CONJUGATED DI ENE POLYMER, CONJUGATED DI ENE PCLYMER
COVPCSI TI ON, AND PROCESS FOR PRODUCI NG CONJUGATED

DI ENE POLYMER Technical Field The present invention
relates to a conjugated diene polyner, a conjugated
di ene pol yner conposition, and a process for producing
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aut onoDi n comng stronger, and there iIs
al so a demand for excel | enpof ygierconony for pol yner .
conpositions used for autonobile tires. As a pol yner
conposition for autonobile tires, a polyner

T iftihign conprising a conjugated diene pol yner
such as pol ybut adi ene or a but adi ene-styrene copol yner

and arpé ! pRSserftUitvertticinirepatel! a6ka ebAjudatedsdiermdpolymer, a
for exanple, a polyner conposition contalning as the

ccqqnﬁagétl ediiethiee | poley meo mpasdliome rarfdorareprdne ssodof yprogiucing a
with a dial kylam no group-contai ning acryl am de one
cdarjugiated ddneappbfmeer forned by copol yneri zi ng
but adi ene and styrene using an alkyllithiumas a
pol ynerization initiator (see e.g. JP-A-1-217047,
Baidagt69dddrt i s known. Furthernore, a pol yner
conmposition containing as the conjugated diene
pol ynhar recpal ywears,omwithl the ngthwiyiongcanadgrn over environmental
bi s(di met hyl am no) net hyl vi nyl si | ane one term nal of

a
prodlgmsr theoderpandfor geed fyehsoonpmy fontaniprapbilembas been becoming

styrene using an alkyllithiumas a ol rization
strafigarapod theke lé.aj.so@dsmamf@%x%&aégi@gs@@mv for polymer
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sucifascarbotlblack, etc. is used and, for example, a polymer composition
containing as the conjugated diene polymer a polymer formed by modifying
with a dialkylamino group-containing acrylamide one terminal of a polymer
formed by copolymerizing butadiene and styrene using an alkyllithium as a
polymerization initiator (see e.g. JP-A-1-217047, US5189109) is known.
Furthermore, a polymer composition containing as the conjugated diene
polymer a polymer formed by modifying with
bis(dimethylamino)methylvinylsilane one terminal of a polymer formed by
copolymerizing butadiene and styrene using an alkyllithium as a
polymerization initiator (see e.g. JP-A-1-217048, US5189109), a polymer
composition containing as the conjugated diene polymer a polymer formed
by modifying with a dialkylamino group-containing alkoxysilane one terminal

of a polymer formed by polymerizing butadiene or copolymerizing butadiene



A-63-186748 , US4957976 and JP- A-2005- 290355
US2005- 203251A1), etc. have been proposed as pol yner
conposi tions having good fuel econony. Disclosure of
t he I nventi on However, the above-nentioned
conventional polynmer conpositions conprising a
C e r 0 I Sk
arfe ShutBe” Uit D VIRl s Ao BTIPZadH iatator tdee 0 0. JP
A-B3-986P48r.e1IS1867976pand UP-A-ROOSVER0BS5 { i UI206E@D3251A1),
as silica is used. Under such circunstances, an object
etg.f h&ge pP%%ﬁntpr‘og\b%H' U} | Solythe cdthP8sRior@N hahgd good fuel
I ene polyner 'that can give a polyner conposition
edtomg. excel l ent fuel econony and abrasion resistance
when mxed with a filler such as silica, a polyner
conposition formed by m xing the conjugated diene
DiBslb¥0R ofthe Iavémtidrer such as silica, and a process for
produci ng the conjugated di ene polyner. The present
i nverHowever otheleshovesementimried cbresentipmal neoiymer compositions
conprising a conjugated di ene-based constituent unit
canpriaingy augonjugpted aicrel pojyRer mreangt alwaydsatisfactory in terms
termni of a polyner chain. CHRL | X -Si XB_{I) 12
ofi thet baldncenbledweRrn fisl Renemipyand ghiagiashresistance, particularly
hydrocar byl group _having 1 to 20 carbons, or a
when# filet 8dchyas sitigRd§IUS®deup having 1 to 20 carbons,
X1, X2, and X3 independently denote, a_grou . L
Cepr d4oAPESUSH EEFWISIATGRS. a0 ORpet Qg Bresent invention is to

oINS 5 oL e U a8 Gy eBmoostion
hzib\{cing&cgeqE@{teﬁre?seecrgneodmeyand: %rb'f[gg%n( Hgis&fnc?e WHEPRixed with a
filler such as silica, a polymer composition formed by mixing the conjugated
diene polymer and a filler such as silica, and a process for producing the

conjugated diene polymer.

The present invention provides a conjugated diene polymer
comprising a conjugated diene-based constituent unit and a group

represented by Formula (l) at both termini of a polymer chain.

——CH-—=R!
Xl—gi— 3 (D
X2

In the formuia, R' denotes a hydrogen atom, a hydrocarbyl group having 1
to 20 carbons, or a substituted hydrocarbyl group having 1 to 20 carbons,
X', X2, and X3 independently denote a group represented by Formula (Il), a
hydroxy group, a hydrocarbyl group, or a substituted hydrocarbyl group, and
at least one selected from among X', X2, and X® is a group represented by

Formula (Il) or a hydroxy group.



N (Il) \R3In the fornula, R2 and R3 independently
denote a hydrocarbyl group having 1 to 6 carbons, a
substituted hydrocarbyl group having 1 to 6 carbons, a
silyl group, or a substituted silyl group, and R2 and
R3 may Jbe bonded so as to form together with the N
atom B ring structure. The present invention provides
a ﬁgﬁfugated di ene pol yngrr) conposition conprising the
corijygat ed di ene polyner, and a filler. Furthernore,
the p ent invention provides a process for producing
a conjugated di ene polyner, conprising the steps of A,

InBhedftfindula ﬁze@nd\)R%n{aeqféddm%deh@@@ahy@&dcarayagroup having

conmpound catal yst having 2 to carbons and a
1 $6 |6 cbeABP@UBAbERRUtedehy@bzybioyrlp Havihg 1rtoab carbons, a
hydr ocarbon solvent to prepare a reaction groduct of
silvhgroupaopal kzbstitoeedlsilyt grpaunand R%abspdtRamay be bonded so as
silicon conpound; (Step B) polynerizing a nonomner
todonmr, tegethex wibhjthgdy edown, engngystrugidresct i ng t he
nmononmer W th the reaction product prepared in Step A
and The moasert bwum@ntion ngrevides; wyatcsnikaated | diene polymer
hydr ocar bon solvent to prepare . a polynmer having at a
casapositionceRMprisingiheconiugated) dieps lﬁlymﬁﬁ- ﬁ'i”ﬁiag iffilgr-
fromthe organoal kali netal coppound catal yst: and .
(St eif WEheuRets eaptasant JAveBHBE hie vidks euBinasp pipr Producing

a panikatefl diphe orits, BRmETing e HRES A B ShaiGr

(S3EP AT Eontingd R I Baflaar nfiftal SHFIEE BRRADS! having 2 to 20
AT gy "oy, (1) i
hﬁocé%oﬁggl%%hti %?%é'r&a@ﬁﬁﬁt&oﬁtﬂﬂ @ffthe organoalkali metal

represent I'l), a hydrocarbyl group, or

conpUlRHI dath RSt ¥ areasiicbnXEHpoundd at

(Step B) polymerizing a monomer comprising a conjugated diene by

contacting the monomer with the reaction product prepared in Step A and
the monomer comprising a conjugated diene in a hydrocarbon solvent to
prepare a polymer having at a polymer chain terminal an alkali metal
originating from the organoalkali metal compound catalyst; and

(Step C) reacting a silicon compound represented by Formula (lll) with a
polymer chain terminal, of the polymer prepared in Step B, having the alkali
metal originating from the organoalkali metal compound catalyst by
contacting the silicon compound represented by Formula (lll) with the

polymer in a hydrocarbon solvent



| east one selected fromanong X4, X5, and X6 is a
group represented by Formula (Il), R2 ~I 1) NRS3
wherein R2 and R3 i ndependently denote a hydrocar byl
group having 1 to 6 carbons, a substituted

droc%BbyI group having 1 to 6 carbons, a silyl

a substituted silyl group, and R2 and R3 may

be bojded so as to form together with the N atom a
ri,ng gtructure. In accorgiiif with the present
#nventiomXt here can be ded a conjugated diene
pol yngr that can give a pol ynmer conposition having
excel @nt fuel econony and abrasion resistance when
mxed with silica as a filler, a polymer conposition
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p(? yrrer conpri sing a conjugated di ene-based
cons{"l uent unit and a group represented by Fornmul a
(1) at both termni of a polynmer chain. 4 -CHRL -1'-
3r) it X X2 Inthe fornula, R denotes a hydrogen
atom hydr ocar byl group having 1 to 20 carbons, or
{stltut ed hydrocarby(IBroup having 1 to 20
carbwps, X1, X2, and X3 independently denote a group
represignted by FOHTLH a(lr) , a
wherein R? and R® independently denote a hydrocarbyl group having
1 to 6 carbons, a substituted hydrocarbyl group having 1 to 6 carbons, a
silyl group, or a substituted silyl group, and R? and R?* may be bonded so as

to form, together with the N atom, a ring structure.

In accordance with the present invention, there can be provided a
conjugated diene polymer that can give a polymer composition having
excellent fuel economy and abrasion resistance when mixed with silica as a
filler, a polymer composition formed by mixing the conjugated diene polymer
and a filler such as silica, and a process for producing the conjugated diene
polymer. The polymer composition has excellent fuel economy and

abrasion resistance and has good strength.

Mode for Carrying Qut the invention
The conjugated diene polymer of the present invention is a polymer
comprising a conjugated diene-based constituent unit and a group

represented by Formula (l) at both termini of a polymer chain.



hydr oxy group, a hydrocarbyl group, or a substituted
hydr ocar byl group, and at |east one selected from
anong X1, X2, and X3 is a group represented by
Formula (I1) or a hydroxy group. R2 (I1) NR3 1In the
formul a, and R3 independently denote a hydrocar byl
Hhavﬂng 1 to 6 carbons, a substituted
hydr carbyl group having 1 to 6 carbons, a silyl
group, or a substituted silyl group, and R2 and R3 may
xhe bgndedes0 as to form(Ijogether with the N atom a
‘ring|structure. In the present specification, the
hyd;égarbyl group denotes a hydrocarbon residue. The
substi tuted hydrocarbyl group denotes a group in
whi ch at | east one hydrogen atom of the hydrocarbon
residue is substituted by a substituent. The
substituted S|IyI group denotes a grou whi ch at
Inl thas forome ah\Rir dgnotes anhypdrogesi ammgmgpdr@carbyl group having 1
substituted by a su bstituent. Exanples of th
toc2djaarhoed, direa substisdtaso hydracashyl @ipupi m@wuw 1to320 carbons,
bu di ene,, i soprene, 1, 3-pentadi ene,

-, @nebXSyindepgngentlyi denotesm @reup repsesemiad by fagmula (I1)
m}d?rémv«'a%ﬁ%;%é wcaran drouma seubsitutedhy§o Gy Sfoup. and
atﬁ |0£e( P?iq%g%altfgélrtnl gﬁxp\ﬂggg o :gﬁl{d )§5 Hgﬂ ggét?%);gpré\@ented by
F%Vgﬁ'%cgbgybpgr%%ﬁgﬁrﬁglbgop 5 20 carbons. lé;:(rjml es of

t he hydrocarbyl group having 1 to 20 carbons denoted
by Rl include an n-propyl group, an n-butyl group, a
sec- butyl group, an n- pentyl group, a neopentyl
groyp, an isopentyl group[ITp benzyl group, a 5-

Ngs

in the formula, R? and R? independently denote a hydrocarbyl group having
1 to 6 carbons, a substituted hydrocarbyl group having 1 to 6 carbons, a
silyl group, or a substituted silyl group, and R? and R® may be bonded so as
to form, together with the N atom, a ring structure.

In the present specification, the hydrocarbyl group denotes a
hydrocarbon residue. The substituted hydrocarbyl group denotes a group
in which at least one hydrogen atom of the hydrocarbon residue is
substituted by a substituent. The substituted silyl group denotes a group in
which at least one hydrogen atom of a silyl group is substituted by a
substituent.

Examples of the conjugated diene-based constituent unit include 1,3-
butadiene, isoprene, 1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, and 1,3-
hexadiene. From the viewpoint of ready availability, 1,3-butadiene and isoprene

are preferable. Each of these may be used alone or in combination with another
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phenyl pentyl group, and a cycl ohexyl met hyl group.
Exanpl es of the substituted hydrocarbyl group having |
to 20 carbons denoted by Rl include a
di met hyl am nobutyl group, a diethylam nobutyl group,
a t-butyl di nethylsilyl oxybutyl group, an N
orgﬁ r%hol i nobutyl group, a pyrrolidinylnethyl group, and
éi peridi nyl net hyl group. As the substituted

hydr?@ﬂﬁﬁyl’:o%ﬂ@ﬁggd%ﬁgfé' Lyt rgﬁé@éol‘é?éljﬁé’ga W&%Eﬁébyl group

conprising as a's tituent a elected fromt
hafiRgP1 t6 P cHrbBHs Cbr %hb%gﬂﬁ@dcﬁ?ciﬁi%dﬁrﬂgl g?@uﬁ,h@nng 1 to 20

oxygen-contal ni ng group, an a silicon-containing
cdibaHB. i s preferable. X, X2, and X3 of Formula (1)
i ndependently denote a group represented by Fornul a

(11) . Exaipsy thedwrdrogabyyr geambnaviigupto @0 earbons denoted
substituted hydrocarbyl group, and at |east one

bys R'datkdid monmapropyl Wroup2an mditid3greum grsmgebutyl group, an n-
represented by Fornmula (11) or a hydroxy group. R2 N
perty) grows, Bnnebpentyl ngroap, RN dsopeutyl rgfependeieanzyl group, a 5-
denote a hydrocarbyl group having 1 to 6 carbons, a
phamdpentyl @roupdapda BYFlofiexyIMBHWI fOMPt 0 6 carbons, a
silyl_group, or_a substituted silyl group, and and
R3 mEXABPI deld b8 #ubstibites, Hydregaithar orpyR PANNG 1 to 20
atom a . rin tructure. Ex | es of ,R2 .and R3 ingl ude
caibppb JREDAtedLdy okt BERe oraoinetiyEmnaityt  Group,
.gLL0 .an_n-propyl group,, .an. | # I an
SBURR AR el Py SRR RSBy oy, a0
- i ent v .y
iRt G B, BSEBRARYmARGL el | BRTCH fbericmimetiy
nyl a@r X .
oRUBRY ASC S s bsIe W BESHRY, gFo 35 Blstiuted hyarocerty
greUpORUTRbRA¥INP 88Pa  subdtitile Rt @ XyrIdYY | solcR¥@d @i the group
trial kylsilyl™ groups such as a trinmethylsilyl group

oqkind g isuan dmsinhgseup, Same shongrgroup. ond
a silicon-containing group is preferable.

