CONJUGATED DI ENE POLYMER AND CONJUGATED DI ENE POLYMER

COWPOSI TION  Technical Field The present invention

relates to a conjugated di ene polyner and a

conj ugat ed di ene pol yner conposition. Background Art

In recent years, with the growi ng concern over

envi ronnental problens the demand for good fue
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As such a pol yner conpositlion autonobile tires, a

pol ymer conposition fornmed by conbining a conjugated

di ene pol ymer such as pol ybutadiene or a
Téecknicail Bielel st yrene copol yner with a filler such as

carbon black or silica or an additive such as an
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accel erator, nown e e.g
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vulcanizer, a vulcanizing accelerator, etc. is known (see e.g. JP-A-57-55912,

JP-A-57-87407, JP-A denotes a Japanese unexamined patent publication
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




conj ugat ed di ene pol yner havi ng excel | ent kneadi ng

processability and a pol yner conposition containing

t he conjugated diene polynmer and a filler. The

above-nenti oned obj ect has been acconplished by neans

described in [1] and [5]. They are described bel ow

together with [2] to [4], which are preferred
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wherein X', X2, and X® independently denote a group of formula (ll) below, a
hydrocarby! group, or a substituted hydrocarby! group, and at least one of X', X2, and
X3 is a group of formula (II) 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,

[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,



[3], [5] a conjugated di ene polynmer conposition
conprising the conjugated diene polyner according to
[4]; and a filler. Effect of the invention In
accordance with the present invention, there can be
provi ded a conjugated diene polyner having excell ent
kneadi ng processability and a pol yner conposition
cont aj ni ng the conjugated di ene OL mer and a filler.
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wherein X', X2, and X® independently dencte a group of formula (ll) below, a
hydrocarbyl group, or a substituted hydrocarbyl group, and at least one of x', X2 and
X3 is a group of formula (1i) 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.




The conjugated diene is not particularly Iimted as
long as it is a conpound having a conjugated diene,

i n which doubl e bonds are separated by one single
bond. Exanples of the conjugated diene include

1, 3- but adi ene, isoprene, 1,3 pentadiene,
2,3-dinethy|-1 3- but adi ene, and 1, 3- hexadi ene, and one
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R' and R? independently denote a hydrocarbyl 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




n- pentyl group, a neopentyl group, an isopentyl group,
or an n-hexyl group; a cycloal kyl group such as a
cycl ohexyl group; and a phenyl group. Exanples of the
substituted hydrocarbyl group having 1 to 9 carbon
atons include an al koxyal kyl group such as a

met hoxynet hyl group, a nethoxyethyl group, an
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group represented by - CH2CH2- NH- CH2- or a group
bidyldimethisdyl ¢5QUR-CH2CH2- N=CH- . The hydr ocar byl gr oup
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drofiy QR¥h 43 QURmeRiylche Grobp! %! tetrfif@tyler@Ngroug! aBdrftamethylene
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gratys tartaubescimeltiyyderecgnoby;l argoxydfaliddemet grdup gudkilas o oRpdiethylene
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dgravp, randlyet mote peaférablyaaroetbyl group or an n-butyt group. The substituted
hydrocarbyl group denoted by R' and R? is preferably a substituted hydrocarbyl
group having as a substituent at least one type of group selected from the group
consisting of a nitrogen atom-containing group, an oxygen atom-containing group,
and a silicon atom-containing group, and is more preferably an alkoxyalkyl group.
The substituted silyl group denoted by R' and R? is preferably a trialkylsilyl group,
and more preferably a trimethyisilyl group.

R' and R? are preferably hydrocarbyl groups having 1 to 4 carbon atoms,
substituted hydrocarbyl groups having 1 to 4 carbon atoms, substituted silyl groups,

or nitrogen-containing groups in which R' and R? are bonded, and more preferably




Exanpl es of the group of fornmula (11) include an
acyclic amno group and a cyclic am no group.
Exanpl es of the acyclic am no group include a
di al kyl am no group such as a dinethylam no group, a
di et hyl am no group, a di (n-propyl)amno group, a
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From the viewpoint of economy and ready availability, the group of formula
(1) is preferably an acyclic amino group, more preferably a dialkylamino group, and
yet more preferably a dimethylamino group, a diethylamino group, a di(n-
propyl)amino group, or a di(n-butyl)amino group.

Examples of the hydrocarbyl group denoted by X' to X° of formuta (1) include
an alkyl group such as a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, a sec-butyl group, or a ferf-butyl group.
Furthermore, examples of the substituted hydrocarbyt group inciude an alkoxyalkyl

group such as a methoxymethyl group, an ethoxymethyl group, a methoxyethyl
group, or an ethoxyethyl group.




The hydrocarbyl group denoted by X1 to X3 is
preferably an al kyl group, and nore preferably a

nmet hyl group or an ethyl group. Furthernore, the
substituted hydrocarbyl group denoted by X to X3 is
preferably an al koxyal kyl group. The hydrocarbyl group
or substituted hydrocarbyl group denoted by X to X3
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(ethylisopropylamino)dipropylvinylsilane, (di-n-propylamino)dipropylvinylsilane,
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b‘% ]:dglﬁ 5*'?@%@%"%?“2‘%@?@?;%%'ny?/si : ane. As a conpound
i n wWixamplaso obf X1 the X2(dalle/lsmipaidiatkoaydlkyvinylsilape of include

formula_ (11) and one thereof is a hydrocarbyl group
(We@ybuwAﬂlmﬂ@}Vm?ﬂWlesﬁwe»group there can be cited

BB P AR e ogpometinysiane
(%éﬁgia ifojlidtho Wlwlﬁﬁ%ylﬁlnléﬁ' YHigyRirg)8imetiokymBthglyRfane,
of the bis(dial kylamno)al kyl'vi nyl sil ane include
(diéthyldimime)dimetiokyahytdnyisilaneny | Jdiethyamino)diethoxymethylvinylsilane,
i s( et hyl met hyl am no) net hyl vi nyl si | ane,

bi s ]
apd gc%@hﬂamwomth@;m WeilApe-si | ane,
bi s(ethyl - n-propyl am . n tayl Wiz ' , f |
o1 o( i PPRRRBEY MR BITE R fo i Hfe byl Smino oroups of formuie
(1B aHdMrie thBFdP W @W%ﬁﬁ%l@bw} aY hSubstitéted hydrocarbyl group there
bi s(di i sopropyl am no) net hyl vi nyl si | ane, _
cinm s( n- bbeyl - n- pitegpy | ani o) et bigldiatyldnsind)atiglvinylsilane, a
bi s(di - n-butyl am no) net hyl vi nyl si | ane, o
bis{ditrialkusiyharainplaliybinyailane A ki$(digfkylamino)alkoxyalkylvinylsilane, etc.
bi s eéx%pqgst hyl Rl no)tﬁé hyl Vﬁig(}ﬁIaﬂy|a?rnr?o)alkylvinylsilane include
bis(dimethylamino)methylvinyisilane, bis{ethylmethylamino)methylvinylsilane,
bis(diethylamino)methylvinyisilane, bis{ethyl-n-propylamino)methylvinylsilane,
bis(ethylisopropylamino)methylvinylsilane, bis(di-n-propylamino)methylvinylsilane,
bis(diisopropylamino)methylvinylsilane, bis(n-butyl-n-propylamino)methylvinylsilane,
bis(di-n-butylamino)methylvinylsilane,
bis(dimethylamino)ethylvinylsilane, bis(ethylmethylamino)ethylvinylsilane,

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



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

bi s( et hyl - n- propyl am no) et hyl vi nyl si | ane, 8

bi s(et hyl i sopropyl am no) et hyl vi nyl si | ane,

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

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

bls(n butyl - n- propylan1no)ethyIV|nyIsiIane bi s(d
-n-butylami no)ethylvi nylsila

b@(eéwm@mpnxlarawmﬁﬁbwwmﬁny| si |ba%@-n-propyl)ammo)ethylvmylsﬂane,

St BT oo

27 mﬁ‘lo ngg propyl vi nyl si | ane,
| SO opyl am no) propyl vi nyl si | ane,

bi@(d%éthyﬁwﬁﬁcgpmbﬂﬂhm@ilaﬁeopyl Vi n)dts(eilhgln&;thylammo)propylv:nylsulane,
bi s(di i sopropyl am no) propyl vi nyl si | ane,

bb(chqthylbmrw)prnpﬁwmdyIaam no) pr obip(eiyrytRpPUaTBINO)REPRY(NINYIsilane,

bﬁ(egl@ﬁ ﬂérpﬂglplg Bﬂ%l Vlélp%%is IS: ?Eﬁ@|-n—propylam|no)propylvnnylsnane
E %g&%ﬁfhyl I ﬂnrgﬁ) tﬁ%{ﬂ\%ﬁ;?"stlﬂ ?Eﬂéﬁﬁ'?repropylamtno)propylvmylsuane

bl S AbUyhmitopsrepyViaysiiane) but yl vi nyl si | ane,

bi's(et hyli sopropyl am no) butyl vi nyl si | ane,
bts(cﬂ(rﬂthytanpnm)byﬂyhnwlsd@@t yl vi nyl shls(aﬂnytmethylammo)butylvmylsﬂane
bi s(di i sopropyl ami no) butyl vin

