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

DI ENE- BASED POLYMER, AND CONJUGATED DI ENE- BASED POLYMER COWPGCSI TI ON
5Background of the Invention 1. Field of the Invention The present
invention is filed claimng the priority of Japanese Patent Application No.
2011-011713 filed on January 24, 2011 unéer the Paris Convention, the '
entire content of which is incorporated herein by 10 reference. The
present invention relates to a process for producing a conjugated ,

di ene-based pol yner, a conjugated di ene-based polyner, and a conjugated

di ene- based RROGESSCHORBRRODIACING CQONIRIGATHD DIEOIE-BASFRe PAITAVMAR,

In recent years, with _an _increase in conce about enviro t r obl ens,
requi rements of EUNTGATEIL PTRNERAREDIR IRrives shiliehonitiieed

i ncreasing, and a rubber S ald ' ' onobi | es has al so
been required to be excepﬁgwgr%%%@IW@Q%@?dngéﬁjbber 20
conposition for autonobile tires, a rubber conposition containing a

conj ugat ed di ene-based pol ynmer _such as polﬁbutadiene or a but adi ene-styrene
copol ynerd and a reinforcing afesketoyndgidghe Invention For exanpl e, as a

pol ymer enhancing,frgl £0st.saving properties and a pol ymer conposition
havi ng good iugFg%SgﬁK%QVFREOBrOperties, a polyner 25 obtained by |iving
ani on pol yneri zat iDRe pfestut atiifon Stilee Bﬁiﬂﬂﬂ% the priority of Japanese

bi s(di et hyl am no) met hyl vi nyl si | ane usingﬂalkyl ithrumas a pol ynerization

initiator, aRdtentgplivetiondNpo]lili®H 7d8niled phrignuhey B4l Yl uedrr el i ca are
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3- di met hyd amgapiRy! | i thium as a pol ynerization initiator, and a pol yner
2 conposition containing the polynmer and silica are proposed in JP-A
11-106563. The present invention relates to a process for producing a conjugated

diene-based polymer, a conjugated diene-based polymer, and a conjugated

~ diene-based polymer composition.

15 2. Description of the Related Art
In reéent years, with an increase in concern about environmental
problems, requirements of fuel cost saving properties on an a_utomobile have
been increasing, and a rubber composition used in tires for automobiles has
also been required to be excellent in fuel cost saving, Asa rﬁbber
20 composition for automobile tires, a rubber cormposition containing a
conjugated diene-based polymer such as polybutadiene or a
butadiene-styrene copolymer, and a reinforcing agent is used.
For example, as a polymer enhancing fuel cost saving properties and
a polymer composition having good fuel cost saving properties, a polymer
25  obtained by living anion polymerization of butadiene, styrene and
bis(diethylamino)methylvinylsilane using atkyllithium as a polymerization
initiator, and a polymer composition containing the polymer and silica are’
proposed in JP-A 2010-77386. A polymer obtained by living anion
polymerization of butadiene and styrene using

30 3-dimethylaminopropyllithium as a polymerization initiator, and a polymer



Summary of the Invention S5However, polynmer conpositions using the above
conventional conjugated di ene-based pol yner were not necessarily
sufficiently satisfactory in fuel cost-saving properties. Under such .
circunstances, an object of the present pbnvention is to provide a process
for producing a conjugated di ene-based pol Yner from 10 which a pol yner
conposition excellent in fuel cost saving properties can be obtained, a
conj ugat ed di ene -based pol yner obtained by the process, and a pol yner
conposition containing the conjugated di ene-based pol yner and a reinforcing
agent. A firstmpsgieci caftaihigpgpiheypbimenseadtilan arelabpssedanallpAocess for 15
produci ng a co hugated di ene- based pol yner conprising polynerizing a
nononer conpbkéRP5%bnt ai ni ng a conj ugat ed di ene conpound and a
silicon-containing vinyl conpound, using a polynerization initiator
represented by the followng fornula (1). D 12 Rul N-R11-M1) 20 (wherein,
R11 represents a hydrocar byl eneSgmoupyhd\the gnberittonl 00 car bon atons, R12 and
R13 represent a hydrocarbyl group optionally having a substituent, or a

tri hydr odar byl si | yilogewmippolymericprmogitions wHas bbh gbeve eonvepriesgnt a

hydr ocar byl ene_.qr ou tipnal havi n as.a hetero at | east one kind
o o sl oot ol PRteR ekt BRR B IR Ctare e Bedfeshrly SiRiaiins o om s
nitrogen atogataTgctaly GXRES Rost HRindReodreiepr esents an al kali netal atom)

A second aspect of the present invention relates to a conjugated

di ene- based pol ymd@ngensisbetirdiymstaaces ancchiesitof the frgrent iktandipnpsdeess. 3
' provide a process for producing a conjugated diene-based polymer from
10  which a polymer composition excellent in fuel cost saving properties can be
obtained, a conjugated diene-based polymer obtained by the process, and a
polymer composition containing the conjugated diene-based polymer and a
reinforcing agent.
A first aspect of the present invention relates to a process for
15 producing a conjugated diene-based polymer comprising polymerizing a
monomer component containing a conjugated diene compound and a
silicon-containing vinyl cor_npound, using a polymerization initiator
represented by the following formula (1).
12
I{\\ 11
'N—R!'“M (1)
Rl3
20  (wherein, R11 represents a hydrocarbylene group having 6 to 100 carbon
atoms, R!2 and R1% represent a hydrocarbyl group optionally having a
substituent, or a trihydrocarbylsilyl group, or R:2 and R12 are bonded to
represent a hydrocarbylene group optionally having, as a hetero atom, at
least one kind atom selected from the atomic group consisting of a silicon
25  atom, a nitrogen atom and an oxygen atom, and M represents an alkali
metal atom.)
A second aspect of the present invention relates to a conjugated

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



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

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

conj ugat ed di ene-based pol yner from which a pol ymer conposition excellent
in fuel cost saving properties can be obtained, a conjugated diene-based
pol yner obt ai ned thihé appetedshe pnekeat poventinn Elates tpasichjumatednt ai ni ng

t he conjugated di ene-based polyner and a reinfqrcing agent. Detailed

Descri ption lnethasedpelymerompesiion SompHsHElsaboye sapriemdsent s a
nonoval ent grqQu i-ned Vi dr ; a
hydrocarbon.mﬁpﬁ?%?gg%r %Pé%%P%#%§%RF%%@%g%ﬁFg&%gggggﬁgﬁgggﬁ%3%%obtained by

renmoving t mc&%dﬁ@@@ﬂhe%@iﬁrdiﬁﬁ Rgdn IO aFtb bR . welghy th DB@pamk by yweehup
represents a nonoval ent grou aving a structure in which a hydrogen atom

of a hydrioxypepr Hppaxs bypreigst oivhencaningatied daensybaspdRrMymarsubst i t ut ed

Pyr ogan atom of - AARTP RS B0 g ree papr Srdut it Y B ettt her
than a hydr oggen a8 0fhenh @riRaasaldesie BAEpolPhed HPhO Uhibiawipaly@est r uct ure

in which two hydrogen atonms of an amino group are replaced with a dival ent
group. A hydeaopedipbn grerlfentiduifngl eost spsinigmyeprrijeiengiheadlitaineds aferred to
as substituted.25 hydr.ocarbyl. group iR, SO cases). represents.a nonoval ent
group havi ngc%PJEgﬁ?ﬁ‘t ?]éehﬁﬁg%ﬁ%lﬁngetr qbé%g’tenﬁéwgt%ﬁy}}dﬁf’%eﬁgha &&ﬂo&fmgr
hydrocarftyl giapsitioncERIARRE Mt ddnfu St Widiéehdsedddiy@epaany! ene group
having a hetero atom (hereinafter, referred to as hetero atom contai ni ng
hydr ocar byl ersnfpromng dgensome cases) represents a dival ent group having a

structure in which a carbon 30 atom other than the carbon atom from which a
hydrogen at om has been 4 renoved, and/or a hydrogen atom of a

hydr ocar byl ene group, is reggﬁﬁgglE@&ﬂgﬁkgpgqmehﬁvéﬂﬁoﬁ.hetero atom (an
atom ot her than a carbon atom and a hydrogen atom.
Herein, a hydrocarbyl group represents a monovalent group obtained
15 by removing one hydrogen atom from a hydrocarbon. A hydrocarbylene
group represents a divalent group obtained by removing two hydrogen atoms
from a hydrocarbon. A hydrocarbyloxy group represents a monovalent
group having a structure in which a hydrogen atom of a hydroxy group is
replaced with a hydrocarbyl group. A substituted amino group represents a
20 group having a structure in which at least one hydrogen atom of an amino
group is replaced with a monovalent atom other than a hydrogen atom or a
monovalent group, or a group having a structure in which two hydrogen
atoms of an amino group are replaced with a divalent group. A hydrocarbyl
group having a substituent (hereinafter, referred to as substituted
25  hydrocarbyl group in some cases) represents a monovalent group having a
structure in which at least one hydrogen atom of a hydrocarbyl group is
replaced with a substituent. A hydrocarbylene group having a hetero atom
(hereinafter, referred to as hetero atom-containing hydrocarbylene gi"oup n
some cases) represents a divalent group having a structure in which a carbon

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



The process for producing a conjugated di ene -based polyner of the 5
present invention allows a nononer conponent containing a conjugated diene
conmpound and a silicon-containing vinyl conmpound to be polynerized using a
pol ynerization initiator represented by t4he following forrmula (1). R12
N-R1144 R11 (wherein, Rh represents a hydrocarbyl ene group having 6 to 100
carbon 10 atons, R12 and R13 represent a hydrocarbyl group optionally
having a substituent, or a trihydrocarbylsilyl group, or R12 and R13 are
bonded to represent a hydrocarbyl ene group optionally having, as a hetero
atom at | eafdmeoviel, kindtbrat bydwgbrcted, bf o hydhrashdene gy ps sapiadest i ng of a
silicon atom a nitrogen atom and an oxygen atom and Mrepresents an

al kal i 15 meWih ageenn having a heterq afomiie afeppiher thep 3 satbopaipBCcaR®Y ene
group having, 6,t0 100 carbon atons, preferably a hydrocarbyl ene group
having 7 to %6d%§?85%0%§bn5. The pol ynerization initiator may be a m xture
conprised of a pl urid pideesf fePFRAUENS J @Resaal etblybidded fodymudt af {H9 i n

whi ch the nunbers 20 of carbon atons of Rh are different. \Wien the nunber
of carborb at praseht Riventionsllnywy @ seonosetudsimpangnd toRisening] 4/ easy heatedon

initiator in,a hydroc%é%pn(folﬁﬁﬁt_istreduced. Wien thf nﬁnbekzof.ca bon
atom of Rh i SCPEECBIPORBAARY R &SP SO %ﬁl.‘l%?’%tl CUPPPRRT 5 PG REPTIHTFE
initiator isubfer£a58theraRdioRGANIM0E 3bpRIERAIA hethetfdloRandtRahithi(ly at the

time of polynerization nmay be reduced in 25 sonme cases Rh in the
formula (1) isl%preferably a group represented by the follow ng formula
(1-A). 5 11
N—R!'-M (1)
“Rl'3

(wherein, RY represents a hydrocarbylene groﬁp having 6 to 100 carbon
10  atoms, R!2 and R!8 represent a hydrocarbyl group optionally having a

substituent, or a trihydrocarbylsilyl group, or R12 and R13 are bonded to

represent a hydrocarbylene group optionally having, as a hetero atom, at

least one kind atom selected from the atomic group consisting of a silicon

atom, a nitrogen atom and an oxygen atom, and M represents an alkali
15  metal atom.)

Rl in the formula (1) is a hydrocarbylene group having 6 to 100
carbon atoms, preferably a hydrocarbylene group having 7 to 80 carbon
atoms. The polymerization initiator may be a mixture comprised of a
plurality of compounds represented by the formula (1) in which the numbers

20 of carbon atoms of R1! are different. When the number of carbon atom of R1!
is § or less, solubility of the polymeriﬁation initiator in a hydrocarbon solvent
is reduced. When the number of carbon atom cﬁ' R 18 100 or more, the
molecular weight of the polymerization initiator is increased, and economical
properties and handleability at the time of polymerization may be reduced in

25  some cases

R1 in the formula (1) is preferably a group represented by the
following formula (1-A).



-(CH2 1)-R14(1 -A) (wherein, Rl14 represents a hydrocarbyl ene group
conprised of a structural unit of a conjugated di ene conpound and/or a
structural unit derived froman aromatic vinyl conpound, and n represents
an integer of 1 to 10. (CH2). is 5 bonded to a nitrogen atomof the fornmula
(1).) In the formula (1-A), R14 represents a hydrocarbyl ene group
conprised of a structural unit derived froma conjugated di ene conpound
and/or a structural unit derived froman aromatic vinyl conpound,
preferably a hydrocarbyl ene group conprised of a structural unit derived 10
fromi soprene. The ;punber of the structural unit derived froma

conj ugat ed diené_HojpounR 'ard/ or the str{étHal unit derived from an
aromatic vinyl conmpound in R14 is preferably 1 unit to 10 units, and nore

preferably 1, unit.tg,5 units. 15{n.the .faqrml 1- N4 S .an. r of 1

Do 10, - pr ot cPBs it R st ot bOP R ke iopnnihel P AE

Exanpl es of Rk JfRCloUiiesAe @HRHR dobhpttindrhnkl/sind btruetul@l UnittderBledStdciur al

units derived fromisoprene and a nethyl ene group are bondgg, qalce[%roup in
OopY-en

whi ch 1 uni t atamdfe uimisl sowpovnduend ngeprasents deinteadr ok bio & 29 and
an et hyl ene group, are bonded, and oup, i ich 1 unit to 10 units of
structurad u ‘?’i“g'i%d@? 9&6%%%%8{)&?%%”%3 gl)t ri met hyl ene group are bonded,
and preferably a ghOUR foPmWi €hAY, RBiIrbpiehfs dRvHfocatbEbhigktiRl units
derived fromisoprene and a trimnmethylene group are bonded. R12 and RI3 in

the fornul a ¢dnpriepd efestruatimad nodaddyyedyfroupa 26njogatashdieny chmporgda
substituent, or,a trihydrocarbylsilyl. group, or R12 and R13 are bonded to
represent a ﬁ?@lpﬁé’aﬁtﬁft%élﬁ %?’gdﬁrlgﬁ i%lwrﬂmtﬁg‘?nggcoéaﬂ%‘f%ip atom an
at om sel ect eﬂréﬂé?&[ﬂl&@ﬁn 9%%%9%' P SofpritedidfiaGRPucbSM uidt Qktikegen atom
and an oxygeh atom " The hydrocarbyl group optionally having a substituent

is a 6 hydrfoar pbrepeoup or a substituted hydrocarbyl group. Exanples of

t he substituent i he sybstituted hydrocarbyl .gr i ncl ude substituted
amino group or a ﬁyﬁ?aeg% 106 eéw%ﬁépﬁg%§ﬁﬁ%ﬂ§%%ﬁggﬁbaﬂ?ﬁ?gﬁgﬁﬁ§Fnﬁroup

i ncl ude chai g, .abkyhq 9haHRSHhS WeiicherA JIBE BVlived AR aRBrSkBYL WhAUP, 2

n- propyl 5 group, an 1sopropyl group, a n-butyl group, an isobutyl group, a
sec- butyl gresppoand én Ribig ylefagmbip]l wmihtpEhtpitsguodipiora prefeexbly lguoiip, a
n-octyl group, and a n-dodecyl group; cyclic al kyl groups such as a

cycl opentyl &?édﬁ“ﬁhd a cycl ohexyl group; and aryl groups such as a phenyl

O ot or ants a_penz y;{r%/}?éj%rm'glﬁgg (RST 8520 nfdiRk Br 2ltk)b, FreuRDly 30 tRYe
of 2 to 4, and more preferably 3.
Examples of RI include a group in which 1 unit to 10 units of
structural units derived from isoprene and a methylene group are bonded, a
group in which 1 unit to 10 units of structural units derived from isoprene
920 and an ethylene group are bonded, and a group in which 1 unit to 10 units of
structural units derived from isoprene and a trimethylene group are bonded,
and preferably a group in which 1 unit to 10 units of structural units derived
from isopreﬁe and a trimethylene group are bonded.
R12 and R13 in the formula (1) represent a hydrocarbyl group
25  optionally having a substituent, or a trihydrocarbylsilyl group, or R'2 and R!3
are bonded to represent a hydrocarbylene group optionally having, as a
hetero atom, an atom selected from the group consisting of a silicon atom, a
nitrogen atom and an oxygen atom.

The hydrocarbyl group optionally having a substituent is a



10 having 1 to 4 carbon atons. Exanples of the substituted hydrocar byl
group in which the substituent is a substituted am no group include an

N, N- di met hyl am nomet hyl group, a 2-N, N-di met hyl am noet hyl group, and a

3- N, N-di net hyl am nopropyl group. Exanpleg of the substituted hydrocarbyl.
group in which the substituent is a hydrocarbyl oxy group 15 include a

nmet hoxyMet hyl group, a nethoxyethyl group, and an et hoxynet hyl group Anong
them a hydrocarbyl group is preferable, a chain alkyl group having 1 to 4
carbon atons is preferable, and a nethyl group or an ethyl group is nore

pref er abl e. hydrocarbyl gkxanpt e subbtitited thyidhgedrylagroybsi Exbwgderug thecl ude a
trinmethylsilyl 20 group, and a tert-bdtityl -dsl_met hyl silyl group, apd a
trimet hyl si | §4bsgitaent insthe shstipied hydrocarby E@%@FB&%%W@%H@% up

opLional |y Dagge @5 & DELED.ALA, Blouboaste0Rek btk A Bk gOLR, T O

the atom c group nsi st a-si on-atom Itrogenn atom

oxygen at om jrgladdwiHie it Ereiss Gichgs a afetByPorong! eh etiatlarvap aipropgl
‘hydr ocar byl ene group in which the hetero atomis at | east one kind atom

sel ect ed ¥ r ogupe aBLNATEPH SN9HPc B A PRl g5owT aa iSPPRiyd Freiv M ses ity ogen

atom and an oxygen .at.om Exanpl es of t ro_¢ ai_ni. _
hydr ocar byl ehe r%&ﬁrﬁ%}u@igg@mf’ﬁen I?gfl%rqéq §{1§’n%? P?‘%‘?l %gcgi ’ a%g&g} R Hom
sel ected frognd hen-ab@byt ¢85 @Y RyEIRNEIS! bRaipefsu@hsisld eloping gxeugtund 41 ogen

atom and an oxygen atominclude a hetero atomcontaining _7_hydrocarbyl ene
group in whi cielobrxyheranms aadeny] graapsisiik ea agthemyl aroe endadebryleevai ni ng

hyd byl i i chy.t he het t om j it d
ot er o at o EOHBEF HEHT DRID AhD fr SR aRe SO iRl R B GeBL . 2
oxygen ai®m hER4AFPl 854 efrHdhea Byl 0 EabVIe8 6f SHOMbsbithitd bthroaiityl eR®ugr oups

such as a tetranethyl ene group, a pentanethylene group, a hexanethyl ene
group, and airew2ich the sushigheeiisresubstitutad aginugrowmigchidestredi yl  gr oups

h -2:ene; 1 5-diyl f |y al.kyl d
rore prefor abry kg hare e e bRyt ROV AR E AR FUEDT eiRb RRE £ e
hetero at om goaiaiifthBchyINAi 95365y &RepIr BeBripled 6F tMal Gilbstifgtddet ero atomi s

a silicon atominclude a group represented by -Si (CH3)2-CH2- CH2- Si (CHO2-.
Exanpl es of hférdeetleyi@ratpim cdntlaihé sgbdtiident & dvdrmeagbdapy groushi ch t he
hetero afomis.a.nitrogen atom.include a _group r.epresented by, - CH= CH
peAa P A R St e L S s

at om cont ai npRQ, Y AAGAE RYEENE nlarGdQYP! & 5 GRefebhiRel @hRIPLIRM |

oxygen atom i ncllhude a Iggoup reglgy?gent egl %!zumﬂ—lg) CH2- 0- CH2- CH2- . E’FlAgrrlls)Or%bnt hem
a hydr ocar by henmggt tup cashqy afoersisieefanblkl kplensethdgrohper ag ethyb 7
carbon atons is npre lpr ef ?r %%ie, and a tetramet hyl ene group, a

pent amet hyl eREPH BUBCT S & Aekamet hyl ene group are further preferable.

201t is preferabl epthab) R (ARdr Ry rSHa8bAsNYHERER Y udg LHRmetiyIRIA and
20 group, and a tert-butyl-dimethylsilyl group, and a trimethylsilyl group is
preferable.

The hydrocarbylene group optionally having, as a hetero atom, at
least one kind atom selected from the atomic group consisting of a silicon
atom, a nitrogen atom and an oxygen atom is a hydrocarbylene group, or a

25  hetero atom-containing hydrocarbylene group in which the hetero atom is at
feast one kind atom selected from the atomic group consisting of a silicon
atom, a nitrogen atom and an oxygen atom. Examples of the hetero
atom-containing hydrocarbylene group in which the hetero atom is at least
one kind atom selected from the atomic group consisting of a silicon atom, a

30 nitrogen atom and an oxygen atom include a hetero atom-containing



R13 are bonded to form a hydrocarbylene group, it is nore preferable that
R12 and R13 are a chain al kyl group having 1 to 4 carbon atons, or Rl12 and
R13 are bonded to form an al kyl ene group having 4 to 7 carbon atons, and it
is further preferable that R12 and R13 ate a chain alkyl group having 1 to
4 25 carbon atons, and it is particularly preferable that R12 and R13 are a
nmet hyl group or an ethyl group. In the fornula (1), Mrepresents an al kali
nmetal atom Exanples of the alkali netal atominclude Li, Na, K and Cs, and
preferably Li. Exanples of the polynerization initiator represented by the
formul a 30 (Hydihorethyitmeagroappnuvidgichbhahntetompomdaetsihigpraatoami nbetieky | | it hi um
8 conmpound with 1 mol to. 5 nol (per 1 nol of _a m noal kyl | i t hi um conpound)
of i sopr ene. APRHAPIAENIHE ByFECGHHPHISRL 187 PP f-%?@ﬁ&b&?pg‘ifﬁao %FP&?&%%

N, N- di al kyl am, no i t.hi . f i ;

3. (N, N di m%?%h%ﬁ%g?%?%yf E}:c%?n cogtammg hydrocarbylene group in which

- (N, N-di et hyHestdtan) atbnpiofy bkyddi atim. Examples of the hydrocarbylene group

-(N, N-di - n-butyl am no) - 1- propyl |i t hi um

- (N, N- difret nglids slkylepeisroyps Pech anp tatrprpekbyioas gy9dhy hbyRtamathylemet hi um
-(N

(

, N-di - n-propyl am_ng)-4-:but yl]1thi - 1 ends -
~(N, N-di - n-ﬁﬁﬂ‘@r &S -eil%%lg%lig/?éf‘%’%i}y&%@ %%gﬁrel%né%rﬂéﬁa exane La-dvlgroum i ¢
0 ami noal kyhhd bilidt3d6ampeundsudigda a8nB2(ckepy, 6rdifl giionyDaid prefeydiiliyt hi um
-(1-piperidiny0-1-propyllithium 3-(1-hexamethyl eneim no)-1-propyllithium
and 3- [ 1- ( lalkybks greupatandt moye peelayably alkyeepgrqunsthayag 4Hetletagbon

atom cont ai ni ng cychi c_am noal kyllithium .

3 (1 nor phot MdS T I5Epgiee P RRc hrtes (A EBBHA Sy e RBieme mrovpiip

153- (4, Srcli hyeahi @ fhd WAtdAZ Qlapd 1s 4 sRI@RHtbint idcliffle A8Fbup represented by
3-(2,2,5,5-tetramethyl-1-aza-2, 5-di si | a- 1-cycl opentyl) - 1-propyl | ithium and
preferably NS¢CHaRIGH a0 R k)it Hixemplesd! tbe betrre éemisoptaining

3- (N, N-di met hyl am no) - 1- propy.l | it hi r . . :

3N, N-di et hTSRoRO a0 B 1 TR R etate TR J5ot JIRPZR BN TNS & or
represented Byniheptolibdb LOH-N-CHRCMNEnght gaaoa?ciepr@s@ﬁeéa b

N, N-di al kyl am noal Kyl lithiumwith 1 nol to 5 nol (per 1 nol of

N, N- di al kyl arfiHedl €¥iGHhi ufxaofples obfhenzetero post eprisieingdidiracabipnend
obt ai ned_ by reacting, 35 (N, i met hyl am no) - 1- propyl | kthi umor 25

32N N et nETGHR oy LB AP HE it iAo OE s A BB 2ol o
3- (N, N-di et hyl,agd 084 bi--rePyH, G WMPTe,-.  Among them, a hydrocarbylene

3- (N, N-di et hyl'"am no) - 1-propyl l'i thiun) of isoprene is particularly
preferabl e. group is preferable, an alkylene group having 4 to 7 carbon atoms 1s more

WP WhDoww

preferable, and a tetramethylene group, a pentamethylene group, and a
hexamethylene group are further preferable.

20 It is preferable that R12 and R!3 are a hydrocarbyl group, or R12 and
R13 are bonded to form a hydrocarbylene group, it is more preferable that R12
and R13 are a chain alkyl group having 1 to 4 carbon atoms, or R2 and R13
are bonded to form an alkylene group having 4 to 7 carbon atoms, and it 1s
further preferable that R12 and R!? are a chain alkyl group having 1 to 4

25  carbon atoms, and it is particularly preférable that R12 and R!3 are a methyl
group or an ethyl group.

In the formula (1), M represents an alkali metal atom. Examples of
the alkali metal atom include Ii, Na, K and Cs, and preferably Li.
Examples of the polymerization initiator represented by the formula

30 (1) include a compound obtained by reacting an aminoalkyllithium



The amount of the polynerization initiator represented by the fornmula (1)
used is preferably 0.01 mmol to 15 mmol per 100 g of the 30 nononer
conponent used in polynerization. 9 In the present invention, if
necessary, other polynerization initiatogs such as n-butyllithiummy be
used in-conbi nati on. Exanpl es of the conjugated di ene conpound i ncl ude

1, 3- but adi ene, | soprene, 1, 3-pentadiene, 2,3-dinethyl-1, 3-butadi ene,
and 1, 3-hexadi ene, 5 and preferably 1, 3-butadi ene or i soprene. The
silicon-containing vinyl conpound is preferably a conpound represented by
the fol | owi ngprhpound with?) mokio §2n¢Ipad 1 mol of ap Bhinocalkyllivhierecompoasd0 or

1, R21 represgnts a hydrocarbyl ene group X1, X2 and, 10 X3 represent a
substi t ut ed %ﬁswe&@oug}?aﬁlm%%?ﬁ r%’r%@kﬁﬂ i gampoydiineladesy | gr oup
optionally haw | : ormula (2), mis 0 or 1, and
preferably Oswwqgaﬂgé%égﬁ%gggm%?ﬁ¥%£s%?g?%carbyIene group in R21 include an
al kyl ene gr o8N, Mrdialelkyladiiyb)- §ipeopylliahivmy| group, and a group in which an

aryl ene 15 gr and an al kyl ene group are bonded. Exanples of the al kyl ene
group inéiud%ggﬁW§ﬂﬂ Y&H@l X6UH¥W§ “gFH?¥ene group, and a trinmethyl ene

Grouo,  Examh s 8l g, g Youtypgba v0e 2 Vvl ene group a0 an
group, a napht(hyNehemegh@aminand-batpiliphany 14N, §rdehyldxanp! lebutgllitiem,
4-(N,N-di-n-propylamino)-1-butyllithium, and _
3-(N,N ;di'n'butylamino)'l'butjﬂithium; non hetero atom-containing cyclic

10  aminoalkyllithium compounds such as 3-(1-pyrrolidinyl)-1-propyllithium,
3-(1-piperidinyl)-1-propyllithium, 3'(1-hexamethyleneimino)-1-propyllithium,
and 3-[1-(1,2,3,6-tetrahydropyridinyl)]- 1-propyllithium; hetero '
atom-containing cyclic aminoalkyllithium compounds such as
3-(1-morpholino)-1-propyllithium, 3-(1-imidazolyl)-1-propyllithium,

15  3-(4,5-dihydro-1-imidazolyl)-1-propyllithium, and
3-(2,2,5,5-tetramethyl-1-aza-2,5-disila-1-cyclopentyl)-1-propyllithium, and
preferably N,N-dialkylaminoalkyllithium, and more preferably
3-(N,N-dimethylamino)-1-propyllithium or
3-(N,N-diethylamino)-1-propyllithium.

20 - As the polymerization initiator represented by the formula (1), a
compound obtained by reacting N,N-dialkylaminoalkyllithium with 1 mol to
5 mol (per 1 mol of N,N-dialkylaminoalkyllithium) of isoprene is preferable,
and a compound obtained by reacting
3-(N,N-dimethylamino)-1-propyllithium or

25  3-(N,N-diethylamino)-1-propylithium with 1 mol to 5 mol (per 1 mol of
3-(N,N-dimethylamino)-1-propyllithium or
3-(N,N-diethylamino)-1-propyllithium) of isoprene is particularly preferable.

The amount of the polymerization initiator reiaresented by the
formula (1) used is preferably 0.01 mmol to 15 mmol per 100 g of the

30 monomer component used in polymerization.



