PROCESS FOR PRODUCI NG CONJUGATED DI ENE- BASED POLYMER, CONJUGATED

DI ENE- BASED POLYMER, AND CONJUGATED DI ENE- BASED POLYMER COWPCSI TI ON
5Background of the Invention 1. Field of the Invention The present
invention is filed claimng the priorities of Japanese Patent Application
No. 2011-011714 filed on January 24, 2011 and Japanese Patent Application
No. 2011-140337 filed on June 24, 2011 under the Paris 10 Convention, the
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The present invention relates to a process for producing a conjugated
diene-based polymer, a conjugated diene-based polymer, and a conjugated
diene-based polymer _composition.

15
2. Description of the Related Art

In recent years, with an increase in concern about environmental
problems, requirements of fuel cost saving properties on an automobile have
been increasing, and a rubber composition used in tires for automobiles has

20 also been required to be excellent in fuel cost saving. As a rubber
composition for automobile tires, a rubber composition containing a
conjugated diene-based polymer such as polybutadiene or a
butadiene-styrene copolymer, and a reinforcing agent is used.

For example, as a polymer enhancing fuel cost saving properties and

25 a polymer composition having good fuel cost saving properties, a polymer
obtained by living anion polymerization of butadiene, styrene and
bis(diethylamino)methylvinylsilane using alkyllithium as a polymerization
initiator, and a polymer composition containing the polymer and silica are
proposed in JP-A 2010-77386. A polymer obtained by adding alkyllithium

30 and hexamethyleneimine to butadiene and styrene, and polymerizing this is
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proposed in JP-A9-110942. Summary of the Invention However,

pol ymer conpositions using the above conventional -5 conjugated di ene-based
pol ymer were not necessarily sufficiently satisfactory in fuel cost-saving
properties. Under such circunmstances, an object of the present
invention is$ to provide a process for producing a conjugated diene-based
pol ymer from which a polyner conposition excellent in fuel cost saving

properti SSnSaN 1 eJﬂ-Q&?Htlﬁbﬁﬁd’ a conjugat ed di ene-based pol yner obtai ned by
t he pr oé’es%, and a polymer conposition containing the conjugated

di ene- based pol ynmer and a reinforcing agent. A first aspect of the present
invention relates to a process for producing a conjugated di ene-based
pol ymer conpri sing addi ng t$eminpdtyoed thy Isresbwpounds (1) and (11) as a

pol yneri zation_initiataor conmponent .to a sol ytiagn contai n{gjng f"t | east one
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conponen ai ning a con ene conpoun a si'licon-containing
vinyl cogpréntor2th fel cokaniagarkpéitiert al conmpound (11) Conpound
represented by the followng formula (1): Rl) NF1(1) (wherein Rh represents
a hydrocar byl éﬁ@ie}rwﬁb Hrenmstagiced POobirehohtha presebpinwRdianisigvi ng, as a
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10  obtained, a conjugated diene-based polymer obtained by the process, and a
polymer composition containing the conjugated diene'baéed polymer and a
reinforcing agent.
A first aspect of the present invention relates to a process for
producing a conjugated diene-based polymer comprising adding the following
15 compounds (I) and (IT) as a polymerization initiator component to a solution
containing at least one kind monomer component and using a hydrocarbon
as a solvent, in an order of the compound () and the compound (IT), and
polymerizing a monomer component containing a conjugated diene
compound and a silicon-containing vinyl compound.

20 (I) Organic alkali metal compound
(ID)Compound represented by the following formula (1):

£\ )
N S

(wherein R!1 represents a hydrocarbylene group having 3 to 20 carbon atoms
optionally having, as a hetero atom, at least one kind atom selected from an
atomic group consisting of a silicon atom, a nitrogen atom and an oxygen
25 atom.) |
A second aspect of the present invention relates to a conjugated

diene-based polymer produced by the above-mentioned production process.



~Athird aspect of the present invention relates to a conjugated di ene-based
pol ymer conposition conprising the above-nentioned conjugated di ene-based
pol ymer and a reinforcing agent, wherein the content of the reinforcing
agent is 10 parts by weight to 150 parts by weight 5 per 100 parts by

wei ght of the conjugated diene-based pol yner. According to the
present invention, there can be provided a process for producing a
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grou hasinighsatish coftdinéng thewdrghgated diast-based ippliyogeandtzom of a

hydrocar byl group is replaced with a substituent. A hydrocarbyl ene group
havi ng aremefoseingagemt herei nafter, referred to as hetero at om contai ni ng

hydr ocar byl ene group in sone cases) represents a divalent group having a
structure in which a carbon 30 atom other than the carbon atom from which a

hydrogen atom has been DiegyEthes@igtion ol thy dhogetioat om of a
hydr ocar byl ene group, is replaced wth a group havi nlg a hetero atom (an
e

at om ot her t hafderinaa hydrataobyhgrbw tapdeseyes samompyvalent group obtained
15 by removing one hydrogen atom from a hydrocarbon. A hydrocarbylene

group represents a divalent group obtained by removing two hydrogen atoms
from a hydrocarbon. A hydrocarbyloxy group represents a monovalent
group having a structure in which a hydrogen atom of a hydroxy group is
replaced with a hydrocarbyl group. A substituted amino group represents a

20 group having a structure in which at least one hydrogen atom of an amino
group is replaced with a monovalent atom other than a hydrogen atom or a
monovalent group, or a group having a structure in which two hydrogen

 atoms of an amino group are replaced with a divalent group. A hydrocarbyl

group having a substituent (hereinafter, referred to as substituted

25 hydrocarbyl group in some cases) represents a monovalent group having a
structure in which at least one hydrogen atom of a hydrocarbyl group is
replaced with a substituent. A hydrocarbylene group having a hetero atom
(hereinafter, referred to as hetero atom-containing hydrocarbylene group in
gome casés) represents a divalent group having a structure in which a carbon

30 atom other than the carbon atom from which a hydrogen atom has been



In the process for producing a conjugated di ene-based polynmer of the 5
present invention, the foll ow ng conmpounds (1) and (lI1) as a polynerization
initiator conponent are added to a solution containing at |east one kind
nononer conponent and using a hydrocarbon as a solvent, in an order of the
conpound (I) and the conpound (I11), and a nonomer conponent containing a
conj ugat ed di ene conpound and a silicon-containing vinyl conpound is 10
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(I) Organic alkali metal compound

(IT) Compound repreéented by the following formula (1)

£ \m 0
N

(wherein R represents a hydrdcarbylene group having 3 to 20 carbon atoms
optionally having, as a hetero atom, at least one kind atom selected from an

15 atomic group consisting of a silicon atom, a nitrogen atom and an oxygen
atom.)

A solution using a hydrocarbon as a solvent, to which the compound
(I) is added, contains at least one kind monomer component. Examples of
the monomer component include conjugated diene compounds,

20  silicon-containing vinyl compounds, and aromatic vinyl compounds.

The solution using a hydrocarbon as a solvent, to which the
compound (I) is added, is preferably a solution containing a conjugated diene
compound.

Examples of the conjugated diene compound include 1,3-butadiene,

25 isoprene, 1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, and 1,3-hexadiene,
and preferably 1,3-butadiene or i1soprene.

The silicon-containing vinyl compound is preferably a compound represented



(wherein mis 0 or 1, R21 represents a hydrocarbyl ene group, and X, X2 and
X3 represent a substituted am no group, a hydrocarbyl oxy group, or a

hydr ocar byl group optionally having a substituent.) 5In the forrmula (2), m
is 0 or 1, and preferably O. Exanpl es of the hydrocarbyl ene group in
R21 include an al kyl ene group, an al kenediyl group, an aryl group, and a
group in which an aryl ene group and an al kyl ene group are bonded. Exanpl es
of the al kul e r.oup includg. a met hyl ene group, an ethylene group, and a
trimeth B%ﬁgagﬁgﬁﬁpg?%HEQEHgﬁés of the al kenediyl group include a vinyl ene
group angd an ethylepe-1,1-diyl group Exanples of the arylene group include

a phenyl®ehe group napht hyJljene group, and a bi phenyl ene group. Exanpl es
of the gro i ich an ar4M ene group and an al kyl ene group are bonded
i nclude a group |

whi ch a phenyl.ene group a net hyl ene group are
bonded, Bhd a 15 g i ieh phenyleneaggkup and an et hyl ene group are
bonded. R21 is preferabP? an aryl ene group and nore preferably a phenyl ene
In the formula (2), X1, X2 d X3 represent a substituted am no group, a
hydr ocar byl oxy group, or a ‘hydrocarbyl group optionally having a

and X3 is

anino 0%l S Rt e o ERSPRRRY < PR eng i 4 &1 RERbL G T e
o e D ALMUMASEAR IO T o el O Te
\ N(2- A) IR2&focarbyl group optionally having a substituent.)

5 In the formula (2), m is 0 or 1, and preferably 0.

Examples of the hydrocarbylene group in R?! include an alkylene
group, an alkenediyl group, an aryl group, and a group in which an arylene
group and an alkylene group are bonded. Examples of the alkylene group
include a methylene group, an ethylene group, and a trimethylene group.

10 Examples of the alkenediyl group include a vinylene group and an
ethylene-1,1-diyl group. Examples of the arylene group include a phenylene
group, a naphthylene group, and a biphenylene group. Examples of the
group in which an arylene group and an alkylene group are bonded include a
group in which a phenylene group and a methylene group are bonded, and a

15 group in which a phenylene group and an ethylene group are bonded.

R21 is preferably an arylene group and more preferably a phenylene

In the formula (2), X1, X2 and X3 represent a substituted amino group,
a hydrocarbyloxy group, or a hydrocarbyl g‘roup- optionally having a
substituent. Preferably, at least one of X1, X2 and X3 is a substituted amino

20  group, and more preferably, two of X!, X2 and X3 are a substituted amino
group.

The substituted amino group in X1, X2 and X3 is preferably a group
represented by the following formula (2-A).



(R22 and R23 represent a hydrocarbyl group optionally having a substituent,
or a trihydrocarbylsilyl group, or R22 and R23 are bonded to represent a
hydr ocar byl ene group optionally having, as a hetero atom a nitrogen atom5
and/ or an oxygen atom) The hydrocarbyl group optionally having a
substituent in R22 and R23 is a hydrocarbyl group or a substituted

hydr ocar byl group. Exanples of the substituted hydrocarbyl group include a
substitutgg hydr ocar byl group in which the substituent is a hydrocarbyl oxy
group. diaqples of the 10 hydrocarbyl group include chain alkyl groups such

as a net hyl™group, an et hyl groupcngz-propyl group, an isopropyl group, a
n- butyl gr , an isobutyl group, “a séc-butyl group, a tert-butyl group, a
n-pentyIRg#oup, a n-hexyl group, and a n-octyl group; cyclic alkyl groups
such as a cycl qQpentyl grou d a_cycl ohexyl. grQup; and aryl .groups such as
a pheny|(B§t and B2 reBresent 9&1@8@&@%&6% Héﬂﬂgﬁﬁy %ﬁ?’b‘iﬁ)‘?‘ Sb}ﬁﬁu eé’futer ably an
al kyl group,.. Joh _alikeyds JAgf gpreferably a
nmet hyl éF&g%?H§%&5$g§$§g§g%%?ﬂhgg?%r8%9ﬁ¥gfgggﬁﬂgﬁgQgr%- utyFagroup.

Exanpl eshyfrobddydsihs bidul stibysllpBaring, agr:ohgterd athinch ritiegstlasdint uent is a
hydr ocar byl oxy group incl ude al koxyal kyl groups such as a net hoxynet hyl

group, amdor enrwxga’etahgrm.)group, and a net hoxyet hyl group; and aryl oxyal kyl
groups such as_a phenox t hyl group. . _Exanples of .t

tri hydrocar byl qgvgwcaﬁgﬁ gﬁﬁﬁg’pg}?@a@é’@?‘ﬂegﬁd%&%tﬁgﬁﬁéFé%l%fmgr%zaps such
as a tri.net j , ' [ d & les of th

tert- butlg}?a d%%@ﬁ%ﬂs% 1Igénlgldg rog %péﬁ%ggﬁtﬁgé%gl lg ?g%%ﬁg%gérr?? I?)gr ouXpEl I%%teis c? nal (Ie y

havi ng, @afhstithedehodaicaibylagmiubriaghiiead enbsditod hydrosarpghgatugnin n R22 and
R23 is a hydrocarbyl ene group, or a hetero aton}containin%#?ydrocarbylene

group i rwhishcthe sidhsiduenbisg dydrecarbiloxyoenPat Sraamies Pl B¢ oxygen at om

Ex I h . hNi hyvd I ip.which th
et oo SrBtrora R g gl aE o hAl BB M e IER e R e B oo
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atom an etero atomcontaini ng hydrocarbyl ene group in which the hetero
atom i s @obatybgrgep, asewrbubKagphips adgbrit-hetiygtoop.aa bypariel group 4 ncl ude

pent amotRYIEEHb EE B REAGHLETRI FBC BLL EoNRD PULRRGI REPGEBD.  an
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15 benzyl group, and a naphthyl group, and preferably an alkyl group, more
preferably a chain alkyl group, and further preferably a methyl group, an
ethyl group, a n-propy! group, and a n-butyl group. Examples of the
substituted hydrocarbyl group in which the substituent is a hydrocarbyloxy
group include alkoxyalkyl groups such as a methoxymethyl group, an
20 ethoxymethyl group, and a methoxyethyl group; and aryloxyalkyl groups
such as a phenoxymethyl group.
Examples of the trihydrocarbylsilyl group in R22 and R23 include
trialkylsilyl groups such as a trimethylsilyl group, a triethylsilyl group, and
a tert-butyldimethylsilyl group.
25 The hydrocarbylene group optionally having, as a hetero atom, a
nitrogen atom and/or an oxygen atom in R?2 and R?? is a hydrocarbylene
group, or a hetero atom-containing hydrocarbylene group in which the hetero

atom is a nitrogen atom and/or an oxygen atom. Examples of the hetero
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"10 pent-2-ene-1,5-diyl group. Exanples of the hetero atom contai ning

hydr ocar byl ene group in which the hetero atomis a nitrogen atominclude a
group represented by -CH=N-CH=CH and a group represented by

- CH=N- CH2- CH2-. Exanpl es of the hetero atom contai ni ng hydrocar byl ene group
in which the hetero atomis an oxygen atominclude a group 15 represented
by -CH2-CH2-0-CH2-CH2-. It is preferable that R 22 and R23 are an al kyl
group, or R22 and .R2 r nee r it is nore
prefer a Bt ey %Onf%glr%ngﬁjyglr%#%é’?%n%péi%él&ﬁrﬁ%ﬁ&g W*%?O gﬁ‘%}@? &ble to forma
methyl ghaWBeRktam Shdnst aﬁr&@gen@é@m&hdga&em&imhﬂéﬁﬁaﬂm&o group iIn
whi ch R22 and R23 are a 20 hydrocarbyl group, of the substituted am no

groups fapreseblybohdgroupenf whinkl the(l2etayo atorolisdenidiagerydtam, dedgr oups such

di hyl am , i |.am - hyl am ,
2% a1 - . PGV STGoBrBDBiE By Siaca TN IaRy RaRRH G GHNCH the AT AL R no

| q | - ' .
i B BpREbR Ay SRR Rye Byl aREsRYD AT AR RIS 2 1 ami no

group, anRdups ehel ablaytramdtiallkit arbhe, Htauamethgenorgeonpeierably a
di met hyl'am no group, a diethylam no group, a di-n-propylam no group, and a
di - n- butpenaainethyleos EroEr anplessmethyleamesirbypi 2 bieptamatndene §opul.ritwhi ch R22

SUbst | t GEHIPEREIoR; RO DI PRI R I OB el TIE-RPES KBRS A RYD) M no
groups §415/ A%t (HEBLRAGKY BREDY LIAI: A% dUIRMR. A codid fldiay et hyl) ami no
anpl e e su ed a

group. S0 stitu no group 1N which R2 and R23 are a
tri hydr geariyrbaédlys-dgylaspupnc Rxdenples af kiyé dbtetb agonuepmaiagni ng ani no
groups such as a bigtrinmethylsi I¥Dam no group, a 5 .

bi s(t er thysliogahivienhgrein ymadichy thy befero gt@mais a nitrogen atom include a

N-trinethylsilyl-N | am Ex | f bstituted
ani :1longr B}%:rﬁ%megﬁng@é @%%%ﬁz{'b%ddgfrf)gp%g&ﬁ%%én %/ddﬁ%(szgr Ey: eﬁeegr oup,
of the suhstitOteCRF NESHRHRS JFERE H2eHCH oRY-chiiR i ARIMY drot2riflend Ncl ude

1-al kyl enei m no groups such as a 10 1-trinmethyl enei m no group, a

" 1- pyr r ol gidiupyin whizhptheshdteps peorhdis mayl oxygenmtom inchedeaeronb enei mi no gr oup,
a 1- hept anmet hyl enei m no rou(ﬁ, ﬁ ﬁﬁCt anet hyl enei m no group, a

1- dd@anetepyeasardraitye Cislbe eta Glelodecanet hyl enei mi no group. Exanpl es of

Lo e oot b oS PLOG AR Rl RO ek ANIRGB AT BRI ARIE 2

het ero at om contafrni ng rocar group I n e hetero atomis a

ni t r ogerpiddA fofekkiden alldyleAt @gagep vik ightiip patbrable @ fhirkyahi @iliyli mi dazol yl
group. Exanples of the substituted anino groug in which RR2 and R23 are
bonded tgrofup; and ihés Brshex praferahlaitniform oy aresbal Sepuere a ethyligtowni ch t he

netero, atom [ scon oiyoen, alom (nelude. mcphall postian, BB e

o od8, BRI O R Pt ey, hilaLiodem o row 1

di - n- pr ofayhaith f2-2r oufindadda kyihmindgtoumnuwh g adpmatieylburinheroppef er abl e.
a diethylamino group, an ethylmethylamino group, a di-n-propylamino group,
a diisopropylamino group, a di-n-butylamino group, a diisobutylamino group,
a di-sec-butylamino group, and a di-tert-butylamino group; and diarylamino

25 groups such as a diphenylamino group, and preferably a dialkylamino group,

and more preferably a dimethylamino group, a diethylamino group, a
di-n-propylamino group, and a di-n-butylamino group. Examples of the
substituted amino group in which R22 and R23 are bonded to form a

substituted hydrocarbyl group in which the substituent is a hydrocarbyloxy
30 group include di(alkoxyalkyl)amino groups such as a

7



25Exanpl es of the hydrocarbyl oxy group in X1, X2 and X3 include al koxy
groups such as a methoxy group, an ethoxy group, a n-propoxy group, an

i sopropoxy group, a n-butoxy group, a sec-butoxy group, and a tert-butoxy
group; and aryl oxy groups such as a phenoxy group and a benzyl oxy group.
The hydrocarbyl group optionally having a substituent in X, X2 and 30 X3
is a hydrocarbyl group or a substituted hydrocarbyl group. Exanples of the

substi t uf.ed I ' i.hcl i r byl group in
ahi ch t HCEeREERTaRSYpulL8 gL e BEs A BRI ety B 680 ™Y |

hydr ocarfyyd mplaUWT the Gubdatadddyaman @ BRESHCWhach R2BAAH23 gFOHP, an et hyl
group, a n-propyl group, an isopropyl groug, a n-butyl group, a sec-butyl

group, amnthyalrbearbybuiltytlgrgnpupeludadradlylsgybgmimscattansing gshmwy| group, a

4- et hyl -1 - pheny] group, and a by | .group. Exanples of the substituted -
hydr ocarfF¢HPEsYap & Wﬁ‘ﬁé’ﬁn?wlﬂgﬁnﬂ‘g‘éﬁ&%aa hydr ocar byl oxy group

i ncl gdeabﬁg&gﬁy%ﬁ%&ng%%ﬁﬁgayﬂi A%%r%?:aﬂagnet hyl group, an et hoxynet hyl

group, an Xye oup. em an al kyl 10 group is

pr ef er ablarirasthyasii@d Kyhe thyldmifagregpe.l to 10 carbon atoms is nore
pr ef er abl e. Exanpl es of a conpound in which one of X, X2 and X3 is

a substi t ut ed Kxdmplegrafupswirditmted aginoferonp iniwhich R emdaRtiarg vi ny!

TS i a1 AR G &P OFHRpr LY (AR Ot 16 SaBstiuted amino groups

(di met hyﬂeg?%éb%gii'ﬁgtﬂ%' BERA2 (A0 Cind GO IR AL AP kIR Ah Y | o1 1 ane,
(di - n- propyl'am no) di net hyl'vi nyT si'| ane,

(di i1mopr Dpsberthptomdimeh o gt )d Sigyanslidiqs gedupy lsabiphedrddmiyb gkoamyd si | ane,
20 (et hyl net hyl am no) di et hyl vi nyl si | ane, L

(di - n- pr bpgxametbyignetmina gyaursia hiheptapgthyleneimino group, a

(diisopropyl am no)di et hyl vi nyl si l,ane; I

Lbi s(ert Praar sadiito s iRyt Jriroilpelpine grow, and a

[ bi s(tri{ebiytahbitlyigniinghdifetpy! Wxayh skt 8€he substituted amino group

i bi gt-butyl di methylsilyl)amnddi nmethyl vinyl sil ane, 25

- [ bi s(triimethydis RFYpadiRibhoé bohged iomfdren harmderaatbm-containing

g S T e S T TS0 o it

(9 ot S B DS HALP fscolggrowy. Examples of o

(di met hydgsstitoxsd qetihexyoep iy Rvhiak B2lsadeR 2% are bonded to form a hetero
atom-containing hydrocarbylene group in which the hetero atom is an
oxygen atom include a morpholino group.

20 As the substituted amino group represented by the formula (2-A), a
dialkylamino group or a 1-alkyleneimino group is preferable, a dialkylamino
group is more preferable, and a dimethylamino group, a diethylamino group,
a di-n-propylamino group, and a di-n-butylamino group are further
preferable.

25 Examples of the hydrocarbyloxy group in X1, X2 and X3 include
alkoxy groups such as a methoxy group, an ethoxy group, a n-propoxy group,
an 1sopropoxy group, a n-butoxy group, a sec-butoxy group, and a tert-butoxy
group; and aryloxy groups such as a phenoxy group and a benzyloxy group.

The hydrocarbyl group optionally having a substituent in X!, X2 and

30 X3is a hydrocarbyl group or a substituted hydrocarbyl group. Examples of
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(dinethylanino)di(2-ethoxyethypVinylsiIane,

(di et hyl am no) di ( et hoxynet hypvi nyl si | ane,

(di et hyl am no) di ( 2- met hoxyet hyDvi nyl si | ane,

(di et hyl am no) di (et hoxynet hyl ) vi nyl sil ane, and 5

(di et hyl am no) di (2- et hoxyet hyl ) vi nyl si |l ane; and cyclic

am nodi al kyl vi nyl si | ane conpounds such as

1-pyrroldinyl dj met.hylvinyksil a . hperd. gi j N Shhgne,

1Py ok LA TER AR LR AP ebvl R kisul b Lp

4, 5- di hydrosiln ok dapetivhditatdn) didubistlorpero@nd Blamples of the _

nor phol i nodi net hyl vi nyl si | ane. Exanpl es of a conpound in which one

of X, X3deochrk3l growp muebsdé ailltyddgrambneugh esp mathylerogpian gthylhe

silicon-containing vinyl conpounds represented by the fornmu a (2), include:
(di al kylsanithoy & BHoRyl arm,m%wpmﬂﬁgeugu%ﬁl ay] grow, 4 S int

di net hyl am i et hyl - 4-vi nyl i ,
O ) Bt o e s
(di et hyl@ﬁie@ﬁ%ﬁ eyl pfow, M DA RYIEZS] %ﬁﬂ@ Examples of the substituted

ane,

(di et hyl am no) di net hyl -3-vi.nylﬁhen | si ]
(di - n- priopirbemibyd pooupihyhidh ¢he ghpsidiansiip aneydrpearbyloxy group

(di - n-pr.opyl am _no) di hyl - 3- vi nyl phenyl.si | an

(i - - bUPTICSIR HE BB hFTeupS 4G BhengY Ll Tang Lyl group, an

(di - n- but.y!l apj [ Y} = 3-\i j e, , an alkyl
(di met hy tﬁﬁq%%%@t%?@ﬂ%ﬁﬁﬁ é&ﬁé’%@?@*ﬁ?ﬁé‘?ﬁ Among them, an =

E di it hydrawpng)defir-iile; andidty hiyépybap haveng 250 10 carbon atoms is more
(

(

di et hyl am no) di et hyl - 4-vi nyl phenyl si | ane,

di et hylmmifers)odé.et hyl - 3- vi nyl phenyl si | ane,

di - n- propyl am, no) dj et hyl - 4- vi nyl phenvl si | ; 9 3:
(di - n- pr opyl a:ﬂ: Hle@tcﬁﬁ 9@9?%’;‘#%8%@0 %E)E’Xl, X?and X?is a
(di-n-b . hBhEYrods WndhABeNYE $hé 8iRonaB@taining vinyl
30(di - n- ‘%ﬁy ar@néanggxﬁlheiék?/ﬁ 3-vi nyl phenyl si | ane. . Exanpl es of a
conmpoundednipddrdpresaiteXlny i forch i (8h,énelugebstit ut ed ami no group and m
is 0, of the sjli con-conSa_i ni ng.vinyl corrgo&mds represented by the fornula
(2),15 ncl ude: WialkalamiaamlkplvankyHoray FesR 8fes such as 5

bi s(di nme | am no).ne | Vb 0yl:Si bi s(di et hyl am no) met hyl vi nyl si | ane,
bi s(di - n@%«?ﬁ&%ﬁ%ﬁ?&?%%@?’ g‘%‘%ﬂ% Rhe,

bi s(di - nfelgﬁﬂﬁlgmym@ﬁlm@)layﬂa\étwlvﬂﬁaﬂgne,bi s(di met hyl am no) et hyl vi nyl si | ane,
bi s(di et hyl am no) et hyl vi nyl sil ane, bis(di-n-propyl am no) et hyl vi nyl si | ane,

and bi s( Gii=nrpbotylhermosdiatehbyWinylstianane;
10bi s[bi ?d(.lisrolpgcl)II)<3¥1|a%1L¥P£r@e@ﬁ§f¥1§ﬁs¥l‘aﬁg,l ?diﬁl%@ﬁ?la?ﬂﬁ%)c?i%thylvinylsilane,
20 (ethylmethylamino)diethylvinylsilane, {(di-n-propylamino)diethylvinylsilane,
and (diisopropylamino)diethylvinylsilane;
[bis(trialkylsilyl)aminoldialkylvinylsilanes such as
[bis(trimethylsilyl)aminoldimethylvinylsilane,
[bis(t-butyldimethylsilyl)aminoldimethylvinylsilane,
25  [bis(trimethylsilyl)aminoldiethylvinylsilane, and
[bis(t-butyldimethylsilylaminoldiethylvinylsilane:
(dialkylamino)di{alkoxyalkylvinylsilanes such as
(dimethylamino)di(methoxymethylvinylsilane,
(dimethylamino)di{2-methoxyethyDvinylsilane,
30 (dimethylamino)di(ethoxymethylvinylsilane,
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bi s[ bi s(trinmethyl silypam nol nmet hyl vi nyl si | ane,

bi s[ bi gtert-butyl di met hyDam noi net hyl vi nyl si | ane,
bi s[ bi gtrimethyl silyl)am ndet hyl vi nyl sil ane, and
bi s[ bi gt ert-butyl di met hyl ) am ndet hyl vi nyl si | ane;
15bi s(di al kyl am no) al koxyal kyl vi nyl si | anes such as
bi s(di met hyl am no) net hoxynet hyl vi nyl si | ane,

