
Descrintion Title of invention: METHOD FOR PRODUCING MODIFIED CONjUGATED
DIE NE POLYMER, MODIFIED CONJUGATED DIENE POLYMER, MODIFIED CONJUGATED
DIENE POLYMER COMPOSITION, RUBBER COMPOSITION AND TIRE Technical Field.
[0001]      The present invention relates to a method for producing a
modified conjugated diene polymer, a modified. conjugated diens polymer, a
modified conjugated diene polymer composition., rubber composition and
tire. Background Art [00021      Recently, with a growth of demand for
low-fuel cononmprion. of automobiles, it has been desired to reduce
rolling-resistance of tires. To satisfy the desire, it is demanded to
develop a rubber material having lower exothermal properties (low
hysteresis loss properties).       In the meantime, from the viewpoint of
safety, it is demanded to develop a rubber material having not only
excellent brake performance (wet skid resistance) on wet pavement but also
excellent operation stability.,       In addition, it is demanded to
develop a. robber material having a good processability and providing a  



vulcanisate having a reinforcing effect with the help of a reinforcing
filler and having excellent tensile properties, fuel saving properties and
abrasion resistance, [00031      When silica is used as the reinforcing
filler in place of carbon black, which has conventionally been Neguently
used, a rubber composition excellent in balance between low hysteresis loss
properties and wet skid resistance is known to be obtained,     However,
the surface of silica is hydrophilic, Thus., when silica is used in
combination with a highly hydrophobic diene rubber to prepare a.
composition, silica particles are mutually aggregated in the composition.
As a result, good. dispersibilitv of silica particles cannot be obtained.
To overcome this problem, attempts have been made to enhance affinity for a
silica surface by introducind a functional group interacting with the
silica surface into a. diene rubber, thereby improving dispersibliity of
silica in the composition and enhancing low hysteresis loss properties.
For example, Patent. Literature 1 discloses a modified diene rubber
obtained by reacting a modifier having a glycidylamino group with a polymer
end, Patent Literature 2 discloses a modified di one rubber obtained by
reacting glycidoxyalkoxysilane with a polymer. end. Patent Literatures 3 to
each disclose a modified diene  robber obtained by reacting an alkoxysilane
containing a nitrogen atom with a. pciymor end and a. composition
containing the modified diene rubber and silica- Patent Literature 7
discloses a modified diene rubber obtained by reacting a silicon.
atom-containing vinyl compound within a polymer chain and with an end
thereof, and a composition containing the modified diene rubber and.
silica.      If a composition 4,s prepared from a modified. diens rubber
according to any one of Patent Literatures I to 6 and silica and this
composition or the composition according to Patent Literature 7 is
vulcanized, a vulcanized rubber excellent in, balance between low
hysteresis loss properties and wet skid resistance can be obtained. [0004]
In the field of a rubber composition, various studies have conventionally
been made on a method for modifying a butadiene polymer by introducing a
functional group thereinto in order to improve affinity for a filler,
Examples of a specific method thereof include a method of introducing a.
functional group into an initiation end or termination end or into both of
them by use of anion. living polymerization (see, for exabple, Patent
Litetatures a to 10); a method of copolymerizing. monomers having a
functional group (see, for example, Patent Literature 11); and a method of
introducing a 



functional group by reactinp the functional group with a double bond of a
main chair after polymerization (alee, for example, Patent Literatures 12
and 13). Citation List Patent Literature [000H Patent Literature 1:
International Publication No, WO 01/23467 Patent Literature 2 Japanese
Patent Laid--open No. H07- 233217 Patent Literature. 3. Japanese Patent
Laid-Open No. 2001- 158834 Patent Literature 4: Japanese Patent Laid-Open
No. 2003- 171418 Patent Literature 5: National Publication of International
Patent .ii'plication No. 2008-527150 Patent Literature 6: international
Publication No. NO 07/114203 Patent Literature 7: Japanese Patent
Laid-Open. No. 2010- (77415 Patent Literature 8: Japanese Patent Laid-Open.
No. 562- 149708 



Patent literature 9: Japanese Patent Laid-Open No. 2003- .171418 Patent
Literature 10: International Publication No, WO 0/01090  - 5 - Patent
Literature 11:  Japanese Patent Laid-Open No 2010- 77386    



Patent Literature 12:  Japanese Patent Laid-Open. No  11931    Patent
Literature 13:  Japanese Patent I2id-Open No, 2004- 



346140 Summary of Invention. Technical. Problem 10006]      Although in the
compositions proposed. in Patent Literatures 1 to 6, dispersibility of
silica is good, rigidity or dynamic modulus of elasticity is low. Thus, in
some cases it is difficult to obtain both of dispersibility of silica and
operation stability at the same time-       in the circumstances, it has.
been desired to develop a rubber composition improved in balance between
low hysteresis loss properties and wet skid resistance while suppressinb
decrease in dynamic modulus of elasticity by improving dispersibilitv of
silica and to develop a modified conjugated diene polymer to be contained
in the composition.       In the method of modifying a butadiene pnlymer by
introducing a functional rpup thereinto as described in Patent Literatures
8 to 13, it is expected to further improve affinity for a filler by
increasing the amount of  functional group to be introduced. However, when
the amount. of functional group is increased, the viscosity of a blend in
blending a filler extremely increases and p,or'esability deteriorates. In
addition to this problem, a. problem is that even if an optimum functional
group is found depending upon the type of a filler to be used, when two or
more fillers are aced, affinity improving effect sufficient for all fillers
cannot be obtained.       In the circumstances, it is desired to develop a
rubber composition having improved affinity for a filler and excellent
dispersion effect as well as good propessability and to develop a modified
conjugated diene -polymer to be contained in the composition. 



[00071       The present invention was made in consideration of the above
circumstances. A first object of the present invention is to provide a.
method for oroducine a modified. conlagated diebe polymer, which provides
excellent balance between low hysteresis loss properties amd wet skid
resistance when made into a rubber composition containing silica and
providbs, because of its high dynamic modulus of elasticity, excellent
operation stability when used as a rubber material for tire.       A second
object of the present invention is to provide a method for oroducing a
modified conjugated ddene polymer which provides a vuicanizate having good
affinity for a filler, excellent dispersibility  simultaneously. with
excellent processabilitv, (Toed tensile properties, high strength and
elongation properties, high fuel saving performance and excellent abrasion
resistance, Solution to Problem [00081      The present inventors made
intensive studies with a view to attaining the above objects. As a result,
they found that the above objects can be attained by introducing a specific
functional group into both the active end and the main chain of a
conjugated. diene polymer and accomplished the present invention. The
present invention is as follows.  [1] A. method for producing a modified
conjugated diene polymer comprising      a polymerization step of obtaining
a con=jugated diene polymer containing a nitrpaen atom in a polymer chain
and having an active end by copolymerizing a conjugated diene compound and
a nitrogen atom-containing vinyl compound or a conjugated diene compound,
an aromatic vinyl compound and a. nitrogen atom-containing vinyl compound
by use of an alkali metal compound and/or an alkaline earth metal compound
as a polymerization initiator, and  



s      a moddficatdon step of reacting a modifier, which is a compound
represented by the following formula (1), with the active end of the
conjugated diene polymer: [0010] [Formula. 1]         R3 R10-Y--- -SiN \\,
R5'  R6 Sf OR2 )    



[0011]      In the formula (1), Ri to R4 each independently represent an
alkyl group having 1 to 20 carbon atoms or an aryl group having 6 to 20
carbon atoms;represents an alk7lene group having 3 to 10 carbon atoms;
represents an alkylene group having 1. to 20 carbon atoms; m is an integer
of 1 or 2; and n is an integer of 2 or 3. [0012]  [2] The method for
producing the modified conjugated diane polymer according to [1], wherein
an amount of the the nitrogen atom-containing vinyl compound to be added is
0.5 to 100 moles based on 1. mole of the polymerization initdatr.  [3] The
method for producing the modified conjugated dens polymer according. to [11
or [2], wherein the nitrogen atom -contadning vinyl compound is a compound.
represented by the following formula (2) or (3): [0013]  - 9 - [Formula 2]



10014]      In the formula (2), R7 to R. each independently represent
hydrogen, an alkyl group having 1 to 20 carbon atoms or an aryl group
having 6 to 20 carbon atoms; RI represents a single bond or a. divalent
hydrocarbon group having 1 to 6 carbon atoms, which may be interrupted by
any of NR13, 0 and S in the middle of the chain; and      Rfl to R13 each
independently represent any selected. from the group consisting of an alkyl
group having I to 30 carbon atoms, an aryl group having 6 to 30 carbon
atoms and a triesubetituted silyl group having an alkyl group having I to
30 carbon atoms andfor an. aryl group having 6 to 30 carbon atoms on
silicon: [00151  [ Formula 3]     [0016) 



in the formula. (3), R7 to RE' are the same as defined in the formula (2);
X represents a divalent hydrocarbon group haying 3 to 10 carbon atoms,
which may be interrupted by any of NRI.4, 0 and S in the middle of the
chain and being a. saturated ring forming portion in which all
carbon-carbon bonds are single bonds or an unsaturated ring forming portion
in which at least one of the carbon-carbon bonds is a double bond; and
. vs. represents an alkyl group having 1 to 30 carbon. atoms or an aryl
group haying S to 30 carbon atoms, [0017]  [4] The modified conjugated
diene copolymer obtained by the method for producing the modified
conjugated diene polymer according to any one of [1] to [3], 100181  [5] A
method for producing. a modified. conjugated. diene polymer. cbmprising  11
-      a polymerization step of obtaining a conjugated diens polymer haying
an active end by polymerizing a conjugated diens or copolymerizing a
conjugated diene with a copolymerizable monomer by use of an alkali metal
compound or an alkaline earth metal compound as a polymerization initiator,
a modification step of modify ng the active end hi y reacting a compound
represented by the following formula (I) with the active end of the
conjugated diene copolymer, and L0019] 



[Formula 41 72)210RI 240,q) R2103-SiN R26-Si-+0R22 [0020] a step of
modifying a vinyl group of the main chain of the conjugated diene polymer
with a silicon modification. group having at least one- functional group
selected from the group consisting of an amino group, an alkpxyhilyi group
and a hydroxy group by a hydrosilyiation reaction. [0021]      In the
formula CD, R11 to R24 each independently. represent an alkyl group or aryl
group having 1 to 20  carbon atoms; it' an alkylene group having I  to 10
carbon. atoms; R26 represents an alkylene group having 1 to 20 carbon
atoms; p is an integer of 1 or 2; and g is an integer of 2 or 3, 0022] 



6] The method for producing the modified conjugated diene polymer according
to [i], wherein the step of modifying a vinyl group of the main chain is a
step Pr reacting a hydrosilane compound having at least one functional
group selected from the group consisting of an amino group, an alhoxysilyi
group and a hydroxy group with the conjugated diene polymer in the presence
of s catalyst, after the active end is modified.  [7] A modified conjugated
diene polymer obtained hy the production method according. to [5] or [6],
wherein a polystyrene-equivalent number average molecular weight. (Mn)
determined by gel permeation chromatographic (GPM measurement is 20,008 to
2,000,000. [0023]  [8] A modified conjugated diene polymer having a
nitrogen atom-containing functional group in the main chain of the polymer,
and a functional group having at least one secondary amino group, at least
one alhoxysily1 group, 3 to 6 branches on at least one of the ends.  [9] A
modified coniugated diehe polymer composition comprising 0,6 to 300 parts
by mass of a silica inorganic filler. based on 100 parts by mass of a
rubber component comprising 20 parts by =SS or more of the modified
conjugated diene polymer according to any one of [43, 117] and [8].  [10]
The modified conjugated diene polymer composition. according to [9],
comprising 5 to 200 parts by mass of the silica inorganic filler,  [113 A
modified conjugated diene polymer composition comprising 5 to 200 parts by
mass of a filler, which is silica and/or carbon black, based on 100 parts
by mass of a rubber component comprising 20 parts by mass or more of the
modified conThgated diene polymer according to any one of [41, [7] and [8],
[12] A rubber composition obtained by subjecting the modified conjugated
die:tie polymer composition according to any one of [9] to [11] to
crosslinking.  [13] A tire comprising the rubber composition according to
[12]. Advantageous Effects of Invention 



[0024]       According to the present invention, it is possible to provide
a method for producing a modified conjugated diene polymer providing a
vuicanizate containing a silica inorganic filler, which is excellent in
balance between 10W hysteresis loss properties and wet skid resistance, has
high dynamic modulus of elasticity, and provides excellent operation
stability when used as a rubber  14 material for tiro, and to provide such
a modified conjugated dgene polymor.      According to the present
invention, it is also possible to provide a method for producing a modified
conjugated. diene polymer providing further excellent filler-dispersion
effect and. good processability when made into a crosslinked rubber
composition containing a filler, compared to a mo-'ified conjugated diene
polymer having a functional group introduced into a polymer end alone or
tho main chain alone. Owing to this, it is possible to obtain a. rubber
composition having a sufficient filler reinforcing effect, good tensile
properties, high fuel saving. properties and excellent abrasion resistance.
Description of Embodiments [0025] Now, an embodiment. (hereinafter referred
to simply as the embodiment") for carrying out. the present invention will
be more specifically described below. The following embodiment is an.
illustration for describing the present invention and will not be construed
as limiting the present invention to the following content. Tho present
invention can be appropriately modified and carried. out within, the scope
of the present invention. 100261  



In the first and second methods for producing a modified Genius:fated diene
polymer according to the embodiment. which will be described later, a
modified conjugated diene polymer, which has a nitrogen atom-containing
functional group in the main chain of the polymer, and a functional group
having at least one secondary amino group, at least one alkoxysilyi group,
and 3 to 6 branches on at least one of the ends is produced- [0027] fIFirst
method for oroducine medified contugated diene polymer]      The. first
method for producing a modified conjugated diene polymer according to the
embodiment (hereinafter. sometimes referred to simply as the first
production method) has a polymerization step of obtaining a conjugated
diene polymer containing a nitrogeh atom in the main chain of the polymer
and having an active end by copolymerizing a. conjugated diene compound and
a nitrogen atemecontadning vinyl compound, or a. conjugated diene compound,
an aromatic vinyl compound and a nitrogen atom-containing vinyl compound,
bv. use of an alkali metal compound and/or an alkaline earth metal compound
as a polymerization initiator; and a modification step of reacting a
modifier, which is a compound represented by the followina formula (1),
with the act: Iwo end of the conjugated diene polymer:  [00281     {Formula
5] 



R. 3(2..m)   Fr EZ-n)  ( R10 ) 



m Si N R6  Si  ( OR 2) ( 1 )  [0029]      In the formula (1.), P.1 to EC
each independently represent an alkyl group having 1 to 20 carbon atoms or
an aryl group haying 6 to 20 carbon atoms; R5 represents an alkylene groap
having. 3 to 10 carbon atoms; nC represents an alkylene group having I to
20 carbon atoms; m is an integer of I. or 2; and n ic an integer of 2 or 3,
(Polymerization step) 



In the polymerization step, a conjugated diene polymer containing a
nitrogen atom in the main chain. the polymer and having an active end is
obtained copolymerizing a conjugated diene compound and a nitrogen. atomr
containing vinyl compound or a coniugated diene compound, an aromatic vinyl
compound. and a nitrogen atom-containing vinyl compound by use of an alkali
metal compound and/or an alkaline earth metal compound as a polymerization
initiator, [0031)       The conjugated diene polymer constituting a
modified. conjugated diene polymer is a copolymer of a. conjugated. diens
compound and a nitrogen atom-containing vinyl] compound or a copolymer of a
conjugated diene compound, an aromatic vinyl compound and. a nitrogen
atom-containing vinyl compound, [0032] <Conjugated diane compound>
The conjugated diene compound is not particularly limited, as long as it is
a polvmerizable monomer. Examples thereof. include, but not limited to,
1,3- butadiene, isoprene, 2,3-dimethy1-1,3-butadiene, 1,3- pentadlene,
3-methy1-1,3-pentadiene, 1,3-neptadiene and 1,3-hexadiene, Of them,
1,3-butadiene and isoprene are preferable from the viewpoint of industrial
availability. These may be used singly or in combinations of two or more
[0033] <Aromatic vinyl. compound>       The aromatic vinyl compound is not
particularly. limited as long as this a. monomer copolvmerizable with a
conjugated diene compound. Examples thereof include styrene,
p-methyistyrene, a-methylstyrene, 



vdnylethylbenzene, vinylxylene, vinyinaphthalene and diphenylethylene. Of
them, styrene is preferable from the viewpoint of industrial availability.
These may be used singly or in combinations of two or more.  [0034]
<Nitrogen at oiecontaini.ng vinyl compound>      The nitrogen
atomecontaining vinyl compound is not part,c lax: ly limited as long as it
is a nitrogen atom-containing vinyl compoi,u-ld and a. monomer which can be
polymerized by anion polymerization, for example, compounds represented by
the followingLasand      are preferable from the viewpoint of reactivity
between a desired modified conjugated. diene polymer and silica. These may
be used singly or in combinations of two or MOLE-, [0035] [Formula    



It'NN-4112 [0036] In the formula ,to nY each independently represent hyd
rogen or angroup having 1 to 20 carbon atoms or an aryl group having to 20
carbon atoms; R represents a single bond or a divalent  be interrupted in
the middle of the chain by any one of NR13, 0 and Si and
each independently from. the group consisting of an al or lcJ any selected.
:bark 



30 carbon atoms, an aryl group having 5 to 30 carbon atoms and a
tri-substituted sii/s group having an alkyl group hay.to 30 carbon atoms
anan aryl group having 6 to 30 carbon atoms on silicon. [003 [Formula
[0036] In the formula. (3),to R are the same as in the formula (2); X
represents a divalent hydrocarbon group having 3 to 10 carbon atoms, which
may be interrupted in the middle of the chair by any one of NR14, 0 and S
and that is a. saturated ring forming portion in which all carbon-carbon
bonds are single bonds or an unsaturated ring forming portion in which at:
"east one of the carbon - carbon bonds is a double bond; and  "GO 



RI4 represents an alkyl group having I to 30 carbon atoms or an aryl group
having 6 to 30 carbon atoms. [0039] Examples of the compound represented by
the formula  (2) include, but not particularly limited. to,
N,NdimethyLvinylbenzylardne, N,N-diethylvinylbenzylamine,
N,N-dlpropylvinynenzylamine, N,N-dibutylvinylhenzylamine,
N,N-diphenvivinylbenzylaminey 2-dimethylaminoethylstyrene,
2-diethviaminoethylstyrene, 2- bis(trimetnyisilyi)amincethylstyrene,
1-(4-N,Ndimethylaminopheny1)-1-phenylethylene, N,N-dimethy1-2-(4-
vinyibenzyloxy)ethylamine, Ni,N1,N2-trimethyl-N2-(4-
vinylben2y1)ethane-1,2-diamihe and N,N-dimathyl-2-((4-
vinylbenzyl)thio)ethylamine. Of them, N,Ndimethylvinyibenzylamine is
preferable from the viewpoint of balance among low hysteresis loss
properties, wet skid resistance and dynamic modulus of elasticity of the
vuicanizate to be prepared from the resulting copolymer with silica. [00401
Examples of the compound represented by the formula  (3) include, but not
particularly limited to, 4-(2- pyrrolidinoethylOstyrene,
4-(2-pippridinoethyl)styrene, 4-(2-hexamethyleneiminoethyl)styrene, 4-(2-
morpholinoethyl)styrene, 4-(2-thiazinoethyl)styrene, 4-
(2-N-methylpiperazinoetkvi)styrene, 1-((4- vinylphenoxy)methyl)
pyrrolidine, 1-(4-  vinylbenzyloxymethyl)pyrrolidine, 1-((4-
vinyibenzyl)thiomethyl)pyrrolidine and N-methy1-1-
(pyrrolidin-l-y1)-N-(4.-vihylbenzyl)methylamine, Of them,
4-(2.-pyrrolidinpethyl.)styrene is preferable, from the viewpoint of
balance among low hysteresis loss properties., wet skid resistance and
dynamic: modulus of elasticity of the vulcanizate to be prepered from the
resulting copolymer with silica. [0041]       in the step of polymerizing a
conjugated diene polymer of the first production method, the amount. F
nitrogen atom-containing vinyl compound to be added is not particularly
limited and can be regulated depending upon the purpose and the like. For
example, the amount of nitrogen atom-containing vinyl compound to be added,
although it is not particularly limited to the following, is preferably 0.5
to 100 moles, more preferably 1 to 20 moles and further. preferably 2 to 10
moles based on 1 mole of a polymerization initiator described later.
If the amount of nitrogen atom -cohtaining vinyl compound to be added in
the polymerization step is 0,5 moles or more based on I. mole of the
polymerization initiator, a. vulcanizate excellent in operation stability
can be obtained. 



