er abl §N glrjé;’)'ég'ﬁu%@upna%i’{:?fe@ & QEPWdFecPd%%e'&?gnt?y %ovam Qgé)oaBd

5 v1 gt prdrafbegfBerstetle ] Pirmfie ) Jofe inDie THERNa0R! Odie & para-

2- (4-vi nylpﬁ@ﬁﬂ&hé-%étﬁheﬁé(ywup Qgrbap\rbpwseheaww nstrhmb (@apubedsifl ra 2, (3-
vi nyl phenyl)ethyl group; as a groups In which RS is a nethyl group, a 4-

i sopr opengl mnetayshegyteane; math?ﬂermomroppnygrpluenyeprgrseuwd dy( 4~ormula (2b)

|sopropenylphenyl)nethyl group I SO I)eth ro a (3-
i sopr openWNSFAIRYF) etlhy@ @aarﬁhanﬂeaezet@de %ogr 'Fé?'ﬁg Egou

o a o oEBDen A kel ! & Bypafd 'a%&ﬂ%re%ﬁe %Me‘@%séu@{ 08, o0 h
g;\éhgyl ph?ébrbssrrteurbyororﬁuﬁamwdvmm =09 atR. yeambreqrrefé?é@rfe.er ably a vinyl

_ph

When R® is a methyl group, p is preferably 1, T is preferably a group
formed by uniting an arylene group and an alkylene group, or an arylene group;
more preferably a group formed by uniting a phenylene group and an alkylene
group (phenylene-alkylene group), or a phenylene group; and yet more
preferably a phenylene group, a para-phenylene-methylene group, a meta-
phenylene-methylene group, a para-phenylene-ethylene group, or a meta-

phenylene-ethylene group.



The hydrocarbyl group of R2 includes an al kyl group, an aryl group etc.

The al kyl group of R2 includes a nethyl group; primary al kyl groups (al kyl

groups in which the carbon atom from which a hydrogen atomis renoved is a
primary carbon aton) such as an ethyl group, a n-propyl group and a npentyl
group; secondary al kyl groups (al kyl groups in which the carbon atom from

whi ch hydrogen atons _.are renoved isS secondary car bon at@ﬁ such as an

a I
i IS(Iszr opyl gr oub’l,\"ll%{; Bé’cismwl @ﬁ%‘lﬂp":}%ﬁ i 12 TS RPIRERDlY ad‘rﬁmzenﬁrﬂgogért iary
al kyl grou a [,QURS._ i i C r om whi ch hydrogen
at ons areaﬁérﬁvgﬁ?ffgiaf'grm?ﬁ'ryr\?,q‘gaqrﬁéﬁ%5%§r§9@80%%g1§lj% tert-butyl group and
a tertpentyl gr§4Rps represen@beb?r%rnﬁﬂéﬂ(%%clﬁe,i prférdesy, casPgedps @y oup, a
tolyl group, a xylyl group, etc:. _ The number of carbon atoms of the
hydr ocar byhidir Réids af hiRfrogen ptedemakihyl Group, BOvingnustimirgsopp e etimbetyd to 8.
The hydrocarbyl group of R2 is preferably a secondar \%I kl\él rlougt of a
ter]'Elar%/I arqult, le"fo‘up)tﬂphﬁfr')é POUP e PaBIWNYAPRITY i94PYP-af FrvigylBhgnY MR hyht nor e
D i S Ll group. o R e R B Agave o0
oxygen-co e ' Nie T SHHN i D i5Na WAEGWI ¥Elr gggn at om
of the ar gﬁQWSEgI)%pggﬁsﬁat %ﬁ eag%rtr)y ann@x%gﬁ?gor{%a?ni lrigllsysu rgt?{t Eent.

The aryl goprsperylgR@nyncl germp,a phenyd-isgpapenyiphenplaphgtoup, gr cup, (4- 2-
napht hyl group, a phenﬁl group substituted by an al kyl| group, a 1-napht hyl
group subisoprepenyighensximethiy | grgupug, 24Adseprepaayrbenyeihyugrowpps i(But ed by

A1 o olhserdisauirhenshmetng g 8 S-S SR R VL SR B gt bup:
oo B Y PEHE  B, §S0BL S e 2 st i 20 2
t ert - pent glmgth9idhe-3-butenyl group.
R' is preferably a vinyl group, a 4-vinylphenyl group or a 3-vinylphenyl
group, and more preferably a vinyl group.
The hydrocarbyl group of R? includes an alkyl group, an aryl group etc.
The alkyl group of R? includes a methyl group; primary alkyl groups
(alkyl groups in which the carbon atom from which a hydrogen atom is removed
is a primary carbon atom) such as an ethyl group, a n-propyl group and a n-
pentyl group; secondary alkyl groups (alkyl groups in which the carbon atom
from which hydrogen atoms are removed is a secondary carbon atom) such as
an isopropyl group, a sec-butyl group and a 2-ethylhexyl group; and tertiary
alkyl groups (alkyl groups in which the carbon atom from which hydrogen atoms
are removed is a tertiary carbon atom) such as a tert-butyl group and a tert-
pentyl group. |
The aryl group of R? includes a phenyl group, a tolyl group, a xylyl
group, etc.
The number of carbon atoms of the hydrocarbyl group of R? is
preferably 3 to 10, and more preferably 4 to 8.
The hydrocarbyl group of R? is preferably a secondary alkyl group or a

tertiary alkyl group, more preferably a tertiary alkyl group, and yet more
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The phenyl group substituted by an al kyl group includes a nethyl phenyl
group, an ethyl phenyl group, a n-propyl phenyl group, an isopropyl phenyl
group, a n-butyl phenyl group, a sec-butyl phenyl group, a tert-butyl phenyl
group, a tertpentyl phenyl group, a (2-ethyl hexyl)phenyl group, etc.

The 1-naphthyl group substituted by an al kyl group includes a nethyl-1-
napht hyl group, an ethyl -1-naphthyl group, a n-propyl-1-naphthyl group, an
i sopr opy!| Plefaeghhy Ryertdusl@rowp.n- but yl - 1- napht hyl group, a

sec- butyl - 1- na hyl group, a tert-butyl-1-na | :
tert-pentyl-1- pﬁ%lrﬂ’/‘l aB’IIcﬂIB‘,Jp aIﬁ‘CsznaéIt II?Y%@E'y?’III‘IEI‘n%p t?I’I&Ig 3%‘8%%,”32 C.

The 2- napiichy! i Qi ﬁ.tbte@t hwhﬁdarbyo@@eﬁléﬁmaiarngueuwﬁhémeﬁe&egeﬁtayé- 2-
napht hyl group, an ethyl-2-naphthyl group, a n-propyl-2-naphthyl group, an
i sopropyl geoupaiphivhich gihpdiegen atefpusfytheZarpipiuuipyis syibstituted by an oxygen-
sec-butyl -2-napht hyl group, a tert-butyl-2-naphthyl group, a

t ert - pent gentainiagstbstitughloup, a (2- et hyl hexyl)-2-naphthyl group, etc.

Pavi ng’an_al kox S PBUS LAY Be BORBERAGNB S R sy e " © 0P
| sopr Opox%z,ﬁef,fp,gf gﬁ%u;ﬂ é%ﬁe-nggygaé%gpeymm@d* bZI 5000 Kyroup! QUA-rdpHinAS a

nmet hoxyme . an eth group, met hoxyet hyl group or’ an

et hoxyet hytouly Suthstit@ledasy ah kil jrsap.yamd aup-naphthyhgrauprsalistitytest hoay gr oup,
an et hoxymet hoxy group, a nethoxyethoxy group or an et hoxyethoxy group.
The phenyhlkyt giguphavi ng an al koxy group includes a nethoxyphenyl group, an

th h I , [ h ) d t but I
o oup. "o pherdie alglaruenaes ey CiyP: o AIoH e i
th h I t ] ,
(et noxy BRI EE G aHGby Hob G ATELIN LINERecBas, alvi gioups.

group havispéeh a8 o iE@ﬁSt\b@PkQﬁbﬂpgé@é@-ﬁmy‘ﬂ ¢rdap ahd(aetdthyeryiyrsyp pleetiyty group,
an (et hoxynet hoxy) phenyl group, a (methoxyethoxy)phenyl group, and an

(et hoxyet htkyy yphmpsyduchrasup tert-butyl grouphand artaptnenyyl ajpBRp havi ng an al koxy
T SopF opoxy- 1- naft RS Becin Saetatedail ap aitedraim Riiidks 3 BresGPnang "
1- ht hyl i LNg!

(ot hoxy nar S R RYSRER b 8L U brbbl e R rolb, i Bbofopyiphenyi group, -

(met hoxyeghybutylpHenyngfadp, @ iePbutdphenl groupox teitivutylplemaphslyla wroup. The
1- napht hyl group havi ng an al koxyal koxy group includes a

( met hoxy meehtyipheny! gepipi, lay(2-ethplhpxylrherol boouprmettioxy) - 1- napht hyl group,  a
(et hoxyet hoxy)_- 1- napht hyl group,, and et hgxyet hoxy) - 1- napht hyl, group.

The 2-napht hyl Htelparkiivhgrep avlkﬁﬁyteé%ﬁﬁni QI WCHHbeR A -SEUII-rIapm hyl

group, an Xy-2-naphth i r XYrnao i , aaNd a
Pert but oRg BTt soHET ah st FBny TR AReR: PP EopV TRy UBYE, oA
group i nchdilespd-1(-ABSMAYY FRIUDY la) nZubAPhhByhthgl §up, ANsec-butyl-1-naphthyl

(et hoxynet hyl )-2- napht hyl “group, a (nethoxyethyl)-2-naphthyl group, and an
(et hoxyet kydyp, 2an tarhbbtyi- 1gnaphibyi Tgeod, nap kerbpentyl-denapidhyingraup, ad k(Beyal koxy
group includes a (methoxynet hoxy)-2-naphthyl group, an (ethoxymnet hoxy)-2-
napht hyl §fotipexyd)-{-mephthiy 8EPxPIC-2- napht hyl group, and an

(et nonyet hoxy) Fe BB, B B TG BPBP 3R A G AR Y-
naphthyl group, an ethyl-2-naphthyl group, a n-propyl-2-naphthyl group, an
isopropyl-2-naphthyl group, a n-butyl-2-naphthyl group, a sec-butyl-2-naphthyl
group, a tert-butyl-2-naphthyl group, a tert-pentyl-2-naphthyl group, a (2-
ethylhexyl)-2-naphthyl group, etc.