D A A
bi s(di m%Eiﬁdalg]mr%@r?gﬁﬁhP}?&S}S&h{e‘ﬁﬁ%ﬂv@f&ﬁﬂhﬁ&e, 20

bi s(di et oxynet'hyl virnyl sil ane,

bi s( di et(djdthgiarmroddifeherhyey by viyylsilhane,
bi s(di et hyl am no) et hoxynet hyl vi nyl si | ane, and
bi s(di métl halﬁmu)o@@ﬁ@&%@axmthyvmywmq,@ﬁé and bis(cyclic

glms?%) S&éﬁ%ﬁyﬁwﬁﬁﬁ%ﬁgﬁaﬁﬁﬁ@ {i?lief’%%gi peri di nyl ) met hyl vi nyl si | ane, 7

bi s(1- hexanet WThREs [ [ h
bi s( 4, 5- di hyd%@%%ﬁ%@&%ﬁ%%ﬁ%g@ Ponds such a

bi s( mor phekind)dinyldynetlnylviistlanene Fxaieradingidiznetbppooyidilanemhi ch two of
X, X2 and X3 are a 30 substituted alm' no group and mis 1, of the
si | i con-kbaxamethylenphyinodimeshyivgay sephesent ed by the formula (2),

i ncl ude: : bi.s( di,al m |. k .0yl nyl si |l anes such as

bi s( di me‘{"ﬁﬂlgﬁflﬁ%;lﬁéqlﬂ%éiﬁ@%e&ﬁ%ﬁ%ﬁ @f‘%ﬁ’gﬁg Y

- bi s(@ i : i [ henyl si | ane, 5

bi s(lgi ﬁg?%%%@ﬁeﬁﬁggyﬁﬁﬂéﬁsﬁgﬁenyra | ane, .

bi s( di et hyl ani He)meldsydf-Beanpyiphénywlsich ame of X!, X2 and X3 1s a

bi s(di - n-propyl am na) net hyl - 4- vi nyl_ph | si,] ane, e

bi s(di - SHISHMehARERAEERUP 3§d\}i‘1ﬁ§|1pﬁg% siljicgpontaining vinyl

bi s(di - n- ' ls-14- mi Nyl i - 10

bi sE di - nc"ggu]%‘}%?ng h rfr%@éﬁ@’ ‘\’\%&n%rgﬂg%( Lo

bi s( di met hyl anida@)gldniinddidibylvphgipteslsilees such as

bi s(di et hyl am no) et hyl - 3-vi nyl phenyl si | ane,

bi s(Hh et (@imﬁhnla)ceimﬂmthwhwwn@lﬁh@ml%m@&

bi s(di et hyl am np) et hyl - 3- vi nyl phenvl si l,ane, 15

bi sg di - n&%% V%ﬁ’w&ﬁ‘tnh%yﬂ%&ﬁwp%he&w?@ﬂ%ne,

bi s(di-n ) = BVl la$iel ane,

bi s(di - n({ﬁ%%%ig%%ﬁﬁ%whé\%%y %ﬁgﬁ%ﬁﬁeén& and

bi s(di - nédisthsiamine)detieyhy133 winglphkegldisineane. Exanpl es of a conpound in
which three of X1, X2 and X3 are .a substituted amno group and mis O,
of the s(dli%'@ﬁOEﬂﬁP%Pﬁ]‘hgle\Fhﬁ 'ﬂ"@@ﬁﬁ&?ﬁ‘ﬁ liaé“ﬁr esented by the fornula (2),

I ncl éltfi € (di-n-propylamino)dimethyl-3-vinylphenylsilane,
(di-n-butylamino)dimethyl-4-vinylphenylsilane,
(di-n-butylamino)dimethyl-8-vinylphenylsilane,
(dimethylamino)diethyl-4-vinylphenylsilane,
(dimethylamino)diethyl-3-vinylphenylsilane,

25 (diethylamino)diethyl-4-vinylphenylsilane,
(diethylamino)diethyl-3-vinylphenylsilane,
(di-n-propylamino)diethyl-4-vinylphenylsilane,
(di-n-propylamino)diethyl-3-vinylphenylsilane,
{(di-n-butylamino)diethyl-4-vinylphenylsilane, and

30 (di-n-butylamino)diethyl-3-vinylphenylsilane.
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tris(dial kyl am no)vi nyl sil anes such as tris(di nmethyl am no)vi nyl sil ane,
tris(diethylam no)vinylsilane, tris(di-n-propylamno)vinylsilane, and
tris(di-n-butylam no)vinylsilane. 25Exanpl es of a conpound in which three
of XI, X2 and X3 are a substituted am no group and mis 1, of the
silicon-containing vinyl conpounds represented by the forrmula (2), include:
tris(dialkylanino)vinylphenylsilanes such as

tris(dinet hy| gj h@ﬁﬂ gl lwgiﬁg‘& W0 of X1, X2 and X3 are a

trls(dlrrethyl St |

tris(di dﬂﬁéh@ﬁ%élpiﬁﬁm‘! lgPdﬁ;PQﬁa&fﬁ $& bageshe silicon-containing vinyl
tris(diethyl arni no) - 3- Vi nyl phenyl si | ane,

tris( gl -dtnﬂmmnyilsampmesemedlbwyﬂlmhkferMIﬂa :(Za)nmclude

i - 3
HECE TR e |
whi of PG AV kL B AR, 1 ieths o GEAIRL n i OMPOUTE 10

sili con lgg(glah Ba\Sy 1M AN e IROHRYSsilaf esent ed by the fornmula (2), include:
10tr|aIkOX{V|nyI5|Ianes such as trimethoxyvinyl sil ane,

tri et hoXyis yn but;damlna)Methylmm@@i@&w m@lmaﬂwlamlaoleéhymmmanw si | anes
h di.met.h J th th l
i ol Koy P LGH R B P AILSY Bl e e G BRSO PR Pane. and
di (tert- ﬁxapﬂq“ﬁgﬁkﬂﬁhﬁé¢ﬁ?“3 koxydlalkyIV|nyI5|Ianes such as 15
i nogll

di net hyl e oxyV|n ane, oxy |aryIV|nyIS|Ianes such as

t er trgbut oxydi ieis(eriaiitydiilpidemansl alleyliimasil oxeediydheay | vi nyl si | ane;

_ nnnoalkoxyalk IaryIV|néﬂS|Ianes such as tert-butoxynmet hyl phenyl vi nyl sil ane
and ter tbis(k 16 yian b meithelvenylgdansubst i t ut ed al koxyvi nyl si | ane

e ey o S | 0, s
bigtrial l‘)‘ﬁé[ﬁb(t¥ﬁﬁé'ﬂH§z‘?§i§dFa%ﬂﬁ§o]§Hﬁﬁvﬁﬁds1lane, and
bis[bis(tert-butyldimethyl aminolethylvinylsilane;

15 bis(dialkylamino)alkoxyalkylvinylsilanes such as
bis(dimethylamino)methoxymethylvinylsilane,
bis(dimethylamino){(2-methoxyethylvinylsilane,
bis(dimethylamino)ethoxymethylvinylsilane,
bis(dimethylamino)(2-ethoxyethyDvinylsilane,

20 bis(diethylamino)methoxymethylvinylsilane,
bis(diethylamino)(2'ﬁethoxyethyl)vinylsﬂane,

~ bis(diethylamino)ethoxymethylvinylsilane, and
bis(dimethylamino)(2-ethoxyethyDvinylsilane; and
bis(cyclic amino)alkylvinylsilane compounds such as

25  bis(1-pyrrolidinyl)methylvinylsilane, bis(1-piperidinyl)methylvinylsilane,
bis(1-hexamethyleneimino)methylvinylsilane,
bis(4,5-dihydro-1-imidazolyl)methylvinylsilane, and
bis(morpholino)methylvinylsilane.

Examples of a compound in which two of X!, X2 and X3 are a

30 substituted amino group and m is 1, of the silicon-containing vinyl
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4--N, N-bi s(trinmethylsilypam nostyrene and

3-N, N-bi s(trinmethylsilypam nostyrene; and 25

bi s(trial kyl sil ynam noal kyl styrenes such as
4-bi s(trimethylsilyl)am nonet hyl styrene,
3-bis(trimethylsilyflam nonethyl styrene,

442-bi s(trinmethyl sil ynam noet hylistyrene, and .

342- bi gt ri net hy] si | i.noet hyl i si | con-cont ai ni i nyl
comounderpi-eRF o R B e I P BTG D LR ormul & (2. ot e
preferably a Qﬁé’(ﬂ?&l!&?ldrﬂid@)?%&%lﬁnﬂbﬁéﬁlé@ﬁ@é sucdhZs is 0, further

preferably a conmpound in wh two of X2 and X3 in the formula (2) are a
di al ky| dik@imetbylamimodnptntli £ulmrlbhepyleflenebl y a conpound in whi ch one of
group. A conpound whi ch

X, X2 d X3 inthe f I 2) i |.kyl

i's pa_rtﬁln,iﬁqdéme?ﬂwe@o%gglﬁééfﬁéléhgﬂﬁgﬂ- _\é‘é’nt ai ning vinyl conpound is
b1 o(di - TR MRty oy Etfepydbitige, ot 1! am no) metivivi vl st ane.
bi s(di - rbigggié(ﬂ@m%ﬁmgmwignmh§;1jlﬂﬁﬁ@.15ﬂﬁi@ addition, in a nononer unit

based on the conpound represented by the formula (2), a group represented
by X, Xdsahch-Esopmgmbeokménhildxyinydploaylsitaveigh hydrol ysis or the like. In

t he presen{ .dnvention, in order t.oymlgnge. fuel cost saving properties, the

amount  gStHE BTPREAUR %ﬁhﬁ’ﬁ'ﬁg‘”\ﬂ MYoBfd used is 15 preferably 0.01
wt % or %&gﬁ'ﬁhﬁ%%@é%%&%l04'%[3}3%%12%18@5&’ and further preferably 0.05

wt % or per the to anount of nononer conponents used in

pol yirer i Bigldianbutylagtideymbthydrhahsdpkenyleithne) properties and to increase
tensile strength at break, the anount used is preferably 20 wt%or |ess,
mor e pr ebigtdimaphylamimajethyddsvingiphenylehane.20 preferably 1 wt% or | ess.

In the present inyventign, in order, to.enhance tensile strength at break, it
is prefe @@ﬁ@“qthé{ralﬁm@%ﬁ%aY]inéfi?l?esny&@??B?’ned using an aromatic vinyl
CO'TPOUndbi%&l'@tl??]Qﬁ{{ﬁb)egﬁﬁp@%%lpﬂeﬁyﬁgmﬂel’Ol’l to the conjugated diene
conpound an&t e silicon=contal ning vinyl conpound. Exanples of 25 the

ar omat i chieldigthyanpaoidhih8ivinglpdtenybsibanea- met hyl st yrene, vi nyl t ol uene,

vi nyl napht hal ene, divi ny| benzene, trivinylbenzene, and divi nyl napht hal ene,
and b"?ref@S&E{?'Eﬁm’]@ﬁ@ﬁosethﬂ'4'VFH§{MA§’-II%?Q’t he aromatic vinyl conmpound

liggdwit OS/O%ﬁ‘(ﬁfé%%@ﬂ?l%%&@&h?ﬂ%Lkﬂhyﬁihetrﬂﬁsﬂ:m,ugatEd di ene conpound used is
bis(di-n-butylamino)ethyl-4-vinylphenylsilane, and
bis(di-n-butylamino)ethyl-3-vinylphenylsilane.
Examples of a compound in which three of X1, X2 and X3 are a
20 substituted amino group and .m is 0, of the silicon-containing vinyl
compounds represented by the formula (2), include:
tris(dialkylamino)vinylsilanes such as
tris(dimethylamino)vinylsilane, tris(diethylamino)vinylsilane,
tris(di-n-propylamino)vinylsilane, and tris(di-n-butylamino)viny!silane.
25 Examples of a compound in which three of X1, X2 and X3 are a
substituted amino group and m is 1, of the silicon-containing vinyl
compounds represented by the formula (2), include:
tris(dialkylamino)vinylphenylsilanes such as
tris(dimethylamino)-4-vinylphenylsilane,
30 tris(dimethylamino)-3-vinylphenylsilane,
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30 preferably 10 wt % or nore (the anount of the conjugated diene -conpound
used is 90 wt % or less), and nore preferably 15 wt% or nore (the content of
t he conjugated diene conpound is 85 w%or |ess), per 100 wt % of the total
anount of the conjugated di ene conpound and the aromatic vinyl conpound.
Further, in order to enhance fuel cost saving properties, the content of
the 5 aromatic vinyl conpound is preferably 50 wt% or |ess (the content of

;[/\Fe con{tgl%g&igﬁh‘gggagﬁ?)g%{@%ﬂ%%é%é&n\g%or more), and nore preferably 45

% or “conjugat ed di ene conpound is 55 wt % or
TOr€) . tris(dietH1nfaBPAWAy ko kilheor gani ¢ alkali metal compound.
Exanpl es of the organic alkali netal conpound include an organic lithium
conpoundrisédi-i-®ropganiivosddiinppdemydsitatie, an or gani ¢ pot assi um conpound, and
an organi c,cesi um conpoupd. .Ex | es .of the organic |ithium conpound
i ncl ude VBISKGA R PEAP '§Gﬁ&¥ﬁgp}%1ﬁ%}ga%t hyllithium ethyllithium

n-propylLivhium i ropvild Lt |14 thium isobutyllithium

sec- but irllslk@lh#%t&%ﬁﬁn%gétéﬁmﬁﬁg%&%é%ﬁ lithium and n-octyllithium 15
~al kenyl lrisldisPRe RS- sswei ftsensila¥dhd.t hi um and propenyl lithium
aryllithium conpounds such as phenyllithium benzyllithium tolyllithium
and |ithi um ndjptarhylesdé a cinkydwrki Which & Sdapddidyenindte ssbstituted
tetranmet hy| enedilit h('#um e gﬁgm h%/l enedi it hi umﬂ hexamat(g%l enedi | ithium
and dec AR EERBAT] Ehilit OLdAE SHEH GHP6REoAPRLEERPAEShd 1 t hi um

bi phenyl j ga -0di um conpound i ncl ude sodi um

napht halfgﬁ?ﬁg&%&?@g%%ﬁ%%hgﬁlggé Exanpl es of the organic potassium
congound i ncl ygrlketpssikitahapbutiaheniidesthbhgvinyigibamed (1) is preferably an
organic |ithiumconpound, nore preferably an al k]\él i tﬂi um cogpound having 1
to 20 cdrisshozeviaylsvane; apdisiprppenainplsjianehdiakoxyalkpipngletanet yi 1 it hi um

-butyllith .The. d (s : db
Che fol 9t FSEHIRme o sy NIEST RRRe hvitigho BT, " cpr esent ed by
hydr Ocarﬂﬁl%ag?}%?ﬂylgﬁﬁh@gsécﬁ Qs ANtERF hatoRy YRR 9B ingalang fravi ng, as a

hetero atom at 1east one kind atom selected froman atom c group
consi st i difteof-batsiy)phemylainylsilanei moogatkoay dalknlyisyisdayeesuct am )

15  dimethylmethoxyvinylsilane; monoalkoxydiarylvinylsilanes such as

tert-butoxydiphenylvinylsilane and tert-pentoxydiphenylvinylsilane;
monoalkoxyalkylarylvinylsilanes such as
tert-butoxymethylphenylvinylsilane and tert-butoxyethylphenylvinylsilane;
and substituted alkoxyvinylsilane compounds such as

20  tris(B-methoxyethoxy)vinylsilane.

Further, examples of the silicon-containing vinyl compound include
bis(trialkylsilyl)aminostyrenes such as
4-N,N-bis(trimethylsilyDaminostyrene and
3-N,N-bis(trimethylsilylDaminostyrene; and

25  bis(trialkylsily)aminoalkylstyrenes such as
4'bis(trimethylsilyl)amihomethylstyrene,
3-bis(trimethylsilyl)aminomethylstyrene,
4-[2-bis(trimethylsilylaminoethyllstyrene, and
3-[2-bis(trimethylsily)aminoethyllstyrene.

30 The silicon-containing vinyl compound is preferably a compound
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5In the formula (1), the hydrocarbyl ene group having 3 to 20 carbon atons
optionally having, as a hetero atom at |east one kind atom sel ected from
an atom c group consisting of a silicon atom a nitrogen atom and an oxygen
atomis a hydrocarbyl ene group having 3 to 20 carbon atons, or a hetero

at om cont ai ni ng hydrocar byl ene group having 3 to 20 carbon atons in 10
which a hetero atomis at | east one kind atom sel ected froman atom c group

consi sti_ng. of i ligcon at nit Exanpl es
o the. EPERSPEREY CBRTuRh IR Mokt SRS I L A AR ) IPTE
at ons i RLMEbGHuE: (WLE0OHAEREY hfefdbableasto@peurkd Dl vatieyweloetiey2 f rom an
atom c group consisting of a silicon atom a nitrogen atom and an oxygen 15
at om i neandd®? & biet ArmdndB) aon b aliaikygaiyos goarnh neheagradariiaving 3 to 20
carbon atops in which a heterp atomi ili .atom, a hetero
~ at om comraferahly wa?ﬂ@@apgyrléﬁ%wgfwmﬁ%@i?%ga%f ?igl%ﬁ%ét?%ﬂlaa K2R which a
het ero ahpn i SL& nitrogen atom and a hetero atom contai ning hydrocarbyl ene
groué h:f\}l?q 8%Y%s 20 carbon atons in which a hetero atomis 20 an oxygen
atom Exanpl ex\ @fmphendwdiio 3¢ pyHendatlyqpiefdrablags Bhd 6ilidOneanbdnimgg ons
include al kyl ene groups such as_a tetranethylene group, a pentanethyl ene
group, aihpkerepiwhdirebigidinpethytaniamethylvenelsjabep, a decanet hyl ene
group, .dodecanet hyl.en oup, ..a hexane-1, 5-diy1l group . )
> et hylereerelamitelmpEhgvanBsians. By Ay papelRe ol ivipdaiany o
2, 4- met hyl . - e y?é}f’a 2,2,4-trinmethyl hexane-1, 6-diyl
group, %c}ﬁg%%ppﬁgédgqu%% er("[)1 atonrfeéont ai ni ng hydrocar byl ene group
‘hayipng 3 to 2Qncatdienairoasndionabi ahitehdeidernotlat @mpsuad sépiesonteat om
include a group represented by -Si (CH3)2- CH2- CH2-Si (CH3) 2-.. Exanpl es of
the het drothe fommagat(d). mi gryupyrepoesaried dyeXysiantdd may Be ebydrog%l bon at ons
in which a hetero atomi.s a nitrogen atominclude a group represented by
- CHEN- Qﬁ‘éﬁp?ﬁi’ﬁﬂ‘a%_&%’%ﬂﬁsﬁéﬁr@&%% by - CHEN- CH2- OH2- . Exanples 5 of the
hetero atom cqnl@icNiRge by HvasRioRY i Red& QUehiteBieBeds sadimar bon atons in
which a hetero atomis an oxygen atominclude a group represented by
- CH2- CHZy19pEHdeHBe aniunisofprhef stk adnh -goat iy threpiayb gompeugdawsedhavi ng 3 to 20
carbon atons, nore preferably an al kyl en roup having 4_.to, 8 carbon
at or®, fRueferably 8- Yr Whérapmere @%&H@??ﬁ%@ﬁ]ﬁ%%&%ﬁ% BB )P ene
group, - O B NBIA IRIAULENS: 60UBe: Y630 of endt UFLRERL G AhOLP having 4
Ofs, polYy npos [

carbon a%% mer ¢co 1on"is"mor e excel 'ent in a tensile strength
at breakag€ponents ubbg ih&ltﬂyﬂﬁﬁéfiwti@ﬁ_.e 05 Qule Ny é1ilgadceCédodOmisslons | s
preferably an al kyl ene 15 group having 4 carbon atons. The conpound

r epr eserpmgebties hadftorinciease tensile strength at break, the amount used 1s

preferably 20 wt% or less, more preferably 2 wt% or less, and further
20 preferably 1 wt% or less. _

In the present invention, in order to enhance tensile strength at
break, it is preferable that polymerization is performed using an aromatic
vinyl compound as a monomer component, in addition to the conjugated
diene compound and the silicon-containing vinyl compound. Examples of

25  the aromatic vinyl compound include styrene, c-methylstyrene, vinyltoluene,
vinylnaphthalene, divinylbenzene, trivinylbenzene, and divinylnaphthalene,
and preferably styrene.

The amount of the aromatic vinyl compound used is 0 wt% or more
(the amount of the conjugated diene compound used is 100 wt% or less),

30 preferably 10 wt% or more (the amount of the conjugated diene compound
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(1) in which Rh is the al kylene group is pyrrolidine. And, when Rh
is a hydrocarbyl ene group having 5 to 8 carbon atons, a pol yner conposition
is nore excellent in gripping property. The hydrocarbyl ene group having 5
to 8 carbon atons is preferably an al kyl ene 20 group having 5 to 8 carbon
atons. The conpound represented by the formula (1) in whichis the al kyl ene
group is preferably piperidine, or hexanethyl enei m ne. Exanpl es of a

conmpound iR .whi.ch R is hydr ocar bhylen URe ' 0 on atons,
O e s e s R SR PSR 18 B e i eRefieP

, trinet hxhg ’&Shﬁgh‘%ed RYSH LI b HEnd P BEWhdh BE lesd), PR MOk PRIJfdhe €otal

hexanet hyl ene ne, octanethyl enel m ne, decanethyl enei m ne,

dodecanmetnyhenel therenjRearetiiibné pempdiingd andt thet drping tpevingil eempound.

4- et hyl pi peri di ne, 3, 5-di net hyl pi peridine, 1,2,3,6-tet rahgdrtoﬁ}/ri di ne,
3,5,5-tr mhwpn@?dwm @glzwehée?gﬁ@ saving properties, the content of the .
301, 3, 3-trinet hyl-6-azabicycl o] 3, 2,2 0 . | e ound in

whi cfi s aéoﬁi’g}%é%%mg? SAPEGHE ilﬁip%%fe%%l%%%%% Oernlgé %@o%l?p&ﬁlg%ﬁlﬁ% to 20 carbon
at oms, QBn{%t%ﬂW&&@%ﬁﬁ@ﬁﬁ&?@B@@v@)ﬁ ok hBorfedrand thdrd Jpreferablydes wi%
2,2,5,5-tetranethyl-1-aza-2, 5-disil acycl opentane as a conpound jn which a 5
heter o afrdess &ha contértoof theaonjugdted zbeee cemyound is Ay o oritekiedl e as a

conmpound i n which het at i . Ni t hql i

compound i 1 wIEHCERREtE &) 3 8 -8 B B Ganc ALGATPouAd.  HSARBRr A ne.

i peridine, or he t i.m i I ¥ 1IRSher t
goﬂpouncf%?eoﬁgg%cn@%? %@Xt%e%%@%da&(c?@é %g:bkgéllﬁ% 1pr es%n@ﬁkﬁ?/%m’i%ﬁ, t he

- comgundsrehhic &iufd 0mpsuRd Lo YAEIiZ Potadsinmi dongpund; emgbae oigatie added to

a solution containing at |east one kind nononmer conponent and _using a
hydr ocardesimmsompuindsntExamplas afrtderorganiciéthiwmpenmeoynd inglgde he conpound

(1), a2y POLYIEL, COMpOtent Joont o110, .Con ARG ene compound and, 2
commou, MU TR gk, pobsmRslien, conser o
t he sol uidcahutyThehipal, werr-baailitihuesnyvdesyiithianeand mostgllidhitet t i ng an
amount of a nonomer conponent used in the polynerization.i.n the present
prociéss alkepgllihguny opmpounds such as vinyllithium, and propenyllithium,
aryllithium compounds such as phenyllithium, benzylithium, tolyllithium,
and lithium naphthyride; alkylenedilithium compounds such as
tetramethylenedilithium, pentamethylenedilithium,
hexamethylenedilithium, and decamethylenedilithium; and lithium
20 naphthalenide and lithium biphenylide. Examples of the organic sodium
compound include sodium naphthalenide, and sodium biphenylide.
Examples of the organic potassium compound include potassium
haphthalenide. The compound (I) is preferably an organic lithium
compound, more preferably an alkyllithium compound having 1 to 20 carbon
95 atoms, further preferably n-butyllithium, sec-butyllithium, or
tert-butyllithium.

The compound (II) is a compound represented by the following

formula (1).
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20Exanpl es of a nononer conponent contained in a solution using a

hydr ocarbon as a solvent, to which the conpound (l) is added, include a
conj ugat ed di ene conpound, a silicon-containing vinyl conpound, and an
aromati c vinyl conpound, preferably a conjugated di ene conpound. A
concentration of the nononer conponent in the solution using a 25

hydr ocarbon as a solvent is preferably 1 w%to 50 wt% nore preferably 5
wo%to 30 wt % It is preferable that the addition anmount of the

conpound the present process is 0.01 nmmol to 15 nmol per 100 g of

t he nanﬁgyyzggﬁgnent used in(bblynerization. 30l n the present process, the
~anount oﬁ\LEg/COnpound (I'l') which is added while the polynerization
conversion tate of the nononer conmponent is 5 mt%or less is preferably 0.5

mol t0 w@eBin RIDFR rPseafts haly drolafhylehe geoup hanilg based canbdn pimef t he
addi ti on anount of the conpound (1). After the polynerization conversion

rate of dptinmlyohevingoaperhntercanecatieast apedindatasfsiaserl 0N akay be
added. The addition amount qof the compound.(11) after t P ri zation
conver siBATHEEEO WP CORESHBRS S’J;S%Bﬂ@?:ha ‘(585 %%0%%}34%1& &égﬁabl y 0.5
nmol or uﬁﬁﬁlpased on 1 nol of the addition anmount of the conpound (1).
After the conmpound (Il) is added to a solution using a hydrocarbon as 10 a
sol vgnt, the MengEbremipiDenhe pirherbyladeerroagdeding 3ttoe2Godnonon. A

hydrocarbon used in preparing a solution using the hy rocarb?n as a sol vent
is a comfourmomhvralybe¥ingasinbetereatems Ak leantnagiandtomnelesstipl es

t hereof | nclude aliphatic hydrocarbons, ar ic . d

ali cycl i%"w&é%ﬂgﬁ@u@ g gk @ il%co% %{%ﬁ %H%(g%ér)‘g%gr o%?lldl%gll ude 15
propane, ,R-Rut id 9 RBy1cReR8RLA e vihe B REIU adbonxtiexanea n- hept ane,
and n- oc?)gr e.H %xaglrr%ﬁ %?y@?&?&heyar gprgtai ? hyvollr %car bon i ncl ude benzene,

t ol uene, hetgke aeomandteitiyt hedremsebyEmnglouy keving tal 2&sarbos digasdear bon

i ncl ude cycl opent ane and, cyc| ohexane. The hydrocarhon sol vent. may be a
i & Whichh USRIt laShERE Eind A RIS h e 10 BVRP or abl y a

20 hydr Ogoal{slfsoc?ngh ¥ 'a%%h&)nt 591;0;3% & ﬁf&f-))ger?ta%ﬁ'and an oxygen atom.

