
Description Title of Invention;       MODIFIED CONJUGATED DIENE-3 E PoL="
METHOD FOR PRODUCING THE SAME, MODIFIED CONJUGATED DIENE-BASED. POLYMER
COMPOSITION, AND TIRE Technicai Field (0001]       The presentjnventjon
relates to a modfied conjugated diene-Mased polymer, a method for producing
the same, a modified conj gated dieme-Mased polymer composxtior, and a tiro
containing the composition. Baoknd tid Art [00021 Social
remvronmentr.rotecton, such as reduction of carbon dioxide emission, has
increased a demand. for automob.j,le fuel effici      In ccc a present
situation, development of materials exhibiting low rollingtance for
automobile tires' rly for tire tread directly contacts with the ground" has
been demanded.      Oc the other hand, from the viewpomn.t of the safety,
materials wh oh are excellent in wet skid resistance and 



which also nave abrasion resistance and strength sufficient for practical
use are required. 10003]     As reinforcing fillers for tire treads, carbon
black, silica. and the like are conventionally used.       Use of silica as
a reinforcing filler has an advantage of achieving low hysteresis loss and
improvement in the we skid resistance, [0004]       On the other hand, in
contrast to the hydrophobic nature of carbon. black surface, silica surface
is hydrophilic and has low affinity for cchjugated dienebased rubbers,
which causes poorer dispersibility silica in conjugated dleno-based rubber
compounds than the carbon black. In order to improve the dispersibility and
impart bonding between the silica and the rubbers, a silane coupling agent
needs to be added. vuuu..):       In conbideration of such problems with
silica, attempts of introducing functional groups having affinity and/or
reactivity to silica to the polymer chain end have been made. By
introducing functional groups to the chain endshave high mobility, the
hysteresis loss can be reduced by improving the dispersibility of silica in
conjugated diene-based rubber compounds and farmer, by  reducing the number
of free polymer chain ends via interaction. with the filler particles.
[0006] 



For example, there are propseci a modified. diene - based robber obtained.
by reacting a modifier having a glycidylaminc group with. a polymer chain
end (for example, see Patent Document 1), a modified diene -based. rubber
obtained by reacting glycidoxyalkoxysilane with a polymer chain end (for
example, see Patent Document .2), further a modified diene -based rubber
obtained by reacting an alkOxysilane containing an amino group with a
polymer chain and (for example, see Patent Documents 3 and 4), and
compositions thereof with silica,      A technology is also proposed in
which a diene -based rubber is polymerized. using a polyfuncx-ional anionic
polymerization initiator, and thereafter is modified with a modifier such
as a glycidyiamino group to increaae the number of functionalized polymer
chain ends, thareby improvin.g the performance, of a composition
constituted of the diene -based rubber and silica, that is, the silica
dispersibility, and reducing the hysteresis loss for example, see Pateht
Document 5), Prior. Art Documents Patent Document [0007.] Patent Document
1: International Publication WO 01/23467  I' Patent Document 2:  Japanese
Patent Laid-Open Nb, 07- 233217 



Patent Document 3:  Japanese Patent Laid-Open No. 2001- 1588.34    Patent
Document 4:  Japanese Patent Ladd-Open No. 



2003- 17141e    Patent Document Eh Japanese Patent Laid-Open No. 2006-
306962 Summary of invention Problems to be Solved by the invention [0008] 



however, in recent years, further fuel efficiency has been required and the
development of rubber compositions with more reduced hysteresis loss has
bbbn demanded, [00091       Objects of the present invention are to provide
a modified COYFJugated diene-based polymer which, when made into a
vulcanizate containing a. silica-hased inorganic filler, exhibits excellent
balanced properties between the low hysteresis loss and properties
regarding the safety such as wet skid resistance and low-temperature
characteristics, has .abrasion resistance and strength sufficient for
practical use, and satisfies a good processabillty:. a method for producing
the same,: a  modified conjugated diene-baseci polymer composition; and a
tire containing the composition. Means for Solving the Problems [0010]
As a result of exhaustive studies to solve the  above-mentioneci problems
with convention:al technologies, the present inventors have found when a
mod.i.iff.led. conjugated diene-based polymer obtaindd by polymerizing a.
conjugated diene compound optionally together with an aromatic vinyl
compound u:sing a specific polyfunctional anionic polymerization initiator,
and modifying Irving polymer end with a compound having specific
functional. croups compounded with inorganic fillers, particularly a
silica-based inorganic filler, and further vulcanized,  the vulcanizate has
an excellent balance between the low hysteresis loss and properties
relateci to safety such as the wet skid resistance and the low-temperature
characteristics, has abrasion resistance and .strength sufficient for
practical use, and satisfies a good processability. These findings have led
to the completion of the present invention.      That is, the present
invention is as follows. [0011] [1]       A modified conjugated diene-based
polymer having a silyl group substituted with one or more alkoxy groups,
and one or more nitrogen atom; on the chain ends of the conjugated diene
-based polymer, 



the modified conjugated. diene -based polymer being obtained by
polymerizing a. conjugated. dienb compound, or copolymericing a conjugated
di ens compound with an aromatic vinyl compound,      by using a
polyfunctional anionic polymerization. initiator prepared from a polyvinyl.
aromatic compound and an organolithium compound in a range of a molar ratio
the polyvinyl aromatic compound. / the orcanoLiPhium compound) of from 0.05
to 1.0, so as to obtain the conjugated diene -based polymer, and.       by
reacting a living polymer. end of the conjugated diene -based polymer with
a compound having a silyi C11-01,10 substituted with two or more alkoxy
aroups, and one or more nitrogen atoms. [0012) [2]       The modified
conjugated diene-based polymer according to item HU described above,
wherein a modification ratio determined by an amount adsorbed onto a column
of gel permeation chromatography measurement using silica particie-packed
column is 78% by mass or more.         The modified conjugated diene-based
polymer according to item [1] or [2] described above, wherein a molar ratio
of the polyvinyl aromatic compound to the organolithium compound is in a
range of from 0.1 to 0.45. [0014] f 41       The modified conjugated
diene-based polymer according to any one of items [i] to [3] described
above, wherein. the compcxmd having the silyi group substituted with two or
more alkoxy groups, and one or more nitrogen atoms is represented by the
following formula (1)] [0015] i3'R?6(1) 



Ro.ro [0016] wherein each of RI and }.Y in.de:pendently represents an.
alkyl group having 1 to 20 carbon. atomp, or an aryl group; R3 represents
an alkylene group haying 1 to 20 carbon atoms; R4 and P.6, may be identical
cr different from each other, represent a. hydrocarbon group having 1 to 6
carbon atoms,and form a 5 or more-membered ring structure together with two
adjacent .N; R6 represents a hydrocarbon group having I to 20 carbon atoms,
a  hydrocarbon group substituted with a heteroatom having no active
hydrogen and having I to 20 carbon atoms, or a triorgano-substituted sily1
group; and in is an integer of z or 3, [0017] or, by the following formula.
(2): [0010] Rs 34,N.., 5 {R O)-S--R-RN ,R m2 R7 (2 )  



[0019) wherein the definitions of RI to R.6 and m are the same as Ant he
formula (1) described above; and. R7 represents a hydrocarbon group having
1 to 20 carbon atoms, a hydrocarbon group which may be substituted with a
neteroatom having no active hydrogen. and having 1 to 20 carbon atoms, or a
triorgano-substitnted ;'Ti grout., LOU201 [0021] Es] A modified conjugated.
diene-based. polymer., Wherein in gel permeation chromatography measurement
using a. polystyrenic gel-pahked column,  9       the peak area on the
lowest molecular. weight side accounts for 20 to 50% of an area of a whole
chromatogram; and       a modification. ratio determined by an amount
adsorbed onto a column used in gel permeation chromatography measurement
using a silica particle-packed column is 78% by mass or more. 00221 Hi]
A method for producing a modified conjugated. dienebased. pol.-.(eter,
comprising the steps of:       reactiz g. a polyvinyl aromatic compound
with an organolithium compound. to prepare a polyfunctional anionic
polymerization initiator in a range of a molar ratio of the polyvinyl
aromatic compound to the organolitnium compound of from 0.05 to 1.0;
polymerising. a conjugated there compound, or ccpolymerising a conjugated
diene compound with. an aromatic vinyl compound by using the polyfunctional
anionic polymerization initiator, so as to obtain a conjugated diene-based
polymer; and 



reacting apolymer end of the conjugated diene-based polymer with a compound
having a sily1 group substituteg with two or more alkoxy groups, and one or
more nitrogen atoms. [0023]  - 10 -       The method for producing the
modified, conjugated diene-based pobrter according to item [6] described
above, wherein a molar ratiothe polyvinyl aromatic compound to the
organolithium compound is in a range of from 0.1 to 0.45. [0024] [8]
The method for producing the modified conjugated diene-based polymer
according to item [6] or [7] described above, wherein the compound having a
silyi group substituted with two or more alkoxy groups, and one or more
nitrogen atoms is represented by the following formula (1): [0025] 13 (R\
1,N -R 



m 12 [0026] wherein each of RI and R2 independently represents an alkyl.
group having I to 20 carbon atoms, or an aryl group; R represents an
alkylene group having 1 to 20 carbon atoms;and R5, may be identical or
different from each other, represent a hydrocarbon group having i to 6
carbon atoms, and form a 5 or more-membered ring structure together with
two adjacent 14; P represents a  hydrocarbon group having 1 to 20 carbon
atoms, hydrocarbon group substituted with a heteroatom havingno active
hydrogen and having 1 to 20 carbon atoms, or a triorgano-subst:.atedI
group; and m is an integer of 2 or 3, [0027) or, by the following formula
(2): [0028] $ (R10)3  Si-- R--R,R 



2NN, :n  [0029] wherein the definitions of R to R6 and in are the same as
in the formula U described above; and P7 :etresentn a hydrocarbon group
having I to 20 carbon atoms, a drocarbon group whichbe substituted with a
heteroatom having no active hydrogen, and having 1 to 20 carbon atoms or a
triorgano-substituted sil. vi group, [0030] [0031] [9] A modified
conjugatedne based polymer composition, comuri.sinq 0,5 to 300 parts T.
mnassof a siiica-based inorq ic filler with respect to 100 parts by mrubber
component comprls.rng 20 parts 07 mass  - 12 - or more of the modified.
conjugated diene-based polymer according to any one of items [1] to [5]
described above, [0032] 



[10]        The modified conjugated dice-based polymer composition
according to item [9] described above, further comprising 0,5 to 100 parts
by mass of carbon. black with respect to 100 parts by mass of the rubber
component comprising 20 parts by mass or more of the modified conjugated
diene-based polymer. [0033] [11]       The modified conjugated diene-based
polymer composition according to item [9] or [10] described above, wherein
the silicacbased inorganic filler has a nitrogen adsorption specific
surface area. of 170 1112/g or more. [0034] [12]       A tire comprising
the modified conjugated. dienebased. polymer. composition according to any
one of items [9] to [11] described above. Advantageous Effects of Invention
[00351      The present invention provides a modified conjugated
diene-based polymer 14hich" when made into a. vulcanizate  containing a
siliCa-based inorganic filler, has an excellent. balance between. the low
hysteresis loss and properties regarding safety such as the wet skid.
resistance and the low-temperature characteristics, has an abrasion
resistance and a strength sufficient for practical uses, and satisfies a
good processabil1ty; a method for producing the same; a modified doniugated
diene -based polymer composition; and a tire, Mode for Carrying. Out the
Invention 



(0036]      Hereinafter, an embodiment (hereinafter, referred. to as the
present embodiment') to carry out the present invention. will be described
in. detail. The present invention is not limited to the following
embodiment, and various changes and modifications may be made within the
gist to carry out the present. invention. [0037j       in the following, a
modified conjugated diene-based polymer according to the present embodiment
will be described together with a method for producing the same, [Modified
conjugated diene-based polymer]         modified conjugated diene-babed
polymer according to the present embodiment is one which is obtained by
polymerising a conjugated diene compound, or copolymerizing a conjugated
diene compound with an  aromatic. vinyl compound by using a polyftnctional
anionic polymerization initiator prepared from a nolvvinyi aromatic
compound and an organolithium compound in. a range of a. molarto (the
polyvinyl aromaUc compound / the organolithium CORip=111) of from 0.05 to
1.0, so as to obtain a conjugated diene -based. polymer, and reacting
living polymer ends of the conjugated diene -based polymer with a compound
having a silyi group substituted with two or more alkoxy groups, and one or
more nitrogen atoms, and which has a silyi group substituted with one or
more alkoxy groups, and one or more nitrogen atoms on the chain ends of the
conjugated ddene -based polymer., [0038] (Method for producing a modified
coniugated diene -based polymer]      A method for producing a modified
conjugated diene - based polymer according to the present embodiment
comprises the steps of:       reacting a polyvinyl aromatic compound with
an organolithium compound to prepare a. polyfunctional anionic
polymerization initiator in. et range of a molar ratio of the polyvinyl
aromatic compound to the organolithium compound of from 0,05 to 1.0;
polymerizing. a conjugated diene compound, or copolymerizing a conjugated
diehe compound with an aromatic vinyl compound by using the polyfunctional



anionic polymerization. initiator, so as to obtain a. conjugated diene
-based. polymer; and      reacting living polympr ends of the conjugated
diene polymer with a. compound having a sill group substituted with two or
more alkoxy groups, and one or more nitrogen atoms. [0039]      By reacting
a living polymer end of the conjugated diene -based. polymer. with a.
compound (modifier) having a ailyi group substituted with two or more
alkoxy groups, and one or more nitrogen atoms, a modified conjugated diene
-based polymer can be obtained in a form in which one or more aikoxy groups
have been diminished from the structure of the original modifier as shown
in the following formula (3) as an example; NO1101; Poiym-U  m Polym
Polym-U 62 kiPolym OL -Si-- ---A 1 03 