In contrast, the amount of nitrogen atom-containing viny1. compound to be
added is preferably 100 moles or less based on 1 mole of the polymerization
initiator from  the viewpoint of processability of the modified conjugated
diene polymer composition to be prepared from the resulting conjugated
diene copolymer with siliba,       In the step of polymerizing a conjugated
diene polymer of the first production method, the timing of adding the
nitrogen atom-containing vinyl compound is not particularly. limited, For
example, the nitrogen atom-containing vinyl compound may be added
simultaneously with a conjudated diene compound or with a corOugated diene
compound and a vinyl aromatic compound; or may be divided and added in the
middle of polymerization with a conjugated. diene compound, or in the
middle of copolymerization with a conjugated ddene compound and a vinyl
aromatic compound. [0042] <Polymerization initiator>
-in the polymerization step of the first production method, an alkali metal
compound and/or an alkaline earth metal compound are used as a
polymerization initiator...       The organic alkali metal compound to be
used as a polymerization initiator is not oarticularly limited. A
mono-organic lithium compound is preferable.       Examples of the
mono-organic lithium compound include, but not limited to, low molecular
cokT)ounds, a soluble oligomer organic lithium compounds, and compounds
haing a carbon-lithium. bond and, compounds having a  t 23 



nitrogen-lithium bond in terms of binding between an organic grop and
lithium'      Examplea of the carbon-lithium compound include, but. not
particularly limited to, n-butyllithium, secbutyllithium,
tert-butyllitnium, n-hekyllithium, benzyllithium, pherlyilith:Lum and
stilbenelithium,      Examples of the compound having a nitrogen-lithdum
bond include, but not particularly limited to, lithiuoi. dimethviamide,
lithium diethylamide, lithium dipropylamide, lithium di-n-hexylamide,
lithium dilsopropylamide, lithium hexamethyleheimide, lithium pyrrolidida,
lithium piperldide, lithium heptametnylenelmide and lithium morpholide.
[00431       Polymerization may be performed by use of a multifunctional
organic lithium compound as a polymerization initiator other than the
aforamenticed mono-organic lithium compounbs,       Examples of the
multifunctional organic lithium compound include, but not particularly
limited to, 1,4- dilithiobutae, a reaction product of sec--butyl lithium
and ciiisopropenylbenzene, 1,3,5-trilithiobeh2ene, a reaction product of
n-butyllithium, 1,3-butadiene and divinyibenzene and a reaction product of
n-butyllithium and a polyacetviehe compound. In adnition, known organic
alkali metal compounds disclosed in the specificationb of  2 4 U. S. Patent
No. 5,708,092, British Patent No. 2,241,239 and U.S. Patent No. 5,527,753
can be use&      As the organic lithium. compound, nebutyllithium and sec
-butyllithium are preferable from the viewpoint of industrial availability
and controllability of a. polymerization reaction_      These organic
lithium compounds may be used singly or in combinations of two or more:. 



[0044]      Examples of organic alkali metal compounds other than the
organic lithium compounds include, but not particularly limited to, organic
sodium compounds, organic potassium compounds, organic rubidium compounds
and organic cesium compounds. Spec-------to examples include sodium.
naphthalene and potassium naphthalene. Examples other than these include
alkoxides, sulfonates, carbonates and amides of lithium, sodium and
potassium. Furthermore, organic alkali metal compounds may be used in
combination with other organic metal compounds. [00451       Examples of
the alkaline earth metal compound. include, but not particularly limited
to, organic magnesium compounds, organic calcium compounds and organic
strontium compounds. Furthermore, alkoxides, sultanates, carbonates and
amides of alkaline earth. metals may be used. These organic alkaline earth
metal  compounds may be used in combination with an alkali metal compound
and other organic metal compounds. [0046] <Polymerization process>      at
is preferable that the conjugated diene polymer obtained. in the
polymerization step of the first method for producing a modified conjugated
diene polymer is a polymer having an active end obtained by a growth
reaction such as an anion polymerization. reaction using. an alkali metal
compound and/or alkaline earth metal compound as mentioned above as a
polymerization. in Particularly, it is more preferable that the conjugated
diene polymer is a polymer having an active end obtained by. a growth
reaction such as a living anion polymerizetion. Owing to this, a modified
conjugated diene polymer haying a high modification. ratio can be obtained.
Although a polymerization process is not 



particularly limited, polymerization can be performed in a batch process
and a continuous process. in the continuous process, one reactor or at
least two reactors mutually connected can be used.      As the reactor,
e.g., a vessel or tubular reactor equipped with a stirrer is used.       If
an allene and an acetylene are contained in a conjugated diene compound as
impurities, a modification reaction which will be described later may be
inhibited.  Thus, the total concentration (by macs) of these impurities
contained is preferably 200 ppm or less, more preferably 100 ppm or less
and further preferably 50 ppm or less. Examples of the allene include
propaddene and. 1,2 -butadiene. Examples of the acetylene include ethyl
acetylene and vinyl acetylene. [0047] <Polymerization solvent>      A
polymerization reaction of a conjugated diene polymer is preferably
performed in a solvent_      Examples of the solvent. include solvents of a
hydrocarbon such as a saturated hydrocarbon and. an. aromatic hydrocarbon-
Specific examples thereof include, but not limited to, aliphntic
hydrocarbons such as butane, pentane, hexane and heptane; alicyclic
hydrocarbons such as cyniopentane, cynichexene, methylcyclopentane and
methylcyclonexane; aromatic hydrocarbons such. as benzene, toluene and
xylene4 and. a hydrocarbon consisting of a. mixture of these,      Before
subjected to a polymerization reaction, imparitien such as an allene and an
acetylene are treated with an organic metal compound. This is preferable
because a polymer having an active end tends to he obtained in a high.
concentration- In addition, a high modification ratio tends to be attaincd.
[0048] <Polar compound> 



In the polymerization reaction of a conjugated diene polymer, a polar
compound may be added. Random copolymerization of an aromatic vinyl
compound, a conjugated diene compound and a nitrogen-containing vinyl
compound can be made, in the presence of the polar compound, which can also
be used as a vinylationaqPnt for controlling. a microstructure of a
conjugated dlene moiety as well as is effective in accelerating e,g., a
polymerization reaction.       Examples of the polar compound that can be
used include, but not particularly limited to, ethers such as
tetrahvdrofurani diethyl ether, dioxane, ethylene glycol dimethvl ether,
ethylene, dlycol dibutyl ether, diethylene glycol dimethyl ether,
diethylene glycol dibutvl ether, dimethoxybenzehe and
2,2-bis(2-oxbranyl)propans; tertiary amine compounds such as
tetramethylethyleneddamine, dipiperidinbethane, trimethylamilne"
tri.ethylamlne, pyridine and quinuclidine,' alkali metal alkoxide compounds
such as potassium-tert-amylate, potassium-tertbutyrate,
sodiumrtert-butyrate and sodium am.ylate; and phosphne compounds such as
triphenylphosphine.       These polar compounds may be used singly or in
combinations of two or more.       The amount of polar compound to be used
is not particularly United and can be selected depending upon the purpose
and the like. Specifically, the amount to be used based on I mole of a
polymerization initiator is  preferably 0,01 to 100 moles, Such at polar
compound. (vinylation aaent) can be used in an arpropriate amount as a
regulator for a microstructure of a conjugated diene moiety of a polymer
depending upon a desired amount of vinyl linkage. Many polar compounds also
have a randomizing effect effective in copolymerization of a conlngated
diens compound and an aromatic vinyl compound, and can be used for
adjusting distribution of an aromatic viny1 compound and used as an agent
for adjusting the amount of styrene block. As a method for performing.
random polymerization of a con=jugated diens compound, an aromatic vinyl
compound and a nitrogen atom-containing vinyl compound, for example, a
method of initiating a copolymerization reaction between whole amounts of
styrene and nitrogen atomecontaining vinyl compound and Part of 1,3
-butadiene, followed by adding the remaining. 1,3 -butadiene intermittently
in the middle of the copolymerization reaction may be used, [0049]
<Polymerization. temperature>.       The polymerization temperature
employed in the polymerization step of the first. production, method is not
particularly limited as long as a living anion polymerization proceeds at
the temperature. From the viewpoint of productivity, the polymerization
temperature is preferably Oct or more From the viewpoint of 



ensuring the amount of modifier to be reacted with an  - 29 - active end
after completion of the polymerization, the polymerization, temperature is
preferably 120QC or less.      Furthermore, from the viewpoint of
preventing cold flow of the conjugated ddene polymer obtained in the
polymerization step, a multifunctional aromatic vinyl compound such as
divinvibenzene for controlling branching may he used. {00501 <Structure of.
conjuated diene polymer>      The amount of bound cenjugated diene in tne
conlueated diene polymer obtained in the polymerization. step of the first
production method is not particularly limited.. The amount is pmeferablv 50
to 100 mass% and more preferably 60 to 80 mass%"      Furthermore, the
amount of bound aromatic vinyl in the conluoated diene polyme is not
particularly limited. The amount is preferably 0 to 50 mass% and more
preferably 20 to 40 mass95,       If the amount of bound conjugated diene
and the amount. of bound aromatic vinyl fall within the above. ranges, a
veicanizate having further excellent balance between low hysteresis loss
properties and wet skid resistance and satisfactory operation stability can
be obtained.      Herein, the amount of bound aromatic vinyl can be
determined by ultraviolet absorption of a phenyl group.  



30      The amount of vinyl linkage in the conjugated diene binding units
is not particularly limited. it is preferably 10 to 75 mole% and more
preferably 25 t0 65 mole%. When the amobbt of vinyl linkage falls within
the above range, a vulcanizate having further excellent balance between low
hysteresis loss properties and wet skid resistance and satisfactory
operation stability can be obtained.      Herein, when the conjugated diene
polymer is a copolymer of butadiene, styrene and a nitrogen atom-containing
vinyl cempound, the amount of vinyl linkage (amount of 1,2-bonding) in a
butadiene binning unit can be obtained by the Hampton's method (P. Ft
Hampton, Analytical Chemistry, 21, 923 (1949)).      The conjugated diene
polymer may be a random. copolymer and a block copolymer.      Examples of
the composition distribution of individual monomers in a random copolymer
chain include, but not particularly limited to, a. completely random
copolymer the composition of which is close to a. statistically random
composition and a tapered (gradient) random copolymer having a tapered
composition distribution. However, from the viewpoint of e.g., hysteresis
loss properties, the composition distribution of a nitrogen atom-containing
vinyl compound is preferably random. in. the case of the microstructure of
a conjugated diene such as 1,4-bonding and 1,2-bonding., a composition
distribution may be uniform or nonuniform.       Examples of the block
copolymer include a diblock copolvmer (diblock) formed of two blocks, a
triblock copolymer (triblock) formed of three blocks, and a tetrabipck
copolymer (tetrablock) formed of four blocks. Assuming that a block
consisting of an aromatic vinyl compound such as styrene is represented by,
for example, "S" and a block consisting of a conjugated dienm compound.
surTh as butadiene or isoprene is represented. by "B" block. copolymers may
be expressed as an S-B diblock copolymer, an S-B-S triblock copolymer and
an S-B-S-B tetrablock copplymer       in the above formula, the compositdon
of each block is not necessary to be uniform. For example, block E. may be
a copolymer of an aromatic vinyl compound and a conjugated diene compound
or a copolymer of an aromatic vinyl compound and a. nitrogen
atom-containing vinyl. compound, or alternatively, a copolymer of an
aromatic vinyl compound, a conjugated diene compound and a nitrogen
atom-containing vinyl compound. Also in. the above formula, It is not
always necessary that the boarder of blocks is distinctive, For example,
when block B is a copolymer of an aromatic vinyl compound and a conjugated
diene compound, the aromatic vinyl, compound in block 1-3 may be
distributed uniformly or  



a plurality. of. moieties where an. aromatic vinyl compound is uniformly
distributed and/or a plurality of moieties where an aromatic vinyl compound
is distributed in a. tapered manner may be present. together. Furthermore,
a. plurality of segments different in content of an aromatic vinyl compound
may be present together in block E. When a plurality of block S and a
plurality of block 1.3 are present. in a copolymer, constitutions such as
molecular weights and compositions of them may be the same or different-
[00511      in. the conjugated diene polymer obtained in the polymerization
step, it is preferable that the number of chains consisting of nitrogen
atom-containing vinyl compound units and/or aromatic vinyl compound units
is low or zero. More specifically, it is preferable that the number of
blocks having 30 or more chains consisting of these units is low or Zer0.
Specifically, in the case where the polymer is a. butadiene -styrene
-nitrogen atom-containing vinyl copolymer, the amount of polymer insoluble
in methanol is analyzed by decomposing. the polymer by a known method,
i.e., the Kolthoff's method (method described in I, M. KOLTHOFF, et. al.,
J. Polym. Sci. 1, 499 (1946) ). In the known method, the proportion of a
block consisting of 30 or more chains consisting of styrene and/or nitrogen
- and more preferably 3 mass% or less based on the total amount of the
Polymer. (Step of modifying active en ci)       In the step of modifying an
active end, a modifier, which. is a compound represented by the following
formula (1), is reacted with the active ehd of the conjugated diene polymer
to obtain a modified conjugated. diene polymer. [0053] [Formula 8]
WizooR404111 



(. R103-Si-NRESi( OR2 )11( ) R52 [0054]      In the formula (1), B.1 to Re
each independently represent an alkyl group having I to 20 carbon atoms or
an arvl group having 6 to 20 carbon atoms; P.5 represents ,6 an alkylene
group having 3 to 10 carbon atoms; a represents an alkylene croup having I
to 20 carboh atoms; m is an integer. of 1 or 2; and n. is an integer of 2
or 3. [0055]      Examples of the: modifier used in the step of modifying
the active: end of a conjugated dgene polymer of the first production
frthod include, but not limited f cyclic azasilane compounds such as
2f2-dimethoxy-1-(3-  trimethoxysilyipropy1)-1-aza-2-silacyclopentane, 2,2-
diethoxy-1-(3-triethoxysilylpropy1)-1-axa-2- silacyclopentane,
2,2-dimethbxy-1-(4- trimethcxvsilyibuty1)-1-aza-2-silacyclohexane, 2,2-
dimethoxy-1-(5-trimethoxysilylpenty1)-1-aza-2- silacycloheptane,
2,2-dimethoxy-1-(3- dimethoxymethylsilyiropyiThi-aza-2-silacyclopentane,
2,2-diethoxy-1-(3-diethokyethylsilylpropy1)-1-aza-2- silacyclooentane,
2-methoxy-2-methy1-1-(3- trimethoxysilyipropyi)-1-aza2-silacyclopentane, 2-
ethezy-2-ethy1-1-(3-triethoxysilylpropy1)-1-aza-2- silacyclopentane,
2-methoxy-2-methy1-1-(3-
dimethoxymethylsilylpropy1)---i-aza-2-silacyclopentane and
2-ethoxy-2-ethy1-1-(3-diethoxyethylsilyibropy1)-i-aza-2- silacyclopentane.
Of them, from the viewpoint of reactivity and interaction between a
functional group of a modifier and an inorganic filler such as silica and
from the viwpoY--it of processability, a compound where m is 2 and n is 3
is preferable.      Preferable specific examples thereof include 2,2-
dimethoxy-1-(3-trimethoxysilyipbcpy1)-1-aza-2- silacyclopentane and
2,2-diethoxy-1-(3- triethoxysilyipropy1)-1-aza-2-silacvelopentane. [0056] 



