CONJUGATED DI ENE POLYMER, CONJUGATED DI ENE PCLYMER
COVPCSI TI ON, AND PROCESS FOR PRODUCI NG CONJUGATED
DI ENE POLYMER Techni cal Field The present
invention relates to a conjugated diene polyner, a
conj ugat ed di ene pol yner conposition, and a process
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or aut onobi I'es ecom ng stronger,
and there is also a demangphpyyereel l ent fuel econony
for polynmer conpositions used for autonobile tires. As
a polymer conposition for autonobile tires, a polymer

R Et4 on conprising a conjugated diene pol yner such
Teg:g po$ﬁ3éd§)adi ene or a butadi ene-styrene copol yner and

a fiHR seEhnsimamen teatks & ca tonjispdedndjed@rpolymer, a
exanpl e, 'a polymer conposition containing as the

corpiatat eflefbepelpaky mes mposttiomemridorareprdnessodof ypreglucing a
with a dial kyl am no group-contai ning acryl am de one
corgugateal digfneappbirgeer forned by copol yneri zi ng
but adi ene and styrene using an alkyllithiumas a
pol yneri zation initiator (see e.g. JP-A-1-217047.,
B4dRgt@KIDA)t i s known. Furthernore, a pol ymer
conposi tion containing as the conjugated di ene polé/rrer
a pollgmeecéot npeatsy moth f thengdWiwiRg concern over nvironmental

rpOIgMBIEGlarBand o aal JUlAcEnRERY ZHHED LR NEp JHeERebecoming
oo 20 YA A 35 S BOAIELL L PRATLESRESY for potymer
co R rek PR Py BTl B8 PR SO Rsiion for
a B%U&iFeorHr%‘sf”é‘gpé‘i;}?ﬁéy%drﬁﬁ&fﬁ% tc‘ffn%ﬂ@ing a conjugated diene
polymer such as polybutadiene or a butadiene-styrene copolymer and a filler
such as carbon black, 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



of a polynmer forned by pol ynerizing butadi ene or

copol yneri zi ng butadi ene and styrene, using an

al kyllithiumas a polynerization initiator (see e.g.

JP- A-63-186748 , US4957976 and JP- A-.2005- 290355,

US2005- 203251A1), etc, have been proposed as pol yner

conposi tions havin d fuel ecqgno L SCl. )
anghgbranentratg an kiR o AR FEATRE G Ree o0. 0P

A-B@W%‘Hé’(‘ﬂ@@éﬁ@fﬁ CQRROYFLACPSO ST SE NGUB2005-203251A1),
conj ugated di ene polyner are not always satisfactory

etégr?i{ag\{egf]bgfggit &?gﬁ@é?&c%sb%d’f?@ﬁrf lé%'mﬁ&Qi'?i?Wé #¥ling good fuel

parti‘cu y when a filler sucCh
ec%ﬁoﬁb“ca I's used. Under such circunstances,
an obj'ect of the present invention is to provide a

conj ugat ed di ene polyner that can give a polyner
DI&& idfitﬂgl Hidp exceilent fuel econony and abrasion
resistance en mxed with a filler such as silica, a

pol y%w%@é‘ﬁ?oﬁié b VieohEdidwe driceinve nitioé at apg lygedredompositions

di ene polymer and a filler such as silica, and a _
coRfe6Rg & YorPugausi Aeridpobanirgat atbtdalevey pebiitactory in terms

The preésent invention provides a conjugated di ene ,

of rAkYbEIancenpetweag faet ayonganpdrdl abeab@sedesistance, particularly
constituent unit and a group represented by Fornul a

wHdn adilldroguch asrsilica o$ usegol yner chain, I1St-- -------

Under such circumstances, an object of the present invention is to
provide a conjugated diene polymer that can give a polymer composition
having excellent fuel economy and abrasion resistance when mixed 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 (1) at both termini of a polymer chain.
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In the formula, 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 (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 (I1) or a hydroxy group.



In the formula, Rl denotes a hydrogen atom a

hydr ocar byl group having 1 to 20 carbons, or a
substituted hydrocarbyl group having 1 to 20 carbons,
X1, X2, and X2 independently denote a group
represgpted by Formula (11), a hydroxy group, a

hydr ogt&r byl group, or a substituted hydrocarbyl group,
ang}I t | east one selecteqliyon1annng X1, X2, and Xa is
a grqup represented by Fornula (11) or a hydroxy
group’r3 R3 In the formula, R2 and R3 i ndependently
denote a hydrocarbyl group having 1 to 6 carbons, a

InStiestdrinliigd R® ShACRY byd e 98 fidn thaiendtd 4 ayBreedigmgyroap having
silyr group, or a substituted silyl group, and and

1 K8 srevarbenkonded bstit@edt Ayfesdarbybgebbpr haviny ttheo 8 carbons, a
atom a ring structure. The present invention
silyl evbdps o ecenpsiiatted siiyeneopp) snerRtampoB’ tmey be bonded so as
conprising the conjugated diene polyner, and a filler.
toFormhéogether whb theddaton,rev engi BRUQUGei des a process
for producing a conjugated diens pol yner, conpri s'_ng
the sthps psesant Binveitian Espeisles) aork@YHOALEGN diefle  polymer

AP BONOARMPTAING 68 SPGB S ENREMBAN G AT

11 Gy oS on SoLVent L PLERSEE:, FERELL Oor procucing
« e M ) B SRS
(S8 AP CRR sl dp' ABelsREkalp Rl S RUFR AL S alviRy 2 to 20
cdHRSCYRP NS Uil ESH Elen%&gﬁgrébﬁé%lehwa haviperatla (1) in a

pol'ymer charn term na 1" metal originating
h)f(drSBhFﬁtﬁn QoI K Brep AR 8l rezeiBAUpbdfitadly e organoalkali metal

Step C) reacting a silicon conpound represented by
conapduha AvhWwst e fied ¥honcé@inpoueidmi nal , of the
pol ymer prepared in Step B, having the alkali netal _
(Stsp gBatporgmiarizing he ongaonsrkaldmpesialg canpoojupated diene by
catal yst by contacting the silicon conmpound .
comgpcisg rthed nimn dfoenubidh (thel eastian phedpet yprepared 4n Step A and
hydr ocar bon sol vent _ _ _
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 (Ill) 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



, X% wherein X4, X5, and X6 independently

denote a group represented by Formula (11), a

hydr ocar byl group, or a substituted hydrocartyl group,

and at | east one selected fromanong X4, X5, and X5 is

a group represented by Formula (I1), /R2 0 -
pwhereilid R2 and R3 i ndependently denote a hydrocar byl

group lhaving | to 6 carbons, a substituted hydrocar byl

group [having 1 to 6 carbgns, a silyi group, or a

stbst-gt-uted silyl group, Ahd) R2 and R3 may be bonded

so as|to form together with the N atom a ring

St ructwure. In accordance with the present

i nvenfion, there can be provided a conjugated diene

pol ymer that can give pol ymer conposition havin
excelwrersif )€, >é5c<awgandeaendgnﬂm mtgt%ﬂéguﬁﬂgﬁresemed by

mxed with silica as a filler, a polyner c oshtion d at
Fdroruted | By ari ydregaring @rmmgut%@U@iSEHéeﬁoﬁ\ﬁ@aé ¥' group, and a

filler such as silica, an ocess.gar producin
le@sinpigase®ciedfEoporyNg %ﬁeﬁéoppﬁe% d8n‘§o%ri%poﬁgﬂg€see“ted 2

excel | ent fuel economy and abrasi on resi stance and has
Fk§88534ﬁ9ength. Mode for Carrying Qut the Invention

The conjugated di ene pol yner of the present invention

is a palyner conprising a conjugated di ene-based

cons%ﬂiuent unit and a group represented by Formnul a

(! t both termni of a(pp)ymer chain. |In the

fo | a, Rl denotes a hydrogen atom a hydrocar byi

groupfaving 1 to 20 carbons, or a substituted
hydr ocar byl group having 1 to 20 carbons, X . X2, and

X3 i Relepenget? hyddrh ol Ee Fe Bd Ontidy epiots enhgdrdyarftyl mubap having
(1'l') hydroxy group, a hydrocarbyl group, or a

1 selBstddrbbag, hydubettutgtd byorgnaragt gadupelsyingnéd to 6 carbons, a
sel ected fromanong X1, X2, and X3 izs a group
silyegresenoed dybdtiuted silyHyroup aangdtogpdgRodpay 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 Out 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 (1) at both termini of a polymer chain.



In the formula, R2 and R3 independently denote a
hydr ocar byl group having 1 to 6 carbons, a substituted
hydr ocar byl group having 1 to 6 carbons, a silyi
group, or a substituted 841 group, and R2 and R3 nay
be bonded so as to form together with the N atom a
H-RgCSt-ru@'ur e. In the present specification,
t he Rydrocarbyl group denotes a hydrocarbon residue.
The gubstituted hydrocarbyl group denotes a group in
Wwhich at |east one hydr ogén at om of the hydrocarbon
resiTue i's substituted by a substituent. The
substiituted silyl group denotes a group in which at
| easX one hydrogen atomof a silyl group is
substituted by a substituent. Exanpl es of the
conj ugat ed di ene-based constituent unit include 1, 3-
but adi ene, isoprene, 1, 3-pentadi ene, _
In2the b rimilay IR'1ddnbtéadi Rpdrogard atody, shayddoeany! Fyromp having 1
t he vi ewpoint of ready availability, 1,3-butadi ene and
toi 30rabens! erpa efidrsitlited Bydhoodrhvhegoupalyabi@audetp 20 carbons,
al one or in conmbination with another or nore,.
XRIX3, rarrbXihdependeatiyt ésneteng eirogenemreagnted by Formula (1) , a
hydr ocar byl group having 1 to 20 carbons, or a
hwﬁoxyigraued ahlyydrioseabil Oreptpur AHbRgitatadhygreeahyhgroup, and
Exanpl es of the hydrocarbyl groyp havihg 1 to 20
atdsﬁggr@@edéﬂkﬂ%@d dlomy amﬁma@ % ﬁ-@r paﬁ %960P "gpresented by
n- butyj group, a,sec-butyl group, an npentyl group, a
Fc?f@b‘bé‘nélvl 9F glm{drgﬁyigsrg tyl group, a benzyl group, a
5- phenyl pentyl group, and a cycl ohexyl met hyl group.
Exanpl es of the substituted hydrocarbyl group haying 1
to 20 arbons denoted by R include a

dig&(ﬁylaninobutyl group(Ig?diethylaninobutyl group, a
t - butyl di met hyl si | yl oxybutyl group, an
Nnor phel i nobutyl group, a pyrrolidinyl nethyl group,
and a piperidinyirriethyl group. As the substituted

Inhner REaiyl REr ane . RBIsddsehdened dardtecahlyyrogadup group having
conprising as a substituent a group selected fromthe

