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

Dl ENE- BASED POLYMER, AND CONJUGATED DI ENE- BASED POLYMER COWVPCOSI T1 ON
5Background of the Invention 1. Field of the Invention The present
invention is filed claimng the priority of Japanese Patent Application No.
2011- 011715 filed on January 24, 2011 under the Paris Convention, the
entire content of which is incorporated herein by 10 reference. The

i ane- bascd pplRes FORERODICESEIPON S IR AR BASED SINER

di ene- based polyyRUTPAPED DIENE-FACEDIROINWEROA NI CONIJRG:ATED Art
In recent years, with an increase in concern aboUt envi r onnent al pr obl ens,

requi renments of fuel coBIENEBAGHEDRBIYMERCOMPQOITBIMNI | e have been
i ncreasing, and a rubber conposition used in tires for autonobiles has al so
been required to be excell ent in fuel cost saving properties. As a rubber

20 conpgsition for autonobil ept sition containing a
conj ugat'ed di ene-based pol yrre:rB su n?&{ﬂ% lﬁltv(égﬁgﬁe or a but adi ene-styrene

copol yner, ameR éaheilovehfignagent is used For exanple, as a
pol ymer enhancing fuel cost saving properties and a polymer conposition

havi ng gf)od f uel ’Rimprefalgt myemtipeistfiled  clainpisigytierpr2@ritboldapandsy | i vi ng
b1 s di oty 1 ép’pﬁ%‘%ﬂﬁgnw%-giqeﬁh@ﬁﬁn@e§| TRREHA: RO WA 2t on

' I
oroposed | Fite &3S HHIEh G RRH (el RIENTE: LiG-RANErR AT, | O 2

hexanmetjhy| eeedhee to but adi ene and styrene, and poI yrrerl zing this is 30

proposed in JP-A 9-110942.
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
also been required to be excellent in fuel cost saving properties. As a rubber
20 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
a polymer composition having good fuel cost saving properties, a polymer
25 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
and hexamethyleneimine to butadiene and styrene, and polymerizing this is

30 proposed in JP-A 9-110942.



Summary of the Invention However, pol yner conpositions using the
above conventional conjugated diene-based pol yner were not necessarily
sufficiently 5 satisfactory in fuel cost-saving properties. Under
such circunstances, an object of the present invention is to provide a
process for producing a conjugated di ene-based pol yner from which a pol yner
conposition excellent in fuel cost saving properties can be obtained, a
conj ugat ed di ene-based pol yner obtained by the process, and a 10 pol yner
conposition containing the conjugated di ene-based pol yner and a reinforcing

agent. A first aspect of the | ty ates to a process for
%&&gﬂ%@l VAR 1Rk

produci ng a conjugated di ene-base ymer conprising polynerizing a
nononer conmponent&AsRlr olftnad coRiyotgabes udimnthecapeldthvantionall 5
silicon-containing vi ny1 conpound using the follow ng conpounds (1) and
(11) , as zoppigatedidzend-basddpelymerwernponpetessitily swfistegdli ¢ al kali netal
conpound (”)t' conpoupd represented by the followng formula (1): p, 11
NH(1) RP2 ?@Wg%‘it%%l Vel SAvt $AVInE MIPREEHRS- 2 hydrocar byl group having 1 to
20 carbon ators Qi 4QnalchyciAAkh OfhubeS Ul bhiUERE the present AuiBfigaiARpect of
the present invention rellates 10 a conjugdted dlen%-based pol ymer produced
by the aboyfotRIY 4 phe@dsp fadpridueingdheoafsgatéd dienabasabpblyaiertfib@mpr esent
i nvention relates to a conjugated ) .

which a polymer composition excellent in fuel cost saving properties can be

obtaihed, a conjugated diene-based polymer obtained by the process, and a

10 polymer composition containing the conjugated diene-based polymer and a
reinforcing agent.

A first aspect of the present invention relates to a process for

producing a conjugated diene-based polymer comprising polymerizing a
monomer component comprising a conjugated diene compound and a

15  silicon-containing vinyl compound using the following compounds (D) and (II) ,
as a polymerization initiator component,
(I) an organic alkali metal compound

(1D a compound represented by the following formula (1):

Rl
AN |

NH (1)
R'IQ

20  wherein R and R!2 represent a hydrocarbyl group having 1 to 20 carbon

¥

atoms optionally having a substituent.
A second aspect of the present invention relates to a conjugated
diene-based polymer produced by the above-mentioned production process.
A third aspect of the present invention relates to a conjugated
25 diene-based polymer composition comprising the above-mentioned
conjugated diene-based polymer 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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25 di ene- based pol yner conposition conprising the above-nentioned

conj ugat ed di ene-based pol yner and a reinforcing agent, wherein the content
of the reinforcing agent is 10 parts by weight to 150 parts by wei ght per
100 parts by weight of the conjugated diene-based pol ymner.

According to the present invention, there can be provided a process for
produci ng a conjugated di ene-based pol yner fromwhich a pol ynmer conposition

excellent in fuel, cosf savi roper.ti es .can. be obtained, . onj ugat ed
di ene- based pol yR&Fo Pﬁitﬂéggﬁ‘geﬁeﬂjé igyeRtieR, there can IWF&@C%B 8Pt i on

cont ai ni ng J: ted. di - [ [ gent.
Dot | od DRt PraRe RS iRl e Hapal p5Rim o SEICH EblRECE
represent s comPRRAYA ERde1h A fABX @sbedvidy Piopeerioy tag bendtaivddpgen at om
froma hydrocarbon. A hydrocarbyl ene group represents a dival ent group

obt ai ned” byonpraaied dienwmbasadt polymextabisirfadoby theprncssarassha palymer

hydr ocar byl ox roup represents a nonovaglent group having a,structure in
whi ch a%yd’PHéé’%“é‘?‘g ﬁqq)t?malquté}eoggy]@g%tga (f‘gn‘? g’ﬁf"%fggaﬁ’\ﬂl‘?lﬁa%d fydr ocar byl
group. A's i } no group represents a 15 group having a structure
in which a'flja efgis‘#hg%gg%'dr ogen atom of an amno group is replaced with a
nonoval ent atom ot her than a hydrogen atom or a nonoval ent group, or a

group having a structure in which two hydrogen atons,  of an ami no group are
replaced with a dival ent dgPetmlediDayariniaen by thegbmigntiavi ng a substit uent

(hereinafter, referred t S S tituted 20 hydrocar byl Qup . in sone
cases) represent %Fe%%gﬁawr ﬁo@fﬁ“ﬁ%‘?ﬁ’ﬁ?‘*ﬁ%?rxﬂe{lﬂ%eb%gﬁﬁlfpcﬁbtgﬁm?%ast
one hyq6094f3, AIRGA ﬁe@fﬁﬁ%@%%bmgﬁgﬁoah dE60rB6Rd WHHrBcsHRSnd uent . A
hydr ocar byl €éne group havi'ng etero atom (hereinafter, referréd to as

het er o at orgroaptreprésegtdy diiealenbgreme obtainpd by rearving $we)hydepges etiirss a

di val ent group having a structure in_which a carbon 25 atom ot her than the
carbon at orfremahiArasarbomy o rydroeardrorysSIoupTePERTRE 2 MABPYRIeBt hydr ogen

oo o 2 SRR RS b PG el B "t T
The processep®lcolWHHE RPdfbcashylugaupd N anstiased aRahy Rouprepitfents a
present invention allows” a nononer conponent conprising a conjugated
15 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
20 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
some cases) represents a divalent group having a structure in which a carb_on
25 atom other than the carbon atom from which a hydrogen atom has been
removed, and/or a hydrogen atom, of a hydrocarbylene group, is replaced
with a group having a hetero atom (an atom other than a carbon atom and a
hydrogen atom).

The process for producing a conjugated diene-based polymer of the

30 present invention allows a monomer component comprising a conjugated
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di ene conpound and a silicon-containing vinyl conpound to be polynerized
using the follow ng conpounds (I) and (Il) as a polynerization initiator
conmponent. (1) Organic alkali nmetal conpound 5 (11) Conpound represented by
the followwing fornmula (1): D 11 n\ NH(1) R ut (wherein R11 and R12
represent a hydrocarbyl group having 1 to 20 carbon atons optionally having
a substituent.) Exanpl es of the conjugated di ene conpound i ncl ude

1, 3- but adi ene, 10 isoprene, 1, 3-pentadi ene, .2, 3-dinethyl-1, 3-butadi ene, and
13- hexadi dHeie SARIDARBA &Makn Gilicod QGmOARE Titl fo b polymepized

si li con-cont.al ni ALY %Rﬂﬂﬂi‘si (Y ?&g% . ented by
the foll OWQ%??%E%%W%&% )e’?%(?frgﬁ%a?sa %&giril% , %lﬁlgﬂgé@ze nts a
hydr ocar bylcegfpddieayp, and Xi, X2 and 15 X3 represent a substituted am no

group, a hydrocarbyloxy_grouF, or a hydrocarbyl group optionally having a
subst i t uent())Organihealkai matal ceppounds 0 or 1, and preferably 0. Exanpl es

of the By g5 LS ORI B AL Bl okt B
Rl
N\ |
NH (1)
R12
(wherein R and R12 represent a hydrocarbyl group having 1 to 20 carbon

atoms optionally having a substituent.)
Examples of the conjugated diene compound include 1,3-butadiene,
10  isoprene, 1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, and 1,3-hexadiene,
and preferably 1,3-butadiene or isoprene.
The silicon-containing vinyl compound is preferably a compound

represented by the following formula (2):
H H

— 1
H (R21)m—s:i—x2 @
X3
(wherein m is O or 1, R?! represents a hydrocarbylene group, and X1, X% and
15 X3 represent a substituted amino group, a hydrocarbyloxy group, or a
hydrocarbyl group optionally having a substituent.)
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 arylene group, and a group in which an
20 arylene group and an alkylene group are bonded. Examples of the alkylene
group include a methylene group, an ethylene group, and a trimethylene
group. Examples of the alkenediyl group include a vinylene group and an

ethylene-1,1-diyl group. Examples of the arylene group include a phenylene
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group, an al kenediyl group, an arylene group, and a group in which an 20
aryl ene group and an al kyl ene group are bonded. Exanples of the al kyl ene
group include a nethyl ene group, an ethylene group, and a trinethyl ene
group. Exanples of the al kenediyl group include a vinylene group and an
ethylene-1, 1-diyl group. Exanples of the arylene group include a phenyl ene
group, .a naphthyl ene group, and a bi phenyl ene group. Exanples of the group

in which an arylene groyp and an al kyl ene gr.oup are baonded i nclyde a group
in which ag5RdRa @ﬁeg&fﬁ%e SRR Br%f ﬁ}i’lllg}h‘“e‘%&%gﬁ“&i% g‘gmiesaﬁgs group in
whi ch a phenyl en [ I r r ; +

prefer abloy %gﬁuﬁrl 13&; I“gfhlgﬂ % o g%g’l%%d&r% ef%(?ggeaﬁgg][eé e?ﬁﬁ@%&? (la) r(l) gﬁ%‘r}%‘%}lde a

In the forgbap ikwhith 2Phdiiders cf QRS 888 matlyloé ichoie drabbndedraidra 2
hydr ocar byl'oxy group, or a hydrocarbyl group optionally having a
subst i t uentgro®p ef evkibh y plxinytlens graneand axiethybenegrox® axe kongdedst i t ut ed

' 10 , ) f bly, t f X}, X2 bstituted
i no ghoup. TS iR elAY AR n AR R TR FPLORSD N RT e o

pr ef er abl yﬁ&géoup represented by the following formula (2-A). D 22 \ N R2{
15 (R22 an “represent a hydrocarbyl group optionally having a

substituent, or B thd foyela &2 s Ke whdoXOtypresentR 2ubstit ub2d aatidolaodpd to
represent a hydrocarbyl ene group optionally having, as a hetero atom a

ni trogen ataohydmgadrylaxy exgumeroras byddgocarey lgranp catiopally igng st i onal |y
havi ng a substijtuent i 2. and 3.20 i dr byl oup oK a .
subst i t ut e&“ﬁ?ﬁ&%‘é%% bf[}egzrabﬁ% Rl 0e %fflt E‘é f’é’%ﬁ }%/%?gés‘?@ﬁf’ﬁéé‘?‘&?|
group i;pcl ' fof X1 b X9 GObEfsutslRShidouent is a
hydr ocaerby%ﬁ?ﬁbéig%%@d@fngﬁ%}é%?@he%i/%%car y? group 1 nclude chain al kyl
groups suchgragpa nethyl group, an ethyl group, a n-propyl group, an
i sopropyl group, a n-butyl group, an ) )
The substituted amino group in X1, X2 and X3 is preferably a group

represented by the following formula (2-A).

R |

N— (2-A)
R

15 (R22 and R?3 represent a hydrocarbyl group optionally having a substituent,
or a trihydrocarbylsilyl group, or R2? and R23 are bonded to represent a
hydrocarbylene group optionally having, as a hetero atom, a nitrogen atom
and/or an oxygen atom.)

The hydrocarbyl group optionally having a substituent in R?2 and R23

20 is a hydrocarbyl group or a substituted hydrocarbyl group. Examples of the
substituted hydrocarbyl group include a substituted hydrocarbyl group in
which the substituent is a hydrocarbyloxy group. Examples of the
hydrocarbyl group include chain alkyl groups such as a methyl group, an
ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, an

25 isobutyl group, a sec-butyl group, a tert-butyl group, a n-pentyl group, a
n-hexyl group, and a n-octyl group; cyclic alkyl groups such as a cyclopentyl
group and a cyclohexyl group; and aryl groups such as a phenyl group, a
benzyl group, and a naphthyl group, and preferably an alkyl group, more
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25 isobutyl group, a sec-butyl group, a tert-butyl group, a n-pentyl group,
a n-hexyl group, and a n-octyl group; cyclic al kyl groups such as a

cycl opentyl group and a cycl ohexyl group; and aryl groups such as a phenyl
group, a benzyl group, and a naphthyl group, and preferably an al kyl group,
nore preferably a chain alkyl group, and further preferably a nethyl
group, an ethyl group, a n-propyl group, and a n-butyl group. Exanples of

th bstituted d byl i i th tit t i
hyr ocar by BEIETEP YL R ST PRGN B e ARt e hatABRy Pt ny!

: A | : | | kyl
3 oun. 20, BHEL SR Roua R ELUGEUN | SpaUIegBaRY V! 0xyal ky
tri hydr ocarghpkaithied WFdrepaiby]l B2aup g widdh ithe kubstitudnilik vl lsydrptardydorys such

as a trinethylsilyl group, a triethylsilyl groug, and a

tert-but yl diroep hptludeyalkeoryallyl sxmips smgbirascansiheremgthslgroppi amal | y

havi ng, _as het er tom a nitrogen atgm.and/ or am oxygen,atomin R22 and
Ro3 119 A hyAROEETBNRIOUP ORP agReti LY HOBRY BN AT ANGL GFOUR byl cne
group in I i nitrogen atom and/ or an oxygen atom
Exanpl es \S%ht%ﬁe&%?g%&%%h@g}#g}lﬁi ng hydrocar byl ene group in which the
hetero atomis aEsaniplesedehe atibgdesrdibylsiip]l grotgein Reband R inbdude het er o
atom cont ai ni ng hydrocarbyl ene group in which the hetero atomis a nitrogen

atom and &drisdkplstyhgmunsoncki af agrimethslaabbgrevwe Foeduilslxarenpt ##d het ero
atomis an oxygen m anpl es of the hydrocarbyl ene group include

al kyl ene g@of%g%éﬁgﬁ?%t@?ﬂ?LQW'ene group, a tetranethyl ene group, a 20
pent amghhyl ene grgiipy @ Ei‘lﬁflé"%@ ORIy halBis ] H¥ie2DateodpP, an

oct amsn?Eyl ene group, % ggcarret y%ﬁgﬁgggup, 3(:1 c?oglgécarret hyl ene group, and a
2, 2, 4- t ri natibydgearetom dndlodiapl oxygenmtoanth RPkand @2y is ghydpscasbglenas a

pent - 2-ene-1, 5-di yl _group. Exanples,  of. the hetero at om_conmii ni nglil
hydr ocar by |&REP gplo@ eferoaipariceHai naehvlreearaviene grun Bywaich din heterede a

25 group represent ed by - N- CH_an r
2N, hE R Bitpien i et e AIAHP RAREARILE G Ketr
in which t'ﬁoﬁﬁéﬁilﬂzaiﬁm&c&oéﬂrm%?f@x&iﬁ)m whGhiEiee Bethrd WomeRresent ed by

- CH2- C142- 0- CH2- al2-. is preferable that It 22 and R23 are
an al kys gruityngeonratREPandidr R2Goxrgen3obonuddde o Hadern avonaickytadnmgyr oup, it

s more proferabl ¢ fodorman shlyl ) ofoun, And i, La Lt Ber, prel gradi e to
hetero atom-containing 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

20 pentamethylene group, a hexamethylene group, a heptamethylene group, an
octamethylene group, a decamethylene group, a dodecamethylene group, and
a 2,2,4-trimethylhexane-1,6-diyl group; and alkenediyl groups such as a
pent-2-ene-1,5-diyl group. Examples of the hetero atom-containing
hydrocarbylene group in which the hetero atom is a nitrogen atom include a

25 group represented by -CH=N-CH=CH- and a group represented by
-CH=N-CH2-CHz-. Examples of the hetero atom-containing hydrocarbylene
group in which the hetero atom is an oxygen atom include a group
represented by -CHa-CHa-O-CH2-CHo-. |

It is preferable that R22 and R23 are an alkyl group, or R?2 and R?3 are

30 bonded to form an alkylene group, it is more preferable to form an alkyl
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Exanpl es of a substituted am no group in which R22 and R23 are a

hydr ocar byl group, of the substituted am no groups represented by the
formula (2-A), include dialkylam no groups such as a dinethyl am no group, 5
a di ethylam no group, an ethyl nethylam no group, a di-n-propylam no group,
a diisopropylam no group, a di-n-butylam no group, a diisobutylam no group,
a di-sec-butylam no group, and a di-tert-butylam no group; and diarylam no
groups such as a dj phenyl am no gr , d preferaply a dial kyul am ng group,
and nore pPETE-AG1LES HWQ%F%%I%@Q%W aamcﬁ%&ﬁ?ﬂyoéﬁ ?Foa%-P}o&ﬂ%,grguRO

di - n- propyl am no 7 0 ] ichE 2 ER20frete
substituted am ng}g%?gﬁgs ﬁgvsmﬁlbc 1tﬁ%§§%%g 3 gggwggﬁéled [goﬂform a

subst i t ut etylystaebal gcupg oo tipe substhiutbd aeinsgretips veptesented by thocar byl oxy
group include di(al koxyal kyDani no groups such as a dj (et hoxynet hynamn no
group and fomamyle (oAl nnelmgbdnHeylaming sraspssugited dimethylagipeErouped

am no group i.n ich RR2 and R2 re t ri.hydrocar byl sil vl incl ude
11t kof of PylieetEe 2Tt  vime LBy BHHOS RO 1L 2 prooy Bt bl

bi s(trimet Qyd;sd 9@&,’ ! ' sy b lsobluyy1amine ggseplp, and
a N-trimet %y(*lgélo:p% - %ﬁ?ﬁﬁgﬁ?’n%dg?l%%@%oaa%ﬁdgg of a su stilt utggd@gm' no
group in whidirsdedRitahanRiBgrng, haddedi -tert frortyl aaminodgoops buteharydamapo of

t he substituted am_no grqugs represented by _the, f rrmlaiél‘(1| r&) i ncl ude

1- al kyl eneighows gidups ashiphenglaminoigrpia: 94 sreferahly & é,’aglmo group,

1-pyrrolidinyl_grou a.X-pi peridi nvl .gr - imno group,
2 1 hept amerryPErEP ey BLERA4 B Biun. A A REPREREOLS0E £

1- decanrgt hygk LA i gﬁﬁggﬁqﬁwge@gﬁ‘mﬁjg BhlELT thsanpl es of
t he suggti Phﬁggfdgﬁ%%f(%uﬁn%mﬁﬁqpm2 and R23 are bon%leglJ to forma

hetero at omubstittiedi axgirvygirompeinbwhidr Behand Rihaxshbendeditst form at om i s a

nitrogen atom i .ncl ude 1-im dazol yl gr.oup, and, a.4, 5-di hydrpo- 1-i.m dazol yl

gr oup. ExaﬁHbé@t‘Hiedth@?@@a@%ﬁP?ﬂﬂ’éaquﬁhﬁBeﬁPB%t‘fqpt\/bﬁiaclPV%fﬁa% 03 are

bonded to form r i i | ene group in which the

hetero ato P%pg?\agggéig(ﬁﬂ%%?@%ﬁ%gb%g %‘Eé(sg%o |£rl1%¥gr oup. As t he

substi t ut eqliGRbiMOxghRI4BYDERIIA6 @Rbesl abd 4 HefloxymtethfDaMinogrdipl kyl ami no

group or a 1-al kfll eneimno group is preferable, a di a&ﬁl amno 5 group is
it R amd RS

nore piaf eBrsraplesrd the dubetitytedrdminagmyp, ingw *8¥olp, a

di - n- | am , d a di-n-buyt. ' ) furth f bl e.
Exanpl es. ot ETARUPEBSbD EoRD T BiR TS SRR s e Aoy ot oups
such as a @Bﬂﬁ%Xu&‘iQH%’bié&rﬁ{;Qﬂi&ﬂsMMin@gfﬁtﬁf,%poxy group, 10 an

i SOpr opoxy Qgro a n-butoxy group, a sec-bltoxy group, and a tert-butoxy

group; and Hskédyntgldinpsthsiy rsnmopdenpxyndrsoup and a benzyl oxy group.
The hydrocarbyl group optionally having a substituent in X, X2 and X3 is a
hydr ocar by INgtsgthylsilyldNpaethsiamane gaewar byl group. Exanpl es of the

substityted hydrqgar byl W QURH RSP 2Rt Beblsp th WhilK 2 SRk geoup

bonded to form a hydrocarbylene group, of the substituted amino groups

represented by the formula (2-A), include 1-alkyleneimino groups such as a
1-trimethyleneimino group, a 1-pyrrolidinyl group, a 1-piperidinyl group, a
1-hexamethyleneimino group, a 1-heptamethyleneimino group, a

25 1-octamethyleneimino group, a 1-decamethyleneimino group, and a
1-dodecamethyleneimino group. Examples of the substituted amino group
in which R22 and R23 are bonded to form a hetero atom-containing
hydrocarbyl group in which the heterc atom is a nitrogen atom include a
1-imidazolyl group and a 4,5-dihydro-1-imidazolyl group. Examples of the

30 substituted amino group in which R22 and R2? are bonded to form a hetero
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15 in which the substituent is a hydrocarbyl oxy group. Exanples of the

hydr ocar byl group include al kyl groups such as a nethyl group, an ethyl
group, a n-propyl group, an isopropyl group, a n-butyl group, a sec-butyl
group, and a tert-butyl group; and aryl groups such as a phenyl group, a

4- et hyl - 1- phenyl group, and a benzyl group. Exanples of the substituted 20
hydr ocar byl group in which the substituent is a hydrocarbyl oxy group

i ncl ude al koxyal kyl .groups . suc s a net hoxynet hy roup, an et hoxymnet hyl
group, and %H}/IBF’H f@‘g‘ﬂ‘ﬁ/Byﬁmﬁgb-‘?lﬁﬁﬁr%'oFHéinqgﬁﬁ&*‘Rg’Pt@%&Pﬁ"}é’i%‘i‘ef erabl e,
and an al kyb e%gtotﬁlyﬁcggfi%aﬁl?%@lég%@%@&om I's nore preferable.

25Exanpl es © conpoun , X2 and X3 is a substituted

anm no group and nAk$hé subtitutedHirhinttOfrou@iepréddied bihe formaUNUsA), a
represented by the forrmula (2), include:

(di al kyl ami ﬂ@hy@mqgmypgjrlgh@ékﬂg@him'mo group is preferable, a dialkylamino

E g![ Eif pré}l ﬁy o 1}?'&”}5})%%}1\%{]@&@%} %T& ’éﬁs%lethylamino group, a diethylamino group,
di-n-pro ] ' ' ' A .

(i sopr opy ek BYAIERND Bl A EREH  utylamipo group gre fuxther ) (i ane,

(et hyl met hypagterahldi et hyl vi nyl sil ane, (di-n-propylam no)diethylvinylsilane,
and (diisopropyl am no)diethyl vinylsil ane; ) )
5[ bi gtrial kyl si | yBaampdesiobithe/hywdrogrehyloxme groaurin &3, X2 and X3 include

Ebi gt ri net hyl,si | ynam noi dj net hyl vj nyl si | ane,

Eot ot - buty1 ST EPERP P 78 ot N, STt s thas group, a npropoxy group,
Ebi gtriypeth ' | i.ethylvi ' R

Dot S0 L DR Lo R Bl N BeBYy b @S sdiPutoxy group, and a tert-butoxy
10( di al kyl agrom;dir{dedigdessagioips sudhsad aphenskg krasp and a benzyloxy group.

(di met hyl am no) di ( met hoxynet hﬁD\/i nyl si | ane, ) ] )
(di net hyl ani no) di The hydresarbyhgpamgpispnaihe having a substituent in X1, X2 and

(di met hyl amno) di( et hox t hyDvi nyl skl ane

(i mot iyl antoadd HipSRanRT EroH POF ibefified hydrocarbyl group.  Examples of
(diethyl am pog dhb&Biied WRkedrbyl BYdw 1i#l8de a substituted hydrocarbyl group
(di et hyl am no) di ( 2- met hoxyet hyDvi nyl si | ane,

(di et hylan nopdii¢kethexybstitudnts ayhwldoamdyylaxgdgroup. Examples of the

di et hyl am po). di ( 2- et hoxyet h I nyl silane: and cycli
ém' nod! al kyﬁﬁ%%ﬁﬂ%bylaﬁé’uédﬁ‘ﬁngﬁo%s sich as & methyl group, an ethyl
group, a n-propyl group, an isopropyl group, a n-butyl group, a sec-butyl

group, and a tert-butyl group; and aryl groups such as a phenyl group, a
4-methyl-1-phenyl group, and a benzyl group. Examples of the substituted

20 hydrocarbyl group in which the substituent is a hydrocarbyloxy group
include alkoxyalkyl groups such as a methoxymethyl group, an
ethoxymethyl group, and an ethoxyethyl group. Among them, an alkyl
group is preferable, and an alkyl group having 1 to 10 carbon atoms is more
preferable.

