1 Description Title of the Invention: METHOD FOR PRODUCI NG DENATURED
CONJUGATED D1ENE POLYMER Technical Field [0001] The present
invention relates to a nethod for pr oquci ng a nodified conjugated d ene
pol ymer. Background Art [00021 As rubbers for autonobile tires,

t here have been known conjugated di ene rubbers (for exanple,
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been pfopbs8a™ ¥ nodi fi ed di ene pol ymer rubber obtained froma step | of
pol ymeri zi ng a conjugated di ene nononer or a conjugated di ene nononer and
an ar ogg&%g Ndd‘xh nmonomer in a hydrocarbon solvent in the presence of an
al kal i “hetaf" cat al yst to obtain an active polyner having an al kali netal
end, alW03d]step 2 of reacting the active polyner with a conmpound

repr esent ed ifq At i 5 ed:
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2 Pri ogonfNigatdd0@IeNEH 8nd an aromatic vinyl compound, (2) having a primary amino group

and an alkoxysilyl group which are bound to a (co)polymer chain, and (3) that a

bifunctional or more monomers are 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).



Pat ent Docunents [0003] Patent Docunent 1: JP-A-2004-18795 Patent Docunent

2: SP-A-2005-290355 Patent Docunent 3: WO 03/048216 Al Summary of the

I nvention Problens That the Invention_s to Sol ve [ 0004] As

descri bed above, there have been pr opgsed vari ous conjugated di ene rubbers

capabl e of realizing excellent |ow fuel consunption performance of

aut onopjibesrt howeYEks under financial circunstances such as a price

i ncr eaﬁe of _gasoline and environnental circunmstances such as gl obal warm ng
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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 8) 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.



NRL NH(2) R2 (In the fornmulae (1) and (2),is a hydrocarbylsilyl group in
which three Ifs (hydrogen atons) in a "-SiElIl" structure are each
substituted by a hydrocarbyl group, R, and R2 are hydrocarbyl ene groups. In
the formulae, A, le and R2 which ar e Jeach present in plurality may each be
sanme or different.) [21The nethod for producing a nodified conjugated diene
pol ymer according to [I], conprising a nodification step in which a

conmpound represented fthe following fornula (3) is added to and reacted
with the nDdlfled co ed di ene pol yner obtained in the polynerization
step to ob ﬁgudpfle ugat ed dj pol ynmer having a structure
represente bllomnl rnula.¢ b)): (In the forma (3). A2 is a
functional group ha Ieast one atom sel ected fromthe group

consisting of N, P anEQ havi ng no active hydrogen and is bound to R6 by

any one atomof the above N, Pand S. in a part or all of the at |east one
atom sel ected fromthe group consisting of the above N. P and S of A2,

t hree we#&ﬂydr en at ) ina "-Sifl3" structure may each be protected by
a hydroc yt—g p substituted by a hydrocarbyl group. R4 and RS are
hydrocar byl oups. is a hydrocarbylene group. nis an integer of 0 to

2, inthe fofnula, R4 aRd R5 which are each present in plurality may each

be sane orRﬂfferent ) R (2)

A'—N—-R?

(In the formulae (1) and (2), A' is a hydrocarbylsilyl group in which three H’s (hydrogen
atoms) in a “-SiH;” structure are each substituted by a hydrocarbyl group. R' and R? are
hydrocarbylene groups. In the formulae, A, R! and R? which are each present in plurality
may each be same or different.)

[2] The method for producing a modified conjugated diene polymer according to [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):

R4

n
( R5—"O}-éi-—R6—A2 i

3-n

(In the formula (3), A® is a functional group having at least one atom selected from the
group consisting of N, P and S, having 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 “-SiH3;”
structure may each be protected by a hydrocarbylsilyl group substituted by a hydrocarbyl
group. R*and R’ are hydrocarbyl groups. R® is a hydrocarbylene group. n is an integer
of 0to 2. In the formula, R* and R®> which are each present in plurality may each be same
or different.)



-Si- R8-AM4 (1)-R7 (In the formula (6), A4 is a functional groap having at
| east one atom selected fromthe group consisting of N, P and S and bound
to R 8 by any one atom of the above N,, P and S. A part or all of the at

| east one atom sel ected fromthe grouﬁ consisting of the above N, P and S
of A4 may be. protected by a hydrocarbylsityl group. is a hydrocarbyl

group. R 1is drogen atom or a hydrocarbyl group. nis an integer of O
to 2. RBis a pcar byl ene group. In the fornula R8 and R7 which are each

present in plu allty e sane or dlfferent ") The net hod for

pr oduci ng F§%+u ed d| polyner according to [11 or 2 wherein
the nodified c jugat di‘ehe poly is reacted with an oniumformng
agent. [4]A |f|ed j ugat ed dlene pol ymer haying at | east one struetwe
sel ected fr pjrepresented by the follow ng fornul ae (4) and (5)
and a struct re repres by the followng formula (6): N( 4 ) NR1

A3-NNR2 R2 A3 \ N n the fornulae (4) and (5). A- is a hydrogen
at om 0 Inat}lpwga( | g4 Esy fgﬁc%ﬂﬁal %ou?r}ﬁv ﬁr@%&y&%%%b%ll&%% ?Bﬂluﬂﬂé- I'n
the fo resent 1n each be sane or erent.)
nR6 group consisting of N, P and S and bound to 8 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® is a hydrocarbyl group. R’

is a hydrogen atom or a hydrocarbyl group. 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.)

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

R1
A"
A3—N N— (4
Ngt”
AS—N—R?
/
R? N—  (5)
4
A—N—R?

(In the formulae (4) and (5), A’ is a hydrogen atom or a hydrocarbylsilyl group.
R! and R? are hydrocarbylene groups. In the formula (5), A’ present in plurality may each

be same or different.)



Si R8-A4 (R7 12-n (In the fornmula (6), A4 is a functional group having at
| east one atom selected fromthe group consisting of N, P and S and bound
to Rs by any one atom of the above N, .P and S. A part or all of the at

| east one atom sel ected fromthe groug consisting of the above N, P and S
of A4 may be protected by a hydrocarbylsilyl group. R6 is a hydrocar byl
group. R7 is Bydrogen atom or a hydrocarbyl group. nis an integer of O
to 2. Rs is alpygdrocarbylene group. In the formula, R6 and R7 which arc
each present ip plurality nay each be sane or different.) [5] A nodified

conj ugat ed_di EﬁggL*;F& v ng at | east one structure selected fromthe
group represe d by'the f | owi ng(feoy mnul ae (4) and (5) and a structure

repr esent ed by t he follomnng formula (7): WA3-NN N (4) R2ZN (5) A3\\N R2

On the for EQQLA (5) A7 is a hydrogen atom or a hydrocarbyl silyi
group, Rl akhd z drocar byl ene groups. hi the formula (t.present in
plurality may each be S or different.) R6 n

(In the formula (6), A* is a functional group having at least one atom selected from the
group consisting of N, P and S and 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® is a hydrocarbyl group. R’
is a hydrogen atom or a hydrocarbyl group. 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.)