1 @6 0Bl ar0BRStd BObstitwteni hydgerarbyhtgabnpngagingug, tarf carbons, a
oxygen-contai ning croup, and a silicpn-containing

silyt gupu psopresebsiituéed silyl groupr angoR” gnd X3 oy kgnged so as
(1) independently denote a group represented by

toFormn,ltageter withybedtyatgnoup ring sifdEBEsr byl group, or

a substituted hydrocarby] %r()%g,tbén%gggo%?erﬁ %?‘Sup TS, B

sel edfedher ieaaBhgsReciTiea
o RASTSTS Sl Thbead lohad MU Batas St ihSlgs @ oroup
n YO RB L R gt OB REFER, PO O Sbsidue s
o 3, BB, PO SRR B, B a group
which9 a3t fe4st U5 e 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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Exanpl es of R2 and R3 include aik.yl groups such as a

nmet hyl group, an 6 ethyl group, an n-propyl group, an

i sopropyl group, an n-butyl group, a sec-butyl group,

a terf-butyl group, an n-pentyl group, a neopentyl

group, an isopentyl group, and an n-hexyl group; a

cycl ohexyl group; a phenyl group; al koxyal kyl groups
OQﬁBHlaS a met hoxynet hyl group; a nethoxyethyl group,

an etﬁ°4¥?ﬁ§f:’ﬂ%|a i %noﬁ@g énhﬁﬁém%@&h,géoﬁwr(ﬂfﬂbyl group

trialkylsi groups such as a yl'silyl group

a1 tip oot YdHbBRENYrsh I90b @it @l hydrocarbybxgonbesadhg 1 to 20
h%{]ﬁ)gps |on V\/ry#cﬁ R2 and R3 are bondgd i ncl a/de al kyl ene

carbonRs such as a trinmethylerte group, a tetranethyl ene
group, a pentanethyl ene group, and a hexarnet hyl ene
gr OUfE x@xptislok theney drowapby ks yodu@daain @iy th e2thylaehens denoted
group and an oxydi propyl ene group; and

bynR'r iogarde amt aipriopy! @roups asustbuly! greppup seped¥hgeyp, an n-
by - CH2CH2- NH- CF12- and a group represented by

peryb graup NeCrieopentyl groufheaRyigpPBeRkbyITOuoup RRIMH foup, a 5-
by R2 and R3 is preferably an al kyl group, the

prsQrudpeﬂmlegionpda@@aawplca?@%"@éﬁ%'t YWy R2 and R3 is

C T yIEGBReS soproraaeitdiad Tudtirarel Yy il 1 to 20
AR Terala P B9 2 B Y ht el R B, arovp. o
dipfFa GBI o o or Surf OLYRITENCRIIGHIAIAET Aoup,  an N-
mRh AR GP R, S AR oty P G, Bl B Siricinyimethy!
grdup. TAS el KidtitMted Siasid b ¢id gh&dgp@rMstﬁUOem hydrocarbyl

having 1 to 4 carbons in which the substituent is a

gr@U?UFbcﬁﬂbﬁﬁstrfgi h&om thibaitaenpt cangirstpngetdéctad from the group
ni t rogen-contai ni ng group, an oxygen-contai ni ng group,

caridstingidfi € ontrogehacontagniggogmu ay dnogarbgbngieipg group, and
having 1 to 4 carbons, or a substituted silyl group,

a ailieoyetonmieing gfesmid preferableyl group, an et hyl
group,, an n-propyl_group, an n-butyl group, a
trima>€1hyl>§2i,l?Bdgrb%ppfaggf@&ﬂﬂﬁr@@ré&%@%@d%wly denote a group
- CH2CF12- NH- CH2-, or a group, represented

repeppenteso by=Eermula gl rWd:"QIXgrQV)qu’e?egggf?/caarbyl group, or a

o TR B BT RS8P, BT B BB Bor B . .
o R0 S B 15 g orTLe 15 5P 4 BESEREs By

cyclic am no group. Exanples of the acyclic am no
group Ii{pcl ude a

—N/ (1)
N3

R
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.

Examples of R? and R? include alkyl groups such as a methyl group, an

6



di al kyl am no group, a di(al koxyal kyl )am no group, a
di (trial kylsilyl)am no group, etc. Exanpl es thereof

i nclude a dirnethylam no group, a diethyiam no group,
a di (n-propyparnino group, a di(isopropyparnino group
a di (n- butyl)am no group, a di(sec-butypam no group
a di (fea-butypam no group

etlali qrAEB 8Nt JPAPRYA P BRI MPPHETRNPa AT BRI IRUR- @ Sec-buty
grégg,ta? ?é%gmyﬁ“é?g&&ianno foentyi %% el NRXYERNY BRASUY, MG58HENty! group,
] LU 0 ( ROEHGH A RS arou
i AR G0 T e, s S oo
angirgﬂ%?hw}@iga@g@%é?@ tALIKJIINI roRipe, s@ciPiaeeti tdimeshylsilyl group

group, enei m’'no ‘group, a

anlﬂ'é‘?BhfW&iHthﬁ@Wl'g%m group, a 1-octarnethyl enei m no

group, "a 1- decan®t hyl enei m no group, a

1- dogegansikBYbrgRIUPSIM Whistp R%aahd R® are bonded include alkylene
t et radecanet hyl enei m no group, and a

grdues sadr et hiyhethgienengrogpoaptetreumethgienexgrivppe@ pentamethylene
the cyclic amno group include a 1-imdazolyl %roup, % hvi
gréus- ahdpdrexamathylanelgyaupyraygjalisylene srekpopiel Ayan oxydiethylene
group, a 1-piperazinyl group, and a rnorphaolino group,
gréupranchen psygioranylesie @é%n?nérmtrpaﬁwog w*abgﬁ%&?, such as a
the group represented by Fornmula (11) is prefer n )
graep JePEesarited Qyr &H;CH@%H"%%T&%%@ 9EOR 513%%%8%‘% by"-CH2CH:
group, and further preferably a dinethylam no group, a
NT¢Het hyl ani no group, a di (n-propyl)anino group, or a

o o AP i TBREAA R g 1 eIy an ales
grghgy?hgrsu%sﬁth{erb’ RYGYIIABYNGr& 9 WericteBISY KM@ R is preferably
an alkoxyalkyl group, and the substituted silyl group is preferably a
trialkylsilyl group.

R2 and R® are preferably a substituted hydrocarbyl group having 1
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-CHz-, or a group represented
by -CH2CH,-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



Exanpl es of the hydrocarbyl group denoted by X1, X2,

and X3 in Formula (1) include al kyl groups such as a

nmet hyl group, an ethyl group, an n-propyl group, an

i sopropyl group, an n-butyl group, a sec-butyl group,

and a tor!-butyl group. Furthernore, exanples of the

substi tuted hydrocarbyl group include al koxyal kyl
etlyylo@iss! is Q8 BNak-balty h@iovdky net hyl group, an et hoxynet hyl

group, a nethoxyethyl gro and an. et i i

The. T aEaimias grontgorty’ bRorB% 6fl 5 OLRKGR o 2o amino

and the spbsti.tuted hydrocar r LS.pir l¥udhinclude a
orGi 6k FEDY Sgtigagroun XA o AU SEFLTEu g
.Substituted hydrqcat 10t e XLy df@riafigsilyl)amino
dlg&yl}rrglrﬁ)r eqré)%lgl g‘@%’%’%@?@ﬁﬁgﬁ%ugrﬁ%. ng 1_(?[to 4 ) _
grﬁ@@boégﬁ. Ol @ SHIRS heH G dink) HeP @At M thgl@tiRo hgroupg &l diethylamino

arbons, and nore preferably a nethyl group or an dil
ylg g lYaminoAlgrb@pst aonsi(isepesp@arhirmom gnomg, a di(n-

gr%;f)‘, )&,agﬁﬁ)r)%gyi)ﬁmlzlor rruq a ?I) IS g group represented
btﬁxl)gﬁﬁmj'@o(uld,)a @i( e ddiydymgrogpoupt ai di(prréfbatyibamino group,
that at least two selected fromanong X1. X2, and X3
a ar edigngopuntyl EmarEent egronyp, For an a (athylmathyamyee oxygroup, @
group, and it is nore preferable that tw selected
difmethoaymethykbmixa, agwuxd ara a gioeheesiudamieg pydroup, @
Forrmula (1) or a hydroxy group.

) The .

di(@ggq’xt;gm_ tetgn)anirﬁicre p_grqupfr ey fuﬂg(ﬁmowsm%ga?oin group, @

addition to the conjugated. dj epe-based const.i
dimetpashyagEpeaaiferbom G baNA TR s SR A8 eq

by Forrmula (1), a copnstituent unit e (i

mnor@@m@ﬁérf%ﬂ tbe Wﬂgé\'ﬂm&g\r@r“pﬁﬂﬁ@%r ?Tp%&@%@ty%ﬁ‘relmmo groups

afomatic vinyl. a vinylni.tri. ' ny imi ,
suihron,-Punalsiny EablP, ackihbliie GpuP, 3L HERENEER)EReimino group

i ncl ud - e typeng, M . , 1-
SR e AR R R

Lyl Oy hal e anpl es|. ¥ieEnditind e group, a  1-
de?’ﬁﬁél}ﬁglggg%lﬁgni @PPE( gﬁd :lxg{)r%‘lé?s?nofwt helunsat ugr]at gd Furth

' Lihi | RFlgud el -setdgtametiyienamied lgydup. Further

teﬁ%?@ﬁlgt@hﬁﬁ@lwﬁﬁgﬂ%&% ate, and e?hylwnet hacryl ate.
exAMIEs tdTaRE YRli@peab igroup Vhciyteis 1pmidarayl grouana 4,5-dihydro-1-

styrene is nore preferable. ~Fromthe vi ewpoi nt .
imidaztlylagroup, heindidaielghn@drdipne ppipgiezngr@pdpadng a morpholino

conprises an aronatic vinyl-based constituent unit
gréapolmatl _ctw ny: ;J_nl t)i aggot E}ebcont _en:]t Offtthﬁ atr omaltl c

vinyl unit, relative to o by wei g e, t.at.

anourftrooh thee iewpagt ef %%}%’“Nniapdaﬁﬁaaﬁea\é?'%i'ﬁ% the group

vinyl unit, is preferably not_less than 10,. O/ﬁﬁ
repep gmnisshitsnt- oM iiRe (Ebis uBERTSEBe RS ARE!IBer INRoBTOUP, more

more than 90 % by wei ght and, npr r tqimethvlami
prPlRERaR SEIEBIG SoUp: r Ll BrE(abl P ldimetnylamino

conj ugat ed . di ene. uni [ Ng, nat, T i %d¥p, or a di(n-
gr%dgh%.gﬁﬁyw reérq‘qﬁidmg? hgﬁ&ﬂxﬁ\%ﬁzﬁéﬁfﬁl P (

c on e d Gieipbiht Whirkady availability of
bLﬁV@?%BI é&ﬁﬁf n%\f@qgﬁgt}]é Of@g@y wei Iéahtim(ft he cont Znt

f qugat tHh\Ba/miHBI tgrbeibndomos ldegsbuhayariinds group is
th%y %ﬁﬁg&??@’a%de&rrgr eﬁprelfera Iypnot nore than 45 % by
préfé@ble(the content of the conjugated di ene unit being

not | ess than 55 % by wei ght). Fromthe -

Vi ek Ainpdés soff engthydrocarbphjgrgapededotad polXmex”, and X° in

has a Mooney viscosity IVILI*4 of preferably not |ess
Fdrnanlal(l) incitidenatkyprgzbapatsychers adesthLarope. an skyl group. an

the viewpoint of processability, the conLugat ed gl? e and
n-pobpylegrdisz, an NooppYWigess: @i 1AV BT8P pATET H|£‘ group,

not nore than 200, and nore greferably not nore than

150, The Mooney viscosity 1411..).,4 is neasured at

100C in accordance with JI'S K6300 (1994). From

t he vi ewpoi nt of fuel econony, abrasion resistance,
and strength being enhanced, the conjugated diene



From t he vi ewpoi nt of fuel econony, the conjugated

di ene pol yner has a nol ecul ar wei ght distribution of
preferably 1 to 5, and nore preferably 1 to 2. The

nol ecul ar wei ght distribution is obtained by measuring
nunber - aver age nol ecul ar wei ght (M) and

a ﬁﬁhgﬂ@ﬁyg‘grggﬁs %gg}ﬁ%@mg%gghp%@mb bﬁ%@“’ﬁﬁﬂ?@o‘ ih% rocarbyl
o e SN LAY oo LR e pgrove. o
o R/ Ny o s B MO0 D) "l AP RHel e, e
h;{ﬂﬁpgﬁ%l @I{gg}f)ggt&ygﬁﬁéﬂ%‘éﬁw sHChIRg! (dhoud, Mifpdtrien substituted

of "a ‘mononer conprising a

h)&qﬁbéﬂﬁ}legjro@gqgepﬂesfe%lyia@‘ﬂaﬂk@)txyamwfgr@upm ymerization

initrator and a silicon conpound represented by

For mitige Ghlrdcanrtiyl gloiip atebsubbetlitédtieidroanebylegroueddenoted by
or (2) a nethod in which a silicon conpound

