Descript o Title of the Invention: METHOD FOR PRODUCI NG DENATURED CONE

| ATED UTNE POLYMER Techni cal Field [0001] The present invention
relates to a nethod for producing a ngdified conjugated diene polyner.
Background Art [0002] As rubbers for autonobile tires, there have been
known conj ugat ede rubbers (for exanple, styrene- butadlene copol yners)
obt ai ned by enul si on pol ymeri zat i &lesergttlhods. I n recent years, it has been
expected to inprove |ow fuel consunption performance of autonobiles, and
vari ous, conj ugated me _rubbers capabl e of realizing excellent Iom1fue|
consunpitieon ﬁ@rflﬁY%ﬁBehﬁ%@g%é@lﬁr%@Q@EmG DENA %y § VEAIE L e has
been ppoposedIayMBR] ugated di ol efin (co)polynerized rubber characterlzed in
(1) being a (co)polyner rubber of a conjugated diolefin or a conjugated
diolefin and an aromatic vinyl conpound, (2) having a prinmary am no group
and anTadhkaxyEield/| group which are bound to a (co)polyner chain, and (3)
t hat a[ i nctional or nmore nonomer is copolynerized in the (co)polyner
chain,*and/or that. at least a part of the (co)polyner chain is coupled
wi th a bifunthd preaéntoinversion wedaied tng maefepd fpParasiveinpor grastified ponjugated  As
anot hejj;.gX86Mie; there has been proposed a nodified di ene polynmer rubber
obtained froma step 1 of polynerizing a conjugated di ene nononer or a
conj ugat ed di ene nononer and an aromatic vinyl nonomer in a hydrocarbon
sol venBadkardung Ak esence of an al kali metal catalyst to obtain an active
pol yne ofgvi ng an al kali metal end, and a step 2 of reacting the active
poly h a conpound represented by a specific fornmula to obtain a
nodi fied pol Asrerbbetbive aufoRatbélettirBy ghereritav@ peen known céingited dieas rabbreet hod

f th
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resi stlantserinarvit drobhet nxpeqtﬁdopseﬁmp@ye lowekugl ﬁal@,suméwnppqsfmeaceaOfmt hod

of perfREabRtsaamd | ABSY Mﬂlgfa{éaadlbﬁmrdb%éﬁtd ?E‘blb rbf‘@@él%gaexcellent low fuel
hydr ocar byl oxysi | ane co is reacted w a pol ymer™ havi ng

or gano‘i?élls‘é.rppﬁl%na‘?f qreney %V§ eﬁnlpf%Po ‘ecul e, at the active sites, and then
perform ng aAseaswxdahle, rtb&bfha@&ideﬁrprbp(mﬂia)aoﬂmgawﬂ divléfive (co)polymerized
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Pri or -canjugdtedudielefin #at antardduaiemenylscrop@ayd, Pat lesvingde quimeary amino group
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blfunctlonal or more monomer is copolymerized in the (co)polymer chain, and/or that at
least a part of the (co)polymer chain is coupled with a bifunctional or more coupling agent
(Patent Document 1).

As another example, there has been proposed a modified diene polymer rubber
obtained from a step 1 of polymerizing a conjugated diene monomer or a conjugated diene
monomer and an aromatic vinyl monomer in a hydrocarbon solvent in the presence of an
alkali metal catalyst to obtain an active polymer having an alkali metal end, and a step 2 of
reacting the active polymer with a compound represented by a specific formula to obtain a
modified polymer rubber (Patent Document 2).

Further, as a method for producing a modified polymer capable of promoting
interactions with silica and carbon black and improving fracture characteristics, wear
resistance and low exothermic properties, there has been proposed a method of performing
a primary modification reaction in which a hydrocarbyloxysilane compound is reacted with
a polymer having organometallic active sites in its molecule, at the active sites, and then
performing a secondary modification reaction in which the hydrocarbyloxysilane
compound is reacted through a condensation reaction of hydrocarbyloxysilyl groups with

each other (Patent Document 3).



Summary of the invention Problens That the invention Is to Solve [0004]

As descri bed above, theft: have been proposed various conjugated diene
rubbers capabl e of realizing excellent |ow fuel consunption performance of
aut onobi | es. However, under financial circunstances such as a price

i ncrease of gasoline and environnental circunstances such as gl obal warm ng
causedPigr- Aetrlbomndingxi de em ssi ons, has been expected to realize further

I ow fugli.cansiippi,ion of autonobiles, Then, an object of the present _
invention is to provide a nmethod for producing a nodified conjugated di ene
pol ymel0082] t he |i ke usable as a raw material of a crossliaked pol ymer which

can be used pQENtUSS UEn@Wl IRDIdR-1g708S (particularly treads) and the |ike
and can enhapnce | ow fuel cqnsunptio rformance of autonobiles and the
2ndBroBPeri3ro

like. Means FaFntdpapmgt 005] In order to solve the

above- nent i opéhtIbeahens 3: We0P048EMAT nvent ors have nade st udi es.
As a result, it has been found that when a nodified conjugated di ene

pol ymer is obtained using a specific conmpound, and then, a crosslinked

pol yneSumsapr oftthe davensbng t hi s nodi fi ed conjugated dine polyner as a raw

”ateri?ﬂﬂﬂéﬂy?héﬁﬁyﬁﬁb&ﬂgﬁqS@9b¥H@r is excellent in physical properties such

as Iom/héstere5|s | oss aracteristics (70Ctan 8), wet skid resistance (0C
tan 8)[08Adl wear resistance and can provide excellent |ow fuel consunption

performance Af Jus@ibed Wbods BbileOIRRI He@n torSsed tvariggs h%a&u dhee puBsent
ent 1 nvention provjdes

i nvention Nanely, the pre the follown 1]..to [8].
[1] A nE€PABE ggr%ﬁpﬁaﬁcﬁﬁﬁjﬁ9tHﬁaigﬂ@dce 5Pe@eﬁggﬁgwﬁoP?L@ﬁo%%hﬁﬁisgng a
pol yrrelrﬂéwa-tzdr,o mnﬂéﬁ[ﬁﬂaﬁ_ciah: ﬁi;:_umsmnmmch n&d gxdip!nige aincempelgat g@dsadinenend
conmpound.or _a noner i ncl udi;n n i C u .aromatic
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diene polymier or the like usable as a raw material of a crosslinked polymer which can be

used for use in automobile tires (particularly treads) and the like and can enhance low fuel

consumption performance of automobiles and the like.

Means for Solving the Problems
[0005]

In order to solve the above-mentioned problems, the present inventors have made
intensive studies. As a result, it has been found that when a modified conjugated diene
polymer is obtained using a specific compound, and then, a crosslinked polymer is
produced using this modified conjugated diene polymer as a raw material, this crosslinked
polymer is excellent in physical properties such as low hysteresis loss characteristics (70°C
tan 8), wet skid resistance (0°C tan §) and wear resistance and can provide excellent low
fuel consumption performance in use such as automobile tires, to accomplish the present
invention.

Namely, the present invention provides the following [1] to [8].

[1] A method for producing a modified conjugated diene polymer comprising a
polymerization step in which a monomer including a conjugated diene compound or a
monomer including a conjugated diene compound and an aromatic vinyl compound is
polymerized in the presence of at least one compound selected from the group consisting of
the following formulae (1) and (2) and an alkali metal compound or an alkaline earth metal

compound to obtain a modified conjugated diene polymer.



(In the fornulae (1) and (2), Al is a functional group which has a

hydr ocar byl silyl group in which three Hs (hydrogen atons) in a "-Siff3"
structure are each substituted by a hgdrocarbyi group; has at |east one
atom sel ected fromthe group consisting of N, P and S; and has no active
hydrogen and is bound to RI by any one atom of the above N, P and S. R and
R2 are hydrocar byl ene.groups. In the fornulae, R, R2 and Al which are each
present in plurality each be same or different. ) f.2j The nethod for
produci ngia | dijfﬁz ed di ene polyner according to the above [1],
conpri si‘ng a'nodi at| pin mhlch a conpound represented by the
followng formula (3 E?% added to reacted with the nodified conjugated
di ene pol yner obtain in the poly ?zation step to obtain a nodified

conj ugat ed di ene polyner having a structure represented by the foll ow ng
formula (6): Ran FR4-10-1T- -Rs A2 ( 3 ) (In the fornula (3), A2is a
functi ongd 1.grpdp-phi Ras at | east one atom selected -fromthe group

consi sting of gy/ an . has no active hydrogen; and is bound to R5 by any

conj

one atom of the above N, and S. In a part or all of the at |east one atom
sel ected frorRthe group cohilsting of the above N, P and S of A2, three H's
(hydr ogen atons ina"-31i3" structure may each be protected by a

hydr ocar b, 1S| rouqagubstltuted by a hydrocarbyl group. R3 and R4 are
hydr ocar dg itNis an integd2)of 0 to 2. R5is a hydrocarbylene

group, in the f0|nula and Rl which are each pr | ural

each be samelpth edfOFméP@Rf) gnd @Z)L4" | Sfungho Eqﬁﬁ glyarocar%yisﬂ; tin t he

for mul @o(fln whvcH three Hur(ﬁymgai a@hml n H\A‘TLSinh@Iﬁudiﬁreljﬁﬁﬁﬁclﬁﬁtbst&h&ﬁl@&d ected
ound tQ

f t tl N,
P and S pa R AR oDkt BREe Rt P RP Sob R S R R0
consi sdrdnigasafo adivediydwezeN,ank iabhdwsl tf RAUY may obe apmotoé theeebdyy M, P and S.

hydr oclgr ﬁ}{é %Zt :¥11e (H)%ﬂ)d}ﬁie' éro%g?y%%ﬁyfg}ﬂlul% ORP.RM ahd A@nwgwh are efa P to 2.

drocarb 'ene rogen atomor a hy rocarhy group.
In thepm@ﬂimalurMyme%hhmw e éffeegeh) present in plurality nay each be

sane op)di f fegeRfethod. for produm% dvgloagekdf wnjﬁa%atmbﬁ@ alyrﬂed labd2ding apjthgat ed
di ene polymﬁﬁ accor.di ng Fe above [1 §H> [ 2] in the m |f|th

conj ugosa ’eﬁ%mBBFli}grefi "padiPeu@iescn thoSHeoA i nEFPEGERES by the
following formula (3) is added to and reacted with the modlﬁed conjugated diene polymer
obtained in the polymerization step to obtain a modified conjugated diene polymer having a

structure represented by the following formula (6):
i
R*—01-Si—R>—A?
3-n (3)

(In the formula (3), A? is a functional group which has at least one atom selected from the
group consisting of N, P and S; has no active hydrogen; and is bound to R’ by any one atom
of the above N, P and S. In a part or all of the at least one atom selected from the group
consisting of the above N, P and S of A?, three H’s (hydrogen atoms) in a “-SiHj” structure
may each be protected by a hydrocarbylsilyl group substituted by a hydrocarbyl group. R’
and R* are hydrocarbyl groups. n is an integer of 0 to 2. R’ is a hydrocarbylene group.
In the formula, R® and R* which are each present in plurality may each be same or
different.)



[4] A nodified conjugated diene polyner having at | east one structure

sel ected fromthe group represented by the follow ng fornmul ae (4)
andstructure represented by the folloyyi ng formula (6): A3-RL-N7 R27(4) A
RR2 R2 A3-RI N (in the fornulae (4) and (5), A3 is a functional
group which has at |east one atom selected fromthe group consisting of N,
P and S andpb8 bound to Rl by any one atom of the above N. P and S. A part
or all of tg at | east one atom sel ected fromthe group consisting of the
above N, P and S of A3 may be protected by a hydrocar byI silyl group. R4
and R2 are ﬁ roups In the formula, RI. R2 and A3 which are
each present™{n plurality may each be sane or different.) R3 n SR5-- A4
10-R6 (6) (in formula (6), A is a fiinctional group which has at | east
one atom sel ect®d fromthe\group consisting of N, P and S and is bound to
R5 by any one a gjn—e-f—R bove N, P and S. A part or all of the at |east
one atom sel ect fromthe/greyp consisting of the above N, P and S of A4
may be protected by a hydrocar byl silylggroup. R3is a hydrocar byl group. n
is an integer of 0 to 2. R5 is a hydrocarbyl ene group. Ris a hydrogen atom
or a hydrocaflbyhe frrowa (6)nAf fea flamatiohal, grRBp avidctRBaswHiledst ane atae kelpetedent i n
plural B%Iaﬂ\i/{% SR LoRRHATR 101 p dhd KeARNG Rouh@tdRTBYichd £6bv%OR] POALS! cH ene

pOl ymner east ~one structure sel ected rom
part or all of the at least one atom selected from the group consisting of the above N, P and

S of A* may be protected by a hydrocarbylsilyl group. R’ is a hydrocarbyl group. nis an
integer of 0 to 2. R’ is a hydrocarbylene group. R® is a hydrogen atom or a hydrocarbyl

group. In the formula, R® and R® which are each present in plurality may each be same
or different.)
[3] The method for producing a modified conjugated diene polymer according to the

above [1] or [2], wherein the modified conjugated diene polymer is reacted with an onium-
forming agent.

[4] A modified conjugated diene polymer having at least one structure selected from
the group represented by the following formulae (4) and (5) and a structure represented by

the following formula (6):

R2
/
A—RI-N] ON—
N
R (4)
AS—R'=N—R?
2/
R N-—
3 2/
AS—R'—N—-R (5)

(In the formulae (4) and (5), A® is a functional group which has at least one atom
selected from the group consisting of N, P and S and is bound to R! by any one atom of the
above N, Pand S. A part or all of the at least one atom selected from the group consisting
of the above N, P and S of A’ may be protected by a hydrocarbylsilyl group. R' and R? are
hydrocarbylene groups. In the formula, R!, R? and A® which are each present in plurality

may each be same or different.)



the group represented by the followng fornulae (4) and (5) aMa structure
represented by the following formula (7): A3 RN, (I'n the
fornmulae (4) and (5), A3 is a functiogal group which has at |east one atom
selected fromthe group consisting of N, P and S and is bound to Rl by any
one atom of the above N, P and S. A part or all of the at |east one atom
sel ected fr the group consisting of the above NN P and S of A3 may be

pr ot ect ed a hydrocarbylsilyl group. RI and R2 are hydrocarbyl ene groups.
In the fonnula, RL,.R2 %nd A3 which are each present in plurality may each

be sane—or 8 u++ETE%§—j (7) In the formula (7), Ais a
group in whi a functional group which has at | east one atom sel ected from
t he group consiy/sting of , Pand S and is bound to R5 by any one at om of

t he above N, P eyd_s onverted into an Mum A part or all of the

above- nenti one ﬁ atom sel ected fromthe group consisting of the
above N, P and S of A5 e protected by a hydrocarbylsityl group, le is
a hydrocarbyl group. nis an integer of 0 to 2, R5 is a hydrocarbyl ene

gr oup. (IiRéhe Braulay@), o@‘ém afunetional gréupdwbichhay lat l;ﬂasiuple atpmtsglectedrinam dhe R3 and

poI R6 whi negfﬁu,gasns?ﬁﬁg o?ﬁ\?%emds anPlsLt{?%hHTt&’R ¥ gﬁ%ﬂe Q@nﬁ@me%ow ﬁfﬁﬁ@&s ) [6]A

ositron (fO risin con gate di ene p

A part or all of the at least one atom selected from the group consisting of the above N P
and S of A* may be protected by a hydrocarbylsilyl group. R? is a hydrocarbyl group. n
is an integer of 0 to 2. R’ is a hydrocarbylene group. R® is a hydrogen atom or a
hydrocarbyl group. In the formula, R® and R® which are each present in plurality may
each be same or different.)