The aryl group having an oxygen-containing substituent includes aryl

groups having an alkoxy group such as a methoxy group, an ethoxy group, an

isopropoxy group or a tert-butoxy group; an alkoxyalkyl group such as a
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group, a 3-substituted phenyl group, and a 4-substituted phenyl group,
according to substituted positions. The phenyl group substituted by an

al kyl group or an oxygen-containing substituent may be a di substituted body
or a trisubstituted body, and includes a 2, 3-di substituted phenyl group, a
2,4- disubstituted phenyl group, a 2,5-disubstituted phenyl group, a 2, 6-
dlsubstltuted phenyl group, a 3, 4- dlsubstltuted phenyl group, a 3, 5-

di subst i t otedtbxyimeilyyl grovep, ara ethaxymethyl sgiioupi t%t"&ihBWW' %‘i%'ﬂpor #m 3, 5.
trisubstituted %hen grou

b d 2,4, 6-
trisubst i ethoxyeisyks ”ngbﬁB alkaoxgaimgy t@?é%ﬁ@%ﬁ %g%g@eghgg u%bu *
accor di ng P‘%tﬁaﬁm%qna hé,léhﬁdal%?éth&ﬁ?h &UB%r'éd’étﬁGxWﬁgWQ : The

mono- subsfi tut group 1'ncludes a 2-substituted 1- naphthyl

group, a 3-subgtyet ph@:@llgraaphﬁé\b(ﬂlg @GnoHIkoxp greaphiatiutias ed niethaxyphenlyl gr oup,
a 5-substituted 1-naphthyl group, and a 6-substituted 1-naphthyl group,
accor di nggtaupt hensetioxyphenyd pessipt | an. isppeopexyapeRHy BreoupnduBsteftut ed by

body o a%{:%@aﬁéqﬁB(é)@g%é’ﬁ%%%& GaMB0 2T 8fadh, MBI, o i
: hth d

2 iy PSR RO 1 £ Qi i i

3, 8-di SUb?rhéfh'é& ;«wm&?ﬂ beugraﬁa arﬁ(@bh%xyélh?l)blsényﬂ lgredpl Thghitenlyl gr oup,

a 4,5, 8- trlsubs ituted napht hyl group, etc. he nono- substituted
2- napht hybrcgrpolumnmmah adkasxyalkoxy ghaip ingtusies 2 (mat;bnxwyet@mm@enw group,

3-substituted napht hyl group, a 4-supstitute ht h

5- subst i taﬂefPtQOWhﬁyy)Pgﬁﬁﬂpgf%Pd 3 8“% B§¥?tﬁ8’f3@8 "Haéfﬂlﬁy '8‘?

accordi ng osition. The 1-naphthyl group substi tut ed by
an al kyl fﬁ‘tﬁﬁ ﬁp@g{%g ‘g{f:ngnt ai ni ng substituent may be a di substituted
body or a tri suﬁﬁgnt gﬁ up &mlng]@nuel%xﬁ grobp dhélubies id wiettoRy-napht hyl
group, a 3, 8- dlsubstltute 2- napht hyl group, a 4,5-disubstituted

2- napht hy haghtbypbgraupl ,ah, 5%hdxy+1suam1thylugl@deanaphpmong1owhtby|c9TOUP,

The nunber of carbon atons of R3 is rabl¥ h ?. and nore preferably
6 to 8. Randsaprtefiiexyy1naphthy 9 ﬁ‘ﬁ@ \%y g?OUR I8 (3 ed by

ot ef or st 99«8‘)”&@7?%“6”y+°'9§%838,as”ﬁﬁ*ét“éﬂﬁe YDA, SRR | PPy,

e bt 1 B R g et Al . Ehemyl ar odp

4- et hy| plethgkyeshyl -naphtiayl4groep hy T dAydphdhyligroup iaving: anmatoxyalkpxy abl y a

8? gﬂ%l g{ glrjopup -II;'lhc?udaelsk)all(rr(i:]ertgggyn?éthsﬁy)l 1”%2‘6%3& %rgl%,hgn (g{h%l)J(QMeﬁ\oxyg qy_/l
naphthyl group, a (methoxyethoxy)-1-naphthyl group, and an (ethoxyethoxy)-1-
naphthyl group.

The 2-naphthyl group having an alkoxy group includes a methoxy-2-
naphthyl group, an ethoxy-2-naphthyl group, an isopropoxy-2-naphthyl group,
and a tert-butoxy-2-naphthyl group. The 2-naphthyl group having an
alkoxyalkyl group includes a (methoxymethyl)-2-naphthyl group, an
(ethoxymethyl)-2-naphthyl group, a (methoxyethyl)-2-naphthyl group, and an
(ethoxyethyl)-2-naphthyl group. The 2-naphthyl group having an aikoxyalkoxy
group includes a (methoxymethoxy)-2-naphthyl group, an (ethoxymethoxy)-2-
naphthyl group, a (methoxyethoxy)-2-naphthyl group, and an (ethoxyethoxy)-2-
naphthyl group.

The mono-substituted phenyl group includes a 2-substituted phenyl
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As a substituted am no group of R4, a group represented by Fornmula (3)
belowis cited, R I *-N R wherein R6 and R7 each independently represents
a hydrocarbyl group or a trihydrocarbylsilyl group, or R6 and R7 are united
to represent a hydrocarbyl ene group that nay have a nitrogen atom and/or an
oxygen atom as a hetero atom or R6 and R7 form one group which is bonded

to a nitrogen atomw th a double bond, and, * denotes, a ond| posi tion.
The hydr o8 |ag?'o%18$8wf¢$ RRRNWR7 9T LBRS %n%ﬁ"!tbﬁpuﬁ‘? ﬁﬁHpvgroup

etc. The ahiotludr BRUARLASSOAUTR MndBRLRY GBuBLNeS .aﬁg&% n gy OPY

group, an I Sop P but rt-butyl

group, g6ourher %h%x;@bﬂ%dt@ﬁid@d§§b§t|t9€hﬂnm|ay%@laOdnseb§t|tui|'é'tﬁ bbygraicar byl
group of and R7 is preferably an al kyl group, and nore preferably an

al kyl gr otrp?ulbatliurl@j Ibddy, 4andhriboindes oars2,3-disubstitdted phenyidg e, byl 24k y|

group of R6 and R7 includes a trialkylsjlyl oup uch as a trinmethylsilyl
group, a fisubstityted | phenylogioup, & j&eh %WF' ted| pZ‘PBMlp groNg. ga 2.6-

tert-but t I I f d R7
o prot o) APELNAE  olond RfBupy o, SisoHelERIREGY o Bkl 6B, 08 R4 o
pref er abl uls@b&ﬁﬂu?éd%ﬁéd Y| gi@uguPai B Mtﬁ&b@%t@é&ybhsﬁﬂugr&wd%d zt 9,52
silicon atomis an alkyl group having 1 to 3 carbon atoms is nor

pr ef er abl &risubstituted Thieeryy dgmes; by | @e5drisulstititet pbehyr meaudyy aurﬁ ,4j6rg R6
and R7 and may have a nitrogen atom and/or an oxygen atom as a hetero atom

i ncl udes Hisu&ﬁkgult%ehgnﬂ@oygcﬁ B4, %%'SEPWP@%P@?'BGWOHP't*?ticnéqwr@ﬂgz group,
2 hyar ocaFbyepe e BesfioRms il %}%ﬂeaﬂﬁq"ﬁ”ﬁuiﬂdai a oroup Fepr esent e
D 2O M AR RN htotes S AGEEAL
- CH2CH2- OngpitGP group, a 3-substituted 1-naphthyl group, a 4-substituted 1-naphthyl
group, a 5-substituted 1-naphthyl group, and a 6-substituted 1-naphthyl group,
according to the substituted position. The 1-naphthyl group substituted by an
alkyl group or an oxygen-containing substituent may be a disubstituted body or
a trisubstituted body, and includes a 4,5-disubstituted 1-naphthyl group, a 4,8-
disubstituted 1-naphthyl group, a 5,8-disubstituted 1-naphthyl group, a 6,7-
disubstituted 1-naphthyl group, a 3,8-disubstituted 1-naphthyl group, a 6,8-
disubstituted 1-naphthyl group, a 4,5,8-trisubstituted 1-naphthyl group, etc.

The mono-substituted 2-naphthyl group includes a 1-substituted 2-
naphthyl group, a 3-substituted 2-naphthyl group, a 4-substituted 2-naphthyl
group, a 5-substituted 2-naphthyl group, and a 6-substituted 2-naphthyl group,
according to the substituted position. The 1-naphthyl group substituted by an
alkyl group or an oxygen-containing substituent may be a disubstituted body or
a trisubstituted body, and includes a 3,5-disubstituted 2-naphthyl group, a 3,8-
disubstituted 2-naphthyl group, a 4,5-disubstituted 2-naphthyl group, a 1,4,5-
trisubstituted 2-naphthyl group, etc.

The number of carbon atoms of R® is preferably 6 to 10, and more
preferably 6 to 8.

R3 is preferably a phenyl group, or a phenyl group substituted by an

9



In the present specification, the hydrocarbyl ene group having an X atom as
a hetero atomrepresents a group having such a structure that a hydrogen
atom and/ or a carbon atom of the hydrocarbyl ene group is replaced by the X
atom For exanple, as a hydrocarbyl ene group having a nitrogen atomas a
hetero atom a group having such a structure that CH of the hydrocarbyl ene

group is replaced by Nis cited. And, as a hydrocarbyl ene haV|n an
oxygen at éthhSroé'Phe%/r@PcPh&t"th’%We?@%‘?‘gag|ti alkyl 8 ph‘é\ﬂrg{fré@}f )

Phar oo’ AIPhel? drBub e rilofy Bror@lly? £7 24etiginBly S fibug Séralcture

that two ﬁy are repla r'oup of R6 and

R7 bondedeﬂﬁll;ﬁqe'ﬂt'yl{;t‘éﬂﬁnaalf—ﬁuﬁr@b/ylﬁhwlalr@ﬁ?@ﬂ@ 41ntta.rt9|paéﬁylcgrbe§l an

et hyl i dene group, | i dene group, a butylidene group, a
1- net hyl et hyl i d%?ncs guowprefarailblynat plye iyl @pqdp dedemgthyiphensl gradwp, or a 4-
dlnethylbutylldene group Is preferably an al kyl group such

as a net hihyghemyl o gougnagg N?t m@l’%ﬁbefefﬂb')éadﬁh&ﬂkwrﬁf’ff’no group such as a

di met hyl am no u a_di et hyh gr | roup or a
di (n-butyl)am ﬁlr 9$M§roup OP& qﬁ%'HES ﬁ‘uqﬁgfh(%% &1’ rep?@%@ﬂa’;&o? 2, pand m +
n =2 or 3, pre{esabbsitlictl dmmorodp®fFo @ ol Feitskntdd 5y Rorndild (8) I S 2.
Exanpl es of conpounds represented by Formula (1) include, as conmpounds in
whi ch R5 below isyitedgen atomand p = 0, tert- but oxydl phenyl vi nyl si | ane,
tert-pent oxydlﬁ&enyl vinyl sil ane, di(tert-butoxy)phenylvinylsilane,

di (tert-pent oxy) phenyl V(r3yj silane, tert-butoxynethyl phenyl vinylsil ane,

*——N—R’

wherein R® and R’ each independently represents a hydrocarbyl group or a
trinydrocarbylsilyi group, or R® and R’ are united to represent a
hydrocarbylene group that may have a nitrogen atom and/or an oxygen atom as
a hetero atom, or R® and R’ form one group which is bonded to a nitrogen
atom with a double bond, and * denotes a bonding position.

The hydrocarbyl group of R® and R’ includes an alkyl group, an aryl
group etc. The alkyl group includes a methyl group, an ethyl group, a n-propyl|
group, an isopropyl group, a n-butyl group, a sec-butyl group, a tert-butyl
group, etc. The aryl group includes a phenyl group, etc. The hydrocarbyl
group of R® and R’ is preferably an alkyl group, and more preferably an alkyl
group having 1 to 4 carbon atoms.

The trihydrocarbylsilyl group of R® and R? includes a trialkylsilyl group
such as a trimethylsilyl group, a triethylsilyl group, a triisopropylsilyl group, and
a tert-butyldimethylsilyl group. The trihydrocarbylsilyl group of R® and R’ is
preferably a trialkylsilyl group having 3 to 9 carbon atoms, and more preferably
a trialkylsilyl group in which an alkyl group bonded to a silicon atom is an alkyl
group having 1 to 3 carbon atoms is more preferable.

