CONJUGATED DI ENE POLYMER, CONJUGATED DI ENE POLYMER COVPCSI TI ON, AND METHOD
FOR PRODUCI NG CONJUGATED DI ENE POLYMER Technical Field The present
invention relates to a conjugated diene polyner, a conjugated di ene pol ymer
conposition, and a nethod for producing a conjugated di ene pol yner.
Background Art In recent years, with the growi ng concern over

envi ronnent al probl ens, the demand for good fuel econony for autonobiles
has been beconi ng stronger, and there is also a demand for excellent fuel

econony for rubheg  FOTRS QR AISAER AE0RWERTEDI RENETRSLYIERT Ubber

conpositions f trres, ar er conposition containing a

conj ugat ed dieIQPRRIVION, ANICMETSIOIPFYRUIRODETING CONUUGA EFR DIENE ene
copolynmer and a reinforcing agent is used. As polymers for enhancing

fuel econony, and pol yner conpositiRQISYMBRI ng good fuel econony, for
exanpl e, JP-A-7-102117 (JP-A denotes a Japanese unexam ned patent
application publication) proposes a polyner obtained by the radical :
pol ymer i zgti on aj)% &ut adi ene, styrene and a vinyl pyridine using an organic
per oxi de gehnieal Hiel ot or, and a pol yner conposition containing the polyner

and carbon bl agk, Eéé?ﬂ@?\ie%%@.? 4812008 @Snjagitel igre PIymEnes chyjugdted | i vi ng
ani oni ¢ polynerization of butadi ene and styrene using an organi c peroxide

as an i ni Hiené pblymandorhpesiticnhandradidthakior prodoting aeorjngdated diehe polymerned
polymer with a silane conmpound containing a dialkylam no group and an
al koxy gr Bagkgreund Art pol yner conposition containing the polyner and carbon

bl ack. S f the | t Pr ohl to b J
Fonever . The. bR YRR YBRS0Bt 60N QouCTa AT eh e R et AdhE Vo 0T
pol yrmer aﬁ%@ AE 367 aédgnﬁh%gl}égérﬁbrﬁf?Waﬂém@@ife@sli\é_%”bééﬁs bE&aHIAE -stronger, and Under

such circu ancess; the present invention is to provide a
conj ugat ethefé ANGIsO@ NN AR alxcellept fugl \ecogonay fuy rybisar coomosiions osedfacel | ent

idineﬁte)rasi on resistance, a polyner conposition C(_)lnt_ai ni nr% t he conrgé%gat ed

pol yoemohitel ticesr eAsfrablsirregmpgeitiens fon @uEomRIA JEeS Gr UBPYJERM Re

conj ugat e(cj:or?tiaﬁinn% g %L)Xjﬁgarltéd diene polymer such as polybutadiene or butadiene-styrene
copolymer and a reinforcing agent is used.

As polymers for enhancing fuel economy, and polymer compositions having
good fuel economy, for example, JP-A-7-102117 (JP-A denotes a Japanese
unexamined patent application publication) proposes a polymer obtained by the radical
polymerization of butadiene, styrene and a vinyl pyridine using an organic peroxide as
an initiator, and a polymer composition containing the polymer and carbon black. JP-
A-63-186748 proposes a polymer obtained by the living anionic polymerization of
butadiene and styrene using an organic peroxide as an initiator, and then the
modification of one end of the obtained polymer with a silane compound containing a
dialkylamino group and an alkoxy group, and a polymer composition containing the

polymer and carbon black.

Summary of the Invention
Problems to be Solved by the Invention

However, the polymer compositions using a conventional conjugated diene

polymer are unsatisfactory in terms of abrasion resistance.
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Means for Sol ving the Probl ens A first enbodi nent of the present

I nvention is directed to a conjugated di ene pol yner obtained by reacting
one end of a conjugated diene pol yner having a nononer unit based on a
conj ugat ed di ene and a nononer unit based on a conpound represented by
Formula (1) with a conmpound represented by Fornula (2) wherein the content

f th It based th d ted by F la. (1) i
iSR! 5 RS TRBRLAGP RS bl EATURA 1 o
IO, LB e ROBER ST SR pod byt b

r epr esent gpmstndesisanty | £psyBeossmpdasitibnAohtiiring éet conjugatdd digea polgmieai ni ng
het erocyclic group. R2Z1IR24 R22 Si -(CH2)"-N -R25(2) R23 wherein n

r epr esent snda reinforgjrg agent, land@ methoikkar preivzingribe FOrBUgateb@ienRiBalymer.r epr esent s
a hydrocarbyl group or a hydrocarbyl oxy group, and at |east one of R21, R22
and R23 is a hydrocarbyl oxy group; R24 and R25 independently represents a

hydr ogen ﬂ%@%ﬁﬂg‘“%g% ggroup that may have a nitrogen atom and/ or

an oxygen d : are bonded to represent a hydrocarbyl ene
group that may AaweembBiified 8nthatl RedaHt tHvehtidisatiegrRd tataosanj@jatéPdieadtd R25

formone group representing a group bonded to a nitrogen atom by a doubl e

bond. polymer obtained by reacting one end of a conjugated diene polymer having a
monomer unit based on a conjugated diene and a monomer unit based on a
compound represented by Formula (1) with a compound represented by Formula (2)
wherein the content of the monomer unit based on the compound represented by
Formula (1) is 0.01 to 20% by weight relative to 100% by weight of the total amount of

the monomer unit in the conjugated diene polymer:

H Rll

>=< (1)
H (Rlz)g—A

wherein R'! represents a hydrogen atom or a hydrocarbyl group, m is 0 or 1, R

represents a hydrocarbylene group, and A represents a nitrogen-containing

heterocyclic group.

R‘Zl R24

| I )
R”——?i—(CHz)n——N —R? (2)

R23

wherein n represents an integer of 1 to 10; R¥', R* and R?® independently represents
a hydrocarbyl group or a hydrocarbyloxy group, and at least one of R*!, R and R* is
a hydrocarbyloxy group; R and R?® independently represents a hydrogen atom or a
hydrocarbyl group that may have a nitrogen atom and/or an oxygen atom, or R% and
R? are bonded to represent a hydrocarbylene group that may have a nitrogen atom
and/or an oxygen atom, or R?* and R% form one group representing a group bonded to

a nitrogen atom by a double bond.



A second enbodi nent of the present invention is directed to a conjugated
di ene pol yner conposition containing the conjugated di ene polyner and a

rei nforcing agent. A third enbodi rent of the present invention is
directed to a nethod for producing a conjugated diene pol yner having steps
A and B bel ow. step A: polynerizing a nononer comnponent contai ning

ted di d t I
2 kal | et al cAy RGRH ST cP DOReR B OB AT AED1S Eho B et gt
of the cogppypdyrRPESHENiRM tdiahgHeAcdniigatddediand | Wiyiher ARPYorbrorspht  of
the total anmount of the nononer conponent used), ereby giving a pol yner

havi ng t hageritkal i netal derived fromthe alkali netal catalyst at |east at
one end of a pol ﬁﬂ chai n havi ng a nononer unit based on the conjugated
di ene and a nodoffid ampedimgstQf d'i*le t%@%br’r’ﬂi@.‘?ﬁ@‘ r'%pﬂ"@%‘éﬁt‘@dalﬁeﬁheﬁ fafa (1)

bel . B: h A d
compound PEEPEREAEBaCeyeERERE P nBENd REPeR AR i aner o n Ri1
represents a h)é%[pOﬂeB eIty aamBM%QP%rﬁ%néﬂli QBRtainfg § @nRigatkd Mdre

represents a hy ocar byl ene gr oup, and A represents a nitrogen-containing

het er ocychhd agdompound refr@sentée bgiFormulacp) esent sy an alkaliagetal oétalilsttln 40; R21,
R22 and R23 independently represents a hydrocarbyl group or
hydr ocar bwobagar@qrba@veran@mt Péde1208m by oveight 1of tP@EO%QUTF@BeW%S%tGd by

hyd b R2 d d
o o it 1D Riae o iadf” R BSgho B e, aitel BAGER e eBRPREN at om
or R24 anéorﬁit?&eﬂ{ ﬁs&qnﬁsf’ebyog.v.ﬁ&%e&&me@hm@m%aéuban' RBGI e tdAtnday have

a nitrogen atom
alkali metal catalyst at least at one end of a polymer chain having a monomer unit

based on the conjugated diene and a monomer unit based on the compound
represented by Formula (1) below.
step B: reacting the polymer obtained in step A and a compound represented

by Formula (2) below.
H Rll

>:_< (1)
H R?H—A

wherein R'' represents a hydrogen atom or a hydrocarbyl group, m is 0 or 1, R™
represents a hydrocarbylene group, and A represents a nitrogen-containing

heterocyclic group.

R21 R24

l | .
R22——sli—(CH2)n—N—R2> (2)

R23

wherein n represents an integer of 1 to 10; R?', R? and R? independently represents
a hydrocarby! group or a hydrocarbyloxy group, and at least one of R?', R? and R* is
a hydrocarbyloxy group; R?* and R?® independently represents a hydrogen atom or a
hydrocarbyl group that may have a nitrogen atom and/or an oxygen atom, or R and

R? are bonded to represent a hydrocarbylene group that may have a nitrogen atom



and/ or an oxygen atom or R24 and R25 form one group representing a group
bonded to a nitrogen atom by a doubl e bond. The present invention
can provide a conjugated di ene pol ynmer capable of giving a pol yner
conposition excellent in abrasion resistance, a polynmer conposition
cont ai ning the conjugated di ene polyner and a reinforcing agent such as

silica, a Al 2st de for
Gar ryi ng- PR FEORRTR R PN SR B L iR g SR e YR
|nvent|onalrﬁm@eﬁgwnyg@g@gugb%ﬁd pol ymer obt a| ned by reacting one end of a
conj ugat ed di ene pol yner having a nononer unit based on a conjugated diene
and a nononer unit based on a conpound represented by Forrmula (1) with a
conmpound represented by Fornula (2). R (R12)nmA wherein Rl11 represents a
hydr ogen at om Jrheaprﬁwtdﬁww GhoRIEYidmna somjugated digagoPqlWpelecaRable &f

hydr ocar byl ene, GLoME: Sthehion RESREN Sattallbh 1858 Rice™E HRR e cArmboliioh

containing the conjugated diene polymer and a reinforcing agent such as silica, and a

method for producing the conjugated diene polymer.

Mode for Carrying Out the Invention

The conjugated diene polymer of the invention is a conjugated diene polymer
obtained by reacting one end of a conjugated diene polymer having a monomer unit
based on a conjugated diene and a monomer unit based on a compound represented

by Formula (1) with a compound represented by Formula (2).

H Rll

>:< (1)
H R?H—A

wherein R represents a hydrogen atom or a hydrocarbyl group, m

is 0 or 1, R' represents a hydrocarbylene group, and A represents a nitrogen-

R21 R24
o | ]
R22-—s|,i—(CH2)n———N —R? (2)
R23

containing heterocyclic group.

wherein n represents an integer of 1 to 10; R*', R? and R?® independently represents
a hydrocarbyl group or a hydrocarbyloxy group, and at least one of R*, R? and R% is
a hydrocarbyloxy group; R?* and R? independently represents a hydrogen atom or a
hydrocarbyl group that may have a nitrogen atom and/or an oxygen atom, or R? and
R% are bonded to represent a hydrocarbylene group that may have a nitrogen atom

and/or an oxygen atom, or R* and R?® form one group representing a group bonded to



cont ai ni ng heterocyclic group. wherein n represents an integer of 1 to 10;
R21, R22 and R23 i ndependently represents a hydrocarbyl group or a
hydr ocar byl oxy group, and at |east one of R21, R22 and R23 is a
hydr ocar byl oxy group; R24 and R25 independently represents a hydrogen atom
or a hydrocarbyl group that may have a nitrogen atom and/or an oxygen atom
or R24 and epresent a hydrocarbyl ene group that nay have

R25 are bond to. r
a ni t r oge® LR aﬁ?mwaaﬂ“%'%%’é‘ﬁ atom or R24 and R25 form one group
representing a ﬂ{r%“&FQaﬂ%anh&uoﬁ ﬁbtﬂﬁ&%r@i 8FBuBYrepredentd lenfipdekrbon

In the present specificatton, the hydrocarbyl "group represents a

hydr ocar bgiduesi the. hyamafbywx@cmbmlrms@ﬁmwgrwprmm Pyasyrstitung ax ned by
substituting a hydrogen atom of a hydroxyl group by a hydrocar bé gr oup
The hydr ob)aif@drea@nglof)@phycb@wégm hadm(HP@ﬁfPY'kﬂieFibcaW?oHY‘F@%qr \Igne The

Femovi ng GREP hERBERIE af oAk IVAIPRBRT SICsT t Lot EresarEie o
conpound ngﬁg o@? i r%bl.}{; %g?é%eﬁ@.rg' &oﬂ%@&n@@t r@ﬁ%@lkﬁ on@@ﬁﬂr‘d@bh @tonh fBm a

ni t rogen-con rocycl e resents a heterocycle having a nitrogen

atom as acABber fomt @M Henhbietdtytisgof he dompound having eExdtnggeascontairting
conj ugated di enes include 1, 3-butadiene, isoprene, 1,3- pentadiene,

2, 3- di net hgterabydebut dﬂemvdula,ndthﬁ Fitregerdtantainiag c hetaxmyé!@ afeeresse idh one
k| nd or nore. Preferabl e conj u at ed g\eenes i ncl “ﬂﬁ: ut adi ene and
i sopr ene. hﬁf@"b’@ﬁl”é&'@@l?é"t@gw %éﬁa 150 8oL SRS Gag "yr oup.

Exanpl es of th;{xgxldkgcg( By cgfuﬁgﬁgd a{hﬁlﬁi%sl icilfdleU98- ﬂér@’ lisS5raH, 130

al kenyl group anples © groups inc a methyl’ group, an

ethyl gr OBBnta@er@r?@-mmeQﬁﬂblg.% b@ﬂdiéﬁ@ﬁﬁ@ﬂ)&l-h@(hﬁiéﬁe efc. "wiilth e wedupona
sec-butyl group and a tert-butyl group etc., and a met hyl group is

pr ef er abl &indox aopd. e Preferabieccarjigatsd dlgme}upsluqiénc‘t,l3th}éachef\ﬁm'%qf©n® an al lyl

group, a 1l-prop group, a 1-nethyl et etc. As the hydrocarbyl
group, a vinyl ngfﬁpﬁeﬁ%‘tspﬁ@f‘g?%lgom%aaygyocéﬂ?@)@’% Ben atom a nethyl group

or a vinyl grot begg ‘gffﬁ%ﬁ%‘ ﬁcarbyl gqrotdps Efxﬁﬁﬂh& dbin tatkgl %%g{)o biR¥hyENe

groups of RI2 i éhe an ary ene group formed
by bondi n%nﬁ% quylm%ﬂg@&%%k@ g:raup’vg iK¥uga e raéthdyro®s, @n ethyl group, BExanpl es

of the al Kyl ene groups include a nethyl ene group, an ethyl ene oup, a

trimet hyl erapybgoup, at asopmpyt beup) kyt—tsmd ggo'cmpa sec- h@tvlhgrpesh@ngrao(%ﬂ itylan

et hyl ene group i s preferabl Ies of h]he 'ene E‘

i ncl ude a9pwersic-eaRd gmesipyl QéPqﬁ’dEM?f?IaEWe %Blesgf @?%' aeap fn(? Beet C.

the aryl ene r%lrl d%b thy?nyou%ng 19p 86%91y| ﬁroﬂﬁ,eé ?—rn?tmwﬁethenyl group etc. As the
hydrocarbyl group, a vinyl group is preferable.

As R"!, a hydrogen atom, a methyl group or a vinyl group is preferable.

Examples of the hydrocarbylene groups of R' include an alkylene group, an
arylene group, a group formed by bonding an arylene group with an alkylene group,
etc.

Examples of the alkylene groups include a methylene group, an ethylene
group, a trimethylene group etc. As the alkylene group, a methylene group or an
ethylene group is preferable.

Examples of the arylene groups include a phenylene group, a naphthylene
group, a biphenylene group etc. As the arylene group, a phenylene group is
preferable.

Examples of the group formed by bonding an arylene group with an alkylene
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Exanpl es of the group formed by bonding an arylene group with an al kyl ene
group include a group forned by bonding a phenyl ene group with an al kyl ene
group, a group formed by bondi ng a napht hyl ene group with an al kyl ene
group, and a group formed by bondi ng a bi phenyl ene group and an al kyl ene
group. Anmong them a group formed by bondi ng a phenyl ene group with an

al kyl ene group is pref Mo h f
bondi ng aaroapym% %QTGEQ?WH bé(rpoaﬂ'l@laé{li‘ggég%%grlor&ﬁt tﬁ@?‘fg}f&"goég&%@gyat om

f th | e
of 1 or mat R yroftt By Ronit aHedhthylehe PERE R Sneliito MR 8 HUEED 1
group Wit hyRgq 3Aykb{$rﬁﬂfg drptieryRnBheYd ene-ad kikiiene gasupupAniongl thdes aa

par a- phenyl ene- al kyl ene group (for exanple, a group represented by Formul a
(a) bel owproup foretea- blyrb@nylhgraeprmhklym@g@ugMhpn(aikyienémqﬂ ig prejergbleup

represent ed by Formul a (b) below) and an qrtho-phenyl ene- rou
(fortexarrp:c e, aMyeaes indhe e%ﬁtfean%&/ ﬁB?"l’ﬁY’%a’C@EV %ﬂygf\ﬂb‘p @b%‘nﬁ?ﬁﬁ%on !to he
position of a carbg

benzene r B é’paRE?f‘?rﬂ@yato %%t%}q’%ﬁg%ga}ggn&;gg‘a t&tt\/\ﬁgtlr:ﬁ"p ﬁ%gyl ene group
I's bonded cQoh BRMPRIRAPR!M dFSormuld @) isBoRbed.

The group formed by bonding a phenylene group with an alkylene group (a
phenylene-alkylene group) includes a para-phenylene-alkylene group (for example, a
group represented by Formula (a) below), a meta-phenylene-alkylene group (for
example, a group represented by Formula (b) below) and an ortho-phenylene-alkylene
group (for example, a group represented by Formula (c) below), depending on the
position of a carbon atom from which a hydrogen atom is removed on a benzene ring
and the position of a carbon atom to which the alkylene group is bonded on the

benzene ring.