[5] A modified conjugated diene polymer having at least one structure selected from
the group represented by the following formulae (4) and (5) and a structure represented by

the following formula (7):

R
\
3_pl__
AS—R N\ 2/N
R (4)

AS—RT—N—R?

A
e
/

AS—R'—N—R? (5)

R2

(In the formulae (4) and (5), A’ is a functional group which has at least one atom
selected from the group consisting of N, P and S and is bound to R' by any one atom of the
above N, Pand S. A part or all of the at least one atom selected from the group consisting
of the above N, P and S of A® may be protected by a hydrocarbylsilyl group. R! and R? are
hydrocarbylene groups. In the formula, R!, R? and A® which are each present in plurality

may each be same or different.)



according to the above [4] or [5], carbon black and/or silica and a
crosslinking agent. A crosslinked pol yner obtained by crosslinking

t he pol yner conposition according to ghe above [6], [8]Atire in which at

| east the erosstinked polynmer according to the above [7] is used as a
material of a tread or a side wail. Effect of the Invention [0006] A
crossiinked Bynmer of the present invention is excellent in |ow hysteresis
| oss charactEEiatics (70C, tan 5), wet skid resistance (0C. tan 6), wear
resi stance and the Ilke The crosslinked polyner of the present

i nventi on—ca EQ ggﬁlent | ow fuel consunption perfornmance when used
as a material™{or a le tires (particularly treads) and the |Iike. Mode
for Carrying Qui the Invention [00071 [ Met hod for producing nodified

conj ugat ed di me pol yner A nmet hod for producing a nodified

conj ugat ed di ene{ @) %Qﬁf t he present invention conprises a

pol yneri zation s ep in which2ap | east nononer including a conjugated (Il ene
conmpound or nono |nclud|ng a conj ug&atled di ene conpound and an aronatlc

i nyl d d th I
Sel boted Tr o TP cond Bery BYobRa ¥ Brebufg i Midde H TG (2
and arore! &adni seteetedll fromahpgtovg @nsiatingbkal, iPrendehand isneduad todhiplnwalw b obt ai n
a nodi Jt!)r%dofcf?lgj a%%%%j, lgila(ﬁﬁles %Oéaﬁ%fted R0 Br &i&r-nNHPB%&Jt)OI‘ all of the above-

mentioned at least one atom selected from the group consisting of the above N, P and S of

A’ may be protected by a hydrocarbylsilyl group. R? is a hydrocarbyl group. n is an
integer of 0 to 2. R’ is a hydrocarbylene group. R® is a hydrogen atom or a hydrocarbyl
group. In the formula, R® and R® which are each present in plurality may each be same or
different.)

[6] A polymer composition comprising the modified conjugated diene polymer
according to the above [4] or [5], carbon black and/or silica and a crosslinking agent.

[7] A crosslinked polymer obtained by crosslinking the polymer composition
according to the above [6].

[8] A tire in which at least the crosslinked polymer according to the above [7] is used

as a material of a tread or a side wall.

Effect of the Invention
[0006]
A crosslinked polymer of the present invention is excellent in low hysteresis loss
characteristics (70°C tan ), wet skid resistance (0°C tan 8), wear resistance and the like.
The crosslinked polymer of the present invention can provide excellent low fuel
consumption performance when used as a material for automobile tires (particularly treads)
and the like.

Mode for Carrying Out the Invention
[0007]
[Method for producing modified conjugated diene polymer]

A method for producing a modified conjugated diene polymer of the present
invention comprises a polymerization step in which at least monomer including a
conjugated diene compound or monomer including a conjugated diene compound and an
aromatic vinyl compound are polymerized in the presence of at least one compound

selected from the group consisting of the following formulae (1) and (2) and an alkali metal



ARNR \NHR2\/1 A1 RL NR2 (2) formulae (1) and (2), A is a
functional group which has a hydrocarbyisityl group in which three H's
(hydrogen atonms) in a "-Si 1-13" structure are each substituted by a

hydr ocar byl group; has at | east one atom sel ected fromthe group consisting
of N, P and 5; has no active hydrogen and is bound to R by any one atom of
t he abesgpdNndPorangl afkaliRe asagthRAetad compy ahid carobyslie nemgdidisd sconjupatddeditns mul ae,
R, RR and At which are each present in plurality nmay each be sane or

di f f er BAY™} 0008] The h3, drocarbyl ene groups in formulae (1) and (2)
i nclude, for exanple, a hyl ene group, al kyl ene groups, arylene groups,
ar al kyl ene groups and exNl.ike. Although it is not particularly limted,

t he carba&1ag_ 1_ghﬂ he hyd gﬁ byl ene group is, for exanple, from1l to
10. The' hydr Eﬂ in formulae (1) and (2) include, for

byl
exanpl e, al kyl groups?&Teggg}oups, aral kyl groups and the |ike. Al though
it is not particularly llimted, the car bér hunmber of the hydr ocar hyl group
is, for exanple, from1l to 10, [0009] The above-nenti oned nodified
conj ugat ed di ene pol yner can be obtained, for exanple, by supplying at

| east on o] nd,sel ected fromthe group consisting of formulae (1) and
(2) and ZHEaFEQFT—Rital kgggzznd or an al kaline earth netal conpound (for

exanple, a lithi conmpound\such as an al kyllithium, respectively, into a
pol yt neri zati onZsol uti on conthai ning a nononer, a solvent and the |ike, and
m xi ng these §fpounds. Furthdﬂ}{the at | east one conpound sel ected from
the group consisting of thﬁéﬂbove-nentioned formulae (1) and (2) and the
al kali et al coﬁhqund or t al kaline earth nmetal conpound (for exanple, a

l'i thi um gchpom_spgh-aspd al kyl lithiu y he 8 previously nixed before
ugglieg@intgq 21@55?

being s t he pol ynerization ion. Nanely, the
above- nenti oned nodified conjugated di ene pol yner can be prepared by addi ng
t he specific secondary am ne and |ithium conpound in the polynerization
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has no active hydrogen and is bound to R' by any one atom of the above N, P and S. R
and R? are hydrocarbylene groups. In the formulae, R!, R? and A' which are each present
in plurality may each be same or different.

[0008]

The hydrocarbylene groups in formulae (1) and (2) include, for example, a
methylene group, alkylene groups, arylene groups, aralkylene groups and the like.
Although it is not particularly limited, the carbon number of the hydrocarbylene group is,
for example, from 1 to 10.

The hydrocarbyl groups in formulae (1) and (2) include, for example, alkyl groups,
aryl groups, aralkyl groups and the like. ~Although it is not particularly limited, the carbon
number of the hydrocarbyl group is, for example, from 1 to 10.

[0009]

The above-mentioned modified conjugated diene polymer can be obtained, for
example, by supplying at least one compound selected from the group consisting of
formulae (1) and (2) and an alkali metal compound or an alkaline earth metal compound
(for example, a lithium compound such as an alkyllithium), respectively, into a
polymerization solution containing a monomer, a solvent and the like, and mixing these
compounds. Further, the at least one compound selected from the group consisting of the
above-mentioned formulae (1) and (2) and the alkali metal compound or the alkaline earth

metal compound (for example, a lithium compound such as an alkyllithium) may be



Al kali netale al kali nelionpounds include lithium sodiumtassiumand the
l'ike, Alkaline earth netal sthe alkaline earth netal conpounds include

cal cium magnesi um and the |ike. Above all, lithiumis particularly
preferred. In this specification, exp?anatl on is descri bed wherein lithium
is an exanple. In this connection, in the follow ng description, an

enbodi pRo{ousty m%teﬂgbe'faﬁ-l bé&ihg a;hbplﬁdd s ahe Qolyahdtdaiite selanbh nslaalelyi mhepl ace
of lithiumis S I|t uns_as Eg% aI| net al
|

oo S StreRess (RoRBed, Suinptad, gishE o ibt b Phetfed S, RldiRY 'nd
al kyl | spehifienschadairngming addlithambonmabensin thexmipheszatibn shgeml (Inylslltu)t bi uns

havi ng t.hy, t
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t he ||$@@ondaryamm€mélrfhwirrn@0mm .ratio of the at |east one corrpound
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an al kal'i neta ound. or e a ear e

al kal i ﬂ’@ttg? g%‘ﬁrﬁ’%ﬁﬁ“&"@ﬁgﬁ‘a}@% Diand (&hist é(faﬁ@h)g}i frE’G‘ergEPn% o ﬂggst one

conpougdf gelresiodskrf rom t he group consisting of fornul ae (1) and (2)) is
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exceedmdlth8 likehe Mboney vi scosi ty is increased, sonetines resul t| ng in a

difficul ty ORuBliEodhag. mMEn IS Bcing o JhebALhApbid: SRRIOaM Gy, Lhe

Mboney Vi scosit ecrease soneti mes decrease the strengt
cr osslmﬁmlmﬂ@d@ﬁ like0010] Exan pi es of the conjugated diene

gogpgundg (cRBdHOAL, qﬁhmnem@ me@laﬁ qareféﬁ@ai i Th ﬂl'fbesﬂycﬁfﬁ,@ﬂbnlé’}épﬁ?dﬁah@lﬁ] id ncl ude
ut adl.ene, S

1,3-h mlgq%threglplﬁEB{I%éﬁ g}ng{,a dﬁlq}é{srﬁﬂ?xﬁ%&%g)hregﬁ@e ]fbl‘?owf%g dtescrlp ion,

2- phermleri;bé?dlbmhadf ediRg adotiret dﬂyhh hesalpﬁrulminerwrthzne:tall iarmade, GF hthfvamdiene and
t he |Ilie ]%e all, preferred are 1, 3-butadi ene, isoprene,

2., 3-dft 9, 3- but adi ene and the Ilke These conpounds may be used

ei t her aI oneTlm alasllahlumstnsrtae iabinliometalvsompovwedst ¥rebksoth, the present invenigm t he

Vi ©WDOk Bk Bt ckdnlts, AERLLES bRkt 3 1 hitenTshLT ed conj ugated di e

pol ymers havi ng a l.um en hese conj ugated di ene. conpounds
have a sini I@Famﬁl%?f%ﬁ aligglithiyms Ravipg dstert cathow Atdneninciude inethylithiype t o

use evaRylanfumOtn-gRpeIlithiech, | RosptappligsutdeschitbRihiual esec-hu@@lifium, tert-
Exanpl e% ]ﬁf thg@g Enﬁﬁl c vinyl conpounds (aronmatic, vinyl-based nononers)
used i HYHIPRAdRe ikGent i on i ncl ude styrene, 2-nethylstyrene,

3- net hyl st yr'Eire miding nedlay Irstioy o€ ribg atilenst oyé scb;npenmd s@lpdtedliﬁmnhiab rgurene,

2, 4-di cgo;@ﬁggg%k ﬁieve(bg)% md ithoBed f&ﬁhﬁq 1>5 raﬁaglz)oén& Rt s ?m%aﬁ %x ghﬁﬁ&?ﬁe

V|nyle zene enzene, IVIn
tert-bbe @Jdgaimy ek mqtalrgqnmunw(ﬂier@kaiymtﬁl ivemppynd or the alkahne "earth metal

vinyl b&iﬁwﬂﬂﬂﬁé hyleagd Wé&ﬂﬁmﬁh%[mtéﬂ ﬁbﬂl ﬂﬁetgw&@%rﬁg%@ydfsfoyxﬁem (1)
N, Ndi met hyl am no thylstyrene %( etg @( Etyrea larl
4- et hyarnéitérbiﬁepre #8lY iR he 0 3 T Shoybs G mfgom bty 1286 yraghiglarly
Vi nyl xptefpgbly Virdni napimt hall. ern®herv |tn¢/|rhmlngenmlarvraml B)ydebdh ne§, the Mooney
di phenyl et hyl.ene t|a am n rou ni henyl.et h e.and the
i Ko- pEoY if Preross @b o Pialing? a SuGOEe SRl oF BBl Rl e SRy
molar ratio is less than 0.1, the Mooney viscosity is decreased to sometimes decrease the
strength of the crosslinked polymer.
[0010]
Examples of the conjugated diene compounds (conjugated diene monomers) used
in the present invention include 1,3-butadiene, isoprene, 2,3-dimethyl-1,3-butadiene, 1,3-
pentadiene, 1,3-hexadiene, 1,3-heptadiene, 2,3-dimethylbutadiene, 2-phenyl-1,3-butadiene,
3-methyl-1,3-pentadiene, 2-chloro-1,3-butadiene and the like. Above all, preferred are
1,3-butadiene, isoprene, 2,3-dimethyl-1,3-butadiene and the like.
These compounds may be used either alone or as a combination of two or more
thereof.