25 Examples of a compound in which one of X!, X2 and X3is a
substituted amino group and m is O, of the silicon-containing vinyl
compounds represented by the formula (2), include:

(dialkylamino)dialkylvinylsilanes such as
(dimethylamino)dimethylvinylsilane,
30 (ethylmethylamino)dimethylvinylsilane,
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20 1-pyrrolidinyl di methylvinylsilane, 1-piperidinyldinethylvinylsilane,

1- hexanet hyl enei m nodi net hyl vi nyl si | ane,

4, 5-di hydr oThi r ai dazol yl di net hyl vi nyl si | ane, and

nor phol i nodi net hyl vi nyl si | ane. Exanpl es of a conpound in which one of X,
X2 and X3 is a 25 substituted am no group and mis 1, of the
silicon-containing vinyl conpounds represented by the forrmula (2), include:

di al kyl am no) di al kyl vi nyl,phenyl.si | anegs such as

Edi met Kyl a '@)'m%{wiuédﬁpﬁ%éw 1ene,

di net hyl ami j . i -5 : . . . .

S B B i taming dcthyvinlslane,
ky

(di et hyl am (seRglinfethitlalm dro)diayhpRemkHihén@i-n-propylamino)diethylvinylsilane,
(di -n-propyl am no) di net hyl-4-vi nyl phenyl si | ane,

(di - n- pr opyarh{ditsopropstiayingldiethylymvisilasia; ane,
di - n- but yl am i nethyl-4-yjnyl | si | D
(i - byl am no G Bt ARGl igiates such as
a4 ot byl are ) == ySlle
e e
(di et hyl ami [bos(tHbatydimétylsily Dasiydldimatieylvinylsilane,

(di et hyl am no) di et hyl- 3-vi nyl phenyl si | ane, 10

(di- n- pr opylbzsttriseghuisily amlupﬂbetﬁwémy§$lim,and

(di -n-propytan no) di.et hyl-3-vinyl. nylskl.ane.. ]

(i - - butyi it Spbnaing sy ot R SR Tilang:

(di - n- bt yl am no)t PECPR T E .vliﬂ'_fﬁ' of a compound in
whi ch ?&o of X1, %ﬁ%ﬂ%@%@gﬂ%@g&g&@m u%lggté%rgna%}gaar oup and mis 0, of
t he sili corldbmetiaylantigo)ditibtimxypoathgbvirgysdsnat ed by the fornula (2),

i ncl ude: bi s(di Idla/l am no) al kyl.vi nyl si |l anes such as

bi s(di met hyldkmetlaylaging)diZimeshpayathyBvinsdsdans| ani no) net hyl vi nyl si | ane,

bi s(di - n- | am . lL.vinyl sii Q

b: gg d: - 2 EL@@%&%@%@@#@‘:}#” ??f#@ﬂ‘gl?ygﬁ’%a(“& met hyl am no) et hyl vi nyl si | ane,
bi s(di et hyl(a&m%ﬁtahﬁhﬁ)di@-@fﬂcﬁ@ethﬁbﬁhgllsimc opyl ami no) et hyl vi nyl si | ane,
and bi s(di-n-butyl am no) et hyl vi nyl si | ane;

bi s[ bi di5r i didisthylaminadi(nEthbkyetmyl)sinylmiknesuch as
B o SR P, 22
o1 5[ bi ot er 1CTEy LR R AR e A ORI B
bi s(di aLky!| (@fethg)]ankexddipkethukyethsiivamngsiladehamd
bi s(di met hyl am no) net hoxynet hyl vi nyl si | ane,
cyclic aminodialIYzylvinylsilane compounds such as
20  l-pyrrolidinyldimethylvinylsilane, 1-piperidinyldimethylvinylsilane,
1-hexamethyleneiminodimethylvinylsilane,
4,5-dihydro-1-imidazolyldimethylvinylsilane, and
morpholinodimethylvinylsilane.
Examples of a compound in which one of X1, X2 and X% is a
25 substituted amino group and m is 1, of the silicon-containing vinyl
compounds represented by the formula (2), include:
(dialkylamino)dialkylvinylphenylsilanes such as
(dimethylamino)dimethyl-4-vinylphenylsilane,
(dimethylamino)dimethyl-3-vinylphenylsilane,
30 (diethylamino)dimethyl-4-vinylphenylsilane,

9



30 bi s(di met hyl am no) ( 2- met hoxyet hyDvi nyl si | ane,
bi s(di met hyl am no) et hoxynet hyl vi nyl si | ane,

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

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

bi s(di et hyl am no) ( 2- met hoxyet hyDvi nyl si | ane, 5
bi s(di et hyl am no) et hoxynet hyl vi nyl si | ane, and

bi s( di) ?ihx@%ﬁ%@ééﬁgihoﬁﬁeﬁ@&%%&is aeﬂe and bi s(cyclic

am nojal Kyl"vi . ( . . . .

o1 o( 1- hix gt PSRt At A Bny R OGRS | O ypret vl vyl st ane,
bi s(4, 5-di m&ﬂh%rbpzmﬁﬁiﬂ&ﬁ@éﬂhWFﬁh?Yﬂlﬁﬂyﬂﬁhn@,nd

bi s( nmor phol i no) net hyl vi ngilgii | ane. Exanpl es of a conpound in which
two of X1, (denzdntykeninadinetiyd 4 vimyiphensilaidang.oup and mis 1, of the

T5bi o(dPal RGBSR OERG T Cy e aRgoteen s (o) neluae
b s(di met h . ; ) v L

b1 o( i mot P e AR AT DB B R,

bi s(di et hyl(aithethyiRinind) dde thiyirgrvihgmHesiyl siteene,

bi s(di et hyl am noiﬁma_t hy1- 3-vi nyl phenyl si | ane, 20

bi s( di - n- prdisphslamimordieynl: 4 vinylphpnelsilasel ane,

bi s(di - n- ' X - 3- Vi h | sil :

o1 5( i - n- DU AR S TR P BRBP LT Fane.

b. d -b - . '- ivag 3 |- ,

o1 o di A0t ol e S s Tty By PRKFletrag,

bi s(di met hyHantmopetdminddidthyl- ptvinylpbiehghslane,

bi s(di et hyl am no) et hy,l-é—yi nyl phenyl si |l ane

bi s( di et hyl{dknAyitetammadigthyl-dranyishenyidlane, and

bi s(di - n- l,an 1-4-yvinyl | Si- ,

b1 o(di - n- prabgrANES BN PO ARE. 5o

bi s(di -n-butyl ani 1o b dr Ry PR RY Waiiblabeo oD, X2 and X3 are a

bi s(di - n- but yl am no) et hy1- 3-vi nyl phenyl si | ane. Exanpl es of a
conmpound i rsulstithtedhmménogrody axd nans OX6f Hreesilicendsontaivingivinyl no group and

mis O, of the siljcon-containing vinyl.c oundsg represented by the
formul a (2)comppunsdsaersesanted by the ﬁ%ﬁéﬁ)@ﬁw@}ﬁ%es such as

bis(dialkylamino)alkylvinylsilanes such as
bis(dimethylamino)methylvinylsilane, bis(diethylamino)methylvinylsilane,
bis(di-n-propylamino)methylvinylsilane,

20  bis(di-n-butylamino)methylvinylsilane, bis(dimethylamino)ethylvinylsilane,
bis(diethylamino)ethylvinylsilane, bis(di-n-propylaminc)ethylvinylsilane,
and bis(di-n-butylamino)ethylvinylsilane;

bis[bis(trialkylsilyl)aminolalkylvinylsilanes such as
big[bis(trimethylsilyDaminolmethylvinylsilane,

25  bis[bis(tert-butyldimethyl)amino]lmethylvinylsilane,
bis[bis(trimethylsilyl)aminolethylvinylsilane, and
bis[bis(tert-butyldimethyDaminolethylvinylsilane;

bis(dialkylamino)alkoxyalkylvinylsilanes such as
bis(dimethylamino)methoxymethylvinylsilane,

30 bis(dimethylamino)(2-methoxyethyl)vinylsilane,
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tris(dinmethylam no)vinylsilane, tris(diethylam no)vinylsilane,
tris(di-n-propylam no)vinylsilane, and tris(di-n-butylam no)vinyl sil ane.
Exanpl es of a conpound in which three of XI, X2 and X3 are a substituted
amno group and mis 1, of the silicon-containing vinyl 10 conpounds
represented by the formula (2), include:

tris(dial kyl am no) vi nyl phenyl sil anes such as

tris(di met hyl am nqQ) - 4-vi nyl phenyl si |_ane, .

tris(dimet w@mﬁﬁ;ﬂemp%gmemﬂlwbﬂan&

tris(diethylagnno)-4-vi.n h | S| ;

i o( i ot rame R GRER e eovttane,

tris(di-n- py;QaYdtRF AR Ind}met Bk R8I Sinyaditane,

tris(di-n-propylam no)- 3-vinyl'phenyl si I'ane,

tris(di-n- histdiethyteohinb)(B-mdthbeyathyDiarydsilame

tris(di-n-butylam no)-3-vi.nyl phe sil ane. 20Exanpl es of a conpound in
whi CI(’I x5 ams(ﬁw%@%mo)atlﬁm&q gil"éﬁyléﬁ?ﬁ@ @?E‘iugpand mis O, rrgf t he

silicon-contaimin LNy [ n the formula (2), include:
trial koxyv%ﬁ?a/qd%wg}w\ggn%iﬁgﬁadraéﬁﬁjffe%&g%(@%%%i adne, triethoxyvinyl sil ane,
and tripropoxyvi myd(eydlangmink)alisiansiidldnd athpohadesudbasuch as

met hyl di met hoxyvi nyl si |l ane and net hyl di et hoxyvi nyl si | ane;

di al koxyar yHis{lmyyreblidingd) rs ety luinydsilane; biglé mipssiiprdhmethiyinylsitane, and

di (tert-butaoxy)phenyl vi nyl sil.ang; oal kaxydi al kyl vi nyl si l-anes such as

di net hyl neth%%(ﬁy}i’/‘?*ﬂ)ﬁ%%yi ,mh‘ﬁﬁﬁﬁf’ 'y”dﬁyi‘?l Rfi-nyl si | anes such as

t ert - byt,oxudiaohe {.ny4 .Sk s i.ohenyl vi nyl si | ane; 30
nonoal llégxythi@i’%ry )@lﬁyif Sl %&ﬁﬁgkﬁglﬁﬁﬁ%%%@ymt hyl phenyl vi nyl si | ane

and tert - bufisty&ipholipodmytyyivindkilane; and substituted al koxyvinyl sil ane
conpounds such as tris(P-nethoxyethoxy)vinyl sil ane. Furt her,

exanpl es of the dixamplesodiat eimporpdimyhicliye i’ XepudXtarea

010 S B LY S S 5 & AL LB g ot en
bi gtrial kyl si j : .

Lgtrial Ky c%%%%n%?%éﬁr&[e&r BH12%2), include

4-bi gtri nmet nonet hyl st yr ene,
15 bis(dialkylamino)alkylvinylphenylsilanes such as

bis(dimethylamino)methyl-4-vinylphenylsilane,
bis(dimethylamino)methyl-3-vinylphenylsilane,
bis(diethylamino)methyl-4-vinylphenylsilane,
bis(diethylamino)methyl-3-vinylphenylsilane,

20 bis(di-n-propylamino)methyl-4-vinylphenylsilane,
bis(di-n-propylamino)methyl-3-vinylphenylsilane,
bis(di-n-butylamino)methyl-4-vinylphenylsilane,
bis(di-n-butylamino)methyl-3-vinylphenylsilane,
bis{(dimethylamino)ethyl-4-vinylphenylsilane,

25 bis(dimethylamino)ethyl-3-vinylphenylsilane,
bis(diethylamino)ethyl-4-vinylphenylsilane,
bis(diethylamino)ethyl-3-vinylphenylsilane,
bis(di-n-propylamino)ethyl-4-vinylphenylsilane,
bis(di-n-propylamino)ethyl-3-vinylphenylisilane,

30 . bis(di-n-butylamino)ethyl-4-vinylphenylsilane, and
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10 3-bis(trinethylsilynam nonet hyl styrene,

442-bi gtri met hyl si | yDam noet hyl ] styrene, and

342-bi s(trimethyl silyDam noet hyli styrene. The silicon-containing

vi nyl conpound is preferably a conpound represented by the fornmula (2),
nore preferably a conpound in which min 15 the fornmula (2) is 0, further
preferably a conmpound in which two of XI, X2 and X3 in the formula (2) are
a di al kyl am no_group, and_particularly preferably a conmpound in which one
of X, X2 hieidika-hutylapsincdethyl= voylpRkenslsidng| group. A conpound which is
particularly preterablie ag the sili,con-gontai nj 20wy 1L Y 575G ound is

bi s(di met hyl ani nk“%ﬁﬁﬂ‘}ﬁ? Qfﬁ;?PHH"éﬂ?Q,lnb‘P’g’(cg‘itg’Fﬁéﬁg% ’(r)l)é) E]r%g‘ r%ﬁ%gﬁaw si | ane,

bi s(di - n- pr.aRY{; A oYW il A8 0fPhe silicon-containing vinyl

bi s(di - n- butyl am no) net hyT vi nyl si | ane. In addition, in a nononer
unit based compioleds eaprasedtedby ¢he fitrmulmy(2) hachaterul a (2), a group

represented by X, X2 and X3 y he_a hydroxyl 25 group through hydrolysis
or the Pike. In fH8 dﬁﬂl‘é’éﬁﬂlm‘ﬁ;@?ﬁlﬁweﬁ W‘&r%l"er to enhance fuel cost saving

properties, _t anmpunt _of yt.ne.silicon- B0 E i : ound used is

pr ef er abl yt&S@%ﬁ%%mlr%?‘éleﬁs&%aélep ef @%%%@¥M%§R%r e, and further
pref erably t0i0f -y ¥ la R HE)RRY1sH8Re Wil fistdiar-batydhnidfo)ibyleflanenomer 30
conponents used in polymerization. In order to enhance econonmi cal
properties and t &xancpleaséatcengidundsir whiptththaee of &k X? and Bhawea used i s

preferably 20 wt % or | ess, nore preferab 2. WM %or |ess, and, further
pr ef er abl y subghsyisd amino ﬂ%ﬂ%gﬁ}é%%’rﬁfj%ﬁ\ﬁéh?qrﬁﬁ?nquﬂo enhance

tensil Zt {fg#}%’t&mﬁ% rggﬁéﬁ%?ge%?%¢b§g§fﬁghﬂ (});I Ecldid: pol ynerization is

per for g an ar ound as a nononer conponent, in

addition to the g¢gp{dighyyesmiheRenEiphpayiRiaassstitieasi | i con-containing vinyl
conpound. Exanples of the aromatic vinyl conpound include styrene,

a- net hyl st yristdimathslgnin@reyinglphenglsanal ene, di vi nyl benzene,
anount of - A G IAY T VETPEOROSIARE i ¢ 0 Wiobor more
tris(diethylamino)-4-vinylphenylsilane,

15  tris(diethylamino)-3-vinylphenylsilane,
tris(di-n-propylamino)-4-vinylphenylsilane,
tris(di-n-propylamino)-3-vinylphenylsilane,
tris(di-n-butylamino)-4-vinylphenylsilane, and
tris(di-n-butylamino)-3-vinylphenylsilane.

20 Examples of a compound in which X, X2 and X3 are not a substituted
amino group and m is 0, of the silicon-containing vinyl compounds
represented by the formula (2}, include:

trialkoxyvinylsilanes such as trimethoxyvinylsilane,
triethoxyvinylsilane, and tripropoxyvinylsilane; dialkoxyalkylvinylsilanes

25 such as methyldimethoxyvinylsilane and methyldiethoxyvinylsilane;
dialkoxyarylvinylsilanes such as di(tert-pentoxy)phenylvinylsilane and
di(tert-butoxy)phenylvinylsilane; monoalkoxydialkylvinylsilanes such as
dimethylmethoxyvinylsilane; monoalkoxydiarylvinylsilanes such as
tert-butoxydiphenylvinylsilane and tert-pentoxydiphenylvinylsilane;

30 monoalkoxyalkylarylvinylsilanes such as

12



(the anmount of the conjugated diene conpound used is 100 wt % or | ess),
preferably 10 wt % or nore (the anmount of the conjugated di ene conpound used
is 90 % or less), and nore preferably 15 wt% or nore (the content of 15

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 aromati i nyl dis. f. bly.50 % t t of
Lhe con] agHesbBlanyE el bR TiBY GO AR g Carb i omiathy TResy Ty BREAy 95
W % 20 or | es i i dis 55 W%

mor ey O SR ANk A Dl 1aa e BhBRLARS FhafEs COTPUIC S bg e

Exanpl es Oftrigqg-r@émgﬂ&@t}@kgiﬁ]ihymgb_ conmpound i nclude an organic lithium
conpound, an organi ¢ sodi um conpound, an organi ¢ potassi um conpound, and an

organi ¢ cesi um cdfyrober] exBnmips ebthef silinenwoytaining vinyl cpmponrpdineudac| ude

25 al kyl I'i thi yum ¢onpQupds .such as nethyllithium ethyllithium
n- pr opyPl i thﬁ&ﬁﬁ%@)ﬂw@#ﬁr%ﬁs FABAYI 1ithium isobutyllithium

sec- butyl | |4IN mﬁ&%ﬁ%ﬁ@@%’%ﬂ”%@%@ﬁ@f@dl ithium and n-octyllithium

al kenyl I'i t ht uri co rum and propenyllithium

aryl |'i t hi ung-pNPBiGS M sLRNside) plaemdtyddde; wid benzyl Iithium tolyllithium
30 and lithium _naﬁht hyride; al kyl enedilithium conpounds such as
t et r anet hy|lbsGuial ylhﬂuﬁampem&wétmwm@ichashi um hexanet hyl enedi | it hi um

and decanet hyl enedi | i t-hi.u and |ifhi um napht hal enide and |ithium

bi phenyl i de‘?%@?ﬁ‘?r’&le yisHy ﬂ@lﬁ?ﬁ’ﬁﬁf‘{glsggﬁpﬁm conpound i ncl ude sodi um

napht halyeni £le; i i 1 anpl es of the organic potassium
COITpOU?llg [ n%ﬁbscggﬁglgt%g@sslﬂg%mﬁgg%ggﬁﬁggp%he compound (I) is preferably an
organi c |i t4oizdmigoimethglsilyDamipoeftaibbisen@naadkyl | it hi um conmpound having 1

o BTt holui e oL Lompoun e coco o by 1he
fol T'ow ng formuil arlgelgi]jcioﬁ-l%o%l%ai?ling vinyl compound is preferably a compound
represented by the formula (2), more preferably a compound in which m in
15  the formula (2) is 0, further preferably a compound in which two of X1, X2
and X3 in the formula (2) are a dialkylamino group, and particularly
preferably a compound in which one of X!, X2 and X3 in the formula (2) is an
alkyl group.
A compound which is particularly preferable as the silicon-containing
20 vinyl compound is bis(dimethylamino)methylvinylsilane,
bis(diethylamino)methylvinylsilane, bis(di-n-propylamino)methylvinylsilane,
or bis(di-n-butylamino)methylvinylsilane.
In addition, in 2 monomer unit based on the compound represented
by the formula (2), a group represented by X1, X2 and X3 may be a hydroxyl
25  group through hydrolysis or the like.
In the present invention, in order to enhance fuel cost saving
properties, the amount of the silicon-containing vinyl compound used 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 total amount of monomer

30 components used in polymerization. In order to enhance economical
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NH(1) Rii (wherein R11 and R12 represent a hydrocarbyl group having 1 to 20
carbon atons optionally having a substituent.) 15In the formula (1), the
hydr ocar byl group having 1 to 20 carbon atons optionally having a
substituent is a hydrocarbyl group having 1 to 20 carbon atons or a
substituted hydrocarbyl group having 1 to 20 carbon atonms. Exanples of the
substituted hydrocarbyl group having 1 to 20 carbon atons include a

substi tuted hydrocarbyl group havir to 20 having,.20 a hydrocarbyl oxy
oroup as o REGBETRELERA to ShSHBes PRt ptrgrir it By PR R pReRY fGed it 5 20
subst 1t ut ed T oRa PR OE oo Blord B bGP o & R o fBTher ®

trial kyl si Iptefayably 1astdaosildsst i t uent, and a substituted hydrocarbyl group

having 1 to 20 carbon atons having a trial koxysilyl group as a 25
substituent . In thepaeperisingentien, by ardaropinhagice Gpnsile stygngth at 20 car bon

R g U e S e
group, a S/ayPEYbodhAYRA ﬁoh@ﬁfe‘r%hﬁ U addifioRSd%he FoRjRzat8d N- OCt Y

group, and a n-dodecyl group; cyclic 0kyI groups such as a cycl opentyl

group and alieyelcolmpoyindgimiitlie sitigbngontyinisgeinydeompphady| Myaeuplesaft ol yl
group, a xylyl group, a benzyl group, .and a napht hé_ll group. Exanpl es of the
subst i t ut edhigyrosrHioynyd eomponad ingude sty rmes giBeHE TR h PR OIene,

hydr ocar byl ox r s a.substituent Jnclude al koxyal kyl. or ou such as a
met hoyret ForY Pt RaBEhel ARARS hebere iy e Red e L oo RERERaLEG, o
et hoxythylarg;{?mer@q?mﬁepf the substituted hydrocarbyl group having 1

to 20 carbon atons having a substituted am no group as a substituent
i ncl ude 10 di al kyl'zeraneaink pf tlhe avpeaticoinpgkceanpioumet hyédid Gortés byinaeoup and

¢ et A SO, i BEATRL 5,0 LS SUERCLL L i LBy o
e U0 by ST S, LR gl @
used is 90 wt% or less), and more preferably 15 wt% or more (the content of
15 the conjugated diene compound is 85 wt% or less), per 100 wt% of the total
amount of the conjugated diene compound and the aromatic vinyl compound.
Further, in order to enhance fuel cost saving properties, the content of the
aromatic vinyl compound is preferably 50 wt% or less (the content of the
conjugated diene compound is 50 wt% or more), and more preferably 45 wt%
20 or less (the content of the conjugated diene compound is 55 wt% or more).