I
bis{digthylBaRALYiYEIATEN no) but %\%&%@x‘ -grirgpaminmputylyinylgjlane,

oI BRI BE e vt Bhriine

b@(ﬁkgb&) Qllaﬁﬁd)‘b’dtﬂhh Eilepiasi Wﬂﬂh@yhipww.a‘iﬂuh@[ietylwnylmtane and
{di (t- butyld mat hyl si | yl') ami no} met hyl vi nyl si | ane,

bis(&(rdbl(twamrm)wylslnylyﬂ@ram no) et hyl vi nyl si | ane, and

gg%{émgg %llhgl mﬂtr?ey ! SIblls dl?trlarn(ylsﬂbﬁam nloi/all 3 Jlﬁd!&‘!llgne include

| sil | ud -
RN s
HRbyAdiAE Ihs W aftihd)MctBAVISINaAE Y bis{diHnsdth@sigl)aminolethylvinylsilane,

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

dndi)(sdd|ﬁﬂ1UMdimnthylsjly§laﬂmn9}ethyiaﬂ9mes| | ane,
bi s(di et hyl am nqg) net hoxynet h | vin

bi s( dFEMRIES N 1) mehB oxyRIFEIA KYFW%%’?"‘QH@?‘M%‘?V&"E% include

oS AR BN IARL ) e, arm e of “tne

Brﬂéih@@e rvﬁ@sqéne(l to X3 are acyclic anmino
groups of forrru a (11) include a

bis(di(reéttplldanyina)ethoaymiethylvinylsitars, bﬁ&@memyiamh@)stwtbﬂvmylsﬂane
include tri (dinmethylam no)vi n){)l %
bls(dlethylam|no)methoxymethylvmylsnane ls(diet ylamino)methoxyethylvinylsilane,
bis(diethylamino)ethoxymethylvinyisilane, 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)vinyisilane,
trijethylmethylamino)vinylsilane, tri(diethylamino)vinylisilane,
tri(ethylpropylamino)vinylsilane, tri{dipropylamino)vinylsilane, and




tri(ethyl met hyl am no)vi nyl si | ane,

tri(diethylam no)vinylsilane,

tri(ethyl propyl am no) vi nyl si | ane,

tri(di propylam no)vinylsilane, and 9

tri (butyl propyl am no)vinyl silane. Exanpl es of

conpounds in which two of X1 to X3 are cyclic am no
ups of forrrulaasgll) and one thereof is a

ro ormul a
trﬁ?ﬁv'@w@mm@v*aﬂﬁ' substituted hydrocarbyl group

i ncl yde v g
|blng( p1 pé’fﬂ %(%ﬁﬁ)%}#h%%nw% é}ly adngfy kﬁfosfmﬁ’g cyclic amino groups of
fHmitlecIPand 8Re thebdof 184 A der:aﬁH*l Yroupst.a ebdtituted hydrocarbyl group

bi s( hexamnet hyl enei mi no) net hyl vi nyl si | ane. The vi nyl
irchutpo blsﬁno:fphﬁhlmnbﬁnywln)/lsnanamblsfplptar\sdlnojme(hlym)ym&nar ebis(4,5-
oups, of formula (l1) is preferably a vin npound
dﬁwdm'éﬂqumqihvlmv'swe wlwewtaﬂywmmo raﬂMwnv's"ane
grou raomthe vie econ n
pr opgﬁl gﬁ cioEnpouH% 2@8 iz? EIS érb lcg o Gt § Q:‘ Broups of
f&hﬁ@dilﬂé‘ﬂr&%ﬁh@h@ﬁﬁﬂbﬂm&ﬂrﬁ' i Wh%h b X8 X2 are acyclic

preferably bis(dinet hyl am no) net hyl vi nyl si I'ane,

ayiires( droebryframi the )viewgomtvefnyblsed¢ompeny ands gp pneperties it is more
ropél am no) met hyl vi nyl si | ane, or

Eﬁf%f@ by- nabubﬁ(@ viayinelalkrivinyisiase) amed Adeing mareenpreferably

‘ﬁwaﬁ‘gﬁﬁw‘i%ﬂyfwﬁ ! 9%?'&}@@ t@f\%mgp)%gﬁylvmﬂ?%ne ' bis(di-n-
P“ﬁﬁaﬂhnﬁrr@m BIEER, T2 U ARG Oy Hh AERRED! ©Among

In“the pol rization of conj di ene ‘and
thsmrpoufndnof fher mubiewpdipt,  pbl yBRailabiity onofray thee  compound,
carried out in conbination with other nononmer as _
bisidiethylamjno)mathylyinyigilaien e rormp iist@irn-aulylattng)eathylyinylpilane s
unsat urated conpound is preferable, and specific

pé%r! ﬁé‘ées t hereof include an aromatic vinyl, a

Vi nyljRithd bbﬁmeﬁ%o«'f\ g@@) oeé.en@ahéwnwmﬁelo@formuua ),

ester. Exanples ot t e t| c vinyl include styrene,
pelymeEitdtivhahayy be earried oyt iInalowdiveation iwith | otizgy mhdrminesr@s necessary.
di vi nyl benzene, tr|V|néIbenzene and

Agi sAichpthes sraneaes e ety ﬁﬁalysuraﬁatqrﬁ'@dvq:qﬁl%qﬁmg fis [peeferable, and

sﬂﬁcgict?dﬁea pz%ytbgl;eggwlugg an ar@ng@c‘t \gpﬁ X'P&'Hi’qﬁeﬂﬂ%ﬁ" unsaturated
a hﬂl@t %cldetegbé'r aCEeniHigs of ”ﬁfehﬂrorﬁﬁw‘ afidyy | idéiGde aﬁ?fene o

met hacryl ate. Anmong them an aromatic vinyl 1Is
metefistyrabé evingliviletiby vieplaaplithalene diviaylberadehe, trivinyiehzene, and
of the alkali netal catalyst, used as a polynerization

divinivinaghibalene; nExararles Af thekdnylnitiia mcludarecmwl@amaﬁxamples
op%e unsatn.f*)al(?éjci1 chrb%x%l%ngl:igxes*?eert Y\ﬁe?ude methyl acrylate, ethyl acrylate,
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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al kali metal and a pol ar conpound, an oligonmer having
an al kali netal, etc. Exanples of the alkali netal
include lithium sodium potassium rubidium and
cesi um Exanpl es of the organoal kali netal conpound
include ethyllithium n- 10 propyl!lithium

i so-propyllithium n- butylllthlun1 sec butyII|th|um

ithium n- decyllithium pheny
p@ﬁﬁ'ﬁ%ﬁmym BRPYRIUSL. b ARG | Peaip i, Toctyitrium, -

g cyc{"ggteﬁlt deﬁpllﬁ%nmcycgq%gﬁ ﬁy'hgﬁﬁ%gg}r ozp?/"ftYlPrt]?]nyH'th'um 4

ugynﬂmumopr opyl |'i t RiyetBhestytlithium, 4-cyclopentyllithium,
butyl met hyl si |yl oxypropyl I'i t hi um
dlmatmdmhnbpmpyihtbp:yri ['ithium | dietiwleminopropyilithium, t-

hexanet hyl enei m d [ithiumpyrrolidide, lithiu o
bbtW'GEF‘FtBY'%”OXVP’PHV'UMU"hept ame p@hehnﬁpwvlhrwm um  lithium

SRS TPE L T, b BkEbltdele > BHEM, ot BlncPifte: ™ tihium
haaambhme@.em&e ﬁmnﬁphs&e&fme&ﬁxﬁeneﬁ}ﬁﬂe' %&%bﬁ@zﬁauéﬂe, sodium

kal1 ‘netal and a polar conpound i nclude a potassium
nam‘tthmbmde,(ﬁodmbuphmnjheé atidpatagaiira saphtialehide hoRyrhpias of the

onpl ex, and exanples of the oligoner having an
c@nnfaxubeme%n gnnakalienethl agd ga pelasatampsfund include a potassium-

e 4{8?’%%%%9% DS B s B E0hs SHnelsH A Rxamples o
tHY Bligenddt! Favird] Gn 2akar Q«ﬁéﬂeﬂ' fnt:ﬁ]gg ! O%W%aﬁrof g-methyistyrene

or ganosodi um conpound havi n carbon ato

tetmarrer PrAhengiem, aﬁhﬁgmmmm edmpelnd@Tanzdramisodium compound
initiator that may be used per 100 parts by weight of
ist preferaltien| angfant erganalithiuganoetbotine ve oraapasesiivia compbundrhadng 2

th f d (total of
tQp%qu?rl‘ ?’%msggmnﬁ%gog%?glfl |gsgre§ e?agl yoO 00001 to 5

P Y, e B2y L) o 985 o

weight phrthe tdtyl mt@bonﬂdjmmmmtm o@fnpbohd/ o€ Iformalla @), and other
initiator is preferably in the above-nentioned ran&hehIt 5
0

mona@er.df yeed fetal phippymerigakie icompenerfsl ds esefeiablykP PO
obl BS54 Sk ARRATERDOSIA Db i, 4 o
nﬂ?@ﬁﬂeté@&ﬁg} 30@ d(ﬁért gbhtcat al yst, and exanples

t her eof e an c hydrocarbon, an aromatic
hydrdlt\arélﬁﬁuntaiﬁd:oﬁrmen&htiwrhitiafbrhs/ﬁfef@'ablyqﬂ théSpbevelinentioned

exanpl es of the aliphatic hydrocarbon include
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
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propane, n-butane, iso-butane, n-pentane, iso-pentane,
n- hexane, propene, 1- butene, iso-butene,
trans- 2- but ene, cis-2-butene, 1-pentene, 2-pentene,