X', X2, and X® of Formula (I) independently denote a group
represented by Formula (ll), a hydroxy group, a hydrocarbyl group, or a
substituted hydrocarbyl group, and at least one selected from among X1, X2,

and X2 is a group represented by Formula (1) or a hydroxy group.

—N/ (IT)

In the formula, R? and R® independently denote a hydrocarbyl group having
1 to 6 carbons, a substituted hydrocarbyl group having 1 to 6 carbons, a
silyl group, or a substituted silyi group, and R? and R® may be bonded so as
to form, together with the N atom, a ring structure.

Examples of R? and R® include alkyl groups such as a methyl group, an
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groups such as a trinethylene group, a tetranethyl ene
group, a pentanethylene group, and a hexanet hyl ene
group; oxydi al kyl ene groups such as an oxydi et hyl ene
group and an oxydi propyl ene group; and

ni trogen-contai ni ng groups such as a group

o EHECHS ol I W) PPl T oo
ot S By S v S Ot g
ol P R B P mISIop) skt roups

suRhehsr abhathaxgratiyl igroes, AYfemexyetHyl gieun dfetiigkymethyl group,

to 6 carbons in which the substituent is a group

argiean @tieskyetiofh groapgand triatkyfsilyd tgrogpsf sich as a trimethylsilyl group
ni trogen-contal ni ng group, an oxygen-contai ni ng group,

arainal t-batddimetioylsibdgreami ng group, a hydrocarbyl group
having 1 to 6 carbons, or a substityted silyl group,
are roamplesfefr gtoupsains wirch Rt @odn |rarmrtlzs:ynde_p9 dogiude alkylene
having 1 to 4 carbons in which the substituent is a

groups sush| asc acimetovienagrogpoaptetramatbyleRg @pup, a pentamethylene

ni trogen-cont ai ni.ng group, an. oxygen-contai nin .
grguud aexamethyless Qéw:acwﬂwgkség%% s,r%psrwfb%%@aﬁxydlethylene

gr \GS%J]%SMP%R%V@%@&%}QE?QS E{Iiﬁgg?qlaj{gsgin u%ﬁggsrlglhl%ls such as a

arbup epfreaieq B HRGRMEIRHS b Aol lpd58eec by -CH:CH-

N=CH2CH2- NH CH2-, or a group represented by
- CH2-N=CH, are particularly preferably a nethyl

gr Ou%qé&r@hggé%br@r%%p 88nBtdy ?,z,ngéﬁdlma ii’é gj‘ﬁi}’/{?rably an alkyl

n- buty e nost prefeéerably an

grahp%hefsu%ti@m@& Wy d BBy ghﬁu%@%té&tb"yER_@rarﬁﬂRﬁwS preferably
Forrmula (I1) 1s, for exanpl@, an acyclic”am no group

arPr akokyaldyt arbue, Hdipthdxsupstated i appabi dsapreferably a
group include a dial kylam no group, a

tridikyasikgd>graulpy! ) ami no group, a di(trialkylsilyl)anno

group, etc. Exanples thereof include a dinethylamno _

gr oup,RaaddeRf\dranpreferaplyum substityted hygroganbiyhgroup having 1

group, a di(isopropyl)amno group, a di(n-
to 6 carbons in which the substituent is a group selected from the group
consisting of a nitrogen-containing group, an oxygen-containing group, and
a silicon-containing group, a hydrocarbyl group having 1 to 6 carbons, or a
substituted silyl group, are more preferably a substituted hydrocarbyl group
having 1 to 4 carbons in which the substituent is a group selected from the
group consisting of a nitrogen-containing group, an oxygen-containing
group, and a silicon-containing group, a hydrocarbyl group having 1 to 4
carbons, or a substituted silyl group, are yet more preferably a methyl
group, an ethyl group, an n-propyl group, an n-butyl group, a trimethylsilyl
group, a group represented by -CH,CH,;-NH-CH-, or a group represented
by -CH2CH2-N=CH-, are particularly preferably a methyl group, an ethyl

group, an n-propyl group, or an n-butyl group, and are most preferably an
7



butyl)am no group, a di(sec-butyl)am no group, a

di (tert-butyl)am no group, a di(neopentyl)am no
group, an ethyl methyl am no group, a

di (met hoxynet hyl )am no group, a di (nmethoxyet hyl)am no
group, a di(ethoxynethyl)am no group, a

' h di (t thyl silyl '
e A B 2, & (L7 o i
Examq4 Fésgﬁijpé @r&é(&lltbﬂ %gaﬁnﬁfaoﬁﬂ isn%lugﬁam Ie an acP/cIic amino

1- pol yme m no gr such ‘as a 1- pyr di ny

gréliP8Pa c’?cfi’é Bﬁﬂh@gf&:;ﬁr OFRamplds 'E:‘P’tﬁé’%d%h@fhﬂhmwgroup include a

group, net'hyl enei m no group, "a

d:ehkgfarﬁm h_yrb@rpel B a& cﬂwialkﬂ)émmﬁcgmﬂ.tmybeltﬁ(tﬁaﬂcylsﬂyl)ammo

group, a 1- dodecane yl enei m no group, a

grbep| astecariamplesetherenf pichude, aadmhethylamlno group, a diethylamino
1- oct adecanet hyl enei mi no group. Further exanples of

grd)lhm @&y ol - propybhagiinop groupuda ail(isomatad)ﬂmlncgromp aa di(n-
5-di hydro-1- imdazolyl group, a 1-imdazolidin
bujyk)ammca gropipped dlifseprbyiyblaminangred prod pwmmautsﬁ@mmo group,
From t he vi ewpoi nt of econony and ready avai lability
a t hedigneepentybjaraisent ecQWpFornﬁﬂa ( ethylmetipdaminoy | ygfoup’ a
an acyclic am no grolp nor e ferM
dimetheyymaathybapraep, Qr‘n’él'pf ur tder ‘S('@F’ f*‘&‘y amino  group, a
grou a diethyla

dl@*ﬁ%Xﬁ%ﬁ%@@M%o gPRWP: or & di Fﬁt?ﬁ%éﬁwgﬁﬁ%o g_rOl%(.)uP' a

i N N
ﬂ'y((jPgé%%lﬁggfgﬁ%g&aﬁﬁ&gta'nﬁng&{r%ﬁ @h&e 1Ef5§§me€fﬁylgﬁemﬁo groups

su'c::ﬂréngq éWroI'I!]d]ﬂ/I;gﬂ% E' 5?lp8ﬁ&HBng§Hﬁha qshé‘xé]“ﬁéﬂbﬂeneimmo group,

roup,

I QiR n h}ﬂgyl r OYipctainé réweﬁmmcgr oup, a 1-
SpHéS a%tg ]QHEE?IE/\B g? . Fﬂrthernoreﬂa@exanp | es ?ﬂ P

decatathiiehbimihed yreugcardy! 1-dodecandthyledeimhsoxyrby] a  1-
groups such as a nethoxynet hyl group, an et hoxynethyl

tegadecamethyisneiniret gidupyaadre 1ouladecarhéthyleneiminoggroup.  Further
The hydrocarbyl group is preferably an al kyl group

examples of thée sycliciaaino igyoup irolige agt-onjsgazelyb geswep, aQ)|4y5 -dihydro-1-
an al koxyal kyl group.

imidazolyl group, a 1-imidazolidinyl group, a 1-piperazinyl group, and a morpholino

group.

From the viewpoint of economy and ready availability, the group
represented by Formula (Il) is preferably an acyclic amino group, more
preferably a dialkylamino group, and further preferably a dimethylamino
group, a diethylamino group, a di(n-propyl)amino group, or a di(n-
butyl)amino group. Among them, from the viewpoint of ready availability of
the compound, a diethylamino group or a di(n-butyl)amino group is
preferable.

Examples of the hydrocarbyl group denoted by X', X?, and X* in
Formula (1) include alkyl groups such as a methyl group, an ethyl group, an

n-propyl group, an isopropyl group, an n-butyl group, a sec-butyl group, and
8



The hydrocarbyl group and substituted hydrocar byl
group denoted by X1, X2, and X3 are preferably a
hydr ocar byl group having 1 to 4 carbons or a
substituted hydrocarbyl group having | to 4 carbons,
and nore preferably a nethyl group or an ethyl group.

R L R —
gr@upﬁ@@gﬁ]@?:)aﬁnﬁgxn%élkyksgre&?tse ghigsgaé m%fth&ﬁg'ﬁbtwl’ogroup, an

re a gro
e Y Th
othBRYRRARY Chrd ferab“ﬁ‘?”%%“%'ﬁbgg MY A eBioRyBtA roup.  The

h%océﬁ)yla@oﬁﬁ gse prefsrabhy I 8Ar efkrylt ?i’obm F@riwlﬂ\e(lttl)bstltuted
or a hydroxy group. The conjugated di ene polynmer my
hyldtotaesyl aronbi isepref@radgian alkokgalkyk groopj ugat ed
di ene-based constituent unit (conjugated diene unit)
and tTree bydopcanbgbgeseptad bybsiuted ehy(dlrgacaebyl group denoted by
constituent unit based on another nononmer. Exanples
XofX5and ¥ rare preferablyiabydozcarbyhgomu |h@wnnw| to é carbons or a
vinylnitrile, and an unsaturated carboxylic acid
substidutedchudracarbyt grewep hasteg it ta dngarhans, and sigrecpeeferably a
a- met hyl st yrene, vinyltoluene, vinyl naphthal ene,
mathyl WPHBnQTe%% ethyl 9f94R-penzene, and

|d|n\é: %F hhhq%%gqutgé%@egmmsé xnquﬁe%ﬂ" in"Formula (1) is a
gr§@fu§fe§{r§%gg eﬁcjj‘ bog%;rgpgﬁ gl' PHE 6ydﬁ§&h§ggwgt Eylsa%r(fferable that

oSS B ALy ORGP ebplpbentd
Fdﬂ@@ogg oPh ﬁg‘pﬁﬂéy Qr&JF &r?&‘lip%aﬁﬁﬂed;l‘)r%?éréﬁlbyﬂﬁ%& two selected

aromati c viny based

fr&ﬁ’lnféHdﬁt?r)@ ug? t 308" RBireCa ?r@d lﬂ@p?éserﬂéd b?eFormuIa (1) or a

content of the'aromatic vin unit, relative to 100

hydtowgigraupof the total armunt of the conj ugat ed di ene
uni t  and Phe aromatic vinyl unit, is preferably not

| ess Tﬁwmohﬁjgﬁe%d%'na\mdbymﬂmﬁ@ donthemtomiprisbe in addition to the
conj ugat ed di ene unit being not nore than 90 % by

comjuggted , diene-based gorstduent yunib(cdnisgated atiend Wnit)yyand the group
wei ght (the content of the conjugated diene unit

repegsenterbt byrdrarmutan(l B5a vcopstisiegiit yinit Foasadk rarpranothero monomer.
t he viewpoi nt of fuel econony, the content of the

Exaroplesi @ saidyothenmonames @'chj‘c@oag aromatic vinyl, a vmylnltrlle, and an

unsaturated carboxylic acid ester. Examples of the aromatic vinyl include styrene,
a-methylstyrene, vinyltoluene, vinyinaphthalene, divinylbenzene, trivinylbenzene,
and divinylnaphthalene. Examples of the vinylnitrile include acrylonitrile, and
examples of the unsaturated carboxylic acid ester include methyl acrylate, ethyl
acrylate, methyl methacrylate, and ethyt methacrylate. Among them, an aromatic
vinyl is preferable, and styrene is more preferable.

From the viewpoint of strength the conjugated diene polymer preferably
comprises an aromatic vinyl-based constituent unit (aromatic vinyl unit), and the
content of the aromatic vinyl unit, relative to 100 % by weight of the total amount of

the conjugated diene unit and the aromatic vinyl unit, is preferably not less than 10
9



not nore than 50 % by wei ght (the content of the
conjugated diene unit being not |ess than 50 % by
wei ght), and nore preferably not nore than 45 % by
wei ght (the content of the conjugated diene unit
bei ng not |less than 55 % by weight). Fromthe

% #&y@ah%hgfcoﬁérﬁrbqttﬁ? )?Bﬁﬁggﬁéao?%ﬂbﬁﬁu%%ﬁg P 'rﬂcf%;tgan 90 % by

oney VI SCosI prerera not

w%iﬁlit‘? 4Rd R8RS %f‘éréﬂl)‘?fn%ﬁqgk?ﬁ Hn t‘lée%sb&jhﬁégglﬁg&thgf &Rtent of the

VI ewpol nt processability, e co i ene

coRfigatEd dis%’fﬂé uﬁit"ﬁ&?ﬁ@ﬁg‘fﬁﬁ&@fﬁa‘ﬁ 8% ot A0 et Bidftlermore, from

not™ nore an 200, nore preferably not nore than

thd Sebwpdiat M AR econdhng ithy ddnlert dfstheeadmictit AhylLOGICS preferably
accordance with JI'S K6300 (1994). Fromthe viewpoint

notimdrecthap B0 &by vedight(the doetertiafrthe coniubated elgieunit being not
bei ng enhanced, the conjugated di ene polynmer has a
less tlyan 56 moweight), ahd moes prefériaplynmet moreethamnadb 86 byoveight (the
% and nore preferably not nore than 70 nol % related
content @ the conjogatadediena junidieing aptlessuthian 55 % hytweight).
vi ewpoi nt of grip  properties, the conjugated di ene
pol yfgemhike aviewpgint o @tr@aatrentheomﬁwg%tﬁ@nﬂoﬁolymer has a
| ess than 10 nol % nore preferably notg{)]ess than 1

Mepneyyisgasithiile vprtpeatamtly neddepedhanhil, apd rm?reo/a%fefab'v not
leé\gghgsirqt%lc gﬁ{j%@gﬁgfgﬁéﬁ | p%@é?éﬁﬁ,ﬁ@% céﬁjq@%e&% diene polymer
haé%\e) %%%%%C{Sﬁ? :@Egﬁ Ogggegél%ﬁygﬁogggtee ﬂﬁntaﬁ(g(?,;ayrﬁf 91‘6%’ preferably
not' (Aidfe tﬁéﬁmarsgﬁevflﬁ'mbgﬁe fviédb%'{i%eﬁﬁﬁ‘%mfs ﬁl@gﬂfred at 100°C in

conjuga pol ymer as a nol ecul’ar werg

aciébﬁ)gﬁf?q&fiﬂgg%f@o?gfg ly 1 to 5, and nore preferably

ecu I ght distribution is obtained

by MeasH i \ﬁé&ﬂ@ﬁht AVRERERONBIRC WhrasivRi @istéhda, and strength
wei ght - aver age nol ecul ar wei ght (My) by gel

behfd NSHdreede thensoRagariy ddmC)polyhar thas & nnybodnd content of
Wh. The conjugated di ene pol yner nay be produced by

preférablgnat rgoruthan 89 mesle¥t addmoreprafembly hobmare than 70 mol %
| east two ternmini of a polymer chain using 10 a . )
relateddd 100 mol% ocafuthiengonjugated diene amdtntfgambheorewpaint of grip
(I') into atermnal of a polynmer chain such as (1) a
propetties, the eanjegated|diens pelymesrhassa yinyhbaadsentent of preferably not
conﬁri sing a conjugated diene is carried out after a
less than 10 mol %, more preferably not less than 15 mol %, yet more preferably
not less than 20 mol %, and particularly preferably not less than 40 mol %. The
vinyl bond content may be determined by IR spectroscopy from the absorption
intensity at around 910 cm™', which is an absorption peak of a vinyl group.