The compound (I) is an organic alkali metal compound. Examples of
the organic alkali metal compound include an organic lithium compound, an
organic sodium compound, an organic potassium compound, and an organic
cesium compound. Examples of the organic lithium compound include

25 alkyllithium compounds such as methyllithium, ethyllithium,
n-propyllithium, isopropyllithium, n-butyllithium, isobutyllithium,
sec-butyllithium, tert-butyllithium, n-hexyllithium, and n-octyllithium;
alkenyllithium compounds such as vinyllithium, and propenyllithium;
aryllithium compounds such as phenyllithium, benzyllithium, tolyllithium,

30 and lithium naphthyride; alkylenedilithium compounds such as
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15 Exanpl es of the substituted hydrocarbyl group having 1 to 20 carbon
atons having a trial koxysilyl group as a substituent include

trial koxysilylal kyl groups such as a trimethoxysilylnethyl group, a
2-trinmethoxysilylethyl group and a 3-trinethoxysilyl propyl group. R11 and
R12 are preferably a hydrocarbyl group having 1 to 20 carbon 20 atons, nore
preferably an al kyl group having 1 to 10 carbon atons, further preferably

an ethyl group, a.n:pr |, .group, an i.sqpropyl,group, or a n-butyl group.
Exanpl es oﬁe@%lﬁ?@%%tmﬁ%Weﬁﬁmﬁﬂéiﬁg&%ggﬁnhydr ocar byl group havi ng
1 to 20 cah : C ]gg]%- . farmula (1),

i ncl ude di 55% %}%fxgeﬁ%ﬁ egl egjl]ltlz e %%}%%Hgg@%g? et g%a%’lﬁﬂe],&%l&ﬁ

net hyl et hy afihiBaleghidé and Ahhedi Hiphe gy lidapr Bpyingiesef thdiorgahistssdiune,

di i sobutyl am ne, di-sec-butylam ne, di-tert-butyl am ne, di-n-hexylam ne,

di - n- oct yl aminpoungdrigiclidsysridonexyapinihadenidekgnd spdam hishendideas

N-nmet hylaniline,. N-ethyl aniline, and N-nethyl:N bhepzyl ami ne; 30

di ar yl afii ndscadphies tﬁ%ﬁﬁwm?@?“m compotind %“EH‘S? \égga@fmﬁnconpound in
whi ch at | R e ; i | group
having 1 t'ﬁ%‘tgglr%ggé\e'atlrglﬁg?g%ﬁ 6taﬁg (gégﬁgg%zh?ggégggﬁlgg%ggit e fornul a
(1), incl udengicualdk doiel desfdrablyngs adluglhithiumicomcduedymtihy (lain 2Z@carbon

di (et hoxynet hyDam ne, di (2-nmethoxyethynam ne, 5 and _di (2-ethoxyethyDam ne;
bi s(di al ky|aéqmﬁoénntb%m¢f@sal§mahbu§rlb¥w,n@rcﬂwalhﬁbém Rynanine; trial

kyl si lylal kyl Qgroup-containing am ne conpounds such as
trimet hyl s:%fﬁ ‘8?*@’3@? yl am ne; trial koxysilylal kyl group-containing am ne

conmpoungds such a i (F]pdq%/ iy 3 j agfménd
repr esgﬁt ed by tﬁ‘eﬁegooiﬁr;% a %ﬂ ?éf%@g?ﬁégg%{}ébg&ggﬁ%%ﬁﬁgﬂ?g whi ch R11 and

R12 are a HyshnabtafByl group having 1 to 20 carbon atonms, nore preferably a
conpound in which R11 and R12 are an al kyl group having 1 to 10 carbon
atons, furtRi t pref erably diethyl am ne, di-n-propylam ne, diisopropyl ani ne,
or di-n-butyl & ﬁe 151 n the present, invention, it is preferable that the
conmpounds (1) (1l) are added t ,)a sol ution containing at | east one
nononmer congddent and using a hydrocarbon as a solvent, in an order of the
conpound (1) and the conpound (11), and the nononmer conponent conprising a
conj ugat ed (dibemeincBHpouh 8 Areprasent| 4 bydrawabgl giowp kivipk lcn® ombans
pol ymeri zed. ) ) ) :
atoms optionally having a substituent.)
15 In the formula (1), the hydrocarbyl group having 1 to 20 carbon
atoms optionally having a substituent is a hydrocarbyl group having 1 to 20
carbon atoms or a substituted hydrocarbyl group having 1 to 20 carbon
atoms. Examples of the substituted hydrocarbyl group having 1 to 20
carbon atoms include a substituted hydrocarbyl group having 1 to 20 having
20 a hydrocarbyloxy group as a substituent, a substituted hydrocarbyl group
having 1 to 20 carbon atoms having a substituted amino group as a
substituent, a substituted hydrocarbyl group having 1 to 20 carbon atoms
having a trialkylsilyl group as a substituent, and a substituted hydrocarbyl
group having 1 to 20 carbon atoms having a trialkoxysilyl group as a
256  substituent.
Examples of the hydrocarbyl group having 1 to 20 carbon atoms
include chain-like alkyl groups such as a methyl group, an ethyl group, a

n-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a
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20 Preferably, after the conpound (1) is added to the solution, while a

pol yneri zati on conversion rate of a nononer conponent is 5 wt%or |ess, the
conmpound (I1) is added to the solution. The polynerization conversion rate
is a value letting an anount of a nononer conponent used in the

pol ymeri zation in the present process to be 100 wt % 25Exanples of a
nononmer conponent contained in a solution using a hydrocarbon as a sol vent,

to which the co und (1), is,added, include conj ugat e i ene copgpound, a
1 o coneaTREEgTR P tesh BBt rounds B hamd eonh & gy LG, AaT A

r ef er abl ' | C, ' t noner
Eonponentyfﬂdgﬁgkgg?ﬁ@?é%hgg%%%ﬁgﬁggﬂﬁ;3@%%§Eﬁgﬂ&§§&%92%ﬁélﬁ%ﬁ%gnpreferably
1 wt%to 5Qyslotexsbiuy; airgl allupssucimdd phelyvgr¥up, a tolyl grbup,sa gylel er abl e
that the addition ambunt of the conpound (1) of_the present process is 0.01

mmol to 15 gravD, pdenzolenyupt anda nepbitsl scowponBrampdesiof theppibpidutedat i on.
5In th t . the. f th d (LL) which js added
ohil et Ao DRI RGP baRURE LE0R0Rar kot AR BAS T2 E eSO REIR s 5wt o6
| i : l . : | 1.5
o based dEOGe s P abelichelf intIRdé oo all Abups SUERS A nibcflotpoliB L 2

pol yner i zatgroupgcan eehetyanetlnl grodp t demathogyethyt grpuoy entd 40 echeyedlsyls wt %
the conpound (11) _rmay be added. The addition apount of_ the conpound (11)
after the Bpymer Examuias ebberubgituted dvdroaabyhermmehavagpbited? exceeds 5

Ww%is preferably.0.5,mol _or |ess. based on 1 nol_of t .addi t.i nmount of
t he corrpourﬁﬁlr ?1)‘ %t%f]? é’ravinﬁ% a@é’%ﬁﬁlﬁﬁ%%( Eiufl}mf ?Oﬁd%%atsg%gmg%?%lingﬁl sing a
hydr ocapbo ruiaﬁﬁ;kénﬁnéawﬁgﬁouﬁﬁmg\aﬁm%ﬂma&ﬁﬁbn{%ypgrwréﬁ@a added to
t he sol ution. hydrocarbon used in preparing a solution using the

hydr ocar bondiathydasnhemethylsgraupo mifbxameplekiof bhel eebstmiotted dgdirocearbgl t he
conpound (1), and exanpl es thereof include ali phzagi ]fcﬂ_lhidrocar bons, aronmatic
hydr ocar borBrouRpayng » &piZ0 ¢arhen adpwehaving aisialkylsalyl ggoun ppRati c

hydrocar bory gl 88 include trialkylsilylalkyl groups such as a trimethylsilylmethyl
group, a 2-trimethylsilylethyl group, and a 3-trimethylsilylpropyl group.

15 Examples of the substituted hydrocarbyl group having 1 to 20 carbon atoms
having a trialkoxysilyl group as a substituent include trialkoxysilylalkyl
groups such as a trimethoxysilylmethyl group, a 2-trimethoxysilylethyl
group and a 3-trimethoxysilylpropyl group.

R and R!2 are preferably a hydrocarbyl group having 1 to 20 carbon

20 atoms, more preferably an alkyl group having 1 to 10 carbon atoms, further
preferably an ethyl group, a n-propyl group, an isopropyl group, or a n-butyl
group.

Examples of a compound in which R!! and R!2 are a hydrocarbyl
group having 1 to 20 carbon atoms, of the compound represented by the

25 formula (1), include dialkylamines such as dimethylamine, diethylamine,
methylethylamine, di-n-propylamine, diisopropylamine, di-n-butylamine,
diiscbutylamine, di-sec-butylamine, di-tert-butylamine, di-n-hexylamine,
di-n-octylamine, and dicyclohexylamine; alkylarylamines such as
N-methylaniline, N-ethylaniline, and N-methyl-N-benzylamine;

30 diarylamines such as diphenylamine.
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20 propane, n-butane, iso-butane, n-pentane, iso-pentane, n-hexane,

n- hept ane, and n-octane. Exanples of the aromatic hydrocarbon include
benzene, toluene, xylene, and ethyl benzene. Exanples of the alicyclic
hydr ocar bon i nclude cycl opentane and cycl ohexane. The hydrocarbon sol vent
may be a m xture of various conponents such as industrial hexane. It is
preferably a 25 hydrocarbon having 2 to 12 carbon atons. The

ol ynmeri zati on reactian be rese ent for
D Ut ng the vi TOTBORGCRY R i B tihat aeLhSRoLRE: hittz 8 An agen
for adjusti ]glr,]g]; g.gﬁ% i nit
based Jon asﬁﬁglrtrgﬁr ot %}@2 gggn?ugate Tgl gggdalﬁp]b&gafg%x%jgﬂ%% gg:% %gﬂunld

di ene- basedeppdsemesd biahe fhaubi (1 rlude dithBokyyBiyl) arefiesrstdhtag as

"adj usting agent ). Exanpl es of the agent |ncI ude %(her conpounds,
tertiary a Gmet}mmﬂthgl)amaep@ﬂg@mmme@ awiae. dif mathexyethylrmise her

I I uch t h t et,r ahyd
and 1, 4% %%Qé@‘?z#ﬁ it P oo ek B TR AR AR i bty

et her; 5 al
et hyl ene gIHy | et hﬁlﬂsﬁﬁg yﬁgnﬁﬁ?ene g?&?ggd%?g%ﬁﬂﬂ]grﬁﬂ ‘?‘gf%‘ n;/al ene
gl ycol di etdmaipcﬁiﬂnarsuchrat ﬂimbtlyjleﬂﬁlmbpﬁhahetﬂybimme, ¢iiadkoxyailgledkglmat i c

et hers such as di phenyl ether and ani sol e, Exanples of the tertiary am ne
corrpound i r@”puﬁéoﬂﬁ@@m&ﬂmﬁlﬁé"ommumd@pﬁ}dlchrﬁsne tributyl amne, 10

N, N, N -tetrameth { N, N-di et hyl ani |l i ne, pyridine, and
qU| nol | ne t%?éﬁ’g? X](h?l ﬁ@%‘h‘%@éfﬂ%‘lﬂéﬁ%omound i ncl ude tri et hyl phosphi ne,
{11 ethylophosphi netheAdfib i SeprlaBARRILY tho Ml (IPiLpidfdnIph them are
used. he polynerization tenperature in the present invention is
usual ly 15 db&@mmd]ﬁﬂ@hlqir Bileamb R}? 3Cathyd26erbyh drdugy hhemgpl & BOabl y 50C
to 80C. The polynerization tipe is usually 10 mnutes to 5 hours I n

the proces<arben gtaacmese ﬁl‘%f@ﬁ‘]’@g’a‘% empPEne 1n 3dEah Jof pRerRgrare ke Hkgkent
| nventi on, %ogﬁrﬁ%a%n 158" Pl gzﬁo Md #Q4f8, ﬁ%%&&g?’cﬁfggxﬁ{q Lgon atom may

be react ed an aetive end yrrer yn’erl zation.

Pref er abl e @ExapRbBHaRfink NEii Mﬁféﬂbﬂdﬂhﬂmﬁlﬂnﬁ@gen atom and/or a
silicon atominclude conpounds containing a nitrogen atom and a car bonyl

group. 15 In the presentoimyentivne dnisgivafargble thattrbbgemnatcnmdar(@ and

S?;? gpglbl e. (T B e\ad%gg rg)soliu%o ég)n%asuengggdatlfgast Ollefn?ll(xlllgl\ge;‘] Ln%rogléllt agg) 'S

using a hydrocarbon as a solvent, in an order of the compound (I) and the
compound (II), and the monomer component comprising a conjugated diene
compound and a silicon-containing vinyl compound is polymerized.

20  Preferably, after the compound (1) is added to the solution, while a
polymerization conversion rate of 2 monomer component is 5 wt% or less, the
compound (ID) is added to the solution. The polymerization conversion rate
1s a value letting an amount of a monomer component used in the
polymerization in the present process to be 100 wt%.

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

A concentration of the monomer component in the solution using a

30 hydrocarbon as a solvent is preferably 1 wt% to 50 wt%, more preferably 5
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(3) RB1it-CO (in the formula (3), R31 and R32 may be bonded, or R31
and R34 may be bonded, R31 represents a hydrocarbyl group optionally
having a substituent, or is bonded with R32 to represent a hydrocarbyl ene
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, R32 represents a
hydr ocar byl group optionally 5 having a substituent, or is bonded with R31

to represent hydr ogar byl ene group optionally having, as a hetero atom a
ni t rogen at"i’#ﬁ&ﬁéﬁ&?’t%ﬂ oxygen atom and R34 represents a hydrocarbyl group

optionally havingd sullsldpisiehde uflf aduibid A960EEPHe QmbduPlYR il L h R31

to represent a div nt group. represents a ent” group, and k

represent s pfeeSdntlprocdéy i (.0E ni@bltd 25 3ol bbe 109 ¢rafchehybn@nerip optional |y
having a substituent in R31, R32 and R34 is a hydrocarbyl group or a

subst i t ut edommmensnisgd igpolipnedzatiphes of the substituted hydrocar byl
group ipnclude a substituted hydrocaybyl graougp..in which t substituent is a
hydr ocaPbyl oxy giBB’E‘? RYREF %‘{‘}B%?q’%?@m%‘gébﬁw}np@%h&pnw ﬁlclﬁ t he

substitue ”taéld%daw e $HE @%g&&éﬁﬂaﬁ&‘\ B&ngéxﬁw ratéHIRhE %ﬁoﬁ%@céﬂﬂ&ﬂ&@ﬂ by

group include al kyl gro such as a group, an ethyl group, a

n- propyl greGpwt%rilesPisqmeferabbup.5 mindl t@ 20 el yhory praferailk &% mdtoups
such as a vinyl group, an allyl_ group, and an isogropenyl roup; and aryl

groups such.amel hasedym bl ef ths addiden smaunt of (b cpmposa %Ir ocar byl
R BERALIRY T LY T e i
. B 0 SEBAED A Ao a1 |
(N, N- di al kyhardong)caird/(IDgafoemthespallynserizatior torivestsivattayé afitoyemopergr oup,
az(NN dic%wgén%gtggzzgédhsyg w%‘r%oiuspﬁre%erably 0.5 mol or less based on 1 mol of the
addition amount of the compound (D).
After the compound (II) is added to a solution using a hydrocarbon as
15 a solvent, the monomer component may be further added to the solution.
A hydrocarbon used in preparing a solution using the hydrocarbon as
a solvent is a compound which does not inactivate the compound (I), and
examples thereof include aliphatic hydrocarbons, aromatic hydrocarbons,
and alicyclic hydrocarbons. Examples of the aliphatic hydrocarbon include
20 propane, n-butane, iso-butane, n-pentane, iso-pentane, n-hexane, n-heptane,
and n-octane. Examples of the aromatic hydrocarbon include benzene,
toluene, xylene, and ethylbenzene. Examples of the alicyclic hydrocarbon
include cyclopentane and cyclohexane. The hydrocarbon solvent may be a
mixture of various components such as industrial hexane. It is preferably a
25 hydrocarbon having 2 to 12 carbon atoms.
The polymerization reaction may be performed in the presence of an
agent for adjusting the vinyl bonding amount in a conjugated diene unit, or
an agent for adjusting distribution of a conjugated diene unit and a monomer

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

30 diene-based polymer chain (hereinafter, collectively referred to as “adjusting
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25 3- (N, N-di net hyl am no) propyl group, and a 3-(N, N-di et hyl am no) propyl
group; (N, N-di al kyl am no)aryl groups such as a 4-(N, N-di net hyl am no) phenyl
group, a 3-(N, N-di net hyl am no) phenyl group, a 4-(N, N-di et hyl am no) phenyl
group, and a 3-(N, N-di et hyl am no) phenyl group; (N, N-di al kyl am no) al kyl aryl
groups such as a 30 4- (N, N-di met hyl am no) net hyl phenyl group and a

442- (N, N-di net hyl am no) et hyl | phenyl group; cyclic am no group-contai ning

I kyl h (1. i diny | , . .
3 (1- pt per FAERY Opr Sppsles oh e Adent pud L EARE o tergiasy minge 1

am no gr oup; i schdas = | JtHi I
gr oup, g5 aQ:Z?_ 1-1%(%(% raggﬁfr%qsi’gﬁﬁ@%n roup% a%%ég%?%%%égggﬂ?@%gﬁﬁgl

group; and jgyhideccy@lic rth@fsaiiichcontearahydrofilday, setrhhgdmpysasughdas a

442-(1-pyrrolidinyflethyliphenyl group, a 442-(1-piperidinynethyl| phenyl
group, and h4sloxqneialiphatt! pase emﬁ@ﬁls/asgh@éwlethﬁlt%@aﬁr%rﬁﬂ{%, t he

2 om andl or PR B RE AT o o 5P sl R bR Thet, RSP bl 0°n

hydr ocar by! &oehyllHBr. Ah B! ] HibitsA Wthel, Wity Il eesIRubanA dghenp | N

whi ch the hetero atomis a nitrogen atom and/or an oxygen atom Exanples of
t he het er o siddisthplemenilpeplhlibatyd @thyt;ensl gromatic pthdrscuch e diphenyl at om i s
a nitrogen atom and/ or an oxygen atgm 15 include. a hetero ato ont ai ni ng
hydr ocar by| &ther gngunipelenn eiamples pbthe terfiagn aming W’?P‘Hﬂ'&ﬂ”ﬁ%&‘? and a

het ero at om cqnt ai ni ng hydrogarhyl e [ .10 which the hetero atomis an
oxygen atorﬁr_l‘%gg &§3¥1%f?%yqﬁ%¥8t%?%y yz%lgu%éloup i ncl ude al kyl ene groups
such asjpa tlew-%%ﬂéﬂgﬂetlgdéﬁédiaﬂﬂhbyi\ENQii_ﬁﬂ%tl@nﬂmaQ9@&-@1&@,%&ne
group, a hexanet hyl ene groudp, 20 and a 2,2,4-trinet hyl hexane-1, 6-diyl
group; and quipbdine. gFxapsples ofitls phodphing remytcamd imcbude  Exanpl es of the

het ero at om ¢ontai nj ng hydrocar byl ene_group in .whic he heterg atomis a
ni trogen at'eHeHeylphesphigeotpethyiphesniiag %At%\ﬁﬁﬁp@ﬂi:epphlgﬁd Yt Sup
r epr esent edmla¥e g&%%%\%us Fxampl es of the hetero atom containing

5 group in MER Tt

hydr ocar byl eéne he hetero atomis an oxygen atom i ncl ude

a group representPhle pylynhédiZatiod) tdreberdturé $nahd preditt iaRentibegensealiy or
nor e) . In the formul a Elg), exanpl es of the dival ent. group forned by
bondi nglsof L tndOGRLA, prefetable 3816 40 8RTCgand fusherpzeienahlydi0®4 to 80°C.

Wi oh ¢ he” hERERUIEREHZRYOR t0e i LPBHLR 10 B B AL CoROTR om contai ni ng
hydrocarbyl ene grgpg,d ﬂrdfy@é§fbrtﬂ1%ducing 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
20 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

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

R
NAR¥P)—C—R¥* (3
R3'2 “

(in the formula (3), R3! and R32 may be bonded, or R3! and R3¢ may be bonded,
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hetero atomis an oxygen atom a group in which a hydrocarbyl ene group and
an oxygen atom are bonded, and a group in which a hydrocarbyl ene group and
a group represented by -NR35- (R35 represents a hydrocarbyl group or a
hydrogen atom are bonded. Exanpl es of the hydrocarbyl ene group include 5
al kyl ene groups such as a trinmethylene group, a tetranethyl ene group, a
pent anet hyl ene group, a hexanet hyl ene group, and a

1" 2. pheny! 41 FePGRRD LR IRt PR TR BAT A AT tﬁ&%ﬁyiqsr&sar byl ene
Fepr esent 2’2’%39&%&1??&&%;@%%&# R e N R RS

Exanpl es ofheq-,g@ AL On RFCHBICADINR b AL/G iy chaRardtpht e 1gbou@ed witthRehtd he
hetero atomis an oxygen atominclude a group represented by

- (CH2) s- 0- (r@nn@)ent a( valectttgraup, B#? fepresgarts @fhndr@calrhyrlgyoumnﬁpnaﬂy of the
group |n I ch rocar Iene and 5 are -bonded

i ncl ude® a t%‘s’?‘ SEERE R Opys £ 8&%??’” R?ptor’@%)% &8 ﬁ]gﬁrqcmc &PCof 1 or
nor e) . | | r e, oup
represente {%‘35 %&05%§{rep e%e%gf%oﬁ%lgygggﬁ @Qnr%%gg%rﬁagbr%%’g%% atom

are bonded gitpgl, Wad RS4Geprdbentd b dseibedbyy gréGrBp tiondBp hagRBbar epresent s a
hydr ocar bylsal%roup havi n 1 to 6 carbon atons, or a 20 hydrogen atom and p

repr esent s sabstittenfepr of ﬂdr@ge:maft@l)l or is bondedwaih RS @rm@rw@rﬁeﬁf abI e
d ted b f d d db
R e e R
bsti t t th f I
subst i 1 ent or %g* 39@91{%” eg{@%ﬁ&}&a@ﬂ drdup dpnally Bavibk @ e formul a

(3-A), 1 and represents a hydrocar byl gr oup
optional | y dubwtibgerst BLURSY R3tantd R¥is ashyabocedybigttuiRe? atsmbstpuislent a
hydr ocarbyl %rneogarr%l;r? g%?l&;l) Onﬁjlialtglprllgsvclnfnt%e Saltlsbs%tn%delrlgd%cg%yl group include
a substituted hydrocarbyl group in which the substituent is a hydrocarbyloxy
group, and a substituted hydrocarbyl group in which the substituent is a
15 substituted amino group. Examples of the hydrocarbyl group include alkyl
groups such as a methyl group, an ethyl group, a n-propyl group, an
isopropyl group, and a n-butyl group; alkenyl groups such as a vinyl group,
an allyl group, and an isopropenyl group; and aryl groups such as a phenyl
group. Examples of the substituted hydrocarbyl group in which the
20 substituent is a hydrocarbyloxy group include alkoxyalkyl groups such as a
methoxymethyl group, an ethoxymethyl group, and an ethoxyethyl 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
9-(N,N-dimethylamino)ethyl group, a 2-(N,N-diethylamino)ethyl group, a
25  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
30 4-(N,N-dimethylamino)methylphenyl group and a
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ni trogen atom and/or an oxygen atom R32 represents a hydrocarbyl group
optionally having a substituent, or is bonded with R31 to represent a
hydr ocar byl ene group optionally having, as a hetero atom a nitrogen atom
and/ or an oxygen atom and R34 represents a hydrocarbyl group optionally 5
having a substituent or a hydrogen atom) In the formula (3-A),
description and exenplification of the hydrocarbyl group optionally having

a substituent j 1, and 4, d the hydrocarbyl ene group optionally
havi ng, as %f%@ﬁna?é%ﬁagnﬁpﬁ%%@ﬁﬂ%ﬂrﬁr&ﬂ ) GOl R ROER? t@ﬁ\ta Pfed by
bondi ng of s . I ed in the description
of thegf or rzrluﬁ lé%)ﬁpg%%dl%seﬂ %ﬁr@’q@‘i&uﬂ?gif‘g&ﬁﬁoﬁg% s preferably a P
hydr ocar by|3-QrpipRritadiDeropyl @rdep caid ars-at-aaklazolyl) mropghgediphicy¢lidR32 t o

form a hydrocar byl ene group having 3 to 10 carbon atons or a hetero
at om cont aiaming grpupeatainisgeryl gaupsanchgsa dd 11y eakidoywDpbent] g¥oulhi ch

the hetero atomis a, nityrogen,15 atom ‘LS nor ferably an_al kyl
group havi r?gi'ilipcﬁp‘i%d@é’ﬁ)@g’%né’i %@%@%@f%‘m@‘ﬁ%ﬁ@ﬁﬁe%@@’fé‘%cﬁbon
atons, or i 1 .0 I having 3 to 10
car bon ator@?ﬁgagﬁga\grée ﬁé&%&%%é@ﬁ%ﬁu@%% gr oug repr esent ed
by - CH=N- CRR It 2pyrieBlding)éthylipbenp! giarsg 4 [201 -plipedidgybephyilphenyll to 6

carbon atons. WL Is 205£arti cul arl re]ferably a methyl group or an ethyl
gr oup. groupnana 4 'ﬁlrmaué@o,h})ﬁe dphengt ramabl y a hydrocar byl group

having 1 to 10 t i s, bond th R31 to.f h byl
o oup havi ng 3 ¢ andgedarBins (Dore BEeachebhe soe oBHpRRMy Ry aE SR DY ene
hydroc.&l'bbyl}?é%@]écgéﬁﬁ?, 4 3¥irhferd atdin Hh H6¥ Qﬁ'&x?é&%té:ﬂ PEdA B BoR&tRY 6F at om

{ir)
is a nitrogen atom R§2 is nore preferably an al kyl group having 1 to 10
car bon at or@3lemdR3Ziyh hydeo@mrbaldmosimuporidhetarbatontcorgaimangi s bonded
with R31 to forman_al kyl ene, group having 3 to 10 carbon atons, gr oup

r epr esent edupsirocahyiensg-gxgyp inpwhichybha Beteap pEaB i sgnitogen pQNERpAOERAR * R32

part i cul ar 1GP9gFBrarmy| voungles i LBF BBl Adut chitatnGRLRARREAend™ | 3 B
formul a (3-AhupRR4vhRhhel1fdtaR) ¥toin By drA6@gBH | a teOS4RABE ad dRygeagRbmAt Om
nore preferably a hydrocarbyl group having 1 to 10 carbon atons or a

hydr O%dg atimrluiem hhmrgmtemteqatt:ajznilwg Iard?ba@gib@qm E?f]mim?gl which ’d;e:hmm at (r)]rr}s
or a hydrogen atom .and particularly prefera a ogen om a nethy
aroup or ar@Ph{A &ﬂfgaser? atom andg higgerocatap g0 @Lﬂw%(?wceﬁ?ﬁﬁ?ﬁ@ .

ydr ocar byl . , S e a (3-A),
el ude N R Bl i hisdfo SRIIN ARC-ERRSAERL SitmbliR AANE T Ge.

N, N-di et hyl pedioagitigenapebly IRiltidd alkydehy baegiosidesas 4@rimethylene group,

N, N- di hydr ocar byl acryl am des such as N-di net hyl acryl am de,
N, N- di et hyl atetyhmethplensmrone ne peptamethylgha groum g hexamgshylene group,

SRR S AR e

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-CH;-CHy-. Examples of the hetero atom-containing hydrocarbylene
25 group in which the hetero atom is an oxygen atom include a group

represented by -(CHg)s-O-(CHg)- (s and t are an integer of 1 or more).