20 group in which an arylene group and an al kyl ene group are bonded i ncl ude
a group in which a phenylene group and a nethyl ene group are bonded, and a
group in which a phenyl ene group and an ethyl ene group are bonded. R21 is
preferably an arylene group and nore preferably a phenyl ene group. 25In the
formula (2), X1, X2 and X3 represent a substituted am no group, a
hydr ocar byl oxy group, or a hydrocarbyl group optionally having a 10
substituent. Preferably, at least one of X, X2 and X3 is a substituted

am no group, and nore preferably, two of XI, X2 and X3 are a substituted
am no group. ~ In the pré#sentsubentiontié decassaxy, giheapolymdtization anthakrsi s

preferably a group represent ed the followng fornula (2-A). R22
R23/ (2-A) (F@?ha"r”ﬁjn%gﬁ%éb‘r“é%é‘?ﬁy ggﬁfl%‘f%a%gpa&%%p optionally having a
substituent, or apy z@?fﬂ%%?@ﬁé’bﬁrﬁh Xﬂed%i@#@’c%ﬂbomu?ﬂgd&%-@zit%dl?é%{éqed to

represent a hydrocar ene group optional aving, as a hetero atom a

ni trogen at oippfernd/Bpersndivaeg 8r8-dinvenh)l-1,3-butadidres, hydrig8aekydiegeoup
optionally having a substituent in R22 and R23 is a hydrocarbyl group or a
subst | tut%d YU PEIEFARIY 1ot BURLiERmhISeRTHHe- t he substituted hydrocar byl

group include a s L.k | : 1 i ituent is a
hydr ocar byl oxy grgﬁﬁ%ékggﬁgﬁg%%%%%ﬁﬁgyg ﬂ?%%%#ﬁgFﬁgP§ﬂ%c§#§?%%i chain

al kyl gr oupsrepueserasd dyrtae HyllovgimgUpymabe &)hyl group, a n-propyl group, an

i sopropyl group, a n-butyl group, an

H -
RN I )
H (Rzl)m--Sl'i'-——.Xz @

(wherein m is 0 or 1, R2! represents a hydrocarbylene group, and X!, X2 and
10 X3 represent a substituted amino group, a hydrocarbyloxy group, or a
hydrocarbyl group optionally having a substituent.)
In the formula (2), m is 0 or 1, and preferably O.
Examples of the hydrocarbylene group in R?! include an alkylene
group, an alkenediyl group, an aryl group, and a group in which an arylene
15  group and an alkylene group are bonded. Examples of the alkylene group
include a methylene group, an ethylene group, and a trimethylene group.
Examples of the alkenediyl group include a vinylene group and an
ethylene-1,1-diyl group. Examples of the arylene group include a phenylene
group, a naphthylene group, and a biphenylene group. Examples of the
20  group in which an arylene group and an alkylene group are bonded include a
group in which a phenylene group and a methylene group are bonded, and a
group in which a phenylene group and an ethylene group are bonded.
R?1 is preferably an arylene group and more preferably a phenylene
gr.oup. .
25 Tn the formula (2), X1, X2 and X8 represent a substituted amino group,
a hydrocarbyloxy group, or a hydrocarbyl group optionally having a



i sobutyl group, a sec-butyl group, a tert-butyl group, a n-pentyl group, a
n- hexyl group, and a n-octyl group; cyclic al kyl groups such as a

cycl opentyl group and a cycl ohexyl group; and aryl groups such as a phenyl
group, a 20 benzyl group, and a naphthyl {group, and preferably an alkyl
group, nore preferably a chain alkyl group, and further preferably a nethyl
group, an ethyl group, a n-propyl group, and a n-butyl group. Exanples of

t he substituted hydrocarbyl group in which the substituent is a
hydr ocar byl oxy group include al koxyal kyl groups such as a net hoxynet hyl
group, an 25sebstemet hPrefgralp,atdasstametioy ¥e biadl Xiges aupibsanatedrathdxy al kyl
groups such as a phe oxynengygégroup. Exanpl es of the

tri hydr ocar bEF&{ -\ ANdgmETtRPTeeIDRY: 4 4829, Khandde aueiasulptidnied aginups such
as a trinethﬁé&hgyl group, a triethylsilyl group, and a

tert-butyl dimethylsilyl group. The hydrocar byl ene group optionally
havi ng, as a het er Phatabstitutoi bhage Brade ih Km,deﬁn@m3Q§¥%@ra®ﬁﬁﬁl§rﬂu§22 and
R23 is a hydrocarbyl ene group, or a hetero atom containi ng hydrocarbyl ene
group in Wi é%@ﬁ@%@t@&@oﬁpﬁmgﬁfmlﬂﬁt@“ en atom and/ or an oxygen atom
Exanpl es of &ggzhetero at om cont ai ni ng hydrocar byl ene group in which the
hetero atom i \a nitrogen atom and/ or an oxygen atominclude a hetero

at om cont ai ni ng ‘Rydrocar byl ene group E@ﬂ&gich the hetero atomis a nitrogen
atom and a hefero atom contai ni ng hydrocar byl ene group in which the hetero
atom.is an 1®0xygen atom Exanples of the hydrocarbyl ene group include

al kyl ene groups, such.as a trinsthyl ene grou .1 et t.hyl ene aroup, a
pent amet hyl eK@ rnocl‘j%,2 e PRRREA S rgﬁaer%a? gﬁoplﬁj %patﬁ%rbﬁlkﬁgﬁ%ﬂyégnsél%ﬁﬁw % an
oct amet hyl engr Grigidrac.0BeRMSE By ) 8r F2OHAd Fs d0dlBeadERt filcphssedt @UP, and a
2,2,4-trinmethyl hexane-1, 6-diyl group; and al kenediyl groupS such as a 15
pent - 2- éne- 1 h5deioprbylene groEx appreslohaving, headragermt ahons errisragengtom

hydr ocar byl ene ;group i n which +he hetero atomis a nitrogen atom i ncl ude a
gr oup reggesgﬁggﬁEﬁﬁwg@ﬁgﬁ@@ﬁQCH- and a group represented by

- CH=EN- CH2- CH2- . Exgpp hedr@darb ez dah p@iodb OHHamM £h RLBSHREN ¢5 Heby h§ e gr oup
in which the hetero atomis an oxygen atominclude a group 20 represented
by - Cl112- C112 8-hgdpoa@ibyl groupics apswfstitabddehydracarkd2 gaomd. RA8xamplean{ahky|

O BB R RO S e S D B b
net hyl group wiclRfh&biydtit@eaYPs a hydrocarbyloxy group. Examples of the
156  hydrocarbyl group include chain alkyl groups such as a methyl group, an
ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, a n-pentyl group, a
n-hexyl group, and a n-octyl group; cyclic alkyl grbups such as a cyclopentyl
group and a cyclohexyl group; and aryl groups such as a phenyl group, a
20  benzyl group, and a naphthyl group, and preferably an alkyl group, more
preferably a chain alkyl group, and further preferably a methyl group, an
ethyl group, a n-propyl group, and a n-butyl group. Examples of the
substituted hydrocarbyl group in which the substituent is a hydrocarbyloxy
group Include alkoxyalkyl groups such as a methoxymethyl group, an
25  ethoxymethyl group, and a methoxyethyl group; and aryloxyalkyl groups
such as a phenoxymethy! group.
Examples of the trihydrocarbylsilyl group in R22 and R22 include
trialkylsilyl groups such as a trimethylsilyl group, a triethylsilyl group, and



Exanpl es of a substituted am no group in which R22 and R23 are a 25

hydr ocar byl group, of the substituted am no groups represented by the
formula (2-A), include dialkylanm no groups such as a di nethyl am no group, a
di et hyl ami no group, an ethyl met hyl ami no gy oup, a di-n-propylanmino group, a
di i sopropyl am no group, a di-n-butylam no group, a diisobutylam no group, a
di -sec-butylam no group, and a di-tert-butylam no group; and diarylamno 30
groups such as a di phenyl ami no group, and preferably a dial kyl am no group,
12 and nore preferably a dinmethylam no group, a cliethylam no.group, a

di - n- propy! aaite-lgutgihimedhglsdydgroupbut yl am no group Exanpl es of the
substituted am no group.in i,ch R22 and R2 re bonded.to forma
substituted hydrocrglﬁ% yd@ca%ﬂ?%e FFAPHORUR h’&éﬁ“i’l?ﬁeﬁ’ﬁaﬁgte&oﬁWoéar byl oxy
5 group incl I 1 3 i hyDan no
group and a gﬂ?%%ﬁlo%f%ﬁgﬁgm no%%%%%@a%l%ggqg‘%?%eh(@%%?ﬁ(%tﬁ%d am no
group in whi gfoug?3r angtéddatarecanthiniy hiydeasahplenk growy ouwhichcfhedetero

trial kylsilyl group-containing anmino groups such as a

bi s(tri m hyR&ImR yhamreser abpn aadia a5 exeeptatemy v I ixarapley 0§ the/pelesr no
, and rimethyl silyl - i . | f
Tt tut e SO RRIH Sy e A TELY R EL AR B ORI hotoroasbEATR 0 O @

hydr ocar byl eatrgFaupton0bnllloe asiddsiceh Wies iadiude HJheps at@piceseiheg by the
formula (2-A), include 1-al kyl enei m no groups such as a 15

1- tri met hyl ehedrdcagbyjenriprow m whighothedhadgro ghosu s a aitrogimetordiand agroup, a
1- hexanet hyl enei m_no _qgro .a 1-hept hyl enei m nQ. gr .

T oot anet hyt SREreRamgpBiif v EREATEDY eRIR M OR Bherdhs atom ic an

1- dodecapet hykprel MoR0 dLURplEIARE By dedcathefit Rsdip iHcBfH MR oup in
whi ch R22 and R23 are bonded to forma hetero atom containing 20
hydr ocar byl graows sushwsi & frimeehyene gooun, onteteamefiviensggeuat ®m i ncl ude a

1-im dazol y1 4, 5-di_ hydr o- | - i:nai dazol y1 . | f th
Subst tut et BRFALGES I fouR bR Sehois SR e Shtis P T it o
at om cont ai NpRGntMHERGRIBYLENS d -8B iy TedthGlip! BAoAEIREQHHOR drdupNafXygen

atominclude a norpholino group. 25As the substituted am no group
represent ed by,2Hdrimethyllzexamen),6-daylgreiupy badiahkepdindgrorpaisduchaik gl enei m no

o et hyi i nBoBt o B L FEm s g0tio! e b G PGy oup, and a
ﬂi ;jn- but 36' ?”h?@rcg:ﬁ%’ﬁ_eﬁé %ﬂé&ﬁxizrhﬁhé&fxg{e?ﬁ&:éf&aat&@ ExamresePhtdntenclude a
ydr ocar byl oxy group in X, an i ncl ude
group represented by -CH=N-CH=CH- and a group represented by
-CH=N-CH2-CH;:-. Examples of the hetero atom-containing hydrocarbylene
group in which the hetero atom is an oxygen atom include a group
20 represented by -CHy-CHy-O-CHgo-CHo-. |
1t is preferable that R22 and R23 are an alkyl group, or R22 and R23 are
bonded to form an alkylene group, it is more preferable to form an alkyl
group, and it is further preferable to form a methyl group or an ethyl group.
Examples of a substituted amino group in which R?2 and R2? are a
25  hydrocarbyl group, of the substituted amino groups represented by the
formula (2-4), include dialkylamino groups such as a dimethylamino group,
a diethylamino group, an ethylmethylamino group, a di-n-propylamino group,
a dilsopropylamino group, a di-n-butylamino group, a diisobutylamino group,
a di-sec-butylamino group, and a di-tert-butylamino group; and diarylamino

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



13 al koxy groups such as a nethoxy group, an ethoxy group, a n-propoxy
group, an isopropoxy group, a n-butoxy group, a sec-butoxy group, and a
tert-butoxy group; and aryl oxy groups such as a phenoxy group and a

benzyl oxy group. The hydrocarbyl group ogiionally having a substituent inX2
and 5 X3 is a hydrocarbyl group or a substituted hydrocarbyl group.
Exanpl es of the substituted hydrocarbyl group include a substituted

hydr ocar byl group in which the substituent is a hydrocarbyl oxy group.
Exanpl es of the hydrocarbyl group include- alkyl roqu such as a net hyl

group, an etmdng:r@mpefeaabﬂrymr dingpethylanino geupsagicby ngm@@soua #- but yl
group, a sec-but 0 u and t.er t,.- hu rou d ar ups such
as a phenyl J% 3é'ﬂﬂ ﬁﬁ??pl %H§P16$8&éﬂrg §pbe 1P d%#g Exanpl es
of the subst éﬁwtﬁqtéwgﬁl%@gmp Y QURH Re2uhiCRzsthe heHRsd td #eRtai s a

hydr ocar byl oxy group inclu al koxyal kyl groups such as a net hoxynet hyl

group, an et hd:@tmtmhy@mmhylgnduwm wﬂnmi’xgla fiyistignentpls asAnpdgeationgxsan

| kyl 15 d | k h 1to 10 b

2t o i Hror  proEamd kot lk RS vt A Batdound | n which one of X
X2 and X3 isga wﬂ%& rﬁéh%?ﬁaﬂﬂh@%r&ﬁﬁ’ﬁﬁd%ﬂﬂ(&hbﬁ%ﬂetkﬁzfl)afnﬂ%o oup.

silicon- contalnlng vVin conpourids r epresent ed the formula (2), include:
20( di al kyl arTEnajmbﬂ@d W&lﬂlsrmﬂols’atlht&desnmwcgroag in Wh_lch R22 and R23 are a

o b res il esgp it R TEL DA ST B0l LB i o1 ane
(diisopropyl %kﬂk hy %GQM£§?§@¥§iw&ghg%&gMﬁ§§1no)dlethyIV|nylsilane,
il ane,

25 (ethylnet nlno i ethylvin
(di - n-prpyl biﬁmb Hu%ﬂmm%hwi/élsmmap gandp, and a

(diisopropyl am no) di thyIV|nyIS|Iane
[bigtrial kyl 5 ‘Prylﬁﬁ%ﬁﬁfﬂl HNImpethylagping g%%@s such as

G et YO Al gt g R
[ bi gt ri met hybshdadpanionads By Bxtcdirinylbse g'm&fp, ofibite sdlktituted amino groups
represented by the formula (2-A), include 1-alkyleneimino groups such as a

15 1-trimethyleneimino group, a 1-pyrrolidinyl group, a 1-piperidinyl group, a
1-hexamethyleneimino group, a 1-heptamethyleneimino group, a
1-octamethyleneimino group, a 1-decamethyleneimino group, and a
1-dodecamethyleneimino group. Examples of the substituted amino group
in which R22 and R2? are bonded to form a hetero atom-containing

20  hydrocarbyl group in which the hetero atom isa nitrogen atom include a
1-imidazolyl gfoup and a 4,5-dihydro-1-imidazolyl group. Examples of the
substituted amino group in which R22 and R23 are bonded to form a hetero
atom-containing hydrocarbylene group in which the hetero atom is an
oxygen atom include a morpholino group.

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

30 Examples of the hydrocarbyloxy group in X1, X2 and X?® include



[ hi gt -butyl di met hyl si | yDam nddi et hyl vi nyl si | ane:

(di al kyl am no) di (al koxyal kynvi nyl si |l anes such as

(di met hyl am no) di ( et hoi cymet hyDvi nyl si | ane,

(di met hyl am no) di ( 2- met hoxyet hypvi nyl si lgpe, 5

(di met hyl am no) di (et hoxymnet hyDvi nyl si | ane,

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

(di et hyl am no) di (et hoxymet hyOvi nyl si | ane,

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

(di et hyl ani nalkiokyf etdwmpeystehhypy mathexy grep, ancdthéxy group, a n-propoxy group,
(di et hyl am no) di ( 2- et hoxyet hypvi nyl si | ane: anq) cyclic

ani nodi al ky| ¥ ASPPEPPRNEIEBRD® BrRI0ZY gHOwR a sec butoxy group, and a tert-butoxy
1-pyrrolidin i I AV 1-pl per.i di j (AVAR aAY; ISy

1 hexcanet hyl PR Lot P oy Fucy b BRER S B L) KRG
4, 5-di hydro- 1-i m dezohyd@caFs eryhmypSohaiehadimg doubstituent in X!, X2 and
nmor phol i nocl i et hyl vi nyl si | ane. _ Exanpl es of a conmpound in which one
of X, X& and® ysa allyd@p@nwtgrpup@a aggRbsEtyvedUy BRGRIRYL Sromp. ofiitageples of

silicon-cont gi nj vinyd,C n e t . iyl |.ncl ude:
(i o Kyl am TS RE R S ARBRP ErARELRIER, £ fuBYibitea hgRR R Broub el ¢
(di met hyl am poydidetHeyshidtithend Rhehyd®cheiigoxy group. Examples of the
(di met hyl am no d|nethy1-3-y|nylphen¥IS|Iane,
(di-et hyl am nbyditosarhy) Brauw ingihdhaHiil sroenfesuch as a methyl group, an ethyl

di et hyl am no) di nmet hyl- 3-vi nyl phenyl si | ane
(G <ot opy| SR fi B £ 8 e IR EIRT Bfup, o npmevt group, a sec buty]

(di - n-propyl groupo hed ety budylVdrbip PAxed i8I drafifs such as a phenyl group, a
(di - n-butyl am no) di met hy1-4-vi nyl phenyl si | ane, )
(di - n- but y| a#imedhdil denheryl groumyanshehghzilisapep. Examples of the substituted

(i ot hyl am REYEEERY 4 e EBRE A Siipdenis = hydrocarbyloxy group
(di et hyl am ng)gh & Qbk%xga&&ﬂé{&ﬁ%%cﬁia{sae[‘ﬁ:tethé%zmethyl group, an

(di et hyl am no) di et hyl - 3- vi nyl phenyl si | ane,
(di - n- propy! ethoxgjditeyhgroup, ahdpnsibayreahyhgeoup. Among them, an alkyl

(i 1 Dbt oty BSEIRADIE. GRLAABR) PP o fogt0 casbon atoms is more

(di -n-butyl aﬁ}é}@)&c[jlg_t hy1- 3-vi nyl phenyl si | ane. Exanpl es of a
conmpound in which two of X, X2 and Xs are a substituted am no group and m

is 0, of the silichramplesaifr eognpiund incwhpdurrisol BpAdsent Btlissy the fornul a
(2), incl Ude:sull))sit%glgciacfl lagilg rg'%&?ﬁ g1|r1 | \1/s| 8,yc|Jistih|e%i ec%n%%%@a_lansmg vinyl
compounds represented by the formula (2), include:

20 (dialkylamino)dialkylvinylsilanes such as
(dimethylamino)dimethylvinylsilane,
(ethylmethylamino)dimethylvinylsilane,
(di-n-propylamino)dimethylvinylsilane,
(diisopropylamino)dimethylvinylsilane, (dimethylamino)diethylvinylsilane,

25  (ethylmethylamino)diethylvinylsilane, (di-n-propylamino)diethylvinylsilane,
and (diisopropylamino)diethylvinylsilane;

[bis(trialkylsilyl)aminoldialkylvinylsilanes such as
[bis(trimethylsilyl)aminoldimethylvinylsilane,
[bis(t-butyldimethylsilyDamino}ldimethylvinylsilane,

30 I[bis(trimethylsilyl)aminoldiethylvinylsilane, and



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

bi s(di - n- but yl am no) net hyl vi nyl si | ane, bi s(di met hyl am no) et hyl vi nyl si | ane,
bi s(di et hyl am no) et hyl vi nyl si | ane, bi s(di4& n-propyl am no) et hyl vi nyl si | ane,
and bi s(di-n-butyl am no) et hyl vi nyl sil ane;

15bi s[ bi s(trial kyl si |l yDam ndal kyl vi nyl si |l anes such as

bi s[ bi s(trimet hyl sil yDam ndnet hyl vi nyl si | ane,

bi s[bis(tert - but{IdlnethyDanlndne t hyl vi nyl si | ane,

bi s[ bi s(t ri nns{ibsicyldbaethdsbiamineldiethdwaylalee;

2001 o( 4 8l kyl Sﬁn-y'n351WE@%&'&PR&?@%@M@'&%@@ﬁe%guch as

bi s(di met hyl gmjaedy1s %H&%Mb)ﬁ%ﬁ\} {]ﬂl V@Hﬂsﬂane

bi s(di met hyl am no)( 2- met hoxyet h i nyl si |l ane,
bi s(di met hyl @hmenbﬂatmny)de@l'mbquwb’dmlhneylsﬂane

b SCa e Ty e ha RO AR YD iy Bine
bi s(di et hyl agg; %}ﬁ@ﬁm@% tﬁ%%%tﬂ%{f )%mﬂmane

bi s(di et hyl am no) et hoxynet vin ane, and

bi s(di met hyl éhemm:ﬁimﬂﬁlﬁmyeemmﬁhethmeﬂMneand bi s(cyclic

am no) al kyl vj nyl si | a npounds as . 3

bi s(1-pyrrol {dd? ﬁ\?? M@PFH?F%YBHF‘SY(@?%}GMH di nyDnet hyl vi nyl si | ane,

16 bis(1- hexgﬁat

bi s(4, 5-di hy rohrfl’ glgié?g%%gﬁ%}ﬂll‘w ny#’E aggean%nd

bi s( nor ptl i m&mﬂm&m)wﬁﬁmhm@thﬁleﬁ]&mf aad conpound in which two of
X1, X2 and X3 area55ubst|t d. am.no group and mjs 1, of the

si | i con-cont ai ni ng YA HMIBe WYL E e COMRAPNSY SUR8 3Bor nul a (2), i ncl ude:

S oL, T TR Ul moriyvinsan,
bi s(di net hyl aifiezaprehjiyhednitodihptisiyinyldikbme, 10

bi s(di et hyl am no) net hyl- 4-vi nyl phenyl si | ane,

bi s(di et hyl afid rhy Ergdgzalyidimeriy ¥invagilane, and

bi s(di - Ny pr ogy H]ﬂ?ﬁ’% et%% 3)1'3@9( phenyl sil ane,

bi s(di - n=propyl'am no =vinyl phenyl si | ane,

bi s(di - n-butyl ar ai Beameldy6E-edeovh i rphienyhidH @reof XS X2 and X2 is a
bi s(di - n- but yl am no) net hyl- 3-vi nyl phenyl si | ane,

bi s(di met hy| Bwbstgpéehemune grein phémy sy oftbe silicon-containing vinyl

bi s(di met hyl %é‘ﬁlg;?&}[’f{z]h e]plgsevﬂtgfi lb% ?1@*!)3:}1!1?32&), include:

bi s(di et hyl ariin enyl si

bi s(di et hyI am no) e@ﬁeﬂky&ﬂs{in@w{@l@iyﬁ@lﬁl@d@bﬂles such as
bi s(di - | am no) et hyl1-4-vi nyl phenyl si | ane,
bi s(di - tg %nmhw@p@m ity lhd vprdaheryisHaee,

S L ) S SR b
(dlethylamlno)dlmethyl 4-vinylphenylsilane,
(diethylamino)dimethyl-3-vinylphenylsilane,
(di-n-propylamino)dimethyl-4-vinylphenylsilane,

25  (di-n-propylamino}dimethyl-3-vinylphenylsilane,
{di-n-butylamino)dimethyl-4-vinylphenylsilane,
(di-n-butylamino)dimethyl-3-vinylphenylsilane,
(dimethylamino)diethyl-4-vinylphenylsilane,
(dimethylamino)diethyl-3-vinylphenylsilane,

30 (diethylamino)diethyl-4-vinylphenylsilane,



Exanpl es of a conpound in which three of XI, X2 and X3 are a 25 substituted
am no group and mis 0O, of ‘the silicon-containing vinyl conpounds
represented by the fornula (2), include:

tris(dial kyl am no)vinyl silanes such as tys s(di net hyl am no) vi nyl si | ane,
tris(diethylam no)vinylsilane, tris(di-n-propylam no)vinylsilane, and
tris(di-n-butyl am no)vinylsilane. 30Exanpl es of a conpound in which three
of X1, X2 and X3 are a 17 substituted am no group and mis 1, of the
silicon-containing vinyl conpounds represented by the forrmula (2), include:
tri s(di al kyl @mdthg)ammg)dibep Bvinghesnylkares '

tris(dinmethyl]am no)-4-vjnyl.pheny] sil ane, i

tris(dimet hﬁdaﬁfwmn@w%sﬂ@ﬁ;A'glinwﬁﬁé%ny?sﬂane,

tris(diethylgmno)- j lsid .

tris(diethyl g%ﬂ%‘?-*’@#%?‘%ﬁ%@sﬁng Ihenylsilane,

tris(di - n- pr@pyeatytohird,) dictlyy pheinglishd mrisilane, and

tris(di-n-propylam no)-3-vinylphenylsilane, 10

tris(di- - butymabitydyningdisyhyirsivdp hemdsilang

tris(cli-n-butyl ag --3- Vi Nyl Il 1 I f. a conpound
in which XI, X2 A %Fé’fﬁa‘*?ﬂ%%gﬁﬁﬁh‘?‘%?%éwgn‘%fﬁ%’?%ﬁg Rl s 0, of the
si I'i con- cont @iptitgtad MyincompeUndtns W, @f ehd ilichby-cobifioigndhal (2), i ncl ude:
15tri al koxyvi nyl si | anes such as trinet hoxyvinyl sil ane,

tri et hoxyvi nsamapqundks rearrpentehbn pox farrtyindel. ardudei al koxyal kyl vi nyl si | anes

such as nethyldinqﬁ?géﬂﬁgﬂéé-Ekgﬂ F@g@ﬁﬁgﬁé&%&&f%gmmyvinylsilane;

di al koxyaryl vi nyl si'Tanes”suc rt-"pent oxy) phenyl vi nyl si | ane and

di (tert-fgut opgjdaReaNyMinhnbhdtRRBinfBaak Kexiads iy rid)ieshylatiedsidued) as 20
d|nethylnethoxﬁﬁlnyI5|lane; nonoal koxydi aryl vi nyl si | anes such as o
t ert - but oxydbisknybrenyasinamethrigindeianwsnt oxydi phenyl vi nyl si | ane;

ool oyl L Al SR TR PRI 2
conpounds  sURR(@StBahinsé Ry FhiketnBRrydivi-PydilhRigo)ethylvinylsilane,
| and bis(di-n-butylamino)ethylvinylsilane; '

15 bis[bis(trialkylsilyl)aminolalkylvinylsilanes such as
bis[bis(trimethylsilyDaminolmethylvinylsilane,
bis[bis(tert-butyldimethyl)aminolmethylvinylsilane,
bis[bis(trimethylsilyl)aminolethylvinylsilane, and
bis[bis(tert-butyldimethyl)aminolethylvinylsilane;

20 bis{dialkylamino)alkoxyalkylvinylsilanes such as
bis(dimethylamino)methoxymethylvinylsilane,
biS(dimethylamino)(2;methoxyethyl)vinylsilane,
bis(dimethylamino)ethoxymethylvinylsilane,
bis(dimethylamino)(2-ethoxyethyl)vinylsilane,

25  bis(diethylamino)methoxymethylvinylsilane,
bis(diethylamino)(2-methoxyethyDvinylsilane,
bis(diethylamino)ethoxymethylvinylsilane, and
bis(dimethylamino)(2-ethoxyethyl)vinylsilane; and

bis{cyclic amino)alkylvinylsilane compounds such as

30 bis(1-pyrrolidinyDmethylvinylsilane, bis(1-piperidinyDmethylvinylsilane,



Further, exanples of the silicon-containing vinyl compound include

bi s(trial kyl silypam nostyrenes such as 4-N,N-bigtrinethylsilyl)am nostyrene
and 3-N, N-bi s(trinethylsilyDam nostyrene; and 30 .

bi s(trial kyl si | yDami noal kyl styrenes suchgas 18

4-Dbi s(trimethylsilypam nonet hyl styrene,

3-bigtrinethylsilyDam nonet hyl styrene,

2142-bi s(trimethyl silyl)am noethylistyrene, and

3-[2-bis(trimethylsilypam noethylistyrene. 5The silicon-containing vinyl
compound i s kps@fém@thalwmémeﬁbﬁwwéwﬂw,by the formula (2), nore
preferably g.compagund, in which inthe.fornula (2) is 0, farther
preferably }1@%%dirpﬁ %ﬁd@ﬁome&%ﬁn%ﬂﬁﬂu%e’ia&d% he fornmula (2) are a

di al kyl am ng,;g(RMphofiRE) Rty RibYe pr ef erably a conpound in which one of
X, X2 and X3 in the formula (2) is an 10 al kyl group. A conpound
whi ch is particul &iampeebbaabinpounsdtihevisth tworni &n¥aand &§ avé ayl conpound
is bis(climethyl.an no)nmethylvinylsil.ane, - . :

bi s(dli et Ryl sHASG] HEEHR TSIO8I 29 ids TS SPUBGPARHBE TR | vi nyl si | ane,
or bi s(di - n- byl aineh B h eV S ANg, (PLALIAAd Lion, in a monomer uni
based on the conpound tepresent'ed by the formula (2), a group represented

byX2 and X3 may bédis(dinikylexyihogilyiyitipbegsiiyurssiuchizs or the like. In the
e e ST o ISR At 2y 10 Proverti e the
bis(dimethylamino)methyl-3-vinylphenylsilane, :

10  bis(diethylamino)methyl-4-vinylphenylsilane,
bis(diethylamino)methyl-3-vinylphenylsilane,
bis(di-n-propylamino)methyl-4-vinylphenylsilane,
bis(di-n-propylamino)methyl-3-vinylphenylsilane,
bis(di-n-butylamino)methyl-4-vinylphenylsilane,

15  bis(di-n-butylamino)methyl-3-vinylphenylsilane,
bis(dimethylamino)ethyl-4-vinylphenylsilane,
bis(dimethylamino)ethyl-3-vinylphenylsilane,
bis(diethylamino)ethyl-4-vinylphenylsilane,
bis(diethylamino)ethyl-3-vinylphenylsilane,

20  bis(di-n-propylamino)ethyl-4-vinylphenylsilane,
bis(di-n-propylamino)ethyl-3-vinylphenylsilane,
bis(di-n-butylamino)ethyl-4-vinylphenylsilane, and
bis(di-n-butylamino)ethyl-3-vinylphenylsilane.

Examples of a compound in which three of X1, X2 and X3 are a

25  substituted amino group and m is 0, of the silicon-containing vinyl

compounds represented by the formula (2), include:
tris(dialkylamino)vinylsilanes such as

tris(dimethylamino)vinylsilane, tris(diethylamino)vinylsilane,

tris(di-n-propylamino)vinylsilane, and tris(di-n-butylamino)vinylsilane.

30 Examples of a compound in which three of X1, X2 and X3 are a



20 preferably 0.01 % or nore, nore preferably 0.02 wt% or nore, and
further preferably 0.05 w% or nore per 100 wt % of the total anount of
nmononer conponents used in polynerization. In order to enhance econom cal
properties and to increase tensile strength.at break, the anount used is
preferably 20 wt% or less, nore preferably 2 wt% or |ess, and further 25
preferably 1 wt% or |ess. In the present invention, in order to
enhance tensile strength at-break, it is preferable that polynerization is
perfornmed using an aromatic vinyl conpound as_a nononer conponent, in

addi tion to #Westdsdgairugiverrndsmsound tlansilichr cenigiaimg-8onk ai ni ng vi nyl

conpound. Exanples of 30 th onat i.c_vinylL, cO und i nclude styrene,

a- net hyl st yr €8Pt ePS‘?Sl?é’ﬁ%C?Byf ei;cirﬁi}flﬁa(ghlﬁ(gﬁgﬁ'e, di vi nyl benzene,

trivinylbenzene, apg(ghWiylyhianbt BlsitdvbshRheabl y styrene. The anmount
| :

b
of the aromatic vinyl conmpound used is O wt % or nore (the anount of the

conj ugat ed dirés{dimethybamiha)skevinyiphicd@lsitedteor | ess), 5 preferably 10 wt % or
more (the anpunt. of .the conjugat di ene conpound used is 90 wm % or |ess),
and nor eq":br g%é&&ﬁ?ﬁz/t g%“ﬁ_cﬁ%ﬁ?&%ﬁ%ﬁ’é’@ment of the conjugated diene
conpound is ﬁ?s(\ﬂe%hﬂ%nﬁiﬁ%}sXaﬁﬂﬁ?h&ﬁﬁsm%Of the total anount of the

d and ’

conj ugat ed di ene conpoun ~the aromatic vinyl conpound. Further, in
order to enhtms(didthglantinst 3sanylphepybilenti es, the content of the 10

aromatic vinyl. cgonmpound is pyefer y 50wt % or |l ess (the content of the
conj ugat ed d%/ré‘?@r&ﬁ?ﬁl%&ﬁﬂ“ing{'éﬁ’% pyisdpes, and more preferably 45 wt % or
| ess (the coptgani- QNj- LenRa.genmpound is 55 wt%or nore). In

t he present %%en?ﬁ%ﬁ?%’?ﬁlﬁg} g?@#@ggf@% ﬁat’ pol ynmeri zation is performed in
a sol utith utris(di-a-thutg=acaohdrviagipheaglsilane, adde hydrocarbon 15 is a

conpound that ,dges .not_inactivate nge ol ynerization initiator of the
formul a (1), asidl8aHplagsinelidresynhgayisdléng) i phati c hydrocar bons, aromatic

hydr ocar bons, and kYL NGRS ERMRE Shaols Al Aty

hydr ocar bon i nclu pane, n tane, 1so-bufane, n-pentane, 1Sso-pentane,
n- hexane, n-epha@gegupaaed i 302, afehe EXroplceatahiddreingt evmpowndy dr ocar bon 20

i ncl ude benzene, toluyene, xyleng, and ethyl benzene. Exanples of the
alicyclic hyﬁ%@%%éﬁbyﬁéﬁéﬂlén‘é%qid@ﬁ]ﬂ’é]ﬁe and cycl ohexane. The hydrocar bon

sol vent gy be a mxhill&~0fyKALLOUSIHOIPARSRIRSY Y18 ane,

triethoxyvinylsilane, and tripropoxyvinylsilane; dialkoxyalkylvinylsilanes
such as methyldimethoxyvinylsilane and methyldiethoxyvinylsilane;
dialkoxyarylvinylsilanes such as di(tert-pentoxy)phenylvinylsilane and
di(tert-butoxy)phenylvinylsﬂane; monoalkoxydialkylvinylsilanes such as

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

25  tris(B-methoxyethoxy)vinylsilane.

