CONJUGATED DI ENE POLYMER AND CONJUGATED DI ENE POLYMER
COVPOSI TI ON Technical Field The present
invention relates to a conjugated diene polyner and a
conj ugat ed di ene pol yner conposition. Background Art
In recent years, with the growi ng concern over
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t he conjugated diene polynmer and a filler.
application). Furthermore, a polymer composition formed by mixing a styrene-
butadiene copolymer rubber produced by a continuous polymerization method with
an extender oil, carbon black, a vulcanizer, a vulcanizing accelerator, etc. is known

(see e.g. JP-A-61-255908).

Disclosure of the Invention

However, when the conjugated diene polymer is melt-kneaded together with
an additive by means of a kneader and a polymer composition thus obtained is taken
out from the kneader, the polymer composition sometimes adheres to an inner wall

face of the kneader and is left behind, and the conventional conjugated diene



The above-nenti oned obj ect has been acconplished by
nmeans described in [1] and [5]. They are descri bed
bel ow together with [2] to [4], which are preferred
enbodi ments. [1] A continuous nethod for producing a
conjugateg Siene pol ynmer, conprising polynerizing a
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below, Rl -N\ 2 wherein Rl and R2 independently
denote a hydrocarbyl group having 1 to 9 carbon atons,
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wherein X'. X2, and X3 independently denote a group of formula (Il) below, a
hydrocarbyl group, or a substituted hydrocarbyl group, and at least one of X', X?, and

X2 is a group of formula (I1) below,
Rl
_ an

Ng2

wherein R' and R? independently denote a hydrocarbyl group having 1 to 9 carbon
atoms, a substituted hydrocarbyl group having 1 to 9 carbon atoms, a silyl group, or a
substituted silyl group, and R' and R? may be bonded so as to form, together with the
nitrogen atom, a ring structure,

[2] the method according to [1], wherein said other monomer is an aromatic vinyl
compound,

[3] the method according to [1] or [2], wherein the vinyl bond content of the
conjugated diene polymer is not less than 20 mol % and not more than 70 mol % per

100 mol % of the conjugated diene-based constituent unit,



[5] a conjugated di ene pol yner conposition conprising
t he conjugated di ene polynmer according to [4]; and a
filler. Effect of the invention I n accordance
with the present invention, there can be provided a
conj ugat ed di ene pol yner havi ng excel | ent kneadi ng
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Mode for Carrying Out the Invention

The conjugated diene polymer of the present invention is a continuous
method for producing a conjugated diene polymer, comprising polymerizing a
conjugated diene, a compound of formula (I) below, and optionally other monomer in

the presence of an alkali metal catalyst in a hydrocarbon solvent,
H,C=——CH

X —si—x° (I)

:

X

wherein X', X% and X3 independently denote a group of formula (il) below, a
hydrocarbyl group, or a substituted hydrocarby! group, and at least one of X', X2, and
X3 is a group of formula (ll) below,
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wherein R' and R? independently denote a hydrocarbyl group having 1 to 9 carbon
atoms, a substituted hydrocarbyl group having 1 to 9 carbon atoms, a silyl group, or a
substituted silyl group, and R' and R? may be bonded so as to form, together with the

nitrogen atom, a ring structure.
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nitrogen atom, a ring structure.

R' and R? independently denote a hydrocarby! group having 1 to 9 carbon
atoms, preferably having 1 to 6 carbon atoms, a substituted hydrocarbyl group
having 1 to 9 carbon atoms, preferably 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
nitrogen 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 replaced by a substituent. The
substituted silyl group denotes a group in which at least one hydrogen atom of the
silyl group is replaced by a substituent.

Examples of the hydrocarbyl group having 1 to 9 carbon atoms denoted by



In the present specification, the hydrocarbyl group
denot es a hydrocarbon residue. The substituted
hydrocar byl group denotes a group in which at |east
one hydrogen atom of the hydrocarbon residue is
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Exanpl es of the cyclic am no group include a
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Furthermore, examples of the substituted hydrocarbyl group include an alkoxyalkyl
group such as a methoxymethyl group, an ethoxymethyl group, a methoxyethyl
group, or an ethoxyethyl group.



(di et hyl am no) di net hyl vi nyl si | ane, (et hyl - n-propyl am no
) di net hyl vi nyl sil ane, (ethylisop ropylamino)d im
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| a ne, (diisopropylam no)dinethyl vinylsilane,
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€, At least one of X', X2, and X> of formula (1) is a group of formula (ll). 1t is
preferable that two or more of X', X2, and X® are group of formula (i), and it is more
preferable that two of X', X2, and X3 are groups of formula (lI).

With regard to the compound of formula (1), as compounds in which one of X'
to X3 is an acyclic amino group of formula (Il) and two thereof are hydrocarbyl groups
or substituted hydrocarbyl groups there can be cited a
(dialkylamino)dialkylvinylsilane, a {di(trialkylsilyl)amino}dialkylvinylsilane, a

(dialkylamino)dialkoxyalkylvinyisilane, etc.

Examples of the (dialkylamino)dialkylvinylsilane include
(dimethylamino)dimethylvinylsilane, (ethylmethylamino)dimethylvinylsilane,
(diethylamino)dimethylvinylsilane, (ethyl-n-propylamino)dimethylvinylsilane,
(ethylisopropylamino)dimethylvinylsilane, (di-n-propylamino)dimethylvinyisilane,

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

propylamino)diethylvinylsilane, (diisopropylamino)diethylvinylsilane, (n-butyl-n-

propylamino)diethylvinylsilane, (di-n-butylamino)diethylvinylsilane,
(dimethylamino)dipropylvinylsilane, (ethylmethylamino)dipropylvinylsilane,
(diethylamino)dipropylvinylsilane, (ethyl-n-propylamino)dipropylvinylsilane,
(ethylisopropylamino)dipropylvinylsilane, (di-n-propylamino)dipropylvinylsilane,



(di i sopropyl am no) di propyl vi nyl si | ane,

(n-butyl -n-propyl am no) di propyl vi nyl si l ane, (di-
n- butyl am no)d i p ropylvinylsilane ,(d inethylam
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(diib&yrepylathiab)drapyividisiiahslt it sroppaRinoRligiypyivinyisilane, (di-
propyl am no) di but yl vi nyl si |l ane, (et hyl i sopropyl am no) di
n-btylanhipd)diprepylvinytsjlént, - n- (dimethylamino)dibutylvinylisilane,
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(triEBIRIESsi | Poamtheno} ddidtaiyisiyhgmiapidialdvinvisiansy; ( tioclude
.but I | sj. | m di et hyl vi nyl si | ane. .
{d'@@%bﬂ%'%%’?ﬁ‘gfd&né{'&@lngﬁﬁ%{be} di al koxyal kyl vi nyl si | anei rﬂ%'(t'
butyMfiethylsilyl)amino}dimethylvinylsilane,
{di(trimethylsilyl)amino}diethylvinylsilane, and {di(t-
butyldimethylsilyl)amino}diethylvinylsilane.

Examples of the (dialkylamino)dialkoxyalkylvinylsilane include
(dimethylamino)dimethoxymethylvinylsilane,
(dimethylamino)dimethoxyethylvinylsilane, (dimethylamino)diethoxymethylvinylsilane,
(dimethylamino)diethoxyethylvinylsilane, (diethylamino)dimethoxymethylvinylsilane,
(diethylamino)dimethoxyethylvinylsilane, (diethylamino)diethoxymethylvinylsilane,
and (diethylamino)diethoxyethylvinylsilane.