From the viewpoint of fuel economy, the conjugated diene polymer
has a molecular weight distribution of preferably 1 to 5, and more preferably
1to 2. The molecular weight distribution is obtained by measuring number-
average molecular weight (Mn) and weight-average molecular weight (Mw)
by gel permeation chromatography (GPC), and dividing Mw by Mn.

The conjugated diene polymer may be produced by putting a group

represented by Formula (I) on at least two termini of a polymer chain using
10



pol yneri zation initiator and a silicon conmpound
represented by Formula (I111), which is described

| ater, are reacted, or (2) a nethod in which a silicon
compound represented by Fornula (111) is reacted with
termni of a polyner prepared by polynerization of a

o BR3P 3 BP0, FARHS 1 g trmine
fdbeESeﬁﬁéV'Eﬂale sﬁ@ﬁ 2§ €88Nh h'ﬂé’t BHI Wlﬁ‘i%hui% %‘nerlzatlon of a

I On process conprirsing t e steps of

m&oﬁ@repc&nﬁ?@”ﬁg“?tén%é}ﬂugéwoﬂhéﬁé' iget ghriigdPoud after a

cat al yst havi ng to 20 “carbons and a silicon

dlpiecizatiorciitsenrtad Bysifesmeompdund represented by Formula (111),
hydr ocarbon solvent to prepare a reaction product of

whith i deserbld latee! are reatpedndro@)aaysiethod inhwhich a silicon
silicon conpound; (Step B) polymerizing a nonomer

caroppundinegrasentgdubgtfearnoulanglibys reentect withy tefmeini Of a polymer
nmonomer Wi th the reaction product prepared in Step

prepared fhy polyorssizationof &i mn@nwmw@l@mmwﬁe@@Jma&ed diene.
hydrocarbon solvent to prepare a ymer havi ng
pol yrisefergdn exampiggl ohirthg Lpappe%tfaar pbqqllg(?'ﬁst F'HE; conjugated
fromthe organo met al,

digagepotymes,0f i ﬂ'lf;(gé)'lé‘?qqrgoﬁ ound q?lé‘é) r8§”8§}°" process
oqmEPRED fplanRor A7 8. pm%EELa\(;lhﬁbntLgrg EZ: - Chetal

SS%P%‘)D?{’ %%tfn@ﬁﬁb%@gﬁ&%ﬂ%?bﬁqg gﬁﬁ*ﬂmou%%vgt having 2 to 20
A R s SR o R ) i o
h%ﬁ%&ﬁl’ﬁbﬁ( %&n @ﬁrgﬁaﬁengere%ﬂsmmo%mﬁ%e SFgiitbalkali metal

represente a hydrocarbyl group, or
Fahﬁaldatbaﬁét@tﬁfﬂfeaéi@mbngémpouﬁad at |east one

ected fromanong X4, X5, and X6 1s a group

(Stepr &yepotdmeyizifgr Bulmofibmer comprising a conjugated diene by
contacting the monomer with the reaction product prepared in Step A and
the monomer comprising a conjugated diene in a hydrocarbon solvent to
prepare a polymer having at a polymer chain terminal an alkali metal
originating from the organoalkali metal compound catalyst; and

(Step C) reacting a silicon compound represented by Formula (lll) with a
polymer chain terminal, of the polymer prepared in Step B, having the alkali
metal originating from the organoalkali metal compound catalyst by

contacting the silicon compound represented by Formula (lll) with the

polymer in a hydrocarbon solvent

HQC=CH
X —8j—X5 (IID)
Xi

11



R2 N (Il) \R3 wherein R2 and R3 independently
denote a hydrocarbyl group having 1 to 6 carbons, a
substituted hydrocarbyl group having | to 6 carbons, a
silyl group, or a substituted silyl group, and R2 and
R3 may be bonded so as to form together with the N

2 Oyl XS NI 29 iFIEHEATENHY dolford PRRIE fRbresented by

nmet al compound’ca yst car ons us

Fdrmtﬁée(FPlgAfa I{Sﬁ1 @81’5’)&1"@’ tpt @r%uBsﬁf&BM'ﬁydrﬁbﬁ%ﬂ group, and at

I SO-pro I um hium sec-butyll

Ieésl’okﬁ'&fzI éeFé@te'mfrénP‘éWdrﬁq t)tﬂ LN"? andexyliki 4 Ndretip represented by
phenyl 1 fhi um 2-naphthyl [ithium

FotmhaYliphenyl i t hi um 4-phenyl butyl I'i t hi um
cycl ohexyl l'ithium 4-cyclopentyllithium
di met hyl am nopropyl | it hi um
di et hyg2am nopropyl | i t hi um

t- buyy di met hyl si | yl oxyp ff)%/l lithium N
—mefNphol i nopropyl i thi um 2 hi um hexanet hyl enei m de,

I|th|\ur§1 pyrrolidide, lithium piperidide, lithium
hept arfet hyl enei m de, and | ithium dodecanet hyl enei m de.

i Sl o e
1586 atbphsi 2 ehpritytRdchidesaiPy St aving, f}p 8 Carbons, o
S"¥E§£‘$‘?§u{’§% oL S blons ERTEHER; AfiiBe Binded so as
tosfghﬁgtg@g?{hrg? or w@%’t(&rﬁ)a nﬁﬁ%ttﬁg: '?cgaoggrrpound

.reprg?r)%'ul"llﬁﬁ ?b:?(f %%@g&g&d&?éﬁﬁwhﬁ%uﬁa Etal f‘ 2 to 20

inF groups, and exa es 0

car86AY ! sdd in StéBdAnhemaére&ﬂymmmrﬁanir@pylhmmﬁmoq@mpyn|th|um n-
exanpl es of R2 R3 in Forrrua(

butylthrmed ﬁ@bﬂﬁrlhtmnm exmmitymtmhnFor mwayl(liﬁu)mandn—decylllthlum
preferred groups described above for Formula (1)

pHenghithiem, of 2-haphthgilittiamby| 2gbutylpheestitredmby Xépheylbutyllithium,

and X6 in Fornmula (111) include al kyl groups such as
cyslomeillithigmoup, an 4etycjapentylithjuran dimethylaminopropyllithium,
diethylaminopropyllithium, t-butyldimethyisilyloxypropyllithium, N-
morpholinopropyllithium, lithium hexamethyleneimide, lithium pyrrolidide, lithium
piperidide, lithium heptamethyleneimide, and lithium dodecamethyleneimide.
Among them, an organolithium compound is preferable.

With regard to the silicon compound represented by Formula (i)
used in Step A and Step C, X* X% and X% in Formula (lil} independently
denote a group represented by Formula (II), a hydrocarbyl group, or a
substituted hydrocarbyl group, and at least one selected from among X4, X8,
and X® is a group represented by Formula (ll).

In the silicon compound represented by Formula (I11), examples of R?

and R® in Formula (1) and preferred groups, and examples of Formula (I1)

and preferred groups are the same as examples of R? and R? in Formula (Il)

12



n- propyl group, an isopropyl group, an n-butyl group,
a sec-butyl group, and a tert-butyl group.

Furt hernore, exanples of the substituted hydrocar byl
group include al koxyal kyl groups such as a

met hoxynet hyl group, an ethoxynethyl group, a

an?hpgcar%@ydragggu%ncﬁ@% IS h%ﬁ?g?(.{(ag(rlgugndg}%f%rred groups

UpI's prererably an rou

dets'EEb%HbﬁlEbfé”f&dFomﬁ%&?ﬁr byl group is preferably an

oxya rou ydrocar byl group and

SUbStE'%aLHm réshb@r%a iro 84 P gﬁﬁ i fbridted By X5, atﬁdand X8 in
X6 are preferab ydrocar byT group havi ng 1 to

Fdiﬁﬁhﬁr(flili);fnc@udé tdwzlgr@w@ $\ysH asad yathgr Erwu;haan lwhw group, an

carbons, and nore preferably a nethyl group or

n-promil fyrougr, @mpisopirbpyr gaarp am ntbetys igroapn aceepaurtid group, and
represented by Fornmula (I111), exanples of a conpound

a iterivihityh groapselfertheernoren axmnglem of Xheastibxtituted hydrocarbyl
acyclic am no group represented by Forrmula (11) and

group dinclade ahlmyalﬁydntgs‘oape sushdesc & wetlgpmpemylagroup, an
substituted hydrocarbyl group include

etblmmymargrm»m.aamqth@m9mi|Qerﬁép @nd an ethoxyethyl group. The

I (trial kylsilyl)am po}djalkyl vinylsilane,
hy@apﬁaml aGraA¥p diigl Péﬁfﬁiﬁl?w Ve y|aé'f9/ argarouExaﬁBIde the substituted

hy&s&%m&a}lﬁﬂgIﬂ{)etqrﬁbﬁ]%%%\%ﬂg% P@ng Vi nyI si | ane,

Eglt ﬁW%ﬁ%nP@%ﬂdfh&Thﬁ@kﬂ@%ﬁ@ fed |hgﬁigocarbyl group denoted by
X4( W{ﬂgfﬁéfé’ rQF}f‘ r‘fy‘ 5&1’6‘}1 Grdup Ravingl 1o 4 carbons or a

propy ane

su@:@'t;'tl]ﬁ‘_é? ﬂ? n?? g;dl s By er‘n A & hagsrbon; and more preferably a

but |nyIS|Iane (di

m@myylg@aupq)rdaﬁr%& | figig. S Iane

(di"mét hyl am no) di ‘et’hyl vi nyl si | ane,

(et hwWitat rag sl f9)tHeesiivbri Bympdumdk represented by Formula (111),
(di et hyl am no) di et hyl vi nyl si |l ane, (ethyl- 13

examplesydfaicompoent yh wihighorneselected from among X4, X® and X® is
(et hyl i sopropyl am no) di et hyl vi nyl si | ane,

an daeyelpr opylinoi godup erbptesentedi IbyneFormuIa (1) and two other

di i sopropyl am no) di et hyl vi nyl si |l ane, (n

S wme:mmpa@pyaahvcmmqarbvhgrounyoma sybstituted hydrocarbyl group
(di -n-butyl am no) di et hyl vi nyl si |l a

include (dlalkylammo)dtalkylvmylsuane a

{di(trialkylsilyl)amino}dialkylvinylsilane, and a

(dialkylamino)dialkoxyalkylvinylsilane.

Examples thereof include (dimethylamino)dimethylvinylsilane,
(ethylmethylamino)dimethylvinylsilane, (diethylamino)dimethylvinylsilane,
(ethyl-n-propylamino)dimethylvinylsilane,
(ethylisopropylamino)dimethylvinylsilane, (di-n-
propylamino)dimethylvinylsilane, (diisopropylamino)dimethylvinylsilane, (n-
butyl-n-propylamino)dimethylvinylsilane, (di-n-
butylamino)dimethylvinylsilane, (dimethylamino)diethylvinylsilane,

(ethylmethylamino)diethylvinylsilane, (diethylamino)diethylvinylsilane, (ethyl-
13



(di et hyl am no) di propyl vi nyl si | ane,

(et hyl nmet hyl am no) di pr opyl vi nyl si | ane,

(di et hyl ami no) di propyl vi nyl si | ane,

(et hyl - n- propyl am no) di pr opyl vi nyl si | ane,

(et hyl i sopropyl am no) di propyl vi nyl si |l ane, (di-n-

n%&ﬁﬁi%@'ﬁ?&@%ﬂé&ﬁk%léyg%ﬁu ﬁg(?rgiylligﬂgfo;mgmino)diethylvinylsilane,
(aﬁ’-g{-}shc} ':@Wg@ﬁ%@ﬁ%ﬁiﬁi@?’éﬁ;@i}é@h@ﬁ@mino)diethylvinwsilane, (n-
b?@!ﬁ?%)ﬁ%@ﬂi&)@ﬂf%@ﬁywqaﬁiﬁ,zinf(gri]-éw,-butylamino)diethylvinylsilane,

(&Hie@h?ﬂh'nﬁﬁb@@ib@bbylﬁlmw%siﬁyhé,i | apgthyimethylamino)dipropylvinylsilane,
(et hyl - n- propyl am no)di butyl vi nyl si | ane,

(diethwa mirepydimo piving)siiame, y| ethyl-si-peropeylamino)dipropylvinylsilane,
(di - n- propyl am no) di but yl vi nyl si | ane,

(etthyli sopopyyd mino)d) pidpyt yihylsilane), | ane, (n- butyl - n- (di-n-
propyl am no) di but yl vi nyl si | ane, ) . i )

pragiylamine dipramdyiayilayieri (diisppeopylamino)dipropylvinyisilane,  (n-
{di (trinethylsilyl)am no}dinethylvinylsilane, cf'di (t- . .

blbﬁy!yl—arcrmtlamlao@pywlmyéﬁlleétmwcmm Hiylpaeo)dipropylvinylsilane,

R e .
(iR SRRSO TsARREa: h! (EDEb R iamino)dibutylvinyisilane,
| RS ORI B B0 ' %i mél'- .-h lamino)dibutylvinylsilane
(eﬁﬁyﬁqmpamwﬁi&di@%@wﬁ?@%p P efnaminojaibutvinytsiane.
BB AR B DR o Lo wbutn
PR RINGRIBAMAYRY SHRNEE (S bW il ROBinRgibinylsilane,
{d)i(gﬁgr%tﬁ E’J@ﬂ)ﬂ?ﬁ%}&ﬂﬁaﬂrﬁﬂﬁﬁ&%@iaﬁbgm anong X4, X5 and {di(t-

Ic amno groups represented by Formul a

b iyl dinfsté yRIE/| Rirhito }d pweshAvingilang, a hydrocar byl group
or a substituted hydrocarbyl group include a

oo ahatree o I1 bl
biyididiethlyldibhjamoina]) diethpivicyyisilage si | ane.
(dimethylamino)dimethoxymethylvinylsilane,
(dimethylamino)dimethoxyethylvinylsilane,
(dimethylamino)diethoxymethylvinylsilane,
(dimethylamino)diethoxyethylvinylsilane,
(diethylamino)dimethoxymethylvinylsilane,
(diethylamino)dimethoxyethylvinylsilane,
(diethylamino)diethoxymethylvinylsilane, and
(diethylamino)diethoxyethylvinyisilane.