1- hexene, and 2-hexene. Specific exanples of the
aromati ¢ hydrocarbon include benzene, toluene,

xyl ene, and et hyl benzene, and specific exanples of the

L o e e T
c¥nbiafior With & §ifbreRY AYRBSErBEN sSREMEN! (Athond WS, 4 M9Focarbon

hydr ocar bon havi ng to 12 carbon atons is
hpvieg 2tab® earbdh atdmyxis peefetable. sol vent i s used such t hat

the total solids concentration in a reaction mxture
cont al h§ hxgregaebanapiveahisosgd SHEY dat theatetal sRiids; copgengration in a
cat.alyst, a conjugate ien a_conpound,of. fo I
R0 i soFTttR e RIBREPE SRIEOE vt KA PR eBhst. &
[
ARG T, 5P SRR P LARAIT DT ARy and otver
compgidnts anthey ebntimogs polgimeriadtion rhethod id préfelibly WetoBU % by
The amount of hydrocarbon solvent that nmay be used is
weight,anerel peferabhn® to 60 &by weight, and yet metrepreferattly 40 Mo 40 % by

hi reactivity. The polynerization may be carried out
‘he presence of an agent for regulating the vinyl

bond ﬂfé“far‘ﬁ%ntoéf ryﬁgocg n“%%&&ﬁ‘ tﬁétﬁﬂ&{ Egil}sedﬂé‘ g(?g%‘oiy in the

for regulating I'stributionin the conju

abown@epRdnedBangE @It higheesdtiviyigat ed di ene unit and
a constituent unit based on a npbnoner other than the

conj ug: edlyeedzation(may diengairied  ouj dnghal prgsengk| efdan agent for
"requl ators'), etc. EX | es of .such agents inc|ude an..
resfilio s B iond sStient A oSy G0S BE o reguiting

] | . . .
SR, EORE' o UATACEP o ot USRS RIBEMSN core
ahetd doystitoentr ailt basel bndadmexemne:; otier pthad i the nGuMRaREN diene
such as di et h?ll et her and di but E{@ et her; aliphatic

(hereinaiers gensrallycalled Hegwatersyl ¢icol Examples pf skahtrgents include an
t hyl ene | ycol diethyl ether, ethylene [ .

efilef G POt Eant piires aad @ Wiespiing LoRpputh 1 pecits gxamples
i | di , a ti

of Hd'Vefff Sobfind, hichif | ER! | oRBR QAR a8 Bifidrofuran

tetfahyth@pyran] and V1,4 dioRand; ratiphatiz inbhedthers adicheas diethyl ether and

tripropylam ne, tributylam ne,

diguiy! rether. aliphatinedietpeest syahe ae dthiignee glyppindimethyl ether, ethylene
glycol diethyl ether, ethylene glycol dibutyl ether, diethylene glycol diethy! 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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di et hyl ani line, pyridine, and quinoline. Specific

exanpl es of the phosphine conpound include

tri met hyl phosphi ne, triethyl phosphi ne, and

tri phenyl phosphine. They may be used on their own or

in a conbination of two or nore types. The anount of

regulator added depends on a target vinyl bond content
pol ymeri zation tenperature, but it is preferab

the, aﬂ@"tmetsbiaééivsé It SIBYAEROP 08 19 36,306 yebmOR@PEFRsatl 0.1 to 2.

| kal f bl .
;let arﬂlg fn%%t%@fl @ tio%pgngzgrggriltﬁﬁ\?% ggp%q(%?retn 1, Slym%ﬂgation
s&uf&l“%'ﬁéﬁe% At Eﬁé‘mB%&x ? Jo%pl%doﬁbé’dmﬁélﬁé’é laOfbmpound of

tron as necessary es of ‘the coupling agent

formoalau@p beloanpound of forrrul a (Il'l) below, R3aM."
(ren) V\herel n R3 denotes an al kyl group, an al kenyl

gr ougalLeycl oal(llgnyl group, or an aromatic residue,
S Gk 6085 e s
it 6880, M dgnc{)tgs% silld6h eatorﬁ %\?\ﬁ G hy éireﬁéfeg Yhalog jon atom

enotes a non grou rogen Bond

of 8 hjdrodaByBky §roup Nahd édém@m mftégéﬁbﬂﬂl t@g.omati c
hydr ocar bon, and t he hydr ocar byl oxy group denotes a

gr ougHéra, theiacématicerebigide dgaoteamanomrivatenhgupiry whigh cmrpydrogen
is replaced by a hydrocar byl fgrou Exanpl es of the
beedas %@"a@{éﬂ‘?t"éf“"ﬂoﬁsm"?ﬂl F9m 3 RIARATLS; hydgegarbon, and the

o RERDRB] o, B G LT AR, gom e oo
ghdRip'iS FdPIRet 852 hydRddavthyl Bidepl or otin,

di net hyl dichlorotin, trinme hylchlorotln
t et r dEvanipdes, sf Iher:muplmgeaggdttqf iforetuten i s inctude , silicon tetrachloride,
di met hoxydi net hyl si | ane, nethyltriethoxysi

"@ttwwls*plpmm FlaMaIchiorRiang e dMIRAPS iaRe, fin tetrachloride,

t h tr
RPN PN prghs LRHEBRIARS | iamenopgiane.
niéwtvh%wmyman@f m xuuﬁ@thufydirﬁétﬂylgnanef a cmvﬂtrretmysnane
when a conjugated di ene pol yner and anot her conponent
eﬁwﬁrlmetmxyallamj t he dimethuxydiethylsigie, ng agaligthoxydimethysilane,
ded is preferably not |ess. than 03 nol per nol

tqiraem?évalaﬁm ?thH’éFH]C’XY%HaP@ mqlﬁ@om&wwﬂ@@ kal i metal
cat al ﬁ”r%l‘n thgnpefxr\!}:% nt oﬁh%&@rreelm%m“ﬁ} fI e&?nﬂcﬁﬂi%n%h%ﬁ J@:l usgated

Furt hernoreée e vie P 70T & Gel econormy
dinefpRiyaRdrant GinofHer %oﬂnBéﬁan afle melt-mixed, the amount of coupling agent
that may be added is preferably not less than 0.03 mol per mol of the alkali metal
originating from the alkali metal catalyst, and more preferably not less than 0.05 mol.

Furthermore, from the viewpoint of fuel economy, it is preferably not more than 0.4
mol, and more preferably not more than 0.3 mol.

In the polymerization, an agent for modifying a polymer (polymer modifier)
may be added to a polymerization solution as necessary. Examples of the polymer
modifier include an amino compound such as NN-dimethylformamide or a

dialkylaminobenzophenone.

The amount of polymer modifier that may be added is not particularly limited,
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nol, and nore preferably not nore than 0.3 nol. In the
pol yneri zati on, an agent for nodifying a pol yner
(polymer nodifier) nay be added to a pol ynerization
solution as necessary. Exanples of the polyner
nodi fier include an am no conpound such as
N, N- di net hyl f ormam de or a di al kyl am nobenzophenone.

r that may be added i

The anpun f paol ymer nodifi . S

bH{;‘P Pﬁéxr'gfﬁbiyuﬁ-értgﬁ '%/‘P'ﬁ?tpéa mol ﬁ?gtfﬁLﬁ'kQ"smB beatplys (nofe prefeyably
[ atal yst, nore

0;S.)re erf'g F;Jnd%gn}%ge égﬁ%?%lg,ﬁjatﬁg? {’/g{de%bre )r;referabl y

0.7 t@onkinBollpdfmenzafibh RUREINDEANEE biARIgOShe & tW8 Yaddtdrs by

carried out using one or two reactors by continuously

centppioysiy gupplyiogm p wgajugated idiEme, a gompaywraliofdomibulé ¢Iy, rankdaptionally
é‘:ﬂ)f' and optional | ot her nononer, a hydrocarbon
o6 Wranemesn@ hysrogaiean isolyeptaand Ans2lialt metl caialvst i ther reactor,

AR B LR
POl Y et 8t tHeNcoMinlegs peiyRicrigatidnOmafida telrtet €S here includes

continuous supply of a réaction mxture containing a
contitiuogs segblyl bba ecaction rixtoencontaifing @r comiumatdd) diemd, recompound
nmononer that may be additionally used, a hydrocarbon
of farpilat (1), other meRoaek tiat Maythe adséMashsusado azhydeagathnn solvent,

oS e B8 v 5t e o
aW hiolifte of 'FelietizatiiiP Pkt thata@PL&RnehsirB® WRRCKHR™ amounts
that nmay be used I nclude a vessel type reactor, a

stppdiedt ype reactor, etc.. For stirring a polynerization

solution, a known stirrer nay be used, and exanples
t her dofammiey oldbegractpcthet mayRfeused iakide @ yasagktype reactor, a

rqpel ler, blade_ a lattice blade, a lical ribbon
WeE Fehien.PtEmx G st % BEvmedeaton Sal B A knolyn B may be
h . . ’
B TR SRR, It ngiad 36 LeRYT0BESS PRBAE blade, a propsler
blaydy @ tadtideditade) b \helidal ribbsoreblade, iand meMatblerak dddest , nmay be
supplied to the reactor as a single conponent or as a_
m xt UkaCh egmpepenh suplied ©othsoraastos. sich amdhesonjygated diene,

f s .not inpaired. Furthernore, the omponent .
fibSe o sia TR ohE aplifel ARG bighearbQh SRNED) o kel
mdtal®afdljsY $Rdy b'8lpplif@ &5 tHaGkadlsPsd A YRbR ddnfporkkedr as a mixture

netal catal yst, such as tetrahydrofurfan or hexane.
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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When pol ynerization is carried out using two or nore
reactors, each of the above-nentioned conponents
supplied to the reactors nay, as long as the effect is
not inpaired, be supplied to any reactor, and nmay be
supplied to only one reactor or two or nore reactors.
When a polyner nodifier is used, it is preferable to

use pol ymeri zati on stem equi pped Wi th two
reacﬂﬂ"!;t vewppipt ¢f {*mg 9?%?5%?88'?% ped fys) eFH%"mYmn'g? total

