
Descript o Title of the Invention: METHOD FOR PRODUCING DENATURED CONE
lATED UTNE POLYMER Technical Field [0001]        The present invention
relates to a method for producing a modified conjugated diene polymer.
Background Art [0002] As rubbers for automobile tires, there have been
known conjugatede rubbers (for example, styrene-butadiene copolymers)
obtained by emulsion polymerization methods. In recent years, it has been
expected to improve low fuel consumption performance of automobiles, and
various conjugated dime rubbers capable of realizing excellent low fuel
consumption performance have been proposed.        As an example, there has
been proposed a conjugated diolefin (co)polymerized rubber characterized in
(1) being a (co)polymer rubber of a conjugated diolefin or a conjugated
diolefin and 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 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
organomerallic active sites in its molecule, at the active sites, and then
performing a secondary modification reaction in which the
hydrocarhyloxysilarie compound is reacted through a condensation reaction
of hydrocarbyloxysily1 groups with each other (Patent Document 3).
Prior-Art Documents Patent Documents [0003] Patent Document 1:
JP-A-2004-18795 Patent Document 2: JP-A-2005-290355 Patent Document 3: WO
03/048216 Al 



Summary of the invention Problems That the invention Is to Solve [0004]
As described above, theft: have been proposed various conjugated diene
rubbers capable of realizing excellent low fuel consumption performance of
automobiles. However, under financial circumstances such as a price
increase of gasoline and environmental circumstances such as global warming
caused by carbon dioxide emissions,   has been expected to realize further
low fuel consumption of automobiles, Then, an object of the present
invention is to provide a method for producing a modified conjugated diene
polymer or the like usable as a raw material of a crossliaked 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         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 dime polymer as a raw
material, this crosslinked polymer is excellent in physical properties such
as low hysteresis loss characteristics (70C tan 8), wet skid resistance (0C
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 dime 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 dime polymer.  R2 ,NH ,NH A1 R1NR29 



(In the formulae (1) and (2), Al is a functional group which has a
hydrocarbylsily1 group in which three H's (hydrogen atoms) in a "-Siff3"
structure are each substituted by a hydrocarbyi 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 RI by any one atom of the above N, P and S. RI and
R2 are hydrocarbylene groups. In the formulae, RI, R2 and AI which are each
present in plurality may each be same or different.) f.2jThe method for
producing a modified conjugated diene polymer according to the above [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): Ran FR4-10-IT- -Rs A2 ( 3 ) (In the formula (3), A2is a
functional group which has at least one atom selected -from the group
consisting of N, P and 5; has no active hydrogen; and is bound to R5 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 A2, three H's
(hydrogen atoms) in a "-Sili3" structure may each be protected by a
hydrocarbylsilyl group substituted by a hydrocarbyl group. R3 and R4 are
hydrocarbyl groups. it is an integer of 0 to 2. R5 is a hydrocarbylene
group, in the foimula, R3 and RI which are each present in plurality may
each be same or different.)  4 R3 n Si R5-A4 0R6 \I 2-n( 6 )        (in the
formula (6), A4 is a functional group which has at least one atom selected
from the group consisting of N, P and S and is bound to R5 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 A4 may be protected by a
hydrocarbylsityl group. R3 is a hydrocarbyl group. n is an        f 0 to 2.
R5 is a hydrocarbylene group. R6 is a hydrogen atom or a hydrocarhyl group.
In the formula, R3 and R6 which are each present in plurality may each be
same or different.)        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 oniumforming agent. 



[4]A modified conjugated diene polymer having at least one structure
selected from the group represented by the following formulae (4)
andstructure represented by the following formula (6): A3-R1-N7 R27(4) A
RR2 R2 A3-RI N        (in the formulae (4) and (5), A3 is a functional
group which has at least one atom selected from the group consisting of N,
P and S and is bound to RI 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 A3 may be protected by a hydrocarbylsily1 group. R.4
and R2 are hydrocarbyiene groups. In the formula, RI. R2 and A3 which are
each present in plurality may each be same or different.)  R3 n SR5-- A4
10-R6 (6) (in the formula (6), A' is a fiinctional group which has at least
one atom selected from the group consisting of N, P and S and is bound to
R5 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 A4
may be protected by a hydrocarbylsily1 group. R3 is a hydrocarbyl group. n
is an integer of 0 to 2. R5 is a hydrocarbylene group. R is a hydrogen atom
or a hydrocarbyl group. In the formula, R3 and R6 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) aM a structure
represented by the following formula (7):  A3 R N,           (In the
formulae (4) and (5), A3 is a functional group which has at least one atom
selected from the group consisting of N, P and S and is bound to R1 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 A3 may be
protected by a hydrocarbylsilyl group. RI and R2 are hydrocarbylene groups.
In the fonnula, RL, R2 and A3 which are each present in plurality may each
be same or different.)       ( 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 R5 by any one atom of
the above N, P and S is converted into an Mum. 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 A5 may be protected by a hydrocarbylsityl group, le is
a hydrocarbyl group. n is an integer of 0 to 2, R5 is a hydrocarbylene
group. R6 is a hydrogen atom or a hydroearbyl group. In the formula, R3 and
R6 which are each present in plurality may each he 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.        A crosslinked polymer obtained by crosslinking
the polymer composition according to the above [6], [8]A tire in which at
least the erosstinked polymer according to the above [7] is used as a
material of a tread or a side wail. Effect of the Invention [0006]        A
crossiinked polymer of the present invention is excellent in low hysteresis
loss characteristics (70C, tan 5), wet skid resistance (0C. tan 6), 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 [00071 [Method for producing modified
conjugated dime 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 (Ilene
compound or monomer including a conjugated diene compound and an aromatic
vinyl compound are polymerized in the presence of at least one compound
selected front 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, R2 R -1\1:NH R2(1) 