These conpounds may be used either alone or as a conbination of two or nore
From the viewpoint thatis possible to obtain the nodified conjugated di ene

pol ymers having active lithiumends, gll these aromatic vinyl conpounds
have a simlar function, and in the present invention, it is possible to
use even one not described in exanples described later, [0012] When

t he conj ugatBdndileneiesgopnuha and pgokabler omabtait thenybdifedponngatadediased i n

combi nailalss i MR LN RHRPORS LY HRRE BB RAES LR AREL NG grpgPOunds
are exceflent 1n |g]h I'I'ving properties i'n~anion poloyr?erl zat1on as well as
easy afracliehidndt in the presentFaveriomn, livfenosideltatiserevedl gneenretzdescopedibcess
i's usegqan{iﬁ% JmnonEraeencentration in a solvent is preferably from5 to 50%
by mass, and nore preferably front 10 to 30% by mass, fromthe vi ewpoi nt of
mai nt il hlg a bal ance between productivity and easiness of pol ymerization

control . Exampl8s 6ths af@mditRCih @rompdand C@Rhtieerihglabdsed mososengusdded

using the con t ed. di. d.th i i nyl d th
cont ani 1Y DERL SREREER S Fo T BB T Erar BN T RBer RGeS s
pr ef er almhethflstyrans, 2.64-GEmbhylyyymas 2,4-dnsbproydstpreeé, ef-tit-yuti isomerk, 66- 50% by

, , . ' e
Char actUFLHRAUILEHRG, by Blny b PSR RALHEER R ISRERES o (P nked

pol ynedivinybepBthalene, tert-lutoxyrergee¥ientbenaviématayiaminee Ghpound ot her than the
conj ugghedeshyeagmSAYRAUAG RN HHEN N-aIRdthFlaMidbethyt@pRaALING N her ei naf t er

referred” to as, anot her nononer) may also he used’'a he nmononer. 10 The
ot her HBRNEARINPRCIIYAYIenRc FORHEERS: é SHREFHIeRE ‘hﬁ%@f T8N 2f nj ct i onal
group lblﬂyl%i?@edéQB-)tﬂﬁltylﬁt@fbnb%%hiﬂsiyl%de,\f‘&ihﬁx@leﬂ@|v)"r[§&ﬁzi;ﬂ1&tdlm, viniyttolateds, by

usi ng t.h uncti anal gr -cont.ai ni ng nmononer. .In additi it | so

v ant UogaHER R Psry RS S A e TR bbbl B s dpR e 2

copol yliter:. dnivaiatli pgfared seobytylcend thmiiks. a paramet hyl styrene unit and a
e oo or o AR STEPKAAL T W KAS IRECRER, Bkl o or ol o
phenylﬂ?@lﬁ‘fyf-ene and the |iKke. 1 Incidentally, in the present invention,
"the CO?J gggf_tr@fél qiee?i%w@@gm%%tdi"titiﬁ Redi¥ IRl %ﬁginé ﬁheq{ibtﬁ&i@dtdbﬁ{jdgﬁ&gf <'tnie@b

conj ugated di ene pol yner" an onj ugat ed di ene conpaqund and.t he

ar onatﬁ’q;yli‘}i?rﬁﬁav&%ﬁ{}’ﬁdl“é}“én 585 r?ilr ﬁ’fé%j afosnabise WNH FHBPOHIGE fR%T 2 By at ed
di ene fpattyarerahdsihatte peedntbaveninsi deisedodsiblé nelusdevehencase ddserieed’ irhe

conj ugeat ed edicfrer 0 otlépd and the other nononer are polynerized to obtain

t he nnd‘iafnipéﬁ 85?1]1 lfgg?ed di ene polyner"” and the case where "the conjugated
di ene [@6hPound, the aromatic vinyl conpound and the other nononer are

pol yneri zed L hil 1 I - Sundl ively.
Poota] o WhG B b, EOTpaa HAPhE Lot aNEvig] VEbound &S e

i nventinosPmingiae Uedwuidicns; %mi BOrSASe e ZPTREFTAHE YsehonERess LaREIng gre

conj ugalceitlrd inRi o8 OFVRRLR@ peict NEadibe peRaRriehtide 1 Aea@sy aosimbaagpound

sel ected frc%m he gr.oup consi sti g‘% of thef\. above- nentione ft rmul ae [(i%) and
(2) and the ‘WL LYPe‘-‘t“ala OISR PEmERERTRR . RO By thoHret Bt TOAYBENG.

concentration in a solvent is preferably from 5 to 50% by mass, and more preferably from

10 to 30% by mass, from the viewpoint of maintaining a balance between productivity and
easiness of polymerization control.

In this connection, when copolymerization is conducted using the conjugated diene
compound and the aromatic vinyl compound, the content of the aromatic vinyl compound
in a charged monomer mixture is preferably from 3 to 55% by mass, and more preferably
from 5 to 50% by mass, from the viewpoint of a balance between low hysteresis loss
characteristics and wet skid resistance of the resulting crosslinked polymer.

[0013]

In the present invention, a compound other than the conjugated diene compound

and the aromatic vinyl compound (hereinafter referred to as another monomer) may also be

used as the monomer.



As a polynerization process, any one of a solution polynerization process,
a gas phase pol ynerization process and a bul k pol yneri zati on process can be

used. Above all, the solution polynerjzation process is preferred. Further,
as a polymerization system either of a batch systemand a continuous
system can be used. Speci fic exanples of the pol ynerization

pr o;:esses i nThéheothas emuhenest helsisl Lﬁlimjionpbl gnoep-ceathingmg pmooessrsi s ésed
t ted
i nc Udﬁlng‘tl&{a?%?&f? %htthJ g}nré%géeaylo %&fgg@d (i 2 %énz%ﬂgg 1ﬁl§1afo?%alcl%mgu93 €

di ene congfun tion initrator
r andonthg efunggeek! agronpedeidining Ihomﬂientnc%d%edltolﬁ alfo crdyaniageads] ¥ent  (f or

exanpl &andfle, &b 1RRAd § fuﬁéﬂ&ﬁr g}duﬁ rﬁéle@r eratdogol WidE %ﬁfaﬂﬁﬂg GATRSYRdey t he
like) which'is ipactive tq rea referabl e

that) CHED R GBS PSS BrOLAT e R e S GIEFEIYTeRe ATUR SO An R tG 3 € o

8 car bgfe. at ons. Exanpl es of such conpounds having 3 to 8 carbon

- haxane.  cycrBRaRaE, (1 gffkharopRay bRl SREFARRR Gt RRELbARR YL

ci s-z-ﬁwhg}eﬁ;yldnepmdttlymhkez pentyne, 1-hexene, 2-hexene, benzene, tol uene,

A g A R A L

The hylmlmammintomhw@ah@mﬁ@edo@omwdedm@polénrrtﬂﬁ apf “B eoniugdsdrtiencon of

two orcgmifintingleale bRIRL Ths rc@ﬁﬁ‘:@ﬁﬁdz Q60 HoBHherddh Ut bﬂﬁlrﬁﬂﬁﬂiﬁodm?&ld as
needed i s used for adjustnent of the content “of V|1|}11%I ; onds &é}eﬁ nds and
f C

3,4 boiygates dsne tdy ey shplhgathdevrpidesshieipe hagp 1 on)
and t henludee:d diene comchmdlmHeISe ethert endraaCOEIpBMserizad ko dletaidi tire hhvdifyddenz ene,

t et rahydr of di ne th di t I | |

it et ifoChefty Hisfe dRoaREy it A o RN Be XSl BIOK, cciyfiSha, he
2-(2- ca:rhmxyewhmkyc)m@onm hnyd ﬂreoqzihmemonmmert gl nm\ymerlzqdytplqhtme the modified
N-rret W%é&?oqﬂﬂ PhFesf())éclﬁ% The random zers may be used either al one

or as nat e t hereof [0017] The tenperature
of the[OBb‘ﬂyrrerlzatlon reaction is preferably from-20 to 150C, nore

preferably friemmldiRdlRfugataddipad bbisulcady thE pt@e@binYerftiodnsZQod@el AFC.
anion-polymerizing the monomer such as the conjugated diene compound in the presence
of the at least one compound selected from the group consisting of the above-mentioned
formulae (1) and (2) and the alkali metal compound or the alkaline earth metal compound.

As a polymerization process, any one of a solution polymerization process, a gas
phase polymerization process and a bulk polymerization process can be used. Above all,
the solution polymerization process is preferred. Further, as a polymerization system,
either of a batch system and a continuous system can be used.

Specific examples of the polymerization processes in the case where the solution
polymerization process is used include a process of anion-polymerizing the monomer such
as the conjugated diene compound in the presence of a polymerization initiator and a
randomizer used as needed, in a solvent composed of an organic solvent (for example, an
aliphatic, alicyclic or aromatic hydrocarbon compound or the like) which is inactive to the
reaction.

[0015]

It is preferable that the hydrocarbon compound used as the solvent is a compound
having 3 to 8 carbon atoms.

Examples of such compounds having 3 to 8 carbon atoms include propane, n-
butane, isobutane, n-pentane, isopentane, n-hexane, cyclohexane, propene, 1-butene,
isobutene, trans-2-butene, cis-2-butene, 1-pentyne, 2-pentyne, 1-hexene, 2-hexene, benzene,

toluene, xylene, ethylbenzene, heptane, cyclopentane, methylcyclopentane,



The pol ynerization reaction is preferably conducted under a pressure
sufficient to keep the nononer substantially in a |iquid phase. Such a
pressure can be obtained by a nethod ;guch as pressurization of the inside
of a reaction vessel with a g the polynerization reaction. [0018]
In-the nmethod for producing a nodified conjugated di ene polynmer of the
pr esennethplegeibhenmne} bpeitengBeneatanentyictoiederpodnyitbe iikat i on step (a), there
may be adde i i
enl- cont ai ni o b 63 tREbARER rigyhe oGl Ak o o Epnbibloide o
above-etaneiedrseotpol yneri zation step is reacted with a silane conpound
( nodi fpoo agent) which can be react with the active lithiumend of the
nodi fi ed co gated theri mer to obtain nmodi, fi ed conj ugat di ene
pol ymer whi %hehé%ndSEB?Frr @’éﬁﬁ X‘%F‘Fth &Jl’fét“ég |a§ﬁ1§) o%dee&g = use‘%f "usi ng
the si dci@tlistﬂlént&ﬁrt‘h@ Uﬁﬁieﬂhbﬁ:\hnﬁdfbnﬁeat,ﬂ bontlhaidh@ 4dﬂindv)e(alsotrhfemmdeo ds the
excel | entl %/Ey ﬁ}er eS| tls§ Qfat‘;xaﬂ(g“ stics and the |ike can be given to
the cr98%15°RKE8 r’p f%?l 18% Y ng e nodi fied conjugated di ene pol yner
obt ai ned i n Hxwenphed yoferthg atrarslonszep wicludet hbrnsthoameerxzelmq)odfrtwhydmfuran The
SI I ane t h for
d1&%%88&ﬂ§n%1&ﬂ%féﬁ9 (%r uﬁ%‘f dllyiﬂt#r]l ﬁtthlé‘y,e ﬂ&g¥1¥§ }%cldl ‘d'i‘ﬁl@t'ﬂgl Efhel ude.,

XYSlI S eacC avin one al I’OU

vvh| ch @(@tra@ér@”y%kpé@p@y t2r(8 Fepiysiiony)-£ ey laropaye. Fietmlamgey ipééwélepm of

react iNighoth ﬁd}@iergggltﬁdmgg conj ug ted di ene poI ymer containing active
[ithiumen R OSi a functional

group which ﬂ’&sra&fimlnezéést m@ﬁeb ‘[‘%‘?ﬁ] %61%@10@8 ‘Fr’ﬁn’i‘ FH%‘%PBBB Oézw& Yt PRY of N,
P and therebfis no active hydrogen and bound to R5 by any one atom of the
above [@I lf and S. In a part or all of the above-nentioned at | east one atom
sel ect 8 romthe group consisting of the above N, P and S of A2, three ITs
(hydr ogen atBhwsiemiparature- tha Polysnerization eeavkipn anprefereblyr BemcR8do by 05C,
hydroqa&&vﬂréfe{% ﬂaﬂlttpgﬁ}ézﬁ; r?ctfﬂn@tyla By as v 207OUPed. e and R4 are

r re al k

hydr oca group s having 1 to 20 car bon at ons
or aryl gro MW%Z%IOPGE’Q@O@&F E’B“rfer b(n%ondHCtFé ugder; hpggRre s¥ifigleppio. Rs

is a hydp Qﬁeaﬁmbﬁlrae sﬂfs@d!ﬁallﬁﬂﬂ am@ﬁ@ pafey SttlabPatssateadian 9 otrniasd bed
al kyl en | ene havi

0 car bon cont al D a cyclic
str uctr{}‘FtQ(.’(E F'r‘lc ot AP ?gn ﬂgt[}lfrl e\ Acieas éoané&%h‘?’%? f gﬁ¥ PEPVE (O B8y each
be sammlnneriiatibareaction. Here, the active hydrogen is a hydrogen atom
I nke;i P pgj@n atom ot her than carbon, and preferably one having a bond
energ ov]/er t han a car bon-hydrogen bond of ;;lg%mat hyl ene. In this
connect i on, Inche mmshglifpauedusing djruedifipd comseapo dipeiobandi efythe oresret
modi f llﬁdexﬁfaﬁl ygatied ag{)@éqﬁleﬁﬁd)li/éae @olﬁﬁérizﬁﬁéh tey 6{6}“ RHekdlanay it taléachl oride
or an epoxy group-cqn a|n|n Xa
t et r aghQEfiggtiomstep &8 B 3T t%?l"%i)ﬂ]“b‘ﬂ@%ﬂr‘?@?taﬁﬁ}g H@%Efg%&%‘t%{eﬁledﬂe% th the
si | an%(ﬁﬁﬂﬂouﬂdlﬂddl ﬁlhthéaﬁbdveaﬁéntiuntedil pgohematiative dtép hi wencexddwithOO kB3ne
In the prese vention omth V|e Q e wth
t he rmd%ROEHE@B 83538613 Chpcgfl} Ccon hglhﬁlg%wegﬁﬁgc ?181(351?&% #Oﬁlﬁf\ﬁ e\'eand an
al koxmmj@'ated dGemppeinokeh &v phigint mmqﬂlﬁmp@uagdiwshegﬁ oopsndrsviekhas hesiny used.

The c d he above-nentioned fornula (3) is added to and
reacte ﬁlt%ﬁgéﬁoglghsglgg%:{%n ugat ed di ene pol ymer obtained in

above- ment i dhedspal hrerilanst FQmP%W@p whﬁclble@érreqc@ Witk dhe %tlﬁﬁdithiugd ‘end,
conj ugs%eqierﬂllewaﬁﬁérw@[osba;mﬂgte@sﬁ&sr Med HleClikEPAEBeiRG PYtheodshkewi ng
Formul a 1>§mgr by reacting the modified conjugated diene polymer obtained in the polymerization
step with the silane compound.

The silane compounds which can react with the active lithium end include, for
example, alkoxysilane compounds each having at least one alkoxy group, which are
represented by the following formula (3), from the viewpoint of reactivity with the

modified conjugated diene polymer containing active lithium end.



R3 n 13 (In formula (6), A4 is a functional group which has at

| east one atom selected fromthe group consisting of N, P and S and bound
to R5 by any one atom of the above N, and S. A part or all of the
above-nentioned at | east one atom sel ected fromthe group consisting of the
above N, P and S of A4 may be protected by a hydrocarbylsilyl group. R3 is
a hydrocar byl group. s an integer of O to 2. R5 is a hydrocarbyl ene
group. R6 is a hydrog atom or a hydrocarbyl group. In the formula, R3 and
R6 which dre each Rresent in pIurallty may each be sane or different.)

In the pr SE§? ;;Tgiiiﬁi a group which can becone an ornum by
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oni um by the o Ng a xcel | ent e retention properties are
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tetramethyl - 1 -aza-2,5 -disil acyel pentane,
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am nopropyl triethoxysilitrie, | -trim%thylsily1-2,2-dinethoxy-

-aza- 2-silacycl opentane, N 3
-(tritnethoxysiIyl)-propyl]-N,N—diethyl-N—trinethy Is ilyl-ethane- |
, 2-di ar ni ne, (INM{dk@ra (6), A* is a functional group which has at least one atom selected from

il\lﬂ |h?r§ si |§HPH g‘i %ﬁl | - g/\{\l‘ nﬁ o%g y?ur%lrtlﬁ;?Wz{ Oé(ryesatﬁrh%q“qge &b&/e% 1, 0e

3-(4-t8.i n’ét barkt sirl all -of | the qhope-rrmntmn()cbrabpgast ronet atgmy sqleqmb from the group
N42- (t dn@EE Eg)&'ﬁ{e %)Q/e Kt iﬂéln‘:}@ A} ANna Eﬁg@éﬁ?@ﬁ?&o al%&lsﬁ?? S8up.