Examples of a compound in which two selected from among X*, X°
and X® are acyclic amino groups represented by Formula (1) and one other

substituent is a hydrocarbyl group or a substituted hydrocarbyl group

include a bis(dialkylamino)aikylvinyisilane, a
14



Exanpl es thereof include
bi s(di net hyl am no) net hyl vi nyl si | ane,
bi s( et hyl net hyl am no) et hyl vi nyl si | ane,
bi s(di et hyl am no) net hyl vi nyl si | ane,
bi s(et hyl - n- propyl am no) net hyl vi nyl si | ane,
D} : ] 1.00; hylyvinyl silane, bLsgdi-n-
o1 B F AR ARG ON TR e/ b >

opyla si’l"ane,

propy’ ! vl si | ane.
b'E@%ﬁ%%@ﬁg’%*%‘?%?@&mﬁi‘%ﬁ% v n§‘|”§i | ane, bis(di-n-
but y| rﬂ% thbHe)\be | Sidcife  bis(dimethylamino)methylvinylsilane,

bi s(di met ani no) et hyl vi nyl si | ane,
biB{eth9trh¥tHBa MihEhamyaViRylsilahg, sidigtiethylamino)methylvinylsilane,
bi s(di et hyl am no) et hyl vi nyl si | ane,

bib{ethgt-Pypropyiba @iyd e iyl whisitaney| si | ane,

bi s( et hyl i sopropyl am no) et hyl vi nyl si | ane, bis(di-n- _
bip(ethylisopropyamyho}megthyilvingtstlane, bis(di-n-

bi s(di i sopropyl am no) et hyl vi nyl si | ane, bis(n- ] _
propyiaminmmeihyhdinyisjlangy| vi nyggi(dampropylammo)methylvmylsuane,
bi s(di -n-butyl am no) et hyl vi nyl si | ane, o
bls(ryinautyiemwpamamm)wﬁvivmlgilaaﬁe, bis(di-n-

bi s( et hyl met hyl ami no) propyl vi nyl si | ane,
b‘-ﬁN?("B|'E%)H§ﬁFtBM¥%@¥||§H€B9F vi nyl sil ane, bis(ethyl-n-

big{cﬁ%tﬁanrg f)gﬁ{,}ug.%%egg; bisigiyimataylaminojethylvinylsilane,
o BB A Forpiemigieinvietane

-, b
plﬁpﬁ%@'\ﬁ)ﬁ“ﬁl{\ﬂﬁ%i%%uwwyﬁ%{)@ﬁ@ﬂ%{nmo)ethylvmyis:lane, bis(n-

R0 ' ' i i-n-butylami thylvinylsilane,
S ED ARSI bel bty ouyzminolathyviyiine

bib{SnfdtRY|driR)pRYDAvINes e bistetisimatieylabhinodpropylvinylsilane,
propyl am no) but yl vi nyl si | ane,

bib{giethylannnopropylvinylsilapkeyi nyl si | ane, bi s(n- bis(ethyl-n-
but yl - n- propyl am no) but yl vi nyl si | ane,

proipy{ainino Jpuo pylainyisidane y| vi big(etHyisepropylamino)propylvinylsilane,
bi s{di (trimethylsilyl)am no}methylvinylsilane,

bis(difetiprepytamipodprapyinyisilaneni no} et hyl vi nyl si | ane,
bis{di(trinethylsilyl)am no}ethylvinylsilane, _

big(di{sarrepylamifiadrreR HyInvislanem no} et hyl vi nyl si | anbis(n-butyl-n-

pr%)?)y alms1 ndé)ﬁég%lv?nrglgi?%rr{g,t gi%fa/irfﬁfbhlﬁlylvalrﬂ%losjblrc%]ﬁwnylsilane,

bis(dimethylamino)butylvinylsilane, bis(ethylmethylamino)butylvinylsilane,
bis(diethylamino)butylvinylsilane, bis{ethyl-n-propylamino)butylvinylsilane,
bis(ethylisopropylamino)butylvinylsilane, bis(di-n-
propylamino)butylvinylsilane, bis(diisopropylamino)butylvinylsilane, bis(n-
butyl-n-propylamino)butylvinylsilane, bis(di-n-butylamino)butylvinylsilane,
bis{di(trimethylsilyl}amino}methylvinylsilane, bis{di(t-
butyldimethyisilyl)amino}methylvinylsilane,
bis{di(trimethylsilyl)amino}ethylvinylsilane, bis{di(t-

butyldimethylsilyl)amino}ethylvinylsilane,
15



bi s(di met hyl am no) net hoxyet hyl vi nyl si | ane,
bi s(di net hyl am no) et hoxynet hyl vi nyl si | ane,
bi s(di met hyl am no) et hoxyet hyl vi nyl si | ane,
bi s(di et hyl am no) met hoxynet hyl vi nyl si | ane,
bi s(di et hyl am no) met hoxyet hyl vi nyl si | ane,

oig| i pfi B P A R EPRERERH IS nes F;‘Q?m' s of a
iSRRG ik )nfetndRyeliviRlyisitERes” & BPveL! S amne
biiEz&dibﬁ%tﬂkll@fh%)Bﬁ%ﬁéﬂiﬁl?ﬂ?lsilaﬁéﬁ@' es thereof

clude”tri (di'nmet hyl am no) vi nyl si I ane,

bib(dihféth{{ldﬁlﬁb)bﬂféiy@twmﬁk"m&

tri(di ethyl am no)vinylsilane,
bis(dietiyishtinopnethoxymethyviaylsiiane,

tri(di propyl am no)vinyl silane, and
bis{dietutlghpnojmethoxy@thyivwhdsilame, Wth regard to the

silicon conpound represented by Formula (111),
bis{dirth\deminoetbexymeibyivinylailaheat | east one sel ected and

from anong and X6 is a cyclic am no group

bis@e@g@amaéﬁlﬁthégm{nyﬁyipvlgil_anee| ude

o Db TeRrREE Al b R i Rl & i@ kyseminaluinygilane.
S RSPl TRy Ko ifided? | "uiifetRybb)y By isilane,

tri @it Bleth QaMink ¥Ry Ritaiet o || 0M 2rond ditdietiyiafiofinyisilane,

triﬁ{a@fﬁé@?ﬁaﬁﬁ%)&ﬁ%‘@sﬁ&h@?t ed ftfi ?Hﬁ’ﬂﬁnlﬁﬁo)%ﬁyls@l%exg and

esent e Fornmula (I'l1). The silicon Conpoun

tri?S@fWﬁ%ﬁé’nﬁYo)%ﬁﬂBlléné! 1) in which two selected

rom anong X4, and X6 are represented by Fornul a
(1) wWith pegarr abl theasiidonced ndpresavitech bywsormula (111),

sel ected from anong X4, X5, an X6 are an acyclic
examplesyodapcompounidhian whistpat ieast ohealelectenofrpm amasng X*, X5,
annclljlr;e(6 ils6 a cyclic amino group represented by Formula (ll) include
bis(morpholino)methylvinylsilane, bis(piperidino)methylvinylsilane, bis(4,5-
dihydroimidazolyl)methylvinylsilane, and
bis(hexamethyleneimino)methylvinylsilane.

At least one selected from among X*, X, and X® in Formula (Ill) is a
group represented by Formula (lI). It is preferable that at least two
selected from among X*, X% and X® are represented by Formula (ll), and it
is more preferable that two selected from among X* X° and X® are
represented by Formula (l1).

The silicon compound represented by Formula (lll) in which two
selected from among X* X° and X® are represented by Formula (lI) is

preferably a silicon compound in which two selected from among X*, X®, and

X® are an acyclic amino group; from the viewpoint of fuel economy it is more
16



preferably a bis(dial kyl am no) al kyl vi nyl sil ane, and
yet nore preferably

bi s(di met hyl am no) net hyl vi nyl si | ane,

bi s(di et hyl am no) net hyl vi nyl si | ane,

bi s(di - n- propyl am no) net hyl vi nyl si | ane, or bis(di-n-

olRth LAY BB IR BRné S| ST e pretorably
oA FERBIBHNY 1! sl pdfingmotntintans,
bi?g@itﬁ-‘iﬁlbB9{érﬁmo\§ﬁ1€th9ﬁ@ﬁylbﬂa§é,eIO A, Step Br and Step Cbis(di-n-

a solvent that does not deactivate the

b@yaRiR ke thylBhdlsilapepounsoral ahgst,, frand thexahghpsint of ready
t hereof 'include an aliphatic hydrocarbon, an aromatic

aveithtdigr bbhe asampeand| ibig(diethylgminz)andibryl viSpksdahiecor bis(di-n-
exanpl es of the aliphatic hydrocarbon include

bytytaraite )methyhdnglsilane-ibypraferabbe pent ane, i so- pent ane,
n- hexane, propene, 1- butene, iso-butene, .
t r ansFhe bydessarbar solgzentusarin Stapoh: Step B-anrdth&iap, C is a solvent
1- hexene, and 2-hexene. Specific exanples of the

that odees cnoty desstivaien theceiganaaikalkngetal ore@pound catalyst, and

MBS hereat arEa A ATt JTBSRTbGPe AT AIBMEG: RydrocSbon, and
oSBT, ST P eS80 o
T Mo S R BRI T, Biere, -
o PRI 7 A 4 e o,
ar&cﬁ&?étgéf)gagir%s‘?a'é}#fiftidggkﬂnp%”ﬂpﬂ'fédaﬁﬁ‘ﬁéﬁd’ A{dreRuiith hdWie benzene,

sil1con conpound represented by

toltna)| ?%I@zhb! ) ahd SitfhehzeheUsHAd | ¥pedifi®. Bxhmpldsd @ the alicyclic
t he nunber of noles of the organoal kali netal conpound

hyrbehtboh iRlidedcytibmertng aineoodibiexaneriEachobf thdsessolvents may

the silicon conpound represented by Formula (111),

bé used tahones oeinpeombinatior ethcanother opmetrer Aimong thems at hydrocarbon
1/2, and is nore preferably 1/1 to 1/1.5. The

hawving 2rtat1# earbbas isprefexableng t he or ganoal kal i net al
conmpound catalyst having 2 to 20 carbons and the )
si | i cbhe coatasuatiorefptheserganpallali Fagialicempoynd icatalysphaving 2
A is usually 0OCto 60C, and preferably 20C to 40C.

toTRE eaypoas: and the; siliganLapreunddenrasantatbyshogpyla (l1l) when

referably 10 m nlﬂ(e

contacting the organoa aﬁ ntlgtal compound catalyst having 2 to 20 carbons
and the silicon compound represented by Formula (llI) in Step A is usually
1/0.6 to 1/3 as the number of moles of the organcalkali metal compound
catalyst having 2 to 20 carbons/the number of moles of the silicon
compound represented by Formula (Ill), from the viewpoint of economy is
preferably 1/0.8 to 1/2, and is more preferably 1/1 to 1/1.5.

The temperature when contacting the organoalkali metal compound
catalyst having 2 to 20 carbons and the silicon compound represented by

Formula (111) in Step A is usually 0°C to 80°C, and preferably 20°C to 40°C.

The contact time is usually 60 sec to 48 hours, and preferably 10 minutes to
17



17 2 hours. Exanples of the conjugated diene used in
Step B include 1, 3-butadi ene, isoprene,
1, 3- pent adi ene, 2, 3-di net hyl -1, 3- but adi ene, and
1, 3- hexadi ene. Anbng them fromthe viewpoint of
ready availability, 1,3-butadiene and isoprene are
2@]%%§rabl e. Each of these may be used alone or in
I'nation with another or nore. In Step B, the
conj i ' AIERE 8l iP5tép 'B dkide @f3-butadiene,
t he L%g%n'ﬁglge%tggm [ en@ggﬁ%@o_t er rmno}rer %y be
isagééﬁé? 1, 38&ntdeiend) 2,%-@ﬁnelﬁtﬁy|d1 ,_3|£Bdi§dieﬁa,n QRE" 1,806dx%dene. Among
a

aromatic vinyl, a vinylnitrile, and an unsaturated

thefd, bRsir itise aséwWp6int &f. redeigc abaitabiitpm|Bbutidiée and isoprene are
aromatic vinyl i1nclude styrene, a- nethylstyrene,

preferablen| Eavh of thedenmayt heilused, aldhe ioryihbeombination with another or
trivinyl benzene, and divinyl napht hal ene. Specific

meranpl es of the vinylnitrile include acrylonitrile,
and specific exanples of the unsaturated carboxylic,
aci d lesBiep Bnthegonjugatsd dieneymayebe polymerizad.Qraa dnixture of the
net hyl nethacryl ate, and ethyl net hach/I at e. Anﬁ%%énplgs of said

canivggted ndieaeoadd i ther m@nqrael neay dgn palymerizes: v

otggF fmggg&%ra%?q% hag} g%g%%ﬁ%% %a ai&@'ﬂ rflﬁgq Baggy aP1e unsaturated
ABERIRLATE SSIFT. a eeine BramBfis of hcaioniat Ly Bifidg, styrene, o-
meplctyie? B VBRER R, PGB kag  BUdyPenzBfie, vinyibgnzene, and
o BeRRRIIOA0 Bl DaryTeP g} SyhEte (gBSE i fhnine, and
s;g%?i‘ﬁaéﬁ]@gééd@f L) @ﬁﬁtﬁrg?éﬁ"%gtﬂgiyli@ abRf éétlél‘ }héhflfﬂétﬂ meethyl acrylate,

phi ne conpound. I c exanples o

etplh aCrAfEP AHBthy NRbEenaate! |dhdeeligfl Smetiidtrylate.  Among them, an
t et rahydrof uran, tetrahydropyran, ‘and 1, 4-di oxane;

aRIrhahevivyl 1o pestePsle, antt Stypene i8I rabhy preférable.and
di butyl ether; aliphatic diethers such as ethyl ene
gl ycoTlhelipohrhgtizatisrhir Step B/ Ineane bg! gamieddoet my theephesence of an
et hyl ene glycol dibutyl ether, diethylene glycol .
aghrdtfoy Iregulating theoingd dondl condenfl gictble conjugstededinae ;unit, an agent
and aromatic ethers such as diphenyl ether and i
fosnfegwlatingsibei distibutionpliee sthef com@ga{ed idieRe apelymer chain of the
include triethylamne, tripropylamne, tri butgl am ne,
coupingated diene uniand, peaanatduent Hhit mased on a monomer other than the

conjugated diene (hereafter, generally called 'regulators'), etc. Examples of such
agents include an ether compound, a tertiary amine, and a phosphine compound.
Specific examples of the ether compound include cyclic ethers such as
tetrahydrofuran, tetrahydropyran, and 1,4-dioxane; aliphatic monoethers such as
diethyl ether and dibutyl ether; aliphatic diethers such as ethylene glycol dimethyl
ether, ethylene glycol diethyl ether, ethylene glycol dibutyl ether, diethylene glycol
diethyl ether, and diethylene glycol dibutyl ether; and aromatic ethers such as
diphenyl ether and anisole. Specific examples of the tertiary amine include
triethylamine, tripropylamine, tributylamine, N,N,N',N'-tetramethylethylenediamine,

N,N-diethylaniline, pyridine, and quinoline. Specific examples of the phosphine
18