Examples of the hetero atom-containing hydrocarbylene group héving 3to 20
carbon atoms in which a hetero atom is at least one kind atom selected from
an atomic group consisting of a silicon atom, a nitrogen atom and an oxygen

15 atom include a hetero atom-containing hydrocarbylene group having 3 to 20
carbon atoms in which a hetero atom is a silicon atom, a hetero
atom-containing hydrocarbylene group having 3 to 20 carbon atoms in which
a hetero atom is a nitrogen atom, and a hetero atom-containing
hydrocarbylene group having 3 to 20 carbon atoms in which a hetero atom is

90 anoxygen atom. Examples of the hydrocarbylene group having 3 to 20
carbon atoms include alkylene groups such as a tetramethylene group, a
pentamethylene group, a hexamethylene group, an octamethylene group, a
decamethylene group, a dodecamethylene group, a hexane-1,5-diyl group, a
2-methylpentane-1,5-diyl group, a 3-methylpentane-1,5-diyl group, a

95  2.4-methylpentane-1,5-diyl group, and a 2,2,4-trimethylhexane-1,6-diyl
group, and examples of the hetero atom-containing hydrocarbylene group

having 3 to 20 carbon atoms in which a hetero atom is a silicon atom include

16



The pol yneri zation reaction may be perforned in the presence of an agent
for adjusting the vinyl bonding anmount in a conjugated diene unit, or an
agent for adjusting distribution of a conjugated diene unit and a nonomner
unit based on a nononer other than conjugated diene in a conjugated 25

di ene- based pol ymer chain (hereinafter, colleetively referred to as
"adjusting agent"). Exanples of the agent include ether conmpounds, tertiary

o e (o DI A0 RIS QAP SRERIPL CSERhuidEs 6 iRy corpound

i ncl ude 2§/¢) s Ssuch a rofuran, tetrahydropyran, and

1, 4- di oxRR&io MonPBshianiANRRdResthdush gasushaving 3 & B@ caebuh afoms il et her ;
30 aliphatic diethers such as ethyl ene glycol dinethyl ethe et hyl ene
gl ycol wdiiehhyhetetrh etomas lmyhidregeyl stont infilade W gr@tlﬁefﬁpf%ﬁe@ﬂ??é/b&ne gl ycol

L T 1 it
! ROe AT e B R B NO Fro ot

qui nol i ngoEsARPKBREChOA hthaopltesPRi neogorgoatnd imdiidde groupeehydsshdsbhi ne,
triethyl phosphi ne, and tri phenyl phosphine. One or nore kinds of themare
used. by -CHe CHeOpeHperfeHprzat i on tenperature in the present invention is

usual ly 10 25C to 10QC, . preferably,35C t fur ly 50C
to 80C. The p Iqug%pgrnahyﬁéog%bggw %?%%3“ %ﬁﬁgt?’eﬁé %@gggbﬁ%ﬁe{r@%? I'n
the procgss, {Jpgfepmggﬂ Q&Pﬂ’erfé)&d{ﬂﬁlﬁﬁﬁn%i £0£8 kasiesh RReEureert he present

i nvention, a conpou confaining a nitrogen atomand/or a silicon atom may
be rgactmefavabily arteacinsthybnek: gfow, popontamephptiwesgroby, e6apol ymeri zat i on.
Pref erabl e exanples of the conpound containing a nitrogen atom and/or a
silicon hﬁ%mmeﬂﬁﬂﬁ@%gﬁﬂﬁbounds containing a nitrogen atom and a carbonyl

group. the ¢ .. NG I e, and a

car bonyl groupwhgnz]gﬁc}% u%g@%@ﬁ%égﬁ%@ﬁggﬁrﬁeﬂ%{ ovm&r?ggsfqo@rnul a (3) is
pr ef er ab} @yyf33 AnEREM6N G RIAE IkcHRInOin( beiglanstréBdthanobikakagay be bonded,
or R31 and” R34 may be bonded, R31 represents a hydrocarbyl group optionally
havi ng aThehbstiroeshylensrgiospbumdad dgarhorztoms is @yetexahly an pifEyleRar byl ene

o OUPB Opéll‘o%r}];)alllflﬂyinga«i/ Icz?r ’onaasto?nshet'lehreocompound represented by the formula

(1) in which R is the alkylene group is pyrrolidine.
And, when R is a hydrocarbylene group having 5 to 8 carbon atoms,
a polymer composition is more excellent in gripping property. The
hydrocarbylene group having 5 to 8 carbon atoms is preferably an alkylene
20 group having 5 to 8 carbon atoms. The compound represented by the
formula (1) in which R1! is the alkylene group is preferably piperidine, or
hexamethyleneimine.
Examples of a compound in which Rliis a hydrocarbylene group
having 3 to 20 carbon atoms, of the compound represented by the formula (1),
95 include trimethyleneimine, pyrrolidine, piperidine, 2-methylpiperidine,
hexamethyleneimine, octamethyleneimine, decamethyleneimine,
dodecamethyleneimine, 2-methylpiperidine, 3-methylpiperidine,
4-methylpiperidine, 3,5-dimethylpiperidine, 1,2, 3,6-tetrahydropyridine,
3,5,5-trimethylhexahydroazepine, and
30  1,3,3-trimethyl-6-azabicyclo[3,2,2]Joctane.
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25 atom a nitrogen atom and/or an oxygen atom or is bonded with R34 to
represent a dival ent group, R32 represents a hydrocarbyl group optionally
having a substituent, or is bonded with R31 to represent a hydrocarbyl ene
group optionally having, as a hetero atom a nitrogen atom and/ or an oxygen
atom and 1R34 represents a hydrocarbyl group optionally having a
substituent, or a hydrogen atom or is bonded with R3) to represent a

dival ent grou xafiled BPA e8ERIGhrA igf'ywﬁi&mllqrs%@em@@qwanrc%mﬁmgs 0 or 1.)

5In the formula e hydrocar group optionally having a substituent

in R31, hRAZo@nbyRi droup HwdngGatol30 carboupatomsg of ths témpoedd hydr ocar byl
group. Exanples of the substiéljlt.ed hydr ocar byl group include a substituted
hydr ocarbgtesgntrmby theforenutand) simektde uent is a hydrocar byl oxy group, and a

substi tyt rocarbyl . gro in.which the s ti | B: bstituted
anino g gg] é%aﬁ?ﬂeéﬁ%o} %Fﬁ??ﬁﬁgﬂgc]%g enga}%%ggian%) e“‘%‘f’%fﬁ"i‘g‘%%ﬁps such as
a ”E§ hylhe%r%”i’bon?% E%PYdonge{t%E&RdnﬁdﬁzﬂéPQﬂ A -y drdfmidRloRyh group, and a
n- butyl group; al kenyl groups such as a vinyl group, an allyl group, and an
i sopr opedipogin@lip; whith ahytergratopsisa ciiragem aptrahydlorgholipe aBanpl es of the
substituted hydrocarbyl group in which the 15 substituent is a
hydrocatcbmml}ldgmo\'sfblq%h%%@6@"@%&(%@%9@%@%6@“5uch as a nmet hoxynet hyl

, th t hyl . hy: : I f th
Jubebi tured nyuvBaide BlriRmBns: AR BhIUBILS Minedt BURiRIALP °2. D L6 °
am no grdRrhREd H€ehd Db Apghad k¥pAten@dbk the dobink B0ch as a

2- (N, N-di mret hyl am no) et hyl group, a 2-(N, N-di et hyl am no)ethyl group, a 20
3- (NPN- ¢l i met Hyl theipre}@rtomyengiooy phe evmipausds N engi dDns4 ani no) propyl gr oup;

N, N-di al kyl am no) ar.yl._ . h - (N, N-dionet hyl ami. h I ,

a5 (N, WY EEIAPIR e G PPt 278 e T UL RYRERERONEAY  or Oup.
G- (N Wedr et . RALNA .

Cich as 1o yaif FRKEARERIPENnGHAR iy YAl ELB Jokmdveal i oroups

442- (N, Npfbrairhof tasicempiuigd (Iphadthe goaipuney@D), endnd pelygrexup- cont ai ni ng
al kyl groups such as a 3-(1-pyrrolidinyppropyl

3- (1- pi peniplimepsmoopyining euen)wsated @e@qceweaﬁg[%é @%alwon@%%%niegcl ic
a1 1%, 9058 SRR A48, A GLBIP e SHERE ik (AVLRA ORISR o oup
L i o i G AW
group, amgnporerids GlwiYh atdzses, ythiepmpduttedy) isgrdsled. to the solution. ~ The
polymerization conversion rate is a value letting an amount of a monomer
component used in the polymerization in the present process to be 100 wt%.

20 Examples of a monomer component contained in a solution using a
hydrocarbon as a solvent, to which the compound (I) is added, include a
conjugated diene compound, a silicon-containing vinyl compound, and an
aromatic vinyl compound, preferably a conjugated diene compound.

A concentration of the monomer component in the solution using a

25 hydrocarbon as a solvent is preferably 1 wt% to 50 wt%, more preferably 5
wt% to 30 wt%.

It is preferable that the addition amount of the compound (D) of the
present process is 0.01 mmol to 15 mmol per 100 g of the monomer
component used in polymerization.

30 In the present process, the amount of the compound (II) which is
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In the fornmula (3), the hydrocarbyl ene group optionally having, as a 5

" hetero atom a nitrogen atom and/ or an oxygen atom fornmed by bondi ng of
R31 and R32, is a hydrocarbyl ene group or a hetero at om cont ai ni ng

hydr ocar byl ene group in which the hetero atomis a nitrogen atom and/or an
oxygen atom Exanples of the hetero atom contai ning hydrocarbyl ene group in
whi ch the hetero atomis a nitrogen atom and/ or an oxygen atom 10 i nclude a
hetero at ()] - [ [ fRer@ OmMis a
i1 roger B B L R e o At ch

the het g5 RRMrilssaR prefaenlRdFTmoExaa enlahotdprdfyratdg dxbydadne group
i ncl ude al kyl ene groups such as a trinethyl ene group, a t@iramet hyl ene

group, d.pentldmsedyiehmardipe addidsarmaintaidhgcompouns Ghd a
2,2,4-trinmethy|] hexane-1, 6-diyl. group; and aryl ene groups s
1, 4- phenyl ene %ﬁ?e é{ﬁﬁﬂré%‘]tﬁ’?“ ?‘?Tgveﬁ@to&r&t%f’gﬂﬁec S %rnééj%%%f%lgar byl ene

group i | %faqﬂ{a (13) Ay Bd 2960, AlDRR hAGHtUALa R ouneup

Fepr §se%’é§gé‘%€5%@%§é andﬂz) %raglu%)é ?epr esented by - CH=N- CH2- CH2-.
Exanpl esthaf colnkyeotiat €10afbo the polyaiaviratidry doocasioyl wrte of 6hgnoupnier whi ch t he
hetero atomis an oxy(ggn atominclude a group represented_ by

- ( CH2) 3-@ufigamint-exceedmd wtVaiepreferahls §b mst of leys hon 1 mol of thg ¢ he

formula (3).,. exanpl e f. the divalent group fornmed by bonding of R31 and
R34, anoa‘fci@o&i% Bﬁfogifl}?u‘ﬁ)%?o‘l% %irjhcl ude a hydrocarbyl ene group, a hetero
atom cont ai ni ”&ﬁ@%%@&&ﬁ?bﬂhﬁ&?ﬂg hOHRdED t¥Rieutibre ubBices Bydiuirhsn as25

nitrogen atom a hetero atom containing hydrocarbyl ene group in which the
het efo a4 @piviesit AtheOxiygemeatcompoaecgt muey ba fwitheh addhg de dbasbiptiore gr oup and

an oxygen atom are bonded, and a group in ich a.h ocar,byl ene group and
a group repr esdhyagoearbonmssd 1pRISPAEE S 8L Wﬂgggﬁiﬁwgﬁfg%%ﬁr a

hdr ogen, slenl, 3t ¢ BORdSGq FEATPASS 8l basONEL ARANbaRR BpouRy | el ude 30

al kyl ene®§P F e ene group, a tetramethyl éne group, a

pent amet Q;Yélﬁgfes&'ﬂék'@of iachrperTR i€ Rgd fcaubonfrdomatic hydrocarbons,
2,2,4-trinmet hyl hexane- 1, 6-di ylcér oup; and aryl ene groups such as a
1, 4- phenyhémdicgcloahydtocanpires dfxameldscafdhe aémﬁﬂg]m%ﬁoﬁﬁ@mwwc&:ar byl ene

cpr s cripBepy, POMRITE 105 i 3 GrBaer Soeaunt ey e R,
Exampl es 0t 1-06a08! CH%.2LARL COPAELPLAA M BEALBhAREL It Rehi ch 1 he

hetero afOm' s an oxygén atom i nclude a group represented by

- (CH2) - Ot4iGERE -xflenénkhd etiydbanzdmt. edéxamplel afthemleycliEhadpicesbet t he
group in which a hydrocarbyl ene group and ap oxygen atom 10 are bonded
i ncl ude mgndepysleperisae aarl sspcl(ﬂgl@au}e-o-ﬂ(@ hydpcageon sOWRTE MapRE 20f 1 or

. Ex | f th i whi ¢h a .
o bsentoqtny of e (e SR Bdls Mk b M ELARPENLED " RACURRREE O OUP
are QQ”dglgfﬂc&?Jngﬁ&v%@%&orl@éﬁﬁ%ﬁtfﬁgnﬁy - (CH2) p- NR35- (R35 represents a

hydr ocar group having 1 to 6 carbon atons, or a 15 hydrogen atom and p
represents an [Thequéymefizition macEpn may be peEfcanpidein Bie praseneepbdne

" conpound represented by the formul 3) include a conmpound represented b
R T st fonadiss tntthe raavi BoRORg ABeRRbY 2 5P BUIERERL Raria RHhEl: ng o

substit u%?ltag%rntafop ngruosgﬁlng &P ution of a conjugated diene unit and a monomer

unit based on a monomer other than conjugated diene in a conjugated

25 diene-based polymer chain (hereinafter, collectively referred to as “adjusting
agent”). Examples of the agent include ether compounds, tertiary amine
compounds, and phosphine compounds. Examples of the ether compound
include eyclic ethers such as tetrahydrofuran, tetrahydropyran, and
1,4-dioxane; aliphatic monoethers such as diethyl ether and dibutyl ether;

30 aliphatic diethers such as ethylene glycol dimethyl ether, ethylene glycol
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R31

10

15

20

25

N -R34 (3-A R31 11

diethyl ether, ethylene glycol dibutyl ether, diethylene glycol diethyl ether,
and diethylene glycol dibutyl ether; and aromatic ethers such as diphenyl
ether and anisole. Examples of the tertiary amine compound include
triethylamine, tripropylamine, tributylamine,
N,N,N’,N-tetramethylethylenediamine, N,N-diethylaniline, pyridine, and
quinoline. Examples of the phosphine compound include
trimethylphosphine, triethylphosphine, and triphenylphosphine. One or
more kinds of them are used.

The polymerization temperature in the present invention is usually
25°C to 100°C, preferably 35°C to 90°C, and further preferably 50°C to 80°C.
The polymerization time is usually 10 minutes to 5 hours.

In the process for producing a conjugated diene-based polymer of the
present invention, a compound containing a nitrogen atom and/or a silicon
atom may be reacted with an active end of a polymer produced by
polymerization.

Preferable examples of the compound containing a nitrogen atom

and/or a silicon atom include compounds containing a nitrogen atom and a

‘carbonyl group.

As the compound containing a nitrogen atom and a carbonyl group, a

compound represented by the following formula (3) is preferable.

)
NARPj=C—R*  (3)
R32 , g

(wherein, R3! and R32 may be bonded, or R8! and R34 may be bonded, R3!
represents a hydrocarbyl group oﬁtionally having a substituent, or is bonded
with R32 to represent a hydrocarbylene group optionally having, as a hetero
atom, a nitrogen atom and/or an oxygen atom, or is bonded with R34 to
represent a divalent group, R3? represents a hydrocarbyl group optionally

having a substituent, or is bonded with R3! to represent a hydrocarbylene
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0O 20 (wherein, R31 and R32 may be bonded, R31 represents a hydrocar byl
group optionally haying a substituent, or is bonded with R32 to represent a
hydr ocar byl ene group optionally haying, as a hetero atom a nitrogen atom
and/ or an oxygen atom R32 represents a hydrocarbyl group optionally having
a substituent, or is bonded with R31 to represent a hydrocarbyl ene group 25
optionally haying, as a hetero atom a nitrogen atom and/or an oxygen atom

and 113 : e Qgal r j I hAGrarssgdent uent or
a hydr oéﬁ%ﬁg?gﬁg@ﬁ?’%ﬁg Igé’f or n&%gex?Bﬁﬁ%’%é%%%%%t?tgﬁggnd exenplification of
t he hydrnesar byd Ritaepraphtoadydyotmbybgraus upsonsllp having #31, R32 and R34,
and t he hydrocarbyl ene group optional ]y having,_as a hetero atom a

ni t r ogesuls@tnentdooa hidrogeyatomt oris PRrdasawiiR BEHGi 16gTe¥e R and R32, are

the sang.5 as those stated in the description of In
the or RiTaepS ER 0 ot 0R s Aty A ivap SB= R0 SRS AN o o0 10

car bgn at ons, Iﬁrthle%Hﬁﬁﬂ{@)y\tﬁ&hﬁ%cwoﬁ%rﬁhg Y HmACE IWiaRe group having 3
to 10 carbon atons or a hetero atom containi ng hydrocarbyl ene group havi ng
3 to 10 sobstionemt wnR3Y R3whhd R3¢ he alstdencardiybgrow ar aisabsgiéntetdd at om R31 is

nore preferably an al kyl _group havi ng to 10, carbon atons or. an aryl group
havi ng @Y@QOQ@%&JAW-M%@P 8 (Pfsthﬁ‘o‘?ﬁ’é@@twqqﬁh Cﬁﬁbﬁlcﬁrﬁilﬁﬁna | ene

group havi 0, 10,car t r . 4 P CH, or
a group ar%‘%%éﬁ&%?%éy%&?%e&gﬁ &ﬁ}-‘gw@i% E Elﬁ%{egﬁgir@%rroagi $1a al kyl
group hawhig, 4nd @ QikeREE By @Rarbil drdupinpahichaeardhstipiedeisabl y a met hyl
group or an ethyl group. In the formula (3-A), R32 is preferably a

" hy dnocarsupistidmtadpaians grpup.t cEtdmpiashuithat lordrocarbyl groep tedude abk@d31 to
form a hydrocar blK' ene group having 3 t];)1 10 carbon atloms or a hetero

at om corfr8HR# SYC R P8 rfoRkE %"r?é‘pg?gt?ﬁ FadT iy & R &R & PE8n %8t ons i n which

o oup hauToPET Bioh A § 3R E R BRI o B S0 a bon
atoms, Qi hHyberAgd anidtdh RIprégedydrgroap; ah& yreghgrogmegmchas aghdnyb 10
carbon atons, a group represented by , .
group. Examples of the substituted hydrocarbyl group in which the
15  substituent is a hydrocarbyloxy group include alkoxyalkyl groups such as a
methoxymethyl group, an ethoxymethyl group, and an ethyoxyethyl group.
Examples of the substituted hydrocarbyl group in which the substituent is a
substituted amino group include (N,N-dialkylamino)alkyl groups such as a
2-(N,N-dimethylamino)ethyl group, a 2-(N,N-diethylamino)ethyl group, a
20  3-(N,N-dimethylamino)propyl group, and a 3-(N,N-diethylamino)propyl
group; (N,N-dialkylamino)aryl groups such as a
4-(N,N-dimethylamino)phenyl group, a 3-(N,N-dimethylamino)phenyl group,
a 4-(N,N-diethylamino)phenyl group, and a 3-(N,N-diethylamino)phenyl
group; (N,N-dialkylamino)alkylaryl groups such as a
25  4-(N,N-dimethylamino)methylphenyl group and a
4-[2-(N,N-dimethylamino)ethyllphenyl group; cyclic amino group-containing
alkyl groups such as a 3-(1-pyrrolidinylpropyl group, a
3'(1-piperidinyl)propy1 group, and a 3-(1-imidazolyDpropyl group; cyclic
amino group-containing aryl groups such as a 4-(1-pyrrolidinyl)phenyl group,
30  a 4-(1-piperidinylphenyl group, and a 4-(1-imidazolyl)phenyl group; and
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-CH=N-CH=CH-, or a group represented by -CH=N-CH2-CH2-. R32 is further
preferably an al kyl group having 1 to 6 carbon atons. R32 is 25
particularly preferably a nmethyl group or an ethyl group. In the
formula (3-A), R34 is preferably a hydrocarbyl group or a hydrogen atom
nore preferably a hydrocarbyl group having 1 to 10 carbon atons or a

hydr ogen atom further preferably an al kyl group having 1 to 6 carbon atons

or a hy 3% I ydrogen 30 atom a
met hyl gﬁ’%ﬁaﬁhg@%ﬁ?@gﬁﬁﬁmﬂrﬂ g%ﬁEéﬁgrr%?hegs (I%f a conpound i n which
R34 is ai-[pytr-peaobiiingdetiy]l pbbnyhgragypotniztél péperedieylethydyphdieylf or mul a
.(3-A), include N, N-g{i hﬁdrocar byl acet.am des such as N, N-di net hyl acet am de,
N, N- di etemgiacend s 462-( -m@%y%ﬂ@ﬂ@wyl g€8ani de; 5

N, N- di hydr ocarbyl acryl am gdgs_ .such,as I met hyl acryl am,de,__ .

NN i oty acreemioen i EFNAE Bl kTR st uf SR BRI hyving, a0 a

N, N- g h%%’t?f@é%,”@hﬁ‘&ﬁ%é’ﬂ Q%ﬂ%cﬁé&cﬁ‘n%%Kgbﬁ\'a%ﬁ?fdiﬁiéﬂeﬁjh%ﬁ&i'@mde,

N, N- di et hyl net hacryl am de, and N net hyl - N et hyl net hacryl am de. Exanpl es of
a conpolRd and R, ¢ha R34irosarbyhydy prpep @t ohetard athm-ddhtaompgunds r epr esent ed

by the formula (3-A), inc]ude N, N-djhydrocarbyl formam des such, as
N, N- di netiiFpeibydendgroun M Wibesthiig Beteapiaden 1§ ot e o3 iorNe B4 13 r mani de.

compound”Sesf Bt edtbyp Su R Aok SR AR e LR 1" 1
L Odf or m%roﬁb%ﬁ'@ﬁich&{h{é%t?fé' aﬂ!@a 133 Iﬁﬁro@gnte(t}[ﬂﬁﬁé?&/@%sagaﬁ(yfg@ﬁraﬁﬁiﬁlﬂt s a
ydrocarbyl group optionally having a substituent, represents a group
i.n Viloi chinalutedx betarbydtemecqrtainingrity drogadypene pragein whidythaire®so are
bonded, é)tz)maishz %Et%ggér? %Loergearg:{ 8 %%”cex\%h z?tro%irgorﬁ?ning hydrocarbylene group
in which the hetero atom is an oxygen atom. Examples of the
hydrocarbylene group include alkylene groups such as a trimethylene group,
a tetramethylene group, a pentamethylene group, a hexamethylene group,
15 and a 2,2,4-trimethylhexane-1,6-diyl group; and arylene groups such as a
1,4-phenylene group. Examples of the hetero atom-containing
hydrocarbylene group in which the hetero atom is a nitrogen atom include a
group represented by -CH=N-CH=CH- and a group represented by
-CH=N-CHy-CHy-. Examples of the hetero atom-containing hydrocarbylene
20 group in which the hetero atom is an oxygen atom include a group
represented by -(CHg)s-O-(CHg)i- (s and t are an integer of 1 or more).
In the formula (3), examples of the divalent group formed by bonding
of R31 and R34, and the divalent group of R33 include a hydrocarbylene group,
a hetero atom-containing hydrocarbylene group in which the hetero atomisa
25 nitrogen atom, a hetero atom-containing hydrocarbylene group in which the
hetero atom is an oxygen atom, a group in which a hydrocarbylene group and
an oxygen atom are bonded, and a group in which a hydrocarbylene group
and a group represented by -NR3s- (R35 represents a hydrocarbyl group or a
hydrogen atom) are bonded. Examples of the hydrocarbylene group include

| 30 alkylene groups such as a trimethylene group, a tetramethylene group, a
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20 represents a hydrocarbyl group or a hydrogen atom A nitrogen atomto
which R33 is bonded is bonded with a carbon atom of C=0.) In the
formula (3-B), explanation and exenplification of a hydrocarbyl group
optionally having a substituent of R32 are the sane as those stated in
expl anation of the fornmula (3). 25In the formula (3-B), exanples of the
hydr ocar byl ene group in W include al kyl ene groups such as a trinethyl ene

group, r e roup, a hexanet hyl ene
gprgé&gﬁégﬁgmeeg}sﬁg,t ﬁ%@xaﬁe@ﬁﬁfe%@%rbﬁii, 26d 9

group, ,A-tri yl hexane-1, 6-di y1 group; and aryl ene groups such

as a 1,@,ﬁhenj{ﬂnénbylgemme-lﬁcdmﬂ@supfahdharg]tenapgrbnpm/ehdhaaahydr ocar byl ene
group and a _group represented bi/ -NRSS-h?éRSS represents a hydrocarbyl group
or a hydk8geienyien s b % atdbe ihederedom §PRMEr esent ed by 5

- (CH2) p- - , d by \ d d
- cpr eserReTRi IR ERGE T i Mg hORT0 bniti o Riflech (N fASHaSkeT) 0 P
pref gr allphug ApdeReELBY -@M-d‘ﬁ%b@y and 8 ghOuf EPRReAtNBy NMore preferably

an al kyl" group having 1"to 10 carbon atons or an aryl group having 6 to 10
car bon attifslN-CHptClds . pHfaanplek ofdhe 1o talokatbngrontainiang myglrocabyberwar bon

atons or a pheny].group, particularly preferably thyl group, an ethyl
group, o&roapﬁm@c%g@@&pﬁtero atom 1§ ﬁntqa@g%raﬁamam@gég;a%‘spi s preferably a
hydr ocar p { 04. ) r t in which a
hydr ocar%#g%gltg{#%gp(g%jﬁﬂtg @E’E‘% %%afcigrtga%% ag} %{W{Eg%lgéif gog%gd&g)'r epresented by

-NR- (R3gx4@plaseithe dohp iRWEhREH hyﬂrcﬁzra@bjﬂleh@\érﬂﬂﬁ bnidoad Bxgadbetbnat oms or
a hydrogen aton) are bonded, nore preferablé an al kyl ene group having 3 to

6 calitbonamt mrsiedringlufeon growp repsresertdiyy - )P IRBEp BB aepr esent s a
hydr ocar byl gro havi to 10 c on _atons, an represents an integer
of 2 to lﬁl)t‘?g‘%n‘?fuf B Wég)qp:%*%‘?lﬁgqsxpafr&%@rgrﬁﬂPﬁﬁ}lwgdf Bﬁ‘gl,%c skfﬁ?’r"%rret hyl ene
group, 35-qRas!