In the formula (3), examples of the divalent group formed by bonding
of R8! and R34, and the divalent group of R33 include a hydrocarbylene group,
a hetero atom-containing hydrocarbylene group in which the hetero atom is a

30 nitrogen atom, a hetero atom-containing hydrocarbylene group in which the
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Exanpl es of a conpound in which R34 is a hydrogen atom of the 15 conpounds
represented by the formula (3-A), include N, N-dihydrocarbyl formam des such
as N, N-di met hyl f ormam de, N, N-di et hyl f or mam de, and

N- net hyl - N- et hyl f or mam de. Exanpl es of a preferable conpound
represented by the fornula (3) include a conpound represented by (3-B) in
which k is 0 and R34 is bonded 20 with R31 to forma di val ent group. R36

NQ(3-B) O |nthefornula 3-B), R32 re rese droc r QUP
opt i onal | y PEAGRG ORI PrySrny plomkdb el (R E itk il Ana
hydrocarby'msga%ﬂl PR oS ﬁP'w'TbIh&' airbyhandadupor a
hydr ocar byl ene reoup0 vﬁ%reﬁ] 25aR35 epresent sca hydrr?)car gyl grOl‘le or a
hydr ogen ataeidh a Aroig ragesemicdrbyt ANRA- CR3R3presenis adet riosatiytgecdupor b a
carbon atom of C=0. % In the fornmula (3-B), expl anation and exenplification

of a hydrdwsregen g qmbatﬁo ‘P’%ﬁﬁﬂ JExamples of thahydrecarhylesie gronpdrgludee sane

th t | 3 f la (3-B
xampl o8 ofTEETRFIPRRS PBG! ERd SPBLHI Rt e G e R BT A St as
a trimet hylp%ﬂ%aﬁ%@h‘ﬂen@ gfr@&%aa{rﬁbiaaﬁa%ﬂsyﬁnsrg@a@p gndgnt anet hyl ene group, a
hexanet hyl éne group, 2, 4-tri nmet hyl hexane- 1, 6-di y1 group; and

aryl ene gr Qpd- ﬂmhtl@dhexaﬂnedtl;ﬁﬁélﬂIgwniﬂzp,gmﬂjprylEnalgpdnqss giiclt Agagroup in
whi ch a hydrocar byl ene group_and a gr Hﬁ Eﬁesent ed by -NR 35- (R35
repr esent s ladgngtaieosaougr odx aémplﬁswg %2}'@ r&t*’&?f}“‘é? agRged i n R36

el e B SIS R A e R AR o,
nore). ;0  group represented by -CH=N-CH=CH- and a group represented by -
-CH=N-CH2-CHs-. Examples of the hetero atom-containing hydrocarbylene
group in which the hetero atom is an oxygen atom include a group
~ represented by -(CHos-O-(CHo)t- (s and t are an integer of 1 or more).
Examples of the group in which a hydrocarbylene group and an oxygen atom
15 are bonded include a group represented by “(CHg):"O- (r represents an
integer of 1 or more). Examples of the group in which a hydrocarbylene
group and a group represented by -NR35- (R35 represents a hydrocarby! group
or a nitrogen atom) are bonded include a group represented by -(CHg)p-NR35-
(R35 represents a hydroc.arbyl group having 1 to 6 carbon atoms, or a
20 hydrogen atom, and p represents an integer of 1 or more).
Examples of a preferable compound represented by the formula (3)
include a compound represented by (3-A) in which k is 0 and R is a
hydrocarbyl group optionally having a substituent or a hydrogen atom.
RS
’,

N—C—R*  (3-A)
rRZ

O

25 (in the formula (3-A), 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
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In the formula (3-B), R32 is preferably a hydrocarbyl group having 1 to 10
carbon atons, nore preferably an al kyl group having 1 to 10 carbon atons or
an aryl group having 6 to 10 carbon atonms, further preferably an 15 al kyl
group having 1 to 6 carbon atons or a phenyl group, particularly preferably
a met hyl group, an ethyl group, or a phenyl group. In the fornul a
(3-B), R36 is preferably a hydrocarbyl ene group having 1 to 10 carbon

, . i,n_whi hyd byl i 1 b
atoms and FioRel 4Bt Radir Bu HyeBRsE H0E TR Mgt hyateltl U7
group havi ’l%tﬂoﬁa@lylﬂaﬁﬁé%&ttﬁﬁﬁnﬂroﬁs haaed«itRReMo éfrebOmdgd, nore

preferably an al kyl ene group having 3 to 6 carbon atons or a group

r epr esent echyibroedBh2dme pRGp-ortR3alhehaementis achdtyry attan by nitypgerp abawi ng 1
to 10 carbon atoms, and p represents an integ%& of 2 to 5), and fuyrther
pr ef er abl y and/eT peioayEenatemoapd B repressatsy hydsogebybgranpeptionally

pent amethyl,ene_grou r a aro represented by - (CH2)2-N(CH3) -.
Exanpl e ofhaawegl‘?p%lﬁﬁéﬂflﬁn@\ﬁ]i‘ %ﬁﬁ’%%g?%ag&ﬁgd_rocar byl ene group, of the
conpounds represqRtikd Bymue (4-a) NdRriptidd) and BgémgEfication of the

N- hydr ocar byl - p- propi ol act ans such as N-net hyl - p- pr opi ol act am and

N- phenyl - P-lycpicadtad ezoup bptignaly dmbyydg 2-swpstivhendoimel®ls Réhand R4 and
N- et hyl- 2- pyrro|idone, N-vinyl-2-pyrrolidone, N-phenyl-2-pyrrolidone,
N-tert-but w%ﬁéa PEJY yawpegrwwmﬁ%aﬁ%@ﬁﬂ 15)%-9 AFYRi @onigosen

N- hydr ocar by1- 2- ni,peri. d S -2-Di POk{

N-vi nyl - 2- pﬁi’tﬁenf Fggﬁ% ,anan np‘#é%i ﬁgﬁ%%ﬁd od%n%,g oP RS 468 T2, are the same

N-hydr ogar byd tios6 s fldaiat thesdcsefiption Jfthetibithuba (3pr ol act am and 5
N- phenyl - s- caprol act any N-hydrocar bﬁ” -orl auri/l ol actans_such as

N- et hyl - or | aur y 1ol thet farmantal (NA)] R isqriefenaploh dydaesarbikgrmmpbaviag b
referably a co und in which R36 |s.an ene graqup having 3 to 6
(I? arbon at gnﬁ? 13?1%? gloms, Oéﬂ%b?n‘gﬁ%%ﬁhﬁgé %}O:PIE %%gaf‘gwgﬁieé’gmu& a
phenyl gro aviggfftqoi@i;&mw Yot SOMR UL Lrolb6itaR3hd ﬁy&’rot:%ﬁ%éﬁ'é'l ene 10
group, a tetramethylene group, or a pentanethylene group, an 21s a

met hyl gr ougrouprhtiiy!3 @ Iparbon @opieitywhidlothe hetedo buomhHen pitedgenabl y
N- phenyl - 2-pyrrol i done, or N-nethyl-s-caprol actam Exanpl es of a
conpounid i ratam.chRE3s mereprgferaply anikeheroup/eraagriotn theahos atomdon

Stom are maEd e hevins ool efmnn ee &R e porRee MapRT Sr (AR
L i et T B g b e P i oman.
1, 3- di vi ny 1-CHEN GRG H dion angroupnebpresmttiog by3-CH A CH2iGHgtaz &3 i none The
further preferably an alkyl group having 1 to 6 carbon atoms. R3lis
20  particularly preferably a methyl group or an ethyl group.

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 1s a nitrogen

95 atom. RB32is 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-CHy-CHz-. R32is
further preferably an alkyl group having 1 to 6 carbon atoms, R321s

30 particularly preferably a methyl group or an ethyl group.
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20 conpound is preferably a conpound in which R36 is a group represented by
-(CH2) p-NR36- (R36 is a hydrocarbyl group having 1 to 10 carbon atons, and

p represents an integer of 2 to 5) and R32 is an alkyl group having 1 to 6

carbon atons or a phenyl group, nore preferably a conmpound in which R36 is

a group represented by -(Cl112)2-N(C113)- and R32 is a nethyl group or an

et hyl group, 25 and further preferably 1, 3-di nmethyl-2-im dazoli di none.

Exanpl es of a preferable c 0 epresgent b he forrmula (3) include a
conpound repr esenft e??@ﬁ@ﬂj%gﬁlggéﬂgmﬁﬁﬁﬁﬁg’?%Y%OC?HQWGHP(IPI'?BS 1 and R33
s a hydro o] - - i formul a
(3-0), Y Re1 rﬁx@ﬁﬁ%’ @Tﬁ&%&?‘“‘%ﬁ?éﬁ?@éﬂ érog%h}%’?%é ar 05%01%%%&5
optionally ftamis\@ @hyHbsddn! it fubthorprefidbly ih blkR3Folp HLpigIants a

hydr ocar byl ene group optionally having, as a hetero atom_ a 5 nitrogen atom
and/ or an ®ayben atemsor R3kzydroger sems aadmadticutanly prefevalgy speydnegeny havi ng

a substituent, or i onded with R31 to represent a hydrocarbyl ene group
optionaPly ﬂam’ﬁg?legéyqﬂgpé%r@%?%% B4OWPt r ogen at om and/ or an oxygen atom

R33 represents a r layl ] vy gls(?acgg_, r yl
group optionally %@#ﬁ%@g@sﬁu st %ﬁ% W%ﬁ\ﬁtghles %gl?rru a ?%’la%aﬁgdggﬁelbpt I on
and exenpl idongaiuirals whrédmtby byaharfbyhuls B:p)opichateal | y having a

substituent in R31, R32 and R34, the hydrocarbyl ene group _optionally
havi ng, as M MeibydrogavhylacetamidegenckhnsiY.Adirethadacstgmade.at om forned by

I S e A e s T
10  N,N-dihydrocarbylacrylamides such as N-dimethylacrylamide,
N,N-diethylacrylamide, and N-methyl-N-ethylacrylamide; and
N,N-dihydrocarbylmethacrylamides such as N,N-dimethylmethacrylamide,
N,N-diethylmethacrylamide, and N-methyl-N-ethylmethacrylamide.
Examples of a compound in which R34 is a hydrogen atom, of the
15 compounds represented by the formula (3-A), include
N,N-dihydrocarbylformamides such as N,N-dimethylformamide,
N,N-diethylformamide, and N-methyl-N-ethylformamide.
Examples of a preferable compound represented by the formula (3)
include a compound represented by (3-B) in which k is 0 and R34 is bonded
20 with R3! to form a divalent group.
R36-

VA (3-B)

(in the formula (3-B), R32 represents a hydrocarbyl 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

25 R35 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
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In the formula (3-C), R33 is preferably a hydrocarbyl ene group having 1 to
10 carbon atons, nore preferably an al kyl ene group having 1 to 10 carbon
atons or an arylene group having 6 to 10 carbon atons, further preferably
an al kyl ene group having 1 to 6 carbon atonms or a phenyl ene 20 group, and
particularly preferably an ethylene group, a trinmethylene group, or a

1, 4- phenyl ene group. In the formula (3-C), R34 is preferably a

hydr ocar byl oup.having 1 to 1 ar bon at or bstituted hydrocar byl
gt oup. navi My SEoPGrbys Exarn SRtiane s Biviv e cnbe RSt Y dik e sifpe ¥
di al kyl am r l(ky! group having 1 to 6 carbon
atons, an ?’ﬁ?égﬁﬁgﬁfﬁ%%ﬁéﬁ%%‘ﬂf o%ézgfgydm, a di al kyl am noal kyl group
having 3 to 6 carladhedbommlol3-8)déedkpleardfnha hyldreraabpldi@virogp 8ntRss 10
carbon atons,_ and further preferably rrgég%l group, an ethyl group, a

ng

a
di al kyl am risgbidealkylengpeneapis sych ass gimg t23aup, & tefiramefhelentnoet hyl
group having 4 to 6 _carbon atons, a enyl grau or_a di al kyl am nophenyl
group h&vi r‘%oé‘ptgpfﬁ‘%%’gﬁe 9&?&‘?@@q$ﬁﬁ%@ﬁ‘?ﬁﬁﬁﬁ%§%ﬁ“ 1is preferably
a hydrocar %b,@fﬁﬁh@tﬁﬁﬂeﬂ&n&-l@ﬁ-ﬁﬁd]@oﬁg! %Q)&! a®y R erBlps Subtpadgd with R32 to

form a hydrocar byl ene” group havi ng carbon atons, or a hetero

at om cont ai hdnshenyteme grdug. erfexagmples diahe pyodp tin witich ar ypdroasshiyderen whi ch
the hetero atomis,a nitrogen atom._ nore 5preferably an al kyl group having 1
to 10 car hoFFoRPGRE dETelp seRtesentaddh NG (B uepresents Bt drpembyl grouns

bonded with R3 f | kyl ena .10,gr-0up having. 3.to 10 .carbon atons,
or oup.r opr CBahPelifessH R fieHeid AR PRt et d BRI, 4 075,
or a grup {EPLESKRRBBARDY refreddiiss Bydfokheh grohk!r&rrh?hﬁgftfgteﬁrzﬁzgﬂf add g kyl

group having 1 to 6 carbon atons, or is bonded with R32 to form an alLkyl ene
group havi nppBesents anambegeraifonsy morgr.oup represented by - CHEN-CHECH-, or a

group represented by 15 - 2-C112-, and_ particularly preferably a
met hyl group or g(ﬁl ée@?mgg&h% JoR% i H@FﬁféEIWthYdR@%ri’ailW% having’'l
LR R B 2 Gl RSN LR O R LB REEIAB DY,
group havi ngtoind 6r 4R a@dY rPh&hg ®fo 16 cReieskomd, Fulthbrip@efe@aBlydan

hydr ocar byl ene_group 20 havi ng 3 to 10 carbon atons, or a hetero
at om colit ai atksry groudr bewimgyl émé carbemp atems py aphenyl @rewp beartindamdyi n whi ch

the hetero atami s a nitrogen atom re preferabl n al kyl group having 1
e 10 e boreRtaanly 8 eI Pug, O BB oot B PR ABERHP ot o or &
bonded with R31 t r I enes Qr j r a

o oun r epr os oot ed i HAMECOPR GRABY By b b IAY HpHeVHe

- CH=N- CH2- AL $210 carban gtomg orepgespninewthinh a hEti?)carbyleterdup havidd ko
preferably an al kyl group having 1 to 6 carbon atgg_rr@{%or is bonded with R31

to forman HR3Y tgpupnd A 8eyp Feprenied byrnilNR ZCPYeSapY @present ed
ggr t |CI:= ar | %E@yé%rgﬁﬁ%ﬁ%ﬁ%éﬁ%‘gﬂggxﬁ%%%gg%&%&&%gﬁ 4§ bonded
with R31 t opdifiie® ndretgrfBhhY SAAIRYRHB sr8up having 3 to 6 carbon atoms or a
group represented by -(CHg),-NR35- (R35 represents a hydrocarbyl group
having 1 to 10 carbon atoms, and p represents an integer of 2 to 5), and
further preferably a trimethylene group, a tetramethylene group, a
26 pentamethylene group, or a group represented by -(CHa)2-N(CHj)-.
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-p-propiolactam and
N-phenyl-p-propiolactam; N-hydrocarbyl-2-pyrrolidones such as
30 N-methyl-2-pyrrolidone, N-vinyl-2-pyrrolidone, N-phenyl-2-pyrrolidone,
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hexanet hyl ene group, or a group represented by - CH=N CH=CH .

Exanpl es of a conpound in which R33 is an arylene group and R34 is an al kyl
group, of the conpounds represented by the forrmula (3-C), include

4- (N, N- di hydr ocar byl am no) acet ophenones such as 5

4- (N, N- di net hyl am no) acet ophenone, 4- (N net hyl - N-et hyl am no) acet ophenone,
and 4- (N, N-di et hyl am no) acet ophenone; 4-cyclic am no acet ophenone conpounds

such as 4'-(im dazoltyfl acetopheno A t he 4-cyglic .am no

acet ophenoré't%%g'éﬂﬂ' -pgrrlgflgpgﬁa,a%ch&-gwgﬁglgé-(rp?ﬁ@gg%pyrﬁ €eR%it ophenone i s
10 nore pr GUTR dp-which R33 is an

aryl ene grggg{@é%il?smgﬁﬁ??%é g‘?‘%}g%sﬁ a sggg&il E&fﬂgghg’ryl grloup, of the

conpounds rNpAAFEResetiYorid) & fdoNphénlP-piperidislende
bi s(di hydr oca:{yg[\;l am noal kyCket ones such as

1, 7- bi s( metN hed bl auppaolactamaeneh agdN-piethyl-e-caprolactam and

1, 3- bi s(di phenyl am no) - 2- pr opa e:. 4-(dihydrocarby] ani no).benzophenones
such as®4- IF\}IGI‘H’-%’%@FW{% aﬁgﬂfgh%&@%ﬁ&ﬂ"-'iﬁwg?@{"ﬁff‘%ﬁ’rlmﬂénzgphenone,
4-N, N-di -t - i . N. i m e; and
4, 4" - bi Is( d.ﬁ%?ﬁ%@%&%@%%&h@%ﬁ@ Hsll%t:“gﬂg’@%hﬁ TROESHE OGS

4, 4" - bi s( diprefdrabiyrh royypenndpinewhivh, R, ' arbalkiyibiret dohaprhavdngewophenone,

and 4, 4' - bi s(di phenyl am no% benzophenone. Anpbng them a conpound in which
R31 and R3zaxben gtomkiand Br’sgmmalkyhgraup bagingt o f carbem ate@sor & at

Pt vy 6t PR s, o r St cHhPRng i Sgfie ROV 1T e RRE  ened" OUP
4-N, N- Ciionetg%hgrrh RERSRZARY RN Eroup; Dr N‘ﬁﬂﬁ&ﬁé&ﬁﬁeﬁ@%ﬂﬁﬁrﬁﬁ& ®BLis a

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

are nore prmtthdhdreup, an ethyl grobipaopbqshenfyl grous faardbiréheopyederably
represented by the fornmula (3) include _a conpound represented by the

fol | owi ng fimhANY L EpDrolidons anNupthylG aRtA8™®- i s a group in which a
ydr ocar byl ene oroiang 4 Rt P Rop i e il by RHERHE D VS
hydr ocar by hedi@egriilese BYSIPIRA athdmb @heedteRéd By -NR35- (R35 is a
15 hydrocarbyl group or a hydrogen atom) are bonded, of the compounds
represented by the formula (3-B), include
1,3-dihydrocarbyl-2-imidazolidinones such as
1,3-dimethyl-2-imidazolidinone, 1,3-diethyl-2-imidazolidinone,
1,3-divinyl-2-imidazolidinone, and 1-methyl-3-ethyl-2-imidazolidinone. The
20 compound is preferably a compound in which R3¢ is a group represented by
-(CHg)p-NR35- (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 R36 is a group
represented by -(CHz)2-N(CHs)- and R32 is a methyl group or an ethyl group,
25 and further preferably 1,3-dimethyl-2-imidazolidinone.
Examples of a preferable compound represented by the formula (3)
include a compound represented by the following formula (3-C) in which k is

1 and R332 is a hydrocarbylene group.
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R31 R37-A C-R34(1-D) R32i 0 5 (in the formula (3-D), R31 and R32 may be
bonded, R31 represents a hydrocarbyl group optionally having a substituent,
or is bonded with R32 to represent a hydrocarbyl ene 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 R31 to represent a 10 hydrocar byl ene group optionally having,
as a hetero atom a nitrogen atom and/or an oxygen atom R37 represents a
hydr ocar byI"R-{Sé group, A represents an oxygen atomor -NR35-, R35 represents
a hydrocarbyl™spe group or a hydrogen atom and R34 represents a hydrocar byl
group optional IN—hﬂgﬁg—{&u-bR tt uen(33C)¥5In the fornula (3-D), description
and exenpl i ._i39’ation of t;@ hydr ocar byl - group optionally having a
substituent™N n R31, R33 d R34, and the hydrocarbyl ene group optionally
having, as a hetero atom“a nitrogen atom and/ or an oxygen atom forned by

bondi ng of R31, and ) (o8 e as_thqgse stated in the description of
t he fornmul a(l?%’? ?%ﬂﬁﬂﬁﬁgﬁ%@aﬁ%rﬁ?yb& ogl(%flei{er]é%rﬁs%so%(yg_en at om or
a group relywieBiRi1 RroupBEBona P having aihstieas iy beReboh MPwiEY Rl tO 5
carbon atons or a hydrogen atom, nore preferably an oxygen atom or a group
r epr esent edrelpyesehitta, hadubchrirtlore gpowh eptibhylly hgwvongy asephetentaddmby - NH. I n

the forrmula (3-D), exanples of the hydrocarbyl ene groyp in 7. 25 include
al kyl ené gr e ARIHAN omwww@n@ffgﬁa?p%@%\% ak@ﬁwaﬁ@ g3, a

Gen et G R YR ML SRR cpoprgenta

1, 4- pheny| enpl@ERRAene group optionally having, as a hetero atom, a nitrogen atom
and/or an oxygen atom, R33 represents a hydrocarbylene group, and R3¢
represents a hydrocarbyl group optionally having a substituent.)

10 In the formula (3-C), description and exemplification of the
hydrocarbyl group optionally having a substituent in R31, R32 and R34, the
hydrocarbylene group optionally having, as a hetero atom, a nitrogen atom
and/or an oxygen atom, formed by bonding of R3! and R32, and the
hydrocarbylene group in R332 are the same as those stated in the description

15  of the formula (3).

In the formula (3-C), R33 is preferably a hydrocarbylene group having
1 to 10 carbon atoms, more preferably an alkylene group having 1 to 10
carbon atoms or an arylene group having 6 to 10 carbon atoms, further
preferably an alkylene group having 1 to 6 carbon atoms or a phenylene

20  group, and particularly preferably an ethylene group, a trimethylene group,
or a 1,4-phenylene group.

In the formula (3-C), R¥ is preferably a hydrocarbyl group having 1
to 10 carbon atoms, or a substituted hydrocarbyl group having 3 to 10 carbon
atoms 1n which the substituent is a dialkylamino group, more preferably an

25 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
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In the formula (3-D), W is preferably a hydrocarbyl group having 1 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 5
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 atons, further preferably

an et hyl ene gr or a trinethylene group,. and parti.cul arl referably a
r et iyt oot EBEESTorh A By G 2 ol ByloRRaRR LY o B e Tk ovar byl
group havi C Hlﬂﬁﬁkyr i onds ] a

hydr ocar by%ﬁ%"%?‘%ﬂ’%s’h%v. ng” 3 t?’%ﬂ@a@gﬁ at oﬂ‘%\# tE(t))lr‘%a é)?é’artgaﬁfs']‘a

at om cont aipheiy lpyohip car Ddidhelagividphbayl geoup havih@ Sar DO vaican®tonns. whi ch

the hetero atomis a nitrogen atom nore preferably an_alkyl group having 1
to 10 carbon at od® the fapmalsy (3-03, B¥'depratarahly & hydramrbsl gesvpakavme or i s

o+ Bt o b Lo, B bR R PaCa WA BR RS 51
or a group Hﬁaﬁg%%tﬁﬁc@boh(&%ﬁfs), ot 4K %tomf&h%ﬁﬂngh?%&%ﬂeﬁ@ al kyl
group having 1 to 6 carbon atons, or 1s bonded wth R3 o form an al kyl ene
group havi rgro8pthmving 3riledl0 drbahetemsaingwhith thepheteenttan by a-GtiagetH-CH |

or a group represented by -CH=N-Cl112-Cl112-, and particularly preferably a
met hyl gr ouj$oB: raprecRrpferaddyap alky! groupphaeasnt thlksarhan atgms gr an aryl

hy! hy/ . b
- Grin e e Aonfl BT SRR, 3 M Bun a4l B SRR AN R oup
having 13 2%bapihvag s 7 e%mnoartoha%, bondag rhidseRedd bﬁe-FQHN@HmCH-,

hydr ocar byl 'ene group havi ng to 10 carbon atons, or a ero
at om cont ai mgraprhyehresanted| lsneCld=DufHhaVHayg 08 a groi® marésemiad bys i n which

Lo 10 car boRCHPbie- G, Bty heGpERipravay ange i 6raes Bavisthl 48 SHBT00R 1

bonded wit . kene i t Q. I ons, a
or oup. epr CXEAe 7 i BOREN A PR tonth, S RRPIIRK 0 Lo s E PHBh T
or a group ftefisLaaioad yredeatdd bd--OH-MICH2CH A bf hf%guﬁrréf)ﬁés@hlté/d py al kyl
group having 1 to 6 carbon atons, or is bonded with 1 to forman al kyl ene
group Havi n§EB=-NoCHddpoandtmarticutardy pupferaplyos oretbyl gxoupch-an ethsdH- , or a
roup represented by, 5 : A - CH2-, and parjigcul arl referably a

Tt hyl " or odouP: h kel r i G Tt Hsa bR HoRs EOUP By m o

t et r amet hyl r go e ent ed by
G O L Rt Ren EeR AR BF L o O by N RIS 0 gen ot om
of the conpounds Ineiecfoentdd (3yC); R82 fsqired ablyd abBydrocedbyligroup having 1

102- (di hydr ocar byl am no) et hyl, acryl ates such as
to 10 carbon atoms, or is bonded with R31 to form a hydrocarbylene group

b=

20 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
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-,

25  a group represented by -CH=N-CHz-CHg-, or a group represented by
-(CHg2)2-O-(CHg)g", further preferably an alkyl group having 1 to 6 carbon
‘atoms, or is bonded with R23! 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-CHz-CHz-, and particularly preferably a methyl group or an ethyl

30 group, or is bonded with R3! to form a tetramethylene group, a
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- (di nmet hyl am no) et hyl acrylate and 2-(diethyl am no)ethyl acrylate;

- (di hydr ocar byl am no) propyl acryl ates such as 3-(di nethyl am no) propyl
cryl ate; 2-(di hydrocarbyl am no)ethyl nethacryl ates such as

2- (di net hyl am no) et hyl nethacryl ate and 2-(di et hyl am no) et hyl 15

met hacryl ate; 3-(di hydrocar byl am no) propyl nethacryl ates such as

3- (di net hyl am no) propyl nethacrylate. As the conpound in which Ais an
oxygen ato ac und _in which R31 and R3 e _%l"lté_h# yup having 1 to
" var bon atsRni R groDer ot & d gt rEprestared B LAY CtatH Bnd Ra7 i 5 an
et hyl ene group OMRsgnhpleB®F RYoRISoUHPHPwhIcPRSS & ADhEyleABYréufs QRRGMGs I N 20
whi ch R31 and R32 are a nethyl group or an ethyl group, R' i's a vinyl

group, and @R371kyd gaoup,iafehbebmpeugds uppresembed bprthé dombhia (FLaiptkaleof a

conmpound in i,ch.Ais a _group represented by -NR- (R His a hydrocarbyl ene
group or a4"'1&f@@é@'%@ﬁﬁhﬂ%ﬁm@?@%‘@@b@%ﬂ@s push 88ent ed by the formul a

3-D), iknclpude At -dih ocar hyl am noet hynacryl am des such as
I(\l- (22 di lFc’ret kﬁ&g’% ?g%{eé%ﬁlégﬁ?fg@%ﬂgnﬁ (2- d%/et hy?/am' noet hynacryl an de;
N- ( 3-di hyd@@ﬁ@aﬂ@ﬁ%@hﬂ&)ﬁi}ﬁﬁd&@ﬂ%&%e? HAR as

N- ( 3- di net hyl ami nopropynacryl am de an
(3- di et hyd-@¥iNrdpetbyymmino)/hestopbenone; 4-cyclic amino acetophenone compounds

j: S: %? %ﬁ%%%ﬁ%%%ié'rﬁ% l&%ﬁ( Zﬁﬂ@?é&h% AGHERSHC)HBIA ani de:

(
(

2- di hyd L api ; Land ' as. 5o _
(28 v AR ORI AEEL . 455 iR -y acetophenone
(
(
(

2
3
a

2- dijet hythare et hacryl am de;
3-di hydr ocar byl am nopr opyt hnet hacryl am des such as
3- di net hyl ani \“/mbmmplpm&ammm gewdnch R is an arylene group and R is

(3-di et hyl am nopr opyl ) net.hacryl n‘isae; 10
N- (4- di hy B APHNETRRP RS B RIPHToh EFS SFaPRe et thipmpounds represented by
N- (4-di nethy Walo] Al .
N- ( 4- di et hy}(‘g%&nobg‘#%m@a’tiﬁ‘ggﬁ/%‘%mdgﬁdﬁgmgg‘ﬁgﬂtah“élrﬁoaékycl)okr%%ﬁ%sdS‘ﬁ"r? Ahich Ais
a group r e, 2béslhedhblethiNdming3y-hataid2earel an al kyl group having 1 to 6
carbon atons, R34 is a_vinyl group or an jsopropenyl group, and 15 R37 is
an et hypend.gbésiginkenylaminey Fprepanceno dn(dibygrosaehdpminotheazapbemgnasnd i n
which Ais a group oresented by .-NH . . R31 and R32 are a nethyl group or a
nmet hyl gro@bl,c AfP&ﬁgdW%@ﬁﬁ%?b%%?en&ﬁHh%%m?’s a trinethylene group is nore
preferabl e4-N ,N-diethylaminobenzophenone, 4-N,N-di-t-butylamincbenzophenone,

27727727777

and 4-N,N-diphenylaminobenzophenone; and
4,4"-bis(dihydrocarbylamino)benzophenones such as

20  4,4-bis(dimethylamino)benzophenone, 4,4 -bis(diethylamino)benzophenone,
and 4,4-bis(diphenylamino)benzophenone. Among them, a compound in
which R3! and R32 are an alkyl group having 1 to 6 carbon atoms, R% is a
phenylene group, and R34 is a phenyl group or a dialkylaminophenyl group
having 8 to 10 carbon atoms is preferable, and

25  4-N,N-dimethylaminobenzophenone, 4-N,N-diethylaminobenzophenone,
4,4 -bis(dimethylamino)benzophenone, and
4,4 -bis(diethylamino)benzophenone are more preferable.