[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):

&N

y

A3—N N—  (4)
\R/

AS—N—-R?
/
R? N—  (5)
/
A>—N—R?

(In the formulae (4) and (5), A® is a hydrogen atom or a hydrocarbylsilyl group. R! and R?
are hydrocarbylene groups. In the formula (5), A’ present in plurality may each be same
or different.)

i
7 RE-A® (4
(0—R7)

2-n

(In the formula (7), A’ is a group in which a functional group having at least one atom




-R8-A5 (-R/ 2-11 On the fonnula (7), As is a group in (7) H a functional
group having at | east one atom 6 selected fromthe group consisting of N,
P and S and bound to R8 by any one atgm of the above N, P and Sis
converted into an Mum A part or all gf the at | east one atom sel ected from
t he group consisting of the above N, P and S of A5 nmay be protected by a
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A polymer composition comprising the modified conjugated diene polymer

according to [4] or [5], carbon black and/or silica and a crosslinking agent.

[7] A crosslinked polymer obtained by crosslinking the polymer composition

according to [6].

[8] A tire in which at least the crosslinked polymer according to [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 8), 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 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.

R1
P
A1—N\ >NH (1)
R‘l



Ef fect of the invention [00061 A crosslinked polyner of the present

i nventionxcellent in | ow hysteresis | oss characteristics (700(2 tan 8), wet
skid resistance (0C. tan 8), wear resistance and the |ike. The
crosslinked pol yner of the present i nVenti on can provi de excellent |ow the]
consunpti on performance when used as a material for autonobile tires
(partlcularly treads) and the like. Mdde for Carrying Qut the Invention

[ 0007] [Ng\ oL_pqqéhC|ng nodi fi ed conjugated di ene pol yner] A
met hod fof "produci ng aynodi fi ed conjugated di ene pol yner of the present

i nvention copfprises a polynerization step in which at | east a nononer

i ncl udi ng Eggonjugated di conpo 2% or a nononer including a conjugated
di ene conp and an a C V|n§ conmpound i s polynerized in the
presence of | east oquconpound selected fromthe group consisting of the

foll ow ng fp | ae (ﬁggand (2) and an al kali netal conmpound or an al kaline
earth met A\ obtain a nodified conjugated di ene pol yner.

(In the formulae (1) and (2), Al is a hydrocarbylsilyi group in which three
Ifs (hydrogen atons) in a "-Sit-13" structure are each substituted by a

by ccer oyt 254y B0 Ty, K SRR R ol e sk o
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ar al ky| ene the |i Al t hough I's not particularly Timted

roups an
t he ca}‘H&Hra%MéYe@ﬁ ?%@mﬁ/?fr‘ggfé B ene gr oup is, for exanple, from1 to
10. Tige hyairoeswytbyﬁle gb@p&pﬁi genfoainnRd (1N ahhe(zttylwlmmrfbylesamptb gr oups
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The hydrocarbyl groups contained in the hydrocarbylsilyl groups in the 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.
[0008]
Examples of the compounds of the above-mentioned formula (1) include, for

example, compounds represented by the following formulae (10) and (11):

-—S|i—N NH (10)
N/
N
Si NH
\__/

The compound represented by the above-mentioned formula (10) is specifically N-

(11)

Z

trimethylsilylpiperazine. The compound represented by the above-mentioned formula (11)
is specifically N-(tert-butyldimethylsilyl)piperazine.
Examples of the compounds of the above-mentioned formula (2) include, for

example, compounds represented by the following formula (12):



Exanpl es of the conpounds of above-nentioned fornula (1) include, for
exanpl e, conpounds represented by the followng fornmulae (10) and (11): /
NH(1 0) NNH The conpound_represented by the above-nenti oned
formula (10) is specifically Ntrineth§|siIyIpiperazine. The conpound
represented by the above-nentioned fornmula (11) is specifically
N-(tert-butyl dinethylsilyi)piperazine. Exanpl es of the conpounds of
the above-nentioried fornmula (-) include, for anple, conpounds represented

by the follo@ing fornula (12): 8
~ N\

NH (12)

The compound represented by the above-mentioned formula (12) is specifically
1,3-ditrimethylsilyl-1,3,5-triazinane.
[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 the
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
previously mixed before being supplied into the polymerization solution. Namely, the
above-mentioned modified conjugated diene polymer can be prepared by adding the
specific secondary amine and lithium compound in the polymerization system (in-situ), or
can be added into the polymerization system, as one previously prepared from the specific
secondary amine and lithium compound.

In the present invention, the amount used of the at least one compound selected
from the group consisting of the formulae (1) and (2) is preferably from 0.2 to 20 mmol per
100 g of the monomer.

Alkali metals in the alkali metal compounds include lithium, sodium, potassium
and the like.

Alkaline earth metals in the alkaline earth metal compounds include calcium,
magnesium and the like.

Above all, particularly preferred is lithium. In this specification, description will
be made below, taking lithium as an example. In this connection, in the following
description, an embodiment of using another alkali metal or alkaline earth metal in place of
lithium is also possible.

The alkyllithiums as the alkali metal compounds usable in the present invention

include, for example, alkyllithiums having 1 to 4 carbon atoms.
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These compounds may be used either alone or as a combination of two or more
thereof.

From the viewpoint that it is possible to obtain the modified conjugated diene
polymers having active lithium ends, all these conjugated diene compounds have a similar
function, and in the present invention, it is possible to use even one not described in
examples described later.

[0011]

Examples of the aromatic vinyl compounds (aromatic vinyl-based monomers) used

in the present invention include styrene, 2-methylstyrene, 3-methylstyrene, 4-methylstyrene,

o-methylstyrene, 2,4-dimethylstyrene, 2,4-diisopropylstyrene, 4-tert-butylstyrene, 5-t-

butyl-2-methylstyrene, vinylethylbenzene, divinylbenzene, trivinylbenzene,
divinylnaphthalene, tert-butoxystyrene, vinylbenzyldimethylamine, (4-vinyl-
benzyl)dimethylaminoethyl ether, N,N-dimethylaminoethylstyrene, N,N-

dimethylaminomethylstyrene, 2-ethylstyrene, 3-ethylstyrene, 4-ethylstyrene, 2-t-
butylstyrene, 3-t-butylstyrene, 4-t-butylstyrene, vinylxylene, vinylnaphthalene, vinyltoluene,
vinylpyridine, diphenylethylene, tertiary amino group-containing diphenylethylene and the
like. Above all, preferred are styrene and the like.

These compounds may be used either alone or as a combination of two or more
thereof.

From the viewpoint that it is possible to obtain the modified conjugated diene
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functional group in the polymer can be activated with a polymerization initiator by using

the functional group-containing monomer. In addition, it is also advantageous, for
example, to lithiate a functional group moiety of a copolymer containing an isobutylene
unit, a paramethylstyrene unit and a para-halogenated methylstyrene unit to form an active
site.

Examples of the other monomers include 1-(4-N,N-dimethylaminophenyl)-1-
phenylethylene and the like.

