CONJUGATED DI ENE POLYMER, PROCESS FOR PRODUCI NG SAME
AND CONJUGATED DI ENE POLYMER COVPGCSI TI ON AND

VULCANI ZATE Technical Field The present invention
relates to a conjugated di ene polyner and a process
for producing same, and a conjugated di ene pol yner

CFGENHPJ%ATEQB”B@NE &W@RZ$§9C%§§$@R”§R@§DUENG SAME,

vention recen years rom ng concern
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economy Tor autono een becom ng stronger,
and there is also a denand for excellent fuel econony

Te;:ﬁﬁicgpi:géﬁr conpositions used for autonobile tires.
r conposition for autonobile tires, a
POl ymae EF&EQ%' hveﬁtmr@ratéérta a @@ﬁjh@gﬁcﬁdjléh@r}ﬁ)lymer and a

pol ynmer such as pol ybutadi ene or a 'butadi ene-styrene

précaRe! iApFoditing shird, &Indsa Ganfuyated dishedpaiginer ddingpodition and a

used and, for exanple, a polymer conposition enploying
vuhanhh&aconjugated di ene polyner a polynmer forned by

nodi fying with a dial kyl am no group- contai ni ng

acrylamde a terminal of a polyner forned by

Backg@undesfithe mgvertiohadi ene and styrene using an
alkyllithiumas a polynerization initiator (see e.g.

JP- Al r@dsriidyedrs Pwithdibeogresving Tapeass oveneryidmaental problems
pat ent application publication.)) is known.
the-detrtandnior good fuel gmomwfmo@ﬂtomblleﬁﬁla@ybe@ bgcqrn@g stronger,
conj ugat ed di ene pol yner a fyrrer formed by nodify g
anw thﬁre I5i alsgi ardemg @XﬁEHWI vehw@'ﬂqraméoraPMmﬁrrféﬂm ositions
o PuRERge e o ARG aRgAls B bl oo, o
JP-A-1-217048
po 3'?{%2?%3&8@9& ShroRisiEs i e ConRpas: Eﬁ'eﬁ'ﬁen@'m\%ﬁﬁw as
oo ARt et Al Y 38138 sgpon ik
o, 3 U5t bR i el FRIOYTRG 8108 conjgated

iR JOREHET A ohglier Riftod, 35 °“§?én¢°p@ré€§§é§%i§ﬁa"“‘“‘b groue-

coRRINABT aeAMPRid | SN rmEINGS 9g80ofynsér €6ANBAY by copolymerizing
butadiene and styrene using an alkyllithium as a polymerization initiator (see e.g.
JP-A-1-217047 (JP-A denotes a Japanese unexamined patent application
publication.)) is known. Furthermore, a polymer composition employing as the
conjugated diene polymer a polymer formed by modifying with
bis(dimethylamino)methylvinylsilane a terminal of a polymer formed by
copolymerizing butadiene and styrene using an alkyllithium as a polymerization
initiator (see e.g. JP-A-1-217048), a polymer composition employing as the
conjugated diene polymer a polymer formed by modifying with a dialkylamino
group-containing alkoxysilane a terminal of a polymer formed by polymerizing
butadiene or copolymerizing butadiene and styrene, using an alkyllithium as a

polymerization initiator (see e.g. JP-A-63-186748 and JP-A-2005-290355), etc.
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Brief Summary of the Invention However, the

above- nenti oned conventional pol ynmer conpositions
conprising a conjugated di ene polyner are not always
satisfactory in terns of the balance between fue
econony and processability, particularly when silica

nalh eEF brpBBR pb sicBler ko FiERS Bl BYTRSE 8P eqiomy.

conj ugat ed di ene pol yner that can give a pol yner

Br%qmﬁg'lggﬁgﬂgvlhggnwel | ent fuel econony and
nmbined with silica as a filler,
and j-ug d.idi.en r {4, 0 d i
coof LR SR PRNER" CSAPBAK oty otposiions

co?rﬂﬁ'ﬁsiﬁgf a%dn;ju‘%hte&' R rRPENGMER e %?ﬁlv&(ié%l)sf%?é(tilsge)’r’c’ﬁo?iig;t’erms of the

acconpl i she y neans deScribed in

bateite BétveenFuel cdrdmpafd(drdtedsability) partibulakly aviten silica is used

preferred enbodiments, are also shown below. (1) A
ascofillargat ed di ene pol ymer conprising a conjugated
di ene-based constituent wunit and a constituent unit
r epr dretErasdich\cireumstareces! pntuddjest,of the prasest inwentiondsite provide
represented by Forrula (1) being present between a,
a cwnjpodfedatiene polymersibat can give aelymencemaagitign having excellent
conj ugat ed di ene-based constituent unit, and the i
fugloaeermyrand rEoeessability wvhen sombieed st siigangs a filler, and a
Formula (1) being 1 unit or uni,ts per, pol ro . :
coema.tﬁf gigsiegpplym rf%prr@qsmomérmﬁsi hvzpor@ iﬁ'n%@eef%ﬁwg%!?d diene
ndently denote a group

poﬁ‘ﬂgé&%%&@eﬁuc@%&ﬁpﬁ. (11) below, a hydroxy group, a

! 558 BB Ror 8 i Mo el SIS g csorvea
in g?g{lgﬁﬂng?g) b¥nd (T81."UF o' {d) Bfid W19 to?(12dWhith are preferred
embodiments, are also shown below.
(1) A conjugated diene polymer comprising a conjugated diene-based constituent
unit and a constituent unit represented by Formula (1) below, the constituent unit
represented by Formula (I) being present between a conjugated diene-based
constituent unit and a conjugated diene-based constituent unit, and the content of

the constituent unit represented by Formula (1) being 1 unit or 2 units per polymer

chain,
CH, CH
X! —gi—3¢3 (I)
X2

(in the formula, X', X2, and X® independently denote a group represented by
Formula (II) below, a hydroxy group, a hydrocarbyl group, or a substituted

hydrocarbyl group, and at least one of X', X?, and X3 is a group represented by
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N R{lI1l} Rz (in the fornula, RlL and R2

i ndependently denote a hydrocarbyl group having 1 to 6
carbons, a substituted hydrocarbyl group having 1 to 6
carbons, a silyl group, or a substituted silyl group,
and R1L and R2 may be bonded so as to form together

Fo\g{%n‘gnﬁhe(”}ggh%lé\%%%%oﬁgﬁhg&lu}t)ruct ure) (2) the conjugated

yher ac (1), wherein RL and R2 of
Fornula_Rgll) are i ndependently a nmethyl group, an
et hyl group, an n-propyl group, or an n- butyl group,
(3) e conjugated di ene pol yner acq§¥PLng to (1) or
(2), erein two of X1, X2, and X3 ormula (I) are
a group*peépresented by Forrmula (I1) or a hydroxy
group, 4) the conjugated di ene polyner according to
any one of (1) to (3), wherein, with the content of

(e RARbEOR S e EieBRROE NG £ LBl Brd B dho 1 to 6
I 5o SR T Yroup or
suggtit%fyd S\ g‘?(?%jén& R' GAY: Féz’mé_‘gbﬁded: 88 RIs! tBFSrm! thgether with

ditiont conj ugat e ased constituent

the!N Atodfth fiRg striefgé) tuent unit represented by Fornula
(I'), an aromatic vinyl-based constituent wunit, (6)

(2} e eonjLgaRUedieft PoRyer deardingoter @i nghereit B', and R? of Formula

wherein, with the total amobunt of the conjugated
(Il jamnindepeadenibn atrethyhgroup, tanasttyk treug; amen-peopyl group, or an n-

vi nyl -based constituent unit as 100 % by wei ght, the
butyrewp, of the aromatic vinyl-based constituent unit

is not |ess than 10 % by wei ght but not nore than 50 % ., ,
(3btherepaugated dienengolymer @ggotdingite (@) pbI(ghevherelb e i X', X5,

to any_one of (1) to (6), wherein the Cﬁﬂb gat ed
angij 6 nef inuia (| ke agnbeepresestesspy §ormu 505@ Iesiroxy group,

| ess than 10 hut not nore than 200, 3 (8 e . .
(4L§1ﬁ eRpivgated; dppe ae&m%rr a%ﬁ?é%'n“ﬂitﬁg’“tyoo%\é]?} éﬁ&oo(ﬁ)'(werem- with
thcta oco(nQnt (\#’1 Iree'cgnjturg];%ted diene-based constituent unit as 100 mol %, the
conjugated diene polymer has a vinyl bond content of not less than 10 mol % but
not more than 80 mol %,
(5) the conjugated diene polymer according to any one of (1) to (4), wherein it
comprises, in addition to the conjugated diene-based constituent unit and the
constituent unit represented by Formula (I}, an aromatic vinyl-based constituent
unit,
(6) the conjugated diene polymer according to (5), wherein, with the total amount
of the conjugated diene-based constituent unit and the aromatic vinyl-based
constituent unit as 100 % by weight, the content of the aromatic vinyl-based
constituent unit is not less than 10 % by weight but not more than 50 % by weight,
(7) the conjugated diene polymer according to any one of (1) to (6), wherein the
conjugated diene polymer has a Mooney viscosity (ML1.4) of not less than 10 but

not more than 200,



conj ugat ed di ene pol yner has a nol ecul ar wei ght
distribution of 1 to 2, (9) the conjugated di ene
pol ymer according to any one of (1) to (8), wherein
the constituent unit represented by Forrmula (I) is a
bi s(di al kyl am no) al kyl vi nyl si | ane- based constituent
" ) P . _ o _
(SFQHre n%%ﬂjégétgg r@?;ﬂ{at@ﬁ*rﬁgr Qb@&‘awgﬂd’dgﬁg.o‘?@m" ) )}tr)rg?) wherein the

€ conj ugat e iene p

coﬁﬁ.@%ﬁéﬂ ARneD M eP R8s & mbikkbul? welghtedistridutioh lopr to (@1 1)

conj ugat'ed” di ene pol yner conpoOsition according to

(9%( Hd conjigaeidndieRe poRenhcebrding tekng @mei ofed )ite (g?:,twherein the

ess than 10 but not” nore than 150 parts by weight

cohglitabht anit repisepted dytFommilgh(l) isfa tbieddmbkylarhind)alkylvinylsilane-

conj ugat ed di ene polyner conbined, (12) the
basedjcopstiteeéntiurie pol ymer conposition according to (10)

or (11), wherein the filler conprises silica, (13) i
(1@)ha coojugatext diengipalgmentompositiomosned by cesduniagrife cenjugated

(12), wherein the anount of silica conmpined is not
dignasgolymen asgorsting to 8yy aee@hd1)te1 (8 avd atdleroo parts by

wei ght of the total apount of fi]ler co jnegj,( { 4) .
(11 hie sRNIMgatad: diens POHNSMEPTPIRIIEE; AFCHIRTC KL § ‘bg_%efem the
a$%r£ﬁ'f% SRmbigefh isgﬁlg"? ki @Qlﬁtﬁfﬁ‘fﬁtéﬁ\%rff TRER 18 arts by
w147 BheR O 57 AURE o Ko oER PR polye

and (16) a process for producing the conjugated
Comloiﬁ%d’pol ymer according to any one of (1) to (9), the

(2] S5FSIGEPR 204 R, oot LRI Blope 1 e
thé FifdecdpAsedifiégcar bon sol vent by an al kali netal

catal yst, thus giving a conjugated diene polyner

(15 e Sonfugate? | diehs polydhér temposiionaac@rlimg taél2), wherein the
originating fromthe catalyst, (Step B) a step of
anaslehtid silicai combineddspot kg srthan S&Oquartsibp wefightmelativel tbl 100 parts

below 4 to a hydrocarbon solution of a conjugated
bydveight pbihgrtetal lzavourg odifiller gorhpimed,
(14) the conjugated diene polymer composition according to any one of (10} to
(13), wherein it further comprises a vulcanizing agent and/or a vulcanization
accelerator,
(15) a wvulcanizate formed by wulcanizing the conjugated diene polymer
composition according to (14), and
(16) a process for producing the conjugated diene polymer according to any one
of (1) to (9), the process comprising steps A, B, and C below
(Step A) a step of polymerizing a monomer comprising a conjugated diene in a
hydrocarbon solvent by an alkali metal catalyst, thus giving a conjugated diene
polymer having at a polymer chain terminal an alkali metal originating from the

catalyst,

(Step B) a step of adding a silicon compound represented by Formula (l1l) below



chain term nal an alkali netal originating from an

al kali netal catalyst and reacting the silicon
compound with the polymer chain termnal, thus giving
a conjugated diene polynmer having at a polynmer chain
termnal a structure in which an alkali neta

aorigi,nating fr n_al kali. I a |-S

to 3 b ERbh SR of 25 BohiyHEleR BT b TG A & Dolymer

chéﬁﬁfe‘?ﬁ%t o0 Akar ST &I’i@.’létlﬂg fr@fcad 2ER rhetafcileRBt @nd reacting

I'Ng "a” mononer conprising a conjugated diene to a

th%%ﬂfcﬁﬁ%&ﬁﬁoﬁﬁc{l WithP the? boRntet tREIR tBFMAE NAUB QiViAGra conjugated
avi ng at pol ynmer chai termnal a structure In

dieWt eBIyAflerchivihy dTed olyehéigtindihi tagminad@ structukein whidtalan alkali
catal yst is bonded to a constituent unit represented .

métal pigndtimg( frbrmb@hoalkali metal pedtsiyst isz ibogdetetomanconstituent unit
at the polynmer chain termnal H2CCH | (Il1l) X 4 Si

ba¥ef crbthe dilicornt dempoumd repreddntedsy Foranuta (Iidapéndent | y
denote a group represented by Formula (I11) below a,

(Stepd @k ar step @f oagidingr a amenbatert camsarisinar aceemiyigaigdogiene to a
and at l|least one of X4, X5, and X6 is a group .

%(qg fat agpolymer chain

hydeprasbentssiution pbencenjugate diengvpolymer 4
te%ﬁa{;%%&b%ﬁg&iggmﬂlﬁ ,@I@n% n%\%?%; B&ﬁgﬁﬁi flom an alkali metal
colrgt e B Y23 R BB b, FoRRIE g, s
oeER S R af s e R dehin v € the N

HZC:CH
X*—8i—x°® (11D
XS

(in the formula, X*, X%, and X° independently denote a group represented by
Formula (Il) below, a hydrocarbyl group, or a substituted hydrocarbyl group, and

at least one of X*, X5, and X% is a group represented by Formula (Il) below)

—N (II)
R2

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

the N atom, a ring structure)




Xl Si X3 (I} 12 X (in the fornmula, X1, X2, and X3
i ndependently denote a group represented by Fornula
(I'1) below, a hydroxy group, a hydrocarbyl group, or a
substituted hydrocarbyl group, and at |east one of
X1, X2, and X3 is a group represented by Formula (11)
—Be-@Ho—a- Moy group) RL r (11} R? (in the
formula, Rl]and R2 independently denote a hydrocar byl
group having | to 6 carbons, a substituted
hydr ocar byl |group having 1 to 6 carZTss, a silyl
grougx1e¢—ésfsub§($tuted silyl groupl/and R1 and R2
may be bond¢d so as to form together with the N
atom a rin$2structure). Advant ageous Effects of the
I nvention IX“accordance with the present invention, it
is possible to provide a conjugated diene pol yner
that can give a polynmer conposition having excell ent
(inf thel farounamX'add, andcX? sateperdentiyedenataba rgroupi tepresented by
silica as a filler, and a conjugated diene pol yner ]
Focmiteod|1) i edowp rardydigxye @roumi Ag hydecadyl ugausd e énsubstituted
polymer and a filler such as siljca. The conjugated
hydrasiasbyl @roupr and ghdeast @iie ohXs, &kcand entisfa,growr lpRIggented by
and processability and has good grip properties.
Forula (16 datew or afiydsexperqumd | nventi on The conj ugat ed

di ene pol.yner of the present invention is a polyner

conpri sj a conj ugat ed di ene-based constituent unit
and &I onstituent unit 6 represente Formula (1)
erow,, t he constituent unit represent ‘by Formula (1)

bei ng prgsent between a conjugated di ene-based
constituBnt unit and a conjugated di ene-based
constituent unit, and the content of the constituent

_unit represented, by Fornul a él) being | unit or 2 |
(indhedermulia, FolapgdeR” tdgpandently denote a hydrocarbyl group having 1 to 6

carbons, a substituted hydrocarbyl group having 1 to 6 carbons, a silyl group, or a
substituted silyl group, and R' and R? may be bonded so as to form, together with

the N atom, a ring structure).

Advantageous Effects of the Invention

In accordance with the present invention, it is possible to provide a
conjugated diene polymer that can give a polymer composition having excellent
fuel economy and processability when combined with silica as a filler, and a
conjugated diene polymer composition formed by combining the conjugated diene
polymer and a filler such as silica. The conjugated diene polymer composition

has excellent fuel economy and processability and has good grip properties.

Detailed Description of the Invention

The conjugated diene polymer of the present invention is a polymer

comprising a conjugated diene-based constituent unit and a constituent unit



CH2 CH I X1 Si x3 (lI) 12 (Inthe formula, X1, X2,
and X3 i ndependently denote a group represented by
Forrmula (I1) below, a hydroxy group, a hydrocarbyl
group, or a substituted hydrocarbyl group, and at

| east one of X1, X2, and X3 is a group represented by

re{r%rﬁgﬁ#@ l&ﬁgﬂﬁgao&B 31 %&” étri)tg% Pﬁ)( ré%ﬁ%efufe'd) by Férmula (1)
be%;gg;?ri%t@%{?ﬁé th%&%%ﬂ téavg: ggﬂatb& ﬁleﬁ@ﬁm c@hstltuent unit and a

_ rocar by oup having 1 to carbons, a
co%ﬂg&é'teycggg-@obgéecﬁ coﬁb'ﬁ?cﬁéhi Hhi@daﬁd lihé cohesht, ofamé Bngihdent unit

nded so as to form together with the N

reﬂb@éhte@i by FErrabaUE) beiRg 1 IRiEoP2 apito et pelyaser aheiri.ed

di ene:_hased stituent unit include 1, 3- butadiene,
TsopreneT I, di ene, 2, 3-di nethyl -1, 3-but adi ene,

and 1, 3- hexfdi ene, and one type thereof may be used
or two or nofe types nay be used. Fromthe viewpoint
of ready avallabilijy, 1,3- butadienegi d isoprene are
pr ef erbre—Hr—=xX" and X3 of Formul ? in the
constituent 4init represented by Fornula (1)

i ndependent | 2denote a group represented by Fornul a
(11) bel ow, hydr oxy group, a hydrocarbyl group, or
a substituted hydrocarbyl group, and at 7 |east one

0 d sented by For
(Iny Fh% }@fémﬁa, 3{‘ 3253 2&3 agggbaeé)rﬁ? ggn?tpl rgélpnpép%sented by
Formula (Il} below, a hydroxy group, a hydrocarbyl group, or a substituted
hydrocarbyl group, and at least one of X', X2, and X? is a group represented by

Formula (Il) below or a hydroxy group.)