Examples of a preferable compound represented by the formula (3)

include a compound represented by the following formula (3-D) in which k is

30 1 and R¥is a group in which a hydrocarbylene group and an oxygen atom
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Exanpl es of the conpound containing a nitrogen atomand/or a 20 silicon
atominclude al so a conpound contai ning an al koxysilyl group, in addition
to the aforenenti oned conpounds. As the conmpound contai ni ng an

al koxysilyl group, a conpound containing a nitrogen atom and an al koxysi |yl
group is preferable, and exanples of the conpound include a conpound
represented by the following 25 formul a (4) R42 IR4A4 (CH)---N(4) J R45
R43 (in the f 4 R44 . an und R41 r resents a

hydr ocar by!?F &Dglﬁﬁg ‘15{%85 P By g’gﬁe*é‘/e‘ﬁf’ eogﬁorl?y?mg Fup“Br a

hydr ocar byl 35-E(H38 $65He havi ng
a substi tuelﬁisyes%m&%{mdﬁg:a?byl S?ﬁgwg?gﬁ%éali‘g*l %Og%?u%h%af@éeng to
represent atbydrarsdohdbéne group optionally having, as a hetero atom at

| east one atom selected froman 5 atom c group consisting of a silicon
atom a ni g]%g_gen atom and an oxygen atom R45 represents a hydrocar byl
group opti |y having a substituent, or a trihydrocarbylsilyl group, or
i's bound with F A_IIQ3T£RLES@DI__ 3ﬁydro( B3l ene group optionally having, as
a hetero atoms at l'east onejjat om sel ect'ed from an atom c group consisting
of a silicdl’atom a mtrog&n atom 10 and an oxygen atom and j represents
an integer of 1 to 5.) In the fornmula (4), the hydrocarbyl group optionally

having 3 (in the formula (3-D), 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

10  hydrocarbylene group optionally having, as a hetero atom, a nitrogen atom
and/or an oxygen atom, R37 represents a hydrocarbylene group, A represents
an oxygen atom or -NR35-, R35 represents a hydrocarbylene group or a
hydrogen atom, and R34 represents a hydrocarbyl group optionally having a
substituent.)

15 In the formula (3-D), description and exemplification of the
hydrocarbyl group optionally having a substituent in R3!, R33 and R34, and
the hydrocarbylene group optionally having, as a hetero atom, a nitrogen
atom and/or an oxygen atom, formed by bonding of R3! and R%2, are the same
as those stated in the description of the formula (3).

20 In the formula (3-D), A is preferably an oxygen atom or a group
represented by -NR35- (R35 is a hydrocarbylene group having 1 to 5 carbon
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 R#7

25 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
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substituent is a hydrocarbyl group or a substituted hydrocarbyl group.

In the fornmula (4), exanples of the hydrocarbyl group include al kyl groups
such as a nethyl group, an ethyl group, a n-propyl group, an 15 isopropyl
group, and a n-butyl group; al kenyl groups such as a vinyl group, an allyl
group, and an isopropenyl group; aryl groups such as a phenyl group,
preferably an al kyl group, nore preferably a nethyl or an ethyl group.

Exanpl es of {t;h gyﬁ i d hydrocarbyl group include oxacycl oal kyl groups
such as an %)’)%ih&én Bhe éﬁ%‘,ﬁ)'a tetrahydrofuranyl group etc., preferably a 20

t et rahydr of uranylin the formuli@ (i), R3NE SxIEMY1P Al KdroeH 1P gt ABS B&@i’h?sl a
e

group in which CH2 on an alicycle of a cycloal kyl group is repl ac with an
oxygen at onto 10 carbonExtany, esoref pefieratyl nocdkbyylogrpug iepng Rdoudesrban a

hydr ocar byl oxy group, al kpxy. groups such as a pet hoxy group, an, et hoxy
group, a n-%M%@r%rg}ret%aﬁbgfna Wé@&r%fsawrgarwspr@emgarm Fbup, a
sec- but oxy %%aﬁg%rgfe%ggggﬁﬁiﬁggﬁup; aryl oxy groups such as a phenoxy

group, and enzy y ‘group, pr y an al koxy group, nore preferably a

net hoxy group or B¢t fdexla($dP, R37 is preferably B33ARb&S b9 erfe@roup having
trihydrocarbylsilyl group include a trinethylsilyl 30 group, a

tert-butyl - HiterdOteprkon gtongs,onpre preféxatdplap alkylenewroyup diavihg §rtoGrarbon

The hydrocarpyl e roup pptjonall aving, as a hetero.atom at |east one
M om vel oot &ms dRrthe? re%ret&%ﬁhaﬁﬁgﬁﬁg%@%@ ZRethylene SR, 2 tr ogen
atom and a i e roup, or a hetero

at om cont amﬁ%&ﬁgg?gggdgé})gng¥§§18€&%S’?érgevﬁg%'a hetero atomis at | east one
5 atomuel ected fhotheforatdai(8-Io), RIPiLpRgedbl@ Bfdracaibyl geswshavingdl

ni trogen atom and an oxygen atom Exanples of the hetero atom contal ning
hydr ocar by| &nt0 grthgn atehioz is honded mithiRtrto form alhydsocanbyleneogrospl ect ed

froman at C. ar onsi st of a siJicon atom a.nitragen atom and an
oxygen atonfFHERES 46 fatteatitamarnBsterb ro Ry e ins taRgogrBsFin 10
whi ch a het ef 0 Ah ofinkS & mﬁd} l:%ﬂ%hééo%@ iR WISLIE IR BEQTH GROALY Alroge

hydr ocar byl ene "group i n Ich a hetero atomis a nitrogen atom and a

het er o at onaipaing mione peefbyable car dikyd geogs hupingl whilQlvaabde tiesas at am 41571 an
oxygen atom Exanples of the hydrocarbyl ene group .include al kyl ene groups

such aslf tStounpavipRdhl 1Y saxPomatomms, Hrds pndnd with K% taform an alkylene
group having 3 to 10 carbon atoms, a group represented by -CH=N-CH=CH-,

a group represented by -CH=N-CHgz-CHz-, or a group represented by
-(CH2)2-0-(CHy)2-, further preferably an alkyl group having 1 to 6 carbon
atoms, or is bonded with R32 to form an alkylene group having 3 to 6 carbon
20 atoms, a group represented by -CH=N-CH=CH-, or a group represented by
-CH=N-CH2-CHy-, and particularly preferably a methyl group or an ethyl
group, or is bonded with R32 to form a tetramethylene group, a
hexamethylene group, or a group represented by -CH=N-CH=CH-.
In the formula (3-D), R32 is preferably a hydrocarbyl group having 1
25  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
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

30 group having 3 to 10 carbon atoms, a group represented by -CH=N-CH=CH-,
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15 hexanet hyl ene group, and a 2,2, 4-trimethyl hexane-1,5-diyl group and,
anong them an al kyl ene group haying 4 to 7 carbon atons is preferable, and
a pent anmet hyl ene group or a hexanet hylene group is particularly preferable.
Exanpl es of the hetero atom containing hydrocarbyl ene group in which a
hetero atomis a silicon atominclude a group represented by 20

-Si (Cl1-13)2-CH2-C112- Si (CH3) 2-. Exanples of the hetero atom contai ni ng

07 oup.repy e 2o h precfalll () GHON- 810, BEBT 015 Bl fRAER-HL Ay e ude @
- CHEN- CH2- CA(CERp)o- ORGP € Susthet @Qeﬁ@h@lyoaﬁhﬂi?lcg‘?ﬂﬁﬁih@vﬂ% MYdBacanby ! ene

group in which a hetero atomis an oxygen atominclude a group represented
25 by - CH2- &aug-@He bosded with R3! to formhanfalkpldne gréhp Hing 8 tpredabahl y an

al kyl group having 1 to 4 carbog ato more preferably a nmethyl group or
an ethyl gr® _S,Fﬁggr%mrqmgs&a}tg e"rgf'r?N' HeGliarasch BEHIbYepIgs ,gh?bre
prefer;tgg q%ihjs@m_ “%n@éﬂgﬁ 49 4 érg n atQ gm};l‘uﬁphgr@grgeflerabl y a
nmet hoxy group or an ‘e ﬁng groupffl %l’lfee(?n% %4%’%%5%%‘*“&%?? Ehy

hydr ocar byl ggyugyer igboaded &k &1 ¥ fm ﬁ'tlébﬂan%tﬁ?ﬁﬂé%ﬁﬂ,& to 4 carbon
atons, further preferably a nethyl group or an ethyl group. And, j is

pref er abl y hexametiydeneroun,@ra group représameldy $iH+NeCHe@ibund
represented by t formul a, (4) inclyde Rdial kyl am no) al kyl i al koxysi | ane
conpounds such ﬁ%ﬂ?‘—‘@ir%sd‘?afr%‘e%fwaw d?ﬁﬁb‘ﬁﬁlf’f’csr%f’ﬁég@ws? Oaeot the

[ 3- (di met hyham i i mT) .

(di et hyl %ﬁmﬁg‘%@%p t h%%%‘%ehﬂo%ygﬁy%ﬁ}éﬁﬂg (8-D), include:

di etthyl anmi no) PAdihydrsdarbelaieiedéthdhacrylates such as

(

(di net hyl Zn]' no) propyl i.met hyl di et hoxysi |l ane, 10

( di met hy?Asimethstlapineletlailiasxykite and, 2-figthylamino)ethyl acrylate;
(

di met hy,ari,no) et hyl ltringt hoxysil ane: cyglic 1 noal kyl al koxysi.l ane
mpounds <O CE S AT RENE A 1B TR 83 ALRHDS AR DrODy1

1- hexa Y i i
N (L1 ot My P T LA b DL ARAL LAy later quch as
N- ( 3-t ri met 2réciesé thyllpmomyethlonethatagielte and 2-(diethylamino)ethyl

{[di (tetrahydrof uranybDaninoi al kypal koxysi | ane conpounds such as
[ di (tet¥ah B‘F%ﬁ%{?ﬂ/ﬂﬁa#ﬁ@]ﬁre%ﬁmqtm pxguyl|mekhacrylates such as
{

34diftetr I I l I | }trietho il ane etc... . .

LN b gt 1§ SRR BRIL RO AP etk O K¢ the SRS Bd inashichhisan 20 {3
- [N, N- bi s( tdoxdygehatos,| i b et i i :
M e e A g e R B A B R
whi ch R41 it® Gearidayatoms I haaivigyllgtomplorcan isoprepemd, gridp, and RR43s ane an
al kox roup,having 1 to 4 carbon atons, R44 apd R45 are an al kyl .grou
havi né % to&kyie&}eog]f?ué’t%,tn BP’I‘%”se ZRUPHE dyeteraples ang %CQQP%%IQH? P

20  which R3!and R32 are a methyl group or an ethyl group, R34 is a vinyl group,

[3
[3
{3
[2
{2
co
[3

and R®7 is a trimethylene group is more preferable.

Examples of a compound in which A is a group represented by -NR35-
(R35 is a hydrocarbylene group or a hydrogen atom), of the compounds
represented by the formula (3-D), include:

25 N-(2-dihydrocarbylaminoethylacrylamides such as
N-(2-dimethylaminoethyDacrylamide and
N-(2-diethylaminoethyl)acrylamide;
N-(3-dihydrocarbylaminopropylacrylamides such as
N-(8-dimethylaminopropylacrylamide and

30 N-(3-diethylaminopropyl)acrylamide;
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preferable, and [3-(dinethylam no)propyl]triethoxysilane,
(di met hyl am no) propyntri nmet hoxysi | ane,

(di et hyl am no) propyl I tri et hoxysil ane, and

(di et hyl am no) propyl I tri met hoxysilane are nore preferable. Exanpl es of

t he conpound contai ning an al koxysilyl group include, 30 in addition to the
af orenenti oned conpounds containing a nitrogen atom and an al koxysi |yl

group, tetnaal j h,. as . et ranet,hoxysi | ane, tetraethoxysilane and
tetra-n-prgg%%&@?%%ﬁgggﬁﬁﬁgﬁ%8§§ﬁ§%¥: @?%9?%?%8@@@ such as
nEthyltrinqﬂﬁq*ﬁﬁkkﬁﬁﬁunﬁﬁmhytgé&ﬁhﬂﬁﬁﬂﬁ&ﬁ@ne, et hyl tri met hoxysi | ane, and

phenyl tri met hoxysil ane; trial koxyhal osilanes 5 such as

t ri met hoxydRi(drdieilydaminebutyDaoxglapiideosi | ane, and
tri-n-propaxychl.orqsil ane; dial koxydi hydrocar byl sil anes such as
di et hoxydmé}d&ﬁg%‘)&%ﬁé@m% dmeihasrelamides supl as

di met hoxydi W2 Y i Lhhal.ogi | ane uch as

di net hoéydilgﬁ?odrlgiﬁ@g%?ﬂ@g%g%rﬁg%% %‘%fg and 10

di - n- pr opoxy 4 ahibghydsmli aosthy b kety iy dr ocar byl si | anes such as
met hoxytri net hyl si |l ane; nonoal koxytri hal osi | anes such as

met hoxyt ri dRi(@rdibydzarerbelathinphuopyimethiasrysnides such as

(gl yci doxya| | k koxysi |l ane ¢ ounds. such, as

2-g|ycidox3g%%5ﬁFF¥ QF?@ﬂgPeggng e dyltriet hoxysilane, 15
2-glycid el [ | ycid ltrimeth il :
(2- gl yci doxygshy 19%%%@&??995*&5 %@ﬂanﬁa& yci doxypropyl tri met hoxysi | ane

3-gl yci doxypropyltriet ane, a

( 3- gl yapdoxytdalikparicaybylankinbbutsd)hatticrylamides such as
3,4-epoxy&§clohexynalkylalkox si | ane conpounds such as

(3, 4- epo 'c£9'cdlme§hylmmlbuty Hme«;ryllaxam and

3. 4- . De i i : ,
L o AR e et SRl ufie. . Amams, thate. 2 geRpgund in
k

1

25
[ 3-
[ 3-
[ 3-

(3, 4- epQHIRHA aheXy&eh ?yﬂﬂg@gﬁ%@ﬁ ﬁ#oﬁyﬁéﬁ@@@é are an alkyl group

oxysi | yl al kyl succini ¢ aci such as

ri met hoshesiihg [1pocdpydrboncitonts, &3 i aviyelr gpdep @andh 2opropenyl group, and
triethoxysilyl propyl succinic acid anhydri de; )
(et hadpPyl g1 d& 8 E@MWWM Frictimieblieas sroun igpreferable, and a

3~ ot hacr yIBURERL R hidH B3 4 Rt sRBRescid by -NH, Rt ang i a8t ound
cont ai ni ng Iaétlgﬂgwﬁiom metH , Ren{d Didy13ollpl SRPR37 Al M and a group
represented by >C=0. Exanples of the conpound containing an al koxysilyl
group, and teonethylémygeoup ismgempedforaldad a group represented by >C=0
i nclude triskKalk si | yDal_ k IIisocyaHurate_conpounds such as
E i s% g_ (: i nﬁ}gg .nfl 5ro£6§1; Fpg}@@yg d:,otgg@,mgg a nitrogen atom and/or a
ris rief .. . .
tris 3-2?t r isgir opo%%/im ?@%Bﬁg)@% ?gg%@) glr(%?a"t%g t adhge 2 alkoxysilyl group, in

tris[3-(tridaditisysothepfapytddtiatatocinipéendfmong t hem
tris[3-(trial koxysilyOpropyl]isocyanurate is preferable,

tris[3-(trial koxysstheoponepsund soetpamingae alkoxgsilyhgeonmlakaypeumolip i s an

containing a nitrogen atom and an alkoxysilyl group is preferable, and

(
2
2-
[ (
[2
al
3
3

examples of the compound include a compound represented by the following

25 formula (4).

42
Ilz' y R44
R4'—~O——Si—-—(CH2)j--N\ (4)
R43 R#

(in the formula (4), R*.and R% may be bound, R represents a hydrocarbyl
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10 al koxy group having 1 to 4 carbon atons is nore preferable, and
tris[3-(trinmethoxysilynpropyl] isocyanurate is further preferable.

In addition to the aforenentioned conpounds, preferable exanples of the
conpound containing a nitrogen atomand/or a silicon atominclude a
conpound represented by the foll ow ng fornula (5): R52 OR54 11R' R51 C
(Oh-N\ 11 R57 Occ (5) 15R53 (in the forrmula (5), R51 represents a

hydr ogen at aphydr ghyl_aro Qry.a hydrocarbyl o ou R52 and R53
opr esent EHYR: Bead B gPRAS S Rhd Dt Peipgl Bty dhaedarirbslons #5tho, Res
and R55 eacRur@premeil athyWatogs) g%l’i’ﬁ"bﬁﬁoﬁaﬂ%%%%@é sthbgﬁ‘é’&&ht \iep there
are a plurality of R54s, the pluarality of 20 may be the same as, or

di fferent fhrfhydmeaﬂxydmbdrgranﬂ, omdsdrourhewethoR® @ mbmealnttayhpdro@éﬂgdem@e
plurality of R55s pay_be the sane as, or dlfferent from one anot her. R56

and R57 eadfopppnd Yahmago%%aﬁwe@r%mpa aitleastone atom selgctedsuemtan uent |
SRR i et b b
at om sel ectgdnf RMraprabatd 5 ]:Ezrd%@ar%s}l‘ Et&lp BStiGhally BhbifPR sabQRucht nbﬁ rogen
atom and an oxngn atom) a
a tri ydrocarbylsﬂyl group, or is bound with R* to represent a
hydrocarbylene group optionally having, as a hetero atom, at least one atom
selected from an atomic group consisting of a silicon atom, a nitrogen atom
10 and an oxygen atom, and j represents an integer of 1 to 5.)
In the formula (4), the hydrocarbyl group optionally having a
substituent is a hydrocarbyl group or a substituted hydrocarbyl group.
In the formula (4), examples of the hydrocarbyl group include alkyl
groups such as a methyl group, an ethyl group, a n-propyl group, an
15  isopropyl group, and a n-butyl group; alkenyl groups such as a vinyl group,
an allyl group, and an isopropenyl group; aryl groups such as a phenyl group,
preferably an alkyl group, more preferably a methyl or an ethyl group.
_Eiamples of the substituted hydrocarbyl group include oxacycloalkyl groups
such as an oxiranyl group, a tetrahydrofuranyl group etc., preferably a
20 tetrahydrofuranyl.
Herein, the oxacycloalkyl group represents a group in which CHz on
an alicycle of a cycloalkyl group is replaced with an oxygen atom.
Examples of the hydrocarbyloxy group include, as a hydrocarbyloxy
group, alkoxy groups such as a methoxy group, an ethoxy group, a n-propoxy
25  group, an 1sopropoxy group, a n-butoxy group, a sec-butoxy group, and a
tert-butoxy group; aryloxy groups such as a phenoxy group, and a benzyloxy
group, preferably an alkoxy group, more preferably a methoxy group or an
ethoxy group.
Examples of the trihydrocarbylsilyl group include a trimethylsilyl
30  group, a tert-butyl-dimethylsilyl group, preferably a trimethylsilyl group.
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R51 represents a hydrogen atom a hydrocarbyl group or a hydrocar byl oxy
group. The hydrocarbyl group is preferably a hydrocarbyl 5 group having 1
to 4 carbon atons, nore preferably an al kyl group having 1 to 4 carbon
atons, further preferably a nmethyl group or an ethyl group. The
hydr ocar byl oxy group is preferably a hydrocarbyl oxy group having 1 to 4
carbon atons, nore preferably an al koxy group having 1 to 4 carbon atons,

further preferabl t ho roup or an et.ho roup. Anon he 10
preferable is a F’\[i;’(fr Hcﬁ%ﬂr&e ghoup 0&%%ﬁé§g‘g’@g@e€%ﬁwg§%%g%5car byl
group. The 1hydrQeas O] frSmP r&%ﬁ{géwﬂ GIRR digi, 39 1 to
4 carbon atlgé{n’%, mr%?%%era qrémaéﬁglﬁ]g@ %?%Sg%g‘gvi ng 1 &%o 4 car bon atons,
further prefigfogehyatamn@idyh cxyeun avomais £higtocgriodpne Bb@umne Khsteray be t he
same group, or may 15 be different groups, ) And, h represents an

i nt eger of atompcagainingrhsidapearbylene geonp imwhichy kptaramtonpls at least oxs4 and

e Cah. S ealboB M AT B Sl R RGRIY R I 5eipehe 2
different fi0m one ANKEEH ARG, MELbIAIE the ool atoll bbuttathin®s, the

plurality of R55s may same as, or different fromone another. The

hydr ocar by lhygirocgxbyde ey @fotipainl whichhy dieoaar dipin graileabbonagtdmtselettedr bon
atons, nore preferably an al kyl group having 1 to 4 carbon atons, further
pr ef er abl y fEometm glomicarguBconpistmng of 3FdiseD 2ioms 6 niftPeRyAteREANL &Fr esent a

hydr ocar byl _group.opt.i onal |l y-havi ng a substiiuan ri hydrocarbyl silyl
ot oup. e R BPEBPB S Rls o p e OflaRy SORES MR droflr R bhe B

hydr ocgpby lywBicAUPheferd atoiiSikid sili2en XSmO adidtito SfhHeontAigidy dr ocar byl group
is preferably a hydrocarbyl group having 1 to 4 carbon atons. Exanples of

t he subst i thytdrdcimhyiesagionp B30whidup hHetetouatens Lhs nitrogenl abymdy sudmby| gr oups
in which a_substituent is a ﬁugsti;ﬁted am no,grcilﬁg such as a .