The reaction temperature, reaction time and the like in reacting the
aforementioned modifier with the active  end. of a polymer are not
particularly limited. The reaction is preferably performed at 0 to 120DO
for 30 seconds or more,      The amount of. afbrementioned modifier to be
added is not particularly limited_ The amount. to be added is preferably
0,12 to C.6 moles based on I mole of the aforementioned polymerization
initiator, more preferably 0,16 to 0,5 moles, and further preferably 0.16
to 0.4 moles.      in order for the resulting modified conjugated diene
polymer to obtain. a sufficient modification ratios the amount to be added
is preferably 0,12 moles or more. For improving prooessability, it is
preferable that polymer ends are mutually coupled to obtain a. branched
polymer component. In considering this in combination with the cost of a.
modifier, the amount to be added is preferably 0.6 moles or less. [0057]
(Modified conjugated diene polymer)      The modified conThqated diene
polymer to be obtained in the first production method of the modified
conjugated diene polymer mentioned above has a nitrogen atom containing
functional group in the polymer main-chain, and a functional group having
at least. one secondary amino group, at least one alkoxysilyl group, and 3
to 6 branches on at. least one of the ends. <Modification. ratio>        It
is preferable that the modified conjugated. diene nolymor to be produced by
the first. production method mentioned above from the viewpoint of
obtaining a better effect of the embodiment, has a modification ratio
(hereinafter, sometimes referred to simply as the "modification ratio"),
which is obtained by gel permeation chromatographic (GPC) measurement using
a column charged with silica particles based on the amount of adsorption to
the column, in other words, the proportion of a. polymer havini a
functional group component of preferably 60 mass% or more, more preferably
80 mass% or more, further preferably 90 mass% or more-       Herein, the
polymer having a functional group component refers to a polymer having a
functional group component either in the main chain or in an end, Examples
thereof include a polymer having a modification in the, main chain alone, a
polymer havini a modification both in. the main chain and in an end, and a.
polymer having a modification. in an end alone, 



[00581       More specifically, it is preferable that. the modified
conjugated dienm polymer to he obtained in the embodiment preferably has a
nitrogen atom -containind vinyl compound and a functional group derived
from a modifier represented by the formula (1) in a molecule and has a
modification ratio (which is obtained by gel pprmeation chromatographic
(GPO) measurement using. a  37 - column charged with silica particles
tasted on the amount. of adsorption to the column) of 60 mass% or more,
more preferably 80 mass% or more, and further preferably 90 mass% or more,
1,0059]      The polymer having a functional group component can. be
quantitatively measured by chromatography, which can separate a functional
group-containing modified component and a non-modified component
Examples of the method using the chromatography include a quantification
method using. a GPO column charged with. a polar substance, such as silica
adsorbing a functional group component, as a filler. In this method,
Quantification can be made by comparison based on non-adsorbable component
used. as an internal standarcL      Specifically, the measurement method
described in Examples which will, be described later can be employed.
[00601 <Number average molecular weight>      The polystyrene-eobivalent
number average molecular weight (Mn) of a modified conjugated diene polymer
(obtained by the production method of the embodiment obtained by gel
permeation chromatographic (n12(3) measurement is preferably 20,000 to
2,000,000, more preferably 100,000 to 1,000,000, further preferably 200,000
to 600,000 and still further preferably 300,000 to 500,000, The Mn is
preferably equal to or more than 



a 38 - the above lower limit value from the viewpoint, of operation
stability, and also preferably equal to or less than the above upper limit
value from the viewpoint. of processability. Furthermore, the ratio of the
weight average molecular weiant (Mw.) to the number average molecular
weight (Mn) (1,1101Mn) is preferably 1,00 to 3,50 and more preferably 1.10
to 3,00 from the viewpoint of physical properties of a ebicanizate. [00611,
(Other treatment) <inactivator, neutralizer>      The modified conjugated
diene polymer to be obtained by the first production method of the
embodiment is subjected to a modification reaction and thereafter, if
necessary, an inactivator, a neutralizer or the like may be added to a
solution of the modified coniugated dienb polymer.      Examples of the
inactivatbr include, but not. particularly limited to., water; and.
alcohols such as methanol, ethanol and isopropahol, Examples of the
neutralizer include, but not particularly limited to, carboxylic acids such
as stearip acid, oleic acid and versatic acid. (a mixture of carboxylic
acids having 0. to 11, mainly. 10, carbon atoms and many branches): an
aqueous solution of inorganic acid; and carbonic acid gas, [0062]
<Hydrogenatiob reaction>.       In the embodiment, a modified conjugated
diene polymer can be further hydrogenated in an inactive solvent. to
convert all or some of the double bonds of the polymer to saturated
hydrocarbons. In this case, heat resistance and weather resistance are
improved, and deterioration of a product in the case of processing at a
high temperature can be prevented. As a result, the modified conjugated
diene polymer can deliver further excellent performance in various uses
including 



automobile use.      More specifically, the rate of hydrogenation of
unsaturated double bonds ;hereinafter sometimes referred to as the.
"hydrogenation rate") derived from a coniugated diene compound can be
arbitrarily chosen. depending upon the purpose and is not particularly
limited.      When a modified conjugated diene compound is used as a
vulcanized rubber, it is preferable that the double bonds of the
conjugated. diene moiety partially remain. From the viewpoint of this the
hydrogenation rate of the coniugated diene moietya modified conjugated
diene polymer is preferably 3 to 70%, more preferably 5 to 65% and further
preferably 10 to 60%.      Note that, when a monomer unit derived from an
aromatic vinyl compound is contained in a. modified conjugated diene
polymer, the hydrogenation rate of an aromatic double bond derived from the
aromatic vinyl. compound is not particularly limited. The hydrogenation  40
- rate is preferabl 50% or less, more prefeTab. 30% or less and further
preferably 20% or less. The hydrogenation rate can be obtained by e.g., a
nuclear magnetic resd lc apparatus (RT,M.).     The hydrogenation method is
not parusousarly limited, and a known method can be used. Examples of
particu7asuitable hydrogenation method include a method of blowing gaseous
hydrogen into a- 



vmer solution in the presence of a. catalyst:. Examples of the catalystlude
a heterogeneous catalyst laving a noble metal supported onporous inorganic
substance; and a. homogeneous catalyst such asacatal st obtained by
solubil.izi.ng a salt of e.g., nickel and cobalt and reactingorganic
aluminum, and a catalyst using a metallocene such as titanooene.. Of them,
a preferable since mild hydrogenation conditions can be selected,rmor
aromatic group can be hydrogenated by use of a catalyst. haying a noble
metal supported. thereon_       $peci fic examples of the hydrocenat ion ca
talyst include (1) supportedp heterogeneous hydrogenation catalystsq a
metal such as Ni, Pt,and Ru supported on carbon, silica, alumina,
diatomaceous earth 



or the like;socal,ied Ziegler type hydrogenation. catalysts in which a salt
of organic acid. of Ni, CO, Fe and Cr or a transition metal salt such as an
acet vi acetone salt and a. reducing agent such as organic  aluminum are
used; and (3) so-called organic metal compiesos such as organic metal
compounds of Ti, Ru, Rh mad. Zr. Known. Hydrogenation catalysts as
described, for example, in Japanese Patent Publication. Nos. 42-9704,
436636, 63-4841, 1-37970, 1-53851 and 2-9041 and Japanese Patent Laid-Open
No, 8.-102219 can be used. Examples of a preferable hydrogenation catalyst
include a reaction mixture of a titanocene compound and a reducible organic
metal compound. (0063] <Addit-ives>      It is preferable that a rubber
stabilizer is added to a modified conjugated diens polymer of the
embodiment from the viewpoint of preventing generation of gel after
polymerization and Improving stability during processing.      The rubber
stabilizer is not particularly limited and. a known rubber stabilizer can
be used. For example, antioxidants such as
2,6-di-tert-buty1-4-hydroxvtoluene (BHT),
n-octadecy1-3-(4"-nydzoxy-3',5'-di-tertbutvidhencl)propionate and.
2-methy1-4,6- bisHoctylthio)methylinhenci are preferable, To remove or
neutralize ionic substances, necessary, additives can be added, which
include water, an alcohol such as methanol, ethanol and isopropanol,
carboxylic acids such as stearic acid, oleic acid, mvristic acid, lauric
acid, decanoic acid, citric acid.  and malic acid, an aqueous inorganic
acid solution and carbonic acid. gas. 



To further improve processability of the modified conjugated diene polymer
of the embodiment, if necessary, extender oil may be added to the modified
conjugated diene copolymer. n method for adding extender oil to a modified.
conjugated diene polymer is not particularly limited. A method of adding
extender oil to a polymer solution, mixing to obtain a solution of oil
extended copolymer and removing a solvent is preferable. Examples of the
extender oil include aroma oil, napbthene oil aed paraffin oil. Of them,
from the viewpoint of environmental safety and prevention, of oil bleed and
wet grip properties, an aroma oil substitute containing. 3 mass% or less of
a polyeyciic aromatic (pcA) component by Method IP346 is preferable.
Examples of the aroma oil substitute include TDAE (Treated Distillate
Aromatic Extracts) and .1.4ES (Mild Extraction Solvate) shown in Kautschuk
Gummi Kunststoffe 52 (12) 799 (1999) and RAE (Residual Aromatic. Extracts).
The amount of extender oil to be added is not particularly limited. The
amount to be added is usually 10 to 60 parts by mass based on 100 parts by
mass df the modified conjugated diene polymer and preferably 20 to 37.5
parts by mass. LyU01-1]        As a method for obtaining a modified
conjugated ddene polymer -Los, a. polymer saint:Lon, a known method can be
used- For example, a polymer is obtained by separating. a solvent. by e.g"
steam stripping, obtaining the resulting polymer by filtration, and
dehydrating and drying the polymer; or by concentrating a polymer solution
in a flushing tank and vaporizing a solvent by a vent extruder or directly
by e.g., a drum dryer. [0C6S]  [Second method for producing modified
conjugated diene polymer] The second method for producing a modified
conjugated ddene polymer according to the embodiment (hereinafter sometimes
referred to simply as the second production method) includes      a
polymerizatdon step of obtaining a conjugated diene polymer havini an
active end by polyrerisinp a. conjugatee diene or copblymerizinp a.
conjugated diene with a copolymerirable monomer by use of an alkali metal.
compound or an alkaline earth metal compound as a Polymerization initiator,
a modification step of modifying the active end by reacting a compound
represented by the following formula (I) with the active end of the
coniugated diene copolymer, and [00661 



[Formula 9] R23(2.,0024 " (34 ( R210 )SiN -R26 (I) PR2') [On67:,       a
modification step of modifying a vinyl group of tho main chain of the
conjugated diene polymer with a silicon modification. group having at least
one functional group selected from the group consisting of an. amino group,
an alkoxysilyi group and a hydroxy group by a hydrosilyiation reaction.
[0(Th8]       Note that in the above formula Cl), Rfl to R2-4 each
independently represent an alkyl group or aryl group having i to 20- carbon
atoms;represents an alkylene 



group having 1 to 10 carbon atoms;       R26 represents an alkylene group
having I to 20 carbon atoms; p is an integer of I or 2; and q is an
integer. of 2 or 3. [0069]       Examples of the amino group include, other
than unsubstituted amino groups, more specifically, amino aroups
representedby -NH,2" nitrogen atom-containing functional groups, such as
monosubstituted amino groups represented by -NHP. where R denotes a
substituent, imino groups represented by -NH-, in which N binds to
different  if 45 - carbons, disubstituted amino groups represented by -NR2
where, R denotes a substituent, imino groups in which. N binds to the same
carbon via a double bond, i"e,, imino groups represented. by -n-, [0070]
(Polymerization step)      In the polymerization step, a conjugated diene
polymer having an active end is obtained by polymerizing a. conjugated
diene or copolymerizing a conjugated diene with a copolm.r.dzatile monomer
by use of an alkali metal compound or an alkaline earth metal compound as a
polymerization initiator, [0.071] <Conjugated diene compound> 



The conjugated. diene compound is not particularly limited as long as it is
a polymerizable monomer, for example, any one of the conjugated ddene
compounds used. in the polymerization step of the, first production. method
can. be used_ Particularly, 1,3-butadiene is preferable from the viewpoint
of industrial availability, [0072] <Monomer copolymerizable with
conjugated. ddene>      Example of the monomer cobolymerizable with
conjugated ddene to be used in the polymerization step include, but not
particularly limited to, conjugated diene compounds other. than 1,3
-butadiene, vinyl aromatic compounds, acrylonitriles and acrylic acid
compounds.       in the case of copolymerization, one or two or more
monomers of these are used.      Examples of a suitable copolvmerizable
monomer include aromatic vinyl compounds.      Examples of the aromatic
vinyl. compounds include styrene, u-methylstyTene, p-methvistyrene,
p-etbyistyrene, divinylbenzene, 1,1-diphenylethylene, 1-vinyinaphthalene,
2-vinylnaphthalene, p-N,N-diethylaminomethylstyrene and
p-fl,N-diethyl-2-aminoethylstyrene.      Furthermore, examples of the
preferable monomer include isoprene and styrene,         If 1,3-butadiene
is used as the conjugated diene, examples of a. preferable butadiene
polymer include a polybutadiene, a butadiene-lsoprene copolymer, a
butadlene-styrene copolymer and a. butadiene-isoprenestyrene copolymer. In
the butadiene polymer, the content of a butadiene unit is preferably 50 to
100 mass%. [0073] <Polymerization initiator> 



In the polymerization step, an alkali metal compound or an alkaline earth
metal compound is used as a polymerization initiator. [0074]      As the
alkali metal compound and alkaline earth metal compound, the same compounds
as described in the polymerization step of the first method for producing a
modified conjugated diene polymer can be used.  [0075] <Polymerization
solvent       The polymerization reaction of a conjugated diene polymer is
preferably performed in an inert solvent by solution polymerization.
As the polymerization solvent, theeame solvents as described in the
polymerization step of the first method for producing a modified conjugated
diene polymer can be used. [00761 <Polar compound>       In the
polymerization reaction of a conjugated diene polymer, a polar compound may
be added.       Psthe polar compound, the same polar compounds as described
in the polymerization step of the first method for producing a modified
conjugated dtene polymer can be used in the same amount: to be added as
described there. 



<Polymerization tempereture>       The polymerization temperature is not
particularly limited as long as living. anion. polymerization proceeds at
the temperature. From the viewpoint of productivity, the temperature, is
preferably. 0C. or more. From the viewpoint of sufficiently ensuring the
amount of modifier to be reacted with an active end after polymerization,
the temperature is preferably 12.0C or less,        From the viewpoint of
preventing cold. flow of a conjugated diene polymer, a multifunctional
aromatic vinyl compound such as divinylbenzene for controlling branching
may be used. [0078] <Polymerization process> Although a polymerization
process is not particularly liedted, polymerization can be performed. in a
batch process and a continuous process.      In the continuous process, one
reactor or at least two reactors mutually connected can be used. As a.
reactor, e. .o-a vessel or tubular reactor equipped with a. stirrer is
used. 



If an allene and an acetylene are contained in a. conjugated diene compound
as impurities, a modification reaction described later may be inhibited.
Thus, it is preferable to reduce the total concentration (by mass) of these
impurities contained in the same manner as described. in tho first method
mentioned above. [0079] <qtructure of conjugated diene polymer>      The
amount of bound conjugated diene in the conjugated diene polymer obtained
in the polymerization step of the second production method is not
particularly. limited. The amount. is preferably 50 to 100 mass% and more
preferably 60 to 80 mhss%.       Furthermore, the amount of bound aromatic
vinyl in a conjugated diene polymer is not particularly limited, The amount
is preferably 0 to 50 mass% and more prefemably 20 to 40 mass%.      If the
amount of bound conjugated diene and the amount of bound aromatic vinyl
fall within, the above ranges, a vuicanizate having further excellent
balance between low hysteresis loss properties and wet skid resistance and
satisfactory operation stability can be obtained.      Herein, the amount
of bound aromatic vinyl can be determined by ultraviolet absorption of a
phenyl group.      The amount of vinyl linkage in a conjugated dienp
binding unit is not particularly limited. The amount of bonding is
prefemnbly 10 to 75 mole% and more preferably 25 to 65 mole%, When the
amount of vinyl linkage fails within the above range, a vulcanizate having
further excellent balance between low hysteresis loss properties and wet
skid. resistance and satisfactory operation stability can be obtained',
Herein, when the conjugated diene polymer is a copolymer of butadiene and
styrene, the amount of vinyl linkage (amount of 1,2-bonding) in a butadiene
binding unit can be obtained by the Hampton's method (R. R. Hampton,
Analytical Chemistry, 21, 923 (1949)).       The conjugated diene polymer
may be a random copolymer and a block copolymer.  



50 - Examples of the composition distribution of individual monomers in a
random copolymer chain include, but not particularly limited to, a complete
random copolymer the composition of which is close to a statistically
random composition and a tapered (gradient) random copolymer haying a.
tapered. composition distribution. In the case of the microstructure of a
conjugated diene such as 1,4-bonding. and 1,2-bonding, a composition
distribution may be uniform or nonuniform.       Examples of the block
copolymer include a diblock copolymer (dielock) formed of two blocks, a
trihiock copolymer (triblock) formed of three blocks and a tetrahlock
copolymer (tetrablock) formed of four blocks. Assuming that a. block
consisting of an aromatic vinyl compound such as styrene is represented by,
for erample, "S" and a block consisting of a conjugated diene compound such
as butadiene or isoprene is represented by "B" block copolymers may be
expressed as an S-B di:block copolymer, an 3-4-3 -S triblock copolymer and
an S-B-S-B tetrablock copolymer.       in the above formula, the
composition of each block is not necessary to be uniform. For example,
block E may be a. copolymer of an aromatic vinyl compound and a
con-liugated diene compound.       Also, in the above formula, it is not
always necessary that the boarder. of blocks is distinctive. For example,
when block TB is a. copolymer of an arnmatil:. vinyl  compound and a
conjugated diene compound, the aromatic vinyl compound in block B may be
distributed uniformly or distributed in a tapered manner. Furthermore, in.
block B, a plurality of moieties where an. aromatic vinyl compound. is
uniformly distributed and/or a plurality of moieties where an aromatic
vinyl compound i8 distributed in a tapered manner may be present together.
Furthermore, a. plurality. of segments different in content of an aromatic
vinyl compound may be present together in block B. When a plurality of
'clock S and a plurality of block B are present in a copolymer,
constitutions such as molecular weights and compositions of them may be the
same or different, [0080]       In the conjugated diene polymer obtained in
the polymerization step, it is preferable that the number of chains
consisting of aromatic vinyl compound units is low or zero, More
specifically, it is preferable than the number of blocks having 30 or more
chains consisting of these units is low or zero. 