—N (1D

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

Examples of the conjugated diene-based constituent unit include 1,3-
butadiene, isoprene, 1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, and 1,3-
hexadiene, and one type thereof may be used or two or more types may be used.
From the viewpoint of ready availability, 1,3-butadiene and isoprene are
preferable.

X', X2, and X® of Formula (1) in the constituent unit represented by
Formula (l) independently denote a group represented by Formula (Il) below, a

hydroxy group, a hydrocarbyl group, or a substituted hydrocarbyl group, and at
7




(In the fornmula, RL and R2 independently denote a

hydr ocar byl group having | to 6 carbons, a
substituted hydrocarbyl group having 1 to 6 carbons, a
silyl group, or a substituted silyl group, and Rl and
R2 may be bonded so as to form together with the N

Rd1N@,2S ci |
Iea%éﬁ%ﬂeeag V% rbt@g@b%gl i%r%g%ur?gw ng iﬁt?ﬂﬁ@?@%zﬁgjlé/éll) pelow or a
hyaH:P(?td ed hydrocarbyl group having 1 to 6 carbons, a
SiTyl¥ group, or a substituted silyl group, and Rl and

R2 may be nded so as to form together with the N
atom a /ng structure. In the present specification,
t he—hydyocarbyl group denotes a hydrgcarbon residue.
The SubSNt&Jt ed hydrocarbyl group denotes a group in
whi ch at IRast one hydrogen atom of the hydrocarbon
residue is replaced by a substituent. The substituted
silyl group denotes a group in whi ch at | east one

(Inﬁﬁgrfﬁﬂﬁglgﬁﬁ’"Qgngﬁng%b%ﬁhﬂ?ﬁ ! ef ﬁﬁrﬁ%ﬁﬁ)ﬁércﬂlp having 1 to 6

cafidiis)a fd‘b%htl.ﬂéd % HFdd%\\‘b){lg{)rBPB 'haQ i&‘ﬁ'caﬁb@h’é’ »a 8yl group, or a

n-propyl group, e I sop grou an n-butyl group,

suBsﬁlﬁt‘ed’é"lw lgrosls, HY R4 ahAR* RidlWe BRI s@@sitodemhylogether with
group, a néopentyl group, an isopentyl group, and an

theyN&towl, 0risgy Btrudtuey.§! ohexyl group; a phenyl group;
alkoxyalkyl groups such as a net hoxymet hyl group; a

met hi¥y ehyR? gindependentht deryptee tahydrapaooyl, genup daving 1 to 6
et hoxyet hyl group; and trial kylsilyl groups such as a
catbdnss ahsubstityted hydoogarbylgraup hiawing titerbtaarbens.ya silyl group, or a
roup. Exanpl es of Jn which Rl and R2 are
sugeiltutﬁﬂ sl lgnoiep, and/&eﬁad Rt oayPesbended sa asrtofetmylogether with
group, a tetranethyl ene group, a pentanethyl ene
the;Noaliom, neing SHEgtR@t hy | ene group; oxydi al kyl ene groups
ch as an thyl e
oxy i s presst Spewcs qh?%ﬂﬁ@&%a‘a@rwam%adegﬁ% lyygrocarbon
ch a r.o resent N
re§ifin TheFuStRitel hiFocaBH BlavscieolRs 8RR AN yRn at least
ra
orl od50 25 10 FhyPR e BB BBl sRRn g Sofyen. The

suBLtiRBs Syl giofp HeRofd ¥ G#Bup in which at least one hydrogen atom of a
silyl group is replaced by a substituent.

Examples of R" and R? include alkyl groups such as a methyl group, an
ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, a sec-butyl
group, a teri-butyl group, an n-pentyl group, a neopentyl group, an isopentyl
group, and an n-hexyl group; a cyclohexyl group; a phenyl group; alkoxyalkyl
groups such as a methoxymethyl group; a methoxyethyl group, an ethoxymethyl
group, and an ethoxyethyt group; and trialkylsilyl groups such as a trimethylsilyl
group and a t-butyldimethyilsilyl group.

Examples of groups in which R' and R? are bonded include alkylene
groups such as a trimethylene group, a tetramethylene group, a pentamethylene

group, and a hexamethylene group; oxydialkylene groups such as an
8



al koxyal kyl group, and the substituted silyl group is
preferably a trialkylsilyl group. Rl and R2 are
preferably a substituted hydrocarbyl group having 1 to
6 carbons in which a substituent is a group sel ected
froma group consisting of a nitrogen aton}containing

Oxgélom con a&&'ﬁg%g?g%ﬁ %&E@J %@ %;g%lpéﬁ \"/‘Iﬁf:]ge?loébntammg
pref eﬁ&'@s’asofa ro%Pt %I?ébﬁ S bcg"zﬁ"‘mz-NP‘r-@IﬂDrﬁnd a group

ly a su roc group having 1

représénted’ PICHICHMY=CH2 subst ituent is a group
sel ected from the group consisting of a nitrogen

at omrﬁemwr@cmmgmp detioted vyeR' aﬁ@mzdgrpiraiematﬁig an alkyl group,
group, and a silicon atom containing group,

thdysUbstitutes | hgdmcarbvhvigroypl denoted b dR's ,arak Féz is preferably an
substituted silyl group, are yet nore preferabl a

alhmyaﬂ(yl grovipp and the substitytegigilyl groupnis mrefeyablgraotnplkymlyl group.
n- but grou a trinmethylsilyl group,
r epr eRéransy ngare mamnlywabghtu eﬂ hadr@pagqyf group having 1 to 6
represented by - artl cul ar

carhcmemawhgphaa rﬁ@bﬁwue@#@%g QTQHPef'EEHWte rfeRrp, @ aﬁglﬂp sPBpipting of a

roup, . or an. n- butéﬁuaroup and .are rmst referab

nitiggesy glam-GeptAINipY IUtWQSF‘oﬁ}Bm' d a silicon
iriomy s S e o i d %o B, o

BRI T T ST g v
t@r@g%’boﬁggn vﬁﬁ&fﬂ'sﬂﬁsflﬂ%pg %fa bF&Jg‘%QegtreggW‘b b gﬁbﬁﬁ’consisting
ofgaf ‘ﬁ%Fbgéh g'té e gﬂﬁ}ﬁ;{g; QI‘BUEP 4H %Skggeﬁ éibﬁﬁc&ﬂhwlﬁ@@r@@p and a

0 grou

suli@bﬁtaﬂbh‘r Eaﬁwm.ﬁgngﬂ@uﬂramr@carsyl( gmmeﬁwhgmt@m carbons, or a

group, an et hyl net hyl ami no group
subbfitiesd syl by, Ararget mor@rm‘efarablyda triathyiayrgep hamh ethngl mooup, an

group, a di(ethoxynethyl)am no group, a
n-pliopgt roups taimy hbarty| rgrogp oadrimathdigityl greumhyd grup Jepresented by -
group, and a di(t- 9 butyldinmethylsilyl)amno group.
CHiCHigpNEBCht.-,t bie acgreitipc r@preaentgdoép -ChtCirbeNaCH-, are particularly
1-pyrrolidinyl group, pi peri di no group, and
prafesahly @emieihys geoup,ran gﬂ*rybgmtm;cam Aprepyl group, or an n-butyl group,
hexamet hyl enei m no group, a 1-hep taneth Ienelnlno
angrasgnost plrefasabb(rﬁﬁ athybamup qr@rgﬁ-éwy ggou

1-de xgen%glgls eo ehrg SPou%r ;?resented by Formula (ll) include an acyclic

amino group and a cyclic amino group. As the acyclic amino group there can be
cited a dialkylamino group, a di(alkoxyalkylyamino group, a di(trialkylsilylyamino
group, etc. Examples thereof include a dimethylamino group, a diethylamino
group, a di(n-propyl)amino group, a di(isopropyl)amino group, a di(n-butyl)amino
group, a di(sec-butyl)amino group, a di(tert-butyl)amino group, a
di(neopentyl)amino group, an ethylmethylamino group, a di(methoxymethyl)amino
group, a di(methoxyethyl)amino group, a di(ethoxymethyl)amino group, a

di(ethoxyethyl)amino group, a di(trimethyisilyl}amino group, and a di(t-



dodecanet hyl enei m no group, a

1-tetradecanet hyl enei m no group, and a 1-

oct adecanet hyl enei mi no group. Further exanples of the
cyclic amno group include a 1-imdazolyl group, a
4, 5-di hydro-1-i m dazolyl group, a 1-im dazoli dinyl

ouliHRndsBIBIBEP BOQH. cconony and ready avai labrl ity
the E&Qﬁ'ﬁbleg %‘?fﬁ’q%eega% g iﬁ&r%%h?eﬂcydé 2 RLSHRSIRHY group, a

an acylc C_am no 511 rmchla '
gra‘HdP 13 Eheilfife €7 sd such as a 1-
plpgrrreﬁ%ﬁy?@r)nu 0 group, B y I et yl?;llmlno g@% a

heﬁarhetrwl&whﬁ:%ﬂ ngrcﬂrppup a Of 1heptdmetiyiereimindo grou. a  1-
Anong ‘them fromthe viewpoint of ready availability

octafméthgleﬁ@nﬁmund , goupdi etghy| adgeangstoyleneintine group, a  1-

utyl)am no group are preferable. Exanples of the

doUgchmemytaﬂe@irmugrdapptaem-ta,tra)dbctame)t@!eﬁelﬁunuugmqpl yand a 1-
i nclude al kyl groups such as a nethyl group, an ethyl

octpdespmedinylengining | grgupup Fusiher i examplps | ofgthaisyclie amino group
n-butyl group, a sec-butyl group, and a tert-but ¥

includsu p. 1-irpidezabl geown, @ ivsiresfl -imidazalylsgrougs @q1-imidazolidinyl
hydr ocar byl group incl ude alkoxyalk groups such as

grouie h@i@ﬂﬁzlﬁy\ grgupupNd SMmefmnsl %&HP group a

t haxyet h d th Th
e ERPogbe ovmpantt o apBoniny SHoareaey Svdliapiitg, dhe group
ut ed

reégsgﬁl%g‘c’%,Foapglgwﬁ%%ograq{gébggr R cIZc; gﬂﬁf St ﬁtpuﬁ' fiGre preferably
Sﬁ%@&?&ﬂﬁédﬂ%"" obyW%?o rSREHT g oL e g Shfoup. o

diéewlgons S%Hoglbhre drrgy Ekg’?@? era gr%gane%ﬁ Qj|¢ o%%yﬁammo grotp.
An%ﬂ@/'thaﬁPURonﬁtthée@@w ef r}éédyngalmlt?@opfthgobﬁmb@und, a

iS a group repres ed by Formul a or a

didﬁb{ﬁéﬁﬂﬂo gfdm:pand h dlm—ﬁut‘?f)émi& grddpaéreqirefe?able two of
X2, and are a group represented by For mul a
(| ) EQBarpléy difcthé Wd@@kﬁarbﬂngrddp denotedeby pt'efee ddbdfeFormula (1)
that two of X1, X2, and X3 are a group represented by
indiederalks gnoupsmucla asrqdrejlxyl gyooppan Etryhgraup, @n nipeopyl group, an
constituent unit represented by Fornmula (I) include a
isopropyd ogrotipaparu mdbbtys giopn et secrdnty! groupr énde e farébuty) group.
Formula (I11), which is
Furthermore, examples of the substituted hydrocarbyl group include alkoxyalkyl

groups such as a methoxymethyl group, an ethoxymethyl group, a methoxyethyl
group, and an ethoxyethyl group. The hydrocarbyl group is preferably an alkyl
group, and the substituted hydrocarbyl group is preferably an alkoxyalkyl group.

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

At least one of X', X2, and X® of Formula (l) is a group represented by

Formula (1) or a hydroxy group. It is preferable that at least two of X", X?, and X°

10



described later. Fromthe viewpoint of fuel econony
and processability, it is preferably a

bi s(di al kyl am no) al kyl vi nyl si | ane-based constituent
unit, nore preferably a

bi s(di al kyl am no) net hyl vi nyl si | ane- based consti tuent

ars) 2, e R rpenerii) et ROMTPRVIY Pr,a. hydioy grup, pqd it 1o more
prqtj‘gt#sqlﬁat u%t%(ﬁﬂ g‘, r}gd %ﬁg{? ar DR Ye SesantdBy? Fgrmula (I} or a

no)nethyIV|nyIS|Iane based constituent unit,
hygﬁﬂg%g Q? -n- butyl am no) met hyl vi nyl si | ane- based

consExhrfiids Hhithe é&mmjémemut freprasehted YyeRoahala Qf include a
ready av Iab| 1ty of the conpound, a

sﬂ:Ebﬁ(éBrﬁbM@-ﬂb@@d rgeingtitueintnst tepresdited doy drusmiutaiitl), which is
unit and a bis(di-n-

deboribyéchiaten) nEtdm | thenyiewpban eotbhust cecomosy tandnprageissability, it is
are preferable. The conjugated diene polymer of the

prefeestdnt a nbﬁﬁdlaﬂqylammo:)alkymmylalaaa{basam tcongbitusidntwiit, more
by Formula (1) between a conjugated di ene-based

preferanly t a vis(dialkylamime)metb ynjnylgilene-asede congiteent unit, and yet
constituent unit, and fromthe viewdgin

mareopreserably Bt 9!8(416\%@&@@mO)BTeﬂﬂﬂ‘éln%H%@?'Paﬁﬁﬁ gapstituent unit, a

b'ﬁggl%?ﬁa;ﬁ@ g W'vmgl%llgnéhppgnpé?gw @@L{giﬂﬁdﬁd' SX bis(di-n-
SR S RN e

oSO B S8 sy508, Y50 (f.\wgt Hhom, from tne
Vieg’?@é‘ tue unllleag sed gn "agﬂﬂgher SFPNONBe  EXQBRA a

d other rmno r inc n aromatic vinyl,

biéetb[amﬁé@ﬁ%et mréﬁané%%at eeorfsan@émyl Uﬁﬂacéﬁd a bis(di-n-

e aromatic vinyl include

buwwﬁmﬁmeihwmbshlﬁhwb%%éd cohBifueAt ukibare pigigtable.
napht hal ene, divi nyl benzene, trivinyl benzene, and

di vi ﬂﬂ@@@hh?éﬂe@l@en@tﬂﬂphéﬁobfhd bresent inydentioni has a constituent
include acrylonitrile, and exanples of the unsaturated

unitarepregeénted sy & orriilee ¢ dretveeh ual conpigajéd atierye-baeed constituent
ethyl acrylate, nethyl nethacrylate, and ethyl

uniteahd.ca \coajugatedniena-based monativent iunityiand from the viewpoint of
preferable, and styrene is nore preferable. The

promqaapdttysmeioen‘enpof theceonstituent ittepreseniod My EﬁrmUla (1} in the
preferably conprises an aromatic wqq;l - based

copipgated disie pelymer i buaitics 248 PeRRRIYMEF GhRhe

The conjugated diene polymer of the present invention may comprise, in
addition to the conjugated diene-based constituent unit (conjugated diene unit)
and the constituent unit represented by Formula (1), a constituent unit based on
another monomer. Examples of said other monomer 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
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vi ewpoi nt of strength, and the content of the aromatic
vinyl unit, relative to 100 % by wei ght of the total
anmount of the conjugated diene unit and the aromatic
vinyl unit, is preferably not |ess than 10 % by

wei ght (the content of the conjugated diene unit

o 25 50 BB A ol BB, o o
megﬁa(gl\'lg AH@ﬁpQﬁgﬁiﬁgAj@a étlcb\‘ﬁhgl%rﬁ?éféfgﬁl% bparhtﬁ%ne%@s more

om t vi'ewpol nt "ot fuel
aglcgfm)éry, the content of the aromatic vinyl unit is
P preferably not nore than 50 % by wei ght (the content

of fThe eBRjugaBsEdidhenpolymdr RFi e NErleskAE SinteRtiorP Opréferabl
by wei ght), jdgﬁ rmrle p?em ably not I?r’%re t han 45 %o%y Y

coMPrieBs aht dmneatiy einli-bisddeonstithegtotrit (aioematicuvinyl unit) from the
bei ng not less than 55 % by weight). Fromthe

viewpaimtafrtremigtis,t archtitehcontant dbthvecgromaticodnylyuriiprelediyede 100 %
the conjugated di ene@pol yner of the present invention

by iveeightedfethebiojalramourtsef thiearprjegated etieme uait panst m&amqmatlc vinyl
not less than 20. Furthernore, fromthe viewpoint

unigy isceradensibly noet less thanpi@r%r ta)bwgﬁlgﬁait (the rC@rltmtnofztn? Conlugated
and nore preferably nat nore 0. The

dlanﬁm%belygmmqﬁtﬁen@@aé&we@h % oreRrelsTani ot less than

S OB b TSRt RS P S 8 e v
% g)gnwglgﬁﬂ rﬁ@%f_@tBFﬁe Jg%{ﬁstﬁe d\flé\ﬁégﬂ& o? qté%lmél%ow tg)e content of
nERSAACHY 00 FEPBrRGR 03 Ml o8, kB Geig g content o

the %nrdeg;%w | fibn fuﬂli'tﬂ% ﬂ@rﬁ’cﬂeﬁﬁe?he arl t50 %pbﬁf\ﬁé@%&% and more

t han nore preferably not” lessS t

préfé da'ﬁ’% ndst n%% tﬁ@’i 85 )'oftfr)ﬂké@ht’ tﬂ@tcdn%ﬁ‘& df'lﬁ@ c%ﬂjt.i@kec%jiene unit

rticularly prefera not |less than 40 nmol %

beT@%dt'léyétlﬁ@f@B o0by WHighty be obtained by IR 12
spectroscopy fromthe absorptl on intensity at around

910 Frdm, thehividwpsintirof etbemutht ithe Meakeypf viacosityy (ML1.4) of the
group. The vinyl bond content referred to here neans
cohjogatschgienei patyingr ofi tise present dnventioncisreferablyragh lese than 10,
vi ewpoi nt of the bal ance between fuel econony and
and more preferably not less than 20. Furthermore, from the viewpoint of
processability, it is preferably not more than 200, and more preferably not more
than 150. The Mooney viscosity (ML4.4) is measured at 100°C in accordance
with JIS K6300 (1994).

