SPECIFICATION PROCESS FOR PRODUCING A MODIFIED CONJUGATED DIENE-BASED
COPOLYMER, MODIFIED CONJUGATED 5DIENE-BASED COPOLYMER OBTAINED BY THE
PROCESS, RUBBER COMPOSITION AND TIRE TECHNICAL FIELD [001] 10The present invention
relates to a process for producing a modified conjugated diene-based copolymer, a modified
conjugated diene-based copolymer obtained by the process, a rubber composition and a tire. More
particularly, the present invention relates to a process for producing a modified conjugated
diene-based copolymer which provides exgglient ipdntgtiasiion between the rubber component and
carbon black anchor silica, can improve dispersion of the filler and can provide a tire exhibiting
excellent low heat buildup property, fracture properties and abrasion resistance, a modified conjugated
diene-based copolymer obtained in accordance with the process, a rubber comﬁosition comprising the

20 copolymer and & ﬁ@@@tﬁ?ﬁ&p@ BB%H&&N%SM E&E%f%%@%@é sy properties.
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severer due to the glo B;ﬁgt%e% éﬁ%@éﬁm g}\é[eﬁ @%ﬁ%ﬁ??&%ﬁrgmﬁ the

social regjuiremenpfion KIFSIGX SEYING EPONEPESHOBTAINED BY THE PROCESS,
RUBBER COMPOSITION AND TIRE

TECHNICAL FIELD
[0001]

10 The present invention relates to a process for producing a modified
conjugated diene-based copolymer, a modified conjugated diene-based
copolymer obtained by the process, a rubber composition and a tire.
More particularly, the present invention relates to a process for producing
a modified conjugated diene-based copolymer which provides excellent

15 interaction between the rubber component and carbon black and/or silica,
can improve dispersion of the filler and can provide a tire exhibiting
excellent low heat buildup property, fracture properties and abrasion
resistance, a modified conjugated diene-based copolymer obtained in
accordance with the process, a rubber composition comprising the

20 copolymer and a tire obtained by using the composition and exhibiting the
above properties.

BACKGROUND ART
[0002]

The requirement for low fuel cost of automobiles is becoming still
25 severer due to the global tendency to regulate discharge of carbon dioxide

accompanied with the social requirement for energy saving and increasing



interest on the environmental problems. As for the performance of a tire, decreasing the rolling
resistance has been required to comply with the requirement. As the method for decreasing the rolling
resistance of a tire, the use of a material exhibiting excellent low heat buildup property for a 5 rubber
composition has been conducted widely although optimization of the structure of a tire has also been
examined. [0003] Many technical developments on modified rubber for rubber compositions using
silica and carbon black as the filler has been made to 10 obtain a rubber composition exhibiting a

decreased hpgthuiltyp dREQRGYARAYRLAIHRDAISUED teaRNGALHEVSIPRIRGAJparicHiar, the

process in which the active end of polymerization of a conjugated diene-based polymer obtained in
accordance diitrtaeiagiotiie poliingrizasionarsiaghars drgemn otithuiredonop ooimgd s wioklifiée with an
alkoxysilane derivative 15 havin%a functional group exhjbitiertlg interaction with the filler, is proposed as

the effective TR@HBRI exaffpfacratstho Piremerisarengdda rolling zesefoaced kB silane

compound dgrivatives are silicon gompounds 20 having an alkoxy groyp.directly bgndgd to silicon
atom and a f%%t?&r?a?grao%ahg]\f}l%g %ﬁg%%hngx%)fgﬁli%%% Brac |8#W|%Hﬁ%%iﬁ’éﬂro¥)ne%g f%lgcule. Due to

the strugiure ggsibeshaboveidhenneditied coningated digasrasedRalymsstobiaingdpwmodifying

the active end of polymerization exhibits the effects of decreasing the rolling resistance of 25 the tire
and enhanciblgetisérfrattureecfra portiés aadsaldrasionyesistance. However, further decrease in the fuel
consumption of aut%%%%?es
Many technical developments on modified rubber for rubber
compositions using silica and carbon black as the filler has been made to
10 obtain a rubber composition exhibiting a decreased heat buildup described
above. Among such technical developments, in particular, the process in
which the active end of polymerization of a conjugated diene-based
polymer obtained in accordance with the anionic polymerization using an
organolithium compounds is modified with an alkoxysilane derivative
15 having a functional group exhibiting interaction with the filler, is
proposed as the effective method (for example, refer to Patent References
1, 2 and 3.
[0004]
The alkoxysilane compound derivatives are silicon compounds
20 having an alkoxy group directly bonded to silicon atom and a functional
group having nitrogen exhibiting interaction with the filler in the
molecule. Due to the structure described above, the modified conjugated
diene-based polymer obtained by modifying the active end of
polymerization exhibits the effects of decreasing the rolling resistance of
25 the tire and enhancing the fracture properties and abrasion resistance.

However, further decrease in the fuel consumption of automobiles



(decrease in the rolling resistance of tires) and improvement in the abrasion resistance has been
desired from the standpoint of the energy saving and the environmental problems. [0005] 5[Patent
Reference 1] Japanese Patent Application Laid-Open No. 2001-158837 [Patent Reference 21
Japanese Patent Application Laid-Open No. 2005-232364 [Patent Reference 3] Japanese
Patent Application Laid-Open No. 10 2005-290355 DISCLOSURE OF THE INVENTION [Problems to
be Overcome by the Invention] [0006] Under the above circumstances, the present invention has an
object 15 of piaviding.a pfogess 9 AL dHEnNg 21podiffed FANUgALPd HiER%RARGH Capolymer which
comprises a modified product of a copolymer of a conjugated diene compound and an aromatic vinyl
compound, exhibit®partisidadiycexbeliebeniedasicsd bfvveeththe trtubtpoicamyotienteardgyarbon black
anchor silica, can further improve dispersion of the filler and 20 can provide a tire exhibiting excellent
low heat builtRiFpopRfyhe £avHEBBsE R PEABlEBEsion resistance, a modified conjugated
diene-based copolyga\&égbtained in accordance with the process, a rubber composition comprising the
copolymer and a tire using the composition and exhibiting the above properties. 25 [Means for
Overcorging the Proplemist [RRBAence T aphipvRHeeraheye abiptcAtRAressALMYSAINS. conducted
intensive studies on the modifier used for modification of the active chain end of polymerization of
conjugated di&fd-Bas&d ¢opolymers and the structure of the obtained modified conjugated
diene-based copolyﬁn)ers and

atent Reference 2] Japanese Patent Application Laid-Open No.

2005-232364
[Patent Reference 3] Japanese Patent Application Laid-Open No.

10 2005-290355

DISCLOSURE OF THE INVENTION

[Problems to be Overcome by the Invention]
[0006]
Under the above circumstances, the present invention has an object
15 of providing a process for producing a modified conjugated diene-based
copolymer which comprises a modified product of a copolymer of a
conjugated diene compound and an aromatic vinyl compound, exhibits
particularly excellent interaction between the rubber component and
carbon black and/or silica, can further improve dispersion of the filler and
20 can provide a tire exhibiting excellent low heat buildup property, fracture
properties and abrasion resistance, a modified conjugated diene-based
copolymer obtained in accordance with the process, a rubber composition
comprising the copolymer and a tire using the composition and exhibiting
the above properties.
25 [Means for Overcoming the Problems]

[0007]



5 as the result, the following knowledge was obtained. It was found that a compound having a
group having a primary amino group and/or a secondary amino group protected with an eliminable
functional group and a hydrolyzable functional group having silicon was effective, conducting the
condensation using a condensation catalyst 10 having a metal atom after the modification was
particularly effective and, as the obtained modified conjugated diene-based copolymer, a copolymer in
which the contents of the unit of the aromatic vinyl compound, the single unit chain of the aromatic

vinyl compound anehfe,lgng wnitrghainfybe aspmatiayiny ramReund eamRUsingateast eight

consecutively 15 bonded units of the aromatic vinyl compound had each specified values, was
effective. Thenpeesent istehiésrohathbeao difice base dornmblod fivawied ge. {ROCR] Feechrasent invention
provides: 20 [1] A process for producing a modified conjugated diene-based copolymer which
comprises bfRGinBfa PAGIREY RS pBaGo s WAtH SRlRk éw@flaa@séowwebap&r@orﬂa&at@aediene

compound and an aromatic viny] compound.having the active end, wherein (1) as the modifier, a
compound h%%lHﬁ %%@t&&&@a{%fg ?@n%%?ogﬁgleécgp 4 #aeéndg%ﬁ]l?c\g% Sa(?ndcé 13’rélr%]fjspavl\}%l’ch can be

convertegl into; 3 IEQIENICAENBTATOWRY RidRieniscaRHRQBratRoRrotected with an  eliminable
functional group after the reaction is used; (2) a step of adding a condensation catalyst is conducted

after the modifier islbretaghfintodhthigaetioneprdi(8) hacontent gfrawnglavwng chainofahe aromatic
vinyl compound which 5 comprises a single polymer unit of the aromatic vinyl compound is smaller

than 40% by 4B §FBHRr8BURBSSEFOMAREN HPF BOrAFIUP @ aHer i EotiteRtt &'loaRIEchain of the
romaic ORI ETPRTR 3 A NSO B l f fp vomas
effective, conducting the condensation using a condensation catalyst
10 having a metal atom after the modification was particularly effective and,
as the obtained modified conjugated diene-based copolymer, a copolymer
in which the contents of the unit of the aromatic vinyl compound, the
single unit chain of the aromatic vinyl compound and the long unit chain
of the aromatic vinyl compound comprising at least eight consecutively
15 Dbonded units of the aromatic vinyl compound had each specified values,
was effective.
The present invention has been made based on the knowledge.
[0008]
The present invention provides:
20 [1] A process for producing a modified conjugated diene-based copolymer
which comprises bringing a modifier into reaction with active end of a
copolymer of a conjugated diene compound and an aromatic vinyl
compound having the active end, wherein
(1) as the modifier, a compound having () a hydrolyzable functional
25 group having silicon and (i) a group which can be converted into a

protonic amino group or a protonic amino group protected with an



[2] A process for producing a modified conjugated diene-based copolymer described in [1], wherein the
protonic amino group is a primary amino group or a secondary amino group; [3] A process for
producing a modified conjugated diene-based copolymer 15 described in any one of [1] and [2],
wherein the modifier is selected from silane compounds represented by general formula (1); wherein
Al represents a halogen atom or a hydrocarbyloxy group having 1 20 to 20 carbon atoms, 112
represents a hydrocarbyl group, R3 represents a divalent hydrocarbyl group, L1 represents an
eliminable functional group, L2 represents an eliminable functional group or a hydrocarbyl group, the
group repreSSAR ?.ﬁ“rﬂ%ﬁ*%bﬁigé%iﬁjéﬁﬁ% Ela%’f@ﬂﬁfﬁoé‘rléiﬁ@%ﬁt from a structure of the group
represented(gy V Wh%n L2 {;eg{gdsents an 25 eliminable aro re V and the

step- 0 1 onidensatign e'ilpstthelsgrgu SR h gb¥
group representeg' by 2 may ¢ bonded o cach other- regresents(ﬂ? r %anoar{f rléprggents 1or2;
general formplRy(BXk R Hought into the reaction; and
(3) a content of a single unit chain of the aromatic vinyl compound which
5 comprises a single polymer unit of the aromatic vinyl compound is smaller
than 40% by mass of entire bonded aromatic vinyl compound, and a
content of a long unit chain of the aromatic vinyl compound which
comprises at least eight consecutively bonded units of the aromatic vinyl
compound is 10% by mass or smaller of entire bonded aromatic vinyl
10 compounds;
[2] A process for producing a modified conjugated diene-based copolymer
described in [1], wherein the protonic amino group is a primary amino
group or a secondary amino group;
[3] A process for producing a modified conjugated diene-based copolymer
15 described in any one of [1] and [2], wherein the modifier is selected from
silane compounds represented by general formula (1):
1
A3 \Si———R?’—-N/le

., - (1)
Rzn/ L22-m

wherein A! represents a halogen atom or a hydrocarbyloxy group having 1
20  to 20 carbon atoms, R2 represents a hydrocarbyl group, R3 represents a
divalent hydrocarbyl group, Ll represents an eliminable functional group,
L2 represents an eliminable functional group or a hydrocarbyl group, the
group represented by L2 may have a structure same with or different from
a structure of the group represented by L! when L2 represents an

25 eliminable group, the group represented by L! and the group represented



A 2- -Si R5 N )3,14 n 2-kL wherein R4 represents a hydrocarbyl group having 1 to 20 carbon atoms,
R5 represents a divalent hydrocarbyl group having 1 to 12 carbon atoms, A2 and A3 each
independently represent a halogen atom or a hydrocarbyloxy group having 1 to 20 carbon atoms, L3
represents an 10 eliminable functional group or a hydrocarbyl group, L4 represents an eliminable
functional group, k represents 0 or 1, and f represents an integer of 1 to 10; and general formula (3): R
6" A 12-gS INL5 (3) LRL-) wherein A4 represents a halogen atom or a hydrocarbyloxy group having 1
to 20 carbon atoms, R6 represents a hydrocarbyl group having 1 to 20 carbon atoms, R7 represents a
divalent hydigcarbyhgsobp hanitelittoehz lcartder atorepr b seresrésents amdliminabtefenttional group
or a 20 hydrocarbyl group, and q represents 0 or 1; [4] A process for producing a modified conjugated
diene-basedlc% tymer described in any one of [1] to [3], wherein a heat treatment is conducted in the
step of addin% a cgrpd?gpﬁegigqfﬁtalyst or after the condensation catalyst is added; [5] A process for
producing a odifie conjugated diene-based copolymer described in any one of [1] to [4], wherein the
condensation catalyst 5 comprises a metal element; [6] A process for producing a modified conjugated

diene-based copolymer ribed in any one of [4] and [5], which comprises a step of conducting
condensation reaction by th Heat treatmeft in presence of the condensation catalyst;
A* SR 5—1\|J I (2)
3
5 Ao LY

wherein R4 represents a hydrocarbyl group having 1 to 20 carbon atoms,
RS represents a divalent hydrocarbyl group having 1 to 12 carbon atoms,
A2 and A3 each independently represent a halogen atom or a
hydrocarbyloxy group having 1 to 20 carbon atoms, L3 represents an

10 eliminable functional group or a hydrocarbyl group, L% represents an
eliminable functional group, k represents O or 1, and f represents an
integer of 1 to 10; and

general formula (3):

RO,

|
Aty q—Si—N—L> e (3)

LRLJ

wherein A4 represents a halogen atom or a hydrocarbyloxy group having 1

15

to 20 carbon atoms, R® represents a hydrocarbyl group having 1 to 20

carbon atoms, R7 represents a divalent hydrocarbyl group having 1 to 12

carbon atoms, LY represents an eliminable functional group or a
20 hydrocarbyl group, and q represents O or 1;

[4] A process for producing a modified conjugated diene-based copolymer

described in any one of [1] to [3], wherein a heat treatment is conducted in



10 [7] A process for producing a modified conjugated diene-based copolymer described in any one of
[1] to [6], wherein a content of the unit of the aromatic vinyl compound in the modified conjugated
diene-based copolymer is 25 to 55% by mass; [8] A process for producing a modified conjugated
diene-based copolymer 15 described in any one of [1] to [7], wherein a content of vinyl bond in the
modified conjugated diene-based copolymer is 10 to 50% by mole of entire units of the conjugated
diene compound; [9] A process for producing a modified conjugated diene-based copolymer

described in@pny ong,obILhigdls WhedsHuiia SoRAY BRLAIA caniuaripd RO dishedmagynd and an

aromatic vinyl compound having active end is obtained by anionic polymerization of the conjugated
diene compaundlgetlithaddediatic vinyl compound using an alkali metal compound as a
polymerization initiator; [1(.‘%]9? process for producing a modified conjugated diene-based 25

copolymer de3criBe@iACERs BRI R R WHSHIS droBbpanf 6 dimedeniedteBodiBRe compound

and an arom&uic viggl compound havinp :ﬂ:tive 5 gbtainedE by anionic go{Ymeriz tion psing an
. escri in ang one. o (g .1 T .. wherein h%/ condensation ca%a %s .
alkali metal compound as a polymerization' initiator’in presence of an ether compound and/or a tertiary

amine cgmpebRgrided A Rrasessdaidigducing a modified conjugated diene-based 5 copolymer
described in any one of [9] and [10], wherein the copolymer of a conjugated diene compound and an

aromatic viny6tompprme smiimgpactveiagisohtsieddcopjarotid pbiymerizatibndnglsesence of at
least one potassium salt selected fronl%grggf nsisting of potassium alkoxiges, potassium
at

phenoxides, Bith 5L BBy i {/1%@ JEHsh 1 P sk 6f SAHIEEDfonic acids
and potassiug sl oA SIS O"AHO%HIE POSRN oS AEKS TEOINGHOn Vi g kel meta

compound; process for producing a modi conjugated diene-b copolymer described in
[10], whereirztheleapatysnesds0bkained by anionic 15 polymerization using tetrahydrofuran or
2,2-bis(2-tetrahydrofuryppropane as the ether compound; [13] A process for producing a modified
conjugated dighedamegess for producing a modified conjugated diene-based copolymer
described in any one of [1] to [6], wherein a content of the unit of the
aromatic vinyl compound in the modified conjugated diene-based
copolymer is 25 to 55% by mass;
[8] A process for producing a modified conjugated diene-based copolymer
15 described in any one of [1] to [7], wherein a content of vinyl bond in the
modified conjugated diene-based copolymer is 10 to 50% by mole of entire
units of the conjugated diene compound;
[9] A process for producing a modified conjugated diene-based copolymer
described in any one of [1] to [8], wherein the copolymer of a conjugated
20 diene compound and an aromatic vinyl compound having active end is
obtained by anionic polymerization of the conjugated diene compound and
the aromatic vinyl compound using an alkali metal compound as a
polymerization initiator;
[10] A process for producing a modified conjugated diene-based

25 copolymer described in any one of [1] to [9], wherein the copolymer of a

conjugated diene compound and an aromatic vinyl compound having



copolymer described in [11], wherein the copolymer is obtained by anionic polymerization using
potassium tert-amyloxide or potassium dodecyl- 20 benzenesulfonate as the potassium salt; [14] A
process for producing a modified conjugated diene-based copolymer described in any one of [11] to
[13], wherein the copolymer is obtained by anionic polymerization using the ether compound and the
potassium salt in combination; 25 [15]A process for producing a modified conjugated diene-based
copolymer described in [9], wherein the alkali metal compound used as the polymerization initiator is a

Li-based mefgheomppungl; HiRlAnREACESS 40k Aradynthamodiiiad canioatedgiene-pasgy copolymer

described in [15], wherein the Li-based metal compound is an organolithium compound having 1 to 8

carbon atomsyin pbrjAdpasce goignpmdacing antodditiedrcpnpgaied diene dihsedcopuiymeér according
to any one of Claims 15 and 16, wherein the copolymer is obtained by anionic polymerization using a

compound fcﬂfﬁﬂﬂfarb%‘/ ?ﬂfﬁ%ﬁﬁé HBINRIFASBEONBER) compound into contact with at least one secondary
amine selectﬁqirom min(e)ccomp%JrndsrrOe&)&esented béfta{%\/gi({ng 1(1)1Jqlen ream %%I&@%a d imine
compounds represen eopBy Foﬁfowmg g%neraf]f%gml?la 3 genera(f(}o nitila ) being: R a (AR Db
5 copolymer described in any one of [9] and [10], wherein the copolymer of a
conjugated diene compound and an aromatic vinyl compound having
active end is obtained by anionic polymerization in presence of at least one
potassium salt selected from a group consisting of potassium alkoxides,
potassium phenoxides, potassium salts of organic carboxylic acids,
10 potassium salts of organic sulfonic acids and potassium salts of partial
esters of organic phosphorous acids in combination with the alkali metal
compound;
[12] A process for producing a modified conjugated diene-based
copolymer described in [10], wherein the copolymer is obtained by anionic
15 polymerization using tetrahydrofuran or 2,2-bis(2-tetrahydrofuryl)-
propane as the ether compound;
[18] A process for producing a modified conjugated diene-based
copolymer described in [11], wherein the copolymer is obtained by anionic
polymerization using potassium tert-amyloxide or potassium dodecyl-
20 Dbenzenesulfonate as the potassium salt;
[14] A process for producing a modified conjugated diene-based
copolymer described in any one of [11] to [13], wherein the copolymer is
obtained by anionic polymerization using the ether compound and the
potassium salt in combination;
25 [15] A process for producing a modified conjugated diene-based

copolymer described in [9], wherein the alkali metal compound used as the



15 wherein Ra and Rb each independently represent a hydrocarbyl group having 1 to 20 carbon
atoms, and general formula (B) being 20 wherein X represents a group selected from following
structural groups: X-I: cyclic structural groups of saturated type represented by (CRand)ri: X-II:
cyclic structural groups of saturated type comprising groups represented by (CRel13,0m and NRg or a
group represented by (CReROm and 0; and X-lI: cyclic structural groups having a molecular
structure in which at least a portion of carbon-carbon single bonds in portions forming 5 a ring in the

structural groyyps fRR%eSee 9raY; Xed ANAEH- isheeRvRIdes! it GriRR4; carbon double bond; Re, Rd,

Re and W each'representing hydrogen atom or a hydrocarbyl group having 1 to 10 carbon atoms
selected fromigliphatic hyedrasarbybgroupshalieyclie hydretifidy| goojpgated ardieatibhyddocarbyl
groups, Rg 10 representing a hydrocarby| group having 1 to 10 carbon atoms selected from aliphatic
hydrocarbyl §98@ wc%ﬁ@mpa%&m]grmﬁ%zﬁd%rhaﬁ@%rw%w@wpﬁz@ R, Re, RS

and Rg repr%segtlil%%a'go&ns or groups spme Wittlw or gigf%%%fra rgntlaéach other, n representing an integer
of 3to 15, ands sum or |r11?egersprepresen¥e8%y m being an integer of 2 to 159;

5 [17] A process for producing a modified conjugated diene-based
copolymer according to any one of Claims 15 and 16, wherein the
copolymer is obtained by anionic polymerization using a compound formed
by bringing the Li-based metal compound into contact with at least one
secondary amine selected from amine compounds represented by following
10 general formula (A) and imine compounds represented by following

general formula (B):

general formula (A) being:

Ra
NH
R
15 wherein R2 and RP each independently represent a hydrocarbyl group

having 1 to 20 carbon atoms, and

general formula (B) being
UH

20 wherein X represents a group selected from following structural groups:

X-I: cyclic structural groups of saturated type represented by

(CReR),

X-II: cyclic structural groups of saturated type comprising groups



[18]A process for producing a modified conjugated diene-based copolymer described in any one of [1]
to [17], wherein the conjugated diene compound is at least one compound selected from 13-butadiene,
isoprene and 2,3-dimethy1-1,3-butadiene; 20 [19]A process for producing a modified conjugated
diene-based copolymer described in any one of [1] to [18], wherein the aromatic vinyl compound is
styrene; [20]A process for producing a modified conjugated diene-based copolymer described in any
one of [1] to [19], wherein the eliminable 25 functional group protecting the primary amino group or the

secondary amipeegeaupdy (GRdaRiLarbyBiNIRFrour: gfdtbA @pocesstial byotURFRIR neified

conjugated diene-based copolymer described in [3], wherein n in general formula (1), k in general
formula (2) adapith general formula (3) each represent G [22] A process for producing a modified
conjugated diene-based 5 copolymer described in [5], wherein the condensation catalyst comprising a
metal element is arforgENIEYESH pHEHEHAFh EER@SstsHE Reetdl BRI tosBHEBREE of Croup 2 to

Group 15 of the.Beriodic Table (the long perjod type); 231]%'0‘ rocess for producing a modified
conjugated 3%?118- ggceigaf & o%lr%%rogegsagrlft())gdx%ﬁﬁa,svv %1%%051%'{%'%)5%%%%&%%%%@ acid salt or

an acetyacejopaie ¢RNRIEXHALQIAE sPstaldSruped-as b eenstensalipeataly shermpdaing a metal

element; [24] A process for producing a modified conjugated diene-based copolymer described in any
one of [22] amt§23irheirerairbtire dnetallelbosléiment in the condensation catalyst is Sn element, Ti
element, Zr elemenﬁcl,?)iR%l,e ﬁnee thrfﬁl (eealtgﬂ]gg]gt);resenting hydrogen atom or a hydrocarbyl

group having 1 to 10 carbon atoms selected from aliphatic hydrocarbyl

groups, alicyclic hydrocarbyl groups and aromatic hydrocarbyl groups, R8

10 representing a hydrocarbyl group having 1 to 10 carbon atoms selected
from aliphatic hydrocarbyl groups, alicyclic hydrocarbyl groups and
aromatic hydrocarbyl groups, R¢, Rd, Re, Rf and Rg representing atoms or
groups same with or different from each other, n representing an integer
of 3 to 15, and a sum of integers represented by m being an integer of 2 to

15 9
[18] A process for producing a modified conjugated diene-based
copolymer described in any one of [1] to [17], wherein the conjugated diene
compound 1s at least one compound selected from 13-butadiene, isoprene
and 2,3-dimethyl-1,3-butadiene;

20 [19] A process for producing a modified conjugated diene-based
copolymer described in any one of [1] to [18], wherein the aromatic vinyl
compound is styrene;

[20] A process for producing a modified conjugated diene-based
copolymer described in any one of [1] to [19], wherein the eliminable

25 functional group protecting the primary amino group or the secondary

amino group is a trihydrocarbylsilyl group;

10



[25] A process for producing a modified conjugated diene-based copolymer described in any one of [3]
to [24], wherein Al to A4 in the general formulae each represent Cl, Br or I; 20 [26]A process for
producing a modified conjugated diene-based copolymer described in any one of [6] to [25], wherein Al
to A4 in the general formulae each represent a hydrocarbyloxy group having 3 to 24 carbon atoms;
[271A modified conjugated diene-based copolymer obtained in 25 accordance with the process
described in any one of [11 to [26]; [281A rubber composition which uses the modified conjugated

diene-based|eqpolymer gigscrigechin [27)aneisan be Vwisanized with sulusa [29A-Bibher

composition which comprises (A) a rubber component comprising the modified conjugated

diene-basedwppbiymer desaiibed in 557 dne-¢B) silicagnohail daronlblétk: K36] genevher
composition describec(igrin ara;ine of [28] and [291, wherein a content of the modified conjugated
diene-basedf%ﬁbi% )iAn %B@P@ﬁ%ﬁ@?@ﬂ Bf &%ﬁéﬁ?{ﬁ%qgtﬁ)% by mass or greater; [31] A

rubber compgsition (Aebscribed in one of [29] and [30], wherein 10 a content,of compongent (B) is 20
to 120 parts by lnass a%lé%%snslgg pa?trso(%lc rﬁlgl%s i tﬁlebggl ér com u&aé%ﬁf'{aof%lg%%ﬁ%ﬁ (A); [32] A

pneumagic tiggpdlah sisasdbabeRber PIMRaRiion dercubrddARRIPNERhIeS W I3pligig [33] A
pneumatic tire described in [32], wherein the rubber composition 15 is used for at least one member
selected from tmatis] bdsengvphdss side pegHoncingprabbersladhbes fitedeatHEEFREGRIOF THE
O o ging o ang one of Group 2 Fo 8ons 3 hORe Feriodic Table (the
long period type);
[23] A process for producing a modified conjugated diene-based
10  copolymer described in [22], wherein an alkoxide, a carboxylic acid salt or
an acetylacetonate complex salt of the metal is used as the condensation
catalyst comprising a metal element;
[24] A process for producing a modified conjugated diene-based
copolymer described in any one of [22] and [23], wherein the metal
15 element in the condensation catalyst is Sn element, Ti element, Zr
element, Bi element or Al element;
[25] A process for producing a modified conjugated diene-based
copolymer described in any one of [3] to [24], wherein Al to A4 in the
general formulae each represent Cl, Br or I;
20 [26] A process for producing a modified conjugated diene-based
copolymer described in any one of [6] to [25], wherein Al to A4 in the
general formulae each represent a hydrocarbyloxy group having 3 to 24
carbon atoms;
[27] A modified conjugated diene-based copolymer obtained in

25 accordance with the process described in any one of [1] to [26];

[28] A rubber composition which uses the modified conjugated

11



20 copolymer of the present invention is a process for producing a modified product of a copolymer of
a conjugated diene compound and an aromatic vinyl compound and exhibits the following effects: (1)
The modified conjugated diene-based copolymer which exhibits particularly excellent interaction
between the rubber component and 25 carbon black anchor silica, can further improve dispersion of
the filler and can provide a tire exhibiting excellent low heat buildup property, fracture properties and
abrasion resistance can be produced since the modification reaction is conducted using as the

modifier the 8%@%%53}{5#9)191&@ OHRBAVIEY 3, PrRGTY ATINE.GOYR QhASHAEYRAARY@INO group

protected with an eliminable functional group and (ii) a hydrolyzable 5 functional group having silicon,
the condensatitfimis conducted using a condensation catalyst, and the structure of the obtained
modified cogu ted diene-based copolymer is specified. (2) IZﬁ articular, the effect described in (1)

can be exhibiged méyerdkhRse fRP s tTERE I FOIRBERRAN i thets SEGTRED SeUBRGRERS the 10

modifier. I accordanep il piesent inveniios the modifed sonigated disnecased
copolymer oBfAed in Bceordance with fhe process o}?ﬁe present IVention. the rubber composition

comprising thegoriypesanchtha dikg- Usirshthe Gemposition and exhibiting the properties described
15 above can be provided. THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE

INVENTION_[ZﬁOd)Z@Thfé)lpwoc@ssﬁpsiquLd&ﬂgrﬂonfr_bdliﬁa@ymjagﬁté%diiené—ﬁ%%bmwpnlymer of
e present nvenion il b dscredn e oo, [Prpces for producing a rodfd contgated
component of component (A) is 30% by mass or greater;
[31] A rubber composition described in any one of [29] and [30], wherein
10  a content of component (B) is 20 to 120 parts by mass based on 100 parts
by mass of the rubber component of component (A);
[32] A pneumatic tire which uses the rubber composition described in
any one of [28] to [31]; and
[33] A pneumatic tire described in [32], wherein the rubber composition
15 1s used for at least one member selected from treads, base treads, side

reinforcing rubbers and bead fillers.