As a compound in which two of X' to X? are acyclic amino groups of formula
(1) and one thereof is a hydrocarbyl group or a substituted hydrocarbyl group there

can be cited a bis(dialkylamino)alkylvinylsilane, a

bis{di(trialkylsilyl)amino}alkylvinylsilane, a bis(dialkylamino)alkoxyalkylvinylsilane, etc.

Examples of the bis(dialkylamino)alkylvinylsilane include
bis(dimethylamino)methylvinylsilane, bis(ethylmethylamino)methylvinylsilane,
bis(diethylamino)methylvinylsilane, bis(ethyl-n-propylamino)methylvinylsilane,

bis(ethylisopropylamino)methylvinylisilane, bis(di-n-propylamino)methylvinylsilane,
bis(diisopropylamino)methylvinylsilane, bis(n-butyl-n-propylamino)methylvinylisilane,
bis(di-n-butylamino)methylvinylsilane,

bis(dimethylamino)ethylvinylsilane, bis(ethylmethylamino)ethylvinylsilane,

bis(diethylamino)ethylvinylsilane, bis(ethyl-n-propylamino)ethylvinylsilane,



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

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

(di met hyl am no) di et hoxynet hyl vi nyl si |l ane, (d inethylam
i no) di et hoxyet hyl vinyl si | a ne,

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

blsggh)g Eé gﬂ]!a Rgogétgﬁwé}gg%ﬁ%ﬂzl x: ﬁj}/édé:’Jl gyl)amlr(ljo)ethylvmylsnane,

blsQ(ﬂis%rB}zﬂllde%%tﬁi}hﬁﬁﬁQPéMGt hy | bisty-btyl-apeopylamino)ethyyRilane,
compound in which two of X1 to X2 are acyclic am no

blsgdnautplﬁylemlrfoontmmyls@lah? and one thereof is a
“hydrocarbyl group or a substituted hydrocar byl P
b|q(<¥@\e31y@@?1ncg)gr0@yly@ulsggne bls(ethylmethylamlno)prop%l vinylsilane,

bis@@g &Ifamr}c}férgéng}{}o I? %ﬂélmvhgi/lalségq%\q/h% roqylammo)gropylvmylsnane,
blsgti:(tﬁﬂ'lgbﬁﬂolﬁylbﬁﬁm l)@lhﬁ\ﬁy iRhkY! Vi pi¥ hlp%kf?y-larﬁhG)propylvmylsnane,

' esoft hebi's( yl am no) al kyl vi nyl si | anei ncl ude
bls*()dllssﬁmpylamidmybramlvmmélmaéhyI bis(n3plusyil-nt propylarine)peddyivinylsilane,
et hyl am i no) met hyl vi nyl si | ane, b is(diethylam

bisi(diey priyiapinp)pragyldnyisigne,

oo B BB e o ARt erBpyinysane,
bn%dlgtrglra 395%0@@);15‘5%@3" vi nyl Sbls{e%W? 2 n=propylamino)butylvinylsilane,

m no) net hyl vi nyl'si’l ane
bls?(iétﬁﬁllgobmb}/lbnﬂmmmﬂy hytsiane) met hybi\s(d’l-y)L;BoﬂMmmno)butylvmylsnIane,
bi s(di - n-butyl am no) met hyl vi nyl sil ane, bis(d inethylam
b|s(d15pmopyllam|noa@utﬁwnylame bis(n-butyl- n-propylammo)butylvnnylsﬂane and

et h l et hyl vi nyl si |l ane, bis(d
b'ﬁ(‘g éﬂ' m@%l si lane ,bis(ethyl-n-p ropyl am
i nyk Si ne (e ; ;
b| s( et %%op%tpyltge?n n858gjtl%‘gﬁ'wsﬁlyll)asmllng}r?ékymnsy %Stljl?ne plrmocrlJUde
bis{diftaeihg R ayivdimetrgivirgisiane, bis{di(t-

butyldimethylsilylyamino}methylvinylsilane, bis{di(trimethylsilylJamino}ethylvinylisilane,
and bis{di(t-butyldimethylsilyl)amino}ethylvinylsilane.

Examples of the bis(dialkylamino)alkoxyalkylvinylsilane include
bis(dimethylamino)methoxymethylvinylsilane,
bis(dimethylamino)methoxyethylvinylsilane,
bis(dimethylamino)ethoxymethylvinylsilane, bis(dimethylamino)ethoxyethylvinylisilane,
bis(diethylamino)methoxymethylvinylsilane, bis(diethylamino)methoxyethylvinylsilane,
bis(diethylamino)ethoxymethylvinylsilane, and
bis(diethylamino)ethoxyethylvinylsilane.

Examples of the compounds in which three of X' to X® are acyclic amino

groups of formula (ll) include a tri(dialkylamino)vinylsilane, etc.

Examples thereof include tri(dimethylamino)vinylsilane,
tri(ethylmethylamino)vinylsilane, tri(diethylamino)vinylsilane,
tri(ethylpropylamino)vinylsilane, tri(dipropylamino)vinylsilane, and



bi s(dii sopropyl am no) et hyl vi nyl si | ane, bi s(n-butyl -n-pr
opyl amin o)ethyl vinylsilane,

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

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

tri(blit§peipglaminAwhniapeopy | vi nyl si | ane, bi s(et hyl - n- propyl a
m no) propyl vi nyl si | ane,

bi s(!'stahWessmproumphadn inayhictotyd ofi Xiytb $¢°| e ey diic srdnc groppe of

yl am no) propyl vi nyl si | ane,
fOFEw?(QH ?@% g*yr%%wr@wwgwpmaaﬁwésw@e Rygraegrbylgreup
4 ".‘?’%{%%W"Q@’”? Rty R PR frsiapsy i

dinly BRIRE0IM)m i Ahyisil d bis(h thyl thylvinylsil
B P A e -

bi s(m%wlhylwmmoh@wybmuwtl;ald ahieh ktive (et Xydo- Xt arreomhpsrbf
I no) but yl vi nyl si | ane,
formugi(@b mm@aﬂhoaymhmmmﬂym whieh|twp [0AXS, X1, 80X argacyslic
am no

OS?E)UP% ﬁgrﬁ&b/ #%r@lﬁﬂj@l ?ﬁﬂngfnlyaqrg grip properties it is more
pré?ééﬁl? byt y by |£‘\R Mgn@ﬁwml hyvi nuhgi | age. nnd preferably

bi s(di-n-butyla ['vi'nyl'si’l ane.

b:s[iﬁmetmmemfd)memyw{r@lsmme al iy drittyyaind astiaikinisliany,| S bisgdin-
pro%lylg(r:r!l#o(;r?lethylvinylsilane, or bis(di-n-butylamino)methylvinylsilane. = Among
them, from the  viewpoint of availabilty of the compound,
bis(diethylamino)methylvinylsilane  or  bis(di-n-butylamino)methylvinylsilane  is
preferable.

In the polymerization of a conjugated diene and a compound of formula (l),
polymerization may be carried out in combination with other monomer as necessary.
As said other monomer an ethylenically unsaturated compound is preferable, and
specific examples thereof include an aromatic vinyl, a vinylnitrile, and an unsaturated
carboxylic acid ester. Examples of the aromatic vinyl include styrene, o-
methylstyrene, vinyltoluene, vinylnaphthalene, divinylbenzene, trivinylbenzene, and
divinylnaphthalene. Examples of the vinylnitrile include acrylonitrile, and examples
of the unsaturated carboxylic acid ester include methyl acrylate, ethyl acryiate,
methyl methacrylate, and ethyl methacrylate. Among them, an aromatic vinyl is
preferable, and styrene is more preferable.