1-[3- ( rre ) - pf opy nlet azine -(trinmet hox sbfyl) 1, 3-
cli netisy yyﬁrm |ggq)1ﬁé n is an integer of 0 is ahyd’rocarbylene group. R 15a

2-0-t rh}’@&é’éﬁxéf&n]df'a'lﬁyd?wﬁyﬂgr&lﬁ' matthy Féranild a2 anddtn@hicB-are each present
dlnethyl J) ri met hoxysi.l an

3-di etf\A ‘érﬁﬁ' Bﬁﬁiféf’l tﬁ%ﬁ}?&%&i@?ﬁ? ie, 3- 15

di met hyl am niepthe gytdeni Bivbﬁmﬁsldnarla,vnig aligedupywhich raprtepyhe rhaitioxytyesn bi s 3-

E t 'r’ : ﬁé‘%ﬁﬁ%y@f‘ﬁ}%pﬁ%é{?ll Igc?‘ﬁé{l %(g/ m@lﬁceh ga'nsllegct with the active lithium end,

344- nensrpyetfe]rapl;pmdadrthmslbnopympoum Wb»cimanamt and thé activiedghivppemi] By
COHDO% egogg%ﬂﬁptcgﬁb&wmhg oRHEn BY 1 ShiRN! foflMingHeOMP e AR e A hape

al koxysi I nc
N- (1, 3ethnfien Hg;pmrflw g sayen3tq th stasehiaksr| pymehrush i makeielt nesgible to

nethy“g@ggﬁbbgpm@} 3-(triethoxysilyl)-1-propanam ne,
N- (4-

N cyel ohexy FUERUPSEE EFh ErDp i ot bR IR St toato B ABAT A MR i 1

CONMpOo Wt esparetifyy hﬂ hétdfaky abdwe-mentigped rfdﬂnallac(3¢t Hitedguwep hatdyls ichly be@mmpounds

LM Al AL s o
5~ di mmcmmmadamme thNeefmthuthealk@ ysthyorpilisgline) canthemetay eriivelcad ofites-
tr' et haxy; eh%d?l?l%%e]d) dftne- pdiHBZOUMR: a group Wthh can become the onium by a

3- hexanet hylene nopropyltrlnethoxy5| ane,
hexar n@pRYETEABTIR PEBICIRYIRHS: HPRL| n%ﬂ%e&lysrrqcawéry bahBblFARiORenERHP R Ky |
gr oupscaar betblkigl o Ebng!irﬁ uprésent hetlrbevrRcorNt Spékﬁﬂc canpplesdseracinchplkaced by

ilb(lgzle frgg D;F@]':’t@?l dlgrzglgdg Ecﬁftr\}q[%\é g%%g%ﬁ att]glprgnand 1tfl§ éro!ﬁ? are
di nmet hyubbtitedi lohe e pBotedtive gi‘bhmysmtryg@n-clontpnmgegrbap]|1m@vhlch one hydrogen
R T R
tri et hoeysi byiipirpgIoupg, %pmlwdgrgpm dsphepihorus-containing  group in which two

N- (3- t 1 dTES HONY S loY tapﬂrﬁ Hifd ?&QJ &e substituted by two protectlve groups, a
N(3-triethoxysi lyip -i.m zole and th I1ke

Conpoutfsy @&Hﬁcﬂ%@’inﬁt? %/II‘?@ b‘P] ‘t‘ yéj(’i‘?ﬁe&l RS érSS&(B’qah’ %‘?Sl?hmf)\&so%dr ogen
at ons @fsulstiiteddy Yynp pespdvegroum uperiaey shuaphinb lghmj) hysulfuecqtahegtgroe

Secondry EnBRORTBET R AlE by U aPOR U AR IER B BN T

terti di0P2@hosphi no group or the sulfur-containing group in mhlch one
hydr ogen at o/, Qfochds QF&H hé\/?ngQ‘Hlte%ﬁ& SR niAR §rRipAh SR By IRRHBgANd an

al koxysilyl group 1nc

P, P- bi &pM$ OFBPRYIEY BPINQpEeER AU SRR AT el R YRS (i trogen-
P, P- bi &ﬁqftdihlﬂgtg%ﬁpslh' wHit P BRS Rro 9§ 4 él@ﬁﬂ d1rd JFeb ARGy ShindNGouBts substituted by

glhgt . phgégmll%n@}épgﬁgl Ll et horﬁé't ?g}gﬁ qfér?él al]goxysﬂyl group include, for

di pher’fydapﬁlﬂ)@ thnbpotﬂmytltytsﬂlyf)emh'tmpytspyllmmthoxysﬂane N,N-

gl S'hgn “(p Pshl' SI%PI{ %P nedﬁ;hl{g r%kg@ﬁox A% hN?;'N N'tris(trimethylsilyl)-N-(2-
Stri neammbsuhwnﬁemmprmmsmomlmb -fetrivshayasildawpyB:2.2,5,5-tetramethyl-
hyl si | Vhfqaﬁ %%EI%?QB LithhdTaLibenensiikifne, - dlmethoxy—l -aza-2-silacyclopentane, N-

Strinet capt oprQ ttrlethoxy3|

Strimel 941@F1h§°P(Y$11Y@rETQBYBﬁ$g’pﬁeﬁlﬁflﬁ\glr HFE’%W&%%V%?T}@H% lndiopdripdlikts i n which
al kyl groups or 16 al kylene groups in the above-nentioned conpounds are
repl aced by al kyl groups or al kyl ene groups having 1 to 6 carbon atons, and
the Iike. Above all, preferred exanples of the conpounds include . 3-
di met hyl phosphi nopr opyl t ri met hoxysi | ane,

3-di phenyl phosphi nopropyl tri et hoxysi | ane,

Sttinmethyl silylinercaptopropyl nethyl di met hoxysil ane,




[ 00231 The active lithiumend site and the al koxy group site are
bound to each other by reacting nodified conjugated di ene pol yner
containing the active lithiumend wth the ai koxysilane conpound as sil ane
conpound whi ch can react with the above-nenti oned active |ithium end,

t hereby being able to obtain the nodified conjugated di ene pol yner having

t Ee gr@hmhylfdirﬁéih@@@ﬂble@mll Na\rwﬂnhyl-Nutrtrhahylsﬂylepnphmjlmedvqngn?a Ea’,hat t he
above- ane

cont uo R Ry R PR L SRSyl i ona + onet or

i nter a(cduethWthnaﬂaylled) -prapyk-MrethydN' < Rictlpayetby DV etrimetier sibrtethaoer 1drst er esi s

| 0ss C&l%ﬂﬁet gr(hs&ll'r%ﬁlytlﬁlgtl hﬁ%lﬁérgﬁﬁb Wn@ﬂﬁl}'m&hoﬂﬂﬂaﬁg Nhemeigkayr sim lar

function, 1S pOSSI bl to use éveh one not

descr |Tﬂéﬂethﬂlaéu%ﬁmpmén@@@?@@&ﬁﬂéﬂ%r3 (4["{1)’@2’41}3’ silyl-1- - A prodi i cati on

: ﬁact I? eﬁaﬁhoﬁﬂéﬁylﬁidﬂﬁ))@yﬁﬁaﬂ@ﬂL[Q'—E¢m@t(hﬂkjtbﬁll§ Jeéihﬁﬂ BN, NO{rMﬂétBﬂeﬂﬁlla@t ed wi t E
e Si neg co eactl n on I ene, pO mer w
the si grdt‘%n%%'&'z@leé%éﬁ‘% F’fg’é’&ﬂpﬁéz%ﬁjrlldgza{tgﬂm%oﬁ & rr%/)l e, as a

sol ut I}ﬁrﬂpij’l%(;mbth@hm'fdtﬁohdllne,ti -(hitrireethbx il ypao phB- IcHdduethelimidsizolidiae, del uti on

ol ymerr s Py HaRER s TROBYRE byl O PR ARG BRI Lt e
by ei tinethyh! Bat, ¢fetsahydepytigiidige.al - b’hetbhquﬂpé) -Bdadtronetbpxwilgbmrepmidbus syst em
by US'lﬁgdmham%aﬁ%- -(Iﬁ%gth@)?ys@lgw %aﬁwm&);,ﬂﬂl@&iﬁeneﬁ?l or. Further, the

nodi fication reactio ucted ak@r t he t@mnailon of the
pol ymesthyldimeshylpears, ﬂcﬁtflmﬁ@%y%lyae mlﬁm@ igpedegpldipe-on(tie@axret); Lt er
tre?t P@%ylﬂ"}%%ﬁmﬁé esa(ftn@m r)uloslﬁhp} a&xacap@rowinﬁﬁmaées necefsary L or |

i sol a e like anou e silane
Comoﬂ&%@ﬁ)’@ﬁ)’%&%{ﬁ%ééﬁ ]%ﬁxathpfgméi’é’f nF’I2[ [‘ﬁ@ﬁh@?f’ghx H%ﬁ ‘i cation
react |anyldﬁnah@t}eﬂybpmpgn)&nmdﬂzahqum -yidletiyl-dimethplamdne, éF(d m)r e preferably
03m)lare | en r r sf the nodified
conj uggtr%e l\éﬂep roé’?l))/?rgr g%b@éwﬁgﬁg%t%fl%h%b% 1¢>dn}é% zation. Wen the
armuntdln@thyéagmnppmybnmeﬂwamla@qm#an@hylgmlnmmﬂmgm%m@thOKmlaﬁﬁch fication
react 'cﬂ&e'&@'lﬁﬁhoﬁ%&ltﬁbﬁaﬁyml@hé Qeﬁl%{rﬂl'ohh d&oﬁ}tln@tﬁﬁdlﬁfﬂ&dy&%rﬁgﬁm such as

car bo fi1c¢lentl rove ar. resj stapnce, wet skid
resi stRIRFEIAPRIOPYHIMGEPEYBENS 3I'B‘§§r HaPrgeﬂgﬁ Iethgxysiane, possi i nked

pol yn"edlgt@&ﬁmlﬁ@fﬁpylf%h&@lsﬂén@bfs{Bdnethoxys(;lyl)ﬂdﬁ?ﬁydd)]ﬂi‘imé(hlylsﬁgiglnﬁfge,Itl)alrs@?a-ﬁ| i me
conpo are no ar t n.t e and., i ude a nethod o atc

addi tl(gr e%? et 9% ”i?l {ﬁlgﬁﬂﬂg’gg}lwg (4- Le % od of continuous addition,
and t hnpierd(hno)pbmyﬁnaihbxyqo}aaé,e:xonq:nbunés mhrehmlealﬂmblgmﬁpbalt dhylankdgtoupnin _
The tel gg%t;@&e%smgéneh%n@‘aqhég zﬁé&%g&ea%%ﬁmg dﬁs%@aﬁ(g% g?&ﬂ@%yﬁgm zation

t enperature in nent I oned pol yneri Zation st
pr ef ertafl sarparogipmpendgha 8¢, nore preferably from 0 to 120C, and

parti cul arlyAw\;%fa@r 9tafyrréd@mnaﬂestmﬁ9@&n MR iddiedd@mperature is low, the
Vi scosm)( LBH }g nmodi fi ed coggllaﬁgtg di eneg\@ﬁl ymer tends to be increased.
when ttHstighgsiliamigopropy etappysijang fum end becones easily

deact |hdglheﬂethyls1lyl)amilﬂm@rcrmdméuhgmme'uhimym’llahdﬂEN Modi fication reaction is

pr ef erbls(ln){metlhomllﬁlggn%gng)tlp pgdngthxﬁl’fu&ﬁ?ﬁﬂ%lmrﬁ preferably from2 mnutes to

1 hou l'ymer reacted with the silane
corrpoths(,trmvhuhalrsllybambtoavmre’dtrueﬁlowmlaabolr@ ﬁmﬂnqmﬁéﬂpml)ﬂ gatS-on step, has

For wﬁiﬁa@%yg%? B L T oe e or mul
(6): INARIORBITL Ws_llane 1-trimethylsilyl-2,2 %1methoxy-1 azg—Z silacyc opentanegN

[3-(trimethoxysilyl)-propyl]-N,N'-diethyl-N'-trimethylsilyl-ethane-1,2-diamine, N-[3-
(triethoxysilyl)-propyl}-N,N'-diethyl-N'-trimethylsilyl-ethane-1,2-diamine, N-
trimethylsilyl-N-methylaminopropylmethyldiethoxysilane, 3-(4-trimethylsilyl-1-

piperazino)propyltriethoxysilane, N-[2-(trimethoxysilyl)-ethyl]-N,N',N'-trimethylethane-
1,2-diamine, 1-[3-(triethoxysilyl)-propyl]-4-methylpiperazine, 2-(trimethoxysilyl)-1,3-
dimethylimidazolidine, 2-(3-trimethoxysilyl-propyl)-1,3-dimethylimidazolidine, 3-
dimethylaminopropyltrimethoxysilane, 3-diethylaminopropyltrimethoxysilane, 3-



NR2 A3 RINR2Z R2 A3-Rl -NR2 an formulae (4) and (5), A3 is a
fianctional group which has at | east one atom sel ected fromthe group
consisting of N, P and S and is bound.to R by any one atom of the above N,
P and S. A part or all of the above-nméntioned at | east one atom sel ected
fromthe group consisting of the above N, P and S of A3 may be protected by

]9 hydlrm@ﬂanrﬁrnbwo grtﬂumoxﬁiﬂaﬁm &tharaannbwpﬁmmyenmeg bs{Ps. In the

or mu re. ea resent | lit h b

or a1 s By re e TSR0 R T tormil 28y Aars s o
functi @nmlet}gxpmpfl)pknpylh]tﬂmst}amlyhasne on@-mtibyl-del ected from the group

consi S@bﬁz‘iaﬁﬁo)yfoggltﬁ?ﬁl %ﬁﬂﬂehﬁ ﬁx%‘iﬂc@ to R5 by any one atom of the above N,

P and ove menti oned at | east one atom sel ect ed
fromt[r‘i)@2lg}oup consi sting of the above N. P and S of A4 may be protected by

