DESCRI PTI ON

Modi fi ed Conjugated Di ene-Based Pol ynmer, Production
Met hod Therefor, Polymer Conposition,
Crosslinked Polyner, and Tire

TECHNI CAL FI ELD
[ 0001]
The present disclosure relates to a nodified conjugated
di ene- based pol yner, a production nethod therefor, a polyner

conposition, a crosslinked polyner, and a tire.

BACKGROUND ART

[ 0002]

A conj ugat ed di ene-based pol ynmer produced through
pol ynmeri zati on of a conjugated di ene conmpound exhi bits good
properties (e.g., thernmal resistance, abrasion resistance,
mechani cal strength, and processability). Thus, the
conj ugat ed di ene-based pol yner has been used in various
i ndustrial products, including pneumatic tires, vibration-
proof rubbers, and hoses.
[ 0003]

A pneunatic tire is required to achi eve excellent |ow
fuel consunption performance. In order to neet such a
requi renent, various nodified conjugated diene-based pol yners
have been proposed, in which a functional group capabl e of
interacting with silica is bonded to the polynerization

initiation term nal or polynerization end termnal of a



conj ugat ed di ene-based pol yner chain (see, for exanple,
Patent Docunents 1 to 4). Such a term nal-nodified

conj ugat ed di ene-based pol yner exhibits higher affinity to a
reinforcing filler (e.g., carbon black or silica), as
conmpared with an unnodifi ed conjugated di ene-based pol yner.
Thus, such a nodified conjugated di ene-based pol yner can
achi eve | ow heat-generating property and inproved | ow fuel

consunpti on perfornmance.

RELATED- ART DOCUMENT
Pat ent Docunent

[ 0004]
Pat ent Docunent 1: Japanese Patent Application Laid-Qpen
(kokai) No. 2003-171418
Pat ent Docunent 2: International Patent Publication WO
2013/ 94629
Pat ent Docunent 3: International Patent Publication WO
2015/ 152038
Pat ent Docunent 4: International Patent Publication WO

2005/ 021637

SUMMARY OF THE | NVENTI ON
Techni cal Probl em
[ 0005]
In view of, for exanple, recent environnental
ci rcunstances (e.g., global warm ng due to carbon dioxide

em ssion), increasing awareness about resource saving and



energy saving, and econom c situations (e.g., an increase in
the price of gasoline), rubber materials for autonobile tires
have been required to achieve | ow fuel consunption
performance (| ow heat-generating property) superior to that
of conventional ones. In addition to |ow fuel consunption
performance, such a rubber material is required to achieve
wel | - bal anced properties for tires, including processability
and wet grip property.
[ 0006]

In view of the foregoing, an object of the present
di sclosure is to provide a nodified conjugated di ene-based
pol ymer capabl e of preparing a rubber conposition exhibiting
excel |l ent processability and a vul cani zed rubber achi evi ng

excel l ent | ow fuel consunption performance and wet grip

property.

Sol ution to Probl em
[ 0007]

In order to solve the aforenentioned problens, the
present disclosure provides a nodified conjugated di ene-based
pol ymer, a production nethod therefor, a polynmer conposition,
a crosslinked polyner, and a tire, which are described bel ow.
[ 0008]

[1] A nodi fi ed conjugated di ene-based pol ymer conpri sing,
at one termnal of a conjugated di ene-based pol yner chain, a
pol ymer bl ock having a structure derived fromat |east one

compound sel ected fromthe group consisting of the follow ng



vi nyl si l ane compound (A) and aromatic vinyl conpound (B)

(A) a vinylsilane conpound having a group "-Si RIRPR*",
wherein R' represents a nonoval ent group having at |east one
atom sel ected fromthe group consisting of a nitrogen atom
an oxygen atom a phosphorus atom and a sul fur atom and
havi ng no active hydrogen, and R? and R® each represent a
hydr ocar byl group or a nonoval ent group having at |east one
atom sel ected fromthe group consisting of a nitrogen atom
an oxygen atom a phosphorus atom and a sul fur atom and
havi ng no active hydrogen; and

(B) an aromatic vinyl conpound containing at |east one
atom sel ected fromthe group consisting of a nitrogen atom a
phosphorus atom and a sul fur atom wherein active hydrogen
is not bonded to the nitrogen atom the phosphorus atom or
the sul fur atom
[ 2] A nmet hod for producing a nodified conjugated di ene-
based pol ynmer, the nmethod conpri sing:

pol ymeri zi ng a nmonomer group X containing at |east one
conmpound sel ected fromthe group consisting of the
af orenenti oned vi nyl sil ane conpound (A) and aronatic vinyl
conmpound (B) and a conjugated di ene conpound in the presence
of a polynerization initiator, thereby preparing a polyner
bl ock having an active term nal; and

pol ymeri zi ng a nonomer group Y containing a conjugated
di ene conpound in the presence of the polyner bl ock having
the active termnal, thereby form ng a conjugated di ene-based

pol ymer chai n bonded to the polymer bl ock.



[ 3] A nmet hod for producing a nodified conjugated di ene-
based pol yner, the nmethod conpri sing:

pol ymeri zi ng a nonomer group Z containing a styrene-
based conmpound represented by fornmula (3) in the presence of
a polynerization initiator, thereby preparing a polyner block

havi ng an active term nal:

H2C:CR4
R® RY
(3)
RS R8
R7

wherein R represents a hydrogen atom or a nethyl
group, R° to R each represent a hydrogen atomor a
hydr ocar byl group, and at |east one of R to R’ has a
hydrogen atom at a benzylic position;

pol ymeri zi ng a nonomer group Y containing a conjugated
di ene conpound in the presence of the polyner block having
the active termnal, thereby form ng a conjugated di ene-based
pol ymer chai n bonded to the polynmer block; and

reacting the polyner block, at a benzylic position of a
nmononer unit derived fromthe styrene-based conpound, wth at
| east one conpound selected fromthe group consisting of the
af orenenti oned vi nyl sil ane conpound (A) and aronatic vinyl
conpound ( B)
[ 4] A pol yner conposition conprising a nodified conjugated
di ene- based pol yner of the aforenentioned [1] or a nodified
conj ugat ed di ene-based pol yner produced by a nethod of the

aforenentioned [2] or [3], an inorganic filler, and a



crossl i nki ng agent.

[ 5] A crosslinked polyner produced through crosslinking of
a polynmer conposition of the aforenentioned [4].

[ 6] A tire obtained by enploying a crosslinked pol yner of
the aforenentioned [5] as a tread material, a sidewal

materi al, or both.

EFFECTS OF THE | NVENTI ON
[ 0009]

The nodified conjugated di ene-based pol yner and
nodi fi ed conjugated di ene-based pol ynmer production nethod of
the present disclosure can prepare a vul cani zed rubber
achi eving excel lent | ow fuel consunption perfornance,

processability, and wet grip property.

DESCRI PTI ON OF EMBODI MENTS

[0010]

The nodi fi ed conjugated di ene-based pol ynmer of the
present disclosure has, at one termnal of a conjugated
di ene- based pol yner chain, a polyner block having a structure
derived fromat |east one conpound selected fromthe group
consi sting of the follow ng vinylsilane conpound (A) and
aromatic vinyl conpound (B) (hereinafter the structure nmay be
referred to as "specific structure [F]"):

(A a vinylsilane conpound having the group "-Si RRRPR®";
and

(B) an aromatic vinyl conpound containing at |east one



atom sel ected fromthe group consisting of a nitrogen atom a
phosphorus atom and a sul fur atom wherein active hydrogen
is not bonded to the nitrogen atom the phosphorus atom or
the sul fur atom

The nodi fi ed conjugated di ene-based pol ynmer can be
produced by nethod 1 or 2 described bel ow. Enbodi nents of
the present disclosure will next be described in detail.
[0011]
[ Met hod 1]

Method 1 includes steps (1-1) and (1-2). Step (1-1)
i nvol ves pol yneri zing a nonomer group X containing at |east
one conpound sel ected fromthe group consisting of the
vi nyl sil ane conmpound (A) and the aromatic vinyl conpound (B)
and a conjugat ed di ene conpound in the presence of a
pol ymeri zation initiator, thereby preparing a polyner block
having an active termnal. Step (1-2) involves polynerizing
a nononer group Y containing a conjugated di ene conpound in
the presence of the polyner block having the active termnal,
thereby form ng a conjugated di ene-based pol yner chai n bonded
to the polyner block. Hereinafter, the polymer bl ock having
the active termnal may be referred to as an "initiator
bl ock. "
[0012]
<Step (1-1)>
(Mononer group X)
Vi nyl si |l ane conpound (A)

The vinyl silane conmpound (A) is a vinylsilane conpound



having a group "-Si RRRPR*, and is preferably represented by
the following fornula (1):

H
s/

R1
|
1 i—R3
T J-si—R
R2

wherein R' represents a nonoval ent group having at |east one

H,C=C (1)

atom sel ected fromthe group consisting of a nitrogen atom
an oxygen atom a phosphorus atom and a sul fur atom and
havi ng no active hydrogen, R’ and R® each represent a

hydr ocar byl group or a nonoval ent group having at |east one
atom sel ected fromthe group consisting of a nitrogen atom
an oxygen atom a phosphorus atom and a sul fur atom and
havi ng no active hydrogen, L! represents a hydrocarbyl group,
and nis 0 or 1.

[ 0013]

R' has at |east one atom sel ected fromthe group
consisting of a nitrogen atom an oxygen atom a phosphorus
atom and a sulfur atom Such a heteroatomis not bonded to
active hydrogen, and may be protected with a protective
group. As used herein, the term"active hydrogen" refers to
a hydrogen atom bonded to an atom ot her than a carbon atom
preferably a hydrogen atom havi ng a bi ndi ng energy | ower than
that of a carbon-hydrogen bond of polynethylene. The term
"protective group"” refers to a functional group for
transforming R' into an inactive functional group. Exanples
of the protective group include tri-substituted

hydr ocar byl si |yl groups.



[ 0014]

Specific exanples of R!' include a nitrogen-containing
group in which two hydrogen atons of a primary am no group
are substituted by two protective groups, a nitrogen-
cont ai ni ng group in which one hydrogen atom of a secondary
amino group is substituted by one protective group, -R®3-
NRIR®? (R and R®*? each represent a hydrocarbyl group, R¥? and
R*> may be bonded to each other to forma cyclic structure
with the nitrogen atom and R®® represents a single bond or a
hydr ocar byl ene group), an i m no group, an oxygen-contai ni ng
group in which one hydrogen atom of a hydroxy group is
substituted by one protective group, a phosphorus-containing
group in which two hydrogen atons of a prinmary phosphino
group are substituted by two protective groups, a phosphorus-
cont ai ni ng group in which one hydrogen atom of a secondary
phosphi no group is substituted by one protective group, a
tertiary phosphino group, and a sul fur-containing group in
whi ch one hydrogen atom of a thiol group is substituted by
one protective group. In view of high affinity of the
modi fi ed conjugated di ene-based polymer to silica, R is
preferably a group containing at | east one of a nitrogen atom
and an oxygen atom nore preferably a group containing a
nitrogen atom
[ 0015]

If Ris a group "-R3-NRIR*" (hereinafter may be
referred to as a "substituted am no group”), the hydrocar byl

group represented by R or R? is preferably a Cl to C10



al kyl group, nore preferably a Cl to C5 al kyl group. R! and
R*> taken together may represent a ring together with the
nitrogen atomto which R and R*? bond. Exanples of the ring
(cyclic amno group) include a 1-pyrrolidinyl group, a 1-

pi peridi no group, a 1-hexanethyl enei m no group, a 1-

oct anet hyl enei m no group, a pyridyl group, and a 1-im dazolyl
gr oup.

The hydrocarbyl ene group represented by R® is
preferably a C1 to C20 al kanediyl group, nore preferably a Cl
to Cl0 al kanedi yl group.

[ 0016]

The aforenentioned description regarding R' is applied
to the case where R2 or R® is a nonoval ent group having at
| east one atom sel ected fromthe group consisting of a
nitrogen atom an oxygen atom a phosphorus atom and a
sul fur atom and havi ng no active hydrogen. The hydrocar byl
group represented by R2 or R® is preferably a Cl to C20 al kyl
group, a C3 to C20 cycl oal kyl group, or a C6 to C20 aryl
group. In view of the affinity of the nodified conjugated
di ene-based polymer to a filler, at least two of Rr to R are
preferably a nonoval ent group having at | east one atom
selected fromthe group consisting of a nitrogen atom an
oxygen atom a phosphorus atom and a sul fur atom and havi ng
no active hydrogen.

Exanpl es of L' include a C1 to C20 al kanediyl group, a
C3 to C20 cycl oal kyl ene group, and a C6 to C20 aryl ene group.

In the formula (1), n is preferably O.

10



[0017]

The vinyl silane conmpound (A) is preferably at | east one
speci es selected fromthe group consisting of a substituted-
am no- gr oup- cont ai ni ng vi nyl sil ane conpound and a
hydr ocar byl oxy- gr oup- cont ai ni ng vi nyl sil ane conpound.