Examples of the alkali metal catalyst, used as a polymerization initiator,
include an alkali metal, an organoalkali metal compound, a complex between an
alkali metal and a polar compound, an oligomer having an alkali metal, etc.
Examples of the alkali metal include lithium, sodium, potassium, rubidium, and

cesium. Examples of the organoalkali metal compound include ethyllithium, n-
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bi s{di (trinmethylsilypam no}net hyl vi nyl si | ane,

bi s{di (tbutyl di net hyl sil yOam no} net hyl vi nyl si | ane,
bis{d i(trinmethylsilyflam no}ethylvi nylsi |ane, and
bi s{di (t-butyl di nethyl sily0am no}ethyl vi nyl sil ane.
Exanpl esof t hebi s(di al kyl am no) al koxyal kyl vi nyl si | anei n

prc&ym%rﬁli ?ﬁ’;*rﬁﬁ%mﬂuﬁm ﬁ@ﬂkt‘i\%}’h@é&%t*’liﬁﬂmhﬁi k-8&lithium, n-

s(dinme am no) met hoxyet hyl vi nyl si 1 ane,

debyligkidinret mHeaplithiunhet hoRyraphthyllithiumy,| Si Rebutylphenyllithium,  4-
bi s(di met hyl am no) et hoxyet hyl vi nyl si | ane, o
phemdgulylEhiHm, ami no) et aKiphextylitivmny| si | ane, 4-cyclopentyllithium,

. bi,s(.di et hyl apmi no) net hoxyet hyl vi nyl.si | ane,., .
g EORPRIIT) ot oy ot PRV EREI MRy bis(a
Dol RAIIDIP MR > (' TXBprohBirpropylittjory, - Jtium
herdrfetA@igdim@ieant NEhighouppy@dlidide, mul ghiGil ) ppetidide, a lithium
tri(dialkylam no)vinyl si Yane, etc.
heptametivésnemaide ofithinol dddeqanethyienteinidani MediNthioyd-kutbag esodium
tri%let_hyl net hyl am ng) vi nyl si |l ane, tri i et

h .
nap,lgp pp,lgg,ﬁodj%%/ Hiahenyhde, and potassium napht&genide. yé)?arrrr%ples of the

ool CAENLE1 B R, KoL . S BBk Bl

STl

tetfahgdmbRsn BdmpIeXBRY Adsotaddivmiteth h&fe edmplex,shdaxBmples of

cyclic am no groups of forrmula (11) and one thereof is
thea oligaimerchaving agr alkali onetal wolode i theit sediuny diab cafr dyhetipylsiynene
i ncl ude bi s§ nmor phol i no) met hyl vi nyl si | ane, )
tet[ﬁngqrpi .ﬁ@pp@ h@g) ,@gtqﬁgq:qﬂhﬂ%rg pprgﬁggndoqrﬁép’rganosodlum compound

. di i.m.d t ' [ .

o YR A DM RS GG &im comooungaving 2

to ¥ Batbok BIHRARUS thové pfedérablea (1) in which two of X1 to X3
are groups of fornmula (I1) is preferably a vinyl
c onpthenampuntvdfi pdlyrbevization Xitiato2thanayXse ased pery t00 parts by
am nag 8roup5' fromthe viewoint of fuel econo and

wegmt prﬁ %é%tp{ pf;_\ghe, £onjugatsd é"?ﬂeefCQF%’BPQd »f formula (), and other
mo%?é{e@}@%%%& warl]% %o%e\ﬁzgglgséolnﬁﬁﬁenteﬂ qs %?éfe%‘&[yeo.ooom to 5
parts by weight (or % by mol), more preferably 0.0005 to 1 parts by weight, and yet
more preferably 0.01 to 0.5 parts by weight.

The amount of polymerization initiator is preferably in the above-mentioned
range since a polymerization reaction progresses quickly and the influence of
residual polymerization initiator is suppressed.

The hydrocarbon solvent does not deactivate the alkali metal catalyst, and
examples thereof include an aliphatic hydrocarbon, an aromatic hydrocarbon, and an
alicyclic hydrocarbon. Specific examples of the aliphatic hydrocarbon include
propane, n-butane, iso-butane, n-pentane, iso-pentane, n-hexane, propene, 1-
butene, iso-butene, trans-2-butene, cis-2-butene, 1-pentene, 2-pentene, 1-hexene,

and 2-hexene. Specific examples of the aromatic hydrocarbon include benzene,

toluene, xylene, and ethylbenzene, and specific examples of the alicyclic

11



bi s(di met hyl am no) net hyl vi nyl si | ane, bi s(di et hyl am no) m
et hyl vi nyl si |l ane, bis(di-
propyl am no) et hyl vi nyl si |l ane, or
bi s(di - n- butyl am no) et hyl vi nyl si | ane. Anong
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I -n-butylami V|ny l'anei s pr ef erabl
cohtbiridtion pathyareiflezet ingarooérban @omemggt efAmdng meenal,nai hadrocarbon
conmpound of formula (I pol ynmeri zation nmay be carried
haging 2 e 1@cationaterns ismreferapleer rmnomsr as necessary. As
sai d onmer, an.ethyl enjcal.l at ed
conp B HveC T SHudt e Ve Ehdtthe. D SIS Prniratip m
reh@ohUfiSadte &Jn%ﬁé(otl\é( y}ﬂocgﬂ)o\’]' S| éhleﬁkahaﬁ\@ta@rbatalyst a

unsaturated carb Ic acl d ester. Exanples of

coR[UERIdI dienvd, ravbommlnudﬁ TSRy 1K, opﬂ:ﬁﬁéllwétaérymeﬁ@ner and other
V|nyltoluene vi nyl napht hal ene, di vi nyl benzene,

component ibehe exetinuand nmlmeryatmpmeﬁmdeﬁepremﬂ o 8 % by

the vinylnitrile include acr Ionltrlle o
wejgihty FoTe tares b S0k BY ARG a1 Vet pretsab 4o 2 % by
wé@’\ hyl aciylate, ethyl acrylate, nethyl nethacryl ate,

ut ethyl nethacrylate. Anong them an aronatic vinyl

| S PITRE AInRRINE of APdtoSdrsbieRBIVESt tRBY Map RS esctbisepreferably in the
Exanpl es of the alkali nmetal catal yst, used as a

abpykymentionet fanpe itcnobtanathugh, readMutude an al kali net aI an
or ganoal kal i pet al ound a conpl ex between

al kal'fe rRaf¥AteriAP, "pﬁy C@Hf?&oa'ﬁd'” e arqsg,rgﬁqzepf ﬁg\,qq;;@t for
regalaﬁl&%e elvll Bgﬂd’ co%e “t o%@%b@ ai%ti oﬁerh%ui.g'! tkg,l' ﬁﬁ;éﬂ%‘f%' regulating

rum ~So sium diu

th€ efidtHltioR iR iR 6§njl§§atéd"ﬁleﬁé GRNewrlohbin dfethalcoRjagamed iene unit
include ethyllithium n- propyllithium

ands @ pormgbijtent tumtubased butay Inhdromen ngthere thaputhgl conjugaied diene
t- octf%/I [ithium

(ngEsyaier (NGRS el Toot IRIQIRY 2461a SPEmpIas: AfRUghPeemB Ay an
=BRER M H ey As promna SRR oBRRET PETIPeS
ofl Uffile ether compound include cyclic ethers such as tetrahydrofuran,
di met hyl am nopropyl I'i t hi um di et hyl am nopropyl |'ithiumt
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
compound include trimethylphosphine, triethylphosphine, and triphenylphosphine.
They may be used on their own or in a combination of two or more types.