From the viewpoint of fuel economy, the vinyl bond content of the
conjugated diene polymer of the present invention, with the content of the
conjugated diene unit as 100 mol %, is preferably not more than 80 mol %, and
more preferably not more than 70 mol %. Furthermore, from the viewpoint of grip
properties, it is preferably not less than 10 mol %, more preferably not less than
15 mol %, yet more preferably not less than 20 mol %, and particularly preferably

not less than 40 mol %. The vinyl bond content may be obtained by IR
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processability, the nolecul ar weight distribution of

t he conjugated di ene polyner of the present invention
is preferably not |less than 1 but not nore than 5, and
nore preferably not |ess than 1 but not nore than 2.
The nol ecul ar weight distribution is obtained by

sp%ﬁ%ﬁl#bgggpﬁggﬁ%ﬁsgﬁ@% aﬁ{eg\%tfy Wﬂg 9(1Mh1:rriaﬂdwh|ch is an
abﬁﬁp@ﬁ}éﬁgﬂg%\ﬂwgﬁg[@ph (GPC)  net hod, and dl vi di ng

_ for producing the conj ugat ed
di en?hgol\,m:%r b8hdt '&?nfé"n‘fs rr?tjn‘f@nhbﬂé‘ nmbapsOodHEt 'eﬂ{ylenlcally

process c rrsing (step A, (step B and (step C

un§atuPted Gyndisbriténted. (Step A) a step of polyneri 2| ng
a nonomer conprising a conjugated diene in a

hydr peshbdhe s viswgpdinbyofnthel Kedlancet betwesral fuel , ecbnsmy and
gi ving a conjugated diene polyner having at a pol yner

pradessability; the aholeoular kadightngistributioh gifrthei canjdgatedidiene polymer
catalyst, (Step B): a step of adding a silicon

of thenpoesent riopertiamiseprafgrably mot dessl than bdusvnot: moae than 5, and
hydr ocar bon sol uti on of a conjugated di ene poly

maravprelerablya npbiigsse thar: Habit net maea than 2 ka he mlapular weight
or i g(l nating froman al kali netal catal yst andI reacti

disfriuition is QHeRgATYLMeaFHERY trwmtgﬁ;rzw%@g molecylar weight (Mn) and
Weféhl{ﬁ’éf o hleGdatwamnt iMu,is gBCodeai CifinBitodraph (GPC)
mafBheart SATRG BT b “Unit - based on the st ii con

COTPRUTY o S04SR 0 hing THERAGAA gk BBGnfd offn presen
inJgeﬂﬂ?H ﬂ)‘?&&u%’tt O%EQI%ESSQ cB Blrf@;(%rt%?%gt B), 5R4 g’ﬂ‘eﬁ C) below

rocar by stliute
cah e &fed byl group, and at Ieast one of X4, X5, and X6
Is a group represented by Fornula (11) below Rl

(Step A): a step of polymerizing a monomer comprising a conjugated diene in a
hydrocarbon solvent by an alkali metal catalyst, thus giving a conjugated diene
polymer having at a polymer chain terminal an alkali metai originating from the
catalyst,

(Step B): a step of adding a silicon compound represented by Formula (lll) below
to a hydrocarbon solution of a conjugated diene polymer having at a polymer
chain terminal an alkali metal originating from an alkali metal catalyst and reacting
the silicon compound with the polymer chain terminal, thus giving a conjugated
diene polymer having at a polymer chain terminal a structure in which an alkali
metal originating from an alkali metal catalyst is bonded to a constituent unit

based on the silicon compound represented by Formula (I},
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N (Il) Rz (in the fornula, RL and R2 independently

denote a hydrocarbyl group having 1 to 6 carbons, a

substituted hydrocarbyl group having 1 to 6 carbons, a

silyl group, or a substituted silyl group, and Rl and

R2 may be bonded so as to form together with the N
Ce—t=AQHtructure) (Step C): a step of adding a

nDno r congrising a conjugated diene to the

hydr ocar bon |sol uti on of a conjugated di ene pol yner

haV|ng at alpolyner chain termnal a stgfgﬁﬂre in

whi ¢ hXAm—at S p-—deS al originating froma ali netal

catal yst is|bonded to a constituent unit based on

Formula (1), < hus polymerizing the nononer at the

pol ymer chaXi term nal. Exanples of the alkali netal

catal yst used in (step A) include an alkali netal, an

or ganoal kal i et al ound, a conpl ex between an
(inathieafarmua,al* aXa, and n?amde.ﬂﬁmﬂlﬂyl denode am groupoiepresented by

aving an al kali netal. Exanples of the alkali netal
Forrnuleuala helewi arhydseeari gmpagguamvbstuﬁtesh hiydrogagpy! group, and

cesium Exa es of .. the organoal kal i net al
at legst oae 0&%3?%’-.&% Xhis HgmuRiRRresantespYikgmula 2 below)

propyllithiu m n-butyllithium sec-butyllithium
t-octyllithium n-decyllithium phenyllithium
2-napht hyhlithium 2-butyl phenyllithium

tyllithium 14 cycl ohexyllithium
entyllithium dinethylan noprﬁyﬁ Ithium
m nopr opyl I'i t hi um

t- butyl rlgrgsthyIsHyI oxypropyl lithium N

nmor phol i M8propyl lithium |ithi um hexanet hyl enei m de,
l'ithiumpyrrolidide, lithium piperidide, |ithium

(m?ﬁa}grgnetflgtyh Sgb{n%nlgdzb'eé@énut[?hrﬁ? :dectaa@cﬁﬁleaerr@ ﬁnm?% havmg 1106
BTN
sub sy B R B} AR SRR 8 PO % 85 45 00 togtper with
LI T 2

(S%pg?g"'a' %’ﬂé‘ Hﬁ'@@dnﬂnoﬁﬁbr"&&ﬁfiﬂﬁﬂ@' Hesfiigsedddiete to the

rab
hydrocarbon solutlon of a conjugated diene polymer having at a polymer chain

terminal a structure in which an alkali metal originating from an alkali metal
catalyst is bonded to a constituent unit based on Formula (1), thus polymerizing
the monomer at the polymer chain terminal.

Examples of the alkali metal catalyst used in (step A) include an alkali
metal, an organoalkali metal compound, a complex between an alkali metal and a
polar compound, and an oligomer having an alkali metal. Examples of the alkali
metal include lithium, sodium, potassium, rubidium, and cesium. Examples of
the organoalkali metal compound include ethyllithium, n-propyllithium, iso-
propyllithium, n-butyllithium, sec-butyllithium, #octyllithium, n-decyllithium,

phenyllithium,  2-naphthyllithium, 2-butylphenyllithium, 4-phenylbutyllithium,
14



or ganol i t hi um conpound or organosodi um conpound havi ng
2 to 20 carbons is nore preferable. The hydrocarbon
solvent used in (step A) is a solvent that does not
deactivate the alkali netal catalyst, and exanples
thereof include an aliphatic hydrocarbon, an aromatic

; d ' s hyd i £ ] b
v ARERERRR: 2 PoRORMUBIBAC ooof WReiSpatisopnin,

dieﬁf\ﬁa roB MeHAshane, n- rﬂﬁﬁ&laﬁﬁgtggg,gwg?yﬁrﬁwuithium, N-

exane, opene, 1-butene,” IS0

mdrpABcbrBEYIRtfum, Gittford- REk@RBthyleriamicR)) dithRmP yrigide, lithium
1- hexene, and 2-hexene. Specifi'c exanples of the

pipirioNtRs, | GitHWHr AptamBtyisreitRia)elithne, dodecanthylgheintde, 1.4-
and et hyl benzene, and specific exanples of the

dilighiobyieniec2,hy sodiasr baaphtitdiens cyodiopentbipreershd and  potassium
cycl ohexane. They nmay be used on their own or in a

napbthialerst.i dExarhplesoob thermompley feetwednoany alkalimmetal and a polar
hydrocarbon having 2 to 12 carbons is preferable. In .

copospdA)incladenaopetassiipriettabydrafuranj ggeplex dargteai potassium-
pol ynmeri zed to thus produce a conjugated di ene

diglhpxyethanmucomplex. angsxamples A ihRapligamel kaving agralkali metal
in%%:&gisn%%hg}fa%ﬁﬂﬁ%}y% gtg?rlaflsrg{le Fﬁ&ﬁm them, an
orgarvu R o5y AL B orhe a5 e & prfrpl. and an
or gy BB E oBiBagqhT pBrBBIRAIMAT 2 Hgpons i

' ility, 1,3-butadiene and isoprene are
m%@éﬁé@éﬁﬁgf In (step A, polynerization nay be carried

out %bng%&%%a%ﬂ WBRAERE (AN LS?@B'SJI?\Z 9V lvent that does not

pol yneri zation nay be carried o g a conbi nation

defttivats theoalkdd aheth LRA9sR EhdPeRERDIed MNEIEDF -iIndii@8Tdre aliphatic
of said other nmononer include an aromatic vinyl, a

hydidtarbon,” ah @rofficaiydiosabohaiapd serdieydid hyacedrbon. Specific
ester. Specific exanples of the aromatic vinyl

exampleglef ey alipleaticahyarobgfteiryinehele prdpayk! atueane, iso-butane, n-
vi nyl napht hal ene, di vi nyl benzene, trivinyl benzene, and

pedtane; yso-pehtdrs, enbexadps cpropenex driplitene ofsotthdene, frans-2-butene,
vinylnitrile include acrylonitrile, and specific

cissZ-bupenss lopenteseudqaniens, cdhexensand Z-hexede.csbpecific examples
i nclude nethyl acrylate, ethyl acrylate, nethyl

of the ArPliahrdrogatbdn ingludehensang, laldeneppiene.ind etylhganzene,

and specific examples of the alicyclic hydrocarbon include cyclopentane and

cyclohexane. They may be used on their own or in a combination of two or more

types. Among them, a hydrocarbon having 2 to 12 carbons is preferable.

In (step A), a monomer comprising a conjugated diene is polymerized to
thus produce a conjugated diene polymer having at a polymer terminal an alkali
metal originating from the above-mentioned alkali metal catalyst. Examples of
the conjugated diene include 1,3-butadiene, isoprene, 1,3-pentadiene, 2,3-
dimethyl-1,3-butadiene, and 1,3-hexadiene, and they may be used on their own or

in a combination of two or more types. Among them, from the viewpoint of ready
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t he vi ewpoint of ready availability, an aromatic vinyl
is preferable, and styrene is nore preferable. The
pol ynmeri zation in (step A) may be carried out in the
presence of an agent for regulating the vinyl bond
content of the conjugated diene unit, an agent for

G i A

t .
ggﬂjshﬁgg#s' AY Bolyriisfiolingy BIHiEd Bl BEin 8 ddMugated diene
on ft§%ﬂ/ﬁtc9*; Err%oun (f‘éﬂoﬁx 86 @fmigdchut aspg! & té]ﬁbi#éﬁon of the

an et her a terfiary amne, and a phosphine

coﬁ}@@ﬁ@éﬂ“dﬂene’sﬂﬂi‘d faretiferaMdrmed  tHxarnpleer of waid Wiber monomer
i'nclude cyclic ethers such as tetrahydrofuran,

indlgde ahystoamticarinylaadvidylditdepandein ahsathedted carboetlibeacid ester.
such as diethyl ether and dibutyl ether; aliphatic

Spdicifichen@nipled of thehydrematigl yinyl ilichaekeh dtyreseh ea; methylstyrene,
et hyl ene glycol diethyl ether, ethylene gI col di butyl
virgitbluenedi et vipyloaphtiiajens, ddinybenzene; , alivinylbenzene,  and
di et hyl ene gl ycol dibutyl ether; and arorratl c ethe
dI\@nwdnalafsthalﬁr\@her%pet:étqﬁ@xaranl@samtb@lvmyl@ksé%ﬂﬂql%d%ﬁ&mb%ﬁ"e and
spgézlfttﬁ I,qq%gb]epa% %Q/ qam%?géa?%rgg%oxy uI: Sf:ilayelzster ihelude methyl acrylate,

oty Y Bty TSl Tidiay Ao Aad oL TaRGTIRie: | 4gaeng fhem. from

thqe ?%qﬁéﬁ g{]éagﬁ %\éa; ﬁﬁtg@fﬂ%ﬁ%ﬁtﬁvwgpfsaﬁge‘?erable and styrene is
m%&? @%ﬁégﬁ%@hosphl ne. They may be used on their own or

I'hation of two or nore types. 16 The

pol y [

oss THEFOURAZBR I LB MeRoe Baftled But B g fréfghoe of on
agbﬁ?fnrtrﬁ gtﬁétwﬁwtbdﬁ’@lr&)ﬁtéﬂrbﬂ@l@ corﬁu@at&étdléﬁé @nit, an agent

pref era t less than 50C but not ndre than

forl h@gulaﬁh%nm@ dasthilgution n® the uénmbbtem@iedeqmlyrhen drﬁam of the
m nutes but not nore than 5 hours. Wth regard to the

cof|ugateh dizmeponit dnd ep cesstittent it basediba 4 hMdnomeredthen than the
(step B), X4, X5, and X6 of Fornula (I111)

connrgamhdmﬁl medmftﬁregenglad;apaﬂecﬂ)iregelatwd) éig. Femamples of such
(I'1), a hydrocarbyl gro or a substituted

agentiy inchudsyan @trmrmorwcwmf a lestiary amn@eoanuk@ ph@sphing crgpound.
is a group represented by Fornmula ( ? In the sjilicon

Snesifiso ax@mpips e 9E nthed qsbevmmmwr(d uny udexml!fése@fermsuch as
tetﬁ{\hm%r%qf\d ;?gagﬁlgrqggy r@&&eff Elgo?cgn thatlce)ﬁ%rﬁ%e%ers 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.
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groups are the sane as exanples of R and R2 of
Formula (I1), preferred groups, exanples of Fornula
(1), and preferred groups descri bed above for Formula
(1). Exanples of the hydrocarbyl group denoted by X4
to X6 of Formula (I111) include alkyl groups such as a

ot JPBifRiERoR 1Bt OH ip e &) BENeuy et o8 than 25°C

ol ol 11, o O BRSSP v s
ancgﬁ)%!'%o?éﬁgte aﬁg?ﬁ{#@%"fﬁkw Isp8coBat it MbPOXMARtEIC. The

oup, a oxy group, and an et hoxyet hyl

pol@heHRatidEmayid Leaanphbt @68 tan $0 PhiabRIsailthot merektiibn 5 hours.
group, and the substituted hydrocarbyl group is

pr efwithlregaahtatheosiiedrk congioand . represemyett by didrprula (byused in
and substituted hydrocarbyl group denoted by X4 to X6
(ste B),p¢e D€ ahtl WCaftimtmudan (IHY indgpendentiy denote a graup represented
carbons or a substituted hydrocarbyl group having 1
by Formutzaihpashydrodarhyk gneum qrr@fsybamuyecg hyreeaoarbyj rgrogp, and at
or an et{1y| group. . Wth regard to the silicon conpound
leastegneebXt.oF . BndreTima groupirepreseated by Sepwula(ln whi ch
one of X4 to X6 is an acyclic amn roup, r.epresented. _;
by Irdhsilicom sompernd Wprﬁﬁ%’ﬂtQbeYa?%%%\mﬁy(H[)o@é? es of R" and

R? gqrf? %&n&gleg{l 1u F@étjgh%tﬁggmh %Lg)ﬁcar b. ﬁlegiqq;lg(gl?m@geflﬁ, “Ha l;?)‘iaeferred

arobfh ke sPiTS aF BB £y R By &bk E oAl (i Breferrsd grous,

oREE EHAE A AR N P 0 et .
(di eélf%rjpr?@sné’f) m?ﬁiﬁ#ﬁ{% :g,l?dgllﬁg'ﬂ%nofe?f BY!x*to X® of Formuta (ill)

propyl: no) di e . . . . .
incﬁﬁbrﬁiﬂg ﬁ%%%h&%@@ﬂbw b}/duﬁé%w &hiBgreup( 8h Apropyl group, an

propy I met hyl vi nyl’si’| ane,

isopRIpyb QRbapY aANhIUtd GRSUDY | & sud-butyReour,nahdt 3 fert-butyl group.

propylam no) di net hyl vi nyl si | ane,
Furtitérnforey exbaiples ofl ithe tdupktiiuted dydeouarbyl group inciude alkoxyalkyl

(di met hyl am no) di et hyl vi nyl si | ane,
grolips hsucineasal methoxydiethylygroupy Beidthoxymethyl group, a methoxyethyl
(di et hyl am no) di et hyl vi nyl si | ane, .
grougt lapd- an wthexyeiiny rarpupet Tpehysyocarbyhgroup is preferably an alkyl
(et hyl i sopropyl am no)di et hyl vi nyl si | ane,
grougi and ghe sybsiitutesh pﬁ@ﬂby?/ggqupi is preferably an alkoxyalkyl group.
(diisopropyl am no) di et hy| vi nyl si | ane 4
(n- LG IyRTqsasayl GiRHRAMA Eubgitited Ridrogaty! ggpup denoted by X
to X® are preferably a hydrocarbyl group having 1 to 4 carbons or a substituted
hydrocarbyl group having 1 to 4 carbons, and are more preferably a methyl group
or an ethyl group.