The hydrocarbylene group that is formed by uniting R® and R” and may
have a nitrogen atom and/or an oxygen atom as a hetero atom includes an

alkylene group such as an ethylene group, a trimethylene group, a
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t ert - but oxyet hyl phenyl vi nyl si | ane,

di met hyl am no-tert - but oxyphenyl vi nyl si | ane,

di et hyl am no-tert - but oxyphenyl vi nyl si |l ane, etc. Exanpl es of
conpounds represented by Forrmula (1) include, as conpounds in which R5 is a
hydrogen atomand p = 1, tert-butoxydi phenyl-4-vinyl phenyl sil ane,

tert - but oxydi phenyl- 3-vi nyl phenyl si | ane,

di (tert- btﬂtfﬁ{??tﬁhéfi?lgmum ﬁweg@'ﬂ%hglqn&n@rpup and a hexamethylene group; a
e BN LB A8 such o = roum representea by -

tert-but ogyreHIWN T 1-GH)0 NBW?’LQHE@'PEN=CH- or -CH2CHz-NH-CH,CH,-;
tert - but oxyet hyl phenyl- 4-vi nyl phenyl si | ane,

t ert - but ozageét hy hptrecatbyBend grbppehgliagl ane oxygen atom such as a group

di met hyl am no-tert-butoxyphenyl-4-vinyl phenyl sil ane,

di et hyl afrigserdpd bﬂu@b&éﬁh@rﬁl"b@*‘\h‘nyl phenyl 5i | ane,

di et hyl am no-tert:- but oxyphenyl-4:vinyl phenyl si | ane .

di ot hyl am no- 1 P LD ISRy BRERG Teatian. s BHERYPEMERCooupdaving an X glomy) oo of
conpounds 3§ §PhERFE tm?.%%mg & drodip IMinddsuctPa SRBARENHSL hr\w&?b@h RS is a
met hyl group and p = 1, tert-butoxydl phenyl-4-isopropenyl phenyl siTane,

t ert - but oaton @inerorla 3arbmpaiope oy it eydrcoarylene group is replaced by the X

di (tert-butoxy)phenyl-4-isopropenyl phenyl sil ane, ]

di (t ert - batoxy) pleexample; as@ dydiogapndens groumaeaving a nitrogen atom as a

t ert - but oxymet hyl phenyl-4-j sopropenyl phenyl si

Lert . but SASHES APBhanyug h20RS SRERA BHGRAE thahEH of the hydrocarbylene
tert-buto hal -4 i I n enyl si :
Lert . but o eepL Rbelr dy R LABEVRHCRY £ hi@iarbylene group having an

di met hyl agxyyent gtoin hsltachetpheaton, 4hkfDpreOfitsty b reumy havingnguch a structure
di met hyl am no-t ert - but oxyphenyl- 3-i sopr openyl phenyl si | ane,

di et hyl anthaé-@ldz tishiepiaogshbnyQ. andsepgmpenhayihgrsyodi Rasfeucture that two
CompounashFERER ZHTBR 365 FRGRSRS BY Dy 1 nel ude: pr el er &bl y compounds i n whi ch
Fortbut oxyc e Srngrer ahe A re, PORELE pinLRapy Aoy giouele

bond, there are cited an ethylidene group, a propylidene group, a butylidene

group, a 1-methylethylidene group, a 1-methylpropylidene group, a 1,3-

dimethylbutylidene group, etc.

R* is preferably an alkyl group such as a methyl group or an ethyl
group, or a dialkylamino group such as a dimethylamino group, a diethylamino
group, a di(n-propyl)amino group or a di(n-butyl)amino group.

In Formula (1), n represents 1 or 2, and m + n = 2 or 3, preferably m + n
= 3, and more preferably mis 1, and n is 2.

Examples of compounds represented by Formula (1) include, as
compounds in which R® is a hydrogen atom and p = 0,
tert-butoxydiphenylvinylsilane,
tert-pentoxydiphenylvinylsilane,
di(tert-butoxy)phenylvinylsilane,
di(tert-pentoxy)phenylvinylsilane,

tert-butoxymethylphenyivinylsilane,
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t ert - but oxymet hyl phenyl vi nyl si | ane,

di met hyl am no-tert - but oxyphenyl vi nyl si | ane and

di et hyl am no-tert - but oxyphenyl vi nyl sil ane, yet nore preferably

t ert-but oxydi phenyl vi nyl sil ane and di (tert-butoxy)phenyl vinyl sil ane, and
particularly preferably tert-butoxydi phenyl vinyl sil ane. The cont ent
of a nononmer unit based on the conpound represented by Formula (1) is

pr ef er abl yertrbutoysthyimhenylyinyishape. wei ght rel ative to 100% by wei ght of the

conj ugat ed,. di gn ol r,.and, nore. ferably not |ess than 0.02% by

wei ght, ir‘?'%?@QE@BO%‘L&T&?HE%‘)Pﬁ@yl¥'f‘9r§ﬁa$%’. And, in order to heighten the
econom Ca'di&@%‘:lhﬁﬁﬁ&%‘éﬂ-bb{oxk&hé}{mﬁﬁl@#%dé,%@é. more than 2% by weight, and
nore preferably not nore than 1% by wei ght. In the conjugated diene
pol yner of the pxanges bhveomipoaumdsi representetie bgblFermbkat (4) niooocer asi t

based on the nononer represented by Fornula (1) exists in the chain, that
is, a noneAMPOYRfs imwbish Rnis dbydiogeAratomendr ented by Formula (1), or a

partial chain includin nmongner, unit based on the nononmer represented b
F(r)]r mul a (1‘3”‘«?%#%3’9'p%@f‘g!é‘g'r‘f"yppg‘ﬁ"ﬂsg?n%’hai n having a nonomer un!ot based ony
t he conj ugat ¢ ' OALR; rbh@l chain does not have a nononer unit
based on t e%%%ﬁg)ﬁeggﬁlgg&iteé\g%ygiﬁg'rnul a (1)) and a partial chain having
a nononer dyfert-bbsgprenylAaimdsharyidiadedi ene group (the partial chain does
not have the nononer unit based on the nononer represented by Fornula (1)).
The conj ugi(tertibdicxpipheollydwinydphartyisilanesent i nvention preferably has a
nononmer unit based on vi ar.onah(ier(‘:ylgi)(é:lnreocar bon (vinyl aromatic

hydr ocar bW—butoxymethyl;\)/!wl%/yll-mv:nylp
tert-butoxymethylphenyl-3-vinylphenylsilane,
tert-butoxyethylphenyl-4-vinylphenylsilane,
tert-butoxyethylphenyl-3-vinylphenylsilane,
dimethylamino-tert-butoxyphenyl-4-vinylphenylsilane,
dimethylamino-tert-butoxyphenyl-3-vinylphenylsilane,
diethylamino-tert-butoxyphenyl-4-vinylphenyisilane,
diethylamino-tert-butoxyphenyl-3-vinylphenyisilane, etc.
Examples of compounds represented by Formula (1) include, as
compounds in which R® is a methyl group and p = 1,
tert-butoxydiphenyl-4-isopropenylphenyisilane,
tert-butoxydiphenyl-3-isopropenylphenylsilane,
di(tert-butoxy)phenyl-4-isopropenylphenylsilane,
di(tert-butoxy)phenyl-3-isopropenylphenylisilane,
tert-butoxymethylphenyl-4-isopropenylphenylsilane,
tert-butoxymethylphenyl-3-isopropenylphenylsilane,
tert-butoxyethylphenyl-4-isopropenyiphenylsilane,
tert-butoxyethylphenyl-3-isopropenylphenylsilane,
dimethylamino-tert-butoxyphenyl-4-isopropenylphenylsilane,
dimethylamino-tert-butoxyphenyl-3-isopropenylphenylsilane,

diethylamino-tert-butoxyphenyl-4-isopropenylphenylsilane,
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unit), in order to heighten the strength. The vinyl aromatic hydrocarbon

i ncl udesstyrene, a- net hyl styrene, vi nyl t ol uene, vi nyl napht hal ene,

di vi nyl benzene, trivinyl benzene, and divinyl napht hal ene. Styrene is

pr ef er abl e. The content of the vinyl aromatic hydrocarbon unit is,
when denoting the total anount of the conjugated diene unit and the vinyl
aromatic hydrocarbon unit by 100% by wei ght, preferably not |ess than 10%
by wei ght d'(etth\éammﬂ-@rﬁt-b@HOXVMEEWM}'@@&&O@G“HPbﬁ%Y'E‘IIﬁQe’ieéc'not more than 90% by

the coh] ugat eq CBRRAR {EhrésdtBed S EotaR R Bl REraaThes" O
order 1o felARhaR® [dishyBERRAMHom IR 616 Sibrefrekdiginki Nyl aronat i c

hydr ocarbon unit is pr l'y not nore than 50% by wei ght (the content of

t he conj ugat-edtakyeiphenyivinylsiianet | ess than 50% by wei ght), and nore
preferably not nore than 45% by wei ght (the content of the conjugated diene
unit is ndi(tarebutoxiphenghinysilageght ) . The Mooney viscosity (M.1+4)

of the conjugated diene polyner. of the present invention is preferably not
| ess thanté'ﬁg”mnwmﬂp'b‘?@‘ﬂ‘éggﬁﬁlvenot !gss than 20, in or d_erPto hei g_h%/en
t he st reng}rnetthvgrnﬁRg_@é%_r?lummgﬁggmg%g@ta?,a the processability, it is

preferably not nore t re preferably not nore than 150. The

Nboney Vi gffylhdhirdiekt-Butox§pharasun@eilaie, 100C according to JI'S K6300 (1994).
The vinyl bond content (proportion of conjugated di ene-based 1,2- addition

const i t ut yehmoraipref¢rably t he conj ugat ed di ene pol yner of the present
invention is, when denotjng.the content of the conjugated diene unit by

100% by migrt-bytaxydiphsnyIviyIsilape @dhan 80% by nol, and nore preferably not

more than 70% [ 0 heighten the fuel econony. Mreover, in
order to Hgfegﬁ étr?ggiﬂ“&"g'r"g{ er{aﬁn%’s, it is preferably not |ess than 10% by

nol , mor e spg Haptictarty prifeladisterButokpdiphEnyTvinylsjiahenor e preferably not |ess
than 20% by nol, and particularly preferably not |ess than 40% by nol. The

vi nyl bond cont®re cortenbohia meendiger hrit hpsed pnitba qompaveidt iepresented Oycm 1
et yars. RorAlil8 asmehsnb horese ion SPLE Bt TR RD.

anal ysi s. ulr i °r e e

di I by j ' t.045

pr of or abi OIS ot " cBhRER WBHECbb el aRlTingt tirfretatly ioutiely AR, TP,

vei ght di gtgaohwyi W8ight iRrabnashbight@aiy stiendthe Andbear omleertagrigimeacul ar
wei ght (M) and 't he wei ght average nol ecul ar wei ght (My) by a gel

per neat i othe leconamingl affigie (R} is refedably dratgmive Bhami2% by weightaang
favorabl e nethod for producing the cog}' kqu‘at ed di ene polyner of the present
i nvent i onmargdrefecakly pot maredhan e RvWelntyol yieri zi ng a nonomer conponent

cont s 1 19,2 CAROTFEaH G R BB SR nsh . RisTR el ) b

that a monomer unit based on the monomer represented by Formula (1) exists
in the chain, that is, a monomer unit based on the monomer represented by
Formula (1), or a partial chain including a monomer unit based on the monomer
represented by Formula (1) exists between a partial chain having a monomer
unit based on the conjugated diene group (the partial chain does not have a
monomer unit based on the monomer represented by Formula (1)) and a partial
chain having a monomer unit based on the conjugated diene group (the partial
chain does not have the monomer unit based on the»monomer represented by
Formula (1)).