*
(a)
CHoJ—*
* CHg}—
' (b)
<CH2>~*
% r
(c)

wherein r represents an integer of 1 to 5, and * denotes a bonding position.
The groups formed by bonding an arylene group with an alkylene group

include preferably a group formed by bonding a phenylene group with an alkylene
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wherein r represents an integer of 1 to 5 and * denotes a bonding

posi tion. The groups forned by bonding an arylene group with an

al kyl ene group include preferably a group forned by bondi ng a phenyl ene

group with an al kyl ene group (a phenyl ene-al kyl ene group), nore preferably

a group represented by Forrmula (a) above, a group represented by Fornul a
resent ed by For nul ove referably

gbz]r gggvféglq@sérﬁg@ayl%‘e F@Y'ﬁﬂﬂ’ grouR), %S\Péefﬁﬁglyaa éﬁ%ﬂﬁ%@ﬁ%ﬁ%‘%ﬁogarr‘g @Formul a
(P) (2POYe PR BAG Gl Bdred¥i BY FBlrkil (BF BBRICEN 8ol pbaitfedbpUP (2

group rep

net a- phenﬁoﬁﬁ@a@td%b@%t gfow?ref@algy @%L{;ﬁ@b%@éﬂbedwaﬁWl?W' @bobndn whi ch
r = 1), a para-phenyl ene-et hyl ene group group represented by Forrmula (a)
in which m grdip, repneseatete by - pdrewid éh)eabowlmdepgrt@ulprlx drefesbly eepa@sent ed
by Formula (b) in whichr = 2) | es_ of nltro en c?ntalnlng
het er ocyclPheniersupsthyiena groin (ﬁjéroé!pﬂf*?ﬁeéﬁ'@ R ané)

het er ocycl i 0 and nitr £ 4Qroup.
Branpl oo G EREORoef Db eRHR e *%@9"@{%‘592‘%%@‘;%?@?“3%‘3%2 ¥ A

i ncl ude aa%é?é%h&@!ér{égetﬁyl&hé §/28E Na §FRUP rBpRBENtES b} FarhEE Qa)dh AMiGHONSR),t Ut i ng
the ring, a group having a nitrogen atom and an oxygen atom as hetero atons

const i t ut iang d metarphegylene-gthylene paim@ group tepoesentesl ynirermubla(bs in whichat om as
hetero atons constituting the ring, etc. Exanpl es of the
nitrogen- &t aining alicyclic heterocyclic groups having a nitrogen atom

lefp?d:iﬁearrﬁtg, %ngéjgﬁr}" htgglt h,&gé('?p” ?ﬁ{\“ﬁ@% e}o'?:g&‘dd&o?xggr&“ﬁ ﬂ?chngaa”

rin havi ng

pyrrolidi rﬁﬂrJg’eﬂQ:ont%lrﬂ{ a}%ﬁé"h@%r@cy@h@%?éﬂ:‘ BRd rd 'ﬁﬁrogén-@:bﬁtﬁﬁurf@akéfdhﬁht@

hexanet hyl enéi m ne ri group having an imdazolidine ring, a group

havi ng a mm@@znm@roupng a group having a pyrazolidine ring, etc. Exanples
of the groups having an aziridine ring include an N-al kyl -2-azjridinyl
gr oup. qugl@%@f toe nﬁﬂ@%@ﬁ@ﬂ!ﬁ@'ﬂ@aﬁl‘ﬁ@" Qﬁte%t:'icoﬁ'ﬁépsr? rfg'”P‘He‘P @de an

El_xglml:()%/lasz@? Z”?p:'n ‘(j‘i'qv)ﬂdg‘ He |% g'ﬂ)‘%/\%glcﬂkﬁ?f??ﬁ)egﬁgﬁh@g{lsﬂ%#'u%e an k- APRYP- 2-
S
group having a nitrogen atom and a sulfur atom as hetero atoms constituting the ring,
etc.
Examples of the nitrogen-containing alicyclic heterocyclic groups having a
nitrogen atom alone as a hetero atom constituting the ring include a group having an
aziridine ring, a group having an azetidine ring, a group having a pyrrolidine ring, a
group having a piperidine ring, a group having a hexamethyleneimine ring, a group
having an imidazolidine ring, a group having a piperazine ring, a group having a
pyrazolidine ring, etc.
Examples of the groups having an aziridine ring include an N-alkyl-2-aziridinyl
group.
Examples of the groups having an azetidine ring include an N-alkyl-2-azetidinyl
group and an N-alkyl-3-azetidinyl group.
Examples of the groups having an pyrrolidine ring include an N-alkyl-2-
pyrrolidinyl group and an N-alkyl-3-pyrrolidinyl group.

Examples of the groups having a piperidine ring include an N-alkyl-2-
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pi peridi nyl group, an N-al kyl -3-pi peridinyl group and an

N- al kyl - 4- pi peri di nyl group. Exanpl es of the groups having a
hexanet hyl enei mi ne ring include an N-al kyl - 2-hexanet hyl enei mi no group, an
N al kyl - 3- hexanet hyl enei m no group and an N-al kyl - 4-hexanet hyl enei m no

gr oup. Exanpl es of the groups having an imdazolidine ring include
a 1, 3-dialkyl-2- imdazoli dﬁ;l group and a 1, 3-dj al kyl -4-i m |dazol i dyl group.
Exanpl es Bipetdiayl grasmpan Nakvig-ripesidingt aovmand ?'h&’q%ﬂ'&%' Ry YOUR- o1 iyl - 2-

pi perazi nyl gr , - [ ; ' h.di ne
ring include a%Li{,B@P l&lsa(ﬁf khfl grgif Sgg@%@@oﬂ’a%}ﬁ%%g@@ﬁqg{ng@d&% WZQWI

1, 2- di al kylredaR¥thPgRéinthy greli® Wh N-alkyl-3-hexdriéthylemsmmb dréug and an N-alkyl-
nitrogen-containing alicyclic heterocyclic groups having a nitrogen atom
and an oxyderaatthpeasminetgogp.at ons constituting the ring include a group
havi ng a norpholine rin a group having an isoxazol.idi ne r}j efg.

Exanmpl es of t h@xgml?ﬁso‘cﬂh‘i"/igfﬁjipé hayingrd ?mfaa-’.fq"a@eifw&'uggd%ﬁ 1\5’@'%[@2-

nmor phol i ng_.gro and an N - 3- ' oup. Exanpl es of the
groups. halTiHERURY Soup 3 ﬁ?-ﬁ‘?*"ﬂ?ﬁ%“.“%?@!?&@ﬁgﬁﬁm al kyl -3- i soxazol i di nyl
group, an N-al @kbﬁ\ﬁ{)e'ssé‘%%Opfdibg}’ﬁavﬂfgoblpp@&dziﬂ@ MeideydeSa i 5axation-2di nyl
group. Exanpl es of the nitrogen-containing alicyclic heterocyclic
groups hapipegziyngroamgen atom and a sul fur atom as hetero atons
constituting the ring include a group having a thionorpholi ring_and a
group havi ng arExaswiesi ofzthei arores hawgg a pyrazoliding, HRg | ipddu atﬂg'dgﬁ"ﬁ’gﬁ‘s havi ng

a thionorpholine ring incluyd al kyl - 2- I onor phol i no group and an
N-al kyl - SngﬁF@W¥$ﬂ‘b‘??'ﬁ£ad&éﬁﬁ&%‘{*yrazc}ﬁd@%%es of the groups having an

el b o PR et ese o o0
nitrogen atom and an oxygen atom as hetero atoms constituting the ring include a
group having a morpholine ring, a group having an isoxazolidine ring, etc.

Examples of the groups having a morpholine ring include an N-alkyl-2-
morpholino group and an N-alkyl-3-morpholino group.

Examples of the groups having an isoxazolidine ring include an N-alkyl-3-
isoxazolidinyl group, an N-alkyl-4-isoxazolidinyl group and an N-alkyl-5-isoxazolidinyl
group.

Examples of the nitrogen-containing alicyclic heterocyclic groups having a
nitrogen atom and a sulfur atom as hetero atoms constituting the ring include a group
having a thiomorpholine ring and a group having an isothiazolidine ring.

Examples of the groups having a thiomorpholine ring include an N-alkyl-2-
thiomorpholino group and an N-alkyl-3-thiomorpholino group.

Examples of the groups having an isothiazolidine ring include an N-alkyl-3-
isothiazolydinyl group, an N-alkyl-4-isothiazolydinyl group and an N-alkyl-5-
isothiazolydinyl group.

Examples of the nitrogen-containing aromatic heterocyclic groups of A include
a group having a nitrogen atom alone as a hetero atom constituting the ring, a group
having a nitrogen atom and an oxygen atom as hetero atoms constituting the ring, and

a group having a nitrogen atom and a sulfur atom as hetero atoms constituting the
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Exanpl es of the nitrogen-containing aromatic heterocyclic groups of A

i nclude a group having a nitrogen atom al one as a hetero atom constituting
the ring, a group having a nitrogen atom and an oxygen atom as hetero atons
constituting the ring, and a group having a nitrogen atomand a sul fur atom
as hetero atons constituting the ring. Exanpl es of the
nitrogen-containing aromati ¢ heterocyclic group having a nitrogen atom

al one as &"%retero atomconstituting the ring include a group having a

pyrrole ring, agni BAvdBled-BhilamRlCaloidte Heidtbeyic A Badingyd azol e

ring, a group having a pyridiné ring, a group having a pyridazine ring, a
group havinfihgan RYom Bidhen® & he@ro atopi coystitudivg rige éng ynchwierse graupdhavngg oup
having a quinoline ring, a group having an isoquinoline ring, a group

havi ng a eymolelringea gioug hasing @OUPIdazulR Mif9.a §IAURIRMING FPWRZRE R0, GrHAWP havi ng
a phthaladine ring, etc. Exanpl es of the qgro hay . pyrrol e
ring i ncl Ha¥ng axRyhdingding a@r%t_ppbavg\ggg %S}?E’rzﬁl%ﬁ'“gg%o%fﬁ?aé‘a‘ﬂxé ayirdidihé

2- (N-met hyl py : 33 b Bt YinglaC8tBup havi

xampl o SPOCLY Shilb BB o blulality Bk indigue having an

group, a 4oqlindReoling, adréstPhavingba ciheireding, agreutphaving?a (iinazdling Iringj alazol yl )
group, a 4-(Nmethylim dazolyl) group and a 5-(N-nethylimdazolyl) group.
Exanpl es gfouphevipgaeupgthdiadinengngy efy/r azol e ring i nclude a 3-pyrazolyl group,

a 4-pyrazolyl group, a 5-pyrazolyl. group, a 3-(N.nmethyl pyrazolyl) group, a
4- (Nmet hyl pyr aZepiplesyefdhe ngabaymg@ Hﬂf?‘?/l”ﬁ?gmafilgfey? %’@@@ﬁgr%p’ a¥-
Exanpl es of the groups havi ridi rd g Welgrof gy i dyl group, a
3- pyri dyPyg?gl@ﬁ%g%(%_ﬁ:%ﬂ&ﬁ%ﬁrpﬁgIg'{)éjjg%d 4 3 "gawn%ﬁeozy%gf tF{le groups
having a pyri dagijnfpidd &tdhé §foups Bading aRYrhidd2ay lring inbiUdiesan2-iraidézqyirigrolaz y |
group. Exanpl es of "'the groups having a pyrimdine ring include a
2- pyri m dyl 4gmidagolyl agrdummya iSAimitielzolyt graupamd2-GV-Bagiiydimidazelyl) garewp. @ Bx@hpl es of
t he groups having a pyrazine ring incl _ud(za a ﬁ grazyl group.
Exanpl es methwm'%rzelyggrwnﬁ’ga 2 (umetbylinidazoly éﬁ Y| ude a 2-quinolyl group,
a 3- quinolyl ou a_A:qui nol roup, +HAHinRhdela 8L v aRsuguinol y1
oo a2 e PP BB Y bR o
4-pyrazolyl group, a 5-pyrazolyl group, a 3-(N-methylpyrazolyl) group, a 4-(N-
methylpyrazolyl) group and a 5-(N-methylpyrazolyl) group.
Examples of the groups having a pyridine ring include a 2-pyridyl group, a 3-
pyridyl group and a 4-pyridyl group.
Examples of the groups having a pyridazine ring include a 3-pyridazyl group
and a 4-pyridazyl group.
Examples of the groups having a pyrimidine ring include a 2-pyrimidy! group, a
4-pyrimidyl group and a 5-pyrimidyl group.
Examples of the groups having a pyrazine ring include a 2-pyrazyl group.
Examples of the groups having a quinoline ring include a 2-quinolyl group, a 3-
quinolyl group, a 4-quinolyl group, a 5-quinolyl group, a 6-quinolyl group, a 7-quinolyl
group and an 8-quinolyl group.
Examples of the groups having an isoquinoline ring include a 1-isoquinolyl
group, a 3-isoquinolyl group, a 4-isoquinolyl group, a 5-isoquinolyl group, a 6-
isoquinolyl group, a 7-isoquinolyl group and an 8-isoquinolyl group.

Examples of the groups having a cinnoline ring include a 3-cinnolinyl group, a
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Exanpl es of the groups having an isoquinoline ring include a 1-isoquinolyl
group, a 3-isoquinolyl group, a 4-isoquinolyl group, a 5-isoquinolyl group,
a 6- isoquinolyl group, a 7-isoquinolyl group and an 8-i soqui nolyl group.
Exanpl es of the groups having a cinnoline ring include a 3-cinnolinyl

group, a 4-cinnolinyl group, a 5-cinnolinyl group, a 6-cinnolinyl group, a
7-cinnolinyl group and an 8-cinnolinyl group. Exa Les of the

gr oups ha#bmgolehgﬂOnaz@5iqimﬂ°|1'i\)f*|@quﬁePuﬁj@n%P"?y'cﬁJPH%z%ﬁcﬁ'{/‘Pﬁ% giqyP and

4- qui nazol i nyl group, a 5-quinazolinyl group, a 6-quinazolinyl group, a 7-
quinazoliﬂyﬁcﬁmgﬂbyﬁﬁﬂpan 8- qui nazol i nyl group. Exanpl es of the

groups having | A9h S bidInkvis) 4lguiRazbiindIting! iy la Byomazoliay
5- pht hal adi nyl %6%E|%§acﬁ3h§egé§% tplal 'gddi ng}lJl group. S _As the

ni t r ogen- g@0p,ah M-G@nadolAtgreud)ed Srquinazblinyl graupp shévivingzelingl giovged &t om
alone as a hetero atomconstituting the ring, the group having an im dazole
ring, theqgnargiinyiguiupgnd ang-auinawelifyl §PURNd t he group havi ng a qui nol i ne
ring are preferable, Exanpl. es of nit - tal i matic
het erocycl i c gFsapRIeARSithY WORS H%V aa?%%‘r%@ﬂﬁé éﬁggﬁgld%ér)lgaﬁgﬁghggdm?er 0
atons congtiful k! L i & Hhdlh Rl Ng an oxazole ring, a group
havi ng anaﬁt%‘éx%‘k%@ﬁ%‘taﬁﬁ'rﬁ‘g'&g?%% H%eprﬁh é%l eg of the groups having an
oxazol e ring i ngltHé Aitdgen-exmaining largmatitpheterodyclioxgaapl advingraoifrogerdatam

5- oxazol y1 group. Exanpl es of the groups having an isoxazgle ring

i ncl ude aalBné sexabetbplatgmocgnstitatiog theosingz $1s, aroyp haying AN gdpzpleJing, 41,1

group. As the nitrogen-containjng aromatic t | ¢ group

havi ng a @foUPHgWRI atryAdiaggn ﬁ"%ﬁ}ﬁg@ﬂu%b%\%qga@qH'@?@}eo%gtagér@F%%%gl ituting the
ring, the group having 0§ ecdnl . sfichafkdyciic groups hb¥iagmd es of

t he nitrogen- C%ﬁ&pﬁ@n%ﬁggoﬁgéfécn %Jen;t%?gg?cr i clgr oup(gbyhav? ngpa ni tg?gen atom
and a sul hiogét AR aink &ire68/gdh iBm Cashétetoutions tdnatiuting thendihg reludegs oup

having a thiazole ring, a group having an isothiazole ring, etc.
group having an oxazole ring, a group having an isoxazole ring, etc.

Examples of the groups having an oxazole ring include a 2-oxazolyl group, a 4-
oxazolyl group and a 5-oxazolyl group.

Examples of the groups having an isoxazole ring include a 3-isoxazolyl group,
a 4-isoxazolyl group and a 5-isoxazolyl group.

As the nitrogen-containing aromatic heterocyclic group having a nitrogen atom
and an oxygen atom as hetero atoms constituting the ring, the group having an
oxazole ring is preferable.

Examples of the nitrogen-containing aromatic heterocyclic groups having a
nitrogen atom and a sulfur atom as hetero atoms constituting the ring include a group
having a thiazole ring, a group having an isothiazole ring, etc.

Examples of the groups having a thiazole ring include a 2-thiazolyl group, a 4-
thiazolyl group and a 5-thiazolyl group.

Examples of the groups having an isothiazole ring include a 3-isothiazolyl
group, a 4-isothiazolyl group and a 5-isothiazolyl group.

As the nitrogen-containing aromatic heterocyclic groups having a nitrogen

atom and a sulfur atom as hetero atoms constituting the ring, the group having a

thiazole ring is preferable.
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Exanpl es of the groups having a thiazole ring include a 2-thiazolyl group,

a 4- thiazolyl group and a 5-thiazolyl group. Exanpl es of the groups
having an isothiazole ring include a 3-isothiazolyl group, a 4-isothiazolyl
group and a 5-isothiazolyl group. As the nitrogen-containing

aromatic heterocyclic groups having a nitrogen atomand a sul fur atom as

Bl S e R s NS
R

al one as §roh]sy'%'v91 ad AROgeR Hibrh Widrit0ad Rendtéddatbm casetupn@trer Al és mioke group
having an™1m azoPe ring, the group having a pyridine ring and the group

havi ng a greferablenthergragp haviny eh imitagolp rriie thebgroup dading ep\didingpringaentg a
pyridine ring is particularly preferable. Exanpl es of the conmpounds
repr esent ¢ @PUFdENBD A gainolne Upg are ralmpe &’efﬁfali’lﬁg%@)meo%ofjﬂaaﬁﬂ‘g a
1-vinylimdazol e, N-nethyl-2-vinylimdazole, N-nethyl-4-vinylimdazole,
N- et hyl - BYEIR ATia P 205N B RYPyr i di ne, ' 3-vi nyl pyr i di ne,
Examples of the compounds represented by Formula (1) in which R" is a

hydrogen atom include

1-vinylimidazole,

N-methyl-2-vinylimidazole,

N-methyl-4-vinylimidazole,

N-methyl-5-vinylimidazole,

2-vinylpyridine,

3-vinylpyridine,

4-vinylpyridine,

2-vinylquinoline,

3-vinylquinoline, and

4-vinylquinoline.

