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Title of Invention:
MODIFIED CONJUGATED DIENE-BASED POLYMER, METHOD FOR
PRODUCING THE SAME, MODIFIED CONJUGATED DIENE-BASED

POLYMER COMPOSITION, AND TIRE

Technical Field
[0001]

The present invention relates to a modified
conjugated diene-based polymer, a method for producing
the same, a modified conjugated diene-based polymer

composition, and a tire containing the composition.

Background Art
[0002]

Social request for environment protection, such as
reduction of carbon dioxide emission, has increased a
demand for automobile fuel efficiency.

In such a present situation, development of
materials exhibiting low rolling resistance‘for
automobile tires, particularly for tire tread which
directly contacts with the ground, has been demanded.

On the other hand, from the viewpoint of the safety,

materials which are excellent in wet skid resistance and



whi ch al so nave abrasion resistance and strength sufficient for practical

use are required. 10003] As reinforcing fillers for tire treads, carbon
bl ack, silica. and the |like are conventionally used. Use of silica as
areinforcing filler has an advantage of achieving | ow hysteresis | oss and
i nprovenent 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 |ow affinity f-or2 cehjugated di enebased rubbers,

whi ch causes poorer dispersibility silica in conjugated dl eno-based rubber
conmpounds than the carbon black. In order to inprove the dispersibility and

i npart bong,ihgg:élggl\g\?ﬁ&&%:asglléﬁaorftr}deStir%%ry(pgeéﬁd %Fgélll coupl i ng agent

needs to b n con eration su probl ems with

siIica,_atg%ggg%ﬁghgrgdfuﬁggdgigémuﬁgénggegf@%@§r@@ying affinity and/or
reactivity to silica to the polynmer chain end have been nade. By
i ntroduci ngofowngt i onal groups to the chain endshave high nobility, the
hysteresis | oss can be reduced by inproving the dispersibility of silica in
conj ugat ed di ene- basedotrabber fdanpoundand farmesaddy caedoci Bgathe nunber
of free polyner chain ends via interaction. with the filler particles.
[ 0006] 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 wet 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 conjugated diene-
based rubbers, which causes poorer dispersibility of
silica in conjugated diene-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.
[0005]
In consideration 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
ends which have high mobility, the hysteresis loss can be
reduced by improving the dispersibility of silica in

conjugated diene-based rubber compounds and further, by



For exanple, there are propseci a nodified. diene - based robber obtained.
by reacting a nodifier having a glycidylam nc group with. a polyner chain
end (for exanple, see Patent Docunment 1), a nodified diene -based. rubber
obtai ned by reacting glycidoxyal koxysilane with a polyner chain end (for
exanpl e, see Patent Docunent .2), further a nodified diene -based rubber
obt ai ned by reacting an al kOxysil ane containing an am no group with a

pol ynmer chain and (for exanple, see Patgnt Docunments 3 and 4), and
conpositions thereof with silica, A technology is al so proposed in

whi ch a di ene -based rubber is polynerized. using a polyfuncx-ional anionic
polynmeri zation initiator, and thereafter is nodified with a nodifier such

aﬁ a gl yci AAKRIHY drivud ¥ $nc? eaae® e neC niBer Cof L uRCEF oRafi zed pol yner
i ds,. th .' ovin.g t f f it
const i ¢ ut ed AT oG Hbadl Tubber BRACLTPEa, that s the silica

dispersibilﬂéq@61and reducing the hysteresis |l oss for exanple, see Pateht
Docunent 5), Prior. Art Documents Patent Docunent [0007.] Patent Docunent

L Lnternatl Oqggﬁo%gfé'%&_@ﬁ%gg AR r oo s JR1L Mo APLIBH1 die- Japanese
based rubber obtained by reacting a modifier having a
glycidylamino 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 end (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 polyfunctional anionic
polymerization initiator, and thereafter is modified with
a modifier such as a glycidylamino group to increase the
number of functionalized polymer chain ends, thereby
improving 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 Patent Document 5).

Prior Art Documents
Patent Document
[0007]

Patent Document 1: International Publication WQ 01/23467



Pat ent Docunent 3: Japanese Patent Lai d-Open No. 2001- 1588. 34 Pat ent
Docunent 4: Japanese Patent Ladd- Open No.

Patent Document 2: Japanese Patent Laid-Open No. 07-
233217

Patent Document 3: Japanese Patent Laid-Open No. 2001-
158834

Patent Document 4: Japanese Patent Laid-Open No. 2003-
171418

Patent Document 5: 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 been
demanded.

[0009]

Objects of the present invention are to provide a
modified conjugated diene-based polymer which, when made
into a vulcanizate containing a silica-based 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

processability; a method for producing the same; a



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

modified conjugated diene-based polymer composition; and

a tire containing the composition.

Means for Solving the Problems
[0010]

As a result of exhaustive studies to solve the
above-mentioned problems with conventional technologies,
the present inventors have found when a modified
conjugated diene-based polymer obtained by polymerizing a
conjugated diene compound optionally together with an
aromatic vinyl compound using a specific polyfunctional
anionic polymerization initiator, and modifying living
polymer end with a compound having specific functional
groups 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 related 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 1is, the present invention is as follows.

[0011]

(1]



however, in recent years, further fuel efficiency has been required and the
devel opnent of rubber conpositions with nore reduced hysteresis | oss has
bbbn denmanded, [00091 bj ects of the present invention are to provide
a nodi fi ed COYFJugat ed di ene-based pol yner which, when nmade into a

vul cani zate containing a. silica-hased inorganic filler, exhibits excellent
bal anced properties between the | ow hysteresis |oss and properties
regarding the safety such as wet skid-resistance and | owtenperature
characteristics, has .abrasion resistance and strength sufficient for
practical use and satisfies a good processabillty a nmethod for producing
t he sane, difi .conj ugat ed di - baseci r co osition; and a
tire contalnlng e‘g%ﬁﬁ§£|éﬁﬁyg éﬁs e cﬁ@%ﬁd&? ?%h% [%010]

A a resul to of, pxhansti de, ot il esqt 9; £l ve. the mapgvsﬂzﬁgg; gpegbpr obl e

with convent|6% ogles the present 1nventors mhen a

mod. i .iff. Iy &@Jw%ﬁ@ﬁe di enes based: pek YoRT - 90t ai,ndd @Md@%ﬁ@hbﬂ ng a.
conj ugat ed di ene conpound optionally together with an aromatic vinyl

conpound Udﬁﬂﬁhgﬁﬁﬁ&ﬁdféﬁé{Eéyé@nﬁé19ﬂ@£ ani oni ¢ pol ynerization initiator,
and nodifying Irving polyner end with a conpound havi ng specific
functional. croupe eonpicunrdedorituydtner ganircefiddet Spo panidt vk afdy a
silica-based inorganic filler, and further vul cani zed, the vulcanizate has
an excel | entotailraat éo b gtaneere t hei howe hyst eresisd| dssnandoppopett i es

relateci to safety such as the wet skid resistance and the | owtenperature
char act er i stARss,yieast zbrast orrrBsistancel amd cetpengthwsuhf aoi ent for
practical use, and satisfies a good processability. These findings have |ed
to the con@ngmaiiQﬁVﬁﬁxi;ﬂQ¥nﬂundﬂvention That is, the present

invention is as _follows. [OOiQ 1], . A nDdlfled conj ugat ed di ene-based
S red e

pol ymer havi ng RYsHFyP9gfokd \ﬁQ%?QﬁﬁeRﬂ Yt 'e' WXy groups,
and one or .or.e Q;tr%ggn atqpl on the ain ds of %he conj ugaéed glene
epared from yv1ny aromatlc com nd an

“based pol yher !

an organolithium compound in a range of a molar ratio
(the polyvinyl aromatic compound / the organolithium
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 silyl group
substituted with two or more alkoxy groups, and one or
more nitrogen atoms.

[0012]
(2]

The modified conjugated diene-based polymer
according to item [1] described above, wherein a
modification ratio determined by an amount adsorbed onto
a column of gel permeation chromatography measurement
using silica particle-packed column is 78% by mass or

ore.



the nodified conjugated. diene -based pol yner being obtained by

pol yneri zing a. conjugated. dienb conpound, or copolynericing a conjugated

di ens compound with an aronmatic vinyl conmpound, by using a

pol yfunctional anionic polynerization. initiator prepared froma pol yvinyl.
aromati ¢ conmpound and an organolithium conpound in a range of a nolar ratio
t he pol yvinyl aromatic conmpound. / the orcanoLi Phium conpound) of from 0.05
to 1.0, so as to obtain the conjugated ¢i ene -based pol yner, and. by

reacting a living polynmer. end of the conjugated di ene -based polynmer with

a conmpound having a silyi Cl1-01, 10 substituted with two or nore al koxy

aroups, and %gﬁéﬁr nore nitrogen atons. [0012) [ 2] The nodified
conj ugat ed di ~based pol ymer according to item HU descri bed above,
wherein a ification ratio determ ned by an anount adsorbed onto a col um

of gel per tion chromat ography neasurenment using silica particie-packed

colum is 78% b%h@?n%.cﬂrfi %Oélﬁﬁgf]teddemeerg%ﬂ%%%%ég i gat ed di ene-based

pol ymer according to item]1] SCri erein a nolar ratio

of the pol k@d&@di@f&r@}iﬁt&@m]@?t%f h&egésgyﬁgaigﬂwel couound Ls in a

range of fromO0.1 to 0.45. | e nodi fi1ed conjugated

di ene- basechduelyy st iac cor ding 3L @ivn Pnea Bbmi t eAscbipotifa[ 8L dgscri bed
above, wherein. the conpcxnd having the silyi group substituted with two or

nor e al koxy rgr=01si, t hangn anen@Fud®r s ik roges s ofs Esomepr esept edaby t he
following fornmula (1)] [0015] i3 R?6(1)
[0014)]
[4]
The modified conjugated diene-based polymer
according to any one of items [l] to [3] described above,
wherein the compound having the silyl group substituted

with two or more alkoxy groups, and one or more nitrogen

atoms is represented by the following formula (1):

[0015]
4
/R\ 6
(R 0),—§iz—R~N\R5,N—R (1)
Rlﬂ-mi
[0016]

wherein each of R' and R? independently represents an
alkyl group having 1 to 20 carbon atoms, or an aryl
group; R’ represents an alkylene group having 1 to 20
carbon atoms; R’ and R®, 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 adjacent N; R® represents a

hydrocarbon group having 1 to 20 carbon atoms, a



Ro.ro [0016] wherein each of Rl and }.Y in.de:pendently represents an.

al kyl group having 1 to 20 carbon. atonp, or an aryl group; R3 represents
an al kyl ene group haying 1 to 20 carbon atons; R4 and P.6, may be identical
cr different fromeach other, represent a. hydrocarbon group having 1 to 6
carbon atons,and forma 5 or nore-nenbered ring structure together with two
adj acent . N, R6 represents a hydrocarbon group having | to 20 carbon atons,
a hydrocarbon group substituted w th-agheteroatom having no active
hydrogen and having | to 20 carbon atons, or a triorgano-substituted silyl
group; and in is an integer of z or 3, [0017] or, by the follow ng formnula.

(2): [001QkJ§%é%%£%dn é%éd%(gdgéff%£§édF&f@hﬁg Sl emaizem having no
active hydrogen and having 1 to 20 carbon atoms, or a
triorgano-substituted silyl group; and m is an integer of
2 or 3,

[0017]
or, by the following formula (2):

[0018]
6

N_5
_R (2)

1 .3 &
(RO)-$i-R—R_

7

N

2 N
R (3-m) |

RT

[0019]
wherein the definitions of R' to R® and m are the same as
in the formula (1) described above; and R’ represents a
hydrocarbon group having 1 to 20 carbon atoms, a
hydrocarbon group which may be substituted with a
hetercatom having no active hydrogen and having 1 to 20
carbon atoms, or a triorgano-substituted silyl group.
[0020]
[0021]
[5]

A modified conjugated diene-based polymer, wherein
in gel permeation chromatography measurement using a

polystyrenic gel-packed column,



[ 0019) wherein the definitions of Rl to R6 and mare the sane as Ant he
formula (1) described above; and. R7 represents a hydrocarbon group having
1 to 20 carbon atons, a hydrocarbon group which nmay be substituted with a
net er oat om havi ng no active hydrogen. and having 1 to 20 carbon atons, or a
triorgano-substitnted ;' Ti grout., LOU201 [0021] Es] A nodified conjugated.
di ene-based. polyner., Werein in gel perneation chromatography neasurenent

usi ng a. polystyrenic gel -pahked columg -9 t he peak area on the
| onest nol ecul ar. wei ght side accounts for 20 to 50% of an area of a whole
chr omat ogram and a nodification. ratio determ ned by an anount

d bed t ol d | t.i h t . . t
using a sili Saasﬁaet PP B SRed eo o TG SFadh by e o aBie SG0o21 ]
A net hod foa[qn \ﬂ} f]%;fazde! fg@&l f”elr&'%?f@éj JFi gn‘gﬁ) gd pol .-. (eter,

e eps

conpri sing reac yV|ny aronatlc conpound

wi th an organolitihumconpound. to prepare a polyfunctlonal ani oni c
polymeri zation initiator 1n a range of a nolar ratio of the polyvinyl

aronmati ¢ conpoupdpb@itrheenganelitin wareemewnd 1of £ amAuf5 to 1.0;
pol ymeri sing. a conjugated there conpound, or ccpolynerising a conjugated

di ene conpeunt Wdd.ordid & afEihint vidwd icompounsk byearsisg t he pol yfuncti onal
ani oni ¢ polynerization initiator, so as to obtain a conjugated di ene-based
pol ymer; amthromatography measurement using a silica particle-packed
column is 78% by mass or more.
[0022]
(6]
A method for producing a modified conjugated diene-
based polymer, comprising the steps of:
reacting 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
organolithium compound of from 0.05 to 1.0;
polymerizing a conjugated diene compound, or
copolymerizing 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 a living polymer end of the conjugated
diene-based polymer with a compound having a silyl group
substituted with two or more alkoxy groups, and one or
more nitrogen atoms.

[0023]



reacting apol yner end of the conjugated di ene-based polyner with a conpound
having a silyl group substituteg with two or nore al koxy groups, and one or
nmore nitrogen atons. [0023] - 10 - The net hod for producing the
nodi fi ed, conjugated di ene-based pobrter according to item[6] described
above, wherein a nolar ratiothe polyvinyl aromatic conpound to the
organol it hium conpound is in a range of fromO0.1 to 0.45. [0024] [8]

The net hod for producing the nodified gonjugat ed di ene-based pol yner
according to item[6] or [7] described above, wherein the conpound having a
silyi group substituted with two or nore al koxy groups, and one or nore

ni trogen a%gqs is represented by the followng formula (1): [0025] 13 (R
1,N -R

The method for producing the modified conjugated
diene-based polymer according to item [6] 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.

[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 silyl
group substituted with two or more alkoxy groups, and one
or more nitrogen atoms is represented by the following
formula (1):

[0025]

4

R

VAN 6

_ oN—R (1)

(R'0)—Si-R-N
m T, R

R (3-m)
[0026]
wherein each of R' and R? independently represents an
alkyl group having 1 to 20 carbon atoms, or an aryl
group; R’ represents an alkylene group having 1 to 20
carbon atoms; R! and R®°, 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 adjacent N; R® represents a



m 12 [0026] wherein each of RI and R2 independently represents an al kyl.
group having | to 20 carbon atons, or an aryl group; R represents an

al kyl ene group having 1 to 20 carbon atons;and R5, nay be identical or
different fromeach other, represent a hydrocarbon group having i to 6
carbon atons, and forma 5 or nore-nmenbered ring structure together with
two adjacent 14; P represents a hydrocarbon group having 1 to 20 carbon
atoms, hydrocarbon group substituted-witth-a het eroat om havi ngno active
hydrogen and having 1 to 20 carbon atons, or a triorgano-subst:.atedl
group; and mis an |nteger of 2 or 3, [0027) or, by the follow ng formul a

(2): [0028]113%1(0':930 pon SdroupRhA:%?Blg 1 to 20 carbon atoms, a

hydrocarbon group substituted with a heteroatom having no
active hydrogen and having 1 to 20 carbon atoms, or a
triorgano-substituted silyl group; and m is an integer of
2 or 3,

[0027]

oxr, by the following formula (2):

[0028]

\Rs (2)

”

1 3
RO~—SFR~R
RO)-§i

R (3-m) 7

R
JN
b
R
[0029]
wherein the definitions of R' to R® and m are the same as
in the formula (1) described above; and R’ represents a
hydrocarbon group having 1 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.
[0030]
[0031]
[9]

A modified conjugated diene-based polymer
composition, comprising 0.5 to 300 parts by mass of a

silica-based inorganic filler with respect to 100 parts

by mass of a rubber component comprising 20 parts by mass



2NN, :n [0029] wherein the definitions of Rto R6 and in are the sanme as
in the fornmula U descri bed above; and P7 :etresentn a hydrocarbon group
having | to 20 carbon atonms, a drocarbon group whi chbe substituted with a
het er oat om havi ng no active hydrogen, and having 1 to 20 carbon atons or a
triorgano-substituted sil. vi group, [0030] [0031] [9] A nodified

conj ugat edne based pol yner conposition, conuri.sing 0,5 to 300 parts T.
mmassof a siiica-based inorq ic filler 1w th respect to 100 parts by nrubber
conponent conprls.rng 20 parts 07 nmass - 12 - or nore of the nodified.
conj ugat ed di ene-based pol ynmer according to any one of itens [1] to [5]

descri bed %90%%T %gs%he modified conjugated diene-based polymer
according to any one of items [1l] to [5] described above.
[0032]
(10]

The modified conjugated diene-based polymer
composition according to item [2] 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 silica-based inorganic filler has a nitrogen
adsorption specific surface area of 170 m?/g or more.

[0034]
[12]

A tire comprising the modified conjugated diene-

based polymer composition according to any one of items

[9] to [11] described above.

Advantageous Effects of Invention
[0035]
The present invention provides a modified conjugated

diene-based polymer which, when made into a vulcanizate



[ 10] The nodified conjugated di ce-based pol yner conposition
according to item[9] described above, further conprising 0,5 to 100 parts
by mass of carbon. black with respect to 100 parts by mass of the rubber
conponent conprising 20 parts by mass or nore of the nodified conjugated
di ene-based pol ynmer. [0033] [11] The nodi fied conjugated di ene-based
pol ymer conposition according to item|[9] or [10] described above, wherein
the silicacbased inorganic filler has axitrogen adsorption specific
surface area. of 170 1112/g or nore. [0034] [12] A tire conprising
the nodified conjugated. dienebased pol ymer. conposition according to any

one of |ten§¥L lnlnill] scr|§§g gbove ggyan%agfous ffects of Invention
[ 00351 e pres nt ?nve 'O Pt oVi ded rodi- ﬁ u gted

di ene- baseqaggagg%ghﬁgg%gﬁﬁ g@getﬁgtg??én¥g£%§?5§§tgge%oghaln|ng a

si |l i Ca-base as an exce ance ween. the | ow

hysteresis mdegor%ﬁaﬁ% regas & g, SAf gLy sUChasskhg wet skid.
resi stance and the Iomftenpera%ure characteristics, has an abrasion

resi stance ragd & stdengtd 1%5fl&h%mﬁ@fa@uﬂ@ttl@@]:aé’é@ﬁls@ﬂésfﬁahh§f' es a
good processabil 1ty; a nethod for producing the sanme; a nodified doni ugated

di ene -baseth polnamErorconpoisttdor: and @ itrengbbhdeuforcCantyrng. Qut the
| nventi on

practical uses, and satisfies a good processability; a

method for producing the same; a modified conjugated

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 pfesent
invention will be described in detail. The present
invention is not limited to the follbwing embodiment, and
various changes and modifications may be made within the
gist to carry out the present invention.

[0037]

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]

A modified conjugated diene-based polymer according
to the present embodiment is one which is obtained by
polymerizing a conjugated diene compound, or

copolymerizing a conjugated diene compound with an



(0036] Herei nafter, an enbodi nent (hereinafter, referred. to as the
present enbodinment') to carry out the present invention. will be described
in. detail. The present invention is not limted to the foll ow ng

enbodi nent, and various changes and nodifications my be made within the
gist to carry out the present. invention. [0037] inthe followng, a
nodi fi ed conjugat ed di ene-based pol yner according to the present enbodi nent
will be described together with a nmethad for producing the sane, [Mdified
conj ugat ed di ene-based pol yner] nodi fi ed conj ugat ed di ene- babed

pol ynmer according to the present enbodinent is one which is obtained by

pol ynmeri sing a conjugated diene. c r_c LZ] a j ugat ed

di ene conpg%ﬁ¥%M% é%?§1ﬂé§éﬁ?%ﬁgc$g;$g%%§p%U§§9%§Eﬁé#%gﬂglp%ﬁ%g%%gtiona
ani oni ¢ pol | Zzatjon iniitl o} nol ¥y Nyt omatic
conpound ag?ggéiﬁﬁgho%%nﬁ%ﬁﬁg%%%%3%¥§§ké%.?%ﬁgegdggggyﬁ% grto (the

pol yvi nyl aromalc compindd dhe oF ganebihd hi um GPREPmdddhaofnfrom 0. 05 to
1.0, so as to obtain a conjugated diene -based. polymer, and reacting
l'iving pol yieigenrds Dmdihe conf ugat €ge dbengy + bAs egr ok yder cwhbbuad cpnpound
having a silyi group substituted with two or nore al koxy groups, and one or
nore nitroger atreymso lartth wi cdomhasuad sid§i fgsoup. Goibsti t udedsw &b ooe or
nore al koxy groups, and one or nore nitrogen atons on the chain ends of the
conj ugat ed cidenen <based yusd arerdi ef©0383eqd Nt hode f orapd odeechgna nodi fi ed

coni ugat ed di ene -based pol yner] A met hod for producing a nodified

conj ugat ed ldivene PHasEr poldmert aldeor@mpi ¢t ¢hed preseht s efboel WA

conprises the steps of: reacting a polyvinyl aromatic coggognd W th
WO

an or ganol Mtum COMPEURYE the ‘prichat eS Bl Y ho¥ ¥ tnct Homal takhednie
pol ynerization initiator in. et ran of a nolar ratio of the polyvinyl
Bromat i ¢ COMpORHE £ KHY SHipHR 1 tH G CorolHeE St FOR oP 0BCPB° 1. 0:

pOLYTST | 21 M SSOR AL LS00 SOTOUIG o1 SRS YIBE | 2008, gonLuaated
alkoxy groups, and one or more nitrogen atoms on the
chain ends of the conjugated diene-based polymer.
[0038]
[Method for producing a modified conjugated 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 a 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 diene compound with an

aromatic vinyl compound by using the polyfunctional



anioni c polynerization. initiator, so as to obtain a. conjugated diene

- based. polyner; and reacting living polynpr ends of the conjugated
di ene polyner with a. conpound having a sill group substituted with two or
nor e al koxy groups, and one or nore nitrogen atons. [0039] By reacting

a living polynmer end of the conjugated diene -based. polyner. with a.
conpound (nodifier) having a ailyi group substituted with two or nore

al koxy groups, and one or nore nitrogenszatons, a nodified conjugated diene
-based pol ynmer can be obtained in a formin which one or nore ai koxy groups
have been di m ni shed fromthe structure of the original nodifier as shown

inthe follow ng faormul a (3)_ as an. exanple; NOL101; . Poi U m Polym
Pol ym U 62Eﬁ*%ﬁ?%%&fﬂy&%fg%%§éﬁﬁﬁ]}Qﬁf{g%Of, so-as t6ob¥ Mk a

conjugated diene-based polymer; and

reacting living polymer ends of the conjugated diene
polymer with a compound having a silyl 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
silyl 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 alkoxy groups have been diminished from the
structure of the original modifier as shown in the

following formula (3) as an example.

[0040]
Ky Polym
Polym—Li + (R'O)"Tel'.i—A — (R‘o]n—;}?i—n + ROLI
R 3m) Wi
1 TOWHI K 1 ;Pmymh 1 (3)
Polym—Li + (ROlm_—”?iz—A — (R Olﬁ?i——A + ROLi
R 3m Rism
[0041]

In the formula (3) shown above, Polym represents a
conjugated diene-based polymer chain; and R} and R? each

independently represent an alkyl greup or an aryl group.



RiIrsott%k2 (RRM7SIA R QLI pe,n2 ( 3 ) 10041) In the fornmula (3)
shown above, Polymrepresents a conjugated di ene-based pol yner chain; and
RI and R' eac.h independently represent an al kyl 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 polyner chain is reacted. with an al koxy group bonded
to one silyl group, and k2 represents aereaction. rate constant wthen a
second polymer chain is reacted therewith. A steric effect around the

nodi fier, and the |ike make ki > k2 >and dependi ng on the types of A and

R2, the differeﬂc%e%gegggt%e%%tEgganﬁ%F%QBHHi%%htaining a nitrogen
atom; and m is an integer of 2 or 3.
(0042]

Herein, k; represents a reaction rate constant when
a first polymer chain is reacted with an alkoxy group
bonded to one silyl group, and k; represents a reaction
rate constant when a second polymer chain is reacted
therewith. A steric effect around the modifier, and the
like make k; > k; > -, and depending on the types of A
and R?, the difference in the reaction rate further
becomes 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 alkoxy group
becomes sufficient with respect to the molar number of
the living polymer ends, a modified conjugated diene-
based polymer having a silyl group substituted with one
or more alkoxy groups on a polymer end can.be obtained.
[0043]

With respect to the modified conjugated diene-based
polymer according to the present embodiment, materials to
be used and conditions to produce the polymer will be
described together with the production process thereof.