Specifically, when a polymer is a butadienb-styrene copolymer, the polymer
is decomposed to analyze thb amount of a polymer insoluble in methanol by a
known. method, i.e., the Kolthoff's method (method described in 1. ?I,
KOLTHOFF, et al.., 3. Polym, Sci. 1, 429 (1946)), According to the known
method, the proportion of a block  units is preferably 5 mass% or less and
more preferably 3 mass?-: or less based on the total amount of the polymer.
LUt.P.,.1] (Step of modifying active end.)      In a step of modifying an
active end, a modifier, whicha compound represented by the following
formula (I), is reacted with the active end of the conjugated diene polymer
to obtain a modified conjugated diene polymer. [0082] [Formula 10] R23
(2-p) R"O)p SiN  (I) 



)q [00831       In the formula (I), R21 to P.214 each independently
represent an alkyl group or aryl group haying I to 20 carbon atoms; R25
represents an alkylene group having 1 to 10 carbon atom
re-presents an alkylene group having 1 to 20 carbon atoms; p is an integer
of 1 or 2; and g is an integer of 2- or 3.       Note that R21 to 51?-4 are
each preferably an alkyl group and the number of carbon atoms thereof is
preferably 1 to 10. The number of. carbon atoms of the  alkylene group of
R2'-' and P26 is preferably 2 to V and more preferably. 3 to 5. [0084]
As the modifier used in the step of modifying an active end of a conjugated
diene polymer according to the second production method, the same modifiers
as described. in the first production method mentioned above can be used
[0085]      The reaction temperature, reaction time and the like in
reacting the aforementioned modifier with the active end of a. polymer are
not particularly limited; however these may be the same as employed in the
first production method mentioned above, 10086] 



The amount of aboyementioned modifier to be added is not. particularly
limited. The total number of moles of alkoxy groups bound to a silyi group
in the modifier based on the number of moles of a polymerization initiator
falls preferably within the range of 0.6 to 3 times, more preferably within
the range of 0.8 to 2.5 times and further preferably within the range of
0.8 to 2 times, in order for the resulting modified conjugated diene
polymer to obtain a sufficient modification ratio, the total number of
moles is preferably 0,6 times or more For improving processability, it is
preferable that polymer ends are mutually coupled to obtain a branched
polymer component, in considering this in combination with the cost of a
modifier, the total number of molests preferably 3 times or less, (U087]
in. the step of modifying an active end, when the aforementioned
polymerization step is performed by a batch process, a. modification
reaction may be sequentially performed in the reactor used in the
vs-IlvTer7atlo.,, qhPfl Or by *rmn-fer-isfl the reaction solution. to
another reactor.      If the polymerization step Is performed by a
continuous process, a modification reaction is performed by transferring
the reaction solution to another reactor.      The step of modifying an
active end is preferably performed immediately after the polymerization
step, and. more preferably, the modification reaction is performed within.
5 minutes by adding a modifier.      The reactor for the modification
reaction is preferably a reactor in which sufficient stirring can be made.
Specific examples thereof include a static mixer type reactor and a vessel
reactor equipped with a stirrer. [0088] (Step of modifyihd maih chain)
In the step of modifyine a main chain, a vinyl group cf the main chain of
the conjugated diene polymer is modified with a silicon modification. group
having at least. one functional grour selected from the group  



consisting or an amino group, an alkoxysilyi group and a hydroxy group by a
hydrosilyiation reaction using a hydrosilane compound descrilad later,
[0089]       The hydrosilyiation reaction is performed. in. an organic
solvent solution or with a polymer alone (in. the absence of a solvent) in
a mixer, by reacting a hydrcsilane compound having a functional group in
the presence of a catalyst to modify the Tait" chain of the conjugated
diene polymer. Preferably, a polymer obtained after solution polymerization
is further subjected to modification of a termination end and the resulting
solution of the polymer is used as it is, [0090] <Hydrosilane compound>
In the hydrosilylation reaction in the step of modifyinh the main chain, a
hydrosilane compound into which a silicon modification group having a
functional group is to be introduced is not particularly limited as long as
it is a hydrosilane compound having at least one functional group selected
from an amino group, an alkoxysilyi group and a hydroxy group, preferably
is a hydrosilane compound represented by a general formula. HSiR3..."X,
where R represents a. hydrocarbon group having 1 to 20 carbon atoms; X
represents a. hydrocarbon or organosilane compound group having at least
one functional group selected from the hroup consisting of an  amlno group,
an alkoxy group, an alkoxysilyi group and a hydroxy group; and n represents
1 to 3. [00911       In the above general formula, it is preferable that n
is 1 and R represants a hydrocarbon group havini I to 3 carbon. atoms. In
this case, an effect, that is, a high yield of a hydrbsilylation reaction,
can be obtained. 



The hvdrosllane compound. to be used in the step of modifying a main chain
may. produce an amino group, an alkoxy group and a hydroxy group by a
reaction such as hydrolysis later performed, 100921       Examples of the
hydrosilane compound having an alkoxysilvl group include, but not
particularly limited to, dimethylmonomethoxvsilane,
dimethylmbnoethoxvsilano, dimethyirpnopropbxysilane, dimethylmonobutoxysi
lane, methyldinethoxysilane, methyldiethoxysilane, methvidipropoxysilane,
ethyldiethbxysilane, trimethoxybilane, triethbxybilane, and an
organosiioxane cbmpbund having a H-Si group and an alkozysilyi group in a
moleclie, [0093] Examplesthe hydrbsilane compound having an amino group
include a hydrosilane compound having a disubstituted amino group, a
hydrosilane compound having a protected monosubstituted amino group and a
hydrosilane compound having a prbtected amino group.       Examples of the
hydrosilbne compound having a disubstituted amino group specifically
include, but not limited to, dimethylaminodimethylsilane,
diethylaminodimethylsilane and diethylamihodiethylsilane_      Examples of
the hydrosilane compound haying a protected monosubstituted amino group
specifically include, but not limited to,
N-mbthyl-Ntrimethylsilylaminodimethylsilane and
N-ethyl-Ntrimethylsilylaminodiethylsilane.      Examples of the hydrosilane
compound haying a protected amino group specifically include, but not
limited to, N,N-bistrimethylsilyibminodimethylsilane and
N,Nebistrimethylsilylaminodiethylsilane, [0094]       Examples of the
hydrosilane compound having a hydroxy group specifically include, but not
limited to, dimethylhydroxysilahe, diethylhydroxysilane and
dibutylhydraxysilane, Furthermore, examples of the hydrosilane compound
into which a silicon. modification group having a. hydroxy group is to be
introduced by hydrolysis specifically ir.cI ude alkoxy -,1-ne ccmocnnscsuch
as dimethylmosomethoxysilane, dimethylmonoethoxysilane,
methyldimethoxysilane, trimethoxysilane and triethoxysilane; and snarls
compounds haying an epoxy group such as dimethylglycidyisilahe and
diethylglycidyisilane. 



[0095]        The hydrosilyiation reaction is performed in an organic
solvent solution or a. polymer alone (in the absence of a solvanti in a.
mixer, by reacting a hydrosilane compound having a functional group in the
presence of a catalyst to modify the main chain of the conjugated diene
polymer. Preferably, a polynar obtained after solution polymerization. is
further subjected to modification of a termination end and the
resultingsoluticm of the polymer is used as it is, 100961       The amount
of hydrbsilane compound te be reacted varies depending upon. the purpose,
the amount is preferably 1 to 10 moles based on 1 mole, of the main chain
of the conjugated diene polymer.       If the modification of the main
chain is performed within the range, the affinity of a desired. modified
conjugated. diene polymer composition and its vhicanizate for a filler is
improved and good processability can be obtained. More preferably, the
amount of hydrosilane compound to be reacted with. 1 mole of the main
chain. is 2 to 5 moles, In this case, the balance between affinity for a
filler and processability becomes better, [0097]       As a catalyst for a
hydrosilyiation reaction, platinum or a platinum-containing catalyst is
mainly used. Preferably, a homogeneous platinum catalyst is suitably used
Examples thereof include, but not limited  to, a. chloroplatinic acid.
solution (i.e., Speier catalyst.), a Pt2(divinyltetremethyldisiloxane)3
solution. 



Karstedt catalyst:) and dich1oro(14-, clo -1,5 - diene)Pt (II).      The
amount of platinum catalyst to be used in a reaction is preferably 0.01 to
10 mmol/mol per hydrosilane compound and more preferably 0,1 to 1 mmnl/mol.
As another hydrosilylation catalyst., a. metallocene compound containing
any one of Ti, Zr, DI, Ni, Co, Ru and Rh is used. In. particular, a
reaction product. between a titanocene compound and. an azganio lithium or
an organic aluminum may be used.      The hydrosilyiation reaction is
preferably performed within the temperature ranee of 20 to 150("C., and
more preferably at 50 to 120C- This range is practical. because in this
range a modification reaction of. a main chain can be performed within
appropriate reaction time and the occurrence of a side reaction such as
gelatinization is less.      If a hydrosilylation reaction is performed
following modirication of the active, end by use of the polymerization
solution used in modification reaction of an end, the modification
reaction. of the main chain can be performed at the same temperature as
that. employed in modifying the active end and the polymerization
temperature used an the polymerization step, The  - 60 reaction time in a
solution state is preferably 10 minutes to 5 hours and more preferably in
the range of 30 minutes to 2 hours., (floopi (Modified conjugated diene
polymer) 



The modified conluaated diene polymer to be produced by the second method
for producing a modified conjugated diens polymer according to the
embodiment has a nitrogen atomrcontaining functional group in the main
chain of the polymer and a functiohal group having at least one secondary
amino group( at least one alkoxysilyi group, 3 to 6 branches on at least
one of the ends, [0099] <Modification ratio>       It is 'referable: that
the modified conjugated diene polymer to be producod by the second
production method of the embodiment, from the viewpoint of. obtaining a
better effect of the embodiment, has a modification ratio (hereinafter,
sometimes referred. to simply as the "modification ratio"), vinich is
obtained by gel permeation chromatographic (CM?(:) measurement using a
column charged with silica particles based on the amount of adsorption to
the column, in other words, a proportion of a polymer having a functional
group component, of preferably 60 mass% or more, more preferably 80 mass%
or more and further preferably 90 mass% or more.        Here, the polymer
haying a functional group component ref ere to a. polymer. having a
functional group component. either in the main chain or an end. Examples
thereof include a polymer having. a modification in the main chain alone, a
polymer having a modification both in the rain chain and in an end, and a
polymer having a modification in an end alone. [0100]       More
specifically, it is preferable that the modified conjugated diene polymer
to be obtained in the embodiment has a modifier represented by the above
formula (I) and a functional. group derived from a hydrosilane compound
involved in a hydrosilylatiop reaction within a molecule and has a.
modification ratio (which is obtained by gel permeation. chromatographic
(GPM measurement using a column charged with sillparticle based on the
amount of adsorption to the column) of 60 mass% or more more preferably 80
nasal or more and Further preferably 90 mass% or more, [0101] 



The polymer having a functional group component can be quantitatively
measured by chromatography, wthich can separate a functional group
-containing. modified component and a non modified component,      Examples
of the method using the chromatography incipde a quantification method
using a CPC column. charged with a polar substance, such as silica
adsorbing  62 a functional group component, as a filler. In this method,
quantification can be msde by comparison based on a. non-adsorbable
component used as an interni standard      Specifically, the measurement
method described in Examples described later can be employed, [0102]
<1\-umber average molecular weight>      The modified conjugated diene
polymer to be produced by the second. method for producing a modified
conjugated diene polymer of the embodiment has a polystyrene - equivalent
number average molecular weight (Mn) obtained by eel permeation
chromatographic (GPC) measurement is preferably 20,000 to 2,000,000, more
preferably 100,000 to 1,000,000, further preferably 200,000 to 600,000 and.
still further preferably 300,000 to 500,000, as with the modified.
conjugated. diene polymer obtained by the first production method
mentioned. above,       From the viewpoint of operation. stability, Mn is
preferably equal to or more than the above lower limit           From the
viewmoint of procevsability, Mn is preferably equal to or less than the
above limit value.       Furthermore, the ratio of the weight average
molecular weight U...,(M to the number average molecular weight (Mn)
(Mw/Mn.) is preferably 1.00 to 3.50 and more preferably 1.10 to 3,00 from
the viewpoint of physical properties of a. vbicanizate. 



[0103]  - 63 - (Other treatment) <inactivator, neutralizer> As in the
first. production method mentioned above, an inactivator, a neutralizer or
the like may be added as other treatment. As the inactivator and.
neutralizer, the same materials as in the first production method may be
applied. [01041 <Hydrogenation reaction>       As in the. first production
method mentioned above, a modified conjugated diene polymer may be further
hydrogenated in an inactive solvent. [010H <Additives> 



Furthermore, as in the first production method. mentioned above, if
necessary, various type of additives may be blended. [0106] <MethcA for
obtaining- polymer>       Also for finally obtaining the modified
conjugated there polymer, the same method as in the first production.
method mentioneb. above can be applied.       As described above, in the
firet and second methods for producing a modified conjugated diene polymer
of the embodiment, a modifieb conjugated diene polymer, which has a
nitrogen. atom-containing functional group in the  main. chain of the
polymer, a functional group having at least one secondary amino group, at
least one alkoxysilyi group, and 3 to 6 branches on at least one of the
ends, can be obtained, By t: he n'4-P,,==nrP Of a functional group having
at least one secondary amino group, at least one alkozysilyi group, and 3
to 6 branches on at least one of the ends, an effect of reducing hysteresis
loss and an effect of improving processability can be obtained_
Furthermore, by the presence of the nitrogen atom-containing functional
group in the main chain of the polymer, an effect of improving operation
stability can be obtained. [01081 (Modified butadiene polymer)       in the
polymerization step of the second production. method mentioned above, with
respect to a modified butadiene polymer obtained by using particularly.
1,3- bbtaddene as the conjugated (liege, the amount of bound aromatic
vinyl, the amount of vinyl linkage in a butadiene unit, glass transition
temperature, the distribution of the amount of vinyl linkage in a butagiene
unit, a combination of a functional group with the polymer end, method for
controlling the distrrbution of the amount of vinyl linkaie in a butadiene
unit, suitable examples of a modified butadiene polymer, suitable polymer
for use in tire, suitable polymer for  



use in footwear, addition of extender oil and Mooney viscosity will be
described below, 10109] <Amount of bound aromatic vinyl>      In the case
where the modified butadiene polymer to be obtained by the second
production method mentioned above is a copolymer with a. vinyl aromatic
compound, the amount of bound aromatic vinyl, which is not particularly
limited, is preferably 0 to 50 mass%, When the polymer is used particularly
in tire tread, the amount of bound aromatic vinyl is more preferably 20 to
40 mass%,      if the amount of bound. aromatic vinyl compound falls within
the above range, a vuicanirate for use in tire tread havdne further
excellent balance between low hysteresis loss properties and wet skid
resistance, and satisfactory abrasion resistance and brealing strength can
be obtained, flerein, the amount. of bound aromatic vinyl can be determined
by ultraviolet absorption of a phenyl group, Nile] <Ammunt of vinyl linkage
in butadiene unit>      The amount of vinyl linkage in a butadiene unit of
the modified butadiene polymer to be obtained by the second production
method mentioned abovb, which is not particularly limited, is preferably 10
to EQ mole% and more preferably 25 to 70 mole%.       If the amount of
vinyl linkage falls within the above range, a vulcanizate for use in tire
tread having further excellent balance between low, hysteresis loss
properties and wet. skid resistance, and satHsfactry abrasion resistance
and breaking strength can be obtained,      Herein, when the modified
conjugated dione polymer is a copolymer of butadiene and styrene, the
amount of vinyl linkage (amount of 1,2-bonding) in a butadiene binding unit
can be obtained by the Hampton's method (R. R, Hampton, Analytical
Chemistry, 21, 923 (1949)). 



[0111.1 <Glass transition temperature>      The glass transition
temperature of the modified butadiene polymer to be obtained by the second
production method mentioned above falls preferably within the range of -70C
to 0C and more preferably within the range of - 50C to -20C. In this range,
a vhicanizate for use in tire tread having further excellent balance
between low hysteresis loss properties and wet skid resistance can be
obtained.       The glass transition temperature can be obtained by
recording a DSC curve, while increasing the temperature within a
predetermined range in accordance with 15022768:2006, and determining a
peak top (Inflection point) of a DSC differential curve as a glass
transition temperature, [0112]  <Distribution of amount of vinyl linkage in
butadiene unit>       in the modified butadiene polymer to be obtained. by
the second. production method mentioned above, the amount of vinyl linkage
in. a butadiene unit has a distribution along the main chain, When the
polymer has such a cbnstitution, a hydrosilyiation reaction, which is a
modification reaction of a main chain, frequently occurs on the side where
the amount of vinyl is high, with the result that in the degree of
modification of a functional group in the main chain a gradient is obtained
within a desired range Thereby, when the main chain modification is
employed in cbmbination with end modification, a. wide variety of desirably
modified structures can be obtained. [0113] <Combination of functional
group with. polymer end>       With respect. to a combination of a
functional group with an end particularly for modification, it is
preferable that the modified butadiene polymer to be obtained by the second
production method mentioned above has a structure where a specific
functional group is added in large numbers to one end of a polymer
molecule, where another speciiic functional group is added in large numbers
to the other end_      Specifically, a disubstituted amino group is added
to the polymerization initiation end; the amount of vinyl linkaee in the
main chain on the initiation end side is  



- 68 increased: the main chain on the initiation end side is modified with
a disubstituted. amino group; and an allxy.silyi group is addnd to the
polymerization termination end_ Such a constitution is mentioned as a
referable example. J" j <Method for controlling distribution of amount of
vinyl linkage in butadiene unit>      As described in the above section
<Distribution of amount of vinyl linkage in butadiene unit, in the amount
of vinyl linkage in a butadiene unit, a. constitution where vinyl. is
distributed along the main chain is obtained by a method of changing
temperature during polymerization.      The amount of vinyl linkage can. be
increased at. low temperature, and decreased at high temperature, When
polymerization is performed while incmeasing the temperature, the
distribbtion of the amount of vinyl linkage in a butadiene unit can be
controlled.       For example assuming that polymerization is started at an
initiation temperature of 30C and terminated at a final temperature as high
as 90r0, and when the type and amount of vinylation agent are appropriately
set, the amount of vinyl linhage can be, sequentially changed fram mole% to
30 mol%,       As another method, when a vinylation agent is added or
increased during polymerization, the .amount of vinyl  linkage can be
changed from low to high. In this method, the amount of vinyl linkage can
be continuously or stepwisely changed from 10 mole.% to SO mole%. 



