METHOD FOR PRODUCI NG CONJUGATED DI ENE POLYMER COVPCSI TI ON BACKGROUND OF THE

| NVENTION 1. FIELD OF THE | NVENTI ON The present invention rel ates
to a method for producing a conjugated di ene pol ynmer conposition. 2.
DESCRI PTI ON OF RELATED ART In recent years, with the grow ng

concern over environnmental problens the demand for good fuel econony for
aut onobi | es has been becom ng stronger, and there is also a demand for
excel l ent fuel economny for polymer conpositions used for autonobile tires.
As a pol yner cotipodODi 6OR FRQRDUCHIGI CONIUGSTER PHINBEEPOLYMERSI tion for ned
by mxing a silica and a silane coupling _agent with the conjugated diene
pol yner such as pol ybut adi ene or %pQWKE%ﬂ@aQ-styrene copol yner is used.

For exanple, JP-A-61-60738 (JP-A denotes a Japanese unexani ned patent
application publication) and JP-A-3-252431 descri be a conjugated di ene

pol ymer c@EaTSEROUNIPOSAHEEBNTHORAdI ng a styrene-but adi ene copol yner, a
silica, and a silane coupling agent. Moreover, for exanple,

JP- A- 2005-129035KEARJOR PHA- INVEBITBAN039 descri be a conj ugat ed di ene pol yner
conposi tion produced by kneadjng a styrene-butadi ene copol yner nodified by
a nodi fyi ng ageh?® RERSSNG IRvanieatiekias tyeomgthad taripreducigad eorjupaies
coupling aert o HIXM%O gén-B'ﬁE | NVENTI ON However, the

above- ment’i one onvent FoRal pol ymer conpositions enpl oying a conjugated

di ene polyner are not always satisfactory in terns of fuel econony.

Under such circunstances, an object of the present invention is to provide
a net hod Bor prBASERIRTIGNCOR REGATED ARENEe pol ynmer conposition that can give
t he pol yner conposition having excellent fuel econony. That is, the
present inventil'®n 'BepRit &€afo Avithetthed Frewing otRIeRYy avelorgnyianendalene

pol yor , Bt O R JE YR o et e e BRUSE Hes HeR ne i n

the presepsgofinglstréhgd®, BAY tiferBYis W BB td M aPiR e x@BM AT FuEREOGTL Y B3 de
relative to 100 géartsgs;lgy wei g%t Igf t he c?on? ugat eed g%ﬁe“%@%ymﬂy E@FECT OF

THE | NVENPbIgNier compositions used for automobile tires. As a polymer composition

for automobile tires, a polymer composition formed by mixing a silica and a
silane coupling agent with the conjugated diene polymer such as
polybutadiene or a butadiene-styrene copolymer is used.

For example, JP-A-61-60738 (JP-A denotes a Japanese unexamined
patent application publication) and JP-A-3-252431 describe a conjugated
diene polymer composition produced by kneading a styrene-butadiene
copolymer, a silica, and a silane coupling agent. Moreover, for example, JP-
A-2005-290355 and JP-A-2005-344039 describe a conjugated diene polymer
composition produced by kneading a styrene-butadiene copolymer modified
by a modifying agent having a functional group, a silica, and a silane coupling

agent.

SUMMARY OF THE INVENTION

However, the above-mentioned conventional polymer compositions
employing a conjugated diene polymer are not always satisfactory in terms of

fuel economy.



I n accordance with the present invention, there can be provided a nethod
for producing a conjugated diene polynmer conposition that can give the

pol ymer conposition having excellent fuel econony. DETAILED DESCRI PTI ON OF
THE | NVENTI ON A conj ugated di ene polymer is polyner having

conj ugat ed di ene-based constitutional unit (conjugated diene unit).
Exanpl es of the conjugated diene include 1, 3-butadi ene, isoprene,

1, 3- pent adi ene, 2, 3-di net hyl-1, 3-but adi ene, and 1, 3- hexadi ene, and one or
nmore types ther @atiemYicheildsf@dtarEBNGn BBkt bf Ihbuirade@nmvantoh sigpioene ar e
pr ef er abl e. In addition to a conjugated diene unit, the conjugated
di ene pol yarerideey Medhed forcuaducingtad oarjlgatedt dipas @a!yoreragron pesitiom hoater .
Exanpl es of the ?ther mononers jnclude aro tig vingl conmpounds,

vi nyl ni t rif3 #Xa mBayNiescamPRtins,AAvIng &¥seleatius! eCqMYy onati ¢ vi nyl
conpounds inclu rene =pet hyl styr Vi nyl n iyl t hal ene,
divinyIbenzene,Qﬁ?f&¥A@Pb%ﬁ%gﬁgmgﬁﬁﬁgﬁvﬁﬂﬁ %éBh?H@?gﬁﬁ.ﬁ¥hghg%ﬁy n?trile
includes awnjlganed rdige FEoigmeheowERItRt eshmpasihgxy | dtep asi kneatigly ancl udes
met hyl acrylate, ethyl acrylate, nethyl nethacrylate and et hyl

met hacr yl stogjugated diene Badymersa ofilichearcbry sjaredcatidng aedntmesngi acl ude

pol y(1, 3- butadi ene),. palyj soprene, 1, 3-butadi ene-isoprene copol yner,
0% but adiQREa 0 BALHEB b G Bresarehiehis SDsHRSob Ry mwater antio:
acryl oni trile-butadien 0 .SRPLENe~I Sob >
ethylene-6?@%??gﬂégggeﬁgﬁggpgygﬁg}fkgﬁhp§ Welgh? Hﬁﬁﬁ%pggﬁagggygg%ggse
strengt h, dongn&onj ugat ed di ene pol yner preferably contains an aromatic

vi nyl conpound-based constituent unit (aromatic vinyl conpound unit). The
content of the aromatic vinyl conpound unit, relative to 100 wt % of the

total ano the c nku ated diene unit and the aromatic vinyl conpound
unit, is %—%&M—ﬁm&%n 10 wt % (t he content of the conjugated

di ene unit bei n.90 9 ol e ferahly | ess than
15 wt % (t he coﬂ e%?éoégyé%e%t%‘nffﬁeggy%%néi @Q‘g”%’t‘“%@?en"%”ng% %’rnagedetdhgn 85
W% . Fur tf@ho@ e piddueimdes dopjudaied\drerelBblyRdMpositith aRteiM gk the
aromati c vinyl conpound unit is preferably not nore than 50 wt % (t he

cont ent otha helyownjcogumosdioni lervingiakeellesi figel @obndmys than 50 wt %, and nore
preferably not nore than 45 w % (the content of the conjugated diene unit

bei ng not less than 55 wt%). As the conjugated diene pol yner,
conj ugat egh -G gr @ bR INPEERSRINVEDbNeNne Kkind of functional group are
used favo . T de nitrogen atom contai ni ng

functional groupsoRigatd diees paty@rﬁerq@rﬁowdilém@a\ﬁMﬂ@bhj@g@iedgdiehas‘oasea eferabl e
are silicon atomcontaining functional groups. The nitrogen atom containing
f unct i onatorgtdutienal nwitudenjagsigdsdienatundt).or Exarsplestaf the ednjggiates dieoap, ani de
group, =NCO., imino group, .imdazolyl group, nitrile group ri dyl group,
etc. The gwcwd@oﬂf%%t%dm d??ﬁrﬁ@efﬂr%PgBWQFe”ﬁr &,Bﬁlmﬁ%ﬁjﬂé-eﬁ%@ysi |yl
group, a”aﬁé. X Wb ¥ lend! QiR Pﬁ‘e '91%%‘5{&893 $hiht HAPBe Bsed. . Amo

hydr ocar byl si I'yl oxy "group, etc. The nitrogen atom containing funct P onal

groups anghehher, sidiitsMBnakbaatisapreat Hra@préfepgdieonal groups may be functional
groups containing a nitrogen atomand a silicon atom and such functional

groups i ncl ude laradaitiarosi bytorgugatpd dien¢ nindl, kiyé sohjugatdchdiggreopplymetrc. The
al koxysi | yl q{oup nmeans the groug r%Presented by Formula (1) below 712
R11 0 sj May'have a constitutional"unit based on another monomer. Examples of the
other monomers include aromatic vinyl compounds, vinyinitrile and
unsaturated carboxylic acid ester. The aromatic vinyl compounds include
styrene, «a-methylstyrene, vinyltoluene, vinylnaphthalene, divinylbenzene,
trivinylbenzene and divinylnaphthalene. The vinylnitrile includes acrylonitrile,
and the unsaturated carboxylic acid ester includes methyl acrylate, ethyl

acrylate, methyl methacrylate and ethyl methacrylate.



| R13 wherein R11 represents an al kyl group, R12 and R13 represent a
nonoval ent substituent, and * represents a bondi ng position. I n
Formula (1), Rl11l represents an al kyl group, and the exanples of the alkyl
groups include a nethyl group, an ethyl group, a n-propyl group, an

i sopropyl group, a n-butyl group, a sec-butyl group, a tert-butyl group,
etc. R11 is preferably an al kyl group having 1 to 12 carbon atons, nore
preferably an al kyl group having 1 to 6 carbon atons, yet nore prefelrably
an al kyl group I 1 0 C cn@h i.C I farably a
met hyl group or@%rh@tgﬁyIotfgrté}%p%nﬂj@a%&n@fggag}%%’sr ;‘ib?@génfﬂogy %oval ent
subst i t uemtutacienk)RipdlasehrBhg, Mey-bheadiomnsladptend @opoRnidrnd. 3 Bueieeadl y R12
and R13 each independently is an al koxy group, a hydrocarbyl group or a

hal ogen atSéffen@As aomelyaadoxyseprend;sturnal keppplyneup drayliondrile-bwadienar bon
atons is preflerabl e,. an al k_ox§ %ﬁ%up having 1 to arbon atons js nore
pref er abl &°PRNASS neSRBECGPEBRYEINCan GRPORYCTyr oGNS BIORYIGE-BIeBer abl e.
As the hyggﬁg,g;:r@tle roup, an al kyl group or an aryl group is exenplified,
of which a hydrocarbyl group having 1 to 10 carbon atons is preferable. The
al kyl group indhustgsr B Metdvde Grongih, ae @érhu?atgﬂfdiéhe folynirapkfergbuUpP, an

i sopropyl group, a n-butyl group, a sec-butyl group, a tert-butyl group,
etc. The &pyainfr enparonwtigdesylacpmeayhd-dasap,coastitueas unlite(argpavaticavibyll gr oup,
an al kyl group is preferable, and _an al kyl group having 1 to 4 carbon atons
i's rmr)é p%@?‘@PHBgé‘”'tAs thechriesyehtng 6'iﬂ”¥%i'°f‘f‘[])9r‘i°r‘i‘ép°a‘{%im'& 'elatyeitie at om
a brom ”%gf)%%a%fﬁ A8 tbﬂagr'anﬁ Lﬂ]idtog? e ec?@ﬁﬁ?t{e'df&igqe it \Qlﬂb (\Tﬂeaar%ma?irc' ne atom
is preferable. he %y rocareby I'Fyl"oOxy ‘group neans a group

repr esent eghybxom@oUHl ainit?)is RrERMbIRZAot! les@2hdn K0~ Wtd- &he ontent df B3 R, -. 22

conjugated diene unit being not more than 90 wt%), and more preferably not

less than 15 wt% (the content of the conjugated diene unit being not more
than 85 wt%). Furthermore, in order to improve fuel economy, the content of
the aromatic vinyl compound unit is preferably not more than 50 wt% (the
content of the conjugated diene unit being not less than 50 wt%), and more
preferably not more than 45 wt% (the content of the conjugated diene unit
being not less than 55 wt%).

As the conjugated diene polymer, conjugated diene polymers having at
least one kind of functional group are used favorably. The functional groups
include nitrogen atom-containing functional groups and silicon atom-
containing functional groups. Preferable are silicon atom-containing
functional groups. The nitrogen atom-containing functional groups include a
substituted or unsubstituted amino group, amide group, =NCO-, imino group,.
imidazolyl group, nitrile group, pyridyl group, etc. The silicon atom-
containing functional groups include a hydroxysilyl group, an alkoxysilyl
group, a halogenated silyl group, a hydrocarbylsilyloxy group, etc. The
nitrogen atom-containing functional groups and the silicon atom-containing
functional groups may be functional groups containing a nitrogen atom and a

silicon atom, and such functional groups include an aminosilyl group, a



wherein R21, r< and R23 represent a hydrocarbyl group, and * represents a
bondi ng position. In Formula (2), R21, R22 and R23 each

i ndependently represents a hydrocarbyl group, and the hydrocarbyl group

i ncludes an al kyl group, an aryl group, etc. The al kyl group includes a
met hyl group, an ethyl group, a npropyl group, an isopropyl group, a

n- butyl group, a sec-butyl group, a tertbutyl group, etc. The aryl group
i ncl udes a phenyl group, etc. As the hydrocarbyl group, an al kyl group is

pr ef er abl e, ; r having 1 to 4 carbon atons is nore
preferablgvagggngggﬁggggﬁﬁ%%ﬁgd fromR21, R22 and R23 may be bonded to form

a ring. The anm Niesidikdxyen@ugroiBamsans gh@@oaﬁnfe@s@sm@@a by Fermulka(1)3)

bel ow. R3\1733 NSi-* R32/Rl 34 ( 3) erein R31 and R32 represent an
al kyl gro®glovrR33 and R34 represent a nonoval ent substituent, and *
represents a bondiRQ2position. In Formula (3), R31 and R32 each

independentl¥ représents an al kyl group, and the alkyl group includes a
met hyl grqfqb,—e(b—esher*group, @ r)-propyl group, an isopropyl group, a

n- butyl group, a séq-butyl group, a tert-butyl group, etc. R11l is
preferably an al kyR aroup having 1 to 12 carbon atons, nore preferably an
al kyl group having 1 to 6 carbon atons, yet nore preferably an alkyl group
having 1 thedeinaR borepaé s aannsmgagitdu@ulﬂd?lamdpraé? FpRbdntaa MedHYMalgitoup or
an ethyl group. R31 and R32 may be bonded to forma ring. In
For nmul a ( 3ybstR@gntarddRI4pezasints adeopdingarasijon.epr esent s a nonoval ent
substi tuent, aqdfpref rahl e ,odes are the sane as those of Rl1 %nd R12 in
Formula (1). n Formula (1), R'" represents an alkyl group, and the examples of the

alkyl groups include a methyl group, an ethyl group, a n-propyl group, an

isopropyl group, a n-butyl group, a sec-butyl group, a fert-butyl group, etc.

R' is preferably an alkyl group having 1 to 12 carbon atoms, more preferably

an alkyl group having 1 to 6 carbon atoms, yet more preferably an alkyl group

having 1 to 4 carbon atoms, and particularly preferably a methyl group or an

ethyl group.