(Polyfunctional anionic polymerization initiator)



| arge Therefore; it is actually difficult for all of the al koxy groups in
the same nodifier to react with. living. polyner ends Therefore, by
adding a sufficient anount of a nodifier SO that the nolar nunber of the
al koxv group becones sufficient with respect to the nolar nunber of thh
living polymer ends, a. nodified conjugated di enebased pol ynmer having a
silyi group substituted with. one or nore al koxy groups on a polyner end
can be obtai ned_ [0043] Wth respect to tne nodified. conjugated.
di ene-based pol yner accordina to the present enbodinment, naterials to he
used and conditions to produce the polynmer will be described together with
t he production onc%ss t her eqf %Pol functi.onal aniQni ¢ polynerization
1rst,  ap] Vi §&| 1

initiator) - 1 ot 5hal” ani &ﬁrllecrlpzoal /Er i zat i on
initiat t.0 . ' f l - il ' d. di - based
LS:yhgr?raégggﬁfggﬁgégpﬁﬁea%%%%q?hggéﬂgggﬁ%%Hgg%ﬁgﬁi#?g% gapgfgﬁer :igs of
the conj ugated gjane; -cgbaeﬁfedmé/&%liﬁné@deséig%%é@ e CONPOLNG, {ipdi fier)

a
having a silyl” group substituted with two or nore al kozy groups, and one or

nore ni trogi%x@t—@(r@ﬁxwdﬂe&)mdﬁ%cgi@ﬁqﬁnel@%s of thé Pehyhgnesdonal

anioni c polynerization initiator can be prepared by reacting a polyvinyl
aromati ¢ conpewIthaddd N yeregena inddium edonpotinds compoudxanpl es of the
preparation nethods in a hydrocarbon solvent may include a nmethod in which
an or ganol i(trhidimiconpéwvd ranch & iplotly simylp aswdnat i cuceonpeolnh @we oceacted, a
met hod i n which an orgabolithiam conmpound. and a conjugated di ene conpound
are react ethorand ltkdvereafmoerns ,a.arpblopnd . maro et §eo ¢ompourigs i ¢k eact ed
therewith, a method in which an organplithium conpound and a nonovanyl
aromati c cHepoeFEraed-eact ed, and thcreefter, a polyvinyl aromatic
conpound is reacted therewith, and a nethod in which an orbanmithium
conpound i d9P84dted in the presencb of two or three of a conThget eddi enb

comound and/ of, 8,7990Y-0YL,; 20T L6 OTRYAL A0 A RO M A omet T ¢
can be prepared by reacting a polyvinyl aromatic compound
with an organolithium compound.

Examples of the preparation methods in a hydrocarbon
solvent may include a method in which an organolithium
compound and a polyvinyl aromatic compound are reacted, a
method in which an organolithium compound and a
conjugated diene compound are reacted, and thereafter, a
polyvinyl aromatic compound is reacted therewith, a
method in which an organolithium compound and a monovinyl
aromatic compound are réacted, and thereafter, a
polyvinyl aromatic compound is reacted therewith, and a
method in which an organolithium compound is reacted in
the presence of two or three of a conjugated diene
compound and/or a monovinyl aromatic compound and a

polyvinyl aromatic compound.

[0045]



A pol yfunctional anionic polynerization initiator is particularly
preferable which is prepared. by the nethod in a hydrocarbon solvent in
whi ch an organol ithium conmpound and a pol yvinyl aromati c conpound are
reacted, the nethod therein in which an organolithium conpound. and a.

conj ugat ed di ene conpound are reacted, and thereaifter, a. polyvinyl
aromati c conpound. is reacted therewith, and the nmethod therein in which a
nono- or ganol i t hi um conpound i s reactedjign-the presence of a con.lugated

di ene conpound and a pol yvinyl aronmatic conpound. In order to achieve
t he acceleration and stabilization of the production of a polyfianctional.
ani oni ¢ pol ynerjzatio initiatar, i.n the preparation, a Lew s base is
preforably addefl PELURETSYLPRRT [FOOAGT. <M A T “ PR TE COpountS
Exarpl es of, the palyvinyl. argmt ¢ gommounds. ysed L preparation gf a
polyfunctighal anloniézﬁgiynerlza i'On T it oﬁanay intl ude -, 'm and

p- di vi nyi benene; - ari - 'k&gpg zene -1givinyi benzene,
viny1-3,4-3?ﬁ§tﬁ?§%§ﬁ%gﬁg?pfg§1 |V|ﬁgfgggﬁﬁﬂé%gﬁ%%é%%?g%%%?%%phthaIene,

2, 4-di vi nyl-biphend ard ﬁdﬂ%iﬁy%lb'miic lognd v @ydr 3, A= dLpelhyl benzene
and 1,5, 6-trivinyl-3, 7-di étnyi napht hal ene.” These may he used singly or
concurrent kel BettWoOfHEIE N i¥0 which aPastdLid Batyieh vioybbendeagqand

di i sopropenyi bebzene are preferable, and the pol yvinyl aromatic conpound
may be a maxtuheuofted dierandqrpcoiersrd heseofed | natdeticaseadteindustri a
utilization, use of the isoner mxture is econom cally nore advant ageous.

[ 0047] <Conj wgatyed ngdile me coermmu b rgmdind noy | 1y ¢ agd niett & ce g dnipo uads

For the prepaxation of a. polyfunctibnal anionic polynerization initiator,
a. coni ugatée diechedcomeadid: amd/veyl e roriovignyd r Grtonet Flel eonpoupduMiy be
used together with the above-nentione,:i polyvinyl aromatic conpound.
Exanpl es of5 £RECE6A] dgattéd dirEFe ool ritlsS il d Het Udel A0 3- Bertiaeiete,

i soprene, 2,3-dgnethyl- 1,3- butadiene, 1,3-pentadiene,
3-nethyl-1?§§pénp83Wéﬁ@¥%1E?pmﬁﬁﬁ%uﬁQﬂﬁ9%ﬂﬁfJq3-hexadiene, and
particularly. 1.°3- g%aggene and i%%%renb re _preferabl e. Exanples of the

. I]ilO 8ch1eve aCCeleratlion 4an
nmonovi nyI. aronat1 C conpounds nmy

stabilization of the production of a polyfunctional
anionic polymerization initiator, in the preparation, a
Lewis base is preferably added to the system.
[0046]
<Polyvinyl aromatic compound>

Examples of the polyvinyl aromatic compounds used in
preparation of a polyfunctional anionic polymerization
initiator may include o-, m- and p-divinylbenzene, o-, m-
and p-diisopropenylbenzene, 1,2,4-trivinylbenzene, 1,2-
vinyl-3,4-dimethylbenzene, 1,3-divinylnaphthalene, 1,3,5-
trivinylnaphthalene, 2,4-divinylbiphenyl, 3,5,4'-
trivinylbiphenyl, 1,2-divinyl-3,4-dimethylbenzene and
1,5,6-trivinyl-3,7-diethylnaphthalene. These may be used

singly or concurrently in two or more.



i ncl ude styrene, p-nethylstyrene, (.1.-nethyastyrene, vinylethyl benzene,

vi nyi xyl ene and vi nyi nanht hal ene, and particularly styrene is preferable.
The conj ugated di ene conpound and/ or the nonovinyi aronmatic conpound are
added preferably so that the Polystyrene equival ent wei ght-averaga

nmol ecul ar wei ght of a pol yfunctional anionic polynerization initiator as
measured by GPC (gal perneation chroratography) is in a range, of from 500
to 20,000, and nore preferably in a range-of from1,000 to 10, 000. [0048]
<Organol i t hi um conpound> Exanpl es of the ordanolithium conmpounds used
in preparation of a polyfunctional anionic polynerization initiator may

i ncl ud - Li t hi h ~hutyl lithd
Soc- butyl 11 eht e et KPR SRS (5 AP T o Y BRSAFF i um and
benzyl | it hi f i it i 1 4-
G oburane PRGN e IRl HIERERE B0RRSHAR Aly

odi TP _ LT opent &t ; it bl 2ol vhiliacl ane

G 11 hi opoliyt opr g o B e b oGP Tt o hexane,

1,3,5-triiidhicobenzeng and b, 3;0rt1idi1d 0-2s4, Hrt£het hybhenzeniure
Mboo- or ganol i t hi um conpounds of n-butyllithium secbutyllithinm and

tert-:butylild tddommiar=a pamd il ddan i efeiabl e. [ 00491 <Hydrocar bon
sol vent > Exanpl es of the hydrocarbon solvent used in preparation of a
pol vfuncti dal47ani oni ¢ poi ynerizatipn initiator may include aliphatic
hydrocar bons suc.ti as butane, pentane, hexane and hop-Lane; alicyclic -
<Conjugated diene compound and monovinyl aromatic
compound>

For the preparation of a polyfunctional anionic
polymerization initiator, a conjugated diene compound
and/or a monovinyl aromatic compound may be used together
with the above-mentioned polyvinyl aromatic compound.

Examples of the conjugated diene compounds may
include 1, 3-butadiene, isoprene, 2,3-dimethyl- 1,3-
butadiene, 1,3-pentadiene, 3-methyl-1,3-pentadiene, 1,3~
heptadiene and 1, 3-hexadiene, and particularly 1,3-
butadiene and isoprene are preferable.

Examples of the monovinyl aromatic compounds may
include styrene, p-methylstyrene, a-methylstyrene,
vinylethylbenzene, vinylxylene and vinylnaphthalene, and
particularly styrene is preferable.

The conjugated diene compound and/or the monovinyl
aromatic compound are added preferably so that the
polystyrene equivalent weight-average molecular weight of

a polyfunctional anionic polymerization initiator as

measured by GPC (gel permeation chromatography) is in a



hydr ocar bons such as cycl opentane and cyci ohexane, and aromatic

hydr ocar bons such as benzene, tol uene and xyl ene, [0050] <Lew s base>

in the preparation of a polyfunctional anionic polynerization initiator,
the addition of a Lewis base in the system can achi eve the accel eration and
stabilization of the production, The Lewis base may include tertiary
nmonoam nes, tertiary diamnes. and linear or cyclic ethers. Exanpl es
of the tertiary nonoam nes may include ;gpmpounds such as trinmethyl am ne,
triethylam ne, nethyldiethylamne, 1,1-dinethoxytrinmethylam ne,

di et hoxytri met hyl am ne, 1, 1-di ethoxytriethylam ne, dinmethylformam de

di i sopropyi acetal_and N, Ndi net hy] f m de di cycl ohexyl acetai. Exanples
of the tof TREF diarim Ty Thol bt Sompbtrter Syt carenfyeid &

N, N, Nc, Wt et ranet hyl dl am.no hane -tetranet hyl et hyl enedi am ne,
N,N,NH,N'-IF%F%%ﬁQ%H%V%?db&ﬂE%?%%i%%ﬁORPNLVVhF- t et r amat hyl di ami nobut ane,
N,N,W/Nntet&&ngﬁhyldianinopentene, I".1...N'"WeN - tetranethyi hexanedi am ne,
dipyperidi&opentane and di pi peri di ndet hane, Exanpl es of the linear

ethers may ddqicjude divein¥dogidielqa> di ethyl ether, ethylene glycol dinethyl
et her, di et hyi ene gl ycol dgmethyl ether, triethylene glycol dinethyl

ether and tetraetkhylere dirmethyloreldieflithium dwimless afsddeicyclic ethers
i ncl ude conpounds such as tetrahydrofuran, bis(2-oxolanyi)ethane,

2, 2- bi s(2- paxdpizamt )pr epane, pdl, i sf 2o0xDl anydr) et haneym@r 2z bt $6R2-

oxol anyl ) but ane, 2, 2-bi s(5-net hyl-2-oxol anyl ) propane and

2, 2-bi s( 3, 4n5-tiratwet mdy Z-roxXicl denyhg oo -opameno 1 i thiunomge bt hedkewiishbases
descri bed above, preferable are trinmethviamne and triethviam ne, which are
tertiary memoamiovdsl IN I INm,1\saetamet hiviket byl ehedidmiioel Libhehni s a
tertiary diamne, and tetrahydrofuran and 2, 2-bi s(2- Ox. ol anyl) propane,

whi ch. ar eNcPEORY ldtiféyidm, Tso-Prer Ykl Shbas e e see i hedl Abbvem ey Be used

singly or in. conbinatiqon of twa or re,
gty polyfuncglona organolithiﬁh compounds such as 1,4-

dilithiobutane, 1,5-dilithiopentane, 1,6-dilithiohexane,
1,10-dilithiodecane, 1,1l-dilithiodiphenylene,
dilithiopolybutadiene, dilithiopolyisoprene, 1,4-
dilithiobenzene, 1,2-dilithio-1,2-diphenylethane, 1,4-
dilithio-2-ethylcyclohexane, 1,3,5-trilithiobenzene and
1,3,5-trilithio-2,4,6-triethylbenzene.
Mono-organolithium compounds of n-butyllithium, sec-
butyllithium and tert-butyllithium, are particularly
preferable.
[0049]
<Hydrocarbon solvent>
Examples of the hydrocarbon solvent used in
preparation of a polyfunctional anionic polymerization
initiator may include aliphatic hydrocarbons such as

butane, pentane, hexane and heptane; alicyclic



[ 0051] The amount of a polyvinyl. aromatic conpound used in
preparation of a piv.functional anionic polynerization initiator is set in
a range of fromO0,05 to 1.0 nmoi with respect to 1 nol of an organolithium

conpound. Ther eby, a pol yfunctional anionic polymerization initiator
having a nolar ratio of a polyvinyl aromatic conpound / an orcanolithinm
conpound in a range of from0,05 to LC can be obtai ned. A | arger use

anmount of a polyvinyl aromatic conpound wi.th respect. to an organolithium
conpound i ncreases the proportion of a nolecular chain end to which a
functional --- group is inparted by a nodification reaction of a

con- M gated di ene -based pol yner as_described | ater, achi eves inprovenents
in the af fiiI5PIPAN THE? reacty vt eheWr tRe a2'Sj FYcaBasEar par 81el e as
described | ater, nagﬁ%%good. a bal ance between the IﬂM/h%steresiﬁ | oss and
the wet ski®d FEsist R MY T Tonf ugatRe’ dFenBetbagBd péfer
conpositionwxﬁg& al so achi eves inprovenents in the abrasion resistance and
t he strengt%_ contrast, a smaller use anopunt of the polyvinyl aromatic
conpound\Mgﬂéwfguﬁgge;o t he organol ithium conpound makes good the
processability in kneading a conposition thereof or otherw se. A Money
viscosity of thepmpxed o /kRher icRMRAUNCiy Cark e tUshth Asa @i ndex of
propessability. Too high a Money viscosity of a m xed rubber conpound.
causes adveysigmefdiecdisi suchhasi @bt Netleaseddl tiPover gonswiptbesedue to a
rise in a torque in kneading, and al so causes uniform sheet fabrication to
becone dif fireuldydtrera Ssheeidhnigeyps odessa@fd eerkineadi amgd Analatl énptiovon | ower
the hysteresis |oss generally increase the Money viscosity of a m xed
rubber conpdurnde whicchicttiauses i nferior processability. It is inportant to
keep the Mooney viscosity not too high, From these bal ances, the anmount of
t he pol yvi nyl afégatict’icopegndaiys ipcdfistealdlar fimy, tampenisiesrom 0.1 to
0.5 nti, nore preferably in a range of fromO0.1 to 0.45, and still. nore -
24 - pref el 497 £13%0RFS GG rloRo A 2o YAl i ¢ hiee3pect to | nol of

t he organolithium conpound. [00521 . In the case of adding a. Lew s
base mgen aIPo:EF&WngégQ& 5%@0%@5%&%3%ﬂ&%3&%ﬂ%ﬂ?%IW%XEﬁQ§Hq eprepargd,

the Lewi s base is added . pref bly_ .in a range of fr 0 to 50,000 ppm and
preferably Cloﬁlpaournaﬁggesuocfrpfarso%r%%hoyhfd[,uorb% p%rn%e%\lnu?gé rle%%’ect to the above

- menti oned SoLYEN 8ediike  he RIERAI AL 0N fydtie, palufunct i onal ani oni ¢

pol ymeri zation“initiator. I'n order t iciently devel op effects of
the reacti on cageslanatlamn anshistabiil izatiomosthe addi§1oni 0f, 39, pm or nore

is preferable, and in consideration of securing flexibility in the
m crost r ucluhe tadjlusirienide & ilRiefoial st Zatdan pyecess, and separating

the Lewis base. froma polynerization solvent in a process in which the
sol vent i sdrieeanhgdd cafitzeri dchelipoloinerdsaalt iaaretaarid. purified, the addition. of
50, 000 ppmor less is preferable.
Examples of the tertiary diamines may include
compounds such as N,N,N',N'-tetramethyldiaminomethane,
N,N,N',N'-tetramethylethylenediamine, N,N,N',N'-~
tetramethylpropanediamine, N,N,N', N'-
tetramethyldiaminobutane, N,N,N',N'-
tetramethyldiaminopentane, N,N,N', N'-
tetramethylhexanediamine, dipyperidinopentane and
dipiperidincethane.
Examples of the linear ethers may include dimethyl

ether, diethyl ether, ethylene glycol dimethyl ether,



The tenperature in the preparation of a polyfunctional anionic

polyneri zation -initiator is preferably in a. range of from 1000 to 140C,
and nore preferably in a range of from35C to 110C. The tenperature
is preferably 10C or higher fromthe viewoint of the productivity, and
preferably 140C or lower in order to suppress side reactions dumto a high
t enperat ure. The reaction tinme for preparing a polyftnctional anionic
pol yneri zation initiator depends on the., reaction tenperature, but is in a
range of from5 mn to 24 hours. [0053)7(Conjugated diene-based pol yner)

A conj ugat ed di ene-based polymur in the state before the nodification of
the nodi fied conjugated di eneLbased pol yner according to the present

i nventi on ids eghtvaiemed oy qedl e tdivhlg et leon] ugated Wi e cbnpound, or.

copol yneri zing a conjugated di ene conpound with an aromatic vinyl conpound
by using t RéT&Hdvd- feREiroféd polyFaridiy i Biioriel poty#eri zati on
initiator. [005§% I% a, pol ri zati on process of a conju at?F

di enebased pol yIBFTPLRE GhovBENENCTdied tHEIYT dMEtivoaIC oo uc

pol ymeri zation initiator. may be .prepared in advance i redet erm ned
reactor, afd f&d" (&}y o ggft%’r’,%llns TReinE wlaoqtglr?er%?’z;?’l lr]lmtﬁ zer/l;a. conj ugat ed
di ene conp ol ri.zat ion of lsugat ed., di gne. compound
with an ar §%§F€%i’§3ﬁp%§%¢oﬁiﬁ ibé%tc(laz(r)ﬁxcebdlagltﬁsr% 0 caes’r y2 ’giu?&t%géo

pol yrit | Jet {98 16839Y baRaxd, bhe-palyfBIRLARAl ANONI G PO YSELLZ A bn

initiator may be prepared in advance in a‘reactor in which-'t

polyneriza@Lanqgé@hq,gogqﬁmgwﬂymﬂjJykdggﬂyyygﬁgbéﬂg,as descri bed | ater
and predeterm ned nononers may be fed to the reactor to can out the

pol yneri zati on neasyi BNe Lewis bhsks peeterable aboem,t heaficewpaient of thn
productivity and gbality stability in mass production of a polyner that a
pol yfuncti emai tanmehnhylpoliyrerinzatirare ihniltamdtar, ivdiprlepared-emtiadwance in a
predeterm ned reactor, and. is fed, as required, to a reactor used for the
pol yner i zamponemofriea, cOnNuydt &d -diedrernsompowidyy lomadierciopol yerdtzat i on of
a. conjugated di ene conpound with an aromatic_ vinvl conpound. The

pol yneri zat-FoR 6FRrtaaggnpPigaied dicare tadasdy Po1iam il be <arrS e out as

a batch. process or as a continuous process with one reactor, or two or
nor e serieQXB#ané&PSPE?n?heWb&I etz atl QI?§¥§Q%nch reactor is
pref oabl . carrhed puty {8 AneuLebpainLoal, oBLsl 0g, g, BIYTST hoving &
in combination of two or more.
[0051]

The amount of a polyvinyl aromatic compound used in
preparation of a polyfunctional anionic polymerization
initiator is set in a range of from 0.05 to 1.0 mol with
respect to 1 mol of an organolithium compound.

Thereby, a polyfuncticnal anionic polymerization
initiator having a molar ratio of a polyvinyl aromatic
compound / an organolithium compound in a range of from
0.05 to 1.0 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



NOSS] <Pol ar conpound> I n production of a conjugated di ene -based
pol ymer, for the purpose of randomy .copolynerizing an aromatic vinyl
conpound with a conjugated di ene conpound, for the purpose of controlling
the mcrostructure of the conjugated diene noiety, and further for the

pur pose of inproving the polynerization rate, and the like, a small anount
of the follow ng polar conpound may be added, Exanpl es of the polar
conpound may include ethers such. as_tetrahydrofuran, diethyl other,

di oxane, ethylene glycol dinethyl ether, ethylene glycol dibutyl ether,

di et hyl ene gl ycol dinethyl ether, die thylene glycol dibutyl ether,

di net hoxybenzene, 2, 2-bis(2- oxmlanyi)nropane..! tertiary am ne conpounds
such as tetdast hyd etiiyA errsdian HenCd bl peki e nbethahel Pfi fret hyl andne,
triethylam ne, pyridinn and guinuclidine; alkaline nmetal al koxide conmpounds
such as notAESIUHR tSA R PRI HUWREh AT ?ﬁ?régﬁﬁuhﬁggFOUtyrate and

di | 3 d ph hi d h triph | hi
Thase o A e B e TP AhE L Py Fa P RSP e ore.
0056 T ! g t A | i | : di t
LS  pos A IS, ULt o 2 plal canpopind s sel geLesipeqorcing tn
mol with respect f]&ﬁemsouc % '%%qémé %@Q%an%é(f%&th%?éré@wmc

pol ymeri zation in ar conpound can he used for controlling

the m crostirduct gy afhd RePod yierr e enesimi efy i 'mddi Pi 8ReEoATRYAted
according to a desired vinyl |in.kage anmount Many of pol ar conpounds

si mul t aneouslandrases an i feedt eomahdorm aat | ond ed f eet akniéhes
cnpol yneri zation of a con I ugated diene conpound with an aromatic vinyl
28 - conmpounthrcarthecars riegullad ealitees dirstré bt tanceof athtietlae oght écgvhnyl
conpound, and regul ate. the styrene bl ock anmount _
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 compound can be used as an index of
processability. Too high a Mooney viscosity of a mixed
rubber compound causes adverse effects such as an
increase in 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 kneaaing.
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 Mooney 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 mol, more

preferably in a range of from 0.1 to 0.45, and still more



As a random zation nethod, a nethod may al so be used in which a part of
1,3-butadiene is intermttently added in the course of the

copo: himeri zation as described in Japanese Patent Laid-Open. No. 59-140211,
0057] <Conj ugat ed di ene conpound> Exanpl es of the conjugated diene
conpounds used in the synthesis of a conjugated diene-baeed polynmer may

i nclude 1, 3-: but adi ene, isoprene, 2,3-dinethyl-1,3- butadiene,

1, 3-pent adi ene, 3-nethyl -1, 3-pent adi eng, 1, 3- heptadi ene and 1, 3- hexadi ene.
Above all, particularly 1, 3-butadi ene and isoprene are preferable. These
may be used singly or in conbination of two or nore, If allenes and
acetylenes are contained as inpurities, since the nodification reaction.
descri bed PatéeriedlivhHithia e@&N%né &t ™ conterft raton't HeredfPESt pref erabl y
200 ppm or Iesi, nore preferahly 100 ppmor |ess, and still nore

pref erabl y! BElpgh dr<éeda lq@wé%@ﬁﬁ?% vinyl conpound> Exanpl es
of the arog% i% vi nyl conpounds used in the synthesis of a conjugated

di ene- baee églgner may i nclude styrene, p-nethylstyrene, a-nethvistyrene,

20 o Ly ethyl benzeneouanyixylant, v Dunaphifal seand di phenyl ethyl ene.

Above all, particularly styrene is efer , These may be used singly- or
I n conbi nabg&gf%ctt%n 1 MRe Q0591 wRol yamer i zation: solyent >
[

conl noat ed ne -based polyner |a polynerized in a predeterm ned sol vent,
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
polyfunctional anionic polymerization initiator.

In order to sufficiently develop effects of the
reaction acceleration and stabilization, the addition of
30 ppm 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 recovered 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 10°C to 140°C, and more
preferably in a range of from 35°C to 110°C.