[0115] <Suitable examples of modified butadiene polymer>       in the case
where the modified butadiene polymer to be obtained by the second
production method mentioned above is a copolymer of 1,3-butadiene with
another predetermined monomer, the resulting copolymer is preferably a
butadiene-styrene copolymer.       The structure of the copolymer of a
butadiene unit and a styrene unit may be random or block. The random
structure may be a uniform random or nonuniform. (tapered.) random
structure. The block structure may be complete block or tapered block
partly containing a random structure, Random or. block may be selected
depending upon the purpose. [nl 1 Cl <Suitable polymer for use in tire>
In the case where a. vuicanizata-blending rubber composition using a
composition of the modified butadiene polymer to be obtained by the second
production method mentioned above is used in tire tread, the modified
butadiene polymer is preferabay a. butadiene-styrene random copolymer, The
modified butadiene polymer more preferably has a random structure and an
amount of bound styrene of 3 to 50 mass%, In this case, even if
deformation repeatedly occurs, the amount of heat generation is low, This
property satisfies the performance required by a tire.       In this case,
as a random copolymer, the content of a component consisting of 30 or more
consecutive styrene units, in other words, a block styrene, is preferably
IOW or zero.       Specifically, if a conjugated ddene polymer is a
butadiene -styrene random copolymer, when the amount of polvstvrene (amount
of block styrene.) is measured by decomposing a branched conjugated diene
polymer and analyzing the amount. of block styrene insoluble in methanol by
a known method, i.e., the Kolthoff's method (method described in I. 14.
Kolthoff, et al., J. Polym. Sol. 1, 429 (1946)), the amount of block
styrene based on the total amount of the butadiene polymer is preferably.
10 mass% or less and preferablymass% or less. [0117-i 



More specifically. when the modified butadiene polymer to be obtained by
the second production method mentioned above is decomposed. by an ozone
decomposition method known as the Tanaka et al- riethod, and the
distribution of a styrene chain is analyzed by CPC, it is preferable that
the amount of isolated styrene, i.e., styrene haying a. chain consisting of
one styrene unit, based on the total amount of bound styrene is 40 mass or
more and that the amount of a long block styrene chain,  i.e., the amount.
of styrene having a chain consistino of 8 or more styrene units based on
the total amount of bound styrene is 10 mass% or less. [0118]       In the
aforementioned butadienecstyrene random copolymer for use in tire, the
glass transition temperature measured by PSC (described in the above
section <Glass transition temperature>) preferably fails within the ratios
of -enct to 00. When the glass transition temperature falls within the
above ranee, a. composition having excellent tensile strength, low amount
of heat generation to repeated distortion and excellent rubber elasticity
can be obtained. [011911 <Suitable polymer for footwear>       in the case
where a vulcanization composition of the modified butadiene polymer to be
obtained by the second production method mentioned above is used for
footwear., the modified butadiene polymer preferably has a block structure.
By virtue of the block structure, properties satisfying performance
required by footwear, particularly by shoe sole, can be obtained-
Particularly, high modulus value and hard feeling are obtained_ it is
preferable that a component having a chain of it or more styrene units is
contained in a large amount. To describe more specifically, when a
butadiene polymer is a butadiene-styrenc random copolymer, the amount of
block  styrene based on the total amount of the butadiene polymer measured
by the Kolthoff's method is preferably. 10 mass% or more and more
preferably. 13 mass% or more. [0120] 



<Oil extension by extender oil>      The modified butadiene polymer to be
obtained by the second production method mentioned above May he extended by
extender oil. Examples of the extender oil include aLOTA Oily naphth.ene
Oil and paraffin Oil. In addition, an aroma oil substitute containing 3
mass% or. less of a polycyclic aromatic component: (measured by the 19346
method) is preferable. In particular, it is more preferable to use an aroma
oil substitute conteining mass% or less of a. polycyclic aromatic component
from the viewpoint of environmental safety and from the viewpoint of
preventing oil bleed as well as wet grip properties.      Examples of the
arena oil substitute include TDAE, MES, SRAE and RAE described in Kantschuk
Gummi. Kunststoffe 52 (12) 799 (1999).     The amount of extender oil to be
used is not. limited, and usually preferably is 5 to 60 parts by mass
based. on 100 parts by mass of a butadiene polymer and more preferably 20
to 50 parts by mass. [01211 <Mooney viscosity>       The modified butadiene
polymer to be obtained by the second production method mentioned above or
the polymer  extended by oil preferably has a. Mooney viscosity at 100C of
30 to 100, 10122] Modified conjugated diene polymer composition) 



Various modified conjugated diene polymer compositions are prepared from
the modified. conjugated diene polymers obtained by the first and second
production methods mentioned above in combination with predetermined
fillers,      Now, a first modified conjugated diene polymer composition
and a second modified conjugated diene polymer composition will be
described_ (First modified conjugated crane polymer composition)       The
first modified conjugated diene polymer composition contains 0.5 to 300
parts by mass of a silica inorganic filler based on 100 parts by Mass of a
rubber component comprising 20 parts by mass or more of the modified
conjugated diene polymer (hereinafter sometimes referred to simply as the
modified con4,uaated diene polymer) obtained by the first or second
production method mentioned above, and preferably contains 5 to 200 parts
by mass of the silica inorganic filler, [0122] <Rubber component>.
The rubber component. constitutihg the first modified conjugated diene
polymer composition contains 20 parts by mass or more of the modified
conjugated diene polymer  - based. on 100 parts by mass of the rubber
component, In. addition, a rubber-like polymer other than the modified
coniugated diene polymer can be used in combination_ 



The rubber-like polymers other than the modified conjugated diano polymer
include, but not particularly limited to, conjugated diane polymers or
hydrogenated products thereof, random copolymers of a conThgated diens
compound and a vinyl aromatic compound. or hydrogen additives thereof,
block copolymers of a conjugated drone compound and a vinyl aromatic
compound or hydrogen additives thereof, non-diene polymers and natural
rubbers,      Specific examples thereof include butadiene rubbers or
hydrooen additives thereof, isoprene rubbers or hydrogen additives thereof,
styrene elastomers such as styrene-butadiene rubbers or hydrogen additives
thereof, stvrene-butadiene block copolymers or hydrogen additives thereof
and styrene-isoprene block copolymers or hydrogen additive thereof, and
acrylonitrile-butadiene rubbers or hydrogen additives thereof,
Examples of the nonediene polymers include, but not particularly limited
to, olefin elaatomers such as an ethylene--propylene rubber, an
ethylene-propyleneediene rubber, an ethylene-butene-diene rubber, an
ethylenebuten rubber, an ethylene-hezene rubber and an ethyleneoctene
rubber; butyl rubbers, brominated butyl rubbers, acryl rubbers, fluorine
rubbers, silicone rubbers, chlorinated polyethylene rubbers,
epichlorohydrin rubbers,  a,P-unsaturated nitrile-acrylic acid
ester-conjugateb diene copolymer rubbers, urethane rubbers and polysuifide
rubbers, 101241 The atrubber-like polymers may be modified rubbers obtained
by adding a functional group having a polarity, such as a hydroxy group and
an amino group.      The weight average molecular weight of each of the
rubber-like polymers is preferably 2,000 to 2,000,000 and more preferably
5,000 to 1,500,000 from the viewpoint of the balance between performance
and processability, Furthermore:, a so-called liquid rubber haying a low
molecular weight can be used. These rubber-like polymers may be used sinply
or in combinations of two or more [0125]      in the modified conjugated.
diene polymer composition containing the aforementioned rubber-like
polymer, a blending ratib (mass ratio) of modified conjugated diene
polvmer/rutber-like polymer is preferably 20/80 to 100/0, more preferably.
30/70 to 90/10 and further preferably. 50/50 to 80/20.      Therefore,
assuming that the entire rubber component. including a rubber-like polymer
is 100 parts by mass, the modified conjugated diene polymer obtained by the
first or second production method is preferably contained in the Lubber
component in an amount of 20 to 100 parts by  



76 c mass, more preferably 30 to 90 parts by mass and further preferably 50
to. 80 parts by mass,       If the blending ratio of the modified.
conjugated. diens polymer/rubber-like polymer falls within the above range,
a. vulcanizate having further excellent balance between low hysteresis loss
properties and wet skid resistance and further satisfactory operation
stability. can be obtained, [0126] <Silica inorganic filler>.       As the
silica inorganic filler, which is not particularly limited, a. known.
filler can. be used. A solid particle. containing Si02 or Sis,Al as a.
constitutional unit is preferable. It is more preferable tha is io2 or Si
di is cntalned as a main component of a conatitutional unit. Herein, the
main component refers to a component contained in a. silica inorganic
filler in an amount of 50 mass% or more, preferably 70 mass% or more and
more preferably 80 mass% or more.      Specific examples of the silica
inorganic filler include silica, clay, talc, mica, diatomaceous earth,
wbilastianite, mentmorillonite, zeolite and inorganic fibrous substances
such as glass fiber. Furthermore, a surface-hydrophobized silica inorganic
filler and a mixture of a silica inorgande filler and an. inorganic filler
other than the silica inorganic filler can be used. Of them, from the
viewboint of e.g., strength and  - 77 - abrasion resistance, silica and.
glass fiber are preferable and silica is more preferable, Examples of the
silica include dry silica, wet silica and synthesized silicate (silica), Of
them, wet silica is preferable 



from the viewpoint of the excellent balance betweeh low hysteresis loss
properties and wet skid resistance. [0127]      in the modified. conjugated
diene polyTer composition; from the viewpoint of obtaining practically good
abrasion resistance and breakage characteristics, the nitrogen adsorption
specific surface area of a silica inorganic filler obtained by BET
adsorption method is preferably 100 tc 300 M2-,/g and more preferably 170
to 250 m2/g,      Furthermore, if necessary, a silica inorganic filler
having a relatively small specific surface area (for ,2, example, specific
surface area is 200 (trig or less) can be used in combination with a silica
inorganic filler having a relatively large specific surface area (for
example, 200 m2-/g or more), By virtue of this, good low hysteresis loss
properties can be highly balanced with wet skid resistance. [0128]      As
described above, the amount of silica inorganic filler to be blended in the
first modified conjugated diene polymer composition based on 100 parts by
mass of the rubber component containing a modified conjugated diene polymer
is preferably 0.5 to 300 parts by mass,  more preferably 5 to 200 parts by
mass and further preferably 20 to 100 parts by mass. The amount of silica
inorganic filler to he blended is preferably 0,5 parts by mass or more from
the viewpoint of exertinq addition. effect of the inorganic filler and
preferably 300 parts by mass or less from the viewpoint of dispersibility.
[0129] <Carbon black> To the first modified conjugated diene polymer 



composition mentioned above, carbon black may be added.      Examples of
the carbon black that can be used include., but not particularly limited
to, classes of carbob blacks such as SPE, FEF, HAP', ISAF and SAP'. Of
them, carbon black having a nitrogen adsorption specific surface area of 50
'frig or more and an amount of dibutylphthalate (DBE) oil absorption of SO
m111.00 g, is preferable.      The content of carbon black based on 100
parts by mass of the rubber component containing a modified conjugated
diens polymer is preferably 0.5 to 100 parts by mass, more preferably 3 to
100 parts by mass and further preferably 5 to 50 parts by mass. The amount
of carbon. black to be blended is preferably 0.5 parts by mass or more from
the viewpoint of delivering performance required for use in, e.g., tire
such as dry grip performance and conductivity, and preferably 100 parts by
mass or less from the viewpoint of dispersibility,  [0130] <Metal oxide and
Metal niibici.ibe,      To the first modified conjugated. diene polymer
compbsitipn mentioned above, a metal oxide and. a metal hydroxide may be
added in addition to a silica. inorganic filler and carbon black -      The
metal oxide refers to solid particles containing a. substance represented
by chemical formula Mx0y where M represents a metal atom, and x and y each
represent an integer of I to 6 as a main. component of a constitutional
unit, and. for example, alumina, titanium oxide, magnesium oxide and zinc
oxide can be used_      Furthermore, a mixture of a. metal oxide and an
inorganic filler other than the metal oxide can be used Examples of the
metal hydroxide include, but not particularly. limited to, aluminum
hydroxide, magnesium hydroxide and zirconium hydroxide. [0131] <Silane
coupling agent>      To the first modified conjugated diene polymer
composition mentioned. above, a silane coupling agent. may he added. The
silane coupling agent has a function of-facilitating the interacTdon
between a rubber component and asklica inorganic filler and has a group
having affinity or binding ability to each of the rubber. component and the
silica inorganic filler. Generally, a compound having a sulfur binding
moiety, an alkoxysiiya 



e 80 e group and silanol group moiety in a molecule is used. Specific
examples thereof include his-113- (triethoxysily1)-pro1Jyll-tetrasulf1de,
bis-13- (triethoxysi1y1)-propyl]-disuifide and bis-[2-
(triethoxysily1)-ethy1]-tetrasuifide.      The content of the silane
coupling agent based on 100 parts by mass of the aforementioned silica
inorganic filler is preferably 0.1 to 30 parts by mass, more preferably 0.5
to 20 parts by mass and further preferably 1 to 15 parts by mass. When the
amount of silane coupling agent to be blended falls within the above range,
the addition effect of the silane coupling agent can be exerted further
significantly. [0132] <Rubber softener>      To the first modified
conjugated diene polymer. composition mentioned above, a rubber softener
may be added from the viewpoint of improving processability.      As the
rubber softener, mineral oil or liquid or low molecular weight synthetic
softener is suitable.       The mineral-oil rubber softener contains oil
called process oil or extender oil, which is used for softening rubber,
increasing volume of rubber and improving processahility of rubber, The
mineral-oil rubber softener is a mixture of an aromatic ring, a naphthene
ring and a paraffin. chain_ Of such rubber softeners, a. softener. in which
the carbon atoms of the paraffin chain  



occupy 50% or more of the total carbon atoms is called a paraffin rubber
softener a softener in which the carbon atoms of the naphthenp ring occupy
30 to 45% of the total carbon atoms is called a naphthene rubber softener;
and a softener in which the carbon atoms of the aromatic ring occupy more
than 30% of the total carbon atoms is called an aromatic rubber softener,
As the robber softener used for the first modified conjugated diene
polymer, a softener having an appropriate aromatic content is preferable
since adaptability to the polymer tends to he dood.       The aromatic
content of a rubber softener is preferably 2 to 65%, more preferably 5 to
55% and further preferably. 10 to 45%.       The content of rubber softener
based on 100 parts mass of the rubber component containing a modified.
conjugated diene polymer is preferably 0 to 100 parts by mass, more
preferably 10 to 90 parts by mass and further preferably 30 to 90 parts by
mass. When the amount of a rubber softener to be blended based on 100 carts
by mass of the rubber component exceeds 100 parts by mass, bleed out tends
to occur and the surface of the composition may be sticky. [0133]
<Addltives> To the first modified conjugated diene polymer. composition
mentioned, above, other softeners and fillers  --- other than the
aforementioned materials and further various additives such as a heat
resistance stabilizer, an antistatic agent, a weather resistant stabilizer,
an age resister, a colorant and a. lubricant may be added. As the other
softeners, known softeners can be used. 



Specific examples of the other fillers include calcium carbonate, magnesium
carbonate, aluminum sulfate and barium. sulfate,. As each of the above
heat. resistant stabilizer, antistatic agent, weather resistant stabilizer,
age resister, colorant and lubricant, known materials can be used. F01341
(Method for producing first modified conjugated diene polymer composition)
The method for producing the first modifded conjugated diene polymer
composition is not particularly limited. For example, the aforementioned
rubber component, a. silica inorgahic filler and other materials as needed
are melted and kneaded by use of a general kneader such as an open roll, a
Banbury mix el, a kneader, a single screw extruder, a double screw extruder
and a multi screw extruder. In addition to this method, examples include a
method in which individual components are dissolved and mixed and then a
solvent is removed by heating,      Of them, the melting and kneading
method usind a roll, a Banbury mixer, a kneader or an extruder is  83 ,v
preferable from the viewpoint of productivity and good kneading properties,
A modified conjugated diene polymer and various compound agents may be
simultaneously kneaded or separately added. in multiple portions. Both
methods can be applied, [01351 (Vulcanizate)       The first modified
conjodated diene polymer composition. can be suitably used as a
vuicanizate. 



The yulcahizate can be obtained by mixing a modified conjugated diene
polymer with e, g,, an inorganic filler such as a silica inorpanic filler,
and if necessary, carbon black, a rubber-like polymer other than a modified
conjugated diene polymer, a silane coupling agent, a rubber softener, a
vulcanizing agent and a vulcanizing accelerator/auxiliary agent, heating
and. vulcanizing the mixture.       Examples of the vulcanizing agent that
can be used include a radical generator such as an organic peroxide and an
azo compound, an oxime compound, a nitroso compound, a polyamine compound,
sulfur and a. sulfur compound, Examples of the sulfur compound include
sulfur monochloride, sulfur dichloride, a disulfide compound and a
high-moleclar weight polysulfide compound.       The amount of vulcanizing
agent to be used based on 100 parts by mass of the rubber component
comprising a  modified conjugated. diene polymer is usually 0.01 to 20
parts by mass and preferably 0.1 to 15 parts by mass. As a vulcanization
method, a conventionally known. method can be applied. The vulcanization
temperature is usually 120 to 200C and preferably 140 to i30C       As a
vulcanizing accelerator, a conventionally known material can be used-
Examples of the vulcanizing accelerator include a salfenamide agent, a
guanidine agent, a thiuram adeut, an aidehyde-amine agent,an
aldehyde-ammonia anent, a thiancile aeent, a thiourea agent and a
dithiocarbamete agent,       The amount of vulcanizing accelerator to bn
usec4 based on 100 parts by mass of the rubber component comprising a
modified conjugated diene polymer is usually 0.01 to 20 parts by mass and
preferably 0.1 to 15 parts by mass,       As a vulcanizing auxiliary agent,
eig., zinc oxide and stearic acid can be used. [0136] If a vuicanizate is
obtaineddispersing a silica inorganic filler in. the modified conjugated
diene polyme, obtained by the filet or second production method mentioned
above, the vulcanizate acquires excellent balance between low hysteresis
ioss properties and wet skid resistance and excellent operation stability,
[0137] 



(Second modified conjugated diens polymer composition)        The second
modified conjugated diene polymer composition. contains 5 to 200 parts by
mass of a filler, which is silica and/or carbon black, based. on. 100 parts
by mass of the rubber component comprising. 20 parts by mass or more of the
modified. conjugated diene polymer. thereinafter sometimes referred to
simply as the modified conjugated diene polymer) obtained by the first or
seconn production method mentioned above.       The second modified
conjugated diene polymer composition. is suitable in the case of usind the
modified conjugated diene polymer tb be obtained by the second production
metnod mentioned above, in particular, in the case of usbing the modified
conjugated. diene polymer to be produced by using 1,3 -butadiene as a
conjugate& diene compound in the polymekizaticn step.       Note that the
filler to be contained in the second modified conjugated diene 1-.'.1ymex
composition is preferably silica and carbon black and a mass ratio of
silica to carbon black is preferably 1:99 to 99:1. When the modified.
conjugated di ens polymer of the embodiment Is used, the combination.
effect of various functional groups can be obtained. Due no this effect,
dispersibility of both silica and carbon black is improved and excellent
reinforcing effect can be obtained       As the above rubber coimponent,
rubber-like polymers other than the modified coniugated diene polymer can
be used in combination. As the rubber-like polymers, the same materials as
those described in. the above section <Rubber-like polymer> in connection
with the first medified conjugated. diens polymer composition can all be
C0139] <Filler>       The second modified conjugated diehe polymer
gompositiob contains 5 to 200 parts by mass of silica and/or carbon black
as a filler based. on 100 parts by mass of the rubber component comprising
20 parts by mass or more of the modified conjugated diene polymer. 