R Irsott% k2  (RIM-7SiA  R OLI pe,n2 ( 3 )  10041)       In the formula (3)
shown above, Polym represents a conjugated diene-based polymer chain; and
RI and R" eac.h independently represent an alkyl group or an aryl group.
A represents an organic group containing a nitrogen. atom.; and in is an
integer of 2 or 3, 10042]      Herein, ki represents a reaction rate
constant when a first polymer chain is reacted. with an alkoxy group bonded
to one silyl group, and k2 represents a reaction. rate constant wthen a
second polymer chain is reacted therewith. A steric effect around the
modifier, and the like make ki > k2 >and depending on the types of A and
R2, the difference in the reaction. rate further 



large Therefore; it is actually difficult for all of the alkoxy groups in
the same modifier to react with. living. polymer ends      Therefore, by
adding a sufficient amount of a modifier SO that the molar number of the
alkoxv group becomes sufficient with respect to the molar number of thh
living polymer ends, a. modified conjugated dienebased polymer having a
silyi group substituted with. one or more alkoxy groups on a polymer end
can be obtained_ [0043]       With respect to tne modified. conjugated.
diene-based polymer accordina to the present embodiment,  materials to he
used and conditions to produce the polymer will be described together with
the production process thereof (Polyfunctional anionic polymerization
initiator)  - 17       First, a polyfuoctibnal anionic polymerization
initiator to be used in a step of ool-rmesi,ing conjugated diene -based
polymer: as a prestage in which the above-mentioned living polymer ands of
the conjugated diene -based polymer is modified with a compound  (modifier)
having a silyi group substituted with two or more alkozy groups, and one or
more nitrogen atoms will be described. 100441       A polvfunctional
anionic polymerization initiator can be prepared by reacting a polyvinyl
aromatic compound with an orgenolithium compound.       Examples of the
preparation methods in a hydrocarbon solvent may include a method in which
an organolithium compound and a polysinyl aromatic compounb are reacted, a
method in which an orgabolithiam compound. and a conjugated diene compound
are reacted, and thereafter, a. polyvinyl. aromatic compound is reacted
therewith, a method in which an organplithium compound and a monovanyl
aromatic compound are reacted, and thcreefter, a polyvinyl aromatic
compound is reacted therewith, and a method in which an orbanmlithium
compound is reacted in the presencb of two or three of a conThgeteddienb
compound and/ or a monovinyl aromatic compound and a polyvinyl aromat.ic
Compound, :0045]  is 



A polyfunctional anionic polymerization initiator is particularly
preferable which is prepared. by the method in a hydrocarbon solvent in
which an organolithium compound and a polyvinyl aromatic compound are
reacted, the method therein in which an organolithium compound. and a.
conjugated diene compound are reacted, and thereaifter, a. polyvinyl
aromatic compound. is reacted therewith, and the method therein in which a
mono-organolithium compound is reacted in the presence of a con.lugated
diene compound and a polyvinyl aromatic compound.       In order to achieve
the acceleration and stabilization of the production of a polyfianctional.
anionic polymerization initiator, in the preparation, a Lewis base is
preferably added to the system. [0046] <Polyvinyl aTomatic compound>
Examples of the polyvinyl aromatic compounds used in preparation of a
polyfunctional anionic polymerization initiator may include 0-, m- and
p-divinyibenene, c-- arid p-diisopropenylbenzene, l,2,4-trivinyibenzene,
viny1-3,4-dimethy1benzene, 1,3-divinylnaphtha1ene, trivihylnaphthalene,
2,4-divinylhiphenyl, 3,5,4trivinyibiphenyl, 1,2-diviny1-3,4-dimethylbenzene
and 1,5,6-triviny1-3,7-dietnyinaphthalene. These may he used singly or
concurrently in two or more.  19        Particularly divinylbenzene and
diisopropenyibebzene are preferable, and the polyvinyl aromatic compound
may be a mixture of o-, m- and p-isomers thereof, In the case of industrial
utilization, use of the isomer mixture is economically more advantageous.
[0047] <Conjugated diene commound and monovinyl aromatic compound>
For the prepaxation of a. polyfunctibnal anionic polymerization initiator,
a. coniuqated diene compound and/or a monovinyl aromatic compound May be
used together with the above-mentione,:i polyvinyl aromatic compound.
Examples of. the conjugated diebe compounds may include 1,3-butadiene,
isoprene, 2,3-dgmethyl- 1,3- butadiene, 1,3-pentadiene,
3-methy1-1,3-pentadiene, 1,3- heptadiene and 1,3-hexadiene, and
particularly. 1 '3- butadiene and iscprenb are preferable. Examples of the
monovinyl. aromatic compounds may 



include styrene, p-methylstyrene, (.1.-methyastyrene, vinylethylbenzene,
vinyixylene and vinyinamhthalene, and particularly styrene is preferable.
The conjugated diene compound and/or the monovinyi aromatic compound are
added preferably so that the Polystyrene equivalent weight-averaga
molecular weight of a polyfunctional anionic polymerization initiator as
measured by GPC (gal permeation chroratography) is in a  range, of from 500
to 20,000, and more preferably in a range of from 1,000 to 10,000. [0048]
<Organolithium compound>       Examples of the ordanolithium compounds used
in preparation of a polyfunctional anionic polymerization initiator may
include mono-ordanolithium compounds such as n-hutyllithdum,
sec-butyllithium, tert-butyllithium" n-propyllithium, iso-propyllithium and
benzyllithium; and polyfunctional organolithium compounds such as 1,4-
dilithiobutane, 1,5-dilithiopentane, 1,6-dilithdohexane,
1,10-dilithiodecane, 1,1-dilithiodiphenyiene, dilithiopolybutadiene,
dilithiopolyisoprene, 1,4- dilithiobenzene, dilithio-2-ethvicvciohexahe,
1,3,5-triiirhiobenzene and 1,3,5-trilithio-2,4,6-triethylbenzene,
Mboo-organolithium compounds of n-butyllithium, secbutyllithinm and
tert-:butyllithinno are particularly preferable. [00491 <Hydrocarbon
solvent>      Examples of the hydrocarbon solvent used in preparation of a
polvfuncticnal anionic poiymerizatipn initiator may include aliphatic
hydrocarbons suc.ti as butane, pentane, hexane and hop-Lane; alicyclic  - 



hydrocarbons such as cyclopentane and cyciohexane, and aromatic
hydrocarbons such as benzene, toluene and xylene, [0050] <Lewis base>
in the preparation of a polyfunctional anionic polymerization initiator,
the addition of a Lewis base in the system can achieve the acceleration and
stabilization of the production,       The Lewis base may include tertiary
monoamines, tertiary diamines. and linear or cyclic ethers.       Examples
of the tertiary monoamines may include compounds such as trimethylamine,
triethylamine, methyldiethylamine, 1,1-dimethoxytrimethylamine,
diethoxytrimethylamine, 1,1-diethoxytriethylamine, dimethylformamide
diisopropyi acetal and N,Ndimethylformamide dicyclohexyl acetai. Examples
of the tertiary diamines may include compounds such as
N,N,Nc,W-tetramethyldlaminomethane,            -tetramethylethylenediamine,
N,N,NH,N'- tetramethylpropanediamiho, N,N,W,N"- tetramathyldiaminobutane,
N,N,W,Nntetramethyldiaminopentene, l'.1...N"WeN'- tetramethyihexanediamine,
dipyperidinopentane and dipiperidindethane,      Examples of the linear
ethers may include dimethyl ether, diethyl ether, ethylene glycol dimethyl
ether,   diethyiene glycol dgmethyl ether, triethylene glycol dimethyl
ether and tetraethylene dimethyl ether.       Examples of the cyclic ethers
include compounds such as tetrahydrofuran, bis(2-oxolanyi)ethane,
2,2-bis(2- oxbianyl)propane, 1,1-bis(2-oxolanyl)ethane, 2,2-bis(2-
oxolanyl)butane, 2,2-bis(5-methy1-2-oxolanyl)propane and
2,2-bis(3,4,5-trimethyl-2-oxclanyl)propane.       Among the Lewis bases
described above, preferable are trimethviamine and triethviamine, which are
tertiary monoamines, N,N,N',1V-tetramethviethylenediamioe, which is a
tertiary diamine, and tetrahydrofuran and 2,2-bis(2- 0x.olanyl)propane,
which. are cyclic ethers.       The Lewis base described above may be used
singly or in. combination of two or more, 



[0051]       The amount of a polyvinyl. aromatic compound used in
preparation of a piv.functional anionic polymerization initiator is set in
a range of from 0,05 to 1.0 moi with respect to 1 mol of an organolithium
compound.       Thereby, a polyfunctional anionic polymerization initiator
having a molar ratio of a polyvinyl aromatic compound / an orcanolithinm.
compound in a range of from 0,05 to LC can be obtained.      A larger use
amount of a polyvinyl aromatic compound with respect. to an organolithium
compound increases the proportion of a molecular chain end to which a
functional  --- group is imparted by a modification reaction of a
con-Migated diene -based polymer as described later, achieves improvements
in the affinity for and the reactivity with a. silicabased particle as
described later, makes good. a balance between the low hysteresis loss and
the wet skid resistance in a modified conjugated diene -based polymer
composition, and also achieves improvements in the abrasion resistance and
the strength_ By contrast, a smaller use amount of the polyvinyl aromatic
compound with respect to the organolithium compound makes good the
processability in kneading a composition thereof or otherwise. A Mooney
viscosity of the mixed ,rubber compounci can be used as an index of
propessability. Too high a Mooney viscosity of a mixed rubber compound.
causes adverse effects such as an increase ill power consumption due to a
rise in a torque in kneading, and also causes uniform. sheet fabrication to
become difficult in a sheeting process after kneading. An attempt to lower
the hysteresis loss generally increase the Mooney viscosity of a mixed
rubber compound, which. causes inferior processability. It is important to
keep the Mboney viscosity not too high, From. these balances, the amount of
the polyvinyl aromatic compound is preferably in a. range of from 0.1 to
0.5 mci, more preferably in a range of from 0.1 to 0.45, and still. more  -
24 - preferably in a. range of from 0.1 to 0.4, with respect to I mol of
the organolithium compound. [00521       In the case of adding a. Lewis
base when a Polyfunctional anionic polymerization initiator is prepared,
the Lewis base is added preferably in a range of from 30 to 50,000 ppm, and
preferably in a range of from 200 to 20,000 ppm, with respect to the above
- mentioned solvent used in. the preparation of the polvfunctional anionic
polymerization initiator.       In order to sufficiently develop effects of
the reaction acceleration and stabilization, the addition of 30 rpm or more
is preferable, and in consideration of securing flexibility in the
microstructure adjustment in a later polymerization process, and separating
the Lewis base. from a polymerization solvent in a process in which the
solvent is recoveed after the polymerization and purified, the addition. of
50,000 ppm or less is preferable. 



The temperature in the preparation of a polyfunctional anionic
polymerization -initiator is preferably in a. range of from 1000 to 140C,
and more preferably in a range of from 35C to 110C.       The temperature
is preferably 10C or higher from the viewpoint of the productivity, and
preferably 140C  or lower in order to suppress side reactions dum to a high
temperature.       The reaction time for preparing a polyftnctional anionic
polymerization initiator depends on the reaction temperature, but is in a
range of from 5 min to 24 hours. [0053) (Conjugated diene-based polymer)
A conjugated diene-based polymur in the state before the modification of
the modified conjugated dieneLbased polymer according to the present
invention is obtained by polymerising a conjugated diene compound, or.
copolymerizing a conjugated diene compound with an aromatic vinyl compound
by using the abovu-mentioned polyfuuctional anionic polymerization
initiator. [0054]       In a. polymerization process of a conjugated
dienebased polymer, the above-mentioned polyfunctional anionic
polymerization initiator may be prepared in advance in a predetermined
reactor, and fed to a reactor, in which the polymerization of a. conjugated
diene compound, or the copolymerization of a conjugated. diene compound
with an aromatic vinyl compound is carried out, to carry out the
polymtlJetion reaction; or the polyfunctional anionic pciymerizatibn
initiator may be prepared in advance in a reactor in which the
polymerization or the copolymerization is carried out as described later,
and  predetermined monomers may be fed to the reactor to can out the
polymerization reaction,       It is preferable from the viewpoint of thn
productivity and qbality stability in mass production of a polymer that a
polyfunctionai anionic polymerization initiator is prepared in advance in a
predetermined reactor, and. is fed, as required, to a reactor used for the
polymerization/ of a conjugated diene compound, or the copolymerization of
a. conjugated diene compound with an aromatic vinvl compound.       The
polymerization of. a conjugated diane -based polymer can be carried out as
a batch. process or as a continuous process with one reactor, or two or
more series of reactors, The polymerization in a. batch reactor is
preferably carried out from the viewpoint of obtaining at polymer having a
highnr modification ratio in a modification reaction described. later.. 