The temperature is preferably 10°C or higher from

the viewpoint of the productivity, and preferably 140°C



Exanpl es of the solvent to be used may include hydrocarbon-based sol vents
such as saturated hydrocarbons and aromatic hydrocarbons. Specific exanpl es
t hereof may include aliphatic hydrocarbons such as butane, pentane, hexane,
and heptafle,’ alicyclic hydrocarbons such as cycl opent ane, cypl onexane,

nmet hyl oycl opent ane and net hyl cycl ohexaner; and aromati c hydrocarbons such
as benzene, toluene and xyl ene, and. hydrocarbons conposed of these

m xtures, [0060] <Polynerization. coin.,dion> The pol yneri zation
tenperature of a conjugated diene-base& polymer is not particularly limted
as long as the tenperature is one at which a living anionic polynerization
progresses, but preferably OC or higher fromthe viewpoint of the
product i vi t3¢ R Driet ity 12080PL £ ohef 1 1P ohfERELONEWEBENE Cof
sufficiently securing the nodification reaction anmount to the living pol
oer end af t/erIt G BiOn of the polyneriztion. The tenperature is nore

ferably i f .from.20 to 100' C d stjl ferably i
ange of From - 16 8220t om0 /it et A T Sriperat UF B CahoBeL cont 7ol | ed.

i n considerati gn of, Ihe, b fomf ] zat] on pel 09 a0,8X8LNGE. heacLLap; ofurt her
jfeed tenpera t t

by regul ating _ ures cit e nmononer and the scontrolling the
mononer  co dald A, aﬂ?t%é-ﬂﬂl-a-flgn do ki eEbmi srhéhf Femoeutside the
reactor, [006 Bef ore the ahovenentronedconju ted di ene compound,
aromati c vimdsgonpound and pol yneri zation solvent each sinor a m xed
solution thereof is fed to the o vnerazation reaction, allenes and acet

i npurities mmhhefateat et disd-Agh add op@apeses ai conpound in advance. Ther eby,
t he amount of |iving polyner end. A

A conjugated diene-based polymer in the state before
the modification of the modified conjugated diene-based
polymer according to the present invention is obtained by
polymerizing a conjugated diene compound, or
copolymerizing a conjugated diene compound with an
aromatic vinyl compound by using the above-mentioned
polyfunctional anionic polymerization initiator.

[0054]

In a polymerization process of a conjugated diene-
based 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
polymerization reaction; or the polyfunctional anionic
polymerization initiator may be prepared in advance in a
reactor in which the polymerization or the

copolymerization is carried out as described later, and



fore the nodification reaction. becones a nign concentratjon, allow ng

ach: Lecri.nq a. higher nodification ratio. 10062] <Structure of a

conj ugat ed di ene-based - pol ynmer> In the case where the wet skid
characteristic is attached nmuck inportance to in a nodd tied conjugated

di ene-bared pol yner conposition containing a nodified conjugated

di ene- Mased : ool .yiner and a filler described |later, the content of an
aromatic vinyl unit in a conjugated Qig e- based polynmex is preferably from
1 to 50% by mass, nore preferably from™I0 to 45% by mass, and still nore
preferably from201: 0 40% The content of the aromatic vinyl unit in

t he conjugat ed di ene-based pol yner before the nodification is preferably 1%
by mass or pmorde tfammnde wiorewpoihtnaof lobt Bédi hg ane exeattent taetaskid

resi stance, and prefrakly 50% by nmass or |ess fromthe viewpoint of the |ow
hyst er esi s dWs s-hegndPalhenciby 2&h ‘o rexi St amice. [ 00631 The proportion of
al, 2- or 3,4-linkage in a conjugated diene unit, of a cqnjugated

di ene- based pol yirer ShEFGIEE RS med it iore TR igtlef®r dBty from 10 to 80%

rom 25 10 BBy sl ha du= et/ e TPEY o "6 2 05840 hEage | ns.
' ted di it .of j t ed. di - : I LS. f bl
T0% by mmsé: 6 NBHG o4 Hiocbrt D LBQVE 1S b RS b1 o AT E bF~ SAPAI i by an.

'l ent t:.. .SKi resl I f
excel ’ en "i‘?utolﬁiﬂtoﬂ:e ﬁrsgﬁélﬁééﬁ%f%;?fg &L aPﬂyaS%%@é(té‘PﬁJs.nQ& ess from

t he vi ewpoi nt _ _ _ s loss and the asion resistance.
The co- mononey. st riRutioneof, conj £feq di epe; ands @F @t bea r¥iNyl in a.

conj ugat ed. di ene-axomati o vinyl copolymer chain is such that. the
conj ugat ed (e 13k it i%%h -of a conjugated diene compound, or the
copolymerization of a conjugated diene compound with an
aromatic vinyl compound.
The polymerization of a conjugated diene-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 a polymer having a higher modification ratio in
a modification reaction described later.
[0055]
<Polar compound>
In production of a conjugated diene-based polymer,
for the purpose of randomly coleymerizing 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.



aromatic vinyl may be distributed uniformy or nonuniformy in a nolecul ar
chain thereof, or may be present as bl ocks. On the other hand, in the
case where the acquisition of excellent |owtenperature characteristics is
a purpose in a nodified conjugated di ene-based pol yner conposition.

contai ning a nodified conjugated di ene-based polynmer and a filler described
| ater, the content of an aromatic vinyl unit in the conjugated

di ehe-aromati c vinyl copolyner is prefgrably 10% by illaSS or |ess, and
nore preferably a honmopol yner of the ¢ ﬁjﬁgated di ene. The proportion of a
1,2- cr 3,4-linkage in a conjugated diene unit of a. conjugated di ene-based
pol ynmer before the nodification is preferably 30% by mass or |ess., and
nmor e preferabl yE25%phy smass thre lpedsyr compouifiemashel nelspiete tee conponent
ratios are in the ranne descri bed above, a conposition having a | ow gl ass
transiti on sverpersatiste dndlexbetdnngdiath viv- ¢ enper adueeakehar QERELEBEI cs can
be obtained. [0064] <Modifier> The nodified conjugated di ene-baseH pol yner
accordi ng t0 ¥dee sriasdrty lerbdi frerft tHake s vihgCpbl SRRt Bhd3thddified with a
nodi fier... . In detail, the nodjfied conju ﬁéef di ene- based pol yner
accor di ng 90 SR 15es éhtY Eb sttt Y tant %r,gél %r fed %@yﬁ?gducing a

coni ugat ed di ene .pol.yner by. pol.yneri zing a consthgated di ene conpound
descri bed éﬁ&%@?”oﬁ |3ﬂ&ﬁ%5ﬁ§ﬁ¥%§?&éﬁ%@a €4 %?%&% conpound with an
aromatic vinyl usi ng I ti L oni G, poLymerization
initiator 8§ééra?§éig%:rgog{/a§?’e’an re%:ﬁ?n%ﬁwgiéng ollllsg_rréé_rg%%%sg%f the
conj ugat ed t@t%%sﬁﬁﬂ%@%ymdmim@, conpasngd; §rodifierd, having a silyi
group substituted wth t or nore ai koxy groups, and one or nore nitrogen

atoms, [0063]imethylathgConpound,yusethd orpdheq mdi £ g adih O e eagthen,
having a. silyi group substltuted{mnth two or nore al koxy groups, and one

or nore ni tarnogen rat e 4 N udesi dy dkagesbyd 0xysth add spdiayvs agua-cycl i ¢ am no
group containing two or nore nitrogen atons, represented by the foll ow ng
formula (1lanyl@te, potassium-t-butyrate, sodium-t-butyrate and
sodium amylate, and phosphine compounds such as triphenyl
phosphine. |
These polar compounds may be used singly or in
combination of two or more.
[0056]
The use amount of a polar compound is selected
according to the purpose and the degree of the effect,
but is generally from 0.01 to 100 mol with respect to 1
mol of lithium in added polyfunctional anionic
polymerization initiator.
Such a polar compound can be used for controlling
the microstructure of the polymer diene moiety in a
proper amount according to a desired vinyl linkage amount.
Many of polar compounds simultaneously have an

effective randomization effect in the copolymerization of

a conjugated diene compound with an aromatic vinyl



(RO)-SER-N5, m (1) wherein each of R-') and R2 independently represents
an al kyl group having 1 to 20 carbon atons, or an aryl group; R3 represents
an al kyi enn group having 1 to 20 carbon atons; R4 and R5, nmay be identical
or different fromeach other, represent a hydrocarbon group having 1 to 6
carbon atonms, and forma 5 or nore-menbered ring structure together with
two adj acentRe represents a 34 - hydrocarbon group having I to 20 carbon
atoms, a hydrocarbon group which may_beggsubstituted with a heteroatom
havi ng no active hydrogen and having 1 to 20 carbon atons, or a triorgano
-substituted silyl group, and inis an. integer of 2 or or, by the

followng formula (2); Nl )\ 01 0): VR -Rv ,R6 le
compound, and can regulate the distribution of the

aromatic vinyl compound, and regulatelthe 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 copolymerization as described in
Japanese Patent Laid-Open No. 59-140211.

[0057]
<Conjugated diene compound>

Examples of the conjugated diene compounds used in
the synthesis of a conjugated diene-based polymer may
include 1,3-butadiene, isoprene, 2,3-dimethyl-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 less.

[0058]
<Aromatic vinyl compound>
Examples of the aromatic vinyl compounds used in the

synthesis of a conjugated diene-based polymer may include

styrene, p-methylstyrene, a-methylstyrene,



t:k?t)7 (2) wherein the definitions of R to RE and in are the sane as in
the formula (i) described above; and. P? represents a hydrocarbon group
having | to 20 carbon atoms, a hydrocarbon group substituted with a

het er oat om havi ng no active hydrogen. and having a. to 20 carbon atons, or
a triorgano -substituted. silyi group; and hydrocar byl oxysil anes contai ni ng
functional groups such as another cyclic amne, a non-cyclic amne., an
imne and an isccyanate, and cyclic q;%§'Lgnes, Note that an the above, the

active hydrogen refers El hydrogen ‘atom bonded to 0, N and the I|iKke,
whi ch have a high electronegativity ("Fagaku Jiten (Chonical D ctianary)",
publ i shed by Tokyo Magaku hojin Co,, Ltd.), Further, in the above, the

trior nano- subsyi¢mtetbentginegroupyteyéeset ovanygnenpthepeasemied by the
general. fornmula: -SiREii (three RU reﬁr esent organi ¢ groups which 35 -
may be iderfiznviethyierent Ao eath otheric preferabi§. 1fepresents

an al kyl. croup), [0072] Speci fic exanples of the _ ,

hybr ocar by d073/st 1 e haVisif THeY RfeliTeant gfﬁ oup tRpre’Rntedisy tbc
above for rrulf ‘élo are shown. bel ow, Exanpl es thereof may include
(triethoxysityiJpropVviita: net hyl pi perazahe, 1-[3-

(di et hbxyet {}yd?s%,i yi ) bropy. 11-4- net hvi pi 1Der azi ne,
; T: ri met hoxysi ) propyi]-3-nmethylimdazolidine,

| - P(di et ho 1 yl) probylis3sethviimdazolidine, 1-[3-
(triethoxysi yJi p(%}opyél%- 3- et h\{/%rllexanydr opyrimdi ne, 1-

[ 3- (di met hoxynt @Y'c'ijﬂj)ﬂdéﬁ&f’%iﬂér?é—ﬁ@ééﬁ"ﬁ@%@ﬁé’ﬂr9§y}|§|¢>ﬂkﬂé£‘§;ed in a
3-[3-(tributozysilyi)propvl]- 1-nethyl-1,2, 3,4-tetrahydrepyrimdi Tie, 3-[3-
(di met hbxy ptdnd isd tyinea opyl yedt et hyl -1, 2, 3, 4- tetrahydropyrimi di ne,

1- (2- et hoxyet hyl )-3-:3- (trinmethoxysilva)propyliimdazolidine, (2-f3-[3-
(trimethoxysil yiExargpydd tef riahy drapysntm o fihe-hydd ebdayl e hetihyl anm ne,
1-13-(triethoxym lyl)propyll-4- (trinmethylsilyi)piperazine, 1-[3-

(i i met hoxyretdndsatha)prapyd]sdlvents such as saturated hydrocarbons

and aromatic hydrocarbons. Specific examples thereof may
include aliphatic hydrocarbons such as butane, pentane,
hexane and heptane; alicyclic hydrocarbons such as
cyclopentane, cyclohexane, methylcyclopentane and
methylcyclohexane; and aromatic hydrocarbons such as
benzene, toluene and xylene, and hydrocarbons composed of
these mixtures.
[0060]
<Polymerization condition>

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 0°C or higher
from the viewpoint of the productivity, and preferably

120°C or lower from the viewpoint of sufficiently

securing the modification reaction amount to the living



(trinmethvisilyflpiperazine,
1-F3-(tributoxyall-flpropyi)4-(trinethylsilyi)piperazine, 1-[3-

(di et hoxyethyl silyi)prcpyll-3- (triethylsilyl)imdazolidjne, 1-[3- -36
(triethoxysilyldpropyl]-3-(trimathylsilyi)imdazolidine,

1-[ 3-(di met hoxynet hyl silyi)propyl]-3- (trinethylsllyl)hexahydropyrim dine,
1-[3- (triethoxysilyi)propyl]3- (trinothylsilyi)hexahydropyrim dine and
1-[ 4- (triethoxysiIyitle-4-(trinethy]%d;d)piperazine. Above al l
preferably used are 1-[3- (triethoxysilVl)propyll-4-nethylpiperazins, 1-[3-
(trinmethoxysliyi)propyl]-3-nmethylinrldazolidino, 1-[3-
(triethoxysilyi)prapvil-3-nmethyl hexahydropyri m di ne, _ .

(3- (triet hpoisinad Yprédpyited-the i ey SiPYi Ppi perapphgmerization.
1-[3-(trlethoxysilya)propyl]-3- (trinmethylsilyi)imdazolidine and 1-[ 3-

(i fi et hoxysingiYPryE Fu4¢e ri fret e sPY§F§heRanydropyF PRPEI RE, TaAB ABre
preferable are 1-[3-(triethpxysilyi)propyli-4-nethylpiperazine and

1- [ 3- (t bi erffoxy] nyI Poro iy -4t oS inrt iR 1i i piperarihe T [ po7s) 30
Specific eégg#{%s of the hydrocarbyl oxysil anes having the cyclic am no
group repr E5e5'by the above formula (2) are si-n:Dwn bel ow

Exanpl es thereo i - [3- :
(t;rinethoxyeiI&F%%%ﬁﬁ@%kg%%éiﬂé%ﬁﬁﬁﬁq%ﬁ%ﬁﬁﬁ)iclﬁmfe controlled, in
(di et hoxyethyjsldaldiflo3-Of ety i dazel L9k nen Being an exothermic
(triethoxysilyi)-1,4-dl ethyl pi perazi ne,

(di met hoxyneidat isid y Iudsdedivetiyd pi Peragi Aike £84d temperatures of
(Lriethoxysilyl)-nopyl hexahydropyrin i thoxvethylsilyi) -1,

3-di et hyl | exahydmroat i nehe {&>1vent, controlling the monomer
[ 3- (2-di met hyl am nnet hyl ) - 2- (et hyl di met hoxysi |l yl) -
i m dazol i dicvexckbnyiitetdryl |anaretdiyl andg nepd Sheating from outside the
(trimPthoxysllyl)-1, 3-bis-(2-nethoxyethyl)- bexahydropyrim dine,
5- (et hyl di metavdxeysi | yl) - 1, 3- hi s- (2-
t met hyl si | yi et hvi ) - hexahydropyri m dyl)-1, 3- dinethylim dazolidine,
2- (3-di et hdX¥y&t!Hvi si 1vl- mropyl) - 1, 3-di Pt hyl i ni dazol i di ne,
2-(3-triethoxysi lyi - propyl)- 1, 4-diethyl pi perazine,  2-(3-di met hox' f
Cr el hony Bt U P U R Hhare isuoaed FELAZ Dea Pl Snd IBRISNRly )1 5.
di . propyl Thexahydr opy.ri m di ne : .
5+ (- dr ot hG Bty s T Vhr SRV B RS- (R SEHGAT 595 FREUPRE, °752 3- (2-
di met hyl amnoehRy B:2- $ratdy | L BLNOXYSIINOPY | )5 fed to the
polymerization reaction, allenes and acetylenes as
impurities may be treated using an organometal compound
in advance. Thereby, the amount of living polymer end
before the modification reaction becomes a high
concentration, allowing achieving a higher modification
ratio.
[0062]
<Structure of a conjugated diene-based polymer>
In the case where the wet skid characteristic is
attached much importance to in a modified conjugated

diene-based polymer composition containing a modified

conjugated diene-based polymer and a filler described



i m dazol idin-1-Y1)-ethyll-dinmethyl am ne, 5-(3-
trimethoxys_ivl-propyl)-1, 3-his-(2-nethoxyethyi)- hexahydropyri m di ne,
5- ( 3- et hyl di net hoxysi | yl - propyl) -

, 3-his-(2-trimethylsilyiethyl)-hexahydropyri m dine,
[3-(trin&hoxysilyl)propyl] 1, 3-
bi s(trimethylsilyi)imdazol 2-(di et hoxvet hyl silyl)-
1,3-his(triethylsilyflimdazolidine, 2-{1r+ et hoxysi 1)-
1,4-tis(trinmethylsilvflpipe ezine, 2- (dinmethoxynmethylsili -1,4
"s(trinmethyisipiper nne and 5-(triethoxysilyl)-1,3- bis(tripropyli)

nexahydr opy. #ég(nfﬁévﬁ?nie%€b8¥e?ﬁl%rBﬁ %?Eaggﬁxﬁrﬁngt[§h a

(trimethoxysi ") prop di me azoi i e an

[ 3- (trimet hoxysi g%é/ﬁécpf@Pé(ﬁé Ba@e&l”}béi?ﬂngﬁt hyl gh_»wb)cbgug}aﬁbmdnn%o [0074]
Hydr ocar hyl oxysilanes, used as a nodifier and other than conpounds

represent edsdy dhenaboyvendpE nbtace£dd1andr6R) 10cent abri By fuBeti anal groups
such as a cyclic amne, a non-cyclic amne, an. brine and an isocyanate,

and cyclic @azasi lnenes ptdfehebtescrobedo FOO0Z6R by masSpeci fic exanpl es of
t he hydrocar byl oxyai | anes having a cyclic am no group are shown bel ow.
Exanpl es t her eoffhmaydmcdnideo f He-aromatic vinyl unit in the

nexamet hyl enei m no) propviltri et hoxysil ane, - (1-

hexanet hyl emsiiiar)gt opielerharehorysinanebeferelthe modification is

preferably 1% by mass or more from the viewpoint of
obtaining an excellent wet skid resistance, and
preferably 50% by mass or less from the viewpoint of the
low hysteresis loss and the abrasion resistance.

[0063]

The proportion of a 1,2- or 3,4-linkage in a
conjugated diene unit of a conjugated diene-based polymer
before the modification is preferably from 10 to 80% by
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 in a
conjugated diene unit of a conjugated diene-based polymer
is preferably 10% by mass or more as described above from
the viewpoint of obtaining an excellent wet skid
resistance, and preferably 80% by mass or less from the
viewpoint of the low hysteresis loss and the abrasion
resistance.

The comonomer distribution of conjugated diene and
aromatic vinyl in a conjugated diene-aromatic vinyl

copolymer chain is such that the conjugated diene and the



hexanet hyl enei m no)e] .itriethoxysilane, [2-(1-

hexanet hyl enei m no) et hyl Jtri net hozysil ane, [3-(1-
pyrrolidinyl)probvi]triethoxysilane, [3-(1-
pyrrolidinyl)propyl]trinethoxysilahe, [3-(1-

hept anet hyl enei m no) prupyl Jtri et hoxysil ane, :3- 1-

dodecanet hyl enei m no) propyl Atri et hoxysil ane, [3-(1-

) exanet hyl enei m no) propyi ] di et hoxvnet hvjisilane and [ 3-(1-

hexanet hyl enei m no) preoVi ] di ¢ noxvet, Fg?)?G] Speci fic exanpl es of

t he bydrocar byl oxysilaries having a non-cyclic am ne group are shown bel ow.
Exanpl es thereof may include [3- S(g_di met hyl ani no) ?r Ole ]Jtriethoxvsil ane, [3-
(di met hyl ardiG8)3ropyV 1yt methdxgsdiahelputed uniformly or

(di ethyl am no) propyl I tri et hoxysilane, [3- .
(diethyIaMQRB¢% m%¥i%%t%6&%ﬁ¢%ﬁﬁf chain thereof, or may be

di met hvi anmi no) et hyl ] trj et hoxvsi |l ane, [2-
Edi net hvi arﬁrr?oﬁ))eéjt%yﬁ% tl?jrcff%]f%bxysi | ane, [ [ 3-

(F“ met hyl ?‘m no) %[nIOQ)ﬁiel (ytﬁ‘{[er}o et hB{LInSiéh%neCasleB'where the acquisition
di but yl am nopr opyl JtT11 et hoxysi | are,

O s(trinet iJ yi i i j i : .
R R (1 R SRR STRUOLLES yp 12 & puspose

- bi s(trinetihylSiddd)@ndnapsepyddtdetdhoxysibanes polymer composition
N, Nbi s(trimethyisllyi)am nopropyl nethvl di et hoxvsi | ano,

N, Nni s(tri metnnd isiidngl ) amidioet ted tddimpi foxysi d asee-based polymer and

N, Nbi s(trimetsilyi)am noethyltriethoxysilane, NN bisitrinc ilyl)

am noet hyl retthyl ldi metdroxvisidd anetand N dN-dbst ¢t =b hydisi hyopam c

oet hyl net nyi di et hoxysi |l ane. [0077] Speci fic exanpl es of the hydr
ocar hyl oxygiinanesirhdviing @Ere ignmoiqpioup Grenstownbel owinyl Exanpl es
t hereof may include N-(1,3-

di met hyl buttpicdeme 3-9 t9 steHomdisi 1349 -bv propanahi hess, and more

N-(l-nmethy.lethytidene) .3..(triethoxysilyi, 1-propanam ne,

Net hyl i den®@F$LEaR 15D ofifitari et DN ¢RI U~ ed bt 8¢ pr dpV\A i dene) - 3-
trieth ilydi -1- i.ne, N-di met hyl aml . nob i, | | -3-

(riethoosild Lpiopanarine. . o o IGEU ant nobened enel 3

LT3 (T mathoe Ty BB B PRy eyt Loyt mazel &

N-(3-triet R%ﬁﬁ%llcﬂtﬁroqpﬁldl ;pgi%e&%g%l droiamydazol & - 1ess, and more

Nu( 3-i sopropoxysi | yi propy dazol € and
M ( 3- et hy bdicethexyai 1280 1epYbsd.o3dihygdy oi m dazol e,

When the respective component ratios are in the
range 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-based 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



[ 0078] Speci fic exanpl es of the hydrocarbvi oxysil anes having an
i socyanate group are shown. bel ow. Exanpl es thereof may include 3-
i socyanat opropyl tri met hoxysl i ane, 3- isocyanatopropyltriethoxysilane,
i socyanat opr opyl net hyl di et hoxysi i ane, 3-
i socyanat opropyitril sopropoxysilshe and tris(3-
tri met hoxysilyl propyl )l socyanurate, [0079] Speci fic exanples of the
cyclic azasil ana conpounds are shown bel.ow Exanpl es thereof. may
i ncl ude N-n-butyl-aza-2,2- di net hpxysilacycl opent ane,
N- et hyi - aza- 2, 2-di et hoxy-4- netnyi sil acycl obantehe, N-allyl-aza-2, 2-
di met hozysi | acycl opentane and 1-tri nethyl si .
di met hoxy- Rizainedibacyedpentapes cppoBgated dipppngolHBSKOEYT i ers
descri bed above, the, conpounds regresented by the above fornul a, gl) or
formul a (2)PArEi%r et EPAbt eSORNEIParti CUFEFI §OTREUEENnPEGAds PREpFESERt ed by
t he above fornulau%éé% are (g)referable.t . _These nndifiet%hnaé be used
singly or ¢nctiqe AP wo orAbPatefodsTie (nBEPPERSt 'ohr E4ct i on)
The nodification reacti f |, ugat [ - . I [ ing the
nodi fi er dé%%??%%ﬂ?Zﬁg@ifw§§T5€§n§2§kr?§%§3 Q SQEY?Hggigggggoégﬁgﬁgérature,
the reaction, e and:; dhei || ke whenqtbe mpdifhesyLs reacted pith 1iving
pol ymer enggﬂa?ﬂ%he cdh?ug%te% %?gne -%aggg po%yn%r'are not Sa%t?cularly
limted, but;¢hey neacihon 349 &f efRbl ¥onjugated diene-based polymer
with a compound (modifier) having a silyl group
substituted with two or more alkoxy groups, and one or
more nitrogen atoms.
[0065]
The compound, used for the modification reaction,
having a silyl group substituted with two or more alkoxy
groups, and one or more nitrogen atoms includes
hydrocarbyloxysilanes having a cyclic amino group

containing two or more nitrogen atoms, represented by the

following formula (1):

4

R

1 L3 0N 6
R O)m—?l—R—N\R_.VN—R (1)

2
Riam

wherein each of R' and R? independently represents an
alkyl group having 1 to 20 carbon atoms, or an aryil
group; R’ represents an alkylene group having 1 to 20
carbon atoms; R? 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 adjacent N; R® represents a



carried out at OC or higher and 120cO or |ower and for 30 sec or | onaer.
[ 0082] The nodifier is preferably added so that the total. nolar
nunber of an al koxy group bonded to a silvl group, in the nodifier added is
in arange of froml to Stinmes the total nolar nunber of |ithium contained
i n added pol yfunctional anionic polynerization initiator described above,
nore preferably in a range of from1.5 to 3 tines, and still nore
preferably in a range of from 1,5 to 2,5 tines. From t he vi ewpoi nt
of acquiring a predeternined nDdlflcatlon rati o and. nmaking one or nore
al koxy groups remain at a nodified conjugated di ene-based nol ecul ar chain
end portlon the nodifier is preferably added so that. the total nolar
nunber of B UGEP Yt P BO MR 7 D %.%?I%@ §RBAPNI ALORAe frodifier added is
nmes the total nolar. nunb lithiumcontajned i n added

ool yfunct i ﬁwadr% T w%wt&%lt.we%?tw%t NS R reove aoderrom

th t. of th f t Th
content of TR TSI HETHED tHe TURETT det= 87 Qun amBohboRE sl toathodi fied
conj ugat ed diene: hased p%ryn?ft%&a%sm i3.the.roditication ratie i8.4in the

case where a conposition using fled conj ugat ed pol ynmer

accordi ng tp ithe prigsenc enbodi 3} s made into a vuicanizate, preferably
78% by nass or nore, nore prefera Iy 86% by mass or nore, and still nore

preferably 0%y HRSSEOI1 SR8y fdbider (4 0. meke a good bal ance between the
| ow hysteresis loss and the wet skid resistance, and acquire an abrasion

resi stance and strength suff|C|ent for practical uses. The

nodi fi cation rati o of 78@6b$ mass or nore can be obtai ned as descri bed
above by controlllng the N43 concentrations of all cues and acetyl enes as

inpurities in theRopﬁﬁugat o dlene conpound as @&scri bed above, a treatnent
met hod thereof, and™ olwnerlzatlon tenperature. [0084] A

measur ement met hod of tﬁg ﬁtent of a polymer haying the functional group
conponent, that is, the nDdlflcation ratio, is preferably one by

chr omat ogr a mhlch can separate nodified cqngonents cont ai nin

functional | F&&Bstgﬁﬁ i Fi%F Conpfonéft & and m aré the samé as

in the formula (1) described above; and R’ represents a
hydrocarbon group having 1 to 20 carbon atoms, a
hydrocarbon group substituted with a hetercatom having no
active hydrogen and having 1 to 20 carbon atoms, or a
triorgano-substituted silyl group; and
hydrocarbyloxysilanes containing functional groups such
as another cyclic amine, a non-cyclic amine, an imine and
an isocyanate, and cyclic azasilanes.