A R N-R2 \NH R2 \/1 A1 R1 NR2 (2)            formulae (1) and (2), A' is a
functional group which has a hydrocarbyisityl group in which three H's
(hydrogen atoms) in a "-Si1-13" structure are each substituted by a
hydrocarbyl group; has at least one atom selected from the group consisting
of N, P and 5; has no active hydrogen and is bound to RI by any one atom of
the above N, P and S. R and R2' are hydrocarbylene groups. In the formulae,
RI, R2 and At which are each present in plurality may each be same or
different, [0008]        The h3,drocarbylene 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 hydrocarhyl 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 (I) 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
polytnerization 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 he  8 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 formulae (I) and (2) is preferably
from 0.2 to 20 rturiol per 100 of he monomer 



Alkali metale alkali meliompounds include lithium, sodium,tassium and the
like, Alkaline earth metalsthe alkaline earth metal compounds include
calcium, magnesium and the like.        Above all, lithium is particularly
preferred. In this specification, explanation is described wherein lithium
is 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,
alkyllithimns having I to 4 carbon atoms.  Examples of the alkyllithiums
having 1 to 4 carbon ato s include methyllithium, n-propyllithium,
iso-propyllithium, n-butyllithium, see-butyllithium, tertbutyllithium and
the like.        The mixing molar ratio of the at least one compound
selected from the group consisting of the above-mentioned fonnulae (1) and
(2) and the alkali metal compound or the alkaline earth metal compound (the
alkali metal compound or the alkaline earth metal compound/the at least one
compound selected from the group consisting of formulae (1) and (2)) is
preferably from 0.1 to 1,8, more preferably from 0.8 to 1.6, and
particularly preferably from 1.0 to 1.4. When the mixing molar ratio
exceeds 1,8, the Mooney viscosity is increased, sometimes resulting in a
difficulty of blending. When the mixing molar ratio is less than 0.1, the
Mooney viscosity is decreased to sometimes decrease the strength of the
crosslinked polymer. [0010]        Exan pies of the conjugated diene
compounds (conjugated diene monomers) used in the present invention include
1,3-butadiene, isoprene, 2,3-dimethy1-1,3-butadiene, 1,3- pentadiene,
1,3-hexadiene, 1,3-heptadiene, 2,3-dimethylbutadiene,
2-pheny1-1,3-butadiene, 3-methyl-1,3-pentadiene, 2-chloro-1,3-butadiene and
the like. Above all, preferred are 1,3-butadiene, isoprene,
2.,3-dimethy1-1,3-butadiene and the like. These compounds may be used
either alone or as a combination of two o ore thereof.          From the
viewpoint that it is possible to obtain the modified conjugated dime
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, [00111
Examples of the aromatic vinyl compounds (aromatic, vinyl-based monomers)
used in the present invention include styrene, 2-methylstyrene,
3-methylstyrene, 4-tnethylstyrene, a-methylstyrene, 2,4-dimethylstyrene,
2,4-ditsopropylstyrene, 4-tert-butylstyrene, 5-tbuty1-2-methylstyrene,
vinylethylbenzene, divinylbenzene, tiiivinylbenzene, divinylnaphthalene,
tert-butoxystyrene, vinyibenzyldimethylamine, (4-
vinylbenzypdimeihylaminoethyl ether, N,N-dimethylaminoethylstyrene,
N,Ndimethylaminomethylstyrene, 2-ethylstyrenc, 3-ethylstyrene,
4-ethylstyrene, butylstyrene, 3-t-butylstyrente, 4-t-butylstyrene,
vinylxylene, vinyinaphthalene, vinyitoluene, 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
From the viewpoint thatis possible to obtain the modified conjugated diene
polymers having active lithium ends, all these aromatic vinyl compounds
have a similar function, and in the present invention, it is possible to
use even one not described in examples described later, [0012]        When
the conjugated diene compound and the aromatic vinyl compound are used in
combination. 1,3-butadiene and styrene are preferably used, These compounds
are excellent in high living properties in anion polymerization as well as
easy availability.        Further, when a solution polymerization process
is used, the monomer concentration in a solvent is preferably from 5 to 50%
by mass, and more preferably front 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 5.5% by mass, and tore 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.  10 The
other monomers include functiongroup-containing monomers.A finictional
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 -(4-N,N-dimethylaminophenyl)-1-
phenylethylene and the like.        Incidentally, 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 dime 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 anion-polymerizing the monomer such as the
conjugated dime 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, alic3relic 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, I -butene, isobutene, trans-2-butene,
cis-2-butene, 1-pentyne, 2-pentyne, 1-hexene, 2-hexene, benzene, toluene,
xylene, ethylbenzenc, heptane, cyclopentane, methylcyclopentane,  11
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 randomizecontent 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 fins specification),
and the like.         Examples of the randomizers include dimethoxybenzene,
tetrahydrofman, dimed oxyethane, diethylene glycol dibutyl ether,
diethylene glycol dimethyl ether, 2,2- di(tetrahydrofiryl)propane,
2-(2-cthoxyethoxy)-2-methylpropane, triethylmnine, 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 150C, more
preferably from 0 to 120C, and patticulady preferably from 20 to l00C. 