With regard to the silicon compound represented by Formula (lll), as a
compound in which one of X* to X° is an acyclic amino group represented by
Formula (ll) and two thereof are a hydrocarbyl group or a substituted hydrocarbyl
group there can be cited a (dialkylamino)dialkylvinylsilane, a

{di(trialkylsilylYamino}dialkylvinylsilane, and a
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n- but yl am no) di et hyl vi nyl si | ane,

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

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

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

(méﬁ@'&%hﬁj&ﬁ%ﬁﬁ% \V,WQM}{&DV' vinyl'silane, (di-n-

yl'a i nyl'si | ane,
(di | EORARRE aM (HYEhPT OPRENRY ! S'ﬂ( dinitieddimetnylvinylsilane,
propy?gm no) di propy 18I nyii%}q ane yE)uty rr|| no) y Y

(ethﬂh%bi%l&hﬂﬁé)%l‘imbﬁ%m){lsnane (dlethylamlno)dlmethyIV|nyIS|Iane (ethyl-n-
yl amno) di but yl vi nyl si | ane,

prdpfAdingBdimetayi Dsﬂabelt Yethyiigbpiopglzenino)dimethylvinylsilane, (di-n-

i et hyl am no d utyl vi nyl si |l ane,

prapstdmiinodimathyliimylsilanel) mlsmbmpq;dmnbﬂmethylvmyisnane (n-butyl-n-
(et hyli sopropyl ami no)di butyl vi nyl sil ane,

prdmjiaminadimethytivinglsilabes y1 vi nyl si (dirrebutylamino)dimethylvinylsilane,
(di i sopropyl am no)di butyl vinyl sil ane,

(dlmetmsdammo)dtatmﬂymmlar@ di eut yl vi tathymethyaming)diethylvinylsilane,
ut yl am _no) di_ butyl vi nyl si | ane
(dlﬁhwtaml.nmlﬁshyy-mwf a5 no} di et K§ihYI-Ayrepylaminoldiptpylyinylsilane,
th [ d t hyl | sil
etFula aRpiefhy iy dhee. gte hymLg'}rypgf?bﬂ%@'ﬁ?)&fﬁtwvmvlsﬂar‘e
bUt d' m&ﬁf&%@w&ﬁﬁ noy g %h?éﬁ)gﬁgwgoﬁdiethylvmyls|Iane (di-

t&ﬂylﬁﬁ{ ﬁé dic#hﬂl g ysiﬁ?hgg;ﬁ:: Ezl x: 25:(@ H an@?mlno )dipropylvinylsilane,
(etéglﬁ%?hgl}éam n@dﬁpﬁ&%ﬁh@ Aﬁiewléﬂnf Siipro%ylvin?{lgilane, (ethyl-n-

prd@{l%%)gﬁ%hﬂh%ﬂmy h%l?‘;bﬂbﬂp’?ldrﬁm@)dtpropglvmylsuane (di-n-

et hyl ) di et hoxynet hyl vi nyl'si 1 ane

prdﬂlla%md) W\ﬂh kma@ye% bmdp)ylaihlhéﬁtﬁproﬁlmyﬂgmn(d? butyl-n-

i'n which vvoof 4toX are acyclic am no groups

pro@idraiR)diptofviigsiane (11) and qdpntthaylenfino)digropylvinylsilane,
hydr ocar byl group or a substituted hydrocarbyl group

(ditethglardmo )dibutylviegisdane, (ethylmethylamino)dibutylvinylsilane,
bi s(di al kyl am no) al kyl vi nyl si |l ane, a

(dibthejatnipoddibLityisylsilanean no} al k;(ethyhmmbpﬂamlng)%btaylwnylsﬂane
bi s(d ial kyl am no) al koxyal kyl vi nyl si | an

(ethpiksopsepylagineddimityyviayisbang] ani ndﬂhﬁtﬂf?PV’ﬁﬁW‘gﬁi'WV'W'S"ane

(dl%%%@%é&%ﬁ&%%ﬁ@ ﬁ(ﬁﬁtﬁaﬁgr&ﬁﬁw@)ﬁgnutvlvw@ﬁane (di-

n—IﬁYtylammo (ﬂ)&tylvmh slll\élnenyid|(?r|meﬁ1y?snyl amino}dimethylvinylsilane, {di(t-
butyldimethylsilyl)amino}dimethylvinylsilane,
{di(trimethylsilyl)Jamino}diethylvinylsilane, {di(t-
butyldimethylsilyl)Jamino}diethylvinylsilane,
(dimethylamino)dimethoxymethylvinylsilane,
(dimethylamino)dimethoxyethylvinylsilane,
(dimethylamino)diethoxymethylvinylsilane,
(dimethylamino)diethoxyethylvinylsilane,

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

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

bi s(dii sopropyl am no) net hyl vi nyl si |l ane, bi s(n-butyl-n-
propyl am no) net hyl vi nyl si | ane,

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

(digﬁ.hg(fagb ﬁ‘é?ﬂé‘ﬁ@%ﬁ%}lﬁw}é{dﬁgﬁéﬁ i 41@Iﬂﬁrzla%rgino)diethoxymethyivinylsilane,
[ ' ' j il ane,
angl(é%ﬁyﬁé@’r{r@@? %%er]\)oﬁ;]@ﬂ@éw nyl sil ane,
bi s( ahy! b&BHARY | ATWARHE k! ¥f W & Xnare acyclic amino groups
bi s(di - n-propyl am no) et hyl vi nyl si | ane,
represéfteds o FRYMaE R) e4ny | oetherdofinis, a hydrocarbyl group or a
bi s(n-butyl - n- propyl am no) et hyl vi nyl si | ane,
substitGtid- n- bh?/dimirmm) et hyroupny| sthessme, can be cited a
bi s(di met hyl am no) propyl vi nyl si | ane,
bisijdiallytaminodalkylvinylsilaney ayis{diftyalkylsiyiamino}alkylvinylsilane, and a
bi sﬁg’il et hyl am no) pr opyl vi nyl si | ane,
bis{dialkytanpinojallsexyajkdvinyislianepy| vi nyl si | ane,
bi s(et hyl i sopropyl ami no) propyl vi nyl si | ane, . ,
bi s( Exampiespy! &ﬁ@ﬁf) pr opSIUGE ny | bis(dimethylamino)methylvinylsilane,

b:{é@&ﬁhéﬁ%@&ﬁ%&ﬁ)ﬁl%ﬁyﬁ'e”y' S i sthlamino) Sty vihyisilane,
oiste @y hrRpRYPTIBIRO Y PSS! | 2ne.

bi%%@%@#@hgﬁtgwh@%%}wﬁ&%%bag:fqée(%lf’}ﬂ%ropylamino)methylvinyisilane,
SRR 1o e e
prﬁ@{@fq@gﬁmbg% utyl vi nyl gjid@ng-butylamino)methylvinylsilane,

m no)’but yl vi nyl si ['ane,
bididethPlainiho JetifiARYIsAaha10) but yI wigigihgirhethylamino)ethylvinylsilane,
bi s(di - n-but’yl @am no) but yl vi nyl si | ane,
bigtdigtielldtirioyethiyimyisildnean no} mesisieltiwlmypropyamino)diBylvinylsilane,
bi s{di (t-butyldinethylsilyl)am no}nethyl vinylsilane,
bidiethytisdpropplaniind JethylVingisilang et hybis{diyvi-gidpatamino)ethylvinylsilane,
bi s{di (t- butyldinethylsilyl)am no}ethylvinylsilane,
bis¢didoiropylairolethy)vieylsitanaret bis(o-butylgi-peapylamino)ethylvinylsilane,
_bi s(di met hyl am no) met hoxyet hyl vi nyl si | ane, . .
bistlist-diutdaminciathyblirylsitaneset hyl vi ris(gimatiwiamino)propylvinylsilane,
bi s(di met hyl am no) et hoxyet hyl vi nyl sj | ane

bisfethyimethwlanainrirpRdviyieiagehy | vi nyPis(digiylamino)propylvinyisilane,
. bi i et hyl am no) net hoxyet hyl vi nyl si | ane,
b'sgﬁé'é’gf’é?rﬁ Vlém'ﬂﬂg’é‘?mgwi)ﬁ‘éﬁﬂ{ﬁrvi nyl)/si | ane, and

bis(ethylisopropylamino)propylvinylsilane, bis(di-n-propylamino)propylvinylsilane,

bis(diisopropylamino)propylvinylsilane, bis(n-butyl-n-
propylamino)propylvinylsilane, bis(di-n-butylamino)propylvinylsilane,
bis(dimethylamino)butylvinylsilane, bis(ethylmethylamino)butylvinylsilane,
bis(diethylamino)butylvinylsilane, bis(ethyl-n-propylamino)butylvinylsilane,
bis(ethylisopropylamino)butylvinyisilane, bis(di-n-propylamino)butylvinylsilane,

bis(diisopropylamino)butylvinylsilane, bis(n-butyl-n-propylamino)butylvinylsilane,

bis(di-n-butylamino)butylvinylsilane,  bis{di(trimethylsilyl)amino}methylvinylsilane,
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bi s(di et hyl am no) et hoxyet hyl vi nyl si |l ane. As a conpound
in which three of X4 to X6 are acyclic am no groups
represented by Fornula (Il1) there can be cited a
tri(dial kyl am no)vinylsilane, etc. Exanples thereof

i nclude tri (di nethyl am no) vi nyl sil ane,

. o N . o
bis B e B oA Rt inGfane.

N ' » ! n ane’ 0 . L
i T UL L i
bulyldifrftihyliB) RRYihaTEtRAYIryIRWARe | ane. Wth regard to the

silicon conpound repreSented by Forrmula (I11),
bi@mmﬁggmﬁomanm@mwmmim, at | east one of X4 to

X6 is a cyclic amno group represented by Formul a
bis{dimethylamine)rethoxpatpleinytsitanet hyl vi nyl si | ane,

bi s( pi peri di no) et hyl vi nyl si | ane,
bisiidis{ethWadiihg)ethoxyimethvvinylsilaney| vi nyl si | ane, and

_bi s(hexanet hyl enei mi no) et hyl vi nyl sil ane. At | east one
bis¢dimethylaminejethoxyethylviaylgilane, (111) is a group

represented b Forrmula (I11). It is preferable that at

bis(digthvlarnogmeipxyrasthyinyledaee a group represented
.t is nore preferable that two of

by Formula (11), and it i,

bis ',etr}!(ga,mﬁ\%wo"aﬁg‘yéw@ylﬁi@‘er’epresent ed by Fornul a

(). The silicon conmpound represented by Fornmul a

bis( ity R RS RMSTage. " o0G 6 ar s & or oup and
. E N Is preferably a silicon

b'siﬁ%yﬁﬂh%ﬂeﬁéﬁy%i)@hﬂ’{%hgf X4, X5, and X6 are an
acychkc ' i [ i yad ; :
ccontay® aoTBodiE Y which Hely of RTRGRL 8 ¢fRtic amino groups

. - . ng) oviesi L _

reRtb SR I TSN ter L be et RO TR nysilane, etc
bi s( Bikatiptdam no)tABebf! Vi nylflddene. Dbitsi{dimethylamino)vinylsilane,
propyl am no) net hyl vi nyl si | ane, or

tri(bihy(rdethytdminphanyisitarest hyl vi nyl si | ane. f{disthylamino)vinylsilane,
fromthe viewpoint of ready availability of the

tri(ethyiprapgamine v {rddsiang| am no) tetdipropylamiso vinwsilane, and
_bi s(di-n-butyl am no) met hyl vinylsilane is preferable.

trilputy{propyam)ino)vinylsidoet i on of the silicon compound

represented by Formula (I11) is usually carried out
qui cWith iregardsttat dhe nsiligan: reamioundirrepeesssvied obyit Femmula (I1l),

i s
examples of a compound in which at least one of X* to X% is a cyclic amino group

represented by Formula (I} include bis(morpholino)methylvinylsilane,
bis(piperidino)methylvinylsilane, bis(4,5-dihydroimidazolyl)methylvinylsilane, and
bis(hexamethyleneimino)methylvinylsilane.

At least one of X*, X°, and X® of Formula (lll) is a group represented by
Formula (Il). It is preferable that at least two of X* X5, and X°® are a group
represented by Formula (l1), and it is more preferable that two of X*, X®, and X°
are a group represented by Formula (I1}.

The silicon compound represented by Formula (111} in which two of X*, X°,

and X¢ are a group represented by Formula (l1) is preferably a silicon compound in
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stirred. Fromthe viewpoint of fuel econony, the

anount of silicon conpound represented by Fornula

(I'1'l) added is preferably not |less than 0.5 nol per

nol of alkali netal originating froman al kali netal

catal yst, and nore preferably not less than 0.7 nol.

. eys f b ' j ;
HRHERTR 44 B AR e g or o

ecBﬁém?tep Qﬁﬁi(St?g ges saﬂﬂﬂ mor &t pr efier ablpinRot EPéf@rably a

I con conpound represent ed

bldfeié é%nhb?élkylvﬁbglﬁﬁng' Ssol vgfyj i N a yegOl Venino?é'Ch aSRreferably

tet rahydrofuran hexane that does not deactivate t

bisitisdthylafihe) m@th?lﬂrinmﬂanénCbl@(di&ﬁylaﬁnﬂo)ﬁféthywmléilanéhEbls(dl -n-

hydr ocar bon sol uti on. From the vi ewpoi nt of snooth

propytamirsmethyiviayisttass, on bid(di-hdutylaminsimethylpioytsilane.  Among
represented by Fornula (111), the conjugated diene
them| yrfeom cthecendewpdioh iof hyetrdyc amvaitalsiityut obn thef ocempound,
addi ng the silicon conpound |§ (cgreferably not nore
14

bl&(d@ith aynelkylgnyisilanel rar ebigtdifrebatylamingimatindvinyisifane is
20 % by weight. Furthernore, fromthe viewpoint of

PrefecaRletivity, it is preferably not less than 5 % by
1 S ) Bl S5l i s o
0"5’4%@3@% { carisp ot ALK & teEpa D DeciipRRRR Soluton is

stifk enhanci ng fuel econony and snooth progress of the
Fggction of the silicon conpound, it is preferably

PSL] ng‘;@’ H&?@hegn?%& g?éalgﬁ%ﬁt;rﬁﬁamé’ a'?ﬁﬁuﬂt?@is sﬁiB@H &fnpound

| €ss t han

re;'fr‘é% MForrfnthKﬂmﬁﬁdéﬂ jé"'g%fBFabW nBE ¥ Manid. 5'rﬁol per mol of

pre er and nore preferably

allé‘ﬁ%éfﬁr‘d?@ﬁaﬁtﬁ"@ frtheari aIKaR mbtal eatd O|yslt hﬁ&hﬁﬁr@q&é’m&bly not less

sol ution when the silicon conpound is ad

that$ 0 bl NoFuHRemMbIRA fromd ¢hé wiewsdintrof eccbrimny Jcﬂ@ﬁg production, it
is preferable to stir the hydrocarbon solution after

is preferdbly aothmererthand .5 neglrpesestép of iistepd )nand rhbre préferably not

added. The stirring speed is usually not |ess than
mdrethaprh.2 thad. t enperature is usually not |ess than 35C,

and the tinme is usually not nore than 1 sec but not

mor e Thesgiligmn aompousd represented by Formula (lll) may be dissolved in a
solvent such as tetrahydrofuran or hexane that does not deactivate the alkali
metal catalyst, and added as a solution to the hydrocarbon solution.

From the viewpoint of smooth progress of the reaction of the silicon
compound represented by Formula (lll), the conjugated diene polymer
concentration in hydrocarbon solution before adding the silicon compound is
preferably not more than 30 % by weight, and more preferably not more than 20
% by weight. Furthermore, from the viewpoint of productivity, it is preferably not
less than 5 % by weight, and more preferably not less than 10 % by weight.

With regard to the stirring speed for the hydrocarbon solution when adding

the silicon compound represented by Formula (lll), from the viewpoint of
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In (step C), a nononmer conprising a conjugated di ene
is added to the hydrocarbon solution of the
conj ugat ed di ene pol yner having at the polyner chain
term nal the structure in which an al kali netal
originating froman alkali netal catalyst is bonded
- - o] e | 0y
enbg?QEEBﬁf,g %OHF% @?ﬁi%ﬁ%@@%’?@% 8!'}6%5 aﬁ:ﬂlﬁﬁ gf itRe silicon

oiHB! it%‘%'ré\‘e?éﬂl%ﬁﬂe&sﬁﬁﬁmﬁtﬁ rRf mohe fré’l@l‘h\bl foktbss than 50

I'ene inc but adi ene, 1 sopr ene 3- pent adi ene,

rprfu S Bt Mibre bréi‘eF&BlﬁCHcﬁnl%ssa!h@nlw fwadFanBerrade, from the

hey may be used on their own or in a comnbination of

vieiWpibittr of BuoRiohng éiSis pfémlg imetmdre ahan HO0\pmymidord preferably
r eady avallablllty, 1, 3- but adi ene and i soprene are

20prrphreonliéss. IThe( tenaperdlurepofl th&ernydmtarbnmm}uﬂlm*n wdneni the silicon
out using the conjugated diene on its own

copwyioyndris addedris nayalhyenatdess tlftarb&ﬁ°01buh@0tarnomﬂblarﬁa10%ﬁi
of the conjugated di ene and anot her nononer. anpl e
of séiia prefesabledacstiethe ihydracasbom salubﬁataf@r\thﬁﬁlhcoa Compound
vinylnitrile, and an unsaturated car boxgl i ¢ ac

represgnted tspE@rmuL@ @mmddedst Theestisrngrapped s ngly not less than
1001TRyT. e feriapEire ‘aupualy BetlssRdnan Spingte e fine is syally not
map a1 d Bt ore BEBAURITIRTE. “and speci fic

. faigtﬁﬁt ﬁglrg dﬂﬁ@%& %ﬁﬂ*rﬁﬁgbgx%ér}ﬁgﬂﬁhddl?ﬁé% added to the
hyggfc%?ﬁ %Bbﬁopyﬁgﬁgﬁhg%&é'pﬁ rﬁneﬁ%ﬂﬂ 8I2'mer chain

styren
term.ﬁélefrfé) Lst?ructﬂas iROWHIER' & admém rﬁeetapahgmahﬁgl fﬂorhshﬁ pal@éll metal
usual I'y not |ess than but not “nore"than 10

ca@Wbtn& @‘oﬂﬂéalm tAetFdrifuta Ui}msaa@ohutltmt uﬁnf;ﬂoﬂh@éﬁ in (step B),
The polynerization tine is usually not |ess than

thdé)pmymér&mg)me Awinomigreat theapolpmiae whain 18reTingdr o@xamples of the
a conjugated diene polyner, (step B) and (step C may

cohjigatan) idiere inglude dl3-butadiere, nesprane| dpirpastadiene, 2,3- dlmethyl-
content of the constituent unit represented by