Speci fic exanpl es of the substituted-am no-group-containing
vi nyl si | ane conpound i ncl ude
(di al kyl am no) di al kyl vi nyl si | ane,
[ bis(trialkylsilyl)am no]dial kyl vinyl sil ane,
(di al kyl am no) di (al koxyal kyl )vi nyl silane, a cyclic
am nodi al kyl vi nyl si | ane conpound,
(di al kyl am no) di al kyl vi nyl phenyl si | ane,
bi s(di al kyl am no) al kyl vi nyl si | ane,
bi s[ bi s(trial kyl silyl)am no]al kyl vi nyl sil ane,
bi s(di al kyl am no) al koxyal kyl vi nyl si |l ane, bis(cyclic
am no) al kyl vi nyl si | ane,
bi s(di al kyl am no) al kyl vi nyl phenyl si | ane,
tris(dial kyl am no) vi nyl sil ane, and
tris(dial kyl am no) vi nyl phenyl silane. Specific exanpl es of
t he hydrocar byl oxy- group-cont ai ni ng vi nyl sil ane conpound
i ncl ude trihydrocarbyl oxyvi nyl si |l ane,
di al koxyal kyl vi nyl si | ane, di al koxyaryl vi nyl sil ane,
nonoal koxydi al kyl vi nyl si | ane, nonoal koxydi aryl vi nyl si | ane,
and nonoal koxyal kyl aryl vi nyl si | ane.
[0018]
The substi t ut ed- am no- gr oup-cont ai ni ng vi nyl si |l ane

compound is preferably a conpound of the formula (1) in which

11



one or two of R' to R® have a substituted amino group and n
is 0. Specific exanples of the

(di al kyl am no) di al kyl vi nyl sil ane i ncl ude

(di net hyl am no) di net hyl vi nyl si | ane,

(et hyl met hyl am no) di net hyl vi nyl si | ane, and (di-n-

propyl am no) di net hyl vi nyl si |l ane. Specific exanples of the
bi s(di al kyl am no) al kyl vi nyl si | ane i ncl ude

bi s(di et hyl am no) net hyl vi nyl si | ane,

bi s(di et hyl am no) net hyl vi nyl si | ane, bis(di-n-

propyl am no) net hyl vi nyl si |l ane, bi s(di-n-

but yl am no) net hyl vi nyl si | ane, and

bi s(di met hyl am no) et hyl vi nyl sil ane. Specific exanples of the
bi s[ bi s(trial kyl silyl)am no]al kyl vinyl sil ane include

bi s[ bi s(trinethylsilyl)am no] nethylvinylsilane and

bi s[bi s(trimethylsilyl)am no]ethylvinylsilane. Specific
exanpl es of the bis(dialkylam no)al koxyal kyl vi nyl si |l ane

i ncl ude bi s(di net hyl am no) net hoxynet hyl vi nyl si | ane and

bi s(di met hyl am no) ( 2- met hoxyet hyl ) vi nyl sil ane. Specific
exanpl es of the cyclic am nodi al kyl vi nyl sil ane include 1-
pyrrolidinyl di methyl vi nyl sil ane, 1-

pi peri di nyl di met hyl vi nyl si | ane, 1-

hexanet hyl enei mi nodi net hyl vi nyl si | ane, and 4, 5-di hydr o- 1-
I m dazol yl di met hyl vi nyl sil ane. Specific exanples of the
bi s(cyclic am no)al kyl vinyl silane include bis(1-
pyrrolidinyl)nethylvinylsilane and bis(1-

pi peri di nyl) nmet hyl vi nyl si | ane.

[ 0019]

12



Speci fic exanpl es of the hydrocarbyl oxy-group-
cont ai ni ng vinyl silane conpound i ncl ude
trimet hoxyvinyl sil ane, triethoxyvinylsilane,
tripropoxyvinyl sil ane, nethyl di met hoxyvi nyl silane, di(tert-
but oxy) phenyl vi nyl si | ane, di met hyl met hoxyvi nyl sil ane, tert-
but oxydi phenyl vi nyl sil ane, tert-
but oxymet hyl phenyl vi nyl sil ane, and tert-
but oxyet hyl phenyl vi nyl si |l ane. These vi nyl sil ane conpounds
(A) may be used singly or in conbination of two or nore
speci es.

[ 0020]
Aromatic vinyl conpound (B)

In the aromatic vinyl conpound (B), none of the
ni trogen, phosphorus, and sulfur atons is bonded to active
hydr ogen, and each of these atons may be protected with, for
exanple, a tri-substituted hydrocarbylsilyl group. In view
of the dispersibility of a filler, the aromatic vinyl
compound (B) is particularly preferably a nitrogen-containing
aromati c vinyl conpound.

[ 0021]

Specific exanples of preferred nitrogen-containing
aromati c vinyl conpounds include conpounds represented by the
follow ng fornulae (8-1) and (8-2):

62 63
HzC:C/R R®") H20:C<F;

(8-2)
xz) "
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wherein X? represents a nitrogen-containing group having no
active hydrogen, R represents a substituent, R°? represents
a hydrogen atom a nethyl group, or a phenyl group, r is an
integer of 1 to 5 s is aninteger of 0 to 4, and r + s < 5;
and,

X3 represents a nitrogen-containing aromatic heterocyclic
group (which may have a substituent on the ring noiety), and
R°® represents a hydrogen atomor a nethyl group.

[ 0022]

In the formula (8-1), X* may be in a chain or cyclic
form and X2 is, for exanple, a group "-R3-NRIR2. " Exanples
of the substituent represented by R include a Cl to CI10
hydrocar byl group and a Cl1 to Cl0 hydrocarbyl oxy group. 1In
the formula (8-1), r is preferably 1 or 2, nore preferably 1,
and s is preferably O to 2, nore preferably 0 or 1.

In the formula (8-2), X¥is, for exanple, a group
prepared through renoval of one hydrogen atomfromthe ring
noi ety of a pyridine ring, a pyrimdine ring, a pyrazine
ring, or a quinoline ring. The description regarding R can
be applied to the substituent that nay be possessed by the
ring noiety.

[ 0023]

Speci fic exanpl es of the nitrogen-containing aromatic
vi nyl conpound represented by the fornula (8-1) include
di hydr ocar byl styrenes, such as 3-di net hyl am nostyrene and 4-
di met hyl am nostyrene; di hydrocar byl am noal kyl styrenes, such

as 4-(diethyl am nonet hyl )styrene and 4-[ 2-

14



(di met hyl am no) et hyl ] styrene; cyclic-am no-group-contai ni ng
styrenes, such as 3-(1-pyrrolidinyl)styrene, 4-(1-
pyrrolidinyl)styrene, 4-piperidinostyrene, 3-(1-
pyrrolidinyl)nethyl styrene, 3-(1-pyrrolidinyl)ethylstyrene,
4- (1-pyrrolidinyl)methyl styrene, and 4-(1-
pyrrolidinyl)ethyl styrene; and tertiary-am no-group-
cont ai ni ng di phenyl et hyl enes, such as 1-(4-
di met hyl am nophenyl ) - 1- phenyl et hyl ene. Specific exanpl es of
the nitrogen-containing aromatic vinyl conpound represented
by the forrmula (8-2) include vinylpyridines, such as 3-
vi nyl pyridi ne and 4-vinyl pyridine. These aronmatic vinyl
conmpounds (B) may be used singly or in conbination of two or
nor e speci es.
[ 0024]

Exanpl es of the conjugated di ene conpound include 1, 3-
but adi ene, isoprene, 2, 3-dinethyl-1, 3-butadi ene, 1, 3-
pent adi ene, 1, 3-hexadi ene, 1, 3-heptadi ene, 2-phenyl-1, 3-
but adi ene, 3-nethyl -1, 3- pent adi ene, and 2-chl oro-1, 3-
but adi ene. O these, 1, 3-butadiene, isoprene, and 2, 3-
di met hyl - 1, 3- but adi ene are preferred. Particularly preferred
is 1,3-butadiene fromthe viewoint of well-bal anced
i mprovenents in processability and | ow hysteresis | oss
property. These conjugated di ene conpounds may be used
singly or in conbination of two or nore species.
[ 0025]

In order to achieve sufficiently high reactivity, the

anmount of the conjugated di ene conmpound used in the nononer

15



group X is preferably 5 mass% or nore, nore preferably 10
mass% or nore, still nore preferably 15 nmass% or nore,
relative to the total anount of the conpounds of the nononer
group X. In order to achieve sufficient inprovenents intire
properties by the vinylsilane conmpound (A) and the aromatic
vi nyl conpound (B), the maxi num anount of the conjugated

di ene conpound used is preferably 70 mass% or | ess, nore
preferably 60 mass% or |ess, still nore preferably 50 mass%
or less, relative to the total anmount of the conpounds of the
nononmer group X

[ 0026]

The nononer group X may be pol ynmerized using a solution
pol ynmeri zati on nmet hod, a vapor-phase pol ynmeri zati on met hod,
or a bul k polynerization nethod. Anong these, a solution
pol ymeri zation nmethod is particularly preferable. The
nononmer group X may be polynerized in a batch-w se nanner or
a continuous manner. Wen using the solution polynerization
nmet hod, the nononer group X may be polynerized in an organic
solvent in the presence of an initiator, for exanple.

[ 0027]

At | east one of an alkali netal conmpound and an
al kal i ne-earth nmetal conpound is preferably used as the
initiator for polynerization of the nononer group X
Exanpl es of the initiator include alkyllithiunms such as
methyllithium ethyllithium n-propyllithium n-butyllithium
sec-butyllithium and tert-butyllithium 1,4-dilithiobutane,

phenyllithium stilbenelithium naphthyllithium 1, 3-bis(1-

16



l'ithio-1,3-dinethyl pentyl)benzene, 1, 3-phenyl enebi s(3-nethyl -
1- phenyl pentylidene)dilithium naphthyl sodi um

napht hyl pot assi um di - n- but yl magnesi um di - n- hexyl magnesi um

et hoxypotassi um and cal cium stearate. Anong these, |ithium
compounds are preferable.

[ 0028]

The nononer nmay be polynerized in the presence of a
conmpound that is obtained by m xing at | east one of the
al kali netal conmpound and the al kal i ne-earth netal conpound
with a conmpound having a functional group that interacts with
silica (hereinafter the conpound may be referred to as a
"modi fying initiator"). The term “functional group that
interacts with silica” used herein refers to a group that
i ncludes at |east one atom(e.g., a nitrogen atom a sulfur
atom a phosphorus atom an oxygen atom or a silicon atom
that interacts with silica. The term*“interaction” used
herein refers to that a coval ent bond is forned between
nol ecul es, or an internolecular force (internolecul ar
el ectromagnetic force such as ion-dipole interaction, dipole-
di pol e interaction, a hydrogen bond, or Van der Waals force)
that is weaker than a coval ent bond is forned.

[ 0029]

The nodifying initiator is preferably a nitrogen-
cont ai ni ng conmpound (e.g., a secondary ani ne conpound).
Specific exanpl es of the nitrogen-containing conpound include
di met hyl am ne, di et hyl am ne, dipropyl am ne, dibutyl am ne,

dodecanet hyl eneimine, N, N -dinethyl-N -trinethylsilyl-1,6-

17



di am nohexane, pi peridi ne, pyrrolidine, hexamethyl enei m ne,
hept anet hyl enei m ne, dicycl ohexyl am ne, N nethyl benzyl am ne,
di - (2-et hyl hexyl )am ne, diallylam ne, norpholine, N
(trimethyl silyl)piperazine, N (tert-

but yl di nmet hyl silyl)pi perazine, and 1,3-ditrinethylsilyl-
1,3,5-triazinane. The nodifying initiator may be used singly
or in conbination of two or nore species.

[ 0030]

In the case of polynerization in the presence of the
af orementioned m xture, at |east one of the alkali netal
compound and the al kaline earth nmetal conpound may be
prelimnarily mxed with the nodifying initiator, and the
resultant m xture nmay be added to the pol ynerization system
Alternatively, at |east one of the alkali nmetal conpound and
the al kaline earth netal conmpound and the nodifying initiator
may be added to the reaction system and the conpound(s) and
the nodifying initiator may be m xed together in the
pol ynmeri zati on system
[ 0031]

The nononer group X may be pol ynmerized in the presence
of a random zer for the purpose of, for exanple, adjustnent
of the vinyl bond content (i.e., the anount of vinyl bonds)
of the polyner block. Exanples of the random zer include
di met hoxybenzene, tetrahydrofuran, dimethoxyethane,

di et hyl ene gl ycol dibutyl ether, diethylene glycol dinethyl
ether, 2,2-di(tetrahydrofuryl)propane, 2-(2-ethoxyethoxy)-2-

nmet hyl propane, triethylam ne, pyridine, N nethylnorpholine,
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and tetranet hyl et hyl enedi am ne. These randoni zers may be
used singly or in conbination of two or nore species.
[ 0032]

The organi c sol vent used for polynerization nay be any
organic solvent that is inert to the reaction. Exanples of
the organic solvent include aliphatic hydrocarbons, alicyclic
hydr ocar bons, and aromati c hydrocarbons. In particular, the
organi c solvent is preferably a C3 to C8 hydrocarbon.

Speci fic exanples of the C3 to C8 hydrocarbon incl ude
propane, n-butane, isobutane, n-pentane, isopentane, n-
hexane, cycl ohexane, propene, 1-butene, isobutene, trans-2-
but ene, cis-2-butene, 1-pentyne, 2-pentyne, 1-hexene, 2-
hexene, benzene, tol uene, xylene, ethylbenzene, heptane,
cycl opent ane, nethyl cycl opent ane, nethyl cycl ohexane, 1-

pent ene, 2-pentene, and cycl ohexene. These organic sol vents
may be used singly or in conbination of two or nore species.
[ 0033]

The amounts of the polynerization initiator and the
nmononmer group X used can be determ ned depending on the
nunber of nononmer units formng a target initiator block.
Specifically, the anmount of the polynerization initiator used
is preferably 10 to 2,000 mmol, nore preferably 20 to 1, 000
mmol, still nore preferably 30 to 900 mmol, relative to the
total amount (100 g) of the nononmers of the nononer group X
[ 0034]

In the case of the solution polynerization, the nonomner

concentration of the reaction solvent is preferably 5 to 50
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mass% nore preferably 10 to 30 mass% for maintaining the
bal ance between productivity and pol yneri zation
controllability. The polynerization reaction tenperature is
preferably -20°C to 150°C, nore preferably 0 to 120°C. The
pol ynmeri zation reaction is preferably carried out under a
pressure sufficient to maintain the nononer substantially in
a liquid phase. Such a pressure can be achi eved by, for
exanpl e, pressurizing the reactor by use of a gas inert to
t he pol ynerizati on reaction.
[ 0035]

The pol yner bl ock having an active termnal is prepared
t hrough t he above-descri bed pol ynerization. The resultant
pol ynmer bl ock is a copolyner block including a nononer unit
derived from at | east one nononer of the vinylsilane conmpound
(A) and the aromatic vinyl conmpound (B) and a nonomer unit
derived fromthe conjugated di ene conpound. The pol yner
bl ock having the active termnal prepared in step (1-1) is
used as a polynerization initiator in the subsequent step (1-
2).
[ 0036]
<Step (1-2)>
(Mononer group YY)

The nmononer group Y contains a conjugated diene
conmpound. The conj ugat ed di ene conpound used for
pol ynmeri zation in this step may be, for exanple, the conpound
exenplified in step (1-1). |In particular, the conjugated

di ene conpound is preferably at |east one of 1, 3-butadiene,
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i soprene, and 2, 3-di net hyl -1, 3-but adi ene. These conj ugat ed
di ene conpounds nay be used singly or in conbination of two
or nore species.