NOSS] <Polar compound>       In production of a conjugated diene -based
polymer, for the purpose of randomly .copolymerizing an aromatic vinyl
compound with a conjugated diene compound, for the purpose of controlling
the microstructure of the conjugated diene moiety, and further for the
purpose of improving the polymerization rate, and the like, a small amount
of the following polar compound may be added,        Examples of the polar
compound may include ethers such. as tetrahydrofuran, diethyl other,
dioxane, ethylene glycol dimethyl ether, ethylene glycol dibutyl ether,
diethylene glycol dimethyl ether, die thylene glycol dibutyl ether,
dimethoxybenzene, 2,2-bis(2- oxmlanyi)mropane..! tertiary amine compounds
such as tetramethylethylenediamine, dipiperidinoethane, trimethylandne,
triethylamine, pyridinn and guinuclidine; alkaline metal alkoxide compounds
such as motassium-tamviate, potassium-t-butyratn, sodiumst-loutyrate and
sodium amylate, and phosphine compoundn such as triphenyl mhosphine.
These polar compounds may he used singly or in combination of two or more.
[0056]       The use amount of a polar compound is selected according tn
the purpose and the degree of the effect, but is generally from 0.01 to 100
mol with respect to I mol of lithium in added polyfunctional anionic
polymerization in       Such a polar compound can he used for controlling
the microstructure of the polymer diene moiety in a. proper amount
according to a desired vinyl lin.kage amountMany of polar compounds
simultaneously have an effective randomization effect in the
cmpolymerization of a con i uqated diene compound with an aromatic vinyl
28 - compound, and can regulate the distribution of the aromatic vinyl
compound, and regulate. the styrene block amount_ 



As a randomization method, a method may also be used in which a part of
1,3-butadiene is intermittently added in the course of the
copo:himerization as described in Japanese Patent Laid-Open. No. 59-140211,
0057j <Conjugated diene compound>      Examples of the conjugated diene
compounds used in the synthesis of a conjugated diene-baeed polymer may
include 1,3-:butadiene, isoprene, 2,3-dimethy1-1,3- butadiene,
1,3-pentadiene, 3-methyl-1,3-pentadiene, 1,3- heptadiene and 1,3-hexadiene.
Above all, particularly 1,3-butadiene and isoprene are preferable. These
may be used singly or in combination of two or more,      If allenes and
acetylenes are contained as impurities, since the modification reaction.
described later is inhibited, the total concentration thereof is preferably
200 ppm or less, more preferably 100 ppm or less, and still more
preferably. 50 ppm or Jess. [0058] <Aroimafic vinyl compound>      Examples
of the aromatic vinyl compounds used in the synthesis of a conjugated
diene-baeed polymer may include styrene, p-methylstyrene, a-methvistyrene,
29 - vinyiethylbenzene, vgnyixylene, vinyinaphthalene and diphenylethylene.
Above all, particularly styrene is preferable, These may be used singly- or
in combination of two or more (0059] <Polymerization solvent>
conlnoated diene -based polymer la polymerized in a predetermined solvent, 



Examples of the solvent to be used may include hydrocarbon-based solvents
such as saturated hydrocarbons and aromatic hydrocarbons. Specific examples
thereof may include aliphatic hydrocarbons such as butane, pentane, hexane,
and heptafle,' alicyclic hydrocarbons such as cyclopentane, cyplonexane,
methyloyclopentane and methylcyclohexaner; and aromatic hydrocarbons such
as benzene, toluene and xylene, and. hydrocarbons composed of these
mixtures, [0060] <Polymerization. coin. tion>       The polymerization
temperature of a conjugated diene-based polymer is not particularly limited
as long as the temperature is one at which a living anionic polymerization
progresses, but preferably 0C or higher from the viewpoint of the
productivity, and preferably 120C or lower from the viewpoint of
sufficiently securing the modification reaction amount to the living  pol
oer end after the completion of the poIymeriztion. The temperature is more
preferably in a range of from 20 to 100'C., and still more preferably in a
range of from - to 9      The ooiymerization temperature can be controlled,
in consideration of the P rmerization being an axether, reaction, further
by regulatingfeed temperatures cit the monomer and the scontrolling the
monomer concentration, and co(.1j...ng and tieEt.i.riQ from outside the
reactor, [0061]     Before the ahovementronedconju ted diene compound,
aromatic vinyl compound and polymerization solvent each sinor a mixed
solution thereof is fed to the o vmerazation reaction, allenes and acet
impurities may bet eated using an oraanometai compound in advance. Thereby,
the amount of living polymer end. 



fore the modification reaction. becomes a nign concentratjon, allowing
ach:Lecri.nq a. higher modification ratio. 10062] <Structure of a
conjugated diene-based -polymer>      In the case where the wet skid
characteristic is attached muck importance to in a modd tied conjugated
diene-bared polymer composition containing a modified conjugated
diene-Mased :ool.yiner and a filler described  later, the content of an
aromatic vinyl unit in a conjugated diene-based polymex is preferably from
1 to 50% by mass, more preferably from 10 to 45% by mass, and still more
preferably from 201:0 40%       The content of the aromatic vinyl unit in
the conjugated diene-based polymer before the modification is preferably 1%
by mass or more from the viewpoint of obtaining an excellent wet skid
resistance, and prefrakly 50% by mass or less from the viewpoint of the low
hysteresis loss and the abrasion resistance. [00631       The proportion of
a 1,2- or 3,4-linkage in a conjugated diene unit of a conjugated
diene-based polymer befofe the. modification is preferably from 10 to 80%
mass, more preferably from. 15 to 70% by mass, and still more preferably
from 25 to 65% by mass.,       The proportion of a 1,2- or 3,4-linkage ins.
conjugated diene unit of a conjugated diene -based. polymer is preferably
10% by mass or more as described above from the viewpoint of obtainibg an.
excellent wet. skid. resistance, and preferably SO% by mass or less from
the viewpoint of the low hysteresis loss and the abrasion resistance.
The co-monomer distribution of conjugated. diene and aramatb., -vinyl in a.
conjugated. diene-axomatio vinyl copolymer chain is such that. the
conjugated diene and the  32 --- 



aromatic vinyl may be distributed uniformly or nonuniformly in a molecular
chain thereof, or may be present as blocks.       On the other hand, in the
case where the acquisition of excellent low-temperature characteristics is
a purpose in a modified conjugated diene-based polymer composition.
containing a modified conjugated diene-based polymer and a filler described
later, the content of an aromatic vinyl unit in the conjugated
diehe-aromatic vinyl copolymer is preferably 10% by illaSS or less, and
more preferably a homopolymer of the conjugated diene. The proportion of a
1,2- cr 3,4-linkage in a conjugated diene unit of a. conjugated diene-based
polymer before the modification is preferably 30% by mass or less., and
more preferably 25% by mass or less,       When the respective component
ratios are in the ranne described above, a composition having a low glass
transition temperature and excelling in low-temperature characteristics can
be obtained. [0064] <Modifier> The modified conjugated diene-baseH polymer
according to the present embodiment has living polymer ends modified with a
modifier...       In detail, the modified conjugated diene-based polymer
according to the present embodiment can be  33 obtained by producing a
coniugated diene polymer by polymerizing a con-thgated diene compound
described above, or copolymerizing a conThgated diene compound with an
aromatic vinyl compound by using a polyfunctional anionic polymerization
initiator described above, and reacting living polymer ends of the
conjugated diene-babed polymer with a compound (modifier) having a silyi
group substituted with two or more aikoxy groups, and one or more nitrogen
atoms, [0065]       The compound, used for the modification reaction,
having a. silyi group substituted with two or more alkoxy groups, and one
or more nitrogen atoms includes hydrocarbyloxysilanns having a cyclic amino
group containing two or more nitrogen atoms, represented by the following
formula (1) "IC 



(R 0)-SER-N5, m (1)  wherein each of R'-') and R2 independently represents
an alkyl group having 1 to 20 carbon atoms, or an aryl group; R3 represents
an alkyienn group having 1 to 20 carbon atoms; R4 and R5, may be identical
or different from each other, represent a hydrocarbon group having 1 to 6
carbon atoms, and form a 5 or more-membered ring structure together with
two adjacentRe represents a  34 - hydrocarbon group having I to 20 carbon
atoms, a hydrocarbon group which may be substituted with a heteroatom
having no active hydrogen and having 1 to 20 carbon atoms, or a triorgano
-substituted silyl group; and in is an. integer of 2 or or, by the
following formula (2); Rs NI )\ 01 0):::7VR -R,v ,R6 le 



t:k?t)7 (2)  wherein the definitions of Ri to RE and in are the same as in
the formula (i) described above; and. P? represents a hydrocarbon group
having I to 20 carbon atoms, a hydrocarbon group substituted with a
heteroatom having no active hydrogen. and having a. to 20 carbon atoms, or
a triorgano -substituted. silyi group; and hydrocarbyloxysilanes containing
functional groups such as another cyclic amine, a non-cyclic amine., an
imine and an isccyanate, and cyclic azasilanes, Note that an the above, the
active hydrogen refers     El hydrogen atom bonded to 0, N and the like,
which have a high electronegativity ("Fagaku Jiten (Chonical Dictianary)",
published by Tokyo Magaku hojin Co,, Ltd.),      Further, in the above, the
triornano-substitnted silyi group refers to a. group represented by the
general. formula: -SiREii (three RU represent organic groups which  35 -
may be identical or different from each other, and preferabiy. represents
an alkyl. croup), [0072]      Specific examples of the
hybrocarbyaozysilanes having the cyclic amino group represented by tbc
above formula (10 are shown. below,      Examples thereof may include
(triethoxysilyi)propv11-4-methylpiperazahe, 1-[3-
(diethbxyethvlsilyi)bropy.11-4-methvipi1Derazine,
;T:rimethoxysilyi)propyi]-3-methylimidazolidine,
l-P(diethoxyethylsilyl)proby11-3-ethviimidazolidine, 1-[3-
(triethoxysilyi)propy1]-3-methylhexanydropyrimidine, 1-
[3-(dimethoxymthylsilyi)propyl]-3- methylhexahydropyrimidine,
3-[3-(tributozysilyi)propv1]- 1-methyl-1,2,3,4-tetrahydrepyrimidiTie, 3-[3-
(dimethbxymothylsiiyi)propyl]-1-ethyl-1,2,3,4- tetrahydropyrimidine,
1-(2-ethoxyethyl)-3-:3- (trimethoxysilva)propyliimidazolidine, (2-f3-[3-
(trimethoxysilyi)propylltetrahydropyrimidifle-lyl)ethyl)dimethylamjne,
1-13-(triethoxymilyl)propy11-4- (trimethylsilyi)piperazine, 1-[3-
(iimethoxymethylsilyi)propy1]-4- 



(trimethvisilyflpiperazine,
1-F3-(tributoxyall-flpropyi)4-(trimethylsilyi)piperazine, 1-[3-
(diethoxyethylsilyi)prcpyll-3- (triethylsily1)imidazolidjne, 1-[3-  -36
(triethoxysily14propyl]-3-(trimathylsilyi)imidazolidine,
1-[3-(dimethoxymethylsilyi)propyl]-3- (trimethyls1ly1)hexahydropyrimidine,
1-[3- (triethoxysilyi)propy1]3- (trimothylsilyi)hexahydropyrimidine and
1-[4- (triethoxysilyity1J-4-(trimethvlsilyl)piperazine.      Above all
preferably used are 1-[3- (triethoxysilvi)propy11-4-methylpiperazins, 1-[3-
(trimethoxysliyi)propyl]-3-methylinrldazolidino, 1-[3-
(triethoxysilyi)prapvil-3-methylhexahydropyrimidine,
(3-(triethpxysilvl)propy11-4-(trimethylsilyi)piperazine,
1-[3-(trlethoxysilya)propyl]-3- (trimethylsilyi)imidazolidine and 1-[3-
(ifiethoxysilyi)propyl] (trimethylsilyi)hexahydropyrimidine, and more
preferable are 1-[3-(triethpxysilyi)propyli-4-methylpiperazine and
1-[3-(tbierhoxysilyl)propy]-j-4-(trimethylsilyijpiperazthe. [0073]
Specific examules of the hydrocarbyloxysilanes having the cyclic amino
group reprosented by the above formula (2) are si-n:Dwn below.
Examples thereof may include 2-[3-
(t-rimethoxyeilvi)propvil-1,3-dimethylimidazolidine,
(diethoxyethyisliv1)-1,3-diethylimidazolidine, 2-
(triethoxysilyi)-1,4-dlethylpiperazine,
(dimethoxymettylsily1)-1,4-dimethylpiperazine,  37
(Lriethoxysily1)-nopylhexahydropyrin     ithoxvethylsilyi) -1,
3-diethyllexahydropyrimidine, {2-
[3-(2-dimethylaminmethyl)-2-(ethyldimethoxysily1)-
imidazolidine-1-y11-ethyll- methylamine, 5-
(trimPthoxys11y1)-1,3-bis-(2-methoxyethyl)- bexahydropyrimidine,
5-(ethyldimethoxysily1)-1,3-his-(2-
tmethylsilyiethvi)-hexahydropyrimidy1)-1,3- dimethylimidazolidine,
2-(3-diethoxyethvisi1v1-mropy1)- 1,3-diPthylimidazolidine,
2-(3-triethoxysi1yi-propy1)- 1,4-diethylpiperazine, 2-(3-dimethox'f
thylsilyi-propy1)- 1,4-dimethylpiperazine, 5-(3triethoxysilyl-propyl.)-1,3-
di.propylThexahydropyrimidine,
5-(3-diethoxyethylsilvlpropy1)-1,3-dietbylhexahydropyrimidine, (2-[3-(2-
dimethylaminoethyD-2-(3-ethyldimethoxysimTopyl)- 