Examples of the compounds represented by Formula (1) in which R is a

methyl group include

1-isopropenylimidazole,

N-methyl-2-isopropenylimidazole,

N-methyl-4-isopropenylimidazole,

N-methyl-5-isopropenylimidazole,

2-isopropenylpyridine,

3-isopropenylpyridine,

4-isopropenylpyridine,

2-isopropenylquinoline,

3-isopropenylquinoline, and

4-isopropenylquinoline.
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4-vinyl pyridi ne, 2-vinylquinoline, 3-vinylquinoline, and 4-vinyl qui noline.
Exanpl es of the conpounds represented by Formula (1) in which Rl1 is a
met hyl group include 1-isopropenylim dazol e,
N- et hyl - 2-1 sopropenyl i m dazol e, N nethyl-4-isopropenylim dazol e,
N- et hyl - 5-i sopropenyl i m dazol e, 2-isopropenyl pyri dine,
3-1sopropenyl pyErxia(rjnip?e%’ofétlﬁei goo pro%ggg Yc—‘-.lpegsreingeidrl)%’ Formula (1) in which R'" is a vinyl
group include
N-methyl-2-(1-methylene-2-propenyl)aziridine,
N-methyl-2-(1-methylene-2-propenyl)pyrrolidine,
N-methyl-3-(1-methylene-2-propenyl)pyrrolidine,
N-methyl-2-(1-methylene-2-propenyl)hexamethyleneimine,
N-methyl-3-(1-methylene-2-propenyl)hexamethyleneimine,
N-methyl-4-(1-methylene-2-propenyl)hexamethyleneimine,
1-(1-methylene-2-propenyl)imidazole,
N-methyl-2-(1-methylene-2-propenyl)imidazole,
N-methyl-4-(1-methylene-2-propenyl)imidazole,
N-methyl-5-(1-methylene-2-propenyl)imidazole,
2-(1-methylene-2-propenyl)pyridine,
3-(1-methylene-2-propenyl)pyridine,
4-(1-methylene-2-propenyl)pyridine,
2-(1-methylene-2-propenyl)quinoline,
3-(1-methylene-2-propenyl)quinoline, and
4-(1-methylene-2-propenyl)quinoline.

As the compound represented by Formula (1), a compound in which R"" is a
hydrogen atom and A is a group having a pyridine ring is preferable, a compound in
which R is a hydrogen atom and A is a pyridyl group is more preferable, and 4-vinyl
pyridine is yet more preferable.

R?' R%Z and R® independently represent a hydrocarbyl group or a
hydrocarbyloxy group.

Examples of the hydrocarbyl groups of R?', R?? and R?® include an alkyl group
such as a 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. The number of carbon atoms of the
hydrocarbyl groups is preferably 1 to 10, and more preferably 1 to 3.

As the hydrocarbyl groups of R?!, R?? and R, an alkyl group is preferable, an

alkyl group having 1 to 10 carbon atoms is more preferable, an alkyl group having 1 to
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2-i sopropenyl qui nol i ne, 3-isopropenyl qui noline, and 4-isopropenyl qui noli ne.
Exanpl es of the conpounds represented by Formula (1) in which Rl1 is a

vi nyl group include N-nethyl-2-(1-nethyl ene-2-propenyl)aziridine,

N net hyl - 2- ( 1- net hyl ene- 2- pr openyl ) pyrrol i di ne,

N- et hyl - 3- ( 1- net hyl ene- 2- pr openyppyrrol i di ne,

N- et hyl - 2- (1- net hyl ene- 2- pr openyl ) hex t .M
N ot hyl - 3. (ERERTeh e TR S BE P Rk e Mol Endol A an ethwt group are
N- et hyl - 4xfituBRY preksigie 2- propenyl ) hexamet hyl enei mi ne,
1- (1- met hyl ene- 2- propenyl )i m dazol e,
N- et hyl - 2- ( 1- ristampllesnef-tBe pydrpeatpyipiynydagobeR?’, R* and R? include an alkoxy
N- net hyl - 4- (1- et hyl ene- 2- propenyl )i m dazol e, .

et hy| - SIQUP-SHSD 15| & Aethex)p GEpen 9 Jethaxy LFeHRe @ N-propoxy group, an isopropoxy

N-

i: g i: xt E lrog,ﬁ)gé %}t&&%&%&p‘ %%:c%:uﬂog(y g?éu%la'nrcrieg ;ytl-bqﬂ(%('yzg'rgﬂpq %ﬂ%lg)@y 6rioﬁi;.5 ne,
such as a phenoxy group; etc. The number of carbon atoms of the hydrocarbyloxy
groups is preferably 1 to 10, and more preferably 1 to 3.

As the hydrocarbyloxy groups of R?', R? and R®, an alkoxy group is
preferable, an alkoxy group having 1 to 10 carbon atoms is more preferable, an alkoxy
group having 1 to 3 carbon atoms is yet more preferable, and a methoxy group and an
ethoxy group are particularly preferable.

At least one of R?', R and R% is a hydrocarbyloxy group, and, for enhancing
fuel economy, preferably at least two of R*', R* and R?® are hydrocarbyloxy groups,
more preferably three of R¥', R?? and R* are hydrocarbyloxy groups.

R? and R? independently represents a hydrogen atom or a hydrocarbyl group
that may have a nitrogen atom and/or an oxygen atom, or R** and R?® are bonded to
represent a hydrocarbylene group that may have a nitrogen atom and/or an oxygen
atom, or R* and R?® form one group representing a group bonded to a nitrogen atom
by a double bond.

In the present specification, the hydrocarbyl group having an X atom
represents a group having a structure formed by substituting a hydrogen atom and/or a
carbon atom of a hydrocarbyl group by the X atom, and a hydrocarbylene group having
an X atom represents a group having a structure formed by substituting a hydrogen
atom and/or a carbon atom of a hydrocarbylene group by the X atom. For example, a
group having a nitrogen atom includes a group having a structure formed by
substituting CH by N. Examples of groups having an oxygen atom include a group
having a structure formed by substituting CH, by O, and a group having a structure
formed by substituting two hydrogen atoms by O.

Examples of the hydrocarbyl groups of R?* and R*® include an alkyl group such

as a methyl group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl
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2- (1- met hyl ene- 2- propenyl ) qui nol i ne, 3-(1-nethyl ene-2-propenyl)quinoline,
and 4- (1-net hyl ene- 2- propenyl ) qui nol i ne. As the conpound represented
by Formula (1), a conpound in which R11 is a hydrogen atomand Ais a group
having a pyridine ring is preferable, a conpound in which R11 is a hydrogen
atomand Ais a pyridyl group is nore preferable, and 4-vinyl pyridine is

yet nore f ble. R21, .-.2 d '

hycr ocar 35{0355%%-@@rwﬁwc%%%rogfpia%.9“48'%’?590%%%%?2@ fhore
ydr ocar } ' Jawl

hL ot “ar Sh MR, Py Tup S Bl ot i i osp i

n- butyl QEQQH,etiﬁynzle@obpleb agsroparggrgtowp; taer arylogroyp syetoapa phiesylrarotrera of
carbon atons of the hydrocar byl grou&s is preferably 1 to 10, and nore
pr ef er abl folyl gtasip@nd a xylyl groupisandan ity EFamSHChASARRNZPFITeMP | R22 and R23,

Tor o pr cf or abl EXSERER] Gyh GRS of 6" 34 pOAVEY sreG@l denf DEF 1 S
pr ef er abl d_a n . p t Qyl ;0K i '
br of or api (o887 2" dEHGERYD o Mok B pUlomEnALARREI BUYS and

R23 i ncl udpneyiahiketiyldroup Sdiftetiatantinom@bobydyoupy; aupethgamiohety! grawp, a
n- propoxy group, an isopropoxy group, a n-butoxy group, a sec-butoxy group
and a t er a-dinihygamingetbygroumanat 3 HiethylagriaenioryigfPuls a phenoxy group; etc. The

e o e edgmpa o tae hyarockiby’Siaupy oP ke Sh'HeS nhiin® bR GHGEA Yioh * © 10
include an alkoxyalkyl group such as a methoxymethyl group, a methoxyethyl group, a
methoxypropyl group, an ethoxymethyl group, an ethoxyethyl group and an
ethoxypropyl group; a monooxacycloalkyl group such as a 2-oxiranyl group, 2-oxetanyl
group and a 2-tetrahydrofuranyl group; a dioxacycloalkyl group such as a 2-dioxolanyl
group; an alkyl group substituted by such a monooxacycloalkyl group as a glycidyl
group or a tetrahydrofurfuryl group; and a 3,4-epoxycyclohexyl group.

In the present specification, the monooxacycloalkyl group represents a group
formed by substituting one CH, of a cycloalkyl group by an oxygen atom. The
dioxacycloalkyl group represents a group formed by substituting two (CHi)s of a
cycloalkyl group by oxygen atoms.

The number of carbon atoms of the hydrocarbyl groups of R* and R* that
may have a nitrogen atom and/or an oxygen atom is preferably 1 to 10, and more
preferably 1 to 6.

Examples of the groups formed by bonding R* with R* include a
hydrocarbylene group, a hydrocarbylene group having a nitrogen atom, a
hydrocarbylene group having an oxygen atom, etc. Examples of the hydrocarbylene
groups include an alkylene group such as a trimethylene group, a tetramethylene
group, a pentamethylene group and a hexamethylene group. Examples of the
hydrocarbylene groups having a nitrogen atom include a group represented by -
CH,CH,-NH-CH,-, a group represented by -CH,CH2-N=CH-, a group represented by -
CH=CH-N=CH- and a group represented by -CH2CH2-NH-CH2CH>-. Examples of the

14



As the hydrocarbyl oxy groups of R21, R22 and R23, an al koxy group is
preferable, an al koxy group having 1 to 10 carbon atons is nore preferable,
an al koxy group having 1 to 3 carbon atons is yet nore preferable, and a
met hoxy group and an et hoxy group are particularly preferable. At

| east one of R fuel econony, preferably at |least two of R21, R22 and R23

are hydrocar byl ox roups, nore preferably three of R21, R22 and R23 are
nyr obar bR BIRGroUps havnaal GyeTo (BT Gesory PRERedBA Y o

hydr ogen A rocarbyl group that nmay have a nitrogen atom and/ or
an oxygen%g\ﬁ'fooogl—l%ﬂz and R25 are bonded to represent a hydrocarbyl ene
group that may Thaweintbehiof EQBER atdnadiathd /gasupsfomeddgncarhisining iR** REMW REAd R25

formone group representing a group bonded to a nitrogen atom by a doubl e
bond. is prefenakith2 tp2@ sedimap ewsférabliZitor2. t he hydrocar byl group having an

X atomrepresents a group havin structi ure formed by substituting a
hydr ogen at om aéri@megsapférgq'%"BHp%%cf%Bf‘dg{ h HP@Q&’I“B)?IOL@%"%e%%P?Hémﬁg% om
and a hydr, I r i i-ng a
ot ruct ur e 215 oY BUBe B Ml DGRBS 4885 SaaThCateBiRiie AT O &
hydr ocar byl @pébylidened yup,ha Bublifehe Fpbuexanpib@ethlegiyidaneharoury @ nitrogen
atomincludes a group having a structure fornmed by substituting CH by N
Exanpl es ofetlyimopgdiderse/i nggmopoxygen at.drdimeibylbdelidengr ou@renpri ng4aN.8truct ure
formed by substituting CH2 by 0, and a group having a structure formed by
subst i t ut dietbyigminphensylidengtdsesP. BIF- 0. Exanpl es of the hydrocar byl
groups of R24 d R?25 ingl 24) 25 - as an

T er Y i Mokt Y RGO RS IR0 B ondiPliPa 2

et hyl group, an Tsopropyl group, ~a _

sec- butyl n@igeR adfitbypa U6hble BBAY Is piéferBly 2b ZU, %ﬁamor@bmaﬁﬂqhoaa. a vinyl
group, an allyl group, a 1l-propenyl group and a 1-nethyl et henyl group; an
al kynyl group AscR*asndR®etaydrbcarbyugroemar @ pydspearpyléneggoup: foamedaby| gr oup
such as a phenyl _group,.a tolyl group and a xylyl groyp, and an aral kyl
group sucIEIOBE!I"%RI%‘%I’YE'SIIstgrCtﬁLinhydTOC‘?“W''d@@a@fﬁ’lué§fc5;¥i ?ﬂ‘é Rhy 809 98 99HBups of

R24 and R25 i , it incl i.al j I h
s adi moPRYTAHPATHERIRR A G a5 SR e Prdterb; At S8R ofyle HbiR SuC
di net hyl aBIé?@rHBI@Eé{rl\d 96 QP grudl iSRRG pRAGBbIRY | TBE alpl graulisairBieraiy goet hy!
group and a di et hyl am nopropyl group. Exanpl es of the hydrocar byl

groups of niétdyl grodpe2an lethyl ggupn oxygen atom i ncl ude an al koxyal kyl group
such as a net hoxynet hyl grou a nethoxgethy group, .a nethoxypropyl group,

, : P, I
an et hoxymet hyIn ig@pipeeref ditp dQyrieieabhyf b anddners REefR&Yot opyl group: a
nmonooxacycl oal kyl grou uch as 2-0xiran - : 4 and a
2-tetrahydr of ur%ﬁ'ﬁﬂ% 'eﬁ‘rfgﬁ%f C%[“%‘?LBB%%?PJ?%%I?%&;I’Y g?@‘h@a gﬁﬁérﬁ%gléﬁgxg’-% %ﬁgl anyl
group; an L9y §d0psS iHeghEt ut ed by such a nonooxacycl oal kyl group as a
gl yci dyl gR?doéJ% a(l)k? gﬂdt %t raﬁ‘ydrof urfuryl group; and a 3, 4- epoxycycl ohexyl
group. [3-(dialkyfarhihe)ppoBdiriatkogysiisnds eughiasn, the nonooxacycl oal kyl group

represents a group formed by substituting one CH2 of a cycloal kyl group by
an oxygenlatdimethyaamin)prreadlidmnetipxysilang oup represents a group formed by

substitutinhg,t [ S .a .cycl oal kyl group by oxygen atoms. The
nunmber of I%&’I%I\Qﬁaégé%%ﬁiwréﬁ%af%@ar byl groups of R24 and R25 that may
have a ni _@gﬁqﬂ Qﬁ?ﬂb‘)’ g 1 omis preferably 1 to 10, and nore
pr ef er abl E/é,’ (I) %Wl 68&&'%%?%?% ie groups fornmed by bonding R24 with

R25 i ncl upﬁ(da:ngmgégmfy)@ﬁbgn@etg@@gm%a hydr ocar byl ene group having a
nitrogen atom a hydrocarbyl ene group havi ng an oxygen atom etc. Exanples

of the hyi@idinggrhienipropyditripshaxysilandeargh al kyl ene group such as a
trimet hyl ene grogtgiljl a tetranet hgl ene group, a pentanethylene group and a
a

hexamet hy [3(@hygp minoIRFePYWErIhoXyskaN®y dr ocar byl ene groups having a

ni trogen m. ncl. a gr . [ { - CH2CH2- NH- CH2-, a group
repr esent @é&@%y!aﬁﬂﬁéaﬁqqﬁ%&a&%&%ég&r%%Pga\éent ed by - CH=CH N=CH and a
group repEgfinthifamiho)soRfHRetNtirididigsiansxanpl es of the

[3-(diethylamino)propyllmethyldimethoxysilane,
[3-(ethylmethylamino)propyl]methyldimethoxysilane,
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hydr ocar byl ene groups having an oxygen atominclude a group represented by

- CH2CH2- 0- CH2CH2- . The nunber of carbon atons of the groups forned
by conbining RR4 with R25 is preferably 2 to 20, and nore preferably 2 to
12. Exanpl es of the groups of R24 and R25 form ng one group bonded

to a nitrogen atom by a doubl e bond i nclude a hydrocarbylidene group such
as an eth rou p ene.group, a butylidene group, a

1- et hyl eﬂnbﬁdmﬁtgwg quﬁpyllg{hy%Yrﬂ%tg yl i dene group, a

1, 3-di et £ 2 t hyl am nobenzyl i dene group, etc.

The nunberwﬁyc%%rhﬂsﬁo r‘]rérs]llﬂglfj n@%%ﬁ%S form ng one group bonded to a

ni trogen gi(umylnyetayldmmb;Bom@dmdﬁnémeiyenaw y 2 to 20, and nore preferably 2
to 12. R24 and R25, a hydrocarbyl group or a hydrocarbyl ene group

f or med by[ao@methgamw)mpmmldn@howsm ocar byl i dene group of R24 and R25
formng o roup bonded to,a nitrogen atom by a double bond is preferable,
a hydrocafhn)g?ﬁqet'@\%]l 50) P§°H¥H?18tWaﬁfM%ﬁ‘8 rand an al kyl group is yet nore

pr ef er abl nmet hyl group or an ethyl group.
nis an |ﬁ‘;t(e:?i@ﬁné‘tw%Iln g&lpre er aﬁ{ﬁyg é/nteg 4, and nore preferably 3.

Exanpl es p‘(dimh;qgmp@w}dpyu@gmd@m@gﬁnby For rruI a (2) in which both R24 and
R25 are al kyl groups 1 nclude [3-(dial kylam no)propyl]trial koxysilanes such

as [ 3- (di Fefdieghwamino)pperyfigthyidiethoxysilerg.sindane, [ 3-(d

I[ 5 ? Z:lt ﬁ;r: %@ﬁvﬁﬁ%ﬁﬁ%wt Sn%? ﬂyllﬁ’?ﬁrt]'r'eﬂawﬁnﬁa%’ [3-(d

tmet hy| ani o) mihd)bfdpFhdIQKy koG Ranes such as
[3-(dimethylamino)propyljdimethylmethoxysilane,
[3-(diethylamino)propyl]dimethylmethoxysilane,
[3-(dimethylamino)propyl]diethylmethoxysilane,
[3-(diethylamino)propyl]diethylmethoxysilane,
[3-(dimethylamino)propyl]dimethylethoxysilane,
[3-(diethylamino)propyl]dimethylethoxysilane,
[3-(dimethylamino)propyl]diethylethoxysilane, and
[3-(diethylamino)propyl]ldiethylethoxysilane.