) 2 R R AR L P o g ] gow

hydr ocar hy4 efgogénupomdhird bendedrpadnds armpupsepreddiyd bire (CHppNA 3- B) ,

i ncl ude N-hydrocarbyl-13-propiolactans such as N npet h¥l - p- pr opi ol act am and
N- pheny| (° peprsisentics aydroeanpat seambhavingsl 9 61cagber 8 tame P13

15 hydrogen atom, and p represents an integer of 1 or more).

' Exaniples of a preferable compound represented by the formula (3)
include a compound represented by (3-A) in which k is 0 and R34 is a
hydrocarbyl group optionally having a substituent or a hydrogen atom.
R

N—(lZ—R34 (3-A)

/

32
R O

20 (wherein, R31 and R32 may be bonded, R3! represents a hydrocarbyl group
optionally having a substituent, or is bonded with R32 to represent a
hydrocarbylene group optionally having, as a hetero atom, a nitrogen atom
and/or an oxygen atom, R32 represents a hydrocarbyl group optionally having
a substituent, or is bonded with R3! to represent a hydrocarbylene group

25 optionally having, as a hetero atom, a nitrogen atom and/or an oxygen atom,
and R34 represents a hydrocarbyl group optionally having a substituent or a

hydrogen atom.)
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25 N-nmet hyl-2-pyrrolidone, N-vinyl-2-pyrrolidone, N-phenyl-2-pyrrolidone,
N-tert-butyl-2-pyrrolidone, and N-nethyl -5-nmethyl-2-pyrrolidone; '
N- hydr ocar by1- 2- pi peri dones such as N-net hyl - 2- pi peri done,

N-vi nyl - 2- pi peri done, and N phenyl- 2-pi peri done;

N- hydr ocar byl - s- capr ol act ans such as N-net hyl -s-caprol actam and 30

N- phenyl - s-caprol actam N- hydrocarbyl -orl auril ol actans such as

N- et hyl - col aghitheligaham end) MadcRpidrtahdbkéhplifich@ioh offge conpound i s
preferably a conmpound in which R36is an al kyl ene group having 3 to 6

car bon atyelrscaniyl B8up spdonallkHavingapubatitwentlint B3 6 Réhabd R34tk or a
phenyl group, nore ﬁ)referabl y a caonmpound in ich R36 is a.trinethylene 5
group, abedvidareamhylesrestpupuiptionally géﬁltnéhéf’ UREC FEIBpa TAFAEEB2 i s a

met hyl gr.ou ethyl gro a I and i faet heronr ably
N- pheny%t_ﬁgg?l?%r ia&o%gg%Bra%MWFag) ?’(E%)&dg{lggfg% Bfla e, ﬂ%xtgﬁpﬁ%fggé of a
conpgund, d {hodBiseitcR3A the RsBFiQHRnl JF theifsimaldya)r ocar byl ene group and a
group represented by -NRN- (RN is a 10 hydrocarbyl group or a hydrogen

at olrr) dar e gogdﬁotge(fbrmlgéa é?gn?ﬂpﬂzldts Ifmfmebbnad‘dfdb%c gl gorupuhaving- B) |

i ncl ude 1, 3-di rocar byl-2-i mdazogl.idinongs su as

1, 3- di rret{ohwlcaz&i%m Hams P i%%naefwsﬂagé{] W%-r@- 2 ydEocaTblens FEoup

1, 3-di viny1-2-4 i - i di - PRCEpC - Re M i di none. The
15 corrpolﬁﬁvmvdnésg Epgr g@é&%@%y%%so%?gglﬁéeﬁé%% Sﬁ“‘%égﬁfgsg%%gf%ﬂéq%%r esent ed by

- (Cl12) l\%%ubﬁ@éﬁﬁg@ Ry esdyoRydtoaOLPwhioh tige Retedo RBomashonitaigers, and p
represents an integer of 2 to 5) and R32 is an al k{ql)wgroup having 1 to 6

‘caron attons oR3ds pheneyireferaliy anmlybgeduer hvvipgal garhen ftops ¢h R36 i s
ted by - (CH2)2- N,CH3)- and R32 i t

oty BB DR aRE R 1 e tan s 9ras Aebisd a0 Rt ErERRone.

Exanpl , t ha (3) includ

conpound PEIhEERLE P itig LIPS DA APLRRRE PE Y febRellBl 1 L3 1  and Raa

is a hydgaNeg e goe werddplrddrBie e R34 ((ALEN- GH2fCH225 R3Wer ei n, R31 and

R32 may be bonded, R31 represents a hydrocarbyl group opt] oln,al |y having a
subst i t ubmthenpraferabdn aaa vt Bremphavingepie §carben aiemscalbyifene group

optignal Ly fah NG pr3frnlieh Qi Albuf of ah QUL AT

In the formula (3-A), R32 is preferably a hydrocarbyl group having 1
to 10 carbon atoms, or is bonded with R3! to form a hydrocarbylene group
having 3 to 10 carbon atoms or a hetero atom-containing hydrocarbylene
group having 3 to 10 carbon atoms in which the hetero atom is a nitrogen

20 atom. R32is more preferably an alkyl group having 1 to 10 carbon atoms or
an aryl group having 6 to 10 carbon atoms, or is bonded with R3! to form an
alkylene group having 3 to 10 carbon atoms, a group represented by
-CH=N-CH=CH-, or a group represented by -CH=N-CHz-CHjy. R32is
further preferably an alkyl group having 1 to 6 carbon atoms. R321is

25 particularly preferably a methyl group or an ethyl group.

In the formula (3-A), R34 is preferably a hydrocarbyl group or a
hydrogen atom, more preferably a hydrocarbyl group having 1 to 10 carbon
atoms or a hydrogen atom, further preferably an alkyl group having 1 to 6
carbon atoms or a hydrogen atom, and particularly preferably a hydrogen

30 atom, a methyl group or an ethyl group.
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and/ or an oxygen atom R32 represents a hydrocarbyl group optionally having
a substituent, or is bonded with R31 to represent a hydrocarbyl ene group
optionally having, as a hetero atom a nitrogen atom and/or an oxygen atom
R33 represents a hydrocarbyl ene group, and R34 represents a hydrocarbyl 5
group optionally having a substituent.) In the formula (3-0),
description and exenplification of the hydrocarbyl group optionally having
a substi tuent E)&Dﬁ%ﬂes oﬁ%omm:a HScRAt REARDYFRABHEr SeRpOBf tignal |y
having, as a hetero atom a nitrogen atom and/ or an oxygen atom forned by
bondi ng cefnpgdthdanépiddAtedbs thbdoiuby (3-d¢ambjidme group in R33 are the
sane as those stated in the description_of the fornula . (3). In the formula

(3-0), I?Q;N'ﬂﬂlxﬁl@péﬂ?ﬂﬂ@ﬁtaﬂiﬂ% seelt B§|}é%ﬁ§% Ingaiapmyde; tob10 car bon
, . i .0 10
oyl one St thaticeidd il Kema SR RSPt L SR e v e

al ky%e”%%-ﬂ%&&%\éhﬂgyﬁcﬂﬂaﬁi&@srQ&Uh 2% VBIREtHE1ARSIythede group,  and
y p hyl

particulafrl eferably an ethylene group, a trinmethylene group, or a
1, 4- pheny|Mewdge divbagrylamide, andrNtthetfydrNdthyla@r@pmiR84and preferably a

hydr ocar byl group having 1 to_ 10 _carbon at or ubsti t ut ed. hydr ocar byl
g?/oup helﬁi%ﬁ'g]ghﬂfpc&doidag%bﬁcgdaﬁlé‘ﬁ%w %m@%@ﬁ@@ qup;taxpgi% Y
di al kyl a¥i.Ro,.grQup, re,nreferably. kgl ' 4.t 0 6 carbon

at ons, ﬁ‘@%ﬁ%@%ﬁﬁ%ﬁ@%w@%@ %gtr; &nNa%tggsB#&%?(%ﬁ%ﬁhgm noal kyl group
having 3 to 6 Mlg?[bsq;%@pogn@ﬁﬁwﬁ&bﬁlﬁmway{ycﬂbg@maﬂmj o to 10

carbon atoms, and further preferably a methyl group, an ethyl group, a
“di alty| aovinmooetdsy/tepgesantefidyi thy Brioils (3 )cmdvde at ons, a di al kyl anmi noet hyl

group having.4 to 6 carbon atons, h ,aroup..or a dial kyl am nophenyl
group haWilNgliBytepcpgh PR auch bs RN AR gy %3-0), Rl is

prefera a;-h [ g+ atons, or is bonded
W th ng[hmqulgi}%{lgﬁ%%}r%dggra %%pﬁa%gg%u% eﬁg%}?fﬁgﬁ%ﬁ%igglo carbon atons, or a

hetero at om coRkinpldofty grefesdlilylcentpaithdgrepupsdayiry thetformbmlgd8bon at ons
in which the hetero atomis a nitrogen_ _atom npre pre rgbly a(ga@al Kyl
group hawrichele acomp@uadrtepresarsad hyr(3aB) &t yhigh Kup (ﬁ@ﬂﬁl %ﬁ B %9988 car bon
atons, or.is Qlond d with 2, to forman al kyl ene group haying 3 to 10

car bbh aVihsl atogﬁﬁ%agé‘f??gggﬁf%‘@‘by -CH=EN- CH=CH-, a group represented by
- CH=N- CH2- CH2-, @ a group represented by

R "
-/ \ (3-B)
N——C
AN
R32 O

(wherein, R32 represents a hydrocarby!l group optionally having a substituent,
R36 represents a group in which a hydrocarbylene group and a group
represented by -NR35- are bonded, or a hydrocarbylene group, wherein R35

20 represents a hydrocarbyl group or a hydrogen atom. A nitrogen atom to
which R35 is bonded is bonded with a carbon atom of C=0.)

In the formula (3-B), explanation and exemplification of a
hydrocarbyl group optionally having a substituent of R32 are the same as
those stated in explanation of the formula (3).

25 In the formula (3-B), examples of the hydrocarb_ylene group in R3
include alkylene groups such as a trimethylene group, a tetramethylene

group, a pentamethylene group, a hexamethylene group, and a
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5 -(CH2)2-0-(CH2)2-, further preferably an al kyl group having 1 to 6 carbon
atons, or is bonded with R32 to forman al kyl ene group having 3 to 6 carbon
atons, a group represented by -CH=N-CH=CH, or a group represented by
-CH=N- CH2- C112-, and particularly preferably a nethyl group or an ethyl
group, or is bonded wwth R32 to forma tetranethyl ene group, a 10
hexanmet hyl ene group, or a group represented by -CH=N CH=CH- . In the

f or mul a2(§4g}%%%éhgmxﬁee@ri&%é¥&&y£{ Sg/%:lgﬂé WPstavadg 1 to 10 carbon

atons, Oi’i's orm a ocarbyl'ene group having 3 to 10

carbon atopbenglend diouipr 0 Fateipleont ehapngiphirdwhdar hyyenecaybplemehaving 3 to
10 carbon atons in which the hetero atomis a nitrogen 15 aLoP nor e ‘
pr ef er algrqumand|kgioupr epgesenied yr NRP 1R sepmseat oARySFo@i DR} 10 oup

having 6 tq 10 carbgn atons, Qqr.is nded with R31 to for al kyl ene

O oup hab Py SoRan 280E BB oRdES R groag epribdrelr iy Bhe Go, a
group re ey Reh- g se F Hap Rr ERF BR8EH 8o d

-(Cl-fg) 2-@1?%31%@-,@ur%ﬁg%%gfaeraﬁoﬁ%brﬁa%@ky 5ra§85r) hgvi ng 1?}’?3 éj car bon
20 at onpep@isehss handedeniof 1 d23dhot®. f orm an al kyl ene group having 3 to 6
carbon atons, a group repre]ségnt ed by -CH=N CH=

, Or_a graup .represented
by - CH=N- CH2- Erithe farmguimid- Lﬁﬁriﬁprﬁkéﬂblfya%W%%ﬁ%ﬂ%ﬁ’gﬁg‘uﬁg%&m et hyl

, i.s bond ith R31 to f
e amet N9 0 gPBagots: eg stk BT al i A EED NAERE Lot BeR o e o
a CO”pOlé@grdgrbrVﬂ G133 b%@in%@yﬂoeﬂﬁcm%t@ﬁih, Rethles pasfedhllyl axgr oup, of

t he conpounds represented by the formula (3-C, include

4- ( NpN- dilkylg:aagy bytiag ntr 6 cetlophetone sr sydienys group, particularly

4- (N, N- di net L},ﬁ' am no) acet ophenone, _4- %N— met hyél-el\l- Ft{ﬁ/l am no) acet ophenone,
and 30 2referrbyi amagihyhickotRcan BgTVér%' BD, QL 3 PEPPE! BHiHo acet ophenone
conpounds sugh .as 4. - (4l - t =gyclic
am no acet ophg%cng t@%nrﬁ()lil)%@%ﬁghijagléq’fypqugeg%{e}ghg%?a%w%?%e é}%ﬁb }%‘Ang

4' - (i m degplo damiRceind OReNErdup IRDK Biddr £hedakaebylexampbes halvimg taapound in
which R33 is an arylene group and R34 is 5 an ar%/I group or a substituted
aryl gr dipcambbnt dtencompdargteup eppresented by NER- €oF gepreseBtssy, incl ude

bi s(di hydr ocar hyl am noal kyOket ones such as

1, 715 s(}»(éfrﬁwrg{YHﬁF%P jil]él)villag ﬁéﬁt G og@%oms or a hydrogen atom) are

1, 3- bi s (], phany\dHai Neks nebrblh A RS 3TN aifbea)disarahenones
such as @Iﬁéﬁﬁ é(li(%gt y%eﬁb%ggﬁazop%gﬁ;kﬁg?blo 4-%, N- di et hyl am nobenzophenone,
4- N, N- di g—mu?utephc@gémeﬂlQ@'Z-(J@H@)}JONR%@(B@ AepNebl disph byt amai bploemwzpphenone; and
4, 4" - bi s(di hydrocar byl am no) benzphenones such as

4. 4' - bi sHaningtihta Hricadyteatosehanshe rearesents apaptageyoh i tid)beRophenone,

ot & ¥ AL L RIS A RIS o (TRRR OB RN 1 15 vl

PR Iy BRI Fify, o SSeppstumeatys Ol oainophen aroup

Examples of a compound in which R36 is a hydrocarbylene group, of
the compounds represented by the formula (3-B), include
N-hydrocarbyl-p-propiolactams such as N-methyl-B-propiolactam and
N-phenyl-B-propiolactam; N-hydrocarbyl-2-pyrrolidones such as
25  N-methyl-2-pyrrolidone, N-vinyl-2-pyrrolidone, N-phenyl-2-pyrrolidone,

N-tert-butyl-2-pyrrolidone, and N-methyl-5-methyl-2-pyrrolidone;
N-hydrocarbyl-2-piperidones such as N-methyl-2-piperidone,
N-vinyl-2-piperidone, and N-phenyl-2-piperidone;
N-hydrocarbyl-s-caprolactams such as N-methyl-e-caprolactam and

30 N-phenyl-e-caprolactam; N-hydrocarbyl-w-laurilolactams such as
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4- N, N- di net hyl am nobenzophenone, 4-N, N-di et hyl am nobenzophenone,

4, 4" - bi s(di et hyl am no) benzophenone, and 20

4, 4" - bi s(di et hyl am no) benzophenone are nore preferable. Exanpl es of
a preferable conmpound represented by the formula (3) include a conpound
represented by the followng formula (3-D) in which kis 1 and R33 is a
group in which a hydrocarbyl ene group and an oxygen atom are bonded, or a

group i Ryl . d ; 2 ' by - NR-
m\e@%@r@% %@?gﬁ%ﬁﬂg NOLAHA- AL A1 A QP 25ThE B RSERAEYs o)

(R35 repres a roup ‘or a hydrogen aton are bonded.

R321 N R¥éfohablyRB46dpblnvineskich, RRId aansl kiRBshengnoupehdxongeddto (R31 repr esent s
a hydrocarbyl group optionally having a substituent, or is bonded wth R32
to repr@sehen attmaradai s ameallybapouphavnd | §o Rearhep a@Ma Rt ero at om a

it t d/ t R32 . . |
oot | onamtp G SnarE pitreitem Shhpdtita B HIBREIT i B RPLe, (101D
hydr 8car%3ksg§ ng t@éraﬁﬁetﬁfegn%nga)ow, Bﬁ&iﬂlﬁmtaﬁ@tﬁyiéﬂee%i@uﬁ} Q7Y RA2 d 41 ogen at om

and/or a yYgen atom "RP represents a hydrocar byl ene group, A represents
an oxygenegiyimpronp; AR3bhyl (R3hpr eprademtyd gaolny,crmat imbhéepeeferalp or a
hydrogen atom _and R34 represents a hydrocarbyl group optionally having a
subst i t MSmhepyl@rpyirabdene. Ay H'IPSt}D)lja"éPégéfarCﬁ@%n and exenplification of

t he hydrocar b@fﬁg@ﬁg@ﬁé&gﬁ%ﬁ@&%ﬁdﬂ?w ghrﬁf}g;![g)%tglr&gﬁ%“; cF31. R33 and R34,

and the hydro i onal Ty having,”as a hetero atom a

ni t r ogeny, e Hydé gf’dh&f’éﬂ@l%ngi%h‘ﬁmepfr@é’é‘iﬁgd%? Domai (RBsag aR31 and R32, are

the sane ‘as those stated in the description of the formula (3). 15In the

for ol a {BlDarbAliggopp ef eripdpgan asayg ene doodedr ofsthgrasmpauapsisesent ed by
-NR- (R35 is a hydrocarbyl ene u aying 1 to 5 carbon atons or a
hydr ogeﬁeﬂwtegrg’yéiﬁrtjé?@ﬁi%l@%ﬁnﬁﬁ‘i n atomor a group represented by
-NH, a f Ler . ented by -NH. In the formula
(3-D), gggnd#gg%&famft’ﬁeﬁﬁ%@%%%%‘%@lﬁgﬁseég%ﬁ% in W 20 include al kyl ene
groups sughliatetiyl-RiirEtAYdledicgs OUs- diat iyt 2-tumd dadlghirogs,oup, a
pent anet hyl ene group, a hexanet hyl ene group, and a -
2, 2, 4- t r 1 BedinimHek imedagobdingrie, gmdubmethyl-érethgl Suypaidagelidigeng. The
ér g;}%hﬁg%qlﬁgqx% ?sugx‘eﬁlapabtl{r]% go%gglln?d gz? %v@i(’:h ﬁéé id & (r)&\f; %éﬁr%lsgn%dhyfr ocar byl
-(CHz)pNR35- (R35 is a hydrocarbyl group having 1 to 10 carbon atoms, and p
represents an integer of 2 to 5) and R32 is an alkyl group having 1 to 6 carbon
atoms or a phenyl group, more preferably a compound in which R 1s a group
represented by -(CHg)2-N(CHsy)- and R3? is a methyl group or an ethyl group,
20 and further preferably 1,3-dimethyl-2-imidazolidinone.
Examples of a preferably compound represented by the formula (3)
include a compound represented by the following formula (3-C) in which k is

1 and R33 is a hydrocarbylene group.
R31
\ 33 34

N—R —ﬁ——R (3-0)
32
R O

25 {wherein, R3! and R32 may be bonded, R3! represents a hydrocarbyl group
optionally having a substituent, or is bonded with R32 to represent a

hydrocarbylene group optionally having, as a hetero atom, a nitrogen atom
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25 to 10 carbon atons, nore preferably an al kenyl group having 2 to 5
carbon atons, further preferably a vinyl group or an isopropenyl group, and
particularly preferably a vinyl group. In the formula (3-D), R37
is preferably a hydrocarbyl ene group having 1 to 10 carbon atons, nore
preferably an al kyl ene group having 1 to 6 carbon 30 atons, further
preferably an ethyl ene group or a trinethylene group, and particularly

: . [ e bl
pref er abhi(dt ot bERIVAGRS 95 Gufrodied Ra06emb91 LRnD) op@oallLRvRECT aDTY

hydr oca grou avi ng O carbon atons, "or is bonded with o]
form a Rydibeeiatbyl, @nes bonded hdth R S rapréBewian bydredarbglenorgrauhet er o

at om cont ai ni ng _hydrocar byl ene 5 group, having 3 to 10 carbon atons in which
the het epboaabmliaying s 2 BgteroAteR. MBHEOFIAOIHBIY/ ZRLPRXECTAHOTD havi ng 1

bonded Wt RORESSEE € b At hriepea d; sup Bast s 9ot MR o om: a
group rggggéggﬁggaﬁy hg@gﬁ@ka%%ueﬁtﬁr oup represented by - CH=N CH2- CH2-,

or a gr resente y 10 -(CH2)2-0-(CH2)2-, further preferably an al kyl
group having Inthe Goeanlo3-a) atwscriptionsarobextedplificati®d2fthe f orm an al kyl ene

group having 3. to 6 carbgn atons, a group.repres eﬂy - N.-CH=CH, or a
gr oup r &ydeeearbglsrnn cpRepaly harige a sy ﬁtlﬁ%ﬂnctﬂ@&g%r 34)%?@%’?&%‘@ a met hyl

group or_an et rou Qr.-is g W r hyl ene

o oup, - S ioFaRY et Bre i T B A ephs o iars B Db AR Y G 1
the for gadtod #n BkycdiBdtdis, ﬂfrﬁ{e@r%an@iﬂ’g&’WaﬁM’R”}h@lﬂﬁﬂéaVI ng 1 to 10
carbon. atons, or 1S bonded with 1 to forma hydrocrbyl ene group having 3
to 10 carydoocabylme proup inckEr aredthersacon aaithpsegstiayert ve dhodperetgpmwup havi ng
3to 10@&a{1b%§1 atorres in which the hetero atomis a nitrogen 20 atom nore
pr ef er afyhaformpla %foup having 1 to 10 carbon atonms or an aryl group

havi 6 to 1l I |
o1 oup havi ng SR 10 BAE0h Oy S pORRERS bOERBrb BB IR Y &

group r epfEs@ ok brb¥tontad Fhbid Breffiably ah @kglanepesoeprlesdnt ddiol0
-(CH2) 2-0-(CH2) 2-, further preferably an alkyl group having 1 to 6 carbon

25 at onsarben atommswded awylenkaounhaving ke APleprker atpmapfEEiehg 3 to 6
R el T AR SR SR S o BBy oo e
STour.. R, PRSI le R0 S e g,
a conpowidth lpi-phésyieAeigzoap. oxygen atom of the
In the formula (3-C), R34 is preferably a hydrocarbyl group having 1
to 10 carbon atoms, or a substituted hydrocarbyl group having 3 to 10 carbon
20 atoms in which the substituent is a dialkylamino group, more preferably an
alkyl group having 1 to 6 carbon atoms, an aryl group having 6 to 10 carbon
atoms, a dialkylaminoalkyl group having 3 to 6 carbon atoms or a
dialkylaminoaryl group having 8 to 10 carbon atoms, and further preferably
a methyl group, an ethyl group, a dialkylaminomethyl group having 3 to 6
25 carbon atoms, a dialkylaminoethyl group having 4 to 6 carbon atoms, a
phenyl group, or a dialkylaminophenyl group having 8 to 10 carbon atoms.
In the formula (3-C), R31 is preferably a hydrocarbyl group having 1
to 10 carbon atoms, or is bonded with R32 to form a hydrocarbylene group

having 3 to 10 carbon atoms, or a hetero atom-containing hydrocarbylene

30 group having 3 to 10 carbon atoms in which the hetero atom is a nitrogen
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conpounds represented by the fornula (3-D), include:

2- (di hydrocar byl am no) et hyl acryl ates such as 2-(di nmet hyl am no) et hyl
acrylate and 2-(di ethyl am no)ethyl acrylate; 3-(dihydrocarbyl am no) propyl
acryl ates such as 3-(di net hyl am no) propyl 5 acryl ate;

2- (di hydr ocar byl am no) et hyl nethacryl ates such as 2-(di met hyl am no) et hyl
net hacryl ate and 2-(di et hyl am no) et hyl net hacryl ate;

3- (di hy %%g@g&?%?%%})aﬂ%%'aéﬁﬂl BRGEVLALES SHET) aEbin(som! fyhai-yio) pr opy|

met hacr t he conpoun A T's an oxygen atom a conpound in

whi ch R@toapthaRdie 616 larcaabkilatgmeypr evomipdiwith B3 2carfbon @t efkylem84 is a
vinyl group or an isopropenyl group, and R37 is an_ethylen Oé,iﬁ or a

tri met hygrene hgwoeg ite 19y esrbprifitemsaadraup srpEastateh byt B reR32 are a
met hyl group or an ethyl gr ) AS a vinyl agrou an 71is a

trimet hyl @?&p&%ﬁsq@em @#%Ne&éél%.ﬁ2 T or ' groug lggg?ﬁ?fﬂggd a conpound in
uhi ch A-[SH.aR0RSLPRERA! SbHMbINER Dot diPhhsing Nyslpeasnby| ene group
or a hydrogen atom, of the conpounds represented by the fornmula (3-D),

i ncl ude:atoms, or id\bdZdedliviidRTar foytaah mbleylbyOzroyd havdes 3 $abncaabon

N ( 2- di net hyl am noet hyDacryl am de_and N(%}ﬂi et hyl am noet hSyDacé[gl am de; 20
N- ( 3- di tamse argyphareRseansd Pic =N @dsCelicpr ggroup represenied by