If a large amount of filler is used, hardness and modulus increase. Time,
desired phyBioal properties depending upon the application can be obtaineb
by adjusting the content of the filler. When the content of the filler
falls within the above range., the dispersion of the filler is good and
good processability can be obtained.       The content of the filler is
preferably 5 to 150 parts by mass for use in tire, and preferably 30 to 200
parts by Mass for use in footwear. When the content of the filler falls
within the range, the composition can be applied to a wide variety of
products from soft products to hard. produbts.  87 -      Note that
hardness and modulus can also he adjusted by use of a plasticizer.    As
the plasticizer, the same oil,e as the extender oils mentioned above can be
used. Other than these., e.a various naturally occurring oils, synthetic
oils and low molecular weight polymers are used. [0140] [Silica]
Examples of the silica include sedimentary silica and fumed silica.
Particularly, sedimentary silica is preferably used.      As the
sedimentary silica, silica having a nitrogen adsorption specific surface
areameasured by the BET method of 50 to 400 m(2/(4 is preferably used and
silica having N2SA of 100 to 300 M2/q is more preferably used. When the
N2SA falls within the ranee, the balance between reinforcing properties and
dispersibility becomes good.      Depending upon the application, silica
having a suitable particle size can be used_ For example, silica havinc a
particle size in the range of less than 200 M2./a and silica having a
particle size in the Lange of 200 ILM/g. 



or more can be used in combination. By virtue of this, e.g..,
rolling-resistance (low hysteresis loss properties): breaking strength
(fracture strength) and operation stability can be controlled.        The
mbdified coniugated diene polymer obtained by the first or second
production method mentioned above can disperse sedimentary silica well.
Thus, even if silica having high specific surface area is used, the silica
can be dispersed well in a composition. [0141] [Carbon black]
Examples of carbon black include GPF, FEE, HAP', ISAF and SAE, Carbon black
can be selected depending upon the application.       Reinforcing
properties can be enhanced and the dry grip performance for use in tire
tread can be improved by using a plurality. of. carbon blacks in
combination,      Carbon black having a nitrbeen adsorption specific
surface area (EI2SA) measured by the BET method of 30 200 rd-H/g is
preferably. used. When N2S.:2:\ of carbon black  falls within this range,
the balance, between reinforcing effect and gispersibility becomes good.
[0142] [Other fillers]       In the second modified conjuoated diene
polymer composition, other fillers can be used. Examples of the fillers
include alumina, calcium carbonate, clay, magnesium oxide, magbesium
hydroxide., talc, titanium oxide and mica. 



[0143] <Silane coupling agent>  In the second modifiad conjuated diene
polymer composition, further a silane coupling agent may be used.       The
silane couplinp agent refers to a compound having both of a silica-affinity
portion and a polymer - affinity portion in a molecule. The silica
-affihity portion is typically an alkoxysilyl group. The polymer - affinity
port-ion is eg., polysulfidb, a mercapto group or an ethylenic double bond,
Examples thereof that can be used include, but not limited to,
bis(3-tr-iethoxysilylptcpyl)tetrasulfide,
bis(3-triethoxysilyiropyljtrisulfider bis(3- triethosysilyipropyl)Oisufide,
his (2 trimethoxysilviethylitetrasulfide, 3 -
meroaptcpropyitrimethoxvsilane, 3 - mercaptopropyltriethoxysilane and 3 -
trimethoxysilylpIppyibenzothiazolyitetrasuifide.       The amount. of
silane coupling agent to be blended based on 100 parts by mass of silica is
preferably 1 to 20 parts by mass and more preferably. 2 tp 15 parts by
mass.       If the silane coupling agent is blended within the range, the
dispersibility of silica is further improved and processability becomes
good. In addition, abrasion resistance is improved- Likewise, the
performance of the vulcanized rubber is improved. 10144]  - 90 



(Method for producing second modifi_ed conjugated diens polymer
composition)      As the method for producing the second. modified
conjugated diene polymer composition mentioned above, a known method such
as a mechanical mixing method and mixing in the state of a solution or a.
dispersion solution can be applied, A mechanical kneading method by a.
mixer is preferable, More specifically, a known method using e.g.., atoll
mill, a Danbury mixer, a kneader or Brabender is suitably employed. [0145]
(Vuicanizate)      The second. modified. conjugated diene polymer
composition is suitably used as a vulcanizate,      A vuicanizate can be
obtained by mixing a mddified conjugated diene polymer with e.g., a filler,
which. is silica and/or carbon black, a rubber-iike polymer other than the
modified conjugated diene polymer, a silane coupling agent, additives, a
vulcanizing agent and a vulcanizing accelerator/auxiliary agent, heating
and vulcanizing the mixture.       As the vulcanizing agent, a radical
generator such as an organic peroxide and an azo compound, an ozime
compound, a. nitroso compound, a polyamine compound, sulfur and a sulfur
compound can be used. Examples of the sulfur compound include sulfur
monocbloride, sulfur  dichloride, a disulfide compound and a.
high-molecular weight polysuifide crApponnri      The amount of vulcanizing
agent to be used based on 100 paxts by mass of the rubber component
comprising a. modified. conjugated cliene polymer is preferably 0.01 to 20
parts by mass and more preferably 0.1 to 15 parts by mass.      As P
vulcanization method, a conventionally known. method. can be applied. The
vulcanization temperature is preferably 120 to 200C and more preferably 140
to 180C.      As a. vulcanizing accelerator, a conventionally known
material can. be used. Examples of the vulcanizind accelerator include a
sulfenamide agent, a guanidine agent, a thiuram agent, an aldehydo -amino
agent, an aldehyde-ammonia agent, a thiaincrie agent, a. thiourea agent and
a dithiocarbamate agent. 



The amount of vulcanizing accelerator based. on 100 parts by mass of the
rubber component comprising a modified conjugated diene polymer is usually
0.01 to 20 parts by mass and preferably 0.1 to 15 parts by mass,       As a
vulcanizing auxiliary agent,zinc oxide and stearic acid can be used. [01461
[Rubber composition obtained by cross linking modified conjugated diene
polymer. composition]       The first and second modified conjugated diene
polymer compositions described above are each crosslinked  92 - by adding
e.g., a crosslinking agent and various compound agents to prepare a. rubber
composition, which can be used in producing desired rubber products, As the
crosslinking agent, e.q., a sulfur vulcanizing agent and an organic
peroxide are used. Examples of the coirpound agent include a. vuicani sin
accelerator and a. vulcanizing auxiliary agent -      As the sulfur
vulcanizing agent, for example, sulfur and morpholine disulfide are used.
Examples of the organic peroxide that is used include benzoyl peroxide,
dicumyl peroxide, di -t -butyl peroxide, t-butylcumyl. peroxide and cumene
hydroperoxide. 



As the vulcanizing accelerator, an agent. containing at least one of a
sulfenamide, thiazole, thiuram, thiourea, gmanidine, dithiocambamic acid,
aldehyde -amine, or aldehvde-ammonia, imidazoline or xanthate vulcanizing
accelerator can. be used      As the vulcanizing auxiliary agent, e, g.,
zinc oxide and stearic acid can he used. Furthermore, an. age resister can
be used, [0147] [Tire and the like]       Pmhber compbsitibns obtained by
crosslinhing the first and second modified conjugated diene polymer
compositions mentioned above can be used in tire, vibration-proof rubber
and various industrial products,       in particular, the rubber
compositions are suitably used as the rubber materials for tire tread and
rubber materials for can tread and under tread- Examples [01481      The
present invention will be more specifically described by way of the
following Examples; however, the present invention is not limited by the
followinb Examples in any way.      Note that samples were analyzed by the
following methods. L0149] 



(1) Amount of bound styrene 100 mg of a sample was diluted in chloroform in
a. measuring cylinder to 100 mL and dissolved to prepare a measurement
sample. The amount. (massof bound stvrene was determine& by measuring
absorption of a phenyl group of styrene at UV. 25$ nn (spectrophotometer
"UV-2450" manufactured by Shimadzu Corporation). 10150]  (2)
Micaostira_ture of butadiene moiety (amount of 1,2- vinyl bonding)       50
mg of a sample was dissolved in 10 EL of carbon disulfide to prepare a.
measurement sample. Using a solution cell, an infrared spectrum was
measured in the  94 range of 600 to 1000 cm51. and absorbanca at a
predetermined wave number was obtadned. Based on the absorbance, the
microstructure of the butadiene moiety was obtained by the computational
expression of the Hampton's method (Fourier conversion infrared
spectrophotometer. "FT-IR230" manufactured by JAsco Corporation.). [01511 



(3) Mooney viscosity      Mooney viscosity was measured by a Mooney
viscometer ('VR1132" manufactured by Ueshima Seisakusho Co,, Ltd.) in
accordance with 515 X6300 (130289-1). The measurement temperature was set
at 100C. First, a sample was preheated for one minute and a rotor was
rotated. at 2 rpm. Four minutes later., torque was measured to obtain
Mooney viscosity (1,11,,,,h ;0152] (4) Glass transition temperature (Tg)
A DSC curve was recorded by use of a differential scanning calorimeter
(05032005) manufactured by Mac Science, in accordance with ISO 22760:2006,
while supplying helium at a rate of 50 mL/minute and increasing the
temperature from -100'0 at a rate of 20'Ciminute. The peak top (Inflection
point) of the OSO differential curve was determined as a glass transition
temperature. [01531 (5) Molecular weight  CU,      A chromatogram was
obtained by use of a. GPO measurement apparatus in which. three columns
charged. with  polystyrene gel as a filler were connected, Based on the
calibration curve aSing standard polystyrene, the weiant average moleular
weight. Rfilw) and the number average molecular weight (Mn) were obtained
and a. molecular weight distribution (Mw/Mn) was calculated. 



As an eluent, tetrahydxofuran (IMF) was used       As the column, a guard.
column: TSK guard column Super H-H manufactured by boson Corporation, and
columns: TSKgel Super 1-17000, TSKgel Super 56000 and TSKgel Super 55000
manufactured by Tosoh Corporation were used.      Under the conditions: an
Oven temperature of 40QC and a. TI-ill' flow rate of 1,0 mL/minute, an RI
detector ("5L08320" manufactured by Tosoh Corporatipn) was used,       10
mg of a measurement sample was dissolved in 20 of Ti-IF to prepare a
measurement solution and 200 1AI of measurement solution was injected into
a GPO measurement apparatus and measurement was performed_ [0154] (6)
Degree of branching       Assuming that the molecular weight of the peak
top in a GPO chromatogram of the conjugated diene polymer haying an active
end abtained in the polymerization step and inactivated with e.g., alcohol,
(unmodified polymer) was represented by Mb and the molecular weight of the
peak. top in a. GPC. chromatogram of the modifHed conjugated  diene polymer
(modified polymer) obtained after the step of modifying the active end was
represented by Mc, the fraction of the component satisfying Mo/Mb3 was
calculated. The fraction was defined as a 'component fraction of 3 branches
or more." [0155] (V) Modification ratio 



Modification ratio was measured by using a phenomenon where a modified
component adsorbs to a. GPC. column charged with silica gel as a filler.
Edfference between a chromatogram, which was obtained by measuring a sample
and a sample solution containing a low molecular weight internal standard
polystyrene by a polystyrene gel column and a. chromatogram, which was
obtained by measuring them by a silica column, was obtained. Eased on the
difference, the amount of adsorption to the silica column was measured to
obtain a. modification ratio, 1.0161 0 Preparation of sample solution;
10 mg of a. sample and. 5 mq of standard polystyrene were dissolved in 20
Ti of THE to prepare a v.-mn.le solution, [0157] 0 GPO measorement
conditions usini a polystyrene column:      Measurement was performed by
using THF as an eluent and injecting 200of a sample into the apparatus: As
the columns, a. guard column: TEK guard column Super H-H manufactured by
Tosoh Corporation, and columns: TSKgel Super H7000, TSKgel Super H6000 and
TSKgel Super 55000 manufactured by Tosch Corporation were used
Measurement was performed under the conditions: a. COiUTM oven temperature
of 40')C and a THF flow rate of 1.0 mL/minuter by. using. an RI detector
("HI:18320" manufactured by Tosoh Corporation) to obtain a chromatogram 



[0158] * GPC measurement conditionsn a silica column:      Measurement was
performed by using THF as an eluent and injecting 200 pI of a sample into
the apparatus. As the columns, a guard column: DIOL 4. 6 x 12.5 mm, 5
microns, and columns: Zorbax PSM -1000S, PSNM300S and PSMH 60S were used.
Under the conditions: column ovemn temperature of 40C and. a TRH' flow rate
of 0,5 mD/minute, measurement was performed by CC28020 series built-up type
GPO system:, AS -S020, SD-0022, COPS, CC-8020 and RI-8021. manufactured by
Toson Corporation, and by use of an PI detector. to obtain a chromatogram.
L0159] * Calculation method of modificatibn ratio:      Assuming that the
total peak area of a chromatogra.m. using a polystyrene column was 100, the
peak area of a sample was represented by Pt, the peak area of. standard
polystyrene was represented. by P2; and assuming that. the  90 total peak
area of a chromatogram using a silica column was 100, the peak area of a
sample was represented by P3, the peak area of standard polystyrene was
represented by P4, a modification ratio (%) was obtained by the following
equation: Modification ratio (%) - [1 - (P2 x P3)/ (P1 x P4)] x 



lflfl (Note that P1+ P2 - P3 t P4 - 100.) [0160] (B) Styrene chain      In
accordance with the Keithoff's method, an osmium acid decomposition product
was obtained as a. measurement. sample. Using this, insoluble polystyrene
corresponding to a block polystyrene was precipitated in methanol.      The
amount of insoluble polystyrene was quantified and the amount (mass%) of
block styrene per polymer was obtained.      The content (mass%) of a
single chain styrene consisting of one styrene unit in the total styrene
and the content (mass%) of long-chain styrene consisting of 8 or more
consecutive styrene units in the total styrene were obtained in accordance
with Tanaka et al. method  (Polysm,r" 22, 1721 (1981)) by decomposing a
styrene-butadiene copolymerized rubber with ozone followed analysis by gel
permeation chromatography (CPC). [0161]  [Production Example I (Synthesis
of (4-(2- pyrralidincethyl)stvrene))]      In Production Example 1, 4-(2-
pyrrolidinoethyl)styrene: Py-St, was synthesized as a nitrogen
atom-containing vinyl. compound to he used in the polymerization. step.
First, to a pressure-proof container having an inner volume at 1 I., and
sufficiently purged with nitrogen, 388 g of cyclohexane, 36 g of
pyrrolidine and 65 g of divinylbenzeno were added and allowed to stand
still in a water bat.1.-1 regulated at. O'S. 



Subsequently, a cyclohexane solution. containing 0.072 g of n-butyllithium
was added and stirred.      Two hours later, isopropanal was added to the
system to terminate the reaction- Extractioniwahinulpurifitation were
performed to obtain 4-(2-pyrroildinoethyl)styrene. [0162] [Example 1]
A temperature controllable autoclave having an inner volume of 5 L and
equipped with a stirrer and a jacket was used as a reactor. In the reactor,
265 g of 1,3- butadiene (Bd), 93 a of styrene (St), 1,66 q cf
N,Ndimethylvinyibenzylamine (DMVB), 1633 u of normal hexane (nSex) and 0.85
g of 2,2-his2-oxolanyl)propane serving. as a polar substance, from which
impurities were  - 100 - previously removed, were placed and the interior
temperature of the reactor was maintained at 55C,         cyclohexane
solution containing 0..33 g of nbutvilithium serving as a. polymerization
initiator was supplied to the reactor.      After initiation of a
polymerization reaction, the interior temperature of the reactor started
increasing by heat generation due to polymerization and the final interior
temperature of the reactor. reached. 52C.      Two minutes after the
reaction temperature reached the peak, 0,40 q of 2,2-dimethoxy-l(3-
trifiethoxysilylpropy1)-l-aza-2-silacyclopentane was added to the reactor.,
and a modification reaction was carried 



out at 75'(:. for 5 minutes.      At this time, the molar ratio of
N,Ndimeth7lvinyibenzylamine and the modifier relative to nbutyl:Lithium was
2.00 and 0.25, respectively, [0163]      To the polymer solution, 0,7 g of
an antioxidant (2,6-d1-tert-bufyl-4-hydroxytoluehe; BHT) was added, and
thereafter the solvent was removed by steam tripping and drying treatment
was applied by a dryer to obtain a styrene-butadiene copolymer (modified
conjudated diene polymer; sample A) having a modified component. [01641
'As a result of analysis of sample A, the amount of bound styrene was 27
mass% and amount of bound butadiene  was 73 IllaSS%, The Mooney viscosity-
at 100C was 52. The amount of vinyl linkage (amount of 1,2-bomling) in the
microstructure of a butadiene moiety, obtained by calculation in accordance
with the Hampton's method based on the measurement results by use of an
infrared spectrophotometer was 57%. Furthermore, the modification ratio was
94%. The analysis results of sample A were shown. in. Tahle I, [01651
[Example 2'1      Sample 5 was obtained in the same manner as in
preparation of the above (sample A) except that the amount of
M,N-dimethylvinylbenzylamine to be added was 3.32 g. .. 