Examples of the compounds represented by Formula (2) in which both R?* and

R? are alkoxyalkyl groups include '
{3-[bis(alkoxyalkyl)amino]propyl}trialkoxysilanes such as
{3-[bis(methoxymethyl)amino]propyl}trimethoxysilane,
{3-[bis(ethoxymethyl)amino]propyljtrimethoxysilane,
{3-[bis(methoxyethyl)amino]propyl}trimethoxysilane,
{3-[bis(ethoxyethyl)amino]propyl}trimethoxysilane,
{3-[bis(methoxymethyl)amino]propyl}triethoxysilane,
{3-[bis(ethoxymethyl)amino]propyl}triethoxysilane,
{3-[bis(methoxyethyl)amino]propyl}triethoxysilane, and
{3-[bis(ethoxyethyl)amino]propyljtriethoxysilane;
{3-[bis(alkoxyalkyl)amino]propyl}alkyldialkoxysilanes such as
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i et hyl ami no) propylJtriethoxysilane, and

t hyl met hyl am no) propyl Jtri et hoxysi | ane;

i al kyl am no) propyl ] al kyl di al koxysi |l anes such as [3-(d
yl am no) propyl ] net hyl d i net hoxysi | ane,

i et hyl ami no) pr opyI ] net hyl di met hoxysi | ane,

t hyl met hyl am no) pr opyl ] met hyl di rrethox
i met f%ribéﬁﬁmﬁwwwfaémwpmpmﬁf&x @qﬂi%s' ane,

ﬁ;?&%&ﬁ B PR RSB iane

et (Y fdin &Wahﬁﬁi]ﬁ%bﬂ}rﬁéthﬂduﬁ@tﬂo&?ﬁlane,

et hyl am no) propyl ] met hyl di et hoxysi | ane,

i
t
i
i
t hyl @Wé&mw@pamwﬂﬁramwtm@mhmﬂawe,
i
i
t

3000000

t hyl et hyl di et h |
B I e S B R e

| ol KPR AP RRRESRBRRRE, 700
ett t{ﬁltﬂm no%wa ’]dl rrde]F ?Il BYlRIdmetion Sfe.

ieth ) propy met hoxysi | ane,

| met ey wélbﬂhommnin]rdﬂmmmmdmmsxvsam
i et hyl am no) propyl ] di et hf;l)l met hoxysi | ane,

di met wmﬁmﬂmmmmﬁe mnv&mﬁswgqtmoaw@lane

(i ot WP REPE Y ARG Ry B AR ESene

(di et hyi Exanpl es of the
rrpounds¥r Eﬁgr(eserﬁt&g%b%tﬂIﬁé]Bngﬁr?g%yllaH%?%iﬁngoth R24 and R25 are

koxyal kys- [tﬂi(@tﬂlbﬁydtm)buﬂ&)]propyI}methyIdnethoxysnIane
- [ bi s(al koxyal kyl ) am no] propyl }tri al koxysi | anes such as

1b|b s(rret{ibr;r&x?;(n@thmmaﬂwmmmp YIEWW@“LR%X?‘ rane
N E: (it AR P ERYbe b REREINE ne.
| i o i B B B B e,
- [ bi s( ey @wohyétl))ﬂﬁmiﬁdlwowwﬂamembwgm laade,

4bi s( rret hoxyet hyl ) am no ropyl tri et hoxysil ane, and

3-[ bi s( et{WﬁeU(hwa)lﬁ/ﬁﬁm r@mﬂ kyladitoprySiREes &t
P 2
[bi o( metTALSEL W@%II@EI"EI‘Q@Y‘I’W TR | ane.

[
b t Himetieilrethb d,
E is(e qgwm%ﬂhymmmbw}m imysticli oysiland, ane,

-(di
-(e
- (di
th
-(di
-(e
- (di
- (di
-(e
- (di
- (di
-(e
-(di
- (di
-(e
- (di
-(di
-(d
- (di
- (di
- (

wwwwwwww—o wwwwwwwwwwwwwwwwwwww

bi s( met hoxynmet hyDam no] pr oPyl } et hyl di met hoxy5| | ane,
bi s( et I{Ba{@a(etﬁwﬁﬁhyl)mmm]QWW}@UﬁﬂYMﬁb@W§ | ane,

3

3

3

3

3

3

3

3-[ bi s(rret hoxyet hyl ) am no pr I SI | ane,

e I I

g%g:ggﬁ%w % %m% a!wvr&%@%}e %/5?’( g}@(yglnleane
i s(et oxysi | ane,

3[b(%1 ‘#gﬁ%?% B’%&ﬁ ﬂﬁ]? I'] |

3-

3

3-

3-

3

3

b SN heyell I
abi s et E%i@gﬁeﬁ%%gﬁ%”%@‘é%y“{’} e I?I'I*’III‘%I hoxyﬂﬁéﬁ; o

[ bi s( nqslnmsgemwmIIEmo@]prade|}a'dflyhn36thkv>@sﬂamys| | ane,
[ bi s(et hoxynmet hyDam no] pr opyl } et hyl di et hox SI | ane,

1bi s( net{ﬁd&@@mefmmwmmﬂwp'})éﬂmﬁ‘i ¥ lBP&ne, and
bi s(et t.h ane; and

3[ [ bi g( ar{%%@éng}hyﬁ%r% 5%9 @8@?@9?“’?&%@% 'l anes such as
{3[ bi s(net Sname/si | ane,
{34bi s(et é@jﬁ%@’?ﬂﬁ%ﬁ@fﬂxﬁfﬁ pr opy é H‘eﬁ?h?%dr?eaﬁloxym | ane,
(3-[bis( nqst[@igmdxyaammuhprpocmyl}}lmeﬂwlémbmﬂmys| | ane,
{3-[bi s(et hoxyet hyl ) am no] propyl } di met hyl net hoxysi | ane,
{ 34bi s( net{Bdiigtreet 9mth)]am@fr}9I0pmlI@%thylﬁm¥Yﬁ9%y%I | ane,
{ 34bi s( et hoxymet hyDam no] pr opyl } di et hyl net hoxysi | ane,
{3-[ bi s(net hoxyet hyDam no] pr opyl } di et hyil7met hoxysi | ane7
{31bi s(et hoxyet hyDam no] pr opyl } di et hyl net hoxysi | ane,
{3-[ bi s(net hoxynmet hyDam no] pr opyl } di net hyl et hoxysi | ane,
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[

i

[

[
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[
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c
a
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{
(

{ 34bi s( et hoxynmet hyDam no] pr opyl } di net hyl et hoxysi | ane,
{3t bi s( met hoxyet hyDam no] pr opyl } di net hyl et hoxysi | ane,
{ 3- [ bi s(et hoxyet hyDam no] propyl } di net hyl et hoxysi | ane,



Exanpl es of the conpounds represented by Fornula (2) in which both R24 and
R25 are oxiranyl groups include

{31di (oxi ranyl)am no] propyl }tri met hoxysi | ane,

{3-[di (oxiranyl)am no] propyl )triethoxysil ane,

(34di (oxiranyl)am no] propyl } met hyl di met hoxysi | ane,

34d | | } et hy] di et hoxysi | ane,
(3401 ( oxi EaMAQRAPASBISEN r?fep%welswﬁrv‘ieth&x@éiéqeiﬂi

3-[di ox
(3 Lai (oxtrERre R BB bbb e PR
{3-[di (oxig. Wét}\é@eﬂﬁ/])%%}ﬂré inaleiidirixysiayei | ane,
(3-[di (oxiranyl)ani nol propyl } di net hyl et hoxysi | ane, and
{31di (oxi r any| )ExaimpiEsmf teyédnhoeinty raprérspies bysrasmula (2) in whighboipIRESanst t he
conpounds represented by Fornula (2) in which both R24 and R25 are
t et r ahydr BIZ uRrgroiranyl BE?HES ingkidgde

R e T e e A
{3-[di (teg E;tdgfﬁfyyg,ﬁmﬁtp}@dwﬂ@}mmhé met hyl di met hoxysi | ane,

{34di (tet rof uranyl )am™no] propyl } et hyl di net hoxysi | ane,

{ 3- [ di (t ey3-Riipsiranylaraing|prepyi}melhyidipethprysiland, di et hoxysi | ane,
{31di (tet rah dr of ur any I am no%;r opy! } et hyl di et hoxysi | ane,

{3-[di (tef3$ wramnaram P[%nﬁ‘}ﬁ iregspexv8ilang: hyl met hoxysi | ane,
34di (tetr r of u | met hoxysi | ane,
%34d| Etet @%ﬂ&%’w )ﬁrﬁ Pipé?ﬁyﬂdegﬂyg‘ﬁ%{f MS%’{%I et hoxzm | ane, and
31di (tety | et hogsi | ane. Exanpl es of
Ehe cE)rrpoéﬁﬂ@?gﬁgﬂﬁ?@@ﬂhﬁggﬁ+iﬂg§nayn whi gh both R24 and R25rrgre
gl yci dyl g¢s- gm@glrarfyghmﬁlﬁ]p[r&a){l}dlnﬁeghwlmethpkysaiame]o] propyl }tri nmet hoxysi | ane,

3-[d I 1) | }t th I
{3acl '(é,?yém&?m%%'e&‘%o e Mﬁw%&ysﬁ%m??ﬁ ane,

34di (gl t hox ne,
Im (o1 y el II%&%%»I@MI%W@%. e,
34di (dgl iesi | ane,
E34d| Egl ;gé g:% i@amﬁ/‘(ﬂ)’?pr o?%é@%%wﬁé}?&ng?hoxyy | ane,
{34di (gl yci dyl ) exaimpdspsfaney tordpeuiriay Irepresentgds by Boreula (2) in which both R?* and
{34di (gl yci dyI ) am no] pr opyl } di et hyl et hoxysi | ane, and
{34di (gly dgne)a [QRui@pY|IreHRsStIPEUER hoxysi | ane. Exanpl es of the
& tewameqsvrepy! inghida

fg?ﬁgﬁ;gfﬁﬁf@ %\%%?lﬁﬁ%\@gorfgﬁwagygl lmetrI'loxysﬂg#e both R24 and R25 are
34d I
R s e e

propyl}trlethoxy5|lane

{34di (t et gaiuidstRdnyafourshyaRminsipopapytthyrinfethaysienboxysi | ane,
{34di (tet rahydr of urfuryl)am no] pr O%| } et hyl di met hoxysi | ane,

{34di (tet r{mmmmdmryngl)@mmmrppw hyldiae lap®oxysi | ane,
{340 (1 ot HayOrGUPRET ZRNOPRPURYF P H RN e‘ﬁﬂ%ﬁ%i'yl-??ine
{3adi (1 ot Ry EP Gt AT R AR BRI, 10051 1 ane, and
o the ﬁéIrpgjo”uﬁ%‘?”?EE%??I?‘SII“%’B“ES‘I‘"JSI‘J”?‘%‘“??WXﬁ' Ro4 and RS are bonded
to each ot{B4di(tetratydcbfuranylyamino]propyljdiethylmethoxysilane,
{3-[di(tetrahydrofuranyl)amino]propyl}dimethylethoxysilane, and
{3-[di(tetrahydrofuranyl)amino]propyl}diethylethoxysilane.
Examples of the compounds represented by Formula (2) in which both R* and
R? are glycidyl groups include
{3-[di(glycidyl)amino]propyl}trimethoxysilane,
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- pi peridi nyl) propyltrinmethoxysil ane,

- pi peridinyl)propyltriethoxysilane,

- pi peridi nyl) propyl net hyl di net hoxysi | ane,
- pi peridi nyl) propyl et hyl di met hoxysi | ane,
piperidinyI)propyInethyldiethoxysilane

1
1
1
1
1-
1~ Pex ekt EP Ui B AARoxys | ane
i- hexapge R%&@ﬁ am. %&Pﬁgu%tﬁgaﬁxéi&%%nénane
1-
1-
1-

hexa enel mn t hyl di et hoxysi | ane,

hexa{mﬁhglya@ﬁ)amnmbmpw}w\mni‘mtrd»(ymlbhexys| | ane,
hexanet hyl enei m no yl met h | di et hoxysi | ane,
popely

hexatfeldiglyedy)aming] ¢@Y|ﬁ? W“ﬁb%y& | ane,
nDrphoI opyl trinmet ho nDrphoI|nopropyltr|ethcory5|Iane
3- nor phol %@B '%géY'W'E@P@P%M@?@P

3 mor phol [ AERo 8y W%@?@P@W@xyi‘ﬁﬁ%?ﬁ

{3- [d|(glyC|dyl)amino]propyl}diethylmethoxys|lane,

3-(
3-(
3-(
3-(
3-(
3-(
3-(
3-(
3-(
3-(
3-(
3-(
3-

{3-[di(glycidyl)amino]propyl}dimethylethoxysilane, and
{3-[di(glycidyl)amino]propyl}diethylethoxysilane.

Examples of the compounds represented by Formula (2) in which both R?* and
R?® are tetrahydrofurfuryl groups include
{3-[di(tetrahydrofurfuryl)amino]propyl}trimethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}triethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}methyldimethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}ethyldimethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}methyldiethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}ethyldiethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}dimethylmethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}diethylmethoxysilane,
{3-[di(tetrahydrofurfuryl)amino]propyl}dimethylethoxysilane, and
{3-[di(tetrahydrofurfuryl)amino]propyl}diethylethoxysilane.

Examples of the compounds represented by Formula (2) in which R* and R
are bonded to each other include
3-(1-piperidinyl)propyltrimethoxysilane,
3-(1-piperidinyl)propyltriethoxysilane,
3-(1-piperidinyl)propylmethyldimethoxysilane,
3-(1-piperidinyl)propylethyldimethoxysilane,
3-(1-piperidinyl)propylmethyldiethoxysilane,
3-(1-piperidinyl)propylethyldiethoxysilane,

3-(1-hexamethyleneimino)propyltrimethoxysilane,
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3- nor phol i nopr opyl et hyl di et hoxysi | ane. Exanpl es of the conpounds
represented by Fornmula (2) in which R4 and R25 form ng one group bonded to
a nitrogen atom by a doubl e bond incl ude

N- (1, 3-di net hyl butylidene)-3-(trinethoxysilyl)-1-propaneam ne, and

N- (1, 3-di net hyl butyl i dene)-3-(triethoxysilyl)-1-propaneam ne.

Ast heconp t. E | 3-

(di al kyl a%ﬁ%%%%ﬁ%@ﬁ%@eﬂﬁg\%&ﬁé@ﬁ F%gﬁgﬁ“%[er‘mr e preferable,

[ 3- (di met Byh-aekaetRYIERMINodroRiMeRyRinaRdysilane,

[ 3- (di et hyl am no) propyl Jtrinethontsil ane,

[ 3- (di et By(l-hekarodtpylemsin]nolprephethyldimethvaysilane,

[ 3-(diet hgl am no) propyl ]Jtriethogsilane are yet nore preferable, and

[ 3- (di et hyt(zbersyeipdpRaiminoirreRBRi¥Idiethoxysien@ar ti cul arl y preferabl e.

The cont et ¢ r.\ uni ed on.the conpound represented by

For mul a (?)(? %%é%"gépﬂgp‘%?@ﬁf&ﬁ%)@?}ﬁﬁégg’ﬁf(y%g%&t’he total anmount of the nononer

unit in tBengipRdlinesTbpltritictyaRhyer, is 0.01 to 20% by weight. In order to
enhance abrasion resistance, 'the content is preferably not |ess than 0.02%

by wei ght 3-naorphatinogropyligiethoaydilgneiot | ess t han 0. 05% by wei ght. Mreover, in
order to heighten the fuel econony, it is preferably not nore than 2% by
wei ght, afdnetphalingprepdmgthyldimethoxisiane; han 1% by wei ght. The conj ugat ed

ion preferably has a nononer unit based

di ene pol yner of. the present .invent
on a viny '%VBMPP@OH’%{RS@WG%W? "Winyl aromatic hydrocarbon unit), in
order to ﬂ%cﬂ&ﬁcﬁﬂoﬁrﬁﬁw%fr@la%ﬂgtrxtyéﬂéﬁe"éﬁw' aromati c hydrocarbon incl udes

styrene, a-nethylstyrene, "vin ene, vinyl napht hal ene, di vi nyl benzene,
trivi nyl bamzepielineprdpyléthildietioxpdibhal ene. Anong them styrene is preferable.
The content of the vinyl aromatic hydrocarbon unit is, \/\henﬁg%enoti ng the

total amount ofExemplesshthegeanerpuniie rrpresainteddntFemmuila (2)yn whichiat ped R

hydr ocarbgn unit by 100% by. wei ght referahly npt |ess than 10% by wei ght
(the cont"éﬂp'fnsfon& o lasifoe?;iimf@m W?_?osé;d?fggl'@cﬁ?ﬂ%n 50% by e gt
and nore Rrehedif ; S V1-¥ebe ihdgngontent o e

conj ugat ed (dl g(ﬂe leibggll}lds F%Z? (éoreh%ﬁfkji)%é)?gy V\?eilght )n. Mor eover, in order
t o hei ght Nq(1Butinetbgibotytigene)-Betriativkpsilyl)-dfpropeneaminyd. aromati ¢ hydrocar bon
unit is preferably not nore than 50% by weight (the content of the

conj ugat ed di eAé urthe | somppundsss tEREAFEBBY bybynei GerMula antP)nor @ priéf erabl y

O g RSl S i plerGhpkee con voated diene unit is
[3-(dimethylamino)propyl]trimethoxysilane,
[3-(diethylamino)propyl]trimethoxysilane,
[3-(dimethylamino)propyi]triethoxysilane, and
[3-(diethylamino)propyl]triethoxysilane are yet more preferable, and
[3-(diethylamino)propyl]trimethoxysilane is particularly preferable.

The content of the monomer unit based on the compound represented by
Formula (1), relative to 100% by weight of the total amount of the monomer unit in the
conjugated diene polymer, is 0.01 to 20% by weight. In order to enhance abrasion
resistance, the content is preferably not less than 0.02% by weight, and more
preferably not less than 0.05% by weight. Moreover, in order to heighten the fuel
economy, it is preferably not more than 2% by weight, and more preferably not more
than 1% by weight.