QHRSE PRI R m (|§<QIZDJ38’85¥ A AbAoT 3k et ess

eWwpoi n essab
th&¢ QMOR6I peh end| & dhe amaﬁuﬂétapfmgiﬁamgumnqhefémdruhataﬁ lchtalyst
supplied for polynerization is preferably not |ess
supplisd for polgwieripationmahd oford heferiaklalnot lest diharot rrg:l nafturthgrmore,
fromthe al kali netal catalfy plied fo
fr%ﬂ%&ﬁweamt ghecaemyndrie PH GF@lYa'Eﬂty“WGt thﬁ%@@ mplgp, gnd more
romthe viewpoi nt of econony, it

pr?n@rapp ye‘fﬂgf 'EBT%/W'%{IOH&J%S than 20 noles, and nore
pr ef pbRRleYizaMRh r@? §e E%?r’ﬁ@d Lt BPhmg chEr%ier'Iﬁé irASRdr tHBaﬁéactor

be carried out y charging the“interior of the
wittepsiyerizatioh sotiby @ by piavidings algaki phase @ortiop. pThe igeds phase

a gas phase portion. The gas phase portion may be a
pafiomay bgaas memaeer gas phaseer an inest garphase fiish A5 & nitrogen or

G PREke 1 purtp S Ef?%ﬁ?ft Rl ol Bahe oaR DRee, PR ey be
taﬁé}?oﬂteﬁ'&ﬁ%e n Cél‘f?] eﬁg&f}ﬁb&%ﬁ@l@é re?ya fon enser, and the

condenser, ur ne

cohtl@nd b ma‘y"lng ramkﬁga&bltﬁ@téamrt enperature is usual I y 25C
to 100C, preferably 35C to 90C, and nore preferably
50C iTbe 80 enh@th@demnerattzratls aealy @556t 160S Cuﬁcﬁﬁ‘-fﬁbly@5 Cto

o, Ao tte PraterBhi S T30 rer THEPrHLEATED POFSHIP BdiHall O
togqg#pre era’ﬁfgb'fﬁm Rfp4 S usually 5 nin to 5 hours,

mn to 3 hours. The stirring

r ot atrhsnai:era@@etésldéncts Utirhé Y ofl Ghé o poiMerigation Fsolitibinein  each
vi ewpoi nt of mxture wuniformty, it is not |ess than

pqmm?rpzmiomfﬁra@tqyriseﬂwb ISyminde 3 keurs,tangrpreferatiinl 0 amig tg/ dthours.
| Furt h

TR SR BB IERT orsiEl TR 60 ] Fradhe fielpyin g modure

ur{zﬁ’%ﬁ% ﬁfxé‘ n%PQ-_sé RiEn $0'thriiOhErePhreferashy hist 1BSL tHER 0 FiiMhind yet

more preferably not less than 70 rpm.  Furthermore, from the viewpoint of economy,

it is preferably mot more than 400 rpm, and more preferably not more than 200 rpm.
The conjugated diene polymer may be recovered from the polymerization
solution by a known recovery method such as, for example, (1) a method in which a
coagulant is added to the polymerization solution or (2) a method in which steam is
added to the polymerization solution. The conjugated diene polymer thus recovered
may be dried by a known dryer such as a band dryer or an extrusion dryer.
Furthermore, the method for producing a conjugated diene polymer of the
present invention, may further comprise a treatment to replace a group of formula (If),

of a polymer by a hydroxy group using hydrolysis treatment, etc.. The polymer
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The conjugated di ene polymer may be recovered fromthe
pol yneri zation solution by a known recovery nethod
such as, for exanple, (1) a nethod in which a

coagul ant is added to the polynerization solution or
(2) a nmethod in which steamis added to the

pol yneri zati on sol ution. The conjugated di ene pol yner
thus recovered may be dried by a known dryer such as

algng SR H\e&wef@mﬁs@% gy bgsubiegied to the ivdeaiyaly eeatingat.
nmet h |
e o e ST e RAT SR BBl B2 OYER! bl Hsen
.rﬁ,smli@pﬁe@raﬂy%s & arfoﬁfdﬁbl Witylbdsed coRétitderi?@hi (mbmauc anyl unit),
hydr oxy group using hydronS|s treatnent, etc.
apa kheneontertt of tlecarematic vingl ynit] retativedo nﬁOth% oﬁtheetytabemount of
subj ected to the hydrolysis treatnent. Fromth

he eampgiatad dignesiniteanst the am%t@mlnyg HRib i Erﬁtefﬁ@blqoapwﬁ thgp 10 wt

i nvent | S an ar
3 i PORRERS o R B R Pt o Ry G By ana more
oM 5 o4 Y Ry
mibre teangt wt %)d Flrthemhorefrom thi Vidwpoitit of flies epsringy, #id yontent
not less than 10 wt % (the content of the conjugated
ofy ﬂmeromﬁtlt: vyl Hgit i preferebly tnedinge than &P Wta%d(th*mp@ntent of the

oftfg 6 el hesnnot 18 frrgh Wt o and A dietiieblyot more
R4S\ ARG oA RE o888 Bien@ ik i FEPBOL N cBSt o)

cont ent e aronmat | unit I's

mor e Erbmnthb Qrietkpoit (df Reeagtn} matwaghttdwerag@cmpmg.amedeught of the
diene unit being not |ess than 50 wt %, and nore
cpnjegated blignen polymsr cof theapresentvinveniiards deefeably opt dess than

160 B0 e e e b votor s it 2000GEE e gt - aver age.
Mol e Grb AT 186 | Uipbin bf ﬁlgﬁecoﬁglﬂvuﬂ@ I Wn@tﬁﬂﬁ% Bhjugated

the present Invention Is erabl'y not l'ess t

diene, fifhPnerasfdhepresent afvent&bnl ¥ preferdods Aot Mare 4@A, 810Mol %, and
From t he vi ewpoi nt of fuel econo the vinyl bond

mase hegferably Ratenersrihag d0emel Bi rat %omyh%r ofometqvéjugated diene-
resent .invention ref erabl y, not an 80 np

oG5S SaMStHE Upktor EprorL, Fofb L CIEIPOTS SfoBtRARER RS 1 i
d t n

PIBferaly Yot Je38 UGB! A riche BiRrcrally Tt 88 Hian APy WDl more

preferaplyaiot fesb than 2t mbe%b satdpartidWanyopreférabipnet lesscthen 30Imo! %.

not |less than 15 nol % yet nore preferably not |ess
Theingbbensl c%teraatrmnpm trieasyrad by IR sgestragropy rfeom thesabsorption
mtens“y a?around 610 cm™, which is an absorption peak of a vinyl group.

From the viewpoint of kneading processability and fuel economy, the
molecular weight distribution of the conjugated diene polymer of the present
invention is preferably 1 to 5, more preferably 1 to 4, and yet more preferably 1 to 3.
The molecular weight distribution is obtained by measuring number-average
molecular weight (Mn) and weight-average molecular weight (Mw) by a gel

permeation chromatograph (GPC) method, and dividing Mw by Mn.

The conjugated diene polymer of the present invention may be used in a
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The vinyl bond content can be neasured by IR

spectroscopy fromthe absorption intensity at around

910 cm ', which is an absorption peak of a vinyl

group. Fromthe viewpoi nt of kneadi ng processability

and fuel econony, the nolecular weight distribution

of the conjugated diene polyner of the present

invention is preferably 1 to 5, nore preferably 1 to
PRI dene pRUmGF BATERdaiiap BY EbEING SRR ACRET Somponent, an
ARIitRL ofdl Bhldwit i On i's obtai ned by neasuring
nunber - average nol ecul ar wei ght (M) and

vei ghExampleaost s @endr giolyeerdbdmidritht eled&dnventional styrene-
pernmeati on chromat ograph (GPC) met hod, and dividi ng Mv
bitadigne Thpolymal ogeedpalytertadiend yuhber,ofutadieneiseprent copolymer

i pvention y be used in a 16 conjugated diene
fﬂBP%@‘dc*a@ogﬁbP%n %W@@%ﬁumﬂ@@mh@turabww, an ethylene-

dditi , . th i th, I f
PR bonolferofhd. AT Bk BrekERI8 o bBAYERE | brfesS. polymer
SonysorRAts Ay BEl LEREin GORMBINERIon of RRESr mBR) iyt adi ene

rubber, butadi ene-i soprene copol yner rubber, and
but yl In ub&ecaseExher asofher t gudymemcomgenerat isr abmbinbthewith the
an_et hyl ene- propyl ene copol yner, and an

canigaiste diseeehely®Bp off yiie r presentsiaverdiopmdiom dherpdeveraing of fuel
d_i nbi nat | f t t L }

TR, SFECh B, SO TSRS e K B MG e

WnbBindd) QwithC tHa Mtﬁoﬂt%?oﬁ?ﬁ%@{n 2 nehgeccﬂ'ﬁﬁﬁ@dqgiﬁce:luding the

i nvention, fromthe view econony,

amounttof obnjogated dighe olyiren eopbingtdpas 000 paes By WBRAL, is preferably
i nvention conbined, with the total anmount of polyner

A ipEn Eians1¢ §als Myaweiphic landi meret preferally inot lesis than 20 parts by
ﬁ&gﬂ"tugat ed di ene pol yner conbi ned) as 100 parts by

werght, is preferably not |less than 10 parts by

wei ghjag g . t p .
v, Sy T LR B e RTLA e

avdicaniaembach Bhesulfaf, a nalcadizingaasueieraor Zath HsCh thixzole-based
sul fur; a vul cani zing accel erator such as a

\WGaRiZH % apepieratory a| thitamrbaged cadgaizingo pccelerator, a sulfenamide-
LI ed vul.cani zi ng_accelerator, a sulfenamde-
SRR ARG SARE 87 ar SRS, fyehiatg dsgiorator; =
WAahatien Betivafr 8LeY A Sleari@acid br SRRk 97 og;aﬁicvﬁér&ide; a filler

such as stearic acid or zinc oxide; an organic

suehoas cidicaa chibloheblack, calcium carbonate, talc, alumina, clay, aluminum
hydroxide, or mica; a silane coupling agent; an extender oil; a processing aid; an
antioxidant; and a lubricant.