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 g the polymerization reaction. [0018]
In the method for producing a modified conjugated diene polymer of the
present invention, to the above-mentioned polymerization step (a), there
may be added a modification step (b) in which the active lithium
end-containing modified conjugated diene polymer obtained in the
above-mentioned polymerization step is reacted with a silane compound
(modifying agent) which can be react with the active lithium end of the
modified conjugated therie polymer to obtain a modified conjugated diene
polymer which has been reacted with the silane compound.         By using
the sitar-lc compound which can react with the active lithium end,
excellent low hysteresis loss characteristics and the like can be given to
the crosslinked polymer 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 conjug ted diene polymer containing active
lithium end.  R3  \ R OrSi- n \        In formula (3), A2 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 bound to R5 by any one 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 A2, three ITs
(hydrogen atoms) in a "-SiF13" structure may each be protected by a
hydrocarbylsilyi group substituted by a hydrocarbyl group. le and R4 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 0 to 2. R5
is a hydrocarbylene group, and preferably straight-chain or branched
alkylene or arylene having 1 to 20 carbon atoms, which may contain a cyclic
structure. In formula (3), R3 or R4 which is 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 poiymethylene.        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
tetraglycidy1-1,3- bisaminomethyleyelohexanc) may be used together with the
silane compound which can react with the active lithium end. [0019]
In the present invention, from the viewpoint of enhancing reactivity with
the modified conjugated diene polymer containing an active lithium end, an
alkoxysilatie compound having two or more alkoxy groups is preferably used.
The compound represented by the above-mentioned formula (3) is added to and
reacted with the modified conjugated diene polymer obtained in the
above-mentioned polymerization step in order to obtain a modified
conjugated diene polymer having a structure represented by the following
formula (6): 



R3 n   1 3        (In formula (6), A4 is a functional group which has at
least one atom selected from the group consisting of N, P and S and bound
to R5 by any one atom of the above N, P and 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 A4 may be protected by a hydrocarbylsilyl group. R3 is
a hydrocarbyl group. n is an integer of 0 to 2. R5 is a hydrocarbylene
group. R6 is a hydrogen atom or a hydrocarbyl group. In the formula, R3 and
R6 which are each present in plurality may each be same or different.)
In the present invention, one having a group which can become an ornum by
an onium-forming agent, M addition to the group which car: react with the
active lithium end, is preferably used as the silane compound which can
react 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 polyiner, which makes it possible to prevent cold
flow,            group which can become the onium by the onium-forming
agent is a group corresponding to A2 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 substituted by two protective groups, a
nitrogen-containing group in which one hydrogen atom of a secondary amino
group is substituted by one protective group, a tertiary amino group, an
imino group, a pyridyl group, a phosphorus-containing group in which two
hydrogen atoms of a primary phosphino group are substituted by two
protective groups, a phosphorus-containing group in which one hydrogen atom
of a secondary phosphino group is substituted by one protective group, a
tertiary phosphino group, a sulfur-containing group in which one hydrogen
atom of a tinel is substituted by one protective group, and the like.
[0020]        Compounds each having the nitrogen-containing group in which
two hydrogen atoms of a primary amino group are substituted by two
protective groups, the nitrogen-containing group in which one hydrogen atom
of a secondary amino group is substituted by one protective group or the
tertiary amino groups and an alkoxysilyi group include, for example,
N,N-bisarimethylsityBaminopropyltrimethoxysilane,
N,Nbis(trirnethylsilyearainopropylmethyldiethpxysilane,
N,N',N'-tris(trimethylsilyI)-N-(2-
aminoethyl)-3-aminopropyltriethoxysilane,
1-(3-trie(hoxysilylpropy1)-2,2,5,5-tetramethyl-  -aza-2,5
-disilacyclopentane, 1-trimethylsity1-2,2-dimethoxy- I -aza-2-sil
acyclopentane, N[3-(tri me thox ysi lyll-pro pylkN-d iethyl-Nl-trimethylsi
lyi-eth ane- I ,2-diamine, N-[3-  14
(methyldimetlioxysily1)-propyll-N,N.-diethyl-N-trimethylsilyl-p-phertylened
iamine, (trimethylsilyiethylam.
ino)-1-pyrrolidiny1]-propyl-rnethyldiethoxysitarie, N-[3-
(diethoxymethylsily1)-propyld-N-ethyl-N'-(2-etboxyethyl)-N-trimethylsilyi-e
thane-1,2- &amine,
3-(4-trimethylsily1-1-piperazino)propylmethyldimethoxysilane,
N-trirnethylsilylN-methylam inopropylincthyldiethoxysilan e,
3-(4-trirnethylsily1-1- piperazino)propyltriethoxysilane,
N12-(trimetboxysily1)-ethyd-N,Nr,N-triinethy-lethaue1,2-diarnine,
1-[3-(triethoxysity1)-propyl]-4-methylpiperazine, 143-(trirnethoxysily1)-
propyl]-3-methylimidazolidine,
2-(3-trimethoxysilyi-propy1)-1,3-dimethylimidazolidine, 1-
[3-(triethoxysily1)-propy1]-3-methythexahydropyritnidine"
3-[3-(tributoxysily1)-propyl]- I - methyl-1,2,3,4-tetrahydropy,-rimidine, I
-(2-ethoxyethyl)-343-(trimethoxysityll-propyliimidazolidine, 2- {
313-(trimethox),:rsily1)-propyli-tetrahydropyrimidine-1-
ethyldimethylamine, 2-Oritnethoxys1 ,3-di rne thylimi dazoli dine, 2-(trie
thoxys ilyI)- 1,4-     ylpiperazine, 5-(triethoxysilyI)- I
,3-dipropylitexahydropyrimidine, 5-
(diethoxyethylsily1)-1,3-diethylhexallydropyrimicline,
243-(2-dimethylaminoethyD-2-(3- ethyld imethoxy si I yl- propy1)-im
idazolidine- 1 -ylkethyl-diniethylamine, 5 -(3- trimethoxysityl-propyl
)-1,3-bis-(2-methoxyethyl)-hexatiydropyrimidine, 3-
dimethylaminopropyltrimethoxysilane,
3-dimethylaminopropyirnethyldimethoxysilane, 3-
dimethylaminopropyltriethoxysilane,
3-morpholinopropylrnethyldirrietlioxysilane, 3-
piperidinopropyitrimethoxysilane, 3-piperidinopropylmethyldimethoxysilane,
3- diethylarninopropyitriethoxysilane,
bis[3-(triethoxysilyi)propylitrimethylsi1ylarnine, bis[3-
(trimethoxysilyi)propylltrimethylsilylamine,
3-9-methyl-1pipreradinoThropyltriethoxysilane, compounds in which alkyt
groups or alkylene groups in the above-mentioned compounds are replaced by
alkyl groups or alkylene groups having 1 to 6 carbon atoms, and the like.
Above all, preferred examples of the. compounds include
N,Nhis(triethylsilypaminopropylinethyldimethoxysilane,
N,Nbis(trimetbiyisily0aminopropylmethyldirnethoxysilane,
N,Nbis(trimethylsitypaminopropylmethyldiethoxysilane, N,N- biseri methyls
ty Datnitiopropyttriethoxys i lane, 1 -(3-trietho x ysi I ylpro py1)-2, 