The conjugated diene polymer of the present invention preferably has a
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In order to enhance abrasion resistance, the total content of the

conj ugated diene unit, the nononer unit based on the conpound represented
by Forrmula (1) and the vinyl aromatic hydrocarbon unit, relative to 100% by
wei ght of the total ampunt of the nmononmer unit in the conjugated di ene
polymer, is preferably not |ess than 99. 9% by wei ght, nore preferably not

| ess t han 0 i I r ahl. o0.by, I

The monery%g?@gg%ﬁ{?%i%ggﬁ t%@ﬁhﬁ%ﬁggé’? e@%%(yé%g%%tﬁytﬁé%?& Cinhe
present Iamg,nm_ BRiet S0 MeRfhtdra ey stdtgth. €Sthet (iayl diBmadd thydRkcarbph EhEiddY Y not
| ess than 20, in order to heighten the strength. Mreover, in order to
hei ght en s$thieenpr ocessethyl$tytepe, i t vingltqiwenieer abinylinaphthalene t hdivingldénzeaad nore
preferably not nore than 150. The Mboney vi scosi t'y él\/L1+4% i's neasured at
100C accofrfingigenzsns andydnynapighalgne.  Among thef, sfyR)¢ ISFSRETSht ent

(proportion of I i - - [ a] ty | I it) of
t he conjugated Tﬁ?&h@ﬁ%@ﬂ%%&&@ﬁ%ﬁ% é%éﬁ?rg?ﬂr]]%ﬁﬁ g@@;ﬁs@c{ehﬁlﬂggtﬂgé%tgpi ng the
content ohmbiig of &Y sIRIgRAHIEREUMDAAd % Vi Ypdmyatithlydrdea®or unklby 1008, nor e
than 80% by nol, and nore preferably not nore than 70% by nol, "in order to
hei ght en byhweeighie brederablg mpt lebbd thaavid, by weighti¢the tantérdiof titeeconjugafedptienserti es,
it is preferably not |less than 10% by nol, nore preferably not | ess t han
15% by no¥nit is @et meredhan 80%raypysjghth @ndnease praferably st 185s s, 15anly waieht cul arl y
preferably not .l ess, than. 40% by nol .. .The vin b ont. I,$..0Qbt ai ned by
the absor%lﬁ S?Pt?'ﬁtoimﬁ‘iowuﬂ@?fj r@%'in%@f’r%tba? ﬁg%a%’sv&é@@'oﬁggg‘f?rbf a
vinylor OR 16 REiGAHRTuS RESAAA AR LSBT 1l vinyl aromatic hdRGERORGH Y wel ght
di stribution of thé& conjugated diene polyner of the present invention is

pr ef er abl yreferébly Aotmére tRard50% bg welight ¢hakbbnteit &F theocdnjigateddienedanit is @aohei ght en
the fuel econony. The nol ecul ar weight distribution is obtained bel

measur i nglesh&hanub@erbyaweigheand imare paeferablyghet M) than Aah &y \weighit (theyer age

nol ecul ar i gh . b el rmeati on, ch t oqr. y (GPC), and

di vi di ng Rﬂ‘%ﬁ%ﬂ °mgm1”9¥*egﬂ%ﬁféﬁﬁﬂﬁ_% I‘?ﬁ?ﬁ%’lﬁ%&”ﬂ%&%ﬁ ing the conjugated
di ene pol ymer ﬂfoHé?tcP(eﬁﬁﬁ{bk APYSOR r&isthriced RS RAY CddnRiht BRHOELHRIERE ST Ng
steps A and B: step A: polynerizing a nononer conmponent “containing a
conj ugat ediek anig tiRnthoAomeniLbabet &prths eoinpduritlreprasenied by Formblaye) énd an

al kali nmetal catalyst in a hydrocarbon solvent using 0.01 to 20% by wei ght
of the colfipainyliafospatie dwdtosarbep urdr relatiye ta Y10Q%yaweight efdhe tadabamoupbphht of
the total, amount of the nononer copnponent used), .thereb ivin ol ymer
havi ng. ¢ HECMRREN HoitaR NECrTURRIS GRIT REVEIRar PoferRy e ihebe? 9. oPeals - a
one end j [ AQyyyER idiqia iHigat ed
di ene anggyaﬁﬁgﬂ{é)rfr'eﬁé@?\%@dglﬁg@é %% tt%ﬁ‘e cbrrp/{én?ggh 6?getg'r irgdg%%tggér%fp riEZ%EH n%? a (1)
above. 100% bgephB: reacting the polynmer obtained in step A and a

conpound represented by Fornula (2) above. ~ The alkali netal catalyst
used in step AThedagney viscasilyi (MietshpEthemogiugatedadiang polipeansf the mirsent!s,
conpl exes,_ of _an . al kali netal and a polar co un ol { goner s, havi an

S kAl emsanioRis e alesS Hepad, Bnd metie S ARy i 1488 e g eRgk i
rubi di um,.cesi Oh ic alkaly t e o HE QTR i ddes. et hyl
i t hi um tﬁp&%%@%ﬁﬁ%ﬁﬁ"&@‘ﬂisé&g%‘%ﬁ It Bider lr}ﬁ;'%r'ﬁrgutyl {E’?‘%‘{?ug%nt%“ﬁgge'ﬁ utyl
Lithium drefReddly nbi hbieUtilan 200 Cad ofdpiefaralitp @Y mote fHahUIs0. 2TRaMdbohyy
lithium 2-butyl phenyl lithium 4-phenylbutyl lithium cyclohexyl |ithium
4- cycl opevisopkity (MLhi4) s measveedhyi HO°0 @scanding td UEhKE3A0 (APe4)hy| ani nopr opy!

l'ithium t-butyldinmethylsilyloxypropyl lithium N-nprpholinopropyl |ithium
lithium hexam¥h9|vwéihwae90nﬁqm HPRPstionoph geriegated t@ﬁﬂ?n‘?%%eﬁ?ﬁﬁ%&?n lithium

hept annet hyl engi m, de.. it hi um dodecanet hyl enej m -di]Jthio-2-butene,
ot um neagRe AT 4D dhe FHPLERRE TR BB Yok Troseafiebiebaredy ¢ " The
conpl ex Oéerﬁﬂn@{ﬂéaédntéﬁ?BPtlhe%BﬁjluﬁaﬂéQ|d*i"éne¢19{imﬂluﬂﬂ)% By hiéfl @Peferably not more

pot assi umt et rahydrof uran conpl €x, potassi umdi et hoxyet hane conplex, etc.,

and t he ahag60% byvavl, agd atvraépkdérablyeiotmorerthan 7@ by swtliimiordeata heidhten
a-met hyl styrene tetranmer. Organic |ithium conmpounds or organic sodi um
conpoundsth@fiee! gceremubl Moregygy, iy efalaT to heigtplgrie PRPRATIRSs itHaprafgrablytnet 20

ﬁg{ gogr Z]Elg%%\grgj%r’/g E)D Im%l,angrleuprpef%ParH?yoH&qgssht%\éh qg%zb)} 910?, (3)/8{: %E)Peogreﬁetr& y are
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The hydrocarbon solvent used in step Ais a solvent that does not
deactivate the organic al kali netal conpound catal yst, and includes

al i phati c hydrocarbon, aromatic hydrocarbon, alicyclic hydrocarbon, etc.
The al i phatic hydrocarbon includes propane, n-butane, iso-butane,

n- pent ane, i so-pentane, n-hexane, propene, 1-butene, iso-butene,
trans-2-butene, cis-2-butene, 1-pentene, 2-pentene, 1- ene - hexene,
o1 The satoersihan RYthticapbahd PABRIBRLPSERENE0! Bo tBRADYPY ek, The

et hyl benzene,, and.the, al i,cycli I o pe

cycl ohexa\q@',ﬁ bgnd © p?ggg %bﬁ%'%ﬁqsg’&q?{% aﬁ%‘?ﬂ@gg‘h{hﬁgﬁqgﬁe@g#\@ tﬂ%@ﬁg\re ocar bon
sol vent Naws o pehik bt Gnffgroidy bydiHfart Rpsct@scomicramdigsis. s such as industri al
hexane. Among them hydrocarbons having 2 to 12 carbons are preferable.

In step A a niThemmolecapaeight distritiutipmiafctha eooiljgatest digneliroheneinef teconpound

represented by Formula (1) is polynerized by an_al kal.i | . catal yst in a
hydr ocar bpfesed| ipeamtion i l}?fﬁ%ﬁﬂiﬁ\ﬁé) %’0@’9*{7@?" RiferA yﬂn%g(ﬁes [P e ®sed on

t he conjugat ed djen nd t he no ' esent ed
e o) 8k S e by IR ol YAS0H SRkl ARAAEd o o

1, 3- pent aﬁil'eﬁf\ﬁin 2tr%' HiBeM uderkgs-MblcadheRrightniin}, shdhexadieiit. avErape ar e
used in not Tess than one. The conjugated diene is preferably 1,3-butadiene
or i sopr emdlecular weight (Mwy biga ded pemheatior chtonztographyediRiE)anned dviding Mwount  of

t he conpound represented by Fornmula (1) to be used, relative to 100% by
wei ght of by Ma.total anount of the nononer conponents used in the

pol yneri zation, is_preferab not, l ess th 9 i

preferably not A @'ggerqeﬁérhetgq%@(pb%p%pgﬁ C&ﬁlﬁﬁola‘t%éi{%ﬁ%P y@gﬁfép a f%eﬂtot | ess

t han 0. 05 ej Ufbd cbimpRSiAGEteb® Alaht en the fuel econony, it
is prefer ﬁ)’?&'o\ﬁ@%g%&d@%ﬁﬂ @B%bepv\éﬁ%:htF) nmore preferably not nore than 2%
by wei ght, yet spay & polgierizibg a mohomer eomparenl Zobtpining ghtonjugatedpdiend cul arl y
preferably not nore than 0.5% by wei nonomer, a

ght. I n ste[{p A ,as a
vinyl ar oaed iaccdmyrbupd depresented bisd osoiand) pbeve by ap AAliaeRbRRYEHNithe

conj ugated di ene and the co d yepresent.ed E j nyl
aromati c H&%P?ﬁfa?'béﬂ'v?'ﬂcqsl'f@eng%gg? r r(g,b}'aw‘?‘réﬁﬁ:ﬁ}cﬁbs{? f(raéﬁg{ﬁdvgér%ﬁ%ﬁeﬁ%,

Vi ny! naphiGal ¢ dhafbv! RETBERAC byt hbight" b 58 Z60R arféurt orl tapfidnaiene, et c.
Anong them styrene 1s preferable. The usage anmount of the vinyl
aromati c bypenst beed)] theredyegividgropoinget havingthel alkalbgetahdetived iodm ithe
conj ugated di ene and the vinyl aromatic hydrocarbon by 100% by wei ght,
| ess t hanalbed byetalesatglyst (ot feasth ab gae g sfta BP'VWﬁécﬁi‘iﬂj'@éQﬂeﬁj"}ﬁ’i" Rer MBIt ot
nore than 100% by weight), in,order to heighte r : ably
not |ess PASEY fﬁ%hﬁycaﬂﬁ’@?é diene 30943 'H%%ﬂ%r QP IJtt é‘a{’:o‘ﬁfgg%t"éﬁ{ pgltlg&ne is
not nore 9 j d nore preferably not |ess than 15% by

wei ght ('t qgsseigee@ n%%ﬁu%)?%@ééonj ugated diene is not nore than 85% by
wei ght). Moreowdp Bi feadti etpplynedrgivtamed inestépiAl andco naompourdirepigsenfed anount

of the vinyl aromatic hydrocarbon is preferably not nore than 50% by wei ght
(t he usagéy &ooouia (2)faboke conj ugat ed diene is not |ess than 50% by wei ght),

and nore preferably not nore than 45% ight, (the, t..of the
conj ugat ed di end§ %'kﬂb'f"efaé%taiyﬁbHs%g% %ép :?@S\"g‘ﬂf’?é alkGi lflr%qégg’l %g%klgea}k%['o
enhance abrasi on resjst h : f | t @fqsth&se, the
conpound Pbeg? e%°é‘}lﬁ°3‘§5%y r%ﬁtsa&(é'?tagéﬁgqﬁﬁgpé?drzfl bﬂ?&)ﬁ%}m)%wﬁﬂ/dg%car bon to
be used i RajiRg ROLKERMEAA! eRD, The! AkdlVmetdd iAAdsbithivm, glotliuaf, dotessiuat, al
amount of the nononers used, is preferably not |ess than 99. 9% by wei ght,
nor e pr ef egtadiliy, oesiumeste. t iaa ofgand5atkaly metdl gampound inghdesnsthyl fthisimerab| y
100% by wei ght. ] The pol ynerization reactiqgn. m e carried out in
the pr esem@ybilth&’rm,a@@'rﬁ’foﬂybF'g‘i%um'ﬁt’wwm% %CFRH@DBWH%aE'BﬁWF%P"P HE

conj ugat ed _di ene uni .agent, f Py It Sk QUL he

con) ugat eden NG tinphen B 2arBbbERH R, BubRiet Stk phenBu S,

t han the ¢gRiNg BNt t he ' t Gighighh € N@imieeylamifio il N lithium,
(hereinafﬁg$¥Hggﬂ§$ggh§ ?F?ﬂg'ggcﬁgggﬁﬁgtors") etc. Xs théﬁﬁggulator, et her
conpounds digtieylarmbpropyil Hhiim, phibstpllinmethysityjpavprdpy! Bhising alV-reerpeelinesropex anpl es
of the ether conpounds include_cyclig.ethers,such.ﬁs tetra%%grqfuran

t et r ahydr dithjyman lithium .- hexamethdenaimids Jithiumpyielididee - ENUL PRENIAEE . IHHMet her
and di butyl ether; aliphatic diethers such as ethylene glycol dinethyl

et her, ethylene glycol diethyl ether, ethylene glycol dibutyl ether,

di et hyl ene gl ycol diethyl ether, and diethylene glycol dibutyl ether; and
aromati c ethers such as di phenyl ether anisole, etc. Exanples of the
tertiary am nes include triethylamne, tripropylamne, tributylam ne,

N, NN N, N - tetranethyl et hyl enedi ami ne, N, N-di et hylaniline, pyridine,

qui noline, etc. Exanples of the phosphine conpounds include

not
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In step B, the anmount of conpound of forrmula (I1) that is contacted with
the polyner prepared in step Ais preferably 0.1 to 3 nol per nol of the

al kali metal originating fromthe organoal kali netal catalyst, nore
preferably 0.5 to 2 nol, and yet nore preferably 0.7 to 1.5 nol. In
step B, the tenperature at which the polyner prepared in step A and the

conpound : ont ' erabl v. 2 to 100C, . nore
prg}? er abl 3‘%%%{9{@ I%&@'b%inﬁ{h&éf Jrg)odr%gé'ﬁ%giﬂgrr‘%@l?{?’ Sg% '(t) g'géi”?efﬁe S&S’H‘f‘éat tinme
i s pref er aphthiBnid8 CsddunPbibRéHyfide, HothsBRIEndPheaRinidd, ¥tcl S TAE Bofplek o YT -

In the production of the present invention, if necessary, a coupling agent
may be addéadlitmetahandydrpaan bonpswiduinchdesf pathssiwotgtiahadretirah ecoenpiend yner in
a period fromthe start of polynerizing the nmonomner b>\/l the al kali netal

cat al yst PBlasHEmMfigthonethane ¢S rRcadddt thecoligensh devingpre lilicmets)

Formul a (; w.ar.e cited. -4-a erein | represents an al kyl
o oup, - an e B sl ek B8 o R M et R b RGBT &

repr esent grqanfd dodfPicEHhBETNGS afe breferallOMBndlors & RARM SonfhdIRLOBSHInGb 4N or a
hydr ocar byl oxy group, and a represents an integer of 0 to 2. Exanples of

t he coupl 2Ogadgerstans eporgsmo sediuiycompoondsahdvilg 2 toc2Quckeban tomarare more
tetrachloride, nmethyltrichlorosilane, dinethyldichlorosilane,

tri met hyl BffJAB&i | ane, tin

tetrachloride, methyl,trichl orotin, dinethyldi.chlorotin, trinmet chl.orotin,

t et r anet hoxysi Ir@ﬁg?g'ﬁﬁqcﬁ OPr%OﬁVS{‘ﬁBW?)FH%%{Pe?‘d? ﬁeﬁ%"@?bﬁ\ahg??ﬁlpg?/‘i\e&‘ﬁ vate

nmet hyl tri [ ; l b Fab ik @ i h ket ' e,

i et hoxyd o eiaeris PRI RaY cbip R ot 7R o o SIPARUE, il pal

di et hoxydamintatic siyi@oearborf alicyclic hydrocaibenasteunTheblighatic hydiptarben mgrigés t hat
may be added is, in order to inprove the processability of the conjugated
di ene pol PiPRNe.g-bytane g butgne, | epentanta ispeRangy In-expae.i pjepens, 1-bwidneof t he
al kali et al uiromthe

cLal ] e ORE A o e Ehitbng TR PSR bR ol o5°,
not nmore gfanTRe 4rdfitic R{GScABER idivdks bahlohe KiudhR §/iddtaBtribani®e: and
the alicyclic hydrocarbon includes cyclopentane, cyclohexane, etc. These are used in
not less than one, and the hydrocarbon solvent may be a mixture of various kinds of
components such as industrial hexane. Among them, hydrocarbons having 2 to 12
carbons are preferable.

In step A, a monomer component containing a conjugated diene and a
compound represented by Formula (1) is polymerized by an alkali metal catalyst in a
hydrocarbon solvent to produce a polymer having the monomer unit based on the
conjugated diene and the monomer unit based on the compound represented by
Formula (1). The conjugated diene includes 1,3-butadiene, isoprene, 1,3-pentadiene,
2,3-dimethyl-1,3-butadiene, and 1,3-hexadiene. These are used in not less than one.

The conjugated diene is preferably 1,3-butadiene or isoprene.

In order to enhance abrasion resistance, the amount of the compound
represented by Formula (1) to be used, relative to 100% by weight of the total amount
of the monomer components used in the polymerization, is preferably not less than
0.01% by weight, more preferably not less than 0.02% by weight, and yet more

preferably not less than 0.05% by weight. Moreover, in order to heighten the fuel
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The conjugated di ene polynmer can be collected fromthe hydrocarbon sol ution
of the conjugated diene polyner by known coll ecting nmethods can be cited.
For exanple, there can be cited (1) a nethod of adding a coagulant to the
hydr ocar bon sol uti on of the conjugated di ene polyner, and (2) a nethod of
giving steamto the hydrocarbon solution of the conjugated diene pol yner,

etc. The j iene mer .may be dried by . a known drying
nmachi ne S%%ﬁoﬁ@, g%éﬁgrﬁbﬁtgn%gﬁ?nng@ér ya“ﬁe'@ﬁt qnarse! %rﬁ@&ﬁ%% Préoé Mgﬂi‘%‘e:

The conj uge gl whig e y@oMbRE breédérabl) endir B8RNhah ™ME Y ABighahREpRidaSHW t h
anot her pol yner conmponent or an additive to be used as a conjugated diene
pol ymer cprgfersbly notmore than 0.5%Exawgibets of the ot her pol yner conponents

i ncl ude conventi onal styrene-butadi ene copol ymer rubber, pol ybutadi ene

rubber, but adi éhaePLoFEATBORIPY 3 YW FramsEs hydraearbon By e Pobyimerizeghin i n

addi ti on, . . ro, ne- pr | ene._conoal [ hyl ene- pct ane
copol yner iR HERE ConRL N SRES RO FRTeER8TeEBasEhy Faiia o

conbi nat i oThefvidyWr&thatiPh@drocarbon indiddy sHferfeOi-HtyRe S NanARIueABr of the
present invention is mxed with another polyner conponent, the content of

t he conj ugayleaprdhaeres, pivigytesnzehe,t tiginglbeszsnie, idinrghidphthalenepess erfahbng not

| ess than 10% by weight relative to 100% by wei ght of the total content of
the pol ynfent shfriednpeeferablel udi ng the content of the conjugated diene

hance abr asi e sapE Eieuat b Bl vinfTFomale higtptarier s, Wieo. prlit teve. ey
be used, @Rsl R1§ERNRENE BEHROEHEtMGieRe rﬁh%@f@pﬁ@fbﬁeg\y@u B 1y | 1 ca or

carbon bl ack; a silane coupling agent; an exten canl zi'ng agent

such as st0G%rhy weight, nanless nigara0%ebe waight (thealsags amdunt af teekurRfited
vul cani zi ng accel erator, a thiuram based vul cani zi ng accel erator, a

sul f enani #E0®isee MeEdhan 1007 bywaighs), dn erder 4o feightiedithe stenotil prefetabhi zi ng
accel erat or,;,_a vul capi zi nqg. {vator such a tear.i c .acid or. zinc oxide; an
or gani o pagtiefidn TR By WaidhE kbt Usede SaunCa it SouigailebnS in el a
filler su 0 i i L oxi de
or i o - anog By Wef ARG prefefutly ndl I e aobby Aol HELONY