THE EFFECT OF THE INVENTION

[0019]
The process for producing a modified conjugated diene-based
20 copolymer of the present invention is a process for producing a modified
product of a copolymer of a conjugated diene compound and an aromatic
vinyl compound and exhibits the following effects:
(1) The modified conjugated diene-based copolymer which exhibits
particularly excellent interaction between the rubber component and
25 carbon black and/or silica, can further improve dispersion of the filler and

can provide a tire exhibiting excellent low heat buildup property, fracture

12



The process for producing a modified conjugated diene-based copolymer of the present invention is
characterized in that the process for producing a modified conjugated diene-based copolymer
comprises 25 bringing a modifier into reaction with the active end of a copolymer of a conjugated diene
compound and an aromatic vinyl compound having the active end, wherein the modification is
conducted using as the modifier a compound having a hydrolyzable functional group having silicon
and GO a group which can be converted into a protonic amino group or a protonic amino group
protected with apeslifainahle fenctionaha@um alietiie Do pA6aRe sUEOIAUOR sRR6HIAR &% conducted
thereafter using a condensation catalyst, and the modified conjugated diene-based copolymer having
the specifiedrstruidhneiis praducted 10621 {€ ahjegatedi flien eHeasech popalynieriayin@ the active
end) 10In the present invention, the conjugated diene-based copolymer having the active end is
obtained by 85PBR/MEHAREo RO EB AT ASH BN eBMpBLINg aifE RIS AFB1BRYBEBHIDoUNd. The
process for producing, the. gopolymer is_nat,pagticularly limited, and any of the,solution merization
process, the%ré)cs%eﬁilwcg%evﬁlo%m%%z% %%%?%é%sgugﬁﬁiéa[ﬂgﬁou% p%]fil(?ne(zlr?l};a |o}r%yp#%)%?gszsg %H;én be
conductsd. e &ebHioN pefymerization SIRsierakle amaradhess PIo@aeseiad Reypg of the
polymerization may be any of the batch process and the continuous process. It is preferable that the
metal preseratdiesative portidysh, therzD rhiodecstiewsttre cofjugatedtiemeedase gdlpder is a
metal selected from alkali metals and alkaline earth metals, more preferably a metal selected from

alkali metalsSARIYARLE DAERREEN T GAPAIBEALY A%t RBGSE%Sht invention, it is preferable that the
copolymer ofg, COT&‘%;&?%SBEQ@ carpayadiand an.aromayic (‘i'f‘yéa?ff”}i’eouélﬁl Ying g o active end
is obtained in accordance with the anionic polymerization using an alkali metal compound as the
initiator in thep@sentls Mfyamsierthe compound having the specified structure as the

10 modifier.

In accordance with the present invention, the modified conjugated
diene-based copolymer obtained in accordance with the process of the
present invention, the rubber composition comprising the copolymer and
the tire using the composition and exhibiting the properties described

15 above can be provided.
THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE
INVENTION

[0020]

The process for producing a modified conjugated diene-based
20 copolymer of the present invention will be described in the following.
[Process for producing a modified conjugated diene-based copolymer]

The process for producing a modified conjugated diene-based
copolymer of the present invention is characterized in that the process for
producing a modified conjugated diene-based copolymer comprises

25 Dbringing a modifier into reaction with the active end of a copolymer of a

conjugated diene compound and an aromatic vinyl compound having the
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compound anchor a tertiary amine compound as described below. It is preferable that the copolymer is
obtained in accordance with the anionic polymerization in the presence of at least one potassium salt
selected from the group consisting of potassium alkoxides, potassium phenoxides, 5 potassium salts
of carboxylic acids, potassium salts of organic sulfonic acids and potassium salts of partial esters of
organic phosphorous acids in combination with the alkali metal compound as described below. [00221
Examples of the conjugated diene compound include 1,3-butadiene, 10 isoprene, 1, 3 -pentadiene, 2,

3- dimethyl- ] :RUEARE N & ORE PYE Ints RHIBHIGRE @ RSP dIGNE- A e plvasiRs diene

compound may be used singly or in combination of two or more. Among these conjugated diene

compounds, ch3poradidneyisgprénelacky 2;Bldifatbyibria B dnaapibneiare gitafenabtal HExamples of
the aromatic vinyl compound used for copolymerization with the conjugated diene compound include
styrene, ctm&HBTEREh LY MNRGIRMRATEAR, DAY IRIQEHE CMRY AR BB HPe P AR MEAZene,
4-cyclohexylstyrene and 2,4,6-trimethylstyrene. The aromatic yinyl compound may.be used singly or in
combination STIG 30t At HASe Do TR ARSI B throible. 100251

When the: copolymekization desenduated-ssimihe tonjpaated@ienakerepaiend andiibe gromatic vinyl
compound as the monomers, it is preferable that 1,3-butadiene and styrene are used since these
monomers 2&arenasiipavaiziie b ransuiiad o foli Healcticn) wset eahditive grapettydndherarionic
polymerization exhibits the living property. . When the solution polymerization process is conducted,
it is preferablAAREHBCERREHIFSH B HECHDREPIAIEEH: the solvent is 5 to 50% by mass and more
preferably 10 to 30% 1pass. When the copolymerization is conducted using the conjugated diene
compound and 5 the aromatic vinyl compound, the content of the aromatic vinyl compound in the

monomer miktisigj usatktvdiba copebineialiatcisiselestedis acaaaradduch that the content of the
unit of the aromatic vinyl compound in the obtained modified conjugated diene-based copolymer is 20

to 60%16y mass, whithtihéll becgestribecespenitictlly spivngpofab2li¢ne-bakedittvmel zorepound used

as the polymerization initiator is not particylarly limited. Hydrocarhyllithiums_.and lithium amide
compounde B RE DI LK, SUHerr 1R YAy R T QEab e Oh BoSheH SR based

copolymer haying a ydracalfyLIIQUR.At 16,50 of iﬂﬁi&!@“%&%&&ﬂlﬁ Polymerzajiag.ang,the active

end of polymerization at the other end can be obtained."When the lithium amide compound is used, a
conjugated dieaétasgd ttapalypudy havings niveggmatidideid dimitedipraaidtherpolyhetization and
the active end of polymerization at the other end can be obtained.
solution polymerization process, the gas phase polymerization process and
15 the bulk polymerization process can be conducted. The solution
polymerization is preferable among these processes, and the type of the
polymerization may be any of the batch process and the continuous
process.
It is preferable that the metal present at the active portion in the
20 molecule of the conjugated diene-based polymer is a metal selected from
alkali metals and alkaline earth metals, more preferably a metal selected
from alkali metals and most preferably lithium metal.
In the present invention, it is preferable that the copolymer of a
conjugated diene compound and an aromatic vinyl compound having the

25 active end is obtained in accordance with the anionic polymerization using

an alkali metal compound as the initiator in the presence of an ether

14



20[00251 As the hydrocarbyllithium described above, hydrocarbyllithiums having a hydrocarbyl
group having 2 to 20 carbon atoms are preferable. Examples of the hydrocarbyllithium described
above include ethyllithium, n-propyllithium, isopropyllithium, n-butyllithium, sec-butyllithium, 25
tert-octyllithium, n-decyllithium, phenyllithium, 2-naphthyllithium,
2-butylphenyllithium,4-phenylbutyllithium,cyclohexyllithium, cyclopentyllithium and reaction products of
diisopropenylbenzene and butyllithium. Among these hydrocarbyllithiums, n-butyllithium is preferable.

100261 SExegish afdheiiira At ForappRA DR HIND dexamethiengimide, ihium

pyrrolide, lithium piperidide, lithium heptamethyleneimide, lithium dodecamethyleneimide, lithium
dimethylamigeefi¢hibhedigtinty tdmidepbilymerdib utytanmide, ilithacoo ciprogy lemmid e hitinmowibeptylamide,
lithium dihexylamide, lithium 10 dioctylamide, lithium di-2-ethylhexylamide, lithium dodecylamide,
lithium N-meBNIBREE35H Rhidie BIRSRepPhAtideastinmRAFRAs U ATHes sehted from

ethylbenzyla iéje arr(l)d Iith(i:%m En%trr}glphfeneg)élasr&ige. Fg% thgesstand#)cgintiof the gfé‘%%t clnéei}rgteraction
with carbon Black&nd the a%ﬁltsy 0 niﬂatiﬁg fhe porfﬁlmerlzgtllon,’c% IL5 Hivium amides uch as

lithium hexamethylengimydslitbuwmn Mmyxgiitide.iithiupo fipsrididelitkiup bepiametnlipgimide and
lithium dodecamethyleneimide are preferable, and lithium hexamethyleneimide and lithium pyrrolidide
are more preferdblerainmrigshese lithitsohmide zbaspermds 0284002Fhosphasdhe dithidsmramide
compound, a compound prepared from a secondary amine and a lithium compound in advance may

be used for FRINIPATPB LR Brarme At dReERh R ERAHPSLARY S5 HReArBB¥d in the polymerization

system (in-situ). It isfogfgégrable that the amount of the 25 polymerization initiator is selected in the
range of 0.2 to 20 mmol based on 100 g of the monomers. 100281 In the present invention, for

example, the anionig;polypesizdtion wayjheaeaddicad vsingsuadmpennttforppdfadtringing the
Li-based metal compound described above into contact with at least one secondary

10 isoprene, 1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, 2-phenyl-1,3-
butadiene and 1,3-hexadiene. The conjugated diene compound may be
used singly or in combination of two or more. Among these conjugated
diene compounds, 1,3-butadiene, isoprene and 2,3-dimethyl-1,3-butadiene
are preferable.

15 Examples of the aromatic vinyl compound used for
copolymerization with the conjugated diene compound include styrene,
o-methylstyrene, 1-vinylnaphthalene, 3-vinyltoluene, ethylvinylbenzene,
divinylbenzene, 4-cyclohexylstyrene and 2,4,6-trimethylstyrene. The
aromatic vinyl compound may be used singly or in combination of two or

20 more. Among these aromatic vinyl compounds, styrene is preferable.

[0023]

When the copolymerization is conducted using the conjugated diene
compound and the aromatic vinyl compound as the monomers, it is
preferable that 1,3-butadiene and styrene are used since these monomers

25 are easily available and suitable for practical use, and the property in the

anionic polymerization exhibits the living property.
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5 amine selected from amine compounds represented by the following general formula (A) and imine
compounds represented by the following general formula (B): 100291 R (B) 100301 In
general formula (A), Ra and Rb each independently represent a hydrocarbyl group having 1 to 20
carbon atoms. Examples of the 15 hydrocarbyl group having 1 to 20 carbon atoms include aliphatic
hydrocarbyl groups, alicyclic hydrocarbyl groups and aromatic hydrocarbyl groups. Preferable
examples of the amine compound represented by the above general formula (A) include

dimethylamine, dietiylia mingedipr ARy MGy WE-RUMGMIng o disobityla minkt2Q digentylamine,
dihexylamine, diheptylamine, dioctylamine, diallylamine, dicyclohexylamine, butylisopropylamine,
dibenzylamiq&efeeﬂwmahaylahénmnmeﬂtym%mmﬁiﬁeeam&&dimy&mx’;ﬂatﬁﬂeeso&mhﬂew@pmsented by
e o 0" e, and mmore preforgbly 10 (3 0% Iy mass. When the
copolymerization is conducted using the conjugated diene compound and
5 the aromatic vinyl compound, the content of the aromatic vinyl compound
in the monomer mixture used for the copolymerization is selected in a
manner such that the content of the unit of the aromatic vinyl compound
in the obtained modified conjugated diene-based copolymer is 20 to 60%
by mass, which will be described specifically below.
10 [0024]
The lithium compound used as the polymerization initiator is not
particularly limited. Hydrocarbyllithiums and lithium amide compounds
are preferably used. When the hydrocarbyllithium is used, a conjugated
diene-based copolymer having a hydrocarbyl group at the end of initiation
15 of the polymerization and the active end of polymerization at the other
end can be obtained. When the lithium amide compound is used, a
conjugated diene-based copolymer having nitrogen at the end of initiation
of the polymerization and the active end of polymerization at the other
end can be obtained.
20 [0025]
As the hydrocarbyllithium described above, hydrocarbyllithiums
having a hydrocarbyl group having 2 to 20 carbon atoms are preferable.
Examples of the hydrocarbyllithium described above include ethyllithium,
n-propyllithium, isopropyllithium, n-butyllithium, sec-butyllithium,
25 tert-octyllithium, n-decyllithium, phenyllithium, 2-naphthyllithium,

2-butylphenyllithium, 4-phenylbutyllithium, cyclohexyllithium,
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from aliphatic hydrocarbyl groups having 1 to 10 carbon atoms are preferable. [00311 In the
above general formula (B), it is preferable that the group 5 represented by X is a group selected from
the following groups: X-I: cyclic structural groups of the saturated type represented by (CReRd/n; X-II:
cyclic structural groups of the saturated type comprising groups represented by (CReROm and NRg or
a group represented by (CReROm and 0; and X-IlI: cyclic structural groups having a molecular
structure in 10 which at least a portion of carbon-carbon single bonds in portions forming the ring in the

structural gr%eﬁ)ge&{giamtﬁ%m Al ANd et] d7 cppygied e ﬁi?sﬁﬁ%%éﬂﬁm{‘zgﬁebmnd- In the

above formulae, , Re and W each represent hydrogen atom or a hydrocarbyl group having 1 to
10 carbon atbutyBalkoied. fronAatiphgticthydeochshidageatygd]ialicyalis, 1, Rydtrpharidgroups and
aromatic hydrocarbyl groups, Rg represents a hydrocarbyl group having 1 to 10 carbon atoms
selected frorﬁrﬁfﬁh%}ﬂl?hydrocarbyl groups, alicyclic hydrocarbyl groups and aromatic hydrocarbyl
groups, Re, Ri, Re, Rg each may represent atom or group the same with or different from each
other, n represents an integer 20 of 3 to 15, and the sum of integers represented by m is an integer of

210 9. [@0321 Whem ihgrpiae compewndliepresentzthiectheshpyasenamalligiaundiiis a
compound in which the group represented by X is the cyclic group represented by X-I, imine
compounds hayimg ¢hbydeog2 e présbnted by ygendde forlithiag| ipiphicHiRe, add Rdrepresent
heptamethyleneimide, Lithium dodecamethyleneimide, lithium
dimethylamide, lithium diethylamide, lithium dibutylamide, lithium
dipropylamide, lithium diheptylamide, lithium dihexylamide, lithium
10 dioctylamide, lithium di-2-ethylhexylamide, lithium dodecylamide,
lithium  N-methylpiperazide, lithium ethylpropylamide, lithium
ethylbutylamide, lithium ethylbenzylamide and lithium
methylphenetylamide. From the standpoint of the effect of interaction
with carbon black and the ability of initiating the polymerization, cyclic
15 lithium amides such as lithium hexamethyleneimide, lithium pyrrolidide,
lithium  piperidide, lithium heptamethyleneimide and lithium
dodecamethyleneimide are preferable, and lithium hexamethyleneimide
and lithium pyrrolidide are more preferable among these lithium amide
compounds.
20 [0027]

As the lithium amide compound, a compound prepared from a
secondary amine and a lithium compound in advance may be used for the
polymerization, or the lithium amide compound may be prepared in the
polymerization system (in-situ). It is preferable that the amount of the

25 polymerization initiator is selected in the range of 0.2 to 20 mmol based on

100 g of the monomers.
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hydrogen or a group selected from aliphatic hydrocarbyl groups having 1 to 8 carbon atoms, and n
represents 3 to about 15 are preferable. Examples of the above compound include trimethyleneimine,
pyrrolidine, piperidine, 2-methylpiperidine, 3-methylpiperidine, 4-methylpiperidine,
3,5-dimethylpiperidine, 2-ethylpiperidine, hexamethyleneimine, hepta- 5 methyleneimine and
dodecamethyleneimine. Among these compounds, imine compounds having the group represented by
X-1'in which Re and Rd represents hydrogen atom or a group selected from aliphatic hydrocarbyl
groups having 1 to fpygaijon atoms and n represents 3 to 12 are more preferable. 10[00331 When
the imine compounds represented by the above general formula (B) is a compound in which the group
represented by X isltheloydlicegroitpireprasent, HpX dk amiplke cohep aunotsi b gyhgrifeeigeoiugmrepresented
by X-11 in which Re and W represent hydrogen or a group 15 selected from aliphatic hydrocarbyl
groups haviﬁ@fiytdos é&%%(:&%]m‘é?]ﬁg rép?é%?f?él]a(brfﬁﬁﬁ@éle]é}’e@ﬁ@&il&ﬁp iclﬂy}éﬁééﬁrbyl groups
having 1 to 5 carbon atoms, and m represents 3.to 5 are preferahle. Examples of the above compound
incluce more Gt RO T APt e B A L SR n ey
N-ethyligidagaligine ;2R ARPNE SRS BIRPAMESo IS emraundsdhaying e eipuRigpresented by
X-1 in which Re and Rd represents hydrogen atom or an aliphatic hydrocarbyl group having 1 to 5
carbon atomgearedtahdsumudd thé) nambérsirepresentachidy meisr@ serfatebmareepfelbraiiies (00341
25When the imine compounds represented by the above general formula (B) is a compound in which
the group reﬁFé‘s’éfﬁt]eﬁ)W%?s?tﬁz group represented by X-llI, imine compounds in which at least a
portion of the carbo[br-g?g?on single bonds in portions forming a ring in the structural groups
represented by X-I l% -1l described above as the preferable groups is converted into the
carbon-carbon double band are 5 preferable. Examples of the above compound include oxazine,
pyrroline, pyrrol and azepingH100351 The process for(@rpducing the conjugated diene-based
copolymer in accor & with the anionic polymerization using the lithium compound 10 described
above as the polymerization initiator is not particularly limited, and a conventional process can be
used. 19

o
[0030]

In general formula (A), R2 and RP each independently represent a
hydrocarbyl group having 1 to 20 carbon atoms. Examples of the

15 hydrocarbyl group having 1 to 20 carbon atoms include aliphatic
hydrocarbyl groups, alicyclic hydrocarbyl groups and aromatic
hydrocarbyl groups. Preferable examples of the amine compound
represented by the above general formula (A) include dimethylamine,
diethylamine, dipropylamine, di-n-butylamine, diisobutylamine,

20 dipentylamine, dihexylamine, diheptylamine, dioctylamine, diallylamine,
dicyclohexylamine, butylisopropylamine, dibenzylamine, methylbenzyl-
amine, methylhexylamine and ethylhexylamine. Amines represented by

general formula (A) in which R2 and RP each represent a group selected
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Specifically, the conjugated diene-based copolymer as the object product can be obtained by
conducting the anionic polymerization of the conjugated diene compound and the aromatic vinyl
compound in an 15 organic solvent inert to the reaction, examples of which include
hydrocarbon-based solvents such as aliphatic hydrocarbyl compounds, alicyclic hydrocarbyl
compounds and aromatic hydrocarbyl compounds, in the presence of the lithium compound described
above as the polymerization initiator and the potassium compound or a randomizer 20 which is used

where desired 40G361ha i E BuskineeropcRserhaniient, solvent:hassd opdudragarbons

having 3 to 8 carbon atoms are preferab xamples of the hydrocarbon-based solvent include
propane, n-bpiteferaislibutane, 25 isopentane, n-hexane, cyclohexane, propene, 1-butene, isobutene,
trans-2-butene, cis-2-butene, 1-pentene, 2-pentene, 1-hexene, 2-hexene, benzene, toluene, xylene
and ethylbenzene. 13A) drocarbon-based solvent may be used singly or in combination of two or

more. 100371 The r?rrlldt%miz%r which is USF? where d 're(% is a cor@%ggpéj tSHexh{Elitin effects of:

controlling the microstructufe %Whgeéloenﬁ%ga?ggl diche-Based' %o%%iymer suc aats & ifcrease in the

amount of thﬁ‘eﬂn%é&[t‘édnﬂdiﬂM@%ﬂ@%ﬁ%’él@@t@ﬂ%ﬁ&ﬁ@@@%%ﬂ caRAlySel-anehidlecincrease in
the amount of the 3,4-bond in an iso?trene copolymer; and controlling the djstributjon of the
composition Bk Wishaheremief it hReSEoWHISR nEP S FEeBRiaHAeSd e e RERPourt Hnd an

aromatic vinyl compound such as randomization of the butadiene unit and the styrene unit in the

copolymer of BEhAdisHESHA &y réh8UPhe PnddiizeR terte arliEBRrg HRREG BAd 8188WHound can
be suitably Sﬁé%?&@ﬁ&ﬁ@%”@@f@@@ﬂ)gOQMaTN%PQT%QQHCR%MQ%E&FQﬁGT@WQ%fﬁiller-
on

15[00381 The microstructure (the content of the vinyl in the portion of the conjugated diene in
the conjugatey diade Xdsed saprlyspenaaitde adjupie hbygdingiithepokrestzatonsystem an

ether compound such as diethyl ether, di-n-butyl ether, ethylene glycol diethyl ether,

10 which at least a portion of carbon-carbon single bonds in portions forming
the ring in the structural groups represented by X-I and X-II is converted
into the carbon-carbon double bond. In the above formulae, R¢, Rd, Re
and Rf each represent hydrogen atom or a hydrocarbyl group having 1 to
10 carbon atoms selected from aliphatic hydrocarbyl groups, alicyclic

15 hydrocarbyl groups and aromatic hydrocarbyl groups, R8 represents a
hydrocarbyl group having 1 to 10 carbon atoms selected from aliphatic
hydrocarbyl groups, alicyclic hydrocarbyl groups and aromatic
hydrocarbyl groups, R¢, Rd, Re, Rf and R¢ each may represent atom or
group the same with or different from each other, n represents an integer

20 of 3to 15, and the sum of integers represented by m is an integer of 2 to 9.

[0032]

When the imine compound represented by the above general
formula (B) is a compound in which the group represented by X is the
cyclic group represented by X-I, imine compounds having the group

25 represented by general formula X-I in which R¢ and R4 represent

hydrogen or a group selected from aliphatic hydrocarbyl groups having 1
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20 ethylene glycol dibutyl ether, diethylene glycol dimethyl ether, propylene glycol dimethyl ether,
propylene glycol diethyl ether, propylene glycol dibutyl ether, tetrahydrofuran,
2,2-(bistetrahydrofurfuryppropane, bistetrahydrofurfuryl formal, methyl ether of tetrahydrofurfuryl
alcohol, ethyl ether of tetrahydrofururyl alcohol, butyl ether of tetrahydrofurfuryl 25 alcohol,
cc-methoxytetrahydrofuran, dimethoxybenzene and dimethoxy- ethane and/or a tertiary amine
compound such as triethylamine, pyridine, N,N,N',N'-tetramethylethylenediamine, dipiperidinoethane,

methyl ethergf N, Nagigtylethanelaning. ethyeinenes NaNdietpdathanplamine ad,aud ether of

I
N,N-diethylethanolamine. Among these compounds, tetrahydrofuran and 2,2-(bistetrahydro5
furfuryppropdhen arpl psetériidea LOO3 8 m polmiherpresknt ifiverttighe mepoiassipyprsalideegded in
combination with the polymerization initiator described above so that the single unit chain and the long
unit chain of BhReABHStc XimAteoHIBaRdIe prosepkndnipssEdine rekiiet ArpirREidEaeribed above.

As the potasglgrjaisagﬁlgoltassm .alkox%e sych as.aotass%m |soer§§Z(fX|del§otasswemtte_rt-butomde,

potassium tert-am)ll]ilox %,pﬁg?géshﬁlr?f n- -gp B’X}?}é’,eﬁb 5%%1umeﬁiéir¥21§ de an 1;:I)léat’asaLPmaphenoxide as

typical exampigesh PriasakMSalisdotewmaRim ety icrakids such asdsevalerieasisheaasylic 15 acid,
lauric acid, palmitic acid, stearic acid, oleic acid, linoleic acid, benzoic acid, phthalic acid and
2-ethylhexanoidrazichasptypictd bxanmyddiepgrassimepsaksrgidrhanic bulfoniu dciBS sudhRs
dodecylbenzenesulfonic acid, tetradecylbenzenesulfonic acid, hexadecylbenzenesulfonjc acid and

octadecylbe S BRERIFSHIYALIREEE Al Yk AnFERILP sitdesbidsSiom adiidhatsohattasadsls of organic
Phosphorous RS SHE% ety PLOspile, IRQPIaRY RO (IPB D950y U

phosphite a u ite as typical examples; are used. Among these potassium salts,
potassium tesi-afadtide and potassium dodecylbenzenesulfonate are preferable.