tetramethyl - 1 -aza-2,5 -disil acyel pentane,
N,N',1?1`-tris(triniethylsily1)-N-(2-aminoethyl)-3-
aminopropyltriethoxysilitrie, I -trimethylsily1-2,2-dimethoxy-
-aza-2-silacyclopentane, N[3
-(tritnethoxysily1)-propyl]-N,N-diethyl-N-trimethy Is ilyl-ethane- I
,2-diarnine, N-113-
iethoxysilyp-propyll-N,N-diethyl-N'-trimethylsilyi-ethane-1,2-diamine,
Ntrimethylsilyl-N-methylaminopropylmethyldiethoxysilanc,
3-(4-trimethylsilyl- I - piperazinc)propyltriethoxysilane,
N42-(trimethoxysilyt)-ethylLN,N',N"-trimethylethane1,2-cliamine,
1-[3-(triethoxysi1yI)-propylj-4-niethy1piperazine, 2-(trimethoxysify1)-1,3-
climethylimidazolidine,
2-0-trimethoxysi1yl-propy1)-1,3-dimethytinnidazolidine, 3-
dimethylaminopropyltrimethoxysilane,
3-diethylamiriopropylirimethoxysitarie, 3-  15
dimethylaminopropyltriethoxysilane, 3-diethytaminopropyltriethoxyse, bis[3-
(triethoxysilyepropyl]trimethylsilyfamine, bis[3-
(trimethoxysily0propyl]trimethylsilylamine,
344-methyl-Ipipreradino)propyltriethoxysilane and the like, [0021]
Compounds each having the imino group or the pyridyl group and an
alkoxysilyl group include
N-(1,3-dimethylbutylidene)-3-(triethoxysily0-1-propariamine, N-(
methylpropylidene)-3-(triethoxysily1)-1-propanamine,
N-(4-N,Ndimethylaminobenzylidene)-3-(triethoxysily1)-1-propanamine,
N-(cyclohexylidene)-3- (triethoxysily1)-1-propanamine, and trimethoxysilyl
compounds, methyldiethoxysilyi compounds and ethyldimethoxysilyi compounds
corresponding to these triethoxysilyl compounds,
N-(3-trimethoxysilylpropy1)-4,5-dihydroimidazole, N-(34riethoxysilyiprol -
4,5-dihydroimidazoie, N-(3-trimethoxysilylpropyI)-4,5-imidazole, N-(3-
triethoxysilylpropy1)-4,5-imidazoie,
3-hexamethy1eneiminopropyltrimethoxysilane, 3-
hexarnethyleneiminopropylmethyldimethoxysilane, compounds in which alkyl
groups or alkylene groups in the above-mentioned compounds are replaced by
alkyl groups or alkylene groups having6 carbon atoms, and the like.
Above all, preferred examples of the compounds include N-(1,3-
dimethylbutylidene)-3 -(triethoxysily1)-1 -propantanine,
N-(1-methylpropylidene)-3- (triethoxysily0-1-propanamine,
N-(3-trimethoxysilylpropy1)-4,5-dihydroimidazole, N-(3 -
triethoxysilyipropy1)-4,5-dihydraimidazole,
N-(3-trimethoxysilytpropy0-4,5-imidazole,
N(3-triethoxysi1yipropyll)-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(trimethylsityl)phosphinopropyltnethyldimethoxysilane,
P,P-bis(trimethylsilY1)phosphinopropyitrimethoxysilane, 3-
dimethylphosphinopropyltrimethoxysilime, 3-
chmethylphosphinopropylmethyldimethoxysilane, 3-
diphenylphosphinopropyltritnethoxysilane,
3-diphenylphosphirtopropyltriethoxysilane, 3-
diphenylphosphinopropylmeryklimethoxysilane,
Strimethylsilylmercaptopropylmethyldimethoxysilane, 5-
hylsilylmercaptopropyltrimethoxysilane,
Strimethylsilylmercaptopropyttriethoxysilane,
Strimethylsilyirriercaptopropytmethyldiethoxysilane and compounds in which
alkyl groups or  16 alkylene groups in the above-mentioned compounds are
replaced by alkyl groups or alkylene groups having 1 to 6 carbon atoms, and
the like.        Above all, preferred examples of the compounds include .3-
dimethylphosphinopropyltrimethoxysilane,
3-diphenylphosphinopropyltriethoxysilane,
Sftimethylsilylinercaptopropylmethyldimethoxysilane,
Strimethylsilylmercapropropyitrimethoxysilane, S-
iethylsilylmereaptopropyltriethoxysilane,
Strimethylsilylmercaptopropylmethyldietboxysilane and the like. 