R'? and R'® represent a monovalent substituent, and R'? and R"® may

be bonded to form a ring. Preferably R'? and R'® each independently is an

alkoxy group, a hydrocarby! group or a halogen atom. As the alkoxy group,

an alkoxy group having 1 to 6 carbon atoms is preferable, an alkoxy group

having 1 to 4 carbon atoms is more preferable, and a methoxy group or an

ethoxy group is yet more preferable. As the hydrocarbyl group, an alkyl

group or an aryl group is exemplified, of which a hydrocarbyl group having 1

to 10 carbon atoms is preferable. The alkyl group includes a methyl group,

an ethyl group, a n-propyl group, an isopropy! group, a n-butyl group, a sec-

butyl group, a fert-butyl group, etc. The aryl group includes a phenyl group,

etc. As the hydrocarbyl group, an alkyl group is preferable, and an alkyl

group having 1 to 4 carbon atoms is more preferable. As the halogen atom,

a fluorine atom, a chlorine atom, a bromine atom and an iodine atom are

exemplified, of which a chlorine atom is preferable.



The trial kylsilyl am no group neans a group represented by Forrnmula (4)
below R42 R4A1 R44 I1( 4 ) RA3 wherein R41l, R42 and R43 each represents an
al kyl group, R44 represents a hydrogen atom or a nonoval ent substituent,
and * represents a bondi ng position. In Fornmula (4), R41, R42 and
R43 each independently represents an al kyl group, and the al kyl group

i ncludes a nethyl group, an ethyl group, a npropyl group, an isopropyl
group, a n-butyl group, a sec-butyl group, a tertbutyl group, etc. R4l, R42
and R43 each i sTRE&fyarcdry @r'ﬂll@)lyk% ougrrﬁeanéravgreg #ebeséate@arpeerrahem nor e
preferably an al kyl "group avrng 6 carbon atons, yet nore preferably
an al kyl d@pbplowaving 1 to 4 carbon atons and partlcularly preferably a
met hyl group orpdi ethyl group. Two groups selected fromthe group
consisting of R41, RA2 and R4A3 may be bonded to forma ring. Ra4
representqqa hygpegpn—atonror zgnnnovalent substituent, and is preferably a
hydr ogen atonroﬂ hydr ocar byl group. The hydrocarbyl group includes an

al kyl group, gSy group, etc. The al kyl group includes a nethyl group,
an et hyl group, a n-propyl group, an isopropyl group, a n-butyl group, a
sec-butyl vHeum RE tRPtaURY r&Hrobdnt &%«;droﬂa%nrgrbusr aH® *i leplekless @ phenyl
group, etc. As the hydrocarbyl group, an alkyl group is preferable, and an
al kyl gr olppnkdang pagpitioi.o 4 car bon atons is nmore preferable. R44 is
preferably a hydrogen atom the present specification, the

hydrocar byl grofip PEBPE%éﬁtéQ ﬁ?ér%ﬁbfboﬁ*ﬂebNuﬁ@e”denﬂyrepﬁ§eﬂﬁeanethod
f d t ed h f | , k
et hod cal BRBIETSLH £ N hiPEER IR rER Bret et (P uanes dhhoa (o)

bel ow are ggbddetc. The alkﬁlagrdﬁp”ﬁkhﬂ@soé rﬁ’é’tthrEFdL?d th %tHVP"%QH@[S gont ai ning
a conjugated diene in the presence of a polynerization catal yst (for

exanpl e, @nomyl ganuge, ahkKsdproppit glouporpodiutyl groups gasacebyigl graupe)a teand t he
conj ugat ed di ene pol yner _thus obtained is reacted with a nodif agent
having a RH¥Y cg@HPaten cdhcapiv ra;romnletsiu@ﬁaragmﬁml eroraradrergn né 8@
havi ng a m cont ng. functi.on aro r a nodj agent
navi ng a MRlERI oPB ot Bt By prERke RBie SyRbRn v BudBr hrvibd

at om cont gi dirBen fHGHRE1iOMRGredp @¥rable. . Two gfPlps sEBERAC G H?Cl WFelingi Ng a
nononer having a nitrogen atom contai ni ng functronal group and/or a silicon
at om cont & himay Feibondexhad fogmoaupingnd a nonomer cont ai ni ng conj ugat ed di ene
in the presence of a pol rization catalyst (for exanple, an organic

al kali netal corfo lmanoa%/ | 08'"Q&Ri E§5@F0R| HEOUP represente@cpyAFmWQd(ij

pol ymeri zj ngﬁ nnnoner containing a conjugated diene in the presence of an
organi c alkalT conpound having a nitrogen atom containing functional
group andﬁﬁ’l\a srRl con atom contai ning functional group. Mor eover,

nmet hods o B‘Sﬂ by conbi ni n t hese nethods are also cited, such as a
conbi ned neﬁp "(d? and ( ¥ )and a conbi ned nethod of (a) and (c).

wherein R*' and R®? represent an alkyl group, R* and R* represent a
monovalent substituent, and * represents a bonding position.

In Formula (3), R*" and R*? each independently represents an alky!
group, and the alkyl group includes a methyl group, an ethyl group, a n-propyl
group, an isopropyl group, a n-butyl group, a sec-butyl group, a tert-butyl
group, etc. R' is preferably an alkyl group having 1 to 12 carbon atoms,
more preferably an alkyl group having 1 to 6 carbon atoms, yet more
preferably an alkyl group having 1 to 4 carbon atoms, and particularly

preferably a methyl group or an ethyl group. R*' and R*? may be bonded to



Exanpl es of the nodifying agents having a nitrogen atom cont ai ni ng
functional group in the nmethod (a) include conpounds having an am no group
and a carbonyl group. Exanples of the conpounds having an am no group and a
carbonyl group include 4-am noacet ophenone such as

4- N, Ndi et hyl am noacet ophenone, 4-N- net hyl - N- et hyl am noacet ophenone, 4-N, N-
di et hyl am noacet ophenone, 4' - (i m dazol e- 1-yl ) acet ophenoneand4-

pyrazol yl acet ophenone; bi s(di hydrocar byl am noal kyl ) ket one such as 1, 7-

bi s(net hylgthy ,q{génno) - 4- hept anone and 1, 3-bi s(di phenyl am no) - 2- pr opanone;
4- (di hydr ocar byl am no) benzophenone such as 4- N, Ndi net hyl am nobenzophenone,
4- N, N-di - t - but ylranF srehgazgpher®PneamndR?- Mch- dhqdpmyeany nedpesgesenone;

4,4' - bis(di hydrocar byl am no) benzophenone such as 4, 4' -

bi s(di net Hpbrenatey)tharbstipreahonred praefaratide sgeliest el e m@mzmh@mfn%“and

4, 4" - bi s(di nyl am no) benzophenone; 2-di hydrocar byl am noet hyl acryl ate
such as 2-ad%r1r§t HQ%“Hi?efﬂyl acrylate and 2-diethyl am noethyl acrylate; 3-
di hydr ocar byl am : l..ac t C - di i r ryl at e;
24 hydr ocar byl ARy RIR“atRLERHC et & O R e op AP i

met hacryl g4ebaned. 2- di et hyl am noet hyl net hacrylate; and 3-

di hydr ocar byl anhnq)pﬁmyl nmet hacryl ate such as 3-di net hyl am nopr opyl

nmet hacryl at e. l Mor eover, as the nodi fying agent having a nitrogen

at om cont %Mﬂgs _ungfiogal gr@up)i n the method (a), conpounds havi ng =NCO
are also cited. anpl es of the conpounds havi ng =NCO i ncl ude

N- di hydr ocar byl R8#mani de such as N, N-di et hyl f or manmi de and

N, N- di et hyl f or mam de; N, N

di hydr ocar, epaim ges N, [ I L deandN, ' et am de;
N- hydr ocar by r@% %r C)pFigf)l ac gz?h s?t%léﬁ %EF%#Z%%% Ir %%iugr ﬁégkgetr?%}%sag
N-phenyl - hgdpigepi ataat ama Mdnsdareardupttidrepy) Bali aBpreseaty asbonding

N- net hyl - 2- pyrrol i done, N-vinyl-2-pyrrolidone, N phenyl-2-pyrrolidone,

Nt er t - but posiopyrrol i done and N-net hyl - 5- et hyl - 2- pyrrol i done;

N- hydr ocar byl- 2-pi peri done ch,as N npthyl - 2-pi peri dgne,

N-vi nyl - 2- pi per'i”dgﬂgﬂlgﬁd(%ﬁzﬁy?tfzgﬁﬁﬂp%n%'i 8 %;'”‘R‘?‘%M?B B BYESENELFPol act am
such as N = 6- r.o, t - ol,ac

N- hydr ocarag})%q [&\}:\élfpguarnﬁjﬁglea%?gnqq%@%a@h (rarer}t{kg/hﬁr gﬁquma?'léotﬁgﬂc%rgwaﬁcf

N-vi nyl - wpk@sy idroligcamnzopkopyldarayg! acablayyl-group mh drsrdb ity HOUQ, SUH-as

1, 3-di net hyl-2-i m dazolidi none, 1, 3-diethyl-2-

i m dazol i BuhbeeEouR,3tdi vRAY R*2-andi i zed dhdisroateaably-arealkyllgaupt aving 1

i m dazol i di ngne; N, N-di hydr ocar byl acryl am de such as N, Ndi hyl acryl am de,
NN df ot hift S0 GRRnIBteR) ROTRPRYE A6 el ko TG devfgnd 106 Carboh

N, N- di hyd b ' S , et byl r '

NN di of noR it nler P iere T ek, B Redhact B arSBar oA, S
Fur t her nopasticatarlyh@reldablyi BInRIGNT gl G annetHypg@BUBRL OMFREN§RIURSN]
functional group in the nethod (a), conpounds havi ng an am de group are
cited. Exaelectsl tbmtthe groupoansistingef Rj' aR*arniddB* ‘gmeupei baridedeto form

N, N- di hydr ocar byl am noet hyl acryl am de such as

N, Ndi met h§I"8¥% noet hyl acryl ani de and N, N-d i et hyl ami noet hyl acryl am de;
N, Ndi hydr ocar byan lLagcr ] u ; .

N Nl oty ant nopr B Rr Pa e8I AR PNE L AT Rg P uale i BYBSSYSR S e,
N, Ndi hydr pesae Riplp el MRRY§dh agsi| nd B dedtaib@Sgroup.  The hydrocarbyl group

N, Ndi met hyl am nobut yl acryl am de and N, N-di et hyl am nobutyl acryl am de;
N, Ndi hydr mchrd®gl anm alkgt gyduret hacaryl gmode stech Bse MR group includes a

di met hyl am noet hyl nmet hacr yl am deandN, N- .
methyl group, an ethyl group, a n-propyl group, an isopropy! group, a n-butyl

group, a sec-butyl group, a tert-butyl group, etc. The aryl group includes a
phenyl group, etc. As the hydrocarbyl group, an alkyl group is preferable,
and an alkyl group having 1 to 4 carbon atoms is more preferable. R* is

preferably a hydrogen atom.



d i ethyl am noet hyl met hacryl am de; N, N-

di hydr ocar byl am nopr opyl net hacr yl am desuchasN, N-

di met hyl am nopr opyl net hacryl am deandN, N- di et hyl am nopr opyl et hacr yl am de;
andN, N- di hydr ocar byl am nobut yl met hacryl am i desuchasN, N-

di met hyl am nobut yl met hacryl am i deandN, N- d

i et hyl am nobut yl net hacryl am de. Ot hese, N, N-

di hydr ocar byl am nopropyl acryl am de is preferable. - Exanples of the
modi fying agent f BRYI Bés8nSidolEARaRbOMAONhHMBERGyT UI6kh ORGredeYPal N Lhe
met hod (a) include conpounds having an al koxysilyl group. anples of the

conpounds hyawaagb@nresdidaxysi | yl group include tetraal koxysil ane such as
t et ramet hoxysi | ane, tetraethoxysilane and tetra-npropoxysil ane;

trialkoxyhydroo%$Bb¢§P¢HWé fo cRrodycingt Aytandugaiet od§Re IRAAEMer having a
met hyl tri et hgoxysi | ane, et hyl t ri met hgxysi | ane _andphenyl t ri met hoxysi | ane;
trialkoxyﬁ%?%%%?gﬁgmﬁﬁé% é%w?ﬁvﬁ%?ﬁo hF&?B@PV%%e,¥??Fé@W8 dﬁ?@? sil ane
and tri-npy oRAKYE b oL AP et (JinRhkexydLhygr ocar byl sil ane such as
di met hoxydi net hyl si'l'ane, di et hoxydi met hyl sil ane and di met hoxydi et hyl si | ane;
di al koxydi hal os(a) anemsthold af pdiymeédwiny da ahbosrast lcaneaining a conjugated
di et hoxydi chl orosi | ane and di - n- propoxydi chl or osi | ane; '
monoal koxytamienifdthsc arapense |drie p@ﬁﬁmeraz@tlﬁﬁt eroRlyst (feetexamyile ape;organic
nonoal kox h{hhal si | ane sugh as net hoxytrichlorosil.ane and
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containing functional group, or a modifying agent having a nitrogen atom-
containing functional group and a silicon atom-containing functional group.

(b) A method of polymerizing a monomer having a nitrogen atom-
containing functional group and/or a silicon atom-containing functional group
and a monomer containing conjugated diene in the presence of a
polymerization catalyst (for example, an organic alkali metal compound, an
organic peroxide).

(c) A method of polymerizing a monomer containing a conjugated
diene in the presence of an organic alkali metal compound having a nitrogen
atom-containing functional group and/or a silicon atom-containing functional
group.

Moreover, methods obtained by combining these methods are also
cited, such as a combined method of (a) and (b), and a combined method of
(a) and (c).