N, N-di et hyl ani | i ne, pyridine, and quinoline. Specific
exanpl es of the phosphine 18 conpound i ncl ude

tri met hyl phosphi ne, triethyl phosphi ne, and

tri phenyl phosphine. Each of these may be used al one
or in conbination with another or nore. The

oIR8 58 o BRI B RifS  BRgprosenine

Eé@l@ot &e%%qn %o us%QI' %18}?%'0? M E@rﬂbLﬁa‘l‘?ﬁn'vﬁtWéH@‘h’e}‘ of-thore.

m nutes to urs. t ep e anount ['1con

CONPOPRE ﬁ&?ﬁﬁi&ﬁﬁ@ﬁ’ t@)hpfé?éfwé ain Gtép)Btdausually 25°C to 100°C,

contacted with the polynmer prepared in Step B is

preserably 35°C to 00! apdr ye®! niret pecferdlslyi 508Calio 80°C.  The
originating fromt he organoal kali nmetal conmpound

polgin@rization finef isrusalally A08ninates toob hoarsd nore preferably
1tol.5 nmol. In Step C, the tenperature at which the

pol ynier Spep Gy the iam@iripoB siliooh cbmmund:oaprﬁﬂﬁ:rdeddby Formula
represented by Formula (l111) are contacted is_ usuall PI
(It5thabisiootacied vbttuthe rE8YMEs Pepares dn yfepndris usual y 06to3
pr ef er abl 50C to 80QC. The contact time is usually

meécpeb mohdr the a%l&abrme@,ta!amrwnfyn& from mcﬁrga ali metal

roduct, on rocess may further rlse Ste

C%Ppé’é‘ﬁ'tdaE? falyst refer 5§ B 8Pk Ag &50% prgferably 1 to 1.5
?upl ing agent represented by Fornula (1V) in a
‘drocar bon solvent. R4daM_4-a (1V) In the fornula, R4

252fé‘iﬁsﬁﬁ%?ﬁkﬁeoﬁ%tﬂﬁgraﬁeZ%*Kﬁﬁ?‘% M el Ber frapared dn Step B
a@ggﬁéor%ﬂgbcﬂ'fgﬁ éo@n{:l );ﬂ'ﬁa%gbpéd drli%ﬂ@zw%t gﬁi)ogﬁé‘ contacted is

uét‘i‘élge?’ 5°0f t@ ‘FG’O% Eﬁe"f‘ﬁ@l‘f%gcrﬁ@@)‘% dem@tyast more preferably

ent group hydr ogen bonded to an

5@TONBIgP Q. n'ghbscdrﬂH@t/ﬁﬁwef [sO03 @A\ BoNgdd fo 5 hours, and preferably
hydr ocar bon, and the hydrocar byl oxy group denotes a

195ohiovd €miowgtoup in  which a hydrocarbyl group is
bonded to oxy (-0-).

The production process may further comprise Step D.

(Step D) contacting the polymer prepared in Step C and a coupling agent
represented by Formula (V) in a hydrocarbon solvent.

R*aML4. (V)

In the formula, R* denotes an alkyl group, an alkenyl group, a cycloalkenyl
group, or an aromatic residue, M denotes a silicon atom or a tin atom, L
denotes a halogen atom or a hydrocarbyloxy group, and a denotes an
integer of O to 2.

The aromatic residue denotes a monovalent group in which a
hydrogen bonded to an aromatic ring is removed from an aromatic
hydrocarbon, and the hydrocarbyloxy group denotes a monovalent group in
which a hydrocarbyl group is bonded to oxy (-O-).

In Step D, from the viewpoint of the kneading processability of the

conjugated diene polymer, the amount of coupling agent represented by
19




In Step D, fromthe viewpoint of the kneadi ng

processability of the conjugated di ene polyner, the
anmount of coupling agent represented by 19 Fornul a
(I'V) that is contacted with the polyner prepared in
Step Cis preferably not less than 0.03 nol per nol

Ptk a@?iqﬁ%?' 162 conftiSd, viBTRRE" Beiihe| irendild TPIStep C is
p ff'é’t?g s ﬁ’fa‘?@kq %f]é?:}%rh mBPdoiatth@S'd?ﬁanoalkall metal
stance, | ‘erab

resi S nore than 0.4

é‘i‘?\?dm{oecﬁfégﬁ adhd rFISFe 'H?éﬁarbw ndtdes§tthan! 0, 65 eiPifioID From the
tenperatlure at which the pol'ymer prepared in Step

viewpuift bigueperbhbthyadsilakirp seeanjted and &brawiba resistance, it is
ar eFﬁ{:Iont acted is usu&gl Iy BISQC): to 100C, and preferably

pEeYeraply8A6t nidwe tloan et ticipansl merel prefeédblyenot ongre than 0.3
hours, and preferably 15 min to 1 hour. Exanples of

micdhe coupling agent represented by Fornula (IV) include
silicon tetrachloride, nethyltrichlorosilane,
di net hySdeprwothastemp@ratureuatewhwrtm@méym&ﬁ@repaﬁed in Step C
tetrachloride, nethyltrichlaorotin

and thersounling agent ﬁept&aeﬁ’éeﬂwwpaﬂ@!a AlV) are contacted is usually

30 Geena DO wans) PeeTeshBly B0ty iG POCEnos s iGqntact time is usually
6 S@Y%{s&‘;?ﬁv%?»ﬁéﬁ'g! piaerabyde B A6 BbbEne
B A e s AN e,

sfigBhugatgg: ‘f’lilt?rr"ﬁepc’l yﬁ‘l%éhyl dl’ﬂ F%ﬁleﬁ{é)dUCtdlﬁ’fhtHgRﬁSﬁI%ros:lane

conpr|5|ng e stép of contactin

tﬂﬁ@tr@@hﬁﬁgsﬁéﬁ%’”ed ' ‘E‘l St ep Bté”!’rééhlérlﬁ%um i ng ﬁ\@ﬁWltrlchlorotm

represente ormul a a hydrocar bon sol vent .

dTﬁStlﬁﬂ’@icﬁWi‘i‘l di ene poﬂrMﬁthy‘[@MoP@tnﬁ ecover ed téframdthexysilane,
dr dcarbon solution of the conjugated di ene pol yner

Z\Itﬂ AiBtABkySilde, ecdiraithoRpdinosthylsitanesxamethyl{rigthexysilane,
od in which a coagulant 1s added to the

eﬂwltmnetrim(ysslalnetl ondivhethdxydiethiylsimned di dirthpxlydireethylsilane,
or (2) a nethod in which steamis added to the

tetyaiethoaybiiane pbthyltietbbxysibanengnd sietcxydirthylsilane:. .
The conjugated di ene

Furthermore, examples of the process for producing a conjugated
diene polymer inciude a production process comprising Step A, Step B, and
the step of contacting the polymer prepared in Step B with a coupling agent
represented by Formula (IV) in a hydrocarbon solvent.

The conjugated diene polymer may be recovered from the hydrocarbon
solution of the conjugated diene polymer by a conventional recovery method, for
example, (1) a method in which a coagulant is added to the hydrocarbon solution of
the conjugated diene polymer or (2) a method in which steam is added to the
hydrocarbon solution of the conjugated diene polymer. The conjugated diene
polymer thus recovered may be dried by a conventional dryer such as a band dryer
or an extrusion dryer.

Furthermore, in the process for producing a conjugated diene
20



pol ymer thus recovered may be dried by a conventi onal
dryer such as a band dryer or an extrusion dryer.
Furthernore, in the process for producing a conjugated
diene 20 polynmer, a treatnment in which a group,
represented by Formul a (II) of a polyner is

pY AR, LA Catiads I WAEH 4 gkbﬁﬁﬂé’y rdrELBhYSd Sy Parfula (1), of a

s trea carried out

pélgﬁﬁp%rsilst e%@né@é%&;?)gpglw 8 l? g@\“@q{%fs hfay Bedcarried out.

Tﬁentrea%%tdhay%é)@'amea dmymbg $1a6d! ih wiRickofig ' galader is on its
di ene polyner “conposition by m xing anot her pol yner

oWANORSAta cafmpekltibhdPstarbCasidcriiddiateExanpl es of
sai d ot her polynmer conponent include conventional

st yr eTige l@ut—m?amdmpqm{ymer mgyblee uspdliy autcarjugated diene polymer
rubber, butadi ene-i soprene copol yner rubber, and

cdmpysition byemixirigxangthes pﬁlymdrmonnpm‘lem,eamaddmue etgbtharewith.
an et hyl ene- propyl ene coFonner and an
et hy| Examplesenisaidpethgnpolynieiceormponertsiaclugenpomiartional styrene-
may be used al one or in combination with apother or

buarieneveRelumer febbgre Wb@uta,ca%% dbler, ?umda%evﬁqnﬁe% gopolymer

rBBhodnd T ibban, EXamBles. fudinet 10¢ILHE TAJuf) FOPbet En ethylene-
DB i ?ﬂ@%gmf%aéﬁcfcge%@mmﬁrahme?zﬁaﬁ‘éfaﬁ o tos
C%ransﬁmt% thay pRsid 4iahe AL i GimhPeBbn 3R Ghofier of ord™"

pol yrgj Cﬁen é@o{r{e‘? ngt]‘ﬁghfe'rv@om ﬁé’rﬂvﬁn?@%@'w@fqhé' Hc?nAUBé(ted diene

be use exa s there e a vul cani zi

pé\gﬁié‘i' t@? ﬁg%g)ﬂfm & U CéHHnéﬁw Otﬂeaﬁﬁ\%iuﬁ! atffoéorﬁuﬁé‘ted diene

thi az ed vul cani zati o accel er at or,

pél?hiéfrqg*d?éfé@ﬁblyﬁdlal@séaﬁaﬁmoar%iﬁ BY @¥dight, &and more preferably not
sul fenam de-baSed vul cani zati on accel erator, or

le@dathath PO ey weidhtasiated W@HOG%Eﬂ'tﬁb?Wghtaof the total amount of
vul cani zati on activator such as stearic acid or zinc

polyivie coepoments)(incheiing ithe ;arobnt beconjurjated dieheqzolymer).
carbon bl ack, calcium carbonate, talc, alumna, clay

al um As rh?neh;addﬂweda cooventiare additive anay be wsed ngnd@samples thereof
an extender oil; a processing aid; an anti oxidant;
inghigleaa [vuliranizing . agecamuchsas sulure asvulcaaizatien @ssetaraiog such as a

silica (anhydrous_silicic acid),
thiazole-based ° vulcanization accelerator, a thiuram-based vulcanization

accelerator, a sulfenamide-based vulcanization accelerator, or a guanidine-based
vulcanization accelerator; a vulcanization activator such as stearic acid or zinc
oxide; an organic peroxide; a filler such as silica, carbon black, 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 silica include fumed silica (anhydrous silicic acid),
precipitated silica (hydrated silicic acid), colloidal silica, calcium silicate, and
aluminum silicate. Each of these may be used alone or in combination with
another or more. The silica has a BET specific surface area of usually 50 to

250 m%/g. The BET specific surface area is measured in accordance with
21



precipitated silica (hydrated silicic acid), coll oidal
silica, calciumsilicate, and alum numsilicate. Each
of these may be used alone or in conbination with
anot her or nore. The silica has a BET specific surface
area of usually 50 to 250 nR/g. The BET specific

Agwﬁza@%za% - ACRBPhEE L RGO T Sl 2F 8 Hames Wi,
I | cd rdpoF?gtqlﬁ m? rlﬁgjéagﬁuﬁg&res QZE)}%[" ﬁq%{%cgﬁmtlon trade
né?r@%{\]’feﬂﬁf‘ u|f1aicg e%\cpyl 18334*’ ?nahﬁfa%‘(@#écﬂﬁbq:{hgd@”% @¥ailable.

the carbon I nclu furnace bl ack, acetylene
bl aCkExahﬂﬂégﬁif thb&?é‘fboﬁh@i@tm'mblu%i%furﬁadeg:ilabhl heetylene black,
Specific exanples of the carbon black include channel
tiesrtigin bidclcK chathehsblaek, AL gapHXs. fSpevifie eaabwpies of the
bl ack such as SAF, | SAF, HAF, MAF, FEF, SRF, GPF, APF,
cafborChlaBChRnctudeE@harnredr catbararliiackbsactk asichP&s MPC or CGC;
or MI; and acetylene carbon black. Each of these
furaagsechrbiomblask $uch asbBAR: ISARWHAF, Mw‘thEEForSREneGPF APF,
The carbon bl ack ahs a nitrogen adsorption specific
FEur€heeS QrFeaor(Em) tbermgheqarpoa tlaclosugh @s ah§ gr MT; and
di butyl phthal ate absor pti on of al |
ag@tylww p@meonﬂiach Eae h tfm%frmQﬁquss%fg@ﬁwecgrsm%@"aﬂon with
a_ is neasured in accordance with ASTM D4820- 93,
a%ﬂ ST REMSEL- absorption is measured in accordance with

fﬂgﬂe §ﬁ§§ﬁ§@§#§§ <! aln;ﬁp/ggﬂcédgéﬁgﬁorﬁﬁm| ¢ surface area

TR Y D TR Lo ey HAEPT S roton o
uéﬁa%%e{&‘gbﬁ mgw%esmfe bt g 98 g&tbgggﬁﬁg%rface area is

vinyltri r osi | ane, V|nytr|

med¥rbai m( é@cﬁﬁiMWuﬂPN@'ﬁW Iﬂ820(§3(§n6 the DBP absorption is

epoxycycl ohexyl ) et hyl tri met hoxysi | ane,

meaBureddaxyecoidrice WthnABTV [DP£14383. A commercial product, for
nmet hacr yl oxypropyl tri net hoxysi | ane,

eXafiple teelehy nanyes ar8BABTopY t ISEARSAoxY#IManand SEAST KH
N- ((3-am noet hyl ) -y- am nopropyl net hyl di net hoxysi | ane,
mémifaoiured- by Tokai Carbon Co., Ltd., trade names CK 3 and Special
Black 4A manufactured by Degussa, Inc., is available.
Examples of the silane coupling agent include vinyltrichlorosilane,
vinyltriethoxysilane, vinyltris(p-methoxyethoxy)silane, B-(3.4-

epoxycyclohexyl)ethyltrimethoxysilane, y-glycidoxypropyltrimethoxysilane, y-

methacryloxypropyltrimethoxysilane, N-(p-aminoethyl}-y-
aminopropyltrimethoxysilane, N-(B-aminoethyl)-y-
aminopropylmethyldimethoxysilane, N-phenyl-y-
aminopropyltrimethoxysilane, y-chloropropyitrimethoxysilane, ¥-
mercaptopropyltrimethoxysilane, y-aminopropyltriethoxysilane, bis(3-
(triethoxysilyl)propyl) tetrasulfide, T-
trimethoxysilylpropyldimethylthiocarbamyl tetrasulfide, and Y-

trimethoxysilylpropylbenzothiazyl tetrasulfide. Each of these may be used
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am nopropyl tri met hoxysi | ane,

y-chl oropropyl tri met hoxysi |l ane, y-

nmer capt opr opyl tri met hoxysi | ane,

y-am nopropyl tri et hoxysil ane, bis(3-
(triethoxysilyl)propyl) tetrasulfide, y-

b B I YR HERERDVAG, TRORR S AR o rommeelplagypauct. for
ef(§ g?é“lrﬁb@enaﬁ%%hﬁiﬁg tahESSﬂBiYné%ﬁJf‘é%ﬁ.ﬂ'edZByqj)émﬁss@f Inc., etc. is

mbi nation W th another or nore. A conmerci al
apé%gt_ for exanple, trade names Si69 and Si 75
manuf actured by Degussa, Inc., etc. is avail able.