The amount of regulator added depends on a target vinyl bond content or

polymerization temperature, but it is preferably 0.01 to 50 as a ratio by mol relative to
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b utyld inmethylsilyloxyp ropyl Iithium
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ethyltampihesysipne.he ar cfiethodiethyEdanson inc Idl'ﬁi'éo’%gﬁ}eg%?"a“e'

| L.ene. .and_et hyl _and.. i fi
tetpiiERlankt et BhF A aRBTBREr | | ©
cycl pREN N Vevidtht OF DA AREFmitl 6ha deRiol s@énal evmugated

or in conmbination wth a different hydrocarbon

diesel potyrhéragnd aathey coinpomerd ang dhedigaikédh rihdramongt af coupling agent
carbon atons is preferable. The hrydr ocalhbor\( .
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e B8 BdB {P 3 ROVRETZBDSHHIRD PTG TN e T B PEHmer
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didkylahind88kopABh¢Hal of the conjugated diene unit, an

agent for regulating the distribution in the o
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The amount of regul ator added depends on a target

vi nyl bond content or polynerization tenperature, but
it is preferably 0.01 to 50 as a ratio by nol relative
to the alkali netal catalyst, nore preferably 0.05 to
10, and yet nore preferably 0.1 to 2. In the
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con%lo@ééflew ofjadepction mixture eQriAiRNG @ eANIYIFEEd-HBRE. iagpmpound

en ormula (LLI) include.sil.i t i d
or Rt (b SRk et b AGHH el B & ctaRdorSonven
anldTdnBkdithédl éHtQ?i_t|té‘ﬁ%ac§td>rnar¥deédnﬁﬁt§&@rdiéiﬂarge from the reactor of
nmet hyltrichlorotin, dinethyldichlorotin,
ant mmoahh\if gidlymnerization tpeddusihrethétoisy sonareasurate with the amounts
met hyl tri met hoxysi | ane, di nmet hoxydi net hyl si | ane, met hyl t
Supp¥dhoxysi | ane, et hyltri net hoxysil ane,

d
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Lot r GRS of Thebteacly Ry rFOBR S5 Fiolite™ Y81 e reactor, o
tutshh @IPB Pe¥dbredy | $ol 8Ming a polymerizatM dolifliod | £RMNMStindk may be

m xture uniformty of a conposition when a conjugated
usgtcaed prbmples therdofainolubie rancamyhon blade ar epaddlet blaile; eal propeller

the amount of couplin a%ent that may be added is

G

blgsics peA e iadia NaSal DREM bBds AN MIEHeRdpags. ( he
o ol Bha RIS 1T T, Tt B gt ore
compound of formula (I), other optional monomer, hydrocarbon solvent, or alkali
metal catalyst, may be supplied to the reactor as a single component or as a mixture
of two or more components as long as the effect is not impaired. Furthermore, the
component may be supplied as a solution in which it is dissolved in a solvent that
does not deactivate the alkali metal catalyst, such as tetrahydrofuran or hexane.
When polymerization is carried out using two or more reactors, each of the
above-mentioned components supplied to the reactors may, as long as the effect is
not impaired, be supplied to any reactor, and may be supplied to only one reactor or
two or more reactors.
When a polymer modifier is used, it is preferable to use a polymerization
system equipped with two or more reactors and supply the polymer modifier to the

~most downstream reactor of the polymerization system.
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Furthernore, fromthe viewpoint of fuel econony, it is
preferably not nore than 0.4 nol, and nore preferably
not nore than 0.3 nol. In the pol ynerization,
an agent for nodifying a polynmer (polynmer nodifier)
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froﬁ:PMe' ﬂé&%ntﬂﬂ'ééﬁﬁ&ﬁ&%“ &e\‘e?aﬁi?'ﬁ@* Inbré & qr nl RfmRis, Y84 More

two reactors’’by conti nuously supplying a
prer@r@blygadteﬂbrdnmﬁomo@enpound of formula (1), and
optionally other nononer, a hydrocarbon sol vent, and
an d?«wherrzagommaga@aymd owl byHallyrcharging thednigrior of the reactor
conti nuously di schar y %the po!gg/msrl zati gn product

with Rme{iatirh gelgtion, or vifiag g gas P'P\%Secmq’mug%§ gas phase
po@%h%’nq%ﬁ bé %tﬁgﬁbrﬁ@t%%dpr{agg%rr a‘la‘\qnér? g)g(g rpﬁaééqgu g:?s?] a nltro en or

ous su réaction ni-xt ure con
argoPnprEgat eplurme@msre FnorRHRP Wagoro bt @1 tha g’as(dﬁase%hﬁfn may be
nononer that nmay be additionally used, a hydrocarbon
takeol ot ritom  thedreactor| thalvaporemay beaaowkiyrsﬁedtlw a cosderiser, amidthe
conti nuous di scharge fromthe reactor of an anount of
Cob‘éﬁ’?ﬁ@rm%b?ﬁ’ Eﬁﬁ”fﬁ?%gih@? R34 i s commensurate with the

f, t
e BB R trmngreun ETRPRNERY Eito B6C R6RRY B o
Of@aé{d%oreeéréferablf)PSO@ {0 80°@g | h@QJoWnkéﬁirﬂ Passipd W bﬁfz‘aﬂy 0
known stirrer may be used, and exanpl es t her eof
to BMﬂa.ldedareferably@rtoUI MBa, a paddl e bl ade, a propeller
bl ade, a lattice blade, a helical ribbon blade, and a
Max bl fén BVTagge residence t'"lf'acorﬁ gl?nrHﬂ’Vé‘?ﬁ”ZéUﬁbI?roé‘ﬂ‘of‘o I} Heach

po@%%?& roh(r??&gr ?ﬁ‘éﬁ'g@’ﬁ ! ongqqgth%grsd Lid Shef%rgggolld)rmmqfo 3 hours.

nonomer, bon

Thé @hm@tmtaﬂéna%bééd is ns&@uy 1©AbBOYFHm. nabbnbmesquduﬂd;f rfixture
the reactor as a si ng e conponent or as a m xture of

unifcvvmntw it isonat lessnthen 0trpmasdre peefermblyhret déssdban b8 rprot and yet

aired. Furthernore, the conmponent may be supplied
m%% Pé?f%’épll)(tﬂ%l?s? H"%?Q:W"i t Fusthginarg) fjem fherwwswg%'n rficonomy,

it rstSIP]ra ?}er%@? ﬁ'éott ﬁiﬂ’i I{Qp éh%o% hcﬁ g&?&%é e!fergay ﬁot r%%athgr'? 500 rpm.