The conjugated diene polymer of the present invention preferably has a

monomer unit based on vinyl aromatic hydrocarbon (vinyl aromatic hydrocarbon
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The al kali metal catalyst includes alkali netals, organic alkali netal
conpounds, conpl exes of an alkali netal and a pol ar conpound, oligoners
having an al kali metal, etc.The alkali nmetal includes lithium sodium

pot assi um rubidium cesium etc.The organic alkali netal conpound includes
ethyl lithium n-propyl lithium iso-propyl lithium n-butyl lithium
sec-butyl lithium t-octyl lithium n-decyl lithium phenyl Iithium

2- napht hyunit), t ini erder2tchiitejghsrentie strepgthim Thenemy)| BLAMAtq hydraggrbon

g?/glt ﬁg?g)rq " h;);[nsqy?(frfél,ﬁLloggrgé%lylslnl/rter%,um vgnlyl o}uhs)ﬁle?m nv?tﬁ));lﬁggrlmthgfe%g! um

but yl di ne I yph [l r { j thi iddi §

hexamnet hyP@%@%n}?gﬂél i ttﬁ?ﬁkﬂg;?b?% |’dil\%ﬁe?) Wh?lﬁ%gﬁ%ﬁéﬂédl de%ﬁr{kﬁqul‘nﬁn

hept amet hytsragipi.de, |ithi um dodecanet hyl enei m de, 1, 4-dilithio-2-butene,
sodi um napht hal eni de, sodi um bi phenyl i de, potassi um naphthal eni de, etc. The
conpl ex of an alhea¢dntemttcfitha vinyh apuhatic Bydfpeareni yitl igdwhen denoting the

Bt he. oFREbABIPURRGT HiF SAMBRIA ARBP i} Hod dhedy SEam AN JuArocaon ' ©
a- et Y| SEMR 891 da¥h 1Y TFdianE et ol noP s RRAPAEY igRl ARG cEnEAHor
e; and orga nmp

m
conpounds "are’prefer ic I'Tthiumco undS having 2 to 20

carbon at ey @njRjaled) dief@JuHIN GORBPURER hban NG0B by RRighay, band ators ar e
nore preferable. The hydrocarbon solvent is a solvent that does not
deact i vat erefembiy gahilessatheal it 5%ebniwaightpdoe cootant| gfsthe egniugated udiere

al i phatic hydrocarbon, aromatic hydrocaﬁ\gon, al i C hydr.ogar bﬁﬂa’| etc.

cycli
The al i phafitdsmRlr Heks Boan i8ech (eWelghtha ?reHtht'%&dlef d8-heighics
- t i SO- t _ |50
e Ao o bR YceGSygft QLR Sy BRRRAR: njardth ey ubitie pRRYY not

etc. The fERhAK 5076 bYGAIERN(the CoHEENE dPERE @BRjugatddiaime Uit BNRot less
et hyl benzene, and the alicyclic hydrocarbon includes cycl opent ane,

cycl ohexatlean 60% by wesighty,r andisearei prefesablyenst mheen thate 45%nby meighfydrecar bon
solvent may be a m xture of various kinds of conpgnents . Eﬁh as i ndustrial
n%f/éf D).

hexane. HPAREEAPHEIRSCAIYIFIG Higne Yt l§a’ﬂclfdﬁ§§ thao r“jl%'a A
ronomer conponeﬂie é/gq%ty%grUiQ&&?tBCMH‘gféfgﬁedhgﬁ]GP%g é‘ieﬁgnﬂ)c?wﬂgr ro@gﬁgsent ed

by Formula (1) rirzed by' an net'ar cat al yst a hydrocar bon

sol vent t @réde?fl inentioROk YoFeferfBlyi i [BEE tHEMA0RENd thérebpieestably hdteless
conj ugat ed di ene and the nononer unit based on the conpound represented by

For nul a ( than Zbeincondendatheighderetiee strehgtlies Miorgover dnlioedes, toj haightendhe
1, 3- pent adi ene, 2, 3-di net hyl-1, 3-but adi ene nd 1, 3- hexadi ene. These are
used i n n®rogessabilitya it ispseferaly fiof Q?:ﬂrﬁrﬁﬁa'b?osrsﬁ'b&m?éeipée%r’%q)éf‘ggmre
than 150. The Mooney viscosity (MLi+4) is measured at 100°C according to
JIS K6300 (1994).
The vinyl bond content (proportion of conjugated diene-based 1,2-
addition constitutional unit) of the conjugated diene polymer of the present
invention is, when denoting the content of the conjugated diene unit by 100%
by mol, preferably not more than 80% by mol, and more preferably not more
than 70% by mol, in order to heighten the fuel economy. Moreover, in order to
heighten grip properties, it is preferably not less than 10% by mol, more
preferably not less than 15% by mol, yet more preferably not less than 20% by
mol, and particularly preferably not less than 40% by mol. The vinyl bond

content is obtained by the absorption intensity near 910 cm’ ' that is the

absorption peak of a vinyl group by infrared spectroscopic analysis.
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The usage anmount of the conpound represented by Fornmula (1) is, when
denoting the total usage anobunt of nononmer conponents used in the

pol ymeri zati on by 100% by wei ght, preferably not |ess than 0.01% by wei ght,
and nore preferably not |less than 0.02% by weight, in order to heighten the
strength. Mreover, in order to heighten econom cal efficiency, it is
preferably not nore than 2% by wei ght, and nore preferably not nmore than 1%

by wei ght . The mplecylamyaighirdistaibytion of Hieosritivgatrd dienapslymensy thr

pol yneri zed in, conbi.nation with t copj.ugat.e i t oyrpound

r epr esent BEERNT pAYSRCY 18 lﬁrg&ﬁngr‘ﬁyﬁo g}%%&‘tdi %oﬁeyg’? fggér}g%nﬁlsn%l {l}géin
styrene, aggihy] Yd’h?éi?’thwpu\ét]té@o\’lgﬁfyz VIHY InfediiBalvidignt distiButidiengene,
trivinyl benzene I'vi nyl napht hal ene, "etc. Styrene is preferable.

The usage optamed byf mebsunndthe arumbsdri avdrgde aoalelbalari weighhdhMnjearat ity t he
total usage amount of the conjugated diene and the vinyl aromatic

hydr ocar beight aGrsgeynalecyat weight (NMwk byhargedpasnegéipgHehrematodraalie anount
of the CO%E& ted &je.e ' EO nore than 100% by weight), in order to

hei ght en ( <ANdAy ,QB&% ¥Mdbly not |ess than 10% by wei ght (the usage
amount of the ' ' | % ' nor e
preferably not %é?%@glﬁﬁﬁ?ﬁ \?/%’PBL%&?{ egﬂﬁ%@ggﬁnﬁg?rﬁ%%mgg%f ugat ed
diene is g present invanti&S%hbre veh et Jited\d hesiied of ipolyorneitzing @ mehgfken t he
fuel econony, the usage amobunt of the vinyl aromatic hydrocarbon is

pr ef er abl gomponemr eonthiming GLcbpjugeteshdignehandsagenspaing: represertedoby ugat ed

diene is not | ess than 50% by wei ght),. and re.preferably not nore than
45% by wef ghpula(ikby eaplkalhpsta! %?aqygfé"@owc{}g‘é?rg n gvr‘?é‘?'i s not |ess than

S5% by vei ght) -the aiiali m&hgr@ér%é%fﬁﬁ&@%é{%u{a??ﬁﬁ 8, Biyalie SRAAIAGGPUL T

t he presence of an agent atin he vi nyl "bond” anount of t

conj ugat edobBiRds!NEdmplaRe @8N balalir @@tIadnd1@ pbiar dosigdund ickgonlers he
conjugated diene unit and the constituent units based on nononers ot her

t han the bavingganedlkdliemetaln etoe cOhg uglhake dmetadninchusiepmdithivmai sodium,
(hereinafter, generally cited as "regulators”) etc. As the regul ator, ether
conpounds Potassiumy Jubifiues cesiydypifitte c%o?fﬁag',c &likali gpetal ngeayn%xarrpl es
of the et .inc Vishi G, €A . { n,
Fet r anydr S SVLERE haBali b SO p AT, ARUEATHRLR MeRT,
and di but ghityelitiim, docM&thiGmdined&A Sitlum) paengl Ihiene2 Hapatyl dithignhy |

et her, ethylene glycol diethyl ether, ethylene glycol dibutyl ether,

di et hyl en2-tgitylpbénydi lghium, 4iphenylbatyl thiammy cyelehexy) dihium,bédioyclopentyl ; and
aromatic ethers such as di phenyl ether anisgple, etc. Exal?pl eﬁ, of the
tertiary HiWes |dmeiopdamineprepylaniliaium, i &'?}EWFHIW?@'PPY i YWD e,
N,NN,N:tetr. nedi ami ne, ' L n@e oy di

qui nol i net,) Utg{%’%%ﬁ%ﬁé@xlﬁpy’? her’i:’t;)ﬂ%‘[(;‘g’ph:)lﬂflehli %Bﬁ%lowudﬁggwlncmhdg%’ fithfm

trimet hyl pbespéingRnelmidet hy | IRRRSIYrAtidide, | PhRmirehos pideRgidest C. lithhese

regul ators may bé used singly or i'n a conbination of two or nore.

The pol yneeptaatetiylenamicde,at lithinm s dpdetameathlyler@imide, 100€dilitbioe2-puteer abl y 35
to 90C, and yet nore preferably 50 to 80C. The polynerization tinme is

pr ef er abl §odidmninaphthalenide, sediyn biphenylide, n pptassiing qrhtbAleside; hetcor esent

Sol ut on TR 1GFEIGR, ght ikl Biiel Bof vt camBefiaanehas et o "

Coupl i ng- SnyaR IR RRmoRY, PO SIRDR cliHe ciipleR e, T 1he 11
oligomer having an alkali metal includes a sodium salt of a-methylistyrene
tetramer. Organic lithium compounds or organic sodium compounds are
preferable, and organic lithium compounds having 2 to 20 carbon atoms or
organic sodium compounds having 2 to 20 carbon atoms are more preferable.