Further, examples of the silicon-containing vinyl compound include
bis(trialkylsilyDaminostyrenes such as
4-N,N-bis(trimethylsilyl)aminostyrene and
3-N,N-bis(trimethylsilyl)aminostyrene; and

30  bis(rialkylsilyl)aminoalkylstyrenes such as



i ndustrial hexane. It is preferably a hydrocarbon having 2 to 12 carbon
atons. 25The pol yneri zation reaction may be perforned in the presence of an
agent for adjusting the vinyl bonding amount in a conjugated diene unit, or
an agent for adjusting distribution of a&onjugated diene unit and a
nmonomer unit based on a nononer other than conjugated diene in a conjugated
di ene-based pol ymer chain (hereinafter, collectively referred to as

"adj usting 30 agent"). Exanples of the agent include ether conpounds,
tertiary amne_ 20 conmpounds, and phosphi ne conmpounds Exanpl es of the ether
conpound i nciibdetgperhdsidyhaminorpethyigyranes ahydt of uran, tetrahydropyran,

and 1, 4-di oxane, . ali phaticymnoet hers such as diethyl ether and di butyl
et her; ali phgﬁl%(maf%m%%g%ﬁm%e@[y%W]é%’ gl ycol dinmethyl ether, ethylene

glycol 5 di etmwbi@(tﬂaﬁrethﬁbﬂylb@ﬁgl@ltuﬂ%tg@&mﬁaﬁa ether, diethylene glycol
di ethyl ether, and diethylene glycol dibutyl ether; and aromatic ethers
such as di phaigibigttimethilgilphiwoietExdstyrene.of the tertiary am ne conpound
include triethylanne,..trip ropylam.ne, tributyl am pe

NN N, NG et ranet pRetH P HERARSe K] SR B SR 259PR e and 10
qui noli ne. Exaimit&sc@byithe fwlﬁﬁﬁfﬂf]&ﬂemﬁfé_ PR LIS e oth A TR WP ROSPNI ne,
tri et hyl phosphi ne, and tri phenyl phosphi ne. One or nore kinds of them are
used. thenformelpfDsen; fimbenpraderablhe cpuippmmdiiz athion twvniof Kat 8% may be

supplied to a y i zati aon reactor,. hefore the nononer conponents are 15
subpl i od to £ %eEazhs AR GERR Qs RSy D DR LR or ray be

supplied to phAgG.RMY TRbHERULANN WRREh Qhe R ivEr ij Qﬁd‘?@ﬁh%h@{ﬂ%‘&la@) [opemer

conponents used i n polynerization are supplied to the polynerization
reactor,1r alkylgodymerization initiator nmay be supplied to the

o YT Zat o 1S AL B PR EATPENARL e L0 20,
ol yrier i zat  gih: phrkipBhAY B4 BeHPRbAiRH) AL RGBSy RlaGE! | Nuous! y to the
pol ymeri zati on reactor.
bis(diethylamino)methylvinylsilane, bis(di-n-propylamino)methylvinylsilane,
or bis(di-n-butylamino)methylvinylsilane.

15 In addition, in a monomer unit based on the compound represented
by the formula (2), a group represented by X!, X2 and X3 may be a hydroxyl
group through hydrolysis or the like.

In the present invention, in order to enhance fuel cost saving
properties, the amount of the silicon-containing vinyl compound used is

20 preferably 0.01 wt% or more, more preferably 0.02 wt% or more, and further
preferably 0.05 wt% or more per 100 wt% of the total amount of monomer
components used in polymerization. In order to enhance economical
properties and to increase tensile strength at break, the amount used is
preferably 20 wt% or less, more preferably 2 wt% or less, and further

25  preferably 1 wt% or less.

In the present invention, in order to enhance tensile strength at
break, it 1s preferable that polymerization is performed using an aromatic
vinyl compound as a monomer component, in addition to the conjugated

diene compound and the silicon-containing vinyl compound. Examples of

30  the aromatic vinyl compound include styrene, a-methylstyrene, vinyltoluene, _



In the present invention, the polymer conponents may be supplied at once,

or continuously, or intermttently to the polynerization reactor. 25

Furt her, respective nononmers may be supplied separately, or sinmultaneously
to the polyneri-zation reactor. Theg pol yneri zation tenperature in the
present invention is usually 25C to 100C, preferably 35C to 90C, and
further preferably 50C to 80C. The polynerization tinme is usually 10
mnutes to 5 hours. 30In the process for producing a conjugated di ene-based
pol ymer of the 21 present _invention, a conpound containing a nitrogen atom
and/ or a si | VepRnapidRalae, Beipehensenastriyinnibengeng canchdivarylaapbihaiene,

produced by L i Pref erabl e exanpl es of the conpound cont ai ni ng
a nitrogen a?g%%ggg?l%ﬁ%rsgﬁegﬁ i con atom include conpounds containing a

ni trogen atom and Bhéamdeny bf ghdsibmatic vinyl ch@pbhied G6SP A +HOM RAbRé Ng @
nitrogen atom and a carbonyl group, a conpound represented by the follow ng

formuia (3) (themmasentalfithe cRameRtERI@Ne-corpRandRBed 3y KOO wibe ¢mises)ei n, R31
and R32 y be bonde or, R31 and..R34 nmy. be,.bonded .represents a

nydr ocar By BTUGTRAP ISt P 0 G AmOuss ol e ot S8R eh Ra2 to
represent a Qs co0 RY%eiIge ) Ol ORirk PRt ¥bIfaM Wik cRSnérelBhEeEMtahOBT @
nitrogen atom and/ or an oxygen atom or is bonded with R34 to represent a

di val ent gr otle crxgRgatedrdienn campotiyd ko8RRI omglestippapt Gbwald of the titati ng a
l,ene gr

subst [ ent o 13 PARSES L PRl 1 o Leptesent 8 idtocst iyl ne prowe
and R34 repr g9t & dMEF 85 8RB hccdfiRY BoRkv ARAN o e ARE B BortHREES fHéeNt, or
a hydrogen atom or is bonded with R31 to represent a divalent group. R33
represenit® aadimatieninygrcompouadds krefepatds &ttwtio ovlest. (Jheo@imenthef ther mul a
(3), the hyd{:gl(l:j%rgg%ld BEnes gor?lgglilgg ?.Sl %8 whc%/!){] gm%e), and more preferably 45 wt%
' or less (the content of the conjugated diene compound is 55 wt% or more).
In the present invention, it is preferable that polymerization is
performed in a solution using a hydrocarbon as a solvent. The hydrocarbon
15 is a compound that does not inactivate the polymerization initiator of the
formula (1), and examples thereof include aliphatic hydrocarbons, aromatic
hydrocarbons, and alicyclic hydrocarbons. Examples of the aliphatic
hydrocarbon include propane, n-butane, iso-butane, n-pentane, iso-pentane,
n-hexane, n-heptane, and n-octane. KExamples of the aromatic hydrocarbon
20 include benzene, toluene, xylene, and ethylbenzene. Examples of the
alicyclic hydrocarbon include cyclopentane and cyclohexane, The
hydrocarbon solvent may be a mixture of various components such as
industrial hexane. It is preferably a hydrocarbon having 2 to 12 carbon
atoms.
25 The polymerization reaction may be performed in the presence of an
agent for adjusting the vinyl bonding amount in a conjugated diene unit, or
_an agent for adjusting distribution of a conjugated diene unit and a monomer
unit based on a monomer other than conjugated diene in a conjugated

diene-based polymer chain (hereinafter, collectively referred to as “adjusting

30 agent’). Examples of the agent include ether compounds, tertiary amine



substituent in R31, R32 and R34 is a hydrocarbyl group or a substituted
hydr ocar byl -group. Exanpl es of the substituted hydrocarbyl group include a
substituted hydrocarbyl group in which the substituent is a hydrocarbyl oxy
group, and a substituted hydrocarbyl gro2p in which the substituent is a 25
substituted am no group. Exanples of the hydrocarbyl group include alkyl
groups such as a nethyl group, an ethyl group, a n-propyl group, an

i sopropyl group, and a n-butyl group; al kenyl groups such as a vinyl group,
22 an allyl group, and an .isopropenyl group;. and _aryl groups such as a
phenyl gr oupCERBAPNES aérdnhpépgmqmmwswgrww@ @ecﬁfbex epTaPPERd t he

substi t uent ;fclgdé.'g 1f%%%£$% s%% %iﬂ%&)ﬂﬁ&ﬂgg n,gtl grﬁ)%’?'ﬁ d%%?%gr QNS such as a

met hoxynet hy rou an’e P, ’rfillli1 group. 5

Exanpl es of llhiedﬁubtbﬁéIdliﬂ}ﬁdmhﬁdﬁ@&ﬁéﬁ/éu@r@l@xet}@l\@ﬂh@ﬂﬂaﬁ@aﬁﬁﬂ?ﬁéﬂh@yﬁnt is a
substituted am no groug |ncI ude (N, N-di al kyl am no) al ky roups such as a

24N, N- di rret hglinhatie eathors gichuas et&ytan(el\glwmdemﬁphsémth@) et eneggb'upl a

(N N i a1 Ry éﬁ%ﬁ‘g?%%%°e§¥%ﬁ%é%iﬁdeﬁ§§ut§1 TeRAe R SRR B
group, a 3 (B&l&"d@é !léﬁé'% dei)il@@@'l‘)éth&'ﬁ aﬁe,araménwﬂ%x@s%t«:ﬁﬂ apbR&Iphenyl
group, and a 3-(N, N-di ethyl am no) phenyl group; (N, N-di al kyl am no) al kyl aryl

groups such ashex amd\ams@heneﬁkynmhmﬁ thet ﬂ@y‘tlﬁhemlm&gmmpmmthnalude

442- (N, N—d| t.h m hen C. cI|c am no group-containing 15
al kyl groups"s %%Wfil ’é‘ggfl?ﬁ%ﬁ f\{%ll ﬁﬁbﬁs €group, a

3- (1-pi peri dl\ﬂNmTEIPVétragﬁ@Hﬂrlet%Werﬁsd%a&ké mlraaféltwmaﬂﬁ{byb Gl ary Cl 1 C
am no group-containing aryl "groups such as a 4-(1-pyrroli d| nyDphenyl group,

a 4(1-piperi Qumll)qeheﬂzdangﬂempftk@r;da@phmemmm mc)tpieenyl group; and

i ' - t I 20
2/ To. (1 pyr r BEG Ry BB Ppr g ugphod 33 ReRyBheSpse: Apeicgheny!
group, and apdlibldd 51 daaphyPeidw! i phenyl group. In the fornul a

(3), the hydrocarbylene group optionally haying, as a hetero atom a
ni trogen atom and/brﬂwpmxg@emvanann fioy pegmvyizhtindiingiasbr BBy land R32, is a

hydr ocar byl ene gro hetero at om cantai ning 25 hydrocar byl ene group in
whi ch t he’ hePERIIEH B pelim %rﬂ%%taabwaaf%ﬁ?%ﬁW/f@ﬁgraﬂnw LEIRPRHALS BXANDl es of

the hetefp alQmeaniAHy Irég.cﬂbfﬁiE‘Q&&BPYJH‘%nggg%&ﬂd%ld’iﬁn(fﬂawi%gftogrO atomis

a nitrogen atom and/ or an oxygen atom i nclude a hetero atom contai ning
hydr ocar byl emepmglialt ihe pdiimerizhtiohetactor aftemths whobd smogean chmomard a

het ero at om cont ai nin hydr oc rb Iene rou ich ,the hetero atomis
an oxygen at PP ¢l ok DpRade; glﬂlﬁﬁ} v%@w&mﬁ@%%nm kyl ene

groups such as @ b @Eé Pyl a0 t&}ﬁplmﬁaéo%egm&gxgﬁp@d%% a

pent anet hyl ene group, a héxanet hyl ene group,” an
2,2, 4-tri met hylyneorazeaich adioplafgproupartarfdnangthenempagss ssed ias a

1, 4- phen% ens l%rnz(t)eur?zatg)xnaarel Seuspp?f dttgethg %to'fﬁrﬁeﬁﬁé)tﬁxf ?enafc? n I‘11‘%8
polymerization initiator may be supplied at once or continuously to the
polymerization reactor.

In the present invention, the polymer components may be supplied at
once, or continuously, or intermittently to the polymerization reactor.
25  Further, respective monomers may be supplied separately, or simultaneously
to the polymerization reactor. |
The polymerization temperature in the present invention is usually
25°C to 100°C, preferably 35°C to 90°C, and further preferably 50°C to 80°C.

The polymerization time is usually 10 minutes to 5 hours.

30 , In the process for producing a conjugated diene-based polymer of the



5 hydrocar byl ene group in which the hetero atomis a nitrogen atom i ncl ude
a group represented by -CH=N-CH=CH and a group represented by

- CH=N- CH2- CH2- . Exanpl es of the hetero at om contai ni ng hyt hocar byl ene group
in which the hetero atomis an oxygen ateminclude a group represented by
-(CH2)s-O(CH2)t- (s and t are an integer of 1 or nore). 10 In the formula
(3), exanples of the divalent group fornmed by bonding of R31 and R34, and
the divalent group of 1133 include a hydrocarbyl ene group, a hetero

at om cont ai ni ng hydrocarbyl ene group in which the hetero atomis a nitrogen
atom a het ep@satvomweaiioal aicogpoydd@ontdiyirene ngrogmn afvmwhndfor bhelitmt er o
atomis an oxygen atom a group in which Eydr car byl ene oup and 15 an
oxygen at om &0& ByHdRTeasher Wiy ¥ pciRe GRd ohapo ?%@W?‘EL}% group and a
gr oup represgggg%r ticNR- (R35 represents a hydrocarbyl group or a hydrogen
aton) are bo ) anpl es of the hydrocarbyl ene group include al kyl ene
groups such as a tPdefmiabld enemgleswd thacéeboand thrylatne gyl Nitfihged atom

pent anet hyl ene _group, a hexamet hyl ene group, and.a 20 . '

2, 2, 4- t r idret #iRE RERECon gom jnclydocpmpoprdssaptaking pguppocen aeaang a
1,4-pheny|eng Bﬁgp cEéanples of the hetero atom contai ni ng hydrocar byl ene
group in whi Eh 1t %ret fo atomis a nitrogen atominclude a group
represented by - CHeNtKdEfaibowidlcentgiraug o gipf@ganitesh &yd a ChENFL oG .
Exanpl es of the hetero atom containing hydrocarbylene 25 group in which the
het ero at om $XMBeHRA yREASERte YHdle faBowing bypwe )elg@ﬁ@%aagtsy-
-(CH2)8-0-(Cl112)t- (s and t are an integer of 1 or nore). Exanples of the
group in whi g¥la hydrocarbyl ene group and an oxygen atom are bonded i ncl ude
a group represéﬂte b¥3'(CH2)r'§i (r represents an integer of 1 or nore).
Exanpl es of thej@‘ i T 'hydrﬁihrbylene 30 group and a group

r epr esent ed %}é}z NR- (R3 rHapresents a hydrocarbyl group 24 or a nitrogen
atom) are bonded include g)group represented by -(CH2)p-NR35- (R35
represents a hydrocarbyl group haying 1 to 6 carbon atons, or a hydrogen

atom anth p (FRERELMS add ROLLGELbe Bonde®orMNadd RXanB) B8 bohdad Rk=af erabl e
conmpound represented by the formula (3) 5 include a conpound represented by

(3-A) in whirdprrséngs@ ydtorabyil granthgpiierabbhs viggsupmttthenalor ys haydety a
subst i t uent erithaRQyt%rr%gggse%tc %rﬂycﬁgclzar%y%n%?’éx‘%%bp‘ ti%%%ilgr h%ving, as a hetero
atom, a nitrogen atom and/or an oxygen atom, or is bonded with R34 to
represent a divalent group, R32 represents a hydrdcarbyl group optionally
15 having a substituent, or is bonded with R31 to represent a hydrocarbylene
group optionally having, as a hetero atom, a nitrogen atom and/or an oxygen
atom, and R34 represents a hydrocarbyl group optionally having a
substituent, or a hydrogen atom, or is bonded with R3! to represent a
divalent group. R33 represents a divalent group, and k represents 0 or 1.)
20 In the formula (3), the hydrocarbyl group optionally having a
substituent in R31, R32 and R34 is a hydrocarbyl group or a substituted
hydrocarbyl group. Examples of the substituted hydrocarbyl group include
a substituted hydrocarbyl group in which the substituent is a hydrocarbyloxy
group, and a substituted hydrocarbyl group in which the substituent is a
25 substituted amino group. Examples of the hydrocarbyl group include alkyl
groups such as a methyl group, an ethyl group, a n-propyl group, an
isopropyl group, and a n-butyl group; alkenyl groups such as a vinyl group,



(wherein, R31 and R32 may be bonded, R31 represents a hydrocarbyl group
optionally having a substituent, or is bonded with R32 to represent a 10
hydr ocar byl ene group optionally haying, as a hetero atom a nitrogen atom-
and/ or an oxygen atom R32 represents aohydrocarbyl group optionally having
a substituent, or is bonded with R31 to represent a hydrocarbyl ene group
optionally haying, as a hetero atom a nitrogen atom and/or an oxygen atom
and R34 represents a hydrocarbyl group optionally haying a substituent or a
15 hydrogen atom) In the fornula (3-A), description and

exenpl i fi catdroallglf giohe, bnydianawmypelgylcgrpup,mni)ﬂmllgyfohafyslmjl a spbenyt uent in

ot er 0 at omETAUA  ES4RI 6% OhARA FEPBH L SR ey GO By DO P aP Ry MBand g of
R31 and R32,. 361406 @%ﬂ%&? nzfdy}sgfoa?% Rgdaa mmeaﬂsﬁ%b@ﬁé Qunofs hhe

formula (3). 1l is prefer a hydrocar byl
group havi ngmdtHoxyh:thal @@npahﬂmhomemybmmd awnidtam maxy@ﬁhﬁzbgm@

hydr ocar byl ene group havin to_ 10 carhbon atons or
at om contai rfFRlES Ehe 598@%&@@ @MérQ?&W}ar@TQu?énT@J@é?%ﬁ“%tﬁﬁﬁnf K %hi ch

the hetero ast@';pltaffgi Carxgogf%ﬂp%ﬁdetdgm ﬁ?aﬂai[k%mifo) ay| gfangvs@ﬂ A k!

group havi ng ons or ah ar group to 10 carbon
atoms, or is2- bNm@@thﬂaﬂiﬂo)emﬁlcgrnuﬁm ai(NyNeheﬂgﬂmmck)amymgmm @ 10

car bon at ons, roup represented by 25 - or .a grou

repr esent ed 9 awprmﬂwgumq%ﬁ%&g‘%wlﬁnaﬁww IQlgroup
having 1 to car t I referably a nethyl group or
an et hyl gro%FSupIﬁQ%%l%QQW a (%YQ?{%%I“?ES‘ éragferabl y a hydrocarbyl group
having Lb t@(N(NQﬁmlaﬂﬁylahﬁﬁa)ph@ﬁyl Srdp N e S(NyN- anﬁ&hyﬁa:mfrmim@yl group,

hydr ocar byl en havi ng to 10 carbon_atons or. a_hete

at om cont ai 29(?\591 le*élasrlmle@ehgnbk@mmvm@ agd-{, I\idlﬁaﬁ’]ﬁ%wné’?@rﬁéwll n whi ch

the hetero atom i it en. a ferably an al kyl group
having 1 to 0" 83@%@%9 ﬁ%n%ﬁnoaqﬁ]‘éla% ngﬁgl\l/?‘%gl 6 to 10 carbon atons,

or is bondeds\NtN- dﬁlgtﬁﬁamﬁa)@éthg&)}ﬁjnlﬂ'gﬁﬂ@ ghddp having 3 to 10 carbon

atons, a group represent ed by -CH=N-CH=CH-, or a group represented by
- CHEN- CH2- CHE{2-(Rg- dlmethwlamno)@tbylévww gEORR I gle @mem)gw PR tEIRIPE6

car bon 2.1s part i cul f group or an ethyl

gr oup. Ia]:;’ot h%lkgifgmﬂpe?% &S’a%i%yg Og}dg?@?%%opgl g&h dfocar byl group or a 15
hydrogen at oga(1 5 &iBnheheFai Yerduh i OF 8F(DYmiga £31pD) prvpiyd grdud @ydlif car bon
atons or a hydrogen atomy further preferably an al kyl group having 1 to 6

carbon at omamnam@g@ﬁlmnemylamupaﬁﬂﬂe &b ar4-{1 pyepadabiiphensy 8rdten
atom a net h r Ougﬁgmygﬂﬂ{étﬁg [ Ou%d aEﬁ %Wm?&azoﬁyﬁphe%%%%&gp, a@ldvm' ch R34

is a hydroca
cyclic amino group-containing alkylaryl groups such as a

20  4-[2-(1-pyrrolidinylethyllphenyl group, a 4-[2-(1-piperidinyl)ethyllphenyl

group, and a 4-[2-(1-imidazolyDethyllphenyl group.
In the formula (8), the hydrocarbylene group optionally having, as a

hetero atom, a nitrogen atom and/or an oxygen atom, formed by bonding of
R3! and R32, is a hydrocarbylene group or a hetero atom-containing

25  hydrocarbylene group in which the hetero atom is a nitrogen atom and/or an
oxygen atom. Examples of the hetero atom-containing hydrocarbylene
group in which the hetero atom is a nitrogen atom and/or an oxygen atom
include a hetero atom-containing hydrocarbylene group in which the hetero
atom is a nitrogen atom and a hetero atom-containing hydrocarbylene group

30 in which the hetero atom is an oxygen atom. Examples of the



20 conpounds represented by the formula (3-A), include

N, N- di hydr ocar byl acet am des such as N, N-di net hyl acet am de,

N, N- di et hyl acet am de, and N-met hyl - N- et hyl acet am de;

N, N- di hydr ocar byl acryl am des such as N d@gret hyl acryl am de,

N, N-di et hyl acryl am de, and N-nethyl-N-ethyl acryl am de; and 25

N, N- di hydr ocar byl net hacryl am des such as N, N-di net hyl net hacryl am de,

N, N- di et hyl net hacryl am de, and N net hyl - N-et hyl met hacryl am de.

Exanpl es of a conpound in which R34 is a hydrogen atom of the conpounds

repr esent ed lgdroberbybimeugraup 3ndndeiatkylade groupsdivsh dsor brpgt b depagtads such
f.or mam de, .a

as N, N-di nethyl forngani.de, 30 N, N-di et hy| , d
N et hyl - N ot S RBR BRI gouss a bentamefhyint SLouh s PeAmePRiing €8HRound

represented IHAC SR -B) in
whron K 1o 0o R e A e PR omas(a

EIC( 3- B) R32bﬁ4_(1ybtee1|ybém, giea. r Epnegded of thelyaddrucaioby torradupgopt i onal |y

G oUp and & BY BRI TESEIEd Ay o RRbE SRETBGHEBS AT IO IR BB S
group, wher egj tsra _Qear npgen atom A
nitrogen ato P%F%%R@Wségg}}gg I'S b%%ggr\%&?ﬁ@%re%%@%gn&gtom of C=0.)
10l n t he for@HaN(CGHBCHeXpEaaatplenofhe hetenphtiobi-catthomngfhyadrénsgbpleaeby |
group optionally _havi.ng a substituent of R32 are the sanme as those stated
in expl anat | S9UdfinRbichghmbleseroRton 1§ ahextesrAiPE Pslusie 2 81l es of the

Py dr ocar by SN aa b (B, 5L UHD. AL AU P HREESHAN Bombrdy! | TEL N1 ene
10 In the formula (3), examples of the divalent group formed by bonding

of R3! and R34, and the divalent group of R include a hydrocarbylene group,
a hetero atom-containing hydrocarbylene group in which the hetero atom is a
nitrogen atom, a hetero atom-containing hydrocarbylene group in which the
hetero atom is an oxygen atom, a group in which a hydrocarbylene group and

15  an oxygen atom are bonded, and a group in which a hydrocarbylene group
and a group represented by -NR35- (R35 represents a hydrocarbyl group or a
hydrogen atom) are bonded. Examples of the hydrocarbylene group include
alkylene groups such as a trimethylene group, a tetramethylene group, a
pentamef’hylene group, a hexamethylene group, and a

20  2,2,4-trimethylhexane-1,6-diyl group; and arylene groups such as a
1,4-phenylene group. Examples of the hetero atom-containing
hydrocarbylene group in which the hetero atom is a nitrogen atom include a
group represented by -CH=N-CH=CH- and a group represented by
-CH=N-CHs-CHs-. Examples of the hetero atom-containing hydrocarbylene

25  group in which the hetero atom is an oxygen atom include a group
represented by -(CH2)s-O-(CHg)t- (s and t are an integer of 1 or more).
Exa_mples of the group in which a hydrocarbylene group and an oxygen atom
are bonded include a group represented by -(CHa)-O- (r represents an

integer of 1 or more). Examples of the group in which a hydrocarbylene

30 group and a group represented by -NR?5- (R35 represents a hydrocarbyl group



15 group, a pentanethyl ene group, a hexanethyl ene group, and a
2,2,4-trimethyl hexane-1, 6-diyl group; and aryl ene groups such as a

1, 4- phenyl.ene group. Exanples of the group in which a hydrocarbyl ene group
and a group represented by -NR 35- (R35 ggpresents a hydrocarbyl group or a
hydrogen atom are bonded in R36 include a group represented by 20
-(CH2) p- NR35- (R35 represents a hydrocarbyl group or a hydrogen atom and p
represents an integer of 1 or nore). In the formula (3-B), R32 is
preferably a hydrocarbyl group having 1 to 10 carbon atons, nore preferably
an al kyl gr oowpa mdtrbgen dtcno) 4@ weardednndudam grouameprepbntpddup (& YR85t o 10

carbon atons,_further preferably an 25 al kyl groyp having 1 to 6 carbon
atoms or a p%aﬁﬁpifts%fﬁ,a%&élché{hygrgwuﬁ) éf’@'gagfj‘i/gﬁa%&“h%%ﬂ%ﬁ 8tp, an ethyl
group, or a Loup - Lsypreferably a
hydrocarbyleﬁg&g%%ﬁ%jﬁQVﬁﬁg%]%$%Tk?%g%%q%%%%g§fé?%%%#é%r a group in which a

hydr ocar byl ene gr oipahpleisid alpreferablecanharural mpsesentedby the formedad8ent ed by

-NR- (1136 represents a hydrocarbyl gro &’uavi o to 10 carbon atonms or a
hydr ogen &t o?ﬁdladﬁaaﬁ@ﬁéé’d{ldm@sﬁﬂ@ﬂg?ya@ Hhv, Qky]]‘é%@ blhaving 3 to 6

car bon atons, or, r r - by, - - §@§§ r sents a
hydr ocar byl By%rt?%aﬁbggéggliofﬁgﬁ%%gggglg% %?‘g%ﬁhgﬁgg%gﬁl pre%éln%ghgn i nt eger
of 2 to 5), and further preferably a trinmethyl ene group, a tetranethyl ene
group, a pentaget hyl ene group, or a group represented by -(CH2)2-N(C113)-.
Exanpl es of a cogpou __Lﬁﬁwhich ﬁ%ﬁ_is a hydrocar byl ene group, of 10 the
conpounds represent e byt he for( Iz; (3-B), include

N- hydr ocar bylR ¥ pr opi Iol actanms such as N-nethyl - P- propi ol act am and
N—phenyl-P—propioIacfhnl N- hydr ocar byl1- 2- pyrrol i dones such as

N- net hyl - 2-pyrrol i done, N-vinyl-2-pyrrolidone, N-phenyl-2-pyrrolidone,
Nt ert - but yl tebhepein R dodeR32amay ke henAgd.- B reprapents @éﬁﬁmqaabﬁﬂ@roms

N s oY Bt RaRE bR e R yRRs S TE b e e WP RE MG rosent o
N-hydr ocgg by}w&rd‘cﬁ%ﬂbﬁ&ﬁ?&ﬁ) Si6dnAE RhviBENNY 2 3re6aRI@bAS batiagen atom

N- phenyl - s- capr ol act am hydrocar byl -o-1 auril ol act ans such_ as )
N- net hyl - col andioreinactygem anemNRE repiressats adnidretagby bgrouphwtivsapg iying 20

preferably a,comRaHIsh:! O Wl Hhe30ith oo BLAYLENC, BfRHRMMLAG i ©
optionally having, as a hetero atom, a nitrogen atom and/or an oxygen atom,
and R3¢ represents a hydrocarbyl group optionally having a substituent or a

15 hydrogen atom.)

In the formula (3-A), description and exemplification of the
hydrocarbyl group optionally having a substituent in R3%, R32 and R#¢, and |
the hydrocarbylene group optionally haVing, as a hetero atom, a nitrogen
atom and/or an oxygen atom, formed by bonding of R3! and R32, are the same

20  as those stated in the description of the formula (3).

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

25 atom. R3lis more preferably an alkyl group having 1 to 10 carbon atoms or
an aryl group having 6 to 10 carbon atoms, or is bonded with R?32 to form an

alkylene group having 3 to 10 carbon atoms, a group represented by



carbon atons and R32 is an al kyl group having 1 to 6 carbon atons or a
phenyl group, nore preferably a conpound in which R36 is a trinethylene
group, a tetranethylene group, or a pentanethylene group, and R32 is a '
met hyl group, an ethyl group, or a phenyls group, and further preferably 25
N- phenyl - 2- pyrrol i done, or N-nethyl-s-caprol actam Exanpl es of a
conpound in which R36 is a group in which a hydrocarbyl ene group and a
group represented by -NR- (R32 is a hydrocarbyl group or a hydrogen atomn
are bonded, of the conpounds represented by the formula 3m31% |ncI ude 30
1, 3-di hydr ocﬂ]fbyN—QHn:@EﬁamDMgﬂmupmeMEdéosr CEB=I\1 C}& CHdi Fys
2|mdazoI|d|none - die | - -|md

1, 3-di vi ny1- lerﬁlﬁﬁrﬁffﬂrﬁél & Y $gOYR H@Y’rﬂgl é IlZatioi‘{’isda?o][ ¥di none. The

conmpound i s oup represented by
- (CH2) p- N%Sgglﬁﬁgﬂft%gfﬁ%%%ﬁgﬁﬂ& ou%gﬁ;&é%ﬁ%ﬁl&togﬁlo carbon atons, and
p 5 represents an Indhedefmala G-AR BB} isapfbeﬁZJIyal:@rdraialrWI groopmhavangig 1 to
6 carbon atonms or a phenyl group, nor e, efer d in which R36
is a group r@pl(és@moécﬁtﬁgﬂs pras-bopyded N %yﬁ%o Wg?ﬁ‘f/gr(@ﬁbup or an

E;g?/rial ggogf,]&agﬁ%é \E gfca%oﬁ;agéng rep}%%segé]?%gg%n%hﬁl ormu ﬂ}’g@%o i ncl ude

a conpound rgﬂﬁﬁﬁ]@iﬁ@@%ld&@ahhwma@aW1mlﬂae h&e@) atom\ihhclitriegess 1 and
R33 is a hydrocar bﬁl ene group. R31 N-R'-C- R34 {13 R31. 0 (wherein, R31 and
R32 may be batmed, RE3s m@]@rm@wblmamﬂwé@a@w agrguptoH %ﬁ%’am%ﬁow&\ﬂrng a

opt i onal Ty havRY SReba APl APsH o AR S GRe BeAde TN AR Rl ot om
R32 reprasenhkydedty FoRpIHWhg 8rt0UD @RHOR @%ﬂny dagmiupdrepresented by
-CH=N-CH=CH-, or a group represented by 'CH=N'CH2-CH2-. R32 i
- further preferably an alkyl group having 1 to 6 carbon atoms. R32is
particularly preferably a methyl group or an ethyl group.
In the formula (3-A), R34 is preferably a hydrocarbyl group or a
15  hydrogen atom, more preferably a hydrocarbyl group having 1 to 10 carbon
atoms or a hydrogen atom, further preferably an alkyl group having 1 to 6
carbon atoms or a hydrogen atom, and particularly preferably a hydrogen
atom, a methyl group or an ethyl group'.
Examples of a compound in which R34 is a hydrocarbyl group, of the
20 compounds represented by the formula (3-A), include
N,N-dihydrocarbylacetamides such as N,N-dimethylacetamide,
N,N-diethylacetamide, and N-methyl-N-ethylacetamide;
N,N-dihydrocarbylacrylamides such as N-dimethylacrylamide,
N, N-diethylacrylamide, and N-methyl-N-ethylacrylamide; and
25 N,N-dihydrocarbylmethacrylamides such as N,N-dimethylmethacrylamide,
N,N-diethylmethacrylamide, and N-methyl-N-ethylmethacrylamide.
Examples of a compound in which R3 is a hydrogen atom, of the
compounds represented by the formula (3-A), include
N,N-dihydrocarbylformamides such as N,N-dimethylformamide,
30 N,N-diethylformamide, and N-methyl-N-ethylformamide.



a substituent, or is bonded with R31 to represent a hydrocarbyl ene group
optionally having, as a hetero atom a nitrogen atom and/or an oxygen atom
R33 represents a hydrocarbyl ene group, and R34 represents a hydrocarbyl 20
group optionally having a substituent.) 9g In the formula (3-C, .
descr.iption and exenplification of the hydrocarbyl group optionally having
a substituent in R31, R32 and R34, the hydrocarbyl ene group optionally
having, as -a hetero atom a nitrogen atom and/or an oxygen atom forned by
bondi ng of R31 and R32, and the 25 hydrocarbyl ene group in R33 are the sane
as those stated |rEﬁaJne;ﬁd@sf:alppéﬁemblefcomlpeuhdmepdeae(l@)i byl thet foemiaba (Rl a
(3-C), R33 is preferably a_ hydrocarbyl ene..g vin 0 .car bon
atons, nore 1Bﬁ£¥d§r%%n9fp%ﬁlda¥WP%e%¥’Bd 3? VI‘L‘JI%E%{( (g@n‘igﬁ%’@rbo&}i@ﬁ's or an
aryl ene gr ouvg plafygl 1%ﬁ£ atoms further preferably an al kyl ene
gr oup haV|ng on at or Pa phenylene group, and particularly

preferably an eth g@e group, a trlnethylene group, 5 or a 1, 4-phenyl ene
group. formula (3-C), R34 is preferably a hydrocarbyl group

having 1 to 10 c atons, or @-B)bstltut ed hydrocarbyl group having 3 to
10 carbon atonENl—n—wh(jch the substl tuent is a dialLkylam no group, nore
preferably an &l kyl 8 having 1 to 6 carbon atons, an aryl group having
6 to 10 car bpﬁ 10 atom; a di al kyl am noal kyl group havi ng 3 to 6 carbon
atonms or a dial kyl am noaryl group having 8 to 10 carbon atons, and further

pref er abldy a(wherbiy, Rj? cenyesentsat byArogpibub grenrdeniicapliynhaibne elspbsghens.

h 3t bon_at t h to 6 b
Y e e o U e
atoms.. 15 | nregﬁl@sefrﬁéwk aNG3s-Qre H33ded Sord Bl &FRBEYYand ¥EbR; HRYEindRBUP

having 1 to carbon atons, or is bonded with R32 to form a hydr ocar byl ene
group havi ngrepresents adwidosarhybgmupcr ahyidtoges adpwm dopitrigenmgomn to

hydr ocar byl en p havi,n to rbon, at ons | h the hetero atom
is ani trogewﬁggbﬁ]% Prg d"p‘?bsf %ﬁlﬁvﬁﬁ LFALYPT SR mﬁg 1 to 10 carbon
atoms orygan aryl 29 @kayRnhBV(re), @xbmlﬂa(%lo@ﬁaxﬂpexéhﬁnﬁeatmn 52 bonded with
R32 to forman al kyl ene group having 3 to 10 carbon atons, a group

repr esent ed ]bydroc‘&thy-l @lﬂbi@l—l@ptlanajboh@‘fmgpx sdemittudnbyt RENLpRACEEE | or a

group represented 2 C er preferably an al kyI gr oup

having 1 to B¢&F dg 8??3 nﬁgmr(“s]féggi%fdnﬂ#at@p%z to forman al kyl ene group

having 3 to 6 car %rth%%oﬁhams ‘B) %&Qﬂﬁﬂé@@lfﬁfe%cﬁécéa% 1&@@%@%@&3& or a
ably

group represented by - CH=N 2-, and particularly prefer a et hyl
group or an aichyde glﬂsglq@,e gmupssmineled twing éthRBmet grofipy mt@trta@teﬂaﬁetlﬁyl ene

The. T or i a £ & HRsbete ISNERSRIR AR Doy SOFBVH hivi ng 1 30 o 10
carbon at omsg 90f. tflﬁle@ﬂﬂ%ﬁéaﬂ\é i 15- 31 chouf: Qi Ay ScaphxLengs ar oup
1,4-phenylene group. Examples of the group in which a hydrocarbylene
group and a group represented by -NR33- (R35 represents a hydrocarbyl group
or a hydrogen atom) are bonded in R36 iﬁclude a group represented by
20 -(CHg),"NR35- (R35 represents a hydrocarbyl group or a hydrogen atom, and p
represents an integer of 1 or more).