Examples of the modifying agents having a nitrogen atom-containing
functional group in the method (a) include compounds having an amino group
and a carbonyl group. Examples of the compounds having an amino group
and a carbonyl group include 4-aminoacetophenone such as 4-N,N-

dimethylaminoacetophenone, 4-N-methyl-N-ethylaminoacetophenone, 4-N,N-



gl yci doxypr opyl ) net hyl di met hoxysi | ane; (3, 4-

epoxycycl ohexyl ) al kyl al koxysi | aneconpoundssuchas2-( 3, 4-

epoxycycl ohexyl ) et hyl tri met hoxysi | ane, 2- (3, 4-

epoxycycl ohexyl )ethyl tri et hoxysi | aneand2- ( 3, 4-

epoxycycl ohexyl ) et hyl (et hyl ) di met hoxysi | ane; al koxysi | yl al kyl succi ni c
anhydri de such as 3-trinethoxysilyl propyl succinic anhydride and 3-
triethoxysilyl propyl succinic anhydride; and

(et hacryl derorsi | an ds i
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agents having a silicon atomcontaining functional group and a nitrogen
at om cont éa‘iﬁmeghylafrhdtandna) 4@1&@@@mn¢ Bhé heitie(dinhenylansinobe-rropgrantds havi ng

an alkoxy5| rou and n am gr oup, and conpounds_havi ng
al koxysi | VA %?5688“‘5 benzop Tertd NCEx anpl esé‘cgf t he c’?ﬁmounds%ﬂ&wng an
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di met hyl amv, Negippeyiamirebaaxysidrione; 3- di met hyl ami nopropyl tri met hpxysi | ane,
3-di et hyl am nopropyl tri et hoxysil ane, 3-diethylam nopropyltrinmethoxysilane,

3- di net hpisdihydmcapyliamireybenzapheryse | ane, zsuch 10 - as 4,4'-
di et hyl am eth | triethoxysilane and 2-dine | am noet hyl tri met hoxysi | ane;
cyclican1 BQBWV? WEHW‘ PEY: §ind éu@ﬁ%%m““ amino)benzophenone and
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such as 2-dimethylaminoethyl acrylate and 2-diethylaminoethyl acrylate; 3-
dihydrocarbylaminopropyl acrylate such as 3-dimethylaminopropy! acrylate; 2-
dihydrocarbylaminoethyl methacrylate such as 2-dimethylaminoethyl
methacrylate and 2-diethylaminoethyl methacrylate; and 3-
dihydrocarbylaminopropyl methacrylate such as 3-dimethylaminopropyl
methacrylate.

Moreover, as the modifying agent having a nitrogen atom-containing
functional group in the method (a), compounds having =NCO- are also cited.
Examples of the compounds having =NCO- include N-dihydrocarbylformamide
such as  N,N-dimethylformamide and N,N-diethylformamide; N,N-
dihydrocarbylacetamide such as N,N-dimethylacetamide and N,N-
diethylacetamide;  N-hydrocarbyl-B-propiolactam such as N-methyl-B-
propiolactam and N-phenyl-B-propiolactam; N-hydrocarbyl-2-pyrrolidone such
as N-methyl-2-pyrrolidone, N-vinyl-2-pyrrolidone, N-phenyl-2-pyrrolidone, N-
tert-butyl-2-pyrrolidone and N-methyl-5-methyl-2-pyrrolidone; N-hydrocarbyl-
2-piperidone such as N-methyl-2-piperidone, N-vinyl-2-piperidone and N-
phenyi-2-piperidone; N-hydrocarbyl-g-caprolactam such as N-methyl-¢-
caprolactam and N-phenyl-¢-caprolactam; N-hydrocarbyl-o-laurilolactam such
as N-methyl-o-laurilolactam and N-vinyl-w-laurilolactam; 1,3-dihydrocarbyl-2-

imidazolidinone such as 1,3-dimethyl-2-imidazolidinone, 1,3-diethyl-2-
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(tri but oxy&d YVrABdrecsseyaiag %‘t‘%'am'de such 3§, Aéﬁoq‘mewl'ﬁ‘@t%!&'ém%tl oned
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functional "group-an diional group include

N, N-bi s(trial kyggrtdathicpgl né@rQW'rﬁGBWx%“ Qgeﬁp%\ﬁﬁg a nitrogen atom-

N, N- bi s(trinethylsilyl)am nopropyl acrylam

(1 socyanatcoatdiyihy gukctkyrsdl | oege onptbandsthodh@y 3compounds having an amide

i socyanat opr opyl tri nmet hoxysi | ane and 3-i socyanat opropyl triethoxysil ane;
(cyanoal kPr94R RExGd. ar@%ﬂlﬁémﬁd&e §9@|ﬁ0a§d?hay'aac?ét Ayide Qfﬁéltph'ﬁﬁk}dgiel ane, 2-
cyanoet hyl g pi h SI| anoet hyl di met hoxynmet hyl si | ane,

cyanoet hy r‘r&t‘ﬁ é;fa %tgtyﬂzwlgﬁamgacr a er"loet hyl aP%%t hoxyetaﬁyl sil an’g and 2-
cyanoet hy b hoksdhesyl-h)iantie aagd MaakiibigenRnelaldcopumiivy N -
propaneam neconpoundssuchasN- (1, 3-di met hyl but'yl i denej - 3-

(tri et hoxygiydyddarily!pmipente pyfaogyiddnide- net hyl etuleyl i dene) -a%— (triethexysilyl)-1

dimethylaminopropylacrylamide and N,N-diethylaminopropylacrylamide; N,N-
dihydrocarbylaminobutylacrylamide such as N,N-

dimethylaminobutylacrylamide and N,N-diethylaminobutylacrylamide; N,N-

dihydrocarbylaminoethylmethacrylamide such as N,N-
dimethylaminoethylmethacrylamide and N,N-
diethylaminoethylmethacrylamide; N,N-
dihydrocarbylaminopropylmethacrylamide such as N,N-
dimethylaminopropylmethacrylamide and N,N-
diethylaminopropylmethacrylamide; and N,N-
dihydrocarbylaminobutylmethacrylamide such as N,N-
dimethylaminobutylmethacrylamide and N,N-
diethylaminobutylmethacrylamide. Of these, N,N-

dihydrocarbylaminopropylacrylamide is preferable.

Examples of the modifying agents having a silicon atom-containing
functional group in the method (a) include compounds having an alkoxysilyl
group. Examples of the compounds having an alkoxysilyl group include
tetraalkoxysilane such as tetramethoxysilane, tetraethoxysilane and tetra-n-

propoxysilane; trialkoxyhydrocarbylsilane such as methyltrimethoxysilane,



propaneam ne, N-(1,3-dinethyl butylidene)-3-(trimethoxysilyl)-1-propaneam ne
and N-(1-nethylethylidene)-3-(trinmethoxysilyl)-1-propaneam ne.

Exanpl es of the nononers having a nitrogen atom containing functional group
and/or a silicon atomcontaining functional group in the nethod (b) include
am no group-containing aromatic vinyl conpounds, al koxy group-containing

vi nyl si |l ane conpounds, al koxysilyl group-containing conjugated diene
conpounds and ami no group-containing vinylsilane conpounds. O these,

al koxy gr n@@t@gﬁﬁ%t%hggsquw nyeéﬁyétr%(? hg)(()gg)%gndsaggd pa}wrgnygrt% ygqgrliea'l ni ng

vinylsila am no grou ontainrn
vinyl sil aﬂﬂaR@W@Q%n@@d’Wé@ tAmRtRHGehRrosilane, tn@ﬁ@%f@@ro@ﬂaﬁé"%n@m no
group contai ni ng aromatic vinyl conmpounds include

N, N- di al kyrlmm@kkwlstqsr!eme sucrmalsonyd\\hwrdcawwllaam nostsyckene, &s N, N-d

i met hyl am nostyrene, 4-N, N-di et h m nost yr ene,
di et hyl am%@@{%ﬁ@%hﬂs@qﬂ n@gﬁwx&%ﬁggw%@wﬂéﬁg\ethoxyd|ethy|5|lane

di met hyl a n n

o e BB By o R B AT S YeBenirosiane

di met hyl arﬁnﬂoeélth%M aRnfbrDsial el Mg e ik SdarbpBRa such as

3-N, N-3-N, N-3-N, N 3- 3-N, N dlethylamnoethylstyrene

cyclicam mhbﬂtsmmamas4 pwmcmlkcd(ymryﬂia;lbyu‘aﬂ@e 3- pyuctol i di nylsst yr ene,
4- pi peri di nyl styrene, 3- peri di nyl stérene ?/rrol i di n | met hyl styrene,

3-pyrroli d"‘Gﬁi’P*‘fﬁf'ﬁ’&"l"é‘?%"laéﬁea“%e”mxrzsmh ragians HglvsidpplsyDalkoxySilane
3- di | st th
3 pyrrol i GOHPRELASI sty PlRe. - goper i dAVFBTUPEV bR T S grene. 2

3- d th h
e 1 (N B Pl Pehe d-ene sue

di et hyl argiywjmeypydgylthﬂmtmwwamd eBayly dd Qdrplkb Pyl ttieth dnyisdaneropineny (3-- 1-
phenyl et hyl ene and 1-(3-N, N-di et hyl am nopheny1l) - 1- phenyl et hyl ene(3 4and

vi nyl pyri @ivedayero Ry metoyidimeeriaeeand 4- vi nyl pyri di ne.

epoxycyclohexyl)alkylalkoxysilane compounds such as 2-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, 2-(3,4-
epoxycyclohexyl)ethyltriethoxysilane and 2-(3,4-
epoxycyclohexyl)ethyl(methyl)dimethoxysilane; alkoxysilylalkyl succinic

anhydride such as 3-trimethoxysilylpropyl succinic anhydride and 3-
triethoxysilylpropy! succinic anhydride; and (methacryloyloxyalkyl)alkoxysilane
compounds such as 3-methacryloyloxypropyltrimethoxysilane and 3-
methacryloyloxypropyltriethoxysilane.

Examples of the modifying agents having a silicon atom-containing
functional group and a nitrogen atom-containing functional group in the
method (a) include compounds having an alkoxysilyl group and an amino
group, and compounds having an alkoxysilyl group and =NCO-.

Examples of the compounds having an alkoxysilyl group and an amino
group include [(dialkylamino)alkyl]alkoxysilane compounds such as 3-
dimethylaminopropyltriethoxysilane, 3-dimethylaminopropyitrimethoxysilane,
3-diethylaminopropyltriethoxysilane, 3-diethylaminopropyltrimethoxysilane, 3-

dimethylaminopropylmethyldiethoxysilane, 2-
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Mor eover, as the am no group-containing aronmatic vinyl conpounds,

trial kyl silylam no group-containing aromatic vinyl conpounds are cited. -
12 - Exanples of the trialkylsilylam no group-containing aronmatic vinyl
conpounds includeN, N-bi s(trial kyl silyl)am noal kyl styrenesuchas4-N, N-

bi s(trinmethylsilyl)am nostyrene, 3-N, N-bis(trimethylsilyl)am nostyrene,
4-N, N- bis(trinmethylsilyl)am nonet hyl styrene, 3-N, N-

bi s(trinmethylsilyl)am nonet hyl styrene, 4-N, N

bis(trinmets | Jam lSL.ysen d3- : : : :

bi ot 11 methg o e A g R B S i Binyainepthyitimethonygiipne;.

gr oup- contcytchd Ng Vi aydisdalRyglkeyFRwmads | ncterpotiidaal koxyyiuelyl sil ang such as
trimet hoxyvinylsilane, triethoxyvinylsilane and tripropoxyvinylsil ane;

di al koxyalheyxpinetiylenaigieorsetbbltamethoxysilane, 3-

i al Koxy 2o TS e K B DRURDS pent oy SHARP SISy IRPPYIG S
di(tert- biypyikhlgaye Vi nyl shiane: mongabkaxyel Bl ki i¥idpyl s, baRfgssdias
] ySgiaRy)

[di(tetrahydrofuranyl)aminolalkylalkoxysilane  compounds such as  3-

[di(tetrahydrofuranyl)amino]propyltrimethoxysilane and 3-
[di(tetrahydrofuranyl)amino]propyltriethoxysilane; and N,N-
bis(trialkylsilyl)aminoalkylalkoxysilane compounds such as N,N-
bis(trimethylsilyl)Jaminopropylmethyldimethoxysilane and N,N-
bis(trimethylsilyl)aminopropylmethyldiethoxysilane. Of these,

[(dialkylamino)alkyl]alkoxysilane compounds are preferable.

Examples of the compounds having an alkoxysilyl group and =NCO-
include tris[(alkoxysilyl)alkyllisocyanurate compounds such as tris[3-
(trimethoxysilyl)propyllisocyanurate, tris[3-(triethoxysilyl)propyllisocyanurate,
tris[3-(tripropoxysilyl)propyllisocyanurate and tris[3-
(tributoxysilyl)propyllisocyanurate.

In addition to above-mentioned compounds, examples of modifying
agents having a silicon atom-containing functional group and a nitrogen atom-
containing functional group include N,N-bis(trialkylsilyl)aminopropylacrylamide
such as N,N-bis(trimethylsilyl)aminopropylacrylamide;
(isocyanatoalkyl)alkoxysilane compounds such as 3-
isocyanatopropyltrimethoxysilane  and 3-isocyanatopropyltriethoxysilane;
(cyanoalkyl)alkoxysilane compounds such as 2-cyanoethyltrimethoxysilane, 2-
cyanoethyltriethoxysilane, 2-cyanoethyldimethoxymethylsilane, 2-
cyanoethyimethoxydimethylsilane, 2-cyanoethyldimethoxyethylsilane and 2-
cyanoethylmethoxydiethylsilane; and N-alkylidene-3-(alkoxysilyl)-1-
propaneamine compounds such as N-(1,3-dimethylbutylidene)-3-

(triethoxysilyl)-1-propaneamine, N-(1-methylethylidene)-3-(triethoxysilyl)-1-
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di met hyl met hoxyvi nyl si | ane; nonoal koxydi aryl vi nyl si |l ane suchastert -

but oxydi phenyl vi nyl sil ane and tert-pentoxydi phenyl vi nyl si |l ane;

nonoal koxyal kyl aryl vi nyl si |l ane such as tert-butoxynet hyl phenyl vi nyl si | ane
and tert-but oxyet hyl phenyl vi nyl sil ane; and substituted al koxyvinyl sil ane
conpounds such as tris(13-nethoxyethoxy)vinylsilane. O these,

nonoal koxydi aryl vinyl sil ane is preferable. Exanpl es of the

al koxysi |yl group-containing conjugated di ene conpounds incl ude

2-trimetho ' -1, 34put adi. en -t xysl Lyl -1, .3- ' -

2.t 11 propdiyerismibes Bt S5 BB SR s dpiond s i g mipe

tri phenoxysyid M—'I(1ln&hbl@?kﬁfﬂih@ﬁ@)-sf{irﬁnet_hostiIyI)-1TbQ>p%fﬁ|eBﬁmi|_§lé.0UIOj contal ning

vi nyl si |l ane compounds include am nosilyl group-containing vinyl conpounds.
Exanpl es of theEamnplesi lofl tly oopnoorerai haviggvianyhitrogempoatads-dontdivide

bi s(di al kyl am nq%ial kyl vi nyl si |l ane such as . , ,

bi s(di met HYNEANGH)GratMyARA/AY I%5iSiliGe8, BIT¢PRta PaniuRsi iR hgIsHPYT shPane,

bi s(di (n- ), a Vi Nyl si e, hi LLn- .