[00231        The active lithium end site and the alkoxy group site are
bound to each other by reacting modified conjugated diene polymer
containing the active lithium end with the aikoxysilane compound as silane
compound which can react with the above-mentioned active lithium end,
thereby being able to obtain the modified conjugated diene polymer having
the group which can become the Mum.. Further, from the viewpoint that the
above-mentioned alkoxysilane compounds are reactable with modified.
conjugated diene polymer containing the active lithium end 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. [0024]        A modification
reaction for obtaining the modified conjugated diene polynier reacted with
the silane compound by reacting the modified conjugated diene polymer with
the silarte compound (modifying agent) can be conducted, for example, as a
solution reaction. The solution reaction may be conducted using a solution
containing the unreacted monomer after the termination of the
polymerization reaction.        The modification reaction may be conducted
by either a batch system using a batch type reactor or a continuous system
by using an apparatus such as a multistage continuous reactor. Further, the
modification reaction is preferably conducted after the termination of the
polymerization reaction, before perthrming desolvation treatment, water
treatment, heat treat eat, various operations which are necessary for
isolating the polymer, and the like. [0025]        The amount of the silane
compound which can react with the active lithium end in this modification
reaction is preferably 0.1 molar equivalents or more, and more preferably
0,3 molar equivalents or more, based on the active site of the modified
conjugated (Ilene 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 arc  sometimes deteriorated.        Methods for adding the slime
compound 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.
The temperature of the modification reaction is same as the polymerization
temperature in the above-mentioned polymerization step, and it is
preferably from -20 to 150C, more preferably from 0 to 120C, and
particularly preferably from 20 to 100C. When the temperature is low, the
viscosity of the modified conjugated diene polymer tends to be increased.
When the temperature is high, the active lithium end becomes easily
deactivated.        The reaction time of the modification reaction is
preferably from I minute to 5 hours, and more preferably from 2 minutes to
1 hour.        The modified conjugated dime polymer reacted with the silane
compound, which is obtained in the above-mentioned modification step, has
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 ex A3R1 -NN-- 



N R2  A3 R1N-R2 R2 A3-R1 -NR2         an formulae (4) and (5), A3 is a
fianctional group which has at least one atom selected from the group
consisting of N, P and S and is bound to RI by any one atom of the above N,
P and 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 A3 may be protected by
a hydrocarbylsrlyl group. RI and R2 are .hydrocarbylene groups. In the
formula, RI, R2 and A3 which are each present in plurality may each be same
or different.)  18 R3n S  (0R6) 2-n( 6         In formula (6), A4 is a
functional group which has at least one atom selected from the group
consisting of N, P and S and is bound to R5 by any one atom of the above N,
P and 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 A4 may be protected by
a hydrocarbylsilyt group. R3 is a hydrocarbyl group. n is an integer of 0
to 2. R5 is a hydrocarbylene group. R6 is a hydrogen atom or a hydrocarbyl
group. In the formula, R3 and R6 which are each present in plurality may
each be same or different.) [00261        In the present invention, an
onium structure can be introduced into the modified conjugated diene
polymer by mixing the modified conjugated diene polymer obtained in the
above-mentioned polymerization step and modification step with the
onium-forrning agent.        Examples of the onium-forming agents include
metal halides 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 sulthnic acids, because of easy availability
and easy handling of the compounds.        Examples of the compounds of the
onium-fonning agents include silicon tetrachloride, tin tetrachloride,
trimethylsily1 chloride, dimethyidichlorosilane, diethyl aluminum chloride,
zinc chloride, titanium tetrachloride, zirconium tetrachloride, germanium
tetrachloride, gallium trichloride, diethyl sulfate, trimethyl phosphate,
dimethyl carbonate, benzenesulfonic acid and the like.  19         Shape
retention properties of the modified conjugated diene polymer can be
enhanced by using the oniutn-forming agent, [0028]         Mixing of the
modified conjugated diene polymer and the onium-forming agent can be
performed, for example, in a solution form. The mixing may be preformed
either as a batch system using a batch type mixer or as a continuous system
using an apparatus such as a multistage continuous mixer or an inline
mixer.         The amount of the onium-thrtning agent is preferably 0.5
molar equivalents or more, and more preferably 1,0 molar equivalent or
more, based on the active site(modified moiety) of the modified conjugated
diene polymer. When the amount is less than 0.5 molar equivalents, ordain
conversion does not sufficiently proceed, sometimes resulting in
deteriorated shape retention characteristics of the modified conjugated
diene polymer.         Methods for adding the onium-forming agent are not
particularly limited, and include a method of hatch addition, a method of
divided addition, a method of continuous addition, and the like. Above all,
preferred is the method of batch addition. [0029]         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 150C. more preferably from 0 to 120C, and particularly preferably
from 20 to 100C, 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
desolvaticin method (for example, steam stripping or the like) and drying
operation which are known in the production of the modified conjugated
diene polymer. [0030]         For nation of the onium structure in the
modified conjugated diene polymer is performed in the presence of water.
Methods for forming the oniuni structure include, for example, (i) a method
of directly adding water into a solution of the modified conjugated diene
polymer, followed by mixing, (ii) a method of adding a solution obtained by
dissolving water in an organic solvent such as an alcohol soluble in both
water and an organic solvent into a solution of the modified conjugated
diene polymer, followed by mixing, and (iii) a method of mixing the
modified conjugated dine polymer and water at same time as desolvation in a
steam stripping step.         In this case, the polymer solution obtained
in preparing the modified conjugated diene polymer may be used in a state
of the polymer solution without performing desolvation. Further, the
modified conjugated diene polymer obtained by desolvating the  