10 [0033]

When the imine compounds represented by the above general
formula (B) is a compound in which the group represented by X is the
cyclic group represent by X-II, imine compounds having the group
represented by X-II in which Re and Rf represent hydrogen or a group

15 selected from aliphatic hydrocarbyl groups having 1 to 5 carbon atoms, R8
represents a group selected from aliphatic hydrocarbyl groups having 1 to
5 carbon atoms, and m represents 3 to 5 are preferable. Examples of the
above compound include morpholine, N-methylpiperazine,
N-ethylpiperazine, N-methylimidazolidine and N-ethylimidazolidine.

20 Among these compounds, imine compounds having the group represented
by X-II in which R¢ and R4 represents hydrogen atom or an aliphatic
hydrocarbyl group having 1 to 5 carbon atoms and the sum of the numbers
represented by m is 3 to 5 are more preferable.

[0034]

25 When the imine compounds represented by the above general

formula (B) is a compound in which the group represented by X is the

20



25100401 It is preferable that the amount of the potassium compound is suitably selected in the range
of about 0.005 to 0.5 moles per 1 g atom equivalent of the alkali metal of the polymerization initiator so
that the contents of the single unit chain and the long unit chain are adjusted in the range described
above. When the potassium compound is added, 5 alcohols, thioalcohols, organic carboxylic acids,
organic sulfonic acids, organic phosphorous acids, primary amines and secondary amines may be
used suitably in combination with the potassium compound. [00411 It is preferable that the randomizer

and the potagsiiip safldseHeed B R-ePMBRAHORo R RATHAYIR isiRReiarable dhatihigieambination of

potassium tert-amyloxide and tetrahydrofuran, the combination of potassium tert-amyloxide and
tetrahydrofukai tie canbbinatiohai petagkiuiodode cylbpozteorsutionate @nal tetnghydrafhiean or the
combination of potassium dodecylbenzenesulfonate and 2,2-(bistetra- 15 hydrofurfuryppropane is
used. [0042Btruckysad FerapRe teprarsrdatheratdtd ik Jolinfasesthelraaish rSséheted in the
range of 0 to 150C and more preferably in the range of 20 tg 130C. The pressure, of the palymerization
may be a pré’ggg?éagg%o%oél [S)ylﬁwétoreagﬁ%en. Ihn%genter%l ,C| %%I}e ?éllrfgk())fé t %‘?‘SE%J% gBIelflat%%ne is

conductsd updefea WRSSURaHiIRNb I 8 BiRG: tBermRRATASUREERApEaLHB e tiguidstate. Where
desired, a high pressure may be applied although the pressure depends on the substances used for

the polymeripatiool, tnel meeliuneof the polymerization and the temperature. 25 The pressure can be
obtained by a suitable method such as application of a pressure to the reactor with a gas inert to the
polymerization rea 5100431 In the polymerization, it is preferable that materials from which

any substances advaisely aflecg (e easiion fuch Arwalen aiger carkondisideay protonic

compounds have been removed are use terials taking part in the“polymerization such
as the polymgiieatian deitiatel, the patassitrpd9mpeldishedamndommzerit e solsnipans ihe

monomers.
10 described above as the polymerization initiator is not particularly limited,
and a conventional process can be used.

Specifically, the conjugated diene-based copolymer as the object
product can be obtained by conducting the anionic polymerization of the
conjugated diene compound and the aromatic vinyl compound in an

15 organic solvent inert to the reaction, examples of which include
hydrocarbon-based solvents such as aliphatic hydrocarbyl compounds,
alicyclic hydrocarbyl compounds and aromatic hydrocarbyl compounds, in
the presence of the lithium compound described above as the
polymerization initiator and the potassium compound or a randomizer

20  which is used where desired.

[0036]

As the hydrocarbon-based solvent, solvents based on hydrocarbons
having 3 to 8 carbon atoms are preferable. Examples of the
hydrocarbon-based solvent include propane, n-butane, isobutane,

25 1isopentane, n-hexane, cyclohexane, propene, 1-butene, isobutene,

trans-2-butene, cis-2-butene, 1-pentene, 2-pentene, 1l-hexene, 2-hexene,
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It is preferable that the glass transition temperature (Tg) of the obtained conjugated diene-based
copolymer obtained in accordance with 10 the differential scanning calorimetry is -95 to -15C. An
increase in the viscosity is suppressed and a conjugated diene-based copolymer which can be easily
handled can be obtained by adjusting the glass transition temperature in the above range. 00441
15(Modifier) In the process for producing a modified conjugated diene-based copolymer of the
present invention, a compound having a group having a primary amino group and/or a tertiary amino

group proteqiegl ith an gliminable inetionahorour AchaFIoUP Maying, dwsialysabis: fpctional 20

group having silicon as the modifier is brought into reaction with the active end of the conjugated
diene-basedschpehtnmes h deing ¢desactize cench ebiaimech isesriaedranove. As the modifier, a
compound selected from silane compounds represented by the following general formulae (1), (2) and
(3) is preferably 25 |VLQ)Q%‘H7.][OO451 ,4KASIR5N AI3142-kL _6Rq

The randomizer which 1s used where desired i1s a compound
5 exhibiting effects of: controlling the microstructure of the conjugated
diene-based copolymer such as the increase in the amount of the 1,2-bond
in the butadiene portion in a butadiene-styrene copolymer and the
increase in the amount of the 3,4-bond in an isoprene copolymer; and
controlling the distribution of the composition of the monomer units in the
10 copolymer of a conjugated diene compound and an aromatic vinyl
compound such as randomization of the butadiene unit and the styrene
unit in the copolymer of butadiene and styrene. The randomizer is not
particularly limited, and a compound can be suitably selected as desired
from conventional compounds widely used as the randomizer.
15 [0038]

The microstructure (the content of the vinyl bond) in the portion of
the conjugated diene in the conjugated diene-based copolymer can be
adjusted by adding into the polymerization system an ether compound
such as diethyl ether, di-n-butyl ether, ethylene glycol diethyl ether,

20 ethylene glycol dibutyl ether, diethylene glycol dimethyl ether, propylene
glycol dimethyl ether, propylene glycol diethyl ether, propylene glycol
dibutyl ether, tetrahydrofuran, 2,2-(bistetrahydrofurfuryl)propane,
bistetrahydrofurfuryl formal, methyl ether of tetrahydrofurfuryl alcohol,
ethyl ether of tetrahydrofururyl alcohol, butyl ether of tetrahydrofurfuryl

25 alcohol, a-methoxytetrahydrofuran, dimethoxybenzene and dimethoxy-

ethane and/or a tertiary amine compound such as triethylamine, pyridine,
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A42-qSNL[00461 Inthe above general formula (1), Al represents a halogen atom or a
hydrocarbyloxy group having 1 to 20 carbon atoms, R2 represents a 10 hydrocarbyl group, R3
represents a divalent hydrocarbyl group, LI represents an eliminable functional group, L2 represents
an eliminable functional group or a hydrocarbyl group, the group represented by L2 may have a
structure the same with or different from the structure of the group represented by LI when L2
represents an eliminable group, the 15 group represented by L1 and the group represented by L2 may

be bonded toueRCK 0KV, 13 JRRIBES I IR L AR Rd CRIBSEA iR than &S tha hyrragarbyl group

represented by R2, hydrocarbyl groups-having 1 to 20 carbon atoms are preferablé and, as the
divalent hydrafCATiyt djralny fethresehiead iy, R8hhlydibearby| yrdiidschhyieghh tolkhild €arhdn atoms are
preferable. In the above general formula (2), R4 represents a hydrocarbyl group having 1 to 20 carbon
atoms, R5 reptbebataer i Aet BpdrodsHhABIBIREving 1 to 12 carbon atoms, A2 and A3 each

independently represent a halogen atom or g hydrocarbylo roup_hayj 1o 20 carbpon atoms, L3
represents an eIimi%arBPen ﬁjrf(}:]t?ogﬁaf%rpo%%ugr S’htye r%%%asr]gﬁ))g}é(%lﬁ gﬂ@?&%ﬁ%@% grgn Bliminable

functiong! grewrulsyepiRtRNte A drcdbshiblepresents an integer of 1 to 10. In the above general
formula (3), A4 represents a halogen atom or a hydrocarbyloxy group having 1 to 20 carbon atoms, R6

represents a hydrod@fi3flgroup having 1 to 20 carbon atoms, V represents a divalent 10 hydrocarbyl
group having 1 to 12 carbon atoms, L5 represents an eliminable functional group or. a hydrocarby!

group, and q repres&hil® Brasent Iyendion, b ohasshave skt tradssdvBgetBriPRHiae (1) to
g’i)rrt:ﬁz Sg‘;;@gﬁéﬁg{g&)@&%ﬂ%@zﬁmm?1%%‘?&'90?&%5&?889a({)é(%!@"38 rouPisL e REEeRlEd with an
chain and the long unit chain of the aromatic vinyl compound are present
10 in specific relative amounts described above. As the potassium salt,
potassium alkoxides such as potassium isopropoxide, potassium
tert-butoxide, potassium tert-amyloxide, potassium n-heptoxide,
potassium benzyloxide and potassium phenoxide as typical examples;
potassium salts of organic carboxylic acids such as isovaleric acid, caprylic
15 acid, lauric acid, palmitic acid, stearic acid, oleic acid, linoleic acid, benzoic
acid, phthalic acid and 2-ethylhexanoic acid as typical examples;
potassium salts of organic sulfonic acids such as dodecylbenzenesulfonic
acid, tetradecylbenzenesulfonic acid, hexadecylbenzenesulfonic acid and
octadecylbenzenesulfonic acid as typical examples; and potassium salts of
20 partial esters of organic phosphorous acids such as diethyl phosphite,
diisopropyl phosphite, diphenyl phosphite, dibutyl phosphite and dilauryl
phosphite as typical examples; are used.
Among these potassium salts, potassium tert-amyloxide and
potassium dodecylbenzenesulfonate are preferable.

25 [0040]

It 1s preferable that the amount of the potassium compound is
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In the above general formulae (1) to (3), Cl, Br or | is preferable as the halogen atom represented by Al
to A4, and a hydrocarbyloxy group having 1 to 10 carbon atoms is preferable as the hydrocarbyloxy
group 20 having 1 to 20 carbon atoms represented by Al to A4. Examples of the hydrocarbyloxy group
having 1 to 10 carbon atoms include alkoxy groups having 1 to 10 carbon atoms, alkenyloxy groups
having 2 to 10 carbon atoms, aryloxy groups having 6 to 10 carbon atoms and aralkyloxy groups
having 7 to 10 carbon atoms. Among these groups, alkoxy groups having 25 1 to 10 carbon atoms are

preferable fromy thg StapaRail ohthiRSXeelRNLIEAEHUYe D allyb 3y quBlegnsiMEng the glkoxy group

may be any of a linear group, a branched group and a cyclic group. Examples of the alkoxy group

include methaxyigsdept ethoky gituap, mptapofythropp]ysoeropaxyrgiaupatebuioxhgtoths isobutoxy
group, sec-butoxy group, tert-butoxy group, various types of pentoxy groups, various types of 5 hexoxy

groups, vari¢eatops of KBptsileioupY chAbuSRD %fl%&)wmpya%@élyﬁ _?I?Jlecyloxy
groups, cyclgpentyloy gioun and oysloheryigay group: From the standoaint of the reagy, alkoxy

groups having on atoms are preferable, an OXy group a OXy group are more

preferalde anpeg dneseamnRueshdR[00484nic Haibe:ahrveerReriormidlag (fdia:(erramples of
the hydrocarbyl group having 1 to 20 carbon atoms represented by R2, R4 and R6 include alkyl

groups havirmg gatoid $ basbbomresscialkenyl mroypshavisg dosé8orathoyn @omss and glsups having 6
to 18 carbon atoms and 15 aralkyl groups having 7 to 18 carbon atoms. From the standpoint of the
reactivity and'$hE SHEFRPERALERRRbSHRE Wk thoBpassiNg (0RE M bon atoms are preferable,
and alkyl groups ha{\pﬁ%ﬂ to 10 carbon atoms are more preferable among these groups. The alkyl
group may be any or a linear group, a branched group and a cyclic group. Examples of

It is preferable that the randomizer and the potassium salt are used
10 in combination. In particular, it is preferable that the combination of
potassium tert-amyloxide and tetrahydrofuran, the combination of
potassium tert-amyloxide and tetrahydrofuran, the combination of
potassium dodecylbenzenesulfonate and tetrahydrofuran or the
combination of potassium dodecylbenzenesulfonate and 2,2-(bistetra-
15  hydrofurfuryl)propane is used.
[0042]
It is preferable that the temperature in the polymerization reaction
is selected in the range of 0 to 150°C and more preferably in the range of
20 to 130°C. The pressure of the polymerization may be a pressure
20 formed by the reaction. In general, it is preferable that the operation is
conducted under a pressure sufficient for keeping the monomer
substantially in the liquid state. Where desired, a high pressure may be
applied although the pressure depends on the substances used for the
polymerization, the medium of the polymerization and the temperature.
25 The pressure can be obtained by a suitable method such as application of

a pressure to the reactor with a gas inert to the polymerization reaction.
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20 the alkyl group include methyl group, ethyl group, n-propyl group, isopropy! group, n-butyl group,
isobutyl group, sec-butyl group, tert-butyl group, various types of pentyl groups, various types of hexyl
groups, various types of octyl groups, various types of decyl groups, cyclopentyl group and cyclohexyl
group. From the standpoint of the reactivity and 25 the properties of the modifier, alkyl groups having 1
to 6 carbon atoms are preferable, and methyl group is more preferable. 100491 In the above
general formulae (1) to (3), as the divalent hydrocarbyl group having 1 to 12 carbon atoms represented
by R3, R5 and R7, glgangiyl groups having 1 to 12 carbon atoms are preferable, alkandiyl 5 groups
having 2 to 10 carbon atoms are more preferable, and alkandiyl group having 2 to 6 carbon atoms are
most preferable froimth stanbpaint oh then priopartiesetértiel enobifte m atedhés afkandiyilgrdup having 2
to 6 carbon atom may be any of a linear group, a branched group and a cyclic group. Examples of the

10 alkandiyl #FousiRekieethpRYRrerbuRiesths plipiiyeagiaon, Sushhparaigr gpsdgeRarious types

of butandiyl groups, various types of pentandiyl groups and various types of hexandiyl,groups. Among
these groupsg,aﬁrg)ggr élr%)ﬁ%dée s%%ﬁ ggoegt%lyl/}%ncé) é}g%%n ?3%&\6%}&%91%?%8\6%,ﬂt?uyasr%(&lly 1E;roup,

1,5-pen@indiyc0rpan anthiRihpxandivh Oreyn arenl SsReefgaigeanth heaprepandiyd angeip is more
preferable. 100501 In the above general formula (1), LI represents an eliminable functional group,
and L2 represelyts erizitinabietiatctionhegrogpssianhycrogarbyldgrobp. ¥hdnhZzeeprdsents an
eliminable functional group, 20 the group represented by L2 may have a structure the same with or
different fronfthe& &l ErE 6 I gPBERrepresented by LI. The groups represented by LI and L2 may

be bonded to each r. ove |_for, (2), L3 r aprelimipahle functional
£dPDE ABOVE §f 1{%'] 3 &%&%% (‘]“%1 pa

group or a hydroca%[;}%gt%ﬂep,éa% 4 rgpresegr;l%ggasr%o e |m|%§1 ?én25e u ctlonatfsarou r?% thegabove

general formyladDed oepiasaed dieabnable dupstianal grbtwined hyecar@yhgeowath

Examples of the eliminable functional group represented by LI to L4 include trihnydrocarbylsilyl groups.

Trialky®y| ook iexenicia kiseanveirpsamiprirerizysian 8kypgréapthavitg Ingredseamdhatoms are
preferable, and IDEYISIY O & MA'S BIEIRIE0ISA diene-based copolymer which can
be easily handled can be obtained by adjusting the glass transition
temperature in the above range.
0044]
15 (Modifier)
In the process for producing a modified conjugated diene-based
copolymer of the present invention, a compound having a group having a
primary amino group and/or a tertiary amino group protected with an
eliminable functional group and a group having a hydrolyzable functional
20 group having silicon as the modifier is brought into reaction with the
active end of the conjugated diene-based copolymer having the active end
obtained as described above.
As the modifier, a compound selected from silane compounds
represented by the following general formulae (1), (2) and (3) is preferably
25  used.

[0045]
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5Examples of the primary amino group protected with an eliminable group include
N,N-bis(trimethylsilypamino group. Examples of the secondary amino group protected with an
eliminable group include N-(trimethylsilypimino group. As the hydrocarbyl group represented by L2, L3
and L5, hydrocarbyl 10 groups having 1 to 20 carbon atoms are preferable. Examples of the
hydrocarbyl group having 1 to 20 carbon atoms include the corresponding groups described above as
the examples of the hydrocarbyl group represented by R2, R4 and R6. [00511 15In the present
invention, as the silane compound represented by the above general formulae, difunctional compounds
in which n in general formula (1), k in general formula (2) and q in general formula (3) each represent 1
and the hydrolyzal;»jésf_ nctional group is difungtional are preferable. 20[00521 In the present invention,
difunctional hydrocarby okgﬁilan_e_ dmp_QNnd’s rePresented by general fogr ula (1) in which m
represents 2 are preferabie as the silane co\mEaund represented by general formula (1). The modified
end can be introducedninto the modified conjugaiZéEl 25 diene-based copolymer with great efficiency and
the interaction with inorganic fillers such as silica can be increased by using the difunctional silane

compound described a ve,
Rk
A2¥S|1-R5N%L3 ----- (2)
A32—k ]14 f
5

R®,

A42_q——s|i——-N—L5 ----- (3)
Ly
[0046]
In the above general formula (1), Al represents a halogen atom or a
hydrocarbyloxy group having 1 to 20 carbon atoms, R? represents a
10 hydrocarbyl group, R3 represents a divalent hydrocarbyl group, L!
represents an eliminable functional group, L2 represents an eliminable
functional group or a hydrocarbyl group, the group represented by L2 may
have a structure the same with or different from the structure of the
group represented by L! when L2 represents an eliminable group, the
15  group represented by Ll and the group represented by L2 may be bonded
to each other, n represents 0 or 1, and m represents 1 or 2
As the hydrocarbyl group represented by R2, hydrocarbyl groups
having 1 to 20 carbon atoms are preferable and, as the divalent
hydrocarbyl group represented by R3, hydrocarbyl groups having 1 to 12
20  carbon atoms are preferable.

In the above general formula (2), R4 represents a hydrocarbyl group
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100531 When, for example, m represents 2 in general formula (1), and a primary amino group
protected with two eliminable functional groups is 5 present, examples of the silane compound
represented by general formula (1) include difunctional alkoxysilane groups such as
N,N-bistrimethylsilyp a minopropyltmethyp dimethoxysilane, N, N-bis (trimethyb silyp a
minopropyltmethypdiethoxysilane, N, N-bisttrimethylsilyp a minopropyltmethypdipropoxysilane,
N,N-bisttrimethylsilypaminopropyltethyp- 10 dimethoxysilane,

N’N'b?Sttr?m%QVEﬂ?ﬁamiWE%EMEﬁt%BH&%EhRKH%%eMS a divalent hydrocarbyl group
N,N-bisttrimethylsilypaminopropyltethypdipropoxysilane,N,N-bis-

(trimethylsilypamingethyltie ttyydsimettoxysilah es hidNABisttrit ethgbreityged thinogtinytendthay p
diethoxysilane ,N, N-bisttrimethylsilyp a mino- ethyltmethypdipropoxysilane,

N, N-bisttrim&AlAgsyb asso et RyFcatbyiowmthssgnahaying 1 to 20 carbon atoms, L3
NN-bistiimettiylsivpamingethylicinipdieosiane andy, o o nydrocarbyl group. L3
N,N-bisttrimet 1S ypaminoeﬁwyﬁle%ypgipropoxysﬁlang; d‘ffﬁncﬁonaPX oxycﬁ%rogﬁang’compounds

such asaN,Nisksipstly sy eamineBRPYmetbRmeingsychioresiaten Nrhis (rimaihyisilyl) a

minopropyltmethypethoxychlorosilane, N,N-bisttrimethylsilypaminoethyltmethyp- 20

methoxychlorepitesenasciN iNtbistrioidthgldiypaminoethyltmethypethoxychlorosilane; and difunctional

chlorosilane compounds such as N,N-biittrimethyligs/pa%pinopropyltmethypdichIorosilane,N,N-bis-
;N-nistt

(trimethylsilypamindProBgIfREtS BaRGIBIIETIEIN RLbidrifRdirRAnts a halogen atom or a
o TS B S e e
,N,N-bis(trimg{faistypiayni sepu@phirAeiIPto 20 carbon atoms, R7 represents a divalent
10 hydrocarbyl group having 1 to 12 carbon atoms, L® represents an
eliminable functional group or a hydrocarbyl group, and q represents O or
1.

As shown in the above, N in the above general formulae (1) to (3)

has a form in which a primary amino group or a secondary amino group is
15 protected with an eliminable functional group.

[0047]

In the above general formulae (1) to (3), Cl, Br or I is preferable as
the halogen atom represented by Al to A4, and a hydrocarbyloxy group
having 1 to 10 carbon atoms is preferable as the hydrocarbyloxy group

20 having 1 to 20 carbon atoms represented by Al to A4, Examples of the
hydrocarbyloxy group having 1 to 10 carbon atoms include alkoxy groups
having 1 to 10 carbon atoms, alkenyloxy groups having 2 to 10 carbon
atoms, aryloxy groups having 6 to 10 carbon atoms and aralkyloxy groups
having 7 to 10 carbon atoms. Among these groups, alkoxy groups having

25 1 to 10 carbon atoms are preferable from the standpoint of the excellent

reactivity. The alkyl group constituting the alkoxy group may be any of a
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diethoxysilane and N,N-bis(trimethylsilypaminopropyl(methypdipropoxysilane are preferable. [00541
5When, for example, m represents 1, L2 represents a hydrocarbyl group, and a secondary amino
group protected with an eliminable functional group is present in general formula (1), examples of the
silane compound represented by general formula (1) include difunctional alkoxysilane compounds
such as N-methyl-N-trimethylsilylamino- 10 propyl(methyDdimethoxysilane,
N-methyl-N-trimethylsilylaminopropyl(methyDdiethoxysilane and

N-ethyl-N-trimgghylsiyiaminapianyiiReth - disthexy siape. 105 5hAMong he AempeUAds

represented by general formula (2), 15 difunctional compounds represented by general formula (2) in

which k repraskots 1gareuiprefechide baset anythersapie ¢dasonsg@astiposa gespuked doogeneral
formula (1). = When f represents 1 in general formula (2), examples of the silane compound
represented 159 REORSEY FEFAUR (2 MEIOHE tHEOEM J6RRUOEY dEeHb e HSRREEXaBIE® of the

compounds {eprgsented by general fermula (1) In which.a primary, amina, gioup.prgigeted ith two
eliminable functional g ug{é |sp[5resenf)and comp(?un S rgpr%se ed by genera?’]%rmlﬂa Q) in

which asecondayaBlipeHoVRIRAIE HRsbWiBT ong Rlpinable funcHenal OigR s JIresesty25(00561 In
the case of the above general formula (3), difunctional silane compounds represented by general
formula (3) igxohiph, g vepresentypeareoprefecabiabagecups, theystopentdsans gsahpseddscribed
above for general formula (1). Examples of the silane compound represented by general formula 5 (3)

include 1-triTﬁ%’f%f@ﬂ-‘?‘%trﬁﬁ@%@-meﬁ:ﬁﬂ!’i-atéﬁiz%ﬁ‘m&%%nfgn 1€ r.eaCthlty’ .alkoxy
B T T
ethoxy group are more preferable among these groups.
10 [0048]
In the above general formulae (1) to (3), examples of the
hydrocarbyl group having 1 to 20 carbon atoms represented by R2, R4 and
R6 include alkyl groups having 1 to 18 carbon atoms, alkenyl groups
having 2 to 18 carbon atoms, aryl groups having 6 to 18 carbon atoms and
15 aralkyl groups having 7 to 18 carbon atoms. From the standpoint of the
reactivity and the properties of the modifier, alkyl groups having 1 to 18
carbon atoms are preferable, and alkyl groups having 1 to 10 carbon
atoms are more preferable among these groups. The alkyl group may be
any of a linear group, a branched group and a cyclic group. Examples of
20 the alkyl group include methyl group, ethyl group, n-propyl group,
isopropyl group, n-butyl group, isobutyl group, sec-butyl group, tert-butyl
group, various types of pentyl groups, various types of hexyl groups,
various types of octyl groups, various types of decyl groups, cyclopentyl
group and cyclohexyl group. From the standpoint of the reactivity and
25 the properties of the modifier, alkyl groups having 1 to 6 carbon atoms are

preferable, and methyl group is more preferable.
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101t is sufficient that the modifier in the present invention is a compound having a primary amino group
or a secondary amino group protected with an eliminable functional group and a hydrolyzable
functional group having silicon, and the modifier is not limited to the silane compounds represented by
the above general formulae (1), (2) and 15(3). For example, (2, 2, 5, 5 -tetra methyl- 1 - aza -2, 5 -
disilacylopentan- 1-y1)- propyl(methyDdimethoxysilane, (, 2, 2, 5, 5-tetra methyl- 1 - a za-2, 5 -
disilacylo- pentan- 1 yppropyl(methyl)diethoxysilane,N-trimethylsilyl(hexa-
methyleneimin-2-ygpppyl(methypdimethoxysilane,N-trimethylsilyl- 20
(hexamethyleneimin-2-yppropyl(methypdiethoxysilane, N-trimethylsily1-
(pyrrolidin-2-yppropi(nhettodimathexykfaneulktrith gty (Sly ds the divalent hydrocarbyl
(pyrrolidin-2-yppropyl(methyDdiethoxysilane, N-trimethylsilyl(piperidin-

2-yppropyl (&t dtAEiRGxySilihe IR-tFATRON STimHerrpiesaptrd by R3 R and R7,

propyl(methyDdiethoxysilane,Nstrimethy]sily1(ignida zol-2-yl)propyl- 25 .
(methdeiméi 5[)%/sll?):'}n%lglonlgf\?-t}rllF?HVelﬁ%/lsiiI31;§(i%n‘(g|.| g E%?Eaﬁ%%%ﬁg ?n%&f%a&fé?h&%%%%lg 1can also be
used. 1005840 pkd! iR REBSENINMENLABON, Nebisdrimethylsity Basrinaprepyimesyh sdimethoxysilane

, N, N-bis (trimethylsilyl)a minopropyl(methyl)- diethoxysilane and
1-trimethylsilgioRretimowyn2 Pty taltara Seitacycon® sentafier ardepfederalie staodgdabetabove
modifiers. Tk(l)(-% {?I%dif}%r g%yeg%ygﬁgrﬂgg%g;in combination of two or more. 100591 (Modification
reaction) pTop
The alkandiyl group having 2 to 6 carbon atom may be any of a
linear group, a branched group and a cyclic group. Examples of the
10 alkandiyl group include ethylene group, 1,3-propandiyl group,
1,2-propandiyl group, various types of butandiyl groups, various types of
pentandiyl groups and various types of hexandiyl groups. Among these
groups, linear groups such as ethylene group, 1,3-propandiyl group,
1,4-butandiyl group, 1,5-pentandiyl group and 1,6-hexandiyl group are
15 preferable, and 1,3-propandiyl group is more preferable.
[0050]
In the above general formula (1), Ll represents an eliminable
functional group, and L2 represents an eliminable functional group or a
hydrocarbyl group. When L2 represents an eliminable functional group,
20 the group represented by L2 may have a structure the same with or
different from the structure of the group represented by L1. The groups
represented by Ll and L2 may be bonded to each other.
In the above general formula (2), L3 represents an eliminable
functional group or a hydrocarbyl group, and L4 represents an eliminable

25 functional group. In the above general formula (3), L5 represents an

eliminable functional group or a hydrocarbyl group.
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In the modification reaction in the present invention, the 10 modification is conducted by bringing at
least one modifier selected from the above modifiers into reaction with the organometallic active end of
the conjugated diene-based copolymer having the active end. It is preferable that the modification
reaction with the modifier is conducted as a solution reaction. The solution may comprise the 15
monomers used in the polymerization. The type of the modification reaction is not particularly limited
and may be any of the batch reaction and the continuous reaction. It is preferable that at least

10% of the polymergehainjn thercaniugaiasdisne aaserb RAPYYGT HSEFLIHhednpdiicatign reaction

has 20 the living property. 100601 The reaction of the living chain end of the polymerization, for

example, P-Li4, iactlite tnddiidencapbgdsitddebygenerdlfodivlail?) nrwishifsivlthehgthep
represented by L3 is an eliminable functional group 25 represented % LSaL\can be expressed by the
following reatigkosapBile 1008 1E ABa PR grAPR1IREING, 1 3Q 1D corpon ptoms are

preferable, and trimethylsilyl group is more preferable.