?Ohgdr %galr gyg&h %ﬁndgre@wﬁaeﬂ% i imidtygoag af ﬂﬁé'pyﬁ"d?lJ@rouﬁtalh@ aﬂﬁlkbﬂ%s‘ﬂger of boI
a

gr oup. SIPHP t“H:éu‘J; ﬁﬁga‘{ ﬁ?ﬂﬁ}%ﬁ%"g)n?’ Wegqroé‘y@‘%ﬂﬁdg%aé]ﬁp?% lur a?/l [scﬁ{ayy

each bﬁeﬁ@[ﬁio@ﬂld@hé)f-B(temtho)(ysﬁlgﬂ))'éB—bropanammel N-@HE,Nor esent i nvention, an

oni um ure tr i

pol ynetsy s pab B aaidlr RERE et D2 b BaTibt SRc FaMatpBba &4 50

abov e- (methbxységl) plopropendraiat v tsn@moemdly%mmpp si owthyldipthakysalyt he

on um%%é(ﬁfﬂﬁgaﬁgﬁtﬂg dlmetlho)é}éshlgﬁ@(fm;l)(ﬁﬁldg’fsoﬁ&%oﬁ&lhg%{}Qééﬂrﬁ%cﬁgﬁﬂﬂs i ncl ude

met al €s suc S Sl e co e CO oun

al uni neamprandg N é%ﬁrptaefrh@gymlryﬂnramllrf’n%@h?%@l@@ﬁﬁ&ﬁﬁ&é 3-tH et I AT PRy de
Conpouﬁgﬁhh}gﬁéﬂﬁﬂéib'l@ hal3 ﬂﬂn@tﬂﬂﬂ%ﬂ@ﬁﬁop}gﬁh Isiiwmidild, de(xonpounds and zinc

hal i d f

Dosr B R epr 3y e st L et b e R AT Beh S, o

I nor galliux@nﬁmyghheﬁumbpa@yhmihyiﬁlmmhqnqsﬂamj cotnpoursishh erhich akyldzrotsdirobr oni ¢
roiodic ac

ph o sph%% y1EnS, groyps fn tlhe 'a SH. Inlélrlfu%le C' gg)oﬂhcﬁ{]drg réﬁ‘b(féc%d bg%glﬁ?% &163 ¢i d and

I'norgani ¢ aci pot as ride,
t et r andkplghagroops hmmg lde 6@@rl@nditqre%taad thedlikey | ammnl um fluoride; organic

acids such agy,Gar HRXYdrtiGeEl Aot tBEbERPhmddthdiede RNY 3t he i ke.
dimethylbutylidene)-3-(triethoxysilyl)-1-propanamine, N-(1-methylpropylidene)-3-
(triethoxysilyl)-1-propanamine, N-(3-trimethoxysilylpropyl)-4,5-dihydroimidazole, N-(3-
triethoxysilylpropyl)-4,5-dihydroimidazole, N-(3-trimethoxysilylpropyl)-4,5-imidazole, N-
(3-triethoxysilylpropyl)-4,5-imidazole and the like.
[0022]

Compounds each having the phosphorus-containing group in which two hydrogen
atoms of a primary phosphino group are substituted by two protective groups, the
phosphorus-containing group in which one hydrogen atom of a secondary phosphino group
is substituted by one protective group, the tertiary phosphino group or the sulfur-containing
group in which one hydrogen atom of a thiol is substituted by one protective group and an
alkoxysilyl group include P,P-bis(trimethylsilyl)phosphinopropylmethyldimethoxysilane,
P,P-bis(trimethylsilyl)phosphinopropyltrimethoxysilane, 3-
dimethylphosphinopropyltrimethoxysilane, 3-
dimethylphosphinopropylmethyldimethoxysilane, 3-
diphenylphosphinopropyltrimethoxysilane, 3-diphenylphosphinopropyltriethoxysilane, 3-
diphenylphosphinopropylmeryldimethoxysilane, S-
trimethylsilylmercaptopropylmethyldimethoxysilane, S-
trimethylsilylmercaptopropyltrimethoxysilane, S-
trimethylsilylmercaptopropyltriethoxysilane, S-
trimethylsilylmercaptopropylmethyldiethoxysilane and compounds in which alkyl groups or



[ 0027] Above all, preferred are the silicon halide conpounds, tin
hal i de conpounds, al um num halide conpounds, titanium halide conpounds,
zi rconi um hal i de conpounds, germani um halide conpounds, gallium halide
conmpounds, zinc halide conpounds, sulfuric acid esters, phosphoric acid
esters, carboxylic acids and sulthnic acids, because of easy availability

and eagyy1Rad Sloupgirtthe bhsvLRBRRIHRAompounds arExYee Hyaikyll Reoupempounds of the
oni umf rinln ageFts i ncl ude .silicon t(ﬁrg hloride, tin tetrachl ori de,
'«ng R Rsdf

tri metHyiens gPUPRIBARgIL 0 ACARORHURE AP ®ane, diethyl alumi num chlori de,
zi nc chl ori dé&botd dlppirafenéetxraaghi¢osfi the cormpowmdninoimdeet-r achl ori de, ger mani um

tetrachl ori N i chl ori. 1 . i sphat e,
o et T e iR sob B EBeRb e, SUFK IR AR Foph RGNS L R 2

r et enttrioretiyleifdmeiaptopfopyhacthpldimebaxpdlaitigat ed di ene pol ymer can be
enhan ' I, LiMgheagent, [ 0028] M xi ng of the
nodi f@@%&ﬁﬁlﬁ%ﬁﬁ@@%ﬂ%@@ﬁkg@g,?he oni um form ng agent can be

per f ortwaethylgitylmersaplogronyHrigthogysitanemf orm The ni xi ng may be pref or med

ei t heryigsetidy iaflgRr Y ®pRipyus bihglddethaiyshatey/pa the XB¢. or as a continuous system
usi ng [%Bzﬁppar atus such as a nultistage continuous mxer or an inline

m xer . The anpbunt of the oniumthrtning agent is preferably 0.5
mol ar equi vallendaiverlithinne endinite and ¢hepalkbser givlup site Grerbbemd txedchadtkertbyor
nore, hased on AR i i fi Letyh.of .+t ha: | f.l aomn ugat ed
di ene rﬁ%ﬁaifnﬁer .Odw]%n b aﬁe%&%ﬁ E :@ﬂ%%@g?rﬁ%h&g %len%ﬁng?qgg%grgﬂ?lg?%e?dai n
converakotystoes copownd 83 gilanst Fgmperwdewhichswiretepefe witheldg| aboygrmegtioned

det er i Q&L qghﬁlﬂ?@ﬁd,rtﬁeﬁ?g&ﬂlg hBtE A6t Qftdis tth€ Snfifidd 8oaghtbd @EereoRjlpgat ed
di ene pol yner. t hods

) for addi ng the oniumformng agept.k are not
part i VA $ha erAupewhichnan; hraomfethy %P!’i‘othBfth?fath‘}’in égﬂivf?‘%?ﬂlgtaﬁﬁ%?b?od of
di vi deghoreghdnitiofed alkoRY$1Ree Aong@hifueugaaddict wih, madiiet venjugked dbave al |,

preferred is the method of t.ch additjion.. [0029 : ture
Bt nesne” seintiretganrs SGHG8, PG BRUTShr Wb carboh FlalieaREEA

oni um dili¢aniongjva gredilentr lewnhystatesis lasambarastetistess 4b cheecnoeslinkod edlypeityateel zat i on
t enper r f Lt e i I pal: : r I from
20t oTtige pshllfaBiliidg g& Pt Sl it R

f r om 2@esedberiopExamplen desseibe@hgier at ure is |ow, the viscosity of the nodified
conj uq?bgq di ene polyner tends to increase. Wien the tenperature is high,
the active Iithi(g?]end becanes easbi l.y. deteri or tgd ot d.After t he

mixi ng of thd MEHICRERD CETIARLELRIBINE 6| PREFed ntPmHateshdifne r BV g

agent , rehdred madi the etlaonjnuigraing tydieactingpibl yietifiehcorhegaal Hieot edlyler avith

desol vaticin nethod (for eixré[pl t St I 1RRLAG-Qr Dﬁ [ asidr yi ng
oper atti‘aj?)rfltﬂﬁf ccr?ngjrpgnér{grb(\)ﬁl ?’ﬁl ﬁgenpt)f S%E?iei %dr’{ldg&e@’hg&rr% I |lé’d§5§)§n ugg?led

. . . ) ni
di ene mattiomer . THOB8Bion reaction Foxy rigt comlugfedt hengnt el wionueeripiaiign thehe

nodi fi 1 1 I 4 resence of water.

Met hodgﬂ?%c?&%%i?%&ﬁ% ﬁiﬂ%ﬂ@ﬁlgﬁﬁgﬁ Bﬁﬁhﬁﬁ’gf’{ﬁwﬁgng,ﬂréﬁgﬁo el e ( ) et hod
of directly Hgnagilinaten reppien Bag 5 ¢PRBItediov HEehd P?hé&stg‘gﬁ]sﬁ’éé‘t Ehdi ene
pol ymedpe t@lct?wr @ dtifhixisngstetd by usinpRhh@garafusadch agaandabtugs contiobdad ned by

di ssol vin er in an qQrgani c sol.vent such,as a l.,cehol, sol uble in-. both
wat er rﬁﬂﬁg’éﬁd\rﬁ‘ﬁﬁ it @8?\}-&3{{}0‘? ﬁ‘?a(fi{l%n Lot efag)rlry 8?“#%%%?3%? %I}eetaméllglﬁﬁ?%nga ed
di ene thelpyhmiticrizhtibh eawedotybefirg iparforming desalidtica tnetinent, vhteritveringent, Hsat

modi fied.con ' - ' S,Aegolivation in a

st eam% a}ring%u? g%%sl{%g)ﬁg}a%np%y%e? I éq'yg?%g({er,lg{lﬁe %of%h@?@ﬁlﬂt ?gr% obt ai ned

in pref82%hg the nodified conjugated diene polymer may be used in a state

of the pol ymete S0bwti@he\diiadne ¥brpBlhPHRicALaf @8Rt Viadhi tAB acth ithGim eddm

nodi fi ed conjugated di ene po ymfr Qbt all ned .b&/ desol vati ng
this modification reaction is preterably 0.1 molar equivalents or more, an

0.3 molar equivalents or more, based on the active site of the modified conjugated diene

l’;[l(l;]r% preferably

polymer obtained by the anion polymerization. When the amount is less than 0.1 molar
equivalents, the progress of the modification reaction is not sufficient, dispersibility of a
reinforcing agent such as carbon black is not sufficiently improved, and wear resistance,

wet skid resistance and low hysteresis loss characteristics of the crosslinked polymer are



20 above-nentioned pol yner solution by steamstripping or the |ike,
foll owed by further drying, may be dissolved again in a solvent such as

cyci ohexane to use. The nndifieﬂ conj ugat ed di ene pol yner of the
present invention is adjusted in the oney viscosity by addition of an
extender oil, and the |like, as needed, thereby being able to inprove
morkab&ﬁﬁ&ymgh@&QQﬁMed The extender oils include aronma oil, naphthenic

I, ffi i k Th t of t |
examl o - r e ST b Sipe piwinatatr S re BEb BN G Aot iy,
modi f i mdthodrqf gathediditions apoetho@of divided additien, rodiethod df confingans elddlduoene
POl Y Mednd L ficth! &Bod ) PUMRSY rtHQH%ﬁﬁ)d'osfHafbt}lraﬁngbﬁd has, for exanple, at

| east oOne Structure se roup represented by t he
above- nentldﬁ@ﬁtﬂnnmnu@@(ﬁhﬁwaﬁ@dﬁkyﬂemdfﬁﬁ§mrubﬁmnefﬁeﬁﬁb@@hﬂéﬂzﬁy“the

fol I oWeR@ef @@L ané AbovdRefkiored dﬁﬁné@zaﬁ@ﬁ s/tepz'aﬁé 1t7ls)preferably ﬁ(olrr[‘ -Awfoul a

7 A5 I's a group unction roup. | east e atom
gel) ect BY°Er mﬁ%? Wéefﬁ’ra@b\bl\?ré’ﬁhgltgtlrzr(?g ofl! pa‘%cﬁlﬁ‘&y@rﬁﬁ%“hl% ’296%38 tBylonQ one
ai[ IOm ?Whﬁﬁl Qhegféﬁiﬁérdihreﬁs ﬁﬂg the fvfécﬁtyldif tB@ﬁmﬁfﬂﬁdiolnj’ﬁg@':jeﬁ;thﬂm ptﬂym&' teadd or
all of, the.above i 0 at | east.ope,atomsele ramt e
consi i Ay! Weqsﬁ%ne%ﬁgqﬁ[s tgng‘?{a%g of H}%l ﬁ]g ALY ﬁ%’f%te 91
hydroo@&bgtﬁedyl group. R3 is a hydrocarbyl group. nis an |nteger of 0to
o oo S 2 R SGRE Y AR R iR MRatich edlKOE QOBIAGLAN b3t MflEAGA DY

group. In the form are each present in plurality may
each U@nsamnd@Kﬂdpﬂﬁ@ﬁbhmﬁmﬁpaosmFﬂtO1hourThe pol ymer conposition of the

present inveptd Hl@d%@t c%'nﬁx%aﬁelﬂ%lé&@o;\]&yﬂ@f‘ bdaefa@ dyifep thef dll@ﬂe coOmpu@Rt ethich ene

pol ynmer as .a r. conponent ner co srt on of
the priésiing We?lhq @Pvﬁﬁ?ergb’ﬁF‘éldeéﬁ%HWn%?p@@ﬁﬁbR 08 KEPCHIFA

above- figit tHeNgebupp ddfredtedoby ugat edloskignefopohlyee@) (el €§)nahd ex s&hstnre
referred tot%i ag%hﬂgrnfor%ner 3§pponent). The ot her pol yner
conporf&RTEEeHRL Y, PYFE OFBBdR)  synt heti ¢ i soprene rubber, butadi ene
rubber, nodified butaderg rubber, styrene-butadi ene rubber, nodified
styrene butadlenf r ubbe \e(bylene ciroletin copol ynerized rubber
ethylene- ene copd\yreri zed rubber, acrylonitrile- but adi ene
copol yneri zed rubber \ehlgpébrene rubber halogenated butyl rubber,
styrene-i soprene copol yfRfi zed rubber, #e ?lene-isoprene copolyner r ubber,
random st yr ene- but adi ene-i soprene copoly zed rubber,

styreneacr Ionl rile- bUtig ne copol yneri zed rubber,

acryl oni A7+=R Eﬁlynerized rubber, 21 potyst

ene- pol ybut a. dlegeipolystyPeQe bl ock copol yner and m xtures thereof, and

the |ike.
R? N—

/
A3—RT—N—T~R? (5)

(In formulae (4) and (5), A’ is a functional group which has at least one atom
selected from the group consisting of N, P and S and is bound to R! by any one atom of the
above N, Pand S. A part or all of the above-mentioned at least one atom selected from the
group consisting of the above N, P and S of A® may be protected by a hydrocarbylsilyl
group. R! and R? are hydrocarbylene groups. In the formula, R!, R? and A’ which are

each present in plurality may each be same or different.)