Iﬁ the formula (3-B), R32 is preferably a hydrocarbyl group having 1
to 10 carbon atoms, more preferably an alkyl group having 1 to 10 carbon
atorus or an aryl group having 6 to 10 carbon atoms, further preferably an

25 alkyl group having 1 to 6 carbon atoms or a phenyl group, particularly
preferably a methyl group, an efhyl group, or a phenyl group.

In the formula (3-B), R36 is preferably a hydrocarbylene group having



30 having 3 to 10 carbon atonms, or a hetero atom containi ng hydrocarbyl ene
group having 3 to 10 carbon atons in which the hetero atomis a nitrogen
atom nore preferably an al kyl group having 1 to 10 carbon atons or an aryl
group having 6 to 10 carbon atons, .or ig7bonded with R31 to form an

al kyl ene 5 group having 3 to 10 carbon atons, a group represented by

-CH =N-CH=CH-, a group represented by -CH=N-Cl--12-CH2-, or a group
represented by -(CH2)2-0-(CH2)2-, further preferably an- al kyl group having
1 to 6 carbon atonms, or is bonded with Rmto forman_al kyl ene group havi ng
3 to 6 carbontal®earboa agemepor @ gragem whichya hyslterpibsiane srogp havegr@dpo

ted 10 - CH=N- CH2- C112-, d j f bl t hyl
or bup_or  an U #Pon A6uBs S81 4 S bBHIRIESRREi B AR XBR R R R et nyl ene
gr oup, A NexpRbLEKhGNERHMRine11 @ M fioh 8B5:RS 8F bl dbeerChtohl CGhisCH

Exanpl es of & conpoin c 3 i1s an arylene group and R34 is an al kyl
group, of tHemedpmoenedpreferntdyantdiiylepetgreus brmixigad {86 Crybonrathdenrld

4- (N, N-di_hydr ocar byl am nao).ac e ch as

4 (NN it A N aE BeUp At N LNty Faats ApidiRsatby LB Bphenone
and 4- (N, N-di.el-hyliam anej 4= I j Acsiophen conpounds
such as 4'- ((:g%ggzlgigtll@?%a%%%%}%g’h%lﬁdo%g?ﬂk%ﬂﬁ% ét:l{rpglr??ga 4-cycl fgﬂgn‘i no 20
acet ophenonefuetigrquratbriablypr efimealylene anchpl s tetramdethyler- gridapet ophenone i s
nore preferable. Exanpl es of a conpound in iC is an aryl ene
group and R¥PHIMehylene e &uPTer g@ﬂ@&@@%@*&f@éﬂbw%ﬁ]&'gﬁgﬁdf the
conpounds represe r (35 i36)

bi s(di hydr ocar byl ?ﬁ%ﬁ%ﬁ@?ﬁg@ﬁ@ﬁ@dﬁﬁ“@h% ! #8§drocarbylene group, of

1, 7- bi s(1et hiHeadoytioaitide appresbapidinptiee fonthula (3-B), include

1, 3- bi s(di phenyl am no) - 2- propanone; 4- (di hydrocar byl am no) benzophenones
such as 4- N, NehdreearpyhRinreporsdprefogs as -N}?\fl-%éﬂ' fH??PW%%E‘e?ﬁ‘gphenone,

4-N, N-di -t - byt } ORE.; LN di i Robenzophenone; and
30 a4 b oAy AR PAREDRAERREP AT hyBRtatnlt MoFphagHL Sectoenz P
4, 4" - bi s(di nEtRytaNREHReNdend)eteney]- ZpdrolidshdiNphehald peyididoaphenone,
and 4, 4' - bi s(di phenyl am no) benzophengne. _Anong the a canpound in which
R31 and R32 Hrférﬁhuél@pywb@@%@«ﬁdrﬂ'rme&}wl'@'@ﬁwd' "BYWREIOM®BS s a
henyl e r nd ial kwl am nophenyl group 5
Payi g ot o ToRBBE I siBe R bRl A ReliRE) noPRenyl aroup
4- N, N-di met hyi-agyno 1emd, N4 Hnkt-digpéwillemd;nobenzophenone,

Ay N OHLPEORE) 4

4, 4" - bi s(di net hyl am no{_b_enzophenone, and 4, 4' - bi s(di et hyl am ng) benzophenone
are nore preNer¥doearbyl-s-caprolactams such as N-methyl-g-caprolactam and
N-phenyl-s-caprolactam; N-hydrocarbyl-w-laurilolactams such as
N-methyl-e-laurilolactam and N-vinyl-o-laurilolactam. The compound is
20 preferably a compound in which R3¢ is an alkylene group having 3 to 6
carbon atoms and R32 is an alkyl group having 1 to 6 carbon atoms or a
phenyl group, more preferably a compound in which R36 is a trimethylene
group, a tetramethylene group, or a pentamethylene group, and R321s a
methyl group, an ethyl group, or a phenyl group, and further preferably
25  N-phenyl-2-pyrrolidone, or N-methyl-e-caprolactam.
Examples of a compound in which R is a group in which a
hydrocarbylene group and a group represented by -NR35- (R35 is a
hydrocarby! group or a hydrogen atom) are bonded, of the compounds
represented by the formula (3-B), include

30  1,3-dihydrocarbyl-2-imidazolidinones such as



Exanpl es of a preferable conpound represented by the forrmula (3) 10 incl ude
a conpound represented by the followwing formula (3-D) in which k is 1 and
R33 is a group in which a hydrocarbyl ene group and an oxygen atom are .
bonded, or a group in which a hydrocarbylgene group and a group represented
by -NR- (R35 represents a hydrocarbyl group or a hydrogen atom are bonded.
R31 37 NR -A CGR34 (3-D) R31 15 (wherein, R31 and R32 may be bonded, R31
represents a hydrocarbyl group optionally haying a substituent, or is
bonded with R32 to represent a hydrocarbyl ene group optionally having, as a
het er o at om 1,3-dintethgjedrimidxmobididore, a18-dieylgdr2-anulazobd2onepr esent s a
hydrocar byl group optionally having 20 a substituent, or is bonded w th R31
to represent ﬂé%'ﬁwyé@éﬁﬁﬁﬁmlﬁpﬁﬁr&@phnéﬁgﬁgeﬁgﬁi #’n@f?ﬂ Oﬁdﬁé’tn@ro om a
nitrogen ato i BERONS, Zroipdlgrakhydeng aroup,
A represent S%ﬁ\ﬂ%é(@%gﬁﬂgf%%ﬂ@?a %Bbu@gn Evg)gr esents gf h};égiegcaeryl eﬂ% gr oup
or a hydr ogef{Cal,pANRaN(RRG4 o Bpdwseriyd gaolyy Havingrbtd 1@ cadpnegomenand p

havi ng a substituent.) 25In the fosrml a (3-13) escription f\nd

exenpl i f iTat fepvessnts ha iRjREcs OA2HY1D) gRé Y dher als |gy0%§ﬁﬁ3@1ga dstihent in
R31, R33 and 4. and,the hydro I b a
hetero atom? n?ﬁ ?#%88?1“3’ lal?b%%ggﬁ%eg?&ﬁ g)%%lg)ﬁhgta g%u}%%l?%{edﬁ%i/g gor?di ng
of R31 and Riireadifted e -6CHE 2K CHHSEné Rat Bth hethilegidep arigt éthyl gfodhe
formula (3). In the formula (3-D), A isE{greferably an oxygen atom
or a group repddesheenrdfgrablivl, 3 REBethyl L MidrerliiByPene group having 1 to 5
car bon Examples of a preferably compound represented by the formula (3)
10  include a compound represented by the following formula (3-C) in which k is

1 and R33 is a hydrocarbylene group.

R
N—RP—C—R*  (3-O)
R3? |

(wherein, R2! and R32 may be bonded, R3! represents a hydrocarbyl group
optionally having a substituent, or is bonded with R32 to represent a

15  hydrocarbylene group optionally having, as a hetero atom, a nitrogen atom
and/or an oxygen atom, R32 represents a hydrocarbyl group optionally having
a substituent, or is bonded with R3! to represent a hydrocarbylene group
optionally having, as a hetero atom, a nitrogen atom and/or an oxygen atom,
R332 represents a hydrocarbylene group, and R34 represents a hydrocarbyl

20  group optionally having a substituent.)

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

25  hydrocarbylene group in R3? are the same as those stated in the description
of the formula (3).
In the formula (3-C), B33 is preferably a hydrocarbylene group having



5 atons or a hydrogen aton), nore preferably an oxygen atomor a group
represented by -NH, and further preferably a group represented by -NH. In
the formula (3-D), exanples of the hydrocarbylene group in R37 include

al kyl ene groups such as a trimethyl ene gioup, a tetramethyl ene group, a
pent anet hyl ene group, a hexanet hyl ene group, and a 10 ' :
2,2,4-trinethyl hexane-1, 6-diyl group; arylene groups such as a

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

hydr ocar byl group having 1 to 10 carbon atons, nore preferably an al kenyl
group havi ngl 20 f16 carivar dtom s trore, préferablarampaldyéareidrpun heivinyd 1ge dGp or an

i sopropenyl group, and 15 particularly preferally vi nyl gr.oup. I n
the formil a (DB atpms orgnp%raﬁ%ﬂaﬂoypﬁlw géaaﬂfﬁg‘w S5 EDRRg 1 to 10
carbon atons f ] I on atons,
further pr ef%rr a a?/) lgﬁﬁéﬂ%}zipé% 5%&%@1}%%51%%% ieér#e@)toﬂﬁtg%g Oér%g%%yg%‘p

parti cul ar| ygprngf ahdlpaytisularlyngidiydabiyeagreohyden? @rourt, herfroetiylene Seolp, R34
is preferably a hydrocarbyl group having 1 to 10 carbon atons, or is bonded
with R32 &0 ?orhaPhoAYI8BREEMRNe group having 3 to 10 carbon atonms, or a

het ero at om cont ai itrh%.fQ}(]ﬂEPé: _@yl@gq g{,&gpam@éi%g,catrg?,ﬂgm%r%aflgtlons in

whi ch -the hetero atomi's a nitrogen at m nore preferably an al kyl “group

having 1 to 4010asknn AbMEB0PVS sabstatutkd Aydescaulylavip habidg3 1616 aatiom
atons, or is bonded with R32 to form an_al kyl ene group having,3 to 10

car bon at onsatomginihicheihecutstisaenyls actafk ipmanp gropng Ml Wefsraklmed by
- CH=N- CH2- CH2 - - 0- i
et e FEOHR LGRSt SR Bl Ay ISt | o,

preferably af roup-havi h

to forman abigthgnedalonpmhiayaligl Srdu® Kavagi3an 3Ehrbbe Bsoma ogaoup
represented by -CH=N-CH=CH-, or a group represented by_ 33 -CH=N- CH2- CH2-,
and parti cul ddlkylaminearstigyoup having 8 &r 40 savhonaomshghd dwgher peeferablzonded

Fepresent ed BRI Gty REE. AP RBIABIRETI R SRR R 20 € 27O

hydrocar byl g4:0i4R di8MisNg dlalkylamiteC@Fiosuptag ko beabisuidethnvd, tth R31 to
form a hydrocarbyl ene group Kavi ng 3 to 10 carbon atons, or a hetero

at om cont ai nPhenlyghovpaehy dialky premerhenylgrosp thevime 8 49 BOsaskGHELImRS.whi ch
e Ll om0l LEB0S0 OB RE Ak SR 10 1
bonded w th EBiotarfsRy Moals, at kyh&ied with R32 to form a hydrocarbylene group
having 3 to 10 carbon atoms, or a hetero atom-containing hydrocarbylene
group having 3 to 10 carbon atoms in which the hetero atom is a nitrogen
atom, more preferably an alkyl group having 1 to 10 carbon atoms or an aryl
20 group having 6 tor 10 carbon atoms, or is bonded with R32 to form an alkylene
group having 3 to 10 carbon atoms, a group represented by -CH=N-CH=CH-,
a group represented by -CH=N-CHz CHz-, or a group represented by
-(CHg)2-O-(CHo)z-, further preferably an alkyl group having 1 to 6 carbon
atoms, or is bonded with R32 to form an alkylene group having 3 to 6 carbon
25 atoms, a group represented by -CH=N-CH=CH-, or a group represented by
-CH=N-CHs-CHy-, and particularly preferably a methyl group or an ethyl
group, or is bonded with R32 to form a tetramethylene group, a
hexamethylene group, or a group represented by -CH=N-CH=CH-.
In the formula (3-C), R32 is preferably a hydrocarbyl group having 1

30 to 10 carbon atoms, or is bonded with R3! to form a hydrocarbylene group



10 group having 3 to 10 carbon atons, a group represented by -CH=N- CH=CH,
a group represented by -CH=N-CH2-CH2-, or a group represented by

-(CH2) 2-0-(CH2) 2-, further preferably an alkyl group having 1 to 6 carbon
atoms, or is bonded with R31 to form an g kyl ene group having 3 to 6 carbon
atons, a group represented by -CH=N-CH=CH, or a group represented by 15
-CH=N-CH2- CH2-, and particularly preferably a nethyl group or an ethyl
group, or is bonded with R31 to forma tetranethylene group, a

hexanet hyl ene group, or a group represented by - CH=N CH=CH- .

Exanpl es of kaviagmound tarbuhiattimd, érsa haterr ypgen -@nonnies hydmcatiybenands
represented by the fornula (3-D), include: . OZHAQE di hydr ocar byl am no) et hyl
acryl at es su%:WU@shW{lﬂﬁrFEtWaéihﬁ’%é}%%WWé’éﬁiﬁ ketgFpatorp i @ OHFPSEH no) et hy !

acrylate; 3-(dihy C ] [

3- (di net hyl a%@r?g)%é%pﬁ{e?%gﬁy %I?)gﬂyg% é‘ﬁﬁg}&%{o a?g%?grgngrno e%tﬁlflgls Oﬁe%%%]glyl ates
such as 2- (diwRipiydant Babaithdrbokbbaes Wrdt @oaded 2+{HdR&ttoyfbanianodlikytate 25
nmet hacryl ate; 3-(di hydrocar byl am no) propyl nethacryl ates such_as

3- (di et Ry agiton) ropg B teeOneeebon atems. s sxawP waRpsdher Ph -Whreh CR5GHan

oxygen atom a_conmpound i.n I chy R31+@n : having 1 to
6 carbon at ofE RS eﬁrgseélt\?ii%l @‘ﬁé‘j@% %gﬁs’izosl?pg%% n%k%gregg‘%ﬂ;gnd R37 is an
et hyl ene gr oypIDl.-0-(OHHE! fiytlenep@fadbly sn Bl graily baviaizdl o 6eafaund in 30

whi ch R31 and R32 are a nethyl group or an ethyl grou%, R34 is a vinyl
group, 34 aawuoR3Priisbended Wéthhfg?léﬁéogﬁmipﬁlﬂ%’lﬁmr%”obﬁ AEHELP &0 6 carbon

Exanpl f a d_in_whi - T NB. 5 |
yar bcar byl eRSTER BUOOP PAIRBSER Se B Ch e ot b i At reabRiedhy 2o’ by
the formy a (SHDN-CcHRtHgesnd®NatBodhbydseeanby ﬁméiﬁ?l hyQprHrsiges such

as N-(2-di net hyl am noet hynacryl am de and N-(2-di et hyl am noet hypacryl am de:
N- ( 3- di hydr ogeoupy bamd eolpyithdt yib dorirg estetupepethylene group, a

N- ( 3- di net hy] am nopr acrylam de and 10 TN (T (ST |

N (3-di et hyl ?ﬁ%ﬁﬁ?ﬁ%@ﬁ%ﬁaﬂ? BEIORR ERT SR A N TN Robiit y 0acr yi ani des
such as N-(4-di metfylaplQput dRasdutdem $BicRMRS is an arylene group and R34 is

N- (4-di et hyl am nobut yDacryl am de:

N ( 2- di hydr oearadkylagronpetfipbreetiraungs anprsentadchy the fpsmula (3-C), include

N (2-di hyl ami poet hyDnet hacr yl am de_and

N-(2- i okthy! 44 HOGEhY A aRAGR AP iopERones such as
(3-di hydrquwwﬁméﬁﬁfra%ﬂo)d@ﬁmﬁwh@,m des such as
3-di et hyl am nopr opyl ) net hacr}gdeém de and

(
(3-di et hyl driiNhopethpySnehiikonipozavetphe2@ne, and
(

N- ( 2: g: %? L;)ﬁg(hfﬁjotgg}flgsﬁgﬁégﬁgg%tgsg%{%geméﬂ%%h% %%n%%ceto;ﬁhenc)ne compounds
N-(4-di ethyl g Yo aRINACHYA ARb SIS ABON G b (YR hedn GOARPHRAanInvhi Ch A i's
a group reprggée}glggg %@Hﬁiy c%% an%gell?nBZ are an al kyl gr ogp h%lvi ng 1 to 6
carbon a2®nsaci3ghésore ednmydurgt Buprelarable, asdpt dpeidpkolgt-ylipcetaplienone is

more preferable.

N-
N-
N-
N-

Examples of a compound in which R33 is an arylene group and R34 is
an aryl group or a substituted aryl group, of the compounds represented by
the formula (3-C), include bis(dihydrocarbylaminoalkylketones such as

25  1,7-bis(methylethylamino)-4-heptanone and
1,3-bis(diphenylamino)-2-propanone; 4-(dihydrocarbylamino)benzophenones
such as 4-N,N-dimethylaminobenzophenone,
4-N,N-diethylaminobenzophenone, 4-N,N-di-t-butylaminobenzophenone,
and 4-N,N-diphenylaminobenzophenone; and

30  4,4-bis(dihydrocarbylamino)benzphenones such as



25 R37 is an ethylene group or a trinethylene group is preferable, and a
conpound in which Ais a group represented by -NH, R31 and R32 are a

met hyl group or a nethyl group, R34 is a vinyl group, and R37 is a
trinmethylene group is nmore preferable. gy In addition to those
descri bed above, preferable exanples of a 30 conpound containing a nitrogen
atom and/or a silicon atominclude a 35 conpound containing an al koxysilyl
group. - As the conmpound contai ni ng an al koxysilyl group, a conpound
containing a nitrogen atom and an al koxysilyl group is preferable, and

exanpl es of 4 hebGiipeuhdantiablbdezesounds,4-piafdstntenihybetwmphenbowi ng 5
formula (4). R42 R4l -0 -Si R43 ﬁb\ghﬂerei n, R44 and R45 may be bonded, R41
represent s -z drdobisldiphegylsapnofeenzapherons. r SpereHie HiIRBEMRDI gr oup
or a hydrocar r ,...R44 t gptional |y
havi ng a sub‘gg\flclt}]ﬁ%%taqbd?ﬁ% 6 atnr%]%%ggoc r%@‘ﬁgp?ﬁﬁoﬁ%@% agéﬁ?’gR bg%\élied W th
R45 to represeitylénd\¥Eas ahhyi e iea hedpl gptipwral dulbdvimgoplemyd gheter o
atom at |east one kind atom selected fromthe atom c group consisting of a
silicon & onpavngi& foobearhonmtemd ianrefRyaids aitbm R45 represents a

hydr ocar byl group.optional | y,hayi a_supst it . i rbyl silyl
group, or |sgﬁ\gﬁ@’§gﬁbﬁf%ﬂ%w Bzﬁggpgﬁ?’egzéﬁ@t %ﬁgﬁuﬁfc}rg%ég?%éﬁzgﬁg&goﬁgeﬂp
optional |y haui-pg(didsetByRetiebbeazopheritinel a8t one kind atom sel ected from
the atom c group consisting of a silicon atom a nitrogen atom and an

oxygen at om 4dhbis(dietpriasent/bearrpheneye eromore psesrablen the formula (4),

O oup. o & subst | LDy oGPl ROl oo il RYRELp P RL S afdigrar o'
exanpl esydf LHedWSE036RNA +85:R4enicAUMER RilkWinfRuRta 8T iasSviaichet fy!

group, an ethyl group, a n-propyl group, an isopropyl group, and a n-butyl
group; al ken¥langr®ps asrohp dis werich ayydgeearpylean sapuy |an§re@xmsygan@taw

' sopropenyl gr obPia Y ¥t 2 %St S S5t A%yArBREBYlend' 4R and a group
represented by -NR35- (R35 represents a hydrocarbyl group or a hydrogen

atom) are bonded.

R3!

4

N—R3¥-A—C—R*  (3-D)
R | |

15
(wherein, R3! and R32 may be.bonded, R31 represents a hydrocarbyl group
optionally having a substituent, or is bonded with R3? to represent a
hydrocarbylene group optionally having, as a hetero atom, a nitrogen atom
and/or an oxygen atom, R32 represents a hydrocarbyl group optionally having

20 a substituent, or is bonded with R3! to represent a hydrocarbylene group
optionally having, as a hetero atom, a nitrogen atom and/or an oxygen atom,
R37 represents a hydrocarbylene group, A represents an oxygen atom or
-NR35-, R35 represents a hydrocarbylene group or a hydrogen atom, and R34
represents a hydrocarbyl group optionally having a substituent.)

25 In the formula (3-D), description and exemplification of the
hydrocarby! group optionally having a substituent in R31, R3% and R34, and

the hydrocarbylene group optionally having, as a hetero atom, a nitrogen



25 and preferably an al kyl group, and nore preferably a nethyl or an ethyl
group. Exanples of the substituted hydrocarbyl group include oxacycl oal kyl
groups such as an oxiranyl group and a tetrahydrofuranyl 36 group, and
preferably a tetrahydrofuranyl group. 39 Her ei n, the oxacycl oal kyl
group represents a group in which CH2 on an alicycle of a cycloal kyl group
is replaced with an oxygen atom Exanples of the hydrocarbyl oxy group

i ncl ude al koxy groups such as 5 a nethoxy group, an ethoxy group, a

n- pr opoxy group, an i sopropoxy group, a n-butoxy group, a sec-butoxy group,
and a tert - batox yanglaruy oxpednartyng formpdbpbondial dR3haph iy are ghogprend a
benzyl oxy group, and preferab]y an alk roup, .and nore preferably a '
met hoxy group® 6#109&@%{)%%&5&{%&1?@%#?%%% BP‘ﬁﬁé:%t ri hydrocarbyl silyl group

i nclude a trimet hyy.sj > sl RIh iyl group, and
preferably a tri rreitlﬁ%/}lle}s@lopé/]l%l%E%g)g’.gwp&féﬁ%%yhgﬂtﬁ%%%%}:ar byptﬁeglrglrl%up
optional |l y hasirmegented by -DNRer Ratiomhydiodaelagbnogeoly havialgdmosttadioed from

the atom ¢ group consisting of silicon,atqm a nitrogen atom and an
oxygen atdm PEIES Y atydapesn %W@sgwapr%ﬁe@%wwygﬁe PR CoBHOMPNI ng

nydr ocar byl e pgy At aliRay WS @nh%rhl%&g&gfge@%waa Srfil deBSlenPOPLY -t om

sel ected from'thée atom’c group consis rcon atom a nitrogen

atom and an oxygenlmtteiorioxda s -8, ofarples bétler by dicoarisdadeagioupgn R37
hydr ocar byl ene group in which the hetero atomis at |east one kind atom
sel ected froimrdhde athonere giosmp seeh ap st rHgedylenasgroupe s tatrametByleneni t r ogen

atom and an gxygen. AlULIRELIAE B0 L1 L0 AL AT FAN! AlNpNg, Aydr ocar byl ene

group in whi ero atom i°s i'con atom t ero at om cont ai ni ng

hydrocar byl eRe, giewpethilhskib el itdrdielens aybme groapdsticlogen atom and a
het ero at om cont ai ni_ ng hydrocar byl ene group in which the hetero atomis an
oxygen atom lEkphemdsnefrawe hydrocar byl ene group 25 include al kyl ene

examst iyl an. or oufh Rnr gt 55 19 RiRs o RERSTE SRR T el hf%ing 1 cong

them an al ky} epeagsdptondy e referdbGadibelkealDpEodpshpviak ertald éarband a
pent amet hyl ene group or a hexanet hyl ene group i s particularly preferable.

Exanpl es of ehenhdustherarefarablytaymvhgroniieban Lipreprnyg esewp.3014 n whi ch t he
het ero aﬁgm ipgréc&ialr 'ycp%fear%gw Ei1 ercrlylfqg%ogp.gr oup represented by
In the formula (3-D), R37 is preferably a hydrocarbylene group having
1 to 10 carbon atoms, more preferably an alkylene group having 1 to 6 carbon
atoms, further preferably an ethylene group or a trimethylene group, and
particularly preferably a trimethylene group.

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

25  group having 6 to 10 carbon atoms, or is bonded with R32 to form an alkylene
group having 3 to 10 carbon atoms, a group represented by -CH=N-CH=CH-,
a group represented by -CH=N-CHjs-CHy-, or a group represented by
(CHg)2-O-(CHg)g-, further preferably an alkyl group having 1 to 6 carbon

atoms, or is bonded with R32 to form an alkylene group having 3 to 6 carbon

30 atoms, a group represented by -CH=N-CH=CH-, or a group represented by



37 -Si (CH3) 2- CH2- CH2- Si (CHO2-. Exanples of the hetero atom contai ning

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

- CH=N- CH2- C112-. Exanpl es of the hetero g om containing hydrocarbyl ene 5
group in which the hetero atomis an oxygen atominclude a group
represented by -Cl12-CH2-0-C112- CH2-. In the fornmula (4), R4) is
preferably an al kyl group having 1 to 4 carbon atons, and nore preferably a
met hyl group or an ethyl group. R42 and R43 are preferably a hydrocarbyl oxy
group, nore WEENrEHLCHEN, alkpaytidladyqupfebaMiyrgmethy gtoupoben eahpivs, and
further preferably a nmethaoxy group or an ethoxy group. R44 and R4s are
preferably aSTfydr %%Wdeér‘ﬁég,mﬁﬁ? gﬂ'ﬁ% éft@frram%hglﬁnwwp@f oup having 1 to

4 carbon at t p g Qfranrret hyl group. |
is prefer abF%aﬁ%ééé%é%@@p&f%%&?@%%@%%yt E?ﬁ%%ﬁ% represented by
the fornmula (4) i relthdeohbulA @G-B),K3Aaerh reRdwibly bitaidecontdy] anapdemiegnds such

as [ 3-(di met hyl am no) propyfitriethoxysilane,
di metthy| i heghop@pTE; eisthesdpdivTigh & to form a hydrocarbylene group

- (di et hyl aym. no triethoxysila . .
_(di et hyl aﬁ%&wg%ﬁ goggd;(farr:b% ta%% ?S%)]i % %ﬂea”,cerﬁ &tom containing hydrocarbylene
- (di met hyl grgupopRap Bl thet dayhe atdax s Whadtethe hetero atom is a nitrogen
- (di net hyl am no) et hynt ri et hoxysi | ane, and
-(di

net hyl aismopersitefenapheoanhokdigrane hagy 1 éo dficaduinaton e rdne

e e B D TR T R B2 Sh BLREd FERTRE % atkyione
N-(3-trigs hogysipl Wd-RhEBWB- 19 RrBbh Yedsak | @prédsited by -CH=N-CH=CH-,

N-(3-trimethoxysilyl propyl)-4,5-imdazole; {[di.(tetrahydrofuranybDam nd
al kyl | al koxysigreme reryrpotad $ysGdtryCHa-CHy, or a group represented by

3-[di(tet f ] |1 tyrinet i .
(- L (¢ ot r amgiegr G o GRSy b PR e ey Bl carbon
[N, N-bi s(trigldyd, Sirliy B dioaithyR$1ab ki k0¥ §iehango 6o HRAMES te Ghrken 38
{3- [N, N-bigtrinethylsilyDam no] propyl | net hyl di net hoxysi | ane and

{3-[ N, N- bi gt atones, lygroupypardssoiest op y CHreY OHEC B, oy gidvarreprésenterdbbund i n
which R4L is ou aving .1 to 4.carpon_at R42 and R43 are an
B koxy orbup GvRigHy G5ouBad B el A A n B e e PGS gy oup
having 1 to 4y®ar BeMs BARIER, wRRRI! th S0 al QG thoferné drBuff, 4S nOre
preferabl e, and [3-(di methylanino)propylitriethoxysilane,

[ 3- (di net hyl hexano}hydend gtoupnet herysp represented by -CH=N-CH=CH-.