5 Examples of the primary amino group protected with an eliminable
group include N,N-bis(trimethylsily)amino group. Examples of the
secondary amino group protected with an eliminable group include
N-(trimethylsilyl)imino group.

As the hydrocarbyl group represented by L2, L3 and L5, hydrocarbyl

10 groups having 1 to 20 carbon atoms are preferable. Examples of the
hydrocarbyl group having 1 to 20 carbon atoms include the corresponding
groups described above as the examples of the hydrocarbyl group
represented by R2, R4 and RS.

[0051]

15 In the present invention, as the silane compound represented by
the above general formulae, difunctional compounds in which n in general
formula (1), k in general formula (2) and q in general formula (3) each
represent 1 and the hydrolyzable functional group is difunctional are
preferable.

20 [0052]

In the present invention, difunctional hydrocarbyloxysilane
compounds represented by general formula (1) in which m represents 2

are preferable as the silane compound represented by general formula (1).

The modified end can be introduced into the modified conjugated

25 diene-based copolymer with great efficiency and the interaction with

morganic fillers such as silica can be increased by using the difunctional
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n kL3a I5/ P -Si -R -N 13N 4 A 2-k hydrolysis k 15 P -Si -R -NH2 39 92-k [00621 In the above
reaction scheme, P represents the polymer chain of the 5 conjugated diene-based copolymer. R4,
R5, A2, A3, L4 and k in the reaction scheme are as described above, L3a represents an eliminable
functional group, and A3a represents hydroxyl group or a hydrocarbyloxy group having 1 to 20 carbon
atoms. [00631 10Similarly, the reaction of the living chain end of the polymerization,

silane compound described above.
[0053]
When, for example, m represents 2 in general formula (1), and a
primary amino group protected with two eliminable functional groups is
5 present, examples of the silane compound represented by general formula
(1) include difunctional alkoxysilane groups such as N,N-bis-
trimethylsilyl)aminopropyl(methyl)dimethoxysilane, = N,N-bis(trimethyl-
silyl)aminopropyl(methyl)diethoxysilane, =~ N,N-bis(trimethylsilyl)amino-
propyl(methyl)dipropoxysilane, N,N-bis(trimethylsilyl)aminopropyl(ethyl)-
10  dimethoxysilane, N,N-bis(trimethylsilyl)aminopropyl(ethyl)diethoxysilane,
N,N-bis(trimethylsilyl)aminopropyl(ethyl)dipropoxysilane, N,N-bis-
(trimethylsilyl)aminoethyl(methyl)dimethoxysilane, = N,N-bis(trimethy]l-
silyl)aminoethyl(methyl)diethoxysilane, N,N-bis(trimethylsilyl)amino-
ethyl(methyl)dipropoxysilane, N ,N-bis(trimethylsilyl)aminoethyl(ethyl)-
15 dimethoxysilane, N,N-bis(trimethylsilyl)aminoethyl(ethyl)diethoxysilane
and N,N-bis(trimethylsilyl)aminoethyl(ethyl)dipropoxysilane; difunctional
alkoxychlorosilane compounds such as N,N-bis(trimethylsilyl)amino-
propyl(methyl)methoxychlorosilane, N,N-bis(trimethylsilyl)aminopropyl-
(methyl)ethoxychlorosilane,  N,N-bis(trimethylsilyl)aminoethyl(methyl)-
20 methoxychlorosilane and  N,N-bis(trimethylsilyl)aminoethyl(methyl)-
ethoxychlorosilane; and difunctional chlorosilane compounds such as
N,N-bis(trimethylsilyl)aminopropyl(methyl)dichlorosilane, N,N-bis-
(trimethylsilyl)aminopropyl(methyl)dichlorosilane, N,N-bis(trimethyl-
silyl)aminoethyl(methyl)dichlorosilane and N,N-bis(trimethylsilyl)amino-
25 ethyl(methyl)dichlorosilane.

Among these compounds, N,N-bis(trimethylsilyl)aminopropyl-
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for example, P-Li+, and the modifier represented by general formula (3) (the group represented by L5
is an eliminable functional group represented by L5a) can be expressed by the following reaction
scheme: [00641 15 Reg R-Li+A42-q N - L5a 7 R6L5a |7/ P - Si - R - N N Li A4Li hYdrdySISRog P - Si
- R7 - NH2 2-q

(methyl)dimethoxysilane, N,N-bis(trimethylsilyl)aminopropyl(methyl)-
diethoxysilane and N,N-bis(trimethylsilyl)aminopropyl(methyl)dipropoxy-
silane are preferable.

[0054]

5 When, for example, m represents 1, L2 represents a hydrocarbyl
group, and a secondary amino group protected with an eliminable
functional group is present in general formula (1), examples of the silane
compound represented by general formula (1) include difunctional
alkoxysilane compounds such as N-methyl-N-trimethylsilylamino-

10 propyl(methyl)dimethoxysilane, ~N-methyl-N-trimethylsilylaminopropyl-
(methyl)diethoxysilane and N-ethyl-N-trimethylsilylaminopropyl(methyl)-
diethoxysilane.

[0055]
Among the compounds represented by general formula (2),

15 difunctional compounds represented by general formula (2) in which k
represents 1 are preferable based on the same reasons as those described
for general formula (1).

When f represents 1 in general formula (2), examples of the silane
compound represented by general formula (2) include the compounds

20 described as the examples of the compounds represented by general
formula (1) in which a primary amino group protected with two eliminable
functional groups is present and the compounds represented by general
formula (1) in which a secondary amino group protected with one
eliminable functional group is present.

25 [0056]

In the case of the above general formula (3), difunctional silane
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[00651[0065] R6, R7, A4 and g in the reaction scheme are as described above, 1,46a represents an
eliminable functional group, and Ada represents hydroxyl 5 group or a hydrocarbyloxy group having 1
to 20 carbon atoms. [0066] It is preferable that the amount of the modifier in the modification
reaction with the modifier is 0.5 to 200 mmol/kg.conjugated diene-based copolymer, more preferably 1
to 100 mmol/kg.conjugated diene-based 10 copolymer and most preferably 2 to 50
mmol/kg.conjugated diene-based copolymer. "conjugated diene-based copolymer” in the above

means the agai (B335 AlbEBAWN L ARIAINES AT e:PleAAtign epAllehiernipduction and

containing no additives such as antioxidants which are added after being produced. Excellent
dispersion ofpfitiéssdb lebbvaisat &b tredsine eneetrmmisal pthpedtidss dhb ab ralsior fesig@anesmand the low
hysteresis property are improved by adjusting the amount of the modifier in the above range. The
method of aé@ﬂ"ﬁ@‘ﬂf?e(ﬂf?odifier IS not particularly limited. The entire amount of the modifier may be

added at once, the ﬂ?giﬂe{gm%ﬁ lgﬁ a%ﬁ%d éncs()e a(r)atg ogior%%, ortgaebmod(iefi%r g]ayope added
continuously. 5 It is prefélr% e that the entire amaunt of the’modifier is added at once. 100671

<Condessati@®)) reaelions  1-1AHER5ESAPI-PNARIRY - dhs candensation tsactirndpaangicted in the

presence of a condensation catalyst comprising a metal element after 10 the modification reaction has

been completetito grbpistty iz wettierngLionetdadtibrarasvhickltioe éythokizabletfunctidnat group

NG SN O T ethory Tara 3-ciacsdlopontane  and  1-trimethylsilyl-2,2-
dimethoxy-1-aza-2-silacyclopentane.

[0057]

10 It is sufficient that the modifier in the present invention is a
compound having a primary amino group or a secondary amino group
protected with an eliminable functional group and a hydrolyzable
functional group having silicon, and the modifier is not limited to the
silane compounds represented by the above general formulae (1), (2) and

15 (3).

For example, (2,2,5,5-tetramethyl-1-aza-2,5-disilacylopentan-1-yl)-
propyl(methyl)dimethoxysilane, (,2,2,5,5-tetramethyl-1-aza-2,5-disilacylo-
pentan-1yl)propyl(methyl)diethoxysilane, N-trimethylsilyl(hexa-
methyleneimin-2-yl)propyl(methyl)dimethoxysilane, N-trimethylsilyl-

20 (hexamethyleneimin-2-yl)propyl(methyl)diethoxysilane, N-trimethylsilyl-
(pyrrolidin-2-yl)propyl(methyl)dimethoxysilane, N-trimethylsilyl-
(pyrrolidin-2-yl)propyl(methyl)diethoxysilane, N-trimethylsilyl(piperidin-
2-yDpropyl(methyl)dimethoxysilane, N-trimethylsilyl(piperidin-2-yl)-
propyl(methyl)diethoxysilane, N-trimethylsilyl(imidazol-2-yl)propyl-

25 (methyl)dimethoxysilane  and  N-trimethylsilyl(imidazol-2-yl)propyl-

(methyl)diethoxysilane can also be used.
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The metal compound used as the condensation catalyst is an 15 organic compound comprising at
least one element belonging to any one of Groups 3, 4, 5, 12, 13, 14 and 15 of the Periodic Table (the
long period type). As the condensation catalyst described above, a compound having a tertiary
amino group or an organic compound comprising at least one 20 element belonging to any one of
Groups 3, 4, 5, 12, 13, 14 and 15 of the Periodic Table (the long period type) can be used. As the
condensation catalyst, alkoxides, carboxylic acid salts and acetylacetonate complex salts comprising
at least one metal sgjgstgd from the group consisting of titanium (Ti), zirconium (Zr), bismuth (Bi) and
25 aluminum (Al) are preferable. It is preferable that the condensation catalyst is added to the reaction
system of the modifinatichevhpedenmodificationeadidd-pisteads thryafiéy thermasifioatidn reaction
has been completed alxhou%h the condensation catayést may be added before the modification

. . . a . .
reaction is cORStBEAd et RaresibifensatibhN 1@%%@’&@5’&?6?@@@5%&“%@ feaction is
conducted, taclee irect relaction 8}/}/{31 ttfetactiv etfé:lﬂtafg S place ?&jﬁté?h?fgﬁ‘[%%?’zt%elg'&{ﬁﬁarbylOXy
. I .

. O%(g%l 8116. rime '? Xy~
group having & protected primary amino group 18 not introduced into the active end, occasionally.

100691 £xappiraeithacopdensalioncaiaiustinedudeotatairakisdethyl- 1, 3 -hexane

diolato)titanium,tetrakis(2-methyl-1,3- hexane diolato)titanium, tetrakist2 -propyl- 1, 3-hexane
diolatohitanium, tetfBkis i@ difigl 37 Hexaseddivtah)titamiuconbirakisén 3£ hwxaoe miotato)- titaniu m,
tetrakis(1,3-pentan diolaic]))titanium, tetrakis(2-methyl-1,3- pentanediolato)titanium,
tetrakis(2-ethyl-1,3i9@nr’t% ediolato)titanium, 15 tetrakis(2-propy1-1,3-pentanediolato)titanium,

tetrakis(2-bu Xg 3 P8R n{.aéjigt% itanium, tetrakis(1,3-heptanediolato)titanium, tetrakis- - methyl-
1,3 -heptang %?atlor%%r?}u m, tet?g)ltds(z-ethyl-l,3-heptanediolato)titanium,

tetrakis(2-propy1-1 Brhepianadilattitrnume teirtis (2butyit-1, Broepianeagdiotatolitanivime,
tetrakis(2-ethylhexoxy)titanium,

10 modification is conducted by bringing at least one modifier selected from
the above modifiers into reaction with the organometallic active end of the
conjugated diene-based copolymer having the active end.

It is preferable that the modification reaction with the modifier is
conducted as a solution reaction. The solution may comprise the

15 monomers used in the polymerization. The type of the modification
reaction is not particularly limited and may be any of the batch reaction
and the continuous reaction.

It is preferable that at least 10% of the polymer chain in the
conjugated diene-based copolymer used in the modification reaction has

20 the living property.

[0060]

The reaction of the living chain end of the polymerization, for
example, P-Li*, and the modifier represented by general formula (2) in
which f=1 (the group represented by L3 is an eliminable functional group

25 represented by L32) can be expressed by the following reaction scheme:

[0061]
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20 tetramethoxytitanium, tetraethoxytitanium, tetra-n-propoxytitanium, tetraisopropoxytitanium,
tetra-n-butoxytitanium, tetra-n-butoxytitanium oligomers, tetraisobutoxytitanium,
tetra-sec-butoxytitanium, tetra-tertbutoxytitanium, bis(oleate) bis(2-ethylhexanoate)titanium, titanium
dipropoxy bis(triethanolaminate), titanium dibutoxy bis(triethanol- 25 aminate), titanium tributoxy
stearate, titanium tripropoxy stearate, titaniumtripropoxyacetylacetonate,titaniumdipropoxy
bis(acetylacetonate), titanium tripropoxy (ethyl acetoacetate), titanium propoxy acetylacetonate
bis(ethyl acetoacetate), titanium tributoxy acetylacetonate, titanium dibutoxy bis(acetylacetonate),
titanium tributoxy ethyl acetoacetate, titanium butoxy acetylacetonate bis(ethyl 5 acetoacetate), titanium
tetrakis(acetylacetonate), titanium di&icetylacetonaté®bis(ethyl acetoacetate),
bis(2-ethylhexanoatgjtitaniym oxigle, bis(l _rgto)ﬁtanium oxide, bis(haphthenato)titanium oxide,
bis(stearato)titaniu oxide, bis(Oleatq)tit iumN}x\ide, bis(linoleato)- titanium oxide,
tetrakis(2-ethylhexanoato)titanium, te;!;i@%is(lauratc))‘1 10
titanium,tetrakis(naphthenato)titanium,tetrakis(stearato)titanium,
tetrakis(oleato)titanium,tetrakis(linole@o)titanium,tit@nium di-n-butoxide (bis-2,4-pentanedionate),
titanium oxide bis(stearate), titanium p)%ide bis(te bmethylheptanedionate),titaniumoxide
bis(pentanedionate)-arw titaniumﬁeﬂ@i@aﬂ%&e). mong these 15 compounds, tetr akis(2 -ethyl- 1,
3-hexanendiolato)titanium, tetrakis(2-|§thylhexox ttanium and titanium di-n-butoxide
(bis-2,4-pentanedionate) are preferatiié-100701 Examples of the condensation catalyst other than the
20 titanium-based catalysts include tris(2-ethylhexanoato)bismuth, tris(laurato)bismuth,
tris(naphthenato)biﬁm th tris(stearapd)hbismuth, tris(oleato)bismuth, tris(linoleato)bismuth,
tetraethoxyzirconiu Yaéﬁkﬂ-?)ropoxyzwconium,tetraisopropoxyzirconium,tetra—n-butoxy-
zirconium,tetra-sec-butoxyzirconfan ert=htitoxyzirconium,

Ja
Ak

[0062]

In the above reaction scheme, P represents the polymer chain of the
5 conjugated diene-based copolymer.

R4 R5 A2 A3 L4 and k in the reaction scheme are as described
above, 32 represents an eliminable functional group, and A32a represents
hydroxyl group or a hydrocarbyloxy group having 1 to 20 carbon atoms.

[0063]

10 Similarly, the reaction of the living chain end of the polymerization,
for example, P-Li*, and the modifier represented by general formula (3)
(the group represented by L5 is an eliminable functional group
represented by L53) can be expressed by the following reaction scheme:

[0064]

15
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25 tetra(2-ethylhexypzirconium, zirconium tributoxy stearate, zirconium tributoxy acetylacetonate,
zirconium dibutoxy bis(acetylacetonate), zirconium tributoxy ethyl acetoacetate, zirconium butoxy
acetylacetonate bis(ethyl acetoacetate), zirconium tetrakis(acetylacetonate), zirconium
diacetylacetonate bis(ethyl acetoacetate), bis(2-ethylhexanoato)zirconium oxide, bistlaurato/zirconium
oxide, bistnaphthenato/zirconium oxide, 5 biststearato/zirconium oxide, bistoleato/zirconium oxide,
bis(linoleato)- zirconium oxide, tetrakis(2-ethylhexanoato)zirconium, tetrakis(laurato)- zirconium,
tetrakis-tnaphthenato/zirconium, tetragfststearato/zirconium, tetrakistoleato/zirconium and
tetrakistlinoleato/zirconium. 100711 1®Fqurther examples include triethoxyaluminum, tri-n-propoxy-
aluminum, triisoproE’ébsi?alttrminﬁmh fri%i-bufoxya}ur?ﬁnum, tri-sec-butoxyaluminum,
tri-tert-butoxyaluminum, tri(2-ethylhexié)- aluminum, aluminum dibutoxy stearate, aluminum dibutoxy
acetylacetonate, aluminum butoxy bis Be ylacetonate), aluminum dibutoxy ethyl 15 acetoacetate,
aluminum tris(acetylacetate), aluminym tris(ethyl acetoacetate), tris(2-ethylhexanoato)aluminum,
tris(laurato)- aluminum, tristnaphtheRato/aluminuni® triststearato/aluminum, tris tole ato)- aluminum and
tristlinoleato/aluminum, 100721 gQAépgqg tﬂ(ﬁé catalysts, tetrakis(2-ethyl-1,3-hexanediolato)titanium,
tris(2-ethylhexanoato)bismuth, tri-sec-butoxyaluminum and tetrakis(2-ethylhexoxy)titanium are
preferable. 100731 Among the abov:e“g:gndensatkin catalysts, titanium-based 25 condensation
catalysts are preferable, and alkoxide of titanium metal, carboxylic acid salts of titanium metal and

acetylacetonate complex salts =8
hydrolysis | 4
— P-Si— R’ — NHp
A4a2_q
[0065]

RS, R7, A4 and q in the reaction scheme are as described above, L5a

represents an eliminable functional group, and A%2 represents hydroxyl
5  group or a hydrocarbyloxy group having 1 to 20 carbon atoms.

[0066]

It is preferable that the amount of the modifier in the modification
reaction with the modifier is 0.5 to 200 mmol/kg-conjugated diene-based
copolymer, more preferably 1 to 100 mmol/kg-conjugated diene-based

10  copolymer and most preferably 2 to 50 mmol/kg-conjugated diene-based
copolymer. “conjugated diene-based copolymer” in the above means the
amount by mass of the polymer obtained during the production or after
the production and containing no additives such as antioxidants which are
added after being produced. Excellent dispersion of fillers is obtained

15 and the mechanical properties, the abrasion resistance and the low

hysteresis property are improved by adjusting the amount of the modifier
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of titanium metal are more preferable. It is preferable that the amount of the condensation catalyst is
such that the ratio of the amount by mole of the above compound to the amount by mole of the entire
hydrocarbyloxy group present in the reaction system is 0.1 to 10 and more preferably 0.5 5 to 5. When
the amount of the condensation catalyst is in the above range, the condensation reaction proceeds
efficiently. As for the time of addition of the condensation catalyst, the condensation catalyst is added,
in general, 5 minutes to 5 hours after the start of the modification reaction and preferably 15 minutes to
1 hour after thergiathnfibe {pedification 10reaction. [00741 Itis preferable that the condensation
reaction in the present invention is conducted in the presence of water. It is preferable that the
temperature during'The contlendaficrl deagtidrei sndbl ifi ekBRG) ah prertiS deafsrdbtyi D tdhwOC and most
preferably 110 to 150C. The condensation reaction can be efficiently conducted and completed,
and a decre&38FetREGUAYEShecadiBge sabiotidethé@ heRfRet it e dHEcEHRAYEDS! the

obtained modi i&d conjugated diene-hased CO[%?J mer f'.th time cgn be ressced b&/ adjusting the 20
added % S gaa"ate ortions,. .or moé’iller ma aTS a[iijtf continuously.
temperature during the condensation reaction in the above range. [00 e time of'the

condensationtreagliefe i 380€ el cahaib & Iniduies 4 fHe hryasrand predambht akrut 15 minutes to 5
hours. The condensation reaction can be smoothly completed by adjusting the time of 25 the

condensation reacti®@vthe above range. The pressure of the reaction system during the
condensation reaction is,.in general, 0.01 to 20 MPa and preferably 0.05 to 10 MPa. The type of
the condensafidASITEROR FRAGAHcularly limited. The condensation reaction may be conducted

using a batch tybe ieapiey gL HEIRY A IMINRIAOEONLRHONSIARRILIN AGEOIUTNGR NI R gprtinuous 5

process. The condensation reaction and the remova e solvent may be conducted simultaneously.
When the silgine sasapata@haviog depiticied MRt @hipeighes h ahatalossiednsestragdary amino

group and a hydrolyzable functional group is used as the modifier, the protected amino group can be
converléy the modification reaction has been completed to promote the condensation
reaction in which the hydrolyzable functional group having Si in the
modifier used above takes part.

[0068]

The metal compound used as the condensation catalyst is an

15 organic compound comprising at least one element belonging to any one of
Groups 3, 4, 5, 12, 13, 14 and 15 of the Periodic Table (the long period
type).

As the condensation catalyst described above, a compound having a
tertiary amino group or an organic compound comprising at least one

20 element belonging to any one of Groups 3, 4, 5, 12, 13, 14 and 15 of the
Periodic Table (the long period type) can be used.

As the condensation catalyst, alkoxides, carboxylic acid salts and
acetylacetonate complex salts comprising at least one metal selected from
the group consisting of titanium (Ti), zirconium (Zr), bismuth (Bi) and

25 aluminum (Al) are preferable.

It is preferable that the condensation catalyst is added to the
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10 into the isolated amino group by hydrolyzing the eliminable functional group in the protected amino
group. A dry polymer having the primary amino group or the secondary amino group can be obtained
by removing the solvent from the product. The removal of the protective group from the protected
primary amino group and/or the protected secondary amino 15 group derived from the modifier may be
conducted in any stage from the stage of the condensation treatment to the stage of obtaining the dry
polymer by removing the solvent. [00761 (Modified conjugated diene-based copolymer obtained in

accordance with, 20,{he, pracess9f i PrasankinvenioniRIopgstiess aifichbe madified sonjugated

diene-based copolymer obtained in accordance with the process of the present invention described
above has therfolbedingrpadpartide 2Acddiéicaodifieckaotijpgdied diene-basgdetododfbherigithe
copolymer obtained by bringing the modifier described above into reaction with the active end of the

polymer chafifhapredcaisaiyei catahestsppiphtcaddedd efrpshaduatiinativnraaeionyitompound.
The content of t % L{réié of th?vﬁromattig vir(%lncgfem %Hgd iscg 1;[5)16&){% P m@la% é;\n% éaf%erfgraclﬂ 20 to 55%
0 %ﬁe F &fract i 5a

CO, )
by mass from {he s andpoin Bafance of the fracture progertles, e abrasion resistance and

the hystgresis, {siof tim rHOReI SOTMPASHIRRCANPHSIAg-the teadified Garivgated @icaeshased
copolymer. The content of the unit of the aromatic vinyl compound in the conjugated diene-based

copolymer isttleey ailrc o btath dd ifrem el mtByr dly dtiosarbiexly kerdupl R spectrampr d@dtel content of
the unit of the vinyl bond js 10 to 50% by mole and preferably 15 to 50% by mole of the unit of the
conjugated diSHEXGHHBIRR FOMRAR RetHAsERTsEthEba ERe @ etk sailinstrsiete Broperties and
the hysteresis Ioss.['(lgbgéaontent of the vinyl bond as the microstructure of the portion of 15 the
conjugated diene compound in the conjugated diene-based copolymer is the value measured based

on the integral ratioBiathgldd-1-NMR spegiiaim. 100k ddnsation catalyst include
10 tetrakis(2-ethyl-1,3-hexanediolato)titanium, tetrakis(2-methyl-1,3-
hexanediolato)titanium, tetrakis(2-propyl-1,3-hexanediolato)titanium,
tetrakis(2-butyl-1,3-hexanediolato)titanium, tetrakis(1,3-hexanediolato)-
titanium, tetrakis(l,3-pentanediolato)titanium, tetrakis(2-methyl-1,3-
pentanediolato)titanium, tetrakis(2-ethyl-1,3-pentanediolato)titanium,

15 tetrakis(2-propyl-1,3-pentanediolato)titanium, tetrakis(2-butyl-1,3-
pentanediolato)titanium, tetrakis(1,3-heptanediolato)titanium, tetrakis-
(2-methyl-1,3-heptanediolato)titanium, tetrakis(2-ethyl-1,3-heptane-
diolato)titanium, tetrakis(2-propyl-1,3-heptanediolato)titanium, tetrakis-
(2-butyl-1,3-heptanediolato)titanium, tetrakis(2-ethylhexoxy)titanium,

20 tetramethoxytitanium, tetraethoxytitanium, tetra-n-propoxytitanium,
tetraisopropoxytitanium, tetra-n-butoxytitanium, tetra-n-butoxytitanium
oligomers, tetraisobutoxytitanium, tetra-sec-butoxytitanium, tetra-tert-
butoxytitanium, bis(oleate) bis(2-ethylhexanoate)titanium, titanium
dipropoxy bis(triethanolaminate), titanium dibutoxy bis(triethanol-

25 aminate), titanium tributoxy stearate, titanium tripropoxy stearate,

titanium tripropoxy acetylacetonate, titanium dipropoxy
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The content of a single unit chain of the aromatic vinyl compound 20 which comprises a single polymer
unit of the aromatic vinyl compound is smaller than 40% by mass of the entire bonded aromatic vinyl
compound, and the content of a long unit chain of the aromatic vinyl compound which comprises at
least eight consecutively bonded units of the aromatic vinyl compound is 10% by mass or smaller of
the entire bonded aromatic vinyl 25 compounds from the standpoint of maintaining the fracture
properties and the abrasion resistance and suppressing an increase in the hysteresis loss of the

rubber compositign. aamising:the modifierhcoriased\iens:Pia. e thaepelYEItitanithg content of

each chain portion of the aromatic vinyl compound in the entiré units of the aromatic vinyl compound is
the value obtainpaxlyy Satheydentinedt enehsi(reimgntsiobthedetatedr magnsticresoibntexgnd the gel
permeation chromatography (GPO. The number of the unit of the aromatic vinyl compound in a chain
portion of th@efbratRIMficcombtRER thediRItO BBtaibat 2eEBEEsaT9BS RN of fHaRBEBlymer used

as the sampL&i\gitQ ozon%hfqllowedg %h me%f'latsuremenlttnilnE gccordap e with 1 GBC

he
weight-average moledufar %eiéﬁ?ﬁw ofthe mogllﬁleucf%onjugg?éaa 8?ex(ier%ﬁ%%)él %%poﬁ%te}}y;s measured

in accordancg.with bfeaand expregagdas the valyg.gh tigcepyiaspansing) polystyrragianin general,
about 50,000 to 200,000 and preferably 100,000 to 150,000. The ratio of 15 the weight-average

molecular welghterplate theatembistebotage ehoteetizelelyk{ Met indicatiag e Hidketular weight
distribution is, in.general, 1.5 or smaller and preferably 1.2 or smaller. 100781 It is preferable that the

modified Corf?ﬁf@%?ed &ﬂ@‘(@-ﬂé@ t&%ﬂ%r oxide, ~bis(naphthenato)titanium = oxide,

bis(stearato)titanium oxide, bis(oleato)titanium oxide, bis(linoleato)-
titanium oxide, tetrakis(2-ethylhexanoato)titanium, tetrakis(laurato)-
10 titanium, tetrakis(naphthenato)titanium, tetrakis(stearato)titanium,
tetrakis(oleato)titanium, tetrakis(linoleato)titanium, titanium
di-n-butoxide (bis-2,4-pentanedionate), titanium oxide bis(stearate),
titanium  oxide bis(tetramethylheptanedionate), titanium  oxide
bis(pentanedionate) and titanium tetra(lactate). Among these
15 compounds, tetrakis(2-ethyl-1,3-hexanendiolato)titanium, tetrakis(2-
ethylhexoxy)titanium and titanium di-n-butoxide (bis-2,4-pentanedionate)
are preferable.
[0070]
Examples of the condensation catalyst other than the
20 titanium-based  catalysts include  tris(2-ethylhexanoato)bismuth,
tris(laurato)bismuth, tris(naphthenato)bismuth, tris(stearato)bismuth,
tris(oleato)bismuth, tris(linoleato)bismuth, tetraethoxyzirconium,
tetra-n-propoxyzirconium, tetraisopropoxyzirconium, tetra-n-butoxy-
zirconium, tetra-sec-butoxyzirconium, tetra-tert-butoxyzirconium,
25 tetra(2-ethylhexyl)zirconium, zirconium tributoxy stearate, zirconium

tributoxy acetylacetonate, zirconium dibutoxy bis(acetylacetonate),
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20 has a glass transition temperature (TO of 10C or lower. When Tg is 10C or lower, the hysteresis
loss can be decreased, and flexibility of the rubber composition at low temperatures can be increased.
It is preferable that the Mooney viscosity (MI4+4, 100C) of the modified conjugated diene-based
copolymer is 10 to 150 and more 25 preferably 15 to 100.A rubber composition exhibiting excellent
workability in mixing and excellent mechanical properties after vulcanization can be obtained by
adjusting the Mooney viscosity in the above range. 100791 <Structure> 5The present invention also

provides the medifictheeRivaalcy danabrsed.cepalymarahiainadh iRt Gosdanae withihg.above

process. Examples of the modif%%gconjugated diene-based copolymer include copolymers having
the structurehis(ehioH siicetvatem teyindradnnctionsdtgedtip(havtyipnittogeands beirdeditmthe polymer
end of a copolymer of the 10 conjugated diene compound and the aromatic ving)srlﬁ:i:omppund, and the
functional grins ARl FIPGR PRSI AtespRcSEAER) s el a TR Rt AR B DS,
secondary amig&egr%gg saltst c5f these.aming glrgupsb%r&mar rréinot oups IHrotected.&/ith an

— OX aurato/zirconium o a um 1
eliminable group @nd secondary amino groups pro%écte With an eliminaple group. 15FUrther

examples ingldecapAtyMErsRaYIng 8:3HECIHR W1 ¥dichiddoydiasarbylasy SRR madiaoydroxyl
group is bonded to the silicon atom having a functional group having nitrogen described above.