Note that in the above, the active hydrogen refers
to a hydrogen atom bonded to O, N and the like, which
have a high electronegativity ("Kagaku Jiten (Chemical
Dictionary)", published by Tokyo Kagaku Dojin Co., Ltd.).

Further, in the above, the triorgano-substituted
silyl group refers to a group represented by the general

formula: -SiR%; (three R® represent organic groups which



"Rs the Measurenent. nethod by chromat ography, a nethod is suitable which
uses a. gei perneation chromatography. (GPO colum packed with a polar
subst ahce such as silica which can adsorb the functional group conponent,
and quantitatively determines the nodification ratio by using an internal
standard of a non-adsorptive conmponent. for conparison. 100351 The

wenol ecul ar. wei ght (GPO neasurenent: polystyrene equival ent nol ecul ar

wei ght) of the nodified conjugated dieng; hased pol ymer according to the
presant enbodi nent is preferably from 100,000 to 2,000, 000, nore _
preferably from 200,000 to 1,(.-2,00,000, and still nore preferably from
250, 000 to 500,000, in. consideration of the processability and physical
propertiesmay be 1deptifrl caselnwhefecAt cohpligated atterhasdd pol ymer is
pol ymerized in a ch ggocess in thgknﬁleculay wei ght distribution. in
GPO, a pl urHiSt % FPLHERr Vad " TREXY T eBKk°BR’ the owest mol ecul ar is
consi der ed ﬁﬂ¥ﬁg maj awhose polLynerization has been initiated and produced
by a notof uncti‘onal conponenta poi m xture. A largerictional conponent

pol, 2 gives exc | .ent i i : and
Db asi on. - cesi ? laegcl?.l,c %%?Aglaés B ﬁﬂ@§1fdﬁﬁ3k§%§f5£§%§lg9§§

as It worsens the processal e t he peak area on
having the cyclic amino group represented by the above

formula (1) are shown below.

Examples thereof may include 1-[3-
(triethoxysilyl)propyl]-4-methylpiperazine, 1-[3-
(diethoxyethylsilyl)propyl]l-4-methylpiperazine, 1-[3-
(trimethoxysilyl)propyl]-3-methylimidazolidine, 1-[3-
(diethoxyethylsilyl)propyl]-3-ethylimidazolidine, 1-[3-
(triethoxysilyl)propyl]-3-methylhexahydropyrimidine, 1-
[3- (dimethoxymethylsilyl)propyl]-3-~
methylhexahydropyrimidine, 3-[3-(tributoxysilyl)propyl]-
l-methyl-1,2,3,4-tetrahydropyrimidine, 3-[3-
(dimethoxymethylsilyl)propyl]-1l~ethyl-1,2,3,4-
tetrahydropyrimidine, 1-(2-ethoxyethyl)-3-[3-
(trimethoxysilyl)propyl]imidazolidine, (2-{3-[3-
(trimethoxysilyl)propyl]tetrahydropyrimidine-1-
yl}lethyl)dimethylamine, 1-[3-(triethoxysilyl)propyl]}-4-
(trimethylsilyl)piperazine, 1-[3-
(dimethoxymethylsilyl)propyl]-4-
(trimethylsilyl)piperazine, 1-[3-(tributoxysilyl)propyl]-
4-(trimethylsilyl)piperazine, 1-[3-
(diethoxyethylsilyl)propyl]-3-

(triethylsilyl)imidazolidine, 1-[3-



t he | owesc nol ecul ar wei ght side s prefron 20 to 50% By regulat.nc the

ml aa pol yvinyl aromatic conpound sudan organo ithium conpound when a

pol yfunc., onal anionic polynerization initiator is prepared, and the anount
of a nod.i fier added. in the above-nentioned ranges, the peak area on the
| owest nol ecul ar wei, side cande 20 to 50% as descri bed above. [0086] After

a con] ated diene-based polyner is subjected coca 'ication reaction.
with a nodifier described above, a. _eggtion felater may*lad in a pol yner
The reaction terninators usabl e are generally 11l cohols such as nethanol,
et hanol and propane].; organic acids such as stearic acid, lauric acid and
octanoi ¢ acid; and mater and the |i ter_ a_conjugated di ene-based
pol ymer i s (§ubjedéroed tid ) Hﬁﬁﬂ%%ké%lb%Flm%%ﬁXl%hly%é%%Fgaé%h%%%%%d in the
pol ymer may be denineralized as re ired. As a debAneralization

met hmd, a. Tethod ¢ LsEd i teh it sPrQQﬁl%x%nple water., an organic

"o’ cont a0k r%er{‘ei%%ﬁps&qyﬁé L 7898 SUph 39, v ogen per o de

separates §.ater f@gyiyl eEeETl] B
(trimethylsilyl)hexahydropyrimidine and 1-[4-
(triethoxysilyl)butyl]-4- (trimethylsilyl)piperazine.

Above all, preferably used are 1-[3-
(triethoxysilyl)propyl]-4-methylpiperazine, 1-[3-
(trimethoxysilyl)propyl]-3-methylimidazolidine, 1-{3-
(triethoxysilyl)propyl]-3-methylhexahydropyrimidine, 1-
[3-(triethoxysilyl)propyl]l-4-(trimethylsilyl)piperazine,
1-[3-(triethoxysilyl)propyl]-3-
(trimethylsilyl)imidazolidine and 1-[3-
(triethoxysilyl)propyl]-3-
(trimethylsilyl)hexahydropyrimidine, and more preferable
are 1-[3-(triethoxysilyl)propyl]-4-methylpiperazine and
1-[3-(triethoxysilyl)propyl]-4-(trimethylsilyl)piperazine.
[0073]

Specific examples of the hydrocarbyloxysilanes
having the cyclic amino group represented by the above
formula (2) are shown below.

Examples thereof may include 2-[3-
(trimethoxysilyl)propyl]l-1, 3-dimethylimidazolidine, 2-
(diethoxyethylsilyl)-1,3-diethylimidazolidine, 2-
(triethoxysilyl)-1,4-diethylpiperazine, 2-

(dimethoxymethylsilyl)-1,4-dimethylpiperazine, 5-



After a conjugated di ane-based polyner is subjected to a nodification.
reactien, an antioxidant nay be added to a pol yner solution. The
anti oxi dant includes phenolic stabilizers, phosphorus-based stabilizers and
sul fur-based. stabilizers. [0087] 7.- a method for
obtaining the nodified conjugated di ene-based pol yner according to the
present enbodi nent from a pol ynmer sol ution, conventionally. known nethods
can be appli ed, For exanple, a-eihod in which. after a solvent is
removed by steam stripping or the like, the polynmer is filtrated, and
further dewatered and dried to obtain. polynEnT, a nethod in which the

! | ution, | ] hi k. and develatilized b
7 Yot oxt FGeT P YEELT F ket 4 AT RGRY of SAFFUGE P VASOL Al 11 2 ng by & drum
dri theyJd t : ' [ Moditied
Con ugat ed 1S BACed pol ymlr | ommocrtranr i Blap, PRANER" 6 ugat ed
t hane- based[W!Z’Wm&&ﬁ'??a%ﬂﬁ&@tﬁ%?iﬁi—@tB?%E%eEES%%ElgWQdi ment

contains 20 parts by nass or nore of a nodi d conjugat ed di ensbased

pol ymer as hawve heeiydescriped-bithertaimbthyieaspest sto 100 parts by nass
of the whol e of rubber conponents, and 0,5 to 300 parts by nmass of a silica
-based. i norigainketHatyer1w fhiyespeest (koemd0Ropgetayby-mass of the rubber
conponent s containing the polyner, [00891; (Silica-based inorganic filler)
As a silicadasedioyganidifie) | er (eohyadnedthnxyhelpddi-fii édbéenddgat ed

di ene- based pol yner conposition according to the present enbodinent, a
sol i d part itctiengdgnitlad i ne tISy D2-loexShyAFopgr amidih) cdbnponent of the
structural unit can be used, Exanpl es thereof may include silica,

clay, talc dificd v dittiEreeebiisnearth 3wl rasPsHPERY L ADAY AOPEPPEAI e,

zeolite, and Jinorganic fjbrous, substanc such as glass_fibe-,
1,3—d1e5%y11m{ azoli ihe, 2—??—tr%ethoxgs?fyl—propyl)—

1l,4-diethylpiperazine, 2-(3-dimethoxymethylsilyl-propyl)-
1,4-dimethylpiperazine, 5-(3-triethoxysilyl-propyl)-1,3-
dipropylhexahydropyrimidine, 5-(3-diethoxyethylsilyl-
propyl)-1,3-diethylhexahydropyrimidine, {2-[3-(2-
dimethylaminoethyl) -2~ (3-ethyldimethoxysilyl-propyl) -
imidazolidin-1-yl]-ethyl}-dimethylamine, 5-(3-
trimethoxysilyl-propyl)-1,3-bis- (2-methoxyethyl) -
hexahydropyrimidine, 5-(3-ethyldimethoxysilyl-propyl) -
1,3-bis-(2-trimethylsilylethyl)-hexahydropyrimidine, 2-
[3-(trimethoxysilyl)propyl]l-1, 3~
bis(trimethylsilyl)imidazolidine, 2-(diethoxyethylsilyl)-
1,3-bis(triethylsilyl)imidazolidine, 2-(triethoxysilyl)-
1,4-bis(trimethylsilyl)pilperazine, 2-
(dimethoxymethylsilyl)-1,4-bis(trimethylsilyl)piperazine
and 5- (triethoxysilyl)-1,3-

bis(tripropylsilyl)hexahydropyrimidine.



A silica-based inorganic filler whose surface has been hydrophobici aed, and
a mxture of a silica-based inorganic fillnr and an inorganic filler other

than silica types can al so be used. Above all, silica and gl ass fiber
are preferable, and silica is nore preferable. The silica usable is
fumed silica, precipitated silica, synthetic silicate silica and the |ike,
but above all, precipitated silica is preferable, which nost outstandingly
has a sinultaneously exhibited effect afg the inprovenent in fracture
characteristics and the wet skid. resistance. [0090] in the nodified

conj ugat ed. di ene-based pol yner conposition according to the present
enbodi nent, fromthe viewpoi nt_ of acquiri 28 % abrasi on resi stance and
strength good f&POFFaétitcaPrides 2 Alre ai% roden adsor ption specific surface

area of a sjili.ca-hased .ii.norganic fijl S asured.b ET. adsor ption
method, 1s WrartaIne S B oo T e e e B AR P 200 10
300 n?, 10. .5 _ : j . V tt )l end anpbunt of a silica-based

i norganic f[ﬁ I(grrlﬁf]etgl%}g(ﬁthiﬁgld)agggorﬁ%lg]ag'd?di ehebased pol ynmer conposition is

from 0.5 t0130Q \pards, Py Mss) M idsespecte to 100 parts by mass of the
rubber conponents containing 20 parts by mass or nore of a nodified

conj ugat ed [@iceng- hased pol yner, but the anount is preferably from 5 to
200 parts by mass, and nore preferably from20 to 100 parts by nass.

I f the bl end amaydtocaf-bgloxiisiicankased sicaorgan euddifierr izsd esshdhan 0.5
part by mass, the effect of addition of the filler is not devel oped; by

contrast, Chiamatccexceeds 30 pardrstdy byasshe tdimodk spersubadi ty) ofnd he
silica-based inorganic filler is deteriorated, the processabilitv of the
conposi ti on2i)s wordenednandindiel arechari@als stu@ngth decyebsessniibéch are
not preferable. rnnnil 1.W472.1] (Carbon bl ack) Car bon bl ack may be
added t o t e NRBdiRicdd corjidgat 0! dildie alhsed potgrEraednpysition as a

reinforcing filler other than. the silica-based inorganic filler.
cyclic azasilanes will be described.

[0075]

Specific examples of the hydrocarbyloxysilanes
having a cyclic amino group are shown below.

Examples thereof may include [3-(1-
hexamethyleneimino)propylltriethoxysilane, [3-(1-
hexamethyleneimino)propyl]trimethoxysilane, [2-(1-
hexamethyleneimino)ethyl]triethoxysilane, [2-(1-
hexamethyleneimino)ethyl]trimethoxysilane, [3-(1-
pyrrolidinyl)propyl]triethoxysilane, [3-(1-
pyrrolidinyl)propyl]trimethoxysilane, [3-(1-
heptamethyleneimino)propyl]triethoxysilane, [3-(1-
dodecamethyleneimino)propyl]triethoxysilane, [3-(1-
hexamethyleneimino)propyl]ldiethoxymethylsilane and [3-(1-
hexamethyleneimino)propylldiethoxyethylsilane.

[0076]



Car bon bl ack of any class of SRI', FEF, HAF, 'SAE, SAS and the |ike can be
used. A carbon black is preferable which has a nitrogen adsorption specific
surface area of 50 n2/qg or nore, and a. D.1-3P oil absorption of 80 m /100
g. The bl end anmount of a carbon black is preferably. fromO0.5 to 100
parts by mass, nore preferably from3 to 100 parts by mass, and still nore
preferably. from 5 to 50 parts by mass, with respect to 100 parts by nass
of the robber conponents containing 20,parts by mass or nore of the
nodi fi ed conjugate4 dien.e pol yner. 4c? In. erder to devel op
performances, reghired for applications such as tires, such as the dry grip
performance and el ectroconductivity, the anmount added is preferabay 0,5
part by mass orSpecéfibuexigrpest efaliihg ToUineara Wy Xisis a6Yed ess from t he
vi ewpoi nt of the dispersibility, [0092] (Metal oxide and netal hydroxide.)
To the nodiRVédIcEnPeFated 1di e rmél s ¢tF PB? yivet SOt Ih according to the
present anbodi ne tal _oxi des and .ne roxi des may he added ot her

nt, al . hy
than the siIicaEBé§832ﬁn5P§£ﬁP e dRCand He' car bon bl ack. The net al
oxi de refers,.to oli.d particl.e  havi i cal . formula M M
repr esent s @ngedvISde Tndr LS e EEERET R i

and y are each an integer of 1 to 6) as a

mai n conpoB%H%egkgﬁg%fﬂqxégéﬁiﬁ]eyyﬁetﬁﬁﬁkégﬁfﬂsgﬁ%ges usabl e are for

exanpl e al um na, tani u nagnesi zinc oxide. A mxture

of a nEta|($ﬁ%Q%ng%fﬂai éyyyg%Jéﬂﬂ5§y§gjgﬂe;hp@_netal oxi des may be

used. e net al hy&roxi e refers to al um num hydr oxi de, nagnesi um

hydr oxi de, (@i@%gylgmi@w?pgm]Mﬂg@dgmlir@93ﬂz{ Si | ane couplino agent)
The nodi fied conjugated di ene-besed pol ynmer conposition accordif- to the
present enhedine®nt; 1p@y reoritaiyl JaSidtahe:eoapimg, agent. - 50 e
(dimethylamino) ethyl]jtrimethoxysilane, [3-
(dimethylamino)propylldiethoxymethylsilane, [3-
dibutylaminopropyl]triethoxysilane, N,N-
bis(trimethylsilyl)aminopropylmethyldimethoxysilane, N,N-
bis(trimethylsilyl)aminopropyltrimethoxysilane, N,N-
'bis(trimethylsilyl)aminopropyltriethoxysilane, N,N-
bis(trimethylsilyl)aminopropylmethyldiethoxysilane, N,N-
bis(trimethylsilyl)aminoethyltrimethoxysilane, N,N-
bis(trimethylsilyl)aminoethyltriéthoxysilane, N, N-
bis(trimethylsilyl)aminocethylmethyldimethoxysilane and
N,N-bis (trimethylsilyl)aminoethylmethyldiethoxysilane.
[0077]
Specific examples of the hydrocarbyloxysilanes
having an imino group are shown below.
Examples thereof may include N- (1, 3-
dimethylbutylidene)-3- (triethoxysilyl)-l-propanamine, N-
(l1-methylethylidene)-3-(triethoxysilyl)-1l-propanamine, N-

ethylidene-3-(triethoxysilyl)-1l-propanamine, N-(1-



The silane coupling agent has a function of enhancing the interaction

bet ween the rubber conponents and the silica-based inorganic filler, anb
has groups exhibiting affinity for or bondabdlity with each of the rubber
conponents and the silica-based inorganic. fillet- Exanpl es of, the
sliane coupling agent may include

bdse[ 3-dtri et hoxysilyl)-prbpyll-tetrasuifide, his-- [3-U
(triethcxysilyl)-propylliedisuifide an? bisel 2-
(triethoxysilyl)-ethylietetrasuifide. 80'34] The hi end anmount of a sil ane
coupling agent is preferably fromO0,1 to 30 parts by mass, nbre preferably
from 0.5 to 20 parts by mass, and still nore preferably from1l to 15 parts

by mass, wﬂ@ﬁhﬂé§5@@ﬂlﬂ§eﬂﬁj1%%QQ?%%Fqﬁﬁﬁﬁl%ﬁfif%ﬁ???ﬁ??ﬁﬂ%ﬁﬁirﬁﬁganic
e R M e S S g0 s,
obt ai ned.  SRGEAR-Babit Y HEEAC B Rad s S5 Pt e by Tess £ ot needed.
g????é-basggopﬁgggg%%éo%{ﬂiiGg€%¥g%%4§€¥kf§%§%¥iéﬁh%%frgrg?lgzgré 2i|ane
coupl I Ng_agehl,cirS 1AGliAAN, Ccul A Y dilid@fbxys 11y1) EXIpl psy Lhier eof may

i nclude a ne kneadi ng nethod using a usual” m Xer such as an open roll, a

Banbury m yehyd@okneadenl s $i-Ng-arsatew:exdirudesso@ 1w a-screw extruder or
a nmulti-screw extruder, and a nethod in which each conponent is dissolved

and m xed, dangdi-bemeatktzer,e,a Nsol3raniopre dreated g senoved, 5- Above all,
t he neat kneading nmethod using a roll, a. Banbury m xer, a. kneader or an.
extruder i slipyefredabide zZorlematrie N @mpe ity lofi & tHeoxproductp nan yl and, & good
kneadabi lity.

dihydroimidazole.

[0078]

Specific examples of the hydrocarbyloxysilanes
having an isocyanate group are shown below.

Examples thereof may include 3-
isocyanatopropyltrimethoxysilane, 3-
isocyanatopropyltriethoxysilane, 3-
isocyanatopropylmethyldiethoxysilane, 3-
isocyanatopropyltriisopropoxysilane and tris(3-
trimethoxysilylpropyl) isocyanurate.

[0079]

Specific examples of the cyclic azasilane compounds
are shown below.

Examples thereof may include N-n-butyl-aza-2,2-
dimethoxysilacyclopentane, N-ethyl-aza-2,2-diethoxy-4-
methylsilacyclopentane, N-allyl-aza-2,2-
dimethoxysilacyclopentane and l-trimethylsilyl-2,2-

dimethoxy-l-aza-2-silacyclopentane.



Eithet of a nmethod in which a nodified conjugated di ene-based pol yner and
various bl endi ng agents are kneaded at one tine, and a nethod in which
these are mxed in a plurality of tinmes can be applied- [00961

(Vul cani zi ng. agent) The nodi fied conjugated di ene-based pol yner
conposition according to the present enbodi nent may be nmade into a

vul cabi zed conposition. which has been subjected to a vul cani zati on
treatment with a ,viricanizind agent. ,, _ Exanples of vul canizing agents
usabl e are radi cal generating agents such as organi c peroxi des and azo
cpnpounds, oxi np conpounds, natrpso conpounds, polyam ne conpounds, sul fur
and sul fur conpounds. " The sul fur conpounds may i nclude sul fur
mbnbchl ori d&088dl fur dichiotide, disulfide compounds and pol yneric

pol ysul fi de conpounds

. The use anount of _a vul cani zi ng agent is
general |y from 01949t 5RO0TRELELShy HASST IRAG prRefsra %f19%ﬁ$ %0 15
parts by mass, with respe to.,100 parts b ss of _the rubper onents
cont ai ni ng rteﬁ’éeﬁﬁalitﬁfjewcéheugaﬁoevoe (ﬁ% A 5ol @Ero.r formujl% . .Pé.a)s gaggp

Vul cani 7o POR LaRbara: TG CA% ‘pa v I 3P o Eoee P dng |

e set, for exa e, at 120 to 200C, and

sul tabl y at,140,0180Cn L0097 W eanizaton, acoel erator and
|

vul cani zati on ai n vul cani zation, a vul cani zation accel erator my

be used as requirhgde modirAsra. muyl e@niuzabi @A nAAGelEr aldicureemveant i onal
wel | -known materials can be used, and exanpl es thereof may include

sul f enam des, tguabirdindes,. t hi urans, al dehyde-am nes, ai dehyde-amoni as,
t hi azol es, thioureas and dithiocarbamates. As a vul cani zation aid, zinc
oxi de, stednioglacid and. the |li ke can be used. The use anmobunt of a
vul cani zation accelerator is generally fromO0.01 to 20 parts by mass, and
pref erabl y (ModmflcitionlFeparti®rhy mass, with respect to 100 parts
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 0°C or higher and 120°C or lower and for
30 sec or longer.
[0082]
The modifier is preferably added so that the total
molar number of an alkoxy group bonded to a silyl group
in the modifier added is in a range of from 1 to 5 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,



by MaSS of the rubber conmponents containing the nodified conjugated di ene
pol ynmer. [0098] (Rubber softenerl To the, nodified conjugated diene
-based pol ymer conposition according to the present enbodi nent, a rubber
softener may be bl ended. in. order to inprove the ,processability. As
at rubber softener, mneral oil, or a liquid or |ow nolecular weight
synthetic softener is suitable. A mneral oil-based rubber softener
called process oil on extender oil used,to inprove the softening, volune

i ncrease and prncessabi Lty of rubbers iSs a mxture of aromatic rings,

napht hene rings and paraffin chains; the mneral oil-based. rubber softener
in which the carbon nunber of the paraffin chain accounts for 50% or nore
of the tota@ntatbon ingonteam@@f%rmfmmrﬁwmgeoﬁé fAOWhiicA tReZcar bon
nunber of the naphthenmring accounts for. 8.0 to 45%is called a napnthene
type, and dé€'SSh which the aromatic carbon. nunmber exceedo 30%is called an
aromatic type. ubber softﬁﬂer used i.n theégre ent enbodi nent, the

S a.
napht hene type HS%OF & parar Yy F& G- pret e dbt eI THE " HABint . of a.
rubber soft e%ﬁrfibl ettnlgo dd.last]pcg girgcrl e}rtl%]ylr(c_‘rj gclg,]% Sé?l %Qgepg‘ﬂch yggg‘ﬁés ror e

preferablyr¥?on1 par y nass, nore prefe 54 a.

from 30 to,Q0 parts by Iﬂﬁfﬁfi%t@oﬂﬁ#’%édt@i&qg—ﬂééégi Ry mRgg.pf tne

rubber conponents contal ni ng e nodified conjugated ens polyner. If the
bl end amount, 0f, anibher: soft ener gxeeeds: 100-partsabyyMBE&SeW tH respect

to 100 parts by mass of the rubber conponents, bleed out is liable to

oc.dn' .-, andtt here @dsesndl 41 skatihat 4 ackh N€SBoxy group bonded to
a silyl 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 cost, more
preferably 5 or less times.
[0083]

The content of a polymer having the functional group

components in a modified conjugated diene-based polymer,
that is, the modification ratio is, in the case where a
composition using the modified conjugated diene-based
polymer according to the present embodiment is made into
a vulcanizate, 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



is caused on the conposition surface, which is not preferable. [00991
(Rubber conponents other than the nodified conjugated. diene-based pol yner)
For the nodified conjugated di ene -based pol ymer conposition according to
the present enbodi nent, a. rubbery polyner other than a. nodified

conj ugat ed di ene - based pol yner descri bed above can. be used as one of the
rubber conponents in conbination with the nodified conjugated diene-based
pol ymer. Exanpl es of such a rubbepy. _polynmer. may include a conjugated
di ene -based. polymer or a hydrogenated substance thereof, a. :random

copol ynmer of a conjugated diene -based conpound and a vinyl aromatic
conpound, or a. hydrogenated substance thereof, a block copolyner of a

conj ugat ed CORERE tIBESET St Shpaun@ &t 3 di 3yR Fat SRvhpoundP oF L &l 5 dtdgenat ed

substance thereof, a non -_I11lene-based pol r, and atural rubber,

1. of001 1 Crrd g flﬁaleyﬁ@fﬂpeﬁ@ f%f%?ﬁcw%ﬁ?a e ot ad ene
rubber or rogena S anc e i soprene rubber or a

hydr ogenat 35%3315% ngléeecgjr?eorgco ,resefyr ear?ec{g% %(ﬁ%ﬁgm?ﬁb?baetrlool} a hydrogenat ed.

subst ance %gﬁkggftu§f§tyrebe-butadiene bl ock copol yner or a. hydrogenated
subst ance the eoF., a ‘styrenic elastoner such as a styrene-isoprene bl ock
copol yner qbog4ﬁydrogenated subst ance thereof, and acrylonitril e-butadi ene
rubber or a hydrogenated substance thereof. :0101: Tho

nbn- di ene- basedn pakyRBrchayti Aekuda elreftihri ¢oeltastomer s $aRmas:

et hyl ene- propyl ene rubber, ethyl enepropyl ene-di ene rubber,

et hyl ehe- butenagdicere AunahEon At Rcene-diehreentbberst etdyylene- bexena
rubber and et hyl ene-octene rubber; butyl rubber, brom nated butyl rubber,
acrylic rubbeifitbudoor ulsber, sid iccwierabbergnd Cht orh mataetb poigtet hyl ene
rubber, epichlorohydrin rubber, u4-unsaturated nitrile-acrylic

est er - conj wuharadcdneneraceps yrehifZed qambberentyy etdidivel riybber and

pol ybul fida rubber. [0102] The various rubbery pol yners descri bed
above nmay BER&TABHR 6F FRSHEN AWHRER Helsl PP RGErted with a functional .
gTOUP, e, TTORE ([UPRELY DOLYIET § TRY DB M 20d SLAE Y85, " scombi natfon of

two or nore.

method is suitable which uses a gel permeation
chromatography (GPC) column packed with a polar substance
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.