butyl)am ﬁ{]) tﬁéb t@ﬂv&ﬁ%ﬁ%&ﬁﬁeé%@é‘?anﬁgiﬁﬁ ol me‘lﬁ?amrff)?uensdsoﬁni%‘é’ organi c
al kal i metbys-@BRGINIAG NAKYREade Ni E6HFEINERL OMAIRERISAYNI NFolipieehtmiay gr oup
and/or a silicon atomcontaining functional group in the nmethod (c) include
| i t hi um armodpigaterpodieds, @mpainddr ogad bymihe t lgraun-compoungls varytsilane

hydr ocar byl si | yl oxyhydrocar byl Iithium conmpounds. O these

hydr ocar byP8IRONGRy h{H tess b3koxy CRPURTFRRARUG Y& Yisiangr ee@paunds and

Exanples qof .the |ithium.am de. ¢ n i d i fhi ex t.hyl enei m de,
e um priBP; gk oo R s BIRRET Samb PRI St veBletbiEhy AR et
lithiumd EBA RSN GinTi A8 ne ldohty demadiaf® bk e @eablki t hi um di et hyl am de,
l'i thium d%ﬁﬁ?@l am dé@l in?‘hi unmedi E@opyl ar?i de, | i%??rz\i uar\n di heptyl am de, lithium
di hexyl am de, | Etdmpies dofotiey laamhdegrolipidointaimidg- 2ronedtity vimgk ydoamadeds! i t hi um
di decanam de, |ithi um N-net hyl pi {)Yerazi de, lithium ethyl propyl am de, lithium
et hyl but ylinghidr N, Nidiakyamieedsy sirrsnasve as 4 NHY-gimetiiaanstyrens ¢t and

l'ithium phenet hyl am de. =% m nohydrogay byl
i t hi um gg‘}w&g‘idﬁ‘éghyﬁ%@?ﬁSSQrg-ﬁ?’N, Ndi met ﬁ’j’? ?@hg%ﬁﬁéﬁtgﬁeﬁ%q i thi ekl

3- (N, N- di eftdinyiamimsdtyrnBr opY!  LifN-HiMetBylakithdnginglstpreham no) - 3-pnapy!
l'ithium 3-(N, N-dibutyl am no)-21-propyl lithium 3- norpholino-1-propyl

l'i t hi um adén&thiyrandazoeiHystymmepy| #iN,MdiathyMonieowethylstycdne; onp8uMads nmay
al so be enpl oyed that are obtained by reacting these am nohydrqcarbyl

li t hi um cOSBYARUNethYistyrBRBner S¥WV-dEngthy'amirerthyistspPene, sSthiene or
the like i . ivalents of ' t equi, wal ent  of
{he |1 ke it oSt tLFRt S 0 NIFG SRR TN god caube
lithi um caBIRpBRRndatsyIseerid;i al kydigl | yhayadikystytddehi umughch a8 4-
3-(tert-butyldinmethylsilyloxy)-1- propyl lithium

4- (tert - bpyyblidingstyése,l yl ogyyriolidirtydtytenehi um4-piperidinylstyrene, 3-
5-(tertbutyl di methyl silyloxy)-1-pentyl |ithium .

6-(tert- bgtgﬂr@pw&ty]@ﬂngi Mw@@qﬂmﬂwlstwqqﬁ wpyrrolidinylmethylstyrene, 4-

o (Ler D AR 0ot Aot NI rene. 1 oy
6 (€ bt g1 0 ey B P Yoo & PR ey ene
trial kyl sahy| @xpigkkginylathyistynenes -1-18,N-dialkylaminophenyl)-1-phenylethylene
such as 1-(4-N,N-dimethylaminophenyl)-1-phenylethylene, 1-(3-N,N-
dimethylaminophenyl)-1-phenylethylene, 1-(4-N,N-diethylaminophenyl)-1-
phenylethylene and 1-(3-N,N-diethylaminophenyl)-1-phenylethylene; and
vinylpyridine such as 2-vinylpyridine and 4-vinylpyridine.
Moreover, as the amino group-containing aromatic vinyl compounds,

trialkylsilylamino group-containing aromatic vinyl compounds are cited.
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preferable. Mreover, such conpounds may al so be enpl oyed that are obtained
by reacting these hydrocarbyIS|IonxyhydrocarbyI l'ithi um conmpounds with a
nononer such as butadi ene, isoprene, styrene or the like in 1 to 10
equi val ents of the nononer relative to 1 equivalent of the conpound.

As the conjugated diene polyner having a functional group, conjugated diene
pol ynmers having a nitrogen atom containing functional group and/or a
silicon atomcontaining functional group are preferable, conjugated diene
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nunber - avemaday dtRSKhaty I MRinght Mhbameﬁlyd/r@ﬂygmy@veﬁ{eag%u&al egyl afgrivei ght
(My) by a gel permeation chronatograph (GPC) method, and dividing Mv by M.
Exanpl es bfitoxidipbehylgmylsiehede dry asidl i ca (ataﬁyfthmos/cbphemﬁl\anwsﬂai)e wet
silica (hydrated silicic acid), colloidal silica, precipitated silica,

cal cium s q”@élké’xy%ihﬂaé)ilﬂﬁ’/'ﬁlﬁ%‘%l FHeat 8s dpi- béx,towm%thyly gsyWhwisigrenay be

used.  Theo BET Spaglbleiilbfa8T Rl RRa0k: LR SidShukeq PLRLS AR Kot 0 250

n2/g. The speci a e neasured i accdr ce YW the ASTM
D1993- 03. cémpaus@imedhal A 0dH§iB-mRIREYEth GBSy IMNhe. AQ KR aREsSRS- 150
manuf act ur ed by Tosoh Silica Corporation, product nanes Zeosi l 1115MP and
1165MP nammhaakoxgﬂab&wﬁ&ledhma iseireferahie. be used From t he vi ewpoi nt
of enhanci ng the abrasi on resi stance and stren relative to 100 parts by
wei ght of the &ERMRIRE e8f dihenealsakysivt, gt -& éH‘t'”Q)f cepiggatad cdieBdnbi ned

is prefer |l e t.han ar. t t re pr r Iess t han
10 parts gg%ée ﬁ Pd?mrg]tBB‘@F%‘?ﬁ%fIWLg%thgggn?hanf%etﬁg)r‘%élygy wei ght ,
and parti SM‘aére'n)é pi-@ﬂ@r‘b@@k)\’snﬂ@t‘l d-gatadidi) 30riBafdx§siy- 1BIbaRddiefalr ther mor e,
fromthe vi ewpoi nt of enhanci'ng’ the reinforcenent property, the ampunt is
pr ef er abl yiphehoxysilgl-t JBabutaB@ngakts by wei ght, nore preferably not nore than
120 parts by vvel ght and yet nore preferably not nore than 100 parts by

wei ght . Ex%mm%@roap qua@mgaweybdam iRy Peyeds inglepadaninosilyl
V|nyltr|chlor03|lane vinyltrietho

vyl £ 4SRN Bl U s PP Loy EXRTBIRE T ) BEn AIRIPPRN nBI&Dr | ane,
y-gl yci doxysamyg Wn:yfr%u?l SYRks qﬁ‘aud%_b s(dlalkylamlq]o)fnSky!vmylsHane such as

met hacryl oxypropyl tri met oxy5| ane p am noet
am nopr opyik tdimeetyiaxind) hang ik (E3arma noet Bpl(diedrylamino)methylvinylsilane,
bis(di(n-propyl)amino)methylvinylsilane, bis(di(n-

butyl)amino)methylvinylsilane, etc.
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am nopr opy! met hyl di net hoxysi | ane, N phenyl -y-am nopropyl tri nmet hoxysi |l ane,
y-ch | oro p ropyltri methoxys i la n

e, y- mer capt opropyl tri net hoxysi | ane, Y-

am nopropyl triethoxysil ane, bi s(3-(triethoxysilyl)propyl)disulfide, bis(3-
(triethoxysilyl)propyl) tetrasulfide,

y-trinmet hoxysi |l yl propyl di net hyl t hi ocarbanyl - 16 - tetrasulfide, and
y-trimet hoxysilyl propyl benzot hi azyl tetrasulfide.One or nore types thereof

b d As i al duct, product i 69 d Si.75
rrm;%uf Sc?ﬁ?ed bygéﬁé}ngg;&cﬁﬁquiﬁfﬁg arlha@‘r g?lfl?cfs%%%gggnd% ?‘av'l%g Br'liifgﬁog??) enhance
the fuel %ﬁ&ﬂ%taiﬁﬁg?ﬁj{nﬁﬁoﬁﬁ 80p PHdS: BYsiM&O8torRicohiiniRgMiuHERs R4 di ene

T
pol ymer, e anount e sl lane coup?l ng agent conbined i's preferably not

| ess t han gto@air tHey maghghic) iaslddeunneiupr emedeabbyppahds esainohgdrdcapayit s by
weight. In order to enhance the econonical efficiency, the amount is
pr ef er abl yitemn gomeounds AW padtacayyisibilgpthydensartr Bthpiref eprappyndfot nore

th 10 ts b ight. . In the nethod of th t ] tion,
the conj UGBS WAETGAPY Lo Y JTIHE THEP e 15 B cBTPR agent are
kneaded in the prasence of wal efiydnd/ OhmGR! PBHRKLEe: inBRluat | ¥@jde 100
parts by wei ght oa?ﬁtﬁe conj ugat ecrﬁdi ene %yrrer, the total anobunt of water

and car bonega@stterdetmlR, pr @seuith | pyirBRdikBeadithgin s dipedda@, palithiunby
wei ght. In order to enhance the fuel econony, the amobunt is preferably not
| ess t hanhspisametbylepeimsidghtithiemddedacammteyieneiblige nbthiuresimetaam@iepart s by

wei ght. In order, to enhance the fyel ecaonony. or econom cal.effjciency, the
amount i s EVePedignylam e’ng'lt@“fnha‘ﬁb%&ﬂaa?s 501Uk Hf?pygq{ﬂ'dﬁorlét%mf erably
not nore ts wej: ; e t Ofis - @sent

i nventi onfdn%%)ﬁg?gﬁ y%%rﬂémcoé\'ﬁ%ya{?rgépedi é‘ﬁ%h'g‘m @ﬁ%&glﬁ@\g smhﬁl@g Ifatgr'\ t he

si | ane coggyinexyageiat, arriukneddecaridmitbe IphiaaeNCRetiyipipt@zide)dlitambon
dioxide. In the supply of water and carbon di oxide into the kneading

machi ne, wattyépropyldmide,bbithieth oxihgty utylamisreef hiuah ymetyiutdamade. alithivred

sol ution of ter and carbon di oxi d«? that is, as carbonate water. The

car b.onateeWi' Z_M?é“' ?é’l”ér'ggiluy‘ ﬁ‘eﬁrﬂ-‘{ é)?e%t?ﬂa@?de' As the kneading
machi ne for use.?[ia?n D£3¢IRI Ak oWb&Qﬁ%PﬂhﬂJnﬁ”&%mﬁ)@u}ﬁ incill€ Bid hea and
plin e of water an

the silane cou agent 1n the presen or carbon dioxide, a
known kneamhétgyrmine)ne-peady| beitiaoml, ogaal, NiHethplagsinbrerpopyli nichiude extruders

such as a single screw extruder and a twn screw extruder; closed type
kneadi ng (MohtlineepWapnoas! -ardpyehidéym, 3-(N, N-pibutylamino)-1-propyl lithium, 3-
morpholino-1-propyl lithium and 3-imidazolyl-1-propy! lithium.  Moreover,
such compounds may also be employed that are obtained by reacting these
aminohydrocarbyl lithium compounds with a monomer such as butadiene,
isoprene, styrene or the like in 1 to 10 equivalents of the monomer relative to
1 equivalent of the compound.

Examples of the hydrocarbylsilyloxyhydrocarbyl lithium compounds
include trialkylsilyloxyalkyl lithium such as 3-(fert-butyldimethylsilyloxy)-1-
propyl lithium, 4-(tert-butyldimethylsilyloxy)-1-butyl  lithium, 5-(tert-
butyldimethylsilyloxy)-1-pentyl lithium, 6-(tert-butyldimethylsilyloxy)-1-hexyl
lithium, 8-(tert-butyldimethylsilyloxy)-1-octyl lithium and 3-
(triisopropylsilyloxy)-1-propyl lithium; and alkyldiarylsilyloxyalkyl lithium such
as 3-(tert-butyldiphenylsilyloxy)-1-propyl lithium and 6-(tert-
butyldiphenylsilyloxy)-1-hexyl lithium. Of these, trialkylsilyloxyalkyl lithium is
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Banbury m xer and an internal m xer; and roll kneadi ng machi nes. An
extruder or a closed type kneadi ng machine is preferable. The
kneadi ng tenperature is preferably 50 to 200C, and nore preferably 80 to
190C. The kneading tinme is preferably 30 sec to 30 mn, and nore preferably
1 mnto 30 mn. When t he conjugated diene polyner, the silica and
the silane coupling agent are kneaded in the presence of water and/or

car bon di oxi de, another pol ymer conponent or an additive nay be conbined.

Mor eover , fo %g mer co nent or gn additive m an}?@ned to a
conj ugat e® &eE pol PVeo PPWC’HF‘gﬁa’W@M %lﬁokﬂeea%f‘HE’VF bnf'§gat ed
di ene pol I ence of
water and orngd B8 Barifd (e MRS g AR Bea BNt R e
i ncl ude natitr almonbher suah Rt byta@Reep iU EeOEsyENR yheie haednamo 10

et hyl ene-octene copol yner. One or nore types thereof may be used.
As the ad&qu\aéentao&ﬁm\moaametnrel@tlmyo Beequiedentaafdhexampogsdt her eof i ncl ude

Aceel orat o Sucheathe EANSRIE. lce panEiel Aok Bccdnefandls oraue. |
thi uram b%%ﬁﬁg\ékﬂo‘:%éﬁé‘t 2m%?sceﬂ %A - nifto é‘ﬁ@t’b‘?‘rﬁ“cﬁﬁfa‘ﬂﬁﬁgdfu‘ﬁ‘éh%‘&l' zation

accel erator uani di ase cani za Ion accel erato

vul cani zaigréup a@ﬁdldﬁt@rsuﬁ&ﬁh ﬁ@nﬁ&&ﬁéin@ng’:\%dc@cmaal foupxiie; pAsfeit@ni c
peroxide; a filler such as carbon bl ack, calcium carbonate, talc, alumna,
clay, al u@pnugatgdjd@med@qumermhew gamsémerajelm @nntalnawqofmgsalngrompd an
antioxidant; and a lLubrica e sul fur inc]udes powder sulfur,

preci pi t aPEd MQUPFRIETETaBe} éf‘eeﬂona%ﬂaft%ﬁ d'%W‘?sB‘P'MB‘IeéS QGP"I”@ra AHEPIEgRIYN-
di sper sed ?H{ahr%% fER(Y%q{aI é'r%%én@%dsdl H%!\%oﬁ Mpofﬁhgnéﬂ f g&?ﬁﬂ(ﬂ

Exanpl es o rgani c es 1 nc ude rcunylp met hy1- 2

, 5-di (terthdyhyd I@el’a%)ﬁbh&i@mﬁou@cén@lmg havartr%gén aibﬁnb@m@yélwméwmexane
2 5-di met hyl- 2, 5-(tert-butyl peroxy)hexyne-3 i-tert- - 18 -

but yl per oRi mmateérdlemwwpmrdxa\d@g 38 ferdtionak ghoupc goinehiexaoseptadier t -
but yl hydr?&gr oxi de. In the case where a vul cani zing agent is
combi ned |aé?|v\?é"i%emefe;5%ﬁ'?s by wei ght of the conjugated di ene polyner,

the anount of t, t 5 parts
by va ant . mor SRt GRS ALRAGR, wEIRBNRTHL R RICLE B rekohigich

pref er abl Miche polyendr 1@@Féf§rabb{/ MRil€Rtthan 10, and mirepRK&abI9fnot I'e%s\thérﬂwl zation
accel erator include thiazol e-based vul cani zati on accel erators such as

2- mer capt 6baherotong,analrder tdiitnprovet proeesghbitity s tli$ ptderablychot more than 200,
N-cycl ohegﬁ 2- benzot hi azyl sul f enami de; thjuram based vul cani zati on

accel er at 8P MR Rrefrap ol MOre apHiSdr aferinsssy Y'?Efés'téirwﬂt 6t 1% MRESHIRG hi ur am

di sul fide n accel erators such as

N-cycl ohexy@Zbggﬁ%ﬁﬁ?ﬁgéﬁgsﬂugﬁg%@g S)N-t butyl- 2-

benzot hi azol esuhbaiid fprold RYSIABY NBe2ilyepaat inaml(@ayicbaaatyotthe

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

benzot hi az@ljmed drmmmefmmnvshtrgumccmtmmmmmmgat@m@ae|uorﬁ aacl®8lreolat or s
such as henrél guani di ne, di orthot ol yl guani di ne and ort hot ol yl_bi guanl di ne.