X' e, egrniXéchreyprederabla A hiytjodarbyeacoen heiviing tletarn¢arbons or a
of a polymer prepared by polynerization of a nononer

submtipniesi hgdeocarbyligavep iiveng. 1 to 4 carbgissfand égore preferably a
exanpl es of the rErocess for producing the conjugated

methangrpupyorean etthyharqitesent i nvention incl ude a

D O el 3y i ealas R, KA PGSR aPr - S BEgamy!a (1) is 2
orbarkuneBaias BegF AR 1] 5o oy Bkalon €T B4RRable that
atigadl CEBRRIaRFE o pufosadCt nf A 0 ARG Ry, represented by
308, B B O 30 B8, o s
fr&ﬁ%“%g@g%tnfﬁg:g%' bn%I%L?FP r Rﬁé%ﬁt'é@i BYNPBENula (1) or a

conpri iene in a hydrocarbon sol vent

hvidPoR 8(®.a polynmer having at a polymer chain
))tdgrny al gn al kali netal originating fromthe

or gaml kahjugaesdldiseemuiyrdec ahay fatthermrdn(Bisep i€)addition to the
reacting a silicon conpound represented by Fornul a

cofjudateam dibne-bpeksi nesnstitaient turini(ceijugatedt diengovyieand the group
prepared in Step B, having the al kali netal

reprasginted img Faromla h@), oaganoaiiteant weitabasespoungnother monomer.
catal yst by contacting the silicon conpound Vinitrile. and an

Exrm]aeagrolesan‘tJ eaid bgtrebn:ﬁ,nqn@n IHCJU\AGA? en @rﬁér;qﬂsax\gﬁxk %dH;:kGY nitrile,
ydrocar bon so| ven; er ei : . .an

bR PR AR ABE ot P MRSPEAAF SRR UG MTAcIude styrene.
1), a hydrocarbyl group, or ubst j. a

a-%ﬁ%ﬂgtg{ Ve ﬁw[}ﬂeﬁegﬁd V:Fylpg%rg alene, S%l%/@&foge@zierngmtrlvmylbenzene,
nmon 4, and X6 i rqu e o

orf T pporthaidtt! Exbiafblstihy AVFTRISERA pbtbirte, ang

. vi i thyl
exgﬁﬁ)gét? to&t@% g@%@ﬁ@%g%&g%ﬂ% hg@i %%tbf iRclGBEDRBEhyI &crylate, ethy

_ ocar _ _ to 6 carbons, a .
Bt e e
virifi Abredefdbld, Sid stgteHetis 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 viny! 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



Exanpl es of the organoal kaii netal conpound cat al yst
having 2 to 20 carbons used in Step A include
ethyllithium rfrpropyllithium iso-propyllithium
nbutyllithium sec-butyllithium t-butyllithium
t-octyllithium ndecylllthlum

phenyl I it hi 2- hthIIt 2-but yl phenyl | i t hi
% m(e\géghly(tblg?({g?mntnm%dﬁ@ co¥uug|ate diens unul% %elngenncyt more thal'90 % by

w&%&?gﬁé%b% ?)Ié@fg]f%ycycl ol%gntehl%ﬂl 1t§t ﬂqnh 'Pﬁ"(ﬁ{ bgﬁ’tgnt of the
coRHGAO AT D1 e el hBay MG enGringgnore. from

th%é{iﬁhwpﬁ§ i‘lg%l% 3\Z)m hg d‘b'f'{'lt“ J;npcﬂ{fh%' Qr%méﬁé QinyMunit is preferably
no‘{’?ﬁ&‘é%gﬁtéb/ beRe! oW agﬂ? (thE B NS eadbrifigaeal dibhé wit being not

compound i s pre Wth regard to the

L by Aol @oke than 8564 biynweight (the
o B R ke B o ke 13y

conbsigRe ele BbhMigaestPdiena Wiitdeing ept ésentiesh B) Fannukeght).
(I'l), a hydrocarbyl group, or a substituted

hydr ¢eerbythe gviewpoirandf attrengtist trmezamlll@ieédd[an@npolymer has a
anong X4, X5, and X6 is a group represented by Fornmul
Mddngy: VISCOSIty ML oheraferadymad degeuih@rn 48r esenmeEe @yeferably not
Formula (I11), exanples of R2 and R3 in Forrrula%d?jll |
less ¢han @0er rreanytheupewpaitd o papgs s biity, FtB?rﬁﬂnéqut § digpp polymer
preferred groups are the sane as exanp

hasra Maomeya/$easity Mt oF erelerakly grbimsy B aanﬁﬁséfgorgspreferab'y
nogg%gu{ﬁ’l gthgnl )1 5%nd A efé@rgr eg)é rlgckl.J S['Sﬁé{g%(gflf gg arr‘r%)%%gerc% Yt 100°C in
denot ed b Formula (111) includ
ac&Sn n%&r‘%%rbj%@ﬁoggqgé%elt Eyl ogr;mjug (an )et IhglC ;rgup,
Spoﬂﬁoﬁp iﬁ%%%wgf)mg{bgb%%ﬁ’; é?%’cﬂﬂas{%ﬂ] rﬂ%%lgil?plce, and strength
belﬁti) 8, #amBh td?@né%?hfe‘#t ﬁ‘ﬂs hy dyiagiaayld content of
up 1nc ude al kox@l kyq

groups such as a

pr@f\’etrﬁ'ﬂzmdierhayé {HHP B0 manye tdnexynore thaferglblgumt raore than 70 mol %
yethyl group, and an ethoxyethyl group. The

relYsH Qs at Oy | merrusf itise celeyeabd ydiane alitdy| Fgrrouthe aieavpoint of grip
the substituted hydrocarbyl group is preferably an

prepéixg atheytorgugated diene polyrher lh@&jao@wmﬂndg(pqmpanfopreferably not
substituted hydrocarbyl group denoted by X4, X5 an

less ¢han effemab %y, molw@refeeabiynogﬂmﬂh@nn,égmp\ Yo Vet more preferably

carbons or a substituted hydrocarbyl hav o

no4 leas Hbas, 2Qmdolnis @ngr earéedlprly p&ef%@hm n%ff tna%a%o mol %. The
et hyl grou Wth regard to the silicon

vire eontantemayt e dxferpinggl BY (R FPSciqsiAmvagop the absorption

inzsig Sharounet o1 Sy gh B Absp Bl Baf S i B,
and t JF%& ‘S%Jyg‘?@@;%jy{uselaéc?or?orh drtﬁ@%@ﬂjug%&@&'pd@he polymer

a su group in

A AT RS ERipy .55 v o
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 () on at least two termini of a polymer chain using
10



(di al kyl am no) di al koxyal kyl vi nyl si | ane.
Exanpl est her eof i ncl ude(di net hyl am no) di net hyl vi nyl sil a
ne,
(et hyl met hyl ami no) di net hyl vi nyl si | ane, (di et hyl am no) ci
i met hyl vi nyl si | ane,
(et hyl - n- propyl am no) di net hyl vi nyl si | an . .
2 Cettge Espidslianos PEURBERIASATHGAShY EEmufp () into a terminal

propyl ar ni no) di et hKI vin { sila

of( ai pggﬁpgbyq, né)’ﬂ 2% h )Vian)me:thopnm which polymerization of a
' |
mgteltesr e Aoyt var DERLd (APREIA alisd o2k <fer @

pﬁg%r%ﬂtgorrhﬁ,ndg%&gﬁ%a&y@%ﬁ@ ?SEH% ré Féééﬁﬂe@ﬁ@y Formula (II1),
whiichf We%'@r qd'lﬁttel?yla\fénb@a%téén%r((% h!&' h&ﬁhb@p}ﬁ amiieh) a silicon

di et IV|ny|S| ane

cd{ﬂf)?ggﬂr bashia) Byet byhuizhyiligiibarected with termini of a polymer
pr yl arni no) di et hyl vi nyl'si | ane, (n-
prepared by polymerlzatlon of a monomer comprising a conjugated diene.
Preferred examples of the process for producing the conjugated
diene polymer of the present invention include a production process
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 (Ill) 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
(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 (II1) with the

polymer in a hydrocarbon solvent

H,C——CH

(ITD)

11



but yl - n- propyl am no) di et hyl vi nyi si | ane, (di - n-butyl arn

no) di et hyl vi nyi si | ane,

(di nmet hyl am no) di propyl vi nyl si | ane, (ot hyl met hyl am no) d
i propyl vinylsilane,

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

) di pr | Vi nysd Sjd ane, e - ted b
(et TG Sy ittty & JPLBRPOARYHIY deqiote 3 groyp represented by

g gm, P |y g8 hydrocarbyl group, and at
RPN PR P Y s3bpERBec yarocaroy groue
Ie%é‘f }Sh'ené?fel%%aaﬂ?ﬁp)a%c%g?)%,vxﬁ,}’bﬁd' RP8s a group represented by

di -'n-butyl am no) di propyt vi nyl si | ane,

FdriuTgt{my! am no) di butyl vi nyl si | ane, (et hyl met hyl am no) di

but yI vi nyl si | ane,

(di et hyl am no) di but yl vi nyl si | ane, (et hyl - n- propyl ar ni no

) di butyel vi nyi si | ane,

(ethy+|sopropylanino)dibrtﬁ*vinylsilane,
—{dinn- propyi am nc) di but yklBhyi si | ane

(dii§%§ropylanino)dibutylvinyisilane,(n-butyl-n-

propyltam no) di but yl vi nyi si | ane,

(di -n-butyl arg no) di butyl vin Isilane, havi

{di (tehareimyt SANGPRMNRARE MY FeRRSia ANdresrroylgypyp having
1 Ito n(?tcg)ﬂ)(s)hls}“a) %u rs]gluqlegeﬁ{)g}ovclarxgllsIglrglr}S’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.

Examples of the organoalkali metal compound catalyst having 2 to 20
carbons used in Step A include ethyllithium, n-propyllithium, iso-propyllithium, n-
butyllithium,  sec-butyllithium,  t-butyllithium,  t-octyllithium, n-decyllithium,
phenyllithium,  2-naphthyllithium,  2-butylphenyllithium, 4-phenylbutyllithium,
cyclohexyllithium, 4-cyclopentyllithium, dimethylaminopropyllithium,
diethylaminopropyllithium, t-butyldimethylsilyloxypropyllithium, 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 (1lI)
used in Step A and Step C, X*, X5 and X° in Formula (Ill) independently
denote a group represented by Formula (lI), a hydrocarbyl group, or a
substituted hydrocarbyl group, and at least one selected from among X4, X5,
and X% is a group represented by Formula (I1).

In the silicon compound represented by Formula (lll), examples of R?
and R® in Formula (1) and preferred groups, and examples of Formula (1)

and preferred groups are the same as examples of R? and R® in Formula (1)

12



(di (trimethylsilyi)am no}diethylvinylsilane, fdi(t-
but yl di met hyl si | yi ) am nol di et hyl vi nyl si | ane,
(di met hyl am no) di met hoxynet hyl vi nyl si | ane,
(di met hyl arni no)d irnethoxyeth ylvinyisilane,
(di met hyl am no) ci i et hoxynet hyl vi nyl si | ane,
(di met hyl am no) di et hoxyet hyl vi nyi.si | ane,
angypee IeyTethidiey BF mat b £ #81 9Pv?fyn§P§fi“|Ué%e(,”) and preferred groups
di et hyl am no) dinmet hoxyet hyl vi nyi si | ane,
de%"@if BRY %rd‘:ef'ﬂ&%mt hyl vi nyl si | ane, and
(di(ne_tﬁwlamno i et hox MVARSY x* X5 and X% in
Exa %agngl'esa})fotﬁ]&&%ﬁ{)ﬁgll il_c%lo?'f\g) se Oetggegyf rom an
i - aMAQngl 8¥Msp, an ethyl group, an
S ERNE I e B FRRp R §o R LR LR 2 iyt oreue
- camnb RSui snbshityWiggdupy ér seatuptyl group, and
n Bf"o‘ﬁ’d@ﬁgﬁ% Q Daélog?éegfgl kli/FI!?‘arri no) alykpyt/glgvi Eyl silane, a

a Rei-Rfti Group! K urthemas i, nexamipydy iofylhes Isaestianied hydrocarbyl
bi s(di al Kyl am no) al koxyal kyl vi nyl si | ane,

grEyprhEatibeagahiyatkyidehbsipdi snehhyisard noptieexymetinyll group, an
| ane, bi s(ethyl met hyl am no) net hyl vi nyl si | ane,

etho gy et yiyd @up) & mmplxveﬂyylsgnogpe,an_d an ethoxyethyl group. The

e oot o e T G gy e substiuted

hw%;gggﬁﬁng?%ggg rB('le\f/eirrélybiliia\lnalr!l]l?('c)?(i)/g ?/il Ig?gg Fr)o pyl ami noj et

The hydrocarbyl group and substituted hydrocarbyl group denoted by
X*, X% and X® are preferably a hydrocarbyl group having 1 to 4 carbons or a
substituted hydrocarbyl group having 1 to 4 carbons, and more preferably a
methyl group or an ethyl group.