[0085]

The weight-average molecular weight (GPC
measurement: polystyrene equivalent molecular weight) of
the modified conjugated diene-based polymer according to
the present embodiment is preferably from 100,000 to
2,000,000, more preferably from 200,000 to 1,000,000, and
still more preferably from 250,000 to 500,000, in
consideration of the processability and physical

properties.



[0103] In the case where a rubbery pol ymer described above incorporated to
the , conlugai d diene-basPd pol yner according to the nres eni enbodi nentis
used as one of the rubber conponents, the ratio of the nodified onjugateci
d.iene polynmer ' the rubbery pol yaer described above is preferably 2080 to
100 / 0, nore erably 30aa to 90 / 10, and still nore preferably 80 / 20,

[ 0104] For the nodified conjugated dl en.ehased poayner conr:os.L:.aon
accordrtc to the present enbodinent,_v%ﬁiqus types of additives, such as
softeners and fillers tL-ter than those ‘descri bed above, and further
thermal stabilizers, antistatic agents, weather zesistive stabilizers, age
resisters, colorants and lubricants, may be used within the ranges not
damagi ng’ t he objléctthef Qafe piesenta ignemdadied Thieetsthased peei fieal |y may
i ncl ude cal ci um car bonat e, . magnesi um car bonate, al um num sul fate and

bari um sul¥atRe1ymerizsdingt &8 RACE SoFeenet  t o bel Bl BAYeE 43T required in

order to r%geuilg%[te ciihsetrhﬁglgipiec?r? Pr?dGlié,UigiIg]Yuggl£€§ggtf peaks is
observed. The peak on the lowest molecular weight side
is considered to be mainly a component whose
polymerization has been initiated and produced by a
monofunctional component in a polyfunctional initiator
mixture. A larger amount of a polyfunctional component
gives excellent physical properties such as the low
hysteresis loss and abrasion resistance, whereas it
worsens the processability, therefore the peak area on
the lowest molecular weight side is preferably from 20 to
50%.

By regulating the molar ratio of a polyvinyl
aromatic compound and an organolithium compound wheﬁ a
polyfunctional anionic polymerization initiator is
prepared, and the amount of a modifier added in the
above-mentioned ranges, the peak area on the lowest
molecular weight side can be made 20 to 50% as described
above.

[0086]

After a conjugated diene-based polymer is subjected
to a modification reaction with a modifier described
above, a reaction terminator may be added in a polymer

solution as required.



ducts may include fluid paraffin, castor o_| and linseed oil. As the
thermal stabilizer, antistatic agent, weather resistive stabilizer, age
resister, colorant and |ubricant, known naterials can be applied, 10105]
[Tire] The nodi fi ed conjugated di ene-based pol ymer conposition
,according to the present enbodi nrent can be made into tires by

vul cani zati on nol ding the conposition according to the ordinary nmethod_ The
conposi tion can be used as various typg ? of tire nmenbers, but preferably
used particularly as tire tread materi al's. Exanpl es [0106]

Hereinafter, nodified conjugated di ne-based pol yners and conpositions using
these, wll be described by way of specific Exanples and Conparative

Exanpl es, but tﬁéepF@§6ﬁﬂOPn@éﬁFPBﬁtP§sn@§qg%ﬁtﬁﬁf QQ%ﬁﬁﬂkiy[0107]

[ Anal ysi s ys of Sa es A to,

Gesor | bed FACE %HJWW ¢ FRETBH brATiy TRAOMAL - (159 Hotd

styrene anmount qp e .was made |nto a chl rm solut|on and t he
: Gl

bound styr 8ﬁéd§n8&r?€1 (as)) e&?lﬁasasc)l sl"’H‘%’e]'ﬁajscfjraecdl %tbasrb?Jp?l on at UV.
254 nit using 3. RREM 9 ARy o Sthyngne.

After a conjugated diene-based polymer is subjected
to a modification reaction, metals contained in the
polymer may be demineralized as required.

As a demineralization method, 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 diene-based polymer is subjected
to a modification reaction, an antioxidant may be added
to a polymer solution. The antioxidant includes phenolic
stabilizers, phosphorus-based stabilizers and sulfur-
based stabilizers.

[0087]

As 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 the

polymer, a method in which the polymer solution is



measuri ng devi ce used was UV-2450, made by Shimadzu Corp, [01081 (2)
M crostructure of hutadi ene noieties2--vinyl |inkage anount.) A
sanple was made into a carbon disulfide solution; an infrared spectrum was
measured in a range of from®600 to 1,000 cm | by using a solution cell to
determne a. mcrostructure of butadiene nole ties according to the

cal cul ation fornula of Hanpton nethod from absorbances at predeterm ned
wavenunhers A neasurenment device used was-FT-1P230, nade by JASCO Corp,
[0109] (3) Mooney viscosity A sanpl e was preheated at |cArC for 1

m ng and the viscosity after 4 mn was neasured according to JI'S K 6300,

[01101 (4) Mol ecul ar wei ght and. .nol ecular weidht djstrjbutian A
chr omat ogr SMAWES %Sréal B’y%yéklfé}%g:aé“%’era}ré %?V&?%%ijc%?%%% Rach
packed with lystyrenic gel; l.ecul ar i S \ wer e det erm ned
froma cal i"ﬁ?‘ ?ééir#élﬁire\}:eO%sitﬁcengtlxeda%d %%% yc?éerl\légisr;é%tfhf the ratio of a

| owest ol aeylar aiioht, peak Algant Qe Lot alppeakar g, pascal cul at ed to

obtain a | owest nole ight peak area ratio.  An eluate used was
tetrahydr of,arapdsTHERL be applhfi®i.col ums used were as foll ows: guard.

col utm TOSON. TSKquardcolum [-{HR-H, and colums: TOSOH TSKgel GS5000HHR,
TS: Kgel G 5000BHR, T2Fi gel 04000H1-i P -
[Modified conjugated diene-based polymer composition]

The modified conjugated diene-based polymer
composition according to the present embodiment contains
20 parts by mass or more of a modified conjugated diene-
based 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 inorganic filler with respect to 100 parts by mass
of the rubber components containing the polymer.

[0089]
(Silica-based inorganic filler)

As a silica-based inorganic filler contained in the
modified conjugated diene-based polymer composition
according to the present embodiment, a solid particle
containing Si0O; or SisAl as a main component of the
structural unit can be used.

Examples thereof may include silica, clay, talc,
mica, diatomaceous earth, wollastonite, montmorillonite,

zeolite, and inorganic fibrous substances such as glass

fiber.



The nol ecul ar wei ght was nmeasured under the connitions of an. oven
tenperature of 4TC and a THE flow rate of 1,0 mdmn and using an Rl

detect or (HD: 28020, made by Tosoh Corp.), 10 ng of a. sanple was
di ssolved. in 20 m of THE, and 200 0.1, thereof was injected for the
nmeasurenment, [0111] (5) Modification ratio By applying the

characteristic in which a nodified cpnponent is adsorbed in C2C. col um
packed with a silica - based gel, and Ry using a sanple solution containing
a sanpls and a standard. polystyrene (polystyrene is not adsorbed in the
col um) having a nol ecul ar weight of 5, 000, both chromatograns of GPO of
t he above-nentioned polystyranic gel colum and GPO (nmade by Tosch Corp.
0058020 seri es, Rbaitldcapbeype GPOrgypstiemt iA2-.8028:0D-BHLACCHPFS 00 8020,
Rl -8021) of silica-based colums (guard col um: 2,5 mm 5
20005,

Dia;. 4.6 x 1
micron.: cOFERSYZGEEr 193N PINHEOIES PSM - S5 CdvenSLenper at ur e
of 40PC, THE fl ow.rat f 0,5 m/mn) were neasured usin n_ Rl detector,
and the adgor5&d o lq1e5 taﬁiéins"’mi P Ic6t U Pﬁ\glgeﬂe%‘gkﬂ?lgda??%m t he
di fference t.hereb n term dification ratio thereof,.
10 ng of tﬁtérlgé:%plec \,?,ZSS é@?lsg’o s\?)e?e”% "mi, of Ti-1F together with 5 ng of
the standard pohygiyrens, and;200-R0 of-he Sl ian, piasdaieed for the

measur enent _ e specific procedure involves the total of peak areas

of the chrgpat egriamusingdhe felsstyende col um was defined as 100, a
sanpl e peak area was denoted as Pl, and a peak area of the standard

pol ystyrene wasTHengt edcaassaBlecand trheclotsall iefa,peake dngastefd t he
chromat ogram using the silica-based colum was defined as 100, a sanple
peak area wag idenotsgththas ilRP3,sidnd e eakl areaarof tlhe Silandard: pabyseyrene
was denoted as FA; than, the nodification ratio (%9 was cal cul ated by the
cal cul ati onlflor mrleaipfitfated (P2 ixaP3)y (Rl fe)]e x Wigpch 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 m?/g, and more preferably from 200 to 300 m?/g.

As described above, the blend amount of a silica-
based inorganic filler in a modified conjugated diene-
based 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-based polymer, but the amount



[01121 (6) dass transition tenperature (TQg) A P20 curve was recorded
whil e the tenperature was being raised from -100C at 10QC/ m n under a.
nitrogen atnosphere, and a mddl e point tenperature of the glass transition
was defined as a glass transition tenperature [0113] [ Pol yfuncti oaal

ani oni c polynerization initiator] (Preparation of polyfunctional anionic
pol yneri zation initiators a to c, and e and f) Alter anof 10 L in.

i nternal volume equipped with a stir[jm% apparatus and a. jacket were

cl eaned and dried, and the atnosphere anside was renl aced by nitrogen, |

3- but adi ene, cycl ohexane, tetrahydrofuran and divinyl benct.ne, which had
been subjected to a drying treatnent, were added thereto, n-butyllithium
was then addedreimrathey Wweee ? ehet ¢d0f bR EShournass75enduR@ér t he
conditions shown in Table |I shown bel ow to prepare pol yfunctional anionic
pol yner i zati'Gf 9mthsatorae 20 tOF%?OtR%rEFegér%?FBn of the poiyfunctiona

ani oni c polynerization initjators, a divinylbenzene m xture (nmade by N ppon
St eel Cheni cal ég.ﬂW9HPBGQANﬁ%9qﬂ§uf df %ﬁﬁ%ﬁﬁﬁﬁﬁlﬁniﬁﬁ?éfﬁylbenzene,

et hyl vi nyl ene .and the like, and having a_divipylLn ncentration
of 57% by ‘Vﬁé“ﬁg%H§S thansghgép?ﬁg %ngﬁngeﬁggng@ﬁggg &gs t he

comer ¢\ al LAy abt &l Vi) benzeng, I SLULedeger bhedophoue. the

di vi nyl benzene anou shown 1n was expressed as a divinyiberizene

g]et \(Aﬁ) gt; Gonvented by J&myings the 8L entnofaispurkibes: t[,044tnkTabl e
silica-based inorganic filler is deteriorated, the
processability of the composition is worsened, énd the
mechanical strength decreases, which are not preferable.
[0091]

{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 SRF, FEF, HAF, ISAF,
SAF and the like can be used. A carbon black is
preferable which has a nitrogen adsorption specific
surface area of 50 m?/g or more, and a DBP oil absorption
of 80 ml/100 g.

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

rubber components containing 20 parts by mass or more of

the modified conjugated diene polymer.



DVB/ NBL( ol ar ratio) Butadiene(g) Cyclohemane(0) TI-IF(PPm
rr. , QU 1,10 1000
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In order to develop performances, required for

applications such as tires, such as the dry grip

LI-LU 0.40

performance and electroconductivity, the amount added is

preferably 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 embodiment, metal

oxides and metal hydroxides may be added other than the

silica~based inorganic filler and the carbon black.

The metal oxide refers to a solid particle having a

chemical formula MxOy (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 coupling agent)

The modified conjugated diene-based polymer

composition according to the present embodiment may

contain a silane coupling agent.
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The silane coupling agent has a function of
enhancing the interaction between the rubber components
and the silica-based inorganic filler, and has groups
exhibiting affinity for or bondability with each of the
rubber components and the silica-based inorganic filler.

Examples of the silane coupling agent may include
bis-[3-(triethoxysilyl)-propyl]l-tetrasulfide, bis-[3-
(triethoxysilyl)-propyl]-disulfide and bis-[2-
(triethoxysilyl)-ethyl]-tetrasulfide.

[0094]

The blend amount of a silane coupling agent is
preferably from 0.1 to 30 parts by mass, more 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 is
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
exceeding 30 parts by mass is not needed.

[0095]

A method of mixing a modified conjugated diene
polymer, a silica-based inorganic filler, carbon black
and other fillers, and a silane coupling agent is not

particularly limited.



(Preparation of a. polyfunctional anionic polynerization initiator dT

After a. cooling tube and a. dropping funnel were set on a three-way flask
equi pped with a nagnet stirring bar, and the atnosphere inside was repl aced
by nitrogen, sliohtly pressurized nitrogen was circulated inside; and with
the sealed state in the system 99.0 nL (100 Inmp)) of a

cycl ohexaue/ n- hexane m xed solution of secbutyllithiumof 1.01'" nol/L, 13,9
nr, (100 rural) of triethylam np and-1081nt of cycl ohemane were introduced
to the three-way flask, and stirtpd and m xed at 2-0C. Further, 7.91 q
(5(1 mm,L) of mdiisopropenyi benzene purified by reduced-pressure

distillation ""aﬁxgﬁxgﬁggf thg%ggéf?én%&()rigﬁmgtd%r ’ T?z{e%.tt“rﬁueo%’aefnr?gldboc‘f{o% and

continupusly stirret S repare a po!vfnnc 10 ani oni c _
pol yneri zatiQn 4 ai tiRtor (4.« FO1L6) [ yhengsdhut.adi ne copolyner s, pLoducti on
of . Sanples Ato F1 Hxanple 1 (Sanmple A)] - 63 - An autocl ave of 10

liters in iante@rnale rvolung regei-pRed W d:h @&l f reroand- actagket - ang capabl e
of being controlled in tenperature was used as a reactor; 777 g of

but adi ene, 0273 guaft istsyrene,ex 809 ond ycInohazanein aneh &, 85 ¢h of

2, 2- bi s(2-oxol anyl ) propane as a. polar substance, which all had been

cl eared of compumnietited si nliadlZarce ,amweme xchigr gedl ithdiheafeact ox; and t he
tenpbrature inside the reactor was held at 42C. The pol vf uhct ddnal

pol yner i zatsicdweni tlisabertad preparcewvasl.descri bed above was fed to the
reactor so that the ampunt fed became 10,5 mmol in terns of the anmount of
lithium added. . Above afier thRemstsr kngpdihe PEILYWEr UEdTi% R réddti én, due to
hbat generation caused by the polynerization, the tenperature inside the

reactor staPPeYrYolire&, andERE vdl Fefidriatdfie Fhi gt S Y®act or
reached 75 After the 'conpletion of the .polynerization reaction, 5.25
ol ot 1- F39Ft FhBt HOEYBPYY Sropmia PRy Ak I added. o +he
gfactor tbkﬁ%%ﬁ%b?ﬂ&t&he nodi fication reaction at a tenperature condition

Either 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.

[0096]
(Vulcanizing agent)

The modified conjugated diene-based polymer
composition according to the present embodiment may be
made into a vulcanized composition which has been
subjected to a vulcanization treatment with a vulcanizing
agent.

Examples of vulcanizing agents usable are radical
generating agents such as organic peroxides and azo
compounds, oxime compounds, nitroso compounds, polyamine

compounds, sulfur and sulfur compounds.



74C and for 5 After 2.1 g of an antioxidant (2"6-Th-t-thbTyl-pcrusol:
BHT) was added to the polyner solution, the solvent was renoved by steam
stripping, and the resultant was subjected to a drying treatnent by a drier
to obtain a styTene-Qutadi ene copol yner having a nodified conponent

(Sanple A, As a result of analysis of Sanple A the bonded styrene
anount was 26% by mass; and the bonded but adi ene anobunt was 74% by nass.
The Mboney viscosity of Sanple A was 552 - The 1, 2-1i nkage anount of

the m crostructure of butadi ene noas determ ned by the cal cul ation
accordini. to Hanpton nethod fromthe neasurenent result using an infrared

spect rophot one The m)d|f tio ratio ed from
&C using the ﬁ% Csmqbfé%redgoﬂ%olf‘lb? al%ojru(t;mug gg 5 monofh ok

e ana ySI S

results. ﬁa\glpl ho I [ Exanpl e
2 (Sanple 8‘31’( an &a %@fgd%Saa\n%fufEl?? %;ﬁpﬁ gg oPa EWlKk?}%unctl onal

ani oni c polp/cﬂﬁyé@pﬂ(p@ é(g}hlgéﬁtl@gs descri bed above,' the anpunts thereof
added, and 't anount s of bi s(2- oxol anyi ) propane and

1-[3- (trl et hOqu‘HeY'u)s@%ﬁbbhlrﬂoﬂT% hytl 103 per azi fes aeldedi wegenadh usyed as

shown. in Table 2 shown bal ow, and the pr oductl on conditions used the sane
ones as in f£:%ampl A td @ ®hbatts (ISanphes 13anandré&SappbeyCrrom 0.1 The

anal ysis results of styrene-|autadi ene copol yners having a nodified
conponent , (Sampttes By maswl, (WBanipl ee GecareoshotnpentFablem2sshown bel ow,
the rubber components containing the modified conjugated
diene polymer.
As a vulcanization method, conventionally known
methods can be applied, and the vulcanization temperature

can be set, for example, at 120 to 200°C, and suitably at
140 to 180°C.

[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, aldehyde-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



10118] [}Lranple 4 ; Sanpl e Ddi An autoclave of Qutters in internal

vol unme equi pped with a stirrer and a jacket and capabl e of being controlled
in tenperature 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-oxolanyl)prdpane as a pol ar
substance, which all had been cleared of inpurities in advance, were
charged in the reactor; and the tenperature inside the reactor was held at
42C. The poi yfuhctional anionie palynerization in d described above
of 6,3 mdi in terns of the anpbunt of |ithium added, and 4.8 muol of norma
butyilithiumwere m xed, and the nixture was then fed to the reacter.

At . th|st|rre t he t|o of .t.he poI vin aro conpeund andl|th|um
added to thé’ pglssné)rfzae ornubsbyes v%on tZ%ACO alnll}?tgh Odl¥ of the

pol ymeri zatd 4 gﬁ Jeaety Qﬂerﬂé‘ &?ﬂ@t generation caused by the

pol ymeri zat e tenperature inside the reactor st arted. to rise, and
t he final QQ@@@qature inside the reactor reached. 74C After the
conpl etion of the polynerization reaction, 6.93 mMmuoi of

1-[ 3- (trdet(raxysid Woirepy)i - 4- net hyl pi perazi ne was added to the reactor
to carry out the nodification reaction. at a tenperature condition of 7fl.
and for. 5 mn.To the Abteri2dl cgndfugan eantiexicdanisdd ;PpEER)emas added to
t he pol yner solution, the solvent was renoved by steam stripping, and the
resul tant waspsghjtecthed dapralidryitng theeatmmranthyerbatieesnt o obta@hiea
styrene- but adi ene copol vner having a nodi fied conponent (Sanple 0),

The anal ysis9fiteggirt s1aof HESamysraldD) lay @ rshowid nimMzib? e 3tshown bel ow,

processability.

As a rubber softener, mineral o0il, or a liquid or
low-molecular weight synthetic softener is suitable.

A mineral oil-based rubber softener called process
0il or extender oil used to improve the softening, volume
increase and processability 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 naphthene ring accounts for 30
to 45% is called a naphthene type, and one in which the
aromatic carbon number exceeds 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 O to 100 parts by mass, more preferably

from 10 to 90 parts by mass, and still more preferably



[0119] [ Exanple 5 (Sanple E), Exanple 6 (Sanple F) and Exanple 7
(Sample QI styrene-but adi ene copol yner was obt ai ned using the

pol yfunctional anionic polynerization initiator b as in [Exanple 2 (Sanple
B)] described above, and then, the kinds of nodifiera were altered. as
shown in Table 3 and Table 4 shown below to carry out the nodification, to
obt ai n styrene-butadi ene onpol ynera having a nodi fyi ed conponent (Sanple E
to Sanple 6), The anal ysis result $4of- (Sanple 5) to (Sanple G are
shown in Table 3 and Table 4 shown below. [01201 [Exanple a (Sanple H)1 The
ki nd of the polyfunctional anionic polynerization initiator described

ggg;’gnngropane an er&fspﬁjg OXVI %S'Jg?%u%%pgét ?h?Pﬁ( Srrazm added

wer e " adj usted; as Sﬁ}?énﬂmsbJ@b&&nﬁon&h@émcgﬁtQmﬁadthéemea%yeal on
conditions used the sanme ones as in [Exanple 1 (Sanple A)] to obtain

(Sanple H) com%gad'@id/sdﬁerﬁ@%lﬁn@f a 15t Wrenes hinadirenen€aopol ymer having a
nodi fi ed. conponent, (Sanple H), are shown in Table A shown bel ow. [0121]

[ Conpar at i veidpe@nef le{Samgpt@ddd 100 pAntaubochave ofitAOrkkbeetston
internal volume equipped with a stirrer and a jacket and capable of. being
control | ed 100 tremier &t wme @ so UsEte asuldbe pactopon@d7sg biebdt adiene, 273 ¢
of styrene, 4,800 g of cycl ohexane, and
liable to occur, and there arises a risk that tackiness
is caused on the composition surface, which is not
preferable.
[0099]
(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 aromatic
compound, or a hydrogenated substance thereof, a non-

diene-based polymer, and a natural rubber.

[0100]



0.62 g of 2,2-bia(2-o0zol anyl)prepane as a pol ar substance, which all had
been cleared of inpurities in advance, were charged in the reactor; and the

tenperature inside the reactor was held at 42C. A cycl ohexane
solution containing 7.5 imol of nbutyllithiumas a polynerization
initiator was fed to the reactor. After the start of the

pol yneri zation reaction, due to heat generation caused by the

pol ymeri zation, the tenperature insidesthe reactor started to rise, and the
final tenperature inside the reactor reached 71C After the

conpl etion of the polynerization reaction, 0,28 mml of tetraglycid:,

1,3-bisaninonetgxlc ¢l phexane .was added.%o %ﬁ react .r, .and stirred. at 70C
for2 min --- 68"8 EGSV ?9&ypgfngf$§ﬁ ff gﬁypq¥wﬁﬁqﬂH¢%F%razine was
furth d t i fi i i 69C df
further added ISER! 0. A0S LU LS JRAIL] Cabl S0t 52CHL R A O9C and for

Creatment B R el o abia n AR Bt S ne Cora i henT oL modi 1 ed
conpbneht s s¢Saple bkradiene rubber or a hydrogenated substance

thereof, a styrene-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]

The non-diene-based polymer may include olefinic
elastomers such as ethylene-propylene rubber, ethylene-
propylene-diene rubber, ethylene-butene-diene rubber,
ethylene-butene rubber, ethylene-hexene rubber and
ethylene-octene rubber; butyl rubber, brominated butyl
rubber, acrylic rubber, fluororubber, silicone rubber,
chlorinated polyethylene rubber, epichlorohydrin rubber,
o, B-unsaturated nitrile-acrylic ester-conjugated diene
copolymerized rubber, urethane rubber and polysulfide
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.