Examples ofzireanudified:ddrjudetedidisBecbapit:sopolymiziraningthe tstrtdkis€ dlesetibed above
include modified canjugated diene-based 20 copolymers obtained by bringing, for example, the silane

compound répFESRIER b HialdBhe BRHUTAPTSHHIE 11 IFto YRABHdR WA TR KUHGRTIHof the
Pt LA A ABRNTSE QLG SR UAPEEE IBRRSUTARHA, 2D i romatic vinyl compound to

modify the copolymer
[0071]

10 Further examples include triethoxyaluminum, tri-n-propoxy-
aluminum, triisopropoxyaluminum, tri-n-butoxyaluminum, tri-sec-butoxy-
aluminum, tri-tert-butoxyaluminum, tri(2-ethylhexyl)- aluminum,
aluminum dibutoxy stearate, aluminum dibutoxy acetylacetonate,
aluminum butoxy bis(acetylacetonate), aluminum dibutoxy ethyl

15 acetoacetate, aluminum tris(acetylacetate), aluminum tris(ethyl
acetoacetate), tris(2-ethylhexanoato)aluminum, tris(laurato)- aluminum,
tris(haphthenato)aluminum, tris(stearato)aluminum, tris(oleato)-
aluminum and tris(linoleato)aluminum.

[0072]

20 Among these catalysts, tetrakis(2-ethyl-1,3-hexanediolato)titanium,
tris(2-ethylhexanoato)bismuth, tri-sec-butoxyaluminum and tetrakis-
(2-ethylhexoxy)titanium are preferable.

[0073]
Among the above condensation catalysts, titanium-based

25 condensation catalysts are preferable, and alkoxide of titanium metal,

carboxylic acid salts of titanium metal and acetylacetonate complex salts
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100801 25The modified conjugated diene-based copolymer of the present invention is characterized in
that silicon atom having a functional group having nitrogen is bonded to the polymer end of the
copolymer of the conjugated diene and the aromatic vinyl compound, the functional group having
nitrogen has at least one group selected from primary amino groups, secondary amino groups, salts of
these amino group, primary 5 amino groups protected with an eliminable group and secondary amino
groups protected with an eliminable group, the silicon atom may further have a hydrocarbyloxy group

or hydroxyl gipyR g eReaH STEUGIIe Qfilie.canstituip %W@%éﬂ%cﬁ%ymérémﬁed-
ate

Therefore, the rubber composition using the modified conjug diene-based copolymer 10 as the
rubber compaihtin exhitits setinarkatilyl exc el entdhtehadtitneofdhie rnibties eomypertdny andlearbon black
and/or silica, can improve the dispersion of the filler and provides a tire exhibiting excellent low heat

buildup propefiherabrive prupeties dadhe Hepmyebxminde qbtwa preradwisBnerEahpBsition of the

present invenyion il be. deseriped n.the fallowing, [RuRtier samngsitionl, . . F1e fbhet
composition B thB Breserrft invention1s a rubber composition usmgr% e’ modified conju‘g]a ed

diene-basedigopolyWwReAf e £0 Mrasestt tn¥ediriABskvicaizaple With sHEWb(REbBeEOMPonent)
It is preferable that the rubber composition of the present invention comprises at least 30% by mass of

the modified ttenfugatedisdiene-besadocopuigrretsastfleentiper donfpotibattiimie oferédateferable that
the of the condensation catalyst, the condensation catalyst is added, in
general, 5 minutes to 5 hours after the start of the modification reaction
and preferably 15 minutes to 1 hour after the start of the modification
10 reaction.

[0074]

It is preferable that the condensation reaction in the present
invention is conducted in the presence of water. It is preferable that the
temperature during the condensation reaction is 85 to 180°C, more

15 preferably 100 to 170°C and most preferably 110 to 150°C.

The condensation reaction can be efficiently conducted and
completed, and a decrease in the quality caused by aging reaction of the
polymer due to the change of the obtained modified conjugated
diene-based copolymer with time can be suppressed by adjusting the

20 temperature during the condensation reaction in the above range.

[0075]

The time of the condensation reaction is, in general, about 5
minutes to 10 hours and preferably about 15 minutes to 5 hours. The
condensation reaction can be smoothly completed by adjusting the time of

25 the condensation reaction in the above range.

The pressure of the reaction system during the condensation
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25 content of the modified conjugated diene-based copolymer in the rubber component is 40% by
mass or greater and most preferably 50% by mass or greater.The rubber composition exhibiting the
desired physical properties can be obtained by adjusting the content of the modified conjugated
diene-based copolymer in the rubber component at 30% by mass or greater. 5The modified
conjugated diene-based copolymer may be used singly or in combination of two or more. Examples of
the other rubber component used in combination with the modified conjugated diene-based copolymer
include naturalyybben SYRtBetieispRIaNe & bbevi PAtaHiepediabhely SIS bytagiene rubber,
ethylene-a-olefin copolymer rubber, 10 ethylene- ccolefin-diene copolymer rubber,
acrylonitrile-butadi€firecapplyrothebbendehsaojrane:pebler, Raloge patedchivyl yublbertedhd mixtures
of these rubbers. A portion of the above rubber may have a branched structure formed by using a
polyfunctiondiRREANEFBERHER HRREIHRARITHIE GRescSAttraRAIsririchs0TBRAAE A aNd/or

carbon black In the rﬂ bber com c%%l;[{&)n of the resent inven on SI|IC6% and/or rboon black is used
as the relnforcmggflﬁlermlelxamp%s of the'si |ca |nc u € Went S|Fca y rous silicic acmf?1 (lllryufo silica

(anhydrgus sikigica6id)TeRlckdrdsHicateN dealtivn uam &ilitrie-HBORD dhask siitasnivalsjlica which
exhibits most remarkable effect of simultaneous improvements in the fracture properties and the wet

gripping propertpisduefedabipultisnmaistzable that the wet silica has a BET surface area of 40 to 25

350 m2/g. The wet silica havmg a BET surface area in this range exhibits an advantage, such that the
property of relnforcw&ﬂe fdpetilane compound having a protected primary amino

group or a protected secondary amino group and a hydrolyzable functional
group is used as the modifier, the protected amino group can be converted
10 into the isolated amino group by hydrolyzing the eliminable functional
group in the protected amino group. A dry polymer having the primary
amino group or the secondary amino group can be obtained by removing
the solvent from the product. The removal of the protective group from
the protected primary amino group and/or the protected secondary amino
15 group derived from the modifier may be conducted in any stage from the
stage of the condensation treatment to the stage of obtaining the dry
polymer by removing the solvent.
[0076]
(Modified conjugated diene-based copolymer obtained in accordance with
20 the process of the present invention)
<Properties>
The modified conjugated diene-based copolymer obtained in
accordance with the process of the present invention described above has
the following properties.
25 The modified conjugated diene-based copolymer is the copolymer

obtained by bringing the modifier described above into reaction with the
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and the dispersion into the rubber component are both excellent. It is preferable from this standpoint
that silica having a BET surface area in the range of 80 to 300 m2/g is more preferable. As the silica
described above, commercial products such as "NIPSIL AQ" and "NIPSIL ICQ" 5 manufactured by
TOSOH SILICA Corporation and "ULTRASIL VN3" manufactured by DEGUSSA AG can be used. The
silica may be used singly or in combination of two or more. [00831 Carbon black is not particularly
limited and, for example, SRF, 10 GPF, FEF, HAF, ISAF and SAF can be used. Carbon blacks having

an iodine abgerpfion (A\)LPEAQ Bihalorsatel andiAiBYbIlRtbalpte,absarplion (aRR,9f 80 m1/100

g are preferable. The effect of improving the gripping property and the resistance to fracture can be
increased bycosipgwadandltek. HFamdSARayd SAkparendordlrefesabdatl&]D84dnit dfi the rubber
composition of the present invention, silica alone may be used, carbon black alone may be used or
silica and catBSnAsRIBIR Hfay By LseainaBiflolaatids £0theheimaringifigr sfes hbreibi@ that silica

anchor carb QI ck is useéd in an.am ur(lﬁf1 20 of ZPtt}%) 1%%garts tp/ftﬁ:a s and more preferably in an

mass Ifrom e standpol nce o e %I‘ crure propertie
amount of 2516 100 PArts by mass based b 1h3 parts by mass of the raber cBhponent from the

standpoint ot tedialariNeeRIoRaE: andithRLHOSt Al dMPIRNG VBROYS PRRPEIsS Jsxasient
workability in plants such as workability in mixing can be exhibited and the desired fracture properties

and abrasior@s propegyticamivel dixdineo] agdbedrdivbes-basgbsitimiby edjusting the amount of
carbon black anchar silica in the above range. 100851 In the rubber composition of the present

invention, when silida's G8BHEAS tAE tbiRfoHhgoIERea 2namabsuBing! atRPRIRY b B dd¥d to further

improve the reinforcing:p t the | t-nuHdu 0 I ilane
coupling ageEn%t | %%%gg%g (g{%iét o%/s% %@ﬁ? t%%ﬂ%l%&‘?%i@%?&%o%ﬁ%ﬁp% nsmijlfide,
bis(3-triethoxysilyHorapye dHuNiER bipeztdrigihoxysilylethyl) tetrasulfide, bis(3-trimethoxysilylpropyl)
tetrasulfide, bis(2-trimethoxysilylethyp 10

tetrasulitle, 3-mercadthepropttmindtibgysiahe Bthreraptopeapl/is 10 to 50% by mole and

preferably 15 to 50% by mole of the unit of the conjugated diene compound
from the standpoint of the balance between the fracture properties and
the hysteresis loss.
The content of the vinyl bond as the microstructure of the portion of
15 the conjugated diene compound in the conjugated diene-based copolymer
is the value measured based on the integral ratios in the 1H-NMR
spectrum.
[0077]
The content of a single unit chain of the aromatic vinyl compound
20 which comprises a single polymer unit of the aromatic vinyl compound is
smaller than 40% by mass of the entire bonded aromatic vinyl compound,
and the content of a long unit chain of the aromatic vinyl compound which
comprises at least eight consecutively bonded units of the aromatic vinyl
compound is 10% by mass or smaller of the entire bonded aromatic vinyl
25 compounds from the standpoint of maintaining the fracture properties

and the abrasion resistance and suppressing an increase in the hysteresis
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triethoxysilane,2-mercaptoethyltrimethoxysilane,2-mercaptoethyl- triethoxysilane,3
-trimethoxysilylpropyl-N,N- dimethylthiocarba moyl tetrasulfide,
3-triethoxysilylpropyl-N,N-climethylthiocarbamoyl tetra- sulfide,
2-triethoxysilylethyl-N,N-dimethylthiocarbamoyl tetrasulfide,
153-trimethoxysilylpropylbenzothiazolyltetrasulfide,3-triethoxysilyl-
propylbenzolyltetrasulfide,3-triethoxysilylpropylmethacrylate

monOSl_JIfide,l%gtgin@th%si%@myl%ﬁ%%ﬁﬁm%%ﬂgﬁg the modified conjugated
bis(3-diethoxymethylsilylpropyptetrasulfide,3-mercaptopropyl-

dimethoxyméelileylstlaaes dinvgiblgxymethylsilylpropyl-N,N-dimethyl- 20 thiocarbamoyl tetrasulfide and
dimethoxymethylsiI%Rropylbenzothiazolyl tetrasulfide. From the standpoint of the effect of improving

the reinforcing propeh§, asiRtentiefRaciaBIBIRN B ditibe LEr aLA HEHbSBINBIBBYMenzothiazyl

tetrasulfide gre preferable..The silane coupling agent may be used singly gr.in gombination of 25 two
or more. In tHAT GBI e SRS ORI RP e U SHIBRO IS e At e Rt TR ARDOR of the

silane cguplifigeagainimaalasiesin-thedRgeOf el dLIbRY asS thosgihthecameintirvaried

depending on the type of the silane coupling agent. When the amount is less than 1% by mass, it is
difficult that e effechestive cduplingtageaplsys(fiRiehtly Brhibitedbsifeththeramhoeftlexceeds 20%
by mass, there is the possibjlity that gelation of the rubber component takes place. It is.more

preferable tHRF AR LI ot tﬁ‘é‘%ﬂﬁH@%OHﬁ)liﬁg ShaHt idRr ﬁﬁ‘énraﬂ@etBF’IS 38089415y HBEL from the
standpoint of the affect 85 16 GRHAING AIREAIPIOS RIGYSIHOR &F BRIy mer used as

the sample with ozone, followed by the measurement in accordance with
10 GPC.

The weight-average molecular weight Mw of the modified
conjugated diene-based copolymer as measured in accordance with GPC
and expressed as the value of the corresponding polystyrene is, in general,
about 50,000 to 200,000 and preferably 100,000 to 150,000. The ratio of

15 the weight-average molecular weight Mw to the number-average
molecular weight Mn indicating the molecular weight distribution is, in
general, 1.5 or smaller and preferably 1.2 or smaller.

[0078]

It is preferable that the modified conjugated diene-based copolymer

20 has a glass transition temperature (Tg) of 10°C or lower. When Tg is
10°C or lower, the hysteresis loss can be decreased, and flexibility of the
rubber composition at low temperatures can be increased.

It is preferable that the Mooney viscosity (ML, 100°C) of the
modified conjugated diene-based copolymer is 10 to 150 and more

25 preferably 15 to 100. A rubber composition exhibiting excellent

workability in mixing and excellent mechanical properties after
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10[00861 (Preparation of rubber composition) Where desired, the rubber composition of the
present invention may comprise various chemicals conventionally used in the rubber industry such as
vulcanizing agents, vulcanization accelerators, process oils, 15 antioxidants, antiscorching agents,
zinc oxide and stearic acid as long as the object of the present invention is not adversely affected.
Examples of the vulcanizing agent include sulfur. It is preferable that the amount of sulfur is 0.1 to 10.0
parts by mass and more preferably 1.0 to 5.0 parts by mass based on 100 parts by mass of the rubber
20 compositipg WienHae ARRURE AfATHES 1855 HIRR Gk PRIL YBRRS, Rt dshe,pesyibility that
the strength at break, the abrasion resistance and the low heat buildup property are decreased. An
amount of suthovexceeging 10.0 parts by mass causes loss in the rubber elasticity. 100871 25The
vulcanization accelerator used in the present invention is not particularly limited. Examples of the
vulcanization acceli‘?&t?y?]include thiazole-based vulcanization accelerators such as M (2-
mercaptoberg$)ttlpia(tj%gllgae)> DM (dibenzothiazyl disulfide) and CZ (N-cyclohexy1-

2-benzothiazy sufflenamlde) and guanidine-based vulcanization accelerators such as DPG
(diphengguaniclineykis preferabledtas tsmS ameupetineyuigrnizalairreceidigigsdsdil to 5.0
parts by mass and more preferably 0.2 to 3.0 parts by mass based on 100 parts by mass of the rubber
composition die@gshasSzd mpedyohtreoptaceed oil adrichdoardevitdethia sheveahirecdsscomposition of
the present invention include paraffinic process oils, naphthenic process oils, aromatic_process oils

and Low-PCA oils s%%ﬂrﬁgl?ﬁ)ﬁ@})@rénn?”fi?j‘iﬂ&é’ég%?lgegr@?_%bfgéﬁﬂW%bdﬁ%rsl?éﬂéeare used for
applications &%ﬁ%ﬁg&ﬁ%@?ﬁ%ﬁgﬁﬁgﬂﬁé% "i‘ﬁlogigﬁ%ﬁtg%ﬁla}{%\l}gﬂ E%%nﬁcﬁgpﬁtlhenic

process oils a nic process olls are 15 used for applications in w ysteresis loss and
the propertiegratilo M deingeratusesars ivpritantolticcpseigrmbledhatdha appylphisOdp tHO parts by
mass based on 100 parts by mass of the rubber component. When the amount exceeds 100 parts by
mass, He tepeiizustréndtidmmg therfawe Wedt duildtipepropergtot iaylicampedrdbbardetizeto become

poor.

functional group having nitrogen has at least one group selected from
primary amino groups, secondary amino groups, salts of these amino
groups, primary amino groups protected with an eliminable group and
secondary amino groups protected with an eliminable group.

15 Further examples include copolymers having a structure in which a
hydrocarbyloxy group and/or hydroxyl group is bonded to the silicon atom
having a functional group having nitrogen described above.

Examples of the modified conjugated diene-based copolymer having
the structure described above include modified conjugated diene-based

20 copolymers obtained by bringing, for example, the silane compound
represented by the above general formula (1) into reaction with the active
end of the polymer chain in a copolymer of the conjugated diene compound
and the aromatic vinyl compound to modify the copolymer.

[0080]
25 The modified conjugated diene-based copolymer of the present

invention is characterized in that silicon atom having a functional group
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20[00891 The rubber composition of the present invention can be obtained by conducting mixing using
a mixer such as rolls and an internal mixer. After being processed and vulcanized, the rubber
composition is used for tire applications such as tire treads, undertreads, side walls, carcass 25
coating rubbers, belt coating rubbers, bead fillers, chafers and bead coating rubbers; vibration isolation
rubbers; belts; hoses; and other industrial products. The rubber composition can be advantageously
applied to the rubber for tire treads, in particular. It is preferable that an internal mixer is used as the

mixer. [0090h54s{onifi SRIiom oh e B e Bubler o RESIN bR iese imyention is

produced in a single stage or in plurality of separate stages. It is preferable from the standpoint of the
reaction withctig diget ddad i@ tenspet atheesobomixtig vinkd0Gmpbhighéy thadhiavEd@ileastip one stage.
10[0091] [Pneumatic tire] The pneumatic tire of the present invention is produced in accordance
with the conetiBgaliFEeses Uity HelfasthePBBnEIosRoADE el EeBht VBRI M Fubber

composition 01]; Othe Spresgcgn}l wa\‘/rentioni}l% co;ggri%in% é/l%giogts &Qgsrgicaagia(s) derso%ibed ﬁboz\{re in the
condition bef%reul?ei’ng VLﬂcanlféaafélprocgsseB Ihto various members, Tor an‘%ler,) at least one

membersselegigitho 1 @XPVRICo fERBR IrRHR BaseIeadaIRdSiEley elRlereing idakberaindscordance
with the necessity, and laminated and formed on a tire former in accordance with the conventional
process, anggaoups protected with an eliminable group, the silicon atom may further

have a hydrocarbyloxy group or hydroxyl group, and the bond structure of

the constituting units in the copolymer is specified. Therefore, the

rubber composition using the modified conjugated diene-based copolymer

10 as the rubber component exhibits remarkably excellent interaction of the

rubber component and carbon black and/or silica, can improve the

dispersion of the filler and provides a tire exhibiting excellent low heat

buildup property, fracture properties and abrasion resistance.

[0081]

15 The rubber composition of the present invention will be described in
the following.
[Rubber composition]

The rubber composition of the present invention is a rubber

composition using the modified conjugated diene-based copolymer of the
20 present invention and vulcanizable with sulfur.
(Rubber component)

It is preferable that the rubber composition of the present invention
comprises at least 30% by mass of the modified conjugated diene-based
copolymer as the rubber component. It is more preferable that the

25 content of the modified conjugated diene-based copolymer in the rubber

component is 40% by mass or greater and most preferably 50% by mass or
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20 green tire is formed. The formed green tire is heated under a pressure in a curing press, and a tire
is obtained. The pneumatic tire obtained as described above exhibits, in particular, excellent low
fuel consumption in combination with excellent fracture properties and abrasion property. The
productivity is excellent 25 since the workability of the rubber composition is excellent. EXAMPLES
The present invention will be described more specifically with reference to examples in the following.
However, the present invention is not limited to the examples. 5The properties of the copolymers were

measured ingecgdanceith thepliewing.psthads: <éﬁﬁl$§é?ﬁ!gpfﬂﬁ’@“@%ﬂfe‘?f"yf(5ﬁ%@5al The

number-average molecular weight (Mn) and the weight-average molecular weight (Mw) were

measured in@pogentancecaith hhe gelala qerineadidjustirogn atograpie {theob REemeathdd G PC:
"HLC-8020" manufactured by TO S 0 H Corporation; the column: "GMH-XL" manufacgured by TOSOH
Corporation, Q&iHEaIeL slifRRDEsHAccORPIRBERSY) (HiRg P aRICRIRRANEHadive 18Ry The result

was expressed as the vall%e of the corresponding polystyrene using monodisperse 15 polystyrene as
mass§ or greater,. : . : ) .
the referencé mateniar, The microstructure of the butadiene portion of a polymer was obtained in

accordagce with theripdratgd;medheshfthe Maraiesemthat hohHogyerstantef Haeslydena sRit in a

polymer was calculated from the integral ratios in the 11-1-NMR spectrum. 20The number of the
styrene unit drthe steerechaimpaofidwio 2polymer:. waEnbtaired infadtordaticerwithitherGPC
method after the polymer was decomposed with ozone (Tanaka et al., "Polymer”, volume 22, page

1721 (1981)5OTMROSSAREHEGHE chpRinafitansiiter Goramaiiitdrenmsated 4isngiBanstof styrene
and the contepl g e, HkCHAR LY SHISNWRIFR BRMRSRs 2" IR/ faassryvely

bonded units
rubber, styrene-butadiene rubber, ethylene-a-olefin copolymer rubber,

10 ethylene-a-olefin-diene  copolymer  rubber, acrylonitrile-butadiene
copolymer rubber, chloroprene rubber, halogenated butyl rubber and
mixtures of these rubbers. A portion of the above rubber may have a
branched structure formed by using a polyfunctional modifier such as tin
tetrachloride and silicon tetrachloride.

15 [0082]

(Silica and/or carbon black)

In the rubber composition of the present invention, silica and/or
carbon black is used as the reinforcing filler.

Examples of the silica include wet silica (hydrous silicic acid), dry

20 silica (anhydrous silicic acid), calcium silicate and aluminum silicate.
Among these silicas, wet silica which exhibits most remarkable effect of
simultaneous improvements in the fracture properties and the wet
gripping property is preferable.