Pol VIR LaRldAted laenedbdiyRer Ridl BE FtBvENB RS TRE Polymerization
reactors, each of the above-mnenti oned conponents

solstigpby acknbam tréeovepamtthod suel asafer exargplas(1) lmemethbe it whish a
not inpaired, be supplied to any reactor, and may be

coagyigstiieaddas torthe pelenarizatiarosolution ei2be methed rrewblcbrsr,eam is

used, era

di f
aodE b4 Bl mﬁrrﬂat???. HE)s: Toe Bt BE ROV ST LS fhvered
t
e R RSB b 8 PRI Sl oo
Furthermore, the method for producing a conjugated diene polymer of the

present invention, may further comprise a treatment to replace a group of formula (ll),

of a polymer by a hydroxy group using hydrolysis treatment, etc.. The polymer
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From t he vi ewpoi nt of kneadi ng processability and fue
econony, the total anount of conpound of fornmula (I)
supplied for polynerization is preferably not |ess
than 0.1 nol per nol of the alkali nmetal originating
fromthe alkali netal catalyst supplied for
alorﬁ)é)%)ytﬂ@ P%p@%n@éﬁb@gﬁ@&&ﬂoﬁhé‘ﬁ#&b@§l§ kBNt
errmre fromthe viewpoint of eConony, it is
pr eFedrﬂlﬂl@/wé\nbodeSf&trtehgm RO conjugsted aliehenmyenerrad filesr plelsgnt
not nore than 10 noles. Pol ymeri zati on may be
inverdion ipeeferaly ey anmrpryatzch\amgibﬁged pRASfifyeRt Y (atpmatipainy unit),

oA T R
the@ﬁfrﬂgﬁéd dRPe RRRSAd He %m‘a @W\ A/, RIDASHEraBNGIdt R3s fhan 10 wt

gen or argon phase. urt er nor mononer vapor,
% (EieCcoritéht bhﬁlegﬁ}ﬁju@bﬁﬁeiiwlﬁmtfﬁémgilyotbﬁorbalka?ﬂgmwt %) r &rd more
the reactor, the vapor may be condensed by a o
prefesally neldess thad 15het %c(trmmmé ofithe dnnjugatadr diene vt beieg not

react or. nmerization te{IrBer ature
?

oSS i 85 g« FutbBESTey TG rt%vlswe% Sisontify e canten
of tﬂ%egrﬁ&g{?%mpgol&‘l{\g ;ﬁ'g de)E i a%ﬁr n2§6 WP'% %@S&lﬁfe‘?\t IoF the

usua
con tetl §ieAE anit %&In@&ﬂﬁ GPedsl tABn &0 Wtf%) Fliﬂdyrﬂﬁfd grafdraly not more
ution in each polynerization reactor is usually 5
tham45 wtdo Bhéroontent o thie Wg@temllgnelmmemg ootdedsdbars5d Whi).
stirringrotatlonal é)eed s usual | 10t ? FTRSIB
Fr offeR&Ns, Vigwpeinhet sifenat e &eight-pusagE 1o leqUlar gudight of the
. 3 r o] 5
corjfiifed, Wihe ol B8 ITHE Aefor Alettollk pRETaLPHb e than
100,000, a8 Pfﬂfr@prefférﬁﬂlytnbﬂegé $14R@00{000f eCOﬂOW it is
pr ef er abl y not nore than 400 rpm and nore preferably
not Finem ¢he viewpdooffpgheconomy, thawieyldoenf w;gategtjofdh@ Aenjugated
ol yner mai{p be recovered from.t hﬁwpol yner i

dieb PRYITISH O e PIERBUTVRRLB0 ¢ PrefReRbceL fsfeaan 2 ol %, and
mof¥ g@érﬁbln&\% n?oré‘%J}P?'? 'n’ibl"*f“p%? 1?3%‘?&1%'&%& °§W9§ﬂ?@' didhe-

zat1on sol utlon
baéieUe@dﬁstlﬁjeﬁﬂ deid trRurtheemere! Yival ltﬂe?ltvleWﬁoS\O|dﬂtgr@nproﬁbl¢ies, it is
conj ugat ed di ene pol yner thus recovered nmay be dried
pre[graldy Rploiass tunay éIO rsqld’h moreapristanaplyi nytdess)ﬂwaaﬁ 5emlr"zfz|sye<b more

m)r e, uc:|
preeed%?'m §at'ess e .%Q rmh yrﬁ,ﬂd Rart ?”I??épepﬁ’(% y M\Féﬁt &9 gy, %-
4 u{nhﬂerfon‘é @(én??:aﬁ‘ bterrﬁgéém&% b§ %gl: g¥ %@ufg\&qbsorptlon
mtéﬁéw & Asiid g’f(ﬁ@h"‘fﬁmlch E abs-'éhﬁioﬁ@béim a vnﬁill@ﬁi@ﬁpf the
pol ymer conposition nay be subjected to the hydrolysis
t r edrorenthe viewpoint d&fr bmatdmg \presgssability oéndstfmdngcdmomye the
conipugat ed di ene polyner of the present inventiaon

mojgic ér\@ﬁiw Higtibyton A nthe; conibgsted pdiery) Rabregr olidhg Ppresent

. i t

nveflight PETRRY St o arerriool T A58 Blte BlstdBy e o
died PR

THETRMRYS WGC ARL B SRy B eterage

mofenkae Nieight (Aa) cana Nmmdwdnageemdﬂabewelghhqmmbye a gel

than 90 wt %, and nore greferably not |ess than 15 wt
per%e@tln@cmgﬁemam(qm raef P‘dbg?éldéhN'@P@NbN BMn- bei ng not

t han the Vi ewpo
FLeiThecambiated sighe srbns STThe faesend fanfory MR g i =
is preferably not nore than 50 wt (the content of the
conjugated diene unit being not less than 50 wt 9%,
and more preferably not pgre than 45 wt % (the content
of the conjugated diene unit being not |less than 55 w
9% . From the viewpoint of strength, the
wei ght - aver age nol ecul ar wei ght of the conjugated
di ene polyner of the present invention is preferably
not | ess than 100,000, and nore preferably not |ess
t han 200, 000. From t he vi ewpoi nt of fue



The conjugated di ene pol yner of the present invention

may be used in a conjugated diene pol yner conposition

by conbi ni ng anot her pol yner conponent, an additive,

etc. therewth. Exanpl es of said other polyner

conponent include conventional styrene-butadiene
cobfgatednidnd pUNIREr coptoghitih B¢ icemBiningtd®ther polymer component, an

but adi ene-i soprene copol yner rubber, and butyl rubber.
addityapetesthénemither i ncl ude natural rubber, an

et hy ene-pr%ﬁylene copol yner, and an_et hyl ene-oct ene

copoFy#raples ghaaid gihey pelymes roameneRt Ralidpeopwrndiong] sfyrene-

' ' typ . l.n t
RS BASS ¥R, SonEBUPEBver. byt O EShmer
rubl6dl waatiRmy HuBha. PekymBles FlirthdiCinBILES SakurhNMBBEY, A ethylene-
fromthe viewpoint of tfuel econony, the anmount of