The tetragllvcl, 3bisam noniethylcyclohe.xa.re a nodihaving 4 reaction
sites with living polynmer ends, and was added in order to suppress the cold
flol. hy making a purt of e polyner macronol ecular. By contrast, in
(Sanpl es A tosince use of a. polyfunciional initiator had an effect of
suppressing the cold fl ow because a part of a. polynmer becane high

nmol ecul ar wei ght after the nodification, there was no need for the

modi ati ontra bi sam homet hvi cycl ohexanb.2¢ ~ As a result. of analysis of
(Sanple T.), the bonded styrene anobunt was 26% by Itlas::i; and the bonded
but adi ene anobunt was 74% The Mboney vrscosit,y of the polymer was 66.
The”ge anmobundi@f] the mcrost.ruc.ture of ties, as

determ ned by the cal culation accord ng to Eanpton nethod fromtte
-wasur ement resulrt thodiddecatticore ratiubloet erpe hete f roas CPOesi algothe
silica-based adsorption colum was 81% The anal ysis results of a
st yr ene- but i eneo copot yeedr thavihagreddf { eedceonpoaeatsdi Saapbesel are
shown. in Table 5 shown bel ow. [0122]
polymer according to the present embodiment, and is used
as one of the rubber components, the ratio of the
modified conjugated diene polymer / the rubbery polymer
described above is preferably 20 / 80 to 100 / 0, more
preferably 30 / 70 to 90 / 10, and still more preferably
50 / 50 to 80 / 20.
[0104]

For the modified conjugated diene-based polymer
composition according to the present embodiment, various
types of additives, such as softeners and fillers other
than those described above, and further thermal
stabilizers, antistatic agents, weather resistive
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

products may include fluid paraffin, castor oil and

linseed oil.



[ Conparative Exanple 2 (Sanple J) and Conparative Exanple 3 (Sanmple PC)]
The ki nds of the nol yfunctional anionic polynerization initiators described
above, the anounts thereof added, and the kinds and the mounts of

2.2-bl s(2- oxol anyl ) propane and nodifiers added were adiusted as shown in
Tabl e 5 shown bel ow, and the production conditions used the sanme ones as in
[ Exanple 1 (Sanple A)) described above to obtain (Sanple 3) and (Sanple

P)), The analysis results of styrénre-butadi ene copol yners having a
nodi fi ed conponent, (Sanple 0) and (Sanple K), are shown in Table 5 shown
bel ow. [0123] Provided that *I to *7 in Table 2 to Table 5 shown bel ow

indicate the fohkowhBgtreemRAUNdSabiilzes, 2:RiS62-@X0 aENPr oRane 2!
tetragl yci dyl-1, 3- bi sam nonet hvi cycl ohexane *3:

1-[3-(trietrhexysiilvy kpropyntked, meidyy |qd pertazi needkdsrant and
1-13-(triethoxyellyi)propyl)-4- (trimethylsilylipiperazine ~ *5: 27
t ri met hoxysubriyrpnapy known3madieretaid icarddzolapgilnesd .

13- (di met h' yl am no) propyij trimethoxysilane *7: 1, 3-di net hyl

7-im dazol il@8iLA6re

[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 diene-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 out 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 nm using a phenyl group of styrene.



- 71 - [012 Examp,e (Li 273 (mol) 10,5 (nmol) 0,05 ol) 5,25

_58..

A measuring device used was UV-2450, made by Shimadzu
Corp.
[0108]
(2) Microstructure of butadiene moieties (1,2-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 cm™? by using a solution cell to determine a
microstructure of butadiene moieties according to the
calculation formula of Hampton method from absorbances at
predetermined wavenumbers. A measurement device used was
FT-IR230, made by JASCO Corp.
[0109]
(3) Mooney viscosity

A sample was preheated at 100°C for 1 min, and the
viscosity after 4 min was measured according to JIS K
6300.
[0110]
(4) Molecular weight and molecular weight distribution

A chromatogram was measured by GPC using a series of
three columns each packed with polystyrenic gel;
molecular weights (Mw, Mn) were determined from a
calibration curve using 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.



Amount of nodifie added*4 Lnount o nodifier-3 mded.*5 ( la)([20.11.
(nmol ) :Amount of nodifi r-5 added*7 Moddification rati o Mooney

Vi scosity

...59_

An eluate used was tetrahydrofuran (THF).

The columns used were as follows: guard column:
TOSOH TSKguardcolumn HHR-H, and columns: TOSOH TSKgel
G6000HHR, TSKgel G5000HHR, TSKgel G4000HHR.

The molecular weight was measured under the
conditions of an oven temperature of 40°C and a THF flow
rate of 1.0 mL/min and using an RI detector (HLC8020,
made by Tosoh Corp.).

10 mg of a sample was dissolved in 20 mlL of THF, and
200 pL thereof was injected for the measurement.

[0111]
(5) Modification ratio

By applying the characteristic in which a modified
component is adsorbed in GPC column packed with a silica-
based gel, and by using a sample solution containing a
sample and a standard polystyrene (polystyrene is not
adsorbed in the column) having a molecular weight of
5,000, both chromatograms of GPC of the above-mentioned
polystyrenic gel column and GPC (made by Tosoh Corp.,
CCP8020 series, build-up type GPC system: AS-8020, SD-
8022, CCPS, C0-8020, RI-8021) of silica-based columns
(guard column: DIOL 4.6 x 12.5 mm, 5 micron; columns:
Zorbax PSM-1000S, PSM-300S, PSM-60S, oven temperature of
40°C, THF flow rate of 0.5 ml/min) were measured using an

RI detector, and the adsorbed amount to the silica column



Bonded styrehm anmount anount Os traron F. enperature Wi ght-average
nmol ecul ar weight (t Nu)s:Mer-anmerage nole toiler5(1,1n) MV Mnh tRatie off
roe | owest nol ecul ar wei ght peak area Sanple No. Butedienel (9)

was measured from the difference therebetween to
determine a modification ratio thereof.

10 mg of the sample was dissolved in 20 mL of THF
together with 5 mg of the standard polystyrene, and 200
pL of the solution was injected for the measurement.

The specific procedure involves: the total of peak
areas of the chromatogram using the polystyrenic column
was defined as 100, a sample peak area was denoted as P1,
and a peak area of the standard polystyrene was denoted
as P2; and the total of peak areas of the éhromatogram
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 P4; then, the
modification ratio (%) was calculated by the calculation
formula of [1 - (P2 x P3)/(P1l x P4)] x 100.

[0112]
(6) Glass transition temperature (Tg)

A DSC curve was recorded while the temperature was
being raised from -100°C at 10°C/min under a nitrogen
atmosphere, and a middle point temperature of the glass
transition was defined as a glass transition temperature.
[0113]

[Polyfunctional anionic polymerization initiator]
(Preparation of polyfunctional anionic polymerization

initiators a to ¢, and e and f)



Styrene Pol yfuuctional Initiator Find Anount added (ld. anount) (mmol) (Q)
Amount of T(92:).MH added*2 Anmount of nodifler-1 added*3 (mmol) (nmol)

After an autoclave of 10 L in internal volume
equipped with a stirring apparatus and a jacket were
cleaned and dried, and the atmosphere inside was replaced
by nitrogen, 1,3-butadiene, cyclohexane, tetrahydrofuran
and divinylbenzene, which had been subjected to a drying
treatment, were added thereto, n-butyllithium was then
added, and they were reacted for 1 hour at 75°C, under
the conditions shown in Table 1 shown below to prepare
polyfunctional anionic polymerization initiators.

For the preparation of the polyfunctional anionic
polymerization initiators, a divinylbenzene mixture (made
by Nippon Steel Chemical Co., Ltd.) containing m-
divinylbenzene, p-divinylbenzene, ethylvinylbenzene and
the like, and having a divinylbenzene concentration of
57% by mass was used.

Since the divinylbenzene used was the commercially
available divinylbenzene mixture described above, the
divinylbenzene amount shown in Table 1 was expressed as a
divinylbenzene net weight converted by removing the
content of impurities.

[0114]

[Table 1]

Anionic
Polymerization a b c e i’
Initiator
Divinylbenzene (g)
(DVB)
n-Butyllithium (qg) 104 104 104 104 104

21 42 84 127 232




2:)mount of nodifier-2 added*4 | Araount of nodifier-3 added*5 Anount of
nodi fier-A added*6 Anmount of nodifier-5 added *7 Modification rati o Mooney
vi scdsity Bonded styrene anount _ 1, 2-Vinyl bond anmobunt d ass transition.
tesisDer)::ture Weight-pverace nol ecul ar wei ght (Mv) Nunber-average

nol ecul ar wei ght (V1) MW/ Vm

_62_

(NBL)

BVE/IDh (molart o 145 | 5.20 | 0.40 | 0.60 | 1.10

ratio)

Butadiene (g9) 1000 1000 1000 1000 1000
Cyclohexane (g) 4800 4800 4800 4800 4800
THF (ppm) 500 500 500 500 500
[0115]

(Preparation of a polyfunctional anionic polymerization
initiator d)

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,
slightly pressurized nitrogen was circulated inside; and
with the sealed state in the system, 29.0 mL (100 mmol)
of a cyclohexane/n-hexane mixed solution of sec-
butyllithium of 1.01 mol/L, 13.9 mL (100 mmol) of
triethylamine and 10 mL of cyclohexane were introduced to
the three-way flask, and stirred and mixed at 20°C.

Further, 7.91 g (50 mmol) of m-diisopropenylbenzene
purified by reduced-pressure distillation was dropped
thereto at room temperature over 3 hours, and
continuously stirred for 15 hours to prepare a
polyfunctional anionic polymerization initiator d.

[0116]
[Styrene-butadiene copolymers: production of Samples A to
K]

[Example 1 (Sample A)]



Ratio of the | owest nol ecular. weight peak. area [0126] [Table 4]

[ SanilDi e No. But adi ene Styrene Pol yfunotional Initiator Kind Arount added
(Li anount) , n7Butyllithium Amount of polar substance added*1 Anount of
TGAME added*2

An autoclave of 10 liters 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
butadiene, 273 g of styrene, 4,800 g of cyclohexane, and
0.85 g of 2,2-bis(2-oxolanyl)propane 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 42°C.

The polyfunctional 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 heat generation caused by the polymerization, the
temperature inside the reactor started to rise, and the
final temperature inside the reactor reached 75°C.

After the completion of the polymerization reaction,
5.25 mmol of l—[3—(triethoxyéilyl)propyl]—4—
methylpiperazine was added to the reactor to carry out
the modification reaction at a temperature condition of
74°C and for 5 min.

After 2.1 g of an antioxidant (2,6-di-t-butyl-p—-
cresol: 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



Amount of nodifier-1 | added*3 Anmount of nodifier-2 added.*4 ; Fnount of
nodi fi er added*5 A ass transition tenperature Wi ght-average nol ecul ar
wei ght t &M Nunber-average nol ecul ar weight (M) tio of the | owest
_erLweight peak -- 74 --

a styrene-butadiene 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 moieties, as determined by the calculation
according to Hampton method from the measurement result
using an infrared spectrophotometer, was 57%.

The modification ratio détermined from GPC using the
silica-based adsorption column was 88%.

The analysis results of (Sample A) 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-
oxolanyl)propane and 1-[3-(triethoxysilyl)propyl]-4-
methylpiperazine added were adjusted as shown in Table 2
shown below, and the production conditions used the same
ones as in (Sample A) to obtain (Sample B) and (Sample C).

The analysis results of styrene-butadiene copolymers
having a modified component, (Sample B) and (Sample C),

are shown in Table 2 shown below.



rrabl e 5] rAnount of nodifier-1 added*3 (=al) Anount of e .ded. k.4
.mount of nodifier-3 added-

[0118]

[Example 4 (Sample D)]

An autoclave of 10 liters 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
butadiene, 273 g of styrene, 4,800 g of cyclohexane, and
1.01 g of 2,2-bis(2-oxolanyl)propane 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 42°C.

The polyfunctional anionic polymerization initiator
d described above of 6.3 mmol in terms of the amount of
lithium added, and 4.8 mmol of normal butyllithium were
mixed, and the mixture was then fed to the reactor.

At this time, 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
to heat generation caused by the polymerization, the
temperature inside the reactor started to rise, and the
final temperature inside the reactor reached 74°C.

After the completion of the polymerization reaction,
6.93 mmol of 1-[3-(triethoxysilyl)propyl]-4-
methylpiperazine was added to the reactor to carry out

the modification reaction at a temperature condition of

73°C and for 5 min.



nodi fier -4 added" 6 Anount of nodifier-5 added*7 Mdification ratio
Mooney vi scosity Bonded styrene anount 1,2-Vinyl bond anmpbunt dass t:ransit
c +erat..; Ire oh -average ocul ar wei ght. Nunber-averace nol ecul ar wei ghs.:

(M) M~ Mh Ratio of the

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 a styrene-butadiene
copolymer having a modified component (Sample D).

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)]

A styrene-butadiene copolymer was obtained using the
polyfunctional anionic polymerization initiator b as in
[Example 2 (Sample B)] descfibed above, and then, the
kinds of modifiers were altered as shown in Table 3 and
Table 4 shown below to carry out the modification, to
obtain styrene-butadiene copolymers having a modifyied
component (Sample E to Sample G).

The analysis results of (Sample E) to (Sample G) are
shown in Table 3 and Table 4 shown below.

[0120]

[Example 8 (Sample H)]

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-(triethoxysilyl)propyl]-4-

methylpiperazine added were adjusted as shown in Table 4



lowe:f:t nol ecul ar. wei ght peak area [012) 3] [Production of rubber
conpositions] [Exanples 9 to 15, and Conparative Exanples 4 to . 6]

The sanples (Sanple A to Sanple K) shown in Table 2 to Table 5 shown above
were used as raw material rubbers, and according to the fornul ations

descri bed bel ow, rubber conpositions containing the respective raw materi al
rubbers were obtained. [0129] Modified conjugated ddene pol yners. (Sanple A
to Sanple 70.0 parts by nmass Natural -r@bBber (whose Mooney visc.ositiy was
adjusted to 60 by mastication) 30,0 parts by mass Silica (1llltrasil VNS,
Made by Evoni k Degussa GWoH): 75.0 Parts. by mass Carbon bl ack (Seast

KH(N239) , naderbychiokal Lar ko G- ddidhior bpaftSohy MBS 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 4 shown below.

[0121]

[Comparative Example 1 (Sample I)]

An autoclave of 10 liters 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
butadiene, 273 g of styrene, 4,800 g of cyclohexane, and
0.62 g of 2,2-bis(2-oxolanyl)propane as a polar substance,
which all had bcen cleared of impurities in advance, were
charged in the reactor; and the temperature inside the
reactor was held at 42°C.

A cyclohexane solution containing 7.5 mmol of n-
butyllithium as a polymerization initiator was fed to the
reactor.

After the start of thé 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 71°C.

After the completion of the polymerization reaction,
0.28 mmol of tetraglycidyl-1l,3-bisaminomethylcyclohexane
was added to the reactor, and stirred at 70°C for 2 min

to carry out the modification reaction. Thereafter, 4.0



Si | ane coupling agent (5i 69, nade by Evoni k Degnssa. GtbH):s parts by nass
S-RAE oil OOM) 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 nass

Ant i oxi dant (N-isopropyl - NP- phenyl - p- phenyi enedi ami ne) 2.0 parts by nass
Sulfur: 1.7 parts by mass \Vul cani zation accelerator (N -cycl ohexyl -2 -
benzot hi azyleuifinam de): 1.7 marts by mass Vul cani zati on accel erat or

(di phenyiguanidine). 1.5 parts by nass 6khe-total: 236:4 parts by nass

[ 0130] The rubber conpositions were each kneaded by the foll ow ng

nmet hod_ A seal ed kneader. (internal capacity: 0.3 Li equipped with a
tenper at ur g.cont sl 1 devi ¢e yasyyseds Ebust - 1shage kpeading.,.t he raw
material rubbers (Sangle?Afto San%?t g??ﬁﬁa 8rgl rubbe?)? ?he fﬁPFers
(silica, carboncblagk),bhesorganteo sbl anergoupki Rgcagent fitheiphocess
oil, the zinc oxide and the stearin acid were kneaded. under the conditions

of a fillingJtatienoft65%anda #Htof f0tational speed of 50/57 rpm_
At this tine, the tenperature of the kneader was controlled, and. a rubber

conposi ti on was Aditeai riedl at @f dirs chargex tdaper éBHT e (asbbédedonpouine) of
from 155 to 160L' e.
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
copolymer having modified components (Sample I).

The tetraglycidyl-1,3-bisaminomethylcyclohexane was
a modifier having 4 reaction sites with living polymer
ends, and was added in order to suppress the cold flow by
making a part of a polymer macromolecular.

By contrast, in (Samples A to H), since use of a
polyfunctional 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 modification by tetraglycidyl-1,3-
bisaminomethylcyclohexane.

As a result of analysis of (Sample I), the bonded
styrene amount was 26% by mass; and the bonded butadiene
amount was 74%.

The Mooney viscosity of the polymer was 66.

The 1,2-linkage amount of the microstructure of
butadiene moieties, as determined by the calculation

according to Hampton method from the measurement result

using an infrared spectrophotometer, was 56%, and the



Then, aS a second stage, kneadind, after the rubber conpound obtained. as
descri bedl above was cooled to roomtenperature, the antioxi dant was added
thereto, and the m xture was again kneaded to inprove the dispersion. of
the silica. Also in this case, the discharge tenperature (rubber conpound)
was regul ated at 155 to 160"c by the tenperature control of the kneader.
Atter cooling, as a third stage kneading, the sulfur and the vul cani zati on
accel erator were added thereto and kne&@ed by an open roll set at 7000.
Thereafter, the rubber conpound was nol ded, and vul cani zed at 160C for 20
m n by a vul cani zati on press, After the vul cani zation, physica

properties fqitie FURREr LONPORIdd O V&Y e FBASYEEA.sing thd NEj eAasuUr ement
results of the physical properties are shown in Table % to Table 8 shown

bel ow, pyr3kked adsdzaahi physdcaln propediHay of the rubber: conposition. was
measured by the nethod descri bed bel ow. <Bound rubber content> About .
0.2 g of the rubher acaipeurd rakterrs bhe acampirefricomuofadikeresecond st age
kneadi ng step was cut into a square of about 1 nm put in a Harris cage
(made of 10@vweyimerethalvigauze)di bt weinghetents (Saihereaft exyet hieownbber
conpound was imersed in toluene for 24 hours, thereafter sublected to a
dryi ng treatnéaleand sheiWwghéxelow.  The anopunt of the rubber (the nodified
conj ugat ed di ene-based pol yner 4' the natural rubber) bound to the fillers
was cal cul a’%@d2from the anobunt: of undissol ved conponents, and the

r rtion of the r er .bound to.th
proportion o t[gomggga£lve Example S (Sample J) and Comparative

Example 3 (Sample K)]

The kinds of the polyfunctional anionic
polymerization initiators described above, the amounts
thereof added, and the kinds and the mounts of 2,2-bis(2-
oxolanyl)propane and modifiers added were adjusted 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 J) and (Sample K).

The analysis results of styrene-butadiene copolymers
having a modified component, (Sample J) and (Sample K),
are shown in Table 5 shown below.

[0123]

Provided that *1 to *7 in Table 2 to Table 5 shown

below indicate the following compounds.

*1: 2,2-bis(2-oxolanyl)propane

*2: tetraglycidyl-1,3-bisaminomethylcyclohexane

*3: 1-[3-(triethoxysilyl)propyl]-4-methylpiperazine
*4: 1-[(3-(triethoxysilyl)propyl]-4-

(trimethylsilyl)piperazine



78 - fillers to the rubber anmount in the original rubber cbnpbuno Was
determ ned. 2] <Conpound. Mbones cccity> The viscosity was neasured
by using a Mooney visconeter and according to 3-15 K5300-1. After the
rubber conpound after th.e third stage kneadi ng step was. preheated at
130'S for 1 mn, the rotor was rotated, at 2 rpm and the viscosity after 4
m n was neasured_ [0133] <Tensile strength> The tensile strength of a
vuLcani zeci . t pi ece was neasured by the 7#tcensil e test nethod according' to
:HS K6251. A larger index value indicates a better fracture resistance
[0134] <ViscoelJ.a.sticity param The viscoel asticlty paraneter of a

vui . canazqu,eszt_sﬁ_: eﬁ%‘%%%%gﬁ )ﬁ%{}%}gf}%%;sggel astictester (ARES, mad!

by Rheornetri‘cs e
dimethylimidazolidine

*6: [3-(dimethylamino)propyl]trimethoxysilane

*7: 1,3-dimethyl-2-imidazolidinone



Tano nmeasured atfrequenc:v of 10 Hz and a strain of 1% was defined as an

i ndex of the wet grip performance, A |larger index value indicates a better
we formance. Tanh neasured at 50Ca frequency of 10 Hz and a strain of 3%
was defined as an index of the fuel- 79 efficiency characteristic. A
smal l er index va indicates a better fuel-efficiency performance. Ad ,
representing a difference in the storage nodulus (G between at strains of
0.1% and 10% was defined as an index gfi the Payne effect. A snmaller index
val ue indicates a better dispersibility of the fillers such as silica.

[ 0135] <Abrasion. resistance>. The abrasi on amount of a vul cani zed
test piece §q24qeasured usi ng an Akron abrasion tester and according to JIS
K6264- 2, and 4t 'a load of 4.1 N and at , 000 rotations, and was i ndexed.

A : Larger HQg%ﬁév§Hue i ndicLes a better abrasion resistance.

Example | Example | Example
1 2 3
Sample No. A B €
Butadiene (g) 777 777 777
Styrene (g) 273 273 273
Polyfunctional A b -
Initiator Kind
Pfggng;giiiid (mmol) 10.5 13.7 20.5
n-Butyllithium (mmol) - - -
Amount of polar
.09 1.68
substance added*1 (9) P85 1
Amount of TGAMH added*Z (mmol) = > -
2232253°f i (rmol) 5.25 6.93 10.25
Amount of modifier-2 1 _ B B
added*4 (mmol)
Mmount of modifier-3 1 B B B
added*5 et )
Amount of modifier-4 1 _ B _
added*6 (ot )
Amount of modifier-5 1 _ :
added*7 mt) B
Modification ratio (%) 88 92 95
Mooney viscosity 55 61 66
Bonded styrene amount (%) 26 26 26
1,2~Vinyl bond amount (%) 57 57 57
Glass transition oc _o8 _og g
temperature )
eSS VeSS (thousand)| 378 395 424
molecular weight (Mw)
Number-average
: d 265 262 243
molecular weight (Mn) (EhEESSHE)
Mw/Mn 1.43 1.51 1.74
Ratio of the lowest
molecular weight peak (%) 50 42 31
area




| Mndi fied based. polymer Conpound

[0136] [Table 6] - 80 [01:37-j, [Table
content Tensfie strength

Bound rubber conjuqgated d Mooney \risco
: Abr asi on

_.72._.
[0125]
[Table 3]
Example Example Example
4 5 6
Sample No. D E F
Butadiene (g) 777 777 777
Styrene (g) 273 273 273
Polyfunctional
Initiator Kind d B B
amcugl BeeEs (mmo1l) 6.3 13.7 13.7
(Li amount)
n-Butyllithium (mmol) 4.8 - -
Amount of polar
substance added*1 (9) . 1.09 1.09
Amount of TGAMH (mmol) _ _ B
added*2
Amount of modifier-—1
added*3 (mmol) 6.93 - -
Amount of modifier-2
Added*4 (mmol) 6.93 =
Amount of modifier-3
added*5 (mmol) == - 6.93
Amount of modifier-4 (mmol) B B B
added* 6
Amount of modifier-5 (mmol) N B B
added*’7
Modification ratio (%) 90 92 91
Mooney viscosity 65 61 59
Bonded styrene amount (%) 26 26 26
1,2-Vinyl bond amount (%) 57 57 57
T
Glass transition (°c) _8 P _o8
temperature
Wweight-average (thousand)| 401 392 395
molecular weight (Mw)
Number—-average
molecular weight (Mn) (thousand) 258 252 258
Mw/Mn 1.55 1.56 1.53
Ratio of the lowest
molecular weight peak (%) 36 44 41
area




i nder resistance Tan8 at OC index (abrain of') T3 at index (strain. of

AG(strai ( 399 Exanple 13 101 115 106 35 Exanpl e

._73...
([012¢€]
[Table 4]
Example | Example
7 8
Sample No. G H
Butadiene (g9) 777 VR
Styrene (9) 273 273
Polyfunctional Initiator
) b e
Kind
Amount added (Li amount) (mmol) 13.7 28.9
n-Butyllithium {(mmo1l) - -
Amount of polar substance
2dded*1 (g) 1.09 2.31
Amount of TGAMH added*2 {(mmol) - =
Amount of modifier-1
2dded* 3 (mmol) - 14.5
Amount of modifier-2 (o) B B
added*4
Amount of modifier-3 (mmol) B B
added*5 _
Amount of modifier-4
2dded* 6 (mmol) 6.93 »
Amount of modifier-5 (o) B B
added*7
Mcdification ratio (%) 93 96
Mooney viscosity 64 62
Bonded styrene amount (%) 26 26
1,2-Vinyl bond amount (%) 57 56
Glass transition o
temperature (°C) 2 £
We}ght—average molecular FEEGTE SHeE) 411 398
weight (Mw)
Number—average molecular TS 266 207
weight (Mn)
Mw/Mn il 555 il - S
Ratio of the lowest
molecular weight peak (%) 39 24
area




14 45 100 110

rubber Conparative Exanvle 4 36 Bound rubber, 0

strength

(0127]

[Table 5]

Modi fied conjugated dien polyner )ney \mac:of nd conpound

content. Tensil e

Comparative
Example 1

Comparative
Example 2

Comparative
Example 3

Sample No.