It is preferable that the wet silica has a BET surface area of 40 to

25 350 m2/g. The wet silica having a BET surface area in this range

exhibits an advantage such that the property of reinforcing the rubber
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styrene based on the entire amount of the styrene units were obtained. The physical properties of
a vulcanized rubber were measured in accordance with the following methods. The Mooney viscosity
of a rubber composition was measured in accordance with the method also described in the following.
5 <<Physical properties of vulcanized rubber>> (1) Low heat buildup property Using a sheet of a
vulcanized rubber, tan 8 (50C) was measured at a temperature of 50C, a strain of 5% and a frequency
of 15 Hz using an apparatus for measuring viscoelasticity (manufactured by 10 RHEOMETRICS

Corporation), [ §€; iSRRI aseedias AMPIRLYSIPEIBRINYRSERh IR & ILGOMARrALive

Example 5 or 12 as the reference, which was set at 100. The greater the index, the smaller the rolling
resistance apaedferddicefithm hidat bitbchdpdi2)t Atbratsioih paopentiyn $54) Bhl asshréatobaetuicanized
rubber, the amount of abrasion was measured under a slippinﬁ%ratio of 25% using a Lambourn-type

abrasion testde TrB#Est SR da8leals anmasxatirghite inderéboribisa dascsiitathed in

Comparative Example 5 or 12.as the reference WhiChAﬁ(ﬁ? at 1Q0. Th tem%ﬂjr sthe
measuremen IEv(\)/%i%’thceo Yoom 26! e%rﬁjéf%%?e.sﬁlﬁ}é gar%ater %i%‘dé%(@théi Irlngore exce en?% abrasion

propertys (3) Gk tRFQREHY US0S © Bheat atav Witap@ed izt bendheyensia stengt st break

(TSb) was measured at the room temperature (25C) in accordance with 25 the method of Japanese
Industrial StamdardfacBa%t-H02 Elhe S&s\itiazmexpeassati as an index using the value obtained in
Comparative Example 5 or 12 as the reference, which was set at 100. The greater the index, the more
excellent the fracturedsrs may be used singly or in combination of two or more.
[0083]
Carbon black is not particularly limited and, for example, SRF,
10 GPF, FEF, HAF, ISAF and SAF can be used. Carbon blacks having an
iodine absorption (IA) of 40 mg/g or greater and a dibutyl phthalate
absorption (DBP) of 80 ml/100 g are preferable. The effect of improving
the gripping property and the resistance to fracture can be increased by
using carbon black. FEF, ISAF and SAF are more preferable.
15 [0084]
In the rubber composition of the present invention, silica alone may
be used, carbon black alone may be used or silica and carbon black may be
used in combination as the reinforcing filler.
It is preferable that silica and/or carbon black is used in an amount
20 of 20 to 120 parts by mass and more preferably in an amount of 25 to 100
parts by mass based on 100 parts by mass of the rubber component from
the standpoint of the reinforcing property and the effect of improving
various properties. Excellent workability in plants such as workability in
mixing can be exhibited and the desired fracture properties and abrasion

25 property can be obtained as the rubber composition by adjusting the

amount of carbon black and/or silica in the above range.
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<<Mooney viscosity of rubber composition>> The Mooney viscosity [ML1+41130C1 was measured at
130C in 5 accordance with the method of Japanese Industrial Standard K6300-1994. [00931
Preparation Example 1 Preparation of Modified SBR-A Into an autoclave reactor having an inner
volume of 5 liters and purged with nitrogen, 2,750 g of cyclohexane, 2.00 g of tetrahydrofuran, 10 160
g of styrene, 165 g of 1,3-butadiene and 34.9 mg (0.10 mmol) of potassium dodecylbenzenesulfonate
(DBS-I0 were placed. After the temperature of the content of the reactor was adjusted at 40C, 215 mg
(3.36 mmol) of n-bytyfgRium was added, and the polymerization was started. 15When the temperature
of the polymerization reached 55C, 165 g of 1,3-butadiene was added over 20 minutes. The maximum
temperature reachdah 83(. rubhenitngosdtivarsibnief ihepatymarizatiomreableadBe4s, 10 g of
butadiene was added. After the polymerization was allowed to proceed 20 for 5 minutes, 901 mg (2.9

mmol) of N, NUE(tAfMERR IEayEaRsImSh Bl Im et} amce srBangna g dme 1p vasldade®, and the

reaction Wasfallg{\{ved to roceed%flc()e&r1 15.mtmutes. Then 6.615 % gateﬁl%ki%Z-etgxlaileﬁ?xi){gitanium as the

condensation ca aeiflstlrv{} s Rdde ) nd the resuftait Mixtute was stirred for 15 finutes. Atter 25

2,6-di-test-butylpeggsol was added to the polymer solution obtained by the polymerization, the solvent
was removed by steam stripping. The obtained rubber was dried with heated rolls, and Modified
SBR-A was obtainédx T hropeftiébof MaditiedSBR1E asgshbwindhifiablbis(3o0ediorRyeparation
Example 2 Preparation of Modified SBR-B 5Into an autqclave reactor having an inner volume of 5

liters and puFé]é’&%ﬂﬁﬂﬁroger???‘f?%lg%?’cycloll?é%(é)’ﬁglg?b@’@%ﬂ@ﬁﬁ ofurart? %ﬂfbdﬁ styrene,
I o SR A R A AR 001
bis(3-trimethoxysilylpropyl)  tetrasulfide,  bis(2-trimethoxysilylethyl)

10 tetrasulfide, 3-mercaptopropyltrimethoxysilane, 3-mercaptopropyl-
triethoxysilane, 2-mercaptoethyltrimethoxysilane, 2-mercaptoethyl-
triethoxysilane, 3-trimethoxysilylpropyl-N,N-dimethylthiocarbamoyl
tetrasulfide, 3-triethoxysilylpropyl-N,N-dimethylthiocarbamoyl tetra-
sulfide, 2-triethoxysilylethyl-N,N-dimethylthiocarbamoyl tetrasulfide,

15 3-trimethoxysilylpropylbenzothiazolyl tetrasulfide, 3-triethoxysilyl-
propylbenzolyl tetrasulfide, 3-triethoxysilylpropyl methacrylate
monosulfide, 3-trimethoxysilylpropyl methacrylate monosulfide,
bis(3-diethoxymethylsilylpropyl) tetrasulfide, 3-mercaptopropyl-
dimethoxymethylsilane, dimethoxymethylsilylpropyl-N,N-dimethyl-

20 thiocarbamoyl tetrasulfide and dimethoxymethylsilylpropylbenzothiazolyl
tetrasulfide.  From the standpoint of the effect of improving the
reinforcing  property, bis(3-triethoxysilylpropyl) polysulfides and
3-trimethoxysilylpropylbenzothiazyl tetrasulfide are preferable.

The silane coupling agent may be used singly or in combination of

25 two or more.

In the rubber composition of the present invention, it is preferable
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10 (3.36 mmol) of n-butyllithium was added, and the polymerization was started. When the
temperature of the polymerization reached 55C, 165 g of 1,3-butadiene was added over 20 minutes.
The maximum temperature reached 83C. 15When the conversion of the polymerization reached 99%,
10 g of butadiene was added. After the polymerization was allowed to proceed for 5 minutes, 545 mg
(2.9 mmol) of 1-trimethylsilyl-2-ethoxymethyl-1- aza-2-silacyclopentane (Modifier-2) was added, and
the reaction was allowed to proceed for 15 minutes. Then, 6.45 g of tetrakis-(2-ethyl- 20

hexoxy)titaniyp a6 ARRAANSAYAR CAANSLWES Atrad.ARddne IGsliant mHXLgvagstIred for 15

minutes. After 2,6-di-tert-butylp-cresol was added to the polymer solution obtained by the
polymerization, 2b&osbivent seasltdimoyk by sheanrgirippingiethdeglataidied rob bdrewgperigd with
heated rolls, and Modified SBR-B was obtained. The 25 properties of Modified SBR-B are shown in
Table 1. 100851 Pleparetioplmengaets pYEpsmtbe snMuEtids sprtban 1jgibwmasodave reactor

having an inner vglu 5 liters a urged with nitrogen, 2,750 g of gyclohexane,.5.50.g of
tetrahydrofurlgn(?]%ﬁ%%oﬁsl%}ré%g, %%% g 8%1%%8?3&%% &r L9§]6s n%lé é?%ﬂoﬁ"?ﬁglﬁ% assium
dodecylgenzenesyiignatedldB st Queisiplanegd. Hitenihsstemrertiyenbthe canienyote reactor was
adjusted at 20C, 215 mg (3.36 mmol) of n-butyllithium was added, and the polymerization was started.
The polymergdtitiowas thadudtberurdeptrentitiatic whwditioht andibie masfenalpleethpérature

reached 85C. 10When the ¢onversjon of the polymerization reached 99%, 10 g of butoadiene was
added. Afterth@ BW@Fiﬁti%%%%mp%%&%%tf& Sr}n?hﬁté"é%%g (®o }Akidof Modifier-1

was added. g (NG SACIRY WASAIINGH (G RIBCoaR Y 18 MHLUIERINGD. S430 004 the

tetrakis(2-ethylhexoxy)titanium as the condensation catalyst was a the resultant mixture
was stirred fei-dbemituiiast Aftatido-di-tert-butyl-p-cresol was added to the polymer solution obtained
by the polymerization, the solvent was removed by steam stripping. The obtained rubber was dried

with hebed rolls, at@0d8kified SBR-C was obtained. The properties of Modified SBR-C are shown in

Table 1. 20[%%961 Pregarat' n Example 4 Prﬁoar)ation of Modified SBR-D Into an autoclave reactor
having an innef STAATACSF & PP ghgomposition

Where desired, the rubber composition of the present invention may
comprise various chemicals conventionally used in the rubber industry
such as wvulcanizing agents, vulcanization accelerators, process oils,

15 antioxidants, antiscorching agents, zinc oxide and stearic acid as long as
the object of the present invention is not adversely affected.

Examples of the vulcanizing agent include sulfur. It is preferable
that the amount of sulfur is 0.1 to 10.0 parts by mass and more preferably
1.0 to 5.0 parts by mass based on 100 parts by mass of the rubber

20 composition. When the amount of sulfur is less than 0.1 part by mass,
there is the possibility that the strength at break, the abrasion resistance
and the low heat buildup property are decreased. An amount of sulfur
exceeding 10.0 parts by mass causes loss in the rubber elasticity.

[0087]

25 The vulcanization accelerator used in the present invention is not

particularly limited. Examples of the vulcanization accelerator include
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purged with nitrogen, 2,750 g of cyclohexane, 1.28 g of tetrahydrofuran, 260 g of styrene, 80 g of
1,3-butadiene and 17.3 mg (0.05 mmol) of 25 potassium dodecylbenzenesulfonate (DBS-10 were
placed. After the temperature of the content of the reactor was adjusted at 50C, 215 mg (3.36 mmol)
of n-butyllithium was added, and the polymerization was started. When the temperature of the
polymerization reached 65C, 150 g of 1,3-butadiene was added over 25 minutes. The maximum
temperature 5 reached 88C. When the conversion of the polymerization reached 99%, 10 g of

butadiene weg;adgranbAlle] thepeivmarizationwasalawed tameegd fod minules, 44 mg (2.9

mmol) of Modifier-1 was added, and the reaction was allowed to proceed for 15 minutes. Then, 3.97 g
of 10 bis(2-etieylhettaizaale)zirBiviurtl hdédedh theytondenHadion catdlytZvai\adgedhangtlthe resultant
mixture was stirred for 15 minutes. After 2,6-di-tert-butyl-p-cresol was added to the polymer solution

obtained by ﬁf\'@w&?ﬁk@ﬁﬁ]ﬁﬁiﬂf‘%ﬁé%ﬂ/@nt meovéHW@%@&fﬁ%‘fﬂéping.V“Pﬁ%a@b%&lﬂéa rubber was

dried with heated1 erf(f)flll) ain%?hélggégﬁﬁfggﬁ% \‘i\{géy ) lcl)g)}lalli 1%%) W;h Op%rﬁ?i%%%%sﬁ%%MagiféeﬁlgBR-D are

. C A
shown in Taﬁll% ﬁ. eparation o alnto an autoclave

reactor Bavinghah it e e eleh R ANSCRHISRA Wit Nitrogens 9 1206 0b eyielabexane, 22.0 g of
tetrahydrofuran, 20 125 g of styrene, 365 g of 1,3-butadiene and 27.7 mg (0.08 mmol) of potassium

dodecylbenzewesuticiata {DBBABovd (e plate by AftessHetemh perdQ0epef- thebgontesst of the reactor was
adjusted at 20C, 215 mg (3.36 mmol) of n-butyllithium was added, and the polymerization was started.
The polymer}"%h?ﬁ\%%’%ﬁ(ﬂf&ied under the adiabatic condition, 25 and the maximum temperature
reached 88C. Wherpd@gg}onversion of the polymerization reached 99%, 10 g of

Examples of the process oil which can be used in the rubber
10 composition of the present invention include paraffinic process oils,
naphthenic process oils, aromatic process oils and Low-PCA oils such as
TDAE. Aromatic process oils and Low-PCA oils such as TDAE are used
for applications in which the tensile strength and the abrasion resistance
are important. Naphthenic process oils and paraffinic process oils are
15 used for applications in which the hysteresis loss and the properties at low
temperatures are important. It is preferable that the amount is 0 to 100
parts by mass based on 100 parts by mass of the rubber component.
When the amount exceeds 100 parts by mass, the tensile strength and the
low heat buildup property of the vulcanized rubber tend to become poor.
20 [0089]

The rubber composition of the present invention can be obtained by
conducting mixing using a mixer such as rolls and an internal mixer.
After being processed and vulcanized, the rubber composition is used for
tire applications such as tire treads, undertreads, side walls, carcass

25 coating rubbers, belt coating rubbers, bead fillers, chafers and bead

coating rubbers; vibration isolation rubbers; belts; hoses; and other
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butadiene was added. After the polymerization was allowed to proceed for 5 minutes, 901 mg (2.9
mmol) of Modifier-1 was added, and the reaction was allowed to proceed for 15 minutes. Then, 6.45 g
of tetrakis(2-ethylhexoxy)titanium as the condensation catalyst was added, 5 and the resultant mixture
was stirred for 15 minutes. After 2,6-di-tert-butyl-p-cresol was added to the polymer solution obtained
by the polymerization, the solvent was removed by steam stripping. The obtained rubber was dried
with heated rolls, and Modified SBR-E was obtained. The properties of Modified SBR-E are shown in

Table 1. 10[0R98RrePasasienExampied RisparaionAiMefied SBRF adviieanaulpslave reactor

having an inner volume of 5 liters and purged with nitrogen, 2,750 g of cyclohexane, 61.9 mg of
bistetrahydrefpplippanke 160 beoffsiytareet bablg of h3rbidiadiene and 5 mg (0.04 15 mmol) of
potassium tert-amyloxide (ETA) were placed. After the temperature of the content of the reactor was
adjusted at 40C, 218 Migrsfssabiadiyat AtotyARRINRET atdeadafthe Pékpherization was started.
When the temperat 89% the polymerization reached 55C, 165 g of 20 1,3-butadiene was added over
20 minutes. The m X|man temperature reached 81C. When the conversion of the polymerization

reacheds99%, 10 g of dtadigne yvraasdest: HMiemntheiRglymerizaisaMasmaioviadiodrereed for 5
minutes, 901 mg (2.9 mmol) of Modifier-1 was added, and the 25 reaction was allowed to proceed for

15 minutes. Phese18.46vpofiairakip(@dtlogtheroxystitghiusbaze thie icopliersationfcatplyst teas added,
and the resultant mixture was stirred for 15 minutes.After 2,6-di-tert-butyl-p-cresol was, added to the

polymer solitf3% SbtaiHet? By ther pBIniEMNRativh Stha BRIl 48 G i ey e dhestifing. The

that a temperature of mixing of 130°C or higher is achieved at least in one
stage.

10 [0091]
[Pneumatic tire]

The pneumatic tire of the present invention i1s produced in
accordance with the conventional process using the rubber composition of
the present invention. The rubber composition of the present invention

15 comprising various chemicals as described above in the condition before
being vulcanized is processed into various members, for example, at least
one member selected, for example, from treads, base treads and side
reinforcing rubbers, in accordance with the necessity, and laminated and
formed on a tire former in accordance with the conventional process, and a

20 green tire is formed. The formed green tire is heated under a pressure in
a curing press, and a tire is obtained.

The pneumatic tire obtained as described above exhibits, in
particular, excellent low fuel consumption in combination with excellent
fracture properties and abrasion property. The productivity is excellent

25 since the workability of the rubber composition is excellent.
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obtained rubber was dried with heated rolls, and Modified SBR-F was 5 obtained. The properties of
Modified SBR-F are shown in Table 1. [00991 Preparation Example 7 Preparation of Modified SBR-G
Into an autoclave reactor having an inner volume of 5 liters and purged with nitrogen, 2,750 g of
cyclohexane, 61.9 mg of 10 bistetrahydrofurylpropane, 160 g of styrene, 165 g of 1,3-butadiene and
13.8 mg (0.04 mmol) of potassium dodecylbenzenesulfonate (DBS-10 were placed. After the
temperature of the content of the reactor was adjusted at 40C, 215 mg (3.36 mmol) of n-butyllithium
was added, gndAhemofygnerization was started. 15When the temperature of the polymerization
reached 55C, 165 g of 1,3-butadiene was added over 20 minutes. The maximum temperature reached
81C. When the Theversieardf thevpotyorerizéfiobeedebed@3Vonidrg cipeuifididhe washadded. After
the polymerization was allowed to proceed 20 for 5 minutes, 901 mg (2.9 mmol) of Modifier-1 was
added, and théeERER R BIRlRE dtd pdedleaiagls MaTeysTTHM Peess Rt dpvention is
tetrakis(z-e?yélg?f(oygﬁt 51It m as thle %)Sndensation catalyst was added, and the resultant mixture was
stirred for 15 MiNUtes. After 2.6-ditert: utyl-p-cresol was added to the polymer solution obtained by 25

the polymerization,mwyﬁai%@saﬁm@@%?%m&i@mstﬁ—%&maa&%m wasdried with
heated rolls, and Modified SBR-G was obtained. The properties of Modified SBR-G are shown in Table

1. [01001 Préharaiiowiixametich8drreparation of Modified SBR-H Into an autoclave reactor having an
inner volume of 5 liters and 5 purged with nitrogen, 2,750 g of cyclohexane, 2.00 g of tetrahydrofuran,

160 g of styrene M6EC R LBBEERIRCEAISZ S mg (0.10 mmol) of potassium
Sodcybenzeness FERIONSIRAETHA AL SISIBESMA oL e s eacor vas
10started. average molecular weight (Mw) were measured in accordance with the gel
10 permeation chromatography (the GPC method) [GPC: “HLC-8020”
manufactured by TOSOH Corporation; the column: “GMH-XL”
manufactured by TOSOH Corporation, using two columns connected in
series) using the differential refractive index. The result was expressed
as the value of the corresponding polystyrene using monodisperse
15 polystyrene as the reference material.
The microstructure of the butadiene portion of a polymer was
obtained in accordance with the infrared method (the Morero’s method).
The content of the styrene unit in a polymer was calculated from the
integral ratios in the 1H-NMR spectrum.
20 The number of the styrene unit in the styrene chain portion in a
polymer was obtained in accordance with the GPC method after the
polymer was decomposed with ozone (Tanaka et al., “Polymer”, volume 22,
page 1721 (1981)). The content of the single unit chain of styrene which
comprises a single unit of styrene and the content of the long unit chain of
25 styrene which comprises at least eight consecutively bonded units of

styrene based on the entire amount of the styrene units were obtained.
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When the temperature of the polymerization reached 55C, 165 g of 1,3-butadiene was added over 20
minutes. The maximum temperature reached 83C. When the conversion of the polymerization reached
99%, 10 g of 15 butadiene was added. After the polymerization was allowed to proceed for 5 minutes,
720 mg (2.9 mmol) of N-methyl-N-trimethylsilylaminopropylmethyldimethoxysilane (Modifier-3) was
added, and the reaction was allowed to proceed for 15 minutes. Then, 6.45 g of
tetrakis(2-ethylhexoxy)titanium as the condensation catalyst was added, 20 and the resultant mixture

was stirred for 15 mjpytesy After 2 Grideriubi-p-cieRahmasiaAgdenkio he-palymerselitian obtained

by the polymerization, the solvent was removed by steam stripping. The obtained rubber was dried
with heated ealtsrdac ddodified 5B wiagz ahtaiheds. ThEhps ddertiesy ofibboditie dSBRibbate shown in
Table 1. 25[01011 Preparation Example 9 Preparation of Modified SBR-I Into an autoclave reactor
having an infeMRAEYHE MR dReARATSdr o AEHEK HR6§ effith 7d gutthirdonlsrafesaideq of

tetrahydrofuri%nthlg O%)f 1st rene, 165 g of 1,3-butadiene, 34.9 mg (0.10 mmol) of potassium
dodecylbenzenesu onate (BBS-10 and 330 mg of hexamethyleneimine 5 were placed. After the

temperagure ek the, cREpLOhdhe s gtot was Bdivstashat48C, 215 mg (3.36 mmol) of n-butyllithium
was added, and the polymerization was started. When the temperature of the polymerization

reached 5501165y dfehBkoutddipmeapastadded over 20 minutes. The maximum temperature 10
reached 83C. When the conversjon of the polymerization reac&)g)gl(?%, 10 g of butadiene was

added. After the polyFIBRZAGNS L QIS 1o%5FbERBEEr B SHARGBIAISEfer was

dded, and t ' I i . 6 t is(2-ethyl- 15
R A L L S ST T

hexoxy)titanium as the condensation catalyst was a

minutes. Afterppfrdttert-butylp-cregsehwiasngdded vistelaetysigr solliomeitainaddy they
polymerization, the solvent was removed by steam stripping. The obtained rubber was dried with

heated1®lls, RHENMBERKER Corpovtiansd. The 2@pbperiss ofmesitidd SBR andekown in

Table 1. [01021 Preparation Example 10 Rreparation of Modified SBR-J Into, an autoclave reactor
naving an inHEPRBILE SPEINHs AndiBlrGetrwii? FIRGEEHYS. ZS B By AoRBxdrie . 0B of

tetrahydrofuraip, 251690 ¢ R AIYieRe <1638 fid. 3-PHadang anei3ds fed (O hmAkOfhe

rolling resistance and the lower the heat buildup.
(2) Abrasion property
15 Using a sheet of a vulcanized rubber, the amount of abrasion was
measured under a slipping ratio of 25% using a Lambourn-type abrasion
tester. The result was expressed as an index using the inverse of the
value obtained in Comparative Example 5 or 12 as the reference, which
was set at 100. The temperature of the measurement was the room
20 temperature. The greater the index, the more excellent the abrasion
property.
(3) Fracture property
Using a sheet of a vulcanized rubber, the tensile strength at break
(TSb) was measured at the room temperature (25°C) in accordance with
25 the method of Japanese Industrial Standard K 6251-2004. The result

was expressed as an index using the value obtained in Comparative
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potassium dodecylbenzenesulfonate (DBS-10 were placed. After the temperature of the content of the
reactor was adjusted at 40C, 215 mg (3.36 mmol) of n-butyllithium was added, and the polymerization
was started. When the temperature of the polymerization reached 55C, 165 g of 5 1,3-butadiene
was added over 20 minutes. The maximum temperature reached 83C. When the conversion of the
polymerization reached 99%, 10 g of butadiene was added. After the polymerization was allowed to
proceed for 5 minutes, 870 mg of Modifier-2 was added, and the reaction was 10 allowed to proceed

for 15 minutas, Theft 645 4 tetaRkisReethbexaxlitanium,as theneondensation catalyst was

added, and the resultant mixture was stirred for 15 minutes. After 2,6-di-tert-butylp-cresol was added
to the polyméatidetiitibe abdainextbiidhe tdodyirerizatigndpersplvent was removed by steam stripping.
The obtained rubber was 15 dried with_heated rolls, and Modified SBR-J was obtained. The properties
of Modified SBRIgREHEwRSItYTabIehb ey 9B NOREHARTBN Example 11 Preparation of Modified

SBR-K Into an autopigveneasioy hAKingaY inne! volamesef SJitersand20purged wighonitgpgen, 2,750
g of cyclohexane, 2.00 g of tetrahydrofuran, 160 g of styrene, 165 g of 1,3-butadiene and 34.9 mg

(0.10 meol) s petassienydadacy henzrrestifapaie.feBeddswese Slaetth AMREHIDtemperature of the

content of the reactor was adjusted at 40C, 215 mg (3.36 mmol) of n-butyllithium was added, and the
polymerization was[288@lrted. When the temperature of the polymerization reached 55C, 165 g of
1,3-butadieng was added gver 20 minutes. The maximum temperature reached 83C. When the

conversion of m@%mrﬁ’é{t‘iﬁ}?}%&chgﬁ%@)ﬁ?ﬁﬁ%Qﬁ‘w’}@ﬂes\ﬁggédded. After the polymerization
was allowed to proqﬁ%g gnflo_ragﬁyé'f' %Srél%gﬁgr rﬂ%f\qlf odif I;ﬁ& W%om%dbf‘%d ReJ/EqGHpn was
.45 g of tetrakis(2- t

allowed to proceed for 15 minutes. Then, ethylhexoxy)titanium as the condensation

catalyst was pgdedi aneiheifesutanpaeuLe ssas stitest foic 2 Mingtes. AitprRA:ditat-butylp-cresol
was added to the polymer solution obtained by the polymerization,

10 160 g of styrene, 165 g of 1,3-butadiene and 34.9 mg (0.10 mmol) of
potassium dodecylbenzenesulfonate (DBS-K) were placed. After the
temperature of the content of the reactor was adjusted at 40°C, 215 mg
(3.36 mmol) of n-butyllithium was added, and the polymerization was
started.

15 When the temperature of the polymerization reached 55°C, 165 g of
1,3-butadiene was added over 20 minutes. The maximum temperature
reached 83°C.

When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed

20 for 5 minutes, 901 mg (2.9 mmol) of N,N-bis(trimethylsilyl)amino-
propylmethyldimethoxysilane (Modifier-1) was added, and the reaction
was allowed to proceed for 15 minutes. Then, 6.45 g of
tetrakis(2-ethylhexoxy)titanium as the condensation catalyst was added,
and the resultant mixture was stirred for 15 minutes. After

25 2,6-di-tert-butyl-p-cresol was added to the polymer solution obtained by

the polymerization, the solvent was removed by steam stripping. The
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10 the solvent was removed by steam stripping. The obtained rubber was dried with heated rolls, and
Modified SBR-K was obtained. The properties of Modified SBR-K are shown in Table 1. [01041
Comparative Preparation Example 1 Preparation of Modified SBR-L 15 Into an autoclave reactor
having an inner volume of 5 liters and purged with nitrogen, 2,750 g of cyclohexane, 19.3 g of
tetrahydrofuran, 180 g of styrene, 310 g of 1,3-butadiene and 31.1 mg (0.09 mmol) of potassium
dodecylbenzenesulfonate (DBS-I0 were placed. After the temperature of the content of the reactor was

adjusted at 2{}es frlel A DS w8 NISHOTARUATEIAM-Yigs adaedvidnckbie BEHMErigation was

started. The polymerization was conducted under the adiabatic condition, and the maximum
temperature sbtaihned 88 Th¥hesptheiesmfdviidifaid fsRibifnaer zdtwmreéachabl89%, 10 g of butadiene
was added. After thﬁaBOI merization was allowed to proceed 25 for 5 minutes, 901 mg (2.9 mmol) of
Modifier-1 was added, the reaction was allowed to proceed for 15 minutes. Then, 6.45 g of

tetrakis(2-e?y}$§l>j§t%és¥i)%?§%ng}a8§l %t?ﬁgﬁggﬂigﬂ g?tﬁxat é\%%istg%geg, and the resultant mixture was

stirred for 15 m ert p-cresol was a e polymer solution obtained by

the polymerization, the,salyenh WamiRMRRARY 15ieaRE SEPPIRGrTH6l R:ARtdINedliubkenwas dried with
heated rolls, and Modified SBR-L was obtained. The properties of Modified SBR-L are shown in Table

1. [01051 Campgestive trepéragon, EXainple 2iPcgplatatiomnef Mdtlfie b BRvhindodnmutoclave
reactor having an inner volume of 5 liters and 10 purged with nitrogen, 2,7308 of cyclghexane, 0.28 g
of tetrahydrotiars 150 F¥rdtgrehB2 380% df%’,@-%ﬁf%&%ﬁ 319 ME (OB ImmsrPSr pbtassium

oo TR A S AP o e eacor vas
temperature of the content of the reactor was adjusted at 40°C, 215 mg

10 (3.36 mmol) of n-butyllithium was added, and the polymerization was
started.

When the temperature of the polymerization reached 55°C, 165 g of
1,3-butadiene was added over 20 minutes. The maximum temperature
reached 83°C.

15 When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed
for 5 minutes, 545 mg (2.9 mmol) of 1-trimethylsilyl-2-ethoxymethyl-1-
aza-2-silacyclopentane (Modifier-2) was added, and the reaction was
allowed to proceed for 15 minutes. Then, 6.45 g of tetrakis-(2-ethyl-

20 hexoxy)titanium as the condensation catalyst was added, and the
resultant mixture was stirred for 15 minutes. After 2,6-di-tert-butyl-
p-cresol was added to the polymer solution obtained by the polymerization,
the solvent was removed by steam stripping. The obtained rubber was
dried with heated rolls, and Modified SBR-B was obtained. The

25 properties of Modified SBR-B are shown in Table 1.