ExanpEganffies hef ettiendetertddr ioic| indfud® anorsbieatic mineral oil
mneral oil (viscosity-gravity constant (V.G C.
(Vistowi)y-gradly tcoristdad) (V.6 .Caphalue)i 0.900 rer 41.049), a naphthenic
(V.G C. value 0.850 to 0.899), and a paraffinic
mineesl aiil 67 1G.Ov.\alae 0.85010 8990, and@ pamffinihaineral oil (V.G.C.
extender oil has a ﬁ' | ycyclic aromatic content of

vahuer 817K} Jo1B849 hadhe exigndadi @Ihthasaﬁdp%pﬁdlc aromatic content

obpnar 886 hen 3 Sl ilan oAt TobE han 1% by
British_ Institute of Petrple t hod 346/92. .The
WEIa o1 ROIMEXSTI araitey SOMLIn B, TSR SHERh %ﬁ@ors}?f‘ce with

YRSy S P BB F By o re o
o o R <SFRI )L sSBHE 3BL B8 B 20 % by weight.

E%E@enz o@sf% Q&y'?‘%g’eg‘ﬁﬁ??" %Bhé%?tg? BSRRdticRAaRiIF another or more.

N- cy cEQBRDIbs 2o S¥meotill éYizatib heBesbRRatdmiinélatfedaniR@ole-based
crosslinking pronbters such as tetranethylthiuram

vm@ﬁ%tford%c%@tbrat@ﬂsr S0EH g phhercaptdbenkzéiniazole, dibenzothiazy!

f enam de- based crosslinking pronoters such as

dM&@é ohexiyd - 2Abeyelohbikqk 2t psnitdthizayi sidfeMamidert yithBiram-based
benzot hi azol esul f enam de,

civastinkiny | grenbtbesiz glichazas edelfametinyttbjurem monosulfide and
oxyet hyl ene- 2- benzot hi azol esul f enam de, and
tatramethylthipramy | dizulfide:z cswfenanidarbesedn eresslinking promoters
guani di ne- based vul cani zati on accel erators such as
suclphenyaguam dV-syclahemobengethiazelgsybegamide, N-t-butyl-2-
ort hgt ol y| bi uam di.ne.  The unt t hereof, .use .
snéfv@}la% \psyitenganidena - %93@?%@ bengsinjazelssuifenamide, -
oxyethylene-2-benzothiazolesulfenamide, and N,N'-diisopropyl-2-
benzothiazolesulfenamide; and guanidine-based vulcanization accelerators
such as diphenylguanidine, diorthotolylguanidine and orthotolylbiguanidine.
The amount thereof used is preferably 0.1 to 5 parts by weight relative to
100 parts by weight of rubber component, and more preferably 0.2 to 3 parts
by weight.
When a filler is mixed with the conjugated diene polymer to obtain a
conjugated diene polymer composition, the amount of the filler is usually 10 to 150
parts by weight relative to 100 parts by weight of the conjugated diene polymer.

From the viewpoint of abrasion resistance and strength, the amount is preferably
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100 parts by wei ght of rubber conponent, and nore
preferably 0.2 to 3 parts by weight. Wien a filler is
m xed with the conjugated di ene polyner to obtain a
conj ugat ed di ene pol yner conposition, the anount of
the filler is usually 10 to 150 parts by wei ght

ndf ks 1, porpanEpl et BRadDbre résBfatfy it 3858 than 30 parts by
w&@ﬁ fé@@q‘ﬁ ﬁﬁg q&%&%&ﬂg bF Belhmkb‘?c@rﬁBHP bein§ Qﬁl%r?ée?ﬂblltylsbfl%ferabiy not

nore pref
fé:r"aB ﬁ&em«s é\ﬁeﬁéhnﬁoo arts b
n%?é rtgﬁ?gpzégn%%?y@géﬁgtgﬁ%%\r@ hf)re |smpreferar1b l'y not P Y
Y  than 120 parts by wei ght, and nore preferably not

nore than 100 parts by weight. When a conjugated

di enewtry e copfugEtedt divhes palyanar i pesitionl eontainihg the filler
t he conjugated diene polynmer is used, fromthe

and ethpoi gonjafyated| diepeorpoiymeirt is a;smcbf énomb| the oviewpoint of fuel

silica as a filler. The amount of silica is o
epordrIyabt ys poeférable thanseGilica tas byfillet. ghThe eamount of silica is
to 100 parts by weight of the total anount of

pteﬂera;ply n@tri@ssothan @partsby weight selativieate 100Rarts biyyweight of

In a process for producin gated di e
”'rﬂ)lt%?éra'@QHﬁbsqft fiders, c@ﬁﬁanﬁr%gﬁraﬁwﬁbi than 70 parts by

conponent, an additive, etc. in addition to the
welgitugat ed di ene pol ymer, a conventional method, for

AL St ST R bigng! BolsARAC Gimeositon
oGy catiotng, SRR EomBaEent nah "pfidfPe i) (R5AGuEEN to the
ctﬁrﬂﬁ@étaﬂrdi?n%‘y érz%té&ﬂle%%ﬁ%fh%grgig 'fSr %@Ble ?hﬁethod in which

ure 1S usua

thif %ﬁﬁ)@ﬁbﬁtssgfe tkﬁeé&@@ fﬁ%éﬁéeokﬁeééh\f&wtbhﬁﬁ mifer such as a roll

usual 30 sec to 30 min and preferably 1 mn to 30

nfRé?anW‘BﬂnB\er%Bcéﬂbah'b@us’&lent or a vul cani zation
accel erator is mxed, the kneadi ng tenperature is

usual With rregamrirte khealdlihQOGOndmdns),r efrraldry additive other than a
tenperature to 80C. A conposition in which a

vulchmizimgzagent agentulcanization aecelemtons rixed) theskneading temperature
m xed is usually used

is usually 50°C to 200°C and preferably 80°C to 190°C, and the kneading time is
usually 30 sec to 30 min and preferably 1 min to 30 min. When a vulcanizing
agent or a vulcanization accelerator is mixed, the kneading temperature is usually
not more than 100°C, and preferably room temperature to 80°C. A composition in
which a vulcanizing agent or a vulcanization accelerator is mixed is usually used
after carrying out a vulcanization treatment such as press vulcanization. The
vulcanization temperature is usually 120°C to 200°C, and preferably 140°C to
180°C.

The conjugated diene polymer and the conjugated diene polymer
composition have excellent fuel economy and abrasion resistance. The

strength is also good.

The conjugated diene polymer and the conjugated diene polymer
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after carrying out a vulcanization treatnment such as
press vul cani zation. The vul canization tenperature is
usual ly 120C to 200C, and preferably 140C to 180C
The conjugated di ene pol yner and the conjugated diene
pol ymer conposition have excellent fuel econony and

oSHRPRER 5L Sha TR sl BB g ueRg, B prootng
2 C _ : " sh
RO e R RS kol s, e
materials, etc., and are particularly suitably used
EB@{ ,g,li_Egs. EXAMPLES The present invention is _
expl'arnéd bel ow by reference to Exanples. Properties

ver e ‘?Mé'p‘r‘ﬁﬁi@%’eﬁtﬁﬁ i%/b %%)(E%Yﬁéiﬂb%ﬁb@ﬁ%feﬂencﬁqér@émples.

vi scosity The ey viscosity of a polyner

was NPaspErees derd @0Slualedby Hslfolewingridthddss K6300
(1994). 2. Vinyl content (l?mits: mol % The vinyl

1Cmbﬂegvm‘co€itpql/lunﬁy was determnmined by |R spectroscopy
fromthe absorption intensity at around 910 cm 1,
whi chThe Mooméds vispositynofa polymernwas myéasuyed . 108°C in accordance
Styrene unit content (units: % by weight) The styrene
withidlS ¢E30On11984).a pol yner was deterni ned from
refractive index in accordance with JI'S K6383 (1995).
24Vinybeententtuniisi g1l %l stri bution (Mwv M)
Wei ght - aver age nol egul ar wei ght

numbef D& VYEPAGENtERE PEBIROYMERE eﬁtd%%%jiﬁ&@.bg IRespagirggeopy from the
b el S e opt ol oo iR o ek BT ot @ iy

?i stribution (MvM M) of a polymer was determ ned. (1)
rument: HLC- 8020 manufactured by Tosoh Corporation

3. Styrene unit content (units: % by weight)

The styrene unit content of a polymer was determined from refractive index
in accordance with JIS K6383 (1995).

4. Molecular weight distribution (Mw/Mn)

Weight-average molecular weight (Mw) and number-average
molecular weight (Mn) were measured under conditions (1) to (8) below by a gel
permeation chromatograph (GPC) method, and the molecular weight distribution
(Mw/Mn) of a polymer was determined.

(1) Instrument: HLC-8020 manufactured by Tosoh Corporation

(2) Separation column: GMH-XL (2 columns in tandem) manufactured by Tosoh
Corporation

(3) Measurement temperature: 40°C

(4) Carrier: tetrahydrofuran

(5) Flow rate: 0.6 mL/min

(6) Amount injected: 5 pL

(7) Detector: differential refractometer
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(2) Separation colum: GV XL (2 columms in tanden)
manuf actured by Tosoh Corporation (3) Measurenent
tenperature: 40C (4) Carrier: tetrahydrofuran (5)
Flow rate: 0.6 nL/mn (6) Armount injected: 5 pL (7)
Detector: differential refractoneter 25 (8) Ml ecul ar

(%@B&ul’ﬁ@Jb‘?p@{ﬁtae@c@ﬁﬂfje{aﬁdﬁgdvﬁ%%yé}?e 5. Fuel econony

rrp-sha pi éce width of 1 or 2 mMm
S?Eﬂef"ebﬁﬂs of 40 nm was stanped out froma
sheet - shaped vul cani zed nol ding and used for testing.

The | psstripasigpéd tésingiecéMavingta Wigthobf a 6re3tmpi and a length of
was neasured using a viscoel astoneter (Ueshinma

AGahfkshstdrped Lot fronndeshestrshdped yuldardzedtmaldingfand used
1% and a frequency of 10 Hz. The smaller this val ue,

farhestiagt erThdpssuahgerts tard{70°6), #7GFC oha testi pieed swas measured
(units: ng/ 1000 rotations) A ring-shaped vul cani zed

usingda ngscosdastométers (Jeshimia §elsahuslmd€mt ¢ td.anmgesconditions of a
were neasured using an Akron abrasion tester (Ueshinma

straingfilPbrand adrequengy)of iz, cdhaiamalles this valuedinedpstter the fuel
10 pounds and a test piece rotational speed of 300

SEYMMPr 500 to 1500 rotations, 1500 to 2500 rotations,

o Abra B e es LU RO eblng T 20s, val v,

Dot h R At BB e 09 £ Gatpipoe, amounts
oMo 153 e BREEE i B Al ore B S 0SEh ) d Sisakushe
ChhR T ing 5B ol o {9BERSARES BlotHlce otationa
speed of 300 rpm for 500 to 1500 rotations, 1500 to 2500 rotations, and
2500 to 3500 rotations, and the average value thereof was calculated. The
smaller this value, the better the abrasion resistance.

7. Strength (TB, units: MPa)

A dumbbell-shaped test piece (JIS K6251 No. 3) was stamped out
from a sheet-shaped vulcanized molding, and used for testing. Stress at
break when the test piece was pulled at a tensile speed of 500 mm/min
using a tensile tester was measured.

Example 1

A 200 mL recovery flask was flushed with dry nitrogen, and charged
with a solution of 11.0 mmol of Molecular Sieves (3A)-dried
bis(diethylamino)methylvinylsilane in 10 mL of cyclohexane. Subsequently,
an n-hexane solution of 11.0 mmol of n-butyllithium was charged into the
recovery flask, and the bis(diethylamino)methylvinylsilane and n-butyllithium
were reacted for 1.5 hours while stirring, thus giving a
bis(diethylamino)methylvinylsilane and n-butyllithium reaction liquid.

A 20 L capacity stainless polymerization reactor was washed, dried, flushed
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A 200 nL recovery flask was flushed with dry nitrogen,
and charged wth a solution of 11.0 nmmol of Mol ecul ar
Si eves (3A)-dried bis(diethylam no)nethylvinylsilane
in 10 nmL of cycl ohexane. Subsequently, an n-hexane
solution of 11.0 mol of n-butyllithiumwas charged

wif iy mdfogrirt ARESHarbrd it 592 KA G hexane (speefie graity 68 grem”
SUPEo FABARENG 73 TOLEGLIY 4 AL 6 b 447 o

e%ﬁrﬁ/gygbhd%r%%tﬁét,‘”Pdlyr%i'iﬁatio‘h-%iﬁiti PASteti¥| within the reactor

pol yneri zation reactor was washed, dried,
whb Uit iz witht A-biityllithiuro e bis(diethviagtdoinethWl0irdIsilane and
kg of hexane (specitic gravity 0.68 g/cnB), 547 g of
nib@yhithamh eneactio’® liquid was ethen &Hargedofinto the polymerization
tetrahydrofuran, and 4.7 nL of ethylene glycol
redctbhyandtdopolyParizationz af iodrhiutadiene apdnstyeenalwas carried out
within the reactor was neutralized with
far- Buhgutg.t hDuming: pelwhetizationy ithei stirying speednwas 138 rpm, the
and n-butyllithiumreaction liquid was then charged
ppiveerizetion| ipaster Mtesnal i@@@%@turanwaéo%f%@ﬂdzghe dmonomers
of 1, 3-but adi ene and styrene was carried o for 3

Wesa s P i?@n%%ll“?%%w!@atf‘ﬁd?ﬂ'ym%r 'zﬁticf’} f‘?’@é{tg’ﬁeed was
t gﬁpéﬁ%ﬁﬁ@%@{%@%@tﬂl ﬁ-%d@%%tﬁgké'ff”ié@ﬁ@&usmtf'&g3 hours, a
LR B B S ORI, Sy oo
o A TPl SRR A2 ioane wa
q@f k%ghg @ Mhtd e BWrﬁE*'XaﬁHﬁrrgﬁﬁtdr”ﬁﬁd?lhéonditions of a stirring
DO AT T on o ehctor Unaer Tconditrons of a Stirring
s?@é&‘bfofl’.d?er S A PoR el YaRsn 28hL0t ihRAREPtempleeaniAk of 65°C,

enperature of 65C, and stirred for 0.5 hours.

afdhspesenst 8.5 Bourd, of a hexane sol uti on contai ni ng
0.5 nL of nethanol was charged into a flask, and the

pol ynBubseluently, @3 mti of eal hexand solutives combaining 0.5 mL of
anmount of 1, 3-butadi ene supplied during the ) )
methanel wast charged iftpla Jlaskarahd the pobymer solytign evas stirred for
suppl i ed was 259 g.
5 minutes.