N (3-di ] am.d ' - dj ] | am de;
N {39 reas e eRronX RS AT, A0k elid-hslhy] asonr abubigr v am de
di met hy| aa1,p08 Y Ratded RitdRsBRd0eR Mtétdaficthkharreapuaypacryl am de; N-(2-
di hydr ocar byl am noet hypnet hacryl am des such as

N- (20di Msdsaphathybast gndupret magroylparepaescardd kiy(-£H=N-CH=CH-.
di et hyl am noet hyprre;ﬁ?acr yl.a

N (310 hycr ocdAUAPeCT oA GoyD) Bt isckefaiTa L lipny] geoup having 1

N- ( 3- di methyl. ari nonr | ). | @a; an od ol
N- ( 3- di ePhy %%ﬂﬁgp#8%ﬁg§§§%% m @@ #'fbrm a hydrocarbylene group

N- (4- di hyglriaed iy 1 @oh i iopn® torac hyteatiades -suthirmiag hydrocarbylene
N- (4- di met hyl am nobut ypnet hacryl am de and

N (4- di egropiparavios @ YO thckomydtom el whiehghe hetarofteBmscuRETPEES which A
R R R T A e e
an et hyl S LHR Y tP1d EhIRANYRRE FiQWRntsd R¥i€h Haakb Grn2Bd Akylene
group having 3 to 10 carbon atoms, a group represented by -CH=N-CH=CH-,
a group represented by -CH¥N-CH2-CH2-, or a group represented by
-(CHg)2-O-(CHyy-, further preferably an alkyl group having 1 to 6 carbon
20 atoms, or is bonded with R3! to form an alkylene group having 3 to 6 carbon
atoms, a group represented by -CH=N-CH=CH-, or a group represented by
-CH=N-CH,-CHy-, and particularly preferably a methyl group or an ethyl
group, or is bonded with R3! to form a tetramethylene group, a
hexamethylene group, or a group represented by -CH=N-CH=CH-.
25 Examples of a compound in which R3? is an arylene group and R34 1is
an alkyl group, of the compounds represented by the formula (3-C), include
4-(N,N-dihydrocarbylamino)acetophenones such as
4-(N,N-dimethylamino)acetophenone,
" 4-(N-methyl-N-ethylamino)acetophenone, and

30 4-(N,N-diethylamino)acetophenone; 4-cyclic amino acetophenone compounds
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conmpound in which Ais a group represented by -NH, R31 and R32 are a

met hyl group or a nethyl group, R34 is a vinyl group, and R37 is a 10
trimethyene group is nore preferable. Exanpl es of the conpound
containing a nitrogen atomand/or a silicon atominclude also a conpound
contai ning an al koxysilyl group, in addition to the aforenentioned
conpounds. Exanpl es of the conpound having an al koxysilyl group include: 15
tetraal kauksld 2n6n;abeh 1%)4@%@;;&@%%%%%@%& hapbRgxyShigne, and
tetra-n-propoxysilane; trial koXyhydrocarbyl sil anes such as

net hyl t HcaRigiRnvek| cantouiil Ry refdrableaysl 4'dnmid byt dcebotienosieliane, and
phenyl tri met hoxysil ane; trial koxyhal osil anes such as

t ri net hongehpraferdhlene, triethoxychl orosilane, and 20

G ot hoxy i o EAEPIeS 0 8 PR THAY S LT CT et P Eiege Bttt BhaRe:is
di m%howgﬁlr@ﬂoﬁ. !&%éu@é?ﬁ??ﬁ%gg%lhﬂoﬁﬂ bﬁﬂ?esccﬁﬂﬁgﬁlgés represented by

di met hoxydi chlor osi | ane, I chl orosi | ane,

di - n- pr ahexXytinaid (3-69) Iehede bistdihlydeoosrbyamimedkydyketbhenesclsash as 25
nethoxytrinetgglsilane' monQal koxytri hal osi | anes such as
net hoxyth 7 dnseneidivieihalammp) - heRiANONE N osi | ane;

lyci d l.kyil. )al Kyl al.k silane canp 2-
o'yei dosyarroTEp P B Sl F R Sofry e B s Py i lbepzppenones
(2- gl yci gonyat by Nvat vt aeti Hepeisidphaeond0 3- _ _
gl yci doxypropyl tri nmet hoxysi | ane, 3-gl yci doxypropyltriethoxysilane, and
" (3- gloy ci 4tdk Mo d il Cimet ingbdh nei hemopsi BaNEY-di-t-butylaminobenzophenone,
(3, 4- epoxycycl ohexyl ) al_kyl.al koxysi | ane conpounds such as
2-(3, 4- e%%@c%ﬁ@kzwéﬁwwﬁew%wgm ane, and

2- (3, 4- < |.t1] i ;
( g 4- eS‘g%Ec{l;%ﬁﬁg‘&g%‘%gﬁ%ﬁ”@%%?@??Sﬁgh g Snpounds such as
2- (3, 4- £ AOKKCHEh SIS IvBet ) Bbh amiHuHodie e [4biy(didthpimino)benzophenone,

| koxysi |yl al kyl succi nic acid anhydrides such as

3-tri mt&m&ﬁﬁ’ﬂ;ﬁﬁdﬁpﬂmﬂﬁa@h@b@n@p]@md rAm@pgéhgm, a compound in

?}é{llﬁvgz ?‘g’ﬁé‘j}l %&%@%ﬁ%@%}%ﬁgﬁ%ﬁ@ % dr Isfjgch@ ]ﬁ:ggl%on atoms, R31s a

3-met hagéﬂt%rgs}'lleﬂé Bﬁ’lg,yz%ﬁc{ Rﬁgﬁmglﬁéhﬁﬁé‘f‘ou}?&da dialkylaminophenyl group
yl oyl o opy 0

3- et ha Xypr triethoxysilane; nial kyl am no) al Kyl i al Koxysi | ane
conpoundsaGingts &s 1) Iatidinmmtdys danpredpraidpydhd ri met hoxysi | ane,
[ 3- (di et hyl ami no) propyl]triethoxysil ane

15, .
[ 3- (di et 4)¥.iliopprdainebenaophsngses 4ne N firthylarainapeareranspy | |
t hyl di et hoxysi | 2- (vl i thyl I triethoxysil ane,
5 (i ety Pl md it B BR O RRAAEE (Yol 1 ¢ ant noai ky b al koxysi | ane

20 4 4-bis(diethylamino)benzophenone are more preferable.

Q

Examples of a preferable compound represented by the formula (3)
include a compound represented by the following formula (3-D) in which k is
1 and R33 is a group in which a hydrocarbylene group and an oxygen atom
are bonded, or a group in which a hydrocarbylene group and a group
25 represented by -NR35- (R35 represents a hydrocarbyl group or a hydrogen

atom) are bonded.

R31

V4

N—R¥-A—C—R*  (3-D)
R3? !

O
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conmpounds such as (1-hexanet hyl enei m nonet hyptri net hoxysil ane, 20
[ 3- (1- hexanet hyl enei m no) propyl I tri et hoxysi | ane,
N-(3-triethoxysilyl propyO-4, 5-dihydroim dazol e,
N-(3-trimethoxysilylpropyl)-4,5-imdazol e;

I di (tetrahydrofuranyl)am ndal kyl | al koxysi | ane conpounds such as
3-[ di et et rahydr of uranyDam nol propyl | tri met hoxysil ane, 25

3-[di(t s U ' gl st iql

N N bl gTF I Ky1eT Ly ey I ARl S eahier Ve P i drocarbyl ex0up o
3-[N, N-dptgindliyehhyingi 4 yilestituehp a@pis Borelcdyw thni@¥hoxgpidsane a

34N, N- bi gt ri net hyl si | ypam ndpropyl | met hyl di et hoxysi | ane. As the
di al kyl R¥A1e63ERINe SrREX gRIIPRHEY é@mmm&,a Betero atom,a nitrogen atom

3-(dialk ' i al il [ ich | kyl f
i 2l Kyl G BROUTEP Hin, iR Vs B AT 08 Goslondiifstetagy an
al koxy of QURstifucift, 8¢ KON FHAORRKMRM Grebrért LAY DR AV Lo of er abl e.

The conpound contal ning an al koxysilyl group nay contain a nitrogen atom
and a graptporradpyr baenigeds hyhster® atdraapliogeh dthe modppandxygen aitonng an
al koxysi group, and containing a nitrogen atomand a group represented

|yl
by >C=0 R%@e@aésqmﬁ SRAYROLYLLG R BRI 1S BERFEREN S 2D EBFFFOLHIT Stich as
trisf3- (wﬂwtﬁg%iké%&% %ﬁ?’}}dfe&?{)ﬁ/{éﬁ&ry‘g oup, gr a hydrogen atom, and R3

tris[3-(triet’noxystTyppropyllisocyanurate,

tris[ 3- (fdprPsQRAEYE] aﬁ&af&ny%jbhﬁ%xmu@tﬁam@ch substituent.)
tris[3-(tributoxysilyppropyllisocyanurate. Anong them

t'risio- (trial Kloxitsi foypprlag§iD), desyaptioatead exempli®eatiiref the
tris[3-(trial koxysi | ropyl Lj socyanurat.e .i.n whic al rqup i s an
al ko£<y éhl&s%@% r%wﬁBFO@tﬁ%@ﬁy%‘ylas&ﬁuW%P& %E’\é’ﬁ’gf%ﬁw ?ﬁ%‘ngnﬁsp

tris[3- (i ' L i ' f e . A
Fact & ortist PEAREHNNIEKE BESRY by iSATNO VRS, A8n HEPRITORT SRR | i ng
conpoundgtoph hndist 44 bxydeh atdmnFBledCionponéitic iffRBmmel B¥ aoé thheamenpound

(1) and the conpound the éll)" and pol yneri zi ng t he nononer conponent (it
i s’ t houghs theretstatedin thedeswainsion pethsofoyrarladds an al kali 20 netal derived

froman organi | kal i tal npound of .t he conpound (I and t he
conpbund cont afrh%%ﬁmﬁ’r r(gg%ﬁ%]tsdjrﬁegeﬁ(#ﬂ agﬂ’ﬁyggﬂ a&?%’rﬁ]‘?%group
represented by -NR35- (R35 is a hydrocarbylene group having 1 to 5 carbon

A A 1 Ay A

Py

atoms or a hydrogen atom), more preferably an oxygen atom or a group
represented by -NH-, and further preferably a group represented by -NH-.
In the formula (3-D), examples of the hydrocarbylene group in R37
20 include alkylene groups such as a trimethylene group, a tetramethylene
group, a pentamethylene group, a hexamethylene group, and a '
2,2,4-trimethylhexane-1,6-diyl group; arylene groups such as a
1,4-phenylene group.
In the formula (3-D), R34 is preferably a hydrocarbyl group having 1
- 25  to 10 carbon atoms, more preferably an alkenyl group having 2 to 5 carbon
atoms, further preferably a vinyl group or an isopropenyl group, and
particularly preferably a vinyl group.
In the formula (3-D), R% is preferably a hydrocarbylene group having
1 to 10 carbon atoms, more preferably an alkylene group having 1 to 6 carbon

30 atoms, further preferably an ethylene group or a trimethylene group, and
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performed by addi ng the conmpound containing a nitrogen atom and/or a
silicon atomto a polynerization solution, and m xing a polynmer and the
conmpound containing a nitrogen atomand/or a silicon atomin the solution.
25 The anmount of the conpound containing the nitrogen atomand/or a silicon
atomto be added to the polynerization solution is usually 0.1 nole to 3
nol e, preferably 0.5 nole to 2 nole, and nore preferably 0.7 nole to 1.5

nol e pe : h;flélfﬂ E ' §g@'5 | conmpound of the conpound (1). A
t enpera &%%gg%ﬁ%ﬁ$% alggﬁé%g%egkgg%% c&%pound containing a 30 nitrogen
atom and/ or alsithé ¢omaloe- B) eR31i % @aeferaBHC hydifREhybgeheriablipg 135C t o

90C, and nore greferably 50C to 80C., The contact time is 60 seconds to 5
hour s ate 1rcafrbematyms, ¢t ishawledowithngifrto fprmishBydrasatlexlpae spe@R ess of the

Db ool o S i SuEha i, S B o et At £ o ©
I nit 5ah'gg&ll]gfllafe'?ﬁ%xg%l’o']]WdrB?n%‘;i]:oﬁsqﬂﬂQHﬁh {H3 KARERY 8fom 96 2 RiRQL¥ART

descri ter. anples o e coupling agent include a conpound

r epr esenteg, yoreharefalabdnhnalker grohd KabingR4taM 4arod) atontresean arf 1
represents an al kyl group, an al kenyl ro%P, a_ cycl oal kenyl 13§group or an
aryl gr @upup Mavang 6deriOscarben atems, ar snbended Wit Bt dmioymanpakadeons a

50 09" R i G AP B Ry L aene e B TR B S )
i ncl ude asélld %gtrééér?cﬁﬁ'b?“(ﬁ?_rN‘@HQﬂHF{ e la0F@%bl @PSesented by

di ret hyl di chl'orosilane, 15 trinethylchlorosilTane, tin tetrachloride,
met hyl t -{CHRRr@{CH,) ] frathyt prefetadrlptannalkyt gneathpbeidgot o¢ Brearbon

t et ramet hoxysil ane, et hyl trimethoxysil ane, dinethoxydi nethyl sil ane,
met hy| t ratefdiso Ry &5 bepded &’ﬁ%ﬁ?ﬁ%&%&%ﬁkﬁﬁ@? PR }&%Eé?ﬁﬂ% P4ne,
di et hoxydi net hyl si ]l ane. tetraet hexysi:laie t tr i and
di ot hox P EEngi e iR ABBroms Rt SR cEH RV FHACEE BY B b Bp A hane by
conj ugat-egy- N arHE:; {398 dand particularly preferably a methyl group or an ethyl

group, or is bonded with R32 to form a tetramethylene group, a

15 hexamethylene group, or a group represented by -CH=N-CH=CH-.

In the formula (3-D), R32 is preferably a hydrocarbyl group having 1
to 10 carbon atoms, or is bonded with R3! to form a hydrocrbylene group
having 3 to 10 carbon atoms, or a hetero atom-containing hydrocarbylene
sroup having 3 to 10 carbon atoms in which the hetero atom is a nitrogen

20 atom, more preferably an alkyl group having 1 to 10 carbon atoms or an aryl
group having 6 to 10 carbon atoms, or is bonded with R3! to form an alkylene
group having 3 to 10 carbon atoms, a group represented by -CH=N-CH=CH-,
a group represented by -CH=N-CH-CHzs-, or a group represented by
-(CHs2)2-O-(CHgy)g-, further preferably an alkyl group having 1 to 6 carbon

25 atoms, or is bonded with R3! to form an alkylene group having 3 to 6 carbon
atoms, a group represented by -CH=N-CH=CH-, or a group represented by
-CH=N-CH;-CHz-, and particularly preferably a methyl group or an ethyl
group, or is bonded with R3! to form a tetramethylene group, a
hexamethylene group, or a group represented by -CH=N-CH=CH-.

30 Examples of a compound in which A is an oxygen atom, of the
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pol ynmer, the anpbunt of the coupling agent used is preferably 0.03 nol or
nore, and nore preferably 0.05 nol or nore, per 1 nol of the alkali netal
derived froman alkali netal catalyst. In order to enhance fuel cost saving
properties, the anmount is preferably 0.4 nol or less, and nore preferably
0.3 25 nmol or |ess. In the production process of the present

i nvention, an unreacted active end may be treated with an al cohol such as

met hanol, 0 i # I 8 pyem¢lRfe:a pol yner described |ater.
As a rretcﬂ%&jogﬁgreergg%(/éesreﬁlrtlg&gs;ggﬁﬁﬁlg%t 1edclelpdi Z’ne -ba?sed polymer froma 30

sol uti on cont gHdilnglmcarhjlagdhedtbyeneybaseduplobygmer using a hydrocarbon
as a solvent, known nethods can be usg&,l and exar}‘pl es thereof include (A a
met hod & (dimethplaaizeiribyhacrilateand RidigRytaning ﬁI’lﬁg agridHf ugat ed

di ene- bas I r_.and a_pet hod of addi te kon

cont ai n%@%&?@%ﬁﬂ gﬁnéﬁ?é“ﬁg?fg%?@gatﬁg I ra_s“#ﬁinx}%@%%%}ﬁéﬁ)ﬁ%ﬁ:ﬁgat ed 5

di eng- b%%?ﬂa@&'%(mgymcaﬁ%&&hﬁﬁ)&hw ndethBeMAatiey@ichsdich as a band dryer or
an extrusion-type diyer. e conj ugat ed- di ene-based pol yner of the present

i nvent i @A(dimeahgbmingdétbg] dierhectydatdand|2ytwiethyl aniw@dtligy t he

af orementi oned process. | n order tpmﬁghan e tensile strength at break, the
Mooney VRe&WsEY t@(ﬁ'?@_ﬂh@@m@@})ykﬁm{ N G@Qﬁg‘éﬁrﬂﬁﬁeﬁ% pol ymer of the
present jpxention is prefe no r or nore.
Bur s nor 5 THEGERE P S olibail 3Rt Bulle T yhe P BRASA L SRLREL 2P, ¢

pref er ably o2 0:t0fn, li&RPapdiit P which BEEaalIRA2 190 a0r alkes groubBaMaerey

vi scosity FI\/L4+4) is neasured at 100C according to JI'S K6300 (1994). 15In

or dan t codghtrahor dtorls, Bisis s avnylgoupperan Evproprnyheresn amd Bel Hhan

di stributiopn of the conjuygated di ene-based pol r qf the present invention
s pref GHBIAOIEORPPT AHATIS BRSNS FRAP Prelerabls: AR LIUBRP ST i ght

0210 G AT Pl RST80T 06N B o1
and R37 is a trimethylene group is more preferable.
Examples of a compound in which A is a group represenﬁed by -NR35-

15 (R35is a hydrocarbylene group or a hydrogen atom), of the compounds
represented by the formula (3-D), include:

N-(2-dihydrocarbylaminoethyl)acrylamides such as
N-(2-dimethylaminoethyl)acrylamide and
N-(2-diethylaminoethylacrylamide;

20  N-(3-dihydrocarbylaminopropylacrylamides such as
N-(8-dimethylaminopropylacrylamide and
N-(3-diethylaminopropyllacrylamide;
N-(4-dihydrocarbylaminobutyl)acrylamides such as
N-(4-dimethylaminobutylDacrylamide and

25 N-(4-diethylaminobutyl)acrylamide;
N-(2-dihydrocarbylaminoethyl)methacrylamides such as
N-(2-dimethylamincethyl)methacrylamide and
N-(2-diethylaminoethyl)methacrylamide;
N-(3-dihydrocarbylaminopropyDmethacrylamides such as

30 N-(3-dimethylaminopropyl)methacrylamide and
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20 chromat ography (GPC) nethod, and dividing Mv with M. In order to
enhance fuel cost saving properties, the content of a nononmer unit based on
a silicon-containing vinyl conpound is preferably 0.01 w% or nore, nore
preferably 0.02 w% or nore, and further preferably 0.05 w % or nore, per
100 wt % of the conjugated di ene-based polyner. In 25 order to enhance
econom cal properties and to increase tensile strength at break, the

cont ent . . : 9 gore preferably 2 w%or less, and
N %ggg&@@ggﬁgﬂo dodh M RhabfREmidP,

further "pr r ess. In order to enhance tensile

st r engt IN€-dihgdbocaibylasminbbhslphbthddiglartides cach wgat ed di ene-based pol ymer

of the present invention contains a 30 nononer unit based on an aromatic

vinyl covpéuhmethplaagidiobutyl) methamrylamitdenard uni t based on a conj ugat ed
d.and th oner unit h i |.i con-contai,ning vinyl

compound B BAE RO S b gt - ACTGUE ot FHREOL R Bne,
a- Ueghylvg}tl%fl%?s a%@M%?%%%Pﬁtedﬁﬁﬂé#@??ﬁhhéﬁﬁgﬁz atl YWk PPRZRAE,

trivinyl benzene, nyl napht ene, 5 an prefergﬁly Styrene.

The coritleiingfl 1@ cartempitoes, iR fis a cinplgeuptt an ssoprupdaydrgronpeaid he
content of the conjugated di ene conpound unit is 100 wt % or, | ess),

pr ef er adtd] i3 @nvetisyamengiosp(Qihe it astenss gnonp 18 papisgabled 2a8leéne conpound

unit is 90 W% por |es .and_nore prefera 15 :WM% ar € _(the content of
10t e CHTPUGHILE MRS AONG REeereoasY AT bg et 00 os of
the tot %eﬁim;g%uﬁfortéﬁﬁem g&%b?%sdﬁsea%iﬁﬂrga@uﬂgaﬂalnw@@Q the aromatic
vinyl conmpound unit. In order to enhance fuel cost saving properties, the
contient teimeétieyearcamatipds vhorgl predeqadlead unit is preferably 50 wt % or | ess

(the content qof the conjugated diene conmpound unit is 50 w% or nore), and
more 15 pref erlBRpPles itthe spmpaaad gardapyngennitsrsamatony arddied di ene

conpound..ynit _1.s 55 W% qr. r r : fuel cost
savi ng fjoel} f %Oerél,m uél evaﬁ%?/gocgg#cﬂuﬁlgd %On%&%@n?%naqfélegogg%lﬂggt glc? ’ l(Ile? ene- based
pol ymer nfditide tor@seifbrdvenbhadchmpptafisr ably 80 nol % or less, and nore
preferably 70 nol % or |ess, per 100 20 nol % of the content of the

conj ugat ed di dfeamplas, ofltheaotgrowrsl kaniagcan gHigxyisiyl growernclede’ t he vi nyl
bondi ng am)uri ref.erably .15 nol % or

is. f ly 1 | % ,
ror 65 £ TRk Bt BB B BT SRR ROV Bi SR BOY S FPEH or bl y 40

I 2 o R A ORISR Al aUGs g e 20501 pi o
group, byegiyltriiathedysipand, hootkylirdetiokhoithne, ethyltrimethoxysilane, and
phenyltrimethoxysilane; trialkoxyhalosilanes such as
trimethoxychlorosilane, triethoxychlorosilane, and
20 tri-n-propoxychlorosilane; dialkoxydihydrocarbylsilanes such as
dimethoxydimethylsilane, diethoxydimethylsilane, and
dimethoxydiethylsilane; dialkoxydihalosilanes such as
dimethoxydichlorosilane, diethoxydichlorosilane, and
di-n-propoxydichlorosilane; monoalkoxytrihydrocarbylsilanes such as
25 methoxytrimethylsilane; monoalkoxytrihalosilanes such as
methoxytrichlorosilane, and ethoxytrichlorosilane;
(glycidoxyalkyl)alkylalkoxysilane compounds such as
2-glycidoxyethyltrimethoxysilane, 2-glycidoxyethyltriethoxysilane,
(2-glycidoxyethyl)methyldimethoxysilane,
30 3-glycidoxypropyltrimethoxysilane, 3-glycidoxypropyltriethoxysilane, and
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The conj ugated di ene-based pol yner of the present invention can be used as
a conj ugated di ene-based pol yner conposition by incorporating other polyner
conponents and additives. Exanpl es of the other polyner
conponent include styrene-butadi ene 30 copol yner rubber, polybutadi ene
rubber, butadi ene-isoprene copolymer rubber, and butyl rubber. Exanples

t hereof al so include natural rubber, an ethyl ene-propyl ene copol yner, and

an et hyel ene-.qct ene_capol . . re kinds of these pol yner
corrponeg%sghf:ﬁl Of@ergpy&%éeﬁﬁﬁémo%ﬂg}r{f%%%ﬁer conponents are incorporated
i nt o t heg3-GonigaLREx) A1 ekinale/ERApMinddISudt gsent i nvention, in

order to enhance fuel cost saving properties, the anount of the conjugated
di ene- b&sej4 ppbyyeyrcldiexybetylésiermthorysitaieomndncor porated is preferably 10
wt % or nore, and nore preferably 20 w.% or nore, per 100 wt % of the total
amount (ﬂ’{?taﬁ'@PﬁESY‘%%‘?%W @ﬁ’f@ﬂ?(ﬁ%@?‘lﬁ&?at ed (including the amount of the
conj ugat 10 di - I [ : h the additives,
kno ao[gélj’flie\%)g&%zdge usé@?ﬂ?@%%Q%ﬁ@%{efﬁﬁgégﬁmﬁl%ﬁcudébsvuI cani zati on

agent s JuqB AspsHickdlohexiDeaiyikaéilondiasetHoriallansg such as a thiazol e-based
vul cani zati on accelerator, a thiuram based vul cani zati on accel erator, a

sul f enamillexyabdalkylswaimiz acidanhydades aueh asand a 15 guani di ne- based
vul cani zati.on gccel.frator' vul cani z tiﬁn aﬁti va%ji ng agents such as stearic
xfpfeagn

acid and BiiRetBrHRlyIBFpysReCHar dctdian i cunyl peroxi de and
ditertiaf. el L 9LQi E%&%;s such as silica and carbon

bl ack; ﬁ?@g‘ﬁ%&gﬁﬁﬁ%@@gﬁéﬁﬁ %%rabﬁ{g%lte, talc, alumna, clay, alum num
hydrigxi denethadrylbgldxysidydngkeouilanegoaganinis sudhesxder oil's; 20 processing
ai ds; anti-aging agents; and |ubricants. Exanpl es of the sul fur

i ncl ude povatbacrsipyiorypmmydinsnethewssigneuandcol | oi dal sul fur, insol uble

sul fur, and highl i spersibl.e,sul fur, T unt.

i ncor poré%ﬁﬁgrydg%]géygm%ﬂ%} thﬁﬁwlialﬂﬁi [&@ﬁgﬁfqa{n&nq@ 1%@?@12{3%&&5%1% ht, nore
refera 1 inAed ilangl 25 further

Br ef er alt}}ogngol%i%gﬂ%l %% [ﬁlﬁth?%%%ﬁﬁfiﬁéwﬁ?ﬂg}ﬁ? ,SISIper 100 parts by

wei ght  df3-(diethybddmires) peopgldmésthoxysilane, Exanpl.es of the vul cani zati on

accel erat or_ i nclude thiazql e-based vul cani zati on accel erators such as
2-rre\6ca§£%@w@dt1%ma&@lpé9p IBERSEIMYERPPCdi sul fi de, and

\-cyel oheta 2 RENGRI) AP, Bl RO AL Hioxyslllaibam based
[2-(dimethylamino)ethylltriethoxysilane,
[2-(dimethylamino)ethylltrimethoxysilane; cyclic aminoalkylalkoxysilane
compounds such as (1-hexamethyleneiminomethyl)trimethoxysilane,

20 [3-(1-hexamethyleneimino)propylltriethoxysilane,
N-(8-triethoxysilylpropyl)-4, 5-dihydroimidazole,
N-(3-trimethoxysilylpropyl)-4,5-imidazole;
{[di(tetrahydrofuranyl)aminolalkyl}talkoxysilane compounds such as
{3-{di(tetrahydrofuranyl)aminolpropylitrimethoxysilane,