20 above-mentioned polymer solution by steam stripping or the like,
followed by further drying, may be dissolved again in a solvent such as
cyciohexane to use.        The modified conjugated diene polymer of the
present invention is adjusted in the Mooney viscosity by addition of an
extender oil, and the like, as needed, thereby being able to improve
workability thereof.        The extender oils include aroma oil, naphthenic
oil, paraffin oil and the like. The amount of the extender oil is, for
example, from 10 to 50 parts by mass based on 100 parts by mass of the
modified conjugated dime polymer.        The modified conjugated diene
polymer into which the onium structure is introduced has, for example, at
least one structure selected from the group represented by the
above-mentioned fonnulae (4) and (5) and a structure represented by the
following formula (7): RS n --Si R5 A5 _R6 / 2-n( 7 )        (In formula
(7), A5 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 by any one
atom of the above N, P and S to R5 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 A5 may he protected by a
hydrocarbylsityl group. R3 is a hydrocarbyl group. n is an integer of 0 to
2. R5 is a hydrocarbylene group. R6 is a hydrogen atom or a hycirocarbyl
group. In the formula, R3 and R6 which are each present in plurality may
each be same or different.) [0031]        The polymer composition of the
present invention contains the above-mentioned modified conjugated diene
polymer as a polymer component.        Further, the polymer composition of
the present invention may contain a polymer 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-ciroletin copolymerized rubber,
ethylene-cc-oletin-diene copolymerized rubber, acrylonitrile-butadiene
copolymerized rubber, ehloroprene rubber, halogenated butyl rubber,
styrene-isoprene copolymerized rubber, butadiene-isoprene copolymer rubber,
random styrene-butadiene-isoprene copolymerized rubber,
styreneacrylonitrile-butadiene copolymerized rubber,
acrylonitrile-butadiene copolymerized rubber,  21 potyst
ene-polybuta.diene-polystyrene block copolymer and mixtures thereof, and
the like. 