With regard to the silicon compound represented by Formula (Ill),
examples of a compound in which one selected from among x* X% and X%is
an acyclic amino group represented by Formula (II) and two other
substituents are a hydrocarbyl group or a substituted hydrocarbyl group
include a (dialkylamino)dialkylvinylsilane, a
{di(trialkylsilyl)amino}dialkylvinylsilane, and a
(dialkylamino)dialkoxyalkylvinylsilane.

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

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



bi s(n-butyl -n-propyl am no) met hyl vi nyl si | ane, bi s(di - n-

but yl am no) net hyl vi nyi si | ane,

bi s(di met hyl am no) ot hyl vi nyi si | ane, bi s(et hyl net hyl am n

o) et hyl vi nyl si | ane,

bi s(di et hyl am no) et hyl vi nyi sl i ane, bi s(et hyl - n-propyl am

i no) et hyl vi nyl si | ane, , . ] ] . .
n-prepulaynesdistay iR et ny! (BHHYlisPpiRyIBipgdigthylvinylsilane,
(ﬁ{é%&&%bﬁﬁ%ﬁi%ﬁ%k%ﬁﬁr%n,ﬁ(’)gliigppgwlamino)diethylvinylsilane, (n-
bLgt]lyi—%gEPo:ayb)%Méﬁﬂ%@&@B%ﬁ%ﬁ%?"SI lzii—zi.ébaﬂﬁamino)diethylvinylsilane,

. . . . . | . ! . . . .

(dE#%%@*I%ﬁlﬁéhcﬂﬁ%&l%@ﬁ?ﬂ%@@fvfLéytf\gﬁﬁl%hglamlno)dlpropyIanyIs!Iane,
AP RN Sobar ey pgimamihoiropylvinysane

(th SIRRSBYY TR SRy W iRYlssiahane, (di-n-

bi's(di-n-propyl arni no) propyl vi nyl si | ane,

proipSA &tni Rl PRYyAVinly dlamieq py(diis opia laménd) dipropyivinyisilane,  (n-

propy!arnlno)propy vi nyl si | ane, . _
bdrtlyB@ddepykbalwmwmpmmpvbWilﬁinwl(siii-lnahét,ylamino)dipropylvmylsnane,

(d&nﬁ&&gﬁi%chgugﬁzgibnu;lgillgwimg,yi S ety iamine)dbuiyvihyisilane,
(dﬁ’é@éyﬂéﬁtmhq%):d%tmigﬁts?{l'a\r’mie?y' St S DL S{ S M mifoRiRR¥#Ryisilane,
(ethylisopropylamino)dibutylvinylsilane, (di-n-propylamino)dibutylvinylsilane,
(diisopropylamino)dibutylvinylsilane, (n-butyl-n-
propylamino)dibutylvinylsilane, (di-n-butylamino)dibutylvinylsilane,
{di(trimethylsilyl)amino}dimethylvinylsilane, {di(t-
butyldimethylsilyl)amino}dimethylvinylsilane,
{di(trimethylsilyl)amino}diethylvinylsilane, {di(t-
butyldimethylsilyl)amino}diethylvinylsilane,
(dimethylamino)dimethoxymethylvinylsilane,
(dimethylamino)dimethoxyethylvinylsilane,
(dimethylamino)diethoxymethylvinylsilane,
(dimethylamino)diethoxyethylvinylsilane,
(diethylamino)dimethoxymethylvinylsilane,
(diethylamino)dimethoxyethylvinylsilane,
(diethylamino)diethoxymethylvinylsilane, and
(diethylamino)diethoxyethylvinylsilane.

Examples of a compound in which two selected from among X4, X3
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)alkylvinylsilane, a
14



bi s(et hyl i sopropyl am no) but yl vi nyi si | ane, bi s(di -n-
propyl am no) but yl vi nyl si | ane,

bi s(dii sopropyl am no) butyl vi nyl si | ane,

bi s(nbut yl - n- propyl am no) butyl vi nyl si | ane,

bi s(di -n- butyl am no) butyl vi nyl si | ane,

S N T I
BRI RIRID, L e vote

hi S( E)Y% m%r@%ffhowar@a@yl pidileti@namino)methylvinylsilane,
ani no

bi s( net hoxyet hyl vi nyl si | ane,

blg(%glrﬂBEﬂWbﬁﬂha%étﬂmvmlmﬁdl rt)'ils@dlbﬁtrsflamlno)methylvmylsnane

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

b@(éth@l-ﬁt—brsdwmnﬁh@?ﬁbmwmmylmlanejyI si | ane,

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

bisi sthgiieb by mylaminp gkthylwieytsilanayi si | ane, and bis(di-n-

bi s(di et hyl am no) et hoxyet hyl vi nyi si | ane, n'[gl es. :
pnﬁpyéammmm@mwlwnmllmem X5bl$a(ﬂdjs§(9r%¢3€aaﬁ999 hylvinylsilane,
am no groups represented For mula (I11) include a bis(di
blts(n-(oantﬂm;nr@ﬁwlﬁm{nQM%hhwaH@y silane, is(di-n-
npl est her eof.i ncl udet ri (di met hyl am no) vi nyl si | ane,
b%ﬁYlﬁfétWﬂh@tﬁﬁyMWﬁsHﬁpﬁvl ane, tri (d| et hyl am no) vi nyl sil a

blfsf(ﬂ tb&%f@@%bﬁ%&@?’%%l (Jﬁ](%rt]ﬁylmethylammo)ethylwnylsilane,
. | si| T N

oAU B AL S8 sl i
. . | d -
APy Mbah o, 22 one 2l cked it
o%yé‘tﬁ?rﬂf]ol Iﬂ)(/lrff\géﬂ%'hé‘ (|b||§(d'||€§blr’@kﬁylammo)ethylvmylsﬂane bis(n-

t hyl vi nyl si | ane,
bLli’t'yF-%DpIRﬁfylQhﬁﬁ&))’@h?WlNylﬁi‘lbﬁQ pnsdi-pkstyl&mino)ethylvinylsilane,

ydr oi m dazol yl ) et hyl vi nyl si | ane, and
b|b(<ﬁfﬁtﬁh§rmhmd)pﬁ@pylwmylmmj vis(etisylnaetaylamino)propylvinylsilane,
bis(diethylamino)propylvinylsilane, bis(ethyl-n-
propylamino)propylvinylsilane, bis(ethylisopropylamino)propylvinylsilane,
bis(di-n-propylamino)propylvinylsilane,
bis(diisopropylamino)propylvinylsilane, bis(n-butyl-n-
propylamino)propylvinylsilane, bis(di-n-butylamino)propylvinylsilane,
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)Jamino}methylvinylsilane, bis{di(t-
butyldimethyisilyl)amino}methylvinylsilane,
bis{di(trimethylsilyl)amino}ethylvinylsilane, bis{di(t-

butyldimethylsilyl)amino}ethylvinylsilane,
15



At | east one selected fromanong X4, X5, and X6 in
Formula (Ill) is a group represented by Formula (I1).
It is preferable that at |east two sel ected from anong
X4, X5, and X6 are represented by Formula (I1), and it
Is nore preferable that two sel ected from anong X4,

ol iras i erpORNRE MRSV ba K5 BBl & (111) in whi ch
ol B A e TP arar e B fon compound n -
e RS B PRI T hsinoi nt o fuel - o
b%ﬁé’?ﬁ%’ﬂéﬂé@% gﬂ%“?ﬁ‘ﬁ@?%:"?ég%e and yet nore

' vinylsilane,
bﬁ@{%f‘ﬁ@fﬁ%oﬁﬂﬁtﬂgﬂr@f Y e bi s(di et hyl ani no)
bl iuthyidgming)mRoxyethylvinylsilane,
bi's(di - n-propyl am no) not hyl vi nyl si | ane, or
bhi(diedhyriming)ati og)methyyiny tsjllasiel, ane. Anong them from and
the vi ewpoi nt of ready availability of the compound,

bisi(diedh glamginaetioxyethylvinyigilane ane or
The. haROMAFBAN SOIBRPIDSCA MRICH . K- G S 3516, ggyelic amino
9%lg(gﬁqgeﬂi@IS[@gaan‘:g{l@;/b;nlt:e?ygg[ﬁjglg)eﬁ'g{l]lg%i?dﬁeﬁ?@:i% 'g th%Ggginylsilane.
hyar oeaRBBeSand ACE T cycl TROHG: ocar Ba T GLARTRO inyisilane.
TR RIS,y O oarbon | gelelypaRAoRinysiane
[EIRBRRPLRES it che. YRR oz e
trﬂ(bhﬁgﬁf@pﬂ%@?gég\p@gﬁﬂ@neSpeci fic exanples of the

aro n i nclude benzene, toluene, xyiene,

and ep\hH hepgaedeo #e sinesh féompwanpl espefsented by Formula (Iil),
al i cyclic hydrocarbon include cycl opentane and i o
e Ry TIpMEXANE colsdured it esiehsal \earst DMy electadddoal snmong X°, X7,
or in conbination with another or nore. Anmong them a
ahydidcas ban dyavicngniinto grdupartegnssestast ebwr kpreula (I1) include
The ol ar ratio of the organoal kal i nmetal conpound .
bisérairpbolinaymethyviny|sitarar Hysépiasaidine)meihydpRylsilane, bis(4,5-
conpound represented by Formula (111) when contacting d
dihiyd reingigdegal Kamethgviylei@®und cat al yst having 2 to an
20 carbons and . the sil]j c?n C&Jn%ound represented by
bisghexarethylensiming MpeNySIANS, 1/0.6 to 1/3 as the

nb f | f th | kaly ' .
Qa:\t a%%ﬁe%%@?ﬁé Feetepf r@%?%ﬁﬁgzé‘ R E{GpllﬁﬁSFggmg}a Iy is 3
t i i t F - ’
9t insSs PaliglT Y "Epr R SR S 10er BFERBld, b, at teast two
s%@%te@q rjnsamﬁ preher ahly x8/drel Fb&r/e]seﬁted_byrrgpglﬁmﬂa (1), and it

enper ature cohtact’ing the organoal kal i

isCORPRUNG T8 M KS thhaViNg felbeted® franboamonnd XheX®, and X° are
silicon conpound represented by Forrmula (I1l) in Step

redreseHss@byyF8@ntm BOC, and preferably 20C to 40C. The
contact tine is usually 60 sec to 48 hours, and _ _
pr ef eTRbI gili@nricompsutd réprleserded by FormBkanfllgsinohich two
t he conjugated diene used in Steep B i ncl ude .
sdledtdnitfadimeramongolf en€, and- X&naealiremsesented by Formula (I1) is
2,3-di methyl-1, 3-butadi ene, and 1 , 3hexadi ene. Armn% 4 U5 q
prefferablyrasilicnn gpawssing inwhiehdyoagalacied frqy amony X7, X7, an

, 3- but adi ene and i soprene ar ref erabl e.. Fach of o
X%ﬁé@@mﬁﬁyﬁléc @Bwoagw:ﬁonﬁ&%m\ﬁaﬂrﬁr%ﬁﬁﬁ CLROPRRY 1t 1s more

or nore.