95 {3-[diltetrahydrofuranyl)aminolpropylttriethoxysilane;
[N, N-bis(trialkylsilyDaminoalkyllalkylaikoxysilane compounds such as
{3-[N,N-bis{trimethylsilyl)aminolpropylimethyldimethoxysilane,
{8-IN,N-bis(trimethylsilyDaminolpropyl}methyldiethoxysilane. As the
[(dialkylamino)alkyllalkoxysilane compound,

30 [3-(dialkylamino)propyllalkoxysilane in which an alkyl group of a
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30 vul cani zati on accel erators such as tetranethylthiuram nonosul fide and
tetramet hyl t hi uram di sul fi de; sul fenam de-based vul cani zati on accel erators
such as N-cycl ohexyl-2-benzot hi azol esul f enam de,
N-tert-butyl-2-benzot hi azol esul f enam de,

N- oxyet hyl ene- 2- benzot hi azol esul f enam de, 5

N- oxyet hyl ene- 2- benzot hi azol esul f enam de, and

NN - di s ol oRwla e benz Ul anahesuhd SRS rodlak dhafobasedd vl cani zati on

accel er pheny ort hot ol yl guani di ne, and

or t hot olayk i opatiptisng alkisyaoupthaing Neoditadonzabirenisqrefirablt or

incorporated s preferably 0.1 parts by weight to 5 parts by weight, and

nmore 10 pref effsl qon@@q;hcqrgawn@eargalkWSQYbW WYW@PW aper 100 parts
S|I|ca i ncl ude

by wei ght, of the p r component

dry sil |réHO$§Pﬁtemca%ggcs’faﬁﬁﬁapr‘%f@)“te%%’ s‘?“r%c ﬁ?’dﬁ%ﬁ% 9icic acid),
collgid I I a fn &t num

o1 11 Bat Gl e B ¢

surf ace A{®A gPbus rbpre@ehtedbet€=ahbincldde N2/ g to 250 n2/g. The BET specific

surface area I s neasured. accordi ng to ASTM D1993-03. As commercially
avai | abI%leﬁaéHMﬁslyl)ai]adhsmlwﬂ ¢ eNPOWR@s EXchaRuf act ur ed by Degussa,

trade nane R$:.150, manufactured by Tosoh Silica
Cor por at@@&g%gﬁ@e& ﬂr@ %ﬁ ?(fyafﬂ'%klﬁ), 20 1165MP, manuf act ured by
Rhodi a, t?.féq:gj(ﬂqegb vil§&yanurate, Exanples of the carbon black

i ncl ude furnace etyl'ene” bl ack, thermal black, channel black, and

gr aphi tebrl@"ﬁfﬂ?bﬂ@oﬁjrsﬂﬁépm@lyﬂ)bsocyhnukahenahdde channel carbon bl ack such as
EPC, MPC and CC fur nac car Eﬁn bl ack such, as SAF, | SAF, HAF, MAF, FEF,
SRF, GPRri prtoxggilyk sgeyapprate. heMRAFELAPBoN bl ack such as FT and

MrI; and ac car. bl a1 r of them can be used. The
nit rogen h%é% rﬁ? 13@2?“?01)8? %Oc?rgg‘él%atreggl P?ﬁ%%gf%f carbon bl ack is
pref er ablyys(8- (fi@éﬂio&?sﬁﬂ@pflﬁfy@hs@ﬂﬂnhﬁ@tedﬂnb&lhﬁh i hidloay ¢ro @B aabsor ption
anount of carbon black is preferably 5 nml/100 g to 300 ml/ 100 g. The 30
ni t rogemlkdxpngmbup)hasp@iiftod subbaesomsda m@rem@i@raéﬂl 2tbr ding to ASTM
D4820-93. . The DBP Ebsorfy unt i S g %%%acco%gl 181% to ASTM D2414- 93.
As commelrds ﬁl(F]S}mé‘\? PXEBIBPBY hspgyaxﬁug Blli WRES I A Fact ured by
M tsubi shi , 3 TicBd bEARIng e and SEAST
KH  manuf act urﬁg&%&u&é@&ﬁ&h‘g@ en(ﬁ;ocﬁ%& g‘ﬁ?erﬁ%ﬁ cBd b9 ¢
following compounds (I) and (IT) to a monomer component in an order of the
compound (I) and the compound the (ID), and polymerizing the monomer
component (it is thought that an active end of the polymer has an alkali
20 metal derived from an organic alkali metal compound of the compound @),
and the compound containing a nitrogen atom and/or silicon atom 1s
performed by adding the compound containing a nitrogen atom and/or a
silicon atom to a polymerization solution, and mixing a polymer and the
compound containing a nitrogen atom and/or a silicon atom in the solution.
95 The amount of the compound containing the nitrogen atom and/or a silicon
atom to be added to the polymerization sclution is usually 0.1 mole to 3 mole,
preferably 0.5 mole to 2 mole, and more preferably 0.7 mole to 1.5 mole per 1
mole of the organic alkali metal compound of the compound (I).

A temperature at which a polymer and the compound containing a

30 nitrogen atom and/or a silicon atom are mixed is 25°C to 100°C, preferably
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5 trade nane CK 3, Special Black 4A, manufactured by Degussa, and the like
can be used. When fornul ated into a conjugated di ene-based pol yner
conposition in which a reinforcing agent is incorporated into the

conj ugat ed di ene-based pol yner of the present invention, the anount of the
reinforcing agent 10 incorporated is preferably 10 parts by weight to 150
parts by weight, per 100 parts by weight of the anount of the conjugated
di ene-b r..aof the ' td [ | ; der to
enhance &&@&gﬁ r@?ﬁs éﬁ%@ﬂgﬁﬁﬁg%ﬁgﬁgﬁﬁf“fﬁé gﬁgﬂﬁﬁﬁgﬁﬁg?ﬁﬁgéﬁgd isS nore
pr ef er abloyokds 875 houby awRigFbferablyBheimansdtd Utidher preferably 30 parts by
wei ght or nore. In order to 15 enhance reinforcing properties, the anount

i ncor por at ed ils thermpropnefien abbsess 20 thapreseny ingeyien or coeRlENE aEINYT ur t her

preferably 100 parts by wejght or, less. . In order to enhance fuel
cost savPAy ber ok SOlRkOR OBt é‘ocqnﬂl‘t‘%atﬁdéﬁﬁ?% g’&ﬁ%‘% Paﬁfé%t based
pol yner c¢o Ty | | i [ 44 [ rgarated into
Phe Bon; ToAE St BRal DA & 3otk B e Rt o hm B N Rt 1 S

pref er ablgnbed 6 r§édvie§%10ﬁ§ g;bhﬁné?ﬂ@é@ﬂfddﬂ&tagerExariEbhesajfmhetcomiblinfg lica
incorporated is preferably 50 parts by weight or nore, ut<'i1n24)trr[)re preferably
A

70 part sageptiietiyide eompeend peprepeoteshby $he jollgsyigis fosm -otal amount of
t he reinforci rs]'gl%ﬂt irag)(r)rporat ed. 25The weight ratio of the content of
silica used as*t @i nfor ci ng agent and the content of carbon black (the

cont ent 11 : fg]&ﬁlr } [ Pkond © 1 to 50
1. In @h eFil%’g@éﬁﬁg%gsg fﬂéﬁ%ﬂ%@t savl %3 %&‘g{gﬁgoﬁgpgﬁ%@% nf oy;:lci ng

pr opey t i @suptdreanairgihgrougl M régsregonts peifenatbyn or a tin ator@0L: 1. 30Exanpl es
of the silane coupling agent include vinyltrichlorosilane,
vi nyl t r i eepiteseris|sahalogon @pery 9157 BYFEeIERY RN YR #BA@ represents an

| 3- (3, 4- epoxyc hexyDet hyl t ri met hoxysi | ane,
y- gl yci d’d%%?%gro%‘% ?‘? ﬁry)ﬂst hoxysi | ane, rmethacryl oxypropyl trimet hoxysil ane,
N- (13- am noet higl ) mpl &N Mg ARyl i@tﬂ%%ﬁﬁédeﬁlﬂ@d b9 the formula (4)

N- ([ 3- am noet hyD-ram nopr opyl et hyl di net hoxysi | ane, ] )
N pheny| inelade sitieonpytiachioeidemystibyarrechlyrashlaoe ogimopthisidichiaresityre.l ane,

y- mer capt opr opyl t ri met hoxysi | ane,.  y-am nopropyl triethoxysil ane,

bi s(B (t?ﬁl@@ﬁ&l)‘?mqr?ﬁﬁ%ﬂ“} t@ﬁr%llﬂl%rr%: I‘B&%‘é’ %F&ﬁl? Hoxysi | yBpropyl )
tetrasul fide £ hoxysi | I ayl tetrasulfide,
and 10 'y(}W?%ﬁ%{ %&;@?fl&’ gﬁ%é;ﬁgg%lg@ﬁ%ﬂidzqgfﬁ%%étt?ggﬁﬂ% One or nore kinds
of them a{eghyRenchox¢oiames, dialdthorydin etblytsipmedusdthyltrictlexysimmeSi 69,

Si 75, manufactured by Degussa and the |i ke can be used. ,
ethyltrimethoxysilane, dimethoxydiethylsilane, diethoxydimethylsilane,
tetraethoxysilane, ethyltriethoxysilane, and diethoxydiethylsilane.

20 In order to enhance processibility of the conjugated diene-based
polymer, the amount of the coupling agent used is preferably 0.03 mol or
more, and more preferably 0.05 mol or more, per 1 mol of the alkali metal
derived from an alkali metal catalyst. In order to enhance fuel cost saving
properties, the amount is preferably 0.4 mol or less, and more preferably 0.3

25  mol or less.

In the production process of the present invention, an unreacted
active end may be treated with an alechol such as methanol or isopropyl
alcohol before recovery of a polymer described later.

As a method of recovering a conjugated diene-based polymer from a

30 solution containing a conjugated diene-based polymer using a hydrocarbon
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When formul ated into a conjugated di ene-based pol yner conposition in which
a silane coupling agent is incorporated into the conjugated 15 di ene-based
pol ymer -of the present invention, the anmount of the silane coupling agent
incorporated is preferably 1 part by weight to 20 parts by weight, nore
preferably 2 parts by weight to 15 parts by weight, and further preferably
5 parts by weight to 10 parts by weight, per 100 parts by wei ght of the

silica. _20 t i)l &6 ineral oils
(vi scostey wndnt oDt BRI REeRe Ak, A BipBlarmbfaRe R

napht hepesthaaesdt Jades al coﬁFhFaI{t\éo@ Ssluviahunnfaiddiy aaodj @9apd and
paraffin-based mneral oils (V.G C. value 0.790 to 0.849). The content of

pol ycycldienabeaset polyeasmpouh(B) a métdodxdaddang staam o greoleiiaml y | ess than 3

wt % and nore, preferably ss 25 than 1 w % Jhe polycyclic aropatic
" cont ent CP%W%Bé%%?é’Gnggﬁﬁ?%i §'Ba% p@qurshT;LﬁﬁeE?“%gx&onpgartg eum 346/ 92

et hgd. 6 R0 EDbH ARSI E@ AN dfof REcles BN Ol

preferab e or nore kinds of"these extender oils are

used. AgraneitradicnotypRrdgesi ng a conj ugat ed di ene-based pol yner 30
conposi tion by incorporating other polyner conponents and addjtives into
t he conj ugat el emdugatedalipoe hased pplymer pf HRepreseRY BRTSTHOD ¥ndwn net hods,

for exanpl e, .hod. of kneadi ng each e ' . L xer such as
aroll ﬁP?@%g%ﬁgEﬁé%%Pﬁs#Rggnﬁﬁﬁp%’guﬁgé%%%E a{(}h%ea %%ﬁ%@gwe% when

addi tives othegp §3ap ¢§ BAnYHEE BSR4t P EhAgINeaNthd MRyOtel GABIGERET ON

accel erator are incorporated, the kneading tenperature is usually 50C to
200Gy an(ilpr.ef & il wnPREited diSAEhaant polyendnebitiengresemiinvengsmalsl y 30

seconds to 30 minutes, preferably 1 minute to 30 mnytes. Wen th
vul cani zxefenabiydRorgnere; ﬁ@d\mp&ﬁr%ﬁﬂﬁ 2 IOGF it gﬁuﬁ L Wc%‘}dﬁf)g%t ed, the

kneadi-ng tenperature.i.s. usually 100C . r r,QQMm

t enper a%ﬂ}@q{‘% Ig@&fssﬁblil(%%gxg iM?g%Irllesf WS% ?1%:3(2‘[%9%%&%18*2%%)?6{?%%&éxlglgint and the
vul cani @b OPrHeEAHIG B0 REE | TRONIGHRiyeristcsitys(MLLY) subjeastad 410

vul cani zation treatient such as press vul cani zation for use. The

vul cani zZ10Q ecpedatginel ISSK680@I(1§94)20 t o 200C, and preferably 140 to 180C.

15Th ' ted dj - based I ) iti f.th t ti
'S ool | ent i1 ESF 18 SERARCHIBIERET SVIERFOPETUSS (hGOBRCPHTE WORE o

o ongt Ny hiBGERI3HeLE AL SRR % RS- OREId Yol G TRk tRBLAH SheneioRas o

pol ymer osition o resent 1nvent I's suitably used in tires.
Exanpl esis30Eharab¥al uats, andahophysifesdbipriopelt i Aamulesulrerweigied by the

ol fow ndgistribution is obtained by measuring a number average molecular weight
(Mn) and a weight average molecular weight (Mw) by a gel permeation
20 chromatography (GPC) method, and dividing Mw with Mn.
' In order to enhance fuel cost saving properties, the content of a
monomer unit based on a silicon-containing vinyl compound is preferably
0.01 wt% or more, more preferably 0.02 wt% or more, and further preferably
0.05 wt% or more, per 100 wt% of the conjugated diene-based polymer. In
95  order to enhance economical properties and to increase tensile strength at
break, the content is preferably 20 wt% or less, more preferably 2 wt% or less,
and further preferably 1 wt% or less.
In order to enhance tensile strength at break, it is preferable that the

conjugated diene-based polymer of the present invention contains a

30 monomer unit based on an aromatic vinyl compound, in addition to the
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net hods.

t he Mooney viscosity of a polynmer was neasured at 100C. 25 2. Vinyl

anount

Cont ent
cont ent
i ndex.

nt (unit: nmol% The vinyl bondi ng anount of a pol ymer was
obtained fromthe absorption intensity around 910 cm 1, which is an

absorption peak of a vinyl group, by an infrared spectronetric nethod. 3.

of styrene unit (unit: w9% 30According to JI'S 1(6383 (1999),

1. Mooney viscosity (M1+4) | ~ Accordi ng to JI'S 1(6300 (1994),

bondi ng

t he

8L o i e o cOLY Wi L BR 16 bt Gt 1 Ve

ecu ar wel ut1 on

A wei ght average

mol ecul as¥@ibaht sil b - c@ﬂ@h@uﬁkglﬁhgﬂ c@ﬁﬁfoa@ﬁ mit:ecupls ofthghrothbhe wer e
d under the follow ng conditions (1) to 5 (8) by a gel perneation

chr omat wgm}'alpftwﬂm@@) inndudediyrane, ¢hecthylecuens, viaygpkueaest ri buti on (Mw M)

neasure

of a po

Corporaltv){ m%;h%gﬁgla Bﬁlbéa %{Fgﬁéi’ﬁngé}gee%zﬁ%fﬁvaq%f aﬁ% gld%gg/ Tosoh
manugact q{dgéirrég }q@gﬂs;rg%poratlon 10 (3) Measuring tenperature: 40C (4)

Carrier:

10

15

20

~ gripping properties, the vinyl bonding amount is preferably 10 mol% or more,

an
The content of the aromatic vinyl compound unit is 0 wt% or more

(the content of the conjugated diene compound unit is 100 wt% or less),
preferably 10 wt% or more (the content of the conjugated diene compound
unit is 90 wt% or less), and more preferably 15 wt% or more (the content of
the conjugated diene compound unit is 85 wt% or less), per 100 wt% of the
total amount of the conjugated diene compound unit and the aromatic vinyl
compound unit. In order to enhance fuel cost saving properties, the content
of the aromatic vinyl compound unit is preferably 50 wt% or less {(the content
of the conjugated diene compound unit is 50 wt% or more), and more
preferably 45 wt% or less (the content of the conjugated diene compound unit
is b5 wt% or more).

In order to enhance fuel cost saving properties, the vinyl bonding
amount in the conjugated diene-based polymer of the present invention 1s
preferably 80 mol% or less, and more preferably 70 mol% or less, per 100

mol% of the content of the conjugated diene unit. In order to enhance

more preferably 15 mol% or more, further preferably 20 mol% or more, and

particularly preferably 40 mol% or more. The vinyl bonding amount 1s

obtained from the absorption intensity around 910 cm'}, which is the

25

30

absorption peak of a vinyl group, by an infrared spectrometric method.

The conjugated diene-based polymer of the present invention can be
used as a conjugated diene-based polymer composition by incorporating
other polymer components and additives.

Examples of the other polymer component include styrene-butadiene

copolymer rubber, polybutadiene rubber, butadiene-isoprene copolymer
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(5) Flowrate: 0.6 nL/mnute (6) Injection anmobunt: 5 (7) Detector:
differential refraction 15 (8) Mol ecul ar wei ght standard: standard

pol ystyrene 5. Fuel cost saving properties A strip-like test piece
having a width of 1 nmor 2 mmand a | ength of 40 mm was punched out froma
sheet-1i ke vul cani zation nolded article, and was subjected to a test. For
measurenent, |oss tangent (tand3 (70C)) of a 20 test piece at a tenperature

of 70C ] Vi thel '
(it acChPoG e Ehoticbinds ! ERATRAN AR ARRRLA0 dapRA TWlber o, ot 4
strai n athilrensiopyldmosipdtymef, sHA 4 etiiyrelbhe-sctealeudpolyrseml |@ie of uel cost

saving properties are nore excellent. 6. Gipping property 25A strip-1like
test pi everdiindsgpidheseipplyotericomponertsmreasda | ength of 40 nm was punched

out froma sh -li ke | canj zati on nol ded article nd .was ,subjected to a
test. For rreagﬁri‘ﬁﬁﬁﬁF p%ﬁ%%g&ty%qup}(qr}_ 5#%&5‘3“8?1"%9&&@?0 H%ce at a

t enper at : ] | | Loht ¥ GRBRSYAI ar at us
(mang'f ac“lté?}f%%{tﬁggb%@ﬁ”%@‘?sg@%k%ys%h%ﬁgéﬁ?ﬁrﬁ%%ﬁﬁh er thg{)g%%glﬁt@?ons of a
strai n ducPesftosanthg@ipfaratiesciheodmblntisf tikscdjugatadadisactimsgdeat er,

gripping property is nore excellent. 7. Tensile strength at break (TB,
uni t: MRolymer of theapresestigventign snaqrporatedds prefegably Lwitedon Were.est pi ece

Isﬁ agreOkes[]n msorg%%gfé&'gglyaéo %rt%cr)]rs iII{O%Q,r gérel% W%%Ooir t%%jt%itgiuetuenbuﬂ IOP gnea AT
polymer components incorporated (including the amount of the conjugated
10  diene-based polymer incorporated).

As the additives, known additives can be used, and examples thereof
include vulcanization agents such as sulfur; vulcanization accelerators such
as a thiazole-based vulcanization accelerator, a thiuram-based vulcanization
accelerator, a sulfenamide-based vulcanization accelerator, and a

15 guanidine-based vulcanization accelerator; vulcanization activating agents
such as stearic acid and zinc oxide; organic peroxides such as dicumyl
peroxide and ditertiarybutyl peroxide; reinforcing agents such as silica and
carbon black; fillers such as calcium carbonate, tale, alumina, clay,
aluminum hydroxide, and mica; silane coupling agents: extender oils:

20 processing aids; anti-aging agents; and lubricants.

Examples of the sulfur include powder sulfur, precipitated sulfur,
colloidal sulfur, insoluble sulfur, and highly dispersible sulfur. The amount
of the sulfur incorporated is preferably 0.1 parts by weight to 15 parts by
weight, more preferably 0.3 parts by weight to 10 parts by weight, and

25  further preferably 0.5 parts by weight to 5 parts by weight, per 100 parts by
weight of the polymer component.

Examples of the vulcanization accelerator include thiazole-based
vulecanization accelerators such as 2-mercaptobenzothiazole, dibenzothiazyl
disulfide, and N-cyclohexyl-2-benzothiazylsulfenamide; thiuram-based

30 vulcanization accelerators such as tetramethylthiuram monosulfide and
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5 dunbbel | test piece. Exanple 1 The interior of a polynerization
reactor made of stainless steel, equipped with a stirring device, and
having an internal volunme of 20 L was washed and dried, and replaced with
dry nitrogen. Then, 10.2 kg of 10 industrial hexane (density 680 kg/ nB),
608 g of 1, 3-butadiene, 192 g of styrene, 6.1 m of tetrahydrofuran, and
5.0 m of ethylene gl ycol diethyl ether were placed into the polynerization

react o 4o fAecHALARh GiSuRIOEL TN FRIE bLL&S vARAIAMidT AblaateRn Of 2

pol ynerizati on vance, a small amount of a solution of
n-butyl |slutchlaLantdycrbﬂéeyBa&)eaﬁoﬁuae@léeﬂﬁenamee 15 placed into the

pol yneri zati on reactor. Into the polynerization reactor was pl aced
2.74 g dﬁtbrfsbdt}ét%WMtht@mSh&fmamd@i | ane. Then, a solution of

n-butyl Li_thiumin n- exan ﬂ;ﬁ?ﬁt butylllthlum 15.4 mmol ) as a
pol ymer i FVeHyIAne 2 ed’rzogla%(ws & e%ﬁga faced into the polynerization

reac or., N#&Eﬁ?}%ﬁéQﬂe tﬂla%leéﬁ ﬁﬁﬁgﬁhb%ﬁ@ (1.01 nol per 1 mol of

n- bu yl it was | mredi ately p aced 1nto the polynerization reactor, and
a pol ymeNiNadiigprogge?-befzodsaiolbdilééeanideh guanpling st d atilamizaact i on of

1, 3- but adi ene, styrene and_ bi s(diethyl am ng) neg hyI vi nyl sil ape was perfornmed
for 3 hmmeleaat@rwwhrals@phenelg@uammer grarhieolyzanpehing. Lﬁléip in the

| t f 65C 25 wh
ont | nudtenys iﬂb&f‘lfaéﬁﬁm%m“@weam%@.f% N AR
1, 3-but ag, &frtﬁ)refai P AR A ?"BPL p&f{s%fytﬁ&%h'ﬂ'tb'ﬁé&@b?fwélﬁﬁt nald/ fRfk zat i on

reactl on were 912 and 28 respective anount of

bi s(1di etﬁmlfmbﬂ]pl)rﬁapmm\hynwégﬂtemé phutes doy wva:gh@ Her WOpartstihyewethdl anmount
of monomers which had been placed or 30 supplied into the polynerization

r eact or .of the rolEmEs CoRPONEBE-Ut | on was added 20 ml of a hexane sol ution

contai ning 1. ZE{;%mpLesn%tt?xa%ohcal agﬁrgg%&? dl&gé ﬂafg%%ff&l&é)' Wegd for 5

m nutes. Then mer so tion

2-tert - bytixd | &%uts%‘illmﬁlhfcifd]) é’olhﬁdﬁpéﬂmﬁ ﬁﬁidibﬁlt@@dzsiﬂlia Aeat@ufy| phenyl 5
acrylate (trade nanme: Sumlizer GV manuf act ur ed by Sum tono Chem cal Co.,
Ltd.) ansﬂlaaﬂa gnofalpennaer giltvaie y|@eemmgx@hmﬁwftthemmpb@m&@é) (trade

name: Su TP-D, m ufactur Sum td.). Then,
the 1ol y FoPee i FEg Bdelratly Agh2aco BN Er ut & 1o 24
hour s, t Lent g ereafter,
t he resi?ﬂl r%%% %’}(\“r/rlglre S\}\I/as urt g%@%g%%@gg@%@g&%;@% hoﬁlsg%nggr reduced

pr essur eAs Thmreyalialdy hoailiskubioduets, thelepohyrellltans]l 3w, n Tabl e 1.
manufactured by Degussa, trade name VN3, AQ, ER, and RS-150,
manufactured by Tosoh Silica Corporation, and trade name Zeosil 1115MP,

20  1165MP, manufactured by Rhodia, and the like can be used.