Exanpl es ahotrtef thd conjugatez digee inpt siokd than E3phyglweidht)si Morlogerain shler et

silica (hydrated silicic acid), colloidal silica, [)reci pitated silica,
cal ci um sfo heighten thenfuelgaonpmynthsiuspge rmouthef the yiayt arematie hydrpcarboniised or

h f b ' nbi ' The BET specifi
Sur t ace ol BEHY PG s S0% B BN 58 AooBho 1oy OTHERERTg foci i o

surface aﬁ&qegssthgﬁgg%rﬁem'- CLRY | T : : C@Eger ci al
product, product nanes I\%‘BhﬁQ&ﬂE%%;ﬁawh@lég %ﬁ%&ﬁ%@?gﬁ)eb ?/'aqio oh Silica
Cor por at i usagephauntof thasesjugztes diend klriiidsa fithn155956 biPwarint)f act ur ed by Rhodi a,
etc. may be used. Exanpl es of the carbon bl ack include furnace

bl ack, acetyl eleofsieadk enhansenatiragiom cdsistartegnthel total amrounhinti thgr eqriligated W t h

regard to,the carbon bl ack, channel_carpon. bl ack such as EPC, MPC, or CC
fu?nace c%f?%%ﬁﬁf)lc%'ﬁ?o Wpé?éegtﬁa%yl@z\w%ﬁra" * Vipylaroragiie hygspearbgbr  Fr|

CF, SCF, q@r o I S : ; t ne

car bon bll(egcbkeEl(S:ge;er(lj lh@%%rag%ggﬁé%ﬁ\g{p Jg;dgb p i%ﬁhﬁéﬁggfto@rﬁ%ﬂ%ﬁtﬁ@ or two
or nore tiypreménaisedfis BraferdBlytde ibss thahCatd R alyividight, more prefERébiphétriegen
adsorption specific surface area (N2SA) of the carbon black is preferably 5
to 200 nothgn 98:98% heweightitnd yetmdralpetferapPRPP%alnsweight. on of the carbon bl ack
is preferably 2 to 300 nl/100g. The nitrogen adsorption specific surface
area is neasur é8ePAYECEEAPRIEICIRN MaYAsTeariehow-inthe pirsencae! pBRIGNION pt i on

i i . Lt h A D2414-93... As a. i.al d ,
or oduct  rieauetnE AR B, Hoplnf S BRI s ol AlReeE A e RGeS
Carbon Cothe distibutidt 864 cBAIEReH tichaA it RCHR cEhstfilent-AniBryakag sl ed by

Degussa, Inc., etc. may be used.
monomers other than the conjugated diene in the conjugated diene polymer chain

(hereinafter, generally cited as "regulators”) etc. As the regulator, ether compounds,

tertiary amines, phosphine compounds, etc can be cited. Examples of the ether
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When a conjugat ed di ene pol yner conposition is forned by conbining a
reinforcing agent with the conjugated di ene pol yner of the present

i nvention, the amount of the reinforcing agent conbined, relative to 100
parts by wei ght of the conjugated diene polynmer of the present invention
conbined, is preferably 10 to 150 parts by weight. Fromthe viewpoint of

abrasi on resi stance and strength, the anmoupt, conbi ned | re preferably
not |ess FHERPUPES piRFiude b%”&ﬁei%‘?ﬁ@ E 9%tteﬁﬁpygr%@peﬁg%€ﬁvgf?8yr nes@g't han 30

parts by wel gl o Otaﬂsf}ﬁohs?aégﬁ%g%@% d@ihsyi gehai Qﬁocﬁtﬁﬁtvltetg@rilgﬁhﬁfi@@i@ﬁ%% it is

nore preferably nor e art y weig an t nore preferably

not nore §lvhnasl ePyeAs ighcbydinrtighether, ethylend\jgeoladiethylj eligat ethyldhegycpbl yer
conposition in which a reinforcing agent is conbined with the conjugated
di ene pol gihetlyl ethet, iethylerse glycol rdiethyliadferi and sisthylgneoglyqch dibufyb @iheinandof  f uel

econony, it is preferable to us Ilica as a reinfarci nt . The anount
of silica®CBRlFsters §”%¥%?@P%‘Eﬂy e&'ﬁf apisQle, §thia X %%?éﬂﬁigﬁw@ﬁ?m?sel ative
to 100 pa y wei .the to of th ' rcin N
conbi ned, {ngﬁagnnretg‘%}hyflg&btel y no%rﬂ{me@é tﬁ%’n 70 {S'glrn?%hmé?v\ei g%}lﬁﬁﬁw In

order to gREBMREFIHRNcARAIMIN ASletBPBRBHS DyFidint Squnclite, élee Brargbles ofiti o of
the content of silica used as a reinforcing agent and the content of carbon
bl ack ( cothieentpho$phind i ceompoondent inolude ar tyiomethyiphsisphing, pridgtaylplsphipel t o
50:1, and nore preferably 5:1 to 20: 1. dExanBI es of the sil ape

coupl i ng HigBERAYIRNESPRIAR &1FnyThese FRIURIBLS May ke used singly or in a combination o
vinyltrie on 'rl ane, vi nyl tri s(6-nmet hoxyet hoxy) si | ane, - (3, 4-

epoxycycl ohe ﬁé &t hyl t ri met hoxysi | ane, y- gl yci doxypropyl tri met hoxysi |l ane, y-

et hacr yl oxypr qpg|golynf@izaenyieivpaRfure is preferably 25 to 100°C, more preferably 35
N- ( 6- am noet hyl ) -y-am nopropyl tri net hoxysi | ane,

N- ( 6- am ntweAM¢| and/yetmare praserablysOiy 180 Cret Trexpadynherizetion e isyrirefgrably 10
am nopropyl tri net hoxysi | ane, y-chl oropropyl tri net hoxysi |l ane, 7-
ner capt opPdpYes teichaUdbxysi | ane, y- ami nopropyl tri et hoxysi | ane, bi s( 3-

(1 byt YRR B St St BoPbdiid o GOAL N MEEoRads shhare 1 0o,y
polymer prepared in step A is preferably 0.1 to 3 mol per mol of the alkali metal
originating from the organoalkali metal catalyst, more preferably 0.5 to 2 mol, and yet
more preferably 0.7 to 1.5 mol.

In step B, the temperature at which the polymer prepared in step A and the
compound of formula (Il) are contacted is preferably 25°C to 100°C, more preferably
35°C to 90°C, and yet more preferably 50°C to 80°C. The contact time is preferably
60 sec to 5 hours, and more preferably 15 min to 1 hour.

In the production of the present invention, if necessary, a coupling agent may
be added to the hydrocarbon solution of the conjugated diene polymer in a period from
the start of polymerizing the monomer by the alkali metal catalyst to the end. As the
coupling agent, compounds represented by Formula (3) below are cited.

R*'aMLa.s (3)
wherein R*' represents an alkyl group, an alkenyl group, a cycloalkenyl group or an
aryl group, M represents a silicon atom or a tin atom, L represents a halogen atom or a
hydrocarbyloxy group, and a represents an integer of 0 to 2.

Examples of the coupling agents represented by Formula (3) include silicon
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tri met hoxysi |yl propyl benzot hi azyl tetrasulfide. One type thereof may be
used or two or nore types thereof may be used in conbination. As a
comer ci al product, product nanes Si 69 and Si 75 manufactured by Degussa,
Inc., etc. may be used. In the case where a conjugated di ene pol yner
conposition is to be fornmed by conpounding a silane coupling agent to the
conj ugat ed di ene polyner of the invention, the content ﬁ%ﬂthe si | ane

coupl i ng tetjaehloridee | ragthyitsichlgrostianep adimethyldichlargsianes trispgthylchlorpsilagee figr ap) y 1

to 20 pargt i ght, re. preferably .. 1s by i 1d yet
nore pr eftgﬁﬁ‘gﬂ?ﬂ "to 1@%56{%{% Mnei gh?'%eh%ld]réﬂ&@%rrpl ey otg{, héorg@?ender

oi I incl ude AR ANELd, C N NehrkhyRiihethdkpnasd,t y- gr adinisthagaifietiytsilae,G. C.
value) 0.900 to 1.049), a naphthenic mneral oil (V.G C value 0.850 to
0.899), améthgitieticad/éilanec ni ner athyiirhetbdkySilaDe, val ue Gimgboxydiethyssdlone, The

pol ycyclic aromatic content of the extender oil is L‘ff ﬁr ably | ess than 3 %
by wei ghtqle@nwdrmfetéylplle@ﬁertamgihq»@!%an@hamhn't"%hsg;viv!é?‘g let WQ'%‘%}‘EW i
aromatic content is neasured in accordance with British Institute of

Pet r ol eurftfret hod 346/ 92. Furt her nore, the aromatic conpound content (CA) of
the extender Oghe latdRhe b oV ade?® that My BO adaddyisWmi @biér. toTinpréve Nor e
types of extender oils nay be Bsed I n conbi nati on. Exanpl es of the
sul fur i npkysiecepsasiity of tHef ¢onjugatezicdipnd polgdies wiréfarablycrudt llessdhan §13f mool,

i nsol ubl e sul fur and hi ghl éaldi spersible sul fur. The amount of sulfur to be

conpoundergfative tad ima of thel@kalpaetatfroy the plali metal catalysh | 3paePore BRefBidlt , i s
f bl .1 ts, by .wei ght,. f ly 0,3 ts b
Rerant - atel lsschan P Boras cad ) StdElc Eoe 1BF Sl Botioyhtr s bRrtbIPRELE DY

of the Vu%%?é‘tihéﬁEi4%ola§ﬁfhggﬁr§%é%%bﬂ%rb*H'Ha'fhz@.b‘?nc@.ased vul cani zati on

accel erators such as 2-ner i azol e, dibenzothi azyl disulfide, and
Noy cl ohexyl- 2TheRramjufatad viehel Josmasticdr betdollectedifremnabe tydratarbon seltfiam
accel erators such as tetranethylthiuram nonosul fide and tetranethyl thiuram
di sul fi deof thel ¢anjupatetitienecbolmeraby kaewn golisting eretbedss can s qed. For

N-cycl ohexyl- 2- benzot hi azol ebul f enap de .
N-t - but y| SRR ARETS; %@%Q\S‘?‘? éﬁ &ﬁ“&g{"g of adding a coagulant to the hydrocarbon

N-oxyet hy 2o ' | | iving steam to the
N, N1-di i s%‘”ﬁ)%ﬁy?@gﬁ%ﬁ‘@ 8? %?a@%’?%gg??‘g}ﬁgﬁddg?%anmg thgoga?lfi %Ili nge- based

vul cani zahydBcaberesshitRinadf 3he bejugitedidiphe pylymenritdi e allestechcarjlgateguani di ne
and orthotolyl bi guani di ne. The amount thereof used is preferably 0.1 to 5
parts by dengipolymsranay det driscDby paknewmdryieg grachiste sudhoas & BaAMbABMY and

nore preferably 0.2 to 3 parts by, weight. As a method for producing
a conj ugaF@Sh'Bgeh%" E’Sf‘?f?é‘rdal%'ﬂgrﬁlf)épf‘faon by conbi ni ng anot her pol yner

conponent, an afqgigdgyl@atetat Gien%’i tggriga%qggw & GnvehBate cBR|peTRiixel with1e

present invention, NnoOwWn " Ire , exanple, a method in which
t he conpogg#thér PlEndRAGRAchorERaARitive 18 benmed asixesnjugatdd disna polginer or
Banbury m xer can be used. Wth regard to kneadi ng conditions, when
an addit i vempaediten. t han a vul cani zi ng agent or a vul cani zati on accel erator

i s conbi ned, the kneadi ngﬁ%enperature is FE)referabMé 50C t .ZOgC‘Qand nor e
pref erabl y socExamplescor Higd othee POHEMRIi FRIMQNGRLS; e gfceqng%rﬁg?ng SWE®t o 30
m n and npre oreferapl L0t ' & 3hBHe ABBLMRF @
vul cani za Ptgﬂi%%ccéjlp%/g%ééﬁupé&u?%ﬁtgg!eﬂ? h@ﬁ%&é}&l\( %Hé&ﬁ?ﬁrg%r at ur I|S"sn
preferabl y,upgl, BRYE b, 190 Candndn IR, Shgtib! Mibberprathgemepabyese ( 25C)
to 80C. A conposition in which a vul cani zing agent or a vul cani zation
accel er at espdlgner rdthylerd-octaner ebpotyabéry el edT teiseepolyaer gomponsants may be

vul cani zation treatnent such as g{less vul cani zation. The vul cani zati on

t enper at utiged singly ef Braganpinatopn of veOUBOreand nore preferably 140C to 180C.

Th j ted, dj | y dth j i . iti
of “the br eaent WheTLie BrrvRe Bipct rauiet-pr B s S Bl I kel R ' o"
econony i ngtlhélo gglg@%r component] ¥ ©OReHO @tk EoRjigatRa! diERS pBRehet i the

conj ugat e en ymer “conposition of the present invention are used for
tires, shprsenliagentibh @prefegatiphet lesd thanviOks by weighpretalive ey 10@% dyivedight et c.
and are particularly suitably used for tires. EXAMPLES .

of the total content of the polymer components (including the content of the conjugated
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The present invention is explained below by reference to Exanpl es. ' Nornal

tenperature' in the Exanpl es neans 25C. Physi cal properties were
eval uated by the foll owi ng nethods. 1 Mooney viscosity (M.1+4) The
Mooney vi scosity of a polynmer was neasured at 100C in accordance with JI'S
K6300 (1994). 2. Vinyl content (units: % by nol) The vinyl content
of a polynmer was deternmined by IR s trosco from.t.he absorption

i nt ensi t y Sg"eHOHMRY: §1 Wfféﬁﬁ%ﬁ‘%?gesﬁﬁh%{bg ofﬁﬁ'iwm&ﬁrd%f {dge'maﬂﬁ? gr oup.
3. Styren%b}ggiotn SO8Le (units: % by wei ght) The styrene unit
content of a polynmer was determned fromrefractive index in accordance

with JI'S K6383 Asl®8Xdditide, dkh@auhaditivaeingibe dissd, randutxiaomldsMéngd) include
Wi ght - average nol ecul ar wei ght (Md) and nunber-average nol ecul ar wei ght
(Mh) wer e aretnéuciangl agend suckc ah dilica ongaripan) blaek; agjlansetaipling agenjcan pdenfeat i on
of & pol yiflr @ NHISeRBPBAIPHEHC o1 SRSt ¥ RERER AERIBOLD STEhaP Ll e by
. : y
jrgflgpagf[]@gg@&by{pgasrgﬁ?‘%gggg@g{apgg 50! tHitPam FEXL v CarftAhd MBBcdiGtatRndgm
sulfenamide-based vulcanizing accelerator, a guanidine-based vulcanizing accelerator;
a vulcanizing activator such as stearic acid or zinc oxide; an organic peroxide such as
dicumyl peroxide or di-tert-butyl peroxide; a filler such as calcium carbonate, talc,
alumina, clay, aluminum hydroxide or mica; a processing aid; an antioxidant, and a
lubricant.

Examples of the silica include dry silica (anhydrous silicic acid), wet silica
(hydrated silicic acid), colloidal silica, precipitated silica, calcium silicate, and aluminum
silicate. One type thereof may be used or two or more types thereof may be used in
combination. The BET specific surface area of the silica is preferably 50 to 250 m2/g.

The BET specific surface area is measured in accordance with ASTM D1993-03. As
a commercial product, product names VN3, AQ, ER, and RS-150 manufactured by
Tosoh Silica Corporation, product names Zeosil 1115MP and 1165MP manufactured
by Rhodia, etc. may be used.

Examples of the carbon black include furnace black, acetylene black, thermal
black, channel black, and graphite. With regard to the carbon black, channel carbon
black such as EPC, MPC, or CC; furnace carbon black such as SAF, ISAF, HAF, MAF,
FEF, SRF, GPF, APF, FF, CF, SCF, or ECF; thermal carbon black such as FT or MT;
and acetylene carbon black can be cited as examples. One type thereof may be used
or two or more types thereof may be used in combination.

The nitrogen adsorption specific surface area (N>SA) of the carbon black is
preferably 5 to 200 m?/g, and the dibutyl phthalate (DBP) absorption of the carbon
black is preferably 5 to 300 mL/100g. The nitrogen adsorption specific surface area is

measured in accordance with ASTM D4820-93, and the DBP absorption is measured

in accordance with ASTM D2414-93. As a commercial product, product names
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(3) Measurenent tenperature: 40C (4) Carrier: tetrahydrofuran (5) Flow
rate: 0.6 mmn (6) Amount injected: 5 pL (7) Detector: differential
refractometer (8) Mol ecul ar wei ght standard: standard pol ystyrene 5.

Abr asi on resistance A vul cani zed nol ded body in a ring shape was
used as a test piece, and an abrasion anmount of 500 rotations to 1500

rotations, an abrasion anmpunt of 1500 rotations to 00 ratatjon and an
abr asi on &FAFT 60PEABD H\bt 2itd SRAST o< gaRnuityed c?ﬁ{sﬁa?@f gaﬁ@ t?'ezdcbsi ng

the.condi FTLITEES GG B D0 h e 4o TR aERr by BEUSAA, R, et il o
300 rpm agpdsbhe average thereof was cal culated. The smaller this value,
the better the abrasion resistance. 6. Fuel e_con'on?/ A strip-shaped
test piece haviwgera ancolijiigatéd tliene plymerapempositongishfoonedibyneaniiringtaanped
“out froma sheet-shaped vul cani zed nol di ng and used for testing. The |oss
tangent ( reinforqEoaygntavitty e genivgaied &%"epg@ﬂéehﬁgﬁ??eaﬁf?%tdfnﬁgﬁ“%& lhe
Lo o R 4 PO A i T R B
the fuel %BQUQéwd d@ﬁ@%llﬁn& of the present invention combined, is preferably 10 to 150

parts by weight. From the viewpoint of abrasion resistance and strength, the amount

combined is more preferably not less than 20 parts by weight, and yet more preferably

not less than 30 parts by weight. From the viewpoint of reinforcement being

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

preferably not more than 100 parts by weight.

When a conjugated diene polymer composition in which a reinforcing agent is
combined with the conjugated diene polymer of the present invention is used, from the
viewpoint of fuel economy, it is preferable to use silica as a reinforcing agent. The
amount of silica combined is preferably not less than 50 parts by weight relative to 100
parts by weight of the total amount of the reinforcing agent combined, and more
preferably not less than 70 parts by weight.

In order to enhance fuel economy and abrasion resistance, the weight ratio of
the content of silica used as a reinforcing agent and the content of carbon black
(content of silica: content of carbon black) is preferably 2:1 to 50:1, and more
preferably 5:1 to 20:1.