In Step B, the conjugated diene may be pol ynerized, or
a mxture of the conjugated di ene and ot her nononer
may be pol yneri zed. Exanpl es of said other nononer
include an aromatic vinyl, a vinyinitrile, and an
unsat urated carboxylic acid ester. Specific exanples

of. the aromatiG. \i . ; : rabl
ety oty P A hBFRKRE R EIERE, apdaygte more preferably
R : VWAl ene, Jdedi ino)methylvinylsilane,
IR RO BV KB epRes T, SRl ettyiamino)methylviny
A g1 [ Ispahkrile, and spgcific bis(di-n-
bﬁé}@%{}éﬂgdﬁ&m]@mgggﬁfg Iggacar boxylic acid ester
bl fYFh ke TREYIviAgIsbake, ARTrg abey afrem nitehyiiewpoint of ready
met hacryl ate,” and ethyl nmethacrylate. Anong them an o
avdicamilityc ofithgl cormppuetierib|dietrandming)reathylenytsiene or bis(di-n-
pr ef er abl e. The pol ynerization in Step B may
b by | @i edethytvinglsilbeepisepreiesae. an agent for
regul ating the vinyl bond content of the conjugated . .
t her eTheihydrenarbeeaolveot usedin Stemh. 18P 3 sahfl RakeRof is a solvent
in the cog!g:'gate_d di eri e pol ymer f_hain?f t he talvst. and
thebnflogat Bet dleasévatsi thanargaceakalt jeatalusPMRIYYd Gatalyst

a nononer other than t

YA SRR L A

arg%%gtgglﬁ]&%ﬁgﬁ,?%&% !COgg%rg}'ﬂfelhscgfeygénai@ié’tgfﬁ}/ﬂ‘g)carbon include

o BB PRI SOFU T Hola ot NagPteliog hepare. propene, -

bt hBh?&d-ﬁuféﬁBO%H\g—&i?@ﬂéﬁB, @fs-ﬁjb‘%&é}i’é, ﬁf)@ﬁfenénQ-;S’érhéhﬁl 1-hexene,
e er; alip i ef he (

atic rs such as ethylene glycol

j e t ' by e afbmbhy Ihygtdweirbon include benzene,
a'g(% %ﬁ’%%ée”é; %?Clﬁft Eﬁ%ﬁb et her, gi et hyl er)g gl ycol

toflieHe1Y kyRineer an@n@tisljiigéindres e apldy eplecificbexpmmesenf the alicyclic
and aromatic ethers such as di phenyl ether and

hyaitosalon Brkeld tyclepemphesard cybleherane.akgctamffbese solvents may
include triethylam ne, tripropylarnine, tributylam ne,

bé\usedldibneor anearhpinating lvéttednaffiener more. Among them, a hydrocarbon
f d,Ndiethylaniiine, pyridine, and guinoline.

ha8peg i2f toc1 2gameineds prefefadlghosphi ne  conpound i ncl ude
trimet hyl phosphi ne, triethyl phosphi ne, and .
t ri phERGIPREYPIGtIeeOT E@cﬁrgﬁngﬁ@é 'H&%‘b“eo’UQQH”& SRyt having 2

SRR 13 W I S 1) oo

100C,. " 0C

odipectigtee ofmioniRalieb il S omPPlptbafig fhGy7 020 carbons
i - 5 | g .

o ARSI B, s R ST, TPV, o sl

1/@9§t1]"310§’/l?% égé Etﬂegﬁ‘@ rVHPrmffe%oéf aflel BrgdalBalismetal compound

usua nol per nol of the al kali netal
cALiEtNatdvifgf onot e of g /idd | noEidr asfnpooled of the silicon
catal yst, p?eferably 0.8 to 2 nol, and nore preferably .
cdmbeuhdréPlesented by IForSiela QIhhdrdrantrer aiewpoit of economy is
whi ch the polymer prepared in Step B and the silicon
prederehipd! /Oeptesiént adddy rRorenpdrefgrably 14t o ddhttacted i s
usual |y 25C to 100C, preferably 35C to 90C, and yet
mor e Phef temaperatsor whegomntastingofteaerganaalieli metal compound
usual ly 60 sec to 5 hours, and Eref ,rablg 15 mn

caielyst fraging adte 20 Aapheresydrdyer BCABr %gm@etf%?%%sented by
D. (SLep.D i : | c .
F%ﬂg&é oo égel”éééié BuslEl i%%i{ﬁ%%get%‘reﬁf%oac to 40°C.
I ,
wATRSE S oy LB U BB it

or an aromatic residue, Mdeddtes a silicon atomor a
tin atom L denotes a hal ogen atom or a hydrocar byl oxy
group, and a denotes an integer of 0 to 2.



The aromatic resi due denotes a nonoval ent group in

whi ch a hydrogen bonded to an aromatic ring is renoved
froman aromati ¢ hydrocarbon, and the hydrocar byl oxy
group denotes a nonoval ent group in which a

hydr ocar byl group is bonded to oxy (-0-). In

tep D, fromthe viewoint of the kneadi ng processab

t £ the conj ugat ed di ene pol yner, the anount of

coupl E?Qrgﬁ?ﬁ%{‘ﬁf 'tirﬁée’%ggﬁgbf‘éﬁ Blendasem i dtbY)B tika@udé st ,3-butadiene,

contacte nmer prepared in Step Cis

isepﬁﬂ,aﬁhﬁé?ﬁédibﬁé?' 2tNain&nh0B1 Iobutaeienaplanef 1i3kexadiene. Among

or ganoal kal I metal conpound catal yst, and nore _

thehef ababltie NAEwpess dthasady. @Daitability Frigdrbutedienewpnd risoprene are
of fuel econony, breaking strength, and abrasion _

pricsiadleandeachi of itlsegw efar bblysedoalonerer inheembinatigp| with another or
and nore preferably not nore than 0.3 nol. In

mrep D, the tenperature at which the pol ymer prepared

in Step C and the coupling agent represented by .
For nulraStapvB. dhe cewiigated diere mbﬁﬁ@ﬂ@ef'éego%? migure of the

c&gégfr@%gh)@@g?gpéggﬁgg}rgglggrg(éf)%ggtqé Irpﬁydhénfﬁicﬂ?l é%ar%Bles of said
o%xp?/) lq%%n%etlrhﬁq egg%it%%p%ﬁnfyﬁy g’raesi/?nn)}lr%fjrilgy arf B &insaturated
B B Ec ins FEAET B9 BEORR ST s e o
GG, AP RIS SN R L e Ry s °1e
di%?hnya]phthalenﬁ.ox§g_ecific exdaimn%Ies of the vinylnitrile include acrylonitrile, and

trimet I Iane, t hoxydi nmet hyl si | ane, net hyl t

sp @O RXNFIIANSS tHRE hivdathidted tdaeaiit and ester include methyl acrylate,
di met hoxydi et hyl si | ane di et hoxydi net hyl si | ane,

eth§t ReJIHRX VPt emetiduyyiate, eafdrothyll eethaenythte. Among them, an
di et hoxydi et hyl'si | ane. Furt hernore, exanples
a@fmatie wnplde gsefeoablpr and styrgne is ojragaefesalleene
pol ynmer include a production process conpri si_n%BSt elp
A, St Epe BolgmerizakiorsireStep Bonaxdee sgriesk oyblibe presence of an
prepared in St eﬁ B with a coupling agent. represented it t
agsntrior regulating)the rviny! iacoeaitssh oF 41 eapiugated dieneryit, an agen

0 LD R TH. B LECOUE B LTSI, o of e
BB B 37T P Ak v v
ot 3E% ARRe ABar R Benb ey Mot SR ST ERBples of such
ag%rg&iﬁahﬁt%'a@ghtér'%g%@&ea ¢BLHOahfee dhede pPROYBMARe compound.

conjuga I ene ymer thus recovered nmay be

SHEEIRE RYamptNVENt iRNadthEF YEsmPBEAd asndud@ndydiy esthers  such as
an extrusion dryer.

tetrahydrofuran, tetrahydropyran, and 1,4-dioxane; aliphatic monoethers such as

2

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



Furthernore, in the process for producing a conjugated
diene polyner, a treatnent in which a group,
represented by Fornmula (H), of a polyner is
substituted by a hydroxy group by hydrol ysis nmay be
carried out. This treatnent may be carried out in a

cérggtgggt;i Qnéﬂggh@hﬁtgylphésrﬁgg% ‘r%graylllitog?%qvmne aha tiriBtiL%neylphosphine.
=ERB LB oy SRS Y AR anDuRar o Ale
corpoR BQl?@mae?%Q’u{ahvt%m eruréhﬁ\r %‘t’éfr)]hB s usually 25°C to 100°C,

Exarrp ymer conponent 1 ncl ud
%‘ft‘i NendraP Y r¥fERAabI ukso)ec, to 80°C. The
\ég)[}; I ene ru ?t??ene |S(C)Hprene gopol ymer

pélgmé?&fatlr ubg@fsydsdalﬂ h@rmlnﬁﬁf’é’ft@i Bolikg.t her include

tura an et hyl ene- propyl ene copol yner, and
an et pybesg-Octiedearaopnt pieilicdrchnaot hé se peesputeenby Formula
may be used al one or in combination wth another or
(IMptieat is contact¥fenitarthe eslyparyprepacedpgongtep lesmlmly 0.6to3
w th the conjugated diene polynmer, fromthe viewo
moll peelmetavfortye alkaliametal ofigie@ting dte @,@n@rganoalkall metal
pol ymer is preferably not | ess than 10 arts
cowsipghind aatalst, epiaferablynd B fot2 Inagk andrmoge ;Jﬁneﬂ‘%rqu 1Tt 1.5
wei ght related to 100 parts by weight of the total
M@hount of pol ymer conponents (i ncluding the anount of

Cone ARl i Aﬁ%tpgfﬁxﬁlﬁﬁc@ievp%fea n stop B
g silior apparlrafOesitedctl EUFRyE (Ll cBntacted is
U%lﬂ% @?%SZ’?[ .t§n16‘6§’(§| r@fe%bl)f%'sh oY ednd 3O/|et more preferably

n accel a su f enam de- base

5@‘”(# GGHFPR| OFhRCESELATIRe |5°Ds§aﬂy'%f® gbbeompedrs, and preferably

canl zat'i on accel erator; a vul cani zation acti vator

1546 @S1HQA 1 ¢ acid or zinc oxide; an organic
peroxide; a filler such as silica, carbon black,

cal ci PR gRroberR#be, pioctess mbyﬁurt@,erodcnypnabﬁrhermm
hydr oxi de, or mca; a silane coupling agent; an
(StepeDJetorttialcting the pedpineg mieparad ianSiteR @zand as@urling agent
| ubricant. Exanpl es of the silica include
refuesdnted byaF oembilad(id)sn s hydracaibiom $olyeati pi t at ed
sili ca, hydrated silicic acid), colloidal silica,
cal ciBraMbbicate, and all¥ii numsilicate. Each of these

T TS, 0 e L SR BBl O cvtoateony

ot s, S b A oo,
V]
SGHRER 5 BoBGBelop! 5Bl 0 TED. R Eenotes ar

n, trade nanes Ze05|l 1115MP and 1165MP
mﬁ%ﬁ '?é\]aput;&e by Rhodia, is avail able. Exanpl es

of t ar, Chodl udenbtedage nib@6kaledcepydemein which a
bl ac?hghgﬁsmaLﬁaaﬂgfl%anngl bl ack, and graphlgte

hy2Regel Chexaen! e en tamatiboniny aigk remcbved Groanneln aromatic
carbon bl ack such as EPC, MPC, or CC, furnace carbon

hydrecl rsuah ansl GAF hydBAEardyiGxy IhBLpFREENOBRFA BRIROVAFENt group in
FF, CF, SCF, or ECF; thermal carbon bl ack such as FT

whichMi;hyaitdcackylygrnup tsabbodeditackxy E4¢h. of t hese nay

be used alone or in conbination with another or nor
In Step D, from the viewpoint of the kneading processablllty of the