[ 0037]

The nononer group Y may contain the conjugated diene
conmpound al one. Preferably, the nonomer group Y further
contains an aromatic vinyl conpound in order to enhance the
strength of the resultant rubber. Exanples of the aromatic
vi nyl conpound include styrene, 2-nethylstyrene, 3-
met hyl styrene, 4-nethyl styrene, o-nethylstyrene, 2,4-

di met hyl styrene, 2,4-diisopropylstyrene, 4-t-butylstyrene, 5-
t-butyl - 2- met hyl styrene, vinyl ethyl benzene, divinyl benzene,
trivinyl benzene, divinyl naphthal ene, t-butoxystyrene,

vi nyl benzyl di net hyl am ne, (4-vinyl benzyl)di net hyl am noet hyl
et her, N, N-di net hyl am noet hyl styrene, N, N

di met hyl am nomet hyl st yrene, 2-ethyl styrene, 3-ethyl styrene,
4-et hyl styrene, 2-t-butylstyrene, 3-t-butylstyrene,

vi nyl xyl ene, vi nyl napht hal ene, vinyl pyridi ne, and

di phenyl et hyl ene. O these, the aromatic vinyl conmpound is
preferably at | east one of styrene and a-nethyl styrene.
These aromatic vinyl conpounds may be used singly or in
conbi nation of two or nore species.

[ 0038]

In particular, the nonomer group Y preferably contains
1, 3- but adi ene and styrene for achievenent of high |ivingness
during anionic polynerization. Thus, the conjugated diene-

based pol ynmer chain in the nodified conjugated diene-based
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pol ymer of the present disclosure is preferably a copol yner
chain formed of 1, 3-butadi ene and styrene. The conjugated
di ene conpound and the aromatic vinyl conpound are preferably
pol yneri zed t hrough random pol yneri zati on.
[ 0039]

The amount of the aromatic vinyl conpound used for the
pol ynmeri zation is preferably 3 to 55 mass% nore preferably 5
to 50 nass% relative to the total amount of the conjugated
di ene conpound and aromatic vinyl conpound used for the
pol yneri zation, fromthe viewpoint of a good bal ance between
the | ow hysteresis | oss property and wet grip property of the
resul tant vul cani zed rubber. The anount of the structura
unit derived fromthe aromatic vinyl compound in the polyner
i s nmeasured by means of H NWVR
[ 0040]

The nononer group Y may contain an additional conpound
ot her than the conjugated di ene conpound and the aronmatic
vi nyl conpound (hereinafter the additional conmpound nay be
referred to as an "additional nononer"). Exanples of the
addi ti onal nonomer include acrylonitrile, nethyl
(nmeth)acrylate, ethyl (neth)acrylate, 1,5-hexadi ene, and 1, 6-
hept adi ene. The anmount of the additional nononer used is
preferably 10 mass% or |ess, nore preferably 5 mass% or | ess,
relative to the total anmobunt of the nononers used for the
pol yneri zation in step (1-2).
[ 0041]

The nononer group Y is particularly preferably
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pol ynmeri zed by a solution polynerization process as in the
case of step (1-1). The polynerization my be perfornmed by a
bat ch or continuous process. In the case of a solution

pol yneri zati on process, for exanple, the nononmer group Y is
pol ynerized in an organic solvent in the presence of a

pol yneri zation initiator and an optional random zer.

[ 0042]

In method 1, the polyner block having the active
termnal prepared in step (1-1) is used as a polymerization
initiator (initiator block) for the polynerization. The
total amount of the initiator block(s) used can be
appropriately determ ned dependi ng on the target nolecul ar
weight. A single initiator block nay be used, or two or nore
initiator blocks may be used in conbination. Specific
exanpl es of the random zer and organi c sol vent used nay be
the sane as those described above in step (1-1). The
conditions for the solution polynerization (e.g., the nononer
concentration of the reaction solvent and the pol ynerization
reaction tenperature) may be the sanme as those descri bed
above in step (1-1).

[ 0043]

The above-descri bed pol yneri zation reaction can produce
a nodi fi ed conjugated di ene-based pol yner in which a polyner
bl ock having the specific structure [F] is bonded at one
term nal of the conjugated di ene-based polyner chain. 1In the
nodi fi ed conjugated di ene-based pol yner of the present

di scl osure, the polyner block includes a nononer unit derived
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fromat |east one of the vinylsilane conpound (A) and the
aromati c vinyl conpound (B). In the nononmer unit, a
functional group having at | east one atom sel ected from anong
a nitrogen atom an oxygen atom a phosphorus atom and a
sul fur atom nay be converted, through hydrolysis or a simlar
reaction, into a group having active hydrogen bonded to at
| east one atom sel ected from anong the nitrogen atom the
oxygen atom the phosphorus atom and the sulfur atom (e.g.,
an am no group, a hydroxy group, a phosphate group, or a
t hi ol group).
[ 0044]
[ Met hod 2]

Met hod 2 includes steps (2-1), (2-2), and (2-3). Step
(2-1) involves polynerizing a nononmer group Z containing a
styrene-based conpound represented by the aforenentioned
formula (3) in the presence of a polynerization initiator,
t hereby preparing a polyner block (hereinafter may be
referred to as a "styrene-based bl ock™) having an active
termnal. Step (2-2) involves polynerizing the nononer group
Y contai ning a conjugated di ene conpound in the presence of
the styrene-based bl ock having the active termnal, thereby
form ng a conjugated di ene-based pol yner chain bonded to the
styrene-based bl ock. Step (2-3) involves reacting at |east
one conpound sel ected fromthe group consisting of the
vi nyl si l ane conmpound (A) and the aromatic vinyl conpound (B)
wWith the styrene-based block at a benzylic position of a

nmononer unit derived fromthe conmpound represented by the
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formula (3). This nethod can produce a nodified conjugated
di ene- based pol yner having a pol yner block at one term nal of
t he conjugated di ene-based pol yner chain fornmed of the
nmononer group Y, the polyner bl ock having a side chain
i ncluded the specific structure [F].
[ 0045]
<Step (2-1)>
(Mononer group 2)
St yr ene- based conpound

In the aforenentioned forrmula (3), the hydrocar byl
group represented by each of RR.to R is preferably a Cl to
C10 al kyl group. At least one of R to R has a hydrogen atom
at a benzylic position. Specific exanples of the conmpound
represented by the fornmula (3) include 2-nethylstyrene, 3-
met hyl styrene, 4-nethylstyrene (p-nethylstyrene), 2-(4-
nmet hyl phenyl ) - 1- propene, and 4-ethylstyrene. O these, 4-
met hyl styrene is particularly preferred. These conpounds
represented by the fornula (3) nmay be used singly or in
conbi nation of two or nore species.
[ 0046]

The nononer group Z may contain an additional nononer
ot her than the conpound represented by the forrmula (3), so
| ong as the advant ageous effects of the present disclosure
are not inpaired. Exanples of the additional nonomer include
acrylonitrile, nmethyl (neth)acrylate, and ethyl
(nmeth)acrylate. The additional nononmer may be at | east one

nononer selected fromthe group consisting of the vinylsilane
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compound (A) and the aromatic vinyl conpound (B). In order
to increase the introduction efficiency of the specific
structure [F], the anmount of the additional nononer used is
preferably 5 mass% or |ess, nore preferably 2 mass% or | ess,
relative to the total anount of the nononer group Z. In view
of an increase in the introduction efficiency of the specific
structure [F], the nononer group Z preferably contains only
t he conpound represented by the formula (3).
[0047]

The nononer group Z is particularly preferably
pol ynmeri zed by a solution polynerization process. The
pol yneri zation may be perforned by a batch or continuous
process. |In the case of a solution polynerization process,
for exanple, the nononer group Z is polynerized in an organic
solvent in the presence of a polynerization initiator. The
type of the polynerization initiator and the pol ynerization
conditions may be the sanme as those descri bed above in step
(1-1). The styrene-based bl ock having the active termnal is
prepared through the above-descri bed pol ynerization. The
styrene-based bl ock having the active ternmi nal prepared in
step (2-1) is used as a polynerization initiator in the
subsequent step (2-2).
[ 0048]

The anounts of the polynerization initiator and the
nonomer group Y used can be determ ned depending on the
nunmber of nonomer units formng a target styrene-based bl ock.

Specifically, the amount of the polynerization initiator used
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is preferably 10 to 2,000 mmol, nore preferably 20 to 1, 000
mmol , still nore preferably 30 to 900 nmol, relative to the
total anmount (100 g) of the nononmers of the nononer group Y.
[ 0049]
<Step (2-2)>

Step (2-2) involves polynerizing the nononer group Y in
the presence of the styrene-based bl ock having the active
termnal, thereby form ng a conjugated di ene-based pol yner
chain bonded to the styrene-based bl ock. The nonomer group Y
and the polynerization conditions used in step (2-2) nmay be
the sane as those described above in step (1-2).
[ 0050]
<Step (2-3)>

Step (2-3) involves reacting at |east one conpound
selected fromthe group consisting of the vinylsilane
compound (A) and the aromatic vinyl conpound (B) with the
styrene-based bl ock at a benzylic position, thereby
i ntroducing the specific structure [F] into the styrene-based
bl ock.
[ 0051]

No particular limtation is inposed on the nmethod for
i ntroducing the specific structure [F] into the styrene-based
bl ock possessed by the conjugated di ene-based pol ymer chai n.
The specific structure [F] can be introduced by an
appropriate conbi nati on of customary organi c chem ca
met hods. One of these nethods involves lithiation at the

benzylic position of the aromatic ring in the nonomer unit
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i ncluded in the conjugated di ene-based pol ynmer chain and
derived fromthe conpound represented by the aforenentioned
formula (3), and reaction between the active noiety forned at
the benzylic position and at | east one conpound sel ected from
the group consisting of the vinylsilane conpound (A) and the
aromatic vinyl conpound (B)

[ 0052]

For exanple, the lithiation is perforned after
conpl etion of the polynerization in step (2-2).

Specifically, the conjugated di ene-based pol yner chain having
the styrene-based bl ock bonded thereto is reacted with a
lithiating agent in the presence of a pronoter (e.g.,

t et ramet hyl et hyl enedi ami ne). Exanples of the lithiating
agent used for the reaction include nethyllithium n-
butyllithium s-butyllithium and t-butyllithium No
particular limtation is inposed on the anmount of the
lithiating agent used for the reaction. The anount of the
lithiating agent is preferably 0.1 to 20 nol e equival ents,
nore preferably 1 to 10 nole equivalents, relative to 1 nole
equi val ent of the polyner.

[ 0053]

The aforenmentioned lithiation reaction may be, for
exanpl e, a solution reaction. The solution reaction may be
performed by use of a solution containing unreacted nononers
after conpletion of the polynerization reaction w thout any
treatnent of the solution. Alternatively, the solution

reaction nmay be perforned after isolation of the pol yner
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contained in the solution and dissolution of the isolated
pol ymer in an appropriate solvent (e.g., cyclohexane). The
lithiation reaction tenperature is generally equal to the
af orenenti oned pol yneri zation reaction tenperature,
preferably -20 to 150°C, nore preferably 0 to 120°C,
particularly preferably 20 to 100°C. The reaction tine is
preferably 1 mnute to 3 hours, nore preferably 2 to 30

m nut es.

[ 0054]

The conpound that is reacted with the lithiated pol yner
(hereinafter the compound nmay be referred to as the "nononer
group W) may be only at |east one conpound selected fromthe
group consisting of the vinylsilane conpound (A) and the
aromatic vinyl conpound (B). Fromthe viewoint of
reactivity, the nononmer group Wpreferably contains a
conj ugat ed di ene conpound. The anount of the conjugated
di ene conpound used is preferably 2 to 50 mass% nore
preferably 5 to 40 mass% relative to the total anount of the
conmpounds of the nononer group W fromthe viewpoints of
i ntroduction of a sufficient amount of the specific structure
[F] into the styrene-based bl ock and reactivity.

[ 0055]

After conpletion of the lithiation reaction, the
conj ugat ed di ene-based pol yner chain having the styrene-based
bl ock is reacted with the nononer group Wpreferably in a
solution. The anount of the nonomer group Wused for the

reaction is preferably 0.1 to 10 nol e equival ents, nore
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preferably 0.3 to 5 nole equivalents, relative to 1 nole
equi valent of the lithiating agent used. The reaction
tenperature is generally equal to the aforenentioned

pol ymeri zation reaction tenperature, preferably -20 to 150°C,
nore preferably 0 to 120°C, still nore preferably 20 to
100°C. The reaction tine is preferably 1 mnute to 5 hours,
nore preferably 2 mnutes to 1 hour.