Examples of the silica include dry silica (anhydrous silicic acid), wet silica
(hydrated silicic acid), colloidal silica, precipitated silica, calcium silicate, and
aluminum silicate. One type thereof may be used on its own, or two or more types
thereof may be used in combination. The BET specific surface area of the silica is

usually 50 to 250 m%*g. The BET specific surface area is measured in accordance

with ASTM D1993-03. As a commercial product, product names VN3, AQ, ER, and

RS-150 manufactured by Tosoh Silica Corporation, product names Zeosil 1115MP




such as silica, carbon black, calciumcarbonate, talc,
al um na, clay, alum num hydroxide, or mca; a silane
coupling agent; an extender oil; a processing aid; an
anti oxidant; and a lubricant. Exanples of the silica
include dry silica (anhydrous silicic acid), wet
silica (hydrated silicic acid), colloidal silica,
precipitated silica, calciumsilicate, and al um num

agg (1165MR manyfactujerkby Repdiaretaepaie useh on its own, or

The AT 4rRE Sanb BRER IncllRY iRt Bior BofhlERe Bk ermal
blkekaHa¥na BidcR, ZmPgraBhitke. Wﬁ\ 8 rdStQ% Eérﬁoﬁﬂl%l&l@%ﬁaﬁ{eﬂ’@arbon
I's measured I n accordance ASTM D1993- 03

btaok1sBle iag| ERC,AMBCt or mmdumac@ammm&k AGh dsfzsAEntSAF HAF,
RS- 150 manuf actured by Tosoh Silica Corporation,
MaFo &y SREnESFZA8§) FF 1@&% o EGHidhermg sabon black such as FT

of R 1 ARt o2 s (i e b Ghed P R iples, - DR dve” thereor
iy e s 0P R br mbleAles ORIy Be Beda iR’ L 2

such B® ﬁ’t?@geriVE’d?sor;ﬁtronC@ecfbl SOAS® SREANKSA) afttke Safdbnasiack is
SAF, I|SAF, HAF, MAF, FEF, SRF, GPF, APF, FF, CF, SCF,

ugluallsf(a:to ZOHEm rlguandah@dtbutyl ah,thalgtec(ﬁ)Eég al;s“orptnn M]the gad)on black
b I k b ted

R B B2 e B Surhpa

spec*%?.'@ﬁé%r #%@%%ﬁ'eé@“m?éﬁfa 9. i HBIE B3P0 Eheasured

i aoédriiande with 28 rM A3 143030 1ABea dolrmerkiaPp Ptd@i%bﬁt;ﬁod@BH)ames

absorption of the carbon black is usual 5 to 300
SrEAﬁTO@ SHEAST miHM,carenSea86 ridt irraanumued iy 'B:kai‘ gawonrGm, Lid,

LRI R o C SHEHR an 44 o BE e s AR A Ele: may

bgé%é‘# 93. As a commercial product, product nanes
6, SEAST 7HM and SEAST KH manuf actured by Tokai

Car bamxdniples Lbfd. the [ilaskiC EouiRgS agnt3 iaciddéSp eidiierichlorosilane,
Bl ack 4A manufactured by Degussa, Inc., etc. may

vinyiripth@ysiliees of t he Vﬁ'ivlt&ﬁﬁ-ﬂﬁ@il]wmt@x‘b)g@ﬂe i ncl udg B-(3.4-
e&:n ly{:i{:lg%cxl&L %tkﬁlg-ﬁ%ﬁwg v n§/ISIt & g%%@&rg?ﬁtpmethoxysnlane, Y-
PRSBGIFREHT OT  paniwery
aminopropyitrimethoxysilane, N-(B-aminoethyl)-y-aminopropylmethyldimethoxysilane,
N-phenyl-y-aminopropyltrimethoxysilane, y-chloropropyltrimethoxysilane, Y-
mercaptopropylitrimethoxysilane, y-aminopropyltriethoxysilane, bis(3-
(triethoxysilyl)propyl)  disulfide,  bis(3-(triethoxysilyl)propyl)  tetrasulfide, y-
trimethoxysilylpropyldimethylthiocarbamyt tetrasulfide, and Y-
trimethoxysilylpropytbenzothiazyl tetrasulfide. One type thereof may be used or two
or more types thereof may be used in combination. As a commercial product,

product names Si69 and Si75 manufactured by Degussa, Inc., etc. may be used.

Examples of the extender oil include an aromatic mineral oil (viscosity-gravity

constant (V.G.C. value) 0.900 to 1.049), a naphthenic mineral oil (V.G.C. value 0.850




hacryl oxypr opyl tri net hoxysi | ane,

[ 3-am noet hyl ) -y- am nopropyl trimet hoxysil ane,

(3-am noet hyl ) -y-am nopr opyl net hyl di met hoxysi | ane,
N- phenyl - y-am nopropyl tri met hoxysi | ane,

y-chl or opropyl tri net hoxysi | ane, y-

mer capt opropyl tri met hoxysi | ane,

) oy, %{@g%' At ng %%¥§’|'49?(§@ €818 0.790 t0 0.849). The polycyclic
t

a{%rﬁ é%r&%@tﬁ%?%%y{!%%lqgé %f?rhﬁlg %érsb%gh %Q% tXt weight, and more

.:trsreraibwlefss tan Aoy weight. "EhBPEWE X! a%raeud EsEslid rda¥lred in

tetrasul fide. One type thereof may be used or two or

aoopriatgpastht Betisboinstiate be Retrelbum methds B46/62n. theaﬂore the

commerci al product, groduct nanmes Si 69 and Si7 o
%Wgﬁ%g@mp@@dkﬁpn%&g hof the extengdercoil igpyefgrablyspal. Iess than 20 %

es-of U n
BT T o Do b0 OF e oW i Be e d i BhbRanon
val Ue)imeQIQQ Jthé vglﬁgﬁizm J&QIBH?&”MEIUH& '?I%fdle-ghéed vulcanizing
(V.G C. value 0. .899), and a paraffinic
aucaleratdrsosdich( Vs@@eru&ﬁtotmrﬁofhmobo dibé¥Bhiazyhelisulfide, and N-
polycyclic aromatic content of the extender oil is
qyp@%eﬂdrert;ﬁm@tg@zwlﬁdfenamebyhlwanyhasedaﬁessiﬁklég accelerators such

& BriniinloiFan mo8udnae, i Wtemuly falc s iife, Suenamide-
th{st ' c?@séhﬂlﬁﬁé Laﬁfe;éel%ftorg &lukR! KU ﬂ@ng(l)§$@n§gthlazole51#lfenam|de

Furt her nor e, aromati c COfT'p nt ent

N—h—bu’@d@%dﬁth|a'zd>le$tﬂfenamfd%[ aszoxvéthylbﬁ@S Hehadsth@ﬁol%/sulfenamlde
ight. Two or nore types of extender oils nmay be used
Nﬁ%ﬁﬁ?‘?ﬁi&béﬁzmtﬂﬂmlpﬂé@n%wdﬁhe vul camd zi ng N,N-diisopropyl-2-

i nclude thiazal.e- | cani

b}i’%ﬁ{“ﬁqﬁfﬁav@n@m QH@?I@ % B%cﬂfgﬁﬂwé@gl%ccglerators such as
yl
doFaRLIR géﬂ*}%‘**ﬁ‘%%ﬁvdﬁf 2, arieoipuandng,, Tip amour

theest Lserkis oefarabyy @1abd & sarkunhweiabt tetdtivanst DY Ipahs by aveight of
nmonosul fide and tetramethylthiuramdisulfide;
"yhbercemponent, sed mareprefsably RiZig Srarts mfrvsﬁlmts such as

N-cyc | esul f ena

N-t - b%ex lC_B%IHg%lFﬁO 4 az@g{p?eﬁ%mp% lon_is formed by mixing a filler
Wit gatt &eﬁblg Eégﬁﬁ} oF eeﬁ'kl% rﬁnﬁ\}@ng&q the é:ontent of the filler,

N- oxyet h ene I azol esul f enam de,

relatise py ORY bards by aeight bi thedoatent bmamodﬂlgamdd:hene polymer of the
guani di ne-based vul cani zi ng accel erators_ such as