Examples of the silane coupling agent include vinyltrichlorosilane,
vinyltriethoxysilane, vinyltris(B-methoxyethoxy)silane, B-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, y-glycidoxypropyltrimethoxysilane, Y-

methacryloxypropyltrimethoxysilane, N-(B-aminoethyl)-y-aminopropyltrimethoxysilane,

N-(B-aminoethyl)-y-aminopropylmethyldimethoxysilane, N-phenyl-y-
aminopropyltrimethoxysilane, v-chloropropyltrimethoxysilane, ¥-
mercaptopropyltrimethoxysilane, y-aminopropyltriethoxysilane, bis(3-

(triethoxysilyl)propyl) disulfide, bis(3-(triethoxysilyl)propyl) tetrasulfide, Y-
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A 20 liter capacity stainless polynerization reactor provided with a
stirrer was washed, dried, and flushed with dry nitrogen. Subsequently, the
reactor was charged with 10.2 kg of industrial hexane (density: 680 kg/nB),
608 g of 1, 3-butadiene, 192 g of styrene, 1.41 g of 4-vinyl pyridine, 6.1
m of tetrahydrofuran, and 4.0 ml of ethylene glycol diethylether.

Subsequently, the reactor was charged with (Jg . 26 .gm)l of nal%ldtyl lithiumas a
n- hexane yonetbeosilyiprapidpetiyihiosatbdmy t he p ?%&V' $ation reaction. '

The copol %&hé&fg#‘lyﬁoﬁecﬁéﬁ%gw tetrasuiftid ArEpe HerESHRa)2bEl uded oh ko

pyri di ne hours at a stifring speed of 130 rpm and the
interior LerRet fhed Bekiof H&? befReH § cahbifdtion. WAS besonmmdreialupodicy, ogyst yi ng
-1, 3-but adi ene and styrene to the reactor. The anmount of 1, 3-butadi ene

suppl i ed wame EBABNASBITS traeunbret bybegisgadne. igpPpaY Baiused 283 g. The

anount of 4-vinyl pyridine charged was 0.07% by weight re i t he
total ampount oflnimeaserwhese arqgsivgaied g ?@H"?%CWP@%F@%S[{?%‘E tefinbd by Next ,

t he obtai ned pol yner sol ution [ : Hhé b i rpm
and 13. 42 SABPIANG A e e e S B B e B e {6 the
polymer SoldibhRBnt Mhéféil%c&}dnh%%geﬁprrelam fol 10 pariSbyrweight of siiextis 20
of a hexane solution containing 0.8 nml of nethanol was added to the pol yner
sol uti on, prferblywaso 20 iparte dyfwaighiduiots preféraBly i? teut%eparts by weight, Tand; yas

pol ynmer solution, 8.0 g of 2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-

net hyl bennyiry preferabhydl toHOP@rts by Weidhte (trade name: Sumilizer GM

f d by_Suni Chepi cal Co. . O iscositv-aravi
pent aer yt hr i ¢y PEATRIRS 21 RIARt o Melyee shoararae phetaituscosiygravity
TP-D: ManubAGEH! /A5 BY vakid] bR (¢ PADE & ndphinerid flinrabdil QVBIGedalubieds t he

pol ymer solutron was evaporated at normal tenperature over 24 hours, which
was furt he mmew), dirices patafffiCriineral ¢ileUGHE] vajuee@ 390 ¢o PSA)L 2 Thewrolycyeliger eby

giving a polyner. Table 1 gives the evaluation res s of th | yrer .

100 part s apgmali ginterdfof theoexiendaredil is W@e%{yd?%ma"%%b‘b&’ﬂgg?'ﬁ‘%vﬁé?rﬁht of
silica (trade nane: Utrasi| VN3- nuf.act & A , 0. 4
parts by \Hé?fﬁfﬂblyo'ﬁs%\lfg@nl g?{l‘ét’ﬂf‘@tﬂhﬁng g%?{)(&%ﬁ g%en@n'g%mééf%&één%ﬁ%q‘ act ur ed
by Deguss 4B Rt ﬁ/\%‘f n% ah&tAbd e ( tRuatiemmasethe

DI ABLACK %gé@%r%enﬁgc?ﬁ%dﬁ@%t tsgisbl%tcsoqrﬁu Chem cal Corp.), 47.6 parts by
vei ght of Apmad emisdun@iconteht @9 o thesexteADoPRECESGbNMmOL 55 ttmﬂf %divur ed by

Japan Energy Corporation), 1.5 parts by wei %ht of . ann%ﬁ};ti_oxi dant (trade
name: Ant ivgzighe. 30vo sameraiypes eiextisnds ails By PeNEsd fomBynatiofy 4 )y - 2 parts by

wei ght of stearic acid, .2 par b i ght .of _zinc i t aei ght
of g vul cani zi n§¥apRigs &f alf‘grsuéffw gﬁcé&'d\%aﬁ%\gvdgo)s(@t]ugl p%?!pqgrrtgghlg@ﬁu?@é'd\gg )

Sum tonmo Chenl ¢ , MisoR¥siME T Wiftr. OfTHe MmbG@NbZ buifur a6 cied er at or
(trade nar‘?é’?fﬂgdﬁ%or%@e Su‘férrgﬁh? arﬂqrﬂfleds'pgzg Sum torm) Chem cal Co., Ltd.), 1.5

parts by WejntHbun@éd deMive {of TEIGarkabE welghnobihe yolymeer doampooerd istyreferaiiy

Shi nko Chemical Industrial Co., Ltd.), and 1.4 parts by wei Hé of sul fur

wer e kneaded tbyl5ngmtssby veight, aborerpraferay 1013 1o 19 Papa by 'gfeﬂg yet more

conposition. The pol yner conposition thus obtained was nol ded into a sheet

usi ng 6-i neRferanly 8.5 taaPartRBY Wt was vul cani zed by heating at 160C for 45

m nutes, thereb i vin A A ] i S| |&atieh | on
éﬁgrgpfggl%f g}e \}chca?ifyaﬁ&g ?éc{éh?é?étor ARRIde tliagdy 8asdd

results of the opertires o e vul cani zed sheet. Exanple 2

A 20 i tera&%mﬁbﬁy 5L Y eSmeRAbIFRRIARMEEAS, diRatothiapylodisdiidewiant &-
stirrer was washed, dried, and flushed with dry nitrogen. Subsequently, the
react or wagyciihekgochetizbthiakQlsaifdrgpnode;i thidcannbased Melganiza icaasselelators sHCkg/ nB)
608 g of 1, 3-butadiene, 192 g of styrene, 4.18 g.of 4-.vil%I‘ g‘?‘f?l di ne, 6.1
m of tet rahyeiranethyhiuramd mproswlfideyfans wfa@??éhsaﬁ%w%m gisuies) aieapm
Subsequent ]y, the reactor s _charge i m ; LEhidm as a
n- hexane sB%ﬁ?f’i Y}ﬁ‘,’anﬂ P%W%ﬁf%ﬁ”&ﬁﬁg %ght(,a\hco ;p%e I%nglfrﬁ“dr}glaé%y'iﬂggmé

The copol yREL Afb! ' - buinaglyenglenstyb&izethiardledulianapide,

pyri di ne V\ggaggﬁtrzi%ﬁzétﬁ%%%rgm@%m% at a Sy??f?ﬂ ng speed of 130 rpm and the
interior tampeRtdkepropyltdiserizettimiesofferGhtiewnd guariding-Rasrss Vylcaniggiiodi ng
1, 3-but adi ene and styrene to the reactor. The anount, of ?. 3- but adi enﬁ

suppl i ed wascefErators artichhe &foundipheEndgyaniciee. sugﬁ@gwly\/gé‘?nfﬁ g. e
anount of 4-vinyl pyridine charged was 0.21% by weight relative to the
total anmount of nononers charged or suppdied to the reactor.



Next, the obtained polyner solution was stirred at a stirring speed of 130
rpm and 13.26 nmol of [3-(diethylam no)propyl]trinethoxysilane was added
to the polynmer solution, which was stirred for additional 15 m nutes. Next,
20 M of a hexane solution containing 0.8 nl of methanol was added to the

pol ymer sol ution, which was stirred for additional 5 m nutes. To the
I |yt 8. Q. - - - 6-.(:3- ty -2 p
o oo ol chof bl B Sl tbe 8 Pl el

manuf act urQghivatto SHOPARBY \ﬂ?iﬁﬁi &alibtfe? compbiibnt, anditboré peefgrably 0.2 to 3 parts

pentaerythrityltetraki s(3- [aurylthiopropionate) (trade nane: Sumlizer

TP-D, manblaeighted by Sum tono Chemical Co., Ltd.) were added. Next, the

pol ymer sol ution was evaporated at nor nal tenp(ﬁrature over 24 hours, which
S

was furt her mor d\sd@; Bgthed fasProfuaing &y GeRiHIYPE sdens PPYMe] XaRRastiont ey eby

giving a polyner. Table ives t eval uati an resiil t ol r.

100 partscgﬁ}‘gmggwoﬁq‘r quyé&ﬂoﬁoinr%:ﬁgf' 1?2' %%{'tgllghgg;; wb.‘ﬁegjé’ﬁ“gg‘ﬁg %/%é%ht of
silica (tradmePdfie prbdenBitiventidNEaRnoWR MEtAcd Qtﬁ&daé?)for%ﬂ}g&@a h&®od in 6. 4
parts by werght of a silane coupling agent (trade nane: Si69, nmanufactured
by Deguss&hichnibe)confpodentardrs khyadesi bhimeahs cdrdbbmovsl adler (suchdes aaolbor

DI ABLACK N339, manufactured by M tsubishi Chemical Corp.), 47.6 parts by
wei ght of Banbwynexpiepn bpused.r ade nanme: JOMO PROCESS NC- 140, manufactured by

nane Anti oone WE fedaid PlknehiBaRR0d o wikh Yradiieg Prdh Ry §cinignd 410
wei ght  of aﬁérﬁ@&f. G @Gic?nizﬁioﬁaéfiélé?gtow% Imihed | t'ﬂlﬁ Ridadfhg ferfstrbtuly igvel ght

of a vul cahizing accelerator (trade name: Soxinol CZ, manufactured by
Suni t ond  pheerablgl50@ta 200°C.and ndorp préfelaply\gdrQ it 180°Caandithedmeading timede! er at or
(trade nane: Soxi nol D, manufactured by Sum tonmo Chem cal Co., Ltd.), 1.5

parts by wsifeably 30 sgc im0 (in artbmaeerefegiindainto FRMiT a WhaneR) viganizied |
Shinko Chemcal Industrial Co., Ltd.)., and.l. 4 par i ght _of sul fur
were knea88eMp§" r‘f’eé{HéaW&Q"Lﬁﬁ‘{?'WQ&'gn‘fqm '?%d’pﬁ)‘gpg'?eea%ﬁ'g\gg?%?ture s
conposi ti | yarer b LR nidMe! DroBidlynREMVEsmpRAtlRA (353EP 18 sheet
using 6-i %ﬁerrgglﬁlrg)? 'ﬁé}% tpﬁgm?ﬁgg’t was vuﬁ)(gani zgg by hea"{gi?ng a'g 168C for 45
m nut es, BHET.ehy cgnposiEdrainvwhiciaal Adchnidireeagent aolaevulcagiization tabeeleratdr usit | on
results of the physical properties of the vul canized sheet. Conparative
Exanpl e 1combined isfprefgrabily esedcafies eatrying ol Videanizadipy frepimeant segh aepesdr
provided with a stirrer was.washed, dried, a e j dry,nitrogen.
Subsequent¥iganization, o [he yficapization, atre i pi%g?glyg&@fgit%@@tcr ?ﬁﬁj "M ane
(density: / o Of 1,3-butadiene, 173 g of styrene, 6.1 m of
tetrahydrgféﬁggﬁl? 12@%? 5?51?6 “of ethylene glycol diethylether. Subsequently,
the reactor wasrhetwanpgstedididnelfolyifienarm thefconjubatey Idierehialymerscompositiexane
solution, thereby initiating the polynerization reaction. ~ The

copol yner pitheipsesentiagertion have excelliput abiasiereresistensey r Brfefugbecopamyiiedisout f or
3 hours at a stirring speed of 130 rpmand the interior tenperature of the
react or OQO%C, whi | e continuously supplying 1, 3-butadi ene and styrene to

the reactor. T%gﬁﬂfﬁ@éﬁg@53"5395%@%%2?‘5”%5@9‘MT% & skigg anount

of styrene suppli e obtal ne polci/ r solution
was stirr gt praséiti ihvdnfin She ededforli#Bs f §ite &d6k, ¥dofify Muatdrialy, vibration-

[ 3- (di et hyl am no) propyl ] tri net hoxysi | ane was added to the pol yner sol ution,
whi ch was priofing etdriats, &6., @nd arepartididary, subt@blyiused fai tiresxane sol uti on
containing 0.8 m of nethanol was added to the pol yner solution, which was
stirred for additional 5 m nutes. To the polymer solution, 8.0 g of
2-tert-butyl:6:(3-tert-butyl-2-hydroxy-5- nethyl benzyl) -4-net hyl phenyl

acryl ate Eﬁﬁg@%ﬁam: Sum lizer GM manufactured by Sum tono Chenmical Co.,
Ltd.), and 4.0 1§eQredplind&ntion biphihed balbiviydefetetée X ERamplespi onate) (trad
nanme: Sumlizer TP-D, manufactured by Sum tono Chem cal Co., Ltd.) were
added. Next, t heorpeil temreratoteliinitbe Exasples apeanat2C.at normal tenperature over
24 hours, which was furthernore dried at 55C in a reduced pressure for 12
hours, t her eby Riysicalprepesigswere evaptes by the {llewingen@thedsiat i on resul ts of

t he pol yner, . 100 parts by weight of the polyner thus obtained, 78.4
parts by%@?ﬁeyovl‘scgﬁ'& @%L"(“'Srade name: Utrasil VN3-G manufactured by
Degussa, Inc.), 6.4 parts by weight of a silane coupling agent (trade nane:
Si 69, manufactured by Degussa, Inc.), 8 4 parts by



wei ght of carbon black (trade nane: DI ABLACK N339, manufactured by

M t subi shi Chem cal Corp.), 47.6 parts by weight of an extender oil (trade
nane: JOMO PROCESS NC- 140, manufactured by Japan Energy Corporation), 1.5
parts by weight of an antioxidant (trade name: Antigene 3C, nmanufactured by
Sum tomp Chemi cal Co., Ltd.), 2 parts by weight of stearic acid, 2 parts by
wei ght of zinc oxide, 1 part by weight of a vul cani zi accel erator (trade
nane: Soxi nol dhe Mﬁ?ﬂ?ﬂd@?%'@d’fB)Poﬁ'mﬁfﬂ’@ﬁﬂ“%éfﬁd@éﬂo@ﬁ?m aceerdpncewithrt by

wei ght of diﬁ{q ng accel erator (trade nane: Soxi nol D, manufactured by
Sum t ono C@e#% E%J') Ltd.), 1.5 parts by weight of a wax (trade nane:

Sunnoc N, znvmyp‘@ﬁ,gémggmgmgylml Shi nko Chem cal Industrial Co., Ltd.), and
1.4 parts by weight of sulfur were kneaded by neans of a Labo Plastom Il to
prepare a pol yrige doyiposieht offa pdlymep alag nsteroimguosy tR epedttossopybiran rtieel was
nol ded into a sheet using 6-inch rolls, and the sheet was vul cani zed by
heating aBbI®DENYipenalty atiarmund$H101cAE s whiEhds an ABSAIPHAR Regkof 8 NinYHEeYD. Tabl e 1

gives the_eyaluatiqgn results qf, the. yS|caI properties of the vul cani zed
sheet . f?pé&ée[”i Y I?)?gtﬁﬂf@ % ;byweg 20 liter capacity stainless

pol ymer i zat | on 1igakr8he BiP¥Ad dNatﬁblﬁneQrtWa(src?étemﬁed"ﬁ&h‘?foadi‘i% Gbexand
flushed with dry nitrogen. Subsequently, the reactor was charged with 10.2
kg of i ndusddrdaricelvathali® K688EIony)y. 680 kg/ nB), 608 g of 1, 3-butadiene, 192 g

of styrene, 1.41 g of 4-vinyl %I‘Idl ne, 6.1 m of tetrahydrofuran, and 4.0
m of ethyl Mnl@cgjﬁwgghfdilﬁﬂwpet( MMH)SubsequentIy, t he reactor was charged

with 18.52 mol, of nbutyllithium as hex olution, thereby initiating
the pol yneri zatW%Fﬂhtraé@E%/qedﬂdeculfar We@%h@' g H@’F( %‘?fﬁ%%"}f’é%ﬁ \é"ﬁ%‘}

1, 3- but adjgne Y, [ S rped urs at

a stirri ngm@peee?jé o'?'gﬁ%é@drqgjrﬂﬁg}r/\dﬁaﬂh'teg%{%t(g pgr@etr)r%lg\?at re ! E’ﬁiner%egrgt or of

65C, whi | gnromatdgraphl eEFC tiefodi Rgd thd rheléathreneighindisBibyuticn eMivi)her 4 eact or .
The amount of 1, 3-butadi ene supplied was 912 g, and the anmount of styrene

suppl i ed MSmEB\Ea@detﬂ?mnedmunt of 4-vinyl pyridine charged was 0.07% by

wei ght reI |veto no rs charged or supplied to the
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The copol yneri zation reaction of 1, 3-butadi ene, styrene and 4-vinyl
pyridine was carried out for 3 hours at a stirring speed of 130 rpmand the
interior tenperature of the reactor of 65C, while continuously supplying
1, 3- but adi ene and styrene to the reactor. The anmount of 1, 3-butadiene
supplied was 912 g, and the anmount of styrene supplied was 288 g. The
anmount of 4-vinyl pyridine charged was 0.21% by weight relative to the

t ot al anowntuelfecomoroyrer s charged or supplied to the reactor. Next ,
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Next, the obtained polymer solution was stirred at a stirring speed of 130 rpm,
and 13.42 mmol! of [3-(diethylamino)propylltrimethoxysilane was added to the polymer
solution, which was stirred for additional 15 minutes. Next, 20 ml of a hexane solution
containing 0.8 ml of methanol was added to the polymer solution, which was stirred for
additional 5 minutes.

To the polymer solution, 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.) were added. Next, the polymer solution was evaporated at

normal temperature over 24 hours, which was furthermore dried at 55°C in a reduced
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Mooney viscosity - 43.7 43.8 49.4 35.9 35.7 Vinyl bond content % by nol
57.2 57.2 57.6

pressure for 12 hours, thereby giving a polymer. Table 1 gives the evaluation results
of the polymer.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of silica
(trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by weight of a
silane coupling agent (trade name: Si69, manufactured by Degussa, Inc.), 6.4 parts by
weight of carbon black (trade name: DIABLACK N339, manufactured by Mitsubishi
Chemical Corp.), 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 antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,
Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by weight
of a vulcanizing accelerator (trade name: Soxinol CZ, manufactured by Sumitomo
Chemical Co., Ltd.), 1 part by weight of a vulcanizing 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 by means of a Labo Plastomill to prepare a
polymer composition. The polymer composition thus obtained was molded into a
sheet using 6-inch rolls, and the sheet was vulcanized by heating at 160°C for 45
minutes, thereby giving a vulcanized sheet. Table 1 gives the evaluation results of
the physical properties of the vulcanized sheet.
Example 2

A 20 liter capacity stainless polymerization reactor provided with a stirrer was
washed, dried, and flushed with dry nitrogen. Subsequently, the reactor was charged
with 10.2 kg of industrial hexane (density: 680 kg/m®), 608 g of 1,3-butadiene, 192 g of
styrene, 4.18 g of 4-vinyl pyridine, 6.1 ml of tetrahydrofuran, and 4.0 mi of ethylene
glycol diethylether. Subsequently, the reactor was charged with 22.62 mmol of n-
butyllithium as a n-hexane solution, thereby initiating the polymerization reaction.