[ 0056]

The af orementioned reactions can produce a nodified
conj ugat ed di ene-based pol yner in which the polymer bl ock
having the specific structure [F] is bonded to one term na
of the conjugated di ene-based pol yner chain. The nodified
conj ugat ed di ene-based pol yner produced by nethod 2 has a
structure in which the polynmer block having the nononer unit
derived fromthe styrene-based conpound represented by the
formula (3) is bonded to one term nal of the conjugated
di ene- based pol yner chain, and the specific structure [F] is
bonded at the benzylic position of the styrene-based nononer
unit in the polynmer block. In a noiety derived fromat | east
one of the vinylsilane conpound (A) and the aronatic vinyl
compound (B) in the polynmer produced by nethod 2, a
functional group having at | east one atom sel ected from anong
a nitrogen atom an oxygen atom a phosphorus atom and a
sul fur atom nay be converted, through hydrolysis or a simlar
reaction, into a group having active hydrogen bonded to at
| east one atom sel ected from anong the nitrogen atom the

oxygen atom the phosphorus atom and the sul fur atom

30



[ 0057]

The nodi fied conjugated di ene-based pol ynmer produced by
nmethod 1 or 2 has a weight average nol ecul ar weight (My) (in
terns of polystyrene) of preferably 5.0 x 10* to 1.0 x 10° as
nmeasured by nmeans of gel permeation chronmatography (GPC). An
Mv of less than 5.0 x 10* nay lead to a reduction in the
tensile strength, |ow heat-generating property, and abrasion
resi stance of the resultant vul cani zed rubber, whereas an Mwv
exceeding 1.0 x 10° may | ead to poor processability of the
resul tant rubber conposition. The Mwvis nore preferably 8.0
x 10* to 8.0 x 10° still nore preferably 1.0 x 10° to 5.0 x
10°.

[ 0058]

In the resultant nodified conjugated di ene-based
pol ymer, the vinyl bond content of the butadiene unit is
preferably 30 to 70 nass% nore preferably 33 to 68 nmass%
still nore preferably 35 to 65 mass% A vinyl bond content
of less than 30 nass% nmay | ead to poor grip property, whereas
a vinyl bond content exceeding 70 nass% nay lead to a
reduction in the abrasion resistance of the resultant
vul cani zed rubber. As used herein, the term"vinyl bond
content" refers to the percentage of the nononer unit having
a 1,2-bond relative to all the butadi ene-derived nononer
units in the nodified conjugated di ene-based polyner. The
vinyl bond content is neasured by means of H NWR
[ 0059]

<Ot her steps>
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Term nal nodification step

In steps (1-2) and (2-2), the nonomer group Y is
pol ynmeri zed in the presence of the initiator block, to
thereby prepare a (nodified) conjugated di ene-based pol yner
having an active term nal. The polynerization of the
(nodi fied) conjugated di ene-based pol yner having the active
termnal may be term nated by use of, for exanple, an al coho
as a polynerization termnator. Alternatively, the active
term nal of the (nodified) conjugated diene-based pol yner nay
be reacted with a conpound having an el enent (not bonded to
active hydrogen) capable of interacting with silica and
havi ng a functional group capable of reacting with the active
term nal of the polynmer (hereinafter the conpound nay be

referred to as a "term nal -nodi fying agent,"” corresponding to
a conpound (E)). Such a process produces a nodified

conj ugat ed di ene-based pol yner in which one term nal of the
conj ugat ed di ene-based pol yner chain has the pol yner bl ock
having the specific structure [F], and the other term na
(i.e., the termnal not having the polyner block) has a
structure capable of interacting with silica.

[ 0060]

The "el enent capable of interacting with silica" is
preferably at |east one el enent selected fromthe group
consi sting of nitrogen, oxygen, silicon, phosphorus, sulfur,
and tin. The term"interaction" refers to formation of a

coval ent bond between nol ecul es, or formati on of an

i nternol ecular force (e.g., an internol ecul ar el ectronagnetic
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force, such as ion-dipole interaction, dipole-dipole
I nteraction, hydrogen bond, or van der Waals force) weaker
than a coval ent bond. Exanples of the functional group
capable of interacting with silica include an am no group, a
group having a carbon-nitrogen doubl e bond, a nitrogen-
cont ai ni ng heterocyclic group, a phosphino group, a thio
group, and a hydrocar byl oxysilyl group.
[ 0061]

Speci fic exanples of the term nal -nodifying agent
i ncl ude conpounds (1) to (V) described bel ow. These
term nal - nodi fyi ng agents may be used singly or in
conbi nation of two or nore species. As used herein, the term
"(thio)carbonyl group" refers to a carbonyl group or a
t hi ocar bonyl group, and the term "iso(thio)cyanate group”
refers to an isocyanate group or an isothiocyanate group.
[ 0062]

(I') Conpound (E-1) represented by fornmula (5);

(R"),

|
(RQ—O>——&——R”—A1 (5)
3-m

wherein A' represents a nonoval ent functional group that

i ncludes at |east one atom sel ected fromthe group consisting
of a nitrogen atom a phosphorus atom and a sulfur atom and
does not include active hydrogen, the nonoval ent functiona
group being bonded to R™® through a nitrogen atom a
phosphorus atom or a sulfur atom R!Y and R each represent

a hydrocarbyl group, R represents a hydrocarbyl ene group,
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and mis an integer fromO to 2, provided that a plurality of
R'! are either identical or different when a plurality of RY
are present, and a plurality of R are either identical or
different when a plurality of R are present.

[ 0063]

(I'l) Conpound (E-2) represented by fornmula (7);

(Xi\)ski /CR53) ok

R51\N @)
I A{ (7)
R52

wherein R! and R®? each represent a substituted or
unsubstituted hydrocarbyl group, or R! and R? taken toget her
represent a ring together with the nitrogen atomto which R
and R°2 bond, R°® represents a substituted or unsubstituted
hydrocar byl group, X' represents a hydrocarbyl oxy group, a

hal ogen atom or a hydroxy group, and k is an integer of 0O to
2.

[ 0064]

(111) Compound (E-3) that includes a functional group P
and a group Qin its nolecule, the functional group P being
at | east one functional group selected fromthe group
consi sting of a cyclic ether group, a (thio)carbonyl group,
and an iso(thio)cyanate group, and the group Q including at
| east one atom sel ected fromthe group consisting of a
nitrogen atom a phosphorus atom an oxygen atom and a
sul fur atom (provided that a nitrogen atom a phosphorus

atom and a sulfur atommay be protected by a trisubstituted
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hydr ocar byl silyl group), and not including active hydrogen,
the group Qdiffering fromthe functional group P

(1'V) Conpound (E-4) that includes two or nore
I so(thio)cyanate groups in its nol ecul e;

(V) Compound (E-5) that includes silicon-nitrogen bond;
[ 0065]

The hydrocarbyl group represented by R and R in the
formula (5) is preferably a C1 to C20 |inear or branched
al kyl group, a C3 to C20 cycl oal kyl group, or a C6 to C20
aryl group

R is preferably a Cl to C20 linear or branched
al kanediyl group, a C3 to C20 cycl oal kyl ene group, or a C6 to
C20 aryl ene group.

It is preferable that mbe 0 or 1 fromthe vi ewpoint of
I nproving the reactivity with the conjugated di ene-based
pol ymer .
[ 0066]

Al includes at |east one atom sel ected fromthe group
consisting of a nitrogen atom a phosphorus atom and a
sul fur atom and is bonded to R® through the nitrogen atom
t he phosphorus atom or the sulfur atom The nitrogen atom
t he phosphorus atom or the sulfur atomis not bonded to
active hydrogen, and may be protected by a protecting group.

Speci fic exanpl es of A! include a nitrogen-containing
group in which two hydrogen atons of a primary am no group
are substituted with two protecting groups, a nitrogen-

cont ai ni ng group in which one hydrogen atom of a secondary
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am no group is substituted with one protecting group, a
tertiary am no group, a group having a carbon-nitrogen doubl e
bond, a nitrogen-containing heterocyclic group, a phosphorus-
contai ning group in which two hydrogen atons of a primary
phosphi no group are substituted with two protecting groups, a
phosphor us-contai ni ng group i n which one hydrogen atom of a
secondary phosphino group is substituted with one protecting
group, a tertiary phosphino group, and a sul fur-containing
group in which one hydrogen atomof a thiol group is
substituted with one protecting group. It is preferable that
Al be a group that includes a nitrogen atomfromthe
viewpoint of affinity to silica.

[ 0067]

The hydrocarbyl group represented by RP', R?and R® in

the formula (7) is preferably a C1 to C10 al kyl group, nore
preferably a Cl to C5 al kyl group. R°! and R®? taken together
may represent a ring together with the nitrogen atomto which
R! and R°? bond. Exanples of the ring (cyclic amno group)
i nclude a 1-pyrrolidinyl group, a 1-piperidino group, a 1-
Hexanet hyl enei mi no group, a 1-octamethyl eneim no group, a
pyridyl group, a 1-imdazolyl group, a 4-nethyl pi perazinyl
group, and a 4-ethyl pi perazi nyl group.

X! is preferably a hydrocarbyl group, nore preferably a
nmet hyl group and an ethyl group.

[ 0068]
Speci fic exanples of the conmpound (E-1) that includes a

nitrogen-containing group in which two hydrogen atons of a
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primary am no group are substituted with two protecting
groups, or a nitrogen-containing group in which one hydrogen
atom of a secondary am no group is substituted with one
protecting group, and an al koxysilyl group, include N, N

bi s(trinmethylsilyl)am nopropyltrinethoxysilane, N, N

bi s(trinmethylsilyl)am nopropyl net hyl di et hoxysilane, N,N, N -
tris(trinmethylsilyl)-N(2-am noethyl)-3-

am nopropyltriethoxysilane, 3-(4-trinethylsilyl-1-

pi per azi no) propyl net hyl di met hoxysi | ane, and conpounds
obt ai ned by substituting the al kyl group or the al kanediyl
group included in these conmpounds with a CL to C6 al kyl group
or a C1 to C6 al kanediyl group.

[ 0069]

Speci fic exanples of the conpound (E-1) that includes a
tertiary am no group and an al koxysilyl group, include 3-
(benzyl met hyl am no) propyl tri met hoxysi | ane, 3-

(benzyl nmet hyl am no) butyl tri et hoxysil ane, and conpounds
obt ai ned by substituting the alkyl group or the al kanedi vyl
group included in these conpounds with a C1 to C6 al kyl group
or a Cl to C6 al kanedi yl group.

[ 0070]

Speci fic exanples of the conpound (E-1) that includes a
group having a carbon-nitrogen double bond, or a nitrogen-
cont ai ni ng heterocyclic group, and an al koxysilyl group,

i nclude N-(1, 3-dinethyl butylidene)-3-(triethoxysilyl)-1-
propanam ne, N-(1-nethyl propylidene)-3-(triethoxysilyl)-1-

propanam ne, N-(4-N, N-di net hyl am nobenzyl i dene) - 3-
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(triethoxysilyl)-1-propanam ne, N-(cycl ohexylidene)- 3-
(triethoxysilyl)-1-propanam ne, N-(3-trinethoxysilylpropyl)-
4, 5-di hydroi m dazol e, N-(3-trinethoxysilylpropyl)imdazol e,
3- hexanet hyl enei m nopr opyl tri nmet hoxysi | ane, 3-

hexanet hyl enei m nopr opyl net hyl di net hoxysi | ane, 3-(1-

pi peri di no) propyl tri net hoxysil ane, 3-(1-

hexanet hyl enei m no) propyl tri met hoxysi | ane, 3-(1-

pi perazinyl ) propyl tri net hoxysil ane, 3-

nmor phol i nopropyl tri met hoxysi | ane, and conpounds obt ai ned by
substituting the al kyl group or the al kanediyl group included
in these conpounds with a C1 to C6 al kyl group or a Cl1 to C6
al kanedi yl group.

[ 0071]

Speci fic exanples of the conpound (E-1) that includes a
phosphor us-contai ning group in which two hydrogen atons of a
pri mary phosphino group are substituted with two protecting
groups, a phosphorus-containing group in which one hydrogen
atom of a secondary phosphino group is substituted with one
protecting group, a tertiary phosphino group, or a sulfur-
cont ai ni ng group in which one hydrogen atom of a thiol group
IS substituted with one protecting group, and an al koxysilyl
group, include P, P-
bi s(trinmethyl silyl)phosphi nopropyl nmet hyl di net hoxysi | ane,

P, P-bi s(trinmethylsilyl)phosphi nopropyltrinmethoxysil ane,
3-di net hyl phosphi nopropyl tri nmet hoxysi | ane,
3-di net hyl phosphi nopr opyl net hyl di met hoxysi | ane,

3- di phenyl phospi nopropyl tri net hoxysi | ane,
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3- di phenyl phospi nopr opyl net hyl di net hoxysi | ane,
S-trinethylsilyl mercapt opropyl net hyl di net hoxysi | ane,
S-trinethylsilyl mercapt opropyltrinethoxysilane, and

conpounds obt ai ned by substituting the al kyl group or the

al kanedi yl group included in these conpounds with a Cl to C6

al kyl group or a Cl to C6 al kanediyl group.

Exanpl es of the conpound (E-1) that includes an
I so(thio)cyanate group, include 3-

i socyanat opr opyl tri met hoxysi | ane, and 3-

I socyanat opr opyl tri et hoxysi | ane.

[ 0072]

Speci fic exanples of the conpound (E-2) include 2, 2-

di met hoxy- 8- ( 4- et hyl pi per azi nyl ) met hyl - 1, 6- di oxa- 2-

si l acycl ooct ane, 2, 2-di net hoxy-8-(N, N-di et hyl) et hyl -1, 6-

di oxa- 2-si | acycl ooct ane, 2-nethoxy 2-nethyl - 8- (4-

nmet hyl pi perazi nyl ) net hyl -1, 6- di oxa- 2-si | acycl ooct ane, and

conpounds obt ai ned by substituting the al kyl group or the

al kanedi yl group included in these conmpounds with a Cl to C6

al kyl group or a Cl to C6 al kanediyl group.