In this connection, in the present invention, “the conjugated diene compound is
polymerized to obtain the modified conjugated diene polymer” and “the conjugated diene
compound and the aromatic vinyl compound are polymerized to obtain the modified
conjugated diene polymer” shall each be considered to include the case where “the
conjugated diene compound and the other monomer are polymerized to obtain the modified
conjugated diene polymer” and the case where “the conjugated diene compound, the
aromatic vinyl compound and the other monomer are polymerized to obtain the modified
conjugated diene polymer”, respectively.

[0014]
The modified conjugated diene polymer of the present invention is produced by
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butane, isobutane, n-pentane, isopentane, n-hexane, cyclohexane, propene, l-butene,
isobutene, trans-2-butene, cis-2-butene, 1-pentyne, 2-pentyne, 1-hexene, 2-hexene, benzene,
toluene, xylene, ethylbenzene, heptane, cyclopentane, methylcyclopentane,
methylcyclohexane, 1-pentene, 2-pentene, cyclohexene and the like.

The hydrocarbon compounds may be used either alone or as a combination of two
or more thereof.

[0016]

The randomizer (vinyl content adjusting agent) used as needed is used for
adjustment of the content of vinyl bonds (1,2 bonds and 3,4 bonds) (also referred to as the
vinyl content in this specification), and the like.

Examples of the randomizers include dimethoxybenzene, tetrahydrofuran,
dimethoxyethane, diethylene glycol dibutyl ether, diethylene glycol dimethyl ether, 2,2-
di(tetrahydrofuryl)propane, 2-(2-ethoxyethoxy)-2-methylpropane, triethylamine, pyridine,
N-methylmorpholine and the like.

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

[0017]

The temperature of the polymerization reaction is preferably from -20 to 150°C,
more preferably from 0 to 120°C, and particularly preferably from 20 to 100°C.

The polymerization reaction is preferably conducted under a pressure sufficient to
keep the monomer substantially in a liquid phase. Such a pressure can be obtained by a

method such as pressurization of the inside of a reaction vessel with a gas inactive to the
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adj ust nment yof the coqten vinyl bonds (1,2 bonds and 3,4 bonds) (also
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di met hoxy hane di efhyl ene gl ycol &butyl ether, diethylene glycol dinethyl
ether, 2,2- di(tetrahyskmfuryl)propane, 2-(2-ethoxyethoxy)-z-nethylpropane,
triethylam ne, pyridine, N-nethylnorpholine and the |ike. The random zers
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the group consisting of N, P and S, having no active hydrogen and bound to R® by any one

Exanpl es qf 6@12 met hoxyben ene, tetrah?,/drofurtm

atom of the above N, P and S. In 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%, three H’s (hydrogen
atoms) in a “-SiH3” structure may each be protected by a hydrocarbylsilyl group substituted
by a hydrocarbyl group. R* and R’ are hydrocarbyl groups, and preferably alkyl groups
having 1 to 20 carbon atoms or aryl groups having 6 to 20 carbon atoms. n is an integer of
0to2. Rbisa hydrocarbylene group, and preferably straight-chain or branched alkylene
or arylene having 1 to 20 carbon atoms, which may contain a cyclic structure. In the
formula (3), R* and R’ which are each present in plurality may each be same or different.

Here, the active hydrogen is a hydrogen atom linked to an atom other than carbon,
and preferably one having a bond energy lower than a carbon-hydrogen bond of
polymethylene.

In this connection, for the purpose of adjusting the Mooney viscosity of the
modified conjugated diene polymer, silicon tetrachloride, tin tetrachloride or an epoxy

group-containing compound (for example, such as tetraglycidyl-1,3-
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preferably used as the silane compound reactable with the active lithium end. By having
the group which can become the onium by the onium-forming agent, excellent shape
retention properties are given to the crosslinked polymer, which makes it possible to
prevent cold flow.

[0019]

The group which can become the onium by the onium-forming agent is a group
corresponding to A of the above-mentioned formula (3). The group which can become
the onium by the onium-forming agent is a group substituted by a protective group in order
to prevent a reaction thereof with the alkali metal or alkaline earth metal active end of the
modified conjugated diene polymer, and a group which can become the onium by a
function of the onium-forming agent. It is only necessary that at least one group which
can become the onium is present in the molecule. Specific examples thereof include a

nitrogen-containing group in which two hydrogen atoms of a primary amino group are
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methyl-1,2,3,4-tetrahydropyrimidine, 1-(2-ethoxyethyl)-3-[3-(trimethoxysilyl)-propyl]-
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(diethoxyethylsilyl)-1,3-diethylhexahydropyrimidine, 2-[3-(2-dimethylaminoethyl)-2-(3-
ethyldimethoxysilyl-propyl)-imidazolidin-1-yl]-ethyl-dimethylamine, 5-(3-trimethoxysilyl-
propyl)-1,3-bis-(2-methoxyethyl)-hexahydropyrimidine, 3-dimethylaminopropyl-
trimethoxysilane, 3-dimethylaminopropylmethyldimethoxysilane, 3-
morpholinopropylmethyldimethoxysilane, 3-piperidinopropyltrimethoxysilane, 3-
piperidinopropylmethyldimethoxysilane, 3-diethylaminopropyltriethoxysilane, bis[3-
(triethoxysilyl)propyl]trimethylsilylamine, bis[3-
(trimethoxysilyl)propyl]trimethylsilylamine, 3-(4-methyl-1-



14 substituted by two protective groups, a nitrogen-containing group in
whi ch one hydrogen atom of a secondary am no group is substituted by one
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di t net hyl i mc@gpdindi Rech Raving thel phaBiHxsySdntathmpre@@yplin-which two hydrogen
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N-(cycl.ohexylidene) - 3- (triethoxysilwyl).-1-pnrapanam ne n [ hgxysi | yt
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conpouhplenyphoegpoemo pgnteoy ldhestboxysilenca Sxtyisi | y1 conpounds,

N- (3- U BNV L Y RE ey | oyt BYidy Rl §lidazol e, N-(3

-tri etrﬁo@s?ﬁélypr c%)}io;‘QﬁS cﬁyﬁl yﬁﬁ?ﬁ%bzo le, tri methoxysil .

yl pr opysthviailgmessapinprepdirnpetBonysilapn Sxiysnathylphapproppiopsonyiiigtpsy elage,

hexame3-bth &R gis Ty IRRRE HYprb by et @ISk Y ARAe ald compounds in which alkyl groups
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like. Above @ldve ol flefdi &lb-SRPIR SiShQlorhPSunG RS 1 nclude N-(1 , 3-
dimethylphosphinopropyltrimethoxysilane, 3-diphenylphosphinopropyltriethoxysilane, S-
trimethylsilylmercaptopropylmethyldimethoxysilane, S-trimethylsilylmercapto-
propyltrimethoxysilane, S-trimethylsilylmercaptopropyltriethoxysilane, S-
trimethylsilylmercaptopropylmethyldiethoxysilane and the like.
[0024]

The active lithium end site and the alkoxy group site are bound to each other by
reacting the active lithium end-containing modified conjugated diene polymer with the
alkoxysilane compound as silane compound reactable with the above-mentioned active
lithium end, by which being able to obtain the modified conjugated diene polymer having
the group which can become the onium. Further, from the viewpoint that the above-
mentioned alkoxysilane compounds are reactable with the active lithium end-containing
modified conjugated diene polymer and react or interact with carbon black and/or silica to
give excellent low hysteresis loss characteristics to the crosslinked polymer, all of them
have a similar function, and in the present invention, it is possible to use even one not
described in examples described later.