[ 3- (di et hyl am no) pr.opyl j tri.et hoxysilane, . and, .
[3- (di ot hyl am no) pEEYPI A ACRBRHY HshiEid i oY aet 9B & HOExanpl es of
the conpound.6apbahdd A radrRb& 8% YAk m@l0RPD), Reélude: i n addition to the
af orenmenti oned conpounds cont ai ni ng)ea ni trogen atom and an al koxysi |yl

0

group, t2@raal koxysidihpésocavrHandnoethdrerlokssivchns t et raet hoxysi | ane,
and tetra-n-prapoxysil ane; trial koxyhyd r byl sil.ane uch .
met hyl i et RS ?%X%@lﬁ?@%@h AFTSRE AR fé’ﬁ@wgﬁylamm ethyl dcryfate;

3-(dihydrocarbylamino)propyl acrylates such as 3-(dimethylamino)propyl

3-(
3-(
3-(
3-(
2- (
2- (
(0]
3

[
[
[
[
[
[
Cc
[

acrylate; 2-(dihydrocarbylamino)ethyl methacrylates such as
2-(dimethylamino)ethyl methacrylate and 2-(diethylamino)ethyl

25  methacrylate; 3-(dihydrocarbylamino)propyl methacrylates such as
3-(dimethylamino)propyl methacrylate. As the compound in which A is an
oxygen atom, a compound in which R3! and R32 are an alkyl group having 1
to 6 carbon atoms, R34 is a vinyl group or an isopropenyl group, and R371is an
ethylene group or a trimethylene group is preferable, and a compound in

30 which R31and R32 are a methyl group or an ethyl group, R34 is a vinyl group,



15 et hyl tri met hoxysil ane, and phenyl tri nmet hoxysil ane; trial koxyhal osil anes
such as trimethoxychl orosilane, triethoxychlorosilane, and
tri-n-propoxychl orosil ane; di al koxydi hydrocar byl sil anes such as

di met hoxydi net hyl si | ane, di et hoxydi net hydsi | ane, and

di met-hoxydi et hyl si | ane; di al koxydi hal osi | anes such as 20

di met hoxydi chl orosi | ane, di et hoxydi chl orosilane, and

di - n- propoxydi chl or osi | ane; nonoal koxyt ri hydrocar byl si | anes such as

met hoxytri met hyl si | ane; nonoal koxytri hal osil anes such as

met hoxytri ch&bg &7 Lmérimethylene gyown tshingropiafensdle.

(gl yci doval kyDal kylal koxysi.l ane co ch a 2- ) )
Gyo doxyet hyl 11 MECHERF A e LR ot Bis Ry oy I PeeREs B chie NES:

gl yci doxyet hyfasgg Qﬂy@&é@&hﬂéﬁ@'g&"@@ﬁor F-hy@h-yEdIRpDT Pt dohdBRRpaxy si | ane,
3-gl yci doxypropyl triethoxysil ane, and

(3-gl yci doxyprmopyerted foyltbe fetrhobayS Dhrisclude:

(3, 4- epoxycycl ohe | ko |Iane ds. as 30
“(3, 4 ogd xycycloﬁﬁ@vﬁ Sroeiemene i hey i Rg e Ss
3, 4- €poxy gy Mo%fﬂgﬁfa*&?iﬁﬂﬂ@%ﬁd

(
3, 4- epoxycyc ohex Dal k oxysi | ane conpounds such as
Kk
t
t

(3, 4- FpFx9&&bﬁEMEﬂﬁpﬂnmythBME&%MMgﬁthoxyﬁlIang
oxysilyla i ni c.aci d anhydr.i as
rinethoxy£$¥ 3%%%ﬁ?ﬁ§ PHPEP Y A2 5ﬁﬁ9 GRS
ri et hoxys ri.de;
nethacryloy?txy@?ﬁypg%%%%yghﬁgﬁgkggﬁgggﬁ3?65uch as
3- met hacty/| oN-GxFietiopuitinomebhbDayisilminke; and
3-net hacryl o pyl t |ethox si lane.. 1Q0The conpound contai ni ng an
al koxysi | yl éi@h%ﬂﬁé %?%PHHQ %ﬁ@k@ﬁ@ﬁnﬁ ons %a group represented by
D AP RE(Phi 8 EATRONIL SRR ALNAIGLEn 2 kOXyS! Iy} group, and

containing a nitrogen-atom an oup represented by >0=0 incl ude
trlskalkoxysblyl&@H&Mhhnﬁd@ﬁ@ﬂu&@ﬂ&uﬂ@ﬂpounds such as 15 tris

L e Rl g o bt oo arbg e lamides such us
tris[3- ({5 | pf\Pone&fﬁ §a)ern%8 1)&8&%%8%?&% and

tris[3-( rlbutoxy5| propylJisocyan nDng t hem

tris[3- (trlabkﬁk&ﬁ%hﬁk@ﬁﬁ@ﬁ&bDhﬁﬁh&ﬁ@ﬂﬁﬁﬁ&aIS preferable, 20

tris[3- (trlalk§%55|Iyppropylllsocyaqyrate in which the al koxy group is an
al koxy gr oupMNigkftiy droesbylaztpppiprat et bperyiemedesrarceaghl e, and

tris[3-(tri rther preferable. In
addi tion tonﬁﬁ ore Eﬂlﬁgﬁgﬁh@%ﬁ%@%ﬁg@%ggpg éﬁable exanpl es of the
conmpound conbh(aﬁdi@@hﬂamlhﬁlﬁ@@m)ﬁi@h‘aaﬂjﬂimﬁdea silicon atominclude a

2
2-
[ (
[ 2
al
3-
3-
(

20 N'(4'dihydrocarby1aminobutyl)methacrylamides such as
N-(4-dimethylaminobutyl)methacrylamide and
N-(4-diethylaminobutyl)methacrylamide. Among them, a cbmpound in
which A is a group represented by -NH-, R3! and R32 are an alkyl group
having 1 to 6 carbon atoms, R34 is a vinyl group or an isopropenyl group, and

25 ‘R#7is an ethylene group or a trimethylene group is preferable, and a
compound in which A is a group represented by -NH-, R3! and R32 are a
methyl group or a methyl group, R34 is a vinyl group, and R37is a
trimethylene group is more preferable.

In addition to those described above, preferable examples of a

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



25 conpound represented by the followwng formula (5): R52 1, O RDR,I/"
R51-CG- (O h-N\ (-1)"'R57 R55 R-1-1 R53 (wherein, R5) represents a hydrogen
atom a hydrocarbyl group or a hydrocarbyl oxy group, R52 and R53 represent
a hydrocarbyl group. h represents an imgsger of 0 to 10, R54 and R55 each
represent a hydrogen atom5 or a hydrocarbyl group, and when there are a
plurality of R54s, the plurality of Rs.may be the sane or different from
one anot her, and when there are a plurality of R55s, the plurality of Rs
may be the sane or different fromone another. R56 and R57 each represent a
hydr ocar byl ¢pmppunptirdnalihy amaalkngysalys gbsin.t uent or a tri hydrocarbyl silyl
group, or R56 and R57 are bonded to. 10 repr.esent hydr ocar byl ene group -
optional |y havi ng,‘E%Eheac‘Wél?‘E%Itﬂ VMRS %@9%8%%@&681% Ei8ct ed from

the atonic g@ggiﬁggg %&%dégnpftoﬁ sild éﬁ%%ﬂm Sroblk pesBralomand an

oxygen atom represents a gen atom “a hydrocarbyl group
or a hydrocastyheles of the pompbend wthl odacdybognduepresquted by abé yollbwing

hydr ocar byl
y g formula (4).

R'42 R44‘

R“”—O—éi—(cﬂz)j——Ni (4)
R43 RY
(wherein, R# and R may be bonded, R4! represents a hydrocarbyl group,
R42 and R43 represent a hydrocarbyl group or a hydrocarbyloxy group, R4+
represents a hydrocarbyl group optionally having a substituent or a
10  trihydrocarbylsilyl group, or is bonded with R4 to represent a
hydrocarbylene group optionally having, as a hetero atom, at least one kind
atom selected from the atomic group consisting of a silicon atom, a nitrogen
atom and an oxygen atom, R4 represents a hydrocarbyl group optionally
having a substituent or a trihydrocarbylsilyl group, or is bonded with R#4 to
15 represent a hydrocarbylene group optionally having, as a hetero atom, at
least one kind atom selected from the atomic group consisting of a silicon
atom, a nitrogen atom and an oxygen atom, and j represents an integer of 1
to 5.)
In the formula (4), the hydrocarbyl group optionally having a
20  substituent is a hydrocarbyl group or a substituted hydrocarbyl group.

In the formula (4), examples of the hydrocarbyl group include alkyl
groups such as a methyl group, an ethyl group, a n-propyl group, an
isopropyl group, and a n-butyl group; alkenyl groups such as a vinyl group,
an allyl group, and an isopropenyl group; aryl groups such as a phenyl group,

- 25  and preferably an alkyl group, and more preferably a methyl or an ethyl
group. Examples of the substituted hydrocarby! group include

oxacycloalkyl groups such as an oxiranyl group and a tetrahydrofuranyl



15 group having 1 to 4 carbon atons, nore preferably an al kyl group having
1 to 4 carbon atons, and further preferably a nethyl group or an ethyl
group. The hydrocarbyl oxy group is preferably a hydrocarbyl oxy group havi ng
1 to 4 carbon atoms, nore preferably an g koxy group having 1 to 4 carbon
atonms, and further preferably a nethoxy group or an ethoxy group. Anong
them a 20 hydrogen atomis preferable. R52 and R53 represent a
hydr ocar byl group. The hydrocarbyl group is preferably a hydrocarbyl group
having 1 to 4 carbon atons, nore preferably an al kyl group having 1 to 4
car bon at onsgroapdahdiptréferalpyef eteddlydrafurasyhgriougr oup or an et hyl group. R52
and R53 may be the_sane %é difﬂgr% t. 41 from each other

kL

represents an int Iythg grgeseEe ORI PGS R EEQUP Hhﬁ%g}%roé’f erably

0. o8 and. P23 aBEll LERFSBHIASNE RUSIALATON oA ygeesasbyl oroup. © and

when there are a urali the plurality may be the sane or
di f ferent from ondamaplkern thntyidveariiesegang achlideradkotygmipRsbeh atshe
plurality of Rs y be the same or different fromone another. The

hors b

hydr ocar Byl #msd SHIEY SRABRPRSINEr 8 CaPTRPOXY BENP: RAPPRI OROXHEWR Warbon

atons, nore pA a hayj ) nd 10
further pr eflgrb g%&f g]l&r(rlgf %yﬁ%!:g%ﬁ(lg%;gf %&ghgé!{ih%y e}tgpgﬁ%fg%%%ﬁ%%?%ﬁg R57
each repr esegtoudshydh @sar Pydnddyertpup phdenbéayldavimgp aasd bedfeiabdntanor a

trihydrocarbyl silyl group. The hydrocarbyl group optionally having a
substit uent #Eo&Y igyenTd cathiHOTYPEAIRradlY & BeBORY el Oh §HCERSAOUr oup. The

hydr ocar byl group 4 fer . Bl | 014 carbon
atons. Exanpl es ofE}?&}"llgﬁgeﬁgoéf’?F% ﬁ]‘gﬁ&%%%ga@%ﬁ%g}? %%H?%(Qzﬁﬁf e g(%]bsté]&}t ut ed
hydrocarfiyyl grcegnsd a tehiedtyl-damstHyddilyl weohp, e dpsdbsilyt tathahiRiyyr oup,

such as a N, N-di net hyl am nonet hyl group, a 2-N, N-di met hyl am noet hyl group,
and a ‘3- N, N- 8fGWt hyl am nopropyl group; substituted hydrocarbyl groups in

whi ch the substit t] C I u t hoxymet hyl
roup, & et hoxyet i1 PyTRarbsIRE B0 e AR e e el 20
tri hydrocar bjdast bifé keiDsfnh Belebi faorhrtharitbinic btotp @helepingnd aasilicon

tert-butyl-dinmethylsilyl group, and preferably a trinethylsilyl group.
Anpng them atdwy.dt pifaedny algmpapd ae qFivern paeings adhyirdearbalang sTgrBUY davi ng 1

to 4 Car{)é)n ﬁét%%s aitésm-r(r:%El ai%rh?gf E}rr@r%lcgfby‘cllgnéa!grk&dp in which the hetero atom is at

least one kind atom selected from the atomic group consisting of a silicon
atom, a nitrogen atom and an oxygen atom. Examples of the hetero
atom-containing hydrocarbylene group in which the hetero atom is at least
one kind atom selected from the atomic group consisting of a silicon atom, a

20 Iﬁtrogen atom and an oxygen atom include a hetero atom-containing
hydrocarbylene group in which the hetero atom is a silicon atom, a hetero |
atom-containing hjrdrocarbylene group in which the hetero atom is a
nitrogen atom, and a hetero atom-containing hydrlocarbylene group in which
the hetero atom is an oxygen atom. Examples of the hydrocarbylene group

25 include alkylene groups such as a tetramethylene group, a pentamethylene
group, a hexamethylene group, and a 2,2,4-trimethylhexane-1,6-diyl group
and, among them, an alkylene group having 4 to 7 carbon atoms is preferable,
and a pentamethylene group or a hexamethylene group is particularly
preferable. Examples of the hetero atom;containing hydrocarbylene group

30  in which the hetero atom is a silicon atom include a group represented by



25 group having 1 to 4 carbon atons is further preferable, and a nethyl
group or an ethyl group is particularly preferable. R56 and R57 may
be bonded to form a hydrocarbyl ene group optionally having, as a hetero
atom at |east one kind atom selected frggm the atom c group consisting of a
silicon atom a nitrogen atom and an oxygen atom 30 Exanples of the
hydr ocar byl ene group i ncl ude al kyl ene groups such as a 42 tetranethylene
group, a pentanethyl ene group, a hexanet hyl ene group, and a

2,2,4-trinmethyl hexane-1,6-cliyl group; al kenediyl groups such as a

pent 2- ene- 1,85({1}&19ﬁ C{ﬁzoﬂﬁ;z S(cHpeef %@bﬂlyleanf diwwter@agnmwpntaamamr e

preferably I kyI e group .havjn 0 rbon at f the 5
hetero atom eedhY W%é&rwgﬁgeg’re ?rmvsﬁ@cw%f%ﬁnﬁé?%rll’ﬁ:\{d% is a
silicon atomjncl ﬂ%lf o) CEPRssChida Si (CHO2-.
Exanpl es of %% rgggersgnge{ coﬁt g?%l ng rocar byI ene Sgr ou?_)ilzn whi ch the
het er o at om iCH=aNFCHS 01}513 aEeamphed mfdmedlegemmon:emmaanngdhyﬁyoca@bﬁrdn@l—hm
and a group represented - CH=N- CH2- C112-. nples. of 10 the hetero

at om contai nﬂﬁ@glpﬁydﬁ’]é’ébﬁb?ll@ﬁﬁogar%@pml% FRiEER %tﬂ@ Relwleqt SIBW i s an oxygen
atom i ncl ude g)rgge%gdggpég%?@ﬁgg?% -&H2- CH2- 0- CH2- OH2- . Anpng them a
refer

hydrocarbylen group i "an akaIene group having 4 to 7 carbon

atons is nore prefmrmblfermamj(zja, Rétis prefehyblene dkgliproup Ipevihadebhy| ene
group, or a hexanethylene group is further preferable. 15Exanples_of the
conpound r ep@%@@ﬁtﬁé@nﬁyamﬁélqrélpﬁﬁlﬁeﬁa}@%)a PeERlEEoNp R dnAtRY B9Ranifde

di al kyl acet aI

N, N- di et hyl f%lil a#l);f fﬁg}dpg MBWﬁﬁuEﬁhﬁﬁ%g ef@ﬁ?%et%ﬁy acet al ,
and N, N-gi et deu&)q{a[mﬁ‘gd&odl &irbyh ad6@b2dnd Nrbheli Iaiek@ﬁaab;eamtﬁexgdgﬂddmr
acetal s such as N, N-di net hﬁ%acet am de 20 di meth acet al

N, N- di et hy| ageetimxdesrannet Ryt and &4 pre leerfpltﬁ e da%@raﬁ?i FoOug; BYK| acet al ,

formin (5 et mhatsEnlt bt o 4 ERoR TPRHE Sl PREBRA B ey e
hydrogen at ogymam gl Rerip cﬁ5§nef¥534 grat'v[f) R5pis ﬁéﬁ:r@lﬂl@* d%ﬁﬁntag@cﬁmai&yl group

having 1 to 4 carbon atons, nore erably a conpaund in_which is 0, RG1
is a hydrogen at onfxamuleRss thRsmpRBdeﬁW%meéﬂé’%hﬁ@Fwa&‘pdﬂﬁl“ﬁl&w ng 1

3,5 B TR B A SR A o orram

N, N- di et hyl [y(diﬁfglt}jﬁaghgbnﬁbpﬂq:ﬁi@hoxﬁﬂﬁﬁ N N-di et hyI formam de di et hyl

acetal [3-(dimethylamino)propylltrimethoxysilane,
[3-(diethylamino)propylltriethoxysilane, |
[3-(diethylamino)propylltrimethoxysilane,

20 [3-(dimethylamino)propyllmethyldiethoxysilane,
[2-(dimethylamino)ethylltriethoxysilane, and
{2-(dimethylamino)ethyl]trimethoxysilane; cyclic aminoalkylalkoxysilane
compounds such as (1-hexamethyleneiminomethyltrimethoxysilane,
[3-(1-hexamethyleneimino)propylltriethoxysilane,

95 N-(8-triethoxysilylpropyD-4,5-dihydroimidazole, and
N-(3-trimethoxysilylpropyl)-4,5-imidazole;
{[di(tetrahydrofuranylamino]alkyltalkoxysilane compounds such as
{3-[di(tetrahydrofuranyl)aminolpropylitrimethoxysilane and
{3-[di(tetrahydrofuranyl)amino]propyljtriethoxysilane; and

30 [N,N-bis(trialkylsilylDaminoalkyllalkylalkoxysilane compounds such as



43 The reaction of an active end of a pol yner produced by

pol yneri zi ng a nononer conponent with the polynerization initiator
represented by the formula (1), (it is considered that the active end of a
pol ymer has an al kali netal derived fromgthe polynerization initiator), the
conpound containing a 5 nitrogen atomand/or a silicon atomand an active
end of a conjugated diene polyner is performed by addi ng the conpound
containing a nitrogen atomand/or a silicon atomto a polyner solution, and
m xing the polgner and the con%Pund contajining a nitrogen atom and/or a

silicon at oniBiliN, Nheisgoinuethylsil hmmﬁhlxnpylbﬁethiéd@éﬁﬁb@wﬁl@?rﬁr& ning a

nitrogen at _or S.I|I om. 10 d th oly solution is
usual ly 0. 1C{Wﬂ/ tg‘ﬁ{‘]sé]g@ %ybjﬁ%fea}ygg]fEWySﬁﬁﬁ% e preferably
0.7 mol 10 loomRing 1Bes£fhﬂ=:hrf9’|1 1@511%@1{ |é‘1@h% h@@h?é 1 eeaicyeshi 40md, RR2 and

pol ynerization initiator represente formula (1). The tenperature at
whi ch the pR4ree aalmkbhgegmnppbmndgdomfacambng atsma, RitamyBi aeem abddlor a
silicon atomare mxed_ is 25 %OOC Jefera.bl%/%eﬁ g tto LgOC and further
pref er abPy STEUPHageRe 11hé @8 ?%16 3515('?(5l 10cei ¥ 418 5B, and

pref erabl y 5, ki & ab [3- (Bﬁﬂéthyggmiﬁtﬁpﬂfp%véﬁétm yBIfgess of the present
i nvention, coupl'ihg agent ded 'to a solution containing a

conj ugat ed dﬁmbmmm)pmylkﬁmmhngymmmocar bon as a solvent, from
initiation Oli?' olyneri za nononer to .recovery of a pol yner

descri bed | apddietiylampme Wyﬁ%e@ﬁﬁﬁf W 348nt i ncl ude a - -conpound
represent eda[%y@%};f}?fagirl g&ﬁéx‘%&gﬁ?{u&@t@?f SR1anB8ieMdta ?réi@}aﬁl\é{nere' n, R61

represents group, a cycloal kenyl 25 group or an

aryl gragp, M reprisenplesaf shd canpoatdmmnidngian dkoxysilyl gepuesehade,a

hal ogen atom or _a hydrocar byl oxy group, and represents an integer of 0 to
2.) nEBddiipBdo bhe 92@9@@@&% Caglé’ﬁim Igtééﬁlﬁls Byregse %tgfnm a (6)

i ncl ude sil |
di met hy! di cHi% 8 oéeﬁmég 18%@?%%@‘?&%9?“@??‘%%%%8%?@ %t@ffﬁtrta‘e"%ef%‘éﬁsélra.ne
met hyl t ri chl @teddthoxy=And] ard Iﬂeyl:lrdircbi‘cqmﬁm;ﬁand: Itnaﬁidxyhgﬂ]l'anaﬂiylsn,lanes

tetramet hoxysi | ane, met hyI tri met hoxysi |l ane, .di net hoxydi net hyl si | ane,
met hyl tri et h¥sasa @ﬁéhy trfimethoxysilane, methyltriethoxysilane,

15 ethyltrimethoxysilane, and phenyltrimethoxysilane; trialkoxyhalosilanes

such as trimethoxychlorosilane, triet_hoxychlorosilane, and
tri-n-propoxychlorosilane; dialkoxydihydrocarbylsilanes such as
dimethoxydimethylsilane, diethoxydimethylsilane, and
dimethoxydiethylsilane; dialkoxydihalosilanes such as

20 dimethoxydichlorosilane, diethoxydichlorosilane, and
di-n-propoxydichlorosilane; monoalkoxytrihydrocarbylsilanes such as
methoxytrimethylsilahe; monoalkoxytrihalosilanes such as
methoxytrichlorosilane and ethoxytrichlorosilane;
(glycidoxyalkylDalkylalkoxysilane compounds such as

25  2-glycidoxyethyltrimethoxysilane, 2-glycidoxyethyltriethoxysilane,
(2-glycidoxyethyl)methyldimethoxysilane,
3-glycidoxypropyltrimethoxysilane, 3-giycidoxypropyltriethoxysilane, and
(3-glycidoxypropylmethyldimethoxysilane;
(3,4-epoxycyclohexylalkylalkoxysilane compounds such as

30 2-(8,4-epoxycyclohexylethyltrimethoxysilane and



et hyl tri net hoxysi | ane, di net hoxydi et hyl sil ane, di et hoxydi net hyl sil ane,
tetraet hoxysil ane, ethyltriethoxysilane, .and di et hoxydi et hyl sil ane. 5In
order to enhance processibility of the conjugated diene-based polyner, the
anount of the coupling agent used is prefogerably 0.03 nol or nore, and nore
preferably 0.05 nol or nore, per 1 nol of the alkali netal derived from an
al kali nmetal catalyst. In order to enhance fuel cost saving properties, the
anount is preferably 0.4 nol or less, and nore preferably 0.3 10 nol or

| ess. In the production process of the present invention, an
unreact ed ac{&d-epodycmiotsaytetutaicthioxysikameal cohol such as net hanol or

o b SRR BOTEL R 7

containi ng aoC@-u 901€h§;£5%el%ﬁ§ Fh RRY MATRE t HbSdy Billa e hydr ocarbon as a

&4k
sol vent, known netﬂ 3? can be uség and exanpl es thereof include (A a
met hod of achirkngysal}dm]kgldmmmm acid asﬂiyldlrltiea suchhiai ni ng a conj ugat ed

di ene- based oI y rret_hod of addi.ng steamto a solution
containiﬁb Eﬁé@%%éhéﬁ 58&§€H’%%ﬂfwgwd“%ﬁ ecover ed conj ugated 20
di ene- based @?%X%gp&ﬁflp@@pﬁéﬁ&%&atcm EnkpiPMe;dryer such as a band dryer or.

an extrusion-type conj ugat ed- di ene- based pol ynmer of the

present i nveﬂﬁemcrﬂoﬂoﬁpaikygalk@dysiﬂmemB@mme produced by the
af orenenti oned process In order to enhaEce psr |l e strength at break, the

Mboney Vi scoditgst 251"37(115\27_193@!})1’ di ene- based pol yner of the
present inve and nore preferably 20 or nore.
%ac@l@ﬁi%@&)gﬁﬂ%@h&ys fl@

Further, in or rocessrrbility, the Mooney viscosity is
pref erabilgy 200 or T}eémmﬁmmdmrrﬁamlﬁg@mﬁkyxﬁém(grodrpanmy cBheamdtmney

viscosity (M14 is neasured at 100C accor di ng g) Jrl@qaggi £é€ﬁ9 30l n
order to enhaitegemaiontasd asHOTR gepraspabad 85> Crle FHP ght 45

di stribution vention
is preferabl yoq%pélg&é,g anﬁﬁ%?’% %?ig er g@%&i@ g HXQI %‘% g@%\%grtaéﬁﬁ

diStribUtiOnaﬁéaqﬁbab&@ﬁmhynﬁma@pbbag)ﬁmhuhber aver age nDIecuIar wei ght
(Mn) and a wei ht aver age m)ﬂ ecul ar wei ght ( by a gel perneation
chr omat ograp’ﬁyfS %’&W 15PRY 288 GOERIAR TSt HCIARS In order to

enhance el t tent of a nononer unit based on
a si-lico 0F1rta “ﬁ%l &F%X ﬂ?@ﬁp‘%‘!ﬁ@“@g@g €fably 0.01 wt% or nore, nore

pr ef er abl y 0,82 3w Hlle EHoxiFBILE) prop el fssey hedraps.ef erably 0.05 wt % or nore, per
100 wt % of the conjugated di ene- bgsed polymer. In 10 order to enhance
econom cal ptl@@[ér(ttrlésomsﬂ@mﬁ@r ags’éy%lé‘h@rt%earsqrength at break, the

content is p @ w \g&f{?r?gigso%yalq&ra%pr%n%q]h%ng wt % or Iess and

further pr ef
trls[B (trlalkoxysﬂyl)propyl]1socyanurate is preferable,

20  tris[3-(trialkoxysilyl)propyllisocyanurate in which the alkoxy group is an
alkoxy group having 1 to 4 carbon atoms is more preferable, and
tris[3-(trimethoxysilyDpropyllisocyanurate is further preferable.

In addition to the aforementioned compounds, preferable exam.ples of
the compound containing a nitrogen atom and/or a silicon atom include a

95 compound represented by the following formula (5):



In order to enhance tensile strength at break, it is preferable that the
conj ugat ed di ene-based pol yner of the present invention contains a 15
nononer unit based on an aromatic vinyl conpound, in addition to the
monomer unit based on a conjugated di enggconpound and the nmonomer unit
based on a silicon-containing vinyl conpound. Exanples of the aromatic

vi nyl conpound include styrene, a-nethylstyrene, vinyltol uene,

vi nyl napht hal ene, divi nyl benzene, trivinyl benzene, and divi nyl napht hal ene,
20 and preferably styrene. The content of the aromatic vinyl conpound unit

is O w%or nore Qe content of the conjugated diene conpound unit is 100 -
wt% or |ess), preflsrably 10 wt % or nore (the content of the conjugated
di ene conmpound unif is 99 wt%or less), and nore preferably 15 wt%or nore

(the content of 2 heEEonjug;?§@ di ene conpound unit is 85 w%or |ess),
per 100 mﬁ@boflthe|totah anou of the contfgated di ene conpound unit and

t he aronaticR§iny+Cbﬁﬂ?D metNnit. In order enhance fuel cost saving
properties, the co¢ten 0 théTfmmnatic vinyl conpound unit is preferably
50 Wt % or less (thg contgnt of "the conjugated diene conpound unit is 50 wt %
or nore), and nore|30 Reterably 45 wt% or less (the content of the

conj ugat ed di ene cgsgpound unit 46 is 55 w% or nore). In order to
enhance fuel cost ving properties, the vinyl bonding anmount in the

conj ugat ed di ene-based pol ymer of the present inventjon is preferably 80

mol % or | ess(whergimde renepentasl hydrosempdemsr 2 Ihydsocaslyl gropP 9T ol % of ~t he

content of the;conjugated die unj r | PRl Ng
roperti os, OO StRo RS i Res A B bR SHEME A PLDT
preferably lgpredrobnMBtder bOOLDED, RFeied R ¥actOrappbintra liirege@Bdom

particularly preferably 40 nol % or nore. The vinyI_bondh&g anmount |s
obt ai ned & r ovn 2 hededssobytaronri ndwdenpharoarede olwradiy of Rifsi the plrehity 10

cbeorpLion DOl 1 B o8 ND AL RS ARECLLP LR, T
conj ugat ed dj RREHBASERPARETRIrAARIRbY Shybe tHCHMRObARIRGent Hom ot yNer
conponents and ad |t|¥es. Exanpl es of the other golyner conmponent i ncl ude
styrene- but agi@her. R and R57 each represent a hydrocarbyl group optionally having
a substituent or a trihydrocarbylsilyl group, or R% and R57 are bonded to
10 represent a hydrocarbylene group optionally having, as a hetero atom, at
least one kind atom selected from the atomic group consisting of a silicon
atom, a nitrogen atom and an oxygen atom.)
R5! represents a hydrogen atom, a hydrocarbyl group or a
hydrocarbyloxy group. The hydrocarbyl group is preferably a hydrocarbyl
15 group having 1 to 4 carbon atoms, more preferably an alkyl group having 1 to
4 carbon atoms, and further preferably a methyl group or an ethyl group.
The hydrocarbyloxy group is preferably a hydrocarbyloxy group having 1 to 4
carbon atoms, more preferably an alkoxy group having 1 to 4 carbon atoms,
and further préferably a methoxy group or an ethoxy group. Among them, a
20 hydrogen atom is preferable.
R52 and R32 represent a hydrocarbyl group. The hydrocarbyl group
is preferably a hydrocarbyl group having 1 to 4 carbon atoms, more

preferably an alkyl group having 1 to 4 carbon atoms, and further preferably
a methyl group or an ethyl group. R32 and R3 may be the same or different



15 copol yner rubber, pol ybutadi ene rubber, butadiene-isoprene copol yner
rubber, and butyl rubber. Exanples thereof also include natural rubber, an
et hyl ene- propyl ene copol yner, and an et hyel ene-oct ene copol yner. One or
nore kinds of these pol yner conponents agrje used. \Wien the ot her pol yner
conponents are incorporated into the 20 conjugated di ene-based pol yner of
the present invention, in order to enhance fuel cost saving properties, the
anount of the conjugated di ene -based polynmer of the present invention
incorporated is preferably 10 wt % or nore, and nore preferably 20 w % or
nore, per 10@omt&schfothte total anount of the pol yner conponents

i ncorporated (including the anmount of, the conj ed 25 di ene-based pol yner
i ncor por at ed) . hreprggen[ ﬁéndﬁg?%eff\%g,to owgé%ﬁi'g\%ge%ﬁngén%ed, and
exanpl es theﬁﬁggrgbﬁpbpde vul cani zati on agents such as sul fur; vul canization
accel erators such ds a thiazol e-based vul cani zati on accel erator, a

t hi uram based vul BMiandtR¥raabcep@santon hydragehfnanedze hpdsedrhsilgranp zat i on

I tor, da 3 i di ne-b; I izatj | tor,;
il can 2811 oA GBHCPOE Ry LR ML 7 OL B e RGRKRLOEr 8 ADE THCSTRE do.
organi ¢ per ol Qj%&réﬁ’t‘:ﬂ%ﬁsor@ Wgr, %%@%h&gtﬁé}@ ﬁbta%lﬁﬁfﬁﬁ SRk REE OX1 de;
I11C car | r

rei nforcing agents such as s a’'an on bl ack; s such as cal ci um
carbonat e, tplueality o718 may} by thabamt oudiffiardno Xicte pnandotheea; The | ane
coupling agents; extender oils; 5 processin i ds; ntl-a?ina agents; and

| ubri cants. hydrocarbybgzers wspisferghy & hyergear |$88P§@vmﬁ $QuffegFpon

preci pitated I [ uhl hiLghl y :

di spersi bl e %%%%%Ot?ﬁ)ggg&rf%u ﬁ%%ﬁgﬁﬁﬁ%{ﬂﬁ%ﬂ%@%%{lﬁ% I {s}lsb%ug erably 0.1

parts byiorei fifithdioprkferadlt & niathwe pahip, ovax ety @rewmbl y 0. 3 parts by wei ght
to 10 parts by weight, and 10 further preferably 0.5 parts hy weight to 5
parts by weight, pef anddiPgech rapresenyhthydrocasbly BORROPtOBAHEHENINE a

Exanpl es of e i - OR - at [nc i - ed
vuIcanizatio%hgﬁﬁgkéfgﬁ%?@5§§%%3§§h§9 ¢a toggg?gﬁg#%§g$§?gggbenzothiazyl

disul fide, agstibhaychofiaxwlsubbienzot Rickydwohfignamwesr b hnbsaratbased 15
vul cani zati on accel erators such as tetranethylthiuram nonosul fi de and
t et r anet hyl t Ayduosariyil suewn-delhe by deasanind erpup egpraieteddy 2 dwvidsecagbrkel er at or s

such as cycl ohexyl- 2-henzot hi az ul L de :
N-tert - bt yl B2 e}?ﬁz’v&?ﬁﬂgﬁ?o é;a'tsrtl])f) gﬁ%}%ﬁdeﬁﬁgﬁl%gs of the substituted hydrocarbyl

N- oxyet hyl engrodphbgninivdzakesd Keram®e] gdips in which the substituent is a
N- oxyet hyl ene- 2- benzot hi azol esul f enam de, _and

N, N - di i sopr egystitpiesbamannEeoral euch pedahiNidimgthirpainemptisd grow. dani zat i on
e bt o B A IR A B s or S  S0RRh By o

ort hot ol yl bi e ano vul ¢ani Z accete .
i ncor por at edshisstueEhadiopathyl PanpSirDWhdl gt suletBuday ks Bydreei:Piloxyand

e 20  group, such as a methoxymethyl group, a methoxyethyl group, and an

ethoxyethyl group. Examples of the trihydrocarbylsilyl group include a
trimethylsilyl group and a tert-butyl-dimethylsilyl group, and preferably a
trimethylsilyl group. Among them, a hydrocarbyl group is preferable, a
hydrocarbyl group having 1 to 4 carbon atoms is more preferable, an alkyl

25  group having 1 to 4 carbon atoms is further preferable, and a methyl group
or an ethyl group is particularly preferable.