The copolymerization reaction of 1,3-butadiene, styrene and 4-vinyl pyridine
was carried out for 3 hours at a stirring speed of 130 rpm and the interior temperature
of the reactor of 65°C, while continuously supplying 1,3-butadiene and styrene to the

reactor. The amount of 1,3-butadiene supplied was 912 g, and the amount of styrene
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57.1 57.8 Content of styrene unit %by weight 24.9 24.9 24.8 24.7 24.4
Mol ecul ar wei ght distribution -

supplied was 288 g. The amount of 4-vinyl pyridine charged was 0.21% by weight
relative to the total amount of monomers charged or supplied to the reactor.

Next, the obtained polymer solution was stirred at a stirring speed of 130 rpm,
and 13.26 mmol of [3-(diethylamino)propyljtrimethoxysilane was added to the polymer
solution, which was stirred for additional 15 minutes. Next, 20 ml of a hexane solution
containing 0.8 ml of methanol was added to the polymer solution, which was stirred for
additional 5 minutes.

To the polymer solution, 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.) were added. Next, the polymer solution was evaporated at
normal temperature over 24 hours, which was furthermore dried at 55°C in a reduced
pressure for 12 hours, thereby giving a polymer. Table 1 gives the evaluation resuits
of the polymer.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of silica
(trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by weight of a
silane coupling agent (trade name: Si69, manufactured by Degussa, Inc.), 6.4 parts by
weight of carbon black (trade name: DIABLACK N339, manufactured by Mitsubishi
Chemical Corp.), 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 antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,
Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by weight
of a vulcanizing accelerator (trade name: Soxinol CZ, manufactured by Sumitomo
Chemical Co., Ltd.), 1 part by weight of a vulcanizing 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 by means of a Labo Plastomill to prepare a
polymer composition. The polymer composition thus obtained was molded into a

sheet using 6-inch rolls, and the sheet was vulcanized by heating at 160°C for 45
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1.22 1.21 1.17 1.13 1.14 Abrasion resistance ng 300 290 350 430 370

minutes, thereby giving a vulcanized sheet. Table 1 gives the evaluation results of
the physical properties of the vulcanized sheet.
Comparative Example 1

A 20 liter capacity stainless polymerization reactor provided with a stirrer was
washed, dried, and flushed with dry nitrogen. Subsequently, the reactor was charged
with 10.2 kg of industrial hexane (density: 680 kg/m®), 547 g of 1,3-butadiene, 173 g of
styrene, 6.1 ml of tetrahydrofuran, and 4.7 ml of ethylene glycol diethylether.
Subsequently, the reactor was charged with 15.38 mmol of n-butyllithium as a n-
hexane solution, thereby initiating the polymerization reaction.

The copolymerization reaction of 1,3-butadiene and styrene was carried out for
3 hours at a stirring speed of 130 rpm and the interior temperature of the reactor of
65°C, while continuously supplying 1,3-butadiene and styrene to the reactor. The
amount of 1,3-butadiene supplied was 821 g, and the amount of styrene supplied was
259 g.

Next, the obtained polymer solution was stirred at a stirring speed of 130 rpm,
and 12.80 mmol of [3-(diethylamino)propyljtrimethoxysilane was added to the polymer
solution, which was stirred for 15 minutes. Next, 20 ml of a hexane solution
containing 0.8 ml of methanol was added to the polymer solution, which was stirred for
additional 5 minutes.

To the polymer solution, 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.) were added. Next, the polymer solution was evaporated at
normal temperature over 24 hours, which was furthermore dried at 55°C in a reduced
pressure for 12 hours, thereby giving a polymer. Table 1 gives the evaluation resuits
of the polymer.

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

silane coupling agent (trade name: Si69, manufactured by Degussa, Inc.), 6.4 parts by
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Fuel econony tans (70C) 0.138 0.144 0.135 0.212 0.221 dains 1.A

conj ugat ed di ene pol yner obtained by reacting one end of a conjugated di ene
pol ymer having a nonomer unit based on a conjugated di ene and a nononer
unit based on a conpound represented by Formula (1) with a conpound
represented by Formula (2) wherein the content of the nononmer unit based on

t he conpound represented bé/mFormJI a (1% s 0.01 to 20% by weight relative
to 100% byveight @htcatpontifack: drede namsuRIABEACKNIRSh sndnufagiirgd by 'ﬂﬁwb&@hj ugat ed

diene pol %Fn:ical Corp.), 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 antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,
Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by weight
of a vulcanizing accelerator (trade name: Soxinol CZ, manufactured by Sumitomo
Chemical Co., Ltd.), 1 part by weight of a vulcanizing accelerator (frade 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 by means of a Labo Plastomill to prepare a
polymer composition. The polymer composition thus obtained was molded into a
sheet using 6-inch rolls, and the sheet was vulcanized by heating at 160°C for 45
minutes, thereby giving a vulcanized sheet. Table 1 gives the evaluation results of
the physical properties of the vulcanized sheet.
Comparative Example 2

A 20 liter capacity stainless polymerization reactor provided with a stirrer was
washed, dried, and flushed with dry nitrogen. Subsequently, the reactor was charged
with 10.2 kg of industrial hexane (density: 680 kg/m?), 608 g of 1,3-butadiene, 192 g of
styrene, 1.41 g of 4-vinyl pyridine, 6.1 ml of tetrahydrofuran, and 4.0 ml of ethylene
glycol diethylether. Subsequently, the reactor was charged with 18.52 mmol of n-
butyllithium as a n-hexane solution, thereby initiating the polymerization reaction.

The copolymerization reaction of 1,3-butadiene, styrene and 4-vinyl pyridine
was carried out for 3 hours at a stirring speed of 130 rpm and the interior temperature
of the reactor of 65°C, while continuously supplying 1,3-butadiene and styrene to the
reactor. The amount of 1,3-butadiene supplied was 912 g, and the amount of styrene
supplied was 288 g. The amount of 4-vinyl pyridine charged was 0.07% by weight
relative to the total amount of monomers charged or supplied to the reactor.

Next, the obtained polymer solution was stirred at a stirring speed of 130 rpm,
and 20 m! of a hexane solution containing 0.8 ml of methanol was added to the

polymer solution, which was stirred for additional 5 minutes.
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R11 (R12)mA wherein R11 represents a hydrogen atom or a hydrocar byl
group, mis 0 or 1, RI2 represents a hydrocarbyl ene group, and A represents
a nitrogen-containing heterocyclic group, RRIR24 R2 Si -(CH2)n N -R25( 2 )

R23

To the polymer solution, 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.) were added. Next, the polymer solution was evaporated at
normal temperature over 24 hours, which was furthermore dried at 55°C in a reduced
pressure for 12 hours, thereby giving a polymer. Table 1 gives the evaluation resuits
of the polymer.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of silica
(trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by weight of a
silane coupling agent (trade name: Si69, manufactured by Degussa, Inc.), 6.4 parts by
weight of carbon black (trade name: DIABLACK N339, manufactured by Mitsubishi
Chemical Corp.), 47.6 parts by weight of an extender oil (frade name: JOMO
PROCESS NC-140, manufactured by Japan Energy Corporation), 1.5 parts by weight
of an antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemicai Co.,
Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 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 (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 by means of a Labo Plastomill to prepare a
polymer composition. The polymer composition thus obtained was molded into a
sheet using 6-inch rolls, and the sheet was vulcanized by heating at 160°C for 45
minutes, thereby giving a vulcanized sheet. Table 1 gives the evaluation results of
the physical properties of the vuicanized sheet.
Comparative Example 3

A 20 liter capacity stainless polymerization reactor provided with a stirrer was
washed, dried, and flushed with dry nitrogen. Subsequently, the reactor was charged
with 10.2 kg of industrial hexane (density: 680 kg/m®), 608 g of 1,3-butadiene, 192 g of
styrene, 4.18 g of 4-vinyl pyridine, 6.1 ml of tetrahydrofuran, and 4.0 ml of ethylene
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wherein n represents an integer of 1 to 10; R21, R22 and R23 independently
represents a hydrocarbyl group or a hydrocarbyl oxy group, and at |east one
of R21, R22 and R23 is a hydrocarbyl oxy group; R24 and R25 i ndependently
represents a hydrogen atom or a hydrocarbyl group that nmay have a nitrogen
atom and/ or an oxygen atom or R24 and R25 are bonded to represent a

hydr ocar byl ene group that nmay have a nitrogen at /
or R24 anglyreisiiethylathene Sypseqrentyrtbs dRasigWas ﬁa@gdﬁﬁhgﬁgsg“’ﬁéﬁf?‘ogte(ﬁm

atom by a, doubl e bond., 2. The conj ol ; ' to Caim
1, wherei H?Wwﬁ"%?ﬂﬁlnéheﬁ?e, Sﬁﬂqo?]’%g&éﬁgm%%%ngﬁsﬁirag?g?%cﬁggg gr oups,
and R24 and qu'hér&fewﬂfeﬂ%folﬁ%leaéﬂdhu@‘s1,S?Duta-ﬂiwlepét?}du@aér&ﬂ4dinqnayrmmqner
according to daiml or 2, wherein, in Formula (1), Rl1 is a hydrogen
at om andwas icarriad pyt fo Bl hogrsoatpa stirdng Fpeedoari30gamenddhe interjo tgmraratii or di ng
to any one of Cains 11to 3, wherein the vinyl bl%)gl.conte t, of tth\h
conj ugat e@f theggactpopiBRst, whilg P@mnﬂeu/ﬁ'lb§“9ﬁ5\f"éa/ﬂ(§' diee AR BVRRER iR to
100% by nol e, of the non ni.t..con . | hene. 5.
A f:onj ugaf%ad’tcgj eﬁée %?Vﬁg’ﬂt%%%ds}‘% ki o‘f?%%%@?%%ﬁ %@hggmoﬁgg%e r%I’ril'egne
pol yner acGidh Nehs! S8828Y FLaburtl & 4%in difie BRArgRdNeasd 2% By weldnt ,
wher ei n the&{:ontent (??&t he rei nforcing gg%yﬁt IS 1og%to 150 par?)g b%awei ght
rel ative taathv@Qo frs total Ayiousetiod honometshehacge argappliedde regepddymer . 6. The
conj ugated di ene pol ymer conposition according to Caim5, con%ri si ng
Next, the obtained polymer solution was stirréd at a stirring speed of 130 rpm,
and 20 ml of a hexane solution containing 0.8 ml of methanol was added to the
polymer solution, which was stirred for additional 5 minutes.
To the polymer solution, 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.) were added. Next, the polymer solution was evaporated at
normal temperature over 24 hours, which was furthermore dried at 55°C in a reduced
pressure for 12 hours, thereby giving a polymer. Table 1 gives the evaluation results
of the polymer.
100 parts by weight of the polymer thus obtained, 78.4 parts by weight of silica
(trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by weight of a
silane coupling agent (trade name: Si69, manufactured by Degussa, Inc.), 6.4 parts by
weight of carbon black (trade name: DIABLACK N339, manufactured by Mitsubishi
Chemical Corp.), 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 antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,
Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by weight
of a vulcanizing accelerator (trade name: Soxinol CZ, manufactured by Sumitomo

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

D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts by weight of a wax (trade
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silica and carbon black as the reinforcing agent wherein the weight ratio
of the content of silica and the content of carbon black (content of
silica: content of carbon black) is 2:1 to 50:1. 7. A method of

manuf acturi ng a conjugated di ene pol yner conprising steps A and B bel ow
step A polynerizing a nononmer conponent containing a conjugated di ene and

a conpound represented by Formula (1) below by an al kal i ta atalyst in
a hydr ocanbme: Sohncen, mshufgctorediby U%%W%gﬂﬂmldf‘d‘fsﬁr@lﬁpgﬂﬁdané

represented by Fornula (1 relative to 100% b i ; anount
of the mﬂcﬂnﬁﬂséyﬁ%%ﬁgr?{rs@&&dﬁre %W&Bg’yd‘l‘?ﬂnﬁﬁg pg?rﬁﬁagg %\?rfﬁ%%%?ea al kal i
metal deri ) | kgl SHineat thal dueasdd dasaneldemdntefa a

pol yrer cﬁé&ﬁ’ekac\gﬁ]ﬁéggmﬁoﬁg’ﬁe?%ﬁ C(g@sseclj on the conjugated di ene and a
nononer UghéethaiROe Mitht fofls, CAaHEPMIENsShekt piae Saitaeitet oyFueating at (16p°Gdorodh  and
step B: reacting the polynmer obtained in step A and a conpound r?gr?sent ed
by For mul anif@ys,Hbéreby givitigea eulsanizad skeatestale 1a0ivgAlihERMAIUalignreRulty ©

hydrocarbyl group, mis 0 or 1, Rl2 represents a hydrocarbyl ene group, and
A repr esetfiesP SWF“(RTB%HQ%@‘HF%VWF?{&Z%E%@?@WCI ic group, RRIR?4 R22 Si -

(CH2). N Ras(,2 ) Re3

Comp. {Comp. |Comp.

Bx 11 Bx 2 'y Ex. 2 | Ex. 3
Mooney viscosity - 437 | 438 | 494 | 359 | 357
Vinyl bond % by mol | 57.2 | 572 | 576 | 57.1 | 57.8
content
Content of % by weight] 249 | 249 | 248 | 247 | 244
styrene unit
Molecular weight ) 122 | 1.21 117 | 113 | 1.14
distribution
Abrasion mg 300 | 290 | 350 | 430 | 370
resistance

Fuel economy

0.138 | 0.144 | 0.135 | 0.212 | 0.221
tand (70°C)
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wherein n represents an integer of 1 to 10; R21, R22 and R23 independently
represents a hydrocarbyl group or a hydrocarbyl oxy group, and at |east one
of R21, R22 and R23 is a hydrocarbyl oxy group; R24 and R25 i ndependently
represents a hydrogen atom or a hydrocarbyl group that nmay have a nitrogen
atom and/ or an oxygen atom or R24 and R25 are bonded to represent a
hydr ocar byl ene group that may have a nitrogen atom and/or an oxygen atom

or R24 an&®!#S form one group representing a group bonded to a nitrogen
atom by a doubl e bond. 8. The nethod of manufacturing a conjugated diene
pol ymer according to Claim7, wherein, in Formula (2), R21, R22 and R23 are

hydr ocar byl oxy @rfigafed déH foyma tbtdisd By Rablirdy ereaeritydf pcamjumited dlenelhe
met hod of manufacturing a conjugated di ene polynmer according to Claim?7 or

8, wher ei pplymer FavinglamphdmeRidit basedl by @r expugatadodieneagd & menamey Hnitly |
group. based on a compound represented by Formula (1) with a compound represented by
Formula (2) wherein the content of the monomer unit based on the compound
represented by Formula (1) is 0.01 to 20% by weight relative to 100% by weight of the

total amount of the monomer unit in the conjugated diene polymer:

H RH

>————< (1)
H (Rlz)r;——A

wherein R represents a hydrogen atom or a hydrocarbyl group, m is 0 or 1, R?
represents a hydrocarbylene group, and A represents a nitrogen-containing

heterocyclic group,

R21 R24

l l .
R22——sli—(CH2)n———N —R% (2)

R23

wherein n represents an integer of 1 to 10; R¥', R? and R?® independently represents
a hydrocarbyl group or a hydrocarbyloxy group, and at least one of R*', R? and R* is
a hydrocarbyloxy group; R?* and R* independently represents a hydrogen atom or a
hydrocarbyl group that may have a nitrogen atom and/or an oxygen atom, or R** and
R% are bonded to represent a hydrocarbylene group that may have a nitrogen atom
and/or an oxygen atom, or R?* and R? form one group representing a group bonded to

a nitrogen atom by a double bond.

2. The conjugated diene polymer according to Claim 1, wherein, in Formula (2),

R%', R% and R? are hydrocarbyloxy groups, and R?* and R® are hydrocarbyl groups.

3. The conjugated diene polymer according to Claim 1 or 2, wherein, in Formula
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(1), R" is a hydrogen atom, and A is a pyridyl group.

4, The conjugated diene polymer according to any one of Claims 1 to 3, wherein
the vinyl bond content of the conjugated diene polymer is from 20% by mole to 70% by
mole relative to 100% by mole of the monomer unit content based on the conjugated

diene.

5. A conjugated diene polymer composition comprising the conjugated diene
polymer according to any one of Claims 1 to 4 and a reinforcing agent, wherein the
content of the reinforcing agent is 10 to 150 parts by weight relative to 100 parts by

weight of the conjugated diene polymer.

6. The conjugated diene polymer composition according to Claim 5, comprising
silica and carbon black as the reinforcing agent wherein the weight ratio of the content
of silica and the content of carbon black (content of silica: content of carbon black) is

2:1to 50:1.

7. A method of manufacturing a conjugated diene polymer comprising steps A
and B below:

step A: polymerizing a monomer component containing a conjugated diene
and a compound represented by Formula (1) below by an alkali metal catalyst in a
hydrocarbon solvent using 0.01 to 20% by weight of the compound represented by
Formula (1) (relative to 100% by weight of the total amount of the monomer
component used), thereby giving a polymer having the alkali metal derived from the
alkali metal catalyst at least at one end of a polymer chain having a monomer unit
based on the conjugated diene and a monomer unit based on the compound
represented by Formula (1) below, and

step B: reacting the polymer obtained in step A and a compound represented

by Formula (2) below,
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H Rll

>:< (1)
H RH—A

wherein R'" represents a hydrogen atom or a hydrocarbyl group, m is 0 or 1, R"
represents a hydrocarbylene group, and A represents a nitrogen-containing

heterocyclic group,

R21 R24

I I )
R22—S|i—(CH2)n—N —R% (2)

R23

wherein n represents an integer of 1 to 10; R*', R?? and R* independently represents
a hydrocarbyl group or a hydrocarbyloxy group, and at least one of R*!, R? and R is
a hydrocarbyloxy group; R?* and R?® independently represents a hydrogen atom or a
hydrocarbyl group that may have a nitrogen atom and/or an oxygen atom, or R?* and
R? are bonded to represent a hydrocarbylene group that may have a nitrogen atom
~ and/or an oxygen atom, or R%* and R* form one group representing a group bonded to

a nitrogen atom by a double bond.

8. The method of manufacturing a conjugated diene polymer according to Claim
7, wherein, in Formula (2), R¥, R? and R® are hydrocarbyloxy groups, and R* and

R?® are hydrocarbyl groups.

9. The method of manufacturing a conjugated diene polymer according to Claim

7 or 8, wherein, in Formula (1), R" is a hydrogen atom, and A is a pyridyl group.
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