Even when anot her pol yner conponent which can be used as a pol yner
conposition for a tire is contained, it is possible to produce the
crosslinked polyner excellent in |ow yst eresis | oss characteristics.
[0032] The ratio ofodified conjugat ed1 di re polymer in the polyner
conposition of the present invention is preferably 20% by mass or nore,
nore pref eraR 30% by mass or nore, and particularly preferably 40% by
mass or nore.; When the ratio is 20% by nmass or nore, it is possible to nore
i nprove nechani cal c%ac%erl stics such as tensile strength and tensile

el ongat i omofjtrte—¢R ked polynmer, crack growh resistance and wear
resi stance. [0Q33] The pol ynmer conposition of the present invention my
cont ai n carbon ack and/ ¢r silica, Exanpl es of the carbon bl acks
i ncl ude furnace ack mi ied by SPY, GPF, FET, RAF SAF,

SAF, | SAF- HS, | TSAR-I TS, F ES and HAF-LS, acetyl ene bl ack, rnial bl ack,
channel bl ack and graphiteée, MMd furt( i ncl ude carbon bl acks of respect
grades such as graphlte fiber and fi't erene Above all, preferred are the

car bon bl ack B nd a
di butyl pht h@ (f}e 0| é‘sgs(rjé pﬁgﬁ&?% dpogh%b%)an%%{ 18859 Oﬂgrq{(?fno?éeleé@%rﬁto er,
from tthe growmpuisistingfof Mgt @ﬂd AgndenpoukiosR apy any pae anij thecpbosmNidat ed
g;?ggnﬁf)&l ggﬁf&l ndg?gle ggg(ﬁfetﬁé raﬁ?veaféﬁnﬁérﬁ'a at! [oANT o%@%t&rﬁ'%}glected from tﬂg %fr&f E he

s ovi ng or an r ure
r esi st‘éﬂ‘é’étl%afﬁ]@tagPY%Nr Rendf afife mpY %Pﬁ’oﬁ‘?@é‘iﬂ{ ‘a&lﬁ Pcargﬁéﬁ@a%rB% acks
n'_li_K belslaslﬁ‘ﬂlr&ia'ﬂi}l&rgr@l;ﬂnel 1@l’anaﬁte§ercéih detorIZa.t |RJSnISQlf h}fdw\m:aﬂiiylemd’ gouﬁerﬁ‘bfs 4 0034]
"The sjiljcas inclu ica r (]
(si 1 Pl AR A ce b Btiar nat Fm i attish & s R PR um
sili camqqlurahtymnmjanamhelsaate@radmﬁﬂerme) like. Above all, preferred is wet
sili ca[E ](;m the viewpoint that effects of inprovi ng fracture resistance

cteri

char a tics and achieving conpatibility between wet gri p properties and
| ow rol | i ng InethE Srenseinyeetioroon orivmrskalsiuas oy pe valrodused i rthe) modalisst es

ther eoforplSRed dl&héﬁgﬂ;(mbﬂky Ai-SRe s lhb@if%a@@njﬁfgatwalen& b@mﬁeh*@btéhﬁdﬁ@ltﬁbt of
|rrprOV|ng dIS ers ity thereof i

on.to inprove
physi c%hovﬁ“r“(‘)%’é'tofl? BO éﬂqe 2SR 11 WOdl%iﬁ%U éth ﬁlé‘i/ mu@@"d‘“{gl ¥fer al one
or as a conbiExmaiplenofohe bwuneforming agdnes mofude ﬁmaﬂﬂiahdes such as silicon halide

compounds, tin halide compounds, aluminum halide compounds, titanium halide
compounds, zirconium halide compounds, germanium halide compounds, gallium halide
compounds and zinc halide compounds; esters of inorganic acids such as sulfuric acid esters,
phosphoric acid esters, carbonic acid esters and nitric acid esters; inorganic acids such as
hydrofluoric acid, hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid, nitric
acid, carbonic acid and phosphoric acid; inorganic acid salts such as potassium fluoride,
tetramethylammonium fluoride and tetra-n-butylammonium fluoride; organic acids such as
carboxylic acids and sulfonic acids; and the like.

[0027]

Above all, preferred are the silicon halide compounds, tin halide compounds,
aluminum halide compounds, titanium halide compounds, zirconium halide compounds,
germanium halide compounds, gallium halide compounds, zinc halide compounds, sulfuric
acid esters, phosphoric acid esters, carboxylic acids and sulfonic acids, because of easy
availability and easy handling of the compounds.

Examples of the compounds of the onium-forming agents include silicon
tetrachloride, tin tetrachloride, trimethylsilyl chloride, dimethyldichlorosilane, diethyl
aluminum chloride, zinc chloride, titanium tetrachloride, zirconium tetrachloride,
germanium tetrachloride, gallium trichloride, diethyl sulfate, trimethyl phosphate, dimethyl

carbonate, benzenesulfonic acid and the like.



' The anount of carbon black and/or silica (when both of these are
contained, the total anmpunt) in the polyner conposition of the present
invention is preferably from20 to 1 parts by nmass, and nore preferably
from25 to 110 parts by mass, based on 100 parts by 22 nmass of the pol yner
conponents (the total of the nodified conjugated di ene polynmer and ot her
pol ymer Comfh@etl%)enﬁbhopﬂobbﬂleylcﬁ\l\ﬂﬁl fibdiffedr el @naeinic polgper taaesbeand

ef fects . of inproving vari si ¢ properties thereby. Wien the anmount
is | es%nhﬁﬂ erﬁﬂg'o &§ “Pnli%él% éﬁgenz‘ffect of inproving fracture resistance
char actoée8ksti cs and the |i ke tends to becone insufficient, Wen the anount

exceeds 130 garhs f¥nd i:_ﬁﬁﬁ%ed"@&ﬁﬁ%itﬂ engf \)n‘ﬁ'elpéﬂ&/ ! orﬁﬁ’t’i{%ﬁhf tgoe[keﬁte nds to

be decrease ent ntages simlar to those
obt ai neat shesifasmedofrisxaklea itia spiutien faime uE%Hilﬁngéw brapiemed s1her

obt ai r‘&‘sda BYich @9&5&%@52 Q%aﬁ:hc‘@f)@@fﬁx&' drl &% dok@inuph@sestdrh lUsBlg dipatdtes
pol yne onposi tion of gr esent inyenti.on. The carbon-silica dual phase

fill erS‘iC aééné%lpisté%f’ %qqtineau 5T RGP BUBEMiBlack in which silica is
chem cal | y bpirdeghotiex bﬂ&édﬂilﬁﬁsﬁ)rmingcagdmﬁs bkefelaplyadd motarraaqm\alelngs or

ava|IabIe fr at i.on
Cl LX2088™ mé)ﬁ%ﬁﬁ{fergﬁlyﬁh 0zlaarrbe %sva ?gg ﬁ%ﬁ’as fiase fQ’ Q]lb er |n r or at ed is
pr ef ermbieyy)fcufomelmbdlﬁbclocqmwga@dbélenayglynmd ?«ﬁhee e effnequatb iy 1¢Stsdh1115 Ot 95

parts BXla%a?lgglgg‘?egm%ﬂi 3(99/ i &o#%o%t?ﬁicfgntl%’gﬁoéega adonftint A& MY TRY

conponent's n silica 1s can a reinforcing agent
in t hedgserigraes sbw@mp@ﬁh@ﬁctmﬁl%pé&@rﬁwdlﬁeféﬁ%aaate digng RAlY™MEBUPI i ng

agent i s prefenaal Yot raa@fngom@taﬂumrfoﬁﬁm@r ade@t RS (ﬁot @spmuaruyt Emited,ndrar ci ng

R g N b T

3-tri eddaidtiyrs ahd therlgey | IAH‘dvel|ar1rpxefdnmﬂhhtlremh@dmﬁ/batd:}eadchsm fide,

3-tri eﬁow?’;]%/s' | yi propyl henzot hi azol e tetrasul fide, 34riethoxysilyl propyl
nmet hac e nonostilfide, inercaptosilane conpounds exenplified in

JP- A 2006 2 ABE5@mperruretes th ime when the m«td@mﬁbmmgatgd diga¢ pabmer grddisct s

t her eoémﬁrﬂgjoﬂg&% a]%[entexaﬁérphﬁ’xed NXTsaphd 4 the Mezmcsﬁtl(ﬁl@@ oiyh%}_rz&{ﬂ%i'l i

Si | ane” Utra Low-V Silane" (trade n gengékj actLbr 5
Moment ER@CREHE G o Bw diderqniyaatqd diene pQ}pﬂIls&:?@ ‘preferablie f19ghed fGet ured
by De%ﬁﬁ:%réﬁrabl)l frbnwmm%lm'ﬁkwﬁﬁlwﬁ 20(tb ri@deC. .nawipn the

f b I
qn?ﬂgstgg%g W ﬂ%](ﬁ)gﬂﬂ ge@sitg Cg the; 189&)@1?(? y?rﬂp%%v{ ?168? {/)%lpﬁr*ef aeéld§ to increase.
tri met Woy ste tyinpeopytt ehigbs the agtyve litbiunasud bicdercarasilyhiztermratapt osi | ane

compounds” exel 8 o1R: ARG ARRER: didhel e oo SR lng

|nprOV|ng rern orcenen propert 1S CO ec 1 on ese silane

coupl i sEgniagenmedidigy Cl@é}uﬁé@d deqnterp@}mﬁrc?ﬁé beeokested oardesehtation ehedidoor nor e
ther eoefxaﬁ{pliéﬂoygebnt a8 lﬂguat 11 hlke)e afill | @R gCOpRhiidY vAgeN taré NGOHAOMA LRI
varies dﬁpendld)g(%h 1{0 ﬁwtg S | anelcoupl Ing agent and the like, it is
pr ef er’dB q MEg ?@C}? atefylieps POYIMAY nore preferably from3 to 15
parts [hj)m(mass based on 100 parts by nmass of silica. Wen the amount is

| ess than 1 part I t nd f

exert the ef Oégiatlgg ({}thle %lu‘ﬂ)rfll Snrdlcglrée?l? QE?C/\%'%I‘%{{ &%E&? . %lallée‘%d 19@%1“& arts by
mass, perrped ymere prosqmoﬁeﬁwvatﬂndMeﬂmdbéOIg@rmm the 2BiynpE®@Gture include, Iﬁpr
preparl,ng, ﬁé‘? \kopaplgbégﬁ{d aoapézaytddaﬂlg%&hﬁum%ﬁﬂfonl JP’tﬁ@%d?lnﬁecf Snjldagedour pose
of 1 npr OVI 4\;

ticme of kneadin Luerlnpromga
bal anc@emﬁb’m% follayked byesigpantd), 2| W@Qs?fela ding ‘i‘c§§ t’é’ﬁa?‘%féltné %t cs

Elind Wedtsol B Sﬁe&&cﬁl a oRgHTRAkbIREhtl ﬁcﬁ%s%ﬁﬁlﬂcohﬂﬂsoﬂlﬂ;ladﬁlQﬂt}ﬂtwa'tdiléantllaﬁF Sf
neadi n c, conp e co i zing ag incl ude
epoxy %fg%‘l}b S%"r‘?flalnﬁgn@ S%‘ﬂﬂ&fﬁd@ BSEWPENE@EG‘P Reloinns %&8?”88 lic
aci d emixéfig, caddilndmethoel @frmmngrﬂmmdélﬁeétchmmg%dphnn&dmlymbmlmh&@ater at

corrpounds tlr}&%gsr&) S%Hagrﬁygag%%%géﬁ%%&ggpounds and ami no group-containing

COﬁpOd%H% talnlng coO ounds am no
gr oup- cont ailnithi @@ﬁp&l@myramsdytmmﬁlytmngdmmrmmau ¢ mpdifeerhenniestesr e
pr ef erchﬁsie ﬁm ymer may 'b&q&%dcme%aesoﬁshé '}J%lﬁ@é‘fp%lhﬁbﬁ'&itﬁt&tg&?f&ﬁMgnC' ude

alkoxys e co oun si | gxane conpounds, ‘sil azane.co and
ami nosigalivatien “tha geariag ponipgadiedicRaPaEet R TG Oﬁvaﬂﬁ%m?ds

am nosi | ane conpounds and sil oxane conpounds. [0039]




The pol yner conposition of the present invention nmay contain various
chem cals, additives and the |ike which are usually used in rubber

i ndustries, as needed. Exanpl es of sg&h chemi cals or additives include
crosslinking agents (vul cani zi ng agent's), vul canizing aids, processing
ai ds, vul cani zation accelerator,, process oils, anti-aging agents,

ant i scgyoeBinhtidgenpslynzérnsl@dmdby séaarsiftppags @r ahel likee folidvecd boOHbher

The vul cani zi n ents.(cr.osslinki ent s) .include sul fur, sulfur

% %/ % % i 08158
hal i de¥Y"sr G4i 8%8%? ot geyn 1‘&6?&8% 3&8%‘7% oS gani '€ mul ti val ent ami ne
conmpounds, rEidmbdifiedrconjugatod tdainei pedyratikyf] thé @rneskntriesémisndpddiusied in K. Above
al |, j : I : | b 0.1to
5 par t 2B LRy Ry a‘é%‘*r‘%ﬁ%)rf S ORIRIBL o0 R s b dBl BBk BT e o
100 patetimppgvertuergabitityt therepdl ymer conponents (the total of the nodified

conj ugat ed di QUSRI BB iRNAcAOBE 0ROhIPRBHenfONP YARIHS bil M8 thOEky Ul T@Ni Zi ng,
aid and processi ng;tl adlgd,.stearl c agid is gsugl !"ﬁ/ u?)g,d. T?@Oa unt of
the vUARAHILAT MY aendshail gt dek et L0 204125 by oS Haeed @ 1D Pkt s by

rr:as?] bl&}ﬁﬁl_ds@ftﬁ@ﬂloﬂﬂe‘dsqob}ulgmlﬂﬁi?lfeIioﬂ'}&ra@ﬂl Krrer Icorrp_onen_ts. Furt her,
although it j.s not.particularly limt¢ % i.zat a ators

i ncl ude sul fT}F'FatnEﬁddﬁ? acggﬁfgaﬁf}aﬁ}eaf n%(ﬁﬁfgg}éd,gtot E’thcg?l}ﬁgh(glg@g g&&t&re ks

t hi ourierebasddas; for xahplebaskedst aiet sivotiae belaited dvirdthsagredp agrdeseatet Hiyc

aci d- , r b I nC. - nzqt fi :

G benz g e B A e PR P o oy game®
N-t - bufoyula-(Bsnzot hi azol e sul f onani de, N oxyedl yl ene- 2-beri zot bi azol e

sul fena. m ggg Noxyet hyl eri e- 2- benzot hi azol e sul f enani de,

N, N -ciiisopropyl-2-benzot hi azol e sul f enam de, di phenyl guani di ne,

di cat hotri %q_ani di ne, Q%t hot ol yl bi sguani di ne and the |like. "The anount of

t he vulTaniiatioR ac erator is usually fromO0.1 to 5 parts by nass, 94
and preferab fromO0.4 to 4 parts by nmass, based on 100 parts by mass of
t he pol yner c onents\ [0041] The pol yner conposition of the
present inven Om-cRg e produced by kneadi ng, using a kneader such as an
open kneader (\for exanplZl a ro(l,}i or a closed kneader (for exanple, a
Banbury m xer). Further’,’ the pol ymer conposition of the present

i ti i i th i nk I t [ hb
o e 23 ! P BB TSR B R S

pr ocessbmgelected from tHexgopp esnsidtinghe Merasl § nkeé ds poinybyragyi ael aiae of ihee

appl i cat |l ons pSHGh t%SRSti:s E:Sn{e%ﬁ%%o MR ! .r§§>(3ftzor%ﬁr ?%%esﬁa%ve-%h iowed hs and
bead portrons; and applications such as vibration absor Ing ru ber,

f enderlsast tsak tasom olselsd rham dhe groupreusisiing Pl Preothore N, Praed Sr ofs4l ma s

pol ynﬁﬁrogefctehhﬁ' PREREMELYIBNAYAH@N 11 Raf Rydestadiyh ir&ip. t @bk ¥inugRgerdst ¢ fof €
tread rubber, "fromthe Vviewoint, of gi v!%gr%gl | OV ueLIé, conskg,nptl on

per f ordrang els 9 lygagoprbylene group., Ris 4 Ryeeern atom&h @ AR F¢%d fR{FSi cal
pr operfoi@ala0R’ 8@CR® ahidhhee sadi freedt topljitatiat @dy dhdEeberamensrdiffadnt he

cr OSS'fQﬁEﬁS pol ymer are as foll ows. The gl ass transition

t enper of the nodified conjugated diene polynmer is preferably 0C or
| ess, nore prlef polgibky comEootion efshe predenpanvantioh aohtpinsr bt exbabé-ynentio@dor

| ess, Bgﬁggne?tagnjﬁ%ﬁg\@gje% p%n{@iagg%bgjm RN AT %#t_ance bet ween | ow hysteresis

| oss characteri’'stics and t skid sistance of the crosslinked polyner,
Further, the polymer composition of the present invention may contain a polymeér

component other than the above-mentioned modified conjugated diene polymer (hereinafter
also referred to as another polymer component).