imidazolidin-1-Y1)-ethyll-dimethylamine, 5-(3-
trimethoxys_iv1-propy1)-1,3-his-(2-methoxyethyi)- hexahydropyrimidine,
5-(3-ethyldimethoxysilyl-propy1)-
1,3-his-(2-trimethylsilyiethyl)-hexahydropyrimidine,
[3-(trimGthoxysilyl)propyl] 1,3-
bis(trimethylsilyi)imidazol2-(diethoxvethylsily1)-
1,3-his(triethylsilyflimidazo1idine, 2-(triethoxysi 1)-
1,4-tis(trimethylsilvflpipe ezine, 2- (dimethoxymethylsili -1,4
's(trimethyisipiper nne and 5-(triethoxysily1)-1,3- bis(tripropyli)
nexahydr opyrimidine.       Above all preferable are 2-[3-
(trimethoxysilyl)propv1]-1,3-dimethylimidazoiidine and 2-
[3-(trimethoxvsilyi)propyl]-1,3 (nistrimethylsilvi)imidazolidine. [0074]
Hydrocarhyloxysilanes, used as a modifier and other than compounds
represented by the above formulae (1) and (2), containin: functional groups
such as a cyclic amine, a non-cyclic amine, an. brine and an isocyanate,
and cyclic azasilanes will he described. [0075]       Specific examples of
the hydrocarbyloxyailanes having a cyclic amino group are shown below.
Examples thereof may include [3-(1-
nexamethyleneimino)propviltriethoxysilane,-(1-
hexamethyleneimino)propvi]trimethoxysiiane, [2-(1- 



hexamethyleneimino)e].itriethoxysilane, [2-(1-
hexamethyleneimino)ethyl]trimethozysilane, [3-(1-
pyrrolidinyl)probvi]triethoxysilane, [3-(1-
pyrrolidinyl)propyl]trimethoxysilahe, [3-(1-
heptamethyleneimino)prupyl]triethoxysilane, :3- 1-
dodecamethyleneimino)propylAtriethoxysilane, [3-(1-
)examethyleneimino)propyi]diethoxvmethvisilane and [3-(1-
hexamethyleneimino)preoVi]dic noxvet, [0076]        Specific examples of
the bydrocarbyloxysilaries having a non-cyclic amine group are shown below.
Examples thereof may include [3- (dimethylamino)propyl]triethoxvsilane, [3-
(dimethylamins)propyl]trimethoxys lane,
(diethylamino)propylltriethoxysilane, [3-
(diethylamino)propylitrinethoxysilane,
(dimethviamino)ethyl]triethoxvsilane, [2-
(dimethviamino)ethyl]trimethoxysilane, [3-
(dimethylamino)propyildiethoxymethylsilane, [3-
dibutylaminopropyl]triethoxysilane,
Ois(trimethylsilyi)aminopropvimethyldimethoxysilane,
N,Nbis(trimethylsilyi)aminopropvltrimethoxvailane, N,N-
-bis(trimethylsilyi)aminopropyltriethoxysilane,
N,Nbis(trimethyisllyi)aminopropylmethvldiethoxvsilano,
N,Nhis(trimethylsily1)aminoethyltrimethoxysilane,
N,Nbis(trimetsilyi)aminoethyltriethoxysilane, N,N- bisitrimc ilyl)
aminoethylmethyldimethoxvsil.ane and N,N-bis;tri=thylsilyijam
oethylmetnyidiethoxysilane. [0077]       Specific examples of the hydr
ocarhyloxysilanes having an imino group are shown below.      Examples
thereof may include N-(1,3-
dimethylbutylidene)-3-(triethoxysily1)-1-propanamine,
N-(l-methy.lethytidene) .3..(triethoxysilyi, 1-propanamine,
Nethylidene-3-(triysilyi)-1-propanamine, N-(1-  40 - methylpropylidene) -3-
(triethoxysilydi -1-propanamine,        N-dimethylaml.nobenzvildenel -3-
(triethozysily1) -1- propanamine, N- (cyclohexylidene4 -3- (triethoxysilyl4
-1- propanamine, 1-[3-(triethoxysilyi)propy1]-4,5- dihydroimidazole,
1-[3-(trlmethoxysilyi)propy11-4,5- dihydroimidazole,
N-(3-triethoxysilyipropylj-4,5- dihydroimidazole,
Nu(3-isopropoxysilyipropyl)dihydroimidazole and
M-(3-methyldiethoxyailyipropy1)-4,Sdihydroimidazole, 



[0078]       Specific examples of the hydrocarbvioxysilanes having an
isocyanate group are shown. below.       Examples thereof may include 3-
isocyanatopropyltrimethoxysliane, 3- isocyanatopropyltriethoxysilane,
isocyanatopropylmethyldiethoxysiiane, 3-
isocyanatopropyitrilsopropoxysilshe and tris(3-
trimethoxysilylpropyl)lsocyanurate, [0079]       Specific examples of the
cyclic azasilana compounds are shown below       Examples thereof. may
include N-n-butyl-aza-2,2- dimethpxysilacyclopentane,
N-ethyi-aza-2,2-diethoxy-4- metnyisilacyclobantehe, N-allyl-aza-2,2-
dimethozysilacyclopentane and 1-trimethylsi
dimethoxy-1-aza-2-silacyclpentane,  [0080       Arpng the modifiers
described above, the compounds represented by the above formula. (1) or
formula (2) are preferable, and particularly the compounds represented by
the above formula. (1) are preferable.       These modifiers may be used
singly or concflrrently in two or more. [00811 (Modification reaction)
The modification reaction of the conjugated diene - based polymer using the
modifier described above will be described.       The reaction temperature,
the reaction time and. the like when the modifier is reacted with living
polymer ends of the conjugated diene -based polymer are not particularly
limited, but the reaction is preferably 



carried out at 0C or higher and 120cO or lower and for 30 sec or lonaer.
[0082]       The modifier is preferably added so that the total. molar
number of an alkoxy group bonded to a silvl group, in the modifier added is
in a range of from I to S times the total molar number of lithium contained
in added polyfunctional anionic polymerization initiator described above,
more preferably in a range of from 1.5 to 3 times,  and still more
preferably in a range of from. 1,5 to 2.5 times.       From the viewpoint
of acquiring a predetermined modification ratio and. making one or more
alkoxy groups remain at a modified conjugated diene-based molecular chain
end portion, the modifier is preferably added so that. the total molar
number of an alkoxy group bonded to a sily1 group in. the modifier added is
one or more times the total molar number of lithium contained in added
polyfunctional anionic polymerization initiator described above, and from
the viewpoint of the coot, more preferably 5 or less tines. Nos3]       The
content of a polymer having the functional group components in a modified
conjugated diene-based polymer, that is, the modification ratio i5, in the
case where a composition using the modified conjugated diene-based polymer
according to the present embodiment is made into a vuicanizate, preferably
78% by mass or more, more preferably 86% by mass or more, and still more
preferably 90% by mass or more, in order to make a good balance between the
low hysteresis loss and the wet skid resistance, and acquire an abrasion
resistance and strength sufficient for practical uses.      The
modification ratio of 78% by mass or more can be obtained as described
above by controlling the  - 43 concentrations of all cues and acetylenes as
impurities in the conjugatod diene compound as described above, a treatment
method thereof, and the polymerization. temperature. [0084]       A
measurement method of the content of a polymer haying the functional group
component, that is, the modification ratio, is preferably one by
chromatography which can separate modified components containing
functional. groups and unmodified components. 



'Rs the Measurement. method by chromatography, a method is suitable which
uses a. gei permeation chromatography. (GPO) column packed with a polar
substahce such as silica which can adsorb the functional group component,
and quantitatively determines the modification ratio by using an internal
standard of a non-adsorptive component. for comparison. 100351 The
wemolecular. weight (GPO measurement: polystyrene equivalent molecular
weight) of the modified conjugated diene-based polymer according to the
presant embodiment is preferably from. 100,000 to 2,000,000, more
preferably from 200,000 to 1,(.-2,00,000, and still more preferably from
250,000 to 500,000, in. consideration of the processability and physical
properties.         In the case where a conjugated d te-based polymer is
polymerized in a batch process, in the molecular weight distribution. in
GPO, a pluralitypeaks is observad, The fleak on the lowest molecular is
considered to be majawhose poLymerization has been initiated and produced
by a motofunctional componenta poi mixture. A largerictional component
po1,2 gives exce LI ent physical pro ties such hysteresis loss and
abrasion. :cesistance., whereas it worsens the processale the peak area on 



the lowesc molecular weight side s prefron 20 to 50%, By regulat.nc the
mnlaa polyvinyl aromatic compound sudan organo ithium compound when a
polyfunc.,onal anionic polymerization initiator is prepared, and the amount
of a mod.i fier added. in the above-mentioned ranges, the peak area on the
lowest molecular wei,side cande 20 to 50% as described above. [0086j After
a con] ated diene-based polymer is subjected        coca 'ication reaction.
with a modifier described above, a. :e, tion felater may*lad in a polymer
The reaction terminators usable are generally  Ill cohols such as methanol,
ethanol and propane].; organic acids such as stearic acid, lauric acid and
octanoic acid; and water and the like       After a conjugated diene-based
polymer is subjected to a. modification. reaction, metals contained in the
polymer may be demineralized as required.       As a debAneralization
methmd, a. method is used which brings, for example, water., an organic
acid, an inorganic acid or an oxidizing agent such as hydrogen peroxide
into contact with a polymer solution to extract metals., and thereafter
separates a water layer. 



After a conjugated diane-based polymer is subjected to a modification.
reactien, an antioxidant may be added to a polymer solution. The
antioxidant includes phenolic stabilizers, phosphorus-based stabilizers and
sulfur-based. stabilizers. [0087]                         7.- a method for
obtaining the modified conjugated diene-based polymer according to the
present embodiment from a polymer solution, conventionally. known methods
can be applied,       For example, a method in which. after a solvent is
removed by steam stripping or the like, the polymer is filtrated, and
further dewatered and dried to obtain. polymEnT, a method in which the
polymer solution is  concentrated in a flushing tank, and devolatilized by
a. vent extruder or the like, a method of directly devolatilizing by a drum
drier or the like, and other methods can be applied. [0089] [Modified
conjugated diene-based polymer. composition;       The modified conjugated
thane-based polymer composition according to the present embodiment
contains 20 parts by mass or more of a modified conjugated diensbased
polymer as have been described hitherto with. respect to 100 parts by mass
of the whole of rubber components, and 0,5 to 300 parts by mass of a silica
-based. inorgankc filler with respect to 100 parts by mass of the rubber
components containing the polymer, [00891; (Silica-based inorganic filler)
As a silica-based inorganic filler contained in the modified condugated
diene-based polymer composition according to the present embodiment, a
solid particle containing. Si02 or Si'Al as a main component of the
structural unit can be used.      Examples thereof may include silica,
clay, talc, mica, diatcmaceous earth, wollastonite, montmoriiionite,
zeolite, and inorganic fibrous substances such as glass fibe-,  



A silica-based inorganic filler whose surface has been hydrophobiciaed, and
a mixture of a silica-based inorganic fillnr and an inorganic filler other
than silica types can also be used.      Above all, silica and glass fiber
are preferable, and silica is more preferable.      The silica usable is
fumed silica, precipitated silica, synthetic silicate silica and the like,
but above all, precipitated silica is preferable, which most outstandingly
has a simultaneously exhibited effect of the improvement in fracture
characteristics and the wet skid. resistance. [0090]      in the modified
conjugated. diene-based polymer composition according to the present
embodiment, from the viewpoint of acquiring an abrasion resistance and
strength good for practical uses, the nitrogen adsorption specific surface
area of a silica-based inorganic filler as measured by BET adsorption
method. is preferably from 170 to 300 m2/g, and more preferably from 200 to
300 m2,10..      As described above, the blend amount of a silica-based
inorganic filler in a modified conjugated diehebased polymer composition is
from 0.5 to 300 parts by mass with respect to 100 parts by mass of the
rubber components containing 20 parts by mass or more of a modified
conjugated diene-hased polymer, but the amount  is preferably from. 5 to
200 parts by mass, and more preferably from 20 to 100 parts by mass.
If the blend amount. of a. silica-based inorganic filler is less than 0.5
part by mass, the effect of addition of the filler is not developed; by
contrast, C that exceeds 300 parts by mass, the dispersibility of the
silica-based inorganic filler is deteriorated, the processabilitv of the
composition is worsened, and the mechanical strength decreases, which are
not preferable. rnnnil I.Uv472.1j (Carbon black)       Carbon black may be
added to the modified conjugated. diene -based polymer composition as a
reinforcing filler other than. the silica-based inorganic filler. 