The hydrocarbon solvent is a solvent that does not deactivate the

organic alkali metal compound catalyst, and includes aliphatic hydrocarbon,
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D11 rim annl-4-a(4) wherein R11 represents an al kyl group, an al kenyl

group, a cycloal kenyl group or an aryl group, Mrepresents a silicon atom
or atin atom L represents a halogen atom or a hydrocarbyl oxy group, and a
represents an integer of 0 to 2. Exanpl es of the coupling agents
represented by Formula (4) include silicon tetrachloride,

met hyl trichl orosil ane, dinethyldichlorosilane, trinmethylchlorosilane, tin

tetrachl oarmeatmﬁvqémcamoeh|a<bpmucnhycapﬁ%rtbﬁw &ff%m%?l'w‘attcr h¥&RFTRAM or ot i n,

tet th I th t. h
diemreﬂlrgxyglx er?sggqqaﬁ'ﬁe %ngr'?g yS| ﬁgﬁ’@tae ehylf? rpent%rhdxysﬁxgrr]\ee

di met hoxyphﬁ%ﬁé' S batepediigd BAtHE NRPARY D téRE, tRLI-BatdheXyBipkattthe, 2-

ethyltrie i | ane di et hoxydi et hyl si | ane, etc. The anmount of the
coupli ng pgetenel hitherene, be-lesidad, i stc. i nThedarorhati¢ nyrdoeearbhe pradedessabi ity

of the conjugated di ene polyner, preferably not less than 0.03 nol relative
to 1 nol benzene, solkane, xvéetrm ertmdmmmealanalfhe alieyalic ydsegasbon igludas e
pr ef er abl

econony, fY‘Y q?%erﬁgé‘?'eéyh&%xﬂg? %r eTﬁ 3% abe Hs?fgfn "éﬂgg%a&vg?%ﬁb@%g\ B not
more t hanngd’%cgmon solvent mady'Be GORIMAR! S0y 41 RI3ekiRGS ﬁﬁ'@émﬁaﬁeﬁ’t@ &!&h'aﬁ‘&t ed

fromthe rocar bon s uti'on of the conjugated di ene pol yner by known

col | ecti npduwetrodexsss eydrot@Bon§daviegedty €2 catbons arapréferableed (1) a
met hod of adding a coagul ant to the hydrocarbon sol ution of the conjugated

di ene pol yrrer Aarmdnpmer componedt eentgining g eanitgated diene AN ARUPRINGS ol ut i on
o e COmLaaL e, G Rl T s S e e A AP ST
e g S ORES AP pu ES gt ) y
addi tive fe Qﬁ)mkﬁg%deﬁsdiénéoﬁindgaﬁédnﬁineﬁ%rpOh&nbased)npn)stﬁe ocompound
represented by Formula (1). The conjugated diene includes 1,3-butadiene,
isoprene, 1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, and 1,3-hexadiene.
These are used in not less than one. 1,3-butadiene or isoprene is preferable.
The usage amount of the compound represented by Formula (1) is,
when denoting the total usage amount of monomer components used in the
polymerization by 100% by weight, preferably not less than 0.01% by weight,
and more preferably not less than 0.02% by weight, in order to heighten the
strength. Moreover, in order to heighten economical efficiency, it is preferably
not more than 2% by weight, and more preferably not more than 1% by weight.
As a monomer, a vinyl aromatic hydrocarbon may be polymerized in
combination with the conjugated diene and the compound represented by
Formula (1).  The vinyl aromatic hydrocarbon includes styrene, a-
methylstyrene, vinyltoluene, vinyinaphthalene, divinylbenzene, trivinylbenzene,
divinylnaphthalene, etc. Styrene is preferable.
The usage amount of the vinyl aromatic hydrocarbon is, when denoting
the total usage amount of the conjugated diene and the vinyl aromatic
hydrocarbon by 100% by weight, not less than 0% by weight (the usage amount

of the conjugated diene is not more than 100% by weight), in order to heighten

16



Exanpl es of the other polyner conmponents include conventional

st yrene-but adi ene copol yner rubber, pol ybutadi ene rubber,

but adi ene-i soprene copol yner rubber, butyl rubber, etc, and, in addition,
nat ural rubber, ethyl ene-propyl ene copol yner, ethyl ene-octane copol yner,
etc. These pol ynmer conponents may be used singly or in a conbination of two
or nore. When t he conjugat ed di ene ner of the present invention

|
is nixed #he BraRghnerefambhnept EssibaRAO% PESN%@M @he uspae R Al dhe ed

di I . t | @Ro/ f 0% b
et gnt r etanioBied SBoB S mof v S8 BySkEbROD Y Mels PRTEAIT ek, >
conponent fedsl tHanU45%IbY neeigﬁmtﬁetusca‘get BfotAjof 3AE Ebnfligiied RIAEYETRE Jnot and
nore preferably not | ess than 20% by weight in order to inprove the

st rengt h. more than A5% bg vesight) vBloreovempimnoaieditd ihedghtery tive fusdesbonamy,
exanpl es thereof include a vul canizing agent such as sul fur; a vul cani zing
accel er at e YsRge a@oynt of thegliny! paematic Hyerosam Hyisretarablyngt moge than

ool or at ap% by Weldt e Saecan Gt 2 tns ob TR HleitE 5 HoE fent o inth o
acti vat or bi“\ﬁ@igﬂfa SR hidre a&ief’ergmgzhap nfBrkdfrand459) Pg%éiigﬂg (BeRkagsich as

silica or carbon black; a filler such as cal cium carbonate, talc, alumna,
clay, al uaivowmt bf theocdriiegated Mierae isanct iléssnthaa @5% bygvedgietht ; an ext ender oil ;
a processing aid;, an antioxidant; and a |ubricant. Exanpl es of the
sul fur incl ude Thewelyeerization reagiiarc may: be aariied pyt in the psesencesed anr

i nsol ubl e sul fur, and high dis sion sul fur. The amount, qf sulfur to be
xed s pRERLISiepuiptRoTtbe; kRREbBRS hituttoht teh Pafivgatc, Tesg Wail ah by

wei ght of : e : r 3 Qnd0 r wei ght,
yot “ror . S99 RE YOR{aGRIAAR Bhurelich B Ihe! Atidodted Gonl AR S Mo

vul cani zi pgnétitaentennitd based enugonbedd otiterbthaadiheutaringated gliase eh ah@t or s
such as 2-ner capt obenzot hi azol e, di benzot hi azyl disulfide, and
N- cycl oheggnjugatedndienki pelymen|cheitathereinafteruganetsdly exiteduns aregulaigrs”)

accelerators such as tetr t hyl t hi uram nmonpsul fi.de and.tetrapet hylt hi uram
di sul fi de®Csul féﬁaﬁ?%e[ g‘é”VlﬂtE%rni RMRCUNAS| FHAR, sarnas: aggs;m/me

N-cycl Ohe%’?‘géﬂﬁ) ngch.g?égx%ﬁa%iﬁleti?n}?a%les of the ether compounds include

N-t - butyl ot'hraz f'enam de,

N- oxyet hytydlie- ethlees) z0thi 7 edtefydtfasdn, detrahydropyran, 1,4-dioxane; aliphatic
N- oxyet hyl ene- 2- benzot hi azol esul f enani de, o
andN, N' - dinosopthepy sugh wmsndiethyll sthereand dibndyhi efbetiralighatic dietbetsasech as

o e Bl e SRISHY b e Rheh B
e S HERUT P fen? e Rt SleoRuSe: RToEbRR,
wei ght. ether; and aromatic ethers such as diphenyl ether anisole, etc. Examples of
the tertiary amines include triethylamine, tripropylamine, tributylamine,
N,N,N’,N’-tetramethylethylenediamine, N,N-diethylaniline, pyridine, quinoline,
etc. Examples of the phosphine compounds include trimethylphosphine,
triethylphosphine, triphenylphosphine, etc. These regulators may be used
singly or in a combination of two or more.

The polymerization temperature is preferably 25 to 100°C, more
preferably 35 to 90°C, and yet more preferably 50 to 80°C. The
polymerization time is preferably 10 minutes to 5 hours.

In the production of the present invention, if necessary, a coupling

agent may be added to the hydrocarbon solution of the conjugated diene
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Exanpl es of the silica include dry silica (anhydrous silicic acid), wet
silica (hydrated silicic acid), colloidal silica, precipitated silica,
calciumsilicate, and alum numsilicate. These silicas may be used singly
or in a conbination of two or nore. The BET specific surface area of the
silica is preferably 50 to 250 n2/g. The BET specific surface area is
measured according to ASTM D1993-03. As a commercial product, a trade name
ULTRASI L pblya@rriareupetod feun Biye Btartiof polymerizing thganonpameey knihe AfkaliER  and

RS- 150 manuf actured by Tosoh Sjlica Corporatiqn, trade, n Zeosgil 1115 MP
and 1165 Wetapsaialstk & e %";A]-RH%GFQE c%q@&gn%g)evﬁeb%rggaynds ?e%?gs%ﬁgﬁpqyes of

the carbo | { Iudg f ace bl ack, acetylene black, thermal bl ack,
channel ngEr&tfﬁ%?é} E%Ir?, etec(%iltre xanpl es of the carbon bl ack include channel

carbon bl ack suygh ms, EPC, C, and CC, furnace carbon bl ack such as SAF,

| SAF, HAF, MAF, FEF, SRF, F, APF, FE, CF, SCF, and ECF; thermal carbon
bl ack suctvhageif R'AmepieBentscan plkyhgraum; ronallseaykgrodndagaiopikeay! srupe
carbons may be used singly or in a c?irrbi %?ti on o The

_ f .tvv(t) Qr | Nor e
ni trogen BESHr P SFOWh M fapresants A ailigon 21MpOTsR) tin AIaMe L IEPERSPHUT £k i s

pr ef er abl to 20 od 1 i Y3 ioon of the
car bon bl éEE’QFQ ai? fog%a%fdyrggéjrp 56@6%’%%6‘8841 Pé}ﬁéé‘%{?ts %ggg%gggs%gpg%izgn

speci fic surfaggaafsiés iof tHEaé“‘dUpﬂﬂ? agfentslirarebontd@ThYy B43R010%) Antudene DBP
absorption is neasured according to ASTM D2414-93. As a conmerci al

product, silitomde rtatracilorBACK hBSylrmhldrasitaneed bydimethyidicklprosinesi cal
Corporation, trade nanmes SEAST 6, SEAST 7HM a SEAST. K nyf act.ured by
Tokai Car titmetbylchlaresjlane; (thy detraghiQride B‘%M“@Bgﬁpg'ﬁ §|%§Q%K¥Mﬁhpact ur ed
by Deguss | nc etc. may be, used. . When t i di.ene

pol ymer o?""f‘?\té'y[shlé’égm' inventfegrﬁ%?%h?ﬁ(yfgam\?\ﬁth thenfeéﬁﬂﬁg’#%ﬁ% é’ggﬁt, t he

content of;dQRokRiiMbHyHIRGeadeNtméthyRiigthek@filayiel0 t GtAyiftinpethbsydianeei ght
relative ?gﬁéllog %dértsyqt%} ng ght of %lhe conjﬁagat ed di ene polynmer. The

cont ent i gintethexyfiethglsiibhg, not |disthokidimelbylpitanes by wdegaethoxyrilapet nore
preferably not |less than 30 parts by weight, in order to inprove abrasion
r esi st ancethyitdethoxysitang, digth@xydiethydsilapee®ier ef er abl y not nore than 120 parts

b i ght, d yet bl t t: j ,
o der Lo | mor oVie ARG Bt e coupling Yoeibfial RS 028K &, M HEAN O

of the pr [ eitﬂag%é&eabmtm%% MrjligdtBe digiepelyriengpregerably ndt lesgler to
i nprove the fuel econony, the reinforcing agent is preferably silica. The

cont ent ofhawi 0.10Gandlsreputivectoabmpl nbthd alkali ntatal 096 the alkdlgmetal satalyste t o

100% by wei ght of the total content of the reinforcing agent, and re
o of 6r bl gnAGiomesTarabl TRIJEH thas Gp.mol. And, iEpidghtedMproye, hesiuet ne

coupling agents i.nclude vinyltrichlqroskl i n i i

vinyltri s?g@]%l"h' ;&,grteﬁ Wﬁ%p?tarﬁ\&re E’?&bbAf%gb@xwfcééf%h%(fgﬁgﬁb{)%ﬁﬁ%t hoxysi

I ane, y- glpa @I_@W{ﬂr_opyl trimet hoxysil ane, y-

met hacr yl oxypropyltri nmet hoxysi | ane, N-(13-am noet hyl ) -y-

ani nopr opyl t ri Meeheanjaghtededibing [iymenoan he olected from the hydrocarbon
solution of the conjugated diene polymer by known collecting methods can be
cited. For example, there can be cited (1) a method of adding a coagulant to
the hydrocarbon solution of the conjugated diene polymer, and (2) a method of
giving steam to the hydrocarbon solution of the conjugated diene polymer, etc.
The collected conjugated diene polymer may be dried by a known drying
machine such as a band drying machine or an extrusion drying machine.