Examples of the carbon black include furnace black, acetylene black,
thermal black, channel black, and graphite. Examples of the carbon black
include channel carbon black such as EPC, MPC and CC; furnace carbon
black such as SAF, ISAF, HAF, MAF, FEF, SRF, GPF, APF, FF, CF, SCF and

95  ECF; thermal carbon black such as FT and MT; and acetylene carbon black.
One or more kinds of them can be used.

The nitrogen adsorption specific surface area (N2SA) of carbon black
is preferably 5 m2/g to 200 m?/g, and the dibutyl phthalate (DBP) absorption
amount of carbon black is preferably 5 ml/100 g to 300 ml/i00 g. The

30 nitrogen adsorption specific surface area is measured according to ASTM
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One hundred parts by weight of the resulting polyner, 78.4 parts by wei ght
of silica (trade nanme: Utrasil VN3-G manufactured by Degussa), 6.4 15
parts by weight of a silane coupling agent (trade nane: 5i 69, nanufactured
by Degussa), 6.4 parts by weight of carbon black (trade nane: D abl ack
N339, manufactured by M tsubishi Chem cal Corporation), 47.6 parts by

wei ght of an extender oil (trade name: JOMO Process NC- 140, nmanufactured by
Japan E gar p thAam) pAar, i i i agent
(7 ade. naado 5 LTRE DEPababr bRt kORI e, 2
parts byDael1408. ofpssdedmescially dvadab®y productayddghblack N33tg fl ower, 1 part
by wei ght of a vulcanization accelerator (trade nanme: Soxinol CZ,

- manuf actmasdfdyusihby MissOrishi €hengeal Cprrprption, feade rymastghe T & a
vul cani zat,i | er r agde nane: Soxinol., D, . panuf act ur by Sum t onp
Chemi calg‘gég@o’?ﬁ%ﬁt%“fg%f@ K&t’?a mf"i‘/@%‘f‘fi BXfTogan%rFW ?8(—:' Iﬁtgn’e: Sunnoc N,
manuf.act i i g%%rq £ ! d k. 4 parts
by vve5i gh#égg nsé? ur \?\k?@éﬁéfe)g ed w fﬁaﬁaﬁg%%rugg?%%%g%%Eb?%%gﬁgﬁg%poI yner
conposi tdg@nbe TB&d.r esul ti ng pol ymer conposition was nolded into a sheet with

a 6 inchroll, and the sheet was heated at_160C for 45 m nutes far 30
vul cani zat i on Waeprfepaudatgdiinte asopieaind shenahased BPYRMGIHIPRRAINPR of

hysi cal, ti f.th ni zed sheet i le 2
e nt e eRv A sERuPtrer pedrt Groeb8teaP S Tind e Rk B B e o e
wth a Z%dlﬁ:ﬁ:le@%f%&'p(i@sexﬁrﬂvagﬁbﬂgﬂ?@amh%wlthé!%ﬂﬁ@mmg égeﬁt was 5 washed

and dri and replaced wwth dry nitrogen. Then, 15.3 kg of industrial
hexame (sheospdrat&B: pgfaBihly A0 artoby Wwdehtitadbé pertLBg weight, peyrléfde, 9.1
m of tetrahydrofuran, and 7.8 m_ of ethylene glycol djethyl ether were

pl aced iPAEs eWQ’@W@éFh%éﬁWtr‘gégkﬁ@mWﬁ& di“?%'ﬁﬁ%‘?d P%ly\ééqrogg]

inpurities causing.inactivation,of I i Lod L i1 advance, a
10 snal Ipléel’?ﬁﬁﬁ%n%%ltéonsgfcgff P%rr?%% ) nIrgaf%rﬁSFe{]r}}ﬁaﬁ]{c%eﬁ%ﬁh g%a%%%%hgb scavenger
was pl acggld istiletgtRetHaod MaBht ZddrPBrdteaas More preferablynL0 phafes ipolvpeigiti zat i on

reactor was placed 4.12 g of bis(diethylam no)nethylvinylsilane.
Ther eaf t @r maze sahdifingheoprefenablyl 30 paitsrhy werglteoranerg.c ot ender ¢o

n-butyllithium 23,1 nmml) as.a 15 polynerization. ini.tiator c ent was
D1 2k | HRBRRE SRS BIwESHon aRerOPSUEhur Dap e 2 BEIE 5P RERBR ol per
1 nol of L LNk f e%mg WAy j j ] aced into
t he pol y}r%? F}%{g%’él %%@%ﬁ%ﬂﬁg’n a pﬂg}i}%ﬁgﬁ%@@%@%@{fﬁ?ﬁ@;%ﬂ at ed.
The copolggperi zation reaction of 1, 3-butadi ene, styrene and

bi s(di et hyl am no) met hyl vi_ nyl si | ane was 20 perfornmed for 3 hours at a
stirring rate bfondo topnhancefuekbenss cavinerroperhiespybondeymulated ifoact or of

65C, while 1, 3- di : [ - ' ' h
ool yrer 1 3 onbEEd B BaRal iR A TER Ih HEH e BRlAERe 0 1 1,

af t &g i nid ﬂﬁbf@%a@éd 18 el omphd ARl AEnE PASEH PBIMBE Lol S @sand 432 g,
respectively. The anount of
invention, it is preferable to use silica as the reinforcing agent. The amount

of silica incorporated is preferably 50 parts by weight or more, and more
preferably 70 parts by weight or more, per 100 parts by weight of the total
amount of the reinforcing agent incorporated.

25 The weight ratio of the content of silica used as the reinforcing agent
and the content of carbon black (the content of silica : the content of carbon
black) is preferably 2:1to 50 : 1. In order to enhance fuel cost saving
properties and reinforcing properties, the weight ratio is more preferably 5
1to20:1.

30 Examples of the silane coupling agent include vinyltrichlorosilane,
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25 bi s(di et hyl am no) net hyl vi nyl i sl ane pl aced was 0.14 w% in the total
anount of nononers which had been placed or supplied into the

pol ymeri zati on reactor. To the polynmer solution was added 20 ni
of a hexane solution containing 1.5 m of nmethanol, and the pol yner
solution was stirred for 5 30 mnutes. Then, to the polyner solution were
added 12.0 g of

2-tert- %flﬂﬁgteﬁ%é’tﬁg?hgub%%%@@%M%WlmZy1) - 4- met hyl phenyl

acryl ate a mahuf act ured Dy Sumitono Chenical Co.,

Ltd.) apd($H4Qpaxpdychsibadeyhiitiimdthekyskim(31auryl t hi opropi onate) (trade

name: Sum |izer TP-D, manufactured by Sum tqono Cheni cal ?@Pf _l.[td.), and 5

the pol ymeycislokppiapylimamethesysilanevisinalbastd gy RECBEHTHRABIORY Sk aher at ur e
and t sol vent was, _evapor at ﬁg to obtain a polynmer.

for 24 ,
Ther eaf t %E%FF@OF T AT PEPIARE, trﬁgga?%yts Pdried at 55C for 12 hours
under5 r%L(g%%éﬂ{?%ﬁ%*lgg'a;%{r}tﬁ)gﬁégﬂﬁéﬂhwiﬁ&%bk%@iné’h? pol ynmer are shown in

Tabl e 1. wel ght of the resulting polyner, 78.4 parts
by wei ghy-pHersildviaaindprapeltrianethotd sitasd, ly-AilBea@ropplitihathoxesidne, Degussa) ,
6.4 parts by weight of a silane coupling agent (trade panme: 5i 69,

manuf actymetcantomequd ametBoxysilames VIIROPEMRY IbHe i gsHaBtack (trade nane:

Di abl ack . . f d_8Y:- Mit-subi. shé.Chemi cal: ion), 47.6
by ve, gitior (i A RS bRy B e b R BB P o, O P
manuf actut £ 04 e APAIMENSS S5 IFRs Rk Bli@ithylthiScapbh ny] hytrasildite, ahdan

anti-aging agent (trade nane: "Antigen 3C, nmanufactured by Sum tono Chem cal
Co. ,10Lt dy-Jrim2thetytsilybyropgilghizochisgybteticasulfidd, Dngaen moby kivdgeh of zinc

flower, 1 part by weight of a vul cani a%'on ccel ra&or trseug :

Soxi nol tdEm ganupedt é&owmzw@&h}ﬁﬁ%ﬁﬁ i@%ﬂﬁé‘ﬁ%&f‘e E’[”&‘.e) - % S?ﬁ by

wei ght of a ultcan' §t'eogql cglenat ke Chh3de,agme: Soxi nol D, manuf act ur ed
by Suni t'BRE celrrlir%aF) C?) S%%(fﬂ 1%12 parts by weight of a wax (trade nane:

Sunnoc N, manufyaehubesh ubyteQishb aSenikenteialienababad psiymed cd@pesitipd. ), and
1.4 parts by weight of sulfur were kneaded with Laboplast MII to prepare a

pol ymer bwhidipasilaneroufhiegragsokis mroppoyated IBbmidseaiviatRds nol ded into a
sheet with a 6 inch. roll, d the sheet was heated a C.: 45 m nut es
for Wl céﬁinféqa}sﬁ RobyBeE 85 ear%ﬂ@éﬂﬁ%‘a‘”&’h t?m?ﬁg%gég%u 1{1;?:(%% results of
physi cal b & 1 | R BRI tbIROTRE b¥-

Conpar at?@@qﬁ%%@ 1%%%%%28\{%@%%?&3?926%% ﬁeriiz%?i on rlzfglct o?z made of

st ai nl eswesdlaemoregnuidrpbly Dipaktabg taighntp e viaces bameighkty ang fanthart er nal
vol une of 20 L was washed and dried, and replaced wth dr$/ ni tr.ogen, Then,
10. 2 kg preferahlstrpants hevaeiaht dedSinayts By weighbperd@d Ratss by weight alyi ene,

192 g of .styrene, 6.1 m of tetrahydrofuran, and 4.4 m of ethylene glycol
di et hyl e, Eilica;

20 Examples of the extender oil include aromatic-based mineral oils
(viscosity gravity constant (V.G.C. value) 0.900 to 1.049 ), naphthene-based
mineral oils (V.G.C. value 0.850 to 0.899), and paraffin-based mineral oils
(V.G.C. value 0.790 to 0.849). The content of polycyclic aromatic compound
in the extender oil is preferably less than 3 wt%, and more preferably less

95 than 1 wt%. The polycyclic aromatic content is measured according to the
British Institute of Petroleum 346/92 Method. The content of aromatic
compound (CA) in the extender oil is preferably 20 wt% or more. One or
more kinds of these extender oils are used.

As a method for producing a conjugated diene-based polymer

30 composition by incorporating other polymer components and additives into
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5 were placed into the polynerization reactor. Then, in order to detoxify
inpurities causing inactivation of a polynerization initiator in advance, a
smal | amount of a solution of n-butyLlithiumin n-hexane as a scavenger was
pl aced into the polynerization reactor. Into the polynerization reactor was
pl aced 2.63 g of 10 bis(diethyl am no)methyl vinyl silane, thereafter, a
solution of n-butyllithiumin n-hexane (content of n-butyllithium 12.3

mol) - agna oA d%ﬁ;éél 8B cfmaﬁ%l ?:rifr SARBYIEHnt AT RLIBEERNGRNO t he

pol yneri zatio actor, an merization reaction was initiated. The
copol ymenétZaidsoforresaedplona efethod-dfliradidéne cach yompenamidwith a known

bi s(di et hyl am no) met hyl vi nyl si | ane was 15 perforned for 3 hours at a

stirri ngnixersush ap3orelpmixerion Baabyey 2eixes cAh benesedol yneri zati on reactor of

65C, whil 1, 3- but adj. . St i | Li.ed.into th
oo ymori ot ok EBGHIRE SoRitih TREET stk R RRR e SRR AL O 1 e
afteg | {H;%tgingtain%ﬂt}féfvﬁl@&i&%%%&c&@rﬁ% dreanbboreide tRd Endaditt; 288 g,

respect e anount of 20 bis(diethylam no)nethyl vinyl silane pl aced
was 0. 13emfératuichie usahdly F0Mbit 200°Cremcnerede rably BORE do AO6AC phad éble or

supplied into the polynerization reactor. . T, tﬂ{he ol.ymer spl ution
was adddenezgling tone & healie S8 oPIdNCHN PRIty e APIYGE THBRFRHOAC “and the
L et it St Al it 2ich A5edY L BRe v Rizdiod RERALYGE T 2211 o
2-tert - iyl yhefrdodatsd, ttl%@ winehd2rdWedh pekrtare s By hd1Bn2PaiC 4r twiéry| phenyl

acrylate (trade nanme: Sum l|izer GM manufactured by Sum tono Chem cal Co.,
Lt d.1p, aneferablyreimpgempeenfnitertiot8§0°Cet rAakomp8sitimar iyl whidpitspi onate) (trad
name: Sumilizer TP-D manufactured by Smtono, Chenical. Co., L%d ), then, 30
the pol yErfRiAtion agsmbemethfgrisan 1y 3 Ce eI AP S SRCOGINR e(QT%er ature

for 24 h@sl{lraﬂyhglﬂgewaﬁttﬁqju\ig iz%ﬁh%¥§%ﬁf&&%€§%@sWtﬁca@tﬁk%ﬁﬁfi'2fo

Ther eaf t €r, esultTng polynmer wa er at 55C 1hours
under r egiicediy eekuheindhempeahtikiiomsnaliyl 120 wf 2007€, paldyprele rmbéy shown in

Tabl e 1.
140 to 180°C.

15 The conjugated diene-based polymer composition of the present
invention is excellent in cost saving properties, and is also good in a tensile
strength at breakage and gripping property. The conjugated diene-based
polymer composition of the present invention is suitably used in tires.
Examples

20 The evaluation of physical properties was performed by the following
methods.

1. Mooney viscosity (MLq+a)

According to JIS K6300 (1994), the Mooney viscosity of a polymer
was measured at 100°C.

25 2. Vinyl bonding amount (unit: mol%)

The vinyl bonding amount of a polymer was obtained from the
absorption intensity around 910 cm'}, which is an absorption peak of a vinyl
group, by an infrared spectrometric method.

3. Content of styrene unit (unit: wt%)

30 According to JIS K6383 (1995), the content of a styrene unit in a
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50ne hundred parts by weight of the resulting polynmer, 78.4 parts by weight
of silica (trade nanme: Utrasil VN3-G manufactured by Degussa), 6.4 parts
by wei ght of a silane coupling agent (trade name: Si69, manufactured by
Degussa), 6.4 parts by weight of carbon black (trade nane: D abl ack N339,
manuf actured by M tsubi shi Chem cal Corporation), 47.6 parts by weight of
10 an extender oil (trade nanme: JOVO Process NC- 140, manufactured by Japan

Energy Corporation),. 1.5 rts. b i an anti-agi ng agent (trade
name: AntH eﬁﬁasr?&ﬁwg‘&%wgaaB%fréﬁﬁ%ﬁ%&(:hem cal Co., Ltd.), 2 parts by

wei ght of4 $fiQRFIGra6dight diRAbLSioRYM®/MR] of zinc flower, 1 part by weight
of a vul cani zation accel erator (trade nane; Soxinol CZ, manufactured by 15

Suni t ono Cheni dawei@ht, averaigd molequaat weighteMy 206 aanymbesaveradeon
lerator. (trade nane: i nol D, f act by. Suni t i cal Co.,
o) S uBolotileg SRR HRY Tte R eERETER A o IR ORR P RE or ed by
Quchi -Shi i i al : i.ght of
chl I(Qﬁg)é%@g@g%e%ﬁgﬂzﬁ%pﬁggﬁﬁpw&@pC) ﬁ@ﬁléd,‘hnﬂaﬂ}fesmgléggfdlg t o

sul fuP were to prepare a pol yner

conposi t ivpsiehf Baste®stion MOwhy 685 pobymoes wdsabtmardool ded into a sheet with
a 6 inch rolgl, and the sheet was heated at 160C for 45 m nutes for
vul cani z4f) ApparatimsepdE 8820 uneanifactyrehbiTosanLogparatdy on results of

physi cal perties of the cani zed egt,. are in T

Conpar at i(gggER%WﬁFcEl %lﬁ?f}ie’ﬁ/ %@%ﬁ?ﬁer@qﬁégﬁ}ﬁ%%%g@i’ %]Qar}"gfg% gr% db¥ie of
stainles glbped with a stirring device, and having an internal
vol une oﬁ%éﬁﬁicﬁg%ﬂed and dried, and replaced with dry nitrogen. Then,

10. 2 kg dB) Muhssitingade nypraterd d@A€i ty 680 kg/ nB), 608 g of 1, 3-butadiene,
192 g of styrene, 6.1 m_ of tetrahydrofuran, and 5.2 m of ethylene glycol
di et hyl dt¢thbargervietehydgeBgannt o the pol ynerization reactor. Then, in

order to xi f Jdmpurd ti.es causing inactivation of a polynerization
GF K ehdins 078 v

initiator anount of a solution of n-butyllithiumin

n- hexane @$1RjeeaaN AMPQIntv@s,IPl aced into the pol ynerization reactor. A
solution of n-butyllithiumin n-hexane (content of n-butyllithium 5 15.6

mrol ) as @) Peityeteri déferentialnefiagtion, thereafter, 1.11 g (1.01 nol per 1 nol
of n-butyllethiu of .pyrrolidine were i diately placed into the

pol ynr i z@ Me?@%t“ff’rl,gﬁﬁﬁ@“élaﬁ% Wﬁ??@%ﬁwr@%ti on was initiated. The
copol yrrerg_ él%s{%'\ﬁh%gﬂoﬁérfgeg?" but adi ene and styrene was perfornmed for 3

hours at a'stirring ra 0 rpmand a tenperature in the polynerization
10 reactor of 65&ripMikeaedt Beberhadirgne wadth sf § nenerviemen andtd lengtls by

supplied into the polynerization reactor. The anount ?lgﬁf % 3-_blgt adiene and
styrene sHppimedsprethadwant fomon sbeethke yylopmazation mmdedagticlsnadre 912 g

and 288 g, Les oc d'8 Ytest. For measurement, loss tangent (tand (70°C)) of a

20  test piece at a temperature of 70°C was measured with a viscoelasticity
measuring apparatus (manufactured by Ueshima Seisakusho Co., Ltd.)
under the conditions of a strain of 1% and a frequency of 10 Hz. As this
value is smaller, fuel cost saving properties are more excellent.

6. Gripping property

25 A strip-like test piece having a width of 1 mm or 2 mm and a length of
40 mm was punched out from a sheet-like vulcanization molded article, and
was subjected to a test. For measurement, loss tangent (tand (0°C)) of a
test piece at a temperature of 0°C was measured with a viscoelasticity
measuring apparatus (manufactured by Ueshima Seisakusho Co., Litd.)

30 under the conditions of a strain of 2.5% and a frequency of 10 Hz. As this

45



To the polynmer solution was added 20 ml of a hexane solution 15 contai ning
1.0 M of nmethanol, and the polyner solution was stirred for 5 m nutes.
Then, to the polynerization solution were added 8.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-nethyl benzyl) - 4- et hyl phenyl
acrylate (trade name: Sum lizer GM manufactured by Sum tono Chem cal Co.,
Ltd.) and 4.0 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
20 nane:, Sypil i @Jte]TP 5% %Ltjrggg&{ng e l1gpp Chemical Co., Ltd.), then,
t he polyrrerl za I on s to stand under room tenperature for
24 hour s7. Ruigileheragitiaitthroat (FBaperatMeal o obtain a pol ymer. Thereafter,
the resulting Apol ynmer was further dried at 55C for 12 hours under reduced
pressure. The mardmg t@n]ISeKﬁ%‘s Ebﬁtlleh%a‘p@fl}yﬁbﬁh%lit@tsmwsigokﬁnTabl e 1.

One hundred parts th 4.parts by wei ght
of sili c‘ﬁa?ﬁ%élr?\ ﬁ?'ﬁ% Rfe Qﬁ@@nm’éﬂﬂﬂﬁg %9’ Dggg&?? 6.4 parts
by ig ﬁﬁobéll%é 8 é:oupl i ng agent (trade nane: Si 69, manuf actured by
Deg\llj\g’samu 4 parts f/ wei ght of carbon bl ack (trade name: Di abl ack N339,
30 rranufEximmpwlby M t subi shi Chemi cal Corporation), 47.6 parts by wei ght
of an extender oil (trade name: JOMO Process NC- 140, nmanufactured by Japan
Ener gy COrporaThQ)mtempr@f B Em@ylz@ém@meaétioramadﬁpf sEgRIgs SRl (trade
nane: Anti nuf act ured by t Qno , parts by
wor gt ot 85 Baf AN A SR BT R B AP TR GR) r fime ShE0 B v As %l it
of a 5 wyheRra éﬁa'dﬂbcﬁ%@ﬂ )p@ﬁé%rd &it&@&!@ﬂﬁ e nSOXTH, 1622 kpwiuf act ured by
Sum tono Chem cal . 1 part by weight of a vul cani zation
acceloer amdmscmahhexawmﬁienﬁdm&%&ﬂ k Hm Hp60s gc)fllr&“tbulbg(dﬁum 19%g ofhem cal Co.,

Ltd.), 1.5 parts_by wax ( rade .n Sunn C tured by
Quchi Srﬁtﬁk%n@%hiﬂélﬁﬁﬁaﬁi@ﬁﬁ appan @tQj 10? Shavleng g@%ﬁ@&‘élggygﬁwé. ght of

The resulEls éﬁ%ﬁ‘fﬂtﬂﬁ%ﬁi’?@%@%@@%{)de? PR AR TS 6% e

roll, anghphetiebeatisimasinaetiationtof By hriZA%ion Mutiasorfi@radsineanazation to
pr epare a vul cani zed sheet. The evaluation results of physical properties
of the vamgblmmeum*sh%@tsolaatmrsbu%mbutyiﬂmhmm in n-hex@neparasiayengxawphe 3

The |nter]= or .of a ‘émarl zation re ctor nmade of stainless steel, equipped

wi t hiPa seiaced rgtog YOETHANRR FRFACLT- i nternal vol ume of 30 L was washed
dd d, , Kk f dust |
and drie andxﬂtggg@%g%%ﬂg%ﬁ gegéﬁo%ggﬁ%ﬁl@@&z@ gdfkg of industria

hexane (denS|ty t adli ene, 288 g of
bis(diethylamino)methylvinylsilane. Then, a solution of n-butyllithium in

n-hexane (content of n-butyllithium: 15.4 mmol) as a polymerization initiator
component was placed into the polymerization reactor, thereafter, 1.09 g of

20 pyrrolidine (1.01 mol per 1 mol of n-butyllithium) was immediately placed
into the polymerization reactor, and a polymerization reaction was initiated.
The copolymerization reaction of 1,3-butadiene, styrene and
bis(diethylamino)methylvinylsilane was performed for 3 hours at a stirring
rate of 130 rpm and a temperature in the polymerization reactor of 65°C,

25  while 1,3-butadiene and styrene were continuously supplied into the
polymerization reactor. The amounts of 1,3-butadiene and styrene supplied
after initiation of the polymerization reaction were 912 g and 288 g,
respectively. The amount of bis(diethylamino)methylvinylsilane placed was
0.14 wt% in the total amount of monomers which had been placed or

30 supplied into the polymerization reactor.
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20 styrene, 9.1 m of tetrahydrofuran, and 8.0 m of ethylene glycol

di ethyl ether were placed into the polynerization reactor. Then, in order
to detoxify inpurities causing inactivation of a polynerization initiator
in-advance, a small amount of a solution of n-butyllithiumin n-hexane as a
scavenger was placed into the polynerization reactor. 25A solution of
n-butyllithiumin n-hexane (content of n-butyllithium 22.2 nmmol) as a

pol yneri zat i o 'ﬂﬂetﬁ&ﬁf% F.ltmeri?%g alq% dnﬁlée%ma%{a&lé%lmﬁ eact or,,

t hereafter, utyllithium was |mTed|ater

pl aced icﬂhﬂamlih@g pcﬂ mhblf Inz@t&ﬂaﬁml raﬁbtlwpolgcmbraobﬂhmwaszsimreah foredcti on was
initiated. The co?lol ymeri zation reaction of 1,3-butadi ene and 30 styrene
was per faimagsf of hgnhguths mlyaleé'tﬁoﬂlﬁl@ﬂg“f&éﬁ@ddﬁ 50 2%m and a tenperature

in the ri f .65C .while adi and .styrene we
conti nu%gm%gb(g& 91?8£¥qh%ﬁ§8r%?lrﬁélttlﬁ g)}ﬁé ?’ % It%fﬁ%h aﬁ%an%{s of e
&e Qﬂ%d@tﬂﬁn@@%@xﬂﬂﬁér@l\@f&lﬁﬁuﬁ&ﬁfeﬂ%ﬁBuﬁhtéﬁl@ aiwRL i zation
reactl on re 1368 and 432 ¢, respecti lmféﬂl > To the polymer sol ution was
adr

added 2@a Lod)anldeé@@eofqtdnthegrtheﬁmtatm yitthwiprogiohato| (traafed t he
pol ymer solution was stirred for 5 m nutes. Then, to tqe pot%/gnfrl zation
sol ut i ornageeSaadbeer PP gmgmufactured by Sumltomo Chemical Co

2-tert - (341 h |
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(trade nane: Sumlizer TP-D manufactured by Sum tonp em cal Co., Ltd.),

t hero t HEhqehfiee, theatesohtisg polymer was fartheneltiadat baHd fant honsom
tenperature for, 24 _hours t he sol vent S ted to obtain a

pol yner . undeariesiced Pr@wreesﬁhemﬁ%ﬁlgwﬁs 308 T Ry ot B DOBC for 12
hour s 151#{1%?1 reduced pressure. The eval uati on results of the polyner are
shown in 11 One hundred parts by weight of the resulting

pol ymer, 78.4 @ak h&n@!e&\@h@fﬁ b)ﬂf«ve‘igﬂlﬂ &bt vea ditim@ pelynibi 784 baf\fblibyG,

manuf act ured by Degussa), arts ght of a si I ane cou agent
(trade raeightsifedicant eanamee st e;ﬁé*gﬁsmnu fgctarpd by, Sﬁébgfg

: b bl trad Di abl ack N339, f act
Oneroal PaTE B e Eﬁp?ﬁeﬁla@eSw%iwwéFﬁﬁ%%fﬁémgé f’a@%n%ﬁ%‘p‘ %eﬁade nane:
JOMD Proaess oI\Cs 48,4 JBR agl ng S r@@! OB YaPRRER aER EHA) e CRIRET BldRAdk NB3D, parts

by wei ght” of "an anti - trade name: Antigen 3C, manufactured by
Sumi t onomeheficalre by, Mhﬁsdb)s,hl'ﬂhmnical Byra&rateinght7 6fpatebyiveight df 2 parts

by wei ght of zi nc fl 1 part by weight of a vul canizati ccel erat or
(1 ade remextaasin e (uze namet dOMPIsSSSNG L GhomeRas garcehy Jrpea. ) - 1
part by of a i
manuf act%ﬁ%%ybgoﬁ%# H@%é’%rtsaﬁy eﬁgﬂlﬁ;g‘&]? anﬁgggigl%tésb%bn@ (@:&ékﬁh o? a wax
(trage NAREIoenB afaliuf3fuiB by SikitemhodPhémedt]l G Dkd),Ghgaitedly | ndustri al
Co., Ltd.), and 1.4 parts
wezght of stearic acid, 2 parts by weight of zinc flower, 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
95 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 with Laboplast Mill to prepare a polymer
composition. The resulting polymer composition was molded into a sheet

with a 6 inch roll, and the sheet was heated at 160°C for 45 minutes for

30 vulcanization to prepare a vulcanized sheet. The evaluation results of
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by wei ght of sulfur were kneaded with Laboplast MII to prepare a polyner
conposition. The resulting polynmer conposition was nolded into a sheet with
a 6 inchroll, and the sheet was heated at 160C for 45 m nutes for

vul cani zation to prepare a vul cani zed sheet. The evaluation results of 5
physi cal properties of the vul canized sheet are shown in Table 1. [Table il
Exanpl e 1 Exanple 2 Conparative Exanple 1 Conparative Exanple 2 Conparative

Exanpl € 3, Naang¥opd Rt lthe Alcahifd OhéQ: fre shown in Table 1.
Example 2

The interior of a polymerization reactor made of stainless steel,

equipped with a stirring device, and having an internal volume of 30 L was
5 washed and dried, and replaced with dry nitrogen. Then, 15.3 kg of

industrial hexane (density 680 kg/m?)),‘ 912 g of 1,3-butadiene, 288 g of
styrene, 9.1 ml of tetrahydrofuran, and 7.8 mi of ethylene glycol diethyl ether
were placed into the polymerization reactor. Then, in order to detoxify
impurities causing inactivation of a polymerization initiator in advance, a

10 small amount of a solution of n-butyllithium in n-hexane as a scavenger was
placed into the polymerization reactor.