RIP$ATHE r'rwegtMu ig|upeallydiGotor Hift m@a g weight. ndromrihe viewpoint of fuel
SonpByalie, oMt b refarptd 150 155 e ALIPRE B pisispboand more
ﬁ?@fe?éblybﬁf%éggﬁarpﬁg da t@?\g&ﬁﬁpo'ﬁﬁ&ﬁ th&@ YwHBIE of reinforcement

pretera
being enhanced, it is preferably not more than 120 parts by weight, and more

met
N- (
N- (

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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When a conjugat ed di ene pol yner conposition is forned
by mxing a filler wth the conjugated di ene pol yner
of the present invention, the content of the filler,
relative to 100 parts by weight of the content of the
conj ugat ed di ene polyner of the present invention, is

usually 10 to 150 parts by weight. Fromthe viewpoint
of fuel econo

, the content is preferabl nor#otll ess
the fatal cootephet the fllers,anginore preferablyaiot lgsstban il parisdly weight
t han ,30 parts wei ght . Fr Vi ' f i
rei nﬁ&r%éﬂ%th?d %’ef’ﬁoé’%@hﬁa. cceﬁ],ublgiadi é'gpé?gifogﬁr“ zfglcilomr%)tsmon by
mie ahdtAer E&ngﬁrcb%pgﬁerwe'aﬁhédditﬂ%g " Rith e conafated diene
notg nmore than 100 parts by wei ght. Wen a conj ugat ed _
palyraaeofaid presentdovemtion,td kmownmethiod Isueh &8, foreexaimple, a method in

conbined wth the c%{]@j ug)at ed di ene polyner of the
whick deh componants are kneadsd by meais pha knowapsemtuchras adpll or

econony, it 'bs %)r ferable to use silica as a filler.
B %Eﬁiﬂéﬁ?n U silicais preferably not less than

50 pafy i [ litidhst itive BiheVBiaf Atvuiiani

25 Ul BlBAIRS ARl i O BBakEy e ol vukanize

oPa QLURBARINY dtokletassSistrhingd, Afie (kaeading yempergture is daially 50°C to
met hod for producing a conjugated di ene pol yner

2005 Gparxt priefanatily 8ATG kn PR ane theplsrepding tiremisorrually 3¢ gec to 30
APy it D WA e 8RR pSltratr
isgﬁé&%,l fhe @FQ%EQ g%nv\%é}atu\‘@ \scttktfaﬂf nSORBR#HRRSI08FE, eseRFably

ans o m xer such’ as a roll or Banbury
rdBK mseratuRe 1d186C. W tbmpegmrdint whishendilcgnizevratia voloanizing
when an additive other than a vul canizer or a
agugleraior i camiined iscusually used AfterceRITYingeout rewdgafization treatment
tenperature is usually 50C to._ 200C and .prefera
S 98 (REesS, HeCRat IR e 2 e, JUlcPREAIRD TRERRtlests LR 125 to
2@64& and FHf&ESl&al%yC?o ig3ct o 30 min. Wen a vul cani zer
or a vulcani zrng accelerator is mxed, the kneading
t enperit WoRjugateds Uiérney pumeDrand hthe 1O6jGgatadd diene polymer
preferably roomtenperature to 80C. A conmposition_in
compagition olitheapresent invension liave exseliegt kaeadingpweessapiity. The

conbi ned i s, usual us after carryving,ou

t] pearrs pisH xpeleit, ang o prabebd bl Rfhodd i on.

The Can bon 4 e ' al by

sooc M PG, JERRRIHEE 4y 45 uhaE oage pobmer
cEMPOSHIGOMAE pre3Bat ihvention areigsddefdr tieenshopalolesefiooring materials,

vibration-proofing materials, etc., and are particularly 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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conposition of the present invention have excell ent
kneadi ng processability. The fuel econony is also
excellent, and the grip properties are also good. The
conj ugat ed di ene polyner and the conjugated di ene
pol yner conposition of the present invention are used
for tires, shoe soles, flooring materials,
vi bration-proofing nmaterials, etc., and are
mwﬁﬁmenhﬁﬁily suitably used for tires. EXAMPLES The
pres I nvention. i | ai ned Iom;b eferen 0
B iy yeptant pf 3 Bel T ben p@ e Ry RIS 58] ek from
1V ;
th (HHSB B |ﬁf§ﬁ§‘t? a{Juandg/ng]@ﬁ WhkRSE bH do¥bdstith f-%%oif a vinyl

oney Vi Sco mer was mneasured at
graGgor dance W|th JI'S K6300 (1994). 2. Vinyl bond
content (units: nol % proportion of conjugated
3.Btyieoe wai edntentXuaitkdi% byweight) constituent unit) The

nyl_ bond content of o] ynmer deter ned_b
& pes TG SBURRE WHEHRNSTsof 3 BOUNSE Pam QEIsTBIAeH (T aigradex

ac?(:%pda%%ytth\gﬁg F(E3é3s ?)absor ption p_eak of a vi n_yI

rene content (units: % by wei ght)

4 Wsugﬁwfe%@e MBIeEuIGPﬂbi@Hi (M) @hddAbIEE@Ar W&%htdﬁétﬁﬂiu’ﬁoﬁqmwan)
fromrefractive index in accordance with JI'S K6383

( 1993)eight-avétageh maieeiag eeight e(MW)alandvenlghber(am}amn dnolecular
nol ecul ar wei ght distribution eeB Wi ght - averag“
Wﬁ\ghbﬂ\d'l‘)a\ﬂ’eﬁﬁemg?ﬁm%wd%fn@’\ﬁ'ﬁﬁﬁ%r(l)a"\‘? h helompby 8 geh permeation

o BaRangLlGAES FelasAngine Ry O Al Bl Bl or =

p&ﬁﬂeF\hﬁsH&bﬁ'ﬁlHé@r wei ght distribution (Mv M) of a
pol ymer was determ ned. (1) Instrunment: HLC- 8020

(‘TydwabfueEnt HidC-8920Timanufaarqudretosoh Gazporatigrar at i on
colum: GWH XL (2 columms in tandenm) nmanufactured b

(2y Benwrationr eRivmp; GMH-A)- %ﬁg'umﬁéﬂttaﬁ%?meWH%t“’%@ Tosoh

Corporation
(3) Measurement temperature: 40°C
(4) Carrier: tetrahydrofuran
(58) Flow rate: 0.6 mL/min
(6) Amount injected: 5 uL
(7) Detector: differential refractometer
(8) Molecular weight standard: standard polystyrene
5. Kneading processability

100 parts by weight of polymer, 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., Lid.), and 2 parts by weight

21



(4) Carrier: tetrahydrofuran (5) Flowrate: 0.6 nmJmn
(6) Amount injected: 5 pL (7) Detector: differential
refractometer (8) Ml ecul ar wei ght standard: standard
pol ystyrene 5. Kneading processability 100 parts by
wei ght of polyner, 78.4 parts by weight of silica
(product name: Utrasil VN3-G manufactured by

ofc%xa%vsqsé‘@d érér?aﬁneemaw%%ﬁ%ﬁéa LShQ8es il per@ Bsigt o zin

o8 8083 bbbt R R B ot e R B Pt by

OWkhisSRhRD Che%mr%lstriﬁpt)la utd 4 wefe RABASdDYY W\%Jaﬁbtof Qe Labo
an extender oil (product name: X-140, manufactured by

Plagtoiall Sé lai tyte)admg ﬁarpaemperhgurevef gntC for aminutes Ghe damperature
(product nane gene 3C, manufact ured b¥| Sumto

b@ﬁgmqggqsegdo 12tha by thqaﬂrap)garlyh QIXMESOIROStion Was then taken

ar| e, knead
S L B G e e, R R e o
Y wiE| Bl BsiNGthd EF@H&%Idwnﬁ‘h SdRjeP GhéNnumber, the
_cﬂggﬁ%‘ctg\régd&bya%cﬁﬁ@%l nklo Chem cal Fndfjgsé?rl al Co.,
beitet.the Wegagidgerackdabijtyreans of the Labo Pl astom || at
a kneading start tenperature of 70C for 5 mnutes (the
rien8 peing i ncreased to 120C by the end), and

t he ition vvasthntake out, fr the..

Labo BEGRER BT P koidPer SamRpr s Crastiiy 2T g tme t
Oq;.gﬁqg} s evaluated using the criteria

;g&l OoW. 'ﬁ] argglfplotgﬂemﬁunber the better the kneading

pr oc ex salbietdricy . of Eiva lptiinied Rompbtiten &vad: obadived cand itdbok some

t he pol yner conposition was observed, and it took tine
time to takecoup the ngmﬁm@@n'posﬂl on. 2: adherence of

D e Rl B8 e BaRhE BRobderb PR o
PSR She TR PR Cahaes cose ved. bt
pol y nemaedyramg adhevence of the polymer composition was observed, and it did
not take any time to take out the polymer composition.
6. Fuel economy
The loss tangent (tand (70°C)) at 70°C of the vulcanized sheet was
measured using a viscoelastometer (Ueshima Seisakusho Co., Ltd.) under conditions
of a strain of 1% and a frequency of 10 Hz. The smaller this value, the better the
fuel economy.
7. Grip properties
The loss tangent (tand (0°C)) at 0°C of the vulcanized sheet was measured
using a viscoelastometer (Ueshima Seisakusho Co., Ltd.) under conditions of a strain
of 0.25% and a frequency of 10 Hz. The greater this value, the better the grip
properties.
Example 1

Continuous polymerization was carried out using a polymerization system in
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4: hardly any adherence of the polynmer conposition was
observed, and it did not take any tine to take out

t he pol yner conposition. 6. Fuel econony The | oss
tangent (tans (70C)) at 70C of the vul cani zed sheet
was neasured using a viscoel astoneter (Ueshinm

Sei sakusho Co., Ltd.) under conditions of a strain of
1% and a fre uency of 10 Hz. The smaller this val ue

whigh aet bk capa E reaq;@ (fiest opymgprizationgrgspelp p@@@rz Lé:@p:pﬁ@ reactor

la%%%ﬂﬁ@ﬂ}% af él ? at &ggf t he vul can! zed sheet
4 qJ"s‘feﬁﬁ CSCOOPYSE JhEEF (Ueshima
Sei salfh@ﬂ.ga,%? of the flrst pUQH‘%E ﬂszry‘.%ﬁ?b@l%oolfhe% Lbrabf‘the(gecond