The amount of 1,3-butadiene supplied during the polymerization was 821 g,
and the amount of styrene supplied was 259 g.

To the polymer solution were added 1.8 g of 2-fert-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.). Subsequently, the polymer solution was
evaporated at normal temperature for 24 hours, and further dried under vacuum at
55°C for 12 hours, thus giving a polymer. The results of evaluation of the polymer
were given in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of
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To the polynmer solution were added 1.8 g of

2-tent-butyl-6-(3-tert-butyl -2-

hydr oxy- 5- met hyl benzyl ) - 4- met hyl phenyl acrylate (trade

nama Sum lizer GM manufactured by Sum tono Chem cal
Co., Ltd.), and 0.9 g of pentaerythrityl

mg@é r(ﬁgﬂéﬁr%f]b}é‘umﬂ'éﬁ RBAB! ﬂ'{??‘%ﬁzlct Fédaﬂ sa In? ), 6.4 parts by

rranu act ure um t em ca

wefght dit4ls) ané@ggjﬁﬁHﬁr&déﬁt (irB8e %M@Sl@owéh@@cﬂﬁéd by Degussa,

aporate tenperature for 24 hours and

Iy, 1608 pafts! IR weiglerofVérdm biéck, 7o fpairts 1y Raaigiist, oft &l extender oil

gi'vi ng a pol'ymer. The results of eval uation t he

(teRley MBMe: Wer40ginv@iufactufed by Kyodd Gakdyd)s 10 pafisgby wdight of an
the pol yner thus obtained, 78.4 parts by weight of 27
anfidxidant( {tragldenarage Antigena3C, rMdBufactured s SumitambChemical Co.,
Degussa, Inc.), 6.4 parts by weight of a silane
Ltdo).:;ﬁ pags d:yeweug(rtt rt:écﬁéeamvecnds%parthwa@hmowmomde 1 part by
%ssa Inc.), 6.4 parts b& ght of carbon_bla
waight gf 2 tvquaﬁmeéioglhacq'ﬁlermore faéllﬁjaamﬂ ISOJ("E“P alé. mwfactured by

S%llté%io Eﬁ%ﬁ%ﬁfa“ﬁrq‘eg% A oggqtiazlv#é&@ fAn”t Babtaznzgéon accelerator
tWPUf 96t Soringl B Men(ag Pﬁ"egnﬂaagv@?ﬁm%f‘ 3%(%?%?. 1.5 parts
of HERE 5P %@xaﬁ@vﬁ’%ﬁw@m%&ﬂeﬁ " AMIRGLR by (Quohi Shinko
Cﬁgfﬂééﬁﬂ gﬁﬁg%‘l S»%C. ﬁg’ héa lnﬁid1 pélrtoéjﬁktwé’iﬁhtgﬁi gggﬁjp{ge?e kneaded by

f
iR e PRk tb%&%ﬁ%i‘n‘%’mf’s‘%ﬁ‘ﬁ%’é N
manuf ﬁﬁild'lrn@dopmé)ﬁbBWm&mepos(ﬁ‘GmtﬁQé duidifed irtb £8heet shape

Ltd.), and™1.4 parts by wei ght of sulfur were kneaded

hQVlngm%ﬁrléngfh aarl}@bmd?tha%tforlrsbl M BheEP ehickp@lsgnef 2 mm and
conposition. Ml ding of the polynmer conposition thus

volehaaizetibn wereccainieet oatbpea phass niplding nadchinsdinvdelt bonditions
of 150 mm and a thickness of 2 mmand vul cani zation

ofvar ternperatede caft 1690°G andss timé dfng5 mirhites, dhdergiving a sheet-
conditions of a tenperature of 160C and a tinme of 45

shaped evylcanizedyimplding. shide -shaeipshared cancasized molding thus
nol di ng. The sheet-shaped vul cani zed nol di ng t hus

obtrinededvals evaluatedd inn tesmes of fuel QGQHBH‘W af@d strength.

ﬁtgi?%g tqu]'poﬁ%lrﬁlbgger tgpnggﬁ}mgégggg{pégﬁo tlh¥lS obtained into a ring

shape having a diameter of 63.5 mm, a thickness of 12.7 mm, and a central
hole of 12.7 mm and vulcanization were carried out by a press molding
machine under conditions of a temperature of 160°C and a time of 45
minutes, thus giving a ring-shaped vulcanized molding. The ring-shaped
vulcanized molding thus obtained was evaluated in terms of abrasion
resistance. The results of evaluation of the vulcanized moldings were
given in Table 1.

Comparative Example 1

A 5 L capacity stainless polymerization reactor was washed, dried, flushed

with dry nitrogen, and then charged with 2.55 kg of hexane (specific gravity 0.68
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shape having a diameter of 63.5 mm a thickness of
12.7 mm and a central hole of 12.7 mm and

vul cani zation were carried out by a press nol ding
machi ne under conditions of a tenperature of 160C and
atime of 45 mnutes, thus giving a ring-shaped

g)%ﬁ,?%?z ?dof”ﬂbgc%dwdieﬁgeﬁ \GF flgﬁe(h%d 1.4 H#IP Bf"teﬁg%ydrofuran, and 1.2

hus 'obtal ned was “eval dated in terns

n@ﬁ?@?ﬁ??ggf ﬁlgf:él.t GBI efftd. T SUBSEaUSHtE !ibéﬁé%hé’fsdl@ﬁon of 3.6

dings ‘'were given In Table

mrROPaF #-bu eyl FtFaI ®ak éhérded MRGRIihtD, Sdd Wopsstymerization of 1,3-

pol yneri zat’i on reactor was washed, dried, flushed

bidakdter ¥ndi dtyepenwas hriiéd out fer 0etb hotils. 2. Bbrikg pblymerization,
hexane (specific gravity 0.68 28 g/cnB), 137 g of

thle 3stitriregli epeed43vas ofl 36t ypeme, thie. potymufrization reactor internal
tetrahydrofuran, and 1.2 nlL of ethylene glycol

taihperaturewas 6550h saguthve mpnaamers wexa se ppdied: cantingously to the
3.6 mol of n-butyllithiumwas charged thereinto, and

polypoefization aeaeierof 1, 3- but adi ene and styrene was

carried out for 0.45 hours. During pol ri.zation,
the sbflerithg Bew@ﬁmth@m%m%egaﬁ@ewﬁ Pit1h§h0.45 hours, a

. B, R GBS B (onpari

o fRutp B ahag Bt Rl udlee AishBffeIn, L 5fE g1oRvphexane was

e PBerged ISR By EERUF Thaclirciner qonditipps, of a stirring

sgé G CIEFRCaNE S S&n’?é‘lji at%ﬁ'i’é’&&oirriﬁférpaﬁtem erature of 65°C.
P mir 1 Zalh ot T eactor TUndar Cond T ions of ca St rrring

speedcgy o]rﬁgefi&ﬁliéﬂdoﬁ1R§1be§ﬁéﬂé‘bh§%t¥l%ﬂ§t Whs itheRdafied out for
tenperature of 65C. Copol ynerization of 1, 3-butadi ene

2 OFhGling! 1B BoM@FuUUZRN sﬁﬂblgiingdh@uhoﬁ@meréi td® the polyendrization reactor.
conti nuously supplying the nononers to the

Deeingneponahednatioact the ddrringy spegderwaat i t30 trpen, and the

stirring speed was 130 rpm and the polynerization
pobaeénzaiion eeaetortietgraahtempenatiré5gas A°€E. t he

pol yneri zation had been carried out for the 2.05

hour sAfter thel polymenzatios hatibesn married it Girethes2.05 hours, a

3A)-dried

sc()lutl)on of 2.8 mmol of Molecular Sieves (3A)-dried
bis(diethylamino)methylvinylsilane dissolved in 10 mL of cyclohexane was
quickly charged into the polymerization reactor under conditions of a stirring
speed of 130 rpm and a polymerization reactor internal temperature of 65°C,
and stirred for 0.5 hours.

Subsequently, 10 mL of a hexane solution containing 0.1 mL of
methanol was charged into the polymerization reactor, and the polymer
solution was stirred for 5 minutes.

The amount of 1,3-butadiene supplied during the entire polymerization was
205 g, and the amount of styrene supplied was 65 g.

To the polymer solution were added 1.8 g of 2-tert-butyl-6-(3-ferf-butyl-2-

hydroxy-5-methylbenzyl)-4-methylphenyl acrylate (trade name: Sumilizer GM,
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bi s(di et hyl am no) net hyl vi nyl sil ane di ssolved in 10 nL
of cycl ohexane was quickly charged into the

pol ymeri zation reactor under conditions of a stirring
speed of 130 rpm and a pol yneri zation reactor internal
tenperature of 65C, and stirred for 0.5 hours.

TSI b, i P57 00 007t W onaai
téil%k)@?ﬂé@ﬁth@ﬁréﬁ@ﬁé@'} ’ (Fﬁdgﬁatﬁé‘?né’.mgﬂﬁ%ﬁzets qiplh, Othatffactured by

rrre Stmnutes’ - mount of 1, 3-butadi ene
SaHRPMEICHBMiEs (G, enid.).e PolLbsER{uendy Qﬁe\/\@ﬁ)_}yrﬁgﬁ Solution was
and the anount of styrene supplied was 65 g. To the

ePAPOrERId S0hoifmalNehiiefatdfs ésk 24 Bodrsfand further dried under vacuum at
2-tert-butyl-6-(3-tert-butyl-2-

583¢! forx12 hours, vl giving i -pblymehy I Theergsultaof wivatuatiohrafdiee polymer
nanme: Sumlizer GM 29 manufactured by Sum tono

wehegivealindable it d. ), and 0.9 g of pentaerythrityl
tetraki s(3-laurylthi opropionate) (trade name: ,
Sumi | 19@paris- by weightfefctherpalymer tBimpbtairednEht dwarts by weight of
Co., Ltd.). Subsequently, the polynmer solution was

silica {trade diarae: bitrasll VNSrige manwiactiead by [egissa, dRg). 6.4 parts by
further dried under vacuum at 55C fqr. 12 hours, thus

weight R} & silans RouPling agent (frade Jiang:. 69 aAnglectured By Degussa,

I@L%{%ﬁéﬁ I:rnée H\%@Q’Iﬁ&fagq{gag lb‘i%c]k4 %gg t@%éﬁe&ﬁﬁ (g¢£n oefxtende:r oil
(il BBgh X80T 88 ly MGl A8 ARG BY weiont of an
oGO o o KRoBRE 3G BRI S Ghemical Co.
L4 5 A Pl S oSl 2l o yoight et e oo, 1 part by

wWeRIHISf &fvuidhniZatidnOsteaBiatér (1Al RARRS: PiihgleCZ, Fhanufactured by
manuf actured by Sum tono Chemcal Co., Ltd.), 2 parts

Sormitvan® [Therhical €.i Ctdg d, part poy Wisight vizgulozhization accelerator
oxide, 1 part by weight of a vul canization

(teaizehamet Gox(rtol & enanofactuBed ibyobu@ipmoathémitalr@al, bid.), 1.5 parts
Sum tonmo Chem cal Co., Ltd.), 1 part by weight of a . )

by uiveight zeft aowaxc (teade ataone: Sunade Narmangagiured by Ouchi Shinko
manuf actured by Sum tono Chemcal Co., Ltd.), 1.5

Chemieal Inglusksial Rio. oktds), vand { 4r pards Rareight phsulfur were kneaded by
manuf act ured_by Quchi Shi nko »

means of a Labo Plastomill to prepare a polymer composition.

Molding of the polymer composition thus obtained into a sheet shape
having a length and width of 150 mm and a thickness of 2 mm and
vulcanization were carried out by a press molding machine under conditions
of a temperature of 160°C and a time of 45 minutes, thus giving a sheet-
shaped vulcanized molding. The sheet-shaped vulcanized molding thus
obtained was evaluated in terms of fuel economy and strength.
Furthermore, molding of the polymer composition thus obtained into a ring
shape having a diameter of 63.5 mm, a thickness of 12.7 mm, and a central
hole of 12.7 mm and vulcanization were carried out by a press molding

machine under conditions of a temperature of 160°C and a time of 45
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Chem cal Industrial Co., Ltd.), and 1.4 parts by
wei ght of sul fur were kneaded by neans of a Labo
Plastom || to prepare a polyner conposition. Ml ding
of the polynmer conposition thus obtained into a sheet
shape having a length and width of 150 mm and a

e A LT —
vhifdeMz& v Iain&gﬁgggga%té‘ilntém% éé?lgflaﬁgae%etté?% of abrasion

giving a shee vul cani zed no

rédis ric.sehapﬁ%ev%gﬁﬂ%fzﬁﬂ é?élgbﬂantBf'stheo%?éé‘rﬁﬂﬁwaﬁ\oldings were

evaluated in terns of fuel econony and strength.

ghver fiemaele . nol ding of the polymer conposition thus
obtained into a ring shape having a dianeter of 63.5

OompardthieckRassplef2 12. 7 nm and a central hol e of
12.% nm and vul cani zati on were carried out by a press
ol di Ag5 Lneapdoity staidessqmoigmerizatiorofeactorewps vedshed, dfied, flushed
160C and a time of 45 30 minutes, thus giving a 3
withrdyy gtitipgen \and anarged with @iSfgkg mﬁbexam@?%ﬂ&qugravnty 0.68 g/cm®),
vul cani zed nol di ng thus obtai ned was eval uated in
18éraref di3-hutadienm 43 gwfstyiene, 1Tihals ef tatrahygrofuran, and 1.2 mL of
eval uation of the vul canized nol di ngs were iveP in
etfyigne glycohdisindather exzihaeguently, 21 nAgxene solution of 3.6 mmol
tai nl ess. polymerization reactor was shed, dried, ..
| TP RARTR das nebagind, tharantHar B4 ool gmeEizagion of 1.3-

bﬁq;ﬁ%ﬁ g\glpéﬁtgleecr{é{fvésg#aar\é#tﬁ%ﬂ?fg? p%%f ﬁ@xﬁ. 15171ri%gofmlymerization,
e ARG RERRS 088 139, et PRI oreastor internal
tééfg@g{%ﬂre.\% L) %erld gﬂ’é E‘ﬁ”g@?e@%}gdsﬁd}?% BbRiin@8dsly to the

meri zation @ ene an ene was

pgﬂyrﬁbﬁgaﬂgh rkattdr. 67 hours. During polynerization,
tHe stirring speed was 130 rpm the polynerization

react aftdrifhRy palymeARRROAtEE bEth eafriedrsutt i the 0.67 hours, a
nmononers were supplied continuously to the

sphltiorer i zaf i on2rgact aimolAf t eof t heModdguwiar i zaSievevad (3A)-dried
been carried out for the 0.67 hours, a solution of
bs(disthylarmindymetbylvainylSilane sdig3a)vedt irdl0 mL of cyclohexane was

quickly charged into the polymerization reactor under conditions of a stirring
speed of 130 rpm and a polymerization reactor internal temperature of 65°C.