In the cas/fe IISfE2BlY Vgt B8 Qﬁaﬁg%dae'eﬁem Biore Bredgsaply Melmoreingtiifenelo 100
Vol cani 71 15 SeRaPmop PRGOSl BrRikTT i ARAITHE o hREG: g
nor e pref giopll Yndde PrdfbraBlyRRft tess BiYanMes B3t %, yet more preferably not less than 20
mol %, and particularly preferably not less than 40 mol %. The vinyl bond content
may be obtained by IR spectroscopy from the absorption intensity at around 910 cm’
' which is an absorption peak of a vinyl group.
From the viewpoint of fuel economy, the molecular weight distribution

of the conjugated diene polymer used in the present invention is preferably 1

to 5, and more preferably 1 to 2. The molecular weight distribution is
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Exanpl es of the carbon black include furnace bl ack, acetyl ene bl ack,

t hermal bl ack, channel black, and graphite. Wth regard to the carbon

bl ack, channel carbon bl ack such as EPC, MPC, or CC, furnace carbon bl ack
such as SAF, | SAF, HAF, MAF, FEF, SRF, GPF, APE, FF, CF, SCF, or ECF;

t hermal carbon bl ack such as FT or MI; and acetyl ene carbon bl ack can be
cited as exanples. One or nore types thereof may be used. The
nitrogen adsorption specific surface area (N2SA) of the carbon black is

preferably 5 to 200 n2/qg, and the dibutyl phthal ate absorption - 19 -
of the caﬁg%'”ﬁﬁébmme?sap@ éwgbt?%;’aé’ef%g%@b(ﬁﬁi‘/ ?Lbévge.'g&@%ﬁ ?P@d’«‘é 'ghgsor ption
specific L I i Ry agc 1 ()((ﬁfg and the
DBP absor%&gﬁﬁsﬂﬁg@lh?e\g&?ﬁpég@grgén%eégvl\nqt%g&%g%ﬁ %Eﬁ%%gﬁs a )

commer ci almgthod umid, dipidodunitv mames SEAST 6, SEAST 7HM and SEAST KH

manuf actured by Tokai Carbon Co., Ltd., product nanmes CK 3 and Speci al

Bl ack 4A manuf aExameigshsf egeiiem indlyde dresdican@phpdroysesilicic acid), watp t he
case where.the carbon black is conbjned, the weight ratig.of the. amount of
the si || cR BB RUE S lHE AABhnEoloeh e i bbFeb @le Tt ned (Uhount of
silica CO@I&%%@m@P%%W‘Q%b'@% SO Med thdtesf APbY GO to

95/ 5. t he ext ender oi I nclude an aronstic mneral oil

(Vi scosi t yher BET tspecifio Suafake (ave £50Cthes ailivg)is Predbfablyp50 t043D, mignafgheheni c
m neral oil 1(eV. G C. value 0.850 to 0.899), and a paraffinic mneral oil
(V.G C. v&hilespeqfo suefage 8493 .is Theasyeeq dy ecrerdaneeatitrc ASdM EHi998f03.he

AR TR SO Y T S
accor dano ey il Bhdd b ok il co e Rk, ohaIB: HERIAG AR PRrepfighier mor e,

t he aromati c conpound content e extender oil 1s preferably not

| ess t han 1265Mroyaneiaghired ByeRIgdiaDse. Mypase tswr.eof nmay be used.
Wth regard to kneadi ng conditions, when an additive other than a

vul cani zi ng agénonptheavigwbeimhiof anhancing de¢ ebeasion resistanes Aad speingifer

t is,.conbined with th i t ed pol yr it t kneadi
component L3S TRNIF haYsil $05oF I S e SOTRED ol neact N9
kneadi ng {idmii Ysndihdd 39 ﬁreécferraglavﬁ%om Bs&N§haRr §f pEAPLY Welghf hRprd0 m n.

When a vul cani zi ng agent or a vulcanization accelerator”is conbined, the

kneadi ng pesteeiay Woeldss thaefer gdity bpaleigt get hane bo&feraindomyss thaaf er abl y
roomtenperature to 80C. A conposition in which a vul canizing a(F:;ent or a
vul cani zaRPoparie d avedgldr angd parisufasty psefasabdy Inptusesl thaned0 RaTsyibig out a

vul cani zati on ,treatpent such as, press vul cani zation. e vul.cani zat.i on

! omer ar WM. pIarTEABPTE 1960 115 SODEPOBh . SOAeTg,SPE EIPERIERY cd0C to
180C. j t; | Y, P e6h tiapR BPLRigRd et he

met hod of p'[chpeert r’gggﬁ?ﬁ?{%@ésﬁrgﬁgﬂgggﬂé&;ce feent fue deacon%bny. Iél\!ﬁ'e grriep
properti eprefeeably $10t JOO@. than 120 paFideby heeigionjangayedmaire peefzohlylgatot
conposi tion obtained by the nethod of the present invention is used for
tires, showredhas 100 pastsibygwveighbri al s, vibration-proofing materials, etc.,

and is parti Cu'l’:a><ra|n¥plggicgfalt)rl1g slillsaﬁg Eg&phtnigr %aénF%IYEé‘g vinyltrichlorosilane,
vinyltriethoxysilane, vinyltris(B-methoxyethoxy)silane, B-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, y—glycidoxypropyltrimethoxysilane, vy-
methacryloxypropyltrimethoxysilane, N-(B-aminoethyl)-y-
aminopropyltrimethoxysilane, N-(B-aminoethytl)-y-
aminopropylmethyldimethoxysilane, N-phenyl-y-aminopropyltrimethoxysilane,
y-chloropropyltrimethoxysilane, y-mercaptopropyltrimethoxysilane, Y-
aminopropyltriethoxysilane,  bis(3-(triethoxysilyl)propyl)  disulfide, bis(3-
(triethoxysilyl)propyl) tetrasulfide, y-trimethoxysilylpropyldimethylthiocarbamyl
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The present invention is explained below by reference to Exanpl es. Physi cal
properties were evaluated by the foll ow ng nethods. 1. Mdoney viscosity
(M.1+4) The Mooney viscosity of a polyner was neasured at 100C in
accordance with JI'S K6300 (1994). 2. Vinyl content (units: nol %

The vinyl content of a polymer was determ ned by IR spectroscopy fromthe
absorption intensity at around 910 cm 1, which is an absorption peak of a
vinyl group. 3. Styrene unit content (units: w% The styrene unit

COnt Nt Ol BB IE S ARLELI 0RO L IAEA) R elafiiel N BEOrgance

with JIS I'ence S nmeasured using

a Lupke t ypaert9pesifckre8s hayehe @st @St RE AtoRHertial pesdicdameaust hAmékS K6255.
The hi gher the value, the better the fuel economy. 5. Gip properties

The | oss tSi@end SiTamadufd@reddiy DEuskaGrebMuticamayere s$@e®t was measur ed
using a viscoel astoneter VR-7110 (manufactured by Ueshi ma Sei sakusho Co.,

Ltd.) under corldi?8hi EPhaneq g Hebrcanomy, Eiialve 14 dHUART Bf WesHz. The
O L L e k4 e S Py RRE L B8 s Ry 208 o
wer e usedchbmpieB! fefcrasly FRAsahhbM e Fx@BplvRSght, and more preferably not

less than 5 parts by weight. In order to enhance the economical efficiency,

the amount is preferably not more than 20 parts by weight, and more

preferably not more than 10 parts by weight.

In the method of the present invention, the conjugated diene polymer,
the silica and the silane coupling agent are kneaded in the presence of water
and/or carbon dioxide. Relative to 100 parts by weight of the conjugated
diene polymer, the total amount of water and carbon dioxide to be present in
the kneading is 1 to 50 parts by weight. In order to enhance the fuel
economy, the amount is preferably not less than 5 parts by weight, and more
preferably not less than 10 parts by weight. In order to enhance the fuel
economy or economical efficiency, the amount is preferably not more than 30
parts by weight, and more preferably not more than 20 parts by weight.

In the method of the present invention, preferably the conjugated
diene polymer, the silica and the silane coupling agent are kneaded in the
presence of water and carbon dioxide. In the supply of water and carbon
dioxide into the kneading machine, water and carbon dioxide are preferably
supplied as a mixed solution of water and carbon dioxide, that is, as
carbonate water. The carbonate water has preferably a pH of 4 to 6.

As the kneading machine for use in kneading the conjugated diene
polymer, the silica and the silane coupling agent in the presence of water
and/or carbon dioxide, a known kneading machine can be employed.
Examples thereof include extruders such as a single screw extruder and a

twin screw extruder; closed type kneading machines such as a kneader, a
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(a) Conjugated di ene pol yner SBR1: an oil extended

st yrene-but adi ene copol yner (nodified by
tris[3-(trinmethoxysilyl)propyl]isocyanurate).Styrene unit content: 25 wt%
Vinyl content: 55 nol % Mboney viscosity (Mi +4 (100C)): 52. Relative to
100 parts by weight of the styrene-butadi ene copolyner, 18 parts by wei ght
of an extender oil is contained. SBR2: a styrene-butadi ene

copol yrer, (copolynerized W th

di al ky| amE?On\ﬁur gg?ner(cpl %1( (?ng Sr%rQerPo)am%t IP({II Wn@%gﬁr{gl %g%?h’m di j,ed by

N, Ndi met hyTamn ylacr rene un cont \/ nyl

content: %&tmla%r Mepney t‘/b§Qﬁ§b(§Mg thhlﬁélls(df@@&)abFe 52. SBR3:

ast yrene- but adi enecopol yrmer (nodi fi ed
am nohydr ocar byT lox yisid agiirey 3ted1perdntyrearrs npaferapiyt rieoh8R9YE.| and) morst yr ene

unit content: 25 wt% Vinyl content: 57 ol % Nbon viscosity (1\41-1 + 4
(100C)): maeferably 80 tasgRA~C .5 E'?‘%/ﬂ‘@ﬁéd'ﬂgtté{ﬂ? eherels b@ﬁlyr?@r S@FbYis0 BHby N, N-

di et hyl aﬁ)raor%peoy K-1e 4 [a{w}o %l)ﬁ% ﬁne unit content: 22 w % Vinyl content:

58 nol % oney Vi SCodl 000Q)): 77. SBR5: a
styrene- but adi epymeRQRE|WARIgatelt iRl Sodmhw dhawiifaal sid meosqxarrelcom.@g |
I ny

lithiumwas used as an initiator). Styrene unit content: 24 wt%
content: Sgenbl®é kibadey ivitke psedenceMf water(dr@d@) parbeB. dioxide, ano8BR6: a

styrene- but adl ene copol ymer (nodified by tetraethoxysilane). Styrene unit
content: POIVRes CQ/”‘ﬁWe'&'foﬁf it 2dgigivapmney %dwggb'v?%coMOf%zO\(ewuanme(flooc:))

1t o PR, SR R BRI O B

content: 38y %onMrNieYn Biesifered by k(n%bmb“thé%gﬁ)g)ate@@iene polymer, the
silica and the silane coupling agent in the presence of water and/or carbon
dioxide.

Examples of another polymer component include natural rubber, an ethylene-
propylene copolymer, and an ethylene-octene copolymer. One or more types
thereof may be used.

As the additive, a known additive may be used, and examples thereof include
a vulcanizing agent such as sulfur and organic peroxide; a vulcanization accelerator
such as a thiazole-based vulcanization accelerator, a thiuram-based vulcanization
accelerator, a sulfenamide-based vulcanization accelerator, or a guanidine-based
vulcanization accelerator; a vulcanization activator such as stearic acid or zinc
oxide; an organic peroxide; a filler such as carbon black, calcium carbonate, talc,
alumina, clay, aluminum hydroxide, or mica; an extender oil; a processing aid; an
antioxidant; and a lubricant.

The sulfur includes powder sulfur, precipitated sulfur, colloidal sulfur,
insoluble sulfur and highly dispersed sulfur. Powder sulfur and insoluble
sulfur are preferable.