[0025]

A modification reaction for obtaining the modified conjugated diene polymer
reacted with the silane compound by reacting the modified conjugated diene polymer with
the silane compound (modifying agent) can be carried out, for example, as a solution
reaction. The solution reaction may be carried out using a solution containing the



di met nyi butyl i dene)-3-(triethoxysilyl)-1-propanam ne, N (1 -nethylpropy
lidenc) -3 - xysilye-I|-propanam ne,

N-(3-trimetboxysityl propy0-4, 5-di hydroi m dazole, triethox ysi

yi propy04, 5- di hydr oi m dazole, N-(3 -t} met hoxysityl pro pyl)-4,5 -im dazo
le, N (3-triethoxvstlylpropyl)-4,5-inmdazole and the |ike. [0023]
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al koxy el pplyngertmapion medctide, before performing desolvation treatment, water treatment heat
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silica to give excellent | ow hy stereS| s loss ch gracte stics to
crossl hqm%@néﬁlq}?rﬁfeferé‘ply %?mt%@mumf\;@ 108t . | ar function, and i n t he

present i nveTkd Qﬂad1ﬂdd ¢osu¢ga$@1| dlbl@e pélym%ﬁr@\é%ﬁ @ﬂe tmllades:empbedi iwhieixanpl es
descrlb%g)(%a%cgr CEP SZ \c,h ctton r Qb bt ai. ni ncg t he
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(nodi f for exanple, as a solution reaction.
The so %h{kg%rﬁ&?g%%:l}elc%rqom g%ﬁlggad@)ed out using a solution containing die

unr eact ed nononer afR the termnation of the polynerization reaction,
The nodi fi catl on r;a ‘&%may be conducted by either a batch systemusing a
a

bat ch type N} us sys@g[y usi ng an apparatus such as a
mul ti stage ontln us reat Furt her he nodification reaction is
preferably conducte Sﬂt er the term nation of the polynerization reaction,

before perform ng desdl vation treatnent, water treatnent, heat treatnent,
vari ous operations necessary for isol ati ng the pol yner, and the |ike.



[ 0026] The amount of the silane conpound reactable with the active
lithiumend in this nodification reaction is preferably 0.1 nolar
equi val ents or nore, and nore preferably 0,3 nolar equival ents or nore,
based on the active site of the nodifidd conj ugated di me pol yner obtained
by the anion polynerization. Wien the anmount is |less than 0.1 nol ar
equi val ents, ,the progre of the nodification reaction is not sufficient,
dispersibiy\g —aﬂﬁéRﬁforcing agent such as carbon black is not
sufficiently ;yproved, d wear resistance, wet skid resistance and | ow
hysteresis | 0%s characterystics of the crosslinked pol yner are sonetines
deteriorateg? Met h r addi ng)the sil ane conpound are not
particularle2 imted, and cl ude a nethod of batch addition, a nethod of
di vided additign, a nethgd of continuous addition, and the like. Above all,
preferred iys3t he met hadoof batch addition. The tenperature of the
nodi fi cati reastion same as the polynerization tenperature in the

b - i ol t d 20 150C,
cbove TEn J5RSR R4 7301065 SR RGh pbut r % FUPARENBITPBaRCAlP,
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preferably fr 2 mnutes to 1 hour. Thei nodi fi ed conjugated di ene
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above-nenti ongd nDdlflcatlon step, has at |east one structure selected from
t he group—rep Hb foll mnng formul ae (4) and (5) and a structure
represented b he fo Io g for 64 (6): (in the formulae (4) and (5),
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structure are each su uted by a hydrocarbyl group). RI and R-12 are
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carboxylic acids (for example, maleic acid) and sulfonic acids; and the like.



| Q 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
conpounds, zinc halide compounds, sul¥uric acid esters, phosphoric acid
esters, carboxylic acids and sul foni e acids, because of easy availability
and ea Qﬁndling of the conpounds. Exanpl es of the conpounds of
the i mum¥orm ngagents include silicon tetrachloride, tin tetrachloride,
trinet hyl si t4bovshikBr ipoferrell tenetthey ISdicen| hatide i dommeunds, efim halide wampawads,
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pol yner. [ O0Qd&thod?@or adding the onium-forming agent are not particularly limited, and
include a method of batch addition, a method of divided addition, a method of continuous
addition, and the like. Above all, preferred is the method of batch addition.
[0030]

The temperature at the time when the modified conjugated diene polymer and the
onium-forming agent are mixed is same as the above-mentioned polymerization
temperature of the modified conjugated diene polymer, and preferably from -20 to 150°C,
more preferably from 0 to 120°C, and particularly preferably from 20 to 100°C. When the
temperature is low, the viscosity of the modified conjugated diene polymer tends to increase.
When the temperature is high, the active lithium end becomes easily deteriorated.

After the mixing of the modified conjugated diene polymer and the onium-forming
agent, the modified conjugated diene polymer can be collected by a desolvation method (for
example, steam stripping or the like) and drying operation known in the production of the
modified conjugated diene polymer.

[0031]



Formation of the oniurn structure in the nodified conjugated them pol yner
is performed in the presence of water. Methods for formng the onium
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or all of thEheadx@MeereNt ireheld Abmh s haghieenad 011 Seehffiot @dadd twnlikee Tireoup

t tected b
by oot B5h S FArSoRh S s ik rort TP SeapES ISR el 00 vt
three lH’maism;“dheagledlfwﬂmjugate;da:hehemliaﬂerstructure are each substituted by a
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T
SI RB_AS (7)
(0-R7)

2-n

(In the formula (7), A’ is a group in which a functional group having at least one atom
selected from the group consisting of N, P and S and 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 (for example, a hydrocarbylsilyl group in which three H’s
(hydrogen atoms) in a “-SiHj3” structure are each substituted by a hydrocarbyl group).
Further, A® may have no active hydrogen. R® is a hydrocarbyl group. R’ is a hydrogen
atom or a hydrocarbyl group. 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



The pol yner conposition of the present invention contains the

above-nenti oned nodified conjugated diene polynmer as a pol yner conponent.
Further, the polynmer conposition of the present invention may contain a

pol ynmer conponent other than the above- nent i oned nodi fi ed conj ugat ed di ene
pol ymer (hereinafter also referred to as anot her pol yner conponent).