[ 0073]

The conpound (E-3) is preferably that the group Qis a
group having a nitrogen atomthat is not bonded to active
hydrogen. In the case of the aforenentioned conmpound (E-3),
speci fic exanples of the conmpound (E-3) that includes a
cyclic ether group, include epoxyam ne conpounds such as
N, NN N, N -tetraglycidyl-1, 3-bi sam nonet hyl cycl ohexane.

Speci fic exanpl es of the conpound (E-3) that includes a
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(thi o) carbonyl group include 4-am noacet ophenones such as 4-
N, N- di net hyl am nobenzophenone; bi s(di hydrocar byl am noal kyl )
ket ones such as 1, 7- bi s(net hyl et hyl am no) - 4- hept anone;
di hydrocar byl am noal kyl (neth)acryl ates such as 2-
di met hyl am noet hyl acryl ate; hydrocarbyli m dazol i di nones such
as 1, 3-di net hyl - 2-i m dazol i di none; N-hydrocar byl pyrrolidones
such as 1-phenyl -2-pyrrolidone; N hydrocarbyl caprol act ans
such as N-methyl-e-caprolactam; N-dihydrocarbylformamides
such as N, N-di et hyl formam de; N, N-di hydrocar byl acet am des
such as N, N-di net hyl acet am de; (neth)acrylam des such as N, N
di met hyl acryl am de. Specific exanples of the conpound (E-3)
that includes an iso(thio)cyanate group include 3-
i socyanat opr opyl tri met hoxysi | ane.
[ 0074]

Speci fic exanples of the conmpound (E-4) include 2, 4-
tol yl ene diisocyanate, 2,6-tolylene
di i socyanat e, di phenyl net hane dii socyanate, naphthal ene
di i socyanate, triphenyl nethane triisocyanate, p-phenylene
di i socyanate, tris(isocyanatophenyl) thiophosphate, xylene
di i socyanate, benzene-1,2,4-triisocyanate, naphthal ene-
1,2,5,7-tetrai socyanate, and 1, 4-phenyl ene dii sot hi ocyanat e.
[ 0075]

Speci fic exanpl es of the conpound (E-5) include 2-(2,2-
di met hoxy-1, 2-azasil olidin-1-yl)-N, N-di et hyl et han-1-anm ne, 2-
(2, 2-di net hoxy-1, 2-azasilolidin-1-yl)-N, Ndi nethyl ethane-1-
am ne, 3-(2,2-dinethoxy-1,2-azasilolidin-1-yl)-N N

di et hyl propan- 1- am ne, 2-(2,2-di net hoxy-1-aza- 2-
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si l acycl ohexan-1-yl)-N, N-di et hyl et han- 1-am ne, 2, 2-di met hoxy-
1- phenyl -1, 2-azasil ol i di ne, N-n-butyl-aza-2, 2-

di al koxysi | acycl opent ane, 2, 2-di net hoxy- 1-( 3-

trimethoxysilyl propyl)-1-aza-2-silacycl opentane, 2, 2-

di et hoxy-1-(3-triethoxysilyl propyl)-1-aza-2-silacycl opent ane,
hexanet hyl di si | azane, and nonanethyltrisilazane. These

term nal - nodi fyi ng agents may be used singly or in

conbi nation of two or nore speci es.

[ 0076]

The term nal - nodi fyi ng agent may be a conpound
(coupling agent) having two or nore groups capabl e of
reacting with the active termnal. Inactivation of the
active termnal of the conjugated di ene-based pol yner chain
through reaction with the coupling agent can increase the
nol ecul ar wei ght of the resultant polyner so as to fal
within a desired range. Exanples of the coupling agent
i ncl ude succi nam de, phthalic am de, dibenzoyl pyridi ne,

di butyl di chl orosi |l ane, nethyltrichlorosilane,

met hyl di chl orosi |l ane, tetrachlorosilane (silicon
tetrachloride), silicon tetrabrom de, silicon tetrai odide,
trichl oromet hoxysil ane, tribrononet hoxysil ane,

trimet hoxysilane, methyltriethoxysil ane, tetranethoxysil ane,
t et raet hoxysi | ane, pol yorganosil oxane, 1, 5-
bis(trichlorosilyl)pentane, 1,6-bis(trichlorosilyl)hexane,
di met hyl adi pate, dinethyl terephthalate, tetrachlorotin,
tetrabronotin, trichlorobutyltin, trichloronethyltin,

trichloroethyltin, trichlorophenyltin, trichlorooctyltin,
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butyltin trisoctanoate, dibutyltin bislaurate, ethylene

gl ycol diglycidyl ether, trichlorophosphine, and pyronellitic
anhydri de.

[0077]

The coupling agent is preferably a pol yorganosil oxane
having at | east one specific functional group selected from
the group consisting of an epoxy group, an al koxy group, a
carbonyl group, a 2-pyrrolidonyl group, a vinyl group, and a
hal ogen atom wherein the total nunber of the specific
functional groups is two or nore (hereinafter the
pol yor ganosi | oxane may be referred to as a "specific
pol yor ganosi | oxane").

[ 0078]

The specific polyorganosiloxane is a linear, cyclic, or
branched conpound havi ng a sil oxane bond. Specific exanples
of preferred specific polyorganosil oxanes include conpounds

represented by the followng forrmula (6):

R23 st w R26
|
—s|— s|— | J Sli—R27 (6)
R28 c A13

wherein R! to R?® each represent a hydrocarbyl group, A

represents a group having the specific functional group, A!2
and A each represent a hydrocarbyl group or a group having
the specific functional group, B* represents a group having
a polyether structure, ais an integer of 3 to 200, b is an
integer of 0 to 200, ¢ is an integer of 0 to 200, and R to

R® A1 and B?! may be identical to or different from one
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anot her between structural units.
[ 0079]

Exanpl es of the hydrocarbyl group represented by R to
R8 A2 or A® in the formula (6) include a Cl to C20 |inear
or branched al kyl group, a C3 to C20 cycl oal kyl group, and a
C6 to C20 aryl group. O these, an alkyl group or a phenyl
group is preferred.

Exanpl es of the group having the specific functional
group represented by A to A!® include a C4 to Cl12 group
havi ng an epoxy group, a C4 to C20 group having a 2-
pyrrolidonyl group, a Cl to C5 al koxy group, a Cl to C5
hal ogenat ed al kyl group, a C2 to C5 al kenyl group, a styryl
group, and an ester group. Preferred is a C4 to Cl2 group
havi ng an epoxy group, a C4 to C20 group having a 2-
pyrrolidonyl group, or a Cl to C5 al koxy group.

[ 0080]

Exanpl es of the pol yether structure represented by B2
include a structure having a C2 to C20 al kyl ene gl yco
repeating unit. Specific exanples of the structure include a
pol yet hyl ene gl ycol structure and a pol ypropyl ene gl yco
structure.

In the formula (6), a is preferably an integer of 20 to
150, nore preferably an integer of 30 to 120, in order to
sufficiently secure an inprovenent in the processability of
t he pol yner conposition, and to prevent an excessive increase
in the viscosity of the specific polyorganosil oxane. In the

formula (6), b is preferably O to 150, nore preferably 0 to
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120, and c is preferably O to 180, nore preferably 10 to 150.

The total nunber of a, b, and c is preferably 400 or
| ess, nore preferably 300 or |less, fromthe viewpoi nt of ease
of handling of the specific polyorganosil oxane. The specific
pol yor ganosi | oxane can be prepared by any known synthetic
nmet hod. The specific pol yorganosil oxane may be a
commerci ally avail abl e product.

[ 0081]

The reaction between the conjugated di ene-based pol yner
having the active termnal and the term nal -nodi fyi ng agent
may be, for exanple, a solution reaction. The solution
reaction may be perforned by use of a solution containing
unreact ed nononers after conpletion of the polynerization
reaction. Alternatively, the solution reaction nay be
performed after isolation of the polyner contained in the
sol ution and dissolution of the isolated polyner in an
appropriate solvent (e.g., cyclohexane). The nodification
reaction nmay be perforned by a batch or continuous process.
No particular limtation is inposed on the nmethod of adding
the term nal -nodi fyi ng agent. For exanple, the term nal -
nodi fyi ng agent may be added at one tinme or in a divided or
conti nuous nanner.

[ 0082]

In the af orenmenti oned reaction, the anmount of the
term nal - nodi fyi ng agent used (or the total anount of two or
nore term nal - nodi fyi ng agents used) nmay be appropriately

det ermi ned dependi ng on the type of the conpound used for the
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reaction. For exanple, in the case of the aforenentioned
conmpounds (E-1) to (E-5), the anobunt of the term nal -

nodi fying agent is preferably 0.1 nole equivalents or nore,
nore preferably 0.3 nole equivalents or nore, relative to the
netal atom (responsi ble for the polynerization reaction) of
the polynerization initiator. An anmount of 0.1 nole

equi valents or nore can lead to sufficient progress of the
nodi fication reaction, and an effective inprovenent in the

di spersibility of silica.

[ 0083]

In the case where the specific pol yorganosil oxane is
used for the aforenentioned reaction, the amount of the
speci fic pol yorganosi |l oxane i s adjusted such that the anount
of the specific functional group is preferably 0.01 nol or
nore, nore preferably 0.05 nol or nore, relative to 1 nol of
the netal atom (responsible for the polynerization) of the
pol ynerization initiator, fromthe viewoint of the
conpatibility between the processability of the polyner
conposition and the fracture resistance and viscoel asticity
of the resultant crosslinked polyner. The maxi mum anmount of
t he specific polyorganosil oxane is adjusted such that the
amount of the specific functional group is preferably |ess
than 1.0 nol, nore preferably less than 0.7 nol, relative to
1 nol of the netal atom (responsible for the polynerization)
of the polynerization initiator.

[ 0084]

The term nal nodification reaction tenperature is
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generally equal to the polynerization reaction tenperature,
and is preferably -20 to 150°C, nore preferably 0 to 120°C,
particularly preferably 20 to 100°C. A | ow nodification
reaction tenperature nay lead to an increase in the viscosity
of the nodified conjugated di ene-based pol yner, whereas a
hi gh nodification reaction tenperature facilitates the
i nactivation of the active termnal of the polyner. The
nodi fication reaction tine is preferably 1 mnute to 5 hours,
nore preferably 2 mnutes to 1 hour. The conjugated diene-
based pol ynmer contained in the reaction solution can be
i sol ated by, for exanple, a known sol vent renoval nethod
(e.g., steamstripping) and a drying operation (e.g., thernal
treatment).
[ 0085]

In the case where the specific pol yorganosil oxane is
used, a polynerization termnator (e.g., an alcohol) or
anot her nodi fying agent may be added to the pol ynerization
system before reacti on between the conjugated di ene-based
pol ymer having the active termnal and the specific
pol yor ganosi | oxane to thereby inactivate a portion of the
conj ugat ed di ene-based pol yner, for the purpose of adjusting
t he amount of the conjugated di ene-based polyner to be
reacted with the specific polyorganosil oxane.
[ 0086]

In one preferred enbodi nent of the nodified conjugated
di ene- based pol yner of the present disclosure, the polyner

bl ock having the specific structure [F] is bonded to one
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term nal of the conjugated di ene-based pol yner chain
i ncl udi ng a conjugated diene unit and an aromatic vinyl unit,
and a structure containing an el ement capable of interacting
with silica is bonded to the other termnal (i.e., the
term nal not having the pol yner block) of the conjugated
di ene- based pol yner chain. The nodified conjugated diene-
based pol yner effectively achi eves inproved | ow fuel
consunption performance, processability, and wet grip
property of the resultant vul canized rubber. The polymer my
be in a linear or branched form
[ 0087]
<Pol ynmer conposition>

The pol yner conposition of the present disclosure
contai ns a rubber conponent containing the aforenentioned
nodi fi ed conjugated di ene-based pol yner, an inorganic filler,
and a crosslinking agent. The anount of the nodified
conj ugat ed di ene-based pol yner contained in the polyner
conposition is preferably 20 nmass% or nore, nore preferably
30 mass% or nore, still nore preferably 40 mass% or nore,
relative to the anmount of the rubber conponent contained in
t he pol yner conposition. The inorganic filler is preferably
at | east one of silica and carbon bl ack.
[ 0088]

Exanpl es of the silica include wet silica (hydrated
silica), dry silica (silicic anhydride), colloidal silica,
precipitated silica, calciumsilicate, and alumnumsilicate.

O these, wet silicais particularly preferred fromthe
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vi ewpoi nts of an inprovenent in fracture resistance, and the
conpatibility between wet grip property and low rolling

resi stance. The use of high dispersible-type silicais
preferred for achieving effective dispersion of the silica in
t he pol yner conposition and inprovenents in physica
properties and processability. These silica materials may be
used singly or in conbination of two or nore species.

[ 0089]

Exanpl es of the carbon bl ack include, but are not
particularly limted to, GPF, FEF, HAF, |SAF, and SAF. The
use of carbon black as an inorganic filler achieves a good
reinforcing effect.

[ 0090]

The pol yner conposition may contain, in addition to
silica or carbon black, any reinforcing filler (e.g., clay or
cal cium carbonate). The total anmount of silica and carbon
bl ack contained in the polyner conposition is preferably 20
to 130 parts by mass, nore preferably 25 to 110 parts by
mass, relative to 100 parts by mass of the total anount of
pol ymer conponents contained in the pol yner conposition.