I

J

K

Butadiene

777

7771

777

Styrene

273

273

273

Polyfunctional
Initiator Kind

Amount added
(L1 amount)

b

b

(mmol)

54.

n-Butyllithium

(mmol)

Amount of polar
substance added*1

0.62

.38 1.21

2Amount of TGAMH
added*2

(mmol)

Amount of

modifier-1 added*3

(mmol)

2mount of

modifier~2 added*4

(mmol)

Amount of

modifier-3 added*5

(mmol)

Amount of

modifier-4 added*6

(mmol)

Amount of

modifier-5 added*7

15.1

Modification ratio

81

97

90

Mooney viscosity

66

60

56

Bonded styrene
amount

26

26

26

1,2-Vinyl bond
amount

56

56

57

Glass transition
temperature )

-29

-28

~-28

Weight-average
molecular weight
(Mw)

(thousand)

390

388

256

Number-average
molecular weight
(Mn)

(thousand)

291

208

178

Mw/Mn

.87 1.44

Ratio of the
lowest molecular
welght peak area

,-\
op
Rk

68

18

62




Abr asi on reai stance and at 0C Tend at 50C (strain of3)Si tAC (strain.of 3%
(9% index index index index index 63 100 1.00 100

[0128]
[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 diene polymers (Sample A to Sample
K): 70.0 parts by mass
Natural rubber (whose Mooney viscosity was adjusted to 60
by mastication): 30.0 parts by mass
Silica (Ultrasil VN3, made by Evonik Degussa GmbH): 75.0
parts by mass
Carbon black (Seast KH(N339), made by Tokai Carbon Co.,
Ltd.): 5.0 parts by mass
Silane coupling agent (Si69, made by Evonik Degussa
GmbH): 7.5 parts by mass
S-RAE oil (JOMO Process NC140, made by Japan Energy
Corp.): 37.5 parts by mass
Zinc oxide: 2.5 parts by mass
Stearic acid: 2.0 parts by mass
Antioxidant (N-isopropyl-N'-phenyl-p-phenylenediamine):

2.0 parts by mass



t [ 0139] When the noon fl ed conjugated dl ene-hased. pol yner
Conlr..osiLlons of Exanples 9 to 16 usiris b-antpes Ato H shown in Table
6 and Table 7 above were conpared with the conposition. of Conparative
Exanpl e 4 using. Sanpl eand the conposition of Conparative Exanple 6 using
Sample I < shown in Table S above, it. was found that in. the silica-bl ended
conposi tions, the hound rubber content increased, and the Payne effect was
small, so bhe dispersibility of the siljigca was excellent; and tan8 at a

hi gh tenperature was | argely reduced, 80 the hysteresis |oss was snall, and
alowrolling resistance of the tire was achi eved, thus providing an

excellent fu eff|ch§6¥ It was also found that tano at a | ow
L@Jél 4o Reet

tenperaturé M2%%i d resistance was good, and a bal ance

bet ween. @%fég%f é%léﬁnu%gggé {#gpd ﬁhg ¥€ﬁhé§%f %re3|stanc was good.
t

The abrasi on ' resi'stance was ¢rea e tensile strength was

good. } I6¥H¥§% ida 'héﬁ%ﬁb foyn¢ 55@%5 g% dified. . conjugated

di ene -based pol yner Bccor ing to the present entlon has a performance

bal ance supeniQh it PRIy RIS ubtai Hied by, H@%?W@uéﬁﬁﬁﬂﬁb g'§35v\ﬂarts|:urther
the com . posoLLMon. of Conparative Exa usi ng Sanp ich was a

pol ymer obtai pedy pol ynerizatio.n using a. polyfunctional initiator
havi ng a hi gher (polvvinyl aromatic conpound / lithiunm) ratio than the
range accotrtheng dtalt:he 3. eserdrinvientmasns, had a hi gh viscosity of the
rubber conpound, and exhi bited

[0130]

The rubber compositions were each kneaded by the
following method.

A sealed kneader (internal capacity: 0.3 L) equipped
with a temperature control device was used. As a first
stage kneading, the raw material rubbers (Sample A to
Sample H, natural rubber), the fillers (silica, carbon
black), the organic silane coupling agent, the process
0il, the zinc oxide and the stearic 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
160°C.

Then, as a second stage kneading, after the rubber
compound obtained as described above was cooled to room
temperature, the antioxidant was added thereto, and the

mixture was again kneaded to improve the dispersion of

the silica. Alsc in this case, the discharge temperature



deteriorated processability; The | ow fuel consunption, abrasion resistance
and tensile strength had results inferior to the cases of Exanples in which
the (polyvinyl aromatic conpound / lithiun) 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

(pol yvinyl aromatic conpound / lithiun) ratio has a. large influence on the
processability and the perfornmance bal ance. [0140] ; Production of rubber
conpositions] [Exanples 17 to 23, and Conparative Exanple. 7] Rubber
conpositions were obtained using the sanples (Sanple A to Sanple (, and

Sample 1) s in Table 2 to Table 5 shown ab s mg terjal rubbers,
and accorm4%?99??(ﬁ?ﬂ@%ﬁ?%hswgﬁoﬁﬁgB%FBﬁﬂ ﬁﬁdgggeg cé%jdgg?%dtﬁ?ene - based
pol ymers ( &5, &%k égngk%g gflﬂ? 1%@ 8d8 arts by mass Silica. (Utrasi

VN3, made by von| gussa parts by mass Carbon bl ack

(Seast KET( N339hft@d%c¥8/1 ikakai; £ar bafy Lo st%@ kmegé?u@ arks byiFmss
Si | ane coupling agent (Si69, ‘made by Evonik gussa GrbH): 2.5 parts by

mass 3 - RAE QI |t Ho QAQ P0cessi N 140z 1BALLBY WapanaBAGHIYhERERO) and O parts
by MA.SS Zinc oxide: 3.0 parts by mass Stearic acid: 2.0 parts by nmass

Ant i oxi danti] SQRIOPYY - M pheay| rHr pheayi gpedbam ne) :

Thereafter, the rubber compound was molded, and
vulcanized at 160°C for 20 min by a vulcanization press.

After the wvulcanization, physical properties of the
rubber composition were measured.

The measurement results of the physical properties
are shown in Table 6 to Table.8 shown below.

[0131]

Each physical property 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 subjected to a drying
treatment, and weighed.

The amount of the rubber (fthe modified conjugated
diene-based polymer + the natural rubber) bound to the
fillers was calculated from the amount of undissolved

components, and the proportion of the rubber bound to the



1.0 part by mass Sulfur: 1.9 parts by mass \Vul cani zati on accel erator

(N-cycl ohexyl-2- bnzothiazyisuifinamde): 1.0 part by mass Vul cani zati on
accel erator (di phenylguanidline): 1.5 parts by mass The total: 162.9 parts
by mass A kneadi ng step, and a noldi ng and vul cani zati on step were carried
out as in Exanples 9 to 16 and Conparative Exanples 4 to 6 descri bed above.
After the vul cani zation, physical properties of the rubber conpositions
were measured. The neasurenent resul ts-qf -the physical properties are shown
in Table 9 and Table 10 shown below. [0141] [Table 9] a 4 [01421

fillers to the rubber amount in the original rubber
compound was determined.
[0132]
<Compound Mooney viscosity>

The viscosity was measured by using a Mooney
viscometer and according to JIS K6300-1. After the
rubber compound after the third stage kneading step was
preheated at 130°C 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 vulcanized test piece was
measured by the tensile test method according to JIS
K6251. A larger index value indicates a better fracture
resistance.
[0134]
<Viscoelasticity parameter>

The viscoelasticity parameter of a vulcanized test
piece was measured using a viscoelasticity tester (ARES,
made by Rheometrics Scientific, Inc.) on a torsion mode.

Tand measured at 0°C at a frequency 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 wet
grip performance.

Tand measured at 50°C at a frequency of 10 Hz and a

strain of 3% was defined as an index of the fuel-



Bxanpl e Exanpl eExanpl e Conparative 21 22 23 1 Exanple 7 86 686

efficiency characteristic. A smaller index value
indicates a better fuel-efficiency performance.

AG', 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 plece was
measured using an Akron abrasion tester and according to
JIS K6264-2, and at a load of 4.1 N and at 1,000
rotations, and was indexed.

A larger index value indicates a better abrasion

resistance.
[0136]
[Table 6]
Example | Example | Example | Example
9 10 11 12
Modified conjugated diene-based 2 B c D
polymer
Compound Mooney viscosity 44 50 60 55
Bound rubber content (%) 70 74 81 75
Tensile strength index 101 100 99 95
5, |Abrasion index | 108 113 120 115
0 resistance
W o & Tand at 0°C
8o i index 103 105 104 107
a.ﬂ % (strain of 1%)
il o o o
& B | Tamd at 50%C index | 77 67 60 66
a5 (strain of 3%)
2, - : -
g:) [siEEain of index | 70 42 37 42




101 100 100 1.1.7 113 707 100 103

100 93 100

- 80 -
[0137]
[Table 7]
Example Example Example Example
13 14 15 16
Modified conjugated diene- E F G q
based polymer
Compound Mooney viscosity 51 48 45 88
Bound rubber content (%) 75 72 71 84
0 Tensale index | 101 100 101 94
o strength
B8 [rores:
Mo e = index | 115 110 107 112
a4ﬁ resistance
8.
=) <
&8 |Tand at 0°C index | 105 103 103 106
& (strain of 1%)
—
|
U] <)
o > |Tand at 50°C ;4| 64 71 77 69
g % (strain of 3%)
> ; 7
& AG' (strain of y geyx| 38 48 55 45
3%)
[0138]
[Table 8]
Comparative|Comparative|Comparative
Example 4 Example 5 Example 6
Modified conjugated diene-based I J K
polymer
Mooney viscosity of mixed rubber 36 130 45
compound
Bound rubber content (%) 63 88 54
Tensile strength index 100 91 94
Yy E
o g |Abrasion index 100 102 89
~ o |Eesistance
8.9 % [rand at o°C
T g |0 A index 100 105 95
§1$ 8 (strain of 1%)
Hel
2y o
(g [|Tand at 50°C index 100 92 106
a (strain of 3%)
AG' (strain of 3%) index 100 82 114
[0139]

compositions of Examples 9 to 16 using

When the modified conjugated diene-based polymer

(Samples A to H)




100 92 100 [01413] It was fcpric as shbwn in Table 3 and Table 10
shov, m abov2"dified conjuqat.ed diene-based pol yner conpnBi ons of
Exanples 17 to 23 usliples AL to G described above, even in the case where
the silica and the carbon black ware bl ended 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 tenperature WAs

| SW so the hysteresis | oss was smal I, gand the rolling resistance of the
tire was low, thus effecting an excellent |ow fuel consunption. It
was al so found that the | ow fuel consunption and the wet skid resistance

exhi bi ted %ﬂmﬁ%?%h!%ﬂhﬁﬁ?lgn£$d Table 7 above were compared with the

composition of Comparative Example 4 using Sample I and
the composition of Comparative Example 6 using Sample K
shown in Table 8 above, it was found that in the silica-
blended compositions, the bound rubber content increased,
and the Payne effect was small, so the dispersibility of
the silica was excellent; and tand at a high temperature
was largely reduced, so 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 tand 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
resistance was good.

The abrasion resistance was greatly improved, and
the tensile strength was good.

Therefore, it has 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 composition of Comparative Example 5
using Sample J, which was a polymer obtained by
polymerization using a polyfunctional initiator having a
higher (polyvinyl aromatic compound / lithium) ratio than
the range according to the present invention, had a high

viscosity of the rubber compound, and exhibited



Further, the abrasion resistance aad the tensile strength were good. al so..
[0144] [Production of a butadiene polyner] [Exanple 24: Sanple Li
autoclaNia of 10 L in internal volunme equipped with a stirrer and a jacket
and capabl e of being controlled in tenperature was used. as a. reactor.;
920 g of butadiene, 4,830 g of cycl ohexane, and 0.01.7 g of 2, 2-

bi s(2- oxol anyi ) propane as a pole' substance, which all had been cl eared of
inmpurities in advance, were charged iingbhe reactor; and the tenperature

inside the reactor was held at 55)C The pol vinnctional initiator a
prepared as descri bed above was fed to the reactor so that the anount fed
becane 10,5 mmol, in terns of t unt li.thi dded. After the
start of t Wt@é&&qa&?é dﬂ%xteos Jg@ﬁm g’{}leor}oééﬁegl b‘TSPIFHE“%%Jr%“ zati on,

h d h d I
L empor ot &L HSTAS T FUHOIGr T hcHed bag. ¢ Lo naRLE O LS

€ reac reac € conpl etion
of the pol r.eact 5 hEEE 1 1
1-[ 3- (trleﬁﬁg%%é‘ pﬁ%%?l 5H§s|ﬁ§§ﬁ§ pI %?%z%%éwm%% a%% (p?OYYﬁgyreactor
to carry Olétro&ﬁecl@%n{ APy reacti e ata@denper ak urgecoadisti on of 83C.

and. for 5 mn. fter 2.1 g of an anti oxi dant
(2, 6-di -t ergtedHphr g)ecrce»%q{é BH)sawas added: tonf heupotymesusel,ution, the

sol vent was renoved by steam stribping, and the resultant was subjected to
a dryi ng tneataweniy kyuna tdr itere tde tobt 2 e ae dup adé enealpol yoer having a
nodi fi ed conponent (Sanpl e The anal ysis results of Sanple n are shown
in Tabl e 1Thshefiodesl ow. hd0bEsn 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 G, and Sample I) 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 A to G
and I): 100.0 parts by mass
Silica (Ultrasil VN3, made by Evonik Degussa GmbH): 25.0
parts by mass
Carbon black (Seast KH(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

S-RAE o0il (JOMO Process NC140, made by Japan Energy

Corp.): 5.0 parts by mass



[ Exanpl e 25 (Sample M and Exanple 26 (Sanple NY] The ki nds of the
ool ytunctional anionic polynerization initiators descri bed above, the
anounts thereof added, and the anounts of 2,2-bis(2- oxol anyl) propane and
1-[3-(triethoxysilyi)propyi]-4.- nethylpiperazine added were altered as
shown in Table 11 shown bel ow. O her conditions were the sanp ones as
in Exanple 24 to carry out the polynerization reaction to obtain butadiene
pol ymers having a nmdi fied conponent { Ssgwptes Mand. N). - 87 - The
anal ysis results of Sanples Mand N are shown in Table 11 shown bel ow.

[ 0146] [Exanple 27 (Sanple 0) and Exanple 28 (Sanple P)] The ki nd of

t he nDdifie re h itions were the sane ones as in
Exanpl e 25 b?%%%gbu?agd QIQE anéggghaV|ng a modi fied conmponent (Sanple

0 and Sanpl ggrlc ac1JhezaUa%¥§t§ 5 syhts of Sanples O and P are shown in
Tabl e 12 shomn bel ow. [0147 Production of a styrene-butadi ene polyner for

bl end] [ ProgletdonadxampheidophSapphen: chrnyl- p-@ﬂeﬁl;;;tl@%@&%mqfnem in

internal vbiume equipped with a stirrer and a jacket "and capabl e of bei ne
control |l ed 1o tenperiay uneswas used as areactor; 777 g of butadiene, 273 q
of . styrene, 4,800 g of cycichexane, and 0.48 g of
2, 2-bi s(2- ozbifanyl)propanetasba pekar substance, which ail had been cl eared
of inmpurities in advance, were charged. in the reactor; and the tenperature
i nsi de t he Vulcanization accelerator (N-cyclohexyl-2-
benzothiazylsulfinamide): 1.0 part by mass
Vulcanization accelerator (diphenylguanidine): 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]
Example | Example | Example | Example
17 18 19 20

Modifi j i =

odified conjugated diene A B c D
based polymer
Compound Mooney viscosity 79 85 88 87
Bound rubber content (%) 70 73 75 73
w p|Tensile index | 103 101 101 102
3 U|strength
w9 lab i .

H o glabrasLon index | 108 115 118 115
0, y|resistance

o~

g 5|Tand at 0°C .

i index 102 103 10
2 = (strain of 1%) © . 103




reactor was held at 42C, A cycl ohexahe sol ution containing 5,8 mmol of

butyl lithiumas a polwaerization initiator was fed to the reactor,
After the start of the polynerization, dub to heat generation caused by the
pol yneri zation, the tenperature - 88 - inside the reactor started to rise,

and the final tenperature inside the reactor reached 73C. After the

conpl etion of the polynerization reaction, 6,38 Irnpo' of nethanol was added
to the reactor to term nate the reactign. - After 2 1 g of an

anti oxi dant (BHT) was added to the polyner solution, the solvent was
removed. by steam stri ppi ng, and the resultant was subjected to a drying

treatment [by a ain an upnodified at cogol yrrer (|sampl e Q.

The anal ysis res ;_jttrsa gf %Qt Jel@%ﬂf > shéfn. |in Fabl e 13 "$hown belw. | [ 0148]
[ Producti gn Exap ﬁ oaup:c Rt Fhe—amount—of n=but yitithiumhas
altered td 7.5 [l (&A@ thet appuat | of 2p2- bi s(260x9l anwio) prlopanel was
altered ta_0.62 %ﬁ) Q her Conditions were the dane 'ones as in

Production Exanple 1 to carry out the polynerization reaction.

[0142]
[Table 10]
Example | Example | Example |Comparative
21 22 23 Example 7
M?dlfled conjugated B F G T
diene-based polymer
Cpnpalie HuSy 86 83 81 74
viscosity
Bound rubber (%) 74 71 68 67
content '
o  [Lensile index| 102 101 100 100
o) strength
¢ |Abrasion index| 117 113 107 100
F resistance
4% |Tand at 0°C
@ .
gﬁg (strain of index| 103 100 98 100
o 1%
0. )
~ 4 |Tand at 50°C
8 5 |(strain of  index| 77 87 95 100
-
n 3%)
) . :
& |AGT (strain i 4ex| 58 70 92 100
of 3%)
[0143]

It was found as shown in Table 9 and Table 10 shown
above that in the modified conjugated diene-based polymer
compositions of Examples 17 to 23 using (Samples A to G)
described above, even in the case where the silica and
the carbon black were blended in nearly equal amounts,
the bound rubber content was large, and the Payne effect

was small, so the dispersibility of the silica was



After the start of the poivnelization, due to heat generation caused by the
pl ynmeri zatdon, the tenperature inside the reactor started to rise, and the
final tenperature inside the reactor reached. 73011:. After the
conpl etion of the polynerization reaction, 5.0 nmol of
1-f3-(triethoxysilyi)propyli-4- methyl piperazine was added to the reactor
to carry out .4) the nodification reaction at a tenperature condition of
72C and for 5 nitm. to obtain aene-butadizene copol yner having a nodified
conponent (Sanple R) mle analysis results of Sanple B are shown in
Tabl e 13 shown below. [0149] In Table 12 to Table 13 shown bel ow, and 6
indicate the foll ow ng conpounds. *I|: 2,2-bis(2-0zol anyl) propane
1-[ 3- (tri etHGRASI 9T ) prapyF 3Ry -Hethytipin ABneerai s | ¥at hoXysi SO the
. . i B S AL
Yi) ProPYlil h%/sscerdelsrriest Ilngs(js?lzv%sl dérgaell,G'aﬁgeEI?g%gfling 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 and the tensile
strength were good also.
[0144]
[Production of a butadiene polymer]
[Example 24: Sample L]
An autoclave 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 0.017 g of 2,2-
bis (2-oxolanyl)propane 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 55°C.
The polyfunctional 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 84°C.



[ 0150] Liable 11]

- 86 -

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
83°C and for 5 min.

After 2.1 g of an antioxidant (2, 6-di-tert-butyl-p-
cresol: 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 butadiene polymer having a modified component (Sample
L) .

The analysis results of Sample L are shown in Table
11 shown below.

[0145]

[Example 25 (Sample M) and Example 26 (Sample N) ]

The kinds of the polyfunctional anionic
polymerization initiators described above, the amounts
thereof added, and the amounts of 2,2-bis(2-
oxolanyl)propane and 1-[3~ (triethoxysilyl)propyl]-4-
methylpiperazine added were altered as shown in Table 11
shown below.

Other conditions were the same ones as in Example 24
to carry out the polymerization reaction to obtain
butadiene polymers having a modified component (Samples M

and N) .



Mv Mhl 1,41 Ratio of the | owest 48 nol ecul ar wei ght peak area 1.49 1,55

- 87 -

The analysis results of Samples M and N are shown in
Table 11 shown below.

[0146]

[Example 27 (Sample O) 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
butadiene polymers having a modified component (Sample O
and Sample P).

The analysis results of Samples O and P are shown in
Table 12 shown below.

[0147]
[Production of a styrene-butadiene polymer for blend]

[Production Example 1 (Sample Q)]

An autoclave 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; 777 g of
butadiene, 273 g of styrene, 4,800 g of cyclohexane, and
0.48 g of 2,2-bis(2-oxolanyl)propane 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: 42°C.

A cyclohexane solution containing 5.8 mmol of n-
butyllithium as a polymerization initiator was fed to the
reactor.

After the start of the polymerization, due to heat

generation caused by the polymerization, the temperature



38 30

inside the reactor started to rise, and the final
temperature inside the reactor reached 73°C. After the
completion of the polymerization reaction, 6.38 mmol 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 styrene-
butadiene copolymer (Sample Q).

The analysis results of Sample Q are shown in Table
13 shown below.

[0148]

[Production Example 2 (Sample R)]

The amount of n-butyllithium was altered to 7.5 mmol,
and the amount of 2,2-bis(2-oxolanyl)propane was altered
to 0.62 g.

Other conditions were the same ones as in Production
Example 1 to carry out the polymerization reaction.

After the start of the polymerization, due to heat
generation caused by the polymerization, the temperature
inside the reactor started to rise, and the final
temperature inside the reactor reached 73°C.

After the completion of the polymerization reaction,
5.0 mmol of 1-[3-(triethoxysilyl)propyl]-4-

methylpiperazine was added to the reactor to carry out



the modification reaction at a temperature condition of

72°C and for 5 min to obtain a styrene-butadiene
copolymer having a modified component (Sample R).

The analysis results of Sample R are shown in Table

13 shown below.

[0149]

In Table 11 to Table 13 shown below, *1, 3, 5 and ©

indicate the following compounds.

*1: 2,2-bis(2-oxolanyl)propane
*3: 1-[3-(triethoxysilyl)propyl]-4-methylpiperazine
*5: 2-[3-(trimethoxysilyl)propyl]l-1,3-

dimethylimidazolidine

*6: [3-(dimethylamino)propyl]trimethoxysilane
[0150]
[Table 11]
Example 24 | Example 25 | Example 26

Sample No. L M N
Butadiene (qg) 920 920 920
Styrene (g) = — =
PQlyfunctional Initiator = b N
Kind

Amount added (Li amount) (mmol) 10.5 13.7 20.5
n-Butyllithium (ramol) - - -
igg:gslof polar substance (g) 0.017 0.023 0.034
Amount of modifier-1 added*3 (mmol) 5.25 6.93 10.25
Amount of modifier-3 added*5 (mmol) - - -
Amount of modifier-4 added*é (mmol) - - -
Modification ratio (%) 87 90 93
Mooney viscosity 58 62 65
Bonded styrene amount (%) 0 0 0
1,2-Vinyl bond amount (%) 18 18 18
We%ght—average molecular elTeHEEmd) 421 428 434
weight (Mw)
Rl e LR LR g (thousand) | 298 288 279
weight (Mn)




[0152] [Table 13]

Mw/Mn

1.41

1.49

1.56

Ratio of the lowest
molecular weight peak area

48

38

30




[Pd-r., ion. of rubTh.v_F, POFJ-qc,1 fEx ,les 29 to 32, and Conparat. |,
Exanple - 93 - Rubber conpositions were obtained according to the
following formul ati ons where (Sanples 1, to N) shown in Table 11 shown
above were denoted as the nodified di ene based pol yner conponent (A)
according to the present invention, and a high-cis pol ybutadi ene and
(Samples Q and R) shown in Table 13 shown above were denoted as pol yner
components other than. the (A), as (B).g; _ The rubber conponent

descri bed bel ow was the total of (A) conponent and (B) conponent, The
mass ratio of (A) conponent and (B) conponent are shown in Table 14 and
Tabl e 15 shown. below. [0154) Rubber conponent (the total of (A) conponent
and (B) conPbheht): 100.0 parts by mass Silica (Utrasil N3, made by Evonik
Degessa GhbH): 75,0 parts by mass Carbon bl ack (Seast KH(N339), nade by
Tokad Car boht &€ ]L%ﬁ.): 5.0 parts by mass

Example Example

27 28
Sample No. 0] P
Butadiene (g) 920 920
Styrene (g) - -
Polyfunctional Initiator
Kind N &

Amount added (Li amount) (mmol) 13.7 13.7

n-Butyllithium (mmol) - -
igzzgzlof polar substance (g) 0.023 0.023
Amount of modifier-1 added*3 (rimo1 ) = -
Amount of modifier-3 added*5 (mmo1l) 6.93 =
Amount of modifier—-4 added*6 (mmo1l) & 6.93
Modification ratio (%) 89 92
Mooney viscosity 64 66
Bonded styrene amount (%) 0 0
1,2~Vinyl bond amount (%) 18 18
We?ght—average molecular (thousand) 431 443
welght (Mw)
Nu@ber—average molecular TehSasEady 292 302
welight (Mn)
Mw/Mn 1.48 1.47
Ratio of the lowest
molecular weight peak area (%) et &




Si | ane coupling agent (3i69, made by Evoni k Legussa GrbH): 7.5 parts by
macs S' RAE oil Ranp Process NC140, made by Japan Enel gy Cerp.): 37.5 parts
by mass Zinc oxide: 2.5 parts by MaSS Stearis acid: 2.0 parts by nass

Ant i oxi dant | N-isopropyl-N -phenyl - p-phenylenedl am ne) 2"0 parts by nass
Sul fur:as Vul cani zation accel erator (.14-cyc o benzot hi azyl sul fi nanzde) 1.7
parts by mass Vul cani zati on accel erator (di nhenviguanid ne); ,5 )arts by
mass The total: 216partsmass The kneadppg-step, and the noida, sing step
were carried out as in the production process of the rubber corposorLs in
Exanples 9 to 16 and Conparai:ive. E;, xaxaples 4 to 6 descri bed above,

(0152]
[Table 13]
Production|Production
Example 1 | Example 2
Sample No. Q R
Butadiene (g) 777 777
Styrene (g) 273 273
Polyfunctional Initiator B B
Kind
Amount added (Li amount) (mmol) = -
n-Butyllithium (mmo1l) 5.8 7.5
ke
2232253of modifier-1 (mmo1l) B 5 00
Amount of modifier-3 (mmol) B B
added*5
Amount of modifier-4 (mmol) B N
added* 6
Modification ratio (%) - 82
Mooney viscosity 48 50
Bonded styrene amount (%) 26 26
1,2-Vinyl bond amount (%) 57 57
We%ght—average molecular (thousand) 373 583
weight (Mw)
Number—average molecular TS A—— 359 232
weight (Mn)
Mw/Mn 1.04 1.22
Ratio of the lowest
molecular weight peak (%) 100 69
area
[0153]

[Production of rubber compositions]

[Examples 29 to 32, and Comparative Example 8]



After the vul cani zation, phy::prope.of the r bber conposi .ens were
trwow red- The neasurenesuits of the ph.')' operties are shown in Tabl eand
Tabl e 15 shown be [0156] (Table 14] c -1 0" Tensile strength indE
Abrasion. in resistance TanS at 0C ... dex

_.93_

Rubber compositions were obtained according to the
following formulations where (Samples L 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 VN3, made by Evonik Degussa GmbH): 75.0
parts by mass

Carbon black (Seast KH(N339), made by Tokai Carbon Co.,
Ltd.): 5.0 parts by mass

Silane coupling agent (Si69, made by Evonik Degussa
GmbH): 7.5 parts by mass

S-RAE o0il (JOMO Process NC140, made by Japan Energy
Corp.): 37.5 parts by mass

Zinc oxide: 2.5 parts by mass

Stearic acid: 2.0 parts by mass

Antioxidant (N-isopropyl-N'-phenyl-p-phenylenediamine):

2.0 parts by mass



(strain of Tans at 5000 index (strain of a% 101 101 61 102 106 106
[ 0157] [ Tabl e 15] In. Table 14 and Table 15 , ahighcis poi:Arita used

was NEEPOT. ER150, nmade by USE | ndustries, [0159]

_.94_.