1,3 butadiend,| and d,3-hexadieoe, andnthey mpay b lugedror Hilaelh OWmor in a
the production process of the present invention,

coghipatiarny of gent omeIpre yPasid efiMangt mnmm%bﬂ?miewpomt of ready

sol ution of the conjugated di ene ? \t/)mar as
availability, 1,3-butadiene and isoprene are pretera

In (step C), polymerization may be carried out using the conjugated diene
on its own or polymerization may be carried out using a combination of the
conjugated diene and another monomer. Examples of said other monomer
include an aromatic vinyl, a vinylnitrile, and an unsaturated carboxylic acid ester.
Specific examples of the aromatic vinyl | include styrene, o-methylstyrene,
vinyltoluene, vinylnaphthalene, divinylbenzene, trivinylbenzene, and
divinylnaphthalene. Specific examples of the vinylnitrile include acrylonitrile, and
specific examples of the unsaturated carboxylic acid ester include methyl acrylate,

ethyl acrylate, methyl methacrylate, and ethyl methacrylate. Among them, an
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necessary frominitiation of polynerization of nononer
by an al kali netal catalyst to term nation of

pol ymeri zati on. Exanpl es of the coupling agent include
a conpound represented by Forrmula (I1V) bel ow
R3aM.4.a (1V) (In the formula, R3 denotes an al kyl

argpgtigvindl s Rrefitibiel il RorBus ¥ e SiRaEr T o 1 "
ar oo fe2aton, WthQeERy S ANCKp &) UsaaR ABL RS, than 35°C
buﬂbgf'ﬁtﬁér‘é t@%ﬁhﬁ%&?tcg e%?ﬁi PefBrdbly QW& tHHPH0°E budHdtmare than

rogen romatic ring Is renoved from an

808¢C OMThiGdWAEALAdP ime BNUale Ndy Egacivaay1 @xyingtedUsut not more
denot es 'a nonoval ent group in which a hydrocar byl

tha 9Weurs bonded to oxy (-0-). R3 is preferably an
al kyl group, al kenyl group, cycloal kenyl group, or
ar onk¥hen praducitighai canjugateduatiene palyrniér, ¢stepdd andustep C) may
preferably an al kyl group, alkenyl group, or ) )
becpraviddd anpluralitp g times ras long as ther contenbof dhe constituent unit
aromati c group having 6 to 10 carbons, yet nore
represeatedhyFarmulaii)lis grunibomd unitg per pelygrerfhedhs, and
particularly preferably a nmethyl group or an et h){,l
gr oup the peoduiclion prergssoh ey peasent yveption, a coupling agent may

benBPSiir r ghg ohydaCathodg 568t than canikBRied iy Folymer as

nel B ket oE BRIl of ShorF: AL AR e catast

o JPGigkiEof uin Bl RS, 3 b oy pagmtipluce

cob PPy ibrd<Prfitd By ELFREH (Uf B8l 2" oupl fng agent
reprg@w%ggg?j Forrmula (IV) include silicon

tetrac met hyl tri chl orosi | ane,

(InthBEbMILGIL R denetdd an alkyl Ede”ﬁ?tafWéIR@h)Qfg?@uiub,aéleyclbialkenyl group,

tetrachl oride, nethyltrichlorotin,

or dirreirdrbtic rekiduel iM, deriotésral Biicohl atoot on,a tin atom, L denotes a
tetranet hoxysi | ane, nethyl tri nmet hoxysil ane,

hattigest dtorydi abiytydcairbydaey grotshantrd demates sin integer of 0 0 2.)
et hyl tri nmet hoxysi | ane,

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

R? is preferably an alkyl group, alkenyl group, cycloalkenyl group, or
aromatic group having not more than 20 carbons, more preferably an alkyl group,
alkenyl group, or cycloalkeny! group having 1 to 6 carbons or an aromatic group
having 6 to 10 carbons, yet more preferably an alkyl group having 1 to 6 carbons,
and particularly preferably a methyl group or an ethyl group.

L is preferably a halogen atom or a hydrocarbyloxy group having not more

than 20 carbons, more preferably a halogen atom or an alkoxy group having 1 to 6
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di met hoxydi et hyl si | ane, di et hoxydi net hyl si | ane,
tetraet hoxysilane, ethyltriethoxysilane, and

di et hoxydi et hyl sil ane. From the vi ewpoi nt of
processability of the conjugated di ene polyner, the
anmount of coupling agent added is preferably not |ess

I eE‘th f iAk! EH(Q{P(' @biu or an ethox
ca#rom’ grqg; a ?r%%rteg}hggt%@isc{ﬂ%aaégﬂﬁ?rrg%pre € abpg not y
gr& s than 0.05 nol. Furthernore, fromthe viewpoint

of fuel econony, it is preferably not nore than 0.4

ol , yeReh TRER afeefaerésxyrtsftR?@raﬁdt hentHy Blurality dihR3s and the
conj ugat ed di ene pol ynmer  may be recovered fromthe

plUrality st d each seay biedidlenficdl fte oradiffegit étbmilieach gthey,nand are not
by & known recovery nethod such as, for exanple, (1)

pagtioutarhoimited whi ch a coagul ant is added to the
hydr ocarbon solution of the conjugated di ene pol ynmer
or (Exampies mfdthen calipling sigeatn lepreaeméed by Fomeula (IV) include
_hydrocarbon sol ution of the conjugated dieng pol 3‘m=_\|(1 )
siliths conjtetyackleridei ene msithylsichigrasianss over cimplipyldighlorosilane,
nown dryer such as a ba

BRI TosEeg0r i latrashitIe,  rethiE ahigoiss Sispethyidichiorotin,
R, oL SIS BT 1 e B Ghoian.
AR At or orfaP UG8 02" o A dimethpxysiare.
BBl SHPAEANA o | etigcs.
et%ﬁfyem?)@%pglﬁ,gér{ob&i@tﬂcﬁ&ﬁreth Bifrfeonj ugat ed di ene

préesent “invention may be used in a

conj ygaiethedliSRBoM®lof PREcEEIBBIMNE) &f Bie EohjGgaRENdiege polymer, the

anot her pol yner conponent, an "additive, etc.

anbG\HtedR dduplifyaagert saddfedsiei sreférably Ret 18 than OB endl per mol of
i ncl ude conventional styrene- butadi ene copol yner

alkalohetal driginvdtiigalioenen alkalianetab ehtalystnand sogrecpreferably not less
copol ymer  rubber, and butyl rubber. Exanples further

tham ©L06l enolat Fuethermdies frona the vieypaint- offuepgtememy, it is preferably

copol ynmer, and an et hyl ene-oct ene copol yner. These
nab ohgreghan odrpunleand mug poeferakdyl noh more dn@n At Meh of

two or nore types. |In the case where another polﬁ/m?‘r

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

Furthermore, in the process for producing a conjugated diene polymer of

the present invention, a treatment in which a group, represented by Formula (1),
of a polymer is replaced by a hydroxy group by hydrolysis, etc. may be carried

out. This treatment may be carried out in a state in which the polymer is on its
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conj ugat ed di ene polyner of the present invention,
fromthe viewoint of fuel econony, the anount of
conj ugat ed di ene polyner of the present invention
conbi ned, with the total anmount of polynmer conponents
conbi ned (including the anmount of conjugated diene

. i 0 : ight, 1
om@?%r%’%ﬁrig%éﬁﬁ%g@%}%gha?gé%grrl%ﬂ l\gy?/ér\?vel ghlt S and nore
pr ef %éhidhjlﬁtzéteh fiénd PBYmEt of B! FreB¥ntRVERtion Mayt BE used in a

addi tive, a known additi've may be used, and exanpl es

coh}ﬂrgb&m‘ diehBqioiifep cumipesaitibai bydcaaBifing andthes pslynier coraponent,
vu

cani zati on ‘accel erator such as a thiazol e-based

anwadditive, 28¢.itherexdibel erator, a t hi uram based

vul cani zati on accelerator, a sulfenam de-based

vul c Examples of saidedtheapolymerrcompprentdnciede soasentional styrene-

vul cani zation accel erator; a vul cani zation activator
butadiénensopolyeneir cublerd polybutatienebder, butadieg@riseprene copolymer

peroxide; a filler such as silica, carbon bl ack,
rukhgre aneh idylbmibdes, Examplesaiugihenincledeypatiypl fibian an ethylene-

hydr oxi de, or mca; a sil r\e coupl i

By

prI g%'_ﬂﬁie?oli‘ﬁwme& l[ﬁngcé’fbiﬁlf 5-”??°°§?P*‘33‘f9ad ;%gﬁ?n?}ﬁfea polymer
ootk B b bl bl iR fied

ohi o7 b, R St et e S LoBpRUR it the
cobSpER] o BENREH of Ik g rierii MRS vibypERt of el

ectﬁﬂéﬁﬁgghgrﬁﬁ\o%t t&feooﬁjﬁgﬁfégggfbpﬁ . ¢ Bf NPk bRSsent invention

an ut' not nore t _ The BET specific
cofiiHinéf, Swilth 8% tGtaMBRDMNE Bf bBIyﬂféi%cﬁﬁﬁ@ﬁerYebtdbnﬂﬁﬁgﬂj ngincluding the

D1993-03. Asa commercial product, trade nanes
amSantER ceRfligated Sdlen@npdlgmierr esmbnedpsad 190 ipzats by weight, is
Cor poration, trade names Zeosil 1115MP and 11 65MP
preferablpciot lesd thanRbgars byeweightyeandomons pdefeEatalypiot sessf than 20
t he carbon bl ack include furnace bl ack, acetyl ene
pabisdnkweighher mal bl ack, channel bl ack, and graphite.
Wth regard to the carbon bl ack, channel carbon bl ack

such Asstreradditive, acknawn additive: vayabeouses], .and exampigs thereof
. SAF, | SAF, HAF, MAF, FEF, SRF, GPF, APF, FF, CF, SCF,
incydearvulcanizing agenirash as adifurs acwileaniratio) aggelegatgr such as a

acetyl ene carbon_ bl ack can be cited aﬁf s
thiazole-based vulcanization accelerator, a iuram-based vulcanization
accelerator, a sulfenamide-based vulcanization accelerator, or a guanidine-based
vulcanization accelerator; a vulcanization activator such as stearic acid or zinc
oxide; an organic peroxide; a filler such as silica, carbon black, calcium carbonate,
talc, alumina, clay, aluminum hydroxide, or mica; a silane coupling agent;, an
extender oil; a processing aid; an antioxidant; and a lubricant.

Examples of the silica include 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
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exanpl es. One type thereof nay be used or two or nore
types thereof nmay be wused in conbination. The
nitrogen adsorption specific surface area (N2SA) of
the carbon black is usually not less than 5 but not
nore than 200 n2/g, and the di butyl phthalate (DBP)

srliﬁgsigrd%'a n%i %%L ﬁ‘l%@ %E_ry ?Bgrﬁb?#%aﬁ yis (i) r’rrzﬁfs THABET specific

but " not he nitroge

sufdeeaRb %“m%@gﬂrécd 4 édbbfr@éiﬁ‘,ea\FvEﬁ ASTMEMIORI3] NAs a commercial
accordance wi th ASTM D4820-93, and the DBP absorption

produdiERadE efhres VNG, AQAIERE and IRSAFHY Raddfacliied dosch Silica
commer ci al product, trade names SEAST 6, SEAST 7HM

CorporatibASTratdel iemnes Zebuil dd 16M A akdi 1165MP maisufactured by Rhodia,
trade nanmes CK 3 and Speci al Bl ack 4A manufactured by

etegagba,usedc. , etc. may be used. Exanples of the
si |l ane coupllng agent include vinyltrichlorosilane,
vi ny BExamglésofstheanarbon black inclu e furnace black, acetylene black,

vinyl tris(p-nmethoxyet hoxy)sil ane,
thesmal yllaek,oslannel klagk.: an ragﬁr}@,, |W,4, regard to the carbon black,

chﬁg%ﬂgéalprg%@é&géb% I,a@ﬁ%?%@#{)?gﬁgg furnace carbon black such as

AR BT RE! AL HE 2T ARPIGRY! RERTEOke ey £k tharmal

ca@#ﬂorﬂﬁg%qlk' %Qﬁmhgﬁﬁﬁhgy M‘Iirlgrﬁcya%)éi/ﬁérlnea%%rbgn black can be cited as
ex ¥n$‘?és°ap(5|‘? t?r?é( #Iﬁ}éﬁeﬂ?@ﬂé sB8%r thio 8Pmore types thereof may be

am nopr opy OXYS|

usgaq,( 30 [({?, xysilyl)propyl) tetrasul fide, 7-
trimet xyS| yl propyl di et hyl t hi ocar bany|

tetr ghel ditrdgen Horption’ s,s&!.ﬁtoéuﬁaée/ h%@m&@@mﬂr@ &drbon black

en
tetrasulfldg One type thereof may be used or two or

is UBLAMY MEERssABAE bifyiob endteaflah RO Ig)adridothe dibutyl phthalate
commercial product, trade nanes Si 69 and Si 75

(DB®) lafbaotptroendofa;arﬁellbm, islustally ebt lessetiiahé butsrat. more than 300
Exanpl es of the extender oil include an aromatic

minilGégal Thé mtrageusati)sorrgmwmwcrfm:nssu.mface(we}l ds measured in
val ue) not less than 0.900 but not nore than 1.049), a

acpesianse nwithnASIM D6820193 ard thal DBFh@bspaion fignmeasured in

0. 850 but not nore_than 899) and a par affinic
acﬁmiﬁianse with ASTH cDZQM@@ no’f\slés@mﬁ&ﬁc@ Psodygh trade names

SERSF ¢ M¥AST 7HM, and SEAST KH manufactured by Tokai Carbon Co., Ltd.,
trade names CK 3 and Special Black 4A manufactured by Degussa, Inc., etc. may
be used.

Examples of the silane coupling agent include vinyltrichlorosilane,
vinyltriethoxysiiane, vinyltris(B-methoxyethoxy)silane, p-(3.4-
epoxycyclohexyl)ethyltrimethoxysilane,  y-glycidoxypropylirimethoxysilane, -
methacryloxypropyltrimethoxysilane, N-(B-aminoethyl)-y-
aminopropyltrimethoxysilane, N-(p-aminoethyl)-y-
aminopropylmethyldimethoxysilane, N-phenyl-y-aminopropyltrimethoxysilane, v-

chloropropyitrimethoxysilane, y-mercaptopropyltrimethoxysilane, Y-
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0.849). The pol ycyclic aromatic content of the
extender oil is preferably less than 3 % by wei ght,
and nore preferably less than | % by weight. The

pol ycyclic aromatic content is neasured in accordance
with British Institute of Petroleum method 346/92.

aniobieBy e Rpxyalfardl O TS HERGRRIGORORI  { o letasufies, -
trirWét sulyl%@gy@gﬁ?gﬁuh@%ﬁg ext engdgrasfiflde, MYy beéyng y-

of the vul cani zation

tmﬂéﬂﬁx%lﬂllﬁﬂbpylﬁe'n%@ﬂ\lé Iﬂéﬁéﬁﬁjiﬁ@é;edOné%ﬁé‘mhé@Uf ®hay be used or

accel érators such - mer capt obenzot hi azol e,

twéi e racieh iy thél‘e@ﬂ'rﬁawﬁebe arséd in combination. As a commercial

N- cycl ohexyl - 2- benzot hi azyl sul f enam de; thi uram based

produts siradé inagngyy Bi6St and SH1E marsifactureaihiey Mdgukssay bom, etc. may be
nonosul fi de and tetranethylthiuram disulfide;

used! f enanmi de- based crosslinking pronoters such as
N- cycl ohexyl - 2- benzot hi azol esul f enam de,
N-t - bxaples @érthetextalzdﬁregm||mcdu|@enamearomatlc mineral oil (viscosity-
N- oxyet hyl ene- 2- benzot hi azol esul f enam de

grwtyx«;@tmmeﬁéﬁzc vahedmatdoss dan Btk b nokmpre than 1.049), a

et Rneralel (v Eaie aﬁ%ﬁ%‘h@ﬂ&ﬁbﬁf@tmﬁm than 0.899),
anﬂ %’ %1!( ﬁi@%ﬁéﬁfgp lgg'é) %hoai ¥'r‘?? %%'Gﬁ'@@? 0 a'ggobqt not more than
o 848 TR S90S %%zémén«ﬁgsﬂteéa?r@w%%ﬂ%&ﬁ [sfadBly s tran
> FNSy SO BT i U SR Ol o

art?rh?P i'Es ﬁfé%”@ﬁlsécf 'irP%gbérdfa%EBﬁltﬁ’Brﬁ%ﬁblr@tlﬂﬂe 8of Petroleum
er Wlt

the conj ugat ed di ene pol yner of

mdth88 e846/92V eNEildRermdie &ﬁ@uﬁi‘orﬁétlc fddm;ﬁsurmprﬂanm (CA) of the
relative to 100 parts by wei ght of the conjugated

extbrelee dioisypeferably hbelassethant20 Py &yt weight.onPvoest, mose types of
usual ly not |l ess than 10 but not nore than 150 parts

extgndeeiolsmaybe mstd dén combiration. of fuel econony, the
amount conbined is preferably not |ess than 20 parts
by wéixghmplesindf nthe pulsaaizadipn ragceleratort Haclude tbmphe -based
by wei ght. Fromthe viewpoint of reinforcenent bei
vulganization, accelesatops eseshibay adnere@ptohemtnamlgard@eayothrazyl

and nore preferabl not nore than 100 par
dlqgmcgqa, ghtand N-c%c lohexyl- 2-)()enzoth|azyIsquenam|de; P thtiuram-based

crosslinking promoters such as tetramethylthiuram monosulfide and
tetramethylthiuram disulfide; sulfenamide-based crosslinking promoters such as
N-cyclohexyl-2-benzothiazolesulfenamide, N-f-butyl-2-benzothiazolesulfenamide,
N-oxyethylene-2-benzothiazolesulfenamide, N-oxyethylene-2-
benzothiazolesulfenamide, and N,N-diisopropyl-2-benzothiazolesulfenamide; and
guanidine-based vulcanization accelerators such as diphenylguanidine,
diorthotolylguanidine and orthotolylbiguanidine. The amount thereof used is
preferably not less than 0.1 but not more than 5 parts by weight relative to 100

parts by weight of rubber component, and more preferably not less than 0.2 but
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When a conjugat ed di ene pol yner conposition in which a
filler is conbined with the conjugated di ene pol yner
of the present invention is used, fromthe viewoint
of fuel econony, it is preferable to use silica as a
filler. The amount of silica conbined is preferably

noq%r%ar 33@%?‘35& ?fgﬁ by wei ght but not nore than

y Wel’g relative to 100 parts by wei ght of

t he Wﬁﬁ ?Wate&fdi%%n b@g&p&% iorf RfdFRied by tc:ombining a

prefera ess t arts by wei ght but no

filléPWRh ttha"cojy#taa tdieRy pUiyrEBE of fife pré&dMadvémtion, the amount of
produci ng a“conj ugat ed di‘ene pol yner conposition by

fill érogdhbingd, poIgieto POO Yakts BoRpighe of theaoorjddatedvdienetpolymer of
with the conjugated diene polynmer of the present

the present mventiok womibined s dissaliy naslest dhaeX8npitarotanore than 150
met hod in which each conponent is kneaded by neans of _
pats knoweighitx e Framcheadewpoinblof foel &zormumy, hexamount combined is

used. Wth reﬂard to kneadi ng conditions, when an
prefarahly vet tassehan2éhparts byiweightiang mges preferaply not less than 30
vul cani zati on_accel erator is conbi ned, the kneadin o
pafts e rweight | Eram the| yiewpointeals r@lﬁmfcgr@enbthe'mﬁ)tef}%"@edv it is

t han 200C and pr ef er.abl not .l ess than 80C,but . not

prafgrably Aghmosedhan 120 ARt AL NEIGH. Bnshiners %E%fﬁﬁ)iy Aty more than
ess, t.han 30.sec but not nore than 30 min and