propyieney acapdlydieen eargo| gmesthylénd-betepe esepuiymery enflihese  polymer
conbined, wth the total anmount of polyner conponents
COTHIPHERIE ANy hcysediih g coRbinalien At twerordegip tpesed di ene
pol yper, conbi ne as Q0 parts by weight,. is . .
o e OF 20 Pas1 whersd Sopitar Rk, totorthlt g ombineehry the
oRfuREfa Bleke NSV t i | iewpoi
coRlURaRi add??ﬁ‘é&@i%ﬂﬁgﬂbrg%d@? Pi%“‘ﬁﬁy“‘%ﬁgﬁieear!ewgﬁa“ of fuel
eceramp| dise tanesienf of rohjugstea dighe apvlyraer fictheapreshtl riviention
a vul cani zi ng accel erator such as a thiazol e-based
combinath iwithnihealotad lamaunbof palyirer rogmoperte domblingsh (ingluding the
accel erator sul f enam debased vul cani zing . .
g pEpdiatedydhe bERmRLFHBbBEYAF Ve Bugiont is preferably
((ForeY tQy I Mzatk i j '
AL G g Py oG Bt M8 LRI, oSt Ko Hfin? 26 by
weightsi | i ca, carbon bl ack, cal cium carbonate, talc
alum na, clay, alum num hydroxide, or mca; a silane
coupfp Hip adgiitive; a knowx edditive may be ugeg randexemplpsdhefeofdnclude
antioxidant; and. a |ubrjcant. Exampl es of th
a YPlendier R, a8 S of (8 Phrgrseisiatos P e 3 dfggoisased
vulhizitlgl hERIANAT 3t @flirarhlbaCt§ \RAfdaflizingC abddp gt%}' §1 dUifeRamide-
precipitated silica, calciumsilicate, anJ al um num
based i wadamizifgh actelp@tdrhar eaf guanidinesbaseed valbanitifg Caddelefdtor; a
two or nore types thereof may be used in conbination.
vuigggizgtion agivalof pechsas slgadc agid o1 gincokidesan otaanicpanexids; [ayfiller
50 to 250 nR/q. The BET .specific surface area is .
suf % Piﬁ_aa’i FRt88R o Binc i P TR B 43- 9Ny cy, aluminum
i pr S .
YRR O B el S SRS o ohier o 2 ffoedBflg aid; an
anfioxidartf atpaR®ricaasi | 1115MP and 1165MP nmanuf act ur ed
by Rhodia, etc. may be used. Exanpl es of the
car bbxarnplag lof ithe Isilide ifaludeadey silicac(@nhydretly Isitinie adlidicwet silica
channel bl ack, and graphite.

| bl ack, . . . Wth
(h\t‘%S{&HﬁS'!'GJC? %%%a?%'ewabﬁé{@@, Reecipriated @Arcaorpatﬂwg%ks'm and

: -+ WPC, . r l.ack s as. SAE
oY, e 968 BOCIRH o Ui b7 e P e
thérebt, mb{ 86 Rkd GRESABINBLGE K THIBE PSpédiicCsurtdte &4l of the silica is

acetyl ene carbon black can be cited as exanpl es. One
ustgifye5a teeRsbm’yay The BESeshemifict sunfaoe angsr s myaesed ineaceofdance

Jray be used in conbination. The nitrogen
W'@d%%TMt[?W3§@ec Asiaccaynergiad PEaduist, PReHys) nanes MN3cARDBR, and

R ENTY Y

usually 5 to 300 mJ100g. The nitrogen adsorption
specific surface area is neasured in accordance with
ASTM D4820-93, and the DBfy absorption is neasured in
accordance wi th ASTM D2414-93. As a comercia
product, product names SEAST 6, SEAST 7HM and SEAST
KH manuf actured by Tokai Carbon Co., Ltd., product
nanes CK 3 and Speci al Bl ack 4A manufactured by
Degussa, Inc., etc. may be used. Exanpl es of
the silane coupling agent include



epcorycycl ohexyl) et hyl tri met hoxysi
| ane, y- gl yci doxypropyl trimet hoxysil ane, y-
nmet hacryl oxypropyltri neth oxysi | ane,
N- (13- am noet hyl ) - yam nopr opyl tri net hoxysi | ane,
N-(f3-aminoethyl)-y-am n
anoOPfG(‘BW e h RS LR 04, b fray be used.
N- phenyl -y-am nopropyl tri met hoxyS| I ane,
y- ClExamples @pthet dartnaeit tackyistlldanternace black, acetylene black, thermal

mer capt opr opyl t ri met hoxysi | ane, ¥ am nopropyl tri et hoxys
blagh, ghannsi I@gk and graphite. W:th regard o the carbon black, channel carbon

bla§l{)%| { hoﬁé’ | lgé%ﬁ), ]E) ﬁgrg(g(\fl udrrha\sc%l cf:alrgc?ri gfaclg ?s’uéﬁ 2\1% %IArIEO)fg,EII-'l M}\F
MA?rr FEE! @IQ#V@P#VAW q:g;ylcj:l R Bt EBFOE\%HPQI"%'I'bm black such as FT

tetrasul fide, and tri met hoxysi [yl propyl benzot hi azyl

or Mgt aas Wckiylitpe @ﬁﬁbrt plRek chemeoditedbys brarmisiesl @nd Wpe thereof
nore types thereof may be used in conbination. As a
may benwsed paiwomr aehre typep thaledfimaybeodsed ig gomhiatry 5

LR o i B e e
oS00 g SNy B RPPAIRIO 1 cdbbbles

is Yslalg P t3300 ﬁ19/1@0§99The affbgen Fﬁlfsafpftlbﬁlﬁemf oedudfac®idrea is
(V.G C. value 0190 to 0.849). The polycyclic aronmatic

measuTee it a@brdahee with &4SdéF D4820-93, anddhe PSB! absbeption isvasadired

o e Bl i
SEASER SRS L A0SR PRl B e il

proﬁﬁlﬁ)naﬁfest(he 3%&1%7&%@ Bidck 4 rﬁérﬂff@cft@bb)by@&guh%i Ind.h&d. may
20 % by wei ght wo or nore types of extender oils may

be bgedised i n conbi nati on. Exanpl es of the

xa: %g;n?egg ggige;a grﬁ rlo?: I@%L%d:gégtazl%mede vmﬂtnchlorosulane

: enzot hi az _pﬁ?%q(ﬁ; sul fide, )
vmﬁlfcrféﬁfo‘ig% % 2- benzot giln Itn e é“ ﬂ iuram basggg'4
ep&(y@ﬁﬁdhd&%béﬁ@yltﬁﬁfeﬂhﬁ?@ibﬂés SUﬁbwaaowcsmﬁmbmbm:wmam y-

nonosul f1 de and tetranethylthiuram disul fide;
methalcfytmapiogyrimsatboxysitansl i nki ng accel erators NB-aminoethyl)-y-
cl ohexy1- 2-benzot hi azol | f enam de,

am%og}/%itn ethoxysiang: HY-45 amw&ﬁ}y %opylmethyldlmethoxysnane

VRSB TRROSH AL SR fmatonoiane. -
me%aﬂtcp@éﬂyﬁﬁmémayﬂalane benzot hizanedesepyitfienanysigne, and  bis(3-

guani di ne- based vul cani zi ng accel erators such as

(triethplysiyipgemyhi di disylfidh, or this(8dlrigthgusilyPbrapy!) antetrasulfide,  y-
ort hot ol yl bi guani di ne. The anount thereof used is

timetpysigirgpyidimethyitbiopaipaayhy wei dgtiasplifat i ve t8"400 7

tnn&?@qqp%rgpyé@ef@%fagygtg%%uI%f)enp Wn%hrk&pe ﬁ%gema%\&e used or two
or %U?él{ﬂ?ése& F%o?r}ﬁayp%y d FPEBRBnGtiGN 4 Botdmdeal product,

m X ng a W th e conj ugat ed di ene pol yner of
prodbet rnese3i69 any SITsi manufadiered hytlsgused, Itdiceteihaebe used.

relative to 100 parts by weight of the content of the

c on jﬁ)@m o |ﬂam@xtp@ﬂqrméﬂncamdq Heargmadie mineral@ihlviseesityigsavity

u 0 5 art From t he. v n
confarf (5. € vy 08 L edin P hesie el 41 T & BLE b aso
than 20 parts by MEIght and nore preferably not |ess

than 30 parts by weight. Fromthe viewpoint of

rei nforcenent being enhagged, it is preferably not
nore than 120 parts by weight, and nore preferably not
nore than 100 parts by weight. When a

conj ugat ed di ene polynmer conposition in which a filler
is conbined with the conjugated diene pol yner of the
present invention is used, fromthe viewpoint of fue
econony, it is preferable to use silica as a filler.