N, N- di et hyhetaraatasmisontaipimg hydrocaxbyleae sEpnp 18 sk @nbeteze atom igaa a

2L L A, O G AT G R 1 o1
met hoxyet hydro@ih88Ach @BG MAramethylene group, a pentamethylene group, a
15 hexamethylene group, and a 2,2,4-trimethylhexane-1,5-diyl group and,
among them, an alkylene group having 4 to 7 carbon atoms is preferable, and
a pentamethylene group or a hexamethylene group is particularly preferable.
Examples of the hetero atom-containing hydrocarbylene group in which a
hetero atom is a silicon atom include a group represented by
20 -Si(CHjs)y-CHo-CHo-Si(CHgs)e-. Examples of the hetero atom-containing
hydrocarbylene group in which a hetero atom is a nifrogen atom include a
group represented by -CH=N-CH=CH-, or a group represented by
-CH=N-CHs-CHz-. Examples of the hetero atom-containing hydrocarhylene
group in which a hetero atom is an oxygen atom include a group represented
25 by -CHzCHy-O-CHy-CHy-.
In the formula (4), R4t is preferably an alkyl group having 1 to 4
carbon atoms, more preferably a methyl group or an ethyl group. R* and
R43 are preferably a hydrocarbyloxy group, more preferably an alkoxy group
having 1 to 4 carbon atoms, further preferably a methoxy group or an ethoxy
30 group. R#% and R% are preferably a hydrocarbyl group, more preferably an
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5 et hoxyet hyl group. Exanples of the trihydrocarbylsilyl group include a
trimethylsilyl group and a tert-butyl-dinethylsilyl group, preferably a
trimethylsilyl group. Anong them preferable is a hydrocarbyl group, nore
preferable is a hydrocarbyl group having 1 to 4 carbon atons, further
preferably an al kyl group having 1 to 4 carbon atons, and particularly 10
preferable is a nethyl group or an ethyl group. R55 and R57 nmay be

bound to be ydrocar hyl ene groyp optionally havipg,,as a hetero atom at
| east one @tlgﬁfwwﬁwe‘angﬂom ¢ ﬁ@%ﬂo@ﬁ%%@{@lﬁf ﬂ?ﬁe@?a‘aﬁ’sﬁ FietBxL ExeuR ot
nitrogen at Xy ocar byl ene group

i ncl ude al l?yn%a%gqé?éhu%s gﬁgﬁgygf%%gggzﬁ%y&g%gﬁgoup, a pent anet hyl ene
group, a hexanet Iy le§08tRe cAMPoand répedente® bl thb énairetal(4d iaélnde gr oup;

al kenedi yl girioups such as adgent ane-2-ene-1,5-idyl group, preferably an

al kyl ene” gltdiplkytaminpratkdialkbyysitord MW@mé‘lmw ng 4 to 7 carbon

atons. Exanpl.es of het er o at.om cont ai.ni ng hydrocar byl ene group in which a
hetero étoxgi( naeghﬁﬁ%ﬂgwom GHREK f:group represented by

- Si - (Cl1- 13)[3-(G4 S 12- S %1 - ﬁ)ﬁfﬁ% of a hetero atom contai ni ng
hydr ocar byl[cgan(g%rg%}%‘éa#ﬁn%ﬁrc a&h%lfero a%lg%ei S a nitrogen atom i ncl ude a

gr oup reprE[SG{ﬂiétﬁyIamh@fMp?“ﬂ%ﬁchm@ﬂangr oup represented by
-CH=N- CH2- C112-. Exanples of a hetero atom containi ng hydrocarbyl ene group

in whi ch a [Bddiatbylaramasrapyllininsthgarsitarmm i ncl ude a group represented by
-CH2-C112-Q-,C112- -. .Anpng t.he referabl.e is a hydrocarbyl ene group,
nore pref e&3gﬁHnPg‘ﬁﬂnﬁPaﬁﬁrgMTﬁlﬁwdﬁ%@%&&iﬂ% 7 c;r bon atgms, fgrthgr
prefef%ﬁgle [2Ydfmb 6 12@118)&&9&1?&?%&%%&&%@'% hyl ene group, or a

hexamet ene groupg. anples o e” conmpound represented by the formul a
(5) i ncl udd23@itNethylaalilyletby atindehatiyasilayle; epdicamimatkylatkoxysilane

N, N-di net hyl f ormam de _di nethyl acetal, N, N-diet hﬁl f.or mam de, di net hyl
acetal , N, eomprtii labéxpaethyleneimimomethyl iinedhrexyilanss ram de

di et hyl o N, N divak kyl. i deqdi ahkyl . | h
NN d et by R R AL P N B BN Macet i o di et hy!
acetal, 5 PNNs%{&h&&é@ﬁﬁﬁdﬁy@m,@m@uhﬂﬁt&%bm, aAd N, N-di et hyl acet ani de

di et hyl acetal. e conmpound represented by the formula (5) is
pr ef er apl y M-(8ampmethbxiysilylpropylr 4,5 itdidazdless, R51 is a hydrogen atom and

R52, R53, 4, R55, R56 and  R57 a a | kyl ..group havi 1 1o 4 carbon
atoms. Mor S{?tiléte&@?wg&r@qxl)a@l@@iﬁﬁb&ﬁéﬂ%ﬁﬂ%&ﬁ cg,mipgugag I%‘Eﬁiasg a hydrogen
atom and . . iRg 1 to 4 carbon
atons. Par t% g@ﬂ@??é%?%@?%@%%@ﬂg@ﬁ?@é%‘%l #oryg rrgér%hg’e di met hyl acetal,
{3-[di(tetrahydrofuranyDamino]lpropylitriethoxysilane etc.;
[N,N-bis(trialkylsilyl)aminoalkyllalkylalkoxysilane compounds such as

20  {3-[N,N-bis(trimethylsilyl)aminolpropyllmethyldimethoxysilane, and
{3-[N,N-bis(trimethylsilylaminojpropylimethyldiethoxysilane. A
compound in which R#! is an alkyl group having 1 to 4 carbon atoms, R42 and
R48 are an alkoxy group having 1 to 4 carbon atoms, R4 and R% are an alkyl
group having 1 to 4 carbon atoms, and j is an integer of 2 to 4 is more

25 preferable, and [3-(dimethylamino)propylltriethoxysilane,
{3-(dimethylamino)propylltrimethoxysilane,
[3-(diethylamino)propylltriethoxysilane, and
[3-(diethylamino)propylltrimethoxysilane are more preferable.

Examples of the compound containing an alkoxysilyl group include,

30  1in addition to the aforementioned compounds containing a nitrogen atom .
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N, N-di et hyl f ormam de di net hyl acetal, N, N-dinethylformam de diethyl acetal,
or N, N-diethylformam de diethyl acetal. 15A reaction of an active end of a
pol ymer produced by adding the follow ng conpounds (1) and (Il) to a
nononer conponent in an order of the compound (I) and the conpound the
(1), and polynerizing the nonomer conponent (it is thought that an active
end of the polyner has an alkali netal derived froman organic al kali netal

o om and/ oran] 1R GORUREL ELoush P AR P TSR RGCH B (ERRBICREGERY ni g o
3 t HEoiH] 46 AEC't A8 R ni
i xi ng & paryerHaRs R deld Al R O R e S e

silicon at afichmad hetl@ktibi@Roxydibrymethytiridthexysitpeynd cont ai ning the
nitrogen atomand/or a silicon 25 atomto be added to the golymarization

sol uti on i sthylaimetipxysiane tandphenyltpmstbpaysilang; trigtioxysalpsilenes and nor e
preferably 0.7 no] .to 1.5 | per 1 npol.of the organic_al kali netal
conpound ofS4¢ %WWYFE;)Qrogl?ane’ trlethW@rﬁ@F&ﬁﬁ?’ea% whi ch a pol yner

'S 250 to TN P EPERARI AR PORTY I RRAT RIafed MRS S0 0 B0C A
contact ti réimeth6Rydiessthgisildme, didthukgdinpstdfyddibhiey andm nutes to 1 hour. In

t he process_of the present invention, a coupling agent nay be added to a
sol uti on colimdathorydigthoailanet g ydehalasidanerosyeheds usi ng a hydrocarbon as

I t, at t ti) int f i ni t.iation..of I i zati 5 of
monomer - U0 eBIr R iBr e P Aper S el o5 of the coupl i ng
agent i41%0| ﬂ%?\ﬁﬁ&%&ﬁofﬁs@faﬁ? M d2hatotyt ikivarb Qb Y i fadedliah &) -

(6 e

R61laM_4- a réin Rol represents an al kyl group, an al kenyl group, a

cycl oal kenyethiotyprimethylsdiarie; graoalkddyteiadesibtresaushldscon atomor a tin
atom L 10 re%esents a hal ogen atom or .a hydrocar byl oxy group, and a

repr esent s MAthewydgichlapsijang and ethoxytrichlorosilane;
(glycidoxyalkylalkylalkoxysilane compounds such as

2-glycidoxyethyltrimethoxysilane, 2-glycidoxyethyltriethoxysilane,

15 (2-glycidoxyethyl)methyldimethoxysilane,
3-glycidoxypropyltrimethoxysilane, 3-glycidoxypropyltriethoxysilane, and
(3-glycidoxypropyl)methyldimethoxysilane;
(3,4-epoxycyclohexyDalkylalkoxysilane compounds such as
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,

20 2-(3,4-epoxycyclohexylethyltriethoxysilane;
[(8,4-epoxycyclohexyl)alkyllalkylalkoxysilane compounds such as
[2-(3,4-epoxycyclohexylethyllmethyldimethoxysilane;
alkoxysilylalkylsuccinic acid anhydrides such as
3-trimethoxysilylpropylsuccinic acid anhydride, and

25  3-triethoxysilylpropylsuccinic acid anhydride;
(methacryloyloxyalkyl)alkoxysilane compounds such as
3-methacryloyloxypropyltrimethoxysilane, and
3-methacryloyloxypropyltriethoxysilane.

And, the compound containing an alkoxysilyl group may contain a

30 nitrogen atom and a group represented by >C=0. Examples of the -
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Exanpl es of the coupling agent represented by the fornula (6) include
silicon tetrachloride, nethyltrichlorosilane, dinethyldichlorosilane,
trimethyl chlorosilane, tin tetrachloride, nmethyltrichlorotin, 15

di ret hyl di chlorotin, trinmethylchlorotin, tetranethoxysilane,

met hyl t ri met hoxysi | ane, di net hoxydi net hyl sil ane, nethyltriethoxysil ane,

et hyl tri nmet hoxysi |l ane, di net hoxydi et hyl sil ane, di et hoxydi net hyl sil ane,
tetraet hoxysil ane,, et hyl t.ri et hoxysil.ane, and diet hoxydi et hy] silane. An
e £ on a QRO SR DB AT B RGEIY] 440, Hef P AibBeet atom
processabi | § ] i_ene- d polynmer, is preferably 0.03
nol or nnré#hﬁ% e0%$g?é@%%#gﬁ%ﬁggehg?ﬁgﬁaﬁgre, per 1 nol of the alkal

met al der i veih[(allooyilyBakiallis urfies edripbundguchk as or der to enhance f uel
cost saving properties, the additjon anount is preferably 0.4 nol or |ess,
mor e pr ef ertawsil§- (gimepoxystlyDosepylbiseeyamveats, ocess of the present invention,

an unreact ed. jve.end . be t.reated wi,th an al cohol such as nethanol and
i sopr opy! aqr@i%ﬁﬂ%@%Y%Tﬁ&W@hﬁsoﬁyaﬁuwpyrrer described later is

per f or med. . m@'% i LU ed di ene-based polyner from
a solution @%&?—5@%3’%9%%1 ggﬁg%@?\g%’sg@&pol ymer using a hydrocarbon

30 as a soltrih8-(tritesoknsiyl)pRipytidsaegantitates edmeungl theanpl es t hereof incl ude
(A a net hOdb‘if addi ng a_cpagul ant to a solution containing a conjugated

di ene- basedrisdialkozyeilylroay paneratade preferakleeam t o a sol ution
cont ai ni ng a. ¢enj ugat ed .di.ene- based pol .. The,recoyered conj.ugated
i ene- basad Ty PRy DO PP IRy RS i Ul A RO IEESP 4 Bin 5

dryer PR B Al d pol ynmer of
e pr e L B e A e by ¢ he

af or enent i omid3 fitrime ssoxyailybpneyylissgasivrytd M firtheropreftvmbdanj ugat ed
di ene- based pol yner of the present invention, in order o enhance a tensile
breakage strengt H1 gddition to the aforementioned compounds, preferable examples o

the compound containing a nitrogen atom and/or a silicon atom include a

compound represented by the following formula (5):

R52
|
(]) I|{54 R56
51 /
R —?——(c)h—N\ ©)
> | R57
I RSS
3
15 R

(in the formula (5), R5! represents a hydrogen atom, a hydrocarbyl group or a
hydrocarbyloxy group, R52 and R53 represent a hydrocarbyl group. And, h
represents an integer of 0 to 10, R% and R55 each represent a hydrogen atom
or a hydrocarbyl group, when there are a plurality of R%s, the plurality of
20 R5s may be the same as, or different from one another and, when there are a
plurality of R55s, the plurality of R55s may be the same as, or different from
one another. R3% and R57 each represent a hydrocarbyl group optionally
having a substituent, or a trihydrocarbylsilyl group, or R5 and R57 are bound

to represent a hydrocarbylene group optionally having, as a hetero atom, at
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10 preferably 10 or nore, nore preferably 20 or nore. And, in order to
enhance processability, the Mooney viscosity is preferably 200 or |ess,
nore preferably 150 or |ess. The Money viscosity (ML1+4) is measured at
100C according to JI'S K6300 (1994). A nol ecul ar wei ght distribution of the
conj ugat ed di ene-based 15 polyner of the present invention, in order to
enhance fuel cost saving properties, is preferably 1 to 5, nore preferably

1to 2. A nol I ight distribution.i bt ai . b i b
vesage ol BT S B AP PR PR Xy by
a gel per matiRRNCRERAMR P90 geﬁ%@l_)mat hod, and dividing Mv with M. 20A

content of a nononer unit bas on a silicon-containing vinyl conpound, in
order to enhance RH¥eépeasttssahydgogenopiint,i 2hydtraapbyfgoaploy 0. 01 wt % or
nore, nore preferably 0.02 w%or_  nore, further preferahly 0.05 wt % or
more, per JoGraearhyioRyErossnj g kydrecarhyl aeen ipprefaeably ienhyingearhyd

58 cont ne SoUR iR G LabrhPRahRE LERRE ni bRk o SASTERNG Babpeitey '
further pref efdahVatdmtt $a:Qhet posferably SmittRFEEASOr 12kt Hy1r60p) UTaLed

di ene-based pol yner of the present 1hvention, in order to enhance a tensile

br eakage sthyelrgtdrbyboxyt griong ia preferably ahiytrimsbdloay grouphmving @ tuidny|
conmpound, in addition to a 30, ngnoner ynit basegﬁ?n t he conj ]u)gat ed di ene
conpound arfdrBORBHYREr IR Prefs aghakkeEy GrPVR SRVERH L 4P i GRE PO Appms,

comeunc. SR 3e e bFa SR S WOtk R ETRRAD S A0

a- net hyl st yrene, uene, ene,

trivi nypbenzengabii fglhyjm?eﬁaﬁhmal ene, preferably styrene. 5A content of
the aromati'c vinyl conpound unit is O wt% or nore (content of the

conj ugat ed di ene R*¥3apdUfd renresens allppdnocastyrl gress) , The diydradsirpyl grompo or
nore (content of the conjugat di ene canpound, uni.t is 90 wt % or |ess),
more pref eriaw?}efsﬁm%/ﬁaﬂr%rﬁydl(mg?ﬁwss Lot edFhoRatons: e conpound
unit is 85 9 I f j ugat ed
di ene conp ungér%%ll* E%%k@ﬁ%’ogﬂu%%ﬁ% Ol\%%?é%%p%‘%%%ﬁ?@ rkggfe}fg?\&gér]der to

enhance f ughetigdtgroay oR@ntipbeidigs, R52GH1H R¥mal Heltteaagi@giaupy o Yha
conmpound unit is preferably 50 wt% or |ess (content of the conjugated diene
conpourd urhe differeat gxoupsr nore), nore preferably 45 w%or |ess (content

of the conj ugat eMA,%”?ep%ggggt%ngn i ietgexi‘ 3f 8 %o %Péfe%lﬁ)s' or less, more
preferably 0.
R5¢ and R35 each represent a hydrogen atom or a hydrocarbyl group,
when there are a plurality of R54s, the plurality of R%s may be the same as,

20 or different from one another and, when there are a plurality of R5%s, the
plurality of R35s may be the same as, or different from one another. The
hydrocarbyl group is préferably a hydrocarbyl group having 1 to 4 carbon
atoms, more preferably an alkyl group having 1 to 4 carbon atoms, further
preferably a methyl group or an ethyl group.

25 R3¢ and R57 each represent a hydrocarbyl group optionally having a
substituent, or a trihydrocarbylsilyl group. The hydrocarbyl group
optionally having a substituent is a hydrocarbyl group or a substituted
hydrocarbyl group. The hydrocarbyl group is preferably a hydrocarbyl
group having 1 to 4 carbon atoms. Examples of the substituted hydrocarbyl

.-80  group include substituted hydrocarbyl groups in which a substituent is a
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15A vinyl bond anmobunt of the conjugated di ene-based pol yner of the present
I nvention, in order to enhance fuel cost saving properties, is preferably
80 nol % or less, nore preferably 70 nol % or | ess, based on 100 nol % of a
content of a conjugated diene unit. And, in order to enhance gri pping
property, the vinyl bond amount is preferably 10 nol % or nore, 20 nore
preferably 15 nol % or nore, further preferably 20 nol % or nore,

articularl eferably 40 nol % nore...The vj nyl .bond unt i s obtained
1P rom an abs%lpg{ﬁg‘&t??di Wﬁ?&ﬂ%}m&%gﬂ&s@lﬁ’l&fﬂ?%%ﬁn@%ﬁ%% Pon peak of
a vinyl gr 1 . ' 0 ri &. . gﬂilgm | .
di \éheybage?géwgrlen?&gk Mtth?o%?}éilgﬁﬁ hﬁ)h\ggﬁta: %rm?aﬁﬁg%th 5 ugggjfggﬁggg)&%’ ugat ed
di ene- basedubetiyiieid leyadvposilyil @Rolys I edh¢to b alubbt twdndtes aploydroearipdsponent s

and additives. Exanpl es of ot her pol yner conponent include a

st yr ene- butgxanensudioavaymethoxynteshyl grows, pouethixyathylmpup, ard an

but adi epe-i re opol r ubber,..an utyl . rubber. And, ;exanpl es al so
el udeBa (LRURERDy G Eg.  dinamp b Bad: Brdiaht ISt s g an,

et hyel ene- QeLR56, ﬁggl : . {-Qikk 1 s36SEpRALYLRYL sconponent s
are used. 1 % en %ftaﬁgrangﬁiz/%grbdggnponeﬂﬁgsgieéﬁan bIerorat egai nto the
conj ugat ed teiresghydsibddrpapy nAmeig them ppageidble v e hydoocarapl grougy, posrat | on

anount of the coni ugat ed _di ene- based pol yner of the present invention, in 5

order to er¥afrrableisia bydrocashylgroppdpsiingdsto 4 saghoafatpris furtbest % or nore,
f b W % .0 10Q wt % of tyot al. | ti

e el B D B AR £ AR A B AP iR o e

conj uggped ﬁb%}@bh@ﬁ&éﬂﬂh%}@&lp MAsath @%ﬁd@ioh'?ye, t he known additives can

be used, and vul cani zing 10 agents such ‘as sulfur; vul canizing accel erators
such as thi azol e-Rféaad Riilmayibzi rupmactodbea diydrocarbylenergroap eghtiomadlyni zi ng
accel erator, a sul fenam de-based vul cani zi ng accelerator, and a

guani di ne- BiE¥aBEVRS B BsteroRforb @b leng one atp salectadgomethe giouRy agents such
as stearic i | pg: Qxi de: Qqr | C.peroxj S .cunyl peroxide,
diterti aryﬁ%ﬁ?gt%%d%%{r %sﬁé;a‘ig%ai, %f%?%’l%%& %Sg&r(\lflg&s%&c%g%seﬁ}t&néa, and carbon

bl ack; fil|Etsmplisfate hydrocarbylene group include alkylene groups such as a

15 tetramethylene group, a pentamethylene group, a hexamethylene group, and
a 2,2,4-trimethylhexane-1,6-diyl group; alkenediyl groups such as a
pentane-2-ene-1,5-1dyl group, preferably an alkylene group, more preferably
an alkylene group having 4 to 7 carbon atoms. Examples of a hetero
atom-containing hydrocarbylene group in which a hetero atom is a silicon

20 atom include a group represented by -Si-(CHs)eCHy-CHa-Si(CHy)s-.
Examples of a hetero atom-containing hydrocarbylene group in which a
hetero atom is a nitrogen atom include a group represented by
-CH=N-HC=CH, and a group represented by -CH=N-CHs-CHz-. Examples
of a hetero atom-containing hydrocarbylene group in which a hetero atom is

25  an oxygen atom include a group represented by -CHz-CHz-O-CHa-CHo-.
Among them, preferable is a hydrocarbylene group, more preferable is an
alkylene group having 4 to 7 carbon atoms, further preferable is a
tetramethylene group, a pentamethylene group, or a hexamethylene group.

Examples of the compound represented by the formula (5) include

30 N,N-dialkylformamide dialkyl acetals such as N,N-dimethylformamide
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cal cium carbonate, talc, alumna, clay, alum num hydroxi de, and m ca;
silane coupling agents; extender oils; processing aids; aging preventing
agents; lubricants can be exenplified. Exanples of the sulfur include
powder sul fur, precipitated sulfur, 20 colloidal sulfur, insoluble sulfur,
and highly dispersible sulfur. An incorporation anmount of sulfur is
preferably 0.1 part by weight to 15 parts by weight, nore preferably 0.3

part by weight 10 Lt S, ight fuyrther pr.efergbly 0.5 part by wei ght
to 5 partsdggle\y@’ efggéﬁ’&l%tﬁgwgnﬁ?laﬁfiﬁ?t&l a[cﬁga_eipol yner conponent .
25Exanpl es (piN-UiGe VW16 Ah e HeERYIBIRLLY, alndON e iRl #EPhanias flethyl

vul cani zi ng accel erators such as Z-nercapt obenzot hi azol e, di benzot hi azyl

di sul fi de, asetalc NoNediyllkylabsanttlbidaalklyd atdtatnsudeaeNCN; dindethy e traa atd

vul cani zi ng _accel erators_such as_tetranethylthi uram ponosul fi de and
t et r amet hy dimethghacstal, I¥.Nodietbylacetrmideedibactdy] acetéhni zi ng accel erators 30

S Asgn N WTAA-A2860E AR S IATNER diethylacetamide diethyl

N- oxyet hyl glage- benzot hi azol esul f enami de,
N- oxyet hyl ene- 2- benzot hi azol esul f enam de, and
N, N - di i sopr opy 1 Theb@mrpdundrepresentedrisntiteforgudni(f) meplefsablyal cani zi ng 5

accel erators such as djphenyl guani di ne, .di Qrthot ol yl guani di ne,_an

or t hot ol yI EPERENIE Wewiusal ﬂﬁ% r%gﬁ%ﬁ: iRoh is Adwidrogen ﬂFfEnv%ﬂlfg ?E?,z%”ﬁgﬂ“,
accel er at orgsSpiy £f bl -1 par wei-ghty 1o rt irght, nore
preferably 5 ’ZRpagI%&E@ \E}\%‘? %ﬁtal?@ %m%ﬁr %V1g§ 1\/\%1 %E?%&e%o%omg{grg % by wei ght

of the 1pol YBferaBIPRNEIMmp @K 2R E6h Bf is(0)R55id 4 Bgdidtenudent lahdSRE RS,
(silicic acid anhydride), wet silica (hydrous silicic acid), colloidal
silica, prd%pindR&arsidn ebkyleabep havsig ldatdecarhnd adbmsi nParsictilackt e. One

or nore kinds_ of_ the .be used. A BET specific syrface area of silica is
pr ef er abl yR’:'Gf%})E)e ’tsg]\"gg'gl1%ﬁ]@§l%%a§§e Q‘b‘gEﬁﬁl(?cgtﬂ'if ace area i s measured
according t - G hal aﬁg% ﬁp‘{}ﬁﬂfﬁr , trade
name Ul trag? ’Iwg@%@rﬁ%&@gf ?Flé%t%@ %%gggs}\g’l,mﬁ%ge na(Jrlfe : (ﬁ% , and

RS- 150 manuicatdlube N, Byditebglforphamede Stthol atdtah, and trade nane Zeosi |
1115MP, 1165MP etc. manufactured by Rhodia_can be used. Exanples of the

carbon 1Bl ack i nclAmractionfen aetavkend oéaynadymmen paekuceioby adding thsl ack,
T R G R S R e e R
SRF, GPF, %Bﬁgyoﬁﬁld @Faﬁ@ﬁegggar%ﬂifai g%%ghn%&%epﬂzwm@ﬁ{bmﬂ and M;

acetyl ene carbon bl ack are e or nore kinds of them can be
used. component (it is thought that an active end of the polymer has an alkali

metal derived from an organic alkali metal compound of the compound (I)),
20 and the compound containing a nitrogen atom and/or silicon atom is
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.
The amount of the compound containing the nitrogen atom and/or a silicon
25 atom to be added to the polymerization solution is usually 0.1 mol o 3 mol,
preferably 0.5 mol to 2 mol, and more preferably 0.7 mol to 1.5 mol per 1 mol
of the organic alkali metal compound of the compound (I).
A temperature at which a polymer and the compound containing a
nitrogen atom and/or a silicon atom are mixed is 25°C to 100°C, preferably

30 35°C to 90°C, further preferably 50°C to 80°C. A contact time is 60 seconds

41



25A nitrogen adsorption specific surface area (N2SA) of carbon black is
preferably 5 n2/g to 200 n2/g, and di butyl phthal ate (DBP) absorption
anount of carbon black is preferably 5 nl/100 g to 300 mil/ 100 g. The

ni trogen adsorption specific surface area is neasured according to ASTM
D4820-93. The DBP absorption amount is nmeasured according to ASTM 30
D2414-93. As a commercially avail abl e product, D abl ack N339 manufactured

by M t subi shi em cal r ation, trade nane SEAST 6, SEAST 711M and
SEAST KR n&ﬂég‘r&]‘ﬁﬂ’ 889%%18’%F11@:3P%0W )gg‘?‘,lr'Ltd., trade nane CK 3, Speci al
Bl ack 4A manuf actyur. : . u dinto a
conj ugat ed di ene-Igatzlgc]ﬂ %8‘%@%&’%%%@%’?‘3&“ 8Ph§\?\ﬁ? %lzﬁgﬁgéﬁ]?% C|éra1g agent
i's incorporaided tord solub@ncnitagihgd dngiertedsicngbhyspolgmdrhesipgasent

invention, an incorporation anount of the reinforcing agent is preferably
10 parts byhydapeprbonmasisgolygnt. sathihefémgnoinpérom pmtisdionsofipplymegization an

i ncor porati gn amount of the conjugated di ene-based, pol r qf t resent

| vent s Gn.  AGBOBRBT AOTED] S NS ST RaRtary. SEBaMSheETaby oo on
resi stance 3dlideSid:FAGhBudes SR Foli @ LEgRBL N b Bid RIRWINE BRAUR! (G0 &,
further prec?e?a y%o parius by weiﬁ%ht o%g nor e. Ansg, In orc}}(lailrE to gnhgegge
reinforcing pR6hMLy. t@@ incorporation amount is nore preferably 120 parts

by weight or less, further preferably 100 parts by wei ght or |l ess.. 15Wen
f or mul at ed (Phesein BEhyapgasents dincalkyb gseep o) gHenyt srpssia eysiealkenwl ch a

i nf or ci t s | d inta th i ugat ed di ene-based pol
0 The: or odaRiEtn At atAToRs: B fePhRed SHERR AR o Bl oy ober 1 ec
it is peef %g?é@:&@ aUsfosbh by 4 HPdFRhRbA6bEY Bo@sietid a/l\epfé@eﬁgsggﬂ ation

anount of silica is preferably 50 parts by weight or nore, nore
pr ef er abl y inCegeardfD fay20hei ght or nore, based on 100 parts by wei ght of a

total incorporation anpunt, of the reinforcing agent. n a wei ght

rati o of a cont edt*applgs|qf the geunling ageat F%ﬁ’#‘?ﬁéﬁﬁﬁn}@' Qbeefﬂm%iﬁéqﬁ) cont ent of
carbon bl a ni.en Ll : . b i ferably
2 1o oonelRN ARy BrecplhlofRe, nfbeRORL Mo GRL B SRR RO

properties, tranetisAbaiaessile) b fthe-HbERE! ingthylsridRlceoRhef erably 5 1 1 to
20 : 1. Exanpl es of the silane coupling agent include

vi nyl t rlischl dimethy ldiehlovoniy) triinetkglehiorptine fetramethoxysilane,
vinyltris(13-

13- (3, 4- ep&?ﬁ?ﬁ%bﬁ% Sblce:, agé{emgihpgﬁ]&lsgane, methyl?riethoxysﬂ?ne,
y-glyci doxyRhoRyrh tHBBAANS, didfhok i BRI hAY Y i PR i XA QKN AL | ane,

tetraethoxysilane, ethyltriethoxysilane, and diethoxydiethylsilane.
An addition amount of the coupling agent, in order to enhance

20  processability of the conjugated diene-based polymer, is preferably 0.03 mol
or more, more preferably 0.05 mol or more, per 1 mol of the alkali metal
derived from an alkali metal catalyst. And, in order to enhance fuel cost
saving properties, the addition amount is preferably 0.4 mol or less, more
preferably 0.3 mol or less.