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



The carbon bl ack ahs a nitrogen adsorption specific
surface area (N2SA) of usually 5 to 200 nR/g, arid a
di butyl phthal ate (DBP) absorption of usually 5 to 300
mL(100g. The nitrogen adsorption specific surface area
I's measured in accordance with ASTM D4820-93, and the

DBP absorption js neasured i cordance with ASTM .
Fopmula qg\_/?,ath@énif%,c@inaqactgpoa\uﬂ} %ﬁpopo ﬁﬂ%r,ep[a}rgaeln Step C is

names SEAST 6, SEAST 7 and SEAST K factur :
p"ﬁf@&@m@aﬂ%n?ﬁ Fﬁhﬂrb.&%r gl rf?ﬁfesmei;l e sap@g;ﬁglawa“ metal
Bl ack 4 uf actured by De | RC [ Vai
c%p&)mﬂnéﬁcg?aqyﬁﬁ ang d’ﬂgr%&ysﬂ#%g?yaé\eoﬁtIeﬁﬁcﬁﬁeﬂ.éﬁ%gi. From the
vinyl.iri VIVt I il . it Y
vu\e;iv\@ﬁlbf Pg?hg[r&t%ﬁgg&e\{’h%xy kirlfg? %?]rge’(?@fﬁ, #d€abrasion resistance, it is
pPe%fé/&nfhW%a}é ehhy ! 6.4l ARt Bexy fidr@nBreferably not more than 0.3
y- gl ycrdoxypropyltrimethoxysilane, 7-- net h a
niyloxyp ro p yltri met h oxys i la
ne, N- (13- am noet hyl ) -y- .
am nopy SR¥ptD| s hewysiraane, i which dné mmdymet)prepared in Step C
ar nanopr opyl net hyl di net hoxysi | ane, - ohenyl - y- )
aadithepgapling agenhosysdearied ybyc Abomorba déymrer@pnba@tgm is usually
ane, y- nercaptopropyltrimet hoxtysHane, y-am no pro . )
3p3Ctioi ¢0NORY sircapeetsirabl: 50°C to 80°C." The contact time Is usually

(triethoxysilyOpropyl)tetrasul fide,
60 rsegetch iy sy iapdoprafarafly iya fHndeat BRWI t et rasul | i dea

Egc:]r%gmg%%{;%leg%g@éw%%nqlr%z lesér?{erda%lfll lgc')fjrﬁula (IV) include

silicon tetrachloride, methyltrichlorosilane, dimethyldichlorosilane,
trimethylchlorosilane, tin tetrachloride, methyltrichlorotin,
dimethyldichlorotin, trimethylchlorotin, tetramethoxysilane,

methyltrimethoxysilane, dimethoxydimethylsilane, methyltriethoxysilane,
ethyltrimethoxysilane, dimethoxydiethylsilane, diethoxydimethylsilane,
tetraethoxysilane, ethyltriethoxysilane, and diethoxydiethylsilane.

Furthermore, examples of the process for producing a conjugated
diene polymer include 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



al one or in conmbination wth another or nore. A

comerci al product, for exanple, trade nanes Si 69 and

S175 manufactured by Degussa, Inc., etc. is available.

Exanpl es of the extender oil include an aromatic

m neral oil (viscosity-gravity constant (V.G C. val ue)

0.900 to 1.049), a naphthenic mneral oil q&v. G'_C. la (Il), of a
puhiner, 0a g56atoent Bogyhickng ErgE-afeRTEsENteR % Faipuia (b,

V.G C. value 0.790 to 0,849). The extender.oil_h .
(GG val e 0.9 £9,0,800) The, AR €1k D% Bariod out.
% by wei ght, preferably | t 0 . .
TS S BT LY 33, ORI Br s on s

oSerbn MrheomEeREn o Ras oAl S el e opound

cont eﬂ]e %gﬁ#g%;te@ﬁ?éneer @@&%e‘??ﬁa%ﬁé%s@ﬁ% 28oRfub¥ted diene polymer

wei gh ese s may ‘be used al one or in
' ibg)'m ! WPhe@irBponent, an addiEkamete shakwith.
C{Sﬁgg\b/@?ha [ z%"ﬁ%ﬁﬁg@%zﬁgr@ or | n%l ude thi azol e- based
vul capi2

[ oRGERI Bl PolyrRBE Boamonent include conventional styrene-
2- mer capt obenzot hi azol e, di benzot hi azyl disulfide, and

bDkRNEH O BepMmer hapBet, sy tadiehe mabber, yutadienesapprgsedcopolymer
crosslinking pronoters such as tetranethylthiuram

ruBbees Bhili sleyiand et r Exanalehyurthrrungiudednairal aibber, an ethylene-
sul f enam de- based crosslinking pronoters such as h of th

phepsperied heopdly@ebe rarat harz ethwiarier@Fa AP dEOPRIMIFut y|E3eN of these
benzot hi azol esul f enam de, o _

conpryents,naydeusrshalongi b ceginalipanviia another or more.

R gyiosr BehTbTCaTBREel FeraEHe MR conjugated diene
AL BIRIYT 0 R PO PE U PRk I St Br Fonjugated diene
hot ol y! bi i dj :
4 ST T TSR A 1 oy o
i ount o
I seir@gépiﬁ%%wgﬁ%;bggﬁ%teﬁ%pwEtbrtsEB}P'W@@I‘@ of the total am

S by weig Wen a
' ' ' i 4.h fidgaitesd ¢hrgo e lymer).
péb% aﬁCdgﬁ %@%ﬁg&i@“%@”@ﬁ%&gﬁ ymart%(?:'ronprgs|gta %ﬂ:]yj theém d

amouniy saf e thRlithid, lasoriventsnal dgdith@® tnay kEduped tancbgxamples thereof
wei ght relative to 100 parts by wei ght of the

il aadadasizereagonty sech abrautiurhe wileagizatinn eccelerator such as a
abrasi on resistance and strength, the ampunt is o
tiisedleraiey  wuidarlizstion haacceerptart s dy fdiight-baged  vulcanization
nore preferably not |less than 30 parts by wei C();ht. Fr o(r]n b d
atbelevatenym sulferdmiderbasect vwieANIZBEPH GCERITERIPEACT PrdYafIdine-base

vsigrgir:gtgdl)g ;@éelgéri gggpléérgjzg@r% %cﬁ%at\\é\g:sgj% as‘?l %?eanr%r Scid or zinc
oxie, i GA Ao HEE:  BHPTere SR, P BEE, AApbf paroonate
taiFs ARG ooy 1t HET SROTRHck) dPEE 8 SHBnE, LAURG agent; an
eBprier gl 2 RO RGPl A aiRp @t SndlBidani 0 part s

pref e@&'rﬁgl%%t o8R8 LRl iARIRR el WRidh anhydrous silicic acid),

In a process for producing a conjugated diene polymer
p‘fggli&ﬂ%‘téa %ﬂiéé)'@ﬁgdfatea s'%ﬂ@f‘ché?éidﬁ,oédlmdatsﬁnmlmalclmn silicate, and
a [

itive, etc. it e conj ugat ed di ene

addition to t
AR, sAicEe8Yemdcpnal theséoday foer usedrgibee @r fretcpotbination with
I'n which the conponents are kneaded by neans of a

e raea). nThersiboa hassaBED spedikersuafrcaaiaargl usually 50 to
m xer_can be used. Wth regard to kneading ith
260Ndi2g.onThenBET @pemiiic Sk BESa tRINCASYIPEdRi FpFRydance Wi
agent or a vul cani zation acceperator is m xed, the

kneadi ng tenperature is usually 50C to 200C and

preferably 80C to 190C, and the kneading time is

usually 30 sec to 30 min and preferably 1 min to 30

m n, Wen a vul cani zi ng agent or a vul cani zation



conposition are used for tires, shoe soles, flooring
materials, vihrationproofing materials, etc., and are
particularly suitably used for tires. EXAMPLES The
present invention is explained below by reference to
Exanpl es. Properties were evaluated by the foll ow ng

R Tog bR oHASRaA YeSec 1k, bR Rce names v
AECRHeAE AN oh SRRy Fpalf S cehoraton, vade

n%é’ﬁfeesgglé%ﬁ“ﬁ‘%%m néﬂig%gmpﬁﬁﬁﬁfcfc&@m& Bo rRRSEPYE @Railable.

at arou I's an” absor ption

peak E&aﬁw‘f%gﬂf t8Es 0B bISLKTiBBRIdENfUrnGeet Btk ( uBktyene black,
% by weight) The styrene unit content of a pol yner was

tHis Ry Mbnesk T eABNRel riRielcky eanddgrapitacc @ pledifie eikamples of the
JI'S K6383 (1995). 4. Mol ecul ar” wei ght distribution

cdMurMbtack include channel carbon black such as EPC, MPC, or CC;

furnace carbon black such as SAF, ISAF, HAF, MAF, FEF, SRF, GPF, APF,

FF, CF, SCF, or ECF; thermal carbon black such as FT or MT; and

acetylene carbon black. Each of these may be used alone or in combination with

another or more.

The carbon black ahs a nitrogen adsorption specific surface area
(N2SA) of usually 5 to 200 m?/g, and a dibutyl phthalate (DBP) absorption of
usually 5 to 300 mL/100g. The nitrogen adsorption specific surface area is
measured in accordance with ASTM D4820-93, and the DBP absorption is
measured in accordance with ASTM D2414-93. A commercial product, for
example, trade names SEAST 6, SEAST 7HM, and SEAST KH
manufactured 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(B-methoxyethoxy)silane, B-(3,4-

epoxycyclohexyl)ethyltrimethoxysilane, v-glycidoxypropyltrimethoxysilane, y-

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

trimethoxysilylpropylbenzothiazyl tetrasulfide. Each of these may be used
22



Wei ght - aver age nol ecul ar wei ght (Ma) and
nunber - aver age nol ecul ar wei ght (Mh) were neasured
under conditions (1) to (8) below by a gel perneation
chromat ograph (GPC) net hod, and the nol ecul ar wei ght
di stribution (Mv M) of a polyner was determ ned. (1)

allt)g@t ép qﬁ”&gm'ﬁ'ln%tn%ﬁﬁ&ﬁrg}t@%& u?lgqrécgr}éu Togof, rq?ﬁé’rgfé éﬁ‘!; I?8duct, for

eparati on co ms I n tan

d ' ‘
e{?%ﬁ’\ |&cfrdbe n%%mce:g?ﬁgﬂ@cgﬁﬁpgfﬁ h%df%ktmbg%ss& ér\)\? etc. is

erature: rier: tetrahydrofur

av&isple(16 M/ mn (6) Amount injected: 5 pL (7)
Detector: differential refractoneter (8) Ml ecul ar
wei ghexghngar df shandatehder ysit yinened®. ahuedroetatiomnineral  oil

(viscosity-gravity constant (V.G.C. value) 0.900 to 1.049), a naphthenic
mineral oil (V.G.C. value 0.850 to 0.899), and a paraffinic mineral oil (V.G.C.
value 0.790 to 0.849). The extender oil has a polycyclic aromatic content
of preferably less than 3 % by weight, and more preferably less than 1 % by
weight. The polycyclic aromatic content is measured in accordance with
British Institute of Petroleum method 346/92. The extender oil has an
aromatic compound content (CA) of preferably not less than 20 % by weight.
Each of these oils may be used alone or in combination with another or more.