[ 0091]

Exanpl es of the crosslinking agent include sulfur,
sul fur halides, organic peroxides, quinone dioxinmes, organic
pol yam ne conpounds, and al kyl phenolic resins having a
met hyl ol group. Sulfur is generally used. The anount of
sulfur is preferably 0.1 to 5 parts by mass, nore preferably

0.5 to 3 parts by mass, relative to 100 parts by nass of the
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total anmount of polynmer conponents contained in the polyner
conposi tion.
[ 0092]

The pol yner conposition of the present disclosure,
whi ch contains the above-prepared nodified conjugated di ene-
based pol yner of the present disclosure, may contain an
addi ti onal rubber conponent different fromthe nodified
conj ugat ed di ene-based pol yner. Exanples of the type of the
addi ti onal rubber conponent include, but are not particularly
limted to, butadi ene rubber (BR, such as high cis BR having
a cis-1,4 bond content of 90% or nore, or BR containing
syndi ot acti c-1, 2- pol ybut adi ene (SPB)), styrene butadi ene
rubber (SBR), natural rubber (NR), isoprene rubber (IR),
styrene-i soprene copol yner rubber, and butadi ene-i soprene
copol ynmer rubber. The anpbunt of the additional rubber
conmponent is preferably 5 to 60 parts by mass, nore
preferably 10 to 50 parts by nmass, relative to 100 parts by
mass of the total amount of polynmer conponents contained in
t he pol yner conposition.

[ 0093]

The pol yner conposition may contain, in addition to the
af orenenti oned conponents, any additive that is comonly used
in a rubber conposition for tire. Exanples of the additive
i ncl ude an anti oxi dant, zinc oxide, stearic acid, a softener,
a vul cani zati on accelerator, a silane coupling agent, a
conpati bilizer, a vulcanization aid, a process oil, a

processing aid, and an anti-scorching agent. The anount of
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such an additive incorporated into the pol yner conposition
may be appropriately determ ned, so | ong as the advant ageous
effects of the present disclosure are not inpaired.

[ 0094]

The pol yner conposition of the present disclosure can
be prepared through kneadi ng of the pol yner conponents, the
inorganic filler, the crosslinking agent, and an optiona
conponent by neans of, for exanple, an open-type kneader
(e.g., aroll) or a closed-type kneader (e.g., a Banbury
m xer). The polyner conposition is prepared into a
crosslinked pol yner through nol di ng and subsequent
crosslinking (vul canization). The resultant crosslinked
pol ymer can be applied to various rubber products. For
exanpl e, the crosslinked polyner can be applied to tires
(e.g., tire tread, undertread, carcass, sidewall, and bead);
sealing materials, such as packi ng, gasket, weather strip,
and Oring; interior and exterior surface materials for
vari ous vehicles, such as autonobile, ship, aircraft, and
train; building materials; vibration-proof rubbers for
i ndustrial machines and facilities; hoses and hose covers,
such as diaphragm roll, radiator hose, and air hose; belts,
such as belts for power transm ssion; |inings; dust boots;
materials for nedical devices; fenders; insulating materials
for electric wires; and other industrial products.

[ 0095]
The production nethod of the present disclosure can

produce a nodified conjugated di ene-based pol yner capabl e of
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preparing a vul cani zed rubber that achi eves excellent |ow
fuel consunption performance, processability, and wet grip
property. Thus, the polymer conposition containing the
nodi fi ed conjugated di ene-based pol yner of the present

di sclosure is particularly suitable for use as a nmaterial of
atire tread or sidewall

[ 0096]

The tire can be produced by a customary nethod. For
exanpl e, the polymer conposition is mxed by neans of a
kneader to forma sheet, and the sheet is disposed at a
predet ermi ned position and vul cani zed by a custonmary nethod,
to thereby forma tread rubber or a sidewall rubber. A

pneunmatic tire is thereby produced.

Exanpl es
[ 0097]

The present invention will next be described in detail
by way of exanples, which should not be construed as linmting
the invention thereto. Unless otherw se specified, the units
"part(s)" and "% described in Exanples and Conparative
Exanples refer to "part(s) by nmass"” and "nass% "
respectively. Physical properties are determ ned as
descri bed bel ow.

[ 0098]
[ Eval uati on of properties of polyner]
Vinyl bond content (% : deternined by neans of H NVR

(400 MHz).
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Bonded styrene content (% : deternined by neans of H
NMR (400 MHz).

Wei ght average nol ecul ar wei ght before nodification
(peak nol ecul ar wei ght before nodification reaction):
determi ned on the basis of a chart of nolecular weight (in
terns of polystyrene) obtained by neans of gel perneation
chromat ography (GPC). Specific conditions for GPC are as
fol | ows.
(GPC condi ti ons)

Chr omat ogr aph: HLC- 8020 (manufactured by Tosoh
Cor por at i on)

Col um: two col umms of GWH HR-H (manufactured by Tosoh
Cor poration) connected in series

Detector: differential refractonmeter RI-8020
(manuf actured by Tosoh Corporation)

El uent: tetrahydrofuran

Col um tenperature: 40°C

Mooney viscosity (M4, 100°C): determ ned according to
JI'S K6300 by use of an L rotor under the follow ng
conditions: preheating: 1 mnute, rotor operation tine: 4
m nut es, tenperature: 100°C.
[ 0099]
[ Exanpl e 1-1: Synthesis of nodified conjugated di ene-based
rubber Al (nethod 1)]

Cycl ohexane (28 g) and tetranethyl et hyl enedi am ne (8.6
nmol ) were added to a 100-nL anpul e vial purged with

nitrogen, and then n-butyllithium (6.1 mvol) was added
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thereto. Subsequently, bis(diethylanm no)nethylvinylsilane
(8.0 g) and 1, 3-butadiene (2.0 g0 were slowy added to the
anpul e vial, and then reaction was allowed to proceed in the
anpul e vial at 60°C for 120 mnutes, to thereby prepare a
pol ymer bl ock having an active term nal (hereinafter the
pol ynmer block will be referred to as "initiator block 1").
Subsequent |y, cycl ohexane (4,000 g), 1, 3-butadiene
(357.7 g), and styrene (132.3 g) were added to an autocl ave
equi pped with an agitator in a nitrogen atnosphere, and then
the initiator block 1 was entirely added, to thereby initiate
pol ynmeri zation at 40°C. Ten mnutes after initiation of the
pol yneri zation, 1,3-butadiene (195.3 g) and styrene (14.7 Q)
wer e continuously added over 60 mnutes. The maxi num
tenperature during polynerization reaction was 60°C. After
conpl etion of the continuous addition, the polynerization
reacti on was continued for 20 mnutes. After determnation
of a polynerization conversion of 95%to 100% a 20 w. %
solution of 1,6-bis(trichlorosilyl)hexane (0.08 mml) in
cycl ohexane was added, and then reaction was allowed to
proceed for 10 m nutes. Subsequently, a 20 mass% sol uti on of
pol yor ganosi | oxane A (0.027 nmol ) represented by the
following formula (6-1) in xylene was added, and then
reaction was allowed to proceed for 30 mnutes. Thereafter,
nmet hanol (serving as a polynerization term nator) was added
In an anount corresponding to 2-fold nole of the n-
butyllithiumused, to thereby prepare a solution containing a

nodi fi ed conjugated di ene-based rubber Al. The solution was
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m xed with Irganox 1520L (manufactured by Ci ba Specialty

Chem cal s) serving as an antioxidant (0.15 parts relative to
100 parts of the resultant conjugated diene-based rubber),
and then the solvent was renoved through steam stri pping,

foll owed by vacuum drying at 60°C for 24 hours, to thereby
produce a nodified conjugated di ene-based rubber Al in a
solid form The polynerization formulation of the nodified
conj ugat ed di ene-based rubber Al is shown in Table 1, and the
properties of the nodified conjugated di ene-based rubber Al

are shown in Table 2.

HaC— s| o{s. >—< >—S|CH3 (6-1)
40 CH3 so CHj

%

o)

[ 0100]
[ Exanmples 1-2 to 1-7]

The procedure of Exanple 1-1 was repeated, except that
bi s(di et hyl am no) net hyl vi nyl si | ane was replaced with a
pol yneri zabl e nmononer shown in Table 1, to thereby prepare a
pol ymer bl ock having an active termnal (initiator blocks 2
to 7).

The procedure of Exanple 1-1 was repeated, except that
the initiator block and the type and anount of a conpound
used for term nal nodification were changed as shown in Table
1, to thereby produce nodified conjugated di ene-based rubbers

A2 to A7 (see Table 1). The anount of the initiator blocks 2
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to 7 was adjusted as the anount of lithiumwas 6.1 mMmuvl as in
the case of Exanple 1-1. The properties of the resultant

nodi fi ed conjugated di ene-based rubbers A2 to A7 are shown in

Tabl e 2.

[ 0101]
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[ Tabl e 1]

Exanpl e | Exanpl e | Exanpl e | Exanpl e | Exanpl e | Exanpl e | Exanpl e Conparative Conparative Conparative
1-1 1-2 1-3 1-4 1-5 1-6 1-7 Exanple 1-1 Exanple 1-2 Exanple 1-3
Type of nodified conjugated di ene-based Al A2 A3 AL A5 A6 A7 P1 P2 P3
rubber
Initiator block conponent
Type of initiator block bl ock 1 |block 2 |block 3 [block 4 [block 5 |block 6 |block 7 - - -
Cycl ohexane (9) 28 28 28 28 28 28 28 - - -
Tetranet hyl et hyl enedi am ne (ol ) 8.6 8.6 8.6 8.6 8.6 8.6 8.6 - - -
n-Butyl i thium (ol ) 6.1 6.1 6.1 6.1 6.1 6.1 6.1 - - -
Mononer group X
: 1, 3-But adi ene (9) 2 2 2 2 2 2 2 - - -
i X-1 (9) 8 - - - - 8 8 - - -
L X2 (9) - 8 - - - - - - - -
L X-3 (9) - 8 - - - - - - -
L X4 (9) - - 8 - - - - - -
LX-5 (9) - - - 8 - - - - -
Conj ugat ed di ene-based polyner chain
conponent
Cycl ohexane (9) 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000
Tetranet hyl et hyl enedi ami ne (mmol ) - - - - - - - 7.50 7.50 7.50
Monomer group Y
: Styrene (9) 132.3 132.3 132.3 132.3 132.3 132.3 132.3 132.3 132.3 132.3
: 1, 3- But adi ene (9) 357.7 357.7 357.7 357.7 357.7 357.7 357.7 357.7 357.7 357.7
: Suppl ement al styrene (9) 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7
: Suppl ement al 1, 3- but adi ene (9) 195.3 195. 3 195. 3 195.3 195.3 195. 3 195. 3 195.3 195.3 195.3
n-Butyllithium (mmol ) - - - - - - - 5.40 5.40 5.40
Initiator block bl ock 1 |block 2 |block 3 [block 4 [block 5 |block 6 |block 7 - - -
Term nal - nodi fyi ng agent
:NSi-1 (mol ) 0.08 0. 08 0.08 0. 08 0.08 - - 0.08 - -
NSi-2 (mol ) 0. 027 0. 027 0. 027 0. 027 0. 027 - - 0. 027 - -
N Si-3 (mol ) - - - - - 0.51 0. 05 - 0.51 0. 05
:N'Si-4 (mmol ) - - - - - - 2.00 - - 2.00
Anti oxi dant (/rubber 100 parts) 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
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[0102]

The abbrevi ati ons of conpounds shown in Table 1 are as
foll ows.

X-1: bis(diethylam no)nethyl vi nyl sil ane

X-2: dinmethyl - 1- pi peri di nyl met hyl vi nyl si | ane

X-3: tert-butoxydi phenyl vinyl sil ane

X-4: mxture of 3-1-(pyrrolidinyl)ethylstyrene and 4-
1-(pyrrolidinyl)ethyl styrene

X-5: 4-vinyl pyridine

N Si-1: 1,6-bis(trichlorosilyl)hexane

N/ Si - 2: pol yorganosil oxane A (conmpound represented by
the aforenmentioned fornmula (6-1))

N Si-3: silicon tetrachloride

N Si -4: 3-(benzyl met hyl am no) propyl tri nmet hoxysi | ane
[0103]
[ Tabl e 2]

Type of nodified conjugated diene-

based rubber Al A2 A3 A4 | A5 A6 A7 P1 P2 P3

Bonded styrene content (% 21 21 21 21 21 21 21 21 21 21
Vinyl bond content (% 62 63 64 62 62 63 62 62 64 62
Wi ght average nol ecul ar wei ght
before pol ymerization (x10%

Mooney viscosity (M1+4,100°C) 53 | 54 | 53 | 52 | 56 [ 105 82 | 45 | 91 | 75

32 33 33 32 34 31 32 32 32 33

[0104]
[ Conparative Exanple 1-1: Synthesis of nodified conjugated
di ene- based rubber P1]

Cycl ohexane (4,000 g), 1, 3-butadiene (357.7 g), and
styrene (132.3 g) were added to an autoclave equi pped with
an agitator in a nitrogen atnosphere, and then

tetraethyl enediamine (7.5 mmol) and n-butyllithium (5.4
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nmol ) were added, to thereby initiate polynerization at

40°C. Ten mnutes after initiation of the polynerization,

1, 3-butadi ene (195.3 g) and styrene (14.7 g) were

conti nuously added over 60 m nutes. The maxi num tenperature
during polymerization reaction was 60°C. After conpletion
of the continuous addition, the polynerization reaction was
continued for 20 m nutes. After determnation of a

pol ynmeri zation conversion of 95%to 100% a 20 mass%
solution of 1,6-bis(trichlorosilyl)hexane (0.08 mmol) in
cycl ohexane was added, and then reaction was allowed to
proceed for 10 m nutes. Subsequently, a 20 nass% sol ution
of pol yorganosil oxane A (0.027 nmol ) represented by the

af orementioned formula (6-1) in xylene was added, and then
reaction was allowed to proceed for 30 mnutes. Thereafter,
met hanol (serving as a polynerization term nator) was added
in an anmount corresponding to 2-fold nole of the n-
butyllithiumused, to thereby prepare a solution containing
a nodi fied conjugated di ene-based rubber Pl1. The solution
was m xed with Irganox 1520L (manufactured by Ci ba Specialty
Cheni cal s) serving as an antioxidant (0.15 parts relative to
100 parts of the resultant nodified conjugated di ene-based
rubber), and then the solvent was renoved through steam
stripping, followed by vacuum drying at 60°C for 24 hours,
to thereby produce a nodified conjugated di ene-based rubber
Pl in a solid form The polynerization fornulation of the
nodi fi ed conjugated di ene-based rubber P1 is shown in Table

1, and the properties of the nodified conjugated diene-based
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rubber P1 are shown in Table 2.
[0105]
[ Conparative Exanples 1-2 and 1-3]

The procedure of Conparative Exanple 1-1 was repeated,
except that the type and anobunt of a term nal-nodifying
agent were changed as shown in Table 1, to thereby produce
nodi fi ed conjugat ed di ene-based rubbers P2 and P3. The
properties of the resultant nodified conjugated di ene-based
rubbers P2 and P3 are shown in Table 2.