The ot gt pel ymer conponents include natural rubber, synthetic isoprene
rubber, butadi ene rubber, nodified butadi ene rubber, styrene-butadiene

r ubberf,ooi:‘rﬂdi fied styrene-butadi ene rubber, ethylene-pJ-olefin copolynerized
rubber, et hyfiengolgmel ebmpositien e ehp pteyemringadionuddeding the above-mentioned
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as a po r C 0S| Qn . 1or a tir IS contal ned, I S 0S € 1o proauce
t he c%@%‘i@&%@’%l%ﬁe%%B@dﬁé‘ﬁtm PFY R g}dé@esr“lbhgrs %&ﬁﬁ%f%l‘ﬁpgﬂ cs.
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f ur t herompositiodefor aa bioa ibl @oksnal it és pesdiblgrtadgedscc thasragyslageit plymeer and
fuller r .e:the carbon bl acks having an i odine
adsor pe%lﬂgl%e i | Agé%oﬁ%%eﬁéggsgfﬁﬁn%?@lgth “a di butyl phthalate oil absorption
(DBP) [893380 ml/ 100 g or nore. Further, fromthe viewpoint of inproving wear

resi stagcl\:ﬁe) Olfhc?tlj%'%cl): pehd medifeanionpahed dhRNR1BRtYiNRhe pdRER: RSBHSSfi&ofar e
7 an

HAI" . Lof the carbon bl ack I.ncre effects of

i mpr o ﬁQreé?’?tdnb%F‘PBr’ﬁﬁﬁ%fsraQHSdfqgé’é’t‘ﬂ?sé F QRS RGP IATIEE L0 BY TBS O ¢ he
cr osslmadeeahdparyioelarly irefeeblp d0%dbbaaless obyobe USRen diet fadp ial0Yiebjomass a
conbi nat | f. O e - o . 4 I e silica
Chyar AReh®Y; iz pERIEE (TG hbfovehechanical chalerflicy 865, LORMAC NGRS,

si | i candpteasilgictangatios|adfi e, crasloikadh rilyieat wackalgoenhumssitance aand @aer t he
l'ike. AQovgeeal |, preferred is wet silica, fromthe viewpoint that effects
of inmproving fracture resistance, characteristics and achieving
corrpat[pBM]i ty between wet grip properties and low rolling resistance are

nmost remar Kathegol et dimiipospiodf @rthe preexanple@don hrfyeohtaad sabomblatidendibrgh

di spersible type silica, fromthe viewpoint of inproving dispersibility
t her eof '%nt o the pol ymer conposition to inprove physical properties and
wor kabi | i ty. Theheurlsind blealss immjudeduumed biick hgpifiad dbpeSRYF, GRF, FEfoMAHaSABN of

two orgAPr R AMBKEGEAF-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



[ 0035] The amount of carbon black and/or silica (when both of these
are contained, the total anount) in the polyner conposition of the present
invention is preferably from20 to 130 parts by mass, and nore preferably
from25 to 110 parts by nmass, based it 100 parts by nmass of the pol yner
conponents (the total of the nodified conjugated di ene polynmer and ot her
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The pol yner conposition of the present invention nmay contain various
chem cals, additives and the |ike which arc usually used in rubber

i ndustries, as needed. Exanples of such chem cals or additives include
crosslinking agents (vul cani zi ng agent’s), vul cani zing aids, processing
aids, vulcanization accelerators, process oils, anti-aging agents,

ant i Scﬁfaﬁgh%eﬁﬁﬁﬂﬁﬁctu?ém Gélegtelncs'[a%arth&hl@&' d and the like. [00 39]
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rubber Pomt He IV ewpoi nt of giving | owfuel consunption performance.
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.
[0038]

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.

[0039]

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



Exanpl es [ 0041] 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 exanples, in this connection, "parts"
and "e4" in exanples and conparative 2é‘xarrpl es are on a nass basis, unless
ot herwi se specified, [0042] Exanple | [Synthesis of Mdified Conjugated.

Di ene Rol yirRly 1’1%']%1 8l MR dR% p t A nitrogen-repl aced
aut ocl avi\ %g?%c{% 5¥1ng an |Hnt er naF‘DJ&Tfpl?rrrlgn(S) 5 liters was charged with
4,20 ninol obsNermioraiang aiiepd proserdng He, stoarsprsidisgsugh it isexane, 50 g of

t et rahydr of L'I‘}ﬁﬂamé{ﬁ{t o8 ‘clﬂic VLﬂ&aﬂiﬁﬁg aNhdFHEecBsiff aldl i3-RLAIBOIENE).5 &S § Piirts
adj ust.j he contents of the reactor to 10'C., 5.20

nunol g’ﬁt%ﬁ’ﬁffﬂ ﬁ‘?ﬁ uﬁ%ﬁ%‘féf(fh? BOVRIEt CAPROSB S ner i zati on. The

pol yneri zat i nthegsalttlangicited uvotdpartiadiadipatiingtted.otich tvirlwasizat@ord atdrderat@xs mum
t en‘perlﬁ%lﬁﬁ? sﬁl?eq)l%&%je §§s§d %uamdme bés%dtﬂilﬁarﬁ%g&fz ttllu(BHr a_bas?dh th1a7[§)le -based,

represente ove- nenti oned

f or mul @tll(lq(@)banﬁlgwﬂ “based and xgmthig rﬁéldtbiﬁéd wnemouh@s r?@ﬂypféﬁ@éx igphudeotver si on
r eachede 50 balbefiaRm %h@d%%@thgjzgf QiR Ak, R&yRloAE R -bERHINS] kifdnaideon of

t he paly zation adi e furt her add ove

m nut &3t '@Hd fa @w& .Sfﬁfﬁl%wdﬁfai\f ﬁtthlvg?nec ToaREtegzeler s Lﬁgﬁﬂrﬁ eﬁ\?-
Ther g&fﬁyeﬂmyle%e%béﬁila{hlﬁfole sulfenam1de NN’ dusOﬁropyl 2Ibenzothlazoleds&ﬂfgnanﬁide,
N, N- bi [ri S| ro et ox sila s added thereto,
and a (ﬁé @% gﬁoﬁ’%f%% 'fdoal ng}l%%"ﬁ?lé%ualn 5 BbEs ﬁ‘ ﬁﬁol ymer sol ution
cont ai ni ng aT hmaulndune«if tenyuigmaiiztiodiaessderpol yamesually from 0.1 t§6 pante btye?s&sls,t i ng

modi f'a%ﬁeé}gfyéut hi§ ‘i’n‘é‘ﬁ@ftp%ar%r% a8 tb%kegi 5'1% 1@9' esoysl%'akg bPthe

2,6-di-t p- creso vatlonwa per rrred
by percfoﬁmﬁ’mﬁlgtssteam striping by usi ng hot wat er adjusted to pH 9 with
sodi umpbyeir oxi de to obtain a nodified conj ugat ed di ene polyner. Thereafter,

t he nodi fied_ conjugated diene usi ng a_ hot i

b usted to HEGRIEE! GHPRPNIr RoMT PEIE SR CULAE G A GHO SR yackeding

The palsypes iknaidedsutloamanaomh kivaderodof pednglonh wgh} ed adilesed jpehyarefforA i s
shown bl . prooperties of the nodified conjugated Cherie pol yner
A obt aélxﬁreng% a%a%ﬁu&}gnﬁ%abl e 2, Further, a polyner conposition prepared
accordi ng t durther, chemmolydein gompesitivmef showresent Tashors invappliaablengs thse

nodi f '&&sﬁ%d‘ﬁﬁ&ﬁgr & eREURLYER HréiudaSHY H&%}Hhﬁggros@ﬂg(ﬁ%’fvquhﬁlzraﬁ§1&b| ting
crosslinked mer (vul cani zed pol yner)’, " physi cal properties were

eval udggmoidipe PE"SCGFSE%g ‘thereof are shown in Table 4. [00441
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.