The conjugated diene polymer of the present invention can be mixed

with another polymer component or an additive to be used as a conjugated

diene polymer composition.
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am nopr opy! met hyl di net hoxysi | ane, N phenyl -y-am nopropyl tri nmet hoxysi |l ane,
y- ch 1l oropro pyltri met h

oxysi | ane, y- mer capt opr opyl tri met hoxysi | ane, 7-

am nopropyl triethoxysil ane, bi s(3-(triethoxysilyl)propyl)disulfide, bis(3-
(triethoxysilyl)propyl)tetrasul fide,11- trinmethoxysilylpropyld inmethylth

| ocar banyl tetrasul fide,andY- trinmeth oxysilyl propyl benzoth iazyltetrasu If

Lg e. These agleﬁnasnn;rﬁ? o thee@tharngioyresr iGemp nBcludgs senvertidha nore.
a conmej Ci t, trad Si 6 d Si >
o 3 ool LN ol T, SR T o

present i BYEHLINAP bl BEEI Wibkert B, Sirldane aeaMidh aaepRibber NethgrMeent of

the silane colpling agent is preferably 1 to 20 parts by weight relative to

100 part s plypwéieghtopriiyriéd,i @thylems-ecranel asapolymér, t etcdl5 plnése byolwmieght , yet
nore preferably 5 to 10 parts by weight. ~~—~ Exanples of the extender
oi | s i ncl cdepanentstray he misedisingly or {2 soawiinatiofy ehiMoOlBAR-ant (V. G C.

| 0.900 t . 049), ht heni. ' | aqi . . C,
éf"‘lsggi para NN ok searaned diape pSeier A g resstt entBhds MEE. The
ol ycycli g .ar b : %
by v ght W the Co aPRET dorfHoncRE (RYIERRH, dhe corRidee 3Rk peFReraan 2

aromati c gpHh& Predent TRASHoAdisasretsrdblydntoleBs ithas M 0% Byl walght oélafes itol eum
met hod 346/ 92. Furthernore, the aromatic conpound content (CA) of the

ext ender AdDD% by weighdrafbthe tota! doptenttdfahe Jodymer aeinganentsh@raludingdhdler oil s
may be used singly or in a conbination of nmet hod

for produ€PRi§nh °é§h? FoRiusRted é’!ifé‘epBP&)’m?f)'c%Hg‘?rrFinﬁh?%ﬁb% Q‘?tnﬁégﬁgﬁﬂer

oL Lo ORRE i Lo GURPHARER dhpmpcl Iy oL Lhe present

met hod such as g Rt BaditivE Ok e haditive mbly ol Gdel, catpexemplesaherdoieaded

by neans of a known m xer such as a roll or Banbury m xer can be used.
include a vulcanizing agent such as sulfur; a vulcanizing accelerator such as a
thiazole-based vulcanizing accelerator, a thiuram-based vulcanizing
accelerator, a sulfenamide-based vulcanizing accelerator, a guanidine-based
vulcanizing accelerator; a vulcanizing activator such as stearic acid or zinc
oxide; a reinforcing agent such as silica or carbon black; a filler such as
calcium carbonate, talc, alumina, clay, aluminum hydroxide or mica; a silane
coupling agent; an extender oil; a processing aid; an antioxidant; and a
lubricant.

Examples of the sulfur inciude powdered sulfur, precipitated sulfur,
colloidal sulfur, insoluble sulfur, and high dispersion sulfur. The amount of
sulfur to be mixed is preferably 0.1 to 15 parts by weight relative to 100 parts
by weight of the polymer component, more preferably 0.3 to 10 parts by weight,
yet more preferably 0.5 to 5 parts by weight.

Examples of the vulcanizing accelerators include thiazole-based
vulcanizing accelerators such as 2-mercaptobenzothiazole, dibenzothiazyl
disulfide, and N-cyclohexyl-2-benzothiazyisulfenamide;  thiuram-based
vulcanizing accelerators such as tetramethylthiuram monosulfide and

tetramethylthiuram disulfide; sulfenamide-based vulcanizing accelerators such
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Wth regard to kneading conditions, when an additive other than the

vul cani zi ng agent or the vul canizing accelerator is m xed, the kneadi ng
tenperature is preferably 50C to 200C and nore preferably 80C to 190C, and
the kneading tine is preferably 30 seconds to 30 m nutes and nore
preferably 1 minute to 30 m nutes. Wen the vul cani zi ng agent or the

vul cani zi ng accel erator is mxed, the kneading tenperature is preferably
not rore tasaN-cyolobexyridberrathigrelesvli@nNamifdgom t enperature (25C) to 80C. A

conpositi %&-%Q}Yi%}@ehﬁggu\fg%@?ﬁ“ﬂ ng.agent or a vul cani zi ng accelerator is

m xed is e@?rryl’ng out a vul cani zation treatnent such

as press Whgadthfdheber othi4Lbiesidainiap, t enperature is preferably 120C to
200C, and nore preferably 140C to 180C. The conjugated di ene pol ymer and

t he conj ughbgryettylene-2obéyzothiazclespléeriamida, of t he present invention has

excellent strength. The conj uge%{ued di ene pol ynmer and the conjugated
di ene pol yandr NN>G§seRraRylo?-benzothiazelasuliepamide; on aBfle BAILiIRR-bAFRRs, shoe

part 1 cul anbIPRRtETG Ry pitos; 1t o SR uaRRE: opmun fldiang ignd & CTe
oL 0 il SGEARIBA T SN 1% LOCERRIY) e o gppd o ur o
f ol I ow ng jspiréfecsbly 10.1 Nooh euartyi B amight (dlative+rty 100 parts by weight of the

polymer component, and more preferably 0.2 to 3 parts by weight.

Examples of the silica include dry silica (anhydrous silicic acid), wet
silica (hydrated silicic acid), colloidal silica, precipitated silica, calcium silicate,
and aluminum silicate. These silicas may be used singly or in a combination
of two or more. The BET specific surface area of the silica is preferably 50 to
250 m?/g. The BET specific surface area is measured according to ASTM
D1993-03. As a commercial product, a trade name ULTRASIL VN3-G
manufactured by Degussa, Inc., trade names VN3, AQ, ER, and RS-150
manufactured by Tosoh Silica Corporation, trade names Zeosil 1115 MP and
1165 MP manufactured by Rhodia, etc. may be used.

Examples of the carbon black include furnace black, acetylene black,
thermal black, channel black, carbon, etc. Examples of the carbon black
include channel carbon black such as EPC, MPC, and CC; furnace carbon
black such as SAF, ISAF, HAF, MAF, FEF, SRF, GPF, APF, FF, CF, SCF, and
ECF; thermal carbon black such as FT and MT; acetylene carbon black; and
graphite. These carbons may be used singly or in a combination of two or
more.

The nitrogen adsorption specific surface area (N2 SA) of the carbon
black is preferably 5 to 200 m?/g, and the dibutyl phthalate (DBP) absorption of
the carbon black is preferably 5 to 300 mL/100g. The nitrogen adsorption
specific surface area is measured according to ASTM D4820-93, and the DBP

absorption is measured according to ASTM D2414-893. As a commercial
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The Mboney viscosity of a polyner was neasured at 100C according to JIS
K6300 (1994). 2. Vinyl bond Content (unit: % by nol) The vi nyl

bond

content of a polymer was determ ned fromthe absorption intensity near 910
| R spectroscopy, which is an absorption peak of a vinyl group. 3.
Unit Content (unit: % by weight) The styrene unit content
ymer was determned fromrefractive index according to JI S K6383

cm1l by
Styrene
of a pol

(1995) . 4progicicalteadevpanatDIABSAGK NBBE8manastyed by Mitsulyghighbemical age

Toasur ed GPROGUPNpo AR MaIean SRReBorap ERRt) o i R SbndtH i ons

(1) to (8),

pol yrer

nstrunment:

Sttty Fokeht o6, Yo ot aiidPuk opnei8ian ik e

Cor por at i @A maRyfaSRpPéed By iD¥yuesh UmD;, ditirhhy Beasgkedmms in tandenm) manufactured
by Tosoh Corporation (3) Measurenent tenperature: 40C

When the conjugated diene polymer of the present invention is mixed
with the reinforcing agent, the content of the reinforcing agent is preferably 10
to 150 parts by weight relative to 100 parts by weight of the conjugated diene
polymer. The content is more preferably not less than 20 parts by weight, and
yet more preferably not less than 30 parts by weight, in order to improve
abrasion resistance and strength. And, it is more preferably not more than
120 parts by weight, and yet more preferably not more than 100 parts by
weight, in order to improve reinforcement.

When the conjugated diene polymer of the present invention is mixed
with the reinforcing agent, in order to improve the fuel economy, the reinforcing
agent is preferably silica. The content of silica is preferably not less than 50%
by weight relative to 100% by weight of the total content of the reinforcing
agent, and more preferably not less than 70% by weight.

Examples of the silane coupling agents include vinyltrichlorosilane,
vinyltriethoxysilane, vinyltris(B-methoxyethoxy)silane, B-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, y-glycidoxypropyltrimethoxysilane, y-
methacryloxypropyltrimethoxysilane, N-(B-aminoethyl)-y-
aminopropyltrimethoxysilane, N-(B-aminoethyl)-y-

aminopropylmethyldimethoxysilane, N-phenyl-y-aminopropyltrimethoxysilane, y-

chloropropyltrimethoxysilane, y-mercaptopropyltrimethoxysilane, Y-
aminopropyltriethoxysilane, bis(3-(triethoxysilyl)propyl)disulfide, bis(3-
(triethoxysilyl)propyl)tetrasulfide, Y-
trimethoxysilylpropyldimethylthiocarbamyltetrasulfide, and Y-

trimethoxysilylpropylbenzothiazyltetrasulfide. = These agents may be used
singly or in a combination of two or more. As a commercial product, trade

names Si69 and Si75 manufactured by Degussa, Inc., etc. may be used.
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(4) Carrier: tetrahydrofuran (5) Flowrate: 0.6 nL/mn (6) Anount injected:
5 n (7) Detector: differential refractoneter (8) Ml ecul ar wei ght
standard: standard pol ystyrene 5. Tensile strength (TB, unit: MPa)
According to JI'S K6251, a dunbbell No. 3 test piece was used and the
pulling rate was set to be 500 mmm n, and the stress when the test piece
was broken was determ ned. 6. Breaking elongation (EB, unit: %

Accordi ng t o JI\8h&B2b4 coajudatdrb didneNpolyBier edtthpipresentaioventéah &noixdr:
BFLLEH\?\@;%&OM@ s{sllgée &gpgﬁqﬁf)o@g&mﬂ men bor?trcla%t toqetheel gi?ﬁ\aet IcngpIY\r%eggteere ist est

preferably 1 to 20 parts by weight relative to 100 parts by weight of silica, more
preferably 2 to 15 parts by weight, yet more preferably 5 to 10 parts by weight.