Carbon black of any class of SRI', FEF, HAF, 'SAE, SAS and the like can be
used. A carbon black is preferable which has a nitrogen adsorption specific
surface area of 50 m2/q or more, and a. D.1-3P oil absorption of 80 ml/100
q.       The blend amount of a carbon black is preferably. from 0.5 to 100
parts by mass, more preferably from 3 to 100 parts by mass, and still more
preferably. from. 5 to 50 parts by mass, with respect to 100 parts by mass
of the robber components containing 20 parts by mass or more of the
modified conjugate4 dien.e polymer.  4c(       In. erder to develop
performances, reqhired for applications such as tires, such as the dry grip
performance and electroconductivity, the amount added is preferabay 0,5
part by mass or more, but is preferably 100 parts by mass or less from the
viewpoint of the dispersibility, [0092] (Metal oxide and metal hydroxide.)
To the modified conjugated diene-based polymer composition according to the
present ambodiment, metal oxides and metal hydroxides may he added other
than the silica-based inorganic filler and the carbon black.      The metal
oxide refers to a solid particle having a chemical formula MxCy (M
represents a metal. atom, and x and y are each an integer of 1 to 6) as a
main component of the structural unit, and metal oxides usable are for
example alumina, titanium oxide, magnesium oxide and zinc oxide. A mixture
of a metal oxide and an inorganic filler other than metal oxides may be
used.      The metal hydroxide refers to aluminum hydroxide, magnesium
hydroxide, zirconium hydroxide and the like, [0093] (Silane couplino agent)
The modified conjugated diene-besed polymer composition accordif- to the
present embodiment may contain a silahe coaping agent.  - 50 e 



The silane coupling agent has a function of enhancing the interaction
between the rubber components and the silica-based inorganic filler, anb
has groups exhibiting affinity for or bondabdlity with each of the rubber
components and the silica-based inorganic. fillet-       Examples of the
sliane coupling agent may include
bdse[3-dtriethoxysily1)-prbpyll-tetrasuifide, his-- [3-U
(triethcxysily1)-propylliedisuifide and bisel2-
(triethoxysily1)-ethylietetrasuifide. [00'34] The hiend amount of a silane
coupling agent is preferably from 0,1 to 30 parts by mass, mbre preferably
from. 0.5 to 20 parts by mass, and still more preferably from 1 to 15 parts
by mass, with respect to 100 parts by mass. of a silica-based inorganic
filler described above.       If the blend amount of a silane coupling
agent i5 less than 0.1 part by mass with respect to 100 parts by mass of a
silica-based inorganic filler, an. effective blend effect cannot be
obtained, and an amount thereof exceedinc; 30 parts by mass is not needed.
[00951         method of nixing a modified conjugated diene polymer, a
silica-based inorganic filler, carbon black and other fillers, and a silane
coupling agent is not particularly ibmited,        Examples thereof may
include a melt kneading method using a usual mixer such as an open roll, a
Banbury mixer, a kneader, a single-screw extruder, a twin-screw extruder or
a multi-screw extruder, and a method in which each component is dissolved
and mixed, and thereafter, a solvent is heated and removed.      Above all,
the meat kneading method using a roll, a. Banbury mixer, a. kneader or an.
extruder is preferable from the viewpoint of the productivity and a good
kneadability. 



Eithet of a method in which a modified conjugated diene-based polymer and
various blending agents are kneaded at one time, and a method in which
these are mixed in a plurality of times can be applied- [00961
(Vulcanizing. agent)       The modified conjugated diene-based polymer
composition according to the present embodiment may be made into a
vulcabized composition. which has been subjected to a vulcanization
treatment with a ,viricanizind agent.       Examples of vulcanizing agents
usable are radical generating agents such as organic peroxides and azo
cpmpounds, oximp compounds, natrpso compounds, polyamine compounds, sulfur
and sulfur compounds.    ' The sulfur compounds may include sulfur
mbnbchloride, sulfur dichiotide, disulfide compounds and polymeric
polysulfide compounds,       The use amount of a vulcanizing agent is
generally from 0.01 to 20 parts by mass, and preferably from 0.1 to 15
parts by mass, with respect to 100 parts by mass of the rubber components
containing the modified conjugated diene polymer.       P....s a.
vulcanization method, conventionally known methods can be applied, and the
vulcanization temperature can be set, for example, at 120 to 200C, and
suitably at 140 to 180C. [0097] (Vulcanization accelerator and
vulcanization aid)       in vulcanization, a vulcanization accelerator may
be used as required_      As a. vulcanization accelerator, conventional
well-known materials can be used, and examples thereof may include
sulfenamides, guanidines, thiurams, aldehyde-amines, aidehyde-ammonias,
thiazoles, thioureas and dithiocarbamates. As a vulcanization aid, zinc
oxide, stearic acid and. the like can be used.      The use amount of a
vulcanization accelerator is generally from 0.01 to 20 parts by mass, and
preferably from 0.1 to 15 parts by mass, with respect to 100 parts 



by MaSS of the rubber components containing the modified conjugated diene
polymer. [0098] (Rubber softenerl       To the, modified conjugated diene
-based polymer composition according to the present embodiment, a rubber
softener may be blended. in. order to improve the ,processability.       As
at rubber softener, mineral oil, or a liquid or low-molecular weight
synthetic softener is suitable.       A mineral oil-based rubber softener
called process oil on extender oil used to improve the softening, volume
increase and prncessabiLty of rubbers is a mixture of aromatic rings,
naphthene rings and paraffin chains; the mineral oil-based. rubber softener
in which the carbon number of the paraffin chain accounts for 50% or more
of the total carbon is called a paraffin type, one in which the carbon
number of the naphthenm ring accounts for. 8.0 to 45% is called a napnthene
type, and one in which the aromatic carbon. number exceedo 30% is called an
aromatic type. AS a. rubber softener. used in the present embodiment, the
naphthene type and/or the paraffin type is preferable. The amount. of a.
rubber softener blended is preferably from 0 to 100 parts by mass, more
preferably from 10 to 90 parts by mass, and still more preferably  54 a.
from 30 to 90 parts by mass, with respect to 100 parts by mass of tne
rubber components containing the modified conjugated diens polymer. If the
blend amount of a rubber softener exceeds. 100 parts by mass with respect
to 100 parts by mass of the rubber components, bleed out is liable to
oc.dn'.-, and there arises a risk that tackiness 



is caused on the composition surface, which is not preferable. [00991
(Rubber components other than the modified conjugated. diene-based polymer)
For the modified conjugated diene -based polymer composition according to
the present embodiment, a. rubbery polymer other than a. modified
conjugated diene - based polymer described above can. be used as one of the
rubber components in combination with the modified conjugated diene-based
polymer.      Examples of such a rubbery. polymer. may include a conjugated
diene -based. polymer or a hydrogenated substance thereof, a. :random
copolymer of a conjugated diene -based compound and a vinyl aromatic
compound, or a. hydrogenated substance thereof, a block copolymer of a
conjugated diene -based compound and a vinyl at compound, or a hydrogenated
substance thereof, a non - Ilene-based polymer, and a natural rubber,
1.01001        The rubbery polymer specifically may include butadiene
rubber or a hydrogenated substance, thereof, isoprene rubber or a
hydrogenated substance thereof, styrene-butadiene rubber or a hydrogenated.
substance thareof, a styrebe-butadiene block copolymer or a. hydrogenated
substance thereof., a styrenic elastomer such as a styrene-isoprene block
copolymer or a hydrogenated substance thereof, and acrylonitrile-butadiene
rubber or a hydrogenated substance thereof. :0101:       Tho
nbn-diene-based polymer may include olefinic elastomers such as
ethylene-propylene rubber, ethylenepropylene-diene rubber,
ethylehe-butena-diene rubber, ethylene-butehe rubber, ethylene-bexena
rubber and ethylene-octene rubber; butyl rubber, brominated butyl rubber,
acrylic rubber, fluororubber, silicone rubber, (Chlorinated polyethylene
rubber, epichlorohydrin rubber, u4-unsaturated nitrile-acrylic
ester-conjugated diene  copolymerizeci rubber, urethane rubber and
polybulfida rubber. [0102]       The various rubbery polymers described
above may be a modified rubber which has been. imparted with a functional.
group,      These. rubbery polymers may be used singly or in combination of
two or more. 



[0103] In the case where a rubbery polymer described above incorporated to
the ,conlugai d diene-basPd polymer according to the nres eni embodimentis
used as one of the rubber components, the ratio of the modified onjugateci
d.iene polymer ' the rubbery polyaer described above is preferably 2080 to
100 / 0, more erably 30aa to 90 / 10, and still more preferably 80 / 20,
[0104]      For the modified conjuqated dl en.ehased poaymer comr:os.L:.aon
accordrtc to the present embodiment, various types of additives, such as
softeners and fillers tL-ter than those described above, and further
thermal stabilizers, antistatic agents, weather zesistive stabilizers, age
resisters, colorants and lubricants, may be used within the ranges not
damaging the object of the present invention. The filler specifically may
include calcium carbonate, magnesium carbonate, aluminum sulfate and
barium. sulfate.      Examples of a softener to be blended as required in
order to regulate the hardness and fluidity of target 



ducts may include fluid paraffin, castor o_l and linseed oil.       As the
thermal stabilizer, antistatic agent, weather resistive stabilizer, age
resister, colorant and lubricant, known materials can be applied, 10105]
[Tire]      The modified conjugated diene-based polymer composition
,according to the present embodiment can be made into tires by
vulcanization molding the composition according to the ordinary method_ The
composition can be used as various types of tire members, but preferably
used particularly as tire tread materials. Examples [0106]
Hereinafter, modified conjugated dine-based polymers and compositions using
these, will be described by way of specific Examples and Comparative
Examples, but the present invention is not limited. thereto, [0107]
[Analysis methods of samples].       The analyses of Samples A to R
described later were carried our by the following methods. (1) Bound
styrene amount      A. sample was made into a chloroform. solution, and the
bound styrene amount (,)); by mass) was measured by the absorption at UV.
254 nit using a. phenyl group of styrene, 



measuring device used was UV-2450, made by Shimadzu Corp, [01081  (2)
Microstructure of hutadiene moieties2--vinyl linkage amount.)       A.
sample was made into a carbon disulfide solution; an infrared spectrum was
measured in a range of from 600 to 1,000 cmil by using a solution cell to
determine a. microstructure of butadiene mole ties according to the
calculation formula of Hampton method from absorbances at predetermined
wavenumhers A measurement device used was FT-IP230, made by JASCO Corp,
[0109]  (3) Mooney viscosity      A sample was preheated at lcArC for 1
ming and the viscosity after 4 min was measured according to JIS K 6300,
[01101  (4) Molecular weight and. molecular weidht distribution      A
chromatogram was measured by GPC using a series of three columns each
packed with polystyrenic gel; molecular weights (MN, ) frO were determined
from a calibration curve usinc standard polystyrenes; and the ratio of a
lowest molecular weight peak area to the total peak area was calculated to
obtain a lowest molecular weight peak area ratio.  An eluate used was
tetrahydrofnran (THE),       The columns used were as follows: guard.
column TOSON. TSKquardcolumn [-{HR-H, and columns: TOSOH TSKgel G6000HHR,
TS:Kgel G.5000HHR, T2Figel 04000H1-iP - 



The molecular weight was measured under the connitions of an. oven
temperature of 4TC and a THE flow rate of 1,0 midmin and using an RI
detector (HD:28020, made by Tosoh Corp.),      10 mg of a. sample was
dissolved. in 20 ml of THE, and 200 0.1, thereof was injected for the
measurement, [0111] (5) Modification ratio      By applying the
characteristic in which a modified cpmponent is adsorbed in C2C: column
packed with a silica - based gel, and by using a sample solution containing
a sampIs and a standard. polystyrene (polystyrene is not adsorbed in the
column) having a molecular weight of  5, 000, both chromatograms of GPO of
the above-mentioned polystyranic gel column and GPO (made by Tosch Corp.,
0058020 series, build-up type GPO system: A2-8020, SD-8022, COPS, 0O-8020,
RI-8021) of silica-based columns  (guard column:  Dia: 4.6 x 12,5 mm, 5
micron.; columns: Zorbaz PSM -1000S, PSM-3005, PSM -505, oven. temperature
of 40PC, THE flow rate of 0,5 mi/min) were measured using an RI detector,
and the adsorbed amount to the silica column  was measured from the
difference therebetween to determine a modification ratio thereof,.
10 mg of the sample was dissolved. in 20 mi, of Ti-IF together with 5 mg of
the standard polystyrene, and 200 R0 of the solution, was injected for the
measurement_       The specific procedure involves the total of peak areas
of the chromatogram using the polystyrendc column was defined as 100, a
sample peak area was denoted as Pl, and a peak area of the standard
polystyrene was denoted. as 22; and the total of peak areas of the
chromatogram using the silica-based column was defined as 100, a sample
peak area was denoted. as P3, and a peak area of the standard polystyrene
was denoted as FA; than, the modification ratio (%) was calculated by the
calculation formula of [1 - (P2 x P3)/(P1 x 24)] x 100 