Examples of the vulcanization accelerator include thiazole-based
vulcanization accelerators such as 2-mercaptobenzothiazole, dibenzothiazyl
disulfide, and N-cyclohexyl-2-benzothiazylsulfenamide; thiuram-based
crosslinking promoters such as tetramethylthiuram monosulfide and
tetramethylthiuram disulfide; sulfenamide-based crosslinking promoters
such as N-cyclohexyl-2-benzothiazolesulfenamide, N-t-butyl-2-
benzothiazolesulfenamide, N-oxyethylene-2-benzothiazolesulfenamide, N-
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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A strip-shaped test piece having a wwdth of 1 or 2 mMm
and a length of 40 nmwas stanped out froma
sheet - shaped vul cani zed nol di ng and used for testing.
The | oss tangent, tan6 (70C), at 70C of a test piece
was mneasured using a viscoel astoneter (Ueshima

nEdan e by e dBL eneSREL LhBhul o 3681030 parts by
Wt(eﬂﬁ]t,? :_ Fc% /tﬁgg@vﬁ%igf I%g Eg@’o'rcgmeﬁp k@ﬁgggr_ﬂiﬁdpeg% 4 {Bpreferably not
e 308 R0, B LR B o ple RS ot BB P oReny100 parts by
weldgshi ma Sei sakusho Co., Ltd.) under conditions of a

I “of 10 pounds and a test piece rotational speed of

300 rpmdpn %gﬂ'&dz)gozatéaoaiér@ dolpmer ddrfPositioPbedntaining the filler

rotations, an 0 to 3500 rotations, and the average

aMal uee tbefjaebtadsdienlec Yalyedr Theusadl fremt the viawgeint of fuel
the better the abrasion resistance. 7. Strength (TB, R
eoohbdsty, MPa preferabld tdunbedilica tapedfilest phecamaurg of silica is
K6251 No. 3) was stanped out from a sheet-shaped )
prafecablyzedt lwskdhag, Sambrts by weight gstativg tasi POsgags by weight of
break when the test piece was pulled at atﬁsile ts b
thepdetdl camegot afl fllersusang more Hyeferatiy (et than 70 parts by
neasured. Exanple 1 A 200 nL recovery flask was
wefdldhed with dry nitrogen, and charged with a sol ution

of 11. 0 mmol of | ecul ar. Si eves (3A)-drj. s
bi S(dﬁnetqwqrgﬁ?%;\fb%twu pmg: qu|cg>.ﬁ®qeﬁe<fo @ﬁeo‘polymer composition

cSHS AR ren RTSF T hhesial BRSBNRIRS TP aadition o tne
ccgrﬁggé’t%y i%%ﬁﬁ}gﬁ@n&%§§nventﬁo§1? method, for example, a method in which

di'et Vi ny ane and n-butyllithium

d ' tbRvdIgiortdusixer \suth as a roll
HERATREREH Rl ChabeBelpy alld o conias
mike? Hndl BasRirymikepehh o ddethi d. A 20 L capacity
stai nl ess polynerization reactor was washed, dried,
f 1 ushadth wegdrddity Rhéadiagn coadifioobangeeh van hadditigekgther than a
of hexane (specific gravity '168 Wan), 547 q of ,
vdlc@nibinteatiean er aliBcaninétisn pceelerater is mixedf the kneading temperature
tetrahydrofuran, and 4.7 nL of ethylene glycol diethyl. . .
isatdually T80y teeRDRYE iang- prefersbly ﬁ@°(6ret9e?90ag, anchihe kﬂ%gdmg time is
reactor was neutralized with n-butylli

ussiallydd@tsiep bRy ERd Pratgiadly dnt "&ﬁat:!fb- ljlin[?f‘ylt Wpﬂ'ﬂ (fmvulcanizing
RE AP (RS Gt R T —
" 3- but.adi d_st ' 3 h o
SR T
h | rj.zat | i F

weish & ARG S8 S opleaisfioN e s i usually used
aﬂé}ecglq,#%ge?mz%t bﬁ@a@f‘z%%w treatment sufh t&y drB8s vulcanization. The

pol ynmeri Zat|

on had been carried out for the 3 hours, a
' P@rtoSPEVES, GAd) phsfersbly 140°C to
v %’t%?%g%#ﬁ%ﬁj@%y%lfi@: giglgane di ssol ved iﬁ 10 rrLy
18d°ccycl ohexane was qui ckly charged into the
pol ynmeri zation reactor under conditions of a stirring
speedTioé d3unpiedndiemep@olyerarzandothe eaotjogated edigale polymer
tenperature of 65C, and stirred for 0.5 hours. _
cBupssijieentiaye 2xcelleoft tudiegansoryl @ndombeaatan riesistance. The
0.5 rni._ of methanol was charged into a flask, and
stréregtoisyakso ¢@vditi on was stirred for 5 minutes.

The conjugated diene polymer and the conjugated diene polymer
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The anmount of 1, 3-butadi ene supplied during the

pol yneri zati on was 821 g, and the anount of styrene
suppl i ed was 259 g. To the pol ymer sol ution
were added 1.8 g of 2-tert-butyl-6-(3- eft-butyl-

hydr oxy- 5- met hyl benzyl ) - 4- net hyl phenyl acryl ate (trade

name: Sumlizer GM manufactured by Sum
caBopgsitionl.aye waed (_fprgtlgas@fsrp@ngglgﬁytflﬁprr@%mamra% e{fbF&on- proofing
tetraki s(3-1aurylthiopropiaon e nane:
mgiarialy, a&¢., apd pre ﬁﬁﬁlﬁ%ﬁ‘ﬂﬁ?‘é@%ﬁwe‘%‘%ﬁq glr[r%s'Cherri cal Co.

Ltd.). Subsequently, the polyner solution was

evaporated at normal tenperature for 24 hours, and
EXH Sdried under vacuum at 55C for 12 hours, thus
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gmedipuf act ured by Sum' tonmo Chem cal Co., Ltd.), 1.5
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3. rﬂﬁfﬁf&t‘mﬁ @@nWt @ﬁrﬁ ShY a@ﬁem cal Industrial Co.,
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were carried by a press nol di ng
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atlrreo t hus giving a sheet-shaped
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di ng thus obt ai ned was evaluated in terns of fu
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poI ymer conposition thus obtained into a ring shape
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and a central hole of 12.7 nm and vul cani zat.i on were

(13 &mstiede oty HLUG882prmeg sufgstuied PynkrsaheCRpygton
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The ring-shaped vul cani zed nol di ng thus obtai ned was
Cerpgrati®™®d in ternms of abrasion resistance. The results

f eval uat i of t ni zed nol dings were given in
M%S%e"’@dgrg%mg?f%gr%%gn% e 1 A5 L capacity
nle ation reactor was washed, dried,
(ﬁﬁﬂgﬁ%ﬁrgﬁngﬁﬁtrogen, and then charged with 2.55
gific gravity 0.68 g/cnB), 137 g of
(55%&& ?@Qpﬁﬁg g of styrene .5 nt._ of
(GE%ﬁﬁuh,ytdﬁ W, ypnd 1.2 nil _ of ethylene glycol
her . Subsequently “an n-hexane sol ution of
(73 Eﬁatgal@'r @ffeferhial yéfradtbmetemas charged thereinto, and
copol yneri zation of 1,3- butadi ene and styrene was
carried out for 0.45 hours. @& i ng pol yneri zation, the
stirring speed was 130 rpm the polynerization reactor
i nternal tenperature was 65C, and the nononers were

supplied continuously to the polynerization reactor.
After t he pol yrrerl zatl on had been carrl ed out for t he
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After the pol ynerization had been carded out for the
2,05 hours, a solution of 2.8 mml of Ml ecul ar Sieves
(3A)-dried bis(diethylam no)methylvinylsilane
di ssolved in 10 nL. of cycl ohexane was qui ckly charged
into the polynerization reactor under conditions of a
stirring speed of 130 rpn1aqP ﬁ gou¥nerization react or
(8) Meleadpr weigid siandardoslapderd BAlySYI§G ed for 0.5
hour s. Subsequently, 10 nL of a hexane
SsbHEt PEANEBNt ai ning 0.1 ni.. of nethanol was char ged
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sol ut MRt FY FReeaRiiR;o At 87 1R TR and 4 leng
f Ruiadi ' I ¢0iddrfized molding and used
A0t AEMAOT B e licdifzod mojding
ih§d gﬁﬁe tans (T@°ENeatP ef a 384tUsieod was measured
foa;iregklggde 1.@5893?9%@1! earq-%utyP-G-(S-tert-bu;@l- 2-
udng" HXsceelRiAERGNAYE ShidanBERukpsienGo.atty.) atrele(t camttitions of a
name: Sumlizer GV manuf actured by Sum tono
stENRMBfC@ 3 a fldqdiehcy @1dI00HY. gThe speaiteachigt valueythe better the fuel
tetraki s(3-1auryithiopropionate) (trade nane:
e&norhy.zer TP-D, manufactured by Sum tonp Chemi cal Co.
Ltd.). Subsequently, the polynmer solution was
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further dried under vacuum at 55C for 12 hour§
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given in Table 1. Conparative Exanple 2 AS5L
capacity stainless polynerization reactor was washed,
dried, flushed with dry nitrogen, and charged with
2.55 kg of hexane (specific gravity 0.68 gicrns), 137
g of 1,3-butadiene, 43 g of styrene, 1,5 nL of

R MG 20 R Ay o LU kel dechicn g
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nt%dtgmthh@n pedadtRin Zidgiian wasl trean creargiedd ot ther pdigmerization

hours, a solution of 2.8 rnnmol of Ml ecul ar

r&tﬁmesabaﬁ\)opﬂlyMrma(m ef HyB<itad)aret bydvstyyese| was carried out
di ssolved in 10 rriL of cycl ohexane was quickly
farhar bedrs.nt Buting polymerizatiohorheesiiring speed Was 130 rpm, the
conditions of a stirring speed of 130 rpm and
pplyinyerizatian i reacteastienmahtemparatWhpeRat @5eCofa’l§$éhe monomers
Copol yneri zati on of 1, 3-butadi ene, and st%/rene was then
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xane was charged into the

sﬁé’ééfgﬁw@(ﬁhbr%narﬁ&%cbéryrhléﬂ?_étl@ﬁﬁdabtcﬁﬁﬁtéﬁnaﬂltetnprefraltlgre of 65°C,
speed of 130 rpmand a pol ynerization reactor internal
ah8aIRFéd B6e0F hebks. Copol ynmeri zation of 1, 3-butadi ene

and styrene was then carried out for 1. 25 hours by

cont i Bubgshyeatlppl30 nylt lné apherens solution mrﬁﬁﬁhngeo 5 mL of
on reactor. During polynerization, the stirrin
medbat8Dwasngharged hetopal asds,i g ith® nadueEesrsql Hg@f‘n‘dﬁs stirred for
tenperature was 65C. After the polynerization
Shadhuseen carried out for the 1.25 hours, 10 mi. of a

hexane sol ution containin

Char gBbS AR otpieipas iaRTeLdefee TRt Etion was 821 g
a&ﬁﬁmﬁhﬂiﬂt g¥ gt‘%?%"mgﬁvaaﬁeé{]wa§@g{& g§egi gﬂtr Ff}g the entire

ESL%W :}ﬁ%a%&g@mg%oﬁ%orpwﬁada({cﬂe% ?o@ygrfg%ﬁm@n@@ -tert-butyl-2-
YR e e BB TR el sk (Bade PHbHle P Samiieer OV
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te&r%kfs‘%ﬁlléﬁreyﬂh@gfddlbﬁé@f aead A grhe( tS@dRizeaEP-D, manufactured by
't zer manuf actured by Sumitono Chem cal Co.,

Suirttomo SebeaticEntCy., Lbdk).pol $absegwdnily, othevapolymer solution was
evaporated at normal tenperature for 24 hours, and

efapdrbtud df hednairtdetperatuuefon4580rs oand furthairdried Hoger vacuum at
giving a polymer. The results of_eval uation of the

556} foret2 heues, fivsegiving Famlgmer.  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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100 parts by weight of the polyner thus obtained, 78.4
parts by weight of silica (trade nanme: Utrasil VN3-G
manuf actured by Degussa, Inc.), 6,4 parts by wei ght of
a silane coupling agent (trade name: Si69,

manuf act ured by Degussa, Inc.), 6.4 parts by weight of

carbon bl ack, 47.6 parts by wei ght of an_ extender Qi
silica dade apeme XUtwesil YiMAUP abl tHSP&WSQ%‘*%éﬁﬁ%ﬁT?-?&bé‘ parts by

B 367 o b R SR e by Docussa
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e PG Py FETTRE BEty RIS vt . § Pepl by, welont of an
QiR ek et ARG TE 8, RESIRAGER by gD monehomical Co.