Examples of the extender oils include aromatic mineral oils (viscosity-
gravity constant (V. G. C. value) 0.900 to 1.049), naphthenic mineral oils (V. G.
C. value 0.850 to 0.899), paraffinic mineral oils (V. G. C. value 0.790 to 0.849),
etc. The polycyclic aromatic content of the extender oil is preferably less than
3% by weight, and more preferably less than 1% by weight. The polycyclic
aromatic content is measured according to British Institute of Petroleum
method 346/92. Furthermore, the aromatic compound content (CA) of the
extender oil is preferably not less than 20% by weight. These extender oils
may be used singly or in a combination of two or more.

As a method for producing a conjugated diene polymer composition by
mixing another polymer component with the conjugated diene polymer of the
present invention, an additive, etc. with the conjugated diene polymer, a known
method such as a method, for example, in which the components are kneaded
by means of a known mixer such as a roll or Banbury mixer can be used.

With regard to kneading conditions, when an additive other than the
vulcanizing agent or the vulcanizing accelerator is mixed, the kneading
temperature is preferably 50°C to 200°C and more preferably 80°C to 190°C,
and the kneading time is preferably 30 seconds to 30 minutes and more
preferably 1 minute to 30 minutes. When the vulcanizing agent or the
vulcanizing accelerator is mixed, the kneading temperature is preferably not
more than 100°C, and more preferably room temperature (25°C) to 80°C. A
composition in which a vulcanizing agent or a vulcanizing accelerator is mixed
is preferably used after carrying out a vulcanization treatment such as press
vulcanization. The vulcanization temperature is preferably 120°C to 200°C,
and more preferably 140°C to 180°C.

The conjugated diene polymer and the conjugated diene polymer
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Exanmple 1 The interior of a stainless polynerization reaction
vessel having an interior volume of 5 |litters equipped with a stirrer was
washed, dried, and flushed with dry nitrogen. Next, the vessel was charged
with 2.55 kg of industrial hexane (density: 680 kg/nB8), 137 g of

1, 3-but adi ene, 43 g of styrene, 0.81 g of tert-butoxydi phenylvinylsilane,
1.52 ml of tetrahydrofuran and 1.18 m of ethyl ene glycol diethyl ether.
Next, thecompesition®§ theharegent invention Bas axesllest sHepgtyi 1ithium as a

n- hexane solutign to initiat ol rizati react. .

Copol ymeri zat i eofcoﬂf{‘@?%ﬂfacﬁ?'g%ealﬁ@e%tmqgﬁge\/\géﬁjgggtﬁde NG PAYICL i rri ng
speed of &éﬁmapbﬁ%# m.epﬁ?:'e)égﬁf irRAhLON dreacded fdmtiRssN@hokesmes ativsmgf 65C
for 2 hours I'1'e continuously supplying the nonomers to the pol ynerization
reactor. ffagerdd®uvibratfonlprdofing adaterialss epp| aed avesusttbparticatadlyt siétadyount of
styrene supplied was 65 g. The ratio of tertbutoxydi phenyl vinylsilane

char ged wks t0€9.8% by weight in the total anount of nononers charged or
supplied in the vessel. To the polynmer solution, 10 ml of a hexane
solution containing 0.2 m of nethanol was added, which was stirred for
further SEgm %%s. To the polynerization reaction solution, 1.8 g
of 2-tert- utgk/i -6-(3-tertbutyl-2-hydroxy-5-nethyl benzyl) - 4- net hyl phenyl
acryl ate (tradeidigimaiteButid ipredenBNhvemion aill Wee dxplaidmibyo refefdreal tml Co.
Ltd.), and 0.9 g of pentaerythrityl tetrakis(3-1aurylthiopropionate) (trade
nane: SunEkamplesTP-D, manufactured by Sumitonmp Chemical Co., Ltd.) were

added, and subsequently the pol rization reactj sol uti on was evaporated
at nor mal tenpe'?‘%rtmlﬁ'ée%BP"aéHP%H{g% %Wplﬁﬁﬂ??@sr%gg; dri ed under vacuum at

55C f 12 h ' ele] . [1D; f th I
are shown 1 n TERVeRePbiEheRE R ol R RPN ABTIRCESP) % R ™

obt ai ned, 1.7ﬂ06n8%‘é/is°co§ﬁy‘(ﬂi_&|2 of silica (trade nane: Utrasil VN3-G
manuf act ured by gussa, Inc.%, 6.4 parts by weight of a silane coupling

agent (trade n&ine: MSoesy, viseosifyaaftaipelymey wasgmessuredrat. 100°6. arcpeding toy
wei ght of carbon bl ack (trade nanme: DI ABLACK N339, manufactured by
M t subi shyISAR@3RCEI99dr p. ), 47.6 parts by weight of an extender oil (trade

nane: J P - < oanufac ed by Japan Energy Corporation), 1.5
TR B R e

parts by irfagi'ng dgent (trade nane: Antigene 3C,

manuf act ured byrhauRidy®MBokdeabrteht G .a Lislyher 2wasr detdhpningd dgidmotthet earic
acid, 2 parts by weight of zinc oxide, 1 part by weight of a vul canizing
accel er at absqrptioniénteasity nSax PhdlcnCZ by HRnspenttosceply.byhishris tasnabsshptioral Co. |
Ltd.), 1 part by weight of a vul canizing accelerator (trade nane: Soxi nol
D, manuf ae@al b2 ¥ipySdrA4Peno Chenical Co., Ltd.), 1.5 parts by weight of a

wax (trad : C ug,a y Quchi Shinko Chem cal I|ndustrial
Co., Ltd.?', §§E%iﬁ.§ﬁnprv;?qt§hto@&eiﬁ’gﬁ w(é?&‘stﬁl fur were kneaded by neans of a
Labo Pl ast omi | rppOstfetiRAliRit oAt & a GUNAAGH WaBhdetéhfineal iydMr ref@iEEOST ti on

t hus obtained was nolded into a sheet using 6-inch rolls, and the sheet was
vul cani zeithdey acberdiventd s K638BH0OI)Yr 45 minutes to prepare a vul cani zed
sheet. The evaluation results of the physical properties of the vul canized
sheet ar e4sMelasulas \M%Qh‘edlﬁt.”b@@ﬁﬂéw&t/w&é Exanpl e 1 A stainl ess

Do Yo 22t o0 E3FL haf 3l WS S5Ch SRR Ty Bhe gfebbe
weight (Mn) were measured by a gel permeation chromatograph (GPC) method
under conditions (1) to (8) below, and the molecular weight distribution
(Mw/Mn) of the polymer was determined.

(1) Instrument: HLC-8220 manufactured by Tosoh Corporation
(2) Separation column: HM-H (2 columns in tandem) manufactured by Tosoh
Corporation

(3) Measurement temperature: 40°C
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nitrogen. Next, the vessel was charged with 10.2 kg of industrial hexane
(density: 680 kg/nB), 608 g of 1,3-butadiene, 192 g of styrene, 6.1 m of
tetrahydrofuran and 4.0 m of ethylene glycol diethyl ether. Next, the
vessel was charged with 12.40 mmol of n-butyl lithiumas a n-hexane
solution to initiate polynerization. Copol yneri zati on of
1, 3-but adi ene and styrene was carried out at a stirring speed of 130 rpm
and a pol yherauigr ietrahydiofdiani nt er nal tenperature of 65C for 3 hours while
conti nuou suppl yi the .nononers to the polynerization reactor. The

W EByA e

anount of wal ied was 912 g, and the amount of styrene

suppl i ed \@sARB8nOinjeted:Empol yner solution, 20 m of a hexane sol ution
containing 0.8 m o% nmet hanol was added, which was stirred for further 5

m nut es. (7) Deteclar: differqrdlay refractatmieter r eacti on sol ution, 8.0 g of
2-tert- buté/l- 6- (3-tertbutyl-2-hydroxy-5-methyl benzyl) - 4-net hyl phenyl
acryl ate (¥rMelecHiarweighirstandard: giandaechpel¥sty(8n® by Sumit onp Chenical Co.,

Ltd.), an .0 g of tagerythri tetraki s(3-1aurylthiopropionate) (trade
name: Sumgr ié}?B?' !ﬁ?geiﬁréﬂgf Q/B'ﬁd{ﬂ&éi by Sumitono Chemical Co., Ltd.) were
added, and “eXtA&é&fdiﬂghbé %r@ ﬁ :agccfjuméelﬁMGP@rt@&teﬂieéé wHY H@édlgﬁ@?ﬁé ature

for 24 hours and, ur under vacuum at 55C for ours to

gi ve a pobyltiag.rafdwas\sat terbe B0 @ai/is d1fd thieestpsdisywRen eeteslhpwstel wadabl e 1.
100 parts by weight of the polynmer thus obtained, 78.4 parts by weight of
silica (tbmemuasdetdmined.| VN3-G manufactured by Degussa, Inc.), 6.4

parts by Lght  of sihan oupling agent (trade nane: 5i69, manufactured
by Degussg;als? 19 e@_nga %’P?@gb?ﬁ'\k&é{" ht of carbon black (trade nane:

LA 0, A g et ooty SO o o,

wei ght of an extender~orl e’ nane: , manuf actured by

Japan Enepgiingaaiowatiseflo bé-S00mhi/milbyanett@ghélonatioh Whkehapengstagesd (trade
nane: Antigene 3C, manufactured by Sumtonmo Chemcal Co., Ltd.), 2 parts by
wei ght of wasdupken wasdletermined.s by wei ght of zinc oxide, 1 part by weight
of a vul cani zing,accel erator (trade name: Soxinol CZ, manufactured by
Sunitomo EXBMPAT  Co., Ltd.), 1 part by weight of a vul canizing

I t t ; ' i f.2 ; ] igal Co.,
Lra ) 15 par Qoo afor of & et PRPHCREROE oo VeRRe nalf F1 ca by

Quchi  Shi mteriéneoiuas of NBluitters Alquigbed With. 3, stfel Wad washed, byrio®i ghd  of
sul fur were kneaded by neans of a Labo Plastom || to prepare a pol yner

conposi t i ushexhevifholdyyranitrogerpos Nekbnthehvesssht wanezhanged mithd@d59 rkgo o sheet
using 6-inch rolls, and the sh vylLcanj zed by .t he ati at 160C for
45 nor e PAUsiR 988 J0QTYaHED e e Tl b SyntAdinen 42 & SUSE  + he

?hés)'nﬁi'r BIeps tfgﬁﬁﬁbgiofiyp@g\ég R\W&%%@ﬁ?%@ mPoPtetPMardflratfRh® 1! 18 mi EXanpl e

of ethylene glycol diethyl ether. Next, the vessel was charged with 2.88 mmol

of n-butyl lithium as a n-hexane solution to initiate polymerization reaction.
Copolymerization of 1,3-butadiene and styrene was carried out at a

stirring speed of 130 rpm and a polymerization reactor internal temperature of

65°C for 2 hours while continuously supplying the monomers to the

polymerization reactor. The amount of 1,3-butadiene supplied was 205 g, and

the amount of styrene supplied was 65 g. The ratio of tert-

butoxydiphenylvinylsilane charged was 0.18% by weight in the total amount of

monomers charged or supplied in the vessel.