Examples
[0041]

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.

[0042]
Example 1 [Synthesis of Modified Conjugated Diene Polymer A and Evaluation Thereof]

A nitrogen-replaced autoclave reactor having an internal volume of 5 liters was
charged with 4.20 mmol of N-trimethylsilylpiperazine, 2,500 g of cyclohexane, 50 g of
tetrahydrofuran, 125 g of styrene and 365 g of 1,3-butadiene. After adjusting the



Exanples 2 to 15 and Conparative Exanples | and 2 [Synthesis of Mdified
Conjugated Di ene Polyners 13 to Q and Eval uati on ' Thereof] Modi fi ed
conj ugat ed di ene polyners Bto Q were obtained in same manner as in the
case of the nodified conjugated di ene2polynmer A with the exception that the
pol yneri zation foinul ae shown in Table | were used. Properties of the

rosth LERGeRAL koAt o0 KO8t A dhsna PRRHTRS Rl 8 P rIoNn 0 bl e 2

Furt het accor
f or mul f@emsi@m/\mlvmema@ﬂcm 3 lihgl p@ymtrezamtommse:@ndmtpd:gad@cadmbeh@ cmﬂlmr s Bto

Q wer e;pguh € 3k &8 8m taggeﬁmfgk&@hecpgp@ertl es ther eof were eval uated. The
results thereof are shown in eover, in the cgse of

synt hesi s of Nt thés peyIcEiigRy Néﬁp@&%%ﬁlmp%rﬁémﬁd? ﬁnW%quéngﬁeplﬁser@er Yol of
mal ei CalagkandtiofedBorafulsillohcon tetrachloride was further added after the
addi ti@ﬂ f 2,6-di-tert-butyl-p-cresol. In this connection,

N-(ter 6 nmet hyl s 1) di perazine of bxiiiple 2 is 26 conpound of the
above- nment i ofetheftomenvwhen(thé )poBumdrtration con@rsidn r¢achedrBPMy(astey dn Elapss bf

tri of; 12
[ 00a6] ERL S FERR forf %, BiRATR Uk, Bl ARANS1 TR0 easthul i T2)
Meas ur fupigenedded dyen? miapiesuandpthy Pobamerizpbpie may furélm@@n@#ct%@r Rodinutesd
conj ugﬂie@éiaff&lr eyig RehYIMr RNG-biewthaki %h&p ylheameylakatﬁox et whdt) :

Det er ni Li-1-NVR of 500 Mz in . Determined by
TF NVRBES 'g%ewnd 3(epgongpY ﬁ?n%t@%a% thateede lamgqiéma% golution
Modi f i @atdioing abesdfisd l@mjugei’ted éfer® polynfael ystyrene fromthe retention tine

oot 1 e R T P BRI Rl el et P3HAA Sloh? VST 19
(manufagtaioéd, @'}lll-TQIE-bhtYGqumﬂoétW@nM()ed @@PChepndtisbiveney) vGol performidade nane

" G\Hl'};eﬁorfhir{gnﬁgéﬁn%ﬁriﬂﬁg%yblysiﬂ_é)ﬁ&] wattP Elﬁﬁ%t@& it@% 9 4vith sodium hydroxide to
obtain a modified conjugated diene polymer. Thereafter, the modified conjugated diene
polymer was dried by using a hot roll adjusted to 110°C to obtain a modified conjugated
diene polymer A.

The polymerization formula of the modified conjugated diene polymer A is shown
in Table 1, and properties of the modified conjugated diene polymer A obtained are shown
in Table 2. Further, a polymer composition prepared according to the compounding
formulae shown in Table 3 with using the modified conjugated diene polymer A was
vulcanized, and for the resulting crosslinked polymer (vulcanized polymer), physical
properties were evaluated. The results thereof are shown in Table 4.

[0044]
Examples 2 to 15 and Comparative Examples 1 and 2 [Synthesis of Modified Conjugated
Diene Polymers B to Q and Evaluation Thereof]

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

Moreover, in the case of synthesis of the modified conjugated diene polymers K
and L, 9.03 mmol of maleic acid or 4.52 of silicon tetrachloride was further added after the
addition of 2,6-di-tert-butyl-p-cresol.

In this connection, N-(tert-butyldimethylsilyl)piperazine of Example 2 is a



colums Col umm tenperature: 40C Mbile phase: Tetrahydrofitran How rate:
1.0 mImn Sanple concentration: 10 ng/20 m  (iv) Money Viscosity

(M, 1+4, 100C): Determ ned in accordance with KS 1(6300 with using an
L-rotor under conditions of preheati®® for 1 minute, a. rotor operation
time of 4 m nut es and a tenperature of 100C. [0046] [Method for Kneadi ng
Pol yme i g a

Pl ast iy TeRa bE (B, A0 -RBGHE! nﬁﬁl‘i Db taeh 17 A YRS

cont ro‘lrlaélinanﬁt pleEasenle ﬁéﬁa@@ﬁljpe’glﬁ@ﬂ @Iiﬂb‘ﬁ@ Iﬁélllt}m@ﬁl f@'fm‘ﬂlhé resent invention,
pol ybufpagsene rubber, an extender oil, carbon black., silica, a silane
coupl i ent eari.c nt.i - t a d zi nc oxide were
kneade@ﬂﬁﬁgéﬁm@&%ﬂ?]ﬂ‘%ﬁ’%Og#’gglfaqrél@‘?‘H@gaﬁ%{@%& B%‘%ﬂ:d a rotation number of
60 rpm as fMesdurisgepethodad vagioud pleysical p@peanpalict bdtheahddifiad dorghomel was
cool eddlto rqom t enpe wgltl) B, and thereafter kneaded with sulfur and a

vul cani %n%%o 3Eck 1réarsa as ‘second- step kneadi ng. This was nol ded, and
vul caniiz¥grea UI;ﬁO@IIbont (%)pmcmfqulbyedl -NiMidg obyOvrdéide. of a vul cani zi ng