10brpé'3fr§r%'f"9' t less than | min but not nmore than 30

;ncge%%o?a EGGQef At Piyfler %}o‘éﬁﬂgﬁ?@é@% Yhich a filer is
°°f"3’§@[‘ﬁ‘§{,§y F%&gkoﬁgfﬁgéérd;{ﬁufb}%eogaynﬁ%?of ngﬁeg p?%%ﬂtéig%@ﬁ%n is used,

froﬁ?iﬁé’%iewg?:iﬁhti OF 1438 %Eoﬁo?ﬁy! ifiilgipg%f@}%ﬁlgetﬂ_tuéy sifica as a filer. The

vul cani z on accel erato nbi ned is usually used

antBurt A 'SMid20combindvid! srefirablyl mot [65S ahaR B0 Sated bgsweight but not
press vul cani zation.” The vul cani zati on tenperature is

moieUhah Yl 000parts by W&?m relftivebiat 1000 partsyyeweighh of GCtotal amount
and preferably not less than 140C but not nore than

of fiB&E. corhbinednandaherk prefembhohgtiessahdn tAepans jbygseight but not
di ene polynmer conposition of the present invention
mdrertbar 16| parts by weightcononmy and processability, and
good grip properties. . ] .

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

With regard to kneading conditions, when an additive other than a
vulcanizing agent or a vulcanization accelerator is combined, the kneading
temperature is usually not less than 50°C but not more than 200°C and preferably
not less than 80°C but not more than 190°C, and the kneading time is usually not
less than 30 sec but not more than 30 min and preferably not less than 1 min but

not more than 30 min. When a vulcanizing agent or a vulcanization accelerator
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The conjugated di ene pol yner and the conjugated diene
pol ynmer conposition of the present invention are used
for tires, shoe soles, flooring materials,

vi bration-proofing materials, etc., and are
particularly suitably used for tires. Exanples The

B PR Rt AT S o it o, o
pr%f/gtalnﬁg" A& MBS Oflsin }oorygl‘?gﬁei’étﬁ@%dty noVLdisfe i 80°C. A

viscosity of a r was measured at 100C in
co _[tfi'ﬁn"?r?lw%chhaJ valcaREY () or Za WilBahizaRENn eadcelerator is
units: no

The vinyl content of a polynmer was

coffdirsdis"@sLidly UdBdseehirping Ut d vabanizhtombieatraensuch as press
intensity at "around 910 cm, which is an absorption

vulkankatibna Thewulcgitization empsratireds usobiynof lesst $an’d20°C but
by wei ght) The styrene content of a pol yner was

hotl eh@nenthzad 20000 wetr preferably ndtless thare dd0dénbet wot hmore than
JI'S K6383 (1995). 29 4. Mol ecul ar weight distribution

180N/ Mh) Wi ght - aver age nol ecul ar wei ght (Md) and
nunber - aver age nol ecul ar wei ght (M1) were neasur

ed
undel hgoseniugated (dieneo polymerel W biiea ceBjugadedediangn polymer
chromat ograph (GPC) nethod,.. and the nol ecul af wei ght
cogipesitionut9fo the mRresgntofingention \have \/\%écezlgf‘%erﬁ'l%e(?%of'qmy and
InstrEn&rJt: HLC- 8020 manuf.actured by Tosoh Corporation
Procgssaiity, andgp derﬂFORQOLG* %L (2 colums in tandem

ey AR T
cobl Wit 6f te®pflseMt nvention are used for tires, shoe soles, flooring

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 content (units: mol %)

The vinyl content of a polymer was determined by IR spectroscopy from
the absorption intensity at around 910 cm™, which is an absorption peak of a vinyl
group.

3. Styrene content (units: % by weight)
The styrene content of a polymer was determined from refractive index in

accordance with JIS K6383 (1995).
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(6) Ampbunt injected: 5 pL (7) Detector: differential
refractonmeter (8) Mol ecul ar weight standard: standard
pol ystyrene 5. Fuel econony The | oss tangent (tans
(70C)) at 70C of a vul cani zed sheet was neasured

usi ng a viscoel astoneter (manufactured by Ueshi ma

4. PRSI Cight UBRTue AR ' 03T e

bet t gy ibﬁ?a@éﬁ%%ﬁ@%ﬁ% C@gig@gi @I\P)" QRA" himbelB9etaReS molecular

tangen? ans ul'cani zed sheet was

ot ' Wi RS RRHRIRE N ) (oTE8)Welow Wyesl gey permeation
| sﬁwn@%%@gﬁgﬁg) under condi gi Z)ndsmgo)f a st ryziﬂr? o?

chfbmagedish (GIPCS anthoed, ad e iolecliler weigbedistributionsMw/Mn) of a
the better the grip properties. 7. Processability 100
polyaérsvay detsrgimed)f pol yner, 78.4 parts by wei ght of
silica (trade name: Utrasil VN3-G nanufactured by
(1) Degtrasmnt:] HcCY3020. mapufactured byel egah Cprporstiomne
coupling agent (trade name: Si69, manufactured b
(2)0Bgpaeation| eglumn: &MHpXk 12 gpjumps m/éagé@ma;fm%@ifa@%,red by Tosoh

47.6 parts by weight of an extender oil (trade nane:
Coxpawgdion nanuf actured by Kyodo Sekiyu), 1.5 parts by

wei ght of an antioxi dant, (trade nane: Antigene 3C,
BhMe Fﬂﬁ%@&ewe@m@-oﬁ%em cal Co., Ltd.), and 2

rts . i,ght of stearic acid were kneaded by neans
Hﬁé"“ﬁ'%a%%ﬁ& N1, and 2 parts by weight of zinc
i ] . ts by weight of a wax (trade nane:
(5%|Rﬂ§@?€lfjo'éﬂﬁlnméctured by Quchi Shi nko Chem cal
' . td.) were kneaded to prepare a
(61)18&;/6?%’!? ir@éctg& 5 {Jh’.

onposition. The polymer conposition thus

(7}&@%&;{@@1?% nﬁmgggs%tbmﬁgeﬁ sheet using a two roll

roll ga roll diameter 6 inches).
(aﬁmlaﬁmagﬁ@s@hdhrm stalemar@fpdlystyreReet thus obt ai ned

was exam ne and eval uated using the criteria bel ow.
5. Foel tesehyt he nunber, the better the processability.

The loss tangent (tand (70°C)) at 70°C of a vulcanized sheet was
measured using a viscoelastometer (manufactured by Ueshima Seisakusho)
under conditions of a strain of 1% and a frequency of 10 Hz. The smaller this
value, the better the fuel economy.

6. Grip properties

The loss tangent (tand (0°C)) at 0°C of a vulcanized sheet was measured
using a viscoelastometer (manufactured by Ueshima Seisakusho) under
conditions of a strain of 0.25% and a frequency of 10 Hz. The larger this value,
the better the grip properties.

7. Processability

100 parts by weight of polymer, 78.4 parts by weight of silica (trade name:

Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by weight of a silane

coupling agent (trade name: Si69, manufactured by Degussa, Inc.), 6.4 parts by
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5: Very little unevenness, and there was a snooth
portion of not less than 10 cm 4: Little unevenness,
and there was a snmooth portion of not less than 7 cm
3: Some unevenness, but there was a snooth portion of
not less than 5 cm 2: Miuch unevenness, but there was

BB 47 e 5, b3 B i 8, e X 10,

m reac (l)JFEdl b? M&ﬂ&ﬁéﬁ%&%fﬁ%ﬁ:@d (‘Eifr ?ﬁﬁ?m’é}%%"t (trade
nafﬁh’iﬁI Kfﬂ@bﬁ)ﬁ%@" Fn'&naf%ﬁ.l t@ﬁshﬁ'ﬁ@% Cfﬂ%ﬁbéi' Co9Nay it ¥nd 2 parts

t adi ene of styrene,
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gl ycol diethyl ether. Subsequently, 3.6 nmol of n-

bywiight of Zinb roxides an@ur@?’arts Bswelght ofi @xeae (tadename: Sunnoc N,
and copol yneri zation of 1,3- butadi ene and styrene was

marufactatec by OachioShihkooGhemidalrindgsivial By Lich) ivere kneaded to
stirring speed was 130 rpm the polynerization reactor

preparer agholymepacmpositioms Thes @ohaner cnmpﬂsﬁmt@mbﬁimed was
suppli ed continuously to the polynerization react

moigded intoha shewey wsing at wsnrolbmashing tratl rgary 2efummmr01b digmeter 6
hours,_a solution of_ 31 2.8 | ec
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anfl SN RaPSRPER DaigHc: dhe JArdar (s RrinbBheltis: Dtier the
stirr speed of 130 rpm and a pol yneri zation
pr(?(‘é?@?bp'%f'nternal tenperature of 65C. Subsequently,

s Y A s SR ey ey om0 om
ﬂﬁe BRECERISsst ank 'iﬁel%%é@%rén%ééthgg)méﬁ 6thf Ies?‘t‘ﬁérW cm.
yneri zati on, was

the stirring spe rpm and

3: S%?ne Qﬁé\)’éfﬁ’féséabh%e?@ s smBb Pettiohipit fsd than®scm.
5C. After the polymerization had been carried out for

2: Rmﬁﬁu Vehneds, ikt tREredwab exancohiqiattion of Aohlessthay 3 cm.
0.14 ni of nethanol was charged into the

1: Muchiriévehiniess, amhnd @moath gortion eoulg iberolssgrved.on was
stirred for 5 m nutes. The amount of 1, 3-butadi ene

supplied during the entire polynerization

Example 1

A 5 L capacity stainless polymerization reactor was washed, dried,
flushed with dry nitrogen, and charged with 2.55 kg of hexane (specific gravity
0.68 g/cm®), 137 g of 1,3-butadiene, 43 g of styrene, 1.5 mL of tetrahydrofuran,
and 1.2 mL of ethylene glycol diethyl ether. Subsequently, 3.6 mmol of n-
butyllithium was poured in as an n-hexane solution, and copolymerization of 1,3-
butadiene and styrene was carried out for 0.42 hours. During polymerization, the
stirring speed was 130 rpm, the polymerization reactor internal temperature was
65°C, and the monomers were supplied continuously to the polymerization
reactor.

After the polymerization had been carried out for 0.42 hours, a solution of
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was 342 g, and the anmount of styrene supplied was 108
g. To the polyner solution were added 1.8 g of
2-tert-butyl-6-(3-tert-butyl-2-

hydr oxy- 5- met hyl benzyl ) - 4- met hyl phenyl acrylate (trade
name: Surri lizer GV manufactured by Sum tono Chem cal
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further dried under vacuumat 55C for 12 hours, thus

redbtorh iAteraabemperaturélof 668Gul t s of eval uati on of t he
pol yner are given in Table 1. 100 parts by wei ght of
t he Babgeguentiy copblyaierization &f 4 ,pdutadieye wadgiyrene was carried
silica (trade name: Utrasil VN3-G nanufactured by
ouDkayB:68 hauns by, coptinupasly supplying thehmagtomaersitpahe polymerization
coupling agent (trade nane: Si69, manufactured by
re:{oé@ansQurlngn@O)ymertzatq@asttéwebystlvmggrﬁpeeﬂ md@%raak and the
47.6_ parts by weight of an extender é (trade nane:

Pob!fleﬂ?at'ﬁarﬁaﬁﬁt@f uﬂewab;erky@r@@@é«w 69.C1.5 parts by

ey Aler (e fobresatiobrrccherd caried out 1 4,88 Hosfs, 20 L. of 2
negdndicslinf), cBhfatiing JEi4),mt, oY, DefhentF, #as, Fhafddtf into the
po@&ﬁ%iz%&a@%ﬁa%@%%@% SOftih rad S fhités.

vul C?Hlazé'ﬁqbgﬂg B OF 5 %’Lﬁé&é&% p@)‘ﬂﬁd W%q_ﬁ?é( 'él‘ﬁl'l'e ?olymerization

manuf act ur Sdmito td.),

wa%"ﬁézs% Q'Ydﬂ'%élﬁlbuﬁf ofstyfshel UpHiigd Wag1 0&gnnoc N
manuf act ured by Quchi Shinko Chem cal Industrial Co.,

Lt d. o tABalyrhep 8blugioRyware gddedf &glcffta-tewbatquedm “butyl-2-
by means of a Labo Plastom || to prepare a polyner

hydxy s ivdathyibeiig)-pahgigiphenyhaasylateontrades naei Sedilizer GM,
was nol ded into a sheet using a 6 inch roll, and the

marhegattures byuScanitareo Cleméal | Gg., ditd )6 GO 69 4p of pentaerythrityl
m nutes, thus giving a vulcanized sheet. The results

tetrekis{3dauthiopropionste) piirasiec aams. oBumilizes TP-Bhananufactured by
vul cani zed sheet are &ven in Table 1. Exanple 2 A 5

Sumitoeec Chemieali (Ges sLigak y mSubsaguently. e e opol\xmer solution was

washed, dried,
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 (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (trade name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black, 47.6 parts by weight of an extender oil
(trade name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,

Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by

32




flushed with dry nitrogen, and charged with 2.55 kg of
hexane (specific gravity 0.68 g/cnB), 137 g of

1, 3-but adi ene, 43 g of styrene, 1.5 niL of
tetrahydrofuran, and 1.2 nL of ethylene glyco

di et hyl ether. Subsequently, 3.6 mmol of n-
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stirring speed of 130 rpm and a pol yneri zati on
corrmsttmn ihuseobtalnedewpe mokled into eseheesutsingiaehtingh roll, and the
{)ol yneri zation of 1, 3-butadi ene and styrene was
sheel was yulcanizeddpy bestmgwamﬁoﬁgff%d@tmm»ﬁ%ltbuggwngjawlcamzed
the nmononers to _the polynerization, reactor, { n ,
shgel. y ke Fasylts ofm@ll@tmnr phdhe Rgicah PrepertiesnP é!hfg vulcanized

the 33 tion reactor internal tenperature
shgglkangsgv ’Af'%/gg{”@h pol yrreri zati on had been carried out

faor 0,58 hours, a solution of 2.8 nmmol of Mol ecul ar
—"éilkPJ%@ (3A) dr| ed bi S(dl et hyl am no) net hyl vi nyl si | ane

di I'sd | yaGh |
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{}9 m’ 130 d Mo . ,
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out™ for "1.25 hour's by confinuously supplying

ath¢ ATHRIOTGHT StHyRerid gyl WIBthyZ 3thér)  SeissiguentuB.@Ignmol of n-

pol yneri zation, the stirring speed was 130 rpm and
but;lmﬁhnumlwa@poml iAnag aagi-hexantd solatibnt ang eopolyneeriztion of 1,3-

65C. After the polynerization had been carried out for
butadiéné and styréfemiaséarsiedoat dore0 63 hauren Buringipolymerzation, the
mL of nethanol was charged into the
stirring speed was 130 rpm, the polymerization reactor internal temperature was
65°C, and the monomers were supplied continuously to the polymerization
reactor.
After the polymerization had been carried out for 0.67 hours, a solution of
2.8 mmol of Molecular Sieves (3A)-dried bis(diethylamino)methylvinylsilane
dissolved in 10 mL of cyclohexane was quickly charged into the polymerization
reactor under conditions of a stirring speed of 130 rpm and a polymerization
reactor internal temperature of 65°C.
Subsequently, copolymerization of 1,3-butadiene and styrene was carried
out for 0.58 hours by continuously supplying the monomers to the polymerization

reactor. During polymerization, the stirring speed was 130 rpm, and the

33



pol yneri zation reactor, and the polynmer solution was
stirred for 5 mnutes. The anount of 1, 3-butadi ene
supplied during the entire polymerization was 205 g,
and the anmount of styrene supplied was 65 g. To the
pol ynmer sol ution were added 8 g of
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t he pol yner thus obtained, 78.4 garts by wei ght of
s. | i Sub@seﬁu@mtlm m@OWUﬂQI'tZ@éIDn oms butagiane aedstgens was carried
sa, Inc. parts ght of a silane
OUt:Emrp1 25@%@@ qqrwau@uﬂwppylr@thq*ramnoa@@rértedhs_\,polymeﬂzation
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po@nedﬁat.ggr}gﬁc%gﬁ&e ey e BB G At gene ac,
by waTEhihepo 5&@%&%‘0& ﬁ%ﬁb%%m%%# heSOyBRToTL of

he%ﬁ@lesofbtlﬂﬂrt ggLa Ym@%ﬁ@l“\?act chag;eg into the

accel erat or Xi nol ure
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cani zati1 on accelerato trade nane: Soxi nol

nmanufTiet dinetinbbf SHB1HRAGIeRE eénprpaibd Gurind-tiie )entﬂ:e Bolymerization

parts by weight of a wax (trade name: Sunnoc N,

waSer0d gcand ek ayobntdf sthfenssuppliedwasbs igndust rial Co. ,
Ltd.), and 1.4 parts by weight of sulfur were kneaded

by edhe pilymet sblutiBhaserenadded d.§gexfad-tertbptyl-pai@-teri-butyl-2-
conposition. The polynmer conposition thus obtained
hydenxyrfbimitoylbanzyl p4shetitylpheingy acr@latendfiradel namenid Sumlizer GM,
sheet was vul cani zed b% heating at 160C for 45
manufagtored diyu Sugitame GhemicahPoed-tddhand. 01 rafspeataerythrityl
of ~eval uation of the physjcal pro ert| es _? IS
tet{akis(3ripvevdthiopraripngiel g;qp@n name;gpmilizer TP-D, manufactured by