Sulfur: 1.7 parts by mass

Vulcanization accelerator (N-cyclohexyl-2-
benzothiazylsulfinamide): 1.7 parts by mass
Vulcanization accelerator (diphenylguanidine): 1.5 parts
by mass

The total: 236.4 parts by mass

[0155]

The kneading step, and the molding and vulcanizing
step were carried out as in the production process of the
rubber compositions in Examples 9 to 16 and Comparative
Examples 4 to 6 described above.

After the wvulcanization, physical properties of the
rubber compositions were measured.

The measurement results of the physical properties

are shown in Table 14 and Table 15 shown below.

[0156]
[Table 14]
Example | Example | Example
29 30 31

Rubber L 30 = o
component M - 30 -
(A). (parts

o i ~ - 20
by mass)
Rubber High-cis B B B
component polybutadiene
(B) (parts 0 _ _ _
by mass) R 70 70 80
Compound Mooney viscosity 75 80 84
Bound rubber content (%) 60 68 70
P4 U0 ITensile strength index | 100 98 97




As shown in. Table 11 and Table 15 shown above, id fromthe |ow tan:. at
.50'C (low LLVS t.er Cs 0 loss) - 96 - that the nodified conjugated

di enn- based pol yner conpositions in. Exanples 29 to 32 had a low rolling
resi stance of the tire, and exhibited an excellent fuel-efficiency

per f or mance. It was found fromthe Plan tan6 at O S that the nodified
conj ugat ed di ene-based pol yner conpositions in Exanples 29 to 32 al so
exhi bited an excellent wet skid resistance, performance. Fromt he

above, it has been found. that the nodified conjugated diene-based pol yner
conpositions according the present Exanples exhibited a good bal ance
bet ween the rolling [hesi-stigpce performance gnd the wet skid rlesi stance
performance, and. furtherihada good abﬁﬁ@ﬁcnlpésistan%%zand t e | e
strength. |[0160] [ Exanptes—33-to 371 —and{Canparative Exanpte 91
Rubber onmmosti ons vWér&dobtailned accorghagxtolbhe foll owsng flornmy ati pns
wher e Sanpl e M show (srafablog 1% )shown. abqve and Sanples 0 [and P shown in
Tabl e 12 shown aboverweke. dengbed as the, nmodified diane polymer conponent,
as (.A) cgnponent, ageardiing 10 e pt €8ERE |i nféntioh, ahd a jnatral fubber
and a hi gh-eis pUthaLGUIUHC were—denoted—as—(3)—conponent Fhe—r+ubber
conponent descrdbed bel ow. was the total Of (A) conponent and (B)
conmponent ,

Q)

[0157]
[Table 15]
Example |Comparative
32 Example 8
Rubber L - _
component M 30 ~
(A) (parts
by mass) N = =
Rubber High-cis B 30
component [polybutadiene
(B) (parts |g 70 70
by mass) R — -
Compound Mooney viscosity 65 53
Bound rubber content (%) 57 40
W Tensile strength index 100 100
°9 Abrasion
= . index 105 100
g O N resistance
=) i B | )
9§ |Tand at 0°C index | 103 100
o WO (strain of 1%)
Mg -
5 5 |Tand at 50°C index 63 100
= (strain of 3%)
[0158]

In Table 14 and Table 15, a high-cis polybutadiene
used was UBEPOL BR150, made by UBE Industries, Ltd.
[0159]

As shown in Table 14 and Table 15 shown above, it

was found from the low tand at 50°C (low hysteresis loss)



The mass ratio of (A ) conmponent and (El) conponent are shown. in Table 16
and Table 17 shown bel ow. Rubber conponent (the total of (A) conponent and
(B) conponent): 100.0 parts by nmass Silica (Utrasil VN3, nade by Evonik
Degussa. GrbE): 35.0 parts by mass Carbon bl ack (Seapt KH(N339), nmde by
Tokai Carbon Co., Ltd.): 15,0 parts by mass Silane coupling agent (5169,
made by Evoni k Degussa GrbH): 2.8 parts by nass S-RAl oil (JONG Process
NC140, nade by Japan Energy Corp.): 209@Q parts by nmass Zinc oxide: 3.0
parts by nass Stearic acid: 2.0 parts by nmass Anti oxi dant

(N-i sopropyl - Wphenyl - p- phenyi enedi amne): 1.0 part by mass Sul fur: 1.7

Eg:ltzzt E?aﬁ?’%ﬁiv;éﬁlcﬁgﬁoég;ﬁio% §%§§ﬂg§rt%§¢obﬁ$%¥ﬁc%%ﬁ %‘ﬁ%‘#%ccel er at or

(di phenyl g%%rr}lip%isr.{%)i:onls' qnp%rgamt]);}ie%a% 'gg)e §20thaa!ci a18_lloow p]?cgi[lsinbc_}l mass [0161]
resistance of the tire, and exhibited an excellent fuel-
efficiency performance.

It was found from the high tand at 0°C 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 to
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 tensile strength.

[0160]

[Examples 33 to 37] and [Comparative Example 9]

Rubber compositions were obtained according to the
following formulations where Sample M shown in Table 11
shown above and Samples O and P shown in Table 12 shown
above were denoted as the modified diene polymer
component, as (A) component, according to the present
invention, and a natural rubber and a high-cis
polybutadiene were denoted as (B) component.

The rubber component described below was the total

of (A) component and (B) component.



The kneadi ng step, and the nol ding and vul cani zi ng steps were carried out
as in the production process of the rubber conpositions in Hxatnpl es Bto
1.6 and nparative Exanples 4 to boescribed above, After the

vul cani zat.ioti, physical properties of the rubber conpositions were
measured, enent results dical properties are shown in Table 16 and Table 17
shown bel ow. In this evaluation, a viscoelastiii v. tester (AR ES),
made by Rhemmetrics Scientific Inc., wagy used, and GP (storage nodul us) at
-20QC of a vul cani zed test piece was neasured at a frenency of 10 Hz and a
strain of 0,1%in a torsion node and was used as an index for the | ow -

temperature perroLmncs, Asmmiler Lndoxvalus. 'ndboaes a,bekLst
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 GmbH): 35.0
parts by mass
Carbon black (Seast KH(N339), made by Tokai Carbon Co.,
Ltd.): 15.0 parts by mass
Silane coupling agent (5i69, made by Evonik Degussa
GmbH) : 2.8 parts by mass
S-RAE o0il (JOMO 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-N'-phenyl-p-phenylenediamine) :
1.0 part by mass
Sulfur: 1.7 parts by mass

Vulcanization accelerator (N-cyclohexyl-2-

benzothiazylsulfinamide): 1.5 parts by mass
Vulcanization accelerator (diphenylguanidine): 1.0 part
by mass

The total: 183.0 parts by mass
[0161]
The kneading step, and the molding and wvulcanizing

steps were carried out as in the production process of



99 Abrasion resistance i ndex 103

_98_.

the rubber compositions in Examples 9 to 16 and
Comparative Examples 4 to 6 described above.

After the wvulcanization, physical properties of the
rubber compositions were measured.

The measurement results of the physical properties
are shown in Table 16 and Table 17 shown below.

In this evaluation, a viscoelasticity tester (ARES),
made by Rheometrics Scientific Inc., was used, and G'
(storage modulus) at -20°C of a vulcanized test piece was
measured at a frequency of 10 Hz and a strain of 0.1% in
a torsion mode, and was used as an index for the low-
temperature performance.

A smaller index value indicates a better low-

temperature performance.

[0162]
[Table 16]
Example | Example | Example
33 34 35
Rubber M 50 = -
component
(A) 0 - 50 _
(parts by
mass) P - - 50
Rubber
component Natural rubber 50 50 50
(B) . :
High-cis

arts b = i
(p Y polybutadiene -
mass)
Compound Mooney viscosity 68 66 69
Bound rubber content (%) 66 63 62
e o ézi:;;ih index| 101 100 102




G at -20C (strain of. 0.1g) Tan6 at 50C index strain of 3% 100 - 1,0163]
[ Tabl e ‘"l e 17, a high-cis poiybutadl ene
used was UBEPO " BRIM, nmade byl ndustries, Ltd-, and a natural rubber used
was R364- [0165] As shown in Table 16 and Table 17 shown above, was

found fromthe Iow tans at 50C (| ow 6he nod itconiligated c):ien:nE---based
oi vie.

- 99 =

A O index| 108 105 101
resistance
G' at -20°C
(strain of index 96 97 99
0.1%)

[o]
Tand at 50°C index| 65 68 72
(strain of 3%)




- 101 - conpositions in Exanples 33 to 37 had a low rolling resistance of
the tire, and exhibited an excellent fuel-efficiency perfornmance. it
was confirmed fromthe low V at -2000 that the nodified conjugated.

dgene- based pol yner conpositions in Exanples 33 to 37 al so exhibited an
excel l ent | owtenperature pexformance. From t he abdve, it has been
found that the nodified. conjugated diene-based pol yner conpositions in
Exanpl es 33 to 37 exhi bited a good balance between the rolling resistance
performance and the | owtenperature perfornmance, and further had a good
abrasion resistance and tensile strength. [0166] The present
applicatioT i%ggased on Japanese Patent Application No. 2008-265434, filed
on Cctober (74 008, with Japan. Patent O fice, and Japanese Patent
Applicatio N9 %939 186603, filed on August. 11, 2009, w th Japan Patent
Ofice, th content of which are incorporated her ei n by reference.

| ndustri al App||cab|l|tv [0167-] Capash 1é omsalb 1 & heommsh 4 t Bk
conj ugat ed. dlene based polyner accordlng t g6t he preﬁent imyefntieonin
conbi nat i F ? MganIC'TTIIerS have [th ObnGUS[rI ppiicabitit 102
inthe fields o tterior and exterior tfrimparts of autwnnhilpq, rubber
vi bration F% P8P8P§ Obel ts, footwear, foans,-varjous-types of kndustfi al
parts, tiné ppl i catipons and the Tike. |- 103 -
(parts by _ _ _
mass)
Rubber Natural
= - 50
component |rubber
(B) High-cis
(parts by|polybutadiene - 50 50
mass)
Compound Mooney viscosity 83 65 45
Bound rubber content (%) 09 57 38
B e index| 92 103 100
-~ strength
ﬁ Abrasion
G T index 93 110 100
84ﬁ resistance
a N G' at -20°C
= % (strain of index 93 92 100
@ O 0.1%)
(O]
P Tand at 50°C
=y (strain of index 51 63 100
Ao 33%)
(0164]

In Table 16 and Table 17, a high-cis polybutadiene
used was UBEPOL BR150, made by UBE Industries, Ltd., and
a natural rubber used was RSS#3.

[0165]
As shown in Table 16 and Table 17 shown above, it

was found from the low tand at 50°C (low hysteresis loss)

that the modified conjugated diene-based polymer



Clans 1. A nodified conjugated diene-based polymer having a silyl group
stabeattned with one or nore al koxy groups, and one or nore nitrogen atons
at the termnals of the conjugated di eneabased pol yner, the nodified
conj ugat ed di ne/ used Pol yner bei ng obtained by using a pol stinctional

ani oni ¢ polynerization initiator prepared froma polyvinyl aromatic
conpound and an organolithium conpound in a range of a nolar ratio (the
polyvinyl RIOQU a tic conpound/the org ithiun1conpound) of flue 0.05 to
1,0, and by reacting a conpoun aving a silyl coup substituted
with. two or nore al koxy groups, and one or nore nitrogen atons with the
pol yi neri zation-active termnals or the con;ugated di ene- based pol yner

obt ai ned by¥9FdIoAETICZIShd e Feoijug eth di @atl/ dorpountewrrebpblyneri zi ng a
conj ugat ed di ene conpound with an aromatic, vinyl conpound. 2. The nodified
conj ugat ed ‘diSerdFaseEd Yol Wifert dcvord h@ ot i} &t Ihet B Hl 8 Rodf fftat i on
ta.o determ_ned by an anount adsorbed onto a columm of get perneation
chronatogr§E%¢qﬁ§§ﬁ¥wﬂﬁﬁﬁéﬁﬂﬁ9ﬁfsiIica particl e-packed colum is 78% by
mass or nom 3, The nodified cor(iagai di.esno- based palynmer according to
daiml or 2, whér8&ff §9n%lrmed ﬁ% SquﬁélﬁHi iﬁ% F oﬁagﬁétc%ﬁﬁound to

t he organol i thi .Sy 04 ange. of . 45. 4. T. nmodi fi ed
conj ugat edIm }d@%&i%ﬁ&%&e@ acgcég}%i ng t(g pcéfaﬁﬁnl%rg %?Iﬁfg?%/\ﬁle?%? nﬂ?he

conpound havi;ng the 33 Il ur U substiduied i tddao of+ Mg al koxy groups,
and one or nore nitrogen atons is represented by the followng fornmula 1:

<formul a lxempheehirceach iMarand R 2 i ndependently represents an al kyl
coup having 1
From the above, 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 Applicability
[0167]

Compositions of the modified conjugated diene-based
polymer according to the present invention in combination

with inorganic fillers have the industrial applicability



carbon atons, or an aryl group: R3 represents an al kyl ene group having 1 to
20 carbon atons: R4 and R 6, may he identical or different fromeach ot her:
represent a hydrocarbon group having | to 6 carbon atons, and forma 5 or
coore-nrinbored 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 atons, or a triorgatio-§L¥§§i1uted sib'', group; and in is an
integeror 3, or, by the following fonnule 2: <fornula 21> aeor-a wherein
the definitions of i?..1 to Re and mare the sane as in the ibrommla 1
descri bed above; and R7 represent; a hydrocarbon gaup having | to 20 carbon
atoms, a hydr 6 bfdﬁlg?‘%tﬂipv%ﬂﬁﬂflrﬁh@ P PsT H U el Wt PR RE hie® Er oet om
havi ng no active hydrogen _and having 1 to 20 carbon atons, or a

i ri or gano- SUBSTIAUES s PRI ouD: P1S A STo di 560 Cohj Ugfat B df ene?eased

pol ymer according to .Cahn |, wherein j]t qgel perﬁ@eatoan chr onot ogr aphy
measur ement: °G81Sg & ToS s traH T I%ﬂéﬁﬁaéiﬁﬁﬂRﬁﬁns’ tire “the peak area on
t he | owest I l,.ar [ i de .accounts for 20 to 50% of an area of a
whol e chroﬁ%ﬁgggggﬁnggéﬁg Eﬂeallﬁré;ecﬂfication rati o determ ned by an anpunt
adsorbed onto a colum used in gel perneation chromatography neasurenent

using a silica partiele-packed colum is 78% by mass or nore. 6. A nethod
for producing a nodified corijugatthe stops of;



reacting a polyVinyl aromatic conpound with an organoiithium conpound to
prepare a podyfunetional anionic polynietization initiator in a range of a
nmol ar ratio of the polyvinyl aromati c conpound to the organdithi um conpound
of fromO0.05 to 1.0; pol yneri zi pgg & conj ugated diem: conpound or
copol yneri zi ng a conjugated di eue conpound with an aromatic yinyl conpound
by using the p5iyfunctiond anionic polynerization initiator, SO AS.tp
obt ai ma conj ugat ed di ene-based pol yner; and reacti ng a conmpoundhavni g
siil group substituted with two or "8%3{\6“ koxy groups, and one or nore
rangen atons with the polynerization- Tve terninals of the conjugated

di ene- hased. polyner 7. The nmethod for producing the nodified conjugated

t hese- based pol ymer according to aim6, wherein a nolar ratio of the

pol yvi n%d. ar 0nﬁfﬂo@iiﬁ@ﬂ@@l@dﬁdﬁ&n&«h&e@b@ﬁﬂ&i}iat/ih'gunﬁylgrolzﬁsubstimwg‘pfmhng isina
range of FromO.1 to 0O ; . ' ; ifie

conj ugatoélaé)fglggee? Oﬁ(glgﬁ/d#és?a%dc?%%&gf{égé@g eL?{Oan%p%E%ﬁ%ﬁlg?g?’th he con: nound
havi ng w%iuﬁyid@ﬁ%?%mm@ut ed with two or nore aliroxy groups, and one
or nore nitrogemodifRisoijsgatcdplicas dnde doloyet hetgfchtalmdiopgsitpe m | 1a 1:  wherein

h oft?: o 20 ] : : t hort
R e B e T %@?ﬁ@?ﬁ"ﬁ%‘%‘;ﬁiﬁg 1 to 20
f

car bon atoFpeundEHAn pEBnoliRiyMISEMPRHEA L £ EPERE AgPeiE R ch other,
r epr esenfro@atty@digeaidibnogiolifhilavimguidtod imdelsbon.Oargima, and forma 5 or

mor e- menber edy g k@&i?gh[cﬁ%bwntﬁ g&gg&& B oMb BitkiDeaditBeRnbr bre Rkbxy epresents a

hydr ocar bon group v carhon atons,. a hydrocarbo roup

subst i t utreEPsWIRdrPg ORBPTE MHEEEHTIRRS ?VHB Hﬁé’og’e’tef‘%mﬁ?ﬁ{%é%ﬁ"qag)??ﬁ%avi ng 1 to 20
carbon at@fmateoticne-basedpdana-cbtabst by nelpuersiiig/ cogrugapd digrrkompoins oan i nt eger .
of 2- o o FuiyRleriziY 2 bLélfudafbilaffl B RRIWHR artaroh@id W3 compound.

2. The modified conjugated diene-based polymer according to Claim 1, wherein a
modification ratio determined by an amount adsorbed onto a column of gel permeation
chromatography measurement using silica particle-packed column is 78% by mass or more.

3. The modified conjugated diene-based polymer according to Claim 1 or 2, wherein a
molar ratio of the polyvinyl aromatic compound to the organolithium compound is in a range
of from 0.1 to 0.45.

4, The modified conjugated diene-based polymer according to Claim 1 or 2, wherein
the compound having the silyl group substituted with two or more alkoxy groups, and one or
more nitrogen atoms is represented by the following formula 1:

<formula 1>
4

R\ L]
SN-R
R

e
\~

(R'O):?i-R’—N
Rih}
wherein each of R! and R? independently represents an alkyl group having 1 to 20

carbon atoms, or an aryl group; R® represents an alkylene group having 1 to 20 carbon atoms;
R* and R®, may be identical or different from each other, represent a hydrocarbon group
having 1 to 6 carbon atoms, and form a 5 ox more-membered ring structure together with two
adjacent N; R® represents a hydrocarbon group having 1 o 20 carbon atoms, a hydrocarbon



wherein the definitions of Rt to 11, and in are the same as in the fornula
| described above; and P2 represents a hydractarbon group having 1 to 20
carbon atons, a hydrocarbon group which nmay be substituted with a
het et eat ona havi ng no active hydrogemgand havingi to 2-0 carbon atons, or a
tricirgano-substitoted sibyl group. 9, A nodified CGorkisip:Lod diene-based
pol ymer conposition, containing 0.5 to 300 pans by mass of a silica-based
i nor ganigmup iskisetutevivtith artespetin haoyirk0o apdrctiy diggernad $26hg htadPslsdpn conponent
cont ai n'aﬁgls%} mQYSum:ﬁecpfﬁl yIB6&; hd hheadbdriced of DRY, %ﬂiﬁed di eno- based
pol ymer %@ %@ 9 any one of Claims 1, 2, and 5: - 108 - 10, The
modi fi ed® Eﬁéﬁ Y“di ene- based pol yner conp05|t|on ccordlixEg to Claim?9,
further containing 0,5 a..J 100 pats by mass of carbon black with respect
to 100 p@fctuia BY nMasSs r obber conponent containing 20 parts by mass or nore
of the nodified conjugated dienc-based polymer, 11, The nodified
conj ugat ed d|ene4xgscd pol ymer conposition accord|ng to daim9, wherein
the silica- b@sedkﬁqgtcranle filler has a nitrogen adsuiption specific
anchi ce area OF&WOHNI ig or nore. 32.Atire conprising the nodified
corijugai ed di em based pol ynmer conposition icoording to Claim9.

wherein the definitions of R! to R® and m are the same as in the formula 1 described above;

and R’ represents a hydrocarbor group having 1 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.

5. A modified conjugated diene-based polymer according to Claim 1, wherein in gel
permeation chromatography measurement using a polystyrenic gel-packed column,

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 18 78% by

Mass of more.

6. A method for producing a modified conjugated diene-based polymer, having the
steps of:

reacting 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 organolithium compound of from 0.05 to 1.0;

polymerizing a conjugated diene compound or copolymerizing a conjugated diene
compound with an aromatic vinyl compound by using the polyfunctional aniome
polymerization initiator, so 25.t0 obtain.a conjugated diene-based polymer; and

rezcting a compound having il group substituted with two or more alkoxy
groups, and one or more nitrogen atoms with the polymerization-active terminals of the
conjugated diene-based polymer.

7. The method for producing the modificd conjugated diene-based polymer according
to Claim 6, wherein a molar ratio of the polyvinyl aromatic compound to the organolithium
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compound is in a range of from 0.1 to 0.43.

8. The method for producing the modified conjugated diene-based polymer according
to Claim 6 or 7, wherein the compound having a silyl group substituted with two or more
alkoxy groups, and one or more nitrogen atoms is represented by the following formula 1:

<formula 1>
4
R
(R'O)—§i-R=N] JN—R'
m g, R

B-m)

wherein each of R' and R? independently represents an alkyl group having 1 to 20
carbon atoms, or an aryl group; R’ represents an alkylene group having 1 to 20 carbon atoms;
R* and R®, 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
adjacent N; RS represents & hydrocarbon group having 1 to 20 carbon atoms, a hydrocarbon
group substituted with a heteroatom having no active hydrogen and having 1 to 20 carbon
atoms, or a triorgano-substituted silyl group; and m is an integer of 2 or 3, or, by the
following formula 2:

<formula 2>

Z—W-

R ]

(n'o)m——-?t-a'—a‘: R
2
Rz

T—Z

¥

wherein the definitions of R! to R® and m are the same as in the formula 1 described
above; and R represents a hydrocarbon group having 1 to 2¢ 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 triazgano-substityted silyl group.

9, A modified conjugated diene-based polymer composition, containing 0.5 to 300 parts
by mass of a silica-based inorganic filler with respect to 100 parts by mass of a rubber
component containing 20 parts by mass or more of the modified conjugated diene-based
polymer according to any one of Claims 1, 2, and 5.
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10. The modified conjugated diene-based polymer composition according to Claim 9,
further containing 0.5 to 100 parts by mass of carbon black with respect to 100 parts by mass
of the rubber component containing 20 parts by mass or more of the modified conjugated '
diene-based polymer.

11. The modified conjugated diene-based polymer composition according to Claim 9,
wherein the silica-based inorganic filler has a nitrogen adsorption specific surface area of 170
m?/g or more.

12. A tire comprising the modified conjugated diene-based polymer composition
according to Claim 9.