Pr€ss. ngIE HE It A)f)Clﬁé\Eﬁ-&h@ J”H%Mi{e&frﬁﬁ)%ﬁzng the followng tire
sigh

perfor Nces was per Vi scosi t M.1-1-4, 1000): The
pol ynelile Vg Avenaee eylghksulag| ;hefQSﬁ M@@ﬁf@t@@n a?eﬁr@m@}l @ fggpms of

neaiurlﬁjtmayren%mm hﬁdﬂét%@lﬁblﬁ Qﬁ%&offﬁpoﬁﬂiﬂg u# fheaxﬁﬁﬂhﬁﬂﬁl @BalwhéibhES eKG;@QDt usi ng
an I ot or naer, condi.ti on rene I n or ation
Fre GRE APAGERSY N doe EhperaRip Biomdaeshhi (TRt iRt BB | med

pol yrrmanvm(snamﬁd:uasdhyé"asqﬂ@orfporatm@ﬁ;urerrent and the neasurenent was
carri e@}}‘@'boﬁ' gL, conditions of a shear strain of 0.1% an angular velocity
of 100 radians pér second and 0C, with using ARES- RDA (manufactured by TA

| nstrunents ¢¢ium)1s Trade vimse “IGMHAN ICat@anwgctuprs ibyddrsabalkionppretiay), of
Compar@iiMes Exanple 1 as 100 The | arger val ue shows the |arger and better
wet skid res&stance 8C tan 6: The crosslittked pol yner was used as
a sanple for %’é‘é‘d?@ﬁgﬁwmaﬂﬁ t he neasurement was carried out under

condi tions q\f/IOEﬂ@ﬂQﬁé thlrahydroﬁiraﬂ, 0% an angul ar velocity of 100 radi ans
per second 3;2 ate IW t) usi ng ARES- RDA (manufactured by TA Instrunents
Inc.), The PW@ S H%H Tt ed by the index taking that of Conparative
Exanpl e | asSanﬁﬂeCG'rtc@niratncgerlomg/%nﬂhoms the smaller and better |ow

hyst er@esigobe vfs%egl Q\qm&' 0°C) (H¥rn{Bdl IB%&&(H%%%H hes Yebe@Rided

polyne was u asur enent, and neasurenent - Was
carri eingn Lmr@é-‘rr taldiebaan floqa)off\pr&beazsle for i i, d’a’fﬂ'&‘ér MeEFionguRe ofF64, by

usi ng rﬁmlatdélaﬁbh&&hp&at&§bﬁ[0((°@nuf actured by Toyo Sei ki Seisaku-Sho, Ltd.).
The V?fﬂﬁfﬂ' s indicated by the index taking that of Conparative Exanple 1 as

100. arger value shows the better wear resistance.
[Method for Kneading Polymer Composition and Characteristic Evaluation]

By using a plastomill (internal volume: 250 ml) equipped with a temperature

controller, the modified conjugated diene polymer of the present invention, polybutadiene
rubber, an extender oil, carbon black, silica, a silane coupling agent, stearic acid, an anti-
aging agent and zinc oxide were kneaded under conditions of a filling rate of 72% and a
rotation number of 60 rpm, as first-step kneading. Then, the composition obtained above
was cooled to room temperature, and thereafter kneaded with sulfur and a vulcanizing
accelerator, as second-step kneading. This was molded, and vulcanized at 160°C for a
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.

(i1) 0°C tan 3: The crosslinked polymer was used as a sample for measurement, and the



[0047] [Table I] -0 ---..24, 0094, C.1.,.9., SO .a,.a) ira.....
cem - =, 0

27

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 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 carried out 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 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, by 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 as 100. The
larger value shows the better wear resistance.

[0047]

[Table 1]
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Anti - Agi ng Agent Zinc Oxide 3 \Wulcanization Accel erator

Vul cani zati on Accelerator CZ *8 1.8 Sulfur 1.5

32

[0049]

[Table 3]
Compounding Formula Parts by Mass
Modified Conjugated Diene Polymer 70
Polybutadiene Rubber *1 30
Extender Oil *2 37.5
Silica *3 70
Carbon Black *4 5.6
Silane Coupling Agent *5 5.6
Stearic Acid 2
Anti-Aging Agent *6 1
Zinc Oxide 3
Vulcanization Accelerator D & 1.5
Vulcanization Accelerator CZ *8 1.8
Sulfur 1.5

*1: Manufactured by JSR Corporation, BRO1

*2: Manufactured by Japan Energy Corporation, JOMO

Process NC-140

*3: Manufactured by Rhodia Inc., ZEOSIL 1165MP
*4: Manufactured by Mitsubishi Chemical Corporation, Dia

Black N339

*5: Manufactured by Evonik Corporation, Si75

*6: Manufactured by Seiko Chemical Co., Ltd., Ozonon 6C
*7: Manufactured by Ouchi Shinko Chemical Industrial Co.,

Ltd., Nocceler D

*8: Manufactured by Ouchi Shinko Chemical Industrial Co.,

Ltd., Nocceler CZ

D*7 1.5



*1: Manufactured by JSR Corporation, BRO *2: Manufactured by Japan Energy
Corporation, JOMO Process NC-140 *3: Mnufactured by Rhodia Inc., ZECSIL
1165MP *4: Manufactured by M tsubishi Chem cal Corporation, Dia Black N339
*5: Manufactured by Evoni k Corporation, Si75 *6: Mnufactured by Seiko
Chem cal Co., Ltd., Ozonon 6C *7: Manufactured by Quehi Shinko Chem cal
industrial Co., Ltd., Nocceler D *8: Manufactured by Quch i Shinko

Chem cal Indystrial Ltd., Nogcel er—€2 3410051 Tabl e 4 shows
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35 Cainms [Claiml] A net hod for producing a nodified conjugated

di ene pol yner conprising a polynerization step in which a nononer including
a conjugat ed di ene conpound or a nonomrer including a conjugated dienc
conpound and an aromatic vinyl conpoudfd is polynerized in the presence of
at | east one conpound selected fromthe group consisting of the follow ng
formulae (1) and (2) and an al kali netal conpound or an al kaline earth
nmetal compound to obtain a nodified conjugated diene polyner. .7R N zNH I R1
A N R2\\%a% 2 ) \NR2/ (In the formulae (1) and (2), K is a hydrocarbylsilyl
gr oup i nl0RAtkch three H s (hydrogen atons) in a "-Sift" structure are each
substituted byTalhydsiesar it Bxasipies Rlto didai2exaeBehyidr oahpyttresie lgssoups. I n

t he formul ae . i ~oand i ch, are each..present in plural.i each be
sare or dirrarblies B REA Kl ARGRER-E! B8 hal 5B HERMRLY SR T o
conj ugat edssinkeeppyingns compard do Agmperativaibramplesdrgmdisi ng a nodi fi cati on
step in which a conpound represented by the following formula (3) is added
to and reacted with the nodified conjugated dine polynmer obtained in the
pol ymeri zation step to obtain a nodified conjugated dinme polymer haying a
structure represented by the following formula (6):