[0106]
[ Exanpl e 2-1: Preparation of rubber conposition and
eval uati on of physical properties thereof]

A rubber conposition having the fornulation shown in
Tabl e 3 was prepared fromthe above-produced nodified
conj ugat ed di ene-based rubber Al. The rubber conposition
was vul cani zed and evaluated for its physical properties.
The rubber conposition was kneaded and eval uated by the
met hods descri bed bel ow.

[0107]
[ Tabl e 3]

59



Conmpoundi ng formul ation Parts by mass
Rubber conponent 100
Silica *1 40
Sil ane coupling agent *2 4.3
ol *3 10
Silica *1 14
Car bon bl ack *4 6
Stearic acid 2
Ant i oxi dant *5 2
Zi nc oxide 3
Vul cani zation accel erator *6 1.4
Vul cani zation accel erator *7 1.4
Sul fur 1.6
[ 0108]

The details of each conponent in Table 3 are shown
bel ow.
*1: Zeosil 1165MP manufactured by Rhodi a
*2: Si 69 manufactured by Degussa
*3: Fukkol Eram c 30 manufactured by N ppon G| Corporation
*4: Seast 7HM " manufactured by TOKAI CARBON Co., Ltd.
*5: Nocrac 6C manufactured by Quchi Shinko Chenica
I ndustrial Co., Ltd.
*6: Noccel er D manufactured by Quchi Shinko Chem cal
I ndustrial Co., Ltd.
*7: Noccel er NS manufactured by Quchi Shinko Chenica
I ndustrial Co., Ltd.
[ 0109]
Met hods for kneadi ng and eval uati ng rubber conposition
The nodified conjugated di ene-based rubber Al produced
in Exanple 1-1 (100 parts) was nasticated by neans of a
Banbury m xer (volunme: 250 niL). Subsequently, silica (trade

name "Zeosil 1165MP," manufactured by Rhodia, nitrogen
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adsorption specific surface area (BET): 163 nf/g) (40

parts), a silane coupling agent (bis(3-
(triethoxysilyl)propyl) tetrasulfide, trade nanme "Si 69, "
manuf act ured by Degussa) (4.3 parts), and process oil (trade
name "Fukkol Eram c 30," manufactured by N ppon G|
Corporation) (10 parts) were added, and the resultant

m xture was kneaded at 110°C (initiation tenperature) for
1.5 mnutes. The kneaded product was m xed with silica
(trade nane "Zeosil 1165MP," manufactured by Rhodia) (14
parts), carbon black (trade nanme "Seast 7HM " manufactured
by TOKAI CARBON Co., Ltd.) (6 parts), zinc oxide (zinc white
No. 1) (3.0 parts), stearic acid (trade nanme "SA-300,"

manuf actured by Adeka Corporation) (2 parts), and an
anti oxi dant (N-phenyl-N - (1, 3-di net hyl butyl) - p-

phenyl enedi am ne, trade nanme "Nocrac 6C," manufactured by
Quchi Shinko Chemi cal Industrial Co., Ltd.) (2 parts), and
the m xture was kneaded for 2.5 mnutes. Thereafter, the
resul tant rubber conposition was di scharged fromthe Banbury
m xer. The tenperature of the rubber conposition was 150°C
at the tine of conpletion of kneading. After the rubber
conposition was cooled to roomtenperature, the rubber
conposi ti on was kneaded again in the Banbury m xer for 3

m nutes and then discharged fromthe Banbury m xer.
Subsequently, the rubber conposition was kneaded with sul fur
(1.6 parts), and a vul cani zation accel erator (m xture of N-
t - butyl - 2- benzot hi azol e sul phenam de (trade nane "Noccel er

NS, " manufactured by Quchi Shinko Chem cal Industrial Co.,
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Ltd. (1.4 parts) and di phenyl guani di ne (trade nanme "Noccel er
D, " manufactured by Quchi Shinko Chem cal Industrial Co.,
Ltd. (1.4 parts)) by neans of an open roll mll at 50°C, and
then a sheet-form rubber conposition was di scharged

t herefrom

[0110]

The rubber conposition was press-crosslinked at 160°C
for 20 mnutes, to thereby prepare a test piece. The test
pi ece was eval uated for processability, wet grip property,
and | ow heat-generating property as descri bed bel ow. The
results are shown in Table 4.

(i) Mooney viscosity: The polyner conposition that was
not vul cani zed was used as a measurenent speci men. The
Mooney viscosity of the measurenent speci nen was neasured in
accordance with JIS K 6300-1 using an L rotor (preheating
time: 1 mnute, rotor operation time: 4 mnutes,
tenperature: 100°C). A lower value of the nponey viscosity
i ndi cates superior processability of the polyner
conposi tion.

(ii) Wet grip property: The vul cani zed rubber was used
as a sanple for neasurenent. An inpact resilience test was
perfornmed according to JI'S K6255 by use of a test piece
having a diameter of 29.0 mm and a thickness of 12.5 mm to
t hereby determine an inpact resilience at 0°C. The inpact
resilience was indicated by an index relative to that (taken
as 100) of the sanple (standard) of Conparative Exanple 2-1.

A higher index indicates superior wet grip property of a
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tire produced fromthe vul cani zed rubber.

(1i1) Low heat-generating property: The vul cani zed
rubber was used as a sanple for neasurenent. A test piece
having a length of 50 nrm a width of 12.7 nm and a
t hi ckness of 2 mMmm was tested by neans of ARES (manufactured
by Rheonetrics) under the follow ng conditions (dynamc
strain: 2.5% 10 Hz), to thereby determine a tand at 60°C.
The tand val ue was indicated by an index relative to that
(taken as 100) of the sanple (standard) of Conparative
Exanmpl e 2-1. A |lower index indicates superior |ow heat-
generating property of a tire produced fromthe vul cani zed
rubber.

The results of evaluation of these properties are
shown in Table 4.

[0111]
[ Exanples 2-2 to 2-7 and Conparative Exanples 2-1 to 2-3]

The procedure of Exanple 2-1 was repeated, except that
the type and anmount of a rubber conmponent used were changed
as shown in Table 4, to thereby prepare a rubber
conposition. The prepared rubber conposition was vul cani zed
and evaluated for the aforementioned properties. The
results of evaluation of the properties are shown in Table
4.

[0112]
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[ Tabl e 4]

. . Exanpl e [ Exanpl e | Exanpl e |[Exanpl e [Exanpl e |Exanpl e |Exanpl e Conpar ative|Conparative|Conparative

Eval uation of properties Exanpl e Exanpl e Exanpl e
2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-1 2-2 2-3

Type of nodified conjugated diene- Al A2 A3 Ad A5 A6 A7 P1 P2 P3

based rubber

Mooney viscosity (M1+4,100°C) 78 77 75 76 75 98 92 65 92 85

Wet grip property (1 NDEX) 131 126 122 125 199 110 131 100 102 122

Low-heat-generating ., \pey 82 84 83 86 88 92 72 100 105 80

property
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[0113]
[ Exanpl e 3-1: Synthesis of nodified conjugated di ene-based
rubber Bl (nethod 2)]
(Production of styrene-based bl ock having active term nal)
Cycl ohexane (31.8 parts), 4-nmethylstyrene (14.2
parts), and tetranethyl ethyl enediamne (1.74 parts) were
added to a glass reaction vessel in a nitrogen atnosphere.
Subsequently, while the m xture was agitated, n-butyllithium
(0.96 parts) was added (tetranethyl ethyl enedi am ne: 1.0 nol
per 1 nol of n-butyllithium 4-nmethylstyrene: 8.0 nol per 1
nmol of n-butyllithiunm), and then reaction was allowed to
proceed at 50°C for 30 mnutes, to thereby prepare a
solution containing an initiator block; i.e., a styrene-
based bl ock having an active term nal (hereinafter the
styrene-based block will be referred to as "styrene-based
block D'). In order to determ ne the nunber of 4-
net hyl styrene units of the resultant styrene-based bl ock D,
an aliquot of the reaction m xture was sanpl ed, and net hanol
was added to the aliquot for extraction and washing of the
catal yst residue, followed by renoval of the solvent through
evaporation. The nunber of 4-nmethylstyrene units (average
val ue) of the styrene-based block D was determned to be 9.0
by neans of GPC.
[0114]
(Production of nodified conjugated diene-based rubber Bl)
Cycl ohexane (800 parts), 1, 3-butadiene (86.9 parts),

styrene (23.1 parts), and tetramethyl et hyl enedi am ne (0.07
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parts) were added to an autoclave in a nitrogen atnosphere.
Thereafter, a solution (2.6 parts) containing the above-
produced styrene-based bl ock D was added, and then

pol ynmerization was initiated at 50°C. The polynerization
reaction was continued for 60 m nutes. After determ nation
of a polynerization conversion of 95%to 100% 1-phenyl-2-
pyrrolidone (serving as a term nal -nodi fying agent) (0.12
parts) was added, and then reaction was allowed to proceed
for 30 m nutes. Subsequently, the tenperature was increased
to 60°C, tetranethylethyl enediamne (3.3 parts) and n-
butyllithium (1.88 parts) serving as a |lithiating agent were
added, and then reaction was allowed to proceed for 60

m nutes. Subsequently, bis(diethylanm no)nethylvinylsilane
(1.6 parts) and 1, 3-butadiene (0.4 parts) were added, and
then reaction was allowed to proceed for 120 m nutes.
Thereafter, nethanol (1.58 parts) was added, and then
reaction was allowed to proceed for 30 m nutes, to thereby
prepare a solution containing a nodified conjugated di ene-
based rubber Bl. The resultant solution was m xed with 2, 4-
bi s[ (octylthio)methyl]-o-cresol (trade nane "Irganox 1520,"
manuf actured by BASF) serving as an antioxidant (0.20 parts
relative to 100 parts of the nodified conjugated diene-based
rubber), and then the solvent was renoved through steam
stripping, followed by vacuum drying at 60°C for 24 hours,
to thereby produce a nodified conjugated di ene-based rubber
Bl in a solid form

[ 0115]
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[ Exanples 3-2 to 3-7]

The procedure of Exanple 3-1 was repeated, except that
the polynerization fornmulati on was changed as shown in Tabl e
5, to thereby produce nodified conjugated di ene-based
rubbers B2 to B7. The properties of the nodified conjugated
di ene-based rubbers B2 to B7 are shown in Table 6.

[ 0116]
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[ Tabl e 5]

Exanpl e | Exanpl e | Exanpl e | Exanpl e | Exanpl e | Exanpl e | Exanpl e Conpar ative |Conparative|Conparative
Exanpl e Exanpl e Exanpl e
3-1 3-2 3-3 3-4 3-5 3-6 3-7 1-1 1-2 1-3
Type of nodified conjugated diene-
based rubber Bl B2 B3 B4 B5 B6 B7 QA (02 (0]
Conj ugat ed di ene-based pol ymer chain
conmponent
Cycl ohexane (parts) 800 800 800 800 800 800 800 800 800 800
Tetranet hyl et hyl enedi amine (parts)| 0.07 0. 07 0. 07 0. 07 0. 07 0. 07 0. 07 0. 07 0. 07 0. 07
Monomer group Y (parts)
: Styrene 23.1 23.1 23.1 23.1 23.1 23.1 23.1 23.1 23.1 23.1
: 1, 3- But adi ene 86. 9 86.9 86.9 86.9 86.9 86.9 86.9 86.9 86.9 86.9
n-Butyllithium (parts) - - - - - - - 5.40 5.40 5.40
Initiator block bl ock D| block D|block D|block D|block D|block D|block D - - -
Term nal - nodi fyi ng agent (parts)
‘N Si-5 0.12 0.12 0.12 0.12 0.12 - - 0.12 - -
N Si-3 - - - - - 0.03 0.01 - 0.03 0.01
‘N Si-4 - - - - - - 0.14 - - 0.14
Li thiation (parts)
: Tetramet hyl et hyl enedi am ne 3.30 3.30 3.30 3.30 3.30 3.30 3.30 - - -
:n-Butyllithium 1.88 1.88 1.88 1.88 1.88 1.88 1.88 - - -
Mononmer group W (parts)
W1 1.60 - - - - 1.60 1.60 - - -
W2 - 1.60 - - - - - - - -
W3 - - 1.60 - - - - - - -
W4 - - - 1.60 - - - - - -
W5 - - - - 1.60 - - - - -
: 1, 3- But adi ene 0. 40 0.40 0. 40 0. 40 0. 40 0. 40 0. 40 - - -
Ant i oxi dant (/rubber 100 parts) 0.20 0.20 0. 20 0. 20 0. 20 0. 20 0. 20 0. 20 0. 20 0. 20
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[0117]
The abbrevi ati ons of conpounds shown in Table 5 are as
foll ows.
N Si-3: silicon tetrachloride
N Si -4: 3-(benzyl met hyl am no) propyl tri nmet hoxysi | ane
N Si -5: 1-phenyl-2-pyrrolidone
W 1l: bis(diethylam no)nethylvinylsilane
W 2: di met hyl - 1- pi peri di nyl net hyl vi nyl si | ane
W 3: tert-butoxydi phenyl vinyl sil ane
W4: mxture of 3-1-(pyrrolidinyl)ethylstyrene and 4-
1- (pyrrolidinyl)ethylstyrene
W5: 4-vinyl pyridine
[0118]
[ Tabl e 6]