R%¢ and R537 may be bonded to form a hydrocarbylene group optionally

having, as a hetero atom, at least one kind atom selected from the atomic

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

30 Examples of the hydrocarbylene group include alkylene groups such as a



25 preferably 0.2 parts by weight to 3 parts by weight, per 100 parts by
wei ght of the polyner .conponent. Exanples of the silica include dry silica
(glide acid anhydride), wet silica (hydrous silLicic acid), colloidal

silica, precipitated silica, calcium 42 silicate, and alum numsilicate.
One or nore kinds of themcan be used. 30 The BET specific surface area of
silicais preferably 50 n2/g to 250 n2/g. 48 The BET specific surface area
i s nmeasured according to ASTM D1993-03. As commrercially avail abl e products,
trade nane U trasil VN3-G manufactured by Deg-ussa, trade nane VN3, AQ

ER, and RS- 1&@ramethyfeast gosg, bypehtsobtSilénagrotyr peaainethylane gravad @ndanme

B VD SR B A% R RIgsh o B0, e M b o be veed
t hermal bl ac | =. i n bl ack
i ncl ude chanﬁeéliﬂp%%rﬂggr’ﬁ E:}yggogﬁ’cr% nglae%@é %%ﬁ%b%%ﬂ%ﬁ %glggﬁg%?bon bl ack
such as SAF, ptc3é&fablRAER alkBfre ghdaly hSRRg 4CRF] cafbien dEbmsCFEx3@plendf the ECF;

t hermal carbon bl ack such as FT and “and acetyl ene cgr ?‘gn bl ack.. Gne or
more ki nds opekene atemisopkainmeghydrocarbylene.enoup g Jench 488 MsteTa R IemdSiF i ¢

s, Ry Rt Sl el g s

the dibutyl p a on anou of car ack is preferably

5 ml/ 100 g tBx3tHpledldflide Ipterbetoibestithinige hyddsarpylean gspae i whiduthace
area i s neasured according to ASTM D4820-93. The DBP absorption anmount is
measur ed accBeiragtem IASTNIogen atay nplude GngRoNBITEPTSPERRS P¥bl e product s,

D abl ack N339,nanufactur b t i shi G al;. ti nane

SEAST 6, SEASTITNIMT St e ook B HR B ted B SR GRLRPE,, EmnlBe S O

20 tradeijmanmghdKetero 2RAkicohtBhagkhddvocafiyldmcisupdniwhiceghs $eterandothe | i ke

can be used. When fornul ated into a conjugated diene- bas§g[ pol ymer
2%,

conmposi tion isanAREEENeatomt Hickids agragermriesentad by oty el Oy
j ted di -b d | . [ i t of th
it orci g Aohe BRE DRrdTREn Sl LB RAE M B b Ao e AT BT 0

parts by wei ghtingdeto 108rbRArdtsmdYs WeirgrefolrablogatdausiragiethhRne gipugat ed
di ene- based pol yner of the present invention incorporated. In order to

enhance abr aptormedivianergreunner s besagerhylene sartpustiurieamseteselle i s nore
el ol a0 P Eipl f the BmiPBhSa Bfbo Y ufd RLELARKY AMRRItS bY
N,N-dialkylformamide dialkyl acetals such as N,N-dimethylformamide
dimethyl acetal, N,N-diethylformamide dimethyl acetal,
N,N-dime.thylformamide diethyl acetal, and N,N-diethylformamide diethyl
acetal; N,N-dialkylacetamide dialkyl acetals such as N,N-dimethylacetamide
20  dimethyl acetal, N,N-diethylacetamide dimethyl acetal,
N,N'dimetl_lylacetamide diethyl acetal, and N,N-diethylacetamide diethyl
acetal.
The compound represented by the formula (5) is preferably a
compound in which h is 3 or less, R5! is a hydrogen atom, and R52, R53, R34,
95  R55 R5 and R57 are an alkyl group having 1 to 4 carbon atoms, more
preferably a compound in which h is 0, R3! is a hydrogen atom, and R52, R53,
R56 and R57 are an alkyl group having 1 to 4 carbon atoms, and particularly
preferably N,N-dimethylformamide dimethyl acetal, N,N-diethylformamide
dimethyl acetal, N,N-dimethylformamide diethyl acetal, or

30 N,N-diethylformamide diethy! acetal.



30 enhance reinforcing properties, the anount incorporated is nore
preferably 49 120 parts by weight or less, and further preferably 100
parts by weight or |ess.- In order to enhance fuel cost saving
properties, when fornulated into a conjugated di ene-based pol yner
conposition in which a reinforcing agent 5 is incorporated into the AR
conj ugat ed di ene-based pol yner of the present invention, it is preferable
to use silica as the reinforcing agent. The anmpunt of silica incorporated
is preferably 50 parts by weight or nore, and nore preferably 70 parts by
wei ght or nore, peTfhdogrgsantod apyaatisiegind of a plgrrestabdugedunt pdymehwing

rei nforcing agent incorporated.. 10The ight ratio.of the con t of silica
LSed a5 the ASRHRURET HURRURAE THAE Thhgo BoRTrt By et e ORI e R e it ent
of silica : e, eanipt i0tosaahen BLatks abivPesd 8f BbYrter has 4:0aB&; 1. In
order to enhance tuel cost saving properties and reinforcing properties,
the wei ght r atdtel derivet fropr dfeqydpingrization ihidiador); the cobffemdpdoesgainfing lae
silane coupling agent include vjnyltr chlarosilane, vﬁﬂyltniethgﬁﬁsilane,
vinyltri s% 133%9%9‘%6539‘&]%@ gon atom and an active eénd of & conjugate ene

3-(3, 4- epoxygé&n&’éﬁé ogﬂepgjﬁg&({/lﬁgétﬁh l.8RGoudd contaiﬁlitnrgi a r’r%ift ogen atom

gl yci doxypro tri methoxysi acryl oxypr opy oxysi | ane,

N- (13- ami noethglor-a siliesh atp opyidolymet baxyishn| ané miRhg\the(ddymarandehhyl ) - y-
am nop ropyl net hyl di net hoxysi |l ane , N-phenyl -y-am nopropyl tr.i net haxysil ane,
y- chl or opr op§PRPPHEE Kexipaningrrenitogeay 2195t 8PLEp Sﬂk?%ﬁ%%ﬁ%ﬁutm-

y-am nopr opy ki k168 Hoxysd thlglr&?mtp%hﬁg?&bﬁ%ig%é@)fﬂﬁbééﬂ 32 BY hor Q1S 4146,

bi s(3-(triethoxysiTyppropy etrasu
rtrimet hogysid e padpy beltiepdlyhichisohaidraizyhsuadliyr(as mdiitd @, main@rétbrably 0.5

y-trimet hoxysil yl propyl benzot hi azyl tetrasulfide. e or nore kinds_of them
are used. AS n@f&ﬁﬁ&l@pﬁla{rv B prefttabey Bdumekto %-ﬁafag? Refd @@,ansﬁgeh

"o a con; ulRteh e et BaE Ul Bl AN AB peprcscitod MR BTN o€
coupling ageft).is incorporated into the conjugated 30 di ene-based pol yner
of the present invention, the anount of the silane o
The temperature at which the polymer and the compound containing
15  a nitrogen atom and/or a silicon atom are mixed is 25°C to 100°C, preferably
35°C to 90°C, and further preferably 50°C to 80°C. The contact time is 60
seconds to 5 hours, and preferably 5 minutes to 1 hour.
In the production process of the present invention, a coupling agent
may be added to a solution containing a conjugated diene-based polymer
20 using a hydrocarbon as a solvent, from initiation of polymerization of a
monomer to recovery of a polymer described later. Examples of the coupling
agent include a compound represented by the following formula (6).
R61,MLs,  (6)
(wherein, R6! represents an alkyl group, an alkenyl group, a cycloalkenyl
25  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 agent represented by the formula (6)

include silicon tetrachloride, methyltrichlorosilane, dimethyldichlorosilane,

30 trimethylchlorosilane, tin tetrachloride, methyltrichlorotin,



50 coupling agent incorporated is preferably 1 part by weight to 20 parts
by weight, nore preferably 2 parts by weight to 15 parts by weight, and
further preferably 5 parts by weight to 10 parts by weight, per 100 parts
by weight of the silica. 5Exanples of thg extender oil include
aromati c-based mneral oils (viscosity gravity constant (V.G C. val ue)
0.900 to 1.049 ), naphthene-based mneral oils (V.G C value 0.850 to
0.899), and paraffin-based mneral oils (V.G C value 0.790 to 0.849). The
content of polycyclic aromatic conmpound in the extender oil is preferably
| ess than 3 dhﬁ@ﬂgmﬁcmmraimﬁﬁﬁﬁéﬂhﬂdﬂbﬁﬁﬁ1IQUHhamh&nmﬂ&heThe polycyclic
aromati c content is neasured according gﬂkﬁéItIShl

lafrfﬁ

Pet r ol eum 34BYeSbymshoxysplang ofimegithogy g GREHU Yﬁlﬁl}ehe
extender oi | ell, 1&&1%]:3 d)%%algeo rg\é\%:é%lg&ﬁétﬁyls ieoé_le%)cg I%i d{ éese

ext ender 0|Is re-use cir'hg a c njug ne- based

pol ymer 15 cestpasthbkadildng, bilgotrpsthakydilhme! had diahyredietiongbnent s and
additives into the con u%at ed di ene-based poI%/mar of the present invention,
known nmethods, forl l?e@@]ﬁb @ enhangs: progewsibikine abifhrgcamangated fpeehasedi th a

known m xer g rol | r.or nb kneadi ng
condi ti on, Uﬁ.m&&dw %gu%flﬁfx t%gﬁ??ﬁelg/;# gg%ﬁza‘?z%?erggg}@gen (ﬁzoﬁd t he
vul cani zat i Ofe@6 CRAE RS hraefallPOIP AR be thorkhgeknNeadionthd gipEaetyle i s
usual ly 50C to 200C, andaﬁéeferably 80C to_ 190C, and the kneading tine is

usual |y 30 sdevined fom 80 akalumesal @ﬂt@b@:tabhyomemtﬁanbaw Be!l peghisesEng Wien
t he vul cani zatlon a t and the vu ceI er tor are.in rat ed,
t he kneadi ng f getgiﬁear?%m&slﬁéjlrF r%?% ?SS &%Féjrrg rflﬁlr%?o@%

t enperat yge h@l%QQESA conmposi tion in which the vul cani zati on agent and the

vul cani zation accel erator are incorporated is usually subjected to
vul cani zation trealmBm prodehtions ppeaess of theprasent IIb’ﬁntl@n, aB anrapsed

vul cani zi ng erature S 120 and erabl 140C to
T80c "30mhe BEMTHGAL B RS seRo LS Brah St St Reirdden: s
invention isaex66l h&Bte +ddofdig! Of(‘a%lyﬁﬁ\fl(ﬂ.gc;(%gpﬁ&éﬂ es, is good in tensile
strength at break and is suitably used in tires.
As a method of recovering a conjugated diene-based polymer from a
15  solution containing a conjugated diene-based polymer using a hydrocarbon
as a solvent, known methods can be used, and examples thereof include (A) a
method of adding a coagulant to a solution containing a conjugated
diene-based polymer and (B) a method of adding steam to a solution
contaiming a conjugated diene-based polymer. The recovered conjugated
20 diene-based polymer may be dried with a known dryer such as a band dryer
or an extrusion-type dryer.
The conjugated-diene-based polymer of the present invention is a
conjugated diene-based polymer produced by the aforementioned process.
In order to enhance tensile strength at break, the Mooney viscosity
95  (MLj+s) of the conjugated diene-based polymer of the present invention is
preferably 10 or more, and more preferably 20 or more. Further, in order to
enhance processibility, the Mooney viscosity is preferably 200 or less, and
more preferably 150 or less. The Mooney viscosity (MLj+4) is measured at
100°C according to JIS K6300 (1994).

30 In order to enhance fuel cost saving properties, the molecular weight



Exanpl es 5The eval uati on of physical properties was perfornmed by the

foll ow ng nmethods. 1. Mooney viscosity (M.1+4) According to JI'S K6300
(1994), the Money viscosity of a polyner was nmeasured at 100C. 10 2. Vinyl
bondi ng anount (unit: nol % The viznyl bondi ng anount of a pol yner
was obtained fromthe absorption intensity around 910 cm 1, which is an
absorption peak of a vinyl group, by an infrared spectronetric nethod.

3. Content of styrene unit (unit: wt% 15According to JI'S K6383 (1995), the
content of a styrene unit in a polynmer was obtained froma refractive

i ndex. 4dishtibedon af theedoplit gatied tdiédubasmd (olguhkh)f the preset mweghbnaver age

o ecul ar vel gL (WY, P2 tymer aver3ge o poul arvelan () vere
e
Cor por ati on (M) SeparedizhnacalagemoléSikge weSthe@HY} by Gtgsbpemestidres) ,
manuf act ured by Tosoh Corporation 25 (3). Measuring .tenperature: 40C
5 chromatography (GPC% method, and dividing Mw with Mn.
In order to enhance fuel cost saving properties, the content of a
monomer unit based on a silicon-containing vinyl compound is preferably
0.01 wt% or more, more preferably 0.02 wt% or mofe, and further preferably
0.05 wt% or more, per 100 wt% of the conjugated diene-based polymer. In
10 . order to enhance 'gconomical properties and to increase tensile strength at
break, the content is preferably 20 wt% or less, more preferably 2 wt% or less,
and further preferably 1 wt% or less. _
In order to enhance tensile strength at break, it is preferable that the
conjugated diene-based polymer of the present invention contains a
15 monomer unit based on an aromatic vinyl compound, in addition to the
monomer unit based on a conjugated diene compound and the monomer unit
based on a éilicon-containing vinyl compound. Examples of the aromatic
vinyl compound include styrene, a-methylstyrene, vinyltoluene,
vinylnaphthalene, divinylbenzene, trivinylbenzene, and divinyinaphthalene,
20 and preferably styrene.
The content of the aromatic vinyl compound unit is 0 wt% or more
(the content of the conjugated diene compound unit is 100 wt% or less),
preferably 10 wt% or more (the content of the conjugated diene compound
unit is 90 wt% or less), and more preferably 15 wt% or more (the content of
25  the conjugated diene compound unit is 85 wt% or less), per 100 wt% of the
total amount of the conjugated diene compound unit and the aromatic vinyl
compound unit. In order to enhance fuel cost saving properties, the content
of the aromatic vinyl compound unit is preferably 50 wt% or less (the content

of the conjugated diene compound unit is 50 wt% or more), and more

30 preferably 45 wt% or less (the content of the conjugated diene compound unit



(4) Carrier: tetrahydrofuran (5) Flowrate: 0.6 nL/mnute (6) Injection
anount: 5 jilL - (7) Detector: differential refraction 30 (8) Ml ecul ar
wei ght standard: standard polystyrene 52 5. Fuel cost saving properties

A strip-like test piece having a wdth ofg 1 mrmor 2 nmand a |ength of 40
mm was punched out from a sheet-1like vul canization nolded article, and was
subjected to a test. For neasurenent, |oss tangent (tan& (70C)) of a 5 test
pi ece at a tenperature of 70C was neasured with a viscoel asticity measuring
apparatus (manufactured by Ueshi ma Sei sakusho Co., Ltd. ) under the

condi tions ofs 56 et%airmefe)1% and a frequency of 10 Hz. this value is
smal | er, fuel cost savi ng properties are npre excell enl}ﬁ. 6. Ten(gll | e
strength at break Joud aq@@éb?%tﬁgvkn& DFPRENESS e VinghBpRding: r engt h

at cutting of_a v ni zed t zation
nol ded arti c?%lowﬁ c?loéldu%&t%g dl%ﬁesa pu ﬂ?&@ﬁ@&ﬁ{@h&@%g&%@@gl | -11ke
No. 3 shape tﬁﬁéfeﬁb@ﬁ%@ maih@omgtmﬁmme pesfeeily T0dn 6l oBless, feerigid e rate
of 500 ramim nute 15 Exanple The interior of a polynerization

react or rhademoi%sfihe Ic@ls’@nﬁ Dééhe cajuepisddlione wold- sip prdargodgaiiagee and
havi ng an |nternal vol une

dry nitrogen®"*FRELR p@@‘aﬁtl?sg t]8? VfW&ganPm%sgrﬁg%%% F%ge%glbltyaﬂggl@%% O? ?Fﬁgr WIGE)Q g

of 1, 3- but adyRAE prdB2aldyals B019% by nedie, fiitHerre@irabBt 2@MudvIrun e, agdd 4. 5
m of ethyl ene glpyco di ethyl ether were placed into the polynerization

react or. Theparmwlmluarekoabﬂm@(mbw|0nrpm@118t i dfeyansh b@@%@mw iBn of a
- butyl | hi O PE e e S AR RisRg Ry aui P ST e
g]g)l ymeriggti Qﬂscrrﬁa%h%ak%&'a%ayl BRyupOby rgelrmﬁaltré@lpé@mgmmatmaced 2.74 ¢
The conjugated diene-based polymer of the present invention can be
used as a conjugated diene-based polymer composition by incorporating
other polymer components and additives.

Examples of the other polymer component include styrene-butadiene

15  copolymer rubber, polybutadiene rubber, butadiene-isoprene copolymer
rubber, and butyl rubber. Examples thereof also include natural rubber, an
ethylene-propylene copolymer, and an ethyelene-octene copolymer. One or
more kinds of these polymer components are used.

When the other polymer components are incorporated into the

20 conjugated diene-based polymer of the present invention, in order to enhance
fuel cost saving properties, the amount of the conjugated diene-based
polymer of the present invention incorporated is preferably 10 wt% or more,
and more preferably 20 wt% or more, per 100 wt% of the total amount of the
polymer components incorporated (including the amount of the conjugated

25  diene-based polymer incorporated).

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

30 guanidine-based vulcanization accelerator; vulcanization activating agents



bi s(di et hyl am no) net hyl vi nyl si |l ane. Then, 20.0 mmol of a conmpound obt ai ned
by reacting 3-(N, N-di met hyl am no) - 1-propyl lithium and i soprene [reaction
ratio: isoprene/3-(N, N-clinethylam no)-1-propyllithium= 2/1 (nol ratio),
trade nane: Al-200CE2 (cycl ohexane sol ut4on), manufactured by 30 FMC] as a
cycl ohexane solution was placed into the polynerization reactor, 53 and a
pol ynmeri zation reaction was initiated. The copol yneri zation reaction of

1, 3- but adi ene, styrene and bi s(di et hyl am no) net hyl vi nyl si | ane was perforned
for 3 hours at a stirring rate of 130 rpmand a tenperature in the

pol yneri zat i suchr &astearic akidbsi] ziaki dxeddt o3giit adrendesasthstsdienmyher e 5
continuously supplied into.th | yneri.zati,op reactor, The anmounts qf

1, 3- but adi enBeARReY} HETHATBIPAPEIPEER IIrEPeGRoBIs THE BorPikAPdati on
reaction wer i . of

bi s(di et hyl a%%é?ﬁ%%%%%%ﬁ%ﬁ éﬁ?ﬁ%@%ﬁ%%ﬁ%ﬂ%ﬁ’ t‘llhag’ total anount
of nonorers whircinhuiatybeendqlacedicrn sfappkdedingigenthexpehdararilszat i on
10reactor, To the polyper solution was a qe 20 m of a hexane solution
cont ai ni My 1PYOCRFSIBE it RAHOREINEFERHe ""f)‘gl YHBEFaR) uti on was stirred for 5

m nutes. Then, to |y, k .
2-tert-butyl - 6- (3-1%%%?8%&03? Bigﬁ%fg}r gg@?hﬁ?ﬁ%ﬁ%ﬁ%ﬂ/%&iﬁ ?r%t}teﬁyslu%) u<]af’nyl 15
acryl ate (trasimidanilf@uinsbluts s@¥hr, ravdlifigbtudisgedsyblSedfuonoThhemosalt Co. ,

Ltd.) and 4.0 of pentaerythrityltetraltis(3-1aurylthjopropionate) (trade
name: Sumil i Q%ﬁle'r@l%}r 1ﬁﬁ¢ﬁﬁpﬁéﬁedrlé@f%§9r=§?}ﬁﬁq£ﬁﬁrf@bé’ﬁif%’ﬁht@SE).l,g PREEBY  Then,

t he pol yner sagl yt.i t - I r re for 24
hours, and t §1 ér %ﬁ%&%@L%@ p()?r’gglé% bS;(f)kQ% pg?éllg%ggﬁ%‘%g{%% %&ereafter,
the resujdi nanfRéypRITeM@Sy 01 fhes beriaghaio 5pertsdy Weighoures 100derrts bduced
pressure. The evaluation results of the polyner are shown in Table 1.

One hundr ed p&ighd dyphawplmengomp@etdsul ting pol ymer, 78.4 parts by wei ght
of silica (trade ne. bl trasil ST factur .4 25
parts by wei ght opﬁﬁa%ﬁé nog%g%ﬁ’%%é%gbde{ﬁg&f fbﬁgg)eﬁ%%%g Qg?aégﬁe rr%sr?gf actured
by Degussa), vBlcAnbBaiics diteleh@bé s@ih 6a2hasrdapasientdthagmlaatibenddthlizat k

N339, manufactured by M tsubishi Chem cal Corporation), 47.6 parts by

wei ght of andisufdelemdoiNteyelohgyel Aderzothonvsiplinssydricryremkasetact ured by

Japan En %gy Vlcl?lac%.%?zra Eoinoa@céle%aﬁ%rg %{Jéﬁ asl? ¥et%ﬁ%pﬁyl%iu§gmaﬂghéﬁﬁhﬁg adgent

(trade n

tetramethylthiuram disulfide; sulfenamide-based vulcanization accelerators
éuch as N-cyclohexyl-2-benzothiazolesulfenamide,
N-tert-butyl-2-benzothiazolesulfenamide,
N-oxyethylene-2-benzothiazolesulfenamide,

20 N-oxyethylene-2-benzothiazolesulfenamide, and
N,N'-diisopropyl-2-benzothiazolesulfenamide; guanidine-based vulcanization
accelerators such as diphenylguanidine, diorthotolylguanidine, and
orthotolylbiguanidine. The amount of the vulcanization accelerator
incorporated is preferably 0.1 parts by weight to 5 parts by weight, and more

25  preferably 0.2 parts by weight to 3 parts by weight, per 100 parts by weight
of the polymer component.
Examples of the silica include dry silica (silicic acid anhydride), wet
silica (hydrous silicic acid), colloidal silica, precipitated silica, calcium
silicate, and aluminum silicate. One or more kinds of them can be used.

30 The BET specific surface area of silica is preferably 50 m?/g to 250 m?/g.



30 Antigen 3C, manufactured by Sum tonmo Chemical Co., Ltd.), 2 parts by 54
wei ght of stearic acid, 2 parts by weight of zinc flower, 1 part by wei ght
of a vul cani zation accel erator (trade name: Soxinol CZ, nmanufactured by
Sum tono Chemical Co., Ltd.), 1 part by peight of a vul canization
accel erator (trade name: Soxinol |ID, manufactured by Sum tono Chem cal 5
Co., Ltd.), 1.5 parts by weight of a wax (trade nane: Sunnoc N,
manuf act ured by Quchi Shinko Chemi cal Industrial Co., Ltd.), and 1 4 parts
by wei ght of sulfur were kneaded with Laboplast MII| to prepare a polyner
conposi ti on. THh 8B Espdcifiganiadeyame ic anpesicréd aasnomislgrtolP&EMimlﬁBSaO% heet with
a 6 inch roll, and the_sheet. was heated at.L 160C \&%z}t es for

a

vul cani zatl oS eompreEpally ay ajlableapiodugtss st name V&P‘ resul ts of
physi cal Ox%)%‘hhﬁrec%mggd E?Be&és‘%ﬁ@fﬁ%ﬁﬁgw e 1.

Conpar ative e Interror ]?)Fyrrerl Zatiodn reactor nmade

of stainl eSSm&haﬁictumhbjpmesbh/\‘smhaa}(ﬁpbfartmg add\ztm@a n&mnd Zeayil ng15MH nt er nal
vol une of 20 L was 15 washed and_dried, and repI aced with dry nitrogen.

Then, 10.%2 kleﬁMPﬂéagﬂf&lcé‘llreldéWaﬁbo‘P@eﬁ§iitt§}e crE/Mesyseds08 g of
1, 3- but adi ene, 19%}%} 1e§to§%hé‘8arb%n¥11ace§1 (ftfﬁ?ﬁx%r Bﬁ{aekaé‘ce Zﬁgﬂeﬁa“d{“ of

et hyl ene gl ycol er were nerization reactor.

Then, in or dﬁferhm@eécﬁkx chimhdlHAdY, 88 gaphitag E&aﬁiplé(s’:lbﬂm d@kbén black
pol ynerization initiator in advance, a 20 snal| anount of a sol ution of

n-butyl lit h.miude thanmed nerbes lda@lea\»@hg%ERﬂhé\/IB #aedCC furnace carhog t he
ol yneri zat i tor
DSl ot pot wRSEERE AS S, IBARC BT \PREOFRE SRF, OPT APE FF,OF.SCRand

n- hexane( COEC%“Eh&fmél Ribith bldchi d4ith k2. BT A8/ M TASn @ a sty TR daZBé i Bihck.
initiator 25 was placed into the polynerization reactor, and a

pol yneri zat i @neroeamnedﬂnda@fthﬂmncané@ USFIde copol ymer i zation reaction of

1, 3- but adi t d bi s(di th | rf d
for e e o U Rt Bb iR i AThE SR e QU W BRI T O
pol yneri zati i%rbﬂeﬁﬁb%’ 5 aiz/é’éﬁzomﬁjzrge aiad%heta@@luy@ RB IR tSTYBENEb MR HBlon

continuously supplied into the 30 gmerl zation reactor. The anounts of
1, 3- but adi enemandt sf garboe léaqipimaﬁfera ly 5 ml/100 g to 300 ml/100 g. The

15 nitrogen adsorption specific surface area is measured according to ASTM
D4820-93. The DBP absorption amount is measured according to ASTM
D2414-93. As commercially available products, Diablack N339,
manufactured by Mitsubishi Chemical Corporation, trade name SEAST 6,
SEAST 7THM, and SEAST KH, manufactured by Tokai Carbon Co., Ltd.,

20 trade name CK 3, Special Black 4A, manufactured by Degussa, and the like
can be used.

When formulated into a conjugated diene-based polymer composition
in which a reinforcing agent is incorporated into the conjugated diene-based
polymer of the present invention, the amount of the reinforcing agent

25  incorporated is preferably 10 parts by weight to 150 parts by weight, per 100
parts by weight of the amount of the conjugated diene-based polymer of the
present invention incorporated. In order to enhance abrasion resistance
and strength, the amount incorporated is more preferably 20 parts by weight
or more, and further preferably 30 parts by weight or more. In order to

30 enhance reinforcing properties, the amount incorporated is more preferably



55 after initiation of the polynerization reaction were 912 g and 288 g,
respectively. The anpunt of bis(diethylam no)nethylvinylsilane placed was
0.13 W% in the total anount of nononers which had been placed or supplied
into the polynerization reactor. 5To the%polyner sol ution was added 20 mi
of a hexane solution containing 0.8 ni met hanol , and the pol yner
solution was stirred for 5 mnutes. Then, to the pol yner solution were
added 8.0 g of '
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-nethyl benzyl) - 4- et hyl phenyl
acryl ate (tr d2@pasndy Beight bz brss Ghbd farthénaptaiemd by 0Gpattsdiyow&iakiioeal 10
Co., Ltd.) and 4.0 g of pentaerythrityltetrakis(3-1aurylthiopropionate)
(trade nane:leS&nilizer TP-D, manufactured by Sumitono Chem' cal Co., Ltd.),

and the pol ymer S? %ﬂd@@tg\@ﬁlgﬁ ] +Ven?v1wgsﬁbggﬂléén no ngétted into

tenperature for 24 hours e so aporéte tarna

pol ymer. Theseshigfited ieneasubd boly e soffosivaen fruviher a deinésicalg ademtf or 12
hours 15 under reduced pressure. The eval uation results of the polyner are
shown i n Srabisdngorporated intayhe snmiagated shenasbasedpqlymer of thepresertl ti ng

ol yirer . 78 S BRELS, e ELADI0to BLL LAR.CLIANS DANRI LRS! I ia o,

manuf actured1 )?n e coup i'ng agent

(trade nane: ofSiifi8a ummp&méwmez&abw mgustsajy woight paficrepyndvaicggbt of
carbon bl ack (trade name: Di abl ack N339, manufactured by M tsubi shi

Cheni cal Cor praferabdn 0 nartssbypwetahtioy m%lieglﬁﬁl“ é@OQﬁr@mkwa@ht@if the tatable nane:
JOMO Process_NC- 140, manuf ctured b¥é E}ﬁ er gy Corporation), 1.5 parts

by wei ght of aﬁlﬁuﬁlﬁtoftlé Wiﬁ ogagﬁtag(ep Antl gen 3C, manufactured by

Sumi t onoychem cal ’@@eweiglﬁ rhtiodfRBE Tc§nﬂ@)&t 35siﬁ@la£iﬂbd@fs tBE @ainifercatd Q%e]& parts
by wei ght of zinc flower, Eart by wei ght of a vul cani zati on accel erator

(trade nane: a@@%hm@n@to adxlmleﬁhbyomtpéﬁﬂm@héhﬁ@ame@@ of cabgn) | 1

part by weig a a ceI rat;or . (trade oxi.naol D,
manuf act ur edgii?ggtﬁﬁ‘te Ti19) B’hgnﬁ I%chl By g dgT t(ge%h%%ﬁet élngf/o \%@?‘Gﬁlg of a wax
(trade nane: &é{i’é@ﬁ@s %Jnd%@nﬁ'@mﬁgﬂﬁﬁdﬁeﬁﬁe@}th@t@é]?h%ﬁdﬂﬁ SR Eedbralonelast ri al
Co., Ltd.) 1.4 parts 56 by weight of sulfur were kneaded wth

Labopl ast M Lito 26 - drepare a polymer conposition. The resulting poI yner

it] ded wth a 6 heet
eated al® 160C 1 or BHEURIT 4o BUES, o S bt bl PRO R B o
sheet. The eVﬁlﬂ@Eét‘l&Bx:frﬁﬁiﬂet $1r8;ﬂtr§s(9%¥§ﬂh%§&eﬂ%§?ﬁﬂbh@s of the vul cani zed
sheet are shown in Tab nparative Exanpl e

p-(3,4- epoxycyclohexyl)ethyltrlmethoxysﬂane
v-glycidoxypropyltrimethoxysilane, y-methacryloxypropyltrimethoxysilane,
N-(B-aminoethyl)- y-aminopropyltrimethoxysilane,

20 N-(B-aminoethyl)-y-aminopropylmethyldimethoxysilane,
N-phenyl-y-aminopropyltrimethoxysilane, y-chloropropyltrimethoxysilane,
v-mercaptopropyltrimethoxysilane, y-aminopropyltriethoxysilane,
bis(3-(triethoxysilyDpropyD disulfide, bis(3-(triethoxysilylDpropyl)
tetrasulfide, y-trimethoxysilylpropyldimethylthiocarbamyl tetrasulfide, and

95  y-trimethoxysilylpropylbenzothiazyl tetrasulfide. One or more kinds of
them are used. As commercially available products, trade name Si69, 5175,
manufactured by Degussa and the like can be used.