Examples of the organic peroxides include dicumylperoxide, 2,5-
dimethyl-2,5-di(tert-butylperoxy)hexane, 2,5-dimethyi-2,5-
di(benzoylperoxy)hexane, 2,5-dimethyl-2,5-(fert-butylperoxy)hexyne-3, di-tert-
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(b) Silica - 22 - Trade nane: ULTRASIL VN3-G nmanufactured by
Degussa GrbH (c) Silane coupling agent Trade nanme: Si 69, manufactured by
Degussa GrbH Exanple 1 118 parts by weight of SBR1, 10 parts by
wei ght of water, 78.4 parts by weight of a silica (trade nane: ULTRASIL
VN3- G manufactured by Degussa GrbH), 6.4 parts by weight of a silane
coupling agent (trade nane: Si69, nmanufactured by Degussa GwH), 6.4 parts
by wei ght of a carbon black (trade name: DI ABLACK N339, manufactured by

M t subi shipghgsickale, CofiipRIabI9Meroxde-8 DLtk INRIHExPE aRngxt gder ol
(trade nanme: NC- 140, manufactured by N ppon Q| rporation), 1.5 parts by
wei ght of batylaydropsiodadet. (trade nane: Antigen 3C, manufactured by Sum tono

Chem cal Co., Ltd,), 2 parts by weight of stearic acid, 1.5 parts by wei ght
of a wax (tradenHiBecassiiseens VivioatizRa @oeat iy conthnedhiakidiveckeiofal

| ndustri al R o e, knea ith,a Labo Pl astom ||

t enper at urpea-ﬁgor? r%'%h&m?t? Ccfog'f@gﬁgn%{]td'gnﬁi ROIVIRL pt%Fyr?éTFo%nﬁBsﬁhtei on
taken out vwRSinalinfRQEht L3RMbined is prefeffy POMYIRA 5CHIMOT WRiyHLNYSoePt ai ned
was kneaded with 2 parts by weight of zinc oxide, 1 part by weight of a

vul cani zapreferatdy 61 tcal @ paftsrydeeigatreandSgati mote T2fembyud actous edrtbypySuni t ono
Chem cal Co., Ltd.), 1 part by weight of a vulcanization accelerator (trade
name: SoxM§8MD, nanufactured by Sumitonmo Chemical Co., Ltd.), and 1.4

parts by wei ght | fur with rol|ls tenperature-controlled, at 50 t 9 thereby
prepare a pol yn%’?alg%%?g‘rf)o\é\f ttFSnYUlFﬁB'ZSgBS}n@Fceé%r Qsi'PrigAe HU@ZQS&%\Sﬁgq was
formed inyQicanzB86h dMcklerafdrs Suchngs DR erpRbodBotia2bi8d oiich Xodhigayl zed at
160C for 45 min, to thereby prepare a vul cani zed sheet. The results of the
eval uat i odisoffidehe physi délcyplobpryltd-Benadthiaagisuliésamideed shi@eimayadegi ven in

Table 1. Exanple 2 The procedure in Exanple 1 was repeated except
that 10 pivicanigptioei gpeeleratorst esuoiadsr dptramethywipiurempampsosyifidei ghtd of dry

ice. The f. - 23,- .the eval uat.ion of .th hysj.cal properties of
t he vul ca%esiag‘l'dé@%@g{"aﬂ edigHlfids i sl é‘ﬁl"@d‘i'.baf—_’?‘ér%ﬁ%g%’%a{'o” alCelérators
such as N-cyciohexyi-2-benzothiazolesulfenamide, N-t-butyl-2-

benzothiazolesulfenamide, N-oxyethylene-2-benzothiazolesulfenamide, N-
oxyethylene-2-benzothiazolesulfenamide, and N,N'-diisopropyl-2-
benzothiazolesulfenamide; and guanidine-based vulcanization accelerators
such as diphenylguanidine, diorthotolylguanidine and orthotolylbiguanidine.

In the case where a vulcanizing accelerator is combined, relative to
100 parts by weight of the conjugated diene polymer, the amount of the
vulcanizing accelerator combined is preferably 0.1 to 5 parts by weight, more
preferably 0.2 to 3 parts by weight.

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

The nitrogen adsorption specific surface area (N,SA) of the carbon

black is preferably 5 to 200 m?%/g, and the dibutyl phthalate (DBP) absorption
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The procedure in Exanple 1 was repeated except that 10 parts by wei ght of
dry ice was used in addition to 10 parts by weight of water. The results of
t he eval uation of the physical properties of the vul canized sheet are given
in Table 1. Exanple 4 The procedure in Exanple 1 was repeated except
that 10 parts by wei ght of water was replaced by 10 parts by weight of a
carbonate water (730 ng of carbon dioxide was dissolved in 100 m of the
carbonate water. pHwas 4 to 5.). The results of the evaluation of the

physi cal pJfQEgg:%qeo} glfackfi‘sep}’e%.ﬁa@%%etg eﬁbﬁ@gh&%&i&g dRRLE o dtion

Conmparati ve _ rocedure1n S repeated except
that 10 paylesifieysvric@hhredf isWakBEudRSINNSEc§Rthe WtB ASTMI D3826H-9Bh&INd

eval uation of the physical properties of the vul cani zed sheet are given in
Tabl e 1. ThélRBA abEarptibnHg. m@asined 3n BecodiaGoapyittEASTM BRdl14eEbnoky a
commercial product, product names SEAST 6, SEAST 7HM, and SEAST KH
manufactured by Tokai Carbon Co., Ltd., product names CK 3 and Special
Black 4A manufactured by Degussa, Inc., etc. may be used.

In the case where the carbon black is combined, the weight ratio of the
amount of the silica combined and the amount of the carbon black combined
(amount of silica combined/amount of carbon black combined) is preferably
30/70 to 95/5.

Examples of the extender oil include an aromatic mineral oil (viscosity-
gravity constant (V.G.C. value) 0.900 to 1.049), a naphthenic mineral oil
(V.G.C. value 0.850 to 0.899), and a paraffinic mineral oil (V.G.C. value 0.790
to 0.849). The polycyclic aromatic content of the extender oil is preferably
less than 3 % by weight, and more preferably less than 1 % by weight. The
polycyclic aromatic content is measured in accordance with British Institute of
Petroleum method 346/92. Furthermore, the aromatic compound content
(CA) of the extender oil is preferably not less than 20 % by weight. One or
more types thereof may be used.

With regard to kneading conditions, when an additive other than a
vulcanizing agent or a vulcanization accelerator, or another polymer component is
combined with the conjugated polymer composition, the kneading temperature is
usually 50°C to 200°C and preferably 80°C to 190°C, and the kneading time is
usually 30 sec to 30 min and preferably 1 min to 30 min. When a vulcanizing agent
or a vulcanization accelerator is combined, the kneading temperature is preferably
not more than 100°C, and more preferably room temperature to 80°C. A
composition in which a vulcanizing agent or a vulcanization accelerator is combined
is usually used after carrying out a vulcanization treatment such as press

vulcanization. The vulcanization temperature is preferably 120°C to 200°C, and
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rebound resilience (60C)(-) 58.7 56.1 59.2 58.9 55.9 Gip properties
tan8(0C) (-) 0.352 0.358 0.344 0.349 0.359 Exanple 5

more preferably 140°C to 180°C.

The conjugated diene polymer composition obtained by the method of
the present invention has excellent fuel economy. The grip properties are
also good.

The the conjugated diene polymer composition obtained by the method of the
present invention is used for tires, shoe soles, flooring materials, vibration-proofing

materials, etc., and is particularly suitably used for tires.

EXAMPLE
The present invention is explained below by reference to Examples.
Physical properties were evaluated by the following methods.

1. Mooney viscosity (ML1+4)

The Mooney viscosity of a polymer was measured at 100°C in accordance
with JIS K6300 (1994).

2. Vinyl content (units: mol %)

The vinyl content of a polymer was determined by IR spectroscopy from the
absorption intensity at around 910 cm™, which is an absorption peak of a vinyl group.
3. Styrene unit content (units: wt%)

The styrene unit content of a polymer was determined from refractive index in
accordance with JIS K6383 (1995).

4. Rebound resilience

It was measured using a Lupke type rebound resilience tester at 60°C
in accordance with JIS K6255. The higher the value, the better the fuel
economy.

5. Grip properties

The loss tangent (tan § (0°C)) at 0°C of the vulcanized sheet was measured
using a viscoelastometer VR-7110 (manufactured by Ueshima Seisakusho Co., Ltd.)
under conditions of a strain of 0.25% and a frequency of 10 Hz. The greater this

value, the better the grip properties.
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100 parts by weight of SBR2, 10 parts by weight of water, 78.4 parts by

wei ght of a silica (trade nanme: ULTRASIL VN3-G nanufactured by Degussa
GmH), 6.4 parts by weight of a silane coupling agent (trade nane: Si69,
manuf act ured by Degussa GtH), 6.4 parts by weight of a carbon black - 24 -
(trade nane: DI ABLACK N339, manufactured by M tsubishi Chem cal
Corporation), 47.6 parts by weight of an extender oil (trade name: NC 140,
manuf actured by Ni ppon G| Corporation), 1.5 parts by weight of an

antioxidant (117 gde AR AN EIEDaime TR LARL WBd DY SHILE QR ChSTRC -

Ltd.), 2 parts by of 'S

(trade namgsioWwWweGishld imMeERHmpfdsUsRd CRndaisile BhamfsesChem cal | ndustri al

Co., Ltd.) were kneaded with a Labo Plastom || tenperature-controlled at

70C for alelCobjugated Jiecepolymer conposition taken out was at about 120C.

The pol yner con‘gom tion thus obtained was kneaded w arts wei ght of
p

zi nc oxi de, PRIpye@meRiiextesided shireasicsadient aC(P(Pé’ﬁyé‘F%{t 2?"0(’{ &Ynane:
Soxt ol G RHE BRI Efl DY SATL TR, SRET ©8ly e ki Lohicrh. PR gy el ot

of a vulcanl ion ac € nane: “S0XI no manu ured by

Suni t ono @lﬁ?ﬂ&@'ter@o% nhd1%.) \MEdvebylyidcafyt by, ;eioaht))ob2 s uRfelktival foh rol l's
tenperature-controlled at 50C, to thereby prepare a polyner conposition.
The pol ynei00cmarpoby wedghttdfitise etyrenarbdtatiend copadment’® parshbgtweaighthofrol | s,
and the sheet was heated and vul cani zed at 160C for 45 min, to thereby
prepare a APHERTYRI §1fOB{aINathe results of the eval uation of the physi cal
properties of t ulc ni e h r gl Ta I | e

The procedure in anp e BYES r epeat ed & "hat'® At y wei ght of
wat er was digIRyIaafcbviyy Iéqurié@tﬁlk(ii1&M¥W|Ebfm&hymwlélﬁﬂe) ThedifRaUby SNH- t he
eval uation of the physical properties of the vul cani zed sheet are given in
Tabl e 2. Exmaﬂiy@n?mopropylac‘fﬁempt&)cedsnerene Exénportebt:was mdffeat edngxcept

that 10 parts by vvel 0ht of ice was used in addition to 10 parts by

wei ght of cRatet: s ﬁ’esMCt%’ede'%‘}?é'té\ﬂM'—uaﬂ|(6ﬂod3f )t¥e physical pr opertl es
of the vul caniz heet are The
procedure in Ex%?rlé? fas 7 Béé'g‘?bgpaéﬁ%gépt tﬁ%@i%g artgm%é?\?\gl gh Yof wat er

vas repl agetnby &Qcm foy §1Yanees aith Planfin fdh BtheRY SlanelB0 Myhecar bon
di oxi de was di sxsol vedpl nyloow ?he cg?gggate vvatgr was %f to 5.).

The resul usitoforitaet: Rama#t i dfingf c¢rﬂenpr@%md% pridpensyi a&‘coélty H&Lvuk cani zed
sheet are %gla/%n)ln Tabl e 2. Conparative Exanple 2
SBR4: a styrene-butadiene copolymer (modified by N,N-
dimethylaminopropylacrylamide).  Styrene unit content: 22 wt%. Vinyl
content: 58 mol%. Mooney viscosity (MLs.4 (100°C)): 77.
SBR5: a styrene-butadiene copolymer (3-(tert-butyldimethylsilyloxy)-1-
propyl lithium was used as an initiator). Styrene unit content: 24 wt%. Vinyl
content: 56 mol%. Mooney viscosity (MLi.4 (100°C)): 43.
SBR6: a styrene-butadiene copolymer (modified by tetraethoxysilane).
Styrene unit content: 25 wi%. Vinyl content: 56 mol%. Mooney viscosity
(ML1+4 (100°C)): 48.
SBR7: a styrene-butadiene copolymer (copolymerized with tert-
butoxydiphenylvinylsilane). Styrene unit content: 23 wt%. Vinyl content: 58

mol%. Mooney viscosity (ML;.+4 (100°C)): 63
(b) Silica
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The procedure in Exanple 5 was repeated except that 10 parts by wei ght of
wat er was not used. The results of the evaluation of the physical
properties of the vul cani zed sheet are given in Table 2. Table 2 Ex. 5 Ex.
6 Ex. 7 Ex. 8 Conp. Ex. 2 Fuel econony rebound resilience (60C)(-) 64.2

63.5 66.5

Trade name: ULTRASIL VN3-G, manufactured by Degussa GmbH
(c) Silane coupling agent

Trade name: Si69, manufactured by Degussa GmbH
Example 1

118 parts by weight of SBR1, 10 parts by weight of water, 78.4 parts
by weight of a silica (trade name: ULTRASIL VN3-G, manufactured by
Degussa GmbH), 6.4 parts by weight of a silane coupling agent (trade name:
Si69, manufactured by Degussa GmbH), 6.4 parts by weight of a carbon black
(trade name: DIABLACK N339, manufactured by Mitsubishi Chemical
Corporation), 29.6 parts by weight of an extender oil (trade name: NC-140,
manufactured by Nippon Oil Corporation), 1.5 parts by weight of an antioxidant
(trade name: Antigen 3C, manufactured by Sumitomo Chemical Co., Ltd.), 2
parts by weight of stearic acid, 1.5 parts by weight of a wax (trade name:
Sunnoc N, manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.) were
kneaded with a Labo Plastomill temperature-controlled at 70°C for about 5
min. The polymer composition taken out was at about 120°C.

The polymer composition thus obtained was kneaded with 2 parts by
weight of zinc oxide, 1 part by weight of a vulcanization accelerator (trade
name: Soxinol CZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by
weight of a vulcanization accelerator (trade name: Soxinol D, manufactured
by Sumitomo Chemical Co., Ltd.), and 1.4 parts by weight sulfur with rolls
temperature-controlled at 50°C, to thereby prepare a polymer composition.
The polymer composition thus obtained was formed into a sheet with rolls,
and the sheet was heated and vulcanized at 160°C for 45 min, to thereby
prepare a vulcanized sheet. The results of the evaluation of the physica
properties of the vulcanized sheet are given in Table 1.

Example 2
The procedure in Example 1 was repeated except that 10 parts by

weight of water was replaced by 10 parts by weight of dry ice. The results of
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65.1 62.8 Gip properties tan5(0C)(-) 0.848 0.851 0.936 0.943 0. 846
Exanple 9 100 parts by weight of SBR3, 10 parts by weight of water,
10 parts by weight of dry ice, 78.4 parts by weight of a silica (trade
nane: ULTRASIL VN3-G nanufactured by Degussa GrbH), 6.4 parts by wei ght of
a silane coupling agent (trade name: Si69, manufactured by Degussa GrbH),
6.4 parts by weight of a carbon black (trade nanme: DI ABLACK N339,

manuf act ured by M tsubishi Chem cal Corporation), 47.6 parts by weight of

ot eni U hggs RTS8 04V Y BRSNS DYy BB Shen .,

3C, manuf axdp ed by Sum tono Chem cal Co., Ltd.), 2 parts by wei ght of
stearic acid, 1.5 parts by weight of a wax (trade nane: Sunnoc N,
manuf act urtedinigie Quchi  Shi nko Chem cal Industrial Co., Ltd.) were kneaded

with a Labo Plastom || tenperature-controlled at 70C for ut 5 mn. The
pol ymer conposi { MProcesire ing Bxampl 8u§) Wik rerealpe gxcephEhat ?8 parts g13/

weight of dry ice was used in addition to 10 parts by weight of water. The
results of the evaluation of the physical properties of the vulcanized sheet are
given in Table 1.
Example 4

The procedure in Example 1 was repeated except that 10 parts by
weight of water was replaced by 10 parts by weight of a carbonate water (730
mg of carbon dioxide was dissolved in 100 ml of the carbonate water. pH
was 4 to 5.). The results of the evaluation of the physical properties of the
vulcanized sheet are given in Table 1.
Comparative Example 1

The procedure in Example 1 was repeated except that 10 parts by
weight of water was not used. The results of the evaluation of the physical

properties of the vulcanized sheet are given in Table 1.