Sumitomo Chemical Co., Ltd.). Subsequently, the polymer sclution 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 (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (trade name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black, 47.6 parts by weight of an extender oil
(trade name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
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Exanple 3 A5 L capacity stainless polynerization
reactor was washed, dried, flushed with dry nitrogen,
and charged with 2.55 kg of hexane (specific gravity
0.68 g/cnB), 137 g of 1, 3-butadiene, 43 g of styrene,
1.5 nL of tetrahydrofuran, and 1.2 nL of ethylene
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Suphiithd EChéRial TRUSEY.).t ¢ pdre byoeigit | Fad ivalcariigstisnoccelerator
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into the polynerization reactor under conditions of a

Chentical industriak Coof L300 andn .4rparts by Weighti ofsulfoi were kneaded by
reactor internal tenperature of 65C. Subsequently,

mesas1so Pf e Lakat Plastamill 1tos prrpaigi @ rkolyner sopirasitiolas The polymer
carried 35 out for 2.05 hours, by continyousl
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P8 STt reg of Qee\'f_ %f””h 3% '&@gﬁ%ﬁaﬁsﬁéﬁ%{ ot ?feaﬁf‘l‘ﬁcanized
snaPEAET I PABBLL o Gyl ohexane s qui ckl'y char ged
Ex%ﬂ*pﬁ_’ehhe pol ymeri zation reactor under conditions of a

ng speed of 130 rpm and a pol yneri zation

reacixors i Nt@iaalty t SEMRs! Tio%rﬁériz@a’ft@n F88ctsk | WwhedwhShed, dried,
0.5 hours. Subsequently, 10 'nL of a hexane sol ution

flusiosd Nith aey Ritfogsn, Aindehigeal withes 55 ey of hekahe (bpecific gravity
pol yneri zati on reactor, and the pol ynmer solution was

0.68 gloneY, 188rg bf I rbukmiieris) et Rgoofnstyrdne] 135 bl aifitetrahydrofuran,
supplied during the entire polymerization

and 1.2 mL of ethylene glycol diethyl ether. Subsequently, 3.6 mmol of n-
butyllithium was poured in as an n-hexane solution, and copolymeriiation of 1,3-
butadiene and styrene was carried out for 0.45 hours. During polymerization, the
stirring speed was 130 rpm, the polymerization reactor internal temperature was
65°C, and the monomers were supplied continuously to the polymerization
reactor.

After the polymerization had been carried out for 0.45 hours, a solution of
2.8 mmol of Molecular Sieves (3A)-dried bis(diethylamino)methylvinylsilane
dissolved in 10 mL of cyclohexane was quickly charged into the polymerization
reactor under conditions of a stirring speed of 130 rpm and a polymerization

reactor internal temperature of 65°C.

Subsequently, copolymerization of 1,3-butadiene and styrene was carried
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was 205 g, and the anmount of styrene supplied was 65
g. To the polyner solution were added 1.8 g of
2-tert-butyl-6-(3-terf-butyl-2-

hydr oxy- 5- met hyl benzyl ) - 4- met hyl phenyl acrylate (trade
name: Surri lizer GV manufactured by Sum tono Chem cal
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gi Vi AfteP tH® pylVRierizBien TRRlUbésh Barrivdadutabi Qmﬂﬁﬁoml’fs?a solution of
pol yner are given in Table 1. 100 parts by wei ght of
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coupling agent (trade name: Si 69, manufactured by
redqmaqu sinder aondltmns6of4apatnrrlegb§pw oht136 remr aod q)mydy(menzatlon
47. 6 ?arts by wei ght of an extender oil (trade nane:
reac-tqrmo rﬁahi@nmratt@a ab B5kG oand stirted for 0.9 oWssr t s by
ght of an anti oxi dan}_l (trade nane:
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x‘?'}?ég at!fg}gtbetgp m %rlgéoghlieagfor a(;gl :%Iﬁ%ﬁpbfg\geroﬁolu% fon'Was stirred

for% Lgt tor (trade name: Soxi nol CZ, manufactured by
" Chem cal Co., Ltd) 1 part by weight of a

xghﬁﬁ*g%tz%‘rﬁwegﬂg%?ge Lﬁét% p@)‘ﬂﬁdgﬁ%q_tﬁgé”)éﬁﬂli gbolymerlzatlon
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Ltd. o tﬁedp&ymepebhmohmm @dmed)ﬁ eglcfftg-teym)atyme@de@lt-butyl 2-

by neans of a Labo Plastom || to prepare a pol yner
hy@@3QE hidthyibe bﬁ)-n%wwrphemrrmlbt@ trades nabieai Beehilizer GM,
was nol ded into a sheet using a 6 inch roll, and the
marfugattures byuSuanitanes Olvednizal | ©g., dttd )6 @GR OO 4P of pentaerythrityl
m nutes, thus giving a vulcanized sheet. The results
tetcﬁklsi\’zdbuaﬁlthmproplonate)p(’(;a:iecaian'[e oPumilizes TP-Dhenanufactured by
vul cani zed sheet are given in Table 1. Conparative

Sumitarpe e Chemigall. Gripalstdt )y stsamsquentw yher pelymesn solution was

reactor was washed, drie
evaporated at normal temperature for 24 hours, and further dried under vacuum at

85°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 (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (trade name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black, 47.6 parts by weight of an extender oil
(trade name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,

Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
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flushed with dry nitrogen, and charged with 2.55 kg of
hexane (specific gravity 0.68 g/cnB), 137 g of

1, 3-but adi ene, 43 g of styrene, 1.5 niL of
tetrahydrofuran, and 1.2 nL of ethylene glyco

di et hyl ether. Subsequently, 3.6 mmol of n-
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copolyneri za ut adi ene and styrene was
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compogitioni thasi ehtainedawas maldedrintoadsheet msing azb dpeh Felhand the
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d | tor. . .
sheek was auloaeiﬁ?éﬂat pating SLH0-Cofon ASTINURS. 1B4S rs_b"ng a vulcanized
shEbh: ST KEe e, a7 AvaNatioD, REaF PASLAL MPgaeEnph the, yulcanized

o] ymer.i zatian reactor, and the polymer solution was
Sh§?4 %rreeine%'P ?ﬂplesﬁm' nutes. To the pol yner solution

M%of 2-ter-butyl-6-(3-tert-butyl-2-

=5+ enzyl ) - 4-met hyl phenyl acrylate (trade
nane: 1] ; : f ] ' :
O R N e o B

flusiéd MWith 8RF R &and( Eﬁé‘f@%dnﬁﬁﬁ32.§gcgﬂd bf?lgx)gﬁ’e Rspecific gravity

manuf act ured b Sum t onp “Chem cal

0.63/grsAYenBY g of Ne3-Batadidie, 48 gt dfostyrsae, €5 anbrafttettahydrofuran,
normal ‘tenperature for 24 hours, and further dried

andnd® mamfusttglensd giycobrdidthyhether, tSulssegjuently, 3.6 mmol of n-
pol yner. The results of evaluation of the polynmer are
butyllithium waBapbuered. in 1a¥0apar-hexane selutjon, afid copolyoerization of 1,3-
t hus obtained, 78.4 parts by vveight of silica ftragle )
butextiene andrsigienevmas Garriechabfor .2 dhobys. DIJuring polymerjzation, the
6.4 parts by weight of a silane coupling agent (trade
stirfigespeid Wasnid rpey the pobynesizatiop deactor internal temperature was

65°C, and the monomers were supplied continuously to the polymerization
reactor. The amount of 1,3-butadiene supplied was 342 g, and the amount of
styrene supplied was 108 g.

After the polymerization had been carried out for 2.5 hours, a solution of
2.8 mmol of Molecular Sieves (3A)-dried bis(diethylamino)methylvinylsilane
dissolved in 10 mL of cyclohexane was quickly charged into the polymerization
reactor under conditions of a stirring speed of 130 rpm and a polymerization
reactor internal temperature of 65°C, and stirred for 30 minutes.

Subsequently, 20 mL of a hexane solution containing 0.14 mL of methanol

was charged into the polymerization reactor, and the polymer solution was stirred
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Inc.), 6.4 parts by wei ght of carbon black, 47.6 parts
by wei ght of an extender oil (trade nane: X-140,
manuf act ured by Kyodo Sekiyu), 1.5 parts by wei ght of
an antioxidant (trade nane: Antigene 3C, manufactured
by Sumitonp Chemical Co., Ltd.), 2 parts by weight of
for%ﬁﬁﬁut‘ésac' d, 2 parts by weight of zinc oxide, 1 part
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tetrakiig(Btlaofylthidpropionate) {retededniy; SumilizeroTP:D | abanufactured by
Plastom || to prepare a polyner conposition. The

Suptitorner CheanipalsiGo.pnLidhus Gubseqeenthys the| pelymert solution was
sheet using a 6 inch roll, and the sheet was

evaporated atuomyalitespenatuse foredichows, asd fintheredied wader vacuum at
giving a vul cani zed sheet. The results of eval uation

550¢ tanelphaursathys @hdng | @ palymene Vhe ceesuiteof evalyption of the
are given in Table 1. Conparative Exanple 2 A 20 L

powm@rﬁw"sww@%l@ 1pol yneri zation reactor was washed,
drie 38, flushe

O g e R P Sl AT, 783 8 e o

siiga iraflp diaties QMR YS0 S BoBRhy Pebyfsacine.). 6.4 parts by
we&tﬁt(ﬁyé S Iéﬂ& M?Hf?}%%&éﬁﬁtﬁde hanf: "?ﬂgé Alani ct%u:ed by Degussa,

I|t m N as an n xaneso

2L ST o LTS Sy o
(tr&dd h"ahilﬂ )ﬁﬁ%d rﬁﬁﬁjféélgréd)ﬁg I’(J&:Id’@ek%’)' 1% pans WWbiyht of an

internal t enper ature was and the nononers were

anﬁ@lﬂahhﬁﬁrﬂ]ﬁamw pntiyeih® 30)enanifaorired dyi SumitomecChemical Co.,
After the polynerization had been carried out for 1

Ltdp2 paetsssy weight offstddridacidnel parts biplvesightaof Znevedde, 1 part by
(3A)-dried bis(diethylam no)nmnethylvinylsilane

weiljhisafl @ atilcanizatidn3acdelerbtary(tiadeename: BaxingliCek| panufactured by
charged into the pola/msrl zation reactor under

Sumiiteme i Ghemisial Lot ibtd.)ng pastéy weighefr @rvulganization accelerator
pol yneri zati on reactor . .

{trade hame: Soxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts

by weight of a wax (trade name: Sunnoc N, manufactured by Ouchi Shinko

Chemical Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded by

means of a Labo Plastomill to prepare a polymer composition. The polymer

composition thus obtained was molded into a sheet using a 6 inch roll, and the

sheet was vulcanized by heating at 160°C for 45 minutes, thus giving a vuicanized

sheet. The results of evaluation of the physical properties of the vulcanized

sheet are given in Table 1.

Comparative Example 2

A 20 L capacity stainless polymerization reactor was washed, dried,
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internal tenperature of 65C. Subsequently,

copol yneri zation of 1, 3-butadi ene and styrene was
carried out for 0.5 hours by continuously supplying
the nononers to the polynerization reactor. During
pol ymeri zation, the stirring speed was 130 rpm and

1R85 B Y A PR 2 0o g i craviy

OGEHIEFISH 5413 808U, DAY S AR lronran
a"po?'®f rilY S CARYRRG YpBorlticti ethBR OSHbsaerithe 13.6 mmol of -

ynmeri zati o reaCt or under conditions of & stirring

bufMRRRING vak3Polirem iAs an PRhexaid alution, and®@epelymerization of 1,3-
i'nternal tenperature of 65C. Subsequently,

buttiene i sBféns vads tadidaubatifené . sDurimgepvlymerization, the
carried out for 0.5 hours by continuously supplying

stitring speecthwas 130 rpr, ftlee pobymerization reactoetiotern@utempgerature was
ol yneri zation, the stirring speed was 130 rpm and

65tGe ansbitheemionemers wereesunplied wastimBmshartoethe Holymerization
pol ynmeri zati on had been carried out for 0.5 hours, a
rea@dpiti on of 11.0 nmol of Ml ecul ar Sieves (3A)-dried

bi s(di et hyl am no) et hyl vi nyl silane ., 39 di ssol ved in..
13. 3Afler ghe polymanzating hassbepn E@(ﬂr'ﬁdcq#ﬁrf@'eg?‘PHf-@ gpiytion of 11.0

BBl Sy 5 S SR ety Wasonveo
m 3 o SRl 058 G0 AR W bggeation reacr
o SR o 8 rBLtndt SO ko YARABRoA: reacr

intBﬁ'léf'i@rhioéthb%fé%_S“ rring speed was 130 rpm and
the po '

ymerization tenperature was 65C. After the

go Y Sibseatibmy lftvggpmlﬂbhlm QHutddiend éﬁﬂ%tzre?\% Whs carried

f a hexane SO ontaining 0.5 nL of nethanol

outdsr GHReEd by tentimeoudhp sUPBIVingRtneOmoneairerto thechdl®erization
pol ymer solution was stirred for 5 m nutes. The anount

reaxdtod., 3-Durinedipohemetizationg dthdurstining hepesa iwas 130 rpm, and the
pol ymeri zation was 821 g, and the anount of styrene
pobumeriZadionvtempzbatuge was 65°C.

After the polymerization had been carried out for 0.5 hours, a solution of
11.0 mmol of Molecular Sieves (3A)-dried bis(diethylamino)methylvinylsilane
dissolved in 13.3 mL of cyclohexane was quickly charged into the polymerization
reactor under conditions of a stirring speed of 130 rpm and a polymerization
reactor internal temperature of 65°C.

Subsequently, copolymerization of 1,3-butadiene and styrene was carried
out for 0.5 hours by continuously supplying the monomers to the polymerization
reactor. During polymerization, the stirring speed was 130 rpm, and the
polymerization temperature was 65°C.

After the polymerization had been carried out for 0.5 hours, a solution of

11.0 mmol of Molecular Sieves (3A)-dried bis(diethylamino)methylvinylsilane
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To the polynmer solution were added 1.8 g of

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

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

nama Sum i zer GM manuf act ured by Sum tono Chemi cal
Co., Ltd.), and 0.9 g of pentaerythrityl

BB A A HcARARS a%@"’@&rﬁq}%i%%@ Hip the golymerization
readior u'nhge &onﬁHBﬁ@q tgtYmnpa?p L or ? Mt LAE éf"ﬁ)gvlymenzatlon

evapor a norma ours,
reéd{&t i'ﬂ?érngfie ffE ofggbgm at  55C for 12 hours t hus
gl ving a pol he results of evaluation of the

pol ysﬁbs@ﬁ@elﬂlw %6 pblymien¥ation - ofho@-bﬁt’édiéné’}énﬁt?%eﬂhas carried
the pol yner thus obt ai ned, 78.4 parts by weigh

oubifbr dahblr dyechtirRiouslyt saplenyl\BweGmdmmé@ctm tiesl golymerization
Degussa, Inc.), 6.4 parts by weight of a silane

reactop! i Dyriage polyrherdzktionanthe Stifithg repeetastas ekBypm, and the
Degussa, Inc.), 6.4 parts by weight of carbon bl ack,
poymasization tempevatiuhwasf6580. ext ender 0|I (trade name
X-140, manufactured by Kyodo Sekiyu), parts b
wei gAftesfthanpolymeriaation mad( bemecafaﬁ@ omniqrgbrr@LECZO mL of a
manuf acfured by Sum tonp Chem cal
he@n%ﬁgmloaf csm%lmna d&Pd,mb ok, ﬂ@etb9nqleu\gﬁ$ shaagp% into  the

1 part i ght of a | cani

poRiaiatian Foatior lyrggy sﬂ@ﬁowaé%h tRhfar & e
vul cAResSmouRt LR buttens stnktied A ﬁi%em?e [eo‘l’ym%‘nzanon

e G b oS SR Bt 2ok ), 3 °
manuTBhd dﬁcfliy@lér @:bg%ér'éké’%d@?@ G 2-REHIBLTy-BL (3Rt butyl-2-

Ltd.), ur were

h @bb @ﬁ{&hﬂﬁeﬁ%}lﬁﬁﬁra@ﬁi@ﬁy ladrafd QRG0S ﬁaﬁi& YE%E'nlllzer GM,

05|t| tion thus obtained

mamﬁaameiﬁw sﬁmmm@e@hemmangc@ Q_td?thrdebLQ gmﬂ bértaerythrityl

sheet was vul cani zed by heating at 160C for

tethB(Bﬂaurylthl@r@tha’@)aﬁmdec&amdSuﬁﬁl_ﬁ@ﬁ'.TFI’HB, neanufastured by
of evaluation of the physical properties of the

Sumitorani Cheémisdle o.arlketdgi veiBubsedaéntly, 1 thexpolymer4 spludion was
L capacity stainless polynerization reactor was

evapaiatet] atinorokal tefripesatace fartd4 boyrsnand dgéher driedl endergaguum at
55¥\é|3tftg>rl10 2 2hokugrSOfthLPse)é;?\p|r?g (aS p:fo?;(rglef g_ﬁ_ﬁg I1Ee>éults 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 (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (trade name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black, 47.6 parts by weight of an extender oil
(trade name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,

Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by

weight of a vulcanization accelerator (irade name: Soxinol CZ, manufactured by
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0.68 g/cnB), 547 g of 1,3-butadiene, 173 g of styrene,
6.1 nL of tetrahydrofuran, and 5.0 nL of ethylene
gl ycol diethyl ether. Subsequently, 13.4 mml of n-
butyllithiumwas poured in as an n-hexane sol ution,
and copol yneri zation of 1,3- butadi ene and styrene was

S8 A ol 0 MRS AT A B
(SR, ST R S PO CIRREAFC, 4115, 1.5 pars
o "B e e, i@ by olch S

Ch%?rﬁ%al%ﬂ@gtribi %@,L{@E))P%ham.ﬂl@dﬂﬁtWWéigm'ﬁi duiae were kneaded by

I ssolved In cycl ohexane was™ qui ckly charged

mdahisOof 2 Labb yPRstomilll 1onpréperst @rpolyrrer compibsitions Tie golymer
stirring speed of 130 rpm and a pol yneri zation

compasition thotesbtainetienpas maslded info 8=beetuisirgnachtimgh roll, and the
copol ynmeri zation of 1, 3-butadiene and styrene was )

sheefrwagsiulcanizetldry Hedtingoalr 605 for¥bi minsites, thusi gping Agyulcanized
the nononers to the polynerization reactor. During .

sheet. yrihe resultsn of avaluationr phhe riwsioah prapertiesnef i vulcanized
the polynerization tenperature was 65C. 41 After the

sheet gregivemin bableald been carried out for 1.5 hours, a

solytion of 11.0 mmol of Mbdl ecul ar Sieves (3A)-dried

Ex met hyl am no) net hyl vi nyl si l ane di ssolved in 10

" Oh.BUCL RS8R0, MM SmERREIT ey’ s, vt e
toBREE] 2R RELERIS .21 B Pt gpeotic sty
o P ESPICEH b R bulichal 17915 80404 1.5 Aahycrturan

or " , | _ _
anBO‘\SX)”ﬁ{A_' %?ge*;tﬁgle%_@ﬁ@?gél. didilt éhepO smﬁe’:@mﬂ o3 4a8mol of n

stirre The anount of di ene

buMRRIUNE W AUBbedt iR aseah in-Reey 88ILtIEAL &vd copblynistizagon of 1,3-
and the anount of styrene supplied was 259 g. To the

butliene and atyenerwae carmisddedt for 8.5 holirs.  During polymerization, the
2-tert-butyl-6-(3-tert-butyl-2-

stitringr spgedwast 130 bemz $the polymesriratipheenttoadnigroaleempesaiire was
name: Sumlizer GV

65°C, and the monomers were supplied continuously to the polymerization
reactor.