25 In the process of the present invention, an unreacted active end may
be treated with an alcchol such as methanol and isopropyl alcohol before
recovery of a polymer described later is performed.

As a method of recovering a conjugated diene-based polymer from a
solution containing a conjugated diene-based polymer using a hydrocarbon

30 as a solvent, the known method can be used, and examples thereof include
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N- ( p- am noet hyD-rar ai nopr opyl tri nmet hoxysi | ane,

N- (0- am noet hyO-y- am nopr opyl net hyl di net hoxysi | ane,

N- phenyl - y-am nopr opyl t ri met hoxysi | ane, y-chl oropropyltrinethoxysil ane,

y- mer capt opropyl tri met hoxysi | ane, yam nopropyl tri et hoxysil ane, 5

bi s(3-(triethoxysilyDpropyO disulfide, bis(3-(triethoxysilynpropyl)

tetrasul fide, y-trimethoxysilylpropyldinethylthiocarbanyl tetrasulfide, and
rtrimet hoxyshl yl pr,opyl bengot hi azyl tetrasulfide. e. or nore.kindsg of them
e ueed. A B o SR Aienat S Rkt sl bed RageRER 2 o o
manuf act ur gﬂeﬁ%(-b%g&@é%ﬁ@ﬂ 2@ (8 §0me NS d ARG &gt bk QoRutsa] ugat ed

di ene- based pol yner corposition in which the sil'ane coupling agent is

i ncor por at egntaindng heoapugatgdidenebasntpblysed. pdhenmecovdret fronprgededt

i nvention, an incorporation amunt of the silane coupling agent is

pref erably @epa-hasg@p@baww@dwdwtwhw@gmq desisrsushePet Bang 2 parts
by weight tp 15 ﬁﬁrts b% weli g{}%{pie({urther preferably 5 15 parts by weight to
10 parts b %F& ,alb%}F Tﬁ’é’np S 1'B’?r'wei ght of silica. Exanpl es of
the extender oil THbCédﬂ)?iﬁ RABheHR88DoIFMEF B LI hfesent BERSItion WAV tY
constant (V.G C. val ue % 900 to 1.049), napht hene-based mneral oils (VG
C. val ue 0.d®nfugated.BOD)-bapat pblynmermddicad byrthle sdoteménti@Ged pyakese 0. 790

to 0.849). A polycyclic aromatic_content of the extender_oil_ is 20
preferably |ess ﬁﬁﬁp@ewm@cwé%kw)&%ﬁfowﬁélhelie'hﬁ%d FRYHEI8fcycl i c

aromatic cqntent i asur ed. rdi ng qt e Briti I f.

Pet r ol eum %z‘i’é/%‘fsﬁ%‘i %&igw(%‘d}ﬁéﬁ&e ?tgn%g}}}aglc%%n%egﬁ!rl\% b?%%l‘%%% g‘%& 1% ®t he
ext endefy Oi grelfsraBlyehi 8o Rhyre? ndMe%praferdBlE20 GR endfe. NRIEL, khitdePto t hese
extender oils are used. 25As a nmethod for produmgé a conj ugat ed

di ene- basedpiuncemrocenspbiityj the Moonnay vigposiyiisprefenebly 20omeless.onprment s
and additives .in t be conj ugate i ene- based ymer. of the pr i
nvent i on, RARETRYHADREE HORE. 1 d@@aﬁsya}scas%ﬁ%ﬂqgflsmaa%rﬁ 8 200°C
conmponent w : b X chine such as a roll and Banbury can be
used. 30As ‘{?gr‘f%%gatépﬁgr%%@??%@ when additives other than the

vul cani zi ng agentA najlecdlae w&i%ﬁmis&ihgtiaﬁttﬁ'lthé@bﬁjug&ltéd dierey-pasctt ed, a
kneadi ng tenperature is usually 50C to 200C, preferably 80C to 190C, and a
kneadi g t i pdymeroé the pyesmtdarention: i aoletitngndgncy feslaogbpgvineni nute to
30 m nut es'pr\{)\g%?tittasr]els \f)li’ltlai%%&%l%rl 1'% ggr%r(])tre %ngetra yvfltc(): 8" 4 Mdlecular weight

L

distribution is obtained by measuring a number average molecular weight
(Mn) and a weight average molecular weight (Mw) by a gel permeation
chromatography (GPC) method, and dividing Mw with Mn.

20 A content of a monomer unit based on a silicon-containing vinyl
compound, in order to enhance fuel cost saving properties, is preferably 0.01
wt% or more, more preferably 0.02 wt% or more, further preferably 0.05 wt%
or more, per 100 wt% of the conjugated diene-based polymer. In order to
enhance economical property, and increase a tensile breakage strength, the

25  content is preferably 20 wt% or less, more preferably 2 wt% or less, further
preferably 1 wt% or less.

It is preferable that the conjugated diene-based polymer of the
present invention, in order to enhance a tensile breakage strength, contains
a monomer unit based on an aromatic vinyl compound, in addition to a

30 monomer unit based on the conjugated diene compound and a monomer unit
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5 accel erator are incorporated, a kneading tenperature is usually 100C or

| oner, preferably roomtenperature to 80C. And, a conposition in which the
vul cani zi ng agent and the vul cani zi ng accelerator are incorporated is
usual |y used by perform ng vul cani zi ng treatnent such as press

vul cani zation. A vul canizing tenperature is usually 120C to 200C, 10
preferably 140C to 180C. The conjugat ed di ene-based pol yner

conposition of .the present invention is excellent_in fuyel st _savin

or opor ti es AEd 9 ReRETeRiETRRE REh GUAPOURG: | Exammcn ol M matic os.
15 Exanpl es,: | f | ' s perforned b
the foll owﬁ’ﬁﬁyln%({”ﬁ%‘gj’gﬁd ?%%%Q@&?&g@?@ﬁ%%ﬁ@ﬁ%@g@gﬁﬁg Lo J1S K630
(1994), theiMphiehthaikeesdivnpheazoed, WirbinZBenasnd easlidiethylhapBtialede, Vi nyl

bondi ng anount (unit: nol % The vinyl bondi ng anount of a pol yner
was obt ai naurefarahiy styremsor ption intensity around 910 cm 1, which is an

3. " Cont Bt 0f st 9y BHSSBRPE o AEsa gl ot onistuRi SRR N VR prefags .

(1995) L QcSReRE tRE oo AENIEN8ichl donlfbithd Bhi TR ONAPoRRE AR T om a

refractive 1 ndex ar wei ght distribution (Mv M) A weight average
mol ecul ar vgle@rabM) watdlonnurstierntare ohitiee &thjuphtedudiane woirglotindNn)it wer e
measured under the follow ng conditions (1) to ) .
90 wt% or less), more preferably 15 wt% or more (content of the conjugated
diene compound unit is 85 wt% or less), per 100 wt% of a total amount of the
10 conjugated diene compound unit and the aromatic vinyl compound unit.
And, in order to enhance fuel cost saving properties, a content of the
aromatic vinyl compound unit is preferably 50 wt% or less (content of the
conjugated diene compound unit is 50 wt% or more), more preferably 45 wt%
or less (content of the conjugated diene compound unit is 55 wt% or more).
15 A vinyl bond amount of the conjugated diene-based polymer of the
present invention, in order to enhance fuel cost saving properties, is
preferably 80 mol% or less, more preferably 70 mol% or less, based on 100
mol% of a content of a conjugated diene unit. And, in order to enhance
gripping property, the vinyl bond amount is preferably 10 mol% or more,
20 more preferably 15 mol% or more, further preferably 20 mol% or more,
particularly preferably 40 mol% or more. The vinyl bond amount is
obtained from an absorption intensity around 910 cm™ which is an
absorption peak of a vinyl group, by an infrared spectrometric method.
The conjugated diene-based polymer of the present invention can be
25 used as a conjugated diene-based polymer composition by incorporating
other polymer components and additives.
Examples of other polymer component include a styrene-butadiene
copolymer rubber, a polybutadiene rubber, a butadiene-isoprene copolymer
rubber, and a butyl rubber. And, examples also include a natural rubber, an

30 ethylene-propylene copolymer, and an ethyelene-octene copolymer. One or
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(8) by a gel perneation chromatography (GPC) nethod, and the nol ecul ar

wei ght distribution (MvV VMn) of a polyner was obtai ned. (1) Apparatus:
HLC- 8220, manufactured by Tosoh Corporation (2) Separation col um:
TSKgel SuperHWH (two in series), manufactured by 5 Tosoh Corporation

(3) Measuring tenperature: 40C (4) Carrier: tetrahydrofuran (5)
Flow rate: 0.6 nlm nute (6) Injection amount: 5 pl 10 (7) Detector:

differential refragcti 8) Ml ecul ar i t apdard: standard pol ystyrene
5. Fuel cosrflm';‘eaf\ﬂnr‘lfg;s Og(r%g‘ﬁéer%?lgsmer compm\i\glstg%}?%iﬂs?} e test piece having a

width of 1 mm or WhERmoEREr folyeltGidonfiorfthtEBr¥scoRpordted ifty tHe om a

sheet-1i ke vul cani zati on npl ded article, and 15 was subjected to a test.

For neasur evapgatedsBenabgsed pélyansd ¢fAhe)preséntainvestiopi auencirparateomper at ur e
of 70C was neasured with_ a viscgela ticéty measuyj.ng apparatus ., .

(manuf act urdBoByt 7 semiueRtediliene agec PRESED§T Ofcher PreRenicHIVENEioBndn of a

S 8 SRRPt: Bubh SRSt ool 3 RSN SRS bl 0%
unit: MPa) more preflfatily Fongt% drdherd{Péadd ot HIO ®6% ofta thaihcbipporbeidh pi ece
I's broken was neasured at a tensile rate of 500 nm m nute using a No. 3
shape dunbbehbuneef pelyemse. cobxameings {including an incorporation amount of the
conjugated diene-based polymer).
As the additive, the known additives can be used, and vulcanizing

10  agents such as sulfur; vuleanizing accelerators such as thiazole-based
vulcanizing accelerator, thiuram-based vulcani-zing accelerator, a
sulfenamide-based vulcanizing accelerator, and a guanidine-based
vulcanizing accelerator; vulcanizing activating agents such as stearic acid
and zinc oxide; organic peroxides such as dicumyl peroxide, ditertiarybutyl

15  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; processing aids; aging preventing
agents; lubricants can be exemplified.

Examples of the sulfur include powder sulfur, precipitated sulfur,

20  colloidal sulfur, insoluble sulfur, and highly dispersible sulfur. An
incorporation amount of sulfur is preferably 0.1 part by weight to 15 parts by
weight, more preferably 0.3 part by weight to 10 parts by weight, further
preferably 0.5 part by weight to 5 parts by weight, per 100 parts by weight of
the polymer component.

25 Examples of the vulcanizing accelerator include thiazole-based
vuleanizing accelerators such as 2-mercaptobenzothiazole, dibenzothiazyl
disulfide, N-cyclohexyl-2-benzothiazylsulfenamide etc.; thiuram-based
vulcanizing accelerators such as tetramethylthiuram monosulfide and
tetramethylthiuram disulfide; sulfenamide-based vulcanizing accelerators

30 such as N-cyclohexyl-2-benzothiazolesulfenamide,

45



25The interior of a polynerization reactor made of stainless steel,

equi pped 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

i ndustrial hexane (density 680 kg/nB), 608 g of 1, 3-butadiene, 192 g of
styrene, 6.1 ml of tetrahydrofuran, and 5.3 m of ethylene glycol diethyl
ether 30 were placed into the polynerization reactor. Then, in order to

detoxify iypurities . causing.inactivatian of a polynerization initiator in
advance, a @ﬁ;ﬁﬁ f"éﬁaése%?&gl%r@%ﬁamﬁ% butyllithiumin n-hexane as a
scavenger "R%x%ﬁ%ﬁgnéﬂtl?eﬁ%%hﬁﬁg}é Ifeﬁéfﬂi?é‘,; eactor. Into the

edc

pol yneri zation™r tor was place .74 g o

bi s(di et hylMroxye}lngthy2vhetydoshisabRsulibaamide rmitbxane sol uti on of
n-butyllithium (content of n-butyllithium 17.2 nmp|) as a_pol ynerization
initiator W¥&Y opyi & beneothaazalesulfensamider guanulinehgsed ypldanizingr3 g
(1.01 | per | of n-buf.yllithi um,.of di-n-butylam.ne was i medi ately
bi aced Pandielsshbre froBas ibbenviramage. Sl laetRHaRd R ror i at s on
reaction 1G,@hodedyibBHi-ARAARE: Al HiRFoBRtbn amount of the vulcanizin{gr o

bi s(di et hyl am no) et hyl vi nyl sil ane was perfornmed for 3 hours at a stirring
rate of 13Gacepleratud ia prefepabbt Wil earh byhveeighk yordrparés bpweight; tmoreof 65C,
whil e 1, 3-but adi ene _and styrene_were conti nuousl ¥ supplied into th

pol yner i zathtsienabhe P o partilty waishitte Joparts Jypueigarary Bty béfrréelgﬁﬁﬁfi ed

after initiagtio f the pol rization 15 reaction were 912 g and 288 g,
respecti vel'f;‘.e pﬁﬁ%&gﬁﬁﬁﬁp%gfe}ggss(di et hyl am no) net hyl vi nyl si |l ane pl aced was

0.14 wifp i n the tEtahpRERYThe QUiEPHRIEIS AW bita(alicResAd RdRALidY), weppl | ed
into the pol ynerization reactor. To the polyner solution was added 20 m of

a hexane sdiilita finy@Ous eilicic acidy, doliddl silicappriesimotated militeh ealydigner

solution was..stirred for .5 mnutes. Then, to the pol r solution r
added 8.0 gsigpate, and aluminum silicate. ne or more 1nﬁs o¥gﬁem canube used. X

2-tert-but - - - 2. . QXY B - A-gpt heayl
acryl at eu(ﬁga&%gﬁéﬂ%%ﬁeérwé% ggr(r%tlsnﬁ eg{@%gﬁ%y%&%@%yﬂgﬁe%al Co.,
Ltd.) and 4BBT®spetiffedihdgdey/iival isthbaduralli secordiag ity ASTMID099D03! eAs(d r ade

25 nanme: Sumlizer TP-D, manufactured by Sumtonmo Chemcal Co., Ltd.).
Then, tlfe pommerdialyiayailableproichazade newee UltrastlanySuAdeanvlagthred

ommer U o | B eads WIS p200 VA6 SpLuRL VRS OBPU LSO ANARS
hours underg igdUSHPoPIESE WA t-HIR FHAL YRLEAN 115/B ti6SMB Bfe. POl yrer are
manufactured by Rhodia can be used.
Examples of the carbon black include furnace black, acetylene black,

20 thermal black, channel black, and graphite. As the carbon black, channel
carbon black such as EPC, MPC and CC; furnace carbon black such as SAF,
ISAF, BAF, MAF, FEF, SRF, GPF, APF, FF, CF, SCF and ECF; thermal
carbon black such as FT and MT; acetylene carbon black are exemplified.

One or more kinds of them can be used.

25 A nitrogen adsorption specific surface area (N2SA) of carbon black is
preferably 5 m?/g to 200 m#/g, and dibutyl phthalate (DBP) absorption
amount of carbon black is preferably 5 ml/100 g to 300 ml/100 g. The
nitrogen adsorption specific surface area is measured according to ASTM
D4820-93. The DBP absorption amount is measured according to ASTM

30 D2414-93. As a commercially available product, Diablack N339
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30 shown in Table 1. One hundred parts by weight of the resulting
polymer, 78.4 parts by weight of silica (trade nane: Utrasil VN3-G

manuf act ured by Degussa), 6.4 parts by weight of a silane coupling agent
(trade nane: Si 69, manufactured by Degussa), 6.4 parts by weight of carbon
bl ack (trade name: Di ablack N339, 5 manufactured by M tsubishi Chem cal
Corporation), 47.6 parts by weight of an extender oil (trade name: JOMO

wel ght o AFREHETISY GO GROTR TR Y as S pReRY & o)
sum t om> CRAA SR, an'SEASTARIRE At URI R TOaPCRAIICCAC LAL, frdt LS bY
wei ght of zinc flower, part by wel gHt of a 10 vu?canl zat1on accel erator

(trade namganS® 6| Special/BludkeLA uinchfaytisedi iyoDegthayetalcatide, udedd. ), 1
part by weight of a vul canization accel erator (trade nanme: Soxinol D,
manuf act ured by ¥Vhen fommndaded atio aosonjugated dienedasad ol HPenerPRESIHION wax

(trade nane: Sunpoc N, .manufactyr.ed by Quchi, .Shi nko Cheni cal ..l ndystr i al
Co. L8y tnaphich Areiireme R ig umrpOr et Rt Dier IR RR Ao f e
Labopl ast ‘é?i*ﬁﬁ% LoR T, { : :
corrpgsi ti ohgo\l'}%%g?rg Qgegﬁfér%te %tgﬂi eetn’vm t ak%d@ghg rrll Ar}glofl,%gﬁjﬂ?%éﬁ?ﬁglgt%r was

heated at @@t ioprefbrablpuitgsartebywiiganiia 60 partoby weights par W0Dqaris ed
sheet. The evaluation results of physical properties of th% vul cani zed
sheet are dhoweight ofaplimcarpozetionmyaswet oithecomingated diene-basebPPIYIRRY or of

a polynerizatjon react.or de of, _stal nless steel i d w a stirring
devi ce, an® ﬁb@ipﬁﬁs IPH?IEBH& éﬁ'ﬁuﬁée mcoggoia%%a%gglﬁggﬁ a%r:@e% rQ?ed, and
repl acgg w b &5 it6d ad® a%tidhh, i'818sé praferdiyaEpadehyi ty 680
kg/ nB) ,916608&21{:‘2{&{1, 3% lglga iSleS%l_e, 1%2 S of 2% styr ene,b 6.1i m& of by

t et r ahydr ofwisight oamsoré, furthepprefobleB phats by weighh pir moteer Amet,enpl aced

into the polynerization reactor. Then, in order to detoxify inpurities
causi ng i naudey e phange FLIBHITGIAE PLOPErHh the IRGoEPeFation ampytds mOTe ) |

ol aced i nt PERUIBLY JaE Pl K P oo AR 00 BARRORY, 120,

was pl aced eidt@réss. bi s(di et hyl am no) met hyl vi nyl silane, thereafter, a
solution of n-butyllithiumin n-hexane (content of n-butyllithium 12.3
mml ) as a pol yméWheatformulatetiintoa conjysated disnesbasesceelymercommosition

D e 2t Qg 3,000 YTEL 234101 £.88%ht Sl W Bk

polymer of the present invention, in order to enhance fuel cost saving
properties, it is preferable to use silica as the reinforcing agent. An
incorporation amount of silica is preferably 50 parts by weight or more, more

20 preferably 70 parts by weight or more, based on 100 parts by weight of a
total incorporation amount of the reinforcing agent.

And, a weight ratio of a content of silica used as the reinforcing agent
and a content of carbon black (content of silica * a content of carbon black) is
preferably 2:1to 50 : 1. The weight ratio, in order to enhance fuel cost

95  saving properties, and enhance reinforcing property, is more preferably 5 1
to20°1.

Examples of the silane coupling agent include vinyltrichlorosilane,
vinyltriethoxysilane, vinyltris(B-methoxyethoxy)silane,
p-(3,4-epoxycyclohexylethyltrimethoxysilane,

30 y-glycidoxypropyltrimethoxysilane, y-methacryloxypropyltrimethoxysilane,
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5 1, 3-but adi ene, styrene and bi s(di et hyl am no) net hyl vi nyl si | ane was
performed for 3 hours at a stirring rate of 130 rpmand a tenperature in
the pol ynerization reactor of 65C, while 1, 3-butadi ene and styrene were
continuously supplied into the polynerization reactor. The anounts of

1, 3-but adi ene and styrene supplied after initiation of the polynerization
10 reaction were 912 g and 288 g, respectively The anount of

bi s(di et hylsl\?_m]__no .get VI nyl.si| ane & g@ gla 13 W% in the total anount
of m)norrer A% JPQREQPYSEr 842 Rt o the pol yneri zati on
reactor. l?%wgg#fl%gf(ﬁﬁg) .E.ghﬁhloﬁpo ﬁlegggﬁgbg%ﬁysggng hexane sol ution 15

cont ai ni ng anol t he pol yner Solution was stirred for 5
m nut es. THNphehyl-{aenipopyomitdmetoxysilant pnhlwomm&iemletlﬁnqsdane
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-nethylb nz‘%ﬁ t hyl phenyl
acryl at e ( YraeECapAPRYOPSLNE %MYGW%%‘#@&’P@HTQHY% eChem cal Co.,

Ltd.), 0 enta t ( onate) (trade
20 names shi e ar BB AR eIl Rl AR Gt haRRY " ) ! e,
the pol ynerizaki@Hes 91t!ﬂfm@ﬁho%mﬁbk@ﬁﬁalﬁl@t&tlﬁﬁ@cmﬁylr@mmﬁr@@raaidJr e for
24 hours, and the sol'vent was” evaporated to obtain a polyner. Thereafter,
the resul t wrtmmethamsﬂmopﬂbbhzmthdaz;dctetﬂasﬁlﬂdef orOne ohmare kindeof r educed
pressure. The eval uatjon results of the p yrrer

5 sh
One hundr edhpay 2ze wgedaeidn cemn@%@% aV?Ji Felegyp H‘éfp%r ﬁ%&?ﬁ%‘@% fﬁe. ght
of silica %&r adgn]lga%%uretélgrﬁs Ssvm?ﬁi& 'Ws%ﬂf actured by Degussa), 6.4 parts
ra

by wei ght aneé cou a en e nane: Si 69, manufactured by

Degussgp, 6.4 panyRedYorLuldhéd Q&toc@&&%ggtai:alehbrw@dw@me%aﬁbagkmms9
30 manufactured by M tsubishi Chem cal rporation), 47 parts by wei ght

of an:ext éndehicbithe (sileadeonpling apeNDiPiaoEperaysl iny thmmﬂmh@ded by Japan
Ener gy Cor pgqr at i on) wei ght of. an anti ent

name: Anti GufRe" @SE%B%F%%Q#@G&? Dcvﬁl’?ﬁméhémlﬁ‘ﬁ?rp%l} 80’&%(5“ parts by
wei ght of foheWs i ght
of a5 vul uf erepeatblling BRRL T BRRELAV 1 PR elehR 4550 F??;ﬁ%“?%ﬁr%ﬁ by

Sum t oo ChfisicCptef&@bly Righrts b wRdght by 18@iagty b}waeagM,l Ifazthier ptréfonably 5
accel erator (trade nane: Soxinol D, manufactured Sum_ tono_ Chem cal Co.,

Ltd.), 15. 5 geats by myalabt thi0 parts Maweightaper rlgﬂ@arsuhmcelsht pbsticact ured by
Ouchl i1 ko, et ol oA ShE e Bty B BRF bl o1,
The result i(Q%cB&'t&’ E?évﬁf EPRsthht ev.ves vARLI eHon Mt 1 D49NeRiphthene-based
mineral oils (V.G.C. value 0.850 to 0.899), paraffin-based mineral oils (V.G.C.
value 0.790 to 0.849). A polycyclic aromatic content of the extender oil is
20 preferably less than 3 wt%, more preferably less than 1 wt%. The polycyclic
aromatic content is measured according to the British Institute of Petroleum
346/92 Method. And, an aromatic compound content (CA) of the extender
oil is preferably 20 wt% or more. One or more kinds of these extender oils
are used.
25 As a method for producing a conjugated diene-based polymer
composition by incorporating other polymer components and additives into
the conjugated diene-based polymer of the present invention, the known
method, for example, a method of kneading each component with the known
mixing machine such as a roll and Banbury can be used.