Even when another polymer component which can be used as a polymer
composition for a tire is contained, it is possible to produce the
crosslinked polymer excellent in low hysteresis loss characteristics.
[0032] The ratio ofodified conjugated dime polymer in the polymer
composition of the present invention is preferably 20% by mass or more,
more preferably 30% by mass or more, and particularly preferably 40% by
mass or more. When the ratio is 20% by mass or more, it is possible to more
improve mechanical characteristics such as tensile strength 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 SPY, GPF, FET, RAF SAF,
SAF,ISAF-HS,ITSAF-ITS, HAF-HS and HAF-LS, acetylene black,    rnial black,
channel black and graphite, and further include carbon blacks of respect
grades such as graphite fiber and fitherene. Above all, preferred are the
carbon blacks having an iodine adsorption (IA) of 60 nig/g or more and a
dibutyl phthalate oil absorption (DBP) of 80 m1/100 g or more. Further,
from the viewpoint of improving wear resistance 'the modified conjugated
diene polymer, more preferred are IIAF, ISAF and SAE.         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 silicie acid), dry silica
(silieic 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 arid 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  22 mass of the polymer
components (the total of the modified conjugated diene polymer and other
polymer components), from the viewpoint of reinforcement properties and
effects of improving various physical properties thereby. When the amount
is less than 20 parts by mass, an. effect of improving fracture resistance
characteristics and the like tends to become insufficient, When the amount
exceeds 130 parts by niass, workability of the polymer composition tends to
be decreased.         Further, excellent advantages similar to those
obtained when carbon black and silica are used in combination can be
obtained by incorporating a carbon-silica dual phase filler into the
polymer composition of the present invention. The carbon-silica dual phase
filler is so-called silica coating carbon black in which silica is
chemically bonded to the surface of carbon black, and commercially
available from Cabot Corporation as trade name: CRX2000, CRX2002 or
CILX2006. The amount of the carbon-silica dual phase filler incorporated is
preferably from 1 to 100 parts by mass, and more preferably from 5 to 95
parts by mass, based on 100 parts by mass of the total of the polymer
components. [0036]         When silica is contained as a reinforcing agent
in the polymer composition of the present invention, a silane coupling
agent is preferably incorporated in order to more improve its reinforcing
effect. The silane coupling agents include, for example, his-(3-
trictboxysilylpropyljtetrastilfide, 3-mercaptopropyltrimethoxysilatie,
3-triethoxysitylpropylN,N-dirriethylthiocarbamoyl tetrasulfide,
3-triethoxysilyipropylhenzothiazole tetrasulfide, 34riethoxysilylpropyl
methacrylate monostilfide, inercaptosilane compounds exemplified in
JP-A-2006-249069, and the like.         Commercially available products
thereof include, for example, "NXT Silane", "NXT Z Silane", "NXT-Low-li
Silane" and "NXT Ultra Low--V Silane" (trade names) manufactured by
Momentive Performance Materials Inc.; "VP 51363" (trade name) manufactured
by Degussa AG; "1.1-MERCAPTOUNDECYLTR1METHOXYSILANE" (trade name)
'manufactured by (iciest, Inc.; and the like. [00371
Ofthese,preferredarebis(3-trietlioxysilylpropyl)polysnifidc,3-
trimethoxystlylpropylbenzothiazyl tetrasulfide and the mercaptosilane
compounds exemplified in JP-A-2006-249069, in terms of an effect of
improving reinforcement properties. In this connection, these silane
coupling agents may be used either alone or as a combination of two or more
thereof Although the amount of the silane coupling agent incorporated
varies depending on the type of silane coupling agent and the like, it is
preferably front I to 20 parts by mass, and more preferably from 3 to 15
parts by mass, based on 100 parts by mass of silica. When the amount is
less than 1 part by mass, it tends to become difficult to sufficiently
exert the effect as the coupling agent. When the amount exceeds 20 parts by
mass, the polymer component tends to be gelled.  23 [0038]        In
preparing the polymer composition of the present invention, for the purpose
of improving workability at the time of kneading or further improving a
balance among wet-- skid resistance, low hysteresis loss characteristics
and wear resistance, a compatibilizing agent may he added at the time of
kneading.        Organic compounds as the compatibilizing agents include
epoxy group-containing compounds, carboxylic acid compounds, carboxylic
acid ester compounds, ketone compounds, ether compounds, aldehyde
compounds, hydroxyl 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 accelerator,, process oils, anti-aging agents,
antiscorching agents, zinc oxide, stearic acid and the like. [00401
The vulcanizing agents (crosslinking agents) include sulfur, sulfur
halides, organic peroxides, quinone dioximes, organic multivalent amine
compounds, methyloi 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 dieue 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 sulfimatuide-based, guanidine-based, thiuriun-hased,
thiourea-based, thiazole-based, ditbiocarbamic acid-based and xanthic
acid-based compounds, and preferably include 2- mercaptobenzothiazole,
dibenzotinazyl disulfide, N-cycloliexy1-2-bemzothiaul sulfenamide,
N-t-butyl-2-benzothiazole sulfonamide, N-oxyedlylene-2-berizotbiazole
sulfena.mide, Noxyethylerie-2-benzothiazole sulfenamide,
N,N'-ciiisopropy1-2-benzothiazole sulfenamide, diphenylguanidine,
dicathotriguanidine, orthotolylbisguanidine and the like. "The amount of
the vulcanization accelerator is usually from 0.1 to 5 parts by mass,  94
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 erosslinked polymer to various rubber
products by performing crosslinking (vulcanization) after molding
processing.         Examples of the erosslinked 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 dime polymer and the
crosslinked polymer are as follows.         The glass transition
temperature of the modified conjugated diene polymer is preferably 0C or
less, more preferably -5C or less, and particularly preferably -10C 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
]11-1\11i4R of 500 MHz, [Vinyl Content (%)]: Determined by IH-I\INIR of 500
MHz. [Glass Transition Temperature (T)]: Measured in accordance with ASTIVI
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), (TILC-81200PC (trade name (manufactured by Tosoh Corporation))).
(GPC Conditions) Column: Trade name `GIMITEXL" (manuflictured by Tosoh
Corporation), 2  25 columns Column temperature: 40C Mobile phase,
Tetrahydrofuran Flow rate; 1.0 miimin Sample concentration: 10 img/20 ml
[Mooney Viscosity (M1,1+4, 100'C)]; Determined in accordance with .11S
K6300 by using an L-rotor under conditions of preheating for 1 minute, a
rotor operation time of 4 minutes and a temperature of 100C. 