To the polymer solution, 10 ml of a hexane solution containing 0.2 mi of

methanol was added, which was stirred for further 5 minutes.
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- 49.8 39.2 Vinyl bond content % by nol 58.3 56.7 Content of styrene unit %
by weight 23.1

To the polymerization reaction solution, 1.8 g of 2-tert-butyl-6-(3-tert-
butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl  acrylate  (trade  name:
Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.), and 0.9 g of
pentaerythrityl tetrakis(3-laurylthiopropionate) (trade name: Sumilizer TP-D,
manufactured by Sumitomo Chemical Co., Ltd.) were added, and subsequently
the polymerization reaction solution was evaporated at normal temperature for
24 hours and, furthermore, dried under vacuum at 55°C for 12 hours to give a
polymer. The evaluation results of the polymer are shown in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight
of silica (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts
by weight of a silane coupling agent (trade name: Si69, manufactured by
Degussa, Inc.), 6.4 parts by weight of carbon black (trade name: DIABLACK
N339, manufactured by Mitsubishi Chemical Corp.), 47.6 parts by weight of an
extender oil (trade name: JOMO PROCESS NC-140, manufactured by Japan
Energy Corporation), 1.5 parts by weight of an antiaging agent (trade name:
Antigene 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by weight
of stearic acid, 2 parts by weight of zinc oxide, 1 part by weight of a vulcanizing
accelerator (trade name: Soxinol CZ, manufactured by Sumitomo Chemical
Co., Ltd.), 1 part by weight of a vulcanizing accelerator (trade name: Soxinol D,
manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a wax
(trade name: Sunnoc N, manufactured by Ouchi Shinko Chemical Industrial
Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded by means of a Labo
Plastomill to prepare a polymer composition. The polymer composition thus
obtained was molded into a sheet using 6-inch rolls, and the sheet was
vulcanized by the heating at 160°C for 45 minutes to prepare a vulcanized
sheet. The evaluation results of the physical properties of the vulcanized
sheet are shown in Table 1.

Comparative Example 1
A stainless polymerization reaction vessel having an interior volume of

20 litters equipped with a stirrer was washed, dried, and flushed with dry
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24.6 Ml ecul ar weight distribution - 1.09 1.06 Tensile strength TB MPa 14.0
11.7 Breaking el ongation EB

nitrogen. Next, the vessel was charged with 10.2 kg of industrial hexane
(density: 680 kg/m®), 608 g of 1,3-butadiene, 192 g of styrene, 6.1 ml of
tetrahydrofuran and 4.0 ml of ethylene glycol diethyl ether. Next, the vessel
was charged with 12.40 mmol of n-butyl lithium as a n-hexane solution to
initiate polymerization.

Copolymerization of 1,3-butadiene and styrene was carried out at a
stirring speed of 130 rpm and a polymerization reactor internal temperature of
65°C for 3 hours while continuously supplying the monomers to the
polymerization reactor. The amount of 1,3-butadiene supplied was 912 g, and
the amount of styrene supplied was 288 g. To the polymer solution, 20 ml of a
hexane solution containing 0.8 ml of methanol was added, which was stirred for
further 5 minutes.

To the polymerization reaction solution, 8.0 g of 2-tert-butyl-6-(3-tert-
butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl acrylate (trade name:
Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.), and 4.0 g of
pentaerythrityltetrakis(3-laurylthiopropionate) (trade name: Sumilizer TP-D,
manufactured by Sumitomo Chemical Co., Ltd.) were added, and next the
polymer solution was evaporated at normal temperature for 24 hours and,
furthermore, dried under vacuum at 55°C for 12 hours to give a polymer. The
evaluation results of the polymer are shown in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight
of silica (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts
by weight of a silane coupling agent (trade name: Si69, manufactured by
Degussa, Inc.), 6.4 parts by weight of carbon black (trade name: DIABLACK
N339, manufactured by Mitsubishi Chemical Corp.), 47.6 parts by weight of an
extender oil (trade name: JOMO PROCESS NC-140, manufactured by Japan
Energy Corporation), 1.5 parts by weight of an antiaging agent (trade name:
Antigene 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by weight
of stearic acid, 2 parts by weight of zinc oxide, 1 part by weight of a vulcanizing

accelerator (trade name: Soxinol CZ, manufactured by Sumitomo Chemical

26



c/o 495 430 Cdains 1. A conjugated diene polynmer conprising a
constitutional unit based on a conjugated diene and a constitutional unit
based on a conmpound represented by Fornula (1) below, RL Si (0 R2)nR3n
RA(3-mn)(1l) wherein mrepresents 1 or 2; n represents 1 or 2, m+ n = 2 or
3; Rl represents a hydrocarbyl group having a pol ynerizabl e carbon-carbon
doubl e bond; R2 represents a hydrocarbyl group, and, when there are plural
R2 s, R2 €oeddth)nhypandy Weighhnbaoulatinizieg encelergor @padesrams: aaxiapyP. gr oup

that may have,an oxygen-contai ning.sybsti t, .and en.therge are plural
ros, TR GopNE e Bo SpRGoI B hamical ey M) e PLSTRRBhPCa el iy
roup or LLut I QO h nj e Yol g
gccofdi ng&{%}ébcﬁ gh]tr% 1%\/@5@[ r?% n@}igﬁtuggds;b;R?uiE@ gﬂgﬁgughgepr es“e%ﬁ%] gﬂg%[)y
Fornul a (@p.,hab9wandid .4 pads byrweighy oRbiiylr WerUeatied FyBmeana aslzebato gr oup

that may have an al kyl group, HR5
Plastomill to prepare a polymer composition. The polymer composition thus
obtained was molded into a sheet using 6-inch rolls, and the sheet was
vulcanized by the heating at 160°C for 45 minutes to prepare a vulcanized
sheet. The evaluation results of the physical properties of the vulcanized

sheet are shown in Table 1.

(Table 1)
Example Comparative
1 Example 1
Mooney viscosity - 49.8 39.2
Vinyl bond content % by mol 58.3 56.7
Content of styrene unit % by weight 23.1 24.6
Molecular weight distribution | - 1.09 1.06
Tensile strength TB MPa 14.0 11.7
Breaking elongation EB % 495 430
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\/ /CC\(T) wherein pis O or 1; R5 represents a hydrogen atomor a

hydr ocar byl group; and T represents a hydrocarbyl ene group, and * denotes a
bondi ng position. 3. The conjugated di ene polyner according to Claim1 or
2, wherein RL is a vinyl group. 4. The conjugated di ene pol ynmer according
to any one of Clainms 1 to 3, wherein nol ecul ar wei ght distribution (Mwv M)
represented by the ratio of weight average nol ecul ar weight (Mv) and nunber
aver age nmbll@msl ar weight (M) is 1.0 to 1.5. 5. The conjugated diene

pol ynmer according to any one of Clains 1 to 4, wherein the vinyl bond
content of the conjugated diene polyner is, with the conjugated di ene-based

constitueRt unig CSHHQE;E{&H cﬁéné—@gl t{qJ}YCerdrlsxﬁd Qrﬂdﬂx@htdtl%ﬁﬁl ke PagéYbRY Mol to

not nore than 70% b A“conj ugat ed di ene pol yner conposition
conpri si ngomhgamﬂnqhegatafﬂ alloenetlmabymlemmdbased loeda icompoyndepadsetled ns 1 to
5, and a reinforcing agent, wherein the amount of the reinforcing agent to
be ni xed b¥ Fpomula (3bepur.t s by wei ght per 100 parts by weight of the

conj ugat ed di er]gse((aé(zlﬁﬁsnl-\ﬂ(s_m_n) (1)

wherein m represents 1 or 2; n represents 1 or 2; m + n= 2 or 3; R' represents
a hydrocarbyl group having a polymerizable carbon-carbon double bond; R?2
represents a hydrocarbyl group, and, when there are plural R?s, R?s each may
be the same or different; R® represents an aryl group that may have an
oxygen-containing substituent, and, when there are plural R®s, R®s each may
be the same or different; and R* represents an alkyl group or a substituted

amino group.

2. The conjugated diene polymer according to Claim 1, wherein m + n = 3;
R' is a group represented by Formula (2) below; R? is a tertiary alkyl group;

and R® is a phenyl group that may have an alkyl group,
H R5
C——C (2)

{r)—

wherein p is 0 or 1; R® represents a hydrogen atom or a hydrocarbyl group;

and T represents a hydrocarbylene group, and * denotes a bonding position.

3. The conjugated diene polymer according to Claim 1 or 2, wherein R' is

a vinyl group.
4. The conjugated diene polymer according to any one of Claims 1 to 3,

wherein molecular weight distribution (Mw/Mn) represented by the ratio of

weight average molecular weight (Mw) and number average molecular weight
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7. A nethod for producing a conjugated diene polyner conprising the step of
pol yneri zi ng a nononer conponent containing a conjugated di ene and a
conmpound represented by Fornmula (1) below by an alkali netal catalyst in a
hydr ocar bon sol vent, R1Si (OR2) MR3nR4(3-mn) (1) wherein mrepresents 1 or 2;
n represents 1 or 2; m+ n =2 or 3; Rl represents a hydrocarbyl group
havi ng a pol yneri zabl e carbon-carbon doubl e bond; R2 represents a

hydr ocar b{Mn)giscu@ to drld, when there are plural R2 s, R2 s each may be the
sanme or different; R3 represents an aryl group that may have an
oxygen-cont ai ni ng substituent, and, when there are plural R3s, R3s each may

be the sage or ﬂiefr%cg{jﬁ%ﬁttﬁggﬂgng‘bomﬁé@&%&&n@r‘t@bw|on9r6¥U®Iaﬂﬁs q fdilstituted

am no group. or prioduci ng a Conjugated di ene pol yner

accor di ngwhereth 2h& vinylWeidecontant of the ZonRigated ajlgme)tmlymsp'r s avithe théoy
Formula (2) below, R2 is a tertiary alkyl group; I's a phenyl group that
may have eonjagated dienstpasedHrenstituemmit qu)tent(agwo % by mol, from not'less

than 20% by mol to not more than 70% by mol.

6. A conjugated diene polymer composition comprising the conjugated
diene polymer described in any one of Claims 1 to 5, and a reinforcing agent,
wherein the amount of the reinforcing agent to be mixed is 10 to 150 parts by

weight per 100 parts by weight of the conjugated diene polymer.

7. A method for producing a conjugated diene polymer comprising the step
of polymerizing a monomer component containing a conjugated diene and a
compound represented by Formula (1) below by an alkali metal catalyst in a
hydrocarbon solvent,
R'SI(OR)mR*R*Gmny (1)

wherein m represents 1 or 2; n represents 1 or2; m +n =2 or 3; R' represents
a hydrocarbyl group having a polymerizable carbon-carbon double bond; R?
represents a hydrocarbyl group, and, when there are plural R%s, R?s each may
be the same or different; R® represents an aryl group that may have an
oxygen-containing substituent, and, when there are plural R®s, R®s each may
be the same or different; and R* represents an alkyl group or a substituted

amino group.
8. The method for producing a conjugated diene polymer according to

Claim 7, wherein m + n = 3; R' is a group represented by Formula (2) below;

R? is a tertiary alkyl group; R® is a phenyl group that may have an alkyl group,
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wherein pis 0 or 1, RS represents a hydrogen atom or a hydrocarbyl group,
and T represents a hydrocarbyl ene group, and * denotes a bondi ng position.

9. The method for producing a conjugated di ene pol ynmer according to Caim8,
wherein R5 is a hydrogen atom and p is O.

H RO
\ /

c=C
H \(T);— *

wherein p is 0 or 1, R® represents a hydrogen atom or a hydrocarbyl group,

(2)

and T represents a hydrocarbylene group, and * denotes a bonding position.

9. The method for producing a conjugated diene polymer according to

Claim 8, wherein R® is a hydrogen atom, and p is 0.
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