Table 1
Ex. 1 Ex. 2 Ex. 3 Ex.4 | COMP:
Ex. 1
Fuel economy
rebound resilience
(60°C) (-) 58.7 56.1 59.2 58.9 55.9
Grip properties
tans(0°C) (-) 0.352 0.358 0.344 0.349 0.359

Example 5

100 parts by weight of SBR2, 10 parts by weight of water, 78.4 parts
by weight of a silica (trade name: ULTRASIL VN3-G, manufactured by
Degussa GmbH), 6.4 parts by weight of a silane coupling agent (trade name:

Si69, manufactured by Degussa GmbH), 6.4 parts by weight of a carbon black
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The pol yner conposition thus obtained was kneaded with 2 parts by wei ght of
zinc oxide, 1 part by weight of a vulcanization accelerator (trade nane:
Soxi nol CZ, manufactured by Sumitono Chemical Co., Ltd.), 1 part by weight
of a vul cani zation accel erator (trade nanme: Soxinol D, manufactured by

Sum tonmo Chem cal Co., Ltd.), and 1.4 parts by weight of sulfur with rolls
tenperature-controlled at 50C, to thereby prepare a polyner conposition
The pol yner conposition thus obtained was fornmed into a sheet with rolls,

S SR e S A

prepare a ‘vul canr zed e resu on of the physi cal

properti ecahotdidnyubzanpaed nyheelyhfbe a6 ¥aBnb8r daktads. ndmanmice14@
The procedure in Exanple 9 was repeated except that 10 parts by weight of a

car bonat e manwactUr3d by Bippoar Kbh Comerateon)as!.di psoisvedy iweidit0 afl aof t he

carbonate water. pHwas 4 to 5't)‘ was used in place of 10 parts by weight of
wat er and ai‘@ob'éf"f‘g (Bdeusiagia: Hf 'Qﬁryg’pcéf’aﬁtﬁéc&é%ﬁlbtysskif‘“tp g\?&ﬂﬁ%ﬁ'i on of

he physi ' ' h ' i bl.e.3-
hepar st S0 cUEPREAR 8 WAyl SoalEed B 8 BLURGRL TLR,

except thatrad® raatd:sstindeNdhhaifa¥@t& bgndudil SRINkS OerRbOMdtriglry ice
were not used. The results of the evaluation of the physical properties of

t he vul cafl@eltdsheete levemdgidweith ar.abali?lest®mill Tabperadureant®llEd.at 70°Conp. Ex.
3 Fuel ecaonony rebound resilience (60C)(-)

for about 56 min. The polymer composition’taken out was at about 120°C.

The polymer composition thus obtained was kneaded with 2 parts by
weight of zinc oxide, 1 part by weight of a vulcanization accelerator (trade
name: Soxinol CZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by
weight of a vulcanization accelerator (trade name: Soxinol D, manufactured
by Sumitomo Chemical Co., Ltd.), and 1.4 parts by weight of sulfur with rolls
temperature-controlled at 50°C, to thereby prepare a polymer composition.
The polymer composition thus obtained was formed into a sheet with rolls,
and the sheet was heated and vulcanized at 160°C for 45 min, to thereby
prepare a vulcanized sheet. The results of the evaluation of the physical
properties of the vulcanized sheet are given in Table 2.
Example 6

The procedure in Example 5 was repeated except that 10 parts by
weight of water was replaced by 10 parts by weight of dry ice. The results of
the evaluation of the physical properties of the vulcanized sheet are given in
Table 2.
Example 7

The procedure in Example 5 was repeated except that 10 parts by
weight of dry ice was used in addition to 10 parts by weight of water. The
results of the evaluation of the physical properties of the vulcanized sheet are
given in Table 2.

Example 8
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61.8 62.1 61.1 Gip properties tan6(0C)(-) 0.744 0.764 0.844 Exanple 11
100 parts by weight of SBR4, 10 parts by weight of water, 10 parts by

wei ght of dry ice, 78.4 parts by weight of a silica (trade nane: ULTRASIL
VN3- G, manufactured by Degussa GrbH), 6.4 parts by weight of a silane
coupling agent (trade nane: Si69, manufactured by Degussa GrbH), 6.4 parts
by wei ght of a carbon black (trade nane: DI ABLACK N339, manufactured by

M t subi shi Chem cal Corporation), 47.6 parts by wei ght of an extender oil

(trade nanme: NC:140, manufactured by_N ppon Q| Corporation), 1.5 parts by
bel ght of an antT e GRRLIELPaHE HaReS AT (GRT 56 SHrRRLTLEL 49 AT, b8 ¢ omp
Chem cal GReight-bflwhter vaRalehiacBY tWe1(9P5rt9fby$/P<§ hi &f #ehfbonhteowBad G 30Y wei ght
of a wax (trade nanme: Sunnoc N, manufactured by Quchi Shinko Chem cal

| ndust ri alm@oof, cdrbdn )diawde wasedided ved tih @0Lalb@f Rhastaoberndte water. pH

tenperature-controlled at 70C for about 5 mn. The polyner conposition
taken out W@S4ae &bouthe perults of the evajyptionoph ther PRYSEA PIreprHes Misthebt ai ned
was kneaded  wi t arts by wej of zinc oxide, 1 part by weight of a
vul cani zatvlucgérllgné%ecog?rgereétafi? g%tepéﬁea%!ae 7 Soxinol CZ, manufactured by Sumtono
Chem cal @omphiativeé Exhnip® & by weight a vul cani zation accelerator (trade
name: Soxi nol D, manufactured by Sum tono Chem cal Co., Ltd.), and 1.4
parts by wei ght Toé motddure vint bxanopless tveapeepdatee-oaept thatetlo giark0By t o

t hereby prepare a pol yner conposition. The pol ymer conposition thus

obt ai ned WIghlopiwatervas Rokkerd: wihehressliteof thRevaiationeed thearhyiiealed and
vul cani zed at 60Cf})or lﬁS mn go tt hereb%/ - ﬁgti} , Prepare a vul cani zed
sheet. Th&PREUFES '}eY garged gaFTHEHVEhE pR/&i%al properties of the

vul cani zedggheet are given in Table 4.

Ex. 5 Ex. 6 Ex. 7 Ex.8 | COMP
Ex. 2
Fuel economy
rebound resilience
(60°C) (-) 64.2 63.5 66.5 65.1 62.8
Grip properties
tand(0°C) (-) 0.848 0.851 0.936 0.943 0.846

Example 9

100 parts by weight of SBR3, 10 parts by weight of water, 10 parts by
weight of dry ice, 78.4 parts by weight of a silica (trade name: ULTRASIL
VN3-G, manufactured by Degussa GmbH), 6.4 parts by weight of a silane
coupling agent (trade name: Si69, manufactured by Degussa GmbH), 6.4
parts by weight of a carbon black (trade name: DIABLACK N339,
manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of an
extender oil (trade name: NC-140, manufactured by Nippon Oil Corporation),
1.5 parts by weight of an antioxidant (trade name: Antigen 3C, manufactured
by Sumitomo Chemical Co., Ltd.), 2 parts by weight of stearic acid, 1.5 parts
by weight of a wax (trade name: Sunnoc N, manufactured by Ouchi Shinko
Chemical Industrial Co., Ltd.) were kneaded with a Labo Plastomill

temperature-controlled at 70°C for about 5 min. The polymer composition
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Exanpl e 12 The procedure in Exanple 11 was repeated except that 10
parts by weight of a carbonate water (730 ng of carbon di oxi de was

di ssolved in 100 mM of the carbonate water. pHwas 4 to 5.) was used in

pl ace of 10 parts by weight of water and 10 parts by weight of dry ice. The
results of the evaluation of the physical properties of the vul canized
sheet are given in Table 4. Conparative Exanple 4 The procedure in
Exanpl e 11 was repeated except that 10 parts by wei ght of water and 10

parts by ight of dry ic e not used. The results of the evaluation of
t he physicéﬁgbé%ﬁé???ggb% ﬁ%@EVUIcanized sheet are given in Table 4. Table

4 Ex. 11 EX. 1PhERBRmdPcorfipddifbn ee@NepinPdBkieadtiwite® poREMy-) 54.5
>4.2 weight of zinc oxide, 1 part by weight of a vulcanization accelerator (trade

name: Soxinol CZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by
weight of a vulcanization accelerator (trade name: Soxinol D, manufactured
by Sumitomo Chemical Co., Ltd.), and 1.4 parts by weight of sulfur with rolls
temperature-controlied at 50°C, to thereby prepare a polymer composition.
The polymer composition thus obtained was formed into a sheet with rolls,
and the sheet was heated and vulcanized at 160°C for 45 min, to thereby
prepare a vulcanized sheet. The results of the evaluation of the physical
properties of the vulcanized sheet are given in Table 3.
Example 10

The procedure in Example 9 was repeated except that 10 parts by
weight of a carbonate water (730 mg of carbon dioxide was dissolved in 100
ml of the carbonate water. pH was 4 to 5.) was used in place of 10 parts by
weight of water and 10 parts by weight of dry ice. The results of the
evaluation of the physical properties of the vulcanized sheet are given in
Table 3.
Comparative Example 3

The procedure in Example 9 was repeated except that 10 parts by
weight of water and 10 parts by weight of dry ice were not used. The results

of the evaluation of the physical properties of the vulcanized sheet are given

in Table 3.
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53.7 Gip properties tano(0C) (-) 0.516 0.504 0.502 Exanple 13 100
parts by weight of SBR5, 10 parts by weight of a carbonate water (730 ng of
carbon di oxi de was dissolved in 100 mMl of the carbonate water. pH was 4 to
5.), 78.4 parts by weight of a silica (trade name: ULTRASIL VN3- G

manuf act ured by Degussa GtbH), 6.4 parts by weight of a silane coupling
agent (trade nane: Si 69, nmanufactured by Degussa GwH), 6.4 parts by wei ght
of a carbon black (trade nane: DI ABLACK N339, manufactured by Mt subi shi

Chem cal Sfarbpo&ati on), 47.6 parts by weight of an extender oil - 29 -

(trade napneE—NC-140,—manufactpred-—by—N-ppon +H—Corporation), 1.5 parts by
wei ght of an antioxi dant (tradegage: | Apigen| 3C, C@BRuf act ured by Sunitonp
Cheni cal ., Ltd.), 2 parts by weight of ste ricExcpd, 15 parts by wei ght

of a wax de nane: Sunnoc N, manufactured by Quchi Shinko Chem cal

| ndustri e(&uéiecorf_% _were kneaded with a Labp Pl astom ||

t enper at Ur el rAWPASEPEBNGR 70C] for abolt 5 min| The pol ymer conposition
taken out| wed°&) abolit 120C. 61.8  The%dl yner @&npositjon thus obtai ned
was kneadged with—2parts by rght—of [zinc oxide, I part by weight of a

vul cani chtéfon accetl erator (trade nanmej Soxi nol CZ, manufactured by Sum tono
Chem cal 1 part by weight| of a vulcanization accelerator (trade
nane: Soxi ntﬂnﬁfp %r(u)f actured b97 F oY &heni caP-844. Ltd.), and 1.4
parts by tweight of sulfur with rolls tenperature-controllled at 50C, to

t her eby p\ég E ﬁépol ymer conposition. The pol yner conposition thus
obt ai ned ¥ med into a sheet with rolls, and the sheet was heated and

vul cani zed at ﬁQ)CP ] en r [ t. The
results of the eva %’g{ Fgﬁvo i %]teggﬁ)h}'sﬁgg?é %r%gg%ﬁ@sovﬂﬁ?ﬂeﬁg?gg%?zed
sheet ar ewgiigtetnofi dryTale| 84 fotypby aveigkt bkanpiliea Jtrade nameThe TRARIedUr e in
Exanpl e 13 was repeated except that 10 parts by weight of the carbonate
wat er was VNGH-Gugeanufaeiaredyl Psgussa unkihal @14t pajits 6’!’/ VRIS Bfsa cdlane

properti €2 Sg)hr;[gh%g\ém ?@Q(‘jgergan%ge% mag %éc?ureg ba%egussa GmbH), 6.4

parts by weight of a carbon black (trade name: DIABLACK N339,

manufactured by Mitsubishi Chemical Corporation), 47.6 parts by weight of an
extender oil (trade name: NC-140, manufactured by Nippon Oil Corporation),
1.5 parts by weight of an antioxidant (trade name: Antigen 3C, manufactured
by Sumitomo Chemical Co., Ltd.), 2 parts by weight of stearic acid, 1.5 parts
by weight of a wax (trade name: Sunnoc N, manufactured by Ouchi Shinko
Chemical Industrial Co., Ltd.) were kneaded with a Labo Plastomill
temperature-controlled at 70°C for about 5 min. The polymer composition
taken out was at about 120°C.