After the polymerization had been carried out for 1.5 hours, a solution of
11.0 mmol of Molecular Sieves (3A)-dried bis(dimethylamino)methylvinylsilane
dissolved in 10 mL of cyclohexane was quickly charged into the polymerization
reactor under conditions of a stirring speed of 130 rpm and a polymerization
reactor internal temperature of 65°C.

Subsequently, copolymerization of 1,3-butadiene and styrene was carried
out for 1.5 hours by continuously supplying the monomers to the polymerization

reactor. During polymerization, the stirring speed was 130 rpm, and the

polymerization temperature was 65°C.
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manuf actured by Sum tono Chemical Co., Ltd.), and 0.9
g of pentaerythrityl tetrakis(3-1aurylthiopropionate)
(trade nane: Sumlizer TP-D, manufactured by Sunitono
Chem cal Co., Ltd.). Subsequently, the polyner
solution was evaporated at normal tenperature for 24

nour Bitef e PR zatlopiiod B9h iRt Byffor B HAMG, dsolution of
11334?’{1@’1@[);&\?\%@& c%mf eéégg? ﬁgﬁec? orh? %ﬁﬁo%geﬂ‘%inyisilane

dis%f\fe% Wm‘ﬁ?gmf &fel CPrl?ﬂahanéé @‘?ék nf‘%;‘ﬁr%éd Irft@sthé polymenzatlon

acture Degussa, parts by

red&bﬂ*&hd@f' c%n%itio%@eoﬁﬁuﬁlﬂnﬂ? QQ&?& of t13rep rﬁ*\aﬁﬁd & ;ﬁﬂymenzat:on
manuf act ured by Degussa, nc 6.4 parts by wei ght

refdtocintdrngl Rinfsdratuté of 6BaC! én@)&tlmdwm abupan ext ender
oil (trade nane: X-140, manuf act ur ed by Kyodo

Seki Wbseﬁuénmmnhyof\mhghanwisohlhonann'ltmmr@a@tﬁ ratrafdeethanol

name: Antigene 3C, manufactured by Sum tono Cheni cal
wasSccharged dntp, the mﬁymenzgtlomragq:toroandttbarpolyraﬁl golution was stirred

parts by weight of zinc oxide, 1 part by wei ght of a
fornfiminutesat i on accel erator (trade nane: SOXI nol CZ,

manuf act ur ed Sum tono Chem ¢ alego %’5 Fﬁi

by mghgharr@una 0 1. 3hmtadions suRlied cding th?t e pelyperization

%} D, ..manuf ac ]ged b Sumta %5 cal Co.,
‘;19 and; the,amounyo ligd wa &t r ade nane:

?ﬁgﬂiﬁryﬁgl SBOMeR Ebi ft«.;aﬂ s usdha TH B9 2 SR Bl 3 tort-butyr-2-
ny3ihtd-ih AR tnRty SR, Rhvd a@aggl R Surdifzer GM,

msﬁ'ﬁim&ﬁké Ing: cﬁ%%ﬂ@ﬁ’u HD'ﬂaﬁ et pentaerythntyl

usi ng a and t sheet “vas vulca i zed

5 t I TP- f; t db
BRG] L e S 10 9, aecrod b

SuPftirhé aChiensiegl ICes Ofd. &he suﬂs@gneﬁw,d tﬁélepblyﬂfeﬁ‘ goltion was
in Table 1. (Table 1) Conp.

eviporbték alnbrmalde styre/forcshoyrs; add f@méi'ldrw dfdérlvacuum at
nyI content % 60 59 59 59 59 59 Styrene content %

55b¢ fof P2 Hburgs thts Yiving 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 (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent ({trade name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black, 47.6 parts by weight of an extender oil
(trade name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,
Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
weight of a vulcanization accelerator (trade name: Soxinol CZ, manufactured by

Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization accelerator

(trade name: Soxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts
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wei ght Ml ecul ar weight - 1.10 1.08 1.18 1.14 1.10
1.36 distribution Fuel econony tans (70C) - 0.145
0.124 0.115 0.197 0.113 0.117 Gip properties tans
(0C) - 0.929 1.061 1.102 0.679 1.114 0.725
Processability - 4 4 4423 43 Cains 1. A

oy S RCA HhS6, Fe SHAENSmghuBRB e Sninko

Ch%ﬁﬂ&ﬁslﬁahgﬁiagbo': OI[@}L?:. %ngj: 2.4 Sﬁrﬁ:‘é‘b%wgger&%%dlﬁﬁ dre WHeladed by

represented by For a nt between a

mez?l 893 edbd! PR&tdMAM e pRIPHrE Al HHlyrHBI tco?dbbsﬁtionﬁ The polymer

conj ugat ed di ene-based constituent unit; and the

cofmpokiioh Blistditaipedsivas uatited ihto &afhes enirmy aby ifeh voll,aand the
(I') being 1 unit or 2 units per polyner chain, CH2 CH

sheetvaSivubéanizedllyy Peatirteate] 60°Klfor 45, mimudes3hus giving a vulcanized
i ndependent|ly denote a group represented by Fornmul a

shéet. ) Theelresyltsa ofyavatuatiogr ofithe gphygitab quopsitiegr olithe onilcanized
a substituted hydrocarbyl group, and at |east one of

sheet angxgivemin Xablesl.a group represented by Formula (I1)
bel ow or a hydroxy group, R/ (I1)

(Tabie 1)
Comp. | Comp.
. . Ex. 4
Ex. 1 Ex 2 Ex. 3 Ex. 1 Ex. 2 X
Mooney Viscosity - 44 36 41 38 40 51
Vinyl content % 60 59 59 59 59 59
0,
Styrene content /°_by 24 24 24 25 25 25
weight
Ivllole.culér weight - 1.10 1.08 1.18 1.14 1.10 1.36
distribution
Fuel economy
tans (70°C) - 0.145 | 0.124 | 0.115 | 0.187 | 0113 | 0.117
Grip properties
tans (0°C) - 0929 | 1.061 | 1.102 | 0.679 1.114 | 0.725
Processability - 4 4 4 4 2 3
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R2 wherein Rl and R2 independently denote a
hydr ocar byl group having 1 to 6 carbons, a
substituted hydrocarbyl group having 1 to 6 carbons, a
silyl group, or a substituted silyl group, and Rl and
R2 may be bonded so as to form together with the N
a ring structure. 2. The conjugated diene
ner according to Caim1, wherein RL and R2 of

1For | GorfhdteB ot BERAEIRBHpishgt 1yl o7 o, an

eth an n-pro group, or an n-butyl group.

44 3a Hmwgmeagat@féﬂaﬁw S StiREntaG/it Hrith 4 0 cBhstitoent  unit
1 or 2 erein two of X, X2, and X3 of Formula (I)

repregeftedr B Pormulagbeidled; by Fornula (11) or a hydroxy
group. 4. The conjugated di ene pol ynmer according to
any thee cohstluentranit repre3enteshby dommula (I belirg poesenttbetween a
of the conjugated di ene-based constituent unit as 100
conjpigatéd t Hieneobgsarht ednstiteent panif randhas  sonjugpated odigne-based
content of not less than 10 nmol % but not nore than
cogstityent ypit; EiindThe conj ugat ed di ene poI yner according to

any ogne of Ca 4, wherein , . .
o % RoRtenE A e ppRgfivant U cieprpaanted durorma D being 1 unit
he constltuent unit represented by For mul a

Orgqn'tsaﬁ‘ﬁr ef €NNny| - based constituent unit. 6. The
—&oRj(UHgt-ed-dipre—pol yner according to O aimS5,
wherein, wigh the total anount of the conjugated
di ene- based|constituent unit and the aromatic
vi nyl - based|constituent unit as 100 0/ by wei ght, the
cont %f—O-f—Sih.&.aJ;thtl c vinyl- basefIdonsti t uent unit
is not |less|than 10 % by wei ght but not nore than 50 %
by weight.|Z. The conjugated di ene pol yner according
to any one ¥f Clains 1 to 6, wherein the conjugated
di ene pol ynmer has a Mooney viscosity (M.1+4) of not
|l ess than 10 but not nore than 200. 8. The conjugated

whaireineXh 0%y and Xcindependeritly denoteregiupCiepraserited dy7Formula (I1)

below, a hydroxy group, a hydrocarbyl group, or a substituted hydrocarbyl group,
and at least one of X", X2, and X is a group represented by Formula (Il) below or

a hydroxy group,

—N (IT)
R?

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

2. The conjugated diene polymer according to Claim 1, wherein R' and R? of
Formula (l1) are independently a methyl group, an ethyl group, an n-propyl group,

or an n-butyl group.
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wherei n the conjugated di ene pol yner has a nol ecul ar
wei ght distribution of not less than 1 but not nore
than 2. 9. The conjugated di ene pol ynmer according to
any one of Clainms 1 to 8 wherein the constituent
unit represented by Formula (I) is a

o AR TP SET rn o
X', R O'Hj'gi R of P%Ufag@eé%?a w&%ﬂbmgﬂ\%ﬁﬁg; or hydroxy

acdording to any alns 1 to 9
groUp. The conjugat ed di ene pol ynmer conposition according
to Caim10, 45 wherein the anmount of filler conbined

4.1 s nThel @sfjugdtedl Sehst polginenzceotding tdéSany jpaket of Yaims 1 to 3,
wei ght relative to 100 parts by wei ght of the anmount

whefeinp njithothieechriteat ef theo bynjegatashtienecbask?l. cdmstituent unit as 100
conj ugat ed di ene pol yner conposition according to

mall%,; theldbrjugdted diewe pelymeariteast a vinyt boodeontant ofinot égss than 10
13. The conjugat ed di ene pol yner conposition according

mal 8o Oubnot more thareB@imolt%e anbunt of silica conbined is
not | ess than 50 parts by weight relative to 1?% \

5. par t § hpycorivgatedodiengepelyingr aserRing dp any joge of Claims 1 to 4,

wh%%iiﬁ%%@g%‘ééal&egﬁanﬁ %td%% géﬁquaiggl qirgrﬁ{aw%gsﬁ ?E,ci)r%%t@l?ent unit
ang el o SRBR SR fonrsreitan o7 HOHR Y 4T 2 Bgiatis vipy-based

vul.cani zi.ng the conjugated di ene pol yner conposition
coggt&tggaﬁlﬁ@{?to Claim14. 16. A process for producing the

6. coni @@28%9@&%&@%@&”&&@%?‘Héé‘oﬂﬂn gog%ggogfmg{ergﬁa with the

d ai rocess conpri si

tot DRt (oF &R @)n@g?éd’ dnd2Bh¥aP 'dofishiQieft rmfgloaﬁa the aromatic

conprising a conj ted diene 1n a hydrocarbon

vinryb¥88d cbisfitient KAt bs "I0Y, Hpivaight! thet duttesi of the @romatic vinyl-

conj ugated di ene polynmer having at a pol yner chain
bakéd onstituant ahit#d hotmesslthar i10i %y weight Gt nbemarekhan 50 % by

nmetal catalyst, (Step B) a step of adding a silicon
weighitpound represented by Fornmula (I111) bel ow
7. The conjugated diene polymer according to any one of Claims 1 to 6,
wherein the conjugated diene polymer has a Mooney viscosity (ML1+4) of not less
than 10 but not more than 200.
8. The conjugated diene polymer according to any one of Claims 1 to 7,
wherein the conjugated diene polymer has a molecular weight distribution of not
less than 1 but not more than 2.
9. The conjugated diene polymer according to any one of Claims 1 to 8,
wherein the constituent unit represented by Formula (I} is a
bis(dialkylamino)alkylvinylsilane-based constituent unit.
10. A conjugated diene polymer composition formed by combining the

conjugated diene polymer according to any one of Claims 1 to 9 and a filler.

11. The conjugated diene polymer composition according to Claim 10,
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to a hydrocarbon solution of a conjugated diene

pol yner having at a polynmer chain termnal an al kali
netal originating froman alkali netal catalyst and
reacting the silicon conmpound with the polyner chain
termnal, thus giving a conjugated diene polymer

lhntﬂeaém?wgfw fifér %{]ﬂbfﬁeﬁ% &qgsﬁtﬁéﬁWBHf ﬁot Iﬂwore than 150

an a orrdinatin roman a

pagﬁtbyhvgéghf‘}éﬂéfivé o 990% e%f e %é't é‘%‘?ﬁo&ﬂ?'df ed diene

I con conpou y Formula (11717,
o HcarhinEd. @ step of adding a nononer conprising a
conjugated diene to a hydrocarbon solution of a

12con] Tyat &shjuhAted dighy Polyrécdtpasition micwmn? tbatlaim4® or 11,
termnal a structure in which an alkali neta

whereigithefillegcédmprisesisititéal i netal catalyst is bonded
to a constituent unit represented by Forrmula (I)

13bel oWhet kcopjugated, ndienai pglynies nonmmsitioat acnerqdng yteerClaim 12,
chain termnal, H2CCH 41 6 (Il1l1) x Si_-X

whsr@metha amountxf siice c@nbmépeméiﬂas;/thaarﬁﬂ aaras @yowght relative

resented by Formula (11) below, a hydrocar byl
to @0 Parsdy \aelgﬁlb@f thetotal ameurs i ifiller cepbingd. and at

14ror mih8 EPRIOBlah e PAYMEr I9orAGRAalh ACEDIIRG. tch eragyone of
AR5 4 W BEEh L MO SERAesTE YDA b Groor
w3080 Bl %1 0D, on Ut o fh L B0

5‘(""I ; ha WifcdNi2it8Morthdd M SiickHihg: tHeedrilidated dithe polymer
composition according to Claim 14.
16. A process for producing the conjugated diene polymer according to any
one of Claims 1 to 9, the process comprising steps A, B, and C below
(Step A) a step of polymerizing a monomer comprising a conjugated diene in a
hydrocarbon solvent by an alkali metal catalyst, thus giving a conjugated diene
polymer having at a polymer chain terminal an alkali metal originating from the
alkali metal catalyst,
(Step B) a step of adding a silicon compound represented by Formula ({1} below
to a hydrocarbon solution of a conjugated diene polymer having at a polymer
chain terminal an alkali metal originating from an alkali metal catalyst and reacting
the silicon compound with the polymer chain terminal, thus giving a conjugated
diene polymer having at a polymer chain terminal a structure in which an alkali
metal originating from an alkali metal catalyst is bonded to a constituent unit
based on the silicon compound represented by Formuia (lil), and
(Step C) a step of adding a monomer comprising a conjugated diene to a

hydrocarbon solution of a conjugated diene polymer having at a polymer chain
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2 wherein X1, X2, and X3 independently denote a group
represented by Fornmula (Il) below, a hydroxy group, a
hydr ocar byl group, or a substituted hydrocarbyl group,
and at |east one of X1, X2, and X3 is a group

represented by Fornmula (11) below or a hydroxy group,

il WAL R SATL B e

tgtwr%%dwbdsaog&l{éwderﬂr&w dé@'}é?é‘ﬂtea by p%rﬁ@w Seldw, thus

group, or a substitute group, and
medal Wi th the N
oo s
H,C
X —8i—x° (I11)

XS

wherein X*, X5, and X® independently denote a group represented by Formula (I1)
below, a hydrocarbyl group, or a substituted hydrocarbyl group, and at least one

of X*, X®, and X% is a group represented by Formula (I1) below,

— N (11)
R

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

the N atom, a ring structure,

CH,—CH
X —si—x3 (1)
X2

wherein X', X?, and X* independently denote a group represented by Formula (1)
below, a hydroxy group, a hydrocarbyl group, or a substituted hydrocarbyl group,
and at least one of X', X?, and X® is a group represented by Formula (I!) below or

a hydroxy group,
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wherein R' and R? independently denote a hydrocarbyl group having 1 to 6
carbons, a substituted hydrocarbyl group having 1 to 6 carbons, a silyl group, or a

substituted silyl group, and R' and R may be bonded so as to form, together with

the N atom, a ring structure.
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