0. 25% an requency o e greater t

poRimiRizatidievdisbl wéretvigshed] dried) and AlsHedtswittEdgMitkayeh in advance,
Conti nuous pol ynerization was carried out using a

andl wgemmtw@rne fiset pelymerizatpn veissellwas chargedhwithit4 L of hexane
react or (first polynmerization ve sel) and L

ap ??Pqngaf?ﬂ' eriZadigr 3§8sgl oy \“5@' \Pgr},ielos hggange, thus
&P,Pﬁﬁ;oﬂfg sk&e?’s("é?'%a i nt erior of the first

rization<v sse and the interior of the second

IOOI Y "Ebhiiritiousy sMiRalto WRY RstshiRslizatlon sbsePRstel1 3R diene at
with dry nitrogen in advance, = and subsequently the

1.8 géhinpal haxane salutiom of/ bfs(;héthylaminﬂ)megwuinmsﬂanel a240ghmol as
hexane and the second pol ynerization vessel was
the aargedntupt Hp'sﬁd'sthnﬂammqiawﬁwé"nwsﬁla@,efhetgr rSFY'REe ok O g/min, a

ven nt p
RS Skich,bf EFARTRa A Aiakge onasiivhiiehd dqtfenyorgturan
@hBerratidnNSYIRGILS Q{h%a'ngrhl%l diethyl ether concentration: 300 wt ppm) at
bi s(di et hyl am noj et hyl vinyl silane at 2.40 mmol
12haLaniouartd @ heldne(sbidioh of atiutydthiatrhat 254 mivsal Iaarhtw hmoumt of n-
styrene at 0.7 g/mn, a hexane solutiagon of
Ruiitaibg Wy ur Bie B‘PM“@E*W'PE FOIEPY s eantinykslyedrawp off from the

fg% eég! n@f i anﬁSﬁ e(rgU £ ta{I'l:egpolgﬁieRg’:g@h m%nlut?oﬁr?%tﬁiﬂew first
st 55 4 S b o W oo
T yprdymerizatiom saltidn omaswvasortionbustyodiewn difavironof the second
gorlyomrgrgzgt?on 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 55 hours. In the
polymerization, the total amount of 1,3-butadiene supplied to the first polymerization
vessel was 594 g, the total amount of bis(diethylamino)methylvinylsilane supplied to
the first polymerization vessel was 2.83 g (13.2 mmol}, the total amount of styrene
supplied to the first polymerization vessel was 231 g, and the total amount of n-
butyllithium supplied to the first polymerization vessel was 14.0 mmoi.

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-fert-
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first polynerization vessel such that the

pol yneri zation solution within the first

pol ymeri zation vessel was 1.5 L, and supplied to the
second pol ynerization vessel. The polynerization

sol ution was continuously drawn off fromthe second
polynerlzatlon vessel into a storage vessel such that

b[lgf Jrie Ig‘é(rpg g%-h(;& - -m&é@y%erg%—hbrﬁ[}pﬁlﬂlgen% Coé‘c?ylate (product

nﬁﬁlleygﬁﬁ‘\'iléért G matnhﬁactd?é’& B RUABHoChaHfiss Lo, msjg'e 5(;@ 0.2 parts

tenperature was 53C, the stirring rotational

bwaE',lghT @f rppmaeqmdm Qbtyakis( B-IAlryihivopieisortds) (b RAublbarh@ Sumilizer
5 hours. In the polynerization, the total anount of

Tf B.- mar dactured by pyniterao Chentinal Cor, d4d. holTyemonteat obihe polymer

b PR et petin mdpien ot ?%@gﬁmd%nﬁsﬁvmpg 2 syl amount
of E5|§Fneﬁ A RABh ten' i She BB |§§h&ﬂ FL{{' Rg tﬁﬂgobt%tamed and

e'total ampunt of styrene

tarmigymat ItﬁeatpcﬁWnéfeﬁﬁﬂhsV@ﬁaIQ%hcﬂmt aﬁObdmﬁertz@ha% RNREAL  The
of n- butyllithiumsupplied to the fir'st

ppUWﬁ%atlozasolldmnvwaseﬂvamatemat)nmmﬂl Aempedatwé foelhamirs and
; a%(g Jothe grrerlzatlon sol ution thus

wfex HeRyindes s b3 {¥, ot &2 hRwsplhus gvinaApelyner. The resuits
b QlldtBh of BeboRfiflidre GREFN Yahid § 100 Parts by e ot

pol ynerizati on sol ution,

part S10Wpa‘h%| I§}}1t~e ht &f ih%,r golylﬁgr s Ydotdind B -7 barts by weight of
but yl - 2- hydroxy - met hyl benzyl ) - 4- net hyl phenyl

sitiea {Hraduct (nams Ll.m:ttasﬂ NNR G, Sanulfacheed GMDeguasé dng.))réedl phits by
' , and Q0,2 parts by weight

Su no . Chen cal ., Ltd.)
waidhh & g irge ﬁPH‘R"W D epcfob nagier SIS0 MAPH ASH oMM De0uSSa,

o SRS SRS, PR, s oo
nfanlfadRired by MitB6bisi | OHEMit TdrP)) 478 ParOby W@Phﬁ@fté‘ﬁ &t@ﬁdier oil

i n advance by drying a small anount of yneri zation
(rsodust in@met &40, fmanufadigreg diyyyadozSe¢kiyna), $6I pertsoby teight of an

A3 et Bt KRSy i o
I I 4
5, 554 P TRNESE SRR s, ) o AR OLUEE e 3o o

wbight of at méarﬁlim%ﬁ@c@erﬁf&rY(ﬁﬁfductThﬁnéeSHhhéi C2f manufactured by
eval uati on of t mer are given in Table 1. 100

Spmiterso wemaj;mo dftd i} Hlepap‘o by weight bius valbarnizing deceléatbr (product
rt ﬁqmﬁia ? silica (product nane; U trasil
g6 Somitalntr TWASHEY B GUERAMO| GoemicacCa. i s Syparts by
' C a Si
wﬁgh ab é)f @d’agu&%gm“eogehﬁ&gNar%gnﬁfa&Blte%dbl{l Oudi Binks' Gdmical
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 resuits of evaluation of the physical properties of the

vulcanized sheet are given in Table 1.
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Inc.), 6.4 parts by weight of carbon black (product
name: DI ABLACK N339, nmanufactured by M tsubi shi
Chemical Corp.), 47.6 parts by weight of an extender
oil (product nane: X-140, manufactured by Kyodo
Sekiyu), 1.5 parts by weight of an anti oxi dant
(product nanme: Antigene 3C, manufactured by Sum tono
Chemi cal Co., Ltd.), 2 parts by weight of stearic
rative lenl wei ght of zinc oxide, 1 part by

2 oS AP B bR s o
it iy Bl 3 o B g2 Y o

($deend palymenzatiohtwdsdel) wiere coanéctedin seebght of a wax
(product nane: Sunnoc N, manufactured by Quchi Shinko
Chenmi B interiod 06 thei first Bolymetizadion veasel and4he anteortnf the second

PR e vesee ogh avpaneg ed £ BHVER S LH oroRgEin givance.
aﬁﬁ %B%ﬁpg\; th% ﬁrgfagagﬁgﬁﬁign QSE@ v&é&?{h%%ﬁe%dwfpﬁ é ]429% lméxane

e en prepar mer conmpos

aR@| theBsecoRd T RnidrRBtidl Wessh tvidsNeRaryed vl 09 Li 6 Rex@ane, thus
sheet using a 6 inch roll, and the sheet was

cauyiogpizescavengiegtreaient. 160C for 45 m nutes, thus
giving a.  vulcanized sheet. The results of eval uation
of t O’HWQWYéFURH"B%Q thedisst pplymesizatian vespgl wede  molytadiene at

LV [ . rat.lv
18 b Slen st 3 &, A RH8 Yol 31 A Brgr gno etrvtene
g?@bb/dl’éthyizéthéroﬁet HRMIraA colbtrétion: 5.4 nfRaethléné febPdiethyl
first polynerization vessel) and a 2 L capacCity
ethea ctamcent(atieon 1360 pet pe) i atatl 2 onLAessahd avdhesamo rsokdibedof n-
in series. The interior of the first polynerization

byplithivm 84 2. themah ag the amepnt ofar-Beylitiumbays, nd be Pelymsrization

. ' f | W [
o438 kbR B o ou s B bR sl suen ot e
pBRhisRatichaddiidn R EIheIRSt goliaiRdtion (dssét Wad-18f L iaPplied
and the second pol ynerization vessel was charged with
t®the second ipolvmedzatidnusesselar The pglyoerizationcsohdiogiweg continuously
treatpent. Continuously supplied to the first

dpry it foTuihe iecord el mEration vessnlinia iactierage vegsed such that the
ey eeainticiten it filoiany PR Teaks] e g L Duing
pgfy%i?iﬁﬁléﬂ]é;ﬁﬁcﬂﬂné%ﬁﬁ‘%ﬁd fernat tBmpBHtbre vRishy3"E€Nhe 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 paris 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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et her concentration: 300 wt ppm at 12 nmUmin, and a
hexane solution of n- butyllithiumat 2.17 mmol as the
anmount of n-butyllithium hour. The polymnerization

sol ution was continuously drawn off fromthe first

pol yneri zati on vessel such that the polynerization
solution within the first polynerization vessel was

1.5 L, and supplied to the second polynerization
%@sépmﬂ'#?re%ﬁmwfa%ﬂ by Sepiitampdrhamigal Gt kAdond 9.2 parts

f [ ' [ i .
oy O b B RS BB T Rl e
THELD NnBndfActuRRAASURBSMEEhEAR 8., YRES €Thid@ntenPotthe polymer
During polynerization, the polynerization vessel

in thegrahaherizatipre saittiorewas seeffined lire advzdnce ibydirying taadnalinarhount
speed was 170 rpm and pol ynerization was carried out
of pelymerigatiog . sojution tafensisery tee polxmetzatiop rielution shusaphsained and

s 4, L A5 S B e
P SOl o30S, ey 4 an

furthley deied aader @aces aeb5°@aBr 19 hBuels gilingla edlyet. hanelresults
was added to the polynerization solution thus
obevaiatien of theunelumprane biyen iroTatiee1.pol yneri zat i on

o MYy SRR g 5t o b BT 7 £t By Wit of

o ot e eI VS, menyfactured by agusss, Ine), 6.4 pts by
weejgihe oy b siany lcadisting Rigedt! (drodut® nBMEE Sie MdnufRfurédvby Degussa,
manuf actured by Sum tono Chemical Co., Ltd.), and O.