36 3-n (in the formula (3). A2 is a functional group having at | east
onesel ected fromthe group consisting of N, P and S. having no active
hydrogen and is bound to R6 by any one atom of the above N, Pand S. in a
part or all of the at |east one atom¥elected fromthe group consisting of
the above N, P and S of A2, three Hs (hydrogen atons) in a "-Si1-13"
structure nmay each be protected by a hydrocarbyisilyl group substituted by
a hydrocarbyl group. R4 and R5 are hydrocarbyl groups. R6 is a
hydrocar byl ene group. n is an integer .of O to 2. in the fornmula, R4 and R5
whi ch are each present in plurality-n#'Seach be sane or different.) R6 n
-$i - RBACIEM 2} n (Tn the formul (6), A is a functional group having at

a5t one ator) SeLAS) o8, BEOLbRS\mopRANE tiadyle PoyfieBufyghg Lound, o
one at onpcdemetiz%iﬂ)nfstmmwbicgradupndzwéheludmg agfonjugateshdivee ppmpovaddr8 of A4
may be pr.eheaLedcRid Mﬁ&' aﬁ&bMLeﬁ' L¥inp8irRtithd HBaromaBic RYHY1 QGapBYAd 8r oup. R7
is a hydrogen atomor a ﬂggocar yF grgup. nis an jnteger of 0 to 2. R3is
a hydr ocBglpperiaste iy thePrejence il atofeash gne pemprangAeifsicdhirape thea 8FPUBr esent

; n plur g&dn?sﬁstiﬁwa@lgﬁmm?iﬁ@mnﬁn_ adj(dlf) ?ga &ny aﬂdl ﬁr@hﬂdamrﬁc}tald _compc%un-ﬁhjli‘ afet Ihod

or pro 1,09 a I.T.1ed con e | € olLyner cor al O Clalm or
2" wher etk BRI PR JO R PECRIT AR Eried (e RO TATE h an

oni unf orm ng agent.

R
A1-—N< SNH (1
R’l

A'—N—-R?2
/
R2 NH (2)
/

A'—N—~R?
(In the formulae (1) and (2), A' is a hydrocarbylsilyl group in which three H’s
(hydrogen atoms) in a “-SiHj” structure are each substituted by a hydrocarbyl group.

R! and R? are hydrocarbylene groups. In the formulae, A', R! and R* 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):



[Claim4l A nodi fied conjugated di ene pol ynmer having at |east one
structure selected fromthe group represented by the frillow ng fornul ae
(4) and (5) and a structure 37 represented by the followi ng fornmula (6):
RIN A3 N:( 4) RL A3 --R2 R2(5) A3 NR¥Y (In the formul ae (4) and
(5), A3 is a hydrogen atom or a hydrocarbylsilyl group. and R2 are

hydr ocar byl ene groups. In the fornula (5), A3 present in plurality may each
be sane or different.) R6 n SiR8 A4

R4

n
( R5—~o>—éi—R6—A2 8

3-n

(In the formula (3), A? is a functional group having at least one atom selected from the
group consisting of N, P and S, having 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 “-SiHs” structure may each be protected by a hydrocarbylsilyl group substituted by a
hydrocarbyl group. R* and R’ are hydrocarbyl groups. R® is a hydrocarbylene
group. nis an integer of 0 to 2. In the formula, R* and R® which are each present in
plurality may each be same or different.)
R6
l n

\"?’i RO—A% (4)

2-n

(In the formula (6), A% is a functional group having at least one atom selected from the

group consisting of N, P and S and 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® is a
hydrocarbyl group. R’ is a hydrogen atom or a hydrocarbyl group. 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.)

[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

from the group represented by the following formulae (4) and (5) and a structure



(-R2-n (In the formula (6), A4 is a functional group having at |east one
atom se group consisting of N, P and S and bound to R8 by any one at om of
the above N, Pand S. A part or all of the at |east one atom sel ected from
the group consisting of the above N, ¥ and S of A4 may he protected by a
hydrocar byl silyi group. R6 is a hydrocarbyl group. R7 is a hydrogen atom or
a hydrocarhyl group. nis an integer of 0 to 2. R8 is a hydrocarhyl ene
group. In the formula. R6 and R7 which are each present in plurality nmay
each be sane or f er ent ai A nodi fied conjugated di ene
pol ymer Yr&IAS ﬁr&eggylﬂéea@ 3‘1)%4 g{@lﬁ’g@e sel ected fromthe group represented
by the foll ow ng fornr# qe (4) and (5) and a structure represented by the
following formula (7 , R A3-NN(4) A3BR2 ( 5 ) A3 NR2 (in the formul ae
(4) and (5), e&%ﬁy hydr n aton1or&gﬁﬁydrocarbylsityl group. Rl and R2
are hydroca e ~qéoup I the for a (5), A3 present in plurality may

each be sane or diff F?ht ) RB n
AS—N—R?
/
R? N— (5
/
AS—N—~R?

(In the formulae (4) and (5), A’ is a hydrogen atom or a hydrocarbylsilyl
group. R' and R? are hydrocarbylene groups. In the formula (5), A’ present in

plurality may each be same or different.)
6

Ff g

Sﬁ FQS‘"/\4 (6)

( (l)—R7 )Z_n

(In the formula (6), A* is a functional group having at least one atom selected from the

group consisting of N, P and S and 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®is a
hydrocarbyl group. R’ is a hydrogen atom or a hydrocarbyl group. 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.)

[Claim 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):



-R8-A6 -rn (In the formula (7), A5 is a group in which a functional group
havi ng at | east one atom sel ected fromthe group consisting of N, P and S
and hound to Rs by any one atom of the above N, P and S is converted into
an 0/1111111. A part or all of the at3§ east one atom sel ected fromthe
group consisting of the above N, P and S of A5 nmay be protected by a
hydrocartyl silyl group. R6 is a hydrocarbyl group. 127 is a hydrogen atom
or a hydrocarbyl group, nis an integer of 0 to 2. R8 is a hydrocarhyl ene
group. In the formula, R6 and R7 which are each present in plurality may

each be sanme or diffeFemnt,) [Caim6l A pol ymer conposition
conprising the nodifj xggnjugated di me polyner according to claim4 or 5,
carbon bl ac 3ngﬂ§K:%ilic ignd a cros%t%gking agent. [Caim7] A
crosslinked’poly obt aiaéd by crossl'ihking the pol ymer conpos according
toclaim6. 39 [Carm8l Atire in which at |east the crosslinked

pol ymer according to aim7 is used as a material of a tread or a side
wai | .

AS—N—R?
/
R? N—  (5)
/
A>—N—R?

(In the formulae (4) and (5), A’ is a hydrogen atom or a hydrocarbylsilyl group. R'
and R? are hydrocarbylene groups. In the formula (5), A® present in plurality may

each be same or different.)
il
- B_ A5
PTREAT
[ O—R7)
2-n

(In the formula (7), A® is a group in which a functional group having at least one atom

selected from the group consisting of N, P and S and 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 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. R’ is a hydrogen atom or a
hydrocarbyl group. n is an integer of O 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.)

[Claim 6]
A polymer composition comprising the modified conjugated diene polymer

according to claim 4 or 5, carbon black and/or silica and a crosslinking agent.

[Claim 7]
A crosslinked polymer obtained by crosslinking the polymer composition

according to claim 6.
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[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.