[0095]
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15 started. The polymerization was conducted under the adiabatic condition, and the maximum
temperature reached 82C. When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed for 5 minutes, 901 mg (2.9
mmol) of Modifier-1 was added, and the 20 reaction was allowed to proceed for 15 minutes. Then,
6.45 g of tetrakis(2-ethylhexoxy)titanium as the condensation catalyst was added, and the resultant
mixture was stirred for 15 minutes. After 2,6-di-tert-butyl-p-cresol was added to the polymer solution

obtained by thg,BRTRHZRNC e §olwg[§g§§tqgmgy§qowf%m§r@ping. The 25 obtained rubber
was dried with heated rolls, and Modified SBR-M was obtained. The properties of Modified SBR-M are

shown in Table 1. [0466h & ampechtive Rragataiicy g mplérdh Brepatatien «f ddidied SHBR-N Into
an autoclave reactor having an inner volume of 5 liters and purged with nitrogen, 2,750 g of
cyclohexaneP B8 BhtBrAHYARSRIrah /584 20 SVstohsrasz0epr 4, SiiaE@breraiare® mg (0.20

mmol) of pot%:aium dfods%C\r/(labeenzggss%g%\aéiélﬁlfiée&%%rea?ﬁ%c?ﬁﬁ- E%rﬁ Itit Sgar%)r%roal urefof the

content of the reattor wa ad?uSte at mmol) o IUm was dged, and the

polymerizatiop iyas; SiartethdeaglBelyyegdzalivn yas omBieedwarer tecadiabayeepnifion, 10 and
the maximum temperature reached 82C. When the conversion of the polymerization reached 99%,

10 g of butadienpevasaedef théteotitepolyiere atentwasvallondid soeok ade 800y 2 hainutes, 901 mg
(2.9 mmol) o{ Modifier-1 was added, and the reaction was allowed to proceed for 15 minutes. Then,

6.45 g of 15 ét?‘ﬁ(i&?@&%ﬂﬁ&b@&}ﬁ&ﬁmlﬁs% cofidetsdtih Eaeapel WaeraeRidan aid@the resultant

mixture was STeSor FRINAER AR 6 OWIERAdRLIGRRL AR added A s palvper soution

obtained by the polymerization; the solvent was removed by steam stripping

dried with heatedtiallsa axidiVadified BRI wvasa 2B bBPed. The properties of Modified SBR-N are
shown in Table 1. 101071 Comparative Preparation Example 4 Preparation of Modified SBR-0 Into

an autdlave reactoVhavinghandemeessaiumel oft B iy ared paiged weachiteb@sivo2 Y8 Egadf

cyclohexane, 2,00 g of tetrahydrofyran .
y ebuta%h%ne was ng% . After the polymerization was allowed to proceed

for 5 minutes, 901 mg (2.9 mmol) of Modifier-1 was added, and the
reaction was allowed to proceed for 15 minutes. Then, 6.45 g of
tetrakis(2-ethylhexoxy)titanium as the condensation catalyst was added,
15 and the resultant mixture was stirred for 15 minutes. After
2,6-di-tert-butyl-p-cresol was added to the polymer solution obtained by
the polymerization, the solvent was removed by steam stripping. The
obtained rubber was dried with heated rolls, and Modified SBR-C was
obtained. The properties of Modified SBR-C are shown in Table 1.
20 [0096]
Preparation Example 4 Preparation of Modified SBR-D
Into an autoclave reactor having an inner volume of 5 liters and
purged with nitrogen, 2,750 g of cyclohexane, 1.28 g of tetrahydrofuran,
260 g of styrene, 80 g of 1,3-butadiene and 17.3 mg (0.05 mmol) of
25 potassium dodecylbenzenesulfonate (DBS-K) were placed. After the

temperature of the content of the reactor was adjusted at 50°C, 215 mg

57



25160 g of styrene, 165 g of 1,3-butadiene and 34.9 mg (0.10 mmol) of potassium
dodecylbenzenesulfonate (DBS-I0 were placed. After the temperature of the content of the reactor
was adjusted at 40C, 215 mg (3.36 mmol) of n-butyllithium was added, and the polymerization was
started. When the temperature of the polymerization reached 55C, 165 g of 5 1,3-butadiene was
added over 20 minutes. The maximum temperature reached 83C. When the conversion of the
polymerization reached 99%, 10 g of butadiene was added. After the polymerization was allowed to

proceed for 53%8%&&50&”91%1\6}}}&%}%}}?%%nQEM“QﬁW%@imgr‘ﬂéﬁ%&ﬁﬁg%%é“d the

reaction was allowed to proceed for 15 minutes. Then, 6.45 g of tetrakis(2-ethylhexoxy)titanium as the
condensatiosteataiyst was added, and the resultant mixture was stirred for 15 minutes. After
2,6-di-tert-butyl-p-cresol was added to the polymer solution obtained by the polymerization, the solvent
was removed by st¥¥ReBBpikgIPREtsEheditbe RebsEIRiAS AR d snthed&adrolsOas@Modified
SBR-0 was %b?tped The ep(gggrgga 0 MOdIfI% SBR-C% are siqﬁ\év%ln Table 1. éOlOSl;Lagorrgparatlve

Preparation Xam%ﬁ%dé%eparation of Moditied SBRP 1hto an Autodiave reac OP}Paevinguan inner

volume gf 5 liteyshaigds@@urged with nitrogen, 2,750 g of cyclohexane, 19.3 g of tetrahydrofuran, 180
g of styrene, 310 g of 1,3-butadiene and 98 mg (0.28 mmol) of potassium dodecylbenzenesulfonate
(DBS-10 were placeW h&ftethive cemperatureobftine polyeneofdieoreactorheds Hfjustd gt @C, 215 mg
(3.36 mmol) of n-hutyllithium was added, and the polymerization was 25 started. The polymerization

was conduct]éﬂtﬁﬁé%??hg%iﬁﬂgﬁé'coéémc?nt,%@Wﬁ%ﬁﬂﬂ?t&ﬁﬁeﬁ‘%?’é’%&%i@d’%@@. When
the conversi%}ogtq%ﬁ%q{}{%erg@iio&eégz?%@d&g%op 18298@%%5%?; n%‘ggsaag?:%?gﬁ é%\HSr the

polymerization was allowed 'to proce€d for 5 minutes, icon tetr e was added, and

the reaction wagabewehto plosred fab 1prodediesfAftars?, tditedsbutyFResiesgldywas gdded to the
polymer solution obtained by the polymerization, the solvent was removed by steam stripping. The

obtaind® rubbis(Yratharibesrite Hedzerteolivnandxidsdifie dtBB RM depsabieinsdtThstproperties of

Modified SBI;&%SH,G grﬁ(c)iw’glhlg I‘gglll t]é[nm'r(r)l%%ture was stirred for 15 minutes. After

2,6-di-tert-butyl-p-cresol was added to the polymer solution obtained by
the polymerization, the solvent was removed by steam stripping. The
obtained rubber was dried with heated rolls, and Modified SBR-D was
15 obtained. The properties of Modified SBR-D are shown in Table 1.
[0097]
Preparation Example 5 Preparation of Modified SBR-E
Into an autoclave reactor having an inner volume of 5 liters and
purged with nitrogen, 2,750 g of cyclohexane, 22.0 g of tetrahydrofuran,
20 125 g of styrene, 365 g of 1,3-butadiene and 27.7 mg (0.08 mmol) of
potassium dodecylbenzenesulfonate (DBS-K) were placed. After the
temperature of the content of the reactor was adjusted at 20°C, 215 mg
(3.36 mmol) of n-butyllithium was added, and the polymerization was
started. The polymerization was conducted under the adiabatic condition,
25 and the maximum temperature reached 88°C.

When the conversion of the polymerization reached 99%, 10 g of
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10 Comparative Preparation Example 6 Preparation of Modified SBR-Q Into an autoclave reactor
having an inner volume of 5 liters and purged with nitrogen, 2,750 g of cyclohexane, 2.00 g of
tetrahydrofuran, 160 g of styrene, 165 g of 1,3-butadiene and 34.9 mg (0.10 mmol) of potassium
dodecylbenzenesulfonate (DBS-I0 were placed. After the 15 temperature of the content of the reactor
was adjusted at 40C, 215 mg (3.36 mmol) of n-butyllithium was added, and the polymerization was
started. When the temperature of the polymerization reached 55C, 165 g of 1,3-butadiene was

added over 20:mipuigs- whe MaxRUMNRRIPERRIYE PR EaEhed B WA he kppyaEsion of the

polymerization reached 99%, 10 g of butadiene was added. After the polymerization was allowed to
proceed for SomiButes nd®asn@(2. Snmpm@) Df iviadifienfl MaslHitded, and theldedctiandvakallowed to
proceed for 15 minutes. After 2,6-di-tert-butyl- 25 p-cresol was added to the polymer solution obtained
by the polymi&isitRih, WasscAMNYeradPeRERERE By Kb akPstREBMESThe bBtdine- Afbier Was dried

with heated rtoll%&gps%é\ﬂ&?{ﬁ d %(I)SXR %tvz\{ﬁs %lljt%in%gi. Tpo% RQ S%rtti'gs Ofa quif{ed SBR-?e re shown in
Table 1. IOllSR omparative Prep Pa Ion Elxampﬁe reparation oanfoéﬁué’é S@ﬁsﬁg nto an

autoclavs reggl@r hawng-asiRAGK vatviRag.eb 5 Waks angdrpedgeshwith mitragents’ 50 ggteyclohexane,
2.00 g of tetrahydrofuran, 160 g of styrene, 165 g of 1,3-butadiene and 34.9 mg (0.10 mmol) of

potassium d8déchitherizbnéglifonaeo| DBSs @ dded plathd. pitenthe totmperatwletafithd tontent of the
reactor was adjusted at 40C, 215 mg 10%(13.36 mmol) of n-butyllithium was added, and the
polymerizatidhwRS SEaeEFat oy fER el Y S¥ature B AKeh AYnitz BticH FeAEREd 58E2 165 g of

1,3-butadieng,was, agdgthBUG" @9 MINEES Wbk HEXTW PRI PRIAWR BACEIBRE was
obtained. The properties of Modified SBR-E are shown in Table 1.
10 [0098]
Preparation Example 6 Preparation of Modified SBR-F

Into an autoclave reactor having an inner volume of 5 liters and
purged with nitrogen, 2,750 g of cyclohexane, 61.9 mg of bistetrahydro-
furylpropane, 160 g of styrene, 165 g of 1,3-butadiene and 5 mg (0.04

15 mmol) of potassium tert-amyloxide (KTA) were placed. After the
temperature of the content of the reactor was adjusted at 40°C, 215 mg
(3.36 mmol) of n-butyllithium was added, and the polymerization was
started.

When the temperature of the polymerization reached 55°C, 165 g of

20 1,3-butadiene was added over 20 minutes. The maximum temperature
reached 81°C.

When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed
for 5 minutes, 901 mg (2.9 mmol) of Modifier-1 was added, and the

25 reaction was allowed to proceed for 15 minutes. Then, 6.45 g of

tetrakis(2-ethylhexoxy)titanium as the condensation catalyst was added,
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15When the conversion of the polymerization reached 99%, 10 g of butadiene was added. After the
polymerization was allowed to proceed for 5 minutes, 901 mg (2.9 mmol) of
N,N-bis(trimethylsilyPaminopropylmethyldimethoxysilane (Modifier-1) was added, and the reaction was
allowed to proceed for 15 minutes. After 2,6-di-tert-butyl-p-cresol was 20 added to the polymer solution
obtained by the polymerization, the solvent was removed by steam stripping. The obtained rubber was
dried with heated rolls, and Modified SBR-R was obtained. The properties of Modified SBR-R are

shown in Tablg {. (94111 JaleL-LPreparatiopExamplahi2 2 5 657 8,2,1Q4d Compggative
5Preparation Example Modified SBRABCDEF GH | JK Content of bound ST 1)32 33 19 52 25 31 32

31 33 32 32 Zéndertbof-binty bprateXo? 928 381de 328128 galgMar 28 1t &l di3)BnET B 36 35 33
34373536 glfesg(?lg?n%rliziéoln? %h% 1sglggr?tlev%é% 11‘5emoved by steam stripping. The
obtained rubber was dried with heated rolls, and Modified SBR-F was
5 obtained. The properties of Modified SBR-F are shown in Table 1.
[0099]
Preparation Example 7 Preparation of Modified SBR-G
Into an autoclave reactor having an inner volume of 5 liters and
purged with nitrogen, 2,750 g of cyclohexane, 61.9 mg of

10 bistetrahydrofurylpropane, 160 g of styrene, 165 g of 1,3-butadiene and
13.8 mg (0.04 mmol) of potassium dodecylbenzenesulfonate (DBS-K) were
placed. After the temperature of the content of the reactor was adjusted
at 40°C, 215 mg (3.36 mmol) of n-butyllithium was added, and the
polymerization was started.

15 When the temperature of the polymerization reached 55°C, 165 g of
1,3-butadiene was added over 20 minutes. The maximum temperature
reached 81°C.

When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed

20 for 5 minutes, 901 mg (2.9 mmol) of Modifier-1 was added, and the
reaction was allowed to proceed for 15 minutes. Then, 6.45 g of
tetrakis(2-ethylhexoxy)titanium as the condensation catalyst was added,
and the resultant mixture was stirred for 15 minutes. After
2,6-di-tert-butyl-p-cresol was added to the polymer solution obtained by

25 the polymerization, the solvent was removed by steam stripping. The

obtained rubber was dried with heated rolls, and Modified SBR-G was
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Preparation Example Comparativel234567 Preparation Example 20 Modified SBRLMNOPQR Content
of bound ST 1)36302532353332 Content of vinyl bond 2)43173928432829 ST1 3)58425035373437
ST>8725162222 25 Notes: 1) The content of the styrene unit in the polymer (% by mass) 2) The
content of the microstructure (the content of the vinyl bond) in the butadiene portion of the polymer 3)
The relative amount of the single unit chain of styrene: the relative amount (%) of the single unit chain
of styrene based on the entire amount of the styrene unit 4) The relative amount of the styrene long

fr:‘:isntyﬁggg’Lﬁrﬁ?ﬁﬁ%@tw@ﬁ@'ﬁi)%@&@s%ftMﬂiﬁéa%@m(?'lﬁjé‘ Asuan;hesgdien the entire amount of
[0100]
Preparation Example 8 Preparation of Modified SBR-H
Into an autoclave reactor having an inner volume of 5 liters and
5 purged with nitrogen, 2,750 g of cyclohexane, 2.00 g of tetrahydrofuran,
160 g of styrene, 165 g of 1,3-butadiene and 34.9 mg (0.10 mmol) of
potassium dodecylbenzenesulfonate (DBS-K) were placed. After the
temperature of the content of the reactor was adjusted at 40°C, 215 mg
(3.36 mmol) of n-butyllithium was added, and the polymerization was
10 started.

When the temperature of the polymerization reached 55°C, 165 g of
1,3-butadiene was added over 20 minutes. The maximum temperature
reached 83°C.

When the conversion of the polymerization reached 99%, 10 g of

15 Dbutadiene was added. After the polymerization was allowed to proceed
for 5 minutes, 720 mg (2.9 mmol) of N-methyl-N-trimethylsilylamino-
propylmethyldimethoxysilane (Modifier-3) was added, and the reaction
was allowed to proceed for 15 minutes. Then, 6.45 g of
tetrakis(2-ethylhexoxy)titanium as the condensation catalyst was added,

20 and the resultant mixture was stirred for 15 minutes. After
2,6-di-tert-butyl-p-cresol was added to the polymer solution obtained by
the polymerization, the solvent was removed by steam stripping. The
obtained rubber was dried with heated rolls, and Modified SBR-H was
obtained. The properties of Modified SBR-H are shown in Table 1.

25 [0101]

Preparation Example 9 Preparation of Modified SBR-1
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101121 Examples 1 to 11 and Comparative Examples 1 to 7 Rubber compositions comprising silica
alone were prepared in 10 accordance with Formulation | shown in Table 2. The Mooney viscosity of
each rubber composition was measured. The rubber compositions were each vulcanized under the
condition of 160C and 15 minutes to prepare vulcanized rubber sheets for the test, and the physical
properties of the vulcanized rubber sheets were measured. The results are shown in Table 15 3. For
the preparation of the rubber composition, the components of the first stage were mixed, and the

components of the gggond,stageMere 3ddedhiorhgioltanethmixture antk nikediidhl3indable 2 5
Formulation | Formulation 1l First stage (part by mass) Modified SBR AK, L-R 1) silica 2) 100

purged with nitrogen, 2,750 g of cyclohexane, 2.00 g of tetrahydrofuran,
160 g of styrene, 165 g of 1,3-butadiene, 34.9 mg (0.10 mmol) of potassium
dodecylbenzenesulfonate (DBS-K) and 330 mg of hexamethyleneimine

5 were placed. After the temperature of the content of the reactor was
adjusted at 40°C, 215 mg (3.36 mmol) of n-butyllithium was added, and
the polymerization was started.

When the temperature of the polymerization reached 55°C, 165 g of
1,3-butadiene was added over 20 minutes. The maximum temperature

10  reached 83°C.

When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed
for 5 minutes, 230 mg of Modifier-1 was added, and the reaction was
allowed to proceed for 15 minutes. Then, 6.45 g of tetrakis(2-ethyl-

15 hexoxy)titanium as the condensation catalyst was added, and the
resultant mixture was stirred for 15 minutes. After 2,6-di-tert-butyl-
p-cresol was added to the polymer solution obtained by the polymerization,
the solvent was removed by steam stripping. The obtained rubber was
dried with heated rolls, and Modified SBR-I was obtained. The

20 properties of Modified SBR-I are shown in Table 1.

[0102]

Preparation Example 10 Preparation of Modified SBR-J

Into an autoclave reactor having an inner volume of 5 liters and
purged with nitrogen, 2,750 g of cyclohexane, 2.00 g of tetrahydrofuran,

25 160 g of styrene, 165 g of 1,3-butadiene and 34.9 mg (0.10 mmol) of

potassium dodecylbenzenesulfonate (DBS-K) were placed. After the
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50 100 carbon black N339 3) 50 aromatic oil 5) 10 10 stearic acid 1.5 1.5 antioxidant 6C 6)

temperature of the content of the reactor was adjusted at 40°C, 215 mg
(3.36 mmol) of n-butyllithium was added, and the polymerization was
started.

When the temperature of the polymerization reached 55°C, 165 g of

5 1,3-butadiene was added over 20 minutes. The maximum temperature
reached 83°C.

When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed
for 5 minutes, 870 mg of Modifier-2 was added, and the reaction was

10 allowed to proceed for 15 minutes. Then, 6.45 g of tetrakis(2-ethyl-
hexoxy)titanium as the condensation catalyst was added, and the
resultant mixture was stirred for 15 minutes. After 2,6-di-tert-butyl-
p-cresol was added to the polymer solution obtained by the polymerization,
the solvent was removed by steam stripping. The obtained rubber was

15 dried with heated rolls, and Modified SBR-J was obtained. The
properties of Modified SBR-J are shown in Table 1.

[0103]

Preparation Example 11 Preparation of Modified SBR-K

Into an autoclave reactor having an inner volume of 5 liters and

20 purged with nitrogen, 2,750 g of cyclohexane, 2.00 g of tetrahydrofuran,
160 g of styrene, 165 g of 1,3-butadiene and 34.9 mg (0.10 mmol) of
potassium dodecylbenzenesulfonate (DBS-K) were placed. After the
temperature of the content of the reactor was adjusted at 40°C, 215 mg
(3.36 mmol) of n-butyllithium was added, and the polymerization was

25 started.

When the temperature of the polymerization reached 55°C, 165 g of
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11 paraffin wax 1 1 silane coupling agent 4) 5 15 Second stage (part by mass) zinc oxide

1,3-butadiene was added over 20 minutes. The maximum temperature
reached 83°C.
When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed
5 for 5 minutes, 1,060 mg of Modifier-1 was added, and the reaction was
allowed to proceed for 15 minutes. Then, 6.45 g of tetrakis(2-ethyl-
hexoxy)titanium as the condensation catalyst was added, and the
resultant mixture was stirred for 15 minutes. After 2,6-di-tert-butyl-
p-cresol was added to the polymer solution obtained by the polymerization,
10 the solvent was removed by steam stripping. The obtained rubber was
dried with heated rolls, and Modified SBR-K was obtained. The
properties of Modified SBR-K are shown in Table 1.
[0104]
Comparative Preparation Example 1 Preparation of Modified SBR-L
15 Into an autoclave reactor having an inner volume of 5 liters and
purged with nitrogen, 2,750 g of cyclohexane, 19.3 g of tetrahydrofuran,
180 g of styrene, 310 g of 1,3-butadiene and 31.1 mg (0.09 mmol) of
potassium dodecylbenzenesulfonate (DBS-K) were placed. After the
temperature of the content of the reactor was adjusted at 20°C, 215 mg
20 (3.36 mmol) of n-butyllithium was added, and the polymerization was
started. The polymerization was conducted under the adiabatic condition,
and the maximum temperature reached 88°C.
When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed
25 for 5 minutes, 901 mg (2.9 mmol) of Modifier-1 was added, and the

reaction was allowed to proceed for 15 minutes. Then, 6.45 g of
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2 2 vulcanization accelerator DPG 0.2 0.4 vulcanization accelerator DM 8) 1 0.5 vulcanization
accelerator MS 9) 1 0.5 20 sulfur

tetrakis(2-ethylhexoxy)titanium as the condensation catalyst was added,
and the resultant mixture was stirred for 15 minutes. After
2,6-di-tert-butyl-p-cresol was added to the polymer solution obtained by
the polymerization, the solvent was removed by steam stripping. The
5 obtained rubber was dried with heated rolls, and Modified SBR-L was
obtained. The properties of Modified SBR-L are shown in Table 1.

[0105]

Comparative Preparation Example 2 Preparation of Modified SBR-M

Into an autoclave reactor having an inner volume of 5 liters and

10 purged with nitrogen, 2,750 g of cyclohexane, 0.28 g of tetrahydrofuran,
150 g of styrene, 350 g of 1,3-butadiene and 31.1 mg (0.09 mmol) of
potassium dodecylbenzenesulfonate (DBS-K) were placed. After the
temperature of the content of the reactor was adjusted at 20°C, 215 mg
(3.36 mmol) of n-butyllithium was added, and the polymerization was

15 started. The polymerization was conducted under the adiabatic condition,
and the maximum temperature reached 82°C.

When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed
for 5 minutes, 901 mg (2.9 mmol) of Modifier-1 was added, and the

20 reaction was allowed to proceed for 15 minutes. Then, 6.45 g of
tetrakis(2-ethylhexoxy)titanium as the condensation catalyst was added,
and the resultant mixture was stirred for 15 minutes. After
2,6-di-tert-butyl-p-cresol was added to the polymer solution obtained by
the polymerization, the solvent was removed by steam stripping. The

25 obtained rubber was dried with heated rolls, and Modified SBR-M was
obtained. The properties of Modified SBR-M are shown in Table 1.
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1.51.3 Notes 1) Modified SBR; Modified SBR-A to -K are modified SBRs obtained in Preparation
Examples 1 to 11, respectively; and Modified SBR-L to -R 25are modified SBRs obtained in
Comparative Preparation Examples 1 to 7, respectively. 2) Silica; manufactured by TOSOH SILICA
Corporation; "NIPSIL AQ" 3) Carbon black; manufactured by MITSUBISHI CHEMICAL Corporation;
"DIABLACK N339" 4) Silane coupling agent: manufactured by DEGUSSA AG; "Si69" 5) Aromatic oil:
manufactured by FUJI KOSAN Co., Ltd.; "AROMAX #3"

[0106]

Comparative Preparation Example 3 Preparation of Modified SBR-N

Into an autoclave reactor having an inner volume of 5 liters and
purged with nitrogen, 2,750 g of cyclohexane, 5.50 g of tetrahydrofuran,

5 120 g of styrene, 370 g of 1,3-butadiene and 69 mg (0.20 mmol) of
potassium dodecylbenzenesulfonate (DBS-K) were placed. After the
temperature of the content of the reactor was adjusted at 20°C, 215 mg
(3.36 mmol) of n-butyllithium was added, and the polymerization was
started. The polymerization was conducted under the adiabatic condition,

10 and the maximum temperature reached 82°C.

When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed
for 5 minutes, 901 mg (2.9 mmol) of Modifier-1 was added, and the
reaction was allowed to proceed for 15 minutes. Then, 6.45 g of

15 tetrakis(2-ethylhexoxy)titanium as the condensation catalyst was added,
and the resultant mixture was stirred for 15 minutes. After
2,6-di-tert-butyl-p-cresol was added to the polymer solution obtained by
the polymerization, the solvent was removed by steam stripping. The
obtained rubber was dried with heated rolls, and Modified SBR-N was

20 obtained. The properties of Modified SBR-N are shown in Table 1.

[0107]

Comparative Preparation Example 4 Preparation of Modified SBR-O

Into an autoclave reactor having an inner volume of 5 liters and
purged with nitrogen, 2,750 g of cyclohexane, 2.00 g of tetrahydrofuran,

25 160 g of styrene, 165 g of 1,3-butadiene and 34.9 mg (0.10 mmol) of

potassium dodecylbenzenesulfonate (DBS-K) were placed. After the
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56) Antioxidant 6C: manufactured by OUCHI SHINKO CEIEMICAL INDUSTRIAL Co., Ltd.; "NOCRAC
6C" 7) Vulcanization accelerator DEG: manufactured by OUCHI SHINKO CHEMICAL INDUSTRIAL
Co., Ltd.; "NOCCELOR D"  8) Vulcanization accelerator DM: manufactured by OUGHT SHENK(
10CHEMICAL INDUSTRIAL Co.,"NOCCELOR DM" 9) Vulcanization accelerator NS: manufactured by
OUCHI SHINKO CHEMICAL LNDUSTRIAL Co., Ltd.; "NOCCELOR NS-F"[01141 Table 3-1 Silica
alone Example1 2345678910 11 5 Comparative Example Modified SBR Low heat buildup

property (index), 0, APER8IR PHRPESH LRI (HAGRKEIBIORSIY AN]SR at 40°C, 215 mg
(3.36 mmol) of n-butyllithium was added, and the polymerization was
started.

When the temperature of the polymerization reached 55°C, 165 g of

5 1,3-butadiene was added over 20 minutes. The maximum temperature
reached 83°C.

When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed
for 5 minutes, 550 mg of N,N-dimethylaminopropyltriethoxysilane was

10 added, and the reaction was allowed to proceed for 15 minutes. Then,
6.45 g of tetrakis(2-ethylhexoxy)titanium as the condensation catalyst was
added, and the resultant mixture was stirred for 15 minutes. After
2,6-di-tert-butyl-p-cresol was added to the polymer solution obtained by
the polymerization, the solvent was removed by steam stripping. The

15 obtained rubber was dried with heated rolls, and Modified SBR-O was
obtained. The properties of Modified SBR-O are shown in Table 1.