the total content of the fillers, and nore preferably
not |less than 70 parts by weight. As a net hod

for producing a conjugated di ene pol yner conposition

by m xi ng anot her pol yner conponent, an additive, etc.
wi th the conjugated diene polynmer of the present

e €e; -

o SQA S AR B B 1 Vel 198 YA 7ol gy

arém&fOYshtéAt ¥E theSeiddhdes oftis! stkferdbly BasMEnY3 P4 BeivelBt) a8 more
used. Wth regard to kneadi ng conditions, when

preferaitidess than dt%ehy Wdﬂghlt aTheibalpeiclie aropratia couﬂeoaln|mea$gred in
accel erator_is mxed, the kneadi ng te(rg)erat ure |

acegraamey ng@rﬁﬁh Jpsitutgnef E?técf'%tfraw?ths@ 4{5692196@1h%rm9re the
I 0
ar%ringtlg zﬁql 0 Cﬁ{ﬂ%ﬁ{ {)C%%)&? #I‘a .Je>¥ r%ﬁ?s é%fe%gblg"ggt Iggsdthan 20 %

["cCani

byWHigRN FE8r %%F@ﬂyﬁé@éf‘ﬁxtén%le%%@ﬁamﬁ@ Bsddif %@hﬂ%atlon
tenperature Is usually not nore than 100C, and

pr ef Exalyplys b tiha vdeqrdtind acesldrato8 iude thiarpleshasedvulcanizing
whi ch a vul cani zer or a vul cani zi ng accel erator is
aceelafatera gsuch a%L?ameycang@enéﬁthlazol%ad%ﬁnﬁghlawl @isulfide, and N-

oviibS3hp bR IRl B ite S P e e Hossnittud Bl Sfiscsuch
asa{é‘?rame fna@rﬁ/ n]tﬁ%ngﬁQe ]a?’xgctetramgthallltrélﬁe pgﬁ{Ulﬂ&atsﬁﬁenamnde-

di'ene p yner e conjugate

bagedeassstinkiny aéceldratops eae bs | Megiblienl-hbyezothiazldsaliénamide,
kneadi ng processability. The fuel econony is also
N-ehetyl-2-benzothiarolashifenanige,pr dpexyetiadenerZbanzothigeaiasulfenamide,

Th t ed, di | dth d
N e Rt S oRatEG, ccent Hiuant | o vardiSsEREY-2
beRQ(gthfak&ISsc’ulfeﬁQrﬂFi S%In@S%ano‘ﬂ%r bé’é&d”ﬂl@édlﬁﬂ\gs ’accelerators such as

rati on-proo ertals, etc.

d:m@hylgaaﬂmhéyd&uhbtabyllg(musimé fowd brth@telylb@&éMaixES THeeamount
present invention is explained below by reference to

thEEQanfﬁﬂeésiS prifgreblyd).1 o §parts ibysveightaelative toal QUpayis Pyhweight of
1. ' it -1+4
robffRs R BRGG «ﬁ@aagﬁetwefgmvn@é SRR WRA ur ed at 100C
In agfapda ud’gtéch ﬁoport%ﬁ%éinon%s fofhid! b c}bﬁ’l%g a filler

cont ent (un conj ugat e
withi theeohjagatdd linéheaptdyme:oof the present invention, the content of the filler,

relative to 100 parts by weight of the content of the conjugated diene polymer of the
present invention, is usually 10 to 150 parts by weight. From the viewpoint of fuel
economy, the content is preferably not less than 20 parts by weight, and more
preferably not less than 30 parts by weight. From the viewpoint of reinforcement
being enhanced, it is preferably not more than 120 parts by weight, and more
preferably not more than 100 parts by weight.

When a conjugated diene polymer composition in which a filler is combined
with the conjugated diene polymer of the present invention is used, from the
viewpoint of fuel economy, it is preferable to use silica as a filler. The content of the

silica is preferably not less than 50 parts by weight relative to 100 parts by weight of
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constituent unit) The vinyl bond content of a
pol ynmer was determ ned by IR spectroscopy fromthe
absorption intensity at around 910 cm 1, which is an
absorption peak of a vinyl group. 3. Styrene unit
content (units: % by wei ght) The styrene unit

theQQt%I EhterRbf ReRferk Bid MBR SR M dbdsitan T(?Mr%%y' wWeéight.
index in accordance with JI'S K 383 (1995).

V\el aftst aamemage‘onmh&nmlngravmnglgbte(jwknarpmmremnimsltnon by
wei ght distribution (Mwv Vh) ht - aver age
mixiRg apothas pwymghtcommreran@nneﬁﬁjw a@\&“er‘d@é 'fh*ﬁ)IC@%lU%i?d diene

o 8 Wbk A BSOSl S

whizh c{hé REmPBh& R8I LAt kr‘ﬂ?dd%@tbydf'néérﬁé !% IkABwh mmucﬁfasaa roll or

pol yner was determ ne I nstrument: HLC-8

Bantsuny frivelr cae Be byedlosoh Corporatl on (2) Separ atl on
colum: GWH XL (2 colums in tanden) manufactured by
Tos oMittOsgpsk tatkineading spndiiansuwberear addiyrethernithan asglcanizer

or %.ﬁu}ﬁaﬂlz{n?%ccg\tﬁ%&t E?’rﬂl}(%csﬁé kngécg%g It:én(w);\)/\érgt%treels L?SUg"y 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 vulcanizer or a vulcanizing 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 vulcanizer or a vulcanizing
accelerator is combined 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 of the present invention have excellent kneading processability. The
fuel economy is also excellent, and the grip properties are also good.

The conjugated diene polymer and the conjugated diene polymer
composition of the present invention are used for tires, shoe soles, flooring materials,

vibration-proofing materials, etc., and are patrticularly suitably used for tires.

EXAMPLES
The present invention is explained below by reference to Examples.
Physical properties were evaluated by the following methods.

1. Mooney viscosity (ML1.4)

The Mooney viscosity of a polymer was measured at 100°C in accordance

with JIS K6300 (1994).

2. Vinyl bond content (units: mol % proportion of conjugated diene-based 1,2-addition
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(7) Detector: differential refractoneter (8)

Mol ecul ar wei ght standard: standard pol ystyrene 5.
Kneadi ng processability 100 parts by wei ght of
pol ymer, 78.4 parts by weight of silica (product nane:
Utrasil VN3-G manufactured by Degussa, Inc.), 6.4

ts, by.weight of a silane coupling agent (product
Cors)f’ght? t@/%9 manuf act ured by Degussa, Inc.), 6.4 parts

by delerMmEa b mlaéséa@é f
Sﬂeﬁybgg%fﬁﬁﬁﬂgska%pgﬁ%ﬁl %Crr1em caP’ Corp.) COR/Y 6

thepalssosptioy inehsityt atodroamd 6x0 end'e whahl is (anMoqtnona:lwk of a vinyl
X-140, manufactured by Kyodo Sekiyu), 1.5 parts by
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100 parts by weight of polymer, 78.4 parts by weight of silica (product name:
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coupling agent (product name: Si69, manufactured by Degussa, Inc.), 6.4 parts by
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Chemical Corp.), 47.6 parts by weight of an extender oil (product name: X-140,
manufactured by Kyodo Sekiyu), 1.5 parts by weight of an antioxidant (product name:

Antigene 3C, manufactured by Sumitomo Chemical Co., Ltd.), and 2 parts by weight
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A 20 L capacity stainless polynerization reactor was
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Conpar ati ve Exanpl e 11 2 Vinyl bond content Mole %
59 59 59 Styrene unit content

Comparative Example 1

Continuous polymerization was carried out using a polymerization system in
which a 2 L capacity reactor (first polymerization vessel) and a 2 L capacity reactor
(second polymerization vessel) were connected in series.