2 LehcRf Rpuax Hyt walt ndnanc oxide, 1 part by
L@Eﬁnchﬁ'}stb,yp‘?}g?@ft?gté&%g@bﬁ ol ool iy

wbrqm%fré JulEMizatiohdadcelentor (tfadm nasmdySmenghCZfmanufactured by
sul fur were kneaded by neans of a Lebo Plastonmill to

ShRRRAIE Ghdmicaheo.campdsilt part. by weight of Molvailaapizatiarh@ccelerator
pol ymer conposition thus obtained into a sheet shape
(thedd ngme: Sexgioh Darrdaniii@ictured hys8umitosred Caentcalkqes d-tds), 1.5 parts

oaowdong chesoan (s T, Suavpech dheeiipelbes Bopuchi Shinko
Cé\ggg@zﬂ ggdgg%ig%og;h’édgbgq%ﬁ 21,8 Hart'tg -Lﬁ?(e\%lgﬁ\ébggyf aﬁng édvere kneaded by
BRI AT S PIRASE P ORDETE” ST PRSP REr e, |
| di f th I [t ' i at:
m)ngl %ﬁ@%gﬁtfﬁ% o) H{,gﬁ%g@?&%%hgg_t@%ﬁ%ﬁ%@gﬁ%&é‘gs’sheet shape
f. 12.7 . I 7
Sl PR A U85y P IAhpss of 2 mm anc
vmg?ﬁiiihqiwggére%‘ﬁiéd B bgfa 2rb8ENAbRYNG tnaEhHDGnakd conditions
atineo m nutes, thus giving a ring-shaped

oW Péﬂhé?gtm'&ﬁ Rgo°Ehanki Ad%imbasedsvrisatdgethumiiiing a sheet-
t hus obtained was evaluated in terns of abrasion

shEstat aneaniZhe mesdings ofhevaheet-sbapel vhkeanized molding thus
vul cani zed nol dings were given in Table '"I. fable 1)
ob¥ainddConps Exvallia@edp.inExtermdvwbofieyfuel sasgingmy 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
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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51 41 36 Vinyl content 58 59 59 Styrene unit
content % by wei ght 25

g/cm3), 137 g of 1,3-butadiene, 43 g of styrene, 1.5 mL of tetrahydrofuran, and 1.2
mL of ethylene glycol diethyl ether. Subsequently, an n-hexane solution of 3.6
mmol of n-butyllithium was charged thereinto, and copolymerization of 1,3-
butadiene and styrene was carried out for 0.45 hours. During polymerization,
the stirring speed was 130 rpm, the polymerization reactor internal
temperature was 65°C, and the monomers were supplied continuously to the
polymerization reactor.

After the polymerization had been carried out for the 0.45 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
2.05 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 2.05 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,
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-tert-butyl-2-

hydroxy-5-methylbenzyl)-4-methylphenyl acrylate (trade name: Sumilizer GM,
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24 Mol ecul ar weight distribution 1.29 1.18 1.08
Fuel econony

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
silica (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (trade name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black, 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.

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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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 2

A 5 L capacity stainless polymerization reactor was washed, dried, flushed
with dry nitrogen, and charged with 2.55 kg of hexane (specific gravity 0.68 g/em?®),
137 g of 1,3-butadiene, 43 g of styrene, 1.5 mL of tetrahydrofuran, and 1.2 mL of
ethylene glycol diethyl ether. Subsequently, an n-hexane solution of 3.6 mmol
of n-butyllithium was charged thereinto, and copolymerization of 1,3-
butadiene and styrene was carried out for 0.67 hours. During polymerization,
the stirring speed was 130 rpm, the polymerization reactor internal
temperature was 65°C, and the monomers were supplied continuously to the
polymerization reactor.

After the polymerization had been carried out for the 0.67 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
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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1.25 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 1.25 hours, 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-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
silica (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (trade name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black, 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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TB NI Pa 19.8 17.8 17.4 CLAIMS 1, A conjugated di ene
pol ymer conprising: a conjugated di enebased
constituent unit; and a group represented by Formul a
(1) at both termni of a polyner chain;

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 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.

(Table 1)
Comp. Comp.
Ex. 1
Ex. 1 Ex. 2
Mooney Viscosity - 51 41 36
Vinyl content % 58 59 59
Styrene unit content % by weight 25 24 24
Molecular weight distribution 5 1.29 118 1.08
Fuel economy
tand (70°C) - 0.111 0.115 0.124
Abrasion resistance
Amount lost mg/1000 rotations 160 240 i
Tensile physical properties
TB MPa 19.8 17.8 17.4
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(1) wherein Rl denotes a hydrogen atom or a
hydr ocar byl group having 1 to 20 carbons, X, X2, and
X3 i ndependently denote a group represented by Fornul a
(I'1), a hydroxy group, or a hydrocarbyl group, and at
| east one selected fromanong X2, and X3 is a group
crapnssented by Formula (I1) or a hydroxy group;
wherein R2 and R3 i ndependently denote a hydrocar byl
group having 1 to 6 carbons; or a silyl group, and R2
1.and RS comjudetehiodidae [solyasert comerising.ogether with the
N atom a ring structure, wherein the
con; LﬁgaoengﬂtededIpOBy/@ﬁ%dﬁ@”&“Hﬂ’édﬁﬂ'bra%l ght
distribution of 1 to ei n the, conjugated
di ened mwdﬁefelh%&,se&ltvﬁnpv BBHHUE’br{Beﬁtt Rethade E’B‘%"fﬁﬂ palymer
%related to 100 nol % of the conjugated di ene-based
Astituent unit. 2, The polynmer according to Claiml,
wherein R4 and R3 in Formula (I11) independently denote
a met oroup, an ethyl group, an npropyl group, or
bﬁ'ryTR group. 3. The polyner according to Caiml
or 2 wherein two croups selected fromanong X1, X2,
and Xs in Formula (1) are_represented by Formula (I1),
xbr—egich—of’ t he two group Sienot es a hydroxy group.

2

X

wherein R' denotes a hydrogen atom, or a hydrocarbyl group having
1 to 20 carbons, X', X2, and X® independently denote a group represented
by Formula (Il), a hydroxy group, or a hydrocarbyl group, and at least one

selected from among X', X2, and X® is a group represented by Formula (I1)

or a hydroxy group,

R?
(I1)

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

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

wherein the conjugated diene polymer has a molecular weight

distribution of 1 to 2,

wherein the conjugated diene polymer has a vinyl bond content of 40

to 70 mol % related to 100 mol % of the conjugated diene-based constituent

unit.
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4. A conjugated (Il ene polynmer conposition conprising
t he conjugat ed di ene pol yner according to any one of
Claims 1 to 3, and a filler. 5. The conposition
according to Claim4, wherein the anmount of filler is
10 to 150 parts by weight relative to 100 parts 3by
2 wei ghthedpolyge caocoghhgdodCrim polyrezein RE.amd i oceEgrmula (il)
for producing a conjugated diene polyner as defined jn
inbpée midntlg amprate i mgnethy | greps, eh &hyBgrawd, en ’Qf@tféﬁyh)g'"‘)“pv or
contacting an organoal kali netal conpound cat al yst
anhaxiutyl graup.2. 0 carbons and a silicon conpound
represented by Fornula (I111) in a hydrocarbon sol vent
to prepare a reaction product of the organoaikali
met al und cat al

3. (5t o 18 PROIIRE REPI A orHET TcBirhr PRTgTR O Groups selected
fr&rﬁ%ﬁﬁtﬁ%g}, ﬁgqen(gikf"%ﬂ”#&%b%gpz%‘?i'@ﬁg Bintéd By fifimula (1), or

IOt “prepared I'n St e nonomer
ea(f:‘?\ngﬂlfé pﬂo%rsegéwtﬁgf'éjhya?o*)ﬂg?odb’.dr ocar bon _
sol ven O prepare a polyner havinhg at a pol yner chain
termnal an alkali netal originating fromthe

organoal kal i metal conpound catal yst; and (Step Q) _
4.reacty r@@n?@étbidcamr@mwmdr roepn eseiibedcoy pFsimgithe conjugated
(1r1)y wwth a polynmer chain termnal, of the polyner
dign e par gt eir racBoegding, tchany mone he Cdaias i1 teedapnd a filler.
originating fromthe organoal kali netal conpound
catal yst by contacting the silicon conpound

5{1;3: %ﬁ%g%@%’gi@%t@”&ﬁ In!g&&) glgirr]n t4r,](?/v %%Hgﬁﬁi&ﬂ,%u%,of filler is
d i nd d d .
5 5B Y s 8y OB Pyl conoated

d.he{{%rociar b¥l group, and at |east one selected from
= rﬁ’é) €Tx5, and X6 is a group represented by Formul a
(),

6. A process for producing a conjugated diene polymer as defined in
Claim 1, 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

(Step C) reacting a silicon compound represented by Formula (1) with a
polymer chain terminal, of the polymer prepared in Step B, having the alkali
metal originating from the organoalkali metal compound catalyst by
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R3 wherein R2 and R3 i ndependently denote a

hydr ocar byl group having 1 to 6 carbons, a substituted

hydrocar byl group having 1 to 6 carbons; a silyl

group, or a substituted silyi group, and R2 and R3 nay

be bonded so as to form together with the N atom a -
LGB Y8EUERicon’ -cotRBoBRACESSreaerdedi by For@udan(lél) with the

C%%%?@? ;géaﬁgnég‘in Fgrnulaﬁﬁfl) indepegdently denot e

p&lyies iyl a ryeudcaddoresbilengr oup; an n-propyl group, or
an n-butyl group, 8. The process according to Claimb®6
or 7, wherein two groups selected fromanong X1, X2,
pane=x3CkHn Fornula (111) are represented by Fornul a
(11). 9. A process for producing a conjugated diene
pol ymer conposition, corrp{i sing the step of mxing a
fx14-ersiandxthe pol yner ob Idilded by the process
accord|{ng to any one of Clainms 6 to 8. 10. The process
accord{ng to Caim9, wherein the conjugated diene

pol ymer conposition has a filler content of 10 to 150
parts by weight relative to 100 parts by wei ght of the
pol yneher¢inAXiuKe aand af einstersnsanthby denptasi ¢iavp [eryesented by
conposi tion accordi n? to daim4 or

5. 2., Th
Fprmgggllh@bygm@artbd araven gr arsql@s’,tltpa?ql %@/pregﬁﬁwlgrﬂap, and at
|et@1<g§j %g%%@gggﬁ%i&%@%&%@?%é@?t?@qﬁ&s \f\étah gtrgﬁp represented by

Formula (1),

_ (11)

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.

. The process according to Claim 6, wherein R? and R® in Formula ()
independently denote a methyl group, an ethyl group, an n-propyl group, or

an n-butyl group.

8. The process according to Claim 6 or 7, wherein two groups selected

from among X', X2, and X® in Formula (Ill) are represented by Formula (Il).

9. A process for producing a conjugated diene polymer composition,

comprising the step of mixing a filler and the polymer obtained by the

36



13. A process for producing a vul cani zate, conprising
the step of vul cani zing a conjugated di ene pol yner

(1:grrposi tion obtained by the process according to Caim

process according to any one of Claims 6 to 8.

10. The process according to Claim 9, 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.

11. A vulcanizate obtained by vulcanizing the composition according to
Claim 4 or 5.
12. The process according to Claim 9 or 10, further comprising the step

of mixing a vulcanizing agent with the conjugated diene polymer

composition.

13. A process for producing a vulcanizate, comprising the step of
vulcanizing a conjugated diene polymer composition obtained by the

process according to Claim 12.
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