The other polymer components include natural rubber, synthetic isoprene rubber,
butadiene rubber, modified butadiene rubber, styrene-butadiene rubber, modified styrene-
butadiene rubber, ethylene-a-olefin copolymerized rubber, ethylene-a-olefin-diene
copolymerized rubber, acrylonitrile-butadiene copolymerized rubber, chloroprene rubber,
halogenated butyl rubber, styrene-isoprene copolymerized rubber, butadiene-isoprene
copolymer rubber, random styrene-butadiene-isoprene copolymerized rubber, styrene-

acrylonitrile-butadiene copolymerized rubber, acrylonitrile-butadiene copolymerized rubber,



Exanpl es [ 0043] Al t hough the present invention will be specifically
descri bed bel ow based on exanpl es, the present invention should not be
construed as being limted to these anples. In this connection, "parts”
and "% in exanples and conparative zlanpl es are on a nass basis, unless

ot herw se specified. Further, nmeasuring nethods of various physical

pr Operﬁdlyéfglekl@%o tRINAWH IPRkB¥he DISEN € ki AndAnBuRts (H4gdof, ddattks kaed by
] 11-1\V11i1 4R of ' 5 VHz, g\ﬁ €rgl?(/)Lw]EC]éfo}ntent@%/]e: .Dﬁterm' ned by IHI1\LN R of 500
Mz. [Q ass T¥&nsTHP oA 8/ e SPRPPRentpRRIGR a6 Pealit dnd ePW PR ASTI VI
D3418, cdnviéisgghiin  Aves age ivbdomtaiheat, iWWs glossiblef tor prolfbcti fihec atdselniked Dedlemed ned in
terns eo)g‘ce ?ﬂtgrﬂéa(:l}@%e%gi?%ststlg%{a&teﬁ(g}wspn time corresponding to the nmaxi mnum

peak heéig urve obt'arned using gel perneation chromatography
(GPC), [0032]LC- 81200PC (trade name (nmanufactured by Tosoh Corporation))).

(GPC Condi ti : - 4G ner(i bliyede idipsoh
Cor porati 0n)ﬂi&;?atlg}?fgg?ﬁﬁﬁgﬁgﬁogﬁiﬁ%eg%%emfﬂ1&%1%&E/D il COApbuI

Tet r ahWi8IPETSERIY AW i Areerabliolfrioi by HASATIP ¥ cBRECREFAE Ilgﬁp%ﬂ@s% % m
[ MoonemoM, $6@ phiticulaMy, prefbrablPQ0%) by nlded of fored Wheegoradans 0% bjhmadsl S
K6300 (E)}y usi ng an L-lreot or unlder \;:ondi ti on of rr?h{agt i ! f Bsﬂ‘e gp’reqlté{he, a
rotor SRt floh HOSHBLSGP THOTH RIS BRI ARELRBEPITINE® orT1B0E

and tensile elongation of the crosslinked polymer, crack growth resistance and wear

resistance.

[0033]

The polymer composition of the present invention may contain carbon black and/or
silica.

Examples of the carbon blacks include furnace black typified by SRF, GPF, FEF,
HAF, ISAF, SAF, ISAF-HS, ISAF-LS, IISAF-HS, HAF-HS and HAF-LS, acetylene black,
thermal black, channel black and graphite, and further include carbon blacks of respect
grades such as graphite fiber and fullerene. Above all, preferred are the carbon blacks
having an iodine adsorption (IA) of 60 mg/g or more and a dibutyl phthalate oil absorption
(DBP) of 80 ml/100 g or more. Further, from the viewpoint of improving wear resistance
of the modified conjugated diene polymer, more preferred are HAF, ISAF and SAF.

Use of the carbon black increases effects of improving grip performance and
fracture resistance characteristics of the crosslinked polymer.

The carbon blacks may be used either alone or as a combination of two or more
thereof.

[0034]

The silicas include wet silica (hydrated silicic acid), dry silica (silicic acid
anhydride), colloidal silica, precipitated silica, calcium silicate, aluminum silicate and the
like. Above all, preferred is wet silica, from the viewpoint that effects of improving
fracture resistance characteristics and achieving compatibility between wet grip properties
and low rolling resistance are most remarkable. Further, preferred examples thereof also
include high dispersible type silica, from the viewpoint of improving dispersibility thereof
into the polymer composition to improve physical properties and workability.

The silicas may be used either alone or as a combination of two or more thereof.
[0035]

The amount of carbon black and/or silica (when both of these are contained, the
total amount) in the polymer composition of the present invention is preferably from 20 to
130 parts by mass, and more preferably from 25 to 110 parts by mass, based on 100 parts by



[ 00441 [ Exanple 1: Synthesis of Modified Conjugated D ene Polyner B and
Eval uati on Thereof ] A nitrogen-repl aced autocl ave reactor having an
internal volume of 5 liters was char%§d with 2,750 g of cycl ohexane, 50.0 g
of tetrahydrothran, 125 g of styrene“and 365 g of 1, 3-butadi ene. After
adjusting the tenperature of the contents of the reactor to 10 C., 5.80
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[ 00461 [ Exanples 2 to 22 and Conparative Exanples 1 to 3: Synthesis of
Modi fi ed Conjugated Diene Polyners A 82, C2, N2, N3 and Cto [3 and

Eval uati on. Ther eof] Modi fi ed conjugated di ene polynmers A 82, C2,
N2, N3 and Cto LI were obtained in sérre manner as in the case of the
nodi fi ed conjugated <llene polyner S with the exception that the

pol yrrelrob_z, ion fornulae shown in Table 1 were used. Properties of the

resul ting nodified co j ugat ed di ene, pol and to U
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result mers S|ca properti €s were eva
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was further a termof t cation_ reaction as(f own in Table
| . ansenpoundgy, carboxyhc acig  qqmppungy; carboxylic racjd gesigy, cgmpoynds, gketone.
;1 dorggound§: - etherC compounds, - AdehyRle! 'corﬁpcﬁln@s O ®dréxyl group-containing

compounds and amino group-containing compounds. Above all, the epoxy group-

containing compounds, amino group-containing compounds and hydroxyl group-containing
compounds are preferred.

Silicone compounds as the compatibilizing agents include alkoxysilane compounds,
siloxane compounds, silazane compounds and aminosilane compounds. Above all,
preferred are the silazane compounds, aminosilane compounds and siloxane compounds.
[0039]

The polymer composition of the present invention may contain various chemicals,
additives and the like which are usually used in rubber industries, as needed. Examples of
such chemicals or additives include crosslinking agents (vulcanizing agents), vulcanizing
aids, processing aids, vulcanization accelerators, process oils, anti-aging agents,
antiscorching agents, zinc oxide, stearic acid and the like.

[0040]

The vulcanizing agents (crosslinking agents) include sulfur, sulfur halides, organic
peroxides, quinone dioximes, organic multivalent amine compounds, methylol group-
containing alkylphenol resins and the like. ~Above all, sulfur is usually used. The amount
of sulfur is preferably from 0.1 to 5 parts by mass, and more preferably from 0.5 to 3 parts
by mass, based on 100 parts by mass of the polymer components (the total of the modified
conjugated diene polymer and other polymer components).

As the vulcanizing aid and processing aid, stearic acid is usually used.

The amount of the vulcanizing aid and processing aid is usually from 0.5 to 5 parts
by mass based on 100 parts by mass of the polymer components.

Further, although it is not particularly limited, the vulcanization accelerators
include sulfenamide-based, guanidine-based, thiuram-based, thiourea-based, thiazole-based,
dithiocarbamic acid-based and xanthic acid-based compounds, and preferably include 2-
mercaptobenzothiazole, dibenzothiazy! disulfide, N-cyclohexyl-2-benzothiazyl sulfenamide,
N-t-butyl-2-benzothiazole sulfenamide, N-oxyethylene-2-benzothiazole sulfenamide, N-
oxyethylene-2-benzothiazole sulfenamide, N,N’-diisopropyl-2-benzothiazole sulfenamide,
diphenylguanidine, diorthotriguanidine, orthotolylbisguanidine and the like.

The amount of the vulcanization accelerator is usually from 0.1 to 5 parts by mass,
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and preferably from 0.4 to 4 parts by mass, based on 100 parts by mass of the polymer
components.
[0041]

The polymer composition of the present invention can be produced by kneading,
using a kneader such as an open kneader (for example, a roll) or a closed kneader (for
example, a Banbury mixer).

Further, the polymer composition of the present invention is applicable as the
crosslinked polymer to various rubber products by performing crosslinking (vulcanization)
after molding processing.

Examples of the crosslinked polymers include tire applications such as tire treads,
under treads, carcasses, side walls and bead portions; and applications such as vibration
absorbing rubber, fenders, belts, hoses and other industrial products. The crosslinked
polymer of the present invention is particularly suitably used as tire tread rubber, from the
viewpoint of giving low-fuel consumption performance.

[0042]

In the present invention, preferred physical properties of each of the modified
conjugated diene polymer and the crosslinked polymer are as follows.

The glass transition temperature of the modified conjugated diene polymer is
preferably 0°C or less, more preferably -5°C or less, and particularly preferably -10°C or
less, from the viewpoint of maintaining the balance between low hysteresis loss

characteristics and wet skid resistance of the crosslinked polymer.

Examples
[0043]

Although the present invention will be specifically described below based on
examples, the present invention should not be construed as being limited to these examples.
In this connection, “parts” and “%” in examples and comparative examples are on a mass
basis, unless otherwise specified. Further, measuring methods of various physical
property values are shown below.
[Styrene Unit Amount (%)]: Determined by 'H-NMR of 500 MHz.
[Vinyl Content (%)]: Determined by 'H-NMR of 500 MHz.
[Glass Transition Temperature (°C)]: Measured in accordance with ASTM D3418.
[Weight Average Molecular Weight before Modification]: Determined in terms of
polystyrene from the retention time corresponding to the maximum peak height of a GPC
curve obtained using gel permeation chromatography (GPC), (HLC-8120GPC (trade name
(manufactured by Tosoh Corporation))).
(GPC Conditions)

Column: Trade name “GMHHXL” (manufactured by Tosoh Corporation), 2
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Column temperature: 40°C

Mobile phase: Tetrahydrofuran

Flow rate: 1.0 ml/min

Sample concentration: 10 mg/20 ml
[Mooney Viscosity (ML1+4, 100°C)]): Determined in accordance with JIS K6300 by using
an L-rotor under conditions of preheating for 1 minute, a rotor operation time of 4 minutes
and a temperature of 100°C.

[0044]
[Example 1: Synthesis of Modified Conjugated Diene Polymer B and Evaluation Thereof]

A nitrogen-replaced autoclave reactor having an internal volume of 5 liters was
charged with 2,750 g of cyclohexane, 50.0 g of tetrahydrofuran, 125 g of styrene and 365 g
of 1,3-butadiene. After adjusting the temperature of the contents of the reactor to 10° C.,
5.80 mmol of n-butyllithium and “INI-1” (see the margin of Table 1) were added to initiate
polymerization. The polymerization was conducted under adiabatic conditions, and the
maximum temperature reached 85°C.

[0045]

At the time when the polymerization conversion reached 99%, 10 g of 1,3-
butadiene was added over 2 minutes, and the polymerization was further conducted for 3
minutes. Thereafter, in order to measure the weight average molecular weight before
modification, 10 g of the polymer solution was collected. Then, 4.96 mmol of N,N-
bis(trimethylsilyl)aminopropylmethyldiethoxysilane was added to the polymer solution
other than the collected one, and a reaction was conducted for 15 minutes. Thereafter, 2.0
g of 2,6-di-tert-butyl-p-cresol was added to the resulting polymer solution. Then,
desolvation was performed by performing steam striping with using hot water adjusted to
pH 9 with sodium hydroxide to obtain a polymer. Thereafter, the polymer was dried using
a hot roll adjusted to 110°C to obtain a modified conjugated diene polymer B.

The polymerization formula of the modified conjugated diene polymer B is shown
in Table 1, and properties of the modified conjugated diene polymer B obtained are shown
in Table 2.

Then, a polymer composition prepared according to the compounding formula
which are shown in Table 3 using the modified conjugated diene polymer B was vulcanized,
and for the resulting crosslinked polymer (vulcanized polymer), physical properties were
evaluated.

Specifically, using a plastomill (internal volume: 250 ml) equipped with a
temperature controller, the modified conjugated diene polymer of the present invention,
butadiene rubber, an extender oil, carbon black, silica, mercaptosilane, stearic acid, an anti-

aging agent and zinc oxide were kneaded under conditions of a filling rate of 72% and a
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predetermined time by means of a vulcanizing press. Evaluation of characteristics
representing the following tire performances was performed.

(i) Mooney viscosity (ML1+4, 100°C): The polymer composition before vulcanization was
used as a sample for measurement, and the measurement was made in accordance with JIS
K6300 using an L-rotor under conditions of preheating for 1 minute, a rotor operation time
of 4 minutes and a temperature of 100°C.