The interior of the first polymerization vessel and the interior of the second
polymerization vessel were washed, dried, and flushed with dry nitrogen in advance,
and subsequently the first polymerization vessel was charged with 1.4 L of hexane
and the second polymerization vessel was charged with 0.5 L of hexane, thus
carrying out a scavenging treatment.

Continuously supplied to the first polymerization vessel were 1,3-butadiene at
1.8 g/min, styrene at 0.7 g/min, a hexane solution of tetrahydrofuran and ethylene
glycol diethyl ether (tetrahydrofuran concentration: 5.0 mol/L, ethylene glycol diethyl
ether concentration: 300 wt ppm) at 12 mbL/min, and a hexane solution of n-
butyllithium at 2.17 mmol as the amount of n-butyllithium/hour. The polymerization
solution was continuously drawn off from the first polymerization vessel such that the
polymerization solution within the first polymerization vessel was 1.5 L, and supplied
to the second polymerization vessel. The polymerization solution was continuously
drawn off from the second polymerization vessel into a storage vessel such that the
polymerization solution within the second polymerization vessel was 1.5 L. During
polymerization, the polymerization vessel internal temperature was 53°C, the stirring
rotational speed was 170 rpm, and polymerization was carried out for 5 hours. In
the polymerization, the total amount of 1,3-butadiene supplied to the first
polymerization vessel was 540 g, the total amount of styrene supplied to the first
polymerization vessel was 210 g, and the total amount of n-butyllithium supplied to
the first polymerization vessel was 10.9 mmol.

1 mL of methanol was added to the polymerization solution thus obtained.
Subsequently, to the polymerization solution were added, relative to 100 parts by
weight of the polymer in the polymerization solution, 0.4 parts by weight of 2-tert-

butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl  acrylate  (product
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Wei ght % 24 24 25 Wi ght - average nol ecul ar wei ght
210, 000 230, 400 490, 800 Mol ecul ar wei ght distribution
1.91

name: Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.), and 0.2 parts
by weight of pentaerythrityl tetrakis(3-laurylthiopropionate) (product name: Sumilizer
TP-D, manufactured by Sumitomo Chemical Co., Ltd.). The content of the polymer
in the polymerization solution was determined in advance by drying a small amount
of polymerization solution taken from the polymerization solution thus obtained and
taking out the polymer in this small amount of polymerization solution. The
polymerization 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 are given in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of
silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (product name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black (product name: DIABLACK N339,
manufactured by Mitsubishi Chemical Corp.), 47.6 parts by weight of an extender oil
(product name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
antioxidant (product name: Antigene 3C, manufactured by Sumitomo Chemical Co.,
Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
weight of a vulcanizing accelerator (product name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanizing accelerator (product
name: Soxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by
weight of a wax (product 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 at a kneading start temperature of 70°C for 5 minutes (the
temperature being increased to 120°C by the end) to prepare a polymer composition.

The polymer composition thus obtained was molded into a sheet using a 6 inch roll,
and the sheet was vulcanized by heating at 160°C for 45 minutes, thus giving a
vulcanized sheet. The results of evaluation of the physical properties of the
vulcanized sheet are given in Table 1.

Comparative Example 2
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2.11 1.66 Kneading processability 4 2 4 Fuel econony
tanS (70C ) 0.162 0.247

A 20 L capacity stainless polymerization reactor was washed, dried, flushed
with dry nitrogen, and charged with 10.2 kg of hexane (specific gravity 0.68 glem®),
547 g of 1,3-butadiene, 173 g of styrene, 6.1 mL of tetrahydrofuran, and 5.0 mL of
ethylene glycol diethyl ether. Subsequently, 14.4 mmol of n-butyllithium was poured
in as an n-hexane solution, and copolymerization of 1,3-butadiene and styrene was
carried out for 3 hours. During polymerization, the stirring rotational speed was 173
rpm, the polymerization vessel internal temperature was 65°C, and the monomers
were continuously supplied to the polymerization reactor for 3 hours.

After the polymerization had been carried out, 2.16 mmol of silicon
tetrachloride was added to the polymerization reactor, and the polymerization
solution was stirred for 15 minutes. The amount of 1,3-butadiene supplied during
the entire polymerization was 821 g, and the amount of styrene supplied was 259 g.

2 mL of methano! was added to the polymerization solution thus obtained.
Subsequently, to the polymerization solution were added, relative to 100 parts by
weight of the polymer in the polymerization solution, 0.4 parts by weight of 2-fert-
butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl  acrylate  (product
name: Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.), and 0.2 parts
by weight of pentaerythrityl tetrakis(3-laurylthiopropionate) (product name: Sumilizer
TP-D, manufactured by Sumitomo Chemical Co., Ltd.). The content of the polymer
in the polymerization solution was determined in advance by drying a small amount
of polymerization solution taken from the polymerization solution thus obtained and
taking out the polymer in this small amount of polymerization solution. The
polymerization 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 are given in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of
silica (product name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (product name: Si69, manufactured by Degussa,

Inc.), 6.4 parts by weight of carbon black (product name: DIABLACK N339,
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0.207 Gip properties tanS (W) 1.049 0.596 0.737
Clains 1. A continuous nethod for producing a

conj ugat ed di ene pol yner, conprising: polynerizing a
conj ugat ed di ene, a conmpound of formula (1) below, and
optionally other nmononer in the presence of an al kal

marRifadture@b@NIBLbIEIR Chdmyict Toap. R a7 .6 phreehl welghCof@H extender oil
(product name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
antioxidant (product name: Antigene 3C, manufactured by Sumitomo Chemical Co.,
Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
weight of a vulcanizing accelerator (product name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanizing accelerator (product
name: Soxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by
weight of a wax (product 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 at a kneading start temperature of 70°C for 5 minutes (the
temperature being increased to 120°C by the end) to prepare a polymer composition.
The polymer composition thus obtained was molded into a sheet using a 6 inch roll,
and the sheet was vulcanized by heating at 160°C for 45 minutes, thus giving a
vulcanized sheet. The results of evaluation of the physical properties of the

vulcanized sheet are given in Table 1.
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Claims
1. A continuous method for producing a conjugated diene polymer, comprising:
polymerizing a conjugated diene, a compound of formula (1) below, and

optionally other monomer in the presence of an alkali metal catalyst in a hydrocarbon

solvent,
H,C——=CH
X e—si—x? (I)

2

X

wherein X', X2, and X® independently denote a group of formula (ll) below, a
hydrocarbyl group, or a substituted hydrocarby! group, and at least one of X', X%, and
X2 is a group of formula (I1) below,

N (11)

Ng2

wherein R' and R? independently denote a hydrocarbyl group having 1 to 9 carbon
atoms, a substituted hydrocarbyl group having 1 to 9 carbon atoms, a silyl group, or a
substituted silyl group, and R' and R? may be bonded so as to form, together with the
nitrogen atom, a ring structure,
wherein the polymerization is carried out using two or more reactors.

2. The method according to Claim 1, wherein said other monomer is an
aromatic vinyl compound.

3. The method according to Claim 1 or 2, wherein the vinyl bond content of the
conjugated diene polymer is not less than 20 mol % and not more than 70 mol % per

100 mol % of the conjugated diene-based constituent unit.
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