Insay 164 pAtswbly giveigbt qf eearben yilanki {grpduct name: DIABLACK N339,

tetrakis(3-Laurylthiopropionate roduct nane; )
iRl By MRS e a7 B By BRER aruprtender oil
Y. f 0. i e ;
B el T8 BT PSR 1y yopp o
anhioxidant gprededt Inamed BRtigeref 3@, ahymEadtdt | by S Akdthd Chemical Co.,
taken fromthe pol ynmerization solution thus obtained
Ligkld 2 parts by weight oh 6tas0ic asisk, 2 partshby weigiit lof Zinguexidepf! part by
o] rization solution. The ol ynmeri zatii sol ugion
Wit 3 2, &fiariing cofig ke etvel BerbPe SpaRoli2n Biandiahied by
a r . V . o -
SUMIbBICHRS] UG ) P pat By Bligh? b 2 SLicdrtiig b erple oroduct
naoky Bekinal B, ghattfadtiived iy Sumitoh@0Chéhicsl By., et ght 50parts by

the pol yner thus obtained, 78.4 parts by wei ght of
weight eba W dereductmame: Sunteali mankfactaredniinQfichi tSivinkg Ghemical
|n'3%9t‘#i%r°'8c., Il_pdc) )a’nd 61‘? pgr%sr. E)gsi w%){ght 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




wei ght of a silane coupling agent (product name: Si69,
manuf actured by Degussa, 1Inc.), 6.4 parts by weight

of carbon bl ack (product nane: DI ABLACK N339,

manuf actured by M tsubishi Chem cal Corp.), 47.6 parts

by wei ght of an extender oil (product nanme: X-140,

manuf act ured by Kyodo Sekiyu), 1.5 parts by wei ght of

an antioxidant (product nanme: Antigene 3C,

manufA&Pur eapagiy slainlassmelyoresizatien r&a@tor wa@t\maS)hedzdrm flyshed

it g "Hffgﬁarﬁnsffoseﬁaarfé?eq i Yo B hSanb st wrdvin 0B grom),
S%E f} b&%nes‘?’/(? g% sﬁenwwnﬂfzbﬁ{eﬁgpyl;mofu%””ahﬁ% mL of

Ltd art 'by wei g a vul ¢anr zi'ng
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Sum tono Chem cal Co., d.), 1.5 parts by weight o
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Shj nko %mcal | ndustri al ., Ltd,), and 1.4 part
cayyie %Faﬂ; JTOUE| W'Wym&ﬁgam t*!ﬁystwg%got%tfona' sn_eswas 173
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weRecaiibiotdly Sigpihed & the PBlyHEREatidWTRAStbE foP B-hourkhe
pol ynmer conposition thus obtained was nolded into a

sheetAftesi thg golymenmicatiarolHad beenl tdrded hmet 28 mmol of silicon
vul cani zed by heating at 160C for 45 minutes, thus
teffaghiegde, wag,jaddad Zled then pelymerigatiane seactey, gindethe watymerization

<GB M P PRI o e 4 6055 bl cur
ttiéaélﬂﬁé bmpbamb%%mhmﬁa frid a;ﬁ&.{t%aswnemapm%@sdzsg g.
dri ed, ushed wth dry nitrogen, and’ charged wth

10 2 2<g1L06f mettanel Wwapaddéd o theapalymiekzalion golmiBn thusSdbtained.
of 1, 3-butadiene, 173 g of styrene, 6.1 nL of
SHB%%WHM de Uharpolysiatization gelutign W@fﬁh?ﬂ@?ﬂa rglay'&)lto 100 parts by

{
A 8 ine bRFtner T BRCRRTBin? Selufr adiaeoc ypigh 2ot
bafyHe {RRMN-YITRL2-RHrb 85 | %etﬂyll%rﬁ%—ﬂ%?tﬂ?lpﬁé\ﬂ;l st é(ér?lﬁfe V‘B(Eroduct
carried out for 3 Hours. During pol yheriZati on,
namer SumglzeroGM; namafactped Hy Samitbirid Chemicalt G, Ltd.), and 0.2 parts
yneri zation vessel internal tenperature was 65C,

b&m?'smﬁ OF ReRgRpYityl m%«%%rﬂﬁqrﬂhmwow@pﬂprwq BampeSumilizer

Y. fter t
"B B3R S CBbrL 4, 35055 Bl it f e pomer
wﬁ!h\e'p"dﬂ)?nertzﬁﬁérﬁ%lbﬁﬁd #8s YBRnAMES In havarte BYP4YRE'd &AhN 8hount
reactor, and the polynerization
of polymerlzatlon 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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solution was stirred for 15 mnutes. The anount of

1, 3-but adi ene supplied during the entire

pol ynmeri zati on was 821 g, and the anobunt of styrene
supplied was 259 g. 2 nL of nethanol was added to the
pol yneri zation solution thus obtained. Subsequently,
to the polynerization solution were added, relative to
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Fhe palpméntompositionanis obithihedsiab Makfedantoam Bhded Gbing &6 hich roll,
Degussa, Inc.), 6.4 parts by weight of a silane

apd i sheptarmnvulcanizasuby heating aSil80’C fairdi minutess dhus, giving a

uss Inc), 6.4 parts wei ght of carbon bl ack

PR e By R @eaiats 4 el pifis atfopsgties of the
viNbariahi shiabt SBgYNenah TaRER. ) . 47.6 parts by weight of an
extender oil “(product nane: X-140, manufactured by
Kyodo Sekiyu), 1.5 parts by weight of an anti oxi dant
(product nane: Antigene 3C, manufactured by Sumtono
Chem cal Co., Ltd.), 2 parts by weight of stearic
acid, 2 parts by weight of zinc oxide, 1 part by

wei ght of a vul cani zi ng accel erator (product nane:

Soxi nol CZ, manufactured by Sumtono Chem cal Co.,
Ltd.), 1 part by weight of a vulcanizing accel erator
(product nanme: Soxinol D, manufactured by Sum tono
Chem cal Co., Ltd.), 1.5 parts by weight of a wax
(product nane: Sunnoc N, manufactured by Quchi Shinko
Chem cal Industrial Co., Ltd.), and 1.4 parts by

wei ght of sul fur were kneaded by neans of a
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Labo Plastom || at a kneading start tenperature of 70C
for 5 mnutes (the tenperature being increased to
120C by the end) to prepare a polymer conposition.

The pol yner conposition thus obtai ned was nol ded into
a sheet using a 6 inch roll, and the sheet was

vul cani zed by heating at 16OC for 45 m nutes, thus

( Y a vul cani zed sheet. The results of eval uati on

‘ Al 1
ot -t re—physteat—properti-es—ofthe—vulgani-zed—sheet

are given in Table 1. 28 Tabl e 1)Edxgn €otarpaEsinply e
Exanple 1 1 2 Vinyl Bond cont gnt—Wolg %659 59 59—
Styrene unit content Wi ght % 24 24' 25| Wl ght}- avér age
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wherein X1, X2, and X3 independently denote a group of
formula (I1) below, a hydrocarbyl group, or a
substituted hydrocarbyl group, and at |east one of Xi,
X2, and X3 is a group of fornula (I1l) below, RL tv/
(I'') \R2 wherein RL and R2 independently denote a
hydr ocar byl group having 1 to 9 carbon atons, a
C}¥bstituted hydr ocar byl group having 1 to 9 carbon

Wis, a silyl group, or a substituted silyl group,
and .
5t § RERUGEs o Tor ARG L cudefed SRR pYIREY, dSinprising
met hqsblydeer2irdi Bdcdnfugatedl Biehe, WhedridunaasfdforhIar () below, and
nmonomer is an aromatic vinyl conpound. 3. The nethod
opliarallyl pihgr mona@nai imthe presencavfarealkali metal/caiglystio adydrocarbon
content of the conjugated diene polyner is not |ess
SPHMEn. mol % and not nore than 70 nol % per 100 nol
R o conj ugat ed di ene-based constituent unit. 4. A
conj ugjat ed di ene pol yner obtai ned by the nethod
agcordi ng.50 any one of(pyClaims 1 to 3. 5. A
conj ugat ed” di ene pol yner "conposition conprising: the
conj ugigt ed di ene pol yner according to Claim4; and a
filler: 30

wherein X', X2, and X° independently denote a group of formula (i) below, a
hydrocarbyl group, or a substituted hydrocarbyl group, and at least one of X', X2, and
X3 is a group of formula (1) below,

N ar)

\R2

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 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.

4, A conjugated diene polymer obtained by the method according to any one of
Claims 1 to 3.
5. A conjugated diene polymer composition comprising:

the conjugated diene polymer according to Claim 4; and

a filler.
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