The molar- ratio of N,Nedimethylvinvibenzylamine and , the modifier
relative to n-butyilithium were 4.00 and 0.25, respectively.      As a.
result of analysis of sample 0, the amount of bound styrene was 27 mass,ti
and the amount of bound. butadiene was 73 mass%. The Mooney viscosity at
10000 was 55. The amount of vinyl linkage (amount of 1,2- bonding) in the
microstructure of a butadiene moiety, obtained by calculation in accordance
with the Hampton's method based on the measurement results by use of an
infrared spectrophotometer was 54%, Furthermore, the modification ratio was
92%. The analysis results of sample 8 were shown. in Table 1.  - 102 e
!..01661 [Example 3] Sample C was obtained in. the same manner as in
preparation of the above sample A except that the amount of
N,N-dimethylvinyibenzylamine to be added. was 6.64 q. 



The molar ratio of N,N-dimethylNinyleenzylamine and the modifier relative
to n-butyllithium were 8.00 and 0.25, respectively.      As a result of
analysis of sample. C, the amount of bound styrene was 26 mass% and the
amount. of bound butadiene was 74 mass%. The Mooney viscosity. at 100C was
54. The amount of vinyl linkage (amount of 1,2 - bonding) in the
microstructure of a butadiene moiety, obtained by calculation in accordance
with the Hampton's method based on the measurement results by use of an
infrared spectrophotometer was 55%. Furthermore, the modification ratio was
90%. The analysis results of. sample C were shown in Table 1, [0167]
:Example 4]       Sample D was obtained in the same manner as in
preparation of the above samrle A except that 4 -(2 -
pyrrolidinoethyl)stvrehe was added in place of N,Ndimethylvinylbenzylamine
in an amount of 2.07 g.       In this Example, the molar ratio of 4 -(2 -
pyrrolidinoethyl)styrena and. the modifier relative to butyllithium were
2.00 and 0.25, respectively.       T:s a result of analysis of sample D,
the amount of bound styrene was 27 mass% and the amount of bound butadiene
was 73 nasal. The Mooney viscosity at 100C was 49. The amount of vinyl
linkage (amount of 1,2 - hondinq) in the microstructure of a butadiene
moiety, obtained by calculation in accordance with the Hampton's method
based on the measurement results by use of an .infrared spectrophotometer
was 5!%, Furthermore, the modification ratio was 92%. The analysis results
of sample Es were shown in Table 1. [0168] [Ezample 5] 



Two autoclaves having- an. inner volume of 10 L, a ratio (1,/D) of the
height and diameter of the interior portion of 4, and an inlet at. the
bottom and an outlet on the top, and equipped with a stirrer and a jacket
for adjusting temperature were connected in line. The first autoclave was
used as a polymerization reactor; whereas the second autoclave was used as
a modification reactor. [0169]      1,3-Butadiene at 17.8 q/mlnute.,
styrene at 6.2 q/minute, N,N-dimethylvinyibehovlamine (DMVS) at 0,94
/minute and n--hexane at 125.6 g/minute, from which impurities such as
water were previously removed, were mixed. Immediately before the mixed
solution was placed in the first reactor, n-hutyllithium for inactivating
impurities was mixed at 0.075 mmol/minute by a. static  - 104 mixer, and
then, the mixed solution was continuously supplied to the bottom of the
first reactor. Then, 2,2 - bis -ozelanyl)propane as a polar substance was
supplied to the bottom. of the first reactor at a rate of 0.020 qlminute
and n-butyllithium as a polymerization initiator was supplied at a rate of
0.187 nil/minute. The polymerization. reaction. was continuously performed.
such that the ifitef.i= temperature of the reactor outlet was 90C, [0170]
An aliquot of the polymer solution befoe a modifier was added was taken out
from the outlet of the first reactor and an antioxidant (BHT) was added in
an. amount of 0.2 q per 100 g of polymer. After that, the solvent was
removed and the Mooney viscosity at. 100C was measured, The Mooney
viscosity was 49. [01711       The temperature of the second reactor was
maintained at. 8500, 2,2 -dimethoxy -1 -(3 -trimethoxysilylpropyl) -aza 2
-silacyclopehtane as a modifier was added at a rate of 0,060 mmoliminnte
from the bottom of the second reactor to perform a modification (coupling)
reaction_ To the polymer solution which flowed out from the top portion of
the second reactor, an antioxidant 0314111 was continuously added so as to
satisfy an amount of 0,2 g per 100 g of polymer at a rate of 0.043 q/minute
(n -hexane solution.) 



to terminate the modification reaction. After that, Se  - 105 - RAE oil
("COMO process NC140" manufactured by JX Nippon Oil & Energy Corporation)
as extender oil was added so as to satisfy 30,0 g per 100 g of polymer, and
the solvent was removed to obtain a modified conjugated diene polymer
(sample E), [0172] As a result of analysis of sample E, Mooney viscosity at
100C was 75. Furthermore, the amount of bound styrene was 26 mass%,, the
amount of hound butadiene was 74 mass,%; the amount of vinyl linkage
(amount of 1,2- bonding) in the butadiene binding unit was 55 mole.%,. and
the modification ratio was 91%, The analysis results of sample E are shown
in Table 2. [0173] [Comparative Example 1]       A temperature controllable
autoclave having an inner volume of 5 L and equipped with a stirrer and a
jacket was used as a reactor. In the reactor, 265 o of 1,3- butadiene, 93 g
of styrene, 1.55 g of 4-tert-butyistyrene (tEu-St), 1633 g of normal hexane
and 0.85 q of 2,2- bis(2-oxolanyl)propane serving as .polar' substance,
from which impurities were previously removed, were placed and the interior
temperature of the reactor was maintained at.         cyclonexane solution.
containing 0,33 g ofnbutyllithium serving as a polymerization initiator was
supplied to the reactor,  



- 106 -      After initiation of a Kilgimerizatibn reaction, the interior
temperature of the reactor started increasing by  heat generation due to
polymerization and the final interior temperature of the reactor reached
83C.      Two minutes after the reaction temperature reached the peak, 0,40
g of 2,2-dimethoxy-l-(3- trimethoxysilylpropy1)-l-aza-2-silacyc1opentane
was added to the reactor and a modification reaction was carried out at
75C. fot 5 minutes      ;';t this tine, the molar ratio of
4-tert-butylstyrene and the modifier relative to n-butyllithium was 2.00
and 0.25, respectively.      An antioxidant was added and the solvent, was
removed by steam tripping in the same manner as in preparation of sample A
above to obtain sample F,      Asa result of analysis of sample F, the
amount of bound styrene was 26 mass% and amount of bound butadiene was 74
mass%, The Mooney viscosity at 100C was 54. The amount of vinyl linkage
(amount of 1,2-bondino) in the microstructure of a butadiene moiety
obtained by calculation in accordance with the Hampton's method based on
the measurement. result by use of an infrared spectrophotometer was 56%.
Furthermore, the modification ratio was 78%. The analysis results of sample
F were shown in Table 1, [0174] [Comparative Example 21  



- 107 a      A temperature controllable autoclave having an inner volume of
Stand  equipped with a stirrer and a jacket was used as a. reactor. In the
reactor, C d of 1,3- butadiene, 93 q of styrene, 0,70 g of
N,Ndimethylvinyibenzylamine, 1633 g of normal hexane and 0,34 g of
2,2-bis(2-oxolany1ipropane serving as a polar substance, from which
impurities were previously removed, ware placed and the interior
temperature of the reactor was maintained. at 55QC.       R cyclohexane
solution containing 0.14, g of nbutvilithium serving as a polymerization
initdator was supplied to the reactor.       After initiation of a
polymerization reaction, the interior temperature of the reactor started
increasing by heat generation due to polymerization and the final interior
temperature of the reactor. reached. 72'6:- The molar ratio of
N,Nadimethylvinvibenzylamine relative to n-butyllithium was 2,00.       An
antioxidant was added and the solvent was removed by steam tripping in the
same manner as in preparation of sample A above to obtain sample G, ,result
of analysis of sample G, the amount of hound styrene was 26 mass% and
amount of bound butadiene was 74 mass%, The Mooney viscosity at 100C. was
52. The amount of vinyl linkage (amount of 1,2-bonding) in the
microstructure of a butadiene moiety obtained by calculation in accordance
with the Hampton's method based  a 108 -.- on the measurement result by use
of an infrared spectrophotometer was 55%. Furthermore, the modification
ratio was 79%. Theanalysis results of sample G were  shown in Table 1,
10175] 



:Comparative Example 3.!      A temperature controllable autoclave having
an inner volume of 5 L and equipped with a stirrer and a jacket was used as
a reactor. in the reactor, 265 g of 1,3- butadiene, 93 g of styrene, 1.06 g
of N,Ndimethylvinylbenzylamine, 1633 g of normal hexane and 0.54 g of
2,2-This(2-oxolanyl)propane serving as a polar substance, from which
impurities were previously removed, were placed and the interior
temperature of the reactor was maintained at 55C,      A cyclohezane
solution containing 0.21 q of nbutyllithium serving as a polymerization
initiator was supplied to the reactor,      After initiation of a
poiymerization reaction, the interior temperature of the reactor started
increasing by heat generation due to polymerization and the final interior
temperature of the reactor reached 76(17,           minutes after the
reaction temperature reached the peak, 0.33 g ofN-n-butyl-aza-2,2-
dimethozysilacyclopentane was added to the reactor and a modification
reaction was carried out at 75C for 5 minutes, At this time, the molar
ratio of N,N-  109 dimethylvinylbenzylamine and a modifier relative to
idbutyllithium was 2.00 and 0,50, respectively.       An antioxidant was
added and the solvent was remomd. by steam tripping in the same manner as
in preparation of sample A above to obtain sample H-       As a result of
analysis of sample H, the amount of bound styrene was 26 mass% and amount
of bound butadiene was 74 mass%.       The Mooney viscosity at 100C was 56.
The amount of vinyl. linkage (amount of 1,2-bonding) in the microstructure
of a. butadiene moiety obtained by calculation in accordance with the
Hampton's method based on the measurement result by use of an infrared
spectrophotometer was 57%e Furthermore, the modification ratio was 93%e The
analysis results of sample H were shown. in Table 1. 



10176]    1:Tab:LE--; 2 Example 5 Sample No. , BdI(aim inute \ 1',..,,
SrI(g/ n I i rt u t e )  V inyl COM pound* 



Tvigi 1 .DN1VB Amount to be added(8/minute) 0.94  2.00 (81mintite) ('C)
(minollminute)  Polar substance  Polymerization NBL *2 Amount to be added
Modifier 



Type '3 Amount to be added  Mirtiolitninutti)    Mooney viscosity  Before
modification After oil extension  



Weight average molecular weight (Mw) Number average molecular weight(Mn)
2.24  Amount of bound styrene  Amount of vinyl linkage (amount ol
L2.-bonding) Modification ratio    *1 to *3 in Table 1 and Table 2 will be
described below *1DMVB: Ni, Nhy iv ylbenzyl amine 



Py-St 4- ( 2 -pyrrolid incethyl ) st yrene tBu-St ; -tert-butylstyrene NBL:
normal butyllithi.um AZ-1: 2,2-dimethoxy-1-(3-trimethoxysilyipropy1)-1-
aza-2-silacyclopentane      AS-7
N-n-butyl-aza-2,2-dimethozysi1acyc1opentane = n 1 -3 c,1 [Exampleis 5 to
101 , [Comparative Examples 4 to 6]       Rubber compositions containing
each of raw material rubbers (samples A to D, F to H) shown in Table 1 and
(sample Ei shown in Table 2 were obtained according to the formulations
shown below.      Modified conjugated diens polymer (samples A to 0, to H):
100,0 parts by mass, (sample IS): 130,0 parts by. mass      Silica
("Ultrasil VN:3 manufactured by Evonik Degussa GmbH, nitrogen adsorption
specific surface area: 175 M2,/u1: 75,0 parts by mass      Carbon black
("SEAST KU (N339)" manufactured by Tokai Carbon Co,, Ltd,): 5,0 parts by
mass 



Silane coupling agent ("5175", bis(triethoxysilyipropyl)disuifide,
manufactured by Kyrn..:Hc Dequssa C,MbH): 6.0 parts by Mass         S
-P1'5'. oil (JOMO process NO140" manufactured by JX Nippon. 011 & Energy
Corporation): 30,0 parts by mass (samples -P1 to (), F to H. alone. Not
added to Sample E:1 Zinc oxide: 2.5 parts by mass Steanic acid: 2,0 parts
by mass      Age resister (N eisoprwyl eN' -phenyl ep - phenylenediamine):
2,0 parts by mass Sulfur: 1,8 parts by mass       Vulcanizing accelerator
(N -cyclohezyl -2- benzothiazylsulfine amide): 1.7 parts by illaSs
Vulcanizing accelerator (dichenyiquanidine): 2.0 parts by mass  e 113 -
Total: 228,0 parts by mass [0180] 



. The aforementioned materials were kneaded by the following method to
obtain rubber compositions..      Each of the raw material rubbers (A. to
H), a filler (silica, carbon black, an organic silane coupling agent,
process oil, zinc. oxide and stearic acid were kneaded by using an airtight
mixer equipped with a temperature control unit (inner volume: 0,5 L), under
the conditions of a first-stage kneading: a charge rate of 65% and rotor
spinning number: 50/57 rpm_ At this time, the temperature of the airtight
mixer was controlled. At a discharge temperature of 155 to 160'6, rubber
compositions (blenci) were obtained.      Subsequently, a second-stage
kneading was performed. After the blend obtained above was cooled to room.
temperature, an age resister was added. The mixture was kneaded again in
order to improve dispersion of silica. Also in this case, the discharge
temperature of the blend was adjusted at 155 to 160C by the temperature
control of the mixer. After cooling, sulfur and a vulcanizing accelerator
were added and. kneaded (three stage kneading) by an open roll set. at
7001. Thereafter, the blend was molded and vulcanized by a vulcanization
press at 160C for 20 minutes,  114 e      After the vulcanization, the
viscbelasticity of the rubber ccmrosstaons was measured. The measurement
results of viscoelasticity were shown in Table 3. [0181]      The
viscoelasticity of the rubber compositions was measured by the following
method.      Xriscoelasticity parameters were measured by a viscbelasticity
tester,RES' manufactured by Rheometric Scientific at. a torsion mode. 



individual measurement values were indexed based on the values of
Comparative Example 4 regarded as 100.      Lane) measured at 000, a
frequency. of 10 Hz, a. strain of 1% was used as an indicator of wet skid
resistance. The larger the value, the better the wet skid resistance.
land measured at 50C, a frequency of 10 Hz and a strain of 31 was used as
an indicator of fuel saving properties. The smaller the value, the better
the fuel saving performance, Complex elastic modulus 1:.0f:g*: =
(G'2G"2)11;h at 50"C, a frequency of 1.0 Hz and a strain of 3% was used as
an indicator of operation stability. The larger the value, the 'better the
operation stability, 0' and G" each represent a storage, elastic modulus
and loss elastic modulus, reapectively. [0182]    .1.16 [0183]      As
shown in Table 3, it was confirmed that the mPdified conjugated diene
polymer compositibnu of Examples 6 to 10 using saKrdes A to E containing a
nitrogen atom in a polymer chain, compared to the composition of
Comparative Example 4 using sample F containing no nitrogen atom in the
main chain of the polymer, have high tan.3 at 0C (excellent wet skid
rasistance), as well as low tan6 at 50C (small hysteresis loss), which
demonetrates low rolling-resistance of tire, and further have high !G*!,
which demonstrates excellent operation stability. 



It was also confirmed. that the modified conjugated diene polymer
compositions of Examples 6 to 10 using samples A to E modified with a
modifier, which is a compound represented by the formulahave excellent wet
skid resistance, low hysteresis loss properties and operation stability,
compared to the composition of Comparative Example 5 using sample (3. in
which the active end of a polymer chain is not modified and the composition
of Comparative Example 6 using sample H in which the active end of a
polymer chain is modified with a modifier other than the compound
represented by the formula (1). [0184] From the above, it was confirmed
that vulcanizes obtained from the modified conjugated diene polymers and  -
117 the modified conjugated diene polymer compositions according to
Examples have excellent balance between low. hysteresis loss properties and
wet skid resistance and excellent operation stability. [01851 [Example 11]
A temperature controllable autoclave having an inner volume of 11 L and
equipped with a stirrer and a jacket was used ae a reacter, In the reactor,
770 g of 1,3- butadiene (Bd.), 260 q of styrene (St), 4250 q of cyclohexane
(cHex) and (1.45 g of 2,2-bis(2- oxelanyl)propane serving as a polar
substance, from which impurities were previously removed, were placed and
the interior temperature of the reactor was maintained at 38C. 



A cycicnexane solution. containing 13.0 mmoi of n butyllithium serving as a
polymerization initiator was supplied to the reactor.       After
initiation of a polymerization reaction, the interior temperature of the
reactor started increasing by heat generation due to polymerization and the
final interior temperature of the reactor reached. 90C      Two minutes
after the reaction temperature reached the peak, 3,25 mmol of 2,2-dimethoxv
-1 -(3 - trimethoxysilylpropyl.) -1 -aza -2 -silacyclobentane was added to
the reactor and a. modification reaction was performed for 5 minutes.  -
118       Subsequently, 52. mmol of diethviaminodimethylsilane and a
solution of chloroplatinic acid in isopropanbl were added. The
chloroplatinic acid dped herein was 0,25 mmol/mol relative to the
hydrosilane compound. Stirring was continued while maintaining the interior
temperature at 90C. One hour later, the reaction mixture was transferred to
a blend tank. 188 a stabilizer, BHT was added in an amount of 1 mass%
relative to the polymer. The solvent was removed by a drum dryer for
laboratory use to obtain a polymer, The obtained polymer was designated as
polymer I.       As a result of analysis of polymer I, the amount of bound
styrene was 25 mass% and the amount of bound butadiene was 75 mass%. The
Mooney viscosity at 100C was 60. 