[01121 (6) Glass transition temperature (Tg)      A P20 curve was recorded
while the temperature was being raised from. -100C at 10QC/min under a.
nitrogen atmosphere, and a middle point temperature of the glass transition
was defined as a glass transition temperature [0113] [Polyfunctioaal
anionic polymerization initiator] (Preparation of polyfunctional anionic
polymerization initiators a to c, and e and f)  Alter anof 10 L in.
internal volume equipped with a stirring apparatus and a. jacket were
cleaned and dried, and the atmosphere anside was renlaced by nitrogen, I
3-butadiene, cyclohexane, tetrahydrofuran and divinylbenct.ne, which had
been subjected to a drying treatment, were added thereto, n-butyllithium
was then added, and they were reacted for 1 hour at 75C, under the
conditions shown in Table I shown below to prepare polyfunctional anionic
polymerization initiators.      For the preparation of the poiyfunctional
anionic polymerization initiators, a divinylbenzene mixture (made by Nippon
Steel Chemical Co., Ltd.) containing me divinyibenzene, p-divinylbenzene,
ethylvinylbenzene and the like, and having a divinylnencene concentration
of 57% by mass was used.      Since the divinylbenzene used was the
commercially avail able divinyibenzene mixture described above, the
divinylbenzene amount shown in Table I was expressed as a divinyiberizene
net weight converted by removing the content of impurities. [0114] [Table
1]  (N)3L) 



DVB/NBL(molar ratio) Butadiene(g) Cyclohemane(0) TI-IF(PPm)   LI-LU  0.40
rr. , OU 1,10  1000 



4800 1000 I4800  1000 4800 500 10L)0 4800 500 1000 4800 :300  {01151 



(Preparation of a. polyfunctional anionic polymerization initiator dT
After a. cooling tube and a. dropping funnel were set on a three-way flask
equipped with a magnet stirring bar, and the atmosphere inside was replaced
by nitrogen, sliohtly pressurized nitrogen was circulated inside; and with
the sealed state in the system, 99.0 mL (100 Imo)) of a
cyclohexaue/n-hexane mixed solution of secbutyllithium of 1.01' mol/L, 13,9
mr, (100 rural) of triethylaminp and 10 nt of cyclohemane were introduced
to the three-way flask, and stirtpd and mixed at 2-0C.      Further, 7.91 q
(5(1 mm),L) of m-diisopropenyibenzene purified by reduced-pressure
distillation was dropped thereto at room ter,Terature over 3 hours, and
continuously stirred for is doors to prepare a poivfnnctional anionic
polymerization initiator d. F0116] [Styrene-butadine copolymers: production
of. Samples A to F1 Hxample 1 (Sample A)]  - 63 -      An autoclave of 10
liters in internal volume egoipped with a stirrer and a jacket and capable
of being controlled in temperature was used as a reactor; 777 g of
butadiene, 273 q of styrene, 4,800 g of cyclohezane, and 0,85 g of
2,2-bis(2-oxolanyl)propane as a. polar substance, which all had been
cleared of impurities in adlzance, were charged in the reactor; and the
tempbrature inside the reactor was held at 42C.      The polvfuhctddnal
polymerization initiator a. prepared as described above was fed to the
reactor so that the amount fed became 10,5 mmol in terms of the amount of
lithium added..      After the start of the polymerization reaction, due to
hbat generation caused by the polymerization, the temperature inside the
reactor started to rise, and the final temperature inside the reactor
reached 75C      After the 'completion of the polymerization reaction, 5.25
mmol of 1-[3-(triethoxysilyi)propyll-4- methylpiperazine was added. to the
reactor tb carry out the modification reaction at a temperature condition
of 



74C and for 5      After 2.1 g of an antioxidant (2"6-Th-t-thbTyl-pcrusol:
BHT) was added to the polymer solution, the solvent was removed by steam
stripping, and the resultant was subjected to a drying treatment by a drier
to obtain  a styTene-Outadiene copolymer having a modified component
(Sample A),       As a result of analysis of Sample A, the bonded styrene
amount was 26% by mass; and the bonded butadiene amount was 74% by mass.
The Mooney viscosity of Sample A was 55.       The 1,2-linkage amount of
the microstructure of butadiene noas determined by the calculation
accordini. to Hampton method from the measurement result using an infrared
spectrophotometer, was 57%,       The modificatiojl ratio determined from
G2C using the silica-based adsorption column was 88%.      The analysis
results. of (Sample TO are shown in Table 2 shown. below, [0117]  [Example
2 (Sample B) and Example 3 (Sample C.)] The kinds of the polyfunctional
anionic polymerization initiators described above,' the amounts thereof
added, and the amounts of 2,2-bis(2- oxolanyi)propane and
1-[3-(trlethoxysilyi)propy11-4- methylpiperazine added were adjusted as
shown. in Table 2 shown balow, and the production conditions used the same
ones as in (Sample A) to obtain (Sample 13) and (Sample C),       The
analysis results of styrene-lautadiene copolymers having a modified
component, (Sample E.)) and (Sample C), are shown on Table 2 shown below, 



10118] [}Lrample 4 ;Sample Ddi       An autoclave of Outters in internal
volume equipped with a stirrer and a jacket and capable of being controlled
in temperature was used as a reactor; 777 g of bntadiene, 273 g of styrene,
4,800 g of cycloherane, and 1.01 g of 2,2-bis(2-oxolany1)prdpane as a polar
substance, which all had been cleared of impurities in advance, were
charged in the reactor; and the temperature inside the reactor was held at
42C.       The poiyfuhctional anionic polymerization in d described above
of 6,3 mmdi in terms of the amount of lithium added, and 4.8 mmol of normal
butyilithium were mixed, and the mixture was then fed to the reacter.
At. this timey the ratio of the polyvinyl aromatic compound and lithium
added to the polymerization system was 0.284.       After the start of the
polymerization reaction, due td heat generation caused by the
polymerization, the temperature inside the reactor st arted. to rise, and
the final temperature inside the reactor reached. 74C.       After the
completion of the polymerization reaction, 6.93 mmoi of
1-[3-(trdetboxysilyi)propyli-4- methylpiperazine was added to the reactor
to carry out the modification reaction. at a temperature condition of 7fl.
and for. 5 min.       After 2.1 q of an antioxidant (I:VEEP) was added to
the polymer solution, the solvent was removed by steam stripping, and the
resultant was subjected to a drying treatment by a drier to obtain a
styrene-butadiene copolvmer having a modified component (Sample 0),
The analysis results of (Sample D) are shown in Table 3 shown below, 



[0119]       [Example 5 (Sample E), Example 6 (Sample F) and Example 7
(Sample G)I         styrene-butadiene copolymer was obtained using the
polyfunctional anionic polymerization initiator b as in [Example 2 (Sample
B)] described above, and then, the kinds of modifiera were altered. as
shown in Table 3 and Table 4 shown below to carry out the modification, to
obtain styrene-butadiene onpolymera having a modifyied component (Sample E
to Sample 6),      The analysis results of (Sample 5) to (Sample G) are
shown in Table 3 and Table 4 shown below. [01201 [Example a (Sample H)1 The
kind of the polyfunctional anionic polymerization initiator described
above, the amount thereof added, and the amounts of 2,2-bis(2-
oxolanyl)propane and 1-[3-(triethoxvilyl)propyl]-4- nethylpiperazine added
were 'adjusted as shown in Table 4  shown below, and the production
conditions used the same ones as in [Example 1 (Sample A)] to obtain
(Sample H). The analysis results of a styrene-butadiene copolymer having a
modified. component, (Sample H), are shown in Table A shown below. [0121]
[Comparative Example 1 (Sample I)]      An autoclave of 10 lit.ers in
internal volume equipped with a stirrer and a jacket and capable of. being
controlled in temperature was used as a reactor; 777 g ot butadiene, 273 g
of styrene, 4,800 g of cyclohexane, and 



0.62 g of 2,2-bia(2-ozolanyl)prepane as a polar substance, which all had
been cleared of impurities in advance, were charged in the reactor; and the
temperature inside the reactor was held at 42C.       A cyclohexane
solution containing 7.5 imnol of nbutyllithium as a polymerization
initiator was fed to the reactor.       After the start of the
polymerization reaction, due to heat generation caused by the
polymerization, the temperature inside the reactor started to rise, and the
final temperature inside the reactor reached 71C.       After the
completion of the polymerization reaction, 0,28 mmol of tetraglycid:,
1,3-bisaminomethylcyclohexane was added to the react r, and stirred. at 70C
for2 min  --- 68 e mmoi of 1-( ietnoxysi 1)urobyl 4-methylptPerazine was
further added thereto to carry out the modification reaction at 69C and for
5 min, After 2,1an antioxidant (KIT) was added to the polymer sclutthe
solvunt was removed by st..a stIlpoand the resultant was subjected to a dr
treatment by a drier to obtain aime-butadiene copolymer havinL modified
compbnehts (Sample I). 



The tetragllvc1, 3bisaminoniethylcyclohe.xa.re  a modihaving 4 reaction
sites with living polymer ends, and was added in order to suppress the cold
flol. hy making a purt of e polymer macromolecular. By contrast, in
(Samples A tosince use of a. polyfunciional initiator had an effect of
suppressing the cold flow because a part of a. polymer became high
molecular weight after the modification, there was no need for the
modiationtra bisamihomethvicyclohexanb.       As a result. of analysis of
(Sample T.), the bonded styrene amount was 26% by Itlas::i; and the bonded
butadiene amount was 74%, The Mooney vrscosit,y of the polymer was 66.
The^ge amount of the microst.ruc.ture of                  ties, as
determined by the calculation accord ng to Eampton method from tte
-wasurement result  modification ratio determined from CPC nsing the
silica-based adsorption column was 81%.      The analysis results of a
styrene-butadiene copolymer having modified components (Sample t) are
shown. in Table 5 shown below. [0122] 



[Comparative Example 2 (Sample J) and Comparative Example 3 (Sample PC)]
The kinds of the nolyfunctional anionic polymerization initiators described
above, the amounts thereof added, and the kinds and the mounts of
2.2-bls(2- oxolanyl)propane and modifiers added were adiusted as shown in
Table 5 shown below, and the production conditions used the same ones as in
[Example 1 (Sample A)) described above to obtain (Sample 3) and (Sample
P)),      The analysis results of styrene-butadiene copolymers having a
modified component, (Sample 0) and (Sample K), are shown in Table 5 shown
below. [0123]      Provided that *I to *7 in Table 2 to Table 5 shown below
indicate the following compounds.  *1: 2,2-bis(2-oxolanyl)propane *2:
tetraglycidy1-1,3-bisaminomethvicyclohexane  *3:
1-[3-(triethoxysilyi)propy11-4-methylplperazine k4:
1-13-(triethoxyellyi)propyl)-4- (trimethylsilylipiperazine  ^ *5: 2 7
trimethoxysil -)propy1]-1,3- dimethvlimidazolidine
13-(dimeth'ylamino)propyij trimethoxysilane *7: 1,3-dimethyl
7-imidazolidinone  



- 71 - [012  Examo,e (Li  273 (mmol) 10,5 (mmol)   0,05 ol) 5,25 



Amount of modifie added*4 Lmount o modifier-3 mided.*5  ( la)([10.11.
(mmol)     :Amount of modifi r-5 added*7 Modification ratio Mooney
viscosity 



Bonded styrehm amount amount  Os traron F: emperature Weight-average
molecular weight (t Nu)s:Mer-amerage mole toiler5(1,1n) Mw/Mn  tRatie off
roe lowest molecular weight peak area  Sample No. ButedieneI(9) 



Styrene Polyfuuctional Initiator Find Amount added (Id. amount) (mmol) (g)
Amount of T(92:).MH added*2 Amount of modifler-1 added*3  (mmol) (mmol)   



2:)mount of modifier-2 added*4  lAraount of modifier-3 added*5  Amount of
modifier-A added*6 Amount of modifier-5 added *7 Modification ratio Mooney
viscdsity Bonded styrene amount_ 1,2-Vinyl bond amount Glass transition.
tesisDer)::ture Weight-pverace molecular weight (Mw) Number-average
molecular weight (Mn) Mw/Vm 



Ratio of the lowest molecular. weight peak. area  [0126] [Table 4]
[Sam1Die No. Butadiene Styrene Polyfunotional Initiator Kind Amount added
(Li amount) , n7Butyllithium Amount of polar substance added*1  Amount of
TGAME added*2 



Amount of modifier-1 ladded*3  Amount of modifier-2  added.*4 ;  Fmount of
modifier added*5     Glass transition temperature Weight-average molecular
weight t&M Number-average molecular weight (Mn) tio of the lowest
_erLweight peak  -- 74 -- 



rrable 5]    rAmount of modifier-1 added*3  (=al)  Amount of e .ded.k.4
.mount of modifier-3 added-  



modifier -4 added' 6  Amount of modifier-5 added*7 Modification ratio
Mooney viscosity Bonded styrene amount 1,2-Vinyl bond amount  dass t:ransit
c +erat..;_lre oh -average ocular weight. Number-averace molecular weighs.:
(Mn) Mw/Mn Ratio of the 



lowe:f:t molecular. weight peak area    [012)3] [Production of rubber
compositions] [Examples 9 to 15, and Comparative Examples 4 to .6]
The samples (Sample A to Sample K) shown in Table 2 to Table 5 shown above
were used as raw material rubbers, and according to the formulations
described below, rubber compositions containing the respective raw material
rubbers were obtained. [0129] Modified conjugated ddene polymers. (Sample A
to Sample 70.0 parts by mass Natural rubber (whose Mooney visc.ositiy was
adjusted to 60 by mastication) 30,0 parts by mass Silica (111trasil VNS,
Made by Evonik Degussa GMbH): 75.0 Parts. by mass Carbon black (Seast
KH(N239), made by Tokai Carbon Co Ltd,); 5.0 parts by mass 



Silane coupling agent (5i69, made by Evonik Degnssa. GmbH):s parts by mass
S-RAE oil 00M0 Process NC140, made by Japan Enbrgv Corm): 37.5 parts by
mass Zinc oxide: 2,5 parts by mass Stearic acich 2,0 parts by mass
Antioxidant (N-isopropyl-NP-phenyl-p-phenyienediamine) 2.0 parts by mass
Sulfur: 1.7 parts by mass Vulcanization accelerator (N -cyclohexyl -2 -
benzothiazyleuifinamide): 1.7 marts by mass Vulcanization accelerator
(diphenyiguanidine). 1.5 parts by mass The total: 236:4 parts by mass
[0130]       The rubber compositions were each kneaded by the following
method_       A sealed kneader. (internal capacity: 0.3 Li equipped with a
temperature control device was used_ As a first. stage kneading., the raw
material rubbers (Sample A to Sample El, natural rubber), the fillers
(silica, carbon black), the organic. silane coupling agent, the process
oil, the zinc oxide and the stearin acid were kneaded. under the conditions
of a filling ratio of 65% and a rotor rotational speed of 50/57 rpm_
At this time, the temperature of the kneader was controlled, and. a rubber
composition was obtained at a discharge temperature (rubber compound) of
from 155 to 160L'e. 