30 As the kneading condition, when additives other than the
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with a 6 inch roll, and the sheet was heated at 160C for 45 m nutes for

vul cani zation to prepare a vul cani zed sheet. The eval uation results of
physi cal properties of the vul cani zed sheet are shown in Table 1. 15
Conpar ati ve Exanple 2 The interior of a polynerization reactor nade
of stainless steel, equipped with a stirring device, and having an internal
vol ume of 20 L was washed and dried, and replaced with dry nitrogen. Then,

10.2 kg of industrial hexan density 680 kg/nB), 608 of 1, 3- but adi ene,
10575 o b iamiaing aeeh, ARG Sho VAR M SE LA Lar, AFeAntomHOT Bt Ay | an

I | di etyhyl i b | j ochhen, i
oo to adadihe fmbiEttult 3¢ Boutly 8010% PRI HIABALIP 8050 Eh B000C N 11

initiator ighdgkaeedingtisi®sl uaiEhN30 8écodsab B0 minwiespiaféndbly thi um in
n-hexane as a scavenger was placed into the polynerization reactor. 25A
n- hexane schinutertodiO mibutepl | Whéw ith¢ vulnasazingfagent angl thetvileanizog: 4 mol )

as a polynerization ini.tiator dded.into the pol yneri zatiqn,4eactor,

t her eaf Per 298¢ Pga@r(afgggcqmor%éﬁ, # a%eﬁ\g %@‘Bﬁf’ff’r e ?Hﬁ‘)‘é@‘f 186-C o

di - n- but yl g rdegad i 8GO0k h REtieRt ed.
The copol ygeg%?g’aq}?genﬁlrbg&gg |I%%Qo %?@J%trftﬁaggghegglr% styrlgdr.?éw\%ﬁ/aslhp%}?lkgr med 30

for 3 hour gshatvildcsiizing Agentoded dhie $3Rkahpiingnrdcelelctivparatinceporatetds
pol ymeri zation reactor of 65C, while 1,3-butadi ene and styrene were
cont i nuous|ysusdbyphisastby pexformeng viiosizingtireatmeniciush asTPesinount s of

1, 3-but adi ene and styrene supplied after initiation s yAerization
reaction me‘?‘gcwagméndg?‘é@cgz ZF%%B%‘BPE%%? 1%*5“%388I@ﬁ%28§0¢5ti on was
added 30 mpr%?eﬁb*ﬂf’f@ﬁ%%@'lgﬁ“@.n containing 0.8 m of nethanol, and the
pol ynmer sol'ution was stirred for 5 mnutes. Then, to the polynerization

sol ution were addBik orfjugatyd diene-based polymer composition of the present
2-tert-butyl-6-(3-tert-hutyl-2-hydroxy-5-nethyl benzyl) - 4-nmet gyg phenyl
acryl ate (tinxgntigaisexepllantiinduelmpstsavingpraregtisy anda templedireatagd 10

Co., Ltd.) and 4,0.q0f thej Lyl etraki s(3-1auryl thi i onat
(17 ade. nareay pdas sBRBAEIER b Ly "Sumt como e cal” Cor Lt )

Then, the polynerization solution was allowed to stand under room
tenperature for 24 hours, and the solvent was evaporated to obtain a
pol ynerls ThBx@aapley , the resulting polyner was further dried at 55C for 12
:SL ﬁocmo uir rS] #—23?; ?L ué: ggai%;%i%%uorf%hyg?c%l %\ég]!)gr%}ésovgasr, S%r oggleafbyt tqlee E)ﬂlo rlrgé are
methods.
1. Mooney viscosity (MLi+s)
According to JIS K6300 (1994), the Mooney viscosity of a polymer
20 was measured at 100°C.
2. Vinyl bonding amount (unit: mol%)
The vinyl bonding amount of a polymer was obtained from the
absorption intensity around 910 em't, which is an absorption peak of a vinyl
group, by an infrared spectrometric method.
25 3. Content of styrene unit (unit: wt%)
According to JIS K6383 (1995), the content of a styrene unit in a
polymer was obtained from a refractive index.
4. Molecular weight distribution (Mw/Mn)

A weight average molecular weight (Mw) and a number average

30 molecular weight (Mn) were measured under the following conditions (1) to.
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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 parts
by wei ght of a silane coupling agent (trade name: Si69, manufactured 20 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
an extender oil (trade nanme: JOMO Process NC- 140, manufactured by Japan

Ener gy Cor .00y rt ' i - ad] de
e Ant1 GohLY deEstpekupeatl S MR OR0) Abod PP BeABRECR, |
25 wei ght  OfeiptRaétitARich (MwIRI) S Y AIRRty & olffaled | Over, 1 part by
wei ght of a vul cani zati on accel erator (trade name: Soxinol CZ, manufactured

by Sumi t ond1CAgpiaratuscHL.C18220) manyfacturbg bysTagoh Gdrparatidani zat i on
accel erator rade nane:. Soxi D, .man ed by Sum tono em cal Co.,
Ltd.), 1.5 ﬁ@i?@gawl%%h@%ﬁﬁkaé&s@?é@%ﬁ 0 B {ERISE =N‘?3136g]?§%%3&){ ur ed

by O.IChi5 Shf%ﬁ@a%%gﬁhnl ndustrial Co., Ltd.), and 1.4 parts by weight of

sul fur were Laboplast MII| to prepare a polymer conposition.
The resul ti(3yMedstiFaig tanpostur@Momgs nol ded into a sheet with a 6 inch
roll, and the sheet was heated at 160C for 45 mi nutes for vul canization to

prepare a 4} Emrrieedtestadastdrofimreval uation results of 5 physical properties

of the vul canized sheet are, shown in Table 1. [Table 1] Exanmple 1
Conpar at i ve@’&g?ﬂflrétei%ﬁ‘bﬁfrn&]ﬂ%@ Exanpl e 2 Mooney viscosity

(6) Injection amount: 5 pL

10 (7) Detector: differential refraction
(8) Molecular weight standard: standard polystyrene
5. Fuel cost saving properties

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:
15 was subjected to a test. For measurement, loss tangent (tand (70°C)) Of a
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,
20 6. Tensile strength at break (TB, unit: MPa)

According to JIS K6251, a stress at which the test piece is broken
was measured at a tensile rate of 500 mm/minute using a No. 3 shape
dumbbell test piece.

Example 1

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/m3), 608 g of 1,3-butadiene, 192 g of
styrene, 6.1 ml of tetrahydrofuran, and 5.3 ml of ethylene glycol diethyl ether

30 were placed into the polymerization reactor. Then, in order to detoxify
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- 46.2 40.9 45.9 Vinyl bonding anount nol % 57.5 57.6 58.7 Content of
styrene unit w% 23.9 24.4 23.7 Ml ecul ar weight distribution -

10

15

20

25

30

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
bis(diethylamino)methylvinylsilane. Then, a n-hexane solution of
n-butyllithium (content of n-butyllithium: 17.2 mmol) as a polymerization
initiator was placed into the polymerization reactor, thereafter, 2.23 g (1.01
mol per 1 mol of n-butyllithium) of di-n-butylamine was immediately placed,
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, 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 supplied into the polymerization
reactor.

To the polymer solution was added 20 ml of a hexane solution
containing 1.2 ml of methanol, and the polymer solution was stirred for 5
minutes. Then, to the polymer 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., Litd.) and 4.0 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
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 in Table 1.
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1.40 1.09 1.48 Fuel cost saving properties -Lana (70C) 0.126 0.141 0.214
Tensile strength at break npa 15.3 14.3 13.7

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,
5 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:
Antigene 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
10  vulcanization accelerator (trade name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Litd.), 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 Quchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts
15 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.
20 Comparative Example 1
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/m3), 608 g of 1,3-butadiene, 192 g of
25 styrene, 6.1 ml of tetrahydrofuran, and 4.4 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.

30 Into the polymerization reactor was placed 2.63 g of -
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Exanpl e 2 10The interior of a polynerization reactor nade of stainless,
equi pped with a stirring device, having an internal volune of 20 L was
washed and dried, and replaced with 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 ml of tetrahydrofuran, and 5.3 m of ethylene glycol diethyl
ether were placed into 15 the polynerization reactor. Then, in order to

detoxify i Fthes actin Fnachivati I Zati bpi:tiator in
advance. = RIS it B BPVIRAEHRE, 8Refvef RLHIRE bE ALt Rl
scavenger 3as-Rb&Rd(doitéhit dfeh-Batyllehivda! 128 hard) & a pol¥RefiRgtion

pol yneri zation reactor was placed 2.74 g of 20

bi s(di et hylinitiato} renipphenthWasiplaced inthdhe polymbrizatien gehctor,candé
n-butyllithiym (content of n-butyllithium 17.6 Eml% as a polynerj zation
initiator \H&’gylﬁp%éﬂopﬁﬁﬁcql%wﬁ@l%ﬂ%t i1 ¢opebygrtizatiepagagiion ob o3 g

(101 gl eg pbeBler! 5040 Yl Dot oot UM GRS UGS et

pl aced, a poryreri 'oh reac S ini copolymeri zation

reaction ofpepfoknEdfth FhANS AW stidMneratyes 19@rHaN iRdl aftemprhuieSinathea
stirring speed of 130 rpmand a tenperature in the polynerization reactor

of 65C, whigodymegizhtipadeector af655Cy while 1y8rbaitediemerarslistyyeseimsiréed into the
pol yneri zati on reactor. unts of 1.3-butadi ene and rene sypplied after
P Tt 1 on cBRUZGaERIRTIIR B 15 EIGROHER 808 12 0%nar b BT tp ot
respectivelya. NEY ﬁ%ﬁg - b ' ' W ' Ll ane in a
t ot al anoun]f3g‘%t§{1)%oﬁ§ers Wi & %%gﬁ%g%ﬁf%k%gﬁtﬁﬂ suppl Qg{n:@rl{@oélttﬁ%e

pol ynenpzatregftios aadre 91948 afld B8, Yespectively. THERe aidw@mteful ti ng

pol yneri zation solution was stirred at a stirring rate of 130 rpm 17.1

mol  of N (ds@ietbyigmiang)meshpbinylstlene alacrd was 0153 wikcia the topel amount
SRR U ETER ST T AT
containing ,l,&qy of nmethanol, and the polynerization solution was stirred
To the polymer solution was added 20 ml of a hexane solution
15 containing 0.8 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) (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
25 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,
30 manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of
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for 5 mnutes. Then, to the polynerization solution were added 8.0 g of 20
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-nmethyl benzyl) - 4- net hyl Phenyl
acrylate (trade nanme: Sumlizer GM manufactured by Sum tono Chem cal Co.,
Ltd.) and 4.0 g of pentaerythrityltetraki s(3laurylthiopropionate) (trade
name: Sumlizer TP-D manufactured by Sumtonmo Chem cal Co., Ltd.). Then,
the polynerization solution was allowed to stand under room 25 tenperature

f 24 h

Ther eaf t or 2 FERALEE BT e HarE o GNRT 22008 NG, 08 Py rapay
under r edUQﬁ@bx@W@@ﬂﬂo@a’cﬂﬂ)& 1t B p s DyOheht F %&!iﬁefﬁm%fglﬁé@% (tr@Rle gd@eshown
in Table 2. hundred parts by wei ght of e resulting

pol ymer, 78Adtigeme BCb;nEBmfaenghd byt Swinfifonzo CbeanealrﬁueLtmD,tz asrts byN3- G
manuf act ured b uss arts by wei sjl ane cou agent
(trade nanﬂ"elS}/lBD?grﬁﬂ'f‘Zﬁq gf%aaggﬁ %&@%0 Zénﬁaﬁ&’re[ﬂsi B§r@@r gﬁ‘fgltﬁro & bon
bl ack ( 9%5}‘2 t m cal

Cor por at'i oﬂﬁﬂ %tl%%?kagga%?%&%%ﬁ a‘rgl %lé(’ggﬂggrzwgqs‘ﬂ%%e% me: JOMVD

Process NC-Supfiteais/CheicACHy Lidpan ﬁrﬁaﬁb@YglﬁpdiMﬁﬁldaﬁiﬁatmh 5 parts by
wei ght of an aging preventing agent e nanme: Antigene 3C nmanufactured

by Sumi t onmecklenitoal (tasle, name: $oxm0b marbyfamlgdtb}bSummﬁ) E€hgotigal 2 parts

(! ade nando sb;afﬁoi 5ty PR U BT R SHPER? NE ??Cﬁiﬁr?“)i

part by wei I

manuf act ure %QEUP‘% um to %%Iggléﬁﬁ‘%?h%&lﬁkgr &lgis(tga%g%ts \?\I/eﬁlag it "o a wax
(trade wandy ﬁummmfuumhmwmtkﬁ@ﬂddywﬁhcmab@asﬂmmmrspeirel agoBmiéml Co.,
Ltd.), and 1.4 parts b% wei ght of sul fur were kneaded with Laboplast M|

to prepar e @uRAsiien. cohpassultmeg pqiﬁmare@mnqsﬁg%magsmﬂldedrﬂpmatah@ﬁt was

| ded t heet h | | d at 160C
;n(;r 25 Irrinnolﬁ S i fh(t,%lﬂ %‘PF %erth%%QP%tei &Ji%@ﬁs %50‘{53%%? es HE rgsul ts
of physi Ca'vxﬂ&é&ﬁ%ﬁ%ﬁn%%ﬁéﬁé@‘& vilcchliZod UhGANT 208 SABAIBH SoRARYGY [ n Tabl e

2. Exanple 3 The interior of a polynerization reactor made of stainless
steel, 20 qgihsisigdpropétiies cfthenuiganieed cheetaark slzosrndgn dableniler nal vol une of
20 L was hed and drjed, .and replaced with dry nitrogen. Then, 10.2 kg of
i ndust Pal é@%&ﬁéﬂ tive fxpppl 6§0 kg/ m8), 608 g of 1, 3-butadiene, 192 g of
styrene, 6.1 ofnd GleanN0pQUA e AR LallorShafl AYLAARALKEG) OF ot

et her were pl ace ] za 1on or er to

detoxi fy 2%quippéd wlﬂs a%ﬁ?iﬂ@déﬁé&tdﬂ@hh%goin antReh ¥ PsluzR! 6020 LRk A4 at or
in advance, a small amount of a solution of n-butyllithiumin n-hexane as a

scavenger vmaslpﬂchasdl dirrerdp andereptdogdewithatryomtragent o/Themt16.2 kg of
pol yneri zatJ industria tgiganvéa(%eg &596%02@7/%139, 868 g of 1,3-butadiene, 192 g of

20 styrene, 6.1 ml of tetrahydrofuran, and 6.1 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 n-hexane solution of n-butyllithium (content of n-butyllithium: 16.4
mmol) as a polymerization initiator was added into the polymerization
reactor, thereafter, 2.12 g (1.01 mol per 1 mol of n-butyllithium) of
di-n-butylamine was placed, and a polymerization reaction was initiated.
The copolymerization reaction of 1,3-butadiene and styrene was performed

30 for 3 hours at a stirring rate of 130 rpm and a temperature in the
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bi s(di et hyl am no) net hyl vi nyl si l ane. Then, a n-hexane solution of 30
n-butyllithium (content of n-butyllithium 16.9 nmol) as a pol ynerization
initiator was placed into the polynerization reactor, thereafter, 2.18 g
(1.01 ol per 1 nol of n-butyllithium of di-n-butylamne was placed, and a
pol yneri zation reaction was initiated. The copol ynerization reacti on of

1, 3-but adi ene, styrene and bi s(di et hyl am no) net hyl vi nyl si | ane was 5

per f or med ‘;ﬁ%;%@ Pﬁ‘dﬁ%u%a@to?tdf@{g%??whhﬂegl,?fbg@téﬁ%én%@ﬁ'&ﬁaﬁg WRgpature in

t he pol yneri on reactor of I ene styrene were

cont i nuousl|gsnsistRhisBasupilied fitoRRk Wobhéfbafion reacther . TR antmitelos Of
1, 3-but adi ene _and styrene supplied after initiation of the polynerization

reaction wek8hotadiprermhdggrgne supphied aﬁf@rymtﬂateoracrf)thﬂ palyEgization

bi s(di et hyl am nmet hyl.vi s 0.14 W% in the total anpunt
of ﬁmnorre)r/sre\%ﬁ 8%\ yddge%gﬁag@%og&% B‘?I%B’Tq\fad into the0 pol ymeri zati on
reactor 5 Then, thl% lg]in%% gBB.lth’E?fv’a%‘%H&éH P OF A hddheolati6 at 2

stlrrlng speed of 1

[3-(diet hy|c®ﬁtzﬂ@)ﬁg@mﬂnltdﬂlﬁ@iﬂa@é¥%ﬂcﬁﬂﬁe pSlyvas solicidon st dterrp@lfnsri zat i on
solution, and the m xture was stirred for 15 m nutes. To the pol yner
sol uti on waginwtged Them tq)thcapﬂarmezaé;mmmlyﬁoumm gddeg 808 of of

rel Ve e GG e B RGeS b ke B ond A 10 L
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acrylate (trade nane: GM manuf act ur ed by um tonmo Chem cal

Ltd.) aod 4ACQ, Btdd apend. a@qﬁﬂ\arnt‘ayhtthﬂtglte&(a’ﬂﬁarlﬁhrﬂthmp@opmnaté)(t:(ddeadé
nane: Sumlizer TP-D manufactured by Sum tonp Chem cal . , then,

the pol yneriaiae Sﬁnsbz‘m TBiP wagnufac bbsgpummer%l@mwabﬁ%w Fature 25

f 24 h I bt .
Ther eaf tor | 190 PERMYRREAAGp B o A Rerefif Bt o Balobb 1 our s
under 1 educgghRiEBS Br 2o ELHAYRORORIM A SladiticiPlyGBRiREe Shown [n

Tabl e 2. One hundred parts by wei ght of the resulting polyner,
78.4 parts ]_cmlyﬁﬁrvve‘il‘bhreacﬁexsthe casultinggelymere wad furtsid dne@ aGH5hE dof 42t ur ed
by Degussa)

hours 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 égent (trade name: Si69, 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:
Antigene 8C, manufactured by Sumitomo Chemical Co., Ltd.), 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 Ouchi 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 nane: JOMO Process NC- 140, manufactured by
Japan 5 Energy Corporation), 1.5 parts by weight of an anti-agi ng agent
(trade name: Antigene 3C, manufactured by Sum tonmo Chem cal Co., Ltd.), 2

parts by i ght. of stearic achid, ar. ' . I part
by wei oht | 57 g oL RDF Fesie ieafiel ik (RpoFNGiIE o EidHre pWbmet

manuf act ur g by A t OBy (NGB8 poEPmer bbBipbsitlorPRhE nidlde@inty a ehest

vul cani zation 10 accel erator (trade nanme: Soxinol D, manufactured by

Suni t oo Cheivh @6 i roll, tachd) thelsleep avasshéntedeit dii0°Offon 4haminuteader nane:
Sunnoc N, manufactured by Quchi Shi nko %em cal Industrial Co., d.), and
1.4 parts BFRicanigationto puenane yEpka ofii t hhe sxahiaen ;WS prepare a

pol ymer conposition. The r |t 0 cgreq:gﬁ L5 | ded into a
sheet 18 wFWSY pf%%t’reglq%,%ﬂgﬁrgﬂ ‘tg‘ﬂglzs%gg(tgelcwas @g{ﬂeg{‘g%ﬁ%g‘é for 45
m nutes for vul cani zation to prepare a vul canized sheet. The eval uation

results of physical properties of the vul canized sheet are shown in Table
2. [Tabl e IFableEKlanpl e 2 Exanpl e 3 Money viscosity - 40.0 49.4 Vinyl

bondi ng aryoumt E le 1 Comparative Comparative
xample Example 1 Example 2
Mooney viscosity - 46.2 40.9 45.9
Vinyl bonding mol% 57.5 57.6 58.7
amount
Content of styrene | 1o 23.9 24.4 23.7
unit
Molecular weight 1.40 1.09 1.48
distribution
Fuel cost saving
properties . 0.126 0.141 0.214
tand (70°C)
Tensile strength at | 3 rp, 15.3 14.3 18.7
break

Example 2

10 The interior of a polymerization reactor made of stainless, equipped

with a stirring device, 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 5.3 ml of ethylene glycol diethyl ether were placed into
15 the polymerization reactor. Then, in order to detoxify impurities acting on
inactivation of a polymerization initiator in advance, a hexane solution of a
small amount of n-butyllithium as a scavenger was placed into the
polymerization reactor.
Into the polymerization reactor was placed 2.74 g of

20 bis(diethylamino)methylvinylsilane. Then, a n-hexane solution of
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ol % 56.9 55.6 Content of styrene unit wt % 23.4 23.8 Ml ecul ar wei ght
distribution - 1.44 1.38 Fuel cost saving properties tanS (70C) - 0.122

0.128

10

15

20

25

30

n-butyllithium (content of n-butyllithium: 17.6 mmol) as a polymerization
initiator was placed into the polymerization reactor, thereafter, 2.28 g (1.01
mol per 1 mol of n-butyllithium) of di-n-butylamine was immediately placed,
and a polymerization reaction was initiated. A copolymerization reaction of
1,3-butadiene and styrene was performed for 3 hours at a stirring speed 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. Amounts of 1,3-butadiene and styrene supplied
after initiation of a polymerization reaction were 912 g and 288 g,
respectively. A placement amount of bis(diethylamino)methylvinylsilane in
a total amount of monomers which had been placed or supplied into the
polymerization reactor was 0.14 wt%.

Then, the resulting polymerization solution was stirred at a stirring
rate of 130 rpm, 17.1 mmol of N-(3-dimethylaminopropyDacrylamide was
added to the polymerization solution, and the mixture was stirred for 15
minutes.

To a polymerization solution was added 20 ml of a hexane solution
containing 1.2 ml of methanol, and the polymerization 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) (trade
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 results of assessment 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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Tensile strength at break MPa 15.8 14.5 What is darned is: 1. A
process for producing a conjugated di ene-based pol yner conprising

pol ymeri zi ng a nonomer conponent conprising a conjugated di ene conpound and
a silicon-containing vinyl conpound using the follow ng 5 conpounds (1) and
(I'l')y, as a polynerization initiator conmponent, (l) an organic alkali netal
conpound (I11) a conpound represented by the followng formula (1) R N

I
Rl 2/ NH(1) -0 : : Q ving 1
o 20 carbrrioPEAEigb ol Suane e hEReERt el BUHRS6F RGN0
process fOrbypnegﬂ@al)ga.apambga&eegxﬂbﬂa%bﬁmw@kaﬂmﬁam@cD)ﬁ@l’blﬁgkmag aim
1, wherein the conmpounds (I) and (Il1) are added to a solution containing at

| east one noavniactumadon dfitsarighuShamicaliGotppratonk ¥Grb nerts byoweight ofi n an
order of the co und. nd t he nd (1.].), d t he nonoger conponent
ot i 91 ng A0 Copage U suiaB e ORHR iRt MO 1Al dRRr g R
conpoung | | : T, . ' |

di renr::e- bgse?%%%géﬂpégﬁé%@érlﬁ ﬁa o jc| g}%qrf f Q\%bnqéejér{gk%qteﬁ% co Hg%trllﬁefélnli i's
added to thearsel Ahtigene BOI manafRdhysEby BainhidomooDienidad ICo. ALel. P2 phres

mononer conponent is 5 wt% or |ess. . ) .
by weight of stearic acid, 2 parts by weight of zinc flower, 1 part by weight of

a vulcanizing accelerator (trade name: Soxinol CZ manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanizing accelerator

10 (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 composition. The
resulting polymer composition was molded into a sheet with a 6 inch roll,

15 and the sheet was heated at 160°C for 45 minutes to vulcanize it, to prepare
a vulcanized sheet. The results of physical property assessment of the
vulcanized sheet are shown in Table 2.

Example 3
The interior of a polymerization reactor made of stainless steel,

20 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 5.3 m! of ethylene glycol diethyl ether
were placed into the polymerization reactor. Then, in order to detoxify

25 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
bis(diethylamino)methylvinylsilane. Then, a n-hexane solution of

30 n-butyllithium (content of n-butyllithium: 16.9 mmol) as a polymerization
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4. The process for producing a conjugated di ene-based pol ynmer 25 according
to claim 3, wherein an anmount of the conpound (Il1) which is added while a
pol ymeri zati on conversion rate of the nononer conmponent is 5 wt%or less is
0.5 nmol to 2.0 nol based on 1 nol of the addition anobunt of the conpound
(r). 5. The process for producing a conjugated di ene-based
pogyner according to claim1, wherein a conpound containing a nitrogen atom
and/ or a si: , | M-t ' | yner
roduced byPiFERr AR FLBER ddlykBithybh 2afle AYEERD M gi1RTY

conj ugat ed HbEep&- Dasdf pebwiRlitlsasor i dith-batyibaiine wasylaced,raride conpound
containing a nitrogen atomand/or_a silicon atomis a conpound containing a
nitrogen atpolymetization reacthomyprasgnaipted. The copolymevigptigareactinesk- based

pol ynmer praoduced by the process .accordi to.any,one of .clainms 1 to 6. 158.
Q‘ con; ggat édgﬁﬁ“éﬁgéﬁﬁs%ﬁgﬁﬁ?ﬁl rb1§®ﬁ%fg’§?¥mmp)eﬁbyﬂépﬁﬁﬂ?ﬁﬁ W&%hj ugat ed

| ene- base -cl-al ' | ' rein
the con en(rjp egﬁr%&@ frogﬁjﬁ?%&cﬁn%gé 383%1? %[P?Z‘igpg?é(?f gﬁfb@%ﬁgﬁ%ﬁﬁ%& n\pl)ﬁglr%t s by
wei ght, pempolPRepiaatisniaveir@ii650C, whtlechBibigatRthetimhstyrasedrepel ymer .

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
10 bis(diethylamino)methylvinylsilane 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
speed of 130 rpm, 16.9 mmol of [3-(diethylamino)propylltrimethoxysilane
15 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 ml of methanol, and the polymer solution was stirred for 5
rainutes. Then, to the polymerization solution were added 8.0 g of
20  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 Sumitomo Chemical Co., Ltd.), then,
the polymerization solution was allowed to stand under room temperature
25 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
30 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:
Antigene 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., Litd.), 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 Léboplast 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.

[Table 2]

Example 2 | Example 3
Mooney viscosity - 40.0 49.4
Vinyl bonding mol% 56.9 55.6
amount
Co_ntent of styrene Wi 93.4 93.8
unit
Molecular weight i :
distribution 1.44 1.38
Fuel cost saving
properties . 0.122 0.128
tand (70°C)
Tensile strength at MPa 15.8 14.5
break
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What is clamed is:

1. Aprocess for producing a conjugated diene-based polymer
comprising polymerizing a monomer component comprising a conjugated
diene compound and a silicon-containing vinyl compound using the following
compounds (I) and (II), as a polymerization initiator component,

(I) an organic alkali metal compound

(ID a compound represented by the following formula (I)
R B

RlZ '

wherein R and R12 represent a hydrocarbyl group having 1 to 20 carbon

3

atoms optionally having a substituent.

2. The process for producing a conjugated diene-based polymer
according to claim 1, wherein the compounds (I) and (II) are added to a
solution containing at least one monomer component and using a
hydrocarbon as a solvent, in an order of the compound (I) and the compound
(ID), and the monomer component compriéing a conjugated diene compound

and a silicon-containing vinyl compound is polymerized.

3. The process for producing a conjugated diene-based polymer
according to claim 2, wherein the compound (II) is added to the solution,
while a polymerization conversion rate of the monomer component is 5 wt%

or less.

4. The process for producing a conjugated diene-based polymer
according to claim 3, wherein an amount of the compound (II) which is added
while a polymerization conversion rate of the monomer component is 5 wt%
or less 1s 0.5 mol to 2.0 mol based on 1 mol of the addition amount of the

compound ().
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5. The process for producing a conjugated diene-based polymer
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.

6. The process for producing a conjugated diene-based polymer
according to claim 5, wherein the compound containing a nitrogen atom
and/or a silicon atom is a compound containing a nitrogen atom and a

carbonyl group.

7. A conjugated diene-based polymer produced by the process

according to any one of claims 1 to 6.

8. A conjugated diene-based polymer composition comprising the
conjugated diene-based polymer according to claim 7 ahd 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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