[0108]

Comparative Preparation Example 5 Preparation of Modified SBR-P

Into an autoclave reactor having an inner volume of 5 liters and

20 purged with nitrogen, 2,750 g of cyclohexane, 19.3 g of tetrahydrofuran,
180 g of styrene, 310 g of 1,3-butadiene and 98 mg (0.28 mmol) of
potassium dodecylbenzenesulfonate (DBS-K) were placed. After the
temperature of the content of the reactor was adjusted at 20°C, 215 mg
(3.36 mmol) of n-butyllithium was added, and the polymerization was

25 started. The polymerization was conducted under the adiabatic condition,

and the maximum temperature reached 89°C.
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ABCDEFGH I JK 139 138 137 135 132 142 141 129 135 136 132 121 122 117 122 118 125 126
121127 121 120119121 118 123121 120122 119 121 118 120 15 Table 3-2 Silica alone
Preparation Example 20 Comparativel234567 Preparation Example Modified SBRL MN OPQ R Low
heat buildup property112 109 111 102 100 121 125 25(index) Abrasion property (index)102 110 103
112 100 114 115 Fracture property (index)103 104 102 110 100 117 117

When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed
for 5 minutes, 480 mg of silicon tetrachloride was added, and the reaction
was allowed to proceed for 15 minutes. After 2,6-di-tert-butyl-p-cresol

5 was added to the polymer solution obtained by the polymerization, the
solvent was removed by steam stripping. The obtained rubber was dried
with heated rolls, and Modified SBR-P was obtained. The properties of
Modified SBR-P are shown in Table 1.

[0109]

10 Comparative Preparation Example 6 Preparation of Modified SBR-Q

Into an autoclave reactor having an inner volume of 5 liters and
purged with nitrogen, 2,750 g of cyclohexane, 2.00 g of tetrahydrofuran,
160 g of styrene, 165 g of 1,3-butadiene and 34.9 mg (0.10 mmol) of
potassium dodecylbenzenesulfonate (DBS-K) were placed. After the

15 temperature of the content of the reactor was adjusted at 40°C, 215 mg
(3.36 mmol) of n-butyllithium was added, and the polymerization was
started.

When the temperature of the polymerization reached 55°C, 165 g of
1,3-butadiene was added over 20 minutes. The maximum temperature

20 reached 83°C.

When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed
for 5 minutes, 901 mg (2.9 mmol) of Modifier-1 was added, and the
reaction was allowed to proceed for 15 minutes. After 2,6-di-tert-butyl-

25 p-cresol was added to the polymer solution obtained by the polymerization,

the solvent was removed by steam stripping. The obtained rubber was
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Note: In Table 3, the results in Comparative Example 5 are used as the 30 controls, and the indices for
the properties are each set at 100. [01151 Examples 12 to 22 and Comparative Examples 8 to 14
Rubber compositions comprising carbon black alone were prepared in accordance with Formulation Il
shown in Table 2. The Mooney viscosity of each rubber composition was measured. The rubber 5
compositions were each vulcanized under the condition of 160C and 15 minutes to prepare vulcanized
rubber sheets for the test, and the physical properties of the vulcanized rubber sheets were measured.

The results gig shoyiin Tablesh Fonihe RirPasalianRithe Bibler GREPESHOR e components of

the first stage were mixed, and the components of the 10 second stage were added to the obtained
mixture and prixpertRElE 1M adifi et SBR1tYatadioalana Imbkamplel2 13 14 15 16 17 18 19 20 21
22 Comparative Exflor?%e] Modified SBRABCDEF GH | JK Low heat buildup property (index) 140 139
Comparative Preparation Example 7 Preparation of Modified SBR-R
5 Into an autoclave reactor having an inner volume of 5 liters and
purged with nitrogen, 2,750 g of cyclohexane, 2.00 g of tetrahydrofuran,
160 g of styrene, 165 g of 1,3-butadiene and 34.9 mg (0.10 mmol) of
potassium dodecylbenzenesulfonate (DBS-K) were placed. After the
temperature of the content of the reactor was adjusted at 40°C, 215 mg
10 (3.36 mmol) of n-butyllithium was added, and the polymerization was
started.

When the temperature of the polymerization reached 55°C, 165 g of
1,3-butadiene was added over 20 minutes. The maximum temperature
reached 83°C.

15 When the conversion of the polymerization reached 99%, 10 g of
butadiene was added. After the polymerization was allowed to proceed
for 5 minutes, 901 mg (2.9 mmol) of N,N-bis(trimethylsilyl)aminopropyl-
methyldimethoxysilane (Modifier-1) was added, and the reaction was
allowed to proceed for 15 minutes. After 2,6-di-tert-butyl-p-cresol was

20 added to the polymer solution obtained by the polymerization, the solvent
was removed by steam stripping. The obtained rubber was dried with
heated rolls, and Modified SBR-R was obtained. The properties of
Modified SBR-R are shown in Table 1.

[0111]
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141 134 139 145 147 135 140 141 130 Abrasion property (index) 123 126 129 124 121 127

Table 1-1
Preparation Example 1 2 3 4 5 6 7 8 9 10 11
Comparative
5 Preparation Example
Modified SBR A B C D E F G H I J K

Content of bound ST D 32 33 19 52 25 31 32 31 33 32 32
Content of vinyl bond 2 29 28 38 20 49 28 28 28 29 27 28

10 ST19 37 37 31 36 35 33 34 37 35 36 34
ST>8 4 2 2 1 8 2 1 2 2 2 1 1
Table 1-2
15

Preparation Example

Comparative 1 2 3 4 5 6 7
Preparation Example

20 Modified SBR L M N O P Q R
Content of bound ST 1 36 30 25 32 35 33 32
Content of vinyl bond 2) 43 17 39 28 43 28 29
ST1 3 58 42 50 35 37 34 37
ST>8 49 7 25 16 2 2 2 2

25
Notes:

1) The content of the styrene unit in the polymer (% by mass)
2) The content of the microstructure (the content of the vinyl bond) in

the butadiene portion of the polymer
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128 125 127 121 117 Fracture property (index) 125 122 126 121 119 128 127 119 121 124

3) The relative amount of the single unit chain of styrene: the relative
amount (%) of the single unit chain of styrene based on the entire
amount of the styrene unit

4) The relative amount of the styrene long chain portion: the relative

5 amount (%) of the styrene long chain portion based on the entire
amount of the styrene unit
[0112]
Examples 1 to 11 and Comparative Examples 1 to 7
Rubber compositions comprising silica alone were prepared in
10 accordance with Formulation I shown in Table 2. The Mooney viscosity
of each rubber composition was measured. The rubber compositions were
each vulcanized under the condition of 160°C and 15 minutes to prepare
vulcanized rubber sheets for the test, and the physical properties of the
vulcanized rubber sheets were measured. The results are shown in Table
15 3. For the preparation of the rubber composition, the components of the
first stage were mixed, and the components of the second stage were
added to the obtained mixture and mixed.

[0113]
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118 25 Table 4-2 Carbon black alone 5 Preparation Example Comparative Preparation Example 8 9
101112 13

Table 2
Formulation I Formulation II
5 First stage (part by mass)
Modified SBR A~K, L~R 1) 100 100
silica 2 50
carbon black N339 3 - 50
aromatic oil 5 - 10
10 stearic acid 1.5 1.5
antioxidant 6C 6 1 1
paraffin wax 1 1
silane coupling agent 4 5
15  Second stage (part by mass)
zinc oxide 2 2
vulcanization accelerator DPG 7) 0.2 0.4
vulcanization accelerator DM 8) 1 0.5
vulcanization accelerator MS 9 1 0.5
20 sulfur 1.5 1.3

Notes
1) Modified SBR: Modified SBR-A to -K are modified SBRs obtained in
Preparation Examples 1 to 11, respectively; and Modified SBR-L to -R
25 are modified SBRs obtained in Comparative Preparation Examples 1
to 7, respectively.
2) Silica: manufactured by TOSOH SILICA Corporation; “NIPSIL AQ”
3) Carbon black: manufactured by MITSUBISHI CHEMICAL
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14 Modified SBR LMNOPQR Low heat buildup property 121 117 114 91

10

Corporation; “DIABLACK N339”

4) Silane coupling agent: manufactured by DEGUSSA AG; “Si69”

5) Aromatic oil: manufactured by FUJI KOSAN Co., Ltd.; “AROMAX
#3”

6) Antioxidant 6C: manufactured by OUCHI SHINKO CHEMICAL
INDUSTRIAL Co., Ltd.; “NOCRAC 6C”

7)  Vulcanization accelerator DPG: manufactured by OUCHI SHINKO
CHEMICAL INDUSTRIAL Co., Ltd.; “NOCCELOR D”

8) Vulcanization accelerator DM: manufactured by OUCHI SHINKO
CHEMICAL INDUSTRIAL Co., Ltd.; “NOCCELOR DM”

9) Vulcanization accelerator NS: manufactured by OUCHI SHINKO
CHEMICAL INDUSTRIAL Co., Ltd.; “NOCCELOR NS-F”

[0114]
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100 123 122 10 (index) Abrasion property (index) 109 101

Table 3-1

Silica alone

Example 1 2 3 4 5 6 7 8 9 10 11

5 Comparative Example

Modified SBR A B C D E F G H I J K
Low heat buildup 139 138 137 135 132 142 141 129 135 136 132
property (index)
10 Abrasion property 121 122 117 122 118 125 126 121 127 121 120
(index)
Fracture property 119 121 118 123 121 120 122 119 121 118 120
(index)
15
Table 3-2

Silica alone

Preparation Example

20 Comparative 1 2 3 4 5 6 7
Preparation Example

Modified SBR L M N 0] P Q R
Low heat buildup property 112 109 111 102 100 121 125
25 (index)

Abrasion property (index) 102 110 103 112 100 114 115
Fracture property (index) 103 104 102 110 100 117 117

Note: In Table 3, the results in Comparative Example 5 are used as the
30 controls, and the indices for the properties are each set at 100.

[0115]
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103 101 100 110 115 Fracture property (index) 111 99 101 100 100 112 118 Note: In Table 4, the
results in Comparative Example 12 are used as the 15 controls, and the indices for the properties are
each set at 100.

10

15

20

25

Examples 12 to 22 and Comparative Examples 8 to 14

Rubber compositions comprising carbon black alone were prepared

in accordance with Formulation II shown in Table 2. The Mooney

viscosity of each rubber composition was measured. The rubber

compositions were each vulcanized under the condition of 160°C and 15

minutes to prepare vulcanized rubber sheets for the test, and the physical

properties of the vulcanized rubber sheets were measured. The results

are shown in Table 4. For the preparation of the rubber composition, the

components of the first stage were mixed, and the components of the

second stage were added to the obtained mixture and mixed.

[0116]
Table 4-1
Carbon black alone
Example 12 13 14 15 16 17 18 19 20 21 22

Comparative Example

Modified SBR

Low heat buildup
property (index)

Abrasion property
(index)

Fracture property
(index)

A B C D E F G H I J K
140 139 141 134 139 145 147 135 140 141 130

123 126 129 124 121 127 128 125 127 121 117

125 122 126 121 119 128 127 119 121 124 118
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101171 As shown by the results in Tables 3 and 4, the rubber compositions using the modified SBR
of the present invention (Examples 1 to 11 and Examples 12 to 22) exhibited more excellent results for
all of the fracture 20 property, the abrasion property and the low heat buildup property than those of
Comparative Examples 1 to 7 and Comparative Examples 8 to 14 in both of the case where silica
alone was used and the case where carbon black alone was used. 25 INDUSTRIAL APPLICABILITY
[01181 In accordance with the process for %%1 a modified conjugated diene-based
copolymer of the present invention, the mOdIer 'g%ted diene-based copolymer which exhibits
excellent interaction between the rubber c@m@@ﬁeﬂta@ﬁdaﬁjﬁ@ and/or carbon black, improves
dispersion of the filler and provides a tire exhibiting excellent low heat buildup property, fracture
properties and abrasion resistance since the silane 5 compound having a primary amino group and/or
a secondarym%ggmmtgﬁ;gd with an eliminable functional group and hydrocarbyloxy group both
bonded to the same silicon atom is used and the structure of the obtained modified conjugated

diene- b%ed%%?ﬁ?éi‘@s ecified, can be prdduced. 10 EPAIMS11. A procesd For préducing a
modified conﬁ@"ﬁt&‘f@ﬂé@i@e é@@fw&%polymer Whlch comprises bringing a modlfler into reaction Wlth
active end of a 3 ) )
the active end, wherein (1) as the modlfler a compound havmg Oa hydrolyzable functional group
having sHmoM@d@lﬁ(ﬁﬁ@&Bup which can be cdavertdinto &protoklc amiRo grolb or alprotonic amino

group protecied Wit 8 uildup property 121 117 114 91 100 123 122
10  (index)

Abrasion property (index) 109 101 103 101 100 110 115
Fracture property (index) 111 99 101 100 100 112 118

Note: In Table 4, the results in Comparative Example 12 are used as the
15 controls, and the indices for the properties are each set at 100.

[0117]

As shown by the results in Tables 3 and 4, the rubber compositions
using the modified SBR of the present invention (Examples 1 to 11 and
Examples 12 to 22) exhibited more excellent results for all of the fracture

20 property, the abrasion property and the low heat buildup property than
those of Comparative Examples 1 to 7 and Comparative Examples 8 to 14
in both of the case where silica alone was used and the case where carbon

black alone was used.

25 INDUSTRIAL APPLICABILITY

[0118]
In accordance with the process for producing a modified conjugated

diene-based copolymer of the present invention, the modified conjugated
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10 eliminable functional group after the reaction is used; (2) a step of adding a condensation catalyst
is conducted after the modifier is brought into the reaction; and (3) a content of a single unit chain of
the aromatic vinyl compound which comprises a single polymer unit of the aromatic vinyl compound is
smaller 15 than 40% by mass of entire bonded aromatic vinyl compound, and a content of a long unit
chain of the aromatic vinyl compound which comprises at least eight consecutively bonded units of the
aromatic vinyl compound is 10% by mass or smaller of entire bonded aromatic vinyl compounds. 20 2.
A process fograducingia mesifiac Fopigated divneshased cARANPILE ASGRI BGOSR L, wherein
the protonic amino group is a primary amino group or a secondary amino group. 25 3. A process for
producing a mubditiedconjogatedadieneHies ech dopotymboaddardin grigpamyesnd @b €kdonsdl and 2,
wherein the modifier is selected from silane compounds represented by general formula (1): Si 2R 3

(1) T2 RL 2-thehBHaR Anrepeeekiesa Aaldlen BRI hparsEmly IRy graest nBWHEUPS to 20

carbon atoms, R2 rﬁg{ﬁgen% a h)édrocarbgl 95%”& represents divalentche}/dtr gag% group, LI

represents POk 3 fimctional 9 85%, PoYeprésen 2'an eliminablé functiona group or a

hydrocasby! g&aipe iRl HAVERrESRAAd, Bihtid Madb VAR BFUS e sRINB R iPlodiffetgnt from a
structure of the group represented by LI when L2 represents an
protected with an eliminable functional group and hydrocarbyloxy group
both bonded to the same silicon atom is used and the structure of the
obtained modified conjugated diene-based copolymer is specified, can be

produced.

10
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10 eliminable group, the group represented by V and the group represented by L2 may be bonded to
each other, n represents 0 or 1, and m represents 1 or 2; general formula (2): 3 (2) 15

CLAIMS

1. A process for producing a modified conjugated diene-based copolymer
which comprises bringing a modifier into reaction with active end of a
5 copolymer of a conjugated diene compound and an aromatic vinyl
compound having the active end, wherein
(1) as the modifier, a compound having (1) a hydrolyzable functional
group having silicon and (ii) a group which can be converted into a
protonic amino group or a protonic amino group protected with an
10 eliminable functional group after the reaction is used;
(2) a step of adding a condensation catalyst is conducted after the
modifier is brought into the reaction; and
(3) a content of a single unit chain of the aromatic vinyl compound which
comprises a single polymer unit of the aromatic vinyl compound is smaller
15 than 40% by mass of entire bonded aromatic vinyl compound, and a
content of a long unit chain of the aromatic vinyl compound which
comprises at least eight consecutively bonded units of the aromatic vinyl
compound is 10% by mass or smaller of entire bonded aromatic vinyl
compounds.
20
2. A process for producing a modified conjugated diene-based copolymer
according to Claim 1, wherein the protonic amino group is a primary

amino group or a secondary amino group.

25 3. A process for producing a modified conjugated diene-based copolymer

according to any one of Claims 1 and 2, wherein the modifier is selected
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wherein R4 represents a hydrocarbyl group having 1 to 20 carbon atoms, R5 represents a divalent
hydrocarbyl group having 1 to 12 carbon atoms, A2 and A3 each independently represent a halogen
atom or a hydrocarbyloxy group having 1 to 20 carbon atoms, L3 represents an 20 eliminable functional
group or a hydrocarbyl group, L4 represents an eliminable functional group, k represents 0 or 1, and f
represents an integer of 1 to 10; and general formula (3): R6q 1 A 4 2-q SINL5 (3) LR 7-)

from silane compounds represented by general formula (1):

A3 L
~ . 3 P m
Si RP—N_ ., = - (1)
~. 9
Rzn/ L 2-m

wherein Al represents a halogen atom or a hydrocarbyloxy group having 1

to 20 carbon atoms, R? represents a hydrocarbyl group, R3 represents a

wn

divalent hydrocarbyl group, L1 represents an eliminable functional group,
L2 represents an eliminable functional group or a hydrocarbyl group, the
group represented by L2 may have a structure same with or different from
a structure of the group represented by L! when L2 represents an

10  eliminable group, the group represented by L! and the group represented
by L2 may be bonded to each other, n represents 0 or 1, and m represents
1 or 2;

general formula (2):

3
A2 S|i—R5—l\|I LE - (2)
3
< Aoy L4 f

wherein R4 represents a hydrocarbyl group having 1 to 20 carbon atoms,
R represents a divalent hydrocarbyl group having 1 to 12 carbon atoms,
A2 and A3 each independently represent a halogen atom or a
hydrocarbyloxy group having 1 to 20 carbon atoms, L3 represents an

20 eliminable functional group or a hydrocarbyl group, L4 represents an
eliminable functional group, k represents O or 1, and f represents an
integer of 1 to 10; and

general formula (3):
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wherein A4 represents a halogen atom or a hydrocarbyloxy group having 1 to 20 carbon atoms, R6
represents a hydrocarbyl group having 1 to 20 5 carbon atoms, R7 represents a divalent hydrocarbyl
group having 1 to 12 carbon atoms, L5 represents an eliminable functional group or a hydrocarby!
group, and g represents 0 or 1. 4. A process for producing a modified conjugated diene-based
copolymer 10 according to any one of Claims 1 to 3, wherein a heat treatment is conducted in the step
of adding a condensation catalyst or after the condensation catalyst is added. 5. A process for
producing a modified conjugated diene-based copolymer 15 according to any one of Claims 1 to 4,
wherein the condensation catalyst comprises a metal element. 6. A process for producing a modified
conjugated diene-based comﬁ)ﬁmer according to any one of Claims 4 and 5, which comprises a step of
20 conducting condensation|reaction by thbe heat treatment in presence of the condensation catalyst.
7. A process for prédueing iotifidtcohjugated diene-based topdymer according to any one of
Claims 1 to 6, wherein a cor(E(?nt7of e unit of the aromatic vinyl compound in the modified conjugated
diene-based copolymer is 25 & 55% by mass. 8. A process for producing a modified conjugated
diene-based ¢a erba ding.tq any one of Claims, 1 to 7, wherein a content of vinyl bond in the
modified com?l}ge;%%}g%ieg%?gggge %%ap%ﬁlira/ erIilsa?fsr{loOgo%'/ohtgf})r n% e [é)r)'l(grgﬁjrﬁps %?}’ﬁggcgnjugated
diene compging 2afHBHOGRSSHOr RmQ@Emél@@o@ifﬁﬁd%@W%@ﬁﬁerpﬁ%% cpRgygoer 10
according to any one of Claims 1 to 8, wherein the copolymer of a conjugated diene compound and an
aromatic viregrbom paonts h&R/Ang potisenes d id iviateine diyraniohielpotgne fzation of the kbnjugated
diene compound and the aromatic vinyl compound using an alkali metal compound as a polymerization
initiator. 15 carbon atoms, L° represents an eliminable functional group or a

hydrocarbyl group, and q represents O or 1.

4. A process for producing a modified conjugated diene-based copolymer
10  according to any one of Claims 1 to 3, wherein a heat treatment is
conducted in the step of adding a condensation catalyst or after the

condensation catalyst 1s added.

5. A process for producing a modified conjugated diene-based copolymer
15 according to any one of Claims 1 to 4, wherein the condensation catalyst

comprises a metal element.

6. A process for producing a modified conjugated diene-based copolymer
according to any one of Claims 4 and 5, which comprises a step of
20  conducting condensation reaction by the heat treatment in presence of the

condensation catalyst.

7. A process for producing a modified conjugated diene-based copolymer

according to any one of Claims 1 to 6, wherein a content of the unit of the
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10. A process for producing a modified conjugated diene-based copolymer according to any one of
Claims 1 to 9, wherein the copolymer of a conjugated diene compound and an aromatic vinyl
compound having active end is obtained by anionic polymerization using an alkali metal 20 compound
as a polymerization initiator in presence of an ether compound and/or a tertiary amine compound. 11.
A process for producing a modified conjugated diene-based copolymer according to any one of Claims
9 and 10, wherein the copolymer of a 25 conjugated diene compound and an aromatic vinyl compound
having active, glid isiabtaingd byARiie Rolymerization Jaiesensmpl Aleast ARa ppigssium salt
selected from a group consisting of potassium alkoxides, potassium phenoxides, potassium salts of
organic carbexytityacids,spgpiassibhodaftsefssrganic sulfonic acids and potassium salts of partial esters
of organic phosphorous acids in combination with the alkali metal 5 compound. 12. A process for
producing a modified conjugated diene-based copolymer according to Claim 10, wherein the
copolymer is,obtgined by anionic pglymerization using tetrahydrofuran or2,2-bjs(2-tetrahydrofuryp- 10
propane as the e%@g %%%%%glﬂ%é{r%%d%nﬁoac&g oﬁ}ep(?oc U H%ageré]odﬁ%% %%%ﬁ%[ga?gael Ellllgr%/g-based
copolymer ageesdiie 0t61aiy bheVdTarailthe £apolyraalds-ontained tiy aBioRa PohFaarization using
potassium tert-amyloxide or potassium dodecyl- 15 benzenesulfonate as the potassium salt. 14. A
process for pitod uird) faed anifipacadafl gater dieredbesed yopolyimdilatedrbitighy anylend of Claims
11 to 13, wherein the copolymer is gbtained by anionic polymerization using the ether compound and
the potassiufTSE SAIPH B SABHIS5CA HrRe S8R PBIBAucing a modified conjugated diene-based
copolymer according to Claim 9, wherein the alkali metal compound used as the polymerization
initiator is a Li-based metal compound. 25 16. A process for producing a modified conjugated
diene-basedg:opalyedess for producing a modified conjugated diene-based copolymer

10 according to any one of Claims 1 to 8, wherein the copolymer of a
conjugated diene compound and an aromatic vinyl compound having
active end is obtained by anionic polymerization of the conjugated diene
compound and the aromatic vinyl compound using an alkali metal
compound as a polymerization initiator.

15
10. A process for producing a modified conjugated diene-based copolymer
according to any one of Claims 1 to 9, wherein the copolymer of a
conjugated diene compound and an aromatic vinyl compound having
active end is obtained by anionic polymerization using an alkali metal

20 compound as a polymerization initiator in presence of an ether compound

and/or a tertiary amine compound.

11. A process for producing a modified conjugated diene-based copolymer
according to any one of Claims 9 and 10, wherein the copolymer of a
25 conjugated diene compound and an aromatic vinyl compound having

active end is obtained by anionic polymerization in presence of at least one
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according to Claim 15, wherein the Li-based metal compound is an organolithium compound having 1
to 8 carbon atoms. 17. A process for producing a modified conjugated diene-based copolymer 5
according to any one of Claims 15 and 16, wherein the copolymer is obtained by anionic
polymerization using a compound formed by bringing the Li-based metal compound into contact with
at least one secondary amine selected from amine compounds represented by following general
formula (A) and imine compounds represented by following general 10 formula (B): general formula

(A) being: R ahibo(nR:B1c suagtel Rednd B &3CBIRdRpRIFeRYeRGaGNt A kydigsarbyl group

15 having 1 to 20 carbon atoms, and general formula (B) being nd(B) wherein X represents a group
selected frompdtdlesving stphetmoat desyppo2iBsilicyckaliyuciirargenips odsadusdied types,epresented
by (CRand)n: X-11: cyclic structural groups of saturated type comprising groups represented by
(CReROM a9 RN Bia rdaPfepreasateduliprarerGmatd potarsiumxsplieydi®atiiatural groups

having a molecular sgructure.in which at least a.portion of carbgn-carb. ingle-bonds in pprtions
forming & ringh 1 T L EHTY B S e ccias 4 Ko SRS ety e R LR

5 compound.

12. A process for producing a modified conjugated diene-based copolymer
according to Claim 10, wherein the copolymer is obtained by anionic
polymerization using tetrahydrofuran or 2,2-bis(2-tetrahydrofuryl)-

10 propane as the ether compound.

13. A process for producing a modified conjugated diene-based copolymer
according to Claim 11, wherein the copolymer is obtained by anionic
polymerization using potassium tert-amyloxide or potassium dodecyl-

15 benzenesulfonate as the potassium salt.

14. A process for producing a modified conjugated diene-based copolymer
according to any one of Claims 11 to 13, wherein the copolymer is obtained
by anionic polymerization using the ether compound and the potassium

20 salt in combination.

15. A process for producing a modified conjugated diene-based copolymer
according to Claim 9, wherein the alkali metal compound used as the
polymerization initiator is a Li-based metal compound.

25

16. A process for producing a modified conjugated diene-based copolymer
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5 into carbon-carbon double bond; Re, Rd, Re and Rf each representing hydrogen atom or a
hydrocarbyl group having 1 to 10 carbon atoms selected from aliphatic hydrocarbyl groups, alicyclic
hydrocarbyl groups and aromatic hydrocarbyl groups, Rg representing a hydrocarbyl group having 1 to
10 carbon atoms selected 10 from aliphatic hydrocarbyl groups, alicyclic hydrocarbyl groups and
aromatic hydrocarbyl groups, Re, Rd, Re, W and Rg representing atoms or groups same with or
different from each other, n representing an integer of 3 to 15, and a sum of integers represented by m
being an integengiihip 8 161 AproceRs fenprasucinaim adiipd sonibaaioahiens-hased
copolymer according to any one of Claims 1 to 17, wherein the conjugated diene compound is at least
one compouorkselelitédifrornoh3pbutadibne; igpprensd escbABadinethyl1-1,3-butadiene. 20 19. A
process for producing a modified conjugated diene-based copolymer according to any one of Claims 1
to 18, wherein the aromatic vinyl compound is styrene. 25 20. A process for producing a modified
conjugated djene-Rased.copplymer acearding (o ARy one of Claims &, A8, wherein, fac gliminable
functional group pro‘%ecﬁng the 6)r|mary amino group or the condary amino grouB 94
trihydroearbysilyl-@rapPto dhyAdRIOCesTIRIRIOdUsInghA medifiedsanivgaiedsigienasead copolymer
5 according to Claim 3, wherein n in general formula (1), k in general formula (2) and g in general
formula (3) eddfaiepdebgriioniz. pohrovessdtoproducing eomguified donjugatbd Hiengibased
copolymer accordinr%j;o Claim 5, wherein the condensation catalyst comprising a 10 metal element is

an organic chpdimpRedingeifleSerB R A B I6MYRGHIRRY Sel6RErOtS FESBERIY 15 of the
eriodic Tab I ' . 23. f ' tfied.conj
oo T EIBRSISHS 8 ARPFRI AR ERUES

diene-based copolymer 15 acco aim erein an alkoxide, a carbo

acetylacetongiecemapley salhaf theimetabinpsadds thepeessenshtion dalddystconyisingl a metal
element. 24. A process for producing a modified conjugated diene-based copolymer
10 formula (B):

general formula (A) being:

Ra
NH
R
wherein R2 and