Type of nodified conjugated diene-

Bl B2 B3 B4 B5 B6 B7 1
based rubber Q @ &

Bonded styrene content (% 21 21 21 21 21 21 21 21 21 21
Vinyl bond content (9% 62 | 63 | 62 | 62 | 64 | 63 [ 62 | 63 | 63 | 62

Wi ght average nol ecul ar wei ght
) ) 4 22 | 23| 22 | 24 | 21 22 23 | 21 | 22 22
bef ore pol ynerization (%107

Mboney viscosity (M1+4,100°C) 33 35 30 35 31 | 108 | 63 29 |[100 | 61

[0119]
[ Conparative Exanple 3-1: Synthesis of nodified conjugated
di ene- based rubber Q1]

Cycl ohexane (800 parts), 1, 3-butadiene (86.9 parts),
styrene (23.1 parts), and tetranethyl et hyl enedi am ne (0.15
parts) were added to an autoclave in a nitrogen atnosphere.
Thereafter, n-butyllithium (serving as a pol ynerization
initiator) (0.05 parts) was added, and then pol ynerization

was initiated at 50°C. The polynerization reaction was

69



continued for 60 m nutes. After determnation of a

pol yneri zati on conversion of 95%to 100% N-

phenyl pyrrolidone (serving as a term nal -nodi fyi ng agent)
(0.12 parts) was added, and then reaction was allowed to
proceed for 30 m nutes. Subsequently, nethanol (serving as
a polynerization termnator) (1.58 parts) was added, and
reaction was allowed to proceed for 30 mnutes, to thereby
prepare a solution containing a nodified conjugated di ene-
based rubber QL. The resultant solution was nixed with 2, 4-
bi s[ (octylthio)nmethyl]-o-cresol (trade name "Irganox 1520,"
manuf actured by BASF) serving as an antioxidant (0.20 parts
relative to 100 parts of the nodified conjugated diene-based
rubber), and then the solvent was renpoved through steam
stripping, followed by vacuum drying at 60°C for 24 hours,
to thereby produce a nodified conjugated di ene-based rubber
QL in a solid form The properties of the resultant
nodi fi ed conjugated di ene-based rubber QL are shown in Table
6.

[ 0120]

[ Conparative Exanples 3-2 and 3- 3]

The procedure of Conparative Exanple 3-1 was repeated
except that the type and anount of a term nal-nodifying
agent were changed as shown in Table 5, to thereby produce
nodi fi ed conjugat ed di ene-based rubbers 2 and . The
properties of the resultant nodified conjugated di ene-based
rubbers @ and 3 are shown in Table 6.

[0121]
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[ Exanpl e 4-1: Preparation of rubber conposition and

eval uati on of physical

properties thereof]

A rubber conposition having the fornulation shown in

Table 7 was prepared fromthe above-produced nodified

conj ugat ed di ene-based rubber Bl. The rubber conposition

was vul cani zed and evaluated for its physical properties.

The rubber conposition was kneaded and eval uated by the

nmet hods descri bed bel ow.

[0122]
[ Tabl e 7]

Conpoundi ng fornul ati on

Parts by mass

Rubber conponent

Silica

Sil ane coupling agent

al

Silica

Stearic acid

Ant i oxi dant

Zi nc oxide

Vul cani zati on accel erator
Vul cani zati on accel erator
Sul fur

*1
*2
*3
*1

*4

*5
*6

96
48
5.8
24
24

PEENMER
U1 W WO © ©

[ 0123]

The details of each

bel ow.

conponent in Table 7 are shown

*1: Zeosil 1165WMP nmanufactured by Rhodi a

*2: Si 69 manufactured by Degussa

*3: Fukkol Eram c 30 nanufactured by N ppon G| Corporation

*4: Nocrac 6C manufactured by Quchi Shinko Cheni ca

| ndustrial Co., Ltd.

*5: Noccel er D manufactured by Quchi Shinko Chem cal

| ndustrial Co., Ltd.

*6: Noccel er NS manufactured by Quchi Shinko Chem ca
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I ndustrial Co., Ltd.
[ 0124]

The nodified conjugated di ene-based rubber Bl produced
in Example 3-1 (96 parts) was nmsticated by neans of a
Banbury m xer (volune: 250 nL). Subsequently, silica (trade
name "Zeosil 1165MP," manufactured by Rhodi a, nitrogen
adsorption specific surface area (BET): 163 nf/g) (48
parts), a silane coupling agent (bis(3-
(triethoxysilyl)propyl) tetrasul fide, trade name "Si 69, "
manuf actured by Degussa) (5.8 parts), and process oil (trade
name "Fukkol Erami c 30," nmanufactured by N ppon G|
Corporation) (24 parts) were added, and the resultant
m xture was kneaded at 110°C (initiation tenperature) for
1.5 mnutes. The kneaded product was mxed with silica
(trade nane "Zeosil 1165MP," manufactured by Rhodia) (24
parts), zinc oxide (zinc white No. 1) (2.9 parts), stearic
acid (trade name "SA-300," manufactured by Adeka
Corporation) (1.9 parts), and an anti oxi dant (N phenyl-N -
(1, 3-di net hyl butyl ) - p- phenyl enedi am ne, trade nane "Nocrac
6C, " manuf actured by Quchi Shinko Chem cal Industrial Co.,
Ltd.) (1.9 parts), and the m xture was kneaded for 2.5
m nutes. Thereafter, the resultant rubber conposition was
di scharged fromthe Banbury m xer. The tenperature of the
rubber conposition was 150°C at the tine of conpletion of
kneadi ng. After the rubber conposition was cooled to room
tenperature, the rubber conposition was kneaded again in the

Banbury m xer for 3 mnutes and then discharged fromthe
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Banbury m xer. Subsequently, the rubber conposition was
kneaded with sulfur (1.5 parts), and a vul cani zati on

accel erator (m xture of N t-butyl-2-benzothiazole

sul phenam de (trade nanme "Nocceler NS," manufactured by
Quchi Shinko Chemi cal Industrial Co., Ltd. (1.3 parts) and
di phenyl guani di ne (trade nanme "Noccel er D," manufactured by
Quchi Shinko Chemi cal Industrial Co., Ltd. (1.3 parts)) by
means of an open roll m 1l at 50°C, and then a sheet-form
rubber conposition was di scharged therefrom

[ 0125]

The rubber conposition was press-crosslinked at 160°C
for 20 mnutes, to thereby prepare a test piece. The test
pi ece was eval uated for the aforenentioned properties (tire
performance) as in the case of Exanple 2-1. The results are
shown in Table 8.

[0126]
[ Exanples 4-2 to 4-7 and Conparative Exanples 4-1 to 4-3]

The procedure of Exanple 4-1 was repeated, except that
the type and anmount of a rubber conmponent used were changed
as shown in Table 8, to thereby prepare a rubber
conposition. The prepared rubber conposition was vul cani zed
and eval uated for the aforenentioned properties. The
results of evaluation of the properties are shown in Table
8.

[0127]
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[ Tabl e 8]

Conpar ati ve |Conpar ati ve [Conparati ve

Eval uation of properties Exanpl e [Exanpl e [Exanpl e |Exanpl e |[Exanpl e |Exanpl e |Exanpl e Exanpl e Exanpl e Exanpl e

4-1 4-2 4-3 4-4 4-5 4-6 4-7 4-1 4-2 4-3
Type of nodified conjugated diene-

Bl B2 B3 B4 B5 B6 B7
based rubber @ @ &
Mooney viscosity (M1+4,100°C) 69 70 71 68 68 120 80 65 111 75
Wet grip property (1 NDEX) 130 129 124 125 120 115 134 100 102 120
Low-heat -generating | \pey 78 77 79 78 80 92 72 100 103 82
property
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[0128]

As shown in the aforenmentioned results, the nodified
conj ugat ed di ene-based rubbers Al to A7 and Bl to B7 of the
Exanpl es achi eved wel | - bal anced properties in terns of the
processability of a rubber conposition and the | ow fuel
consunption performance and wet grip property of a
vul cani zed rubber, as conpared with the nodified conjugated
di ene- based rubbers of the Conparative Exanpl es.

These results denonstrated that a nodified conjugated
di ene- based polynmer having at a term nal thereof a polyner
bl ock having the specific structure [F] can prepare a rubber
conposi tion exhibiting excellent processability and a
vul cani zed rubber achi eving excellent | ow fuel consunption

performance and wet grip property.
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CLAIMS

[Claim 1] A modified conjugated diene-based polymer
comprising, at one terminal of a conjugated diene-based
polymer chain, a polymer block having a structure derived
from at least one compound selected from the group
consisting of the following vinylsilane compound (A) and
aromatic vinyl compound (B),

wherein the polymer block has a side chain including a
structure derived from at least one compound selected from
the group consisting of the vinylsilane compound (A) and the
aromatic vinyl compound (B):

(A) a vinylsilane compound having a group "-SiR!RZ2R3",
wherein R! represents a monovalent group having at least one
atom selected from the group consisting of a nitrogen atom,
an oxygen atom, a phosphorus atom, and a sulfur atom and
having no active hydrogen, and R?2 and R3? each represent a
hydrocarbyl group or a monovalent group having at least one
atom selected from the group consisting of a nitrogen atom,
an oxygen atom, a phosphorus atom, and a sulfur atom and
having no active hydrogen; and

(B) an aromatic vinyl compound containing at least one
atom selected from the group consisting of a nitrogen atom,
a phosphorus atom, and a sulfur atom, wherein active
hydrogen is not bonded to the nitrogen atom, the phosphorus

atom, or the sulfur atom.
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[Claim 2] The modified conjugated diene-based polymer
according to claim 1, wherein the polymer block comprises a
monomer unit derived from a styrene-based compound

represented by formula (3):

H,C—=CR*
R R
(3)
RS R8
R7

wherein R? represents a hydrogen atom or a methyl

group, R® to R? each represent a hydrogen atom or a
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hydrocarbyl group, and at least one of R> to R? has a
hydrogen atom at a benzylic position; and

a structure derived from at least one compound
selected from the group consisting of the vinylsilane
compound (A) and the aromatic vinyl compound (B) is bonded
to a benzylic position included in the monomer unit derived

from the styrene-based compound.

[Claim 3] The modified conjugated diene-based polymer
according to claim 1 or 2, wherein the polymer block
comprises a monomer unit derived from at least one compound
selected from the group consisting of the wvinylsilane

compound (A) and the aromatic vinyl compound (B).

[Claim 4] The modified conjugated diene-based polymer
according to any one of claims 1 to 3, wherein the terminal
of the conjugated diene-based polymer chain not having the
polymer block is bonded to a structure derived from a
compound containing at least one element selected from the
group consisting of nitrogen, oxygen, silicon, phosphorus,

sulfur, and tin.
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[Claim 5] A method for producing a modified conjugated
diene-based polymer, the method comprising:

polymerizing a monomer group Z containing a styrene-
based compound represented by formula (3) in the presence of
a polymerization initiator, thereby preparing a polymer

block having an active terminal:

H,C—=CR*
R R
(3)
R R8
R7
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wherein R? represents a hydrogen atom or a methyl group, R®
to R% each represent a hydrogen atom or a hydrocarbyl group,
and at least one of R> to R®? has a hydrogen atom at a
benzylic position;

polymerizing a monomer group Y containing a conjugated
diene compound in the presence of the polymer block having
the active terminal, thereby forming a conjugated diene-
based polymer chain bonded to the polymer block; and

reacting the polymer block, at a benzylic position of
a monomer unit derived from the styrene-based compound, with
at least one compound selected from the group consisting of
the following vinylsilane compound (A) and aromatic vinyl
compound (B) :

(A) a vinylsilane compound having a group "-SiRIRZR3",
wherein R! represents a monovalent group having at least one
atom selected from the group consisting of a nitrogen atom,
an oxygen atom, a phosphorus atom, and a sulfur atom and
having no active hydrogen, and R? and R3 each represent a
hydrocarbyl group or a monovalent group having at least one
atom selected from the group consisting of a nitrogen atom,
an oxygen atom, a phosphorus atom, and a sulfur atom and
having no active hydrogen; and

(B) an aromatic vinyl compound containing at least one
atom selected from the group consisting of a nitrogen atom,
a phosphorus atom, and a sulfur atom, wherein active
hydrogen is not bonded to the nitrogen atom, the phosphorus

atom, or the sulfur atom.
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[Claim 6] The method for producing a modified conjugated
diene-based polymer according to claim 5, wherein a monomer
group X containing at least one compound selected from the
group consisting of the vinylsilane compound (A) and the
aromatic vinyl compound (B) and a conjugated diene compound
is reacted with the polymer block at a benzylic position of

the monomer unit derived from the styrene-based compound.

[Claim 7] The method for producing a modified conjugated
diene-based polymer according to claim 5 or 6, wherein the
monomer group Y is polymerized, thereby a conjugated diene-
based polymer chain having the polymer block at one terminal
of the polymer chain, wherein the other terminal of the
polymer chain is an active terminal is prepared; and

the method further comprising:

reacting the conjugated diene-based polymer chain
having the active terminal with the following compound (E) :

(E) a compound containing at least one specific
element which is selected from the group consisting of
nitrogen, oxygen, silicon, phosphorus, sulfur, and tin, and
which is not bonded to active hydrogen, and having a
functional group capable of reacting with the active

terminal of the conjugated diene-based polymer chain.

[Claim 8] A polymer composition comprising a modified
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conjugated diene-based polymer according to any one of

claims 1 to 4, an inorganic filler, and a crosslinking

agent.

[Claim 9] A crosslinked polymer produced through

crosslinking of a polymer composition according to claim 8.
[Claim 10] A tire obtained by employing a crosslinked

polymer according to claim 9 as a tread material, a sidewall

material, or both.
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