The polymer composition thus obtained was kneaded with 2 parts by
weight of zinc oxide, 1 part by weight of a vulcanization accelerator (trade
name: Soxinol CZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by
weight a vulcanization accelerator (trade name: Soxinol D, manufactured by
Sumitomo Chemical Co., Ltd.), and 1.4 parts by weight of sulfur with rolls
temperature-controlled at 50°C, to thereby prepare a polymer composition.
The polymer composition thus obtained was formed into a sheet with rolls,

and the sheet was heated and vulcanized at 160°C for 45 min, to thereby
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Table 5 Ex. 13 Conp. Ex. 5 Fuel econony rebound resilience (60C)(-) 50.9
48.4 Gip properties tan6(0C)(-) 0.524 0.486 Exanple 14

prepare a vulcanized sheet. The results of the evaluation of the physical
properties of the vulcanized sheet are given in Table 4.
Example 12

The procedure in Example 11 was repeated except that 10 parts by
weight of a carbonate water (730 mg of carbon dioxide was dissolved in 100
ml of the carbonate water. pH was 4 to 5.) was used in place of 10 parts by
weight of water and 10 parts by weight of dry ice. The results of the
evaluation of the physical properties of the vulcanized sheet are given in
Table 4.
Comparative Example 4

The procedure in Example 11 was repeated except that 10 parts by
weight of water and 10 parts by weight of dry ice were not used. The results

of the evaluation of the physical properties of the vulcanized sheet are given

in Table 4.
Table 4
Ex. 11 Ex. 12 Comp.
X ' Ex. 4
Fuel economy
rebound resilience
(60°C) (-) 54.5 54.2 53.7
Grip properties
tand(0°C) () 0.516 0.504 0.502

Example 13

100 parts by weight of SBR5, 10 parts by weight of a carbonate water
(730 mg of carbon dioxide was dissolved in 100 ml of the carbonate water.
pH was 4 to 5.), 78.4 parts by weight of a silica (trade name: ULTRASIL VN3-
G, manufactured by Degussa GmbH), 6.4 parts by weight of a silane coupling
agent (trade name: Si69, manufactured by Degussa GmbH), 6.4 parts by
weight of a carbon black (trade name: DIABLACK N339, manufactured by

Mitsubishi Chemical Corporation), 47.6 parts by weight of an extender oil
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- 30 - 100 parts by weight of SBR6, 10 parts by weight of a
carbonate water (730 ng of carbon dioxide was dissolved in 100 m of the
carbonate water. pHwas 4 to 5.), 78.4 parts by weight of a silica (trade
nane: ULTRASIL VN3- G rmanufactured by Degussa GrbH), 6.4 parts by wei ght
of a silane coupling agent (trade nanme: Si69, manufactured by Degussa
GrbH), 6.4 parts by weight of a carbon black (trade name: DI ABLACK N339,
manuf act ur ed by M t subi shi Chemi cal Corporation), 47.6 parts by weight of
an extende t W | RO

Cor porat i on) a&ﬁé Z@?sﬂ@%aﬁ?ﬁ%ﬁpﬁd Eﬁ'ﬂlﬁ ﬁ]o%” an 5 "N emr?g)rréerts Bﬁti gen
3C, manuf aﬁé.gﬁte@f mamuamtrﬁhema@@ ARigenl3al. rhan@fa@@fré@ bYSwRiteRb  Of
stearic acid, 1.5 parts by weight of a wax (trade nanme: Sunnoc N,

manuf act ur@mbrbvgzamohmtdsm Dlpert€ivyrveight dhstestic iagld, dod paLttSd)y)WwehEORaeaded
with a Labo Plastom || tenperature-controlled at 70C f bo 5. mn The
pol ymer cdﬁiibs(frﬁpﬁnn?.@@énsﬁndio“\/\é‘b Mangiipritreto g, Ouchi gh'”%ﬂ 8&3

conposi ti qndﬁﬁﬂél ot.a'ﬂﬁ‘i Ware kt{}] aa(éi%g Wlt h ZLQBEt fré%orwm' gg'rtn %ataf nc OX' de,

1 part by wei Pcam zat 1 on accel'efator oxI nol CzZ,

manuf act Urc%ﬂtrb”ecﬁ‘ém?bmoﬁaﬁmﬂcﬂmlﬁb Thétp(li)ly)merlc@ﬂbbmb&n Vﬁ@keﬂhbu@ﬁva@
vul cani zati on accel erator (trade nane: Soxinol D, manufactured by Sum tono

Chem cal GdbapoluttR0°C.and 1.4 parts by weight of sulfur with rolls

tenperature-controlled at 50C, to therebé prepare a pol yner conposition.
The pol ymer conpRsPelyaer amepesition Hius qbieinest waa kneeged b2t Pais RYr ol | s,

gpgp;?: Zr\]f(e/eﬁg%htv@tszm al ege a?dpﬂ]ylbﬁesu go? %ﬁlggng ion %c%f%r?tto?ﬁ rggéeby

cani ze eet eva uation o physi cal
properti egafe: tshﬁ(mmlcp@r»haﬁ@lfaéhﬁ@@ b@«@u@ltme GiemrBl €06 LtgoMmasaat bye
Exanpl e 6 The procedure in Exanple 14 was repeated except that 10

parts by weigfittofod vufemnizatioonateelevater (treae naneusSedinoT ik mesufacturefl t he
eval uati on of the physi cal tgropertl es of the vul cani zed sheet are given in

Tabl e 6. byapraitgnoghemigathgyp, Ligy, apd PuiPagis oW e s s UF ¥4ih fodRce

(600 (-) temperature-controlled at 50°C, to thereby prepare a polymer composition.
The polymer composition thus obtained was formed into a sheet with rolls,
and the sheet was heated and vulcanized at 160°C for 45 min, to thereby
prepare a vulcanized sheet. The results of the evaluation of the physical
properties of the vulcanized sheet are given in Table 5.

Comparative Example 5
The procedure in Example 13 was repeated except that 10 parts by
weight of the carbonate water was not used. The results of the evaluation of

the physical properties of the vulcanized sheet are given in Table 5.

Table 5
Comp.
Ex. 13 Ex. 5
Fuel economy
rebound resilience
(60°C) (-) 50.9 48.4
Grip properties
tand(0°C)  (-) 0.524 0.486

Example 14
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54.2 50.9 Gip properties tan8(0C)(-) 0.544 0.501 Exanple 15 100
parts by weight of SBR7, 10 parts by weight of a carbonate water (730 ng of
carbon di oxi de was dissolved in 100 mMl of the carbonate water. pH was 4 to
5.), 78.4 parts by weight of a silica (trade name: ULTRASIL VN3- G

manuf act ured by Degussa GtbH), 6.4 parts by weight of a silane coupling
agent (trade nane: Si 69, nmanufactured by Degussa GwH), 6.4 parts by wei ght
of a carbon black (trade nane: DI ABLACK N339, manufactured by Mt subi shi

Chem cal Cor por fid pake 1478 n%ﬁélahéo%'ms 5 w%ngfﬁyafeaﬁéﬂboﬁbie {hfade nane:

NC- 140, manuf act ur y N p on Q rporation 5 parts by weight of an
anti oxi danf73@ i dé caandmi dﬁsﬂﬁdegwlasaﬁssd‘r%’dlfmdtoﬂrmd obyhémmttcnmne Gat.cal Co.
Ltd.), 2 parts by weight of stearic acid, 1.5 parts by wei ght of a wax

(trade namE WeBidntecS-N, 7 Sramarigcurvewhbyf ewrdlina SFﬁdW@afEﬁeH#E ASlayiNsY-r i al

Co., Ltd k d th | t I ; t troll ed at
0C 161 o PRSPRRSE R i RardBRibe @.ﬁte%g}f kB R B 0
The pol yn%@eﬁprm&étdmetgﬁg,gﬁgﬁm% rE S QaV‘GHBH%t@aUpSargyb‘Q’e' ght of

zinc oxide, 1 part by wei a vul cani zati1 on acce or (trade’name:

Soxi nol Cieigrdnof actarbed bigcSytrationaribemiABLACK N3BBdnmanufagtardd by wei ght
of a vul cani zation accel erator (trade nane: Soxinol D, manufactured by
Suni t ono OHiswbishl Glemicet @orporatian). 47. ﬁapeésuw wesiigftit ooBnsextendemniofln roll's

The' pol y méya S RBe: M 2Pn TR R bt ﬁ’@a‘??fﬁpga IO SR R ol 15, -
32 - and,qide o?%eénm@?dm3¥r§ﬁe§{3%%'#erﬁ®esuﬁg %@Qré&”by@rmt&not 0

t hereby prepare a vul cani ze the eval'uation of the

physi cal Ehepetdli®s., otd. §,hepuus egriight §m§t@tanara@|cgl1vslparte blabéight of a
Conpar ati ve Exanmple 7 The procedure in Exanple 15 was repeated

except tha/taxlﬂr@mt@alby vigtie oF ofeaudaotbedathy \auehi ShiskaoCheseerl The
results ok Rouath @ obrd N8 BILE! b B 9085 bhRShf NEmputan. 2o
controlled at 70°C for about 5 min. The polymer composition taken out was
at about 120°C.

The polymer composition thus obtained was kneaded with 2 parts by
weight of zinc oxide, 1 part by weight of a vulcanization accelerator (trade
name: Soxinol CZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by
weight of a vulcanization accelerator (trade name: Soxinol D, manufactured
by Sumitomo Chemical Co., Ltd.), and 1.4 parts by weight of sulfur with rolls
temperature-controlled at 50°C, to thereby prepare a polymer composition.
The polymer composition thus obtained was formed into a sheet with rolls,
and the sheet was heated and vulcanized at 160°C for 45 min, to thereby
prepare a vulcanized sheet. The results of the evaluation of the physical
properties of the vulcanized sheet are given in Table 6.

Comparative Example 6
The procedure in Example 14 was repeated except that 10 parts by

weight of the carbonate water was not used. The results of the evaluation of

the physical properties of the vulcanized sheet are given in Table 6.
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Table 7 Ex. 15 Conp. Ex. 7 Fuel econony rebound resilience (60C)(-) 49.7
48.0 Gip properties tan5(0C) (-) 0.492 0.458 CLAI M

Table 6
Comp.
Ex. 14 Ex 6
Fuel economy
rebound resilience
(60°C) () 54.2 50.9
Grip properties
tand(0°C) () 0.544 0.501

Example 15
100 parts by weight of SBR7, 10 parts by weight of a carbonate water

(730 mg of carbon dioxide was dissolved in 100 ml of the carbonate water.
pH was 4 to 5.), 78.4 parts by weight of a silica (trade name: ULTRASIL VN3-
G, manufactured by Degussa GmbH), 6.4 parts by weight of a silane coupling
agent (trade name: Si69, manufactured by Degussa GmbH), 6.4 parts by
weight of a carbon black (trade name: DIABLACK N339, manufactured by
Mitsubishi Chemical Corporation), 47.6 parts by weight of an extender oil
(trade name: NC-140, manufactured by Nippon Oil Corporation), 1.5 parts by
weight of an antioxidant (trade name: Antigen 3C, manufactured by Sumitomo
Chemical Co., Ltd.), 2 parts by weight of stearic acid, 1.5 parts by weight of a
wax (trade name: Sunnoc N, manufactured by Ouchi Shinko Chemical
Industrial Co., Ltd.) were kneaded with a Labo Plastomill temperature-
controlled at 70°C for about 5 min. The polymer composition taken out was
at about 120°C.

The polymer composition thus obtained was kneaded with 2 parts by
weight of zinc oxide, 1 part by weight of a vulcanization accelerator (trade
name: Soxinol CZ, manufactured by Sumitomo Chemical Co., Ltd.), 1 part by
weight of a vulcanization accelerator (trade name: Soxinol D, manufactured
by Sumitomo Chemical Co., Ltd.), and 1.4 parts by weight of sulfur with rolls
temperature-controlled at 50°C, to thereby prepare a polymer composition.

The polymer composition thus obtained was formed into a sheet with rolis,
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What is clained is 1. A nethod for producing a conjugated di ene

pol ymer conposition, conprising a step of kneading a conjugated di ene
polymer, a silica and a silane coupling agent using a kneadi ng machine in
the presence of Ito 50 parts by weight of water and/or carbon dioxide
relative to 100 parts by wei ght of the conjugated diene pol yner. 2.
The nmet hod according to claiml1, wherein 1 to 200 parts by wei ght of the
silicaand 1 to 20 parts by weight of the silane coupling agent are kneaded
relative to 100 rt.s by . weight qf the.conj e ie I 3.
The net hoaa”a?c&?r gﬁ%eg} W%él&egl&%]fngrv“ﬁ?a%% eaﬁ?%‘%tohg %ﬁe‘%ﬁi”ﬁg’ i\/g?tﬁzégrep?led out
at a tenpgyrabareea Ofuiefhity S0 f ahe3siMe &0tha0elNation of the Physléd net hod
according to any of clains 1 to 3, wherein the conjugated di ene polyner is
a nodi fi edpropetiagaf gtk dileardzedboetrareayiverginatatledst one ki nd of functiona
group. 5. The method according to any of clains 1 to 3, wherein the
conj ugat e AMRHBLIYDEYA®PIG § a nodi fi ed conjugated di ene pol yner having a

nitrogen atom cpnt ai ni ng functional ou nd/ or il t copt ai ni ng
functional grou he proced%re ’%gxfﬁénqﬁeﬁgaga%gg?%dnéx%@tatﬁgpgﬁ F%ﬂgsi gg 1to 3
wher ei n t e, G 48 b dHatd &b WABhot §s8d MOThd tadeastitHedhvafhatibRn pol yrmer
havi ng at | east one kind of functional group selected fromthe group

consi st i nghe@physicatpropettiegrod tips volcanizedsieet ateegiven infsblest.i t ut ed am no
group, am de group, =NCO, al koxysilyl group, hydrocarbylsilyloxy group and
am nosi | ylTagien(p 7. The method according to_any of claims 1 to 6,
wherei n tthe water and carbon di oxi d&xarg syppl iG@mas a car bonate water
having a|pH of 4 to 6 into the kpea 'né macghi negx. 7 8. The net hod
according To any of clainms I to [, wherein [the conjugated di ene pol yner has
a consti t luEb@eAnAmM t based on ap aromatic |vinyl conpound, in addition to a
conj ugat ed m@hbened uesitience 34 -
(60°C) (-) 49.7 48.0

Grip properties
tand(0°C) (-) 0.492 0.458
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CLAIMS
What is claimed is

1. A method for producing a conjugated diene polymer
composition, comprising a step of kneading a conjugated diene polymer, a
silica and a silane coupling agent using a kneading machine in the presence
of 1 to 50 parts by weight of water and/or carbon dioxide relative to 100 parts
by weight of the conjugated diene polymer.

2. The method according to claim 1, wherein 1 to 200 parts by
weight of the silica and 1 to 20 parts by weight of the silane coupling agent
are kneaded relative to 100 parts by weight of the conjugated diene polymer.

3. The method according to claim 1 or 2, wherein the kneading is
carried out at a temperature of 50 to 200°C for 30 sec to 30 min.

4. The method according to any of claims 1 to 3, wherein the
conjugated diene polymer is a modified conjugated diene polymer having at
least one kind of functional group.

5. The method according to any of claims 1 to 3, wherein the
conjugated diene polymer is a modified conjugated diene polymer having a
nitrogen atom-containing functional group and/or a silicon atom-containing
functional group.

6. The method according to any of claims 1 to 3, wherein the
conjugated diene polymer is a modified conjugated diene polymer having at
least one kind of functional group selected from the group consisting of
functional groups of a substituted or unsubstituted amino group, amide group,
=NCO-, alkoxysilyl group, hydrocarbylsilyloxy group and aminosilyl group.

7. The method according to any of claims 1 to 6, wherein the
water and carbon dioxide are supplied as a carbonate water having a pH of 4
to 6 into the kneading machine.

8. The method according to any of claims 1 to 7, wherein the
conjugated diene polymer has a constitutional unit based on an aromatic vinyl

compound, in addition to a conjugated diene unit.
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