[00441 [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 tetrahydrothran, 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-butyllifidurn and "[NI-I" (see the margin of Table 1) were added
to initiate polymerization. The polymerization was conducted under
adiabatic conditions, and the maximum temperature reached 85C. [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 minol of
N,Nbis(trimethylsilyHaminopropylinethyldiethoxysilane was added to the
polymer solution other than the collected one, and a reaction was conducted
for 15 minutes. Thereafter, 10 g of 2,6-di-tert-butyl-p-cresol was added to
the resulting polymer solution. Then, deso.lvation 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 110C 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 dime 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 plastamill (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, mercaplosilane, stearic acid, an anti -aging agent and zinc
oxide were kneaded under conditions of a filling rate of 72% and a  Lb
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 160C 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, 100C): The
polymer composition before vulcanization was used as a sample for
measurement, and the measurement was made in accordance with JIS K6300
using an h-rotor under conditions of preheating for 1 minute, a rotor
operation time of 4 minutes and a temperature of 100C.  (ii) 0C tan 6: 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 0C, with using ARES-RDA
(manufactured by TA Instruments Inc.). The value i.s in.dicated 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) 70C
tan 8: 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 70C, with using ARES-RDA
(manufactured by TA Instruments Inc.). The value is indicated by the index
taking that of Comparative Example 1 described later a.s 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
25C, in accordance with HS 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 I described later as 100. The.
larger value shows the better wear resistance. The results of the above
are. shown in Table 4. 



[00461 [Examples 2 to 22 and Comparative Examples 1 to 3: Synthesis of
Modified Conjugated Diene Polymers A. 82, C2, N2, N3 and C to [3 and
Evaluation. Thereof]        Modified conjugated diene polymers A, 82, C2,
N2, N3 and C to LI were obtained in same manner as in the case of the
modified conjugated <Ilene polymer S 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 foimulae shown in Table 3 using the modified conjugated
diene polymers A, 82, 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  27 of silicon tetrachloride
was further added after termiof the modification reaction as shown in Table
I.  am c r.; a. a -7.- :..z.7E a. boi..li-i-,',)-a.aa, a a a-, a: ::-.-,,;
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plitiki Compounding Formula (pin)  Modified Conjugated Diene Polymer
Butadiene Rubber *I) Extender Oil *2) 



Carbon Black *3) Silica *4) Mercaptosilane *5) Stearic Acid Anti-Aging
Agent *6) Zinc Oxide Vulcanization Accelerator CZ Vulcanization Accelerator
D *8) Sulfur      *1: Manufactured by JSR. Corporation, BRO1 *2:
Manufactured by Sankyo Mica Kogyo K:K., SNH46 *3: Manufactured by
Mitsubishi Chemical Corporation, Dia Black N339 *4: Manufactured by Tosoh
Silica Corporation, Nipsil AO  *5: Manufactured by Momentive Performance
Materials Inc.,NXT Silane (3-octanoyithiopropyltriethoxysilane)  *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 



IN 0  N 0  N , 0 IN 00   Cii "     0 en 0X rit    NO CC N 0 



0' 0 IN t'n 1  N N        COCitON 0    



CL ;<   00 X0 401 <0 C,  -?   0 rf     a,utn 01;3 oOLi-' sIlO00>c 



34 [00511        Table 4 shows that Examples I to 22 are totally good in
wet skid resistance (0C tan. 8), low hysteresis loss characteristics (70C
tan 8) and wear resistance of the crosslinked polymers, in comparison with
Comparative Examples ito 3,  Claims [Claim 1]        A method for producing
a modified conjugated (hone 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 (I) and (2) and an alkali metal
compound or an alkaline earth metal compound to obtain a modified
conjugated (hone polymer. zR2, NI zIH A 1R RENH A1RN-R2( 2)        (In the
formulae (1) and (2), AI is a functional group which has a hydrocarbylsily1
group in which three H's (hydrogen atoms) in a "-SiFi3" 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
RI by any one atom of the above N. P and S. RI and R2 are hydrocarbylene
groups. In the formulae, Fe, R2 and AI which are each present in plurality
may each be same or different.) [Claim 2]        The method for producing a
modified conjugated dime polymer according to claim I, comprising a
modification step in which a compound represented by the following thrmula
(3) is added to and reacted with the modified conjugated (Eerie polymer
obtained in the polymerization step to obtain a modified conjugated diene
polymer having a structure represented by the following formula (6):  36 



() (in the formula (3), A2 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 R5 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 A2, three H's (hydrogen atoms) in a "-Sill3"
structure may 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. R5 is a hydrocarbylcite group. in the formula, k3 and R4 which are
each present in plurality may each be same or different) n SiR5 A4 \\;, cC)
12-n    [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 oniumforming agent.  37 from the group
represented by the following formulae (4) and (5) and a structure
represented by the following formula (6): R2 A3-R1-N 



A3-R1-N A3-R1--N- -R2( 5 )    ( 6 ) (in the formula (6), A4 is a functional
group which has at least one atom selected from the group consisting of N,
P and S and is bound to R3 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 Al may be protected by a hydrocarbylsilyl group. R3 is
a hydrocarbyl group. a is an integer of 0 to 2. R.3 is a hydrocarbylene
group. R6 is a hydrogen atom or a hydrocarbyl group. in the formula, R3 and
R6 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): R?" z
A3R1NN,  A3R1N-R2 R2 A3-R1--N-R2 



the formulae (4) and ), A3 is a functional group which has at least one
atom selected from the group consisting of N, P and S and is bound to RI 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 A3 may
be protected by a hydrocarbylsityl group. RI and R2 are hydrocarbylene
groups, In the formula, RI, R2 and A3 which are each present in plurality
may each be same or different.) 'FR3 ( 7 )        an the formula (7)"k 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 hound 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 As may be protected by a hydrocarbylsityl group. R3 is
a hydrocarbyl group. n is an integer of 0 to 2. R3 is a hydrociarbyielle
group. R6 is a hydrogen atom or a hydrocarbyl group. In the foitElula, R3
and R6 which are each present in  39 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.
[Claim Si        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. 