The amount of vinyl linkane (amount of 1,2-bonding) in the microstructure
of the butadiene moiety obtained by calculation in accordance with the
Hamptou's method based. on the measurement result by an infrared
spectrophotometer was 52 mole%" The modification ratio was 99%. The glass
transition temperature was -30C.       The analysis results of polymer I
were shown in Table 4. [0196) [Example 12]       A. temperature
controllable autoclave having an inner volame of 11 L and equipped with a
stirrer arid a jacket was used as a reactor. In the reactor, 770 g of 1,3-
butadiene, 260 q of styrene, 4250 d of cyclohexane and 1,45 g of
2,2-bis(2-oxo1ahyl)propano serving as a polar substance, from. which
impurities were previously removed, were placed and the interior
temperature of the reactor was maintained at 33C      As a polymerizatioh
initiator, a cyclobexane solution containing 13.0 mmol of
hexamothyleneiminolithium previously obtained by reacting hexamethylene
imine (13.0 mmbl) and n-butyllithium (13.0 mmol), was anto a reactor, 



After initiation of a polymerization reaction, the interior temperature of
the reactor started increasing by heat generation due to polymerization and
tho final interior temperature of the reactor reached 90C.      Two minutes
after the reaction temperature reached the peak, 3.25 rmol of.
2,2-dimethoxy-1-(3- trimethoxysilyipropyl)-1-aza-2-silacyclopentane was
added to the reactor and a modification reaction was performed for 5
minutes,      Subsequently, 26 mmoi of dimethylmonoethoxysilabe and a
solution of chloroplatinic acid in isopropanol were added. The
chloroplatinic acid used herein was 0.30 mmolimol relative to the
hydrosilahe compound.  120 Stirring was continued while maintaining the
interior. temperature at 90C, One hour later, the reaction mixture was
transferred to a blend to),:lk. As a stabilizer, BHT was added in an amount
of 1 mass% relative to the polymer, The solveht was removed by a drum dryer
for laboratory use to obtain a polymer. The obtained polymer was designated
as polymer J,      As a result of analysis of polymer J, the amount of
bound styrene was 25 massy and the amount of bound butadiene was 75 mass%,
The Mooney viscosity at 10000 was 65,      The amount of vinyl linkage
(amount of 1,2-bonding) in the microstructure of the butadiene moiety
obtained by calculation in accordance with the Hampton's method based. on
the measurement result by an infrared spectrophotometer was 52 mole%, The
modification ratio was coc). 



The glass transition temperature was -30C. The analysis results of polymer
j were shown in Table 4, [01871 [Comparative Example 71      A temperature
controllable autoclave having an inner volume of II L and equipped with a
stirrer and a jacket, was useras a reactor, in the reactor, 770 g of 1,3-
butadiene, 260 d of styrene., 4250 g of cyclohezane and 1,00 g of
2,2-bls(2-oxoloanyl)propane serving as a polar substance, from which
impurities were previously removed,  -- 121 were placed and the interior
temperature of the reactor was maintained at 38C.      A cyclohexane
solution containing 7,9 mmol of nbutyllithium serving as a polymerization
initiator was supplied to the reactot,       After initiation of a
polymerization reaction, the interior temperature of the reactor started
increasing heat generation due to polymerization and the final interior
temperature of the reactor reached 88C- Two minutes after the reaction
temperature reached the peak, 3.95
mmol3-(dimetnylamine)propy1triethozysilahe was added to the reactor and a
modification reaction was performed fort minutes.       Thereafter, the
reaction mizture was transferred to a blend tank, and BHT was added in an
amount of I nasal relative to the polymer as a stabilizer and the solvent
was removed by use of a drum dryer for laboratory use to obtain a polymer, 



The obtained, polymer was designated as polymer K.       As a result of
analysis of polymer K, the amount of bound styrene was 25 nasal and the
amount of bound butadiene was 73 mass%" The Mooney viscosity at 100C was
58.       The amount. of vinyl linkage (amount of 1,2 -bonding) in the
microstructure of the butadiene moiety obtained by calculation in
accordance with the Hampton's method. based  - 12.2 - on. tne measurement
result by an infrared spectrophotometer was 53 mole%. The modification
ratio was 80%. The glass transition temperature was -29C.       The
analysis results of polymer K were shown in Table 4. [01881 



[Comparative Example 8]      A temperature controllable autoclave having an
inner volume of 11 Land equipped with eatirrer and a ';acket was used as a
reactor. In the reactor, 770 g of 1,3- butadiene, 260 g of styrene, 4250 g
of cyclohexane and. 1.45 g of 2,2-nis(2-oxolanvi)propane serving as a polar
substance, from which impurities were previously. removed, were placed and
the interior temperature of the reactor was maintained at 38C.       A
ovcionexane solution containing 13,0 mmol of nbutyllithium serving as a
polymerization initiator was supplied to the reactor.       After
initiation of a polymerization reaction, the interior temperature of the
reactor started increasing by heat generation due to polymerization and the
final interior temperature of the reactor reached 90C.       Two minutes
after the reaction temperature reached the peak, 3.25 mmol of silicon
tetracnloride was added to the reactor to perform a modification reaction
for 5 minutes,        Subsequently., 26 mmol of dicihylaminodimethyisllane
and a solution of. chiorbplatinic acid in isopropanol were added.       The
chloroolatinic acid. used herein. was 0.25 mmol/mol relative to the
hydrosilane compound_       Stirring was continued while maintaining the
interior temperature at 90')C. One hour later, the reaction mixture was
transferred to a blend tank and then the reaction mixtute was transferred
to a blend tank. As a stabilizer, ENT was added in an amount of I mass%
relative to the polymer. The solvent was removed by a drum dryer for
laboratory use to obtain a polymer. The obtained polymer was designated as
polymer L.,       As a result of analysis of polymer E, the amount of bound
styrene was 25 mass% and the amount of bound butadiene. was 75 =ss%, The
Mooney viscosity at 100C was 62, 



The amount of vinyl linkage (amount of 1,2 -bonding) in the microstructure
of the butadiene moiety obtained by calculation in accordance with the
Hampton's method. based on the measurement result by an infrared
spectrophotometer was 52 mole%. The modification ratio was 90%. The glass
transition temperature was -30C,      The analysis results of polymer L
were shown in Table 4, [01891  - :124 --- [Table NO. Sample No  Production
conditions Analysis value 4 ] 



Initiator*4 Modifier* 5   mmoi)  Amount to be used Amount to be used (mmol)
LTYPC -- Example i 1 NEL. 13.0 3.25 DEASI 52 60 25 :52 99  -30 Si 



85 0 50 4 Example 12 HMLLi 13.0   AS-1 3.25 EOSit-1 26 65 .5") 



99 -30 54 1.6 85 0 npataI nplc 7I  NI, S 3.96 None 0 I58  25 53 80 -29 51
50 4 Comparative Example 8  NEU, 13.0 SiCIA 3.25 



DEASiH 62  25 52. 90 -30 1.3 8.8  0  50  1-1ydrosily1 compound *6 Mooney
viscosity Amount of bound (mass%) Amount of vinyl (mole%)  Modification
ratio Glass transthon iemperature ('C) Molecular amount IW  Molecular
amount 



distribution (tV1w/Mit) Fraction of component having 3 or more (mass%)
Block styrene (pass%) 07Orke decompositionichain        Amount to be used
(mmol) 



(100C)  styrene linkage ( nass% (Mn) x branches Sin0e- slyrene (mass%
L)ng-chain styrene (mass%)     



[ 1.9 0 ] 4' toin Table 4 will he described below,. NISLnorma. -uro,
hexameth ' eirdnoliim       AS-1
2,2-dimethoxy-1-(3-trimethcf.ysilvipropy1)-1- asa -2 -silacyclopantane
rhIAPTE;S 3 -(dimethylamino)propyltriethoxysilane SiCIA silicon.
tetrachloride *6 DEASiH diethylamfnodimethylsilane FOSth
dimethylmoncethoxyailane [01911 [Examples 13 and 14], [Comparative
Examples. 9 and 10] Rubber compos:itions containing. the respective raw 



material rubbers, polymers I. to Li obtained were obtained in accordance
with the formulations shown below, Formulation       Modified butadiene
polymer (samples I to Li): 100.0 parts by mass      Silica (Nipsil A.Q
manufactured by Tosho Silica Corporation): 75,0 parts by. mass      Carbon
black (SE-AST KR (N:CiO) manufactured. by Tokal. Carton Co., Ltd.): 5.0
parts by mass      Silane coupling agent (5175 manufactured by Evonik
Degussa GmbH): 6,0 parts by mass S-F-1E oil (STOMO process Ne140
manufactured by JX. Nippon Oil & Energy. Corporation): SO.,0 parts by mass
Wax (SUNNOC N manufactured by OUCH' SHINKG CHEMICAL INDUSTRIAL CO., =DJ:
1.5 parts by mass Zinc oxide: 2.5 parts by mass Stearic acid: 2,0 parts by
mass 



Ape resister (Nphenvlip- phenyienediamine)enediamine): 2.0 parts by mass
Sulfu parts by mass Vulcanizinq acceleratorAexyl benzothiazy:amide.): 1.7
parts by mass Vol anizinL acceleratoriohenylguaniddne): parts by mass .5
parts by mass The aforemention',1s were kneaded in accordance with the
fol.thod to obtain rubber compositions. 



[01921 A raw material rubber, a fillerca, carbon black), an organic silane
coupling agent, proceso, oil, zinc oxide and stearic acid were kneaded by
usir airtight mixer(inner volume: 0.3 LA ego pped with a temperature
control unit, under the conbi :ions of -h-Je kneadinq: a charge rate. of
65% and rotor        ng number: r3,- temperature of the air  At this time,
the mixer was controlled  rubber compos i Iion was obtained at a ddscharge
temperature (blend) of 155 to 160e.       Subsequently, a second-stage
kneading was per.tormedAfter theobtained above was coolpd, to room
temperatu-e an age resister was added- The blend was kneaded again in order
to improve dispersion of silica,       Also in this case, the discharge.
temperature (blend.) was adjusted at 155 to 160C by controlling the
temperature of the mixer. After cooling, sulfur and a/ vulcanizing
accelerator were added and kneaded (third - stage kneading) by an open roll
set at 70QC. Thereafter, the blend. was molded and vulcanized by a
vulcanization. press at. 160C for 20 minutes. After the vulcanization, the
physical properties of the rubber compositions were measured. 



The measurement results of the physical. properties were shown. in Table 5,
[0193]       The physical properties of rubber compositions were measured
by the, following methode. (1) Mooney viscosity of blend       A. Mooney
viscometer was used. After preheating was performed at 130QC for one minute
in accordance with JIS Y6300 -1 and then a rotor was rotated at a rate of
two rotations per minute for 4 minutes, viscosity was measured, The results
were indexed based on the results of. Comparative Example 9 regarded as
100. The smaller the value, the better the processability. 101941 (2) 300%
modulus and tensile during breakage       300% modulus and tensile during
breakage were determined in accordance with the tension test method of  -
128 - JIS E6251 and indexed based on the results of Comparative Example 9
regarded as 100. 1.0195] 



(3) Viscoelasticitv parameter      Vlscoelaeticity parameters were
measureC1 by a viscoelasticity tester (ARES) manufactured by Rheometric
Scientific at a. torsion mode. Individual. measurement values were indexed
based on the values of Comparative Example 9 regarded as 100.      Tano
measured at. O'C, a frequency of 10 Hz and a strain of 1% was used as an
indicator of wet skid resistance. The larger the value, the better the wet
skid resistance.       Tans measured. at 50t a frequency of 10 Hz and a.
strain of. 2% was used as an indicator of fuel saving properties. The
smaller the value, the better the fuel saving performance. [0196] (4)
Abrasion. resistance       Amount of abrasion was measured by an Akron
abrasion tester (manufactured by Yasuda Selki Sedsakusho, Ltd.) at a load
of 44,1 N and at a rotation. of 1000 in accordance with JIS K6264-2 and
indexed based on the value of Comparative Example 9 regarded as 100. The
larger the index, the more excellent the abrasion resistance, :01971
[Table 5]   



Comparative Comparative Example 9Example 10      Sample No  Blend 



Physical properties of rubber composition 0198] As modified Examples  blend
(index)  3%) (index) Mooney viscosity of 300% Modulus (index)  Tensile
during breakage (index) Abrasion resistance (index ) O'C tan6 (strain 1%)
(index)  50C tan8 (strain shown in Table coni uctated diene 13 and
14,compared 



101I 105 115 130 105 :70 it was po1vrper to 110 100 100 100 100 100 100
thi"-:        oe compos... composiLlons 95 100 90 102 



ions    110 105 150 108 confirmed the polymer    of Comparative Exampleand
10, have low tan6 at 50C (small hysteresis l(:ss), which demonstralow
rolling-. 



resistance of tire,fertner have high tanS at. which demantrates excellent
wet skid performance,       It was also confirmed.2-Jeer compositions of
Examples 13 and 14 have sufficient processabil (Moontiscosityd)abrasion
resistance 300% modulus and ten 53during breakage [0199] The present
applicon is based on Japanese Patent Application No, 2011-184397 filed with
the Japanese Patent Office on August2011 and Jepanepe Patent Application No
2011-229038 filed with the Japanese  - 130 



at Office on October 10, 2011, the contents of wn are Incorporated herein
by reference. Industrial Applicability      The method for producing a
modified conjugate- 1 olvner of the present inventionindustrially appl_
able as a techn.ique for producing a modified conjugated dieno polymer
composition and a modified coniuqated diens polymer constituting a rubber
composition suitable for e.g., rubber for tire vibration-proof rubber and
rubber for footwear  131 - Claims [Claim 1]      A method for producing a
modified conjugated diene polymer comprising      a polymerizatipn. step of
obtaining a conjugated diene polymer containing a nitrogen atom, in a
polymer chain and having an active end by copolymeriz,,g a conjugated diens
compound and a nitrogen atpm -containing vinyl compound or a coniugated
diene compound, an aromatic vinyl, compound and a nitrogen atom-containing
vinyl compound by use of an alkali metal compound and/or an alkaline earth
metal compound as a polymerization initiator, and       a modificatipn step
of reacting a. modifier, which is a compound represented by the following
formula ;1), with the active end of the conjugated diene polymer; [Formula
1] 



R3 {2 ;z1T4041) ( RIO )rn SiNR6Si OR2 )n( 1 ) R5 7' wherein R1 to R4 each
independently represent an alkyl grout: 1-,avirg I to 20 carbon atoms or an
aryl group having 6 to 20 carbon atoms; Rs represents an alkylene group
haying 3 to 10 carbon atoms; R6 represents an alkylene  - 132 - group
having 1 to 20 carbon atoms.) in is an integer of I or. 2; and n is an
integer of 2 or 3. 2]      The method for producing the modified coniugated
diene polymer according to claim I, wherein an amount of the nitrogen
atom-containing vinyl cpmpound to be added is 0.5 to 100 moles based on 1
mole of the polymerization [Claim 3]      The method for producing the
modified coThugated diene polymer according to claim 1 or. 2, wherein the
nitrogen at-vinyl compound is a compound 



represented by the following formula (2) or (3): [Formula 21  \ (2) RW'
-Al2 wherein R? to R9 each independently represent hydrogen, an alkyl group
having. 1 to 20 carbon atoms or an aryl group having 6 to 20 carbon atoms;
R19 represents a single bond or a divalent hydrocarbon group having 1 to 6
carbon atoms, which may be interrupted by any of NR', 0 and S in the middle
of the chain; and  toeach independently represent any selected from the
group consisting of an alkyl. group having 1 to 30 carbon atoms, an aryl
group having 6 to 30 carbon atoms and a tr-substituted silyi group having
an alkyl group haying I. to 30 carbon atoms and/or art aryl group having 6
to 30 carbon atoms on silicon; Formula 3] Rt" 



wherein R7 to R" are the same as defined in the formula (2); X. represents
a divalent hydrocarbon group haying 3 to 10 carbon. atbma, which may be
interrupted by any of NR, 0 and S in the :riddle of the chain and being a
saturated ring forming portion in which all carbon -carbon bonds are single
bonds or an unsaturated ring forming portion. in which at least one of the
carbon-carbon bonds is a double bond; and RI4 represents an alkyl group
having I to 30 carbon atoms or an aryl. group having 6 to $0 carbon atoms,
[Claim 4]  i34       A modified conjugated diene copolymer obtained by the
method for producing the modified conjugated diepe polymer according to any
one of claims 1 to 3. [Claim. 5]       A. method for producing a modified
conjugated. diene polymer comprising       a polymerization step of
obtaining a conjugated diene polymer having an active end by polymerizing a
conjugated diene or copolymerizing a. conjugated. diene with a
copolymerirable monomer by use of an alkali metal compound or an alkalino
earth metal compound as a polymerization initiator, 



a modification step of modifying the active end by reacting a compound
represented by the following formula (I) with the active end of the
conjugated diene copolymer, and [Formula 4]  1231(2.0 SiN ) R25/  R240.-q)
2Si-----(OR22 ) 



a step of modifyinggroup of a main chain of the conThgated diens polymer
with a silippn modification group haying at least one functional group
selected from the group consisting of an amino group, an alkoxysilyi group
and a hydrozy group by a hydrosilyiation reaction;  where P21 to R24 each
independently represent an alkyl group or aryl group having 1 to 20 carbon
atoms; R25 represents an alkyiene group having I to 10 carbon atoms; R25
represents an aikviene group haying 1 to 20 carbon atoms; p is an integer
of I or 2; and q is an integer of )r-r' 3.       The method for producing
the modified conjugated diene polymer according to claim 5, wherein the
step of modifying a vinyl group of the main chain is a step of reacting a
hydrosilane compound having at least one functional group selected from the
group consisting of an amino group, an alkozysilyl group and a hydroxy
group with the conjugated diene polymer in the presence of a catalyst,
after the active end is modified. [Claim. 7] 



A. modified conjugated diene polymer obtained by the production method
according to claim 5 or 6, wherein a polystyrene-equivalent number average
molecular weight  Mn; determined by gel permeation chromatographic (GPC)
measurement. is 20,000 to 2,000,000. [Claim 81       A modified conjugated
diene polymer having a nitrogen atom-containing functional group in a main
chain of the polymer, and a functional group having at least one secondary
amino group , at least one alkoxysilyi group, and 3 to 6 branches on at
least one of ends.  - 1.36 - [Claim 9]      A modified conjugated diene
polymer composition comprising 0,5 to 300 parts by mass of a silica
inorganic filler based. on 100 paTts by mass of a rubber component
comprising 20 parts by mass or more of the modified conjugated diene
polymer according to any one of claims 4, 7 and 8. [Claim. 10]      The
modified conjugated diene polymer camposition according to claim 9,
comprising 5 to 200 parts by mass of the silica inorganic filler. [Claim
11] 



R. modified conjugated diene polymer composition      comprising 5 to 200
parts by mass of a filler, which is silica and/or carbon black, based on
100 parts by mass of a rubber component comprising 20 parts by mass or more
the modified conjugated diene polymer according to any one of claims 4, 7
and a. [Claim 12]      A rubber composition obtained by subjecting. the
modified conjugated diene polymer composition according to any one of
claims 3 to 11 to crosslinkinp, [Claim 13]      A tire comprising the
rubber composition according to claim 12, 