When formulated into a conjugated diene-based polymer bomposition
in which a silane coupling agent is incorporated into the conjugated

30 diene-based polymer of the present invention, the amount of the silane



The interior of a polynerization reactor nade of stainless steel, equipped
with a stirring device, and having an internal volune of 20 L was washed
and dried, and replaced with dry nitrogen. Then, 10.2 kg of 10 industrial
hexane (density 680 kg/nB), 608 g of 1, Jgoutadi ene, 192 g of styrene, 6.1
m of tetrahydrofuran, and 4.2 ml of ethylene glycol diethyl ether were

pl aced into the polynerization reactor. Then, in order to detoxify
inmpurities causing inactivation of a polynerization initiator in advance, a
smal | amount of a solution of n-butyllithiumin n-hexane as a scavenger was
15 pl aced. couplinglagent itwrpotagedis patféembly ¢aetroby wasghgl taddp£0s bynmmol of a

i L R B T
1 (ol rat l%geratb'ifg ﬁg.g%@ vsvgjig‘h% 0465 5%?%1 g@f‘gfﬁp&ﬁﬁd‘ﬁéﬂ@i}y wipw getured

by 20 FMC] a cyc ution, ol'ymeri zati'on reaction was
initiated. Tie «bpaol ynerization reaction of 1, 3-butadiene and styrene was

performed for 3 haours at a_.stirring rate qf 130 rpm and tenperature in
the pol yreri zat i orf-¥adaries of ghe efsf@p%am énﬁ}lée %?%&F%%@S%ﬁangwﬁéﬂé ver e
conti nuously I i rd i tio. f

251, 5 but ad Saeoaeh e Sl dEn R LR AARL) OR0D RETB), PAFRARMIRLR, 1 on

reacti on werifdial gilaid (R88vagucrespeed 086b), .and paraffid-basditbrmpénaieilssol uti on
was added 20 ml of a hexane solution containing 1.2 m of nethanol, and the

g
pol ymer sol utf-GrCierdue 079069 G-849)5 hheuratenti@rlyoyelis AEomrily AERPeSRdt i on
wer e added 8.0 : 3 t.elof - = 2= D"
met hyl benzyl 1)n §1%4&r¥%§%§/rlz%%£esﬁé){ﬁ&% }%%ar% Iﬂé ég(ﬁ)g’dign &Jngﬂé%? B}é%%ﬁhﬁg éefSSGM
manuf acty edsian B4, orMhdhsiftEatic omatictdnlertnié deddu@edticcording to the
pentaerythrityjtetrakis(3-|aurylthiq&&ogionate) %trade nane: Sum.|li zer
TP-D, nanuf aBtiieddnsiitaemitRateelenens P2 dethodt g The capent vé apunghier
solution was_th d Lo u j ] g 24
hours, and t e §(§)‘f@e¥§? m%lsghéav%%gﬁ(g re(gi’fs[)p%g% 31%?9 %6 %ﬁ@é@%&%hg{?%‘g? %er, t he
resul ting pomiekingsof thebdetedbedilabrdased.or 12 hours under reduced

pressure. The evaluation results of the polyner are shown in Table 1.
As a method for producing a conjugated diene-based polymer

15  composition by incorporating other polymer components and additives into
the conjugated diene-based polymer of the present invention, known
methods, for example, a method of kneading each component with a known
mixer such as a roll mixer or Banbury mixer can be used.

As kneading condition, when additives other than the vulcanization

20 agent and the vulcanization accelerator are incorporated, the kneading
temperature is usually 50°C to 200°C, and preferably 80°C to 190°C, and the
kneading time is usually 30 seconds to 30 minutes, preferably 1 minute to 30
minutes. When the vulcanization agent and the vulcanization accelerator
are incorporated, the kneading temperature is usually 100°C or lower,

25  preferably room temperature to 80°C. A composition in which the
vulcanization agent and the vulcanization accelerator are incorporated is
usually subjected to vulcanization treatment such as press vulcanization for
use. The vulcanizing temperature is usually 120°C to 200°C, and
preferably 140°C to 180°C.

30 The conjugated diene-based polymer composition of the present



One hundred parts by weight of the resulting polyner, 78.4 parts by 10

wei ght of silica (trade nanme: Utrasil VN3-G manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: Si 69, manufactured
by Degussa), 6.4 parts by weight of carhgn black (trade nane: D abl ack
N339, manufactured by M tsubishi Chem cal Corporation), 47.6 parts by

wei ght of an extender oil (trade name: JOMO Process NC- 140, nmanufactured by
Japan 15 Energy Corporation), 1.5 parts by weight of an anti-agi ng agent
(trade nane: Antigen 3C, manufactured by Sum tono Chem cal Co., Ltd.), 2
parts by weigiventibndt eatellentatn fyel Zogagaving proyeirgbs, iofgoad nectddsdaer, 1 part
by wei ght of a vulcanization accelerator_ (trade nanme: Soxinol CZ,

manuf act ur edSByRSEMtIeBk erdrip saitably usadig diress part by wei ght of a

vul cani zation 20 accel erator (trade name: Soxinol D, manufactured by

Sum tono Chem cal Co., Ltd.), 1.5 parts by weight of a wax (trade nane:
Sunnoc N, neRgfaeley ed by Quchi Shinko Chemical Industrial Co., Ltd.), and
1.4 parts by weight of sulfur were kneaded with Laboplast M| to prepare a
pol yner donposi ti othe apdusideny pf PhEsipd Breperiéempas Periormod §y fbe ddipwmeo a
sheet 25 with 6;inch roll, and the sheet was heated at 160C for 45

m nutes for %?}3% I'zation to prepare a vul cani zed sheet. The eval uation
results of physicsady pleenesit ¢B..9f the vul cani zed sheet are shown in Table

1. 58 [Table ill Exanple 1 Conparative Exanple 1 Conparative Exanple 2
Mooney Vi scosity -A®grdngto JIS K6300 (1994), the Mooney viscosity of a polymer
was measured at 100°C.
10 2. Vinyl bonding amount (unit: mol%)

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

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

15 According to JIS K6383 (1995), the content of a styrene unit in a
polymer was obtained from a refractive index.
4. Molecular weight distribution (Mw/Mn)

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

molecular weight (Mn) were measured under the following conditions (1) to
20 (8) by a gel permeation chromatography (GPC) method, and the molecular

weight distribution (Mw/Mn) of a polymer was obtained.

(1) Apparatus: HL.C-8220, manufactured by Tosoh Corporation

(2) Separation column: TSKgel SuperHM-H (two in series), manufactured by

Tosoh Corporation
25  (3) Measuring temperature: 40°C

(4) Carrier: tetrahydrofuran

(5) Flow rate: 0.6 mL/minute

(6) Injection amount: 5 pL

(7) Detector: differential refraction

30 (8) Molecular weight standard: standard polystyrene



40.9 52.2 Vinyl bonding amount nol % 56.4 57.6 55.6 Content of styrene unlt
W% 24.6 24.4 24.8 Ml ecul ar weight distribution 1.12 1.09 1.12 :

52

5. Fuel cost saving properties
A strip-like test piece having a width of 1 mm or 2 mm and a length of

40 mm was punched out from a sheet-like vulcanization molded article, and
was subjected to a test. For measurement, loss tangent (tand (70°C)) of a

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

10 According to JIS K6251A, tensile strength at cutting of a vuleanized
sheet was measured. A sheet-like vulcanization molded article was
punched out with a punching blade to make dumbbell-like No.3 shape test
pieces. The measurement was carried out at a tensile rate of 500
mm/minute.

15 Examplel

The interior of a polymerization reactor made of stainless steel,
equipped with a stirring device, and having an internal volume of 20 L was
washed and dried, and replaced with dry nitrogen. Then, 10.2 kg of
industrial hexane (density 680 kg/m3), 608 g of 1,3-butadiene, 192 g of

- 20 styrene, 6.1 ml of tetrahydrofuran, and 4.5 ml] of ethylene glycol diethyl ether
were placed into the polymerization reactor. Then, in order to detoxify
impurities causing inactivation of a polymerization initiator in advance, a
small amount of a solution of n-butyllithium in n-hexane as a scavenger was
placed into the polymerization reactor.

25 Into the polymerization reactor was placed 2.74 g of
bis(diethylamino)methylvinylsilane. Then, 20.0 mmol of a compound
obtained by reacting 3-(N,N-dimethylamino)-1-propyllithium and isoprene
[reaction ratio: isoprene/3-(N,N-dimethylamino)-1-propyllithium = 2/1 (mol
ratio), trade name: AI-200CE2 (cyclohexane solution), manufactured by

30 FMC] as a cyclohexane solution was placed into the polymerization reactor,



Fuel cost saving properties tan6é (70C) 0.109 0.141 0.191 Tensile strength
at break MPa 15.3 14.3 14.4 Exanple 2 The interior of a polynerization
react or made of stainless steel, 5 equipped with a stirring device, and
having an internal volunme of 20 L was waghed and dried, and replaced with
dry nitrogen. Then, 10.2 kg of industrial hexane (density 680 kg/nB), 608 g
of 1, 3-butadiene, 192 g of styrene, 6.1 m of tetrahydrofuran, and 4.5 ni

of ethylene glycol diethyl ether were placed into the polynerization
reactor. Then, in order to detoxify 10 inpurities causing inactivation of a
pol yneri zat i endiampdly@mevizatinn adscimgewas isitgitéd.ambuncorolymesodtien seacsion
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of performed for 3 hours at a stirring rate of 130 rpm and a temperature in the
polymerization reactor of 65°C, while 1,3-butadiene and styrene were
5 continuously supplied into the polymerization reactor. The amounts of
1,3-butadiene and styrene supplied after initiation of the polymerization
‘reaction were 912 gand 288 g, respectively. The émount of |
bis(diethylamino)methylvinylsilane placed was 0.14 wt% in the total amount
of monomers which had been placed or supplied into the polymerization
10 reactor. _ |
7 To the polymer solution was added 20 ml of a hexane solution
containing 1.2 ml of methanol, and the polymer solution was stirred for 5
minutes. Then, to the polymer solution were added 8.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methyiphenyl
15 acrylate (trade name’ Sumilizer GM, manufactured by Sumitomo Chemical
Co., Ltd.) and 4.0 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
name: Sumilizer TP-D, manufactured by Sumitomo Chemical Co., Ltd.).
Then, the polymer solution was allowed to stand under ambient temperature
for 24 hours, and the solvent was evaporated to obtain a polymer.
20 Thereafter, the resulting polymer was further dried at 55°C for 12 hours
under reduced pressure. The evaluation results of the polymer are shown
in Table 1.
One hundred parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil VN3-G, manufactured by Degussa), 6.4
95 parts by weight of a silane coupling agent (trade name: S169, manufactured
by Degussa), 6.4 parts by weight of carbon black (trade name: Diablack N339,
manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of
an extender oil (trade name: JOMQ Process NC-140, manufactured by Japan
Energy Corporation), 1.5 parts by weight of an anti-aging agent (trade name:

30  Antigen 3C, manufact;ured by Sumitomo Chemical Co., Ltd.), 2 parts by



bi s(di et hyl am no) net hyl vi nyl si |l ane. Then, 18.9 mmol of a conmpound 15
obt ai ned by reacting 3-(N, Ndi net hyl am no) - 1- propyl lithium and i soprene
[reaction ratio: isoprene/3-(N, Ndi net hyl am no)-1-propyllithium= 2/1 (nol
ratio), trade nane: Al-200CE2 (cycl ohexage sol ution), manufactured by FM]
as a cycl ohexane sol ution was placed into the polynerization reactor, and a
pol yneri zation reaction was initiated. The copol yneri zation reaction 20 of
1, 3-but adi ene, styrene and bi s(diethyl am no)nethyl vinylsilane was perforned
for 3 hours at a stirring rate of 130 rpmand a tenperature in the

pol yneri zat i wrighdafstrarisfade.c pe«rﬁmber weighpaf aapélwea,nhpgxt;h%we@héroé a

t | d intg ts of
SO but ot enpiiiaRtep ety RaalaRhaR® Syl B0 Himet AE-ETRY S, L on
59 reaction %ﬁﬁt&&@meﬁﬂéal?@@ ntquslp,ﬁQtHywe&ght dhe vamauiiatRh

bi s(di et hyl am no) et hyl vi nyl si'l ane 'placed “was 14 wt% in the total anount
of nononers athetdrabhadtizslempheacBakinel Empmu&ttwrﬁd&}t Hempinymehemaedion

reactor. : sul soI qn_was tirred.in the

pol yner i zé i gﬂ rlég‘ét %%Qgp}%ﬁgﬁlt:%!ar‘éf% i@@rn}ep%un\ﬂﬁ? the tenperature
of the pol ymgiizaddiofed BROR %M@eﬁbﬂﬁémhdéé&alt% gLﬂmplanefléLparts

N- ( 3- di met hyl am nopropyDacrylam de was added to the pol yner solution, and
the mxture bpsveight sfetiifurrwdrs Imeaded with Qboplaet Mxlly:n@rremetﬂ ptaiwrmﬁa's added
20 M of a hexane sol ut ;Irgn co tal ning 1 2 m af. nethano onrrer

sol ution wasCY¥EPPHEGLS of 18 TR ol W@F\COIPBoﬁlFanﬁEﬂWidegdP ?5

added 8.0 g h d the sheet was heated at 160°C for 45 minutes f
2-tert- butyl%sth(%thgrqt d ari Ehehs (feo;(n;/aSS er%a? f}l benzylo)r 4- ?rlé]%%flsp%renyl

acryl atei@tr adh:anaammonSmrprlepzma decamudfs&xebw €thdyvaBuntiboresulheni cal
15Co., Ltd.) and 4.0 g of pentaer thrlt Itetrak| 3-l.a thloproplonate)
(trade name: P%WMQ@PGW@f%ﬁ %?é?flﬂ‘? é?ﬁﬁﬁn%hﬁ ¢al Co., Ltd.),

and t he pol y%#p%%gﬁg%%a\@ﬁatlhen al | ovved to stand under anbi ent

tenperature t he sol vent was evaporated to obtain a
pol yner. Ther eaf t €The iiterice s htpolgmprkytien rewsof matihef strinkds ateeb5C for 12
hours equipped with a stirring device, and having an internal volume of 20 L was
15 washed and dried, and replaced with dry nitrogen. Then, 10.2 kg of
industrial hexane (density 680 kg/m3), 608 g of 1,3-butadiene, 192 g of
styrene, 6.1 ml of tetrahydrofuran, and 4.4 ml of ethylene glycol diethyl ether
were placed into the polymerization reactor. Then, in order to detoxify
impurities causing inactivation of a polymerization initiator in advance, a
20 small amount of a solution of n-butyllithium in n-hexane as a scavenger was
placed.

. Into the polymerization reactor was placed 2.63 g of
bis{diethylamino)methylvinylsilane. Then, a solution of n-butyllithium in
n-hexane (content of n-butyllithium 12.3 mmol) as a polymerization initiator

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

while 1,3-butadiene and styrene were continuously supplied into the

30 polymerization reactor. The amounts of 1,3-butadiene and styrene supplied



20 under reduced pressure. The evaluation results of the polynmer are shown
in Table 2. " One hundred parts by weight of the resulting polyner,
78.4 parts by weight of silica (trade nane: Utrasil VN3-G nanufactured by
Degussa), 6.4 parts by weight of a silamgs coupling agent (trade nane: Si69,
manuf actured 25 by Degussa), 6.4 parts by weight of carbon black (trade
nanme: D abl ack N339, nmanufactured by M tsubishi Chem cal Corporation), 47.6
parts by weight of an extender oil (trade nane: JOMO Process NC- 140,

manuf actured by Japan Energy Corporation), 1.5 parts by weight of an

anti - agi ng agBar ifitiaide of 4he polsmérggmi®@Ceantion fesse Flddg yd BHEL oo Cheni cal

Co., Ltd.), 2 ts b i gh id t.S..b i ght_of zi
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of a vul cani zation accel erator (trade name: Soxinol D, manufactured by
Sum t ono Chensupg@liedCoite the dolymeriZatpar tesctoy. wei ght of a wax (trade nane:
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into a sheet lu%//\,ilmtgﬁlma%[36)?nchd (rﬁgl(ftlh?i gr’]g t he gr(}gyet was 18ate at 160C for 45
m nut es for wihates z&theantd theppdpaee salutidncaarazetiesh® 6tz ofThe eval uati on

results of 1Q physical properties of the vul canjzed sheet are shown in
Tabl e 2. Exa%ﬁ?ét'@uty?'6'(%'-teWEuWﬁt?éW%‘i°X5f5'5195161’ FeRTIE AP ERTREar made of
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n-butyl it hi @y 2hhouikexadehasolaestavergaporasd Edolpladg adhdlyher.t he
pol yneri zation reactor. Into the polynerizatjon reactor was aced 2.74 ¢
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25 ratio), timdebkane: Al-200CE2 (cycl ohexane sol ution), manufactured by

FMC] as a cycl ohexane _solution was placed into the pol ynerization reactor,
and a pol yreri zat i @ac hendredpatady Weighiwobthe malidnpsrhmess 7844 Bty Blict i on

weight of silica (trade name: Ultrasil VN3-G, manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: Si69, manufactured

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

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

30 manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts



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

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

bi s(di et hyl am no) net hyl vi nyl sil ane placed was 0.14 wt% in the total anount
5 of nononers whi ch had been placéd or supplied into the polynerization
reactor. Théw, wei@ztroésulf‘ar n@r@bhymd wcﬁhdt‘atlmplaceasti ta pregarna plebymer

pol ynmeri zati on reactor |rr|n rat e of %Mtheterrperature
of the pol yROFIPAStESh o f W&%PP tl%ﬁrrf@@%ﬂﬂ ai@

3 (dl ethy] alshoy PLmyidil hRRQRKS a0 BelRR aasdpb%}dctfer Wbilegi sol ution,

and the mxture was stirred for 15 m nutes. he pol yner sol ution
was added ZGruibamfZaaoineo(@n@eerelalﬂulmmdmheen nGhe. lealdatuin reetiltamdl , and t he

ol yner soI ut.i on S sti re for 5 nyt The to. t ol yner soI ution
\Rlerg addéd g::}{ysg:aﬁla rggertlreso the Vulcag]lzelﬁis eet are shown in Jﬂebp y
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acrylate (tr narne: izer manuf actured by Sum tono Chem cal Co.,
Ltd.) and 4.0 g offipecmtacsydiu pblyhi@tﬂaaiom&(eaeﬂoamwdddjﬁanarzﬂ@asmwle) (trade
nane: Sum lizer TP-D, manufactured by Sum tono Che and the
pol ymer sol (RIBAPGHY he AtAIRE BeHIce 02 Rd aﬁw%r&;émtamﬁﬁéfﬁ%um@ﬁﬁ maé 20 for

24 hours, a e gEnereafter,
the resulti %a%)%%y%g#&%é WF%}@Q%?’%%%{YQ%@%%? E‘Bﬁo%@g fnder reduced
pressur g0 Thedeyafadidamer(@stditys 680 kgﬂﬁﬁ)PﬁfDS@Bf 13@&!&@4@ 102 Falfl e 2. One
hundred parts by wei ght of the resulting_polyner, 78.4 parts by 25 wei ght
of silica (tﬁ‘tatﬁlenﬁ ml of fetaahydrofgag, and At Bd ofpdylene ﬁ@@%@é vl Gthﬁl’parts

by el ght of . B SLL08 SAYRLLOSRESNL AL [aE N2 onSI PO cROULARAY o0 by

Degussa) , CATD ack (trade narme: k N339,

manuf act ur eoanbmmi/hta§ Umﬁhg u&tﬁmamln @@rmymtemahonziﬁltﬁmpam sd¥ndaphght of
an extender oil (trade nane: JOMO Process NC- 140, manufactured by Japan 30

Energy Cor potmaeilemount. o apsplegomof plivgilithruman anhexadyi 42 SGeROSET Made
name- 15 placed.
Into the polymerization reactor was placed 20.0 mmol of a compound
obtained by reacting 3-(N,N-dimethylamino)-1-propyllithium and isoprene
[reaction ratio: isoprene/3-(N,N-dimethylamino)-1-propyllithium = 2/1 (mol
ratio), trade name: AI-200CE2 (cyclohexane solution), manufactured by
20 FMC] as a cyclohexane solution, and a polymerization reaction was initiated.
The copolymerization reaction of 1,3-butadiene and styrene was performed
for 3 hours at a stirring rate of 130 rpm and a temperature in the
polymerization reactor of 65°C, while 1,3-butadiene and styrene were
continuously supplied into the polymerization reactor. The amounts of
25  1,3-butadiene and styrene supplied after initiation of the polymerization
reaction were 912 g and 288 g, respectively.
To the polymer solution was added 20 ml of a hexane solution
containing 1.2 ml of methanol, and the polymer solution was stirred for 5
minutes. Then, to the polymer solution were added 8.0 g of

30 2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl



62 Antigen 3C, manufactured by Sum tono Chem cal Co., Ltd.), 2 parts by

wei ght of stearic acid, 2 parts by weight of zinc flower, 1 part by wei ght
of a vul cani zation accel erator (trade name: Soxinol CZ, nmanufactured by
Sum tono Chem cal Co., Ltd.), 1 part bysmeight of a vul canization 5

accel erator (trade nane: Soxinol D, manufactured by Sumitono Chenical Co,
Ltd.), 1.5 parts by weight of a wax (trade nanme: Sunnoc N, manufactured by .
Quchi Shinko Chem cal Industrial Co., Ltd.), and 1.4 parts by wei ght of

sul fur were kneaded wi th Laboplast MII to prepare a pol yner conposition.
The resul ti raprpbity frade oapos iStuimi&izwa@andeufacmmddmgle@ntom Ghemicele i nch

roll, and the s s heat.ed at 10 or 45 m,nut 1 | } i t
prepare a vu %aﬂ‘?‘gia\ﬁ@#e@g .Og?ﬁﬁ%éa\];%ﬁﬁé%yﬁtﬁﬁmi& I'lgﬁryﬁamﬁﬁ{f)?:{%tuﬁ gﬁtﬁ%@‘% 1(:) inesO
of the vul capi4edsshelerAE I8 O R uleBG Pumitdal €hdhical E¥ANRES, AnfXxanpl e
3 48.4 Mooney viscosity 43.1° Vinyl bonding amount nol % 56.6 57.0

the polymer solution was then allowed to stand under ambient temperature
5 for 24 hours, and the solvent was evaporated to obtain a polymer.
Thereafter, the resulting polymer was further dried at 55°C for 12 hours
under reduced pressure. The evaluation results of the polymer are shown
in Table 1.
One hundred parts by weight of the resulting polymer, 78.4 parts by
10  weight of silica (trade name: Ultrasil VN3-G, manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: 8i69, manufactured
by Degussa), 6.4 parts by weight of carbon black (trade name: Diablack N339,
manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of
an extender oil (trade name: JOMO Process NC-140, manufactured by Japan
15 Energy Corporation), 1.5 parts by weight of an anti-aging agent (trade name:
Antigen 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by
weight of stearic acid, 2 parts by weight of zinc flower, 1 part by weight of a
vulcanization accelerator (trade name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization
20 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., Litd.), and 1.4 parts
by weight of sulfur were kneaded with Laboplast Mill to prepare a polymer
composition. The resulting polymer composition was molded into a sheet
25  with a 6 inch roll, and the sheet was heated at 160°C for 45 minutes for
vulcanization to prepare a vulcanized sheet. The evaluation results of

physical properties of the vulcanized sheet are shown in Table 1.



Content of styrene unit w% 24.6 24.6 Mol ecul ar wei ght distribution -
cost saving properties tan8 (700 -

1. 24 Fuel

at break MPa 16.7 10.8

10

15

20

1.13

0.098 0.122 Tensile strength

58
[Table 1]
Comparative |Comparative
Example 1 .Exar]r;;ple 1 Exarﬁple 2
Mooney viscosity - 52.9 40.9 52.2
Vinyl bonding amount mol% [56.4 57.6 55.6
Cantent of styrene unit wt% 124.6 24.4 24.8
Molecular weight distribution |- 1.12 1.09 1.12
Fuel cost saving properties
tand (70°C) - 0.109 0.141 0.191
Tensile strength at break MPa |15.3 14.3 14.4

Example 2

The interior of a polymerization reactor made of stainless steel,
equipped with a stirring device, and having an internal volume of 20 L was
washed and dried, and replaced with dry nitrogen. Then, 10.2 kg of
industrial hexane (density 680 kg/m3), 608 g of 1,3-butadiene, 192 g of
styrene, 6.1 ml of tetrahydrofuran, and 4.5 m} of ethylene glycol diethyl ether
were placed into the polymerization reactor. Then, in order to detoxify
impurities causing inactivation of a polymerization initiator in advance, a
small amount of a solution of n-butyllithium in n-hexane as a scavenger was
placed into the polymerization reactor.

Into the polymerization reactor was placed 2.74 g of
bis(diethylamino)methylvinylsilane. Then, 18.9 mmol of a compound
obtained by reacting 3-(N,N-dimethylamino)-1-propyllithium and isoprene
[reaction ratio: isoprene/3-(N,N-dimethylamino)-1-propyllithium = 2/1 (mol
ratio), trade name: AI-200CE2 (cyclohexane solution), manufactured by
FMC] as a cyclohexane solution was placed into the polymerization reactor,
and a polymerization reaction was initiated. The copolymerization reaction
of 1,3-butadiene, styrene and bis(diethylamino)methylvinylsilane was
performed for 3 hours at a stirring rate of 130 rpm and a temperature in the
polymerization reactor of 65°C, while 1,3-butadiene and styrene were
The amounts of

continuously supplied into the polymerization reactor.

1,3-butadiene and styrene supplied after initiation of the polymerization



15 Exanple 4 The interior of a polynerization reactor nade of
stainless steel, equipped with a stirring device, and having an internal
volume of 20 L was washed and dried, and replaced with dry nitrogen. Then,
10. 2 kg of industrial hexane (density 68 kg/ n8), 608 g of 1, 3-butadiene,
192 g of 20 styrene, 6.1 m of tetrahydrofuran, and 4.6 ml of ethylene

gl ycol diethyl ether were placed into the polynerization reactor. Then, in
order to detoxify inpurities causing inactivation of a polynerization
initiator in advance, a small _anmount of a sol ution of nogutylllthl umin
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Thereafter, the resulting polymer was further dried at 55°C for 12 hours
20 under reduced pressure. The evaluation results of the polymer are shown
in Table 2.
One hundred parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil VN3-G, manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: Si69, manufactured
95 by Degussa), 6.4 parts by weight of carbon black (trade name: Diablack N339,
manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of
an extender oil (trade name: JOMO Process NC-140, manufactured by Japan
Energy Corporation), 1.5 parts by weight of an anti-aging agent (trade name:
Antigen 3C, manufactured by Sumitomo Chemical Co., Ltd.),. 2 parts by
30 weight of stearic acid, 2 parts by weight of zinc flower, 1 part by weight of a



30 Thereafter, the resulting polymer was further dried at 55C for 12 hours
64 under reduced pressure. The evaluation results of the polyner are shown
in Table 3. ~ One hundred parts by weight of the resulting pol yner,
78.4 parts by weight of silica (trade nagpe: Utrasil VN3-G nanufactured by
Degussa), 6.4 5 parts by weight of a silane coupling agent (trade nane:

Si 69, manufactured by Degussa), 6.4 parts by weight of carbon black (trade
nane: Di abl ack N339, manufactured by M tsubishi Chem cal Corporation), 47.6
parts by weight of an extender oil (trade nane: JOMO Process NC- 140,
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of stainless equl ppe I'rring device, an avi ng an internal
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Then, in order to oxl "t es causi ng i na
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n-butyllithiumin n-hexane as a scavenger was 65

washed and dried, and replaced with dry nitrogen. Then, 10.2 kg of

15 industrial hexane (density 680 kg/m3), 608 g of 1,3-butadiene, 192 g of
styrene, 6.1 ml of tetrahydrofuran, and 4.5 ml of ethylene glycol diethyl ether
were placed into the polymerization reactor. Then, in order to detoxify
impurities causing inactivation of a polymerization initiator in advance, a
small amount of a solution of n-butyllithium in n-hexane as a scavenger was

20 placed into the polymerization reactor.