Then, aS a second stage, kneadind, after the rubber compound obtained. as
describedl above was cooled to room temperature, the antioxidant was added
thereto, and the mixture was again kneaded to improve the dispersion. of
the silica. Also in this case, the discharge temperature  (rubber compound)
was regulated at 155 to 160"c by the temperature control of the kneader.
Atter cooling, as a third stage kneading, the sulfur and the vulcanization
accelerator were added thereto and kneaded by an open roll set at 7000.
Thereafter, the rubber compound was molded, and vulcanized at 160C for 20
min by a vulcanization press,       After the vulcanization, physical
properties of the rubber composition were measured.       The measurement
results of the physical properties are shown in Table 5 to Table 8 shown
below, pyr311       Each physical propelHay of the rubber: composition. was
measured by the method described below. <Bound rubber content>      About.
0.2 g of the rubber compound after: the completion of the second stage
kneading step was cut into a square of about 1 mm, put in a Harris cage
(made of 100-mesh metal gauze), and weighed.      Thereafter, the rubber
compound was immersed in toluene for 24 hours, thereafter sublected to a
drying treatment, and weighed_      The amount of the rubber (the modified
conjugated diene-based polymer 4' the natural rubber) bound to the fillers
was calculated from the amount: of undissolved components, and the
proportion of the rubber bound to the 



78 - fillers to the rubber amount in the original rubber cbmpbuno Was
determined. 2] <Compound. Mbones cccity>       The viscosity was measured
by usinq a Mooney  viscometer and according to 3-15 K5300-1. After the
rubber compound after th.e third stage kneading step was. preheated at
130'S for 1 min, the rotor was rotated, at 2 rpm, and the viscosity after 4
min was measured_ [0133] <Tensile strength> The tensile strength of a
vuLcanizeci.tpiece was measured by the tensile test method according' to
:HS K6251. A larger index value indicates a better fracture resistance
[0134] <ViscoeJ.a.sticity param       The viscoelasticlty parameter of a
vui.canazed test piece was measured using a viscoelastictester (ARES, mad!
by Rheornetrics Scienti.Inct) on a forsion mode 



Tano measured atfrequenc:v of 10 Hz and a strain of 1% was defined as an
index of the wet grip performance, A larger index value indicates a better
we formance. Tanh measured at 50Ca frequency of 10 Hz and a strain of 3%
was defined as an index of the fuel-  79 efficiency characteristic. A
smaller index va indicates a better fuel-efficiency performance.      AGI,
representing a difference in the storage modulus (G' between at strains of
0.1% and 10%, was defined as an index of the Payne effect. A smaller index
value indicates a better dispersibility of the fillers such as silica.
[0135] <Abrasion. resistance>.      The abrasion amount of a vulcanized
test piece was measured using an Akron abrasion tester and according to JIS
K6264-2, and at a load of 4.1 N and at ,000 rotations, and was indexed.
A :Larger index value indicLes a better abrasion resistance. 



[0136] [Table 6]  - 80 [01:37-j, [Table   IMndified based. polymer Compound
Bound rubber conjuqated d Mooney \risco        content Tensfie strength
:Abrasion 



inder resistance Tan8 at 0C index (abrain of') T3 at index (strain. of
AG(strai( 3%) Example 13 101 115 106 35 Example 



14  45 100 110   Modified conjugated dien polymer )ney \mac:of md compound
rubber Comparative Exanvle 4 36 Bound rubber, 0         content.Tensile
strength 



Abrasion reaistance and at 0C Tend at 50C (strain of3)Si tAC'(strain.of 3%)
(%) index index index index index 63 100 1.00 100 



t   [0139]      When the moon fled conjugated dlene-hased. polymer
Conlr..osiLlons of Examples 9 to 16 usiris b-amtpes A to H)  shown in Table
6 and Table 7 above were compared with the composition. of Comparative
Example 4 using. Sampleand the composition of Comparative Example 6 using
Sample I< shown in Table S above, it. was found that in. the silica-blended
compositions, the hound rubber content increased, and the Payne effect was
small, so bhe dispersibility of the silica was excellent; and tan8 at a
high tenperature was largely reduced, 80 the hysteresis loss was small, and
a low rolling resistance of the tire was achieved, thus providing an
excellent fuel efficiency.       It was also found that tano at a low
temperature was high, so the wet. skid resistance was good, and a balance
between. the low fuel consumption and the wet skid. resistanc.was good.
The abrasion resistance was greatly improved, and the tensile strength was
good.      Therefore, it hen been. found that the modified. . conjugated
diene -based polymer according to the present invention has a performance
balance superior to polymers obtained by known. technologies,      Further,
the com,.posoLLMon. of Comparative Example 5 using Sample J, which was a
polymer obtained by polymerizatio.n using a. polyfunctional initiator
having a higher (polvvinyl aromatic compound / lithium) ratio than the
range according to the present invention., had a high viscosity of the
rubber compound, and exhibited  



deteriorated processability; The low fuel consumption, abrasion resistance
and tensile strength had results inferior to the cases of Examples in which
the (polyvinyl aromatic compound / lithium) ratio was in the range
according to tha present invention, due to faulty :kneading dile to the
deteriorated processability. Therefore, it hasheen found that the
(polyvinyl aromatic compound / lithium) ratio has a. large influence on the
processability and the performance balance. [0140] ;Production of rubber
compositions] [Examples 17 to 23, and Comparative Example. 7]      Rubber
compositions were obtained using the samples (Sample A. to Sample (, and
Sample 1) shown in Table 2 to Table 5 shown above as raw material rubbers,
and according to formulations shown below. Modified conjugated diene -based
polymers (Samples .21. to S: and I); 100;0 parts by mass Silica. (Ultrasil
VN3, made by Evonik Degussa Cenb.14); 25.0 parts by mass Carbon black
(Seast KET(N339), made by Tokai Carbon Co", Ltd.); 20;0 parts by mass
Silane coupling agent (Si69, made by Evonik Degussa GmbH): 2.5 parts by
mass 3 -RAE oil (JOAO Process N0140, mane by Japan Energy Corp,); 5 0 parts
by MA.SS  Zinc oxide: 3.0 parts by mass Stearic acid: 2.0 parts by mass
Antioxidant-isopropyl-W-phenyl-p-phenyienediamine): 



1.0 part by mass Sulfur: 1.9 parts by mass Vulcanization accelerator
(N-cyclohexy1-2- bnzothiazyisuifinamide): 1.0 part by mass Vulcanization
accelerator (diphenylguanidlne): 1.5 parts by mass The total: 162.9 parts
by mass A kneading step, and a molding and vulcanization step were carried
out as in Examples 9 to 16 and Comparative Examples 4 to 6 described above.
After the vulcanization, physical properties of the rubber compositions
were measured. The measurement results of the physical properties are shown
in Table 9 and Table 10 shown below. [0141] [Table 9]  a 4 [01421 



Bxample ExampleExample Comparative 21 22 23  1 Example 7 86      686  



101 100 100 1.1.7 113 707 100 103 100 93 100    



100   92 100   [01413]       It was fcpric as shbwn in Table 3 and Table 10
shov,m, abov2"dified conjuqat.ed diene-based polymer compmBi ons of
Examples 17 to 23 us1iples A. to G) described above, even in the case where
the silica and the carbon black ware blended in nearly equal amounts, tho
bound rubber content was iarae, and the Payne effect was small., so the
dispersihility of the sil  excellent; and tano at a high temperature Was
ISW, so the hysteresis loss was small, and the rolling resistance of the
tire was low, thus effecting an excellent low fuel consumption.       It
was also found that the low fuel consumption and the wet skid resistance
exhibited an excellent balance. 



Further, the abrasion resistance aad the tensile strength were good. also..
[0144] [Production of a butadiene polymer] [Example 24: Sample Li
autoclaNia of 10 L in internal volume equipped with a stirrer and a jacket
and capable of being controlled in temperature was used. as a. reactor.;
920 g of butadiene, 4,830 g of cyclohexane, and 0.01.7 g of 2,2-
bis(2-oxolanyi)propane as a pole' substance, which all had been cleared of
impurities in advance, were charged in the reactor; and the temperature
inside the reactor was held at 55)C.      The polvinnctional initiator a
prepared as described above was fed to the reactor so that the amount fed
became 10,5 mmol in terms of the amount of lithium added.      After the
start of the reaction, due to heat generation caused by the polymerization,
the temperature, inside the reactor started to rise, and the final
temperature inside the reactor reached 84c.C,        After the completion
of the polymerization reaction, 5.25 mmol of
1-[3-(triethoxysilyl)propyl]-4- methylpiperazine was added. to the reactor
to carry out the modification reaction at a temperature condition of 83C.
and. for 5 min.       After 2.1 q of an antioxidant
(2,6-di-tert-butyl-pcresoU BHT) was added to the polymer solution, the
solvent was removed by steam stribpinq, and the resultant was subjected to
a drying treatment by a drier to obtain a butadiene polymer having a
modified component (Sample       The analysis results of Sample n are shown
in Table 11 shown below. .[0145] 



[Example 25 (Sample M) and Example 26 (Sample NY]       The kinds of the
oolytunctional anionic polymerization initiators described above, the
amounts thereof added, and the amounts of 2,2-bis(2- oxolanyl)propane and
1-[3-(triethoxysilyi)propyi]-4.- methylpiperazine added were altered as
shown in Table 11 shown below.      Other conditions were the samp ones as
in Example 24 to carry out the polymerization reaction to obtain butadiene
polymers having a mmdified component (Samples M and. N).  - 87 -       The
analysis results of Samples M and N are shown in Table 11 shown below.
[0146] [Example 27 (Sample 0) and Example 28 (Sample P)]       The kind of
the modifier was altered, and other conditions were the same ones as in
Example 25 to obtain butaddene polymers having a modified component (Sample
0 and Sample P).      The analysis results of Samples 0 and P are shown in
Table 12 shown below. [0147] (Production of a styrene-butadiene polymer for
blend] [Production.Example 1 (Sample, cd))      An autoclave of 10 L in
internal vbiume equipped with a stirrer and a jacket and capable of beine
controlled in temperature was used as areactor; 777 g of  butadiene, 273 q
of. styrene, 4,800 g of cycichexane, and 0.48 g of
2,2-bis(2-ozbiany1)propane as a polar substance, which ail had been cleared
of impurities in advance, were charged. in the reactor; and the temperature
inside the 



reactor was held at 42C, A cyclohexahe solution containing 5,8 mmol of
butyl lithium as a polwaerization initiator was fed to the reactor,
After the start of the polymerization, dub to heat generation caused by the
polymerization, the temperature  - 88 - inside the reactor started to rise,
and the final temperature inside the reactor reached 73C. After the
completion of the polymerization reaction, 6,38 Irmo' of methanol was added
to the reactor to terminate the reaction.       After 2 1 g of an
antioxidant (BHT) was added to the polymer solution, the solvent was
removed. by steam stripping, and the resultant was subjected to a drying
treatment by a drier to obtain an unmodified at  copolymer (Sample Q).
The analysis results of Sample Q are shown. in Table 13 shown below. [0148]
[Production Example 2 (Sample R)1      The amount of n-butyilithium was
altered to 7.5 mmol, and the amount of 2,2-bis(2-oxolanvi)propane was
altered to 0.62 q.       Other Conditions were the same 'ones as in
Production Example 1 to carry out the polymerization reaction. 