(ii) 0°C tan &: The crosslinked polymer was used as a sample for measurement, and the
measurement was carried out under conditions of a shear strain of 0.1%, an angular velocity
of 100 radians per second and 0°C, with using ARES-RDA (manufactured by TA
Instruments Inc.). The value is indicated by the index taking that of Comparative Example
1 described later as 100. The larger value shows the larger and better wet skid resistance.
(iii) 70°C tan &: The crosslinked polymer was used as a sample for measurement, and the
measurement was made under conditions of a shear strain of 1.0%, an angular velocity of
100 radians per second and 70°C, with using ARES-RDA (manufactured by TA Instruments
Inc.). The value is indicated by the index taking that of Comparative Example 1 described
later as 100. The larger value shows the smaller and better low hysteresis loss
characteristics.

(iv) Wear Resistance: The vulcanized polymer was used as a sample for measurement, and
the measurement was carried out under a load of 10 N at 25°C, in accordance with JIS K
6264, using a DIN abrasion tester (manufactured by Toyo Seiki Seisaku-Sho, Ltd.). The

value is indicated by the index taking that of Comparative Example 1 described later as 100.

The larger value shows the better wear resistance.
The results of the above are shown in Table 4.
[0046]
[Examples 2 to 22 and Comparative Examples 1 to 3: Synthesis of Modified Conjugated
Diene Polymers A, B2, C2, N2, N3 and C to U and Evaluation Thereof]

Modified conjugated diene polymers A, B2, C2, N2, N3 and C to U were obtained
in same manner as in the case of the modified conjugated diene polymer B with the
exception that the polymerization formulae shown in Table 1 were used. Properties of the
resulting modified conjugated diene polymers A, B2, C2, N2, N3 and C to U are shown in
Table 2. Further, polymer compositions prepared according to the compounding formulae
shown in Table 3 using the modified conjugated diene polymers A, B2, C2, N2, N3 and C
to U were vulcanized, and for the resulting crosslinked polymers, physical properties were
evaluated. The results thereof are shown in Table 4.

In this connection, in the modified conjugated diene polymers N to Q, 2.69 mmol
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of silicon tetrachloride was further added after termination of the modification reaction, as

shown in Table 1.
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Carbon Black *3) Silica *4) Mercaptosilane *5) Stearic Acid Anti-Aging
Agent *6) Zinc Oxide Vul cani zation Accel erator CZ Vul cani zati on Accel erator
D *8) Sul fur *1: Manufactured by ,JSR Corporation, BROL *2:

Manuf act ured by Sankyo M ca Kogyo K: |g_21 SNH46 *3: Manufactured by

M t subi shi Chem cal Corporation, D a Black N339 *4: Manufactured by Tosoh
Silica Corporation, N psil AO *5: Manufactured by Monentive Perfornance
Materials Inc., NXT Silane (3-octanoyithiopropyltriethoxysilane) *6:

Manuf act by Quchi Shinko Chem cal industrial Co., Ltd., Nocrac 810 NA
*7: Manuf'act'ured by Quchi Shinko Chem cal Industrial Co., Ltd., Nocceler CZ
*8: Manuf act ur[ddblbyd] Quchi Shi nko Chemical Industrial Co., Ltd., Nocceler D

Compounding Formula (phr)

Modified Conjugated Diene Polymer 70
Butadiene Rubber *1) 30
Extender Oil  *2) 37.5
Carbon Black *3) 5
Silica *4) 90
Mercaptosilane  *5) 3.0
Stearic Acid 2.0
Anti-Aging Agent *6) 1.0
Zinc Oxide 3.0
Vulcanization Accelerator CZ  *7) 1.8
Vulcanization Accelerator D *8) 1.5
Sulfur 1.5

*1: Manufactured by JSR Corporation, BR0O1

*2: Manufactured by Sankyo Yuka Kogyo K.K., SNH46

*3: Manufactured by Mitsubishi Chemical Corporation, Dia Black N339

*4: Manufactured by Tosoh Silica Corporation, Nipsil AQ

*5: Manufactured by Momentive Performance Materials Inc., NXT Silane
(3-octanoylthiopropyltriethoxysilane)

*6: Manufactured by Ouchi Shinko Chemical Industrial Co., Ltd., Nocrac 810
NA

*7. Manufactured by Ouchi Shinko Chemical Industrial Co., Ltd., Nocceler CZ
*8: Manufactured by Ouchi Shinko Chemical Industrial Co., Ltd., Nocceler D
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[0051]
Table 4 shows that Examples 1 to 22 are totally good in wet skid resistance

(0°C tan §), low hysteresis loss characteristics (70°C tan §) and wear resistance of the
crosslinked polymers, in comparison with Comparative Examples 1 to 3.
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Claims
[Claim 1]

A method for producing a modified conjugated diene polymer comprising a
polymerization step in which a monomer including a conjugated diene compound or a
monomer including a conjugated diene compound and an aromatic vinyl compound is
polymerized in the presence of at least one compound selected from the group
consisting of the following formulae (1) and (2) and an alkali metal compound or an

alkaline earth metal compound to obtain a modified conjugated diene polymer.

2
/R\NH
N

R? (1)

A'—R'-N

A'—R'—N—R?
SN
R NH
1_R1 2/
A'—R'—N——2R (2)

(In the formulae (1) and (2), Al is a functional group which has a
hydrocarbylsilyl group in which three H’s (hydrogen atoms) in a “-SiHj” structure are
each substituted by a hydrocarbyl group; has at least one atom selected from the group
consisting of N, P and S; and has no active hydrogen and is bound to R! by any one
atom of the above N, P and S. R! and R? are hydrocarbylene groups. In the

formulae, R!, R? and A' which are each present in plurality may each be same or
different.)

[Claim 2]

The method for producing a modified conjugated diene polymer according to
claim 1, comprising a modification step in which a compound represented by the
following formula (3) is added to and reacted with the modified conjugated diene
polymer obtained in the polymerization step to obtain a modified conjugated diene

polymer having a structure represented by the following formula (6):



34 [00511 Table 4 shows that Exanples | to 22 are totally good in
wet skid resistance (0OC tan. 8), |low hysteresis |oss characteristics (70C
tan 8) and wear resistance of the cr i nked polyners, in conparison with
Conparative Exanples ito 3, Cains [[Caim1] A et hod for producing
a nodified conjugated (hone pol yner conprising a polynerization step in

whi ch a nononer including a conjugated di ene conpound or a nononer

i ncl udi ng a conjugated di ene conpound and an aromatic vinyl conpound is

pol ynerized in the presence of at |east one conpound selected fromthe

group consisting of th ¢ lowing formulae (1) and (2) and an al kali netal
conpound or an alkallne earth nmetal conpound to obtain a nodified

conj ugat ed {( _7£¥2H A 1R RENH A1RN- R2( 2) (I'n the
formul ae (1) |s V onal group which has a hydrocarbylsilyl

group in ch thre g (hydrogen atons) in a "-Si Fi 3" structure are each
substituted by a hydrodhrbyl group; has at(Beéast one atom sel ected fromthe

group consisting of N, P and S; and has no active hydrogen and is bound to
R by angin dmefoancta @39, A'hie adibosteonil gPuanchish ham atdenst Ree atom sejasiasceBy | ene

gr oups. hehg gfrag, é&l@ﬁugggf NF?’anB% qlagné\'acﬁ\%u Surdde; Qﬁ&bs wuﬁae@tmbs} aﬁayur ality

may eac he net hod for adUC|ng a

modi f i edonecHpigRi B aépﬁé‘eNpé’l fyﬁé dechPHt 1Y akld)féh%lﬁfrﬂefist @SR Selegte
Erg;il fi Caitébmw bRRp gﬂnyiﬁtﬁrﬁé”bf&h@ @?}m@gm@ axgp§ e85 8t thrkelly s (Uelrbgin amnm)glnt hr mul a
is a t,0 and reacte th the ifie ol.ymer
obtalnedllsq@héﬂﬁﬁp§ﬁ€PWf q?ﬁ%nggﬁa1g?8@?QPﬁm‘yﬁﬁ&??“885§%§138$5%3 di ene
pol yner Havbsagbyd gsdupuctRiradiRépre bedrbeatbhlygrbtes. f ol is aniimggdrar b d. (®: 36
is a hydrocarbylene group. In the formula, R? and R* which are each present in

plurality may each be same or different.)
3
Ff g
Si—R™A*

O—R® |
" (e)

(In the formula (6), A? is a functional group which has at least one atom
selected from the group consisting of N, P and S and id bound to R’ by the above N, P
and S. A part or all of the at least one atom selected from the group consisting of the
above N, P and S of A* may be protected by a hydrocarbylsilyl group. R’is a
hydrocarbyl group. n is an integer of 0 to 2. R’ is a hydrocarbylene group. Réisa
hydrogen atom or a hydrocarbyl group. In the formula, R® and R® which are each

present in plurality may each be same or different.)

[Claim 3]
The method for producing a modified conjugated diene polymer according to

claim 1 or 2, wherein the modified conjugated diene polymer is reacted with an onium-

forming agent.

[Claim 4]
A modified conjugated diene polymer having at least one structure selected



() (inthe formula (3), A2 is a functional group which has at |east one
atom sel ected fromthe group consisting of N, P and S; has no active
hydrogen; and is bound to R5 by any atomof the above N, Pand S. in a
part or all of-the at |east one atomselected fromthe group consisting of
the above N, P and S of A2, three Hs (hydrogen atons) in a "-Sill3"
structure nmay each be protected by a hydrocarbylsilyl group substituted by
a hydrocarbyl group. 123 and fe are hydrocarbyl groups. n is an integer of

0 to 2. 'tﬁeagrg?ﬁg g;f:%éﬁi’éd%& o mmgnfohﬁelaé qaguh@ (sk3nandsiderni ch are

each present eac me or different) n SIR5 A4 \\;, cO

12-n roreseedpy the fOHOW ofatlad®:f or produci ng a nodified conj ugat ed

di ene pol yner according Ia|n11 or 2, wherein the nodified conjugated

di ene polyner is reactedQ%Lg? an oniunform ng agent. 37 fromthe group
owi n

represented:g %ﬁ@ fhj rmul ae (4) and (5) and a structure
representeA Iovvln/g, _‘Ia (6): R2 A3-R1-N

R (4)

AS—R'-N—R?
7N
R? N—
d

AS—R'—N—R? (5)

(In the formulae (4) and (5), A’ is a functional group which has at least one
atom selected from the group consisting of N, P and S and is bound to R! by any one
atom of the above N, P and S. A part or all of the at least one atom selected from the
group consisting of the above N, P and S of A’ may be protected by a hydrocarbylsilyl
group. R! and R? are hydrocarbylene groups. In the formula, R!, R? and A® which

are each present in plurality may each be same or different.)
3
'T n
Si—R°—A*

O——R6>

2-
" (e)

(In the formula (6), A% is a functional group which has at least one atom selected from
the group consisting of N, P and S and is bound to R’ by any one atom of the above N,
Pand S. A part or all of the at least one atom selected from the group consisting of
the above N, P and S of A* may be protected by a hydrocarbylsilyl group. R’isa
hydrocarbyl group. n is an integer of 0 to 2. R’ is a hydrocarbylene group. Réisa
hydrogen atom or a hydrocarbyl group. In the formula, R’ and R® which are each

present in plurality may each be same or different.)



A3-R1-N A3-R1--N- -R2( 5) ( 6) (inthe formula (6), A4 is a functional
group which has at | east one atom selected fromthe group consisting of N,
P and S and is bound to R3 by any one3[8atom of the above N, P and S. A part
or all of the at |east one atom sel ected fromthe group consisting of the
above N, P and S of Al may be protected by a hydrocarbylsilyl group. R3 is
a hydrocarbyl group. ais an integer of 0 to 2. R 3 is a hydrocarbyl ene
group. R6 is a hydrogen atom or a hydrocarbyl group. in the formula, R3 and
R6 whi ch @51%§Fch present in plurality may each be same or different.)
[Caim 55 A nodi fied conjugated di ene pol )(rrer havi ng at #east one
structure sel ettaedified sppivgaigd sligner rolymec hrdng By 19ark oo FTSREFeISful ae ( 4)
and (5) o eSiroustreprRsdef 8§ ant ddllbyinghrialadeow) rgdf@) Mablaa Elctul?” 2z

PRI, ASRIN R T2 AR BN R )

R
/
CHE . ) p—
AP—RI=N_ ; _N
R (4)
AS—R'—N—R?
4
R N—
A
A’—R'-N—R? (5)

(In the formulae (4) and (5), A’ is a functional group which has at least one
atom selected from the group consisting of N, P and S and is bound to R' by any one
atom of the above N, P and S. A part or all of the at least one atom selected from the
group consisting of the above N, P and S of A® may be protected by a hydrocarbylsilyl
group. R! and R? are hydrocarbylene groups. In the formula, R!, R? and A* which
are each present in plurality may each be same or different.)

i

Si—R5—AS

(7)

(In the formula (7), A’ is a group in which a functional group which has at
least one atom selected from the group consisting of N, P and S and is bound to R’ by
any one atom of the above N, P and S is converted into an onium. A part or all of the
above-mentioned at least one atom selected from the group consisting of the above N,
P and S of A’ may be protected by a hydrocarbylsilyl group. R? is a hydrocarbyl
group. n is an integer of 0 to 2. R’ is a hydrocarbylene group. R’ is a hydrogen

atom or a hydrocarbyl group. In the formula, R? and R® which are each present in



the fornmulae (4) and ), A3 is a functional group which has at |east one
atom sel ected fromthe group consisting of NN Pand S and is bound to R by
any one atom of the above N, P and S.3@A part or all of the at |east one
atom sel ected fromthe group consisting of the above N, P and S of A3 may
be protected by a hydrocarbylsityl group. RI and R2 are hydrocar byl ene
groups, In the fornmula, RI, R2 and A3 which are each present in plurality
may each be same or different.) "FR3 ( 7 ) an the fornmula (7)"k is a
group i npRiIEN nyfedBIE bé 941¢ oBdiGkReni Ch has at | east one atom sel ected from
the. group consisting of N P and S and is hound to R- by any one at om of
the above N, P and S is converted into an onium A part or all of the
above- neflaionéf at | east one atom sel ected fromthe group consisting of the

above N, P and [ . 1 ity . RBis
a hydrocar byl ‘éﬁﬁ’é’%‘?‘éﬁ"‘.@y %Jgt??dralf g%éﬁglgg tgéltn-c?)0 @%&@ggﬁéﬁgﬁg)&% %’% elle
group. R&coslieg toydpioyénr 4t earbar blackhynil ecakitadndgr wogslinkimgtagent oi t El ul a, R3
and R6 which are each present in 39 plurality nay each be sane or
different.). [C aim6] A pol ynmer conposition conprising the nodified
conj ugat@?‘mﬂﬂene pol ymer according to claim4 or 5, carbon black and/or
silica and a cAogstdlinkédPongedtt obthiok@iBP élosslinking tHe oSS dUaSEhsRRIY Mer

obt ai ned bX £l otssl i.nk% ng the pol yner conposition according to claim®é.

[O ai m gecordimng o caim} 9.0% 1\ \which at | east the crosslinked pol yner according
toclaim7 is used as a material of a tread or a side wall.

[Claim 8]
A tire in which at least the crosslinked polymer according to claim 7 is used
as a material of a tread or a side wall.