Into the polymerization reactor was placed 2.74 g of
bis(diethylamino)methylvinylsilane. Then, 19.6 mmol of a compound
obtained by reacting 3-(N,N-dimethylamino)-1-propyllithium and isoprene
[reaction ratio: isoprene/3-(N,N-dimethylamino)-1-propylithium = 2/1 (mol

25  ratio), trade name: AI-200CE2 (cyclohexane solution), manufactured by
FMC] as a cyclohexane solution was placed into the polymerization reactor,
and a polymerization reaction was initiated. The copolymerization reaction
of 1,3-butadiene, styrene and bis(diethylamino)methylvinylsilane was

performed for 3 hours at a stirring rate of 130 rpm and a temperature in the

30 polymerization reactor of 65°C, while 1,3-butadiene and styrene were



pl aced into the polynerization reactor. Into the polynerization reactor was
pl aced 2. 74 g of bis(diethylam no)nethylvinylsilane. Then, 25.00 mml of a
conpound obtai ned by reacting 3-(N, N-di net hyl am no) - 1- propyl I it hi um and
isoprene [reaction ratio: isoprene/3-(N & dinmethylam no)-1-propyllithium=
2/1 (nol ratio), trade nane: Al-200CE2 (cycl ohexane sol ution), manufactured
by FMC] as a cycl ohexane solution was placed into the polynerization
reactor, and a polynerization reaction was initiated. The copol yneri zation
reacti on of 1, 3-butadiene, styrene and bi s(diethyl am no)net hyl vi nyl sil ane
was 10 per f ocorathdmrsiBsinmlicl mito ahe polymierigatamereattot30The mrarudtaof
tenperature in the polynerization reactor of 65C while 1, 3-butadi ene and
styrene wer el&h%ﬁaﬁwqﬂ 8lyseme %%Prrelmdoa{t%%ﬁﬁvﬁ%iof e PUNMCEREISE. The
amounts of 13- ' ' LA Jdsticati on of the
polynerizati8%“?@%3%%%Eﬁﬁ§$gng?gggﬂgﬁﬂﬂgggbge ?%%g%%?ﬁ@é#y. The amount of
15 bi s(di et hyistdietigyiagiihyethylvehylanenpbhced wias). 04 $4 % thertotdl e rh otuat
anount of nononers which had been placed or supplied into the

pol ymer i Zat | ehmepgeesy which had bepe ﬁ,laqeﬁé)rrs@@ahﬁ? HYFOEE POBIROBEALRT 1 eact i on
sol ution masr§£&5ged at a stirring rate of 130 rpm while the tenperature
of the polynerization reactor 20 was retained at 65C, 25.00 mmol of

1, 3, 5-tri s(3-tri neThaxyhe rydlciopgyolysp eylamonal s vasedddede and the nixture
was stirred for 15 m nutes. ~ To the polynmer solution was added 20 mi
of a hexane BelvmdréAitiosntearior g astrring piterpdtldron. velhde theceguioppire
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acrylate (trade nane: Sumlizer GM manufactured by Sum tono Chem ca .
Ltd.) and 4.8ng th¢ npamrgergs fiined|foel b akinsit@s-| aur yl t hi opr opi onate) (trade
name: Sumlizer TR;D,, manufactured by Sumit ical Co., Ltd.), and the
ol yrrer ol ut ton vaSREBAYERE sHbEitovad A R A e S fdhs shpbhai bt e 30 1 or
24 hours, anghritagningl Ve Rl ofaset@%aBD haldathel gl PRk AL uBicA I Rirred 86 5
Thereafter, the resulting polyner was further dried at 55C for 12 hours

under reducethipptsss urldenTbetheyvedpoer saluteguivere addad®@Omdlyner are shown in
Table 3. 15  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.), and
the polymer solution was then allowed to stand under ambient temperature
20  for 24 hours, and the solvent was evaporated to obtain a polymer.
Thereafter, the resulting polymer was further dried at 55°C fo_r 12 hours
under reduced pressure. The evaluation results of the polymer are shown
in Table 2.
One hundred parts by weight of the resulting polyiner, 78.4 parts by
25  weight of silica (trade name: Ultrasil VN3G, manufactured by Degussa), 6.4
parts by weight of a silane coupling agent {(trade name: Si69, manufactured
by Degussa), 6.4 parts by weight of carbon black (trade name: Diablack N339,
manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of
an extender oil (trade name: JOMO Process NC-140, manufactured by Japan
30 Energy Corporation), 1.5 parts by weight of an anti-aging agent (trade name:



One hundred parts by weight of the resulting polyner, 78.4 parts by 5

wei ght of silica (trade nane: Utrasil VN3-G manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade nane: Si 69, nmanufactured
by Degussa), 6.4 parts by weight of carkgn black (trade nane: D abl ack
N339, manufactured by M tsubishi Chenical Corporation), 47.6 parts by

wei ght of an extender oil (trade name: JOMO Process NC- 140, nmanufactured by
Japan 10 Energy Corporation), 1.5 parts by weight of an anti-agi ng agent
(trade nane: Antigen 3C, manufactured by Sumtono Chemical Co., Ltd.), 2
parts by wei ghtigef 3§, esanfaairdd bg SenitsmoyClanghl Cof, Ixdnc2 phowdry, 1 part
by wei ght of a. vul canization accel erator (tpade nane:_ Soxinhol CZ,

nmanuf act ur ed?” B&g\{’gtﬂ%is‘f%ﬁﬁ RS E%’Fts%@.vf’elgpg 9§ zing d&&feﬁ’ ]r)?aVﬁet?ng?%lt ofa

vul cani zati o : g X ed by

Sum t ono Che?nulcq::g?&(égls,he{c?é dl%atgﬁ@gg%rﬂ? éﬁb?%ogﬁﬁtz’ c%a a %‘Z‘:ﬁ‘% ,rdgde nane:
Sunnoc N, ne8ufrating EhecAUCh| Lih), nkearCheniaght bhdwaicanddatiom , Ltd.), and
1.4 parts by weight of sulfur were kneaded with boplast MI|| tqQ prepare a
pol yner cdonpadeldrater (ﬂ?élerré%l&?t%i%n?}dpylﬁépu&?ﬁbﬁéia}ﬂ gﬂm\}@gﬂ%@ Bd4nt o a
sheet 20 Wt&o?L@d!)nf.IB.ﬂ’a?Jc%b UG SHELILNAS nAGAE &b A6OC for 45

m nutes for vulcani’zati‘on oypre%_are a vul canr zed sheet. e eval uation

resul ts of phusigadtupsdpbe Ohichs Shinkdhehvit ednhdastriert, Tarde), ahdVWwHM partkabl e
3. Exanple 6 The interior of a polynerization reactor nmade of stainless
steel, 25 eqby pireshiwitanlBrsyenerknegdad with LaheplanbYiHgo aneparest RV MAS! une of

30 L was washed _and dri repl i v nj - , 3 kg of.
i ndustrial h&Xane" 18%m??‘$ r%%‘g“ﬁ%ﬁ’r@f’,s gb%‘&:‘g"%ﬁsﬁ?%ﬁgﬁg a |de1%;2(,§gf§ég% of
styrene, 1®- lwih 86 ihek FaDyLHDERY SHbet 3 KosQedrht 060€! byl #n@ighige dbr di et hyl
ether were placed into the polynerization _ reactor. Then, in order_ to

det oxi fy 30 vwisanizaties toarspans 2 nukenizedisheebf Bhopevalraripracswts ¢hiti at or
in advance, a._ 67 snall_.anmo of ;a sol ution g - but.yl4_kt hbum i n n- hexane
as a scavengBPYHER! BICREEES éﬁ%’)letv LCaRBPRAL ) £ %8ﬁo‘fv§aﬁcitql3;bw?‘nto t he

pol yneri zat i oftgh@agl or was placed 4.11 g of

bi s(di et hyl amre)yrethytrinaysttane—thern—21: ”%Xgiﬁlgle af %X\éﬂﬁ“g%nu

Mooney viscosity - 43.1 48.4

Vinyl bonding amount mol% 56.6 57.0

Content of styrene unit wt% 24.6 24.6
Molecular weight distribution |- 1.13 1.24

Fuel cost saving properties

tand (70°C) - 0.098 0.122
Tensile strength at break MPa 16.7 10.8

15 Example 4
The interior of a polymerization reactor made of stainless steel,
equipped with a stirring device, and having an internal volume of 20 L was
washed and dried, and replaced with dry nitrogen. Then, 10.2 kg of
industrial hexane (density 680 kg/m?3), 608 g of 1,3-butadiene, 192 g of
20  styrene, 6.1 ml of tetrahydrofuran, and 4.6 ml of ethylene glycol diethyl ether
were placed into the polymerization reactor. Then, in order to detoxify
impurities causing inactivation of a polymerization initiator in advance, a
* small amount of a solution of n-butyllithium in n-hexane as a scavenger was

placed into the polymerization reactor.



5 obtained by reacting 3-(N, N-di net hyl am no) 4- propyl i thi um and i soprene
[reaction ratio: isoprene/3-(N Ndinethylamno)-21-propyllithium= 2/1 (nol
rati o), trade nanme: Al-200CE2 (cycl ohexane sol ution), manufactured by FMJ]
as a cycl ohexane sol uti on was pl aced in%ag t he pol ynerization reactor, and a
pol yneri zation reaction was initiated. The copol ynerization reaction 10 of -
1, 3- but adi ene, styrene and bi s(di et hyl am no) et hyl vi nyl si l'ane was perforned
for 3 hours at a stirring rate of 130 rpmand a tenperature in the

pol yneri zation reactor of 65C, while 1, 3-butadiene and styrene were

conti nuously supplh&dtHenidlyieizatby resdtzantvasplaed@. 04 g ofhe anounts of

1, 3-but adi ene and styrene supplied after jnitiation o he pol rization
15 reaction bAé({déetM%ﬂ@Oé}ﬁéthﬁdﬂrg’,lm}aé@pe&hiePeW-.ZG'H%@OLH%%ﬁ?mB’F"XITE

bi s(di et hyl am_ no t hyl vi.nyl.s} 18: . i anmount
of nononers %ﬁ?%@gg%%éﬁéﬁ I\E’%&&‘?&@ﬁg‘%{?ﬁg’z l?%lﬂogyltﬁﬁl{q%%l ai/ﬂrarlgirS %)I%tfﬁeon
reactor. [reaction ratiol Rprehdrs-(NENtihkichBylaediyoR1 ipzapylinhiveaetd/ bhmsbl uti on

was stirred at a 20 stlrrl?ﬁ rate og 130 rpm while the terrper(ﬂ)ure of the
pol yner i Fat i miio) etaede nawes AL SNGHT cieloBsa nesplugopymangtactured by

N, N- di et hyl m de di.net hyl etal wa

stirred for fiqgfcﬂ;aaﬁlﬁ s ohexant soﬁ%l%ga?)gfﬁ/%ggg%oﬁhﬁﬂ?o (%%B\%lélgh ggﬁégaé%@ﬁm of a
hexane sol ut i, GRRHAENENEod réacdilonGhadBiitiat. , TitedpbBypatiyatin salctivhon was
stirred for 5 25" mnutes. Then, to the pol yner solution were added 12.0 g

of 2-tert - butfil3bhutadicaet stmneland hisdtiedrsmpematbelviyplane®eRy| phenyl

| at trad : il ] f dDb ] ] Co. ,
Fo0) Mt b ermoeet o ATt o A E e AT YADFRrD X o EU TR AIR (e Th Gt 0.
name: Supy | ié@@%&?&@mﬂ%@%@@byelseb,bvyh@mg-@mmmmgty@@m wekd. ), and 30

t he pol yner ution was then allowed to stand under anbient tenperature
68 for 24 hoeinsinwmdlyt sigEsEdiene thesolywmstagiondeagiosht Ahe 2mayaity fer .

Thereafter, t resul ti ng, pol yner s further. .dried.at 55C f 12 _hours
under r educe&?”gﬁ“@é‘ 21, Yé%%ﬁ ﬁ‘éﬁmﬁb‘%ﬁi Ei’%%%rtﬂntl@a%?n Pﬁ@jep%(%nrrléagfzg'flens hown in
Table 3. reaction were 912 g and 288 g, respectively. The amount of
bis(diethylamino)methylvinylsilane placed was 0.14 wt% in the total amount
15  of monomers which had been placed or supplied into the polymerization

reactor.

Then, the resulting polymerization reaction solution was stirred at a
stirring rate of 130 rpm, while the temperature of the polymerization reactor
was retained at 65°C, 14.25 mmol of N-phenyl-2-pyrrolidone was added, and

20 the mixture was stirred for 15 minutes.

To the polymer solution was added 20 ml of a hexane solution
containing 1.2 ml of methanol, and the polymer solution was stirred for 5
minutes. Then, to the polymer solution were added 8.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl

25 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.), and
the polymer solution was then allowed to stand under ambient temperature
for 24 hours, and the solvent was evaporated to obtain a polymer.

30 Thereafter, the resulting polymer was further dried at 55°C for 12 hours



50ne hundred parts by weight of the resulting polynmer, 78.4 parts by weight
of silica (trade nanme: Utrasil VN3-G manufactured by Degussa), 6.4 parts
by wei ght of a silane coupling agent (trade nane: Si 69, nmanufactured by
Degussa), 6.4 parts by weight of carbonggl ack (trade name: D abl ack N339,
manuf actured by M tsubishi Chem cal Corporation), 47.6 parts by weight of
10 an extender oil (trade nanme: JOVO Process NC- 140, manufactured by Japan
Energy Corporation), 1.5 parts by weight of an anti-aging agent (trade
nane: Antigen 3C, manufactured by Sumtonmo Chemical Co., Ltd.), 2 parts by
wei ght of steaddraedaiad] pR2spard. s The ewilghtionfesiliscoffthewelymdr peershosyn wei ght
of a vul cani zation accel erator (trade nane: Soxinol CZ, manufactured by 15
Sumi t oo Chei Edhle @o. | Ltd.), 1 part by weight of a vul canization

accelerator (tr adq)&aﬂgﬁ%!t%gﬁﬂgé ngdg@?ﬁ(ﬁﬁk%gﬂtﬁé mggnﬁg_@gmso@ Co.

Ltd.), 1.5 parts by weig name: Sunnoc N, manufactured b&/
Quchi  Shi nkow&ip@iriot silich rithade msahe: Cltyadit UNB; G andnifabtped sy Degwesiaght.4of
sul fur were kneaded with Laboplast MII to Q%eﬁare a

W - . ,%gé%mar 20 .
conposi t iSon. Pae by deight ¢l pAYHERUdBIRESY | BRIGRE | PARBIAS EIREet Wi t h

a 6 inch rol| nd heat 4 1.

vul cani zat i ow P%gﬁ?seag’gsr'g%g&%suﬁﬁ%cﬁgﬁg%ﬁ %ﬁ%&g%%? agﬁeogﬁ‘?%gglgﬁgggf

physi cal propemiifesuefd BhBRlivddbiehi Cesmiat Corprratiohhwy.6 pafatilyewighExéinpl e 7
25The interior of a polynerization reactor made of stai nsl@gssﬁétbeej,

equi pped wi tan gxkemider pH§tradeineane: AMRTasgsN G HEQ mhanwigst 28N was

washed and dyi ed nd replac i ry -/ ‘_ .
"ndustrial hORSHEY %F@Hﬁﬁ?‘i}%eg%’ Tﬁ%‘}tﬁﬁg ,"yeégjéf ‘éfo%}e El}tf%%’ﬂ% %%?%%é&f%a%ebf
styrene, . lantigeh 3t atumenirid 39, Swhttoho/lClidmizhl €ohyltdoe 2 glaysdby di et hyl
ether 30 were placed into the polynerization reactor._Then, in qQrder to
detoxi fy 69werghirf steasiccanidi hpatiadot weieht ohziee dowss | rart barelntidia i at or

i n advance, a snall  .amount, of a soluti .Qf _n- |1t hd i -hexane as a
scavenger \/\/a‘éu%ﬁ%z@&w?rﬁcgﬂ?ﬁ%toﬁ (gﬁsrf?% rrzat ?38 ﬁﬂlrozac_ (I)Ii1 %ﬁ%%&rtg ﬁ g y

pol ymeri zati Qiyfifed OheWaSa R RCEE. 2. 17/fa 18 whight of a vulcanization

bi s(di et hyl am no) net h&qﬁl};/i nyl si [ ane.” Then, "14.20 mmpl of a conpound obt ai ned

by reacting Bedelérhitati (estdeyame i‘%())_iimolppomﬂnluif@%ll‘_{ﬁﬂ %@u@éﬁiﬁ@ gkt ion
oL TP SR I A0 Rl e (o ratlo)
cycl ohexane §0l 4ifh QRrdBBy 0hate ShiAke Chbeipdl ndarirzat CQNLiGBeHEr 1.4 parts
by weight of sulfur were kneaded with Laboplast Mill to prepare a polymer
composition. The resulting polymer composition was molded into a sheet
with a 6) inch roll, and the sheet was heated at 160°C for 45 minutes for
90 vulcanization to prepare a vulcanized sheet. The evaluation results of
physical properties of the vulcanized sheet are shown in Table 3.
Example 5
The interior of a polymerization reactor made of stainless steel,
equipped with a stirring device, and having an internal volume of 20 L. was
95  washed and dried, and replaced with dry nitrogen. Then, 10.2 kg of
industrial hexane (density 680 kg/m?), 608 g of 1,3-butadiene, 192 g of
styrene, 6.1 ml of tetrahydrofuran, and 4.6 ml of ethylene glycol diethyl ether
were placed into the polymerization reactor. Then, in order to detoxify
impurities causing inactivation of a polymerization initiator in advance, a

30 small amount of a solution of n-butyllithium in n-hexane as a scavenger was



10 and a polynerization reaction was initiated. The copol yneri zation
reaction of 1, 3-butadiene, styrene and bi s(di ethyl am no) net hyl vi nyl si | ane
was performed for 3 hours at a stirring rate of 130 rpmand a tenperature
in the polynerization reactor of 65C, whid e 1, 3-butadiene and styrene were
continuously supplied into the polynerization reactor. The anpunts of 15
1, 3-but adi ene and styrene supplied after initiation of the polynerization
reaction were 912 g and 288 g, respectively. The anmount of

bi s(di et hyl am no) net hyl vi nyl sil ane placed was 0.14 wt% in the total anmount

of nononer s#ahg@imethb@@[yxﬁéﬁﬁﬁﬁbmfeﬁw@pl ied into the polynerization
reactor. 20Then, the resulting polynerization reaction solution was stirred

at a stirring ratdnés thepolyperisyionacapwrverRaated4d ot he pol ymeri zati on

reactor was retaipned at 65C., 14.2 I - Qi ] enone was
added, and tbﬂ@t(ﬁf%ﬁ?l@lﬂﬁy%ﬁrﬁ%ﬁs %?e'lghrlﬁélﬂn?éﬁ %&{Hﬁg%%%%? sol ution
was added 20,4d4iRdd By hexang SONW-idome2oyiaaihat NpAgpyllithitin ehd tebbeano! , and

t he pol ynmer solution was stirred for 5 mnutes. Then, to the polyner
sol ut i on Brer Ereadded r&i@ igomene/3-(N,N-dimethylamino)-1-propyllithium = 2/1 (mol

acryl ate (1 rEnEe: e AL SR et SRR oo
Ltd.) and 4. 9}\&;};{15; g%g?élaﬁé;yéﬂyé;ow&iéﬁwa%lgﬂgéé& it hliyemsropitonataytd] r ade

30 nane: Sum | P-D, manufactured by Sumitono Chenmical Co., Ltd.), and
70 the pol ynmendsopalyinenizationtrbectial vessuitiadedt dhbe corpdymanBpene re@¢H8Y at ur e

for 24 h , t he. sol vent ted t o, obtai | .
Thereaf tor, _bho S BUgRSHg BEPYREr L B PY e grred b Bk I oy s
under r epgc edePbeRsY r&ﬁre?) EE%%@A eﬁ}fiﬁgg%%w 150 Aim ahd PpBatareistigwn 5

i n Tabl parts by weight of the resulting polyner,
78.4 parts bypolyehgtitatidn siactaranf @5 @dehilere3-butadiase AndNEY@ReveeTef act ur ed by

Degussa), 6.4 parts hy weight. of | gbiﬁbgne .coupl i ng, age (trade nane: Si69,
manuf act ur ed CHYEIDE zayw%ﬁw&awg& W%Wﬂ&bfeagg?%oﬂ%ﬁl Be{%?(u?ttsrogde name:
Di abl ack N339, 10 JROMS 264 YEGEnD¥uM iy ke Rinithemn ik hEQbRIEG AN 47. 6
parts by wei gh?f ﬂjg]% an e%tqenci‘>§rlloi}1 tlrade nanr%e: JOVO P?gcess NC- 140,
manuf act ur ed réyctitapasrEaE: gynddigsog aespentively. 5 Tharamobyt okei ght of an
anti-agi ?g a%ies Eiie(tisrrI%Cg:ﬁngﬁnngthylvinylsﬂane placed was 0.14 wt% in the total amount

of monomers which had been placed or supplied into the polymerization

reactor.

Then, the resulting polymerization reaction solution was stirred at a
stirring rate of 130 rpm, while the temperature of the polymerization reactor
90  was retained at 65°C, 25.00 mmol of 1,3,5-tris(3-trimethoxysilylpropyD)
isocyanurate was added, and the mixture was stirred for 15 minutes.
To the polymer solution was added 20 ml of a hexane solution
containing 1.2 ml of methanol, and the polymer solution was stirred for 5
minutes. Then, to the polymer solution were added 8.0 g of
25 2‘tert'butyl'6'(3-tert'buty1'2-hydroxy-5'methy1benzy1)'4'methylpheny1
acrylate (trade name: Sumilizer GM, manufactured by Sumitomo Chemical
Co., Ltd.) and 4.0 g of pentaerythrityltetrakis(S'1aury1thiopropionate) (trade
name: Sumilizer TP-D, manufactured by Sumitomo Chemical Co., Ltd.), and
the polymer solution was then allowed to stand under ambient temperature

30 for 24 hours, and the solvent was evaporated to obtain a polymer.



Antigen 3C, manufactured by Sumitono Chem cal Co., Ltd.), 2 parts by weight
of stearic acid, 2 parts by weight of zinc flower, 1 part by weight of a 15
vul cani zati on accel erator (trade nane: Soxinol CZ, manufactured by Sumtono
Chem cal Co., Ltd.), 1 part by weight ofgm vul cani zati on accel erator (trade
nane: Soxi nol D, manufactured by Sum tonmo Chem cal Co., Ltd.), 1.5 parts by
wei ght of a wax (trade nane: Sunnoc N, nmanufactured by Quch i Shinko

Chem cal Industrial Co., Ltd.), and 1.4 parts 20 by weight of sulfur were
kneaded with Laboplast MII| to prepare a polyner conposition. The resulting
pol ymer conpBbétdadiervids resildo polymen versclawrthartdried & $5éhford2howgrd t he

sheet was heated at, 160C for 45 yd nutes f.or I i zat i t
vul cani zed s’ﬁ’é‘g‘?r. refyge Pé?ﬁ?&f‘?'onﬂeegmelf‘lé‘f“(?fl féﬁ@@?@%ﬁp"}"ﬁg‘é@fﬁg@g “?Vrvﬁhg
vul cani zed shegiyre shown in Table 3. Table 3 Exanpl e 4 Exanple 5

Exanpl e 6 Exanple 7 Money viscosity - 55.4 52.9 51.2
One hundred parts by weight of the resulting polymer, 78.4 parts by

5  weight of silica (trade name: Ultrasil VN3-G, manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: Si69, manufactured
by Degussa), 6.4 parts by weight of carbon black (trade name: Diablack N339,
manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of
an exténder oil (trade name: JOMOQ Process NC-140, manufactured by Japan

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

15  accelerator (trade name: Soxinol D, manufactured by Sumitomo Chemical
Co., Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoe N,
manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts
by weight of sulfur were kneaded with Laboplast Mill to prepare a polymer
composition, The resulting polymer composition was molded into a sheet

920 with a 6 inch rol], and the sheet was heated at 160°C for 45 minutes for
vulcanization to preparer a vulcanized sheet. The evaluation results of
physical properties of the vulcanized sheet are shown in Table 3.

Example 6
The interior of a polymerization reactor made of stainless steel,

95 equipped with a stirring device, and having an internal volume of 30 L was
washed and dried, and replaced with dry nitrogen. Then, 15.3 kg of
industrial hexane (density 680 kg/m?3), 912 g of 1,3-butadiene, 288 g of
styrene, 9.1 ml of tetrahydrofuran, and 6.9 ml of ethylene glycol diethyl ether
were placed into the polymerization reactor. Then, in order to detoxify

30 impurities causing inactivation of a polymerization initiator in advance, a



43.1 Vinyl bonding anmount nmol % 57.2 57.1 56.1- 56.8 Content of styrene unit
W% 24.5 24.9 23.8 24.4 Mol ecul ar weight distribution 1.24 1.50
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small amount of a solution of n-butyllithium in n-hexane as a scavenger was
placed into the polymerization reactor.
Into the polymerization reactor was placed 4.11 g of
bis(diethylamino)methylvinylsilane. Then, 21.30 mmol of a compound
5 obtained by reacting 3-(N,N-dimethylamino)-1-propyllithium and isoprene
[reaction ratio: isoprene/3-(N,N-dimethylamino)-1-propyllithium = 2/1 (mol
ratio), trade name: AI-200CE2 (cyclohexane solution), manufactured by
FMC] as a cyclohexane solution was placed into the polymerization reactor,
and a polymerization reaction was initiated. The copolymerizlation reaction
10 of 1,3-butadiene, styrene and bis(diethylamino)methylvinylsilane was
performed for 3 hours at a stirring rate of 130 rpm and a temperature in the
polymerization reactor of 65°C, while 1,3-butadiene and styrene were
continuously supplied into the polymerization reactor. The amounts of
1,3-butadiene and styrene supplied after initiation of the polymerization
15 reaction were 1368 g and 432 g, respectively. The amount of
bis(diethylamino)methylvinylsilane placed was 0.14 wt% in the total amount
of monomers which had been placed or supplied into the polymerization
reactor. |
Then, the resulting polymerization reaction solution was stirred at a
20  stirring rate of 130 rpm, while the temperature of the polymerization reactor
was retained at 65°C, 21.30 mmol of N,N-dimethylformamide dimethyl |
acetal was added, and the mixture was stirred for 15 minutes.
To the polymer solution was added 20 ml of a hexane solution
containing 1.8 ml of methanol, and the polymer solution was stirred for 5
95 minutes. Then, to the polymer solution were added 12.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl
acrylate (trade name: Sumilizer GM, manufactured by Sumitomo Chemical
Co., Litd.) and 6.0 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade
name: Sumilizer TP-D, manufactured by Sumitomo Chemical Co., Ltd.), and

30 the polymer solution was then allowed to stand under ambient temperature



1.18 1.12 Fuel

Tensile strength at break MPa 15.5 14.2 16.4 13.9 72 Wiat is clained

10

15

20

25

30
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for 24 hours, and the solvent was evaporated to obtain a polymer.
Thereafter, the resulting polymer was further dried at 55°C for 12 hours
under reduced pressure. The evaluation results of the polymer are shown
in Table 3.

One hundred parts by weight of the resulting polymer, 78.4 parts by
weight of silica (trade name: Ultrasil VN3-G, manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: Si69, manufactured
by Degussa), 6.4 parts by weight of carbon black (trade name: Diablack N339,
manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of
an extender oil (trade name: JOMO Process NC-140, manufactured by J apaﬁ
Energy Corporation), 1.5 parts by weight of an anti-aging agent (trade name:
Antigen 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by
weight of stearic acid, 2 parts by weight of zine flower, 1 part by weight of a
vulcanization accelerator (trade name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization
accelerator (trade name: Soxinol D, manufactured by Sumitomo Chemical
Co., Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N,
manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts
by weight of sulfur were kneaded with Laboplast Mill to prepare a polymer
composition. The resulting polymer composition was molded into a sheet
with a 6 inch roll, and the sheet was heated at 160°C for 45 minutes for
vulcanization to prepare a vulcanized sheet. The evaluation results of
physical properties of the vulcanized sheet are shown in Table 3.
Example 7

The interior of a polymerization reactor made of stainless steel,
equipped with a stirring device, and having an internal volume of 20 L was
washed and dried, and replaced with dry nitrogen. Then, 10.2 kg of
industrial hexane (density 680 kg/m3), 608 g of 1,3-butadiene, 192 g of
styrene, 6.1 ml of tetrahydrofuran, and 4.7 ml of ethylene glycol diethyl ether

were placed into the polymerization reactor. Then, in order to detoxify

cost saying properties tan3 (70C) - 0.095 0.107 0.100 0.1

12



1. A process for producing a conjugated di ene-based pol yner, conprising

pol ymeri zing a nonomer conponent containing a conjugated di ene conpound and
a silicon-containing vinyl conpound using a 5 polynerization initiator
represented by the followng fornmula (1l)g9 xr-Ru44 . " R13 wherein, R11
represents a hydrocarbyl ene group having 6 to 100 carbon atons, R12 and R13
represent a hydrocarbyl group optionally having a substituent, or a
trihydrocarbylsilyl group, or R12 and R13 are bonded to 10 represent a
hydr ocar byl ene group optionally having, as a hetero atom at |east one kind
at om sel ect eihfudiies bausinhg mactiyatiop of enzilpmierigatén anigidtorionaditanee.: a
nitrogen atom apd an oxygen.atom resents an al kali netal atom

d
Tbs" Ore o conal Srmrch Ot LB B RR R Ao aBe R P AYER e S B AP A g

to claim1, ' [ - ented by the follow ng fornmnul
(1-A -(042)%?%%1{9?%%&?,&%1%%%?%f%lgg(ﬁ?epr esents a hydrocar bgl ene grgup

cog}ari sed of a st rIlucdi theapolZthemivatioderhvied Wasqireedcfij gyet ed di ene conpound
and/or a structural _unit derjved froman aromatic vinyl .conpound,. and n
repr esents aWSE@?@@é&mmO)@eﬁwlﬂ}?—ylsﬂane- ﬂlenrjg.‘l-z%h‘@“ﬁﬁ(?@@@ngfpwnﬂr oducing a
conj ugat ed dj - . LG 10y . o 3 e £ is a
hydrocar byl e%bggg%%@%?g%a%‘%ggmﬁ d%ﬁg%{ﬁéltﬁgnéfgl ﬁ%}cﬁ:‘tygﬁ %]?ust r u‘%%ég#ﬁn units
derived fronjrseseReio: iddbrene/3-(N, NddinTdthyhimoees -fropyithiiuni=nZ14mol

conj ugat ed di ene-based pol yner according to claim1l whergin a conpound
cont ai ni ng aratia)r bgda W@@%E%(gﬁlq%ééﬁn%ﬁgﬁlpgl&P?%\ﬁé‘élt"t%d act with

an active engyphy & POLYIRE xRl QMHGESh R MHALES Bld Plymerization reactor,

10 and a polymerization reaction was initiated. The copolymerization reaction
| of 1,3-butadiene, styrene and bis(diethylamino)methylvinylsilane was
performed for 3 hours at a stirring rate of 130 rpm and a temperature in the
polymerization reactor of 765°C, while 1,3-butadiene and styrene were
continuously supplied into the polymerization reactor. The amounts of

15  1,3-butadiene and styrene supplied after initiation of the polymerization
reaction were 912 g and 288 g, respectively. The amount of
bis(diethylamino)methylvinylsilane placed was 0.14 wt% in the total amount
of monomers which had been placed or supplied into the polymerization
reactor.

20 : Then, the resulting polymerization reaction solution was stirred at a
stirring rate of 130 rpm, while the temperature of the polymerization reactor
was retained at 65°C, 14.20 mmol of 4-dimethylaminobenzophenone was
added, and the mixture was stirred for 15 minutes.

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

95 containing 1.2 ml of methanol, and the polymer solution was stirred for 5
minutes. Then, to the polymer solution were added 8.0 g of
2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl
acrylate (trade name® Sumilizer GM, manufactured by Sumitomo Chemical
Co., Ltd.) and 4.0 g of pentaerythrityltetrakis(3-laurylthiopropionate) (trade

30 name: Sumilizer TP-D, manufactured by Sumitomo Chemical Co., Ltd.), and



5 _ 5. The process for producing a conjugated di ene-based pol yner
according to claim4, wherein the conpound containing a nitrogen atom
and/or a silicon atomis a conmpound containing a nitrogen atomand a
carbonyl group. 10 ‘ 6.. A conj ugatged di ene-based pol ymer produced by
the process according to any one of clainms 1 to 5. 7. A conjugated
di ene- based pol yner conposition conprising the 15 conjugated di ene-based
pol yner. according to claim6 and a reinforcing agent, wherein the content
of the reinforcing agent is 10 parts by weight to 150 parts by weight, per
100 parts by:hegidithePbolubenGes tigat ftbwkenestaadathdeolayrtient temperature

for 24 hours, and the solvent was evaporated to obtain a polymer.
Thereafter, the resulting polymer was further dried at 55°C for 12 hours
under reduced pressure. The evaluation i‘esults of the polymer are shown
5 in Table 3.
~ One hundred parts by weight of the resulting polymer, 78.4 parts by

weilght of silica (trade name: Ultrasil VN3-G, manufactured by Degussa), 6.4
parts by weight of a silane coupling agent (trade name: 8169, manufactured
by Degussa), 6.4 parts by weight of carbon black (trade name: Diablack N339,

10 manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of
an extender oil (trade name: JOMO Process NC-140, manufactured by Japan
Energy Corporation), 1.5 parts by weight of an anti-aging agent (trade name:
Antigen 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2 parts by
weight of stearic acid, 2 parts by weight of zinc flower, 1 part by weight of a

15 vulcanization accelerator (trade name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization
accelerator (trade name: Soxinol D, manufactured by Sumitomo Chemical
Co., Ltd.), 1.5 parts by weight of a wax (trade name: Sunnoc N,
manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.), and 1.4 parts

20 by weight of sulfur were kneaded with Laboplast Mill to prepare a polymer
composition. The resulting polymer composition was molded into a sheet
with a 6 inch roll, and the sheet was heated at 160°C for 45 minutes for
vulcanization to prepare a vulcanized sheet. The evaluation results of

physical properties of the vulcanized sheet are shown in Table 3.
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Table 3

Example 4 |Example 5 |Example 6 |Example 7
Mooney viscosity - 55.4 52.9 51.2 43.1
Vinyl bonding amount mol%|57.2 57.1 56.1 ~ 56.8
Content of styrene unit  |wi% 124.5 24.9 23.8 24.4
Molecular weight
[ distribution 1.24 1.50 1.18 1.12
Tuel cost saving properties
tand (70°C) 0.095 0.107 0.100 0.112
Tensile strength at break [MPa [15.5 14.2 16.4 13.9
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What is claimed is:

1. Aprocess for producing a conjugated diene-based polymer,
comprising polymerizing a monomer component containing a conjugated
diene compound and a silicon-containing vinyl compound using a

polymerization initiator represented by the following formula (1

12
R\ 3!
"N—R!-M (1)
Rl3

wherein, R! represents a hydrocarbylene group having 6 to 100 carbon

H

atoms, R12 and R13 represent a hydrocarbyl group optionally having a
substituent, or a trihydrocarbylsilyl group, or R12 ahd R13 are bonded to
represent a hydrocarbylene group optionally having, as a hetero atom, at
least one kind atom selected from the atomic group consisting of a silicon
atom, a nitrogen atom and an oxygen atom, and M represents an alkali

metal atom.

2. The process for producing a conjugated diene-based polymer
according to claim 1, wherein R is a group represented by the following
formula (1-A)

¢CH,—R"— (1-A)

wherein, R4 represents a hydrocarbylene group comprised of a structural
unit derived from a conjugated diene compound and/or a structural unit
derived from an aromatic vinyl compound, and n represents an integer of 1 to

10.

3. The process for producing a conjugated diene-based polymer
according to claim 2, wherein R4 is a hydrocarbylene group comprised of 1

unit to 10 units of structural units derived from isoprene.
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4. The process for producing a conjugated diene-based polymer
according to claim 1, wherein a compound containing a nitrogen atom and/or
a silicon atom is allowed to react with an active end of a polymer produced by

polymerization.

5. The process for producing a conjugated diene-based polymer
according to claim 4, wherein the compound containing a nitrogen atom
and/or a silicon atom is a compound containing a nitrogen atom and a

carbonyl group.

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

according to any one of claims 1 to 5.

7. A conjugated diene-based polymer composition comprising the
conjugated diene-based polymer according to claim 6 and a reinforcing agent,
wherein the content of the reinforcing agent is 10 parts by weight to 150
parts by weight, per 100 parts by weight of the conjugated diene-based

polymer.