Copolymerization of 1,3-butadiene and styrene was then carried out for
0.58 hours by continuously supplying the monomers to the polymerization reactor.
During polymerization, the stirring speed was 130 rpm, and the
polymerization reactor internal temperature was 65°C.

After the polymerization had been carried out for the 0.58 hours, a
solution of 2.8 mmol of Molecular Sieves (3A)-dried
bis(diethylamino)methylvinylsilane dissolved in 10 mL of cyclohexane was
quickly charged into the polymerization reactor under conditions of a stirring
speed of 130 rpm and a polymerization reactor internal temperature of 65°C.

Copolymerization of 1,3-butadiene and styrene was then carried out for
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bi s(di et hyl am no) net hyl vi nyl sil ane di ssolved in 10 nL
of cycl ohexane was quickly charged into the

pol ymeri zation reactor under conditions of a stirring
speed of 130 rpm and a pol yneri zation reactor internal
tenperature of 65C. Copol ynerization of 1, 3-butadiene
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po yneri zation had been carried out for the 0.58

hour s Afger th@l pbl BZatio® Hatbbeeh ddirelbat & tves! .25 hours, 10
(3A)-dried bis(diethylam no)nethylvinylsilane

mili 9@ hedane sblutibn ecbntginird Oxhmel whsnethanilwas kchaogeld into the
into the polynerization reactor under conditions of a
pslymetingtionreadtar, arebtheppobmienspltipmewaszastiroed for 5 minutes.
reactor internal tenperature of 65C Copol ynerization
of 1, Theiamduerinef hidcdutagiconsuppbied during dhe ieatire pplymsgrization was
31 1.25 hours by continuously suppl |ng t he nononers

205 g, igaddbe areeuntafistrene supphed WB§rﬁy g pol yneri zation,
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e ent rizati on was and t
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S?melﬁirﬁée@%eiﬁgﬁll G? ‘gﬁfde?t gﬁyg c% (3I9° HE pd Mé?' %Blutlon was

wer e added tert- but | -2-

eDYFRNYd Bt ﬁBFrhdi @Wbiméf&ﬁ?hﬁd&?& MaHd ﬁﬁfﬁdr@iri%d(diﬁ@éiﬁlacuum at

name: Sumlizer manuf act ur ed by Sum t oo Chemi cal

560C fot-12 rburﬁr’tﬁu@gﬁlllﬁlg afpapnbaerThid redults oftestaliedtion(&-the polymer
auryl t hi opropi onate) (trade name: Sum lizer TP-D,

waene givert inrBabléyl. Sumi tonop Chemical Co., Ltd.).

Subsequently, the polynmer solution was evaporated at

nor mall 00gpapte by wvaightoof the palymer thusl obiained, 78idi @arts by weight of

under vacuum at 55C for 12 hours, thus gl vi ng
spica(trede mamer bligasis VHI3-Gy ananufactired biyh egu$§areln0) 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, 47.6 parts by weight of an extender oil
(trade name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
antioxidant (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 vulcanization accelerator (trade name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization 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.
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were given in Table 1. 100 parts by weight of the

pol yner thus obtained, 78.4 parts by weight of silica
(trade nane: Utrasil VN3-G manufactured by Degussa,
Inc.), 6.4 parts by weight of a silane coupling agent
(trade nane: Si 69, manufactured by Degussa, Inc.),

DM ot i ok e st shae
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Soxi nol CZ, manufactured by Sum tono Chem cal Co.,

shagel, vilqarizedymoetdipht oThe stietashaped ovulsaoétedt amordmg thus
(trade nane: Soxinol D, manufactured by Sum tono

obtainedal was. , evaliated1.ib pterms bf oebhtecohomywrand strength.
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réSUIt16F ERaRatiBH 8F Phe QDI&JPﬁzEQ'rMHEFn@QW%‘ Qﬂv@ﬁ in Table 1.
obtained into a ring shape having a di aneter of .
(Trgb|ea1§h| ckness of 12.7 mm and a central hole of

127 nmand vulcani zation Were carrjed out Qy a presp
mol di ng machine under conditions of a tenparatéhiig of Comp.
160C and a tine of 45 mnutes, thus| gExiing |a
ri ng- shaped vul cani zed nol di ng. The| ri ng- shapedx. 1 Ex. 2
vul cani zed nol ding thus obtal ned was eval uated in
Meenay IecoiiY asi on resf stancem The (esudits df 41 36
eval uati on of the vulcani zed, nol di ngs were given in
Yapi @Menttapl e 1) % 58 59 59
Styrene unit content % by weight 25 24 24
Molecular weight distribution - 1.29 1.18 1.08
Fuel economy

tans (70°C) 0.111 0.115 0.124
Abrasion resistance

Amount lost mg/1000 rotations 160 240 240
Tensile physical properties

B MPa 19.8 17.8 17.4
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Conp. Conp. Ex. 1 Ex. 1 Ex. 2 Money Viscosity - 51
41 36 Vinyl content %58 59 59 Styrene unit content
% by wei ght 25 24 24 Mol ecul ar weight distribution -
1.29 1.18 1.08 Fuel econony tans (70C) 0.111 0.115
0.124 Abrasion resistance Amount | ost ng/ 1000
C&gﬂﬁ%%ons 160 240 240 Tensile physical properties TB
.8 17.8 17.4 33 CLAIMS 1. A conjugated di ene
pol ynmgr kS ' l.:epe- based
1 {T?\t%(glﬁpe%ltec’ Wené‘p‘b‘i’ﬂhté%bﬁﬁe’pﬁ’é:ﬁg

unrt; and'a group r

cons ;o pres hted by Formul a
(1) ah dibghRsdHEndbadeBdonBtiuefbani; aflh RL X' -
li-x 3 (1) “I'2 wherein RL denotes a hydrogen atom a

hydrogaghydép HepitBsBaEd byl Fdrnd@ A3r Somdth Ofermini of a polymer
substituted hydrocarbyl group having 1 to 20 carbons,

ckKain: X2, and X3 independently denote a group
represented by Fornula (11), a hydroxy group, a

hydr ocar byl group, or a substituted hydrocarbyl group,
and @yl epbt one selected fromanong X1, X2, and X3

is a pgroup represented by Formula (Il) or a hydroxy
groupF R2
X! —8j—x? (D

IR

wherein R denotes a hydrogen atom, a hydrocarbyl group having 1
to 20 carbons, or a substituted hydrocarbyl group having 1 to 20 carbons,
X', X2, and X? independently denote a group represented by Formula (l1), a
hydroxy group, a hydrocarbyl group, or a substituted hydrocarbyl group, and
at least one selected from among X', X2, and X3 is a group represented by

Formula (l1) or a hydroxy group,

—N/ (In

wherein R? and R® independently denote a hydrocarbyl group having
1 to 6 carbons, a substituted hydrocarbyl group having 1 to 6 carbons, a
silyl group, or a substituted silyl group, and R? and R® may be bonded so as

to form, together with the N atom, a ring structure.
2. The polymer according to Claim 1, wherein R? and R® in Formula (I1)

independently denote a methyl group, an ethyl group, an n-propyl group, or

an n-butyl group.
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N (I 1) R3 wherein R2 and R3 independently denote a

hydr ocar byl group having | to 6 carbons, a

substituted hydrocarbyl group having 1 to 6 carbons, a

silyl group, or a substituted silyl group, and R2 and

R3 may be bonded so as toform together with the N

atom I r

3 TTle e\g%r el H%é‘lgoﬁggég p@ ot wﬁ‘é‘i@i”ndt\ﬁ@ drBups selected

orrrula(l

fﬂdhﬁ*%?ﬁaﬁgf)t" »(ﬁ%?ﬂi K3an 'msrha/lhag(flfaﬁb réﬁréﬁéﬁbd%_l)ﬂF@rmula (I, o

an n-propyl 'group, or an n-butyl group. 34

eﬁ@h%ﬁheaﬁwg%@ﬁs%n@téls@ﬂy&fox%)% . ein two groups
selected fromanong X1, X2,” and in Formula (1) are

represented by Formula (11), or each of the two

groups denotes a hydroxy group. 4. The pol ynmer

4accor Theg potyraey asordingCitai asy lone of, Chiengi h tohd, wherein the
conj ugat ed di ene polyner has a vinyl bond content of
coojugated Mne/opolummrebamammyirdmond ogontest coinj20ydeed0 mol %
di ene- based constituent unit. he pol yner accordln%
relateghyo Jfd moldﬁ»a:frmelcqruugat%éi@?erb@ﬁed cstityentan

di ene pol yner has a nol ecul ar wei ght distribution of I

to 2. 6. A conjugated diene polyner conposition

;ﬁgp Lh’g ngo&rgpﬁgaéfo%afr%d taﬁlﬁgge?#?:wlg%g%c{bng wherein the

B RoR g fisthas pnBLEGfar G BisnilfydER g 1 o 2

100 parts by weight of the conjugated diene polyner.
8. A process for producing a conjugated di ene pol yner,

ggg?;?ts!:ﬂg“}aq;éqogz(g%@% ef;‘yﬁqengcgﬁ-[%s(&loﬁ %cﬁﬁpﬁ)smg the conjugated

onpound cat al

dihe PalymeP a%eordaﬂg%nén@ﬁeaoﬁclaﬁw Qaranqmia flller
represented by Fornul a in a hydrocarbon sol vent

to prepare a reaction product of the organoal kal i
nmetal conpound catal yst and the silicon conmpound;
7. The composition according to Claim 6, wherein the amount of filler is

10 to 150 parts by weight relative to 100 parts by weight of the conjugated

diene polymer.

8. A process for producing a conjugated diene polymer, comprising the
steps of A, B, and C:

(Step A) contacting an organoalkali metal compound catalyst having 2 to 20
carbons and a silicon compound represented by Formula (lll) in a
hydrocarbon solvent to prepare a reaction product of the organoalkali metal
compound catalyst and the silicon compound;

(Step B) polymerizing a monomer comprising a conjugated diene by
contacting the monomer with the reaction product prepared in Step A and
the monomer comprising a conjugated diene in a hydrocarbon solvent to
prepare a polymer having at a polymer chain terminal an alkali metal

originating from the organoalkali metal compound catalyst; and
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(Step B) polynerizing a nonomer conprising a

conj ugat ed di ene by contacting the nononer with the
reacti on product prepared in Step A and the nononer
conprising a conjugated diene in a hydrocarbon sol vent
to prepare a polyner having at a polynmer chain

(SRACErRAR o d 1 FomBbL AR PIehIAY Pormuia 1 with 2

?ﬁ-ﬁgel-v'?\:n%ta? ?é*d‘\ﬁ'@i,ﬁé %%@g?@@g?f@d"gﬁﬁt p%‘thévmg the alkali

n@étﬁmab@@lhé‘tnﬁﬁ e@rcﬁ’n RRY rtﬁgbh@aﬂ%&ﬁ' Metﬁpt@émpound catalyst by
originating fromthe organdal kali netal conpound

contadtired e dikgémctompourel TeprésenmtedmgurRbrmula (11l) with the
represented by Fornmula (111) wth the polynmer in a

pojynec i bonmydcaebdn 0B8Rt x' -Si-x6 (11,1) 15

wherein X4, X5, and X6 i ndependently denote a group
represented by Formula (I1), a hydrocarbyl group, or
BcethsCH ut ed hydrocar byl group, and at |east one

sel ected fromanong X4, X5, and X6 is a group

repres nted by Formula (IIE) R2 N (Il) R3 wherein
RR1-ardSiRe—ixfdependent | y déh De a hydrocar byl group

having| 1 to 6 carbons, a substituted hydrocar byl

gr oup ving 1 to 6 carbons, a silyl group, or a

substituted silyl group, and R2 and R3 may be bonded

so as to form together with the N atom a ring

st r uctimezei® X* TS, andc)é%mtm:p:mwbntg/ tdenGtaiangBup represented by
wherein R2 and R3 in Fornmula (I1) independently

Feemsda (H), nathyﬁroga:hm graupeonyd sgbstitutedmydrpcapyl group, and at
group, or ~an n-butyl group., 105 The (focess accor di ng
iqaﬁt@aensﬂeﬁtecb frameasiong W, of ¢ dgtae@roup represented by

Formula (l1),

e (1D

wherein R? and R® independently denote a hydrocarbyl group having
1 to 6 carbons, a substituted hydrocarbyl group having 1 to 6 carbons, a
silyl group, or a substituted silyl group, and R? and R® may be bonded so as

to form, together with the N atom, a ring structure.

9. The process according to Claim 8, wherein R? and R® in Formula (ll)
independently denote a methyl group, an ethyl group, an n-propyl group, or

an n-butyl group.

10. The process according to Claim 8 or 9, wherein two groups selected

from among X', X2, and X3 in Formuia (I11) are represented by Formula (l1).
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fromanong X1, X2, and X3 in Formula (111) are
represented by Formula (11). 36 11. The process
according to any one of Clainms 8 to 10, wherein the
conj ugat ed di ene pol yner obtained has a vinyl bond
content of 20 to 70 nol %related to 100 nol % of the

190N uWgrgé%?'&%%?gin@og%ééﬂ(#%&tea?ﬁﬁ;é@irt}%‘ §T{be 10, wherein the

process according to an 1,

c%%gﬁétted? 4@ n eCPBIyHIsH §9tﬁ@§&?£géwﬁplpﬂéﬁd %dFﬁ%le B¥ 20 to 70 mol

_dlstrlbu_tlono _ rocess
WIrerHel e FOE AibIvat exe %ﬁﬁ.ﬁgé’t@bﬂ‘i?ﬁe@ﬁ?@&'cb‘n%ﬂt ent unit.

conprising the step of mxing a filler and the pol yner
obtai ned by the process according to any one of
Cains 8 to 12. 14. The process according to Caim 13,
1@her eiThet peocesy wgaoeding tmaanyongnef Claimes8ticon 1hasherein the
a filler content of 10 to 150 parts by weight relative
cpbjugriegatiepemolymiggthasa mbhlequdayweightidistrbution of 1 to 2.
vul cani zat e obt ai ned by vul cani zi ng the conposition
according to Caim6 or 7. 16. The process according
o Claim13 or 14, further conprising the step of .
TR xi n§ Broe@sRiPLiRTgONGEId anicomiygrtech Aiengtrelymeaseomposition,
ol yner onpgsition. . 17. A process, for producing a,
cHmAtiEng the sgsappf SNhgNg nd ﬁ@% and ther Bahraphkained by the

pgcﬁ’%ﬂcsééggéggﬁgﬂb@ﬁﬁ gg’oyggggqfcr{?%%igé/itnggbt ai ned by the

14. The process according to Claim 13, wherein the conjugated diene
polymer composition has a filler content of 10 to 150 parts by weight relative

to 100 parts by weight of the polymer.

15. A vulcanizate obtained by vulcanizing the composition according to

Claim6or?7.

16. The process according to Claim 13 or 14, further comprising the step
of mixing a vulcanizing agent with the conjugated diene polymer

composition.
17. A process for producing a vulcanizate, comprising the step of

vulcanizing a conjugated diene polymer composition obtained by the

process according to Claim 16.
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