Into the polymerization reactor was placed 4.12 g of
bis(diethylamino)methylvinylsilane. Thereafter, a solution of
n-butyllithium in n-hexane (content of n-butyllithium: 23.1 mmol) as a

15 polymerization initiator component was placed into the polymerization
reactor, thereafter, 2.29 g of (1.01 mol per 1 mol of n-butyllithium) of
hexamethyleneimine was immediately placed into the polymerization reactor,
and a polymerization reaction was initiated. The copolymerization reaction
of 1,3-butadiene, styrene and bis(diethylamino)methylvinylsilane was

20 performed for 3 hours at a stirring rate of 130 rpm and a temperature in the
polymerization reactor of 65°C, while 1,3-butadiene and styrene were
continuously supplied into the polymerization reactor. The amounts of
1,3-butadiene and styrene supplied after initiation of the polymerization
reaction were 1368 g and 432 g, respectively. The amount of

25 bis(c_liethylamino)methylvinylislane placed was 0.14 wt% in the total amount
of monomers which had been placed or supplied into the polymerization
reactor.

To the polymer solution was added 20 mi of a hexane solution
containing 1.5 ml of methanol, and the polymer solution was stirred for 5

30 minutes. Then, to the polymer solution were added 12.0 g of
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48.3 43.5 Vinyl bondi ng anmount nol % 56.3 56.9 57.6 56.7 57.9 Content
styrene unit W% 24.3 24.4 24.4 24.4 24.3

10

15

20

25

30

2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl
acrylate (trade name! Sumilizer GM, manufactured by Sumitomo Chemical
Co., Ltd.) and 6.0 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
name: Sumilizer TP-D, manufactured by Sumitomo Chemical Co., Ltd.), and
the polymer solution was then allowed to stand under ambient temperature
for 24 hours, and the solvent was evaporated to obtain a polymer.
Thereafter, the resulting polymer was further dried at 55°C for 12 hours
under reduced pressufe. The evaluation results of the polymer are shown
in Table 1.

One hundred parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil VN3-G, manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: Si69, manufactured
by Degussa), 6.4 parts by weight of carbon black (trade name: Diablack N339,
manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of
an extender oil (trade name: JOMO Process NC-140, manufactured by Japan
Energy Corporation), 1.5 parts bf weight of an anti-aging agent (trade name:
Antigen 3C, manufactured by Sumitomo Chemiéal Co., Ltd.), 2 parts by
weight of stearic acid, 2 parts by weight of zinc flower, 1 part by weight of a
vulcanization accelerator (trade name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Litd.), 1 part by weight of a vulcanization
acceler-ator {trade name: Soxinol D, manufactured by Sumitomo Chemical
Co., Litd.), 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 with Laboplast Mill to prepare a polymer
composition. The resulting polymer composition was molded into a sheet
with a 6 inch roll, and the sheet was heated at 160°C for 45 minutes for
vulcanization to prepare a vulcanized sheet. The evaluation results of
physical properties of the vulcanized sheet are shown in Table 1.
Comparative Example 1

The interior of a polymerization reactor made of stainless steel,
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Mol ecul ar weight distribution 1.29 1.16 1.09 1.25 1.16 Fuel cost saving

properties tané (70C) - 0.109 0.119 0.141 0.195 0.194 Gippi nhg property
tana (00

equipped with a stirring device, and having an internal volume of 20 L was
washed and dried, and replaced with dry nitrogen. Then, 10.2 kg of
industrial hexane (density 680 kg/m3), 608 g of 1,3-butadiene, 192 g of
styrene, 6.1 ml of tetrahydrofuran, and 4.4 ml of ethylene glycol diethyl ether
5 were placed into the polymerization reactor. Then, in order to detoxify
impurities causing inactivation of a polymerization initiator in advance, a
small amount of a solution of n-butyllithium in n-hexane as a scavenger was
placed into the polymerization reactor.
Into the polymerization reactor was placed 2.63 g of
10  bis(diethylamino)methylvinylsilane, thereafter, a solution of n-butyllithium
| in n-hexane (content of n-butyllithium: 12.3 mmol) as a polymerization
initiator component was placed into the polymerization reactor, and a
polymerization reaction was initiated. The copolymerization reaction of
1,3-butadiene, styrene and bis(diethylamino)methylvinylsilane was
15 performed for 3 hours at a stirring rate of 130 rpm and a temperature in the
polymerization reactor of 65°C, while 1,3-butadiene and styrene were
continuously supplied into the polymerization reactor. The amounts of
1,3-butadiene and styrene supplied after initiation of the polymerization
reaction were 912 g and 288 g, respectively. The amount of
20  bis(diethylamino)methylvinylsilane placed was 0.13 wt% in the total amount
of monomers which had been placed or supplied into the polymerization
reactor.
To the polymer solution was added 20 ml of a hexane solution
containing 0.8 ml of methanol, and the polymer solution was stirred for 5
25 minutes. Then, to the polymerization solution were added 8.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl
acrylate (trade name: Sumilizer GM manufactured by Sumitomo Chemical
Co., Ltd.), and 4.0 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
name: Sumilizer TP-D manufactured by Smitomo Chemical Co., Ltd.), then,

30 the polymerization solution was allowed to stand under room temperature
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0.661 0.706 0.667 0.612 0.641 Tensile strength at break MPa 15.9 14.1 14.3
14. 4 14.2 Exanple 3 The interior of a polynerization reactor nade

of stainless steel, equipped with a stirring device, and having an internal
volume of 20 L was '

for 24 hours, and the solvent was evaporated to obtain a polymer.
Thereafter, the resulting polymer was further dried at 55°C for 12 hours
under reduced pressure. The evaluation results of the polymer are shown
in Table 1.

5 One hundred parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil VN3-G, manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: Si69, manufactured
by Degussa), 6.4 parts by weight of carbon black (trade name: Diablack N339,
lmanufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of

10  an extender oil (trade name: JOMO Process NC-140, manufactured by Japan
Energy Corporation), 1.5 parts by weight of an anti-aging agent (trade name:
Antigen 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by
weight of stearic acid, 2 parts by weight of zinc flower, 1 part by weight of a
vulcanization accelerator (trade name: Soxinol CZ, manufactured by

15  Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization
accelerator (trade name: Soxinol D, manufactured by Sumitomo Chemical
Co., Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N,
manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts
by weight of sulfur were kneaded with Laboplast Mill to prepare a polymer

20 composition. The resulting polymer composition was molded into a sheet
with a 6 inch roll, and the sheet was heated at 160°C for 45 minutes for
vulcanization to prepare a vulcanized sheet. The evaluation results of
physical properties of the vulcanized sheet are shown in Table 1.
Comparative Example 2

25 The interior of a polymerization reactor made of stainless steel,
equipped with a stirring device, and having an internal volume of 20 L was
washed and dried, and replaced with dry nitrogen. Then, 10.2 kg of
industrial hexane (density 680 kg/m?), 608 g of 1,3-butadiene, 192 g of
styrene, 6.1 ml of tetrahydrofuran, and 5.2 mi of ethylene glycol diethyl ether

30 were placed into the polymerization reactor. Then, in order to detoxify
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10 washed and dried, and replaced wth dry nitrogen. Then, 10.2 kg of

i ndustrial hexane (density 680 kg/nB8), 608 g of 1, 3-butadiene, 192 g of
styrene, 6.1 m of tetrahydrofuran, and 5.5 m of ethylene glycol diethyl
ether were placed into the polynerization reactor. Then, in order to
detoxify inpurities causing inactivation of a polynerization initiator in
advance, a 15 small anount of a solution of n-butyllithiumin n-hexane as a

scavengempiastidd asednk @ﬁ&tamlmbywo Ayzxﬂbh@atlbﬁa}ﬁitpator inbavihe, a

pol ynmeri zation reactor was placed

bi s(di etslnyaliimm)nmiﬂwé;olumahmflrabetyllﬁtﬂmm an soherdnenaod seavmntgelrwashi um i n
n- hexane (cont en -butyllithium 17 1 nmmol) as a pol yneri zation
initiat (Prla%%ﬂﬁlfﬁéh? mﬁﬂ&é@&“lrﬁﬁ@};oﬁ'he reaction reactor, thereafter, 1.22

1.02 nol f h i at el
gl gced and a p%ﬁgluglén ch Mlﬁélc r%lo{rll%%%{%p%l ?Aﬂcfddqﬁbﬁ@ﬁlft%‘r ?zgt?/on
r eacti on i &m%l)%@é'?@ﬁhﬁéhqzaﬁbﬂ iR teAdhbredfedt il @(.o0pidtgwetl vi nyl si | ane

was performed for 3 hours at a stlrrlng rate of 130 rpmand a tenperature
in the pnbly:mli;mbmyllemhmméaf@wrn:fllcaﬁeWeml1nenQdm¢blytwld9@heltart&iestyr ene were

continuously supplied into the ation actor nts of

1, 3- but ReVEse ‘a@ﬁgloé’t’if’ﬁé% ang ﬁu?(ﬁa 101§e5C P&'ﬁa%’fmFﬁg %mr. zation
10 react I

bi s(di et%?pg}%ﬁnof%é%%g?w nyrfgigl1 gnbeﬁ %gﬁ%ﬂégé?}‘{%’fe%mg%?. n ]Exﬁgdtf%t al anount
of nonormysswhi LEihadg b@ﬁlo@i@@?@moénd; dpphipedaiuiednt the rdyyeeizatidhi on

reactor. Then, the resulting polynerization solution was stirred at a
_sti rl0i ngeabtarafésSC, widtle harbutadienmand styrene were continuously supplied

N-(3-dine am r r m sadd neri.zation

Sol ut | orftatt PRE e RENIRaS agadBt |  THA SPOINS ofipacRBel S il

pol yner 0 hexans Bt AL AR 2 m of
met hanolﬁﬁgﬂ%d %tw 151%&%915%&3?}%2%&2? gp?rrgge%lglﬁl“g}%?lm%%t esrm8 len, to
t he pol ymepeaatelgn sol ution were added 8.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-net ]e‘hfb zy0- 4- thyI phenyl

acryl ate (trad@ﬂéﬁ@ygtﬁﬁﬂql@é?n@\ﬂ a0 mp Eb{}]e@}hﬁiﬁ HBloBnheni cal Co. ,

e Surtr e teo BENCER L SheRE R B G REPRABES) {henr 2
t he pOI YiRBh h %Al | @heﬁoké‘ﬁh@ﬁol&@ﬁeﬁhéﬁwﬂolﬁ1&i wade Haded SF(DQIBSH enperature for
24 hours, and the sofvent was evaporated to obtain a polyne
O-tert- butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4- methylphenyl
acrylate (trade name: Sumilizer GM manufactured by Sumitomo Chemical
Co., Ltd.) and 4.0 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
20 name: Sumilizer TP-D manufactured by Sumitomo Chemical Co., Ltd.), then,
the polymerization solution was allowed to stand under room temperature
for 24 hours, and the solvent was evaporated to obtain a polymer.
Thereafter, the resulting polymer was further dried at 55°C for 12 hours
under reduced pressure. The evaluation results of the polymer are shown
25 in Table 1. |
One hundred parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil VN3-G, manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: Si69, manufactured

by Degussa), 6.4 parts by weight of carbon black (trade name: Diablack N339,
30 manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of
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Thereafter, the resulting polyner was further dried at 55C for 12 hours
under reduced pressure. The evaluation results of the polyner are shown in
Tabl e 2. 300ne hundred parts by weight of the resulting polynmer, 78.4 parts
by weight of silica (trade nanme: U trasil VN3-G nmanufactured by Degussa),
6.4 parts by weight of a silane coupling agent (trade nane: Si69,

manuf act ured by Degussa), 6. 4 parts by wei ght of carbon black (trade nane:
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1.4 parts by weight of sulfur were kneaded W th Laboplast MI| to prepare a
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sheet vvlta 6 inch roll, and the sheet,é was heated at 160C for 45 m nutes
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physical BLARRLILSS B 408 LaRIGRSPNPRlARu 3R LD Tol £ dqRarl @ 4

20The |nter| or o ron'treac of s‘t ai n ess St

equi ppred %ymlgvfﬁﬂgulfuigmé@mﬁ@adeﬂnﬂlﬂmmmm@t NHIlQE}Qﬁbpé{ﬂJ ét'ﬁ‘f%l)%elzo L was
washed and dried, and replaced with dry nitrogen. Then,
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advance, anou ol ution of n-but rumin n-hexane as a

scavengerphmcail popdriigy of fheevylehyivetishati are El@@ﬁh@ﬁ-Talblllé 0. the
pol ymeri zati on reactor vvasyffl aced 2.74 g of 30

bi s( di%et hypammiataline fhpmplayd sil ane. Then, a solution of n-butyllithiumin

The interior of a polymerization reactor made of stainless steel,
equipped with a stirring device, and having an internal volume of 30 L. was
washed and dried, and replaced with dry nitrogen. Then, 15.3 kg of
industrial hexane {density 680 kg/m?), 912 g of 1,3-butadiene, 288 g of

20  styrene, 9.1 ml of tetrahydrofuran, and 8.0 ml of ethylene glycol diethyl ether
were placed into the polymerization reactor. Then, in order to detoxify
impurities causing inactivation of a polymerization initiator in advance, a
small amount of a solution of n-butyllithium in n-hexane as a scavenger was
placed into the polymerization reactor.

25 A solution of n-butyllithium in n-hexane (content of n-butyllithium:
22.2 mmol) as a polymerization initiator was placed into the polymerization
reactor, thereafter, 2.20 g (1.01 mol per 1 mol of n-butyllithium) was
immediately placed into the polymerization reactor, and a polymerization
reaction was initiated. The copolymerization reaction of 1,3-butadiene and

30  styrene was performed for 3 hours at a stirring rate of 130 rpm and a
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n- hexane (content of n-butyllithium 13.0 nmol) as a pol ynerization
initiator conponent was placed into the polynerization reactor, thereafter,
1.11 g (1.00 nol per 1 nol of n-butyllithium of piperidine was i mediately
pl aced, and a pol ynerization reaction was initiated. The copol yneri zati on
reaction 5 of 1, 3-butadiene, styrene and bis(di et hyl am no) net hyl vi nyl si | ane
was perfornmed for 3 hours at a stirring rate of 130 rpmand a tenperature

in the polynerization reactor of 65C, whil 37 but.adi ene _and styrene were
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Thereafter, the resulting polymer was further dried at 55°C for 12 hours

15  under reduced pressure. The evaluation results of the polymer are shown
in Table 1.

One hundred parts by weight of the resulting polymer, 78.4 parts by

weight of silica (trade name: Ultrasil VN3-G, manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: 8169, manufactured

20 by Degussa), 6.4 parts by weight of carbon black (trade name: Diablack N339,
manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of
an extender oil (trade name: JOMO Process NC-140, manufactured by Japan
Energy Corporation), 1.5 parts by weight of an anti-aging agent (trade name:
Antigen 3C, manufactured by Sumitomo Chemical Co., Litd.), 2 parts by

25  weight of stearic acid, 2 parts by weight of zinc flower, 1 part by weight of a
vulcanization accelerator (trade name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization
accelerator (trade name: Soxinol D, manufactured by Sumitomo Chemical
Co., Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N,

30 manufactured by OQuchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts
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parts by weight of a silane coupling agent (trade nane: Si69, manufactured
by Degussa), 6.4 parts by wei ght of carbon black (trade nane: Di abl ack
N339, manufactured by M tsubishi Chem cal Corporation), 47.6 parts by

wei ght of an extender oil (trade name: JOVO Process NC- 140, manufactured by
Japan 5 Energy Corporation), 1.5 parts by weight of an anti-agi ng agent
(trade nanme: Antigen 3C, manufactured by Sumtono Chem cal Co., Ltd.), 2

arts by wei ght, of, stearic acid, arts by . wei of zinc flower, 1 part
Do i ot SR i FrsnacidsoP Bhora R AT e pr o bpolemer P
manuf act -Syum ' - - r Loht a

vul cani zg@%‘?}%%%bcgﬂg?g%@m(%cl?gggbﬁfﬁg{:&%g?%g{)@d%lf?l()%ﬁln@g%tgusrhg i by

Sumi t oo Chdéna 6dhclCeoll, dddithe shedt Was heaid Mel@IPC fof 45 waxuickrfagde name:
Sunnoc N, manufactured by Quchi Shinko Chem cal Industrial Co., Ltd.), and
1.4 part svilypanigagion tofprenptain vindeanikerbalkat. wilthe evabopties rednlts of o prepare a

Chet P15 ROl ISOPREACT o e WP EHE SHEGt oS nEared als 160G for 45 -

m nut es fl?fabYéJhPani zation to prepare a vul cani zed sheet. The eval uation

resul t s pf—physical—properti-es pf -the—yulcanized-sheet—areshown-i-n—Tabl e
2. [Tablle2] Exampl e 3 E@("éﬁ’é’l‘ee Exmﬁegomquﬁ 1 gom %{.ag"%acﬂnﬂﬂfﬁ ¢ Ibondi ng
anmount | 04 567 1 2 xample xample Example
~ooney 46.7 43.0 40.9 48.3 435
Viscosity
Vinyl bonding | | 100 | 563 56.9 57.6 56.7 57.9
amount
Content of wt% | 243 24.4 24.4 24.4 24.3
styrene unit
Molecular
weight - 1.29 1.16 1.09 1.25 1.16
distribution
Fuel cost
saving 0.109 0.119 0.141 0.195 0.194
properties
tand (70°C)
Gripping
property 0.661 0.706 0.667 0.612 0.641
tand (0°C)
Tensile
strength at MPa 15.9 14.1 14.3 14.4 14.2
break
Example 3

The interior of a polymerization reactor made of stainless steel,
equipped with a stirring device, and having an internal volume of 20 L was
10  washed and dried, and replaced with dry nitrogen. Then, 10.2 kg of
industrial hexane (density 680 kg/m3), 608 g of 1,3-butadiene, 192 g of
styrene, 6.1 ml of tetrahydrofuran, and 5.5 ml of ethylene glycol diethyl ether
were placed into the polymerization reactor. Then, in order to detoxify
impurities causing mactivation of a polymerization initiator in advance, a
15 small amount of a sclution of n-butyllithium in n-hexane as a scavenger was
placed into the polymerization reactor.
Into the polymerization reactor was placed 2.74 g of

bis(diethylamino)methylvinylsilane. Then, a solution of n-butyllithium in
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58,0 Content of styrene unit wt% 24.3 24.2 Ml ecul ar wei ght distribution
1.39 1.11 Fuel cost saving properties tan5 (700C) 0.109 0.108 Gi ppi ng

property

n-hexane (content of n-butyllithium: 17.1 mmol) as a polymerization initiator
component was placed into the reaction reactor, thereafter, 1.22 g (1.02 mol
per 1 mol of n-butyllithium) of pyrrolidine was immediately placed, and a
polymerization reaction was initiated. The copolymerization reaction of
5 1,3-butadiene, styrene and bis(diethylamino)methylvinylsilane was

performed for 3 hours at a stirring rate of 130 rpm and a temperature in the
polymerization reactor of 65°C, while 1,3-butadiene and styrene were
continuously supplied into the polymerization reactor. The amounts of
1,3-butadiene and styrene supplied after initiation of the polymerization

10  reaction were 912 g and 288 g, respectively. The amount of
bis(diethylamino)methylvinylislane placed was 0.14 wt% in the total amount
of monomers which had been placed or supplied into the polymerization
reactor.

Then, the resulting polymerization solution was stirred at a stirring

15  rate of 130 rpm, 17.1 mmol of N-(3-dimethylaminopropylacrylamide was
added to the polymerization solution, and the mixture was stirred for 15
minutes.

To the polymer solution was added 20 ml of a hexane solution

containing 1.2 m! of methanol, and the polymer solution was stirred for 5

20 minutes. Then, to the polymerization solution were added 8.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylpheny!
acrylate (trade name: Sumilizer GM manufactured by Sumitomo Chemical
Co., Litd.) and 4.0 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
name’ Sumilizer TP-D manufactured by Sumitomo Chemical Co., Litd.), then,

25  the polymerization solution was allowed to stand under room temperature
for 24 hours, and the solvent was evaporated to obtain a polymer.
Thereafter, the resulting polymer was further dried at 55°C for 12 hours
under reduced pressure. The evaluation results of the polymer are shown
in Table 2.

30 One hundred parts by weight of the resulting polymer, 78.4 parts by
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0.681 0.715 Tensile strength at break MPa 15.9 13.3 Wat is cl aned

1. A process for producing a conjugated di ene-based pol yner conprising
addi ng the follow ng conpounds (I) and (In; (1) Organic alkali netal
conpound; 5 (I1) Conpound represented by the following fornula (1) R11 NH
wherein RI) represents a hydrocarbyl ene group having 3 to 20 carbon atons
optionally having, as a hetero atom at |east one kind atom sel ected from

ot om 10 WSt ilar (et el a0,V X ST poReRU S BY SAROHoE D ReRl i ng.
at | east ' . r.. ' r r | vent,
M o or dNEs P RE PR L GIRANGNY o Bl St BT 163, BN ARRne® Vo
nmononer CefPREaBbia)CerPEd8h BY veighbflgated Kheharaespaund THablRk N339,

silicon-contai ning vinyl conpound.
manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of
5 an extender oil {trade name: JOMO Process NC-140, manufactured by Japan

Energy Corporation), 1.5 parts by weight of an anti-aging agent (trade name:
Antigen 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by
weight of stearic acid, 2 parts by weight of zinc flower, 1 part by weight of a
vulcanization accelerator (trade name: Soxinol CZ, manufactured by

10 Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization
accelerator (trade name: Soxinol D, manufactured by Sumitomo Chemical
Co., Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N,
manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts
by weight of sulfur were kneaded with Laboplast Mill to prepare a polymer

15 composition. The resulting polymer composition was molded into a sheet
with a 6 inch roll, and the sheet was heated at 160°C for 45 minutes for
vulcanization to prepare a vulcanized sheet. The evaluation results of
physical properties of the vulcanized sheet are shown in Table 2.
Example 4

20 The interior of a polymerization reactor made of stainless steel,
equipped with a stirring device, and having an internal volume of 20 L was
washed and dried, and replaced with dry nitrogen. Then, 10.2 kg of
industrial hexane (density 680 kg/m?3), 608 g of 1,3-butadiene, 192 g of
styrene, 6.1 ml of tetrahydrofuran, and 5.1 ml of ethylene glycol diethyl ether

25  were placed into the polymerization reactor. Then, in order to detoxify
impurities causing inactivation of a polymerization initiator in advance, a
small amount of a solution of n-butyllithium in n-hexane as a scavenger was
placed into the polymerization reactor.

Into the polymerization reactor was placed 2.74 g of
30  bis(diethylamino}methylvinylsilane. Then, a solution of n-butyllithium in
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wei ght, per 100(farts by wei ght of the conjugated di ene-based

continuously supplied into the polymerization reactor. ~ The amounts o
1,3-butadiene and styrene supplied after initiation of the polymerization
reaction were 912 g and 288 g, respectively. The amount of
bis{diethylamino)methylvinylislane placed was 0.14 wt% in the total amount
of monomers which had been placed or supplied into the polymerization
reactor.

Then, the resulting polymerization solution was stirred at a stirring
rate of 130 rpm, 13.02 mmol of N-(3-dimetylaminopropyDacrylamide was
added to the polymerization solution, and the mixture was stirred for 15
minutes.

To the polymer solution was added 20 ml of a hexane solution
containing 1.0 ml of methanol, and the polymer solution was stirred for 5
minutes. Then, to the polymerization solution were added 8.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl
acrylate (trade name: Sumilizer GM manufactured by Sumitomo Chemical
Co., Ltd.) and 4.0 g of pentaerythrityltetrakis(3-laurylthiopropionate)
(Sumilizer TP-D manufactured by Sumitomo Chemical Co., Ltd.), then, the
polymerization solution was allowed to stand under room temperature for 24
hours, and the solvent was evaporated to obtain a polymer. Thereafter, the
resulting polymer was further dried at 55°C for 12 hours under reduced
pressure. The evaluation results of the polymer are shown in Table 2.

One hundred parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil VN3-G, manufactured by Degussa), 6.4
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parts by weight of a silane coupling agent (trade name: Si69, manufactured
by Degussa), 6.4 parts by weight of carbon black (trade name: Diablack N339,
manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of
an extender oil (trade name: JOMO Process NC-140, manufactured by Japan
Energy Corporation), 1.5 parts by weight of an anti-aging agent (trade name:
Antigen 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by
weight of stearic acid, 2 parts by weight of zinc flower, 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., Litd.), 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 with Laboplast Mill to prepare a polymer
composition. The resulting polymer composition was molded into a sheet
with a 6 inch roll, and the sheet was heated at 160°C for 45 minutes for
vulcanization to prepare a vulcanized sheet. The evaluation results of

physical properties of the vulcanized sheet are shown in Table 2.

[Table2}

Example 3 | Example 4
Mooney viscosity - 41.9 39.4
Vinyl bonding mol% 56.7 58,0
amount
Coptent of styrene W% 94.3 949
unit
Molecular weight
distribution 1.39 1.1
Fuel cost saving
properties
tand (70°C) 0-109 0.108
Gripping property 0.681 0.715
Tensile strength at MPa 15.9 13.3
break
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What is clamed is:

1. A process for producing a conjugated diene-based polymer
comprising adding the following compounds (I} and (IT):
(I) Organic alkali metal compound:;

(II) Compound represented by the following formula (I)

RG\NH (1)
N

wherein R represents a hydrocarbylene group having 3 to 20 carbon atoms

3

optionally having, as a hetero atom, at least one kind atom selected from an
atomic group consisting of a silicon atom, a nitrogen atom and an oxygen
atom,

as a polymerization initiator component to a solution containing at least one
kind monomer component and using a hydrocarbon as a solvent, in an order
of the compound (I) and the compound (II), and polymerizing a monomer
component comprising a conjugated diene-compound and a

silicon-containing vinyl compound.

2. The process for producing a conjugated diene-based polymer
according to claim 1, wherein the compound (IT) is added to the solution,
while a polymerization conversion rate of the monomer component is 5 wt%

or less.

3. The process for producing a conjugated diene-based polymer
according to claim 2, wherein an amount of the compound (II) which is added
while a polymerization conversion rate of the monomer component is 5 wt%
or less is 0.5 mol to 2.0 mol based on 1 mol of the addition amount of the

compound (I).

4. The process for producing a conjugated diene-based polymer
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according to claim 1, wherein a compound containing a nitrogen atom and/or
a silicon atom is allowed to react with an active end of a polymer produced by

polymerization.

5. The process for producing a conjugated diene-based polymer
according to claim 4, wherein the compound containing a nitrogen atom
and/or a silicon atom is a compound containing a nitrogen atom and a

carbonyl group.

6. A conjugated diene-based polymer produced by the process

according to any one of claims 1 to 5.

7. Aconjugated diene-based polymer composition comprising the
conjugated diene-based polymer according to claim 6 and a reinforcing agent,
wherein the content of the reinforcing agent is 10 parts by weight to 150
parts by weight, per 100 parts by weight of the conjugated diene-based

polymer.
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