After the start of the poivmelization, due to heat generation caused by the
plymerizatdon, the temperature inside the reactor started to rise, and the
final temperature inside the reactor reached. 73011:.      After the
completion of the polymerization reaction, 5.0 mmol of
1-f3-(triethoxysilyi)propyli-4- methylpiperazine was added to the reactor
to carry out  .4) the modification reaction at a temperature condition of
72C and for 5 mmn. to obtain aene-butadiene copolymer having a modified
component (Sample R)      mile analysis results of Sample B are shown in
Table 13 shown below. [0149] In Table 12 to Table 13 shown below,and 6
indicate the following compounds. *I: 2,2-bis(2-ozolanyl)propane
1-[3-(triethoxvsilyi)propyl]-4-methy1pi *5: 2-[3-(trimethoxysi
Yi)ProPY11-1,3- dimetimidazolidine *6: inethoacne 



[0150] Liable 11]             



Mw/MhI1,41 Ratio of the lowest 48 molecular weight peak area 1.49 1,55   



38 30     





[0152] [Table 13]            



[Pd-r., ion. of rubTh.v_F,POFJ-qc,1 fEx ,les 29 to 32, and Comparat. ,
Example  - 93 -       Rubber compositions were obtained according to the
following formulations where (Samples 1, to N) shown in Table 11 shown
above were denoted as the modified diene based polymer component (A)
according to the present invention, and a high-cis polybutadiene and
(Samples Q and R) shown in Table 13 shown above were denoted as polymer
components other than. the (A), as (B).       The rubber component
described below was the total of (A) component and (B) component,       The
mass ratio of (A) component and (B) component are shown in Table 14 and
Table 15 shown. below. [0154) Rubber component (the total of (A) component
and (B) component): 100.0 parts by mass Silica (Ultrasil N3, made by Evonik
Degessa GmbH): 75,0 parts by mass Carbon black (Seast KH(N339), made by
Tokad Carbon Co., Ltd.): 5.0 parts by mass 



Silane coupling agent (3i69, made by Evonik Legussa GmbH): 7.5 parts by
macs S'RAE oil Ramo Process NC140, made by Japan Enelgy Cerp.): 37.5 parts
by mass Zinc oxide: 2.5 parts by MaSS Stearis acid: 2.0 parts by mass
Antioxidant IN-isopropyl-N -phenyl-p-pheny1enedlamine) 2"0 parts by mass
Sulfur:as Vulcanization accelerator (.14-cyc o benzothiazylsulfinamzde) 1.7
parts by mass Vulcanization accelerator (dinhenviguanid'ne); ,5 )arts by
mass The total: 216partsmass The kneading step, and the moida,sing step
were carried out as in the production process of the rubber corposorLs in
Examples 9 to 16 and Comparai:ive. E;xaxaples 4 to 6 described above, 



After the vulcanization, phy::prope.of the r bber composi .ens were
trwpwired- The measuremesuits of the ph.')'operties are shown in Tableand
Table 15 shown be [0156] (Table 14] c -1 0'Tensile strength indE
Abrasion. in resistance TanS at 0C ...dex 



(strain of Tans at 5000 index (strain of a%)  101 101 61 102 106 106
[0157] [Table 15]        In. Table 14 and Table 15 ,ahiqhcis poi:Arita used
was NEEPOT. ER150, made by USE Industries, [0159] 



As shown in. Table 11 and Table 15 shown above, id from the low tan:. at
.50'C (low LLVS t.er Cs 0 loss)  - 96 - that the modified conjugated
dienn-based polymer compositions in. Examples 29 to 32 had a low rolling
resistance of the tire, and exhibited an excellent fuel-efficiency
performance.       It was found from the Plan tan6 at O'S that the modified
conjugated diene-based polymer compositions in Examples 29 to 32 also
exhibited an excellent wet skid resistance, performance.      From the
above, it has been found. that the modified conjugated diene-based polymer
compositions according  the present Examples exhibited a good balance
between the rolling resistance performance and the wet skid resistance
performance, and. further had a good abrasion resistance and teneile
strength. [0160] [Examples 33 to 371 and [Comparative Example 91
Rubber onmnostions were obtained according to the following formulations
where Sample M shown in. Table 11 shown. above and Samples 0 and P shown in
Table 12 shown above were denoted as the, modified diane polymer component,
as (.A) component, according to the ptesent invention, and a natural rubber
and a high-cis polybatadiene were denoted as (3) component      The rubber
component descrdbed below. was the total 0f (A) component and (B)
component,  



The mass ratio of (A.) component and (El) component are shown. in Table 16
and Table 17 shown below. Rubber component (the total of (A) component and
(B) component): 100.0 parts by mass Silica (Ultrasil VN3, made by Evonik
Degussa. GmbE): 35.0 parts by mass Carbon black (Seapt KH(N339), made by
Tokai Carbon Co., Ltd.): 15,0 parts by mass Silane coupling agent (5169,
made by Evonik Degussa GmbH): 2.8 parts by mass S-RAI oil (JONG Process
NC140, made by Japan Energy Corp.): 20.0 parts by mass Zinc oxide: 3.0
parts by mass Stearic acid: 2.0 parts  by mass Antioxidant
(N-isopropyl-W-phenyl-p-phenyienediamine): 1.0 part by mass Sulfur: 1.7
parts by mass Vulcanization. accelerator (N-cyc1ohexy1-2-
benzothiazyisuifinamide): 1,5 parts by mass Vulcanization accelerator
(diphenylguanidine): 1.0 part by mass The total: 18.0 parts by mass [0161] 



The kneading step, and the molding and vulcanizing steps were carried out
as in the production process of  the rubber compositions in Hxatnpl es B to
1.6 and mparative Examples 4 to boescribed above,      After the
vulcanizat.ioti, physical properties of the rubber compositions were
measured, enent results dical properties are shown in Table 16 and Table 17
shown below.       In this evaluation, a viscoelastiii v. tester (ARIES),
made by Rhemmetrics Scientific Inc., was used, and GP (storage modulus) at
-20QC of a vulcanized test piece was measured at a fremency of 10 Hz and a
strain of 0,1% in a torsion mode and was used as an index for the low -
temperature perrormance, A smaller index value indicates a better
temperature performance. 10162] [Table 



. 99  Abrasion resistance index 103         



G' at -20C (strain of. 0.1g) Tan6 at 50C index strain of 3%)  100 - 1,0163]
[Table                                  'le 17, a high-cis poiybutadIene
used was UBEPOI" BRIM), made byIndustries, Ltd-, and a natural rubber used
was R364- [0165]      As shown in Table 16 and Table 17 shown above, was
found from the low tans at 50C (low 6he mod itconiligated c):ien:mE---based
oivme.  



- 101 - compositions in Examples 33 to 37 had a low rolling resistance of
the tire, and exhibited an excellent fuel-efficiency performance.       it
was confirmed from the low V at -2000 that the modified conjugated.
dgene-based polymer compositions in Examples 33 to 37 also exhibited an
excellent low-temperature pexformance.      From the abdve, it has been
found that the modified. conjugated diene-based polymer compositions in
Examples 33 to 37 exhibited a good balance between the rolling resistance
performance and the low-temperature performance, and further had a good
abrasion resistance and tensile strength. [0166]       The present
application is based on Japanese Patent Application No. 2008-265434, filed
on October 14, 2008, with Japan. Patent Office, and Japanese Patent
Application. No. 2009-186603, filed on August. 11, 2009, with Japan Patent
Office, the contents of which are incorporated herein by reference.
Industrial Appiicabilitv [0167-j       Compositions of the modified
conjugated. diene-based polymer according to the present invention in
combination with inorganic fillers have the industrial. applicability  102
in the fields of interior and exterior trim parts of automobiles, rubber
vibration isolators, belts, footwear, foams, various types of industrial
parts, tire applications and the like.  - 103 - 



Clans  1. A modified conjugated diene-based polymer having a sily1 group
stabeattned with one or more alkoxy groups, and one or more nitrogen atoms
at the terminals of the conjugated dieneabased polymer,        the modified
conjugated dime/used Polymer being obtained by using a polstinctional
anionic polymerization initiator prepared from a polyvinyl aromatic
compound and an organolithium compound in a range of a molar ratio (the
polyvinyl RIOUla tic compound/the orgmmlithium compound) of flue 0.05 to
1,0, and        by reacting a compound having a silyl coup substituted
with. two or more alkoxy groups, and one or more nitrogen atoms with the
polyinerization-active terminals or the conjugated diene-based polymer
obtained by polymerizing a conjugated diead compound or copolymerizing a
conjugated diene compound with an aromatic vinyl compound.  2. The modified
conjugated dienebased polymer accord'ng to Claim wherein a modification
ta.o determined by an amount adsorbed onto a column of get permeation
chromatography measurement using silica particle-packed column is 78% by
mass or mom, 3,The modified cor(iagaind diesno-based polymer according to
Claim I or 2, wherein a.        ho of the polyvinyl aromatic compound to
the organolithium compound is in a range of from 0.1 to 045. 4.The modified
conjugated dienebased polymer according to Claim 1 or 2, wherein the
compound having the sily1 group substituted with two or more alkoxy groups,
and one or more nitrogen atoms is represented by the following formula 1:
<formula 1>  wherein each ciRt and R.2 independently represents an alkyl
coup having 1 



carbon atoms, or an aryl group: R3 represents an alkylene group having 1 to
20 carbon atoms: R4 and R.6, may he identical or different from each other:
represent a hydrocarbon group having I to 6 carbon atoms, and form a 5 or
coore-mrimbored ring structure together with two adjacent N; R6 represents
a hydrocarbon group having I to 20 carbon atom, a hydrocarbon  - 104 -
group substituted with heteroatom having no active hydrogen a id haying 1
to 20 carbon atoms, or a triorgatio-substituted sib'', group; and in is an
integeror 3, or, by the following fonnule 2: <formula 21> aeor-a wherein
the definitions of i?..1 to Re and m are the same as in the ibrmnla 1
described above; and R7 represent; a hydrocarbon gaup having I to 20 carbon
atoms, a hydrocarbon group which may be substituted with a heteroetom
having no active hydrogen and having 1 to 20 carbon atoms, or a
iriorgano-substituted sayi group. S.A modified conjugated diene-based
polymer according to Cahn I, wherein i]t gel perEneatoan chromotography
measurement using a polystrenic gel-packed column,        the peak area on
the lowest molecular weight side accounts for 20 to 50% of an area of a
whole chronunogratm and        a modification ratio determined by an amount
adsorbed onto a column used in gel permeation chromatography measurement
using a silica partiele-packed column is 78% by mass or more.  6. A method
for producing a modified corijugatthe stops of; 



reacting a polyVinyl aromatic compound with an organoiithium compound to
prepare a podyfunetional anionic polynietization initiator in a range of a
molar ratio of the polyvinyl aromatic compound to the organdithium compound
of from 0.05 to 1.0;       polymerizing a conjugated diem:: compound or
copolymerizing a conjugated dieue compound with an aromatic yinyl compound
by using the p5iyfunctiond anionic polymerization initiator, SO AS.tp
obtaima conjugated diene-based polymer; and       reacting a compoundhavnig
sii1 group substituted with two or more alkoxy groups, and one or more
ramgen atoms with the polymerization-aotive terminals of the conjugated
diene-hased. polymer 7. The method for producing the modified conjugated
these-based polymer according to Claim 6, wherein a molar ratio of the
polyvinyl aromatic compound to the organolithium  - 105 - compound is in a
range of From 0.1 to 0,45: S.The method for producing the modified
conjugatedc-based polymer according to Cairn 6 or?, wherein the con:mound
having a sily1 group substituted with two or more aliroxy groups, and one
or more nitrogen atoms is represented by the fallowing formilla 1:  wherein
each oft?: and Rsto 20 independently represents an alkyl group  cathort
atoms, or an aryl group; R3 represents an rdkyiene group having 1 to 20
carbon atoms; Wand 125, may be identical or different from each other,
represent a hydrocarbon group having 1 to 6 carbon aroma, and form a 5 or
more-membered ring structure together with two adjacent N; R.6 represents a
hydrocarbon group having 1 to 20 carbon atoms, a hydrocarbon group
substituted with a heteroatem having no active hydrogen taxi having 1 to 20
carbon atoms, or a triorgano-substituted silyi group; and In is an integer.
of 2- or 3, or, by the following formula 2: formula  



wherein the definitions of R.t to 11, and in are the same as in the formula
I described above; and P2 represents a hydractarbon group having 1 to 20
carbon atoms, a hydrocarbon group which may be substituted with a
heteteatona having no active hydrogen and havingi to 2-0 carbon atoms, or a
tricirgano-substitoted sibyl group. 9,A modified Gorkisip:Lod diene-based
polymer composition, containing 0.5 to 300 pans by mass of a silica-based
inorganic filler with respect to 100 parts by mass of a rubber component
containing 20 pads by mass or more of the modified conjugated dieno-based
polymer according to any one of Claims 1, 2, and 5:  - 108 - 10, The
modified conjugated diene-based polymer composition ccordlixEg to Claim 9,
further containing 0,5 a..J 100 pats by mass of carbon black with respect
to 100 part:, by mass robber component containing 20 parts by mass or more
of the modified conjugated dienc-based polymer,  11, The modified
conjugated diene4xtscd polymer composition according to Claim 9, wherein
the silica-based inotcranie filler has a nitrogen adsuiption specific
anchice area of170 M.'ig or more. 32.A tire comprising the modified
corijugaied diem-based polymer composition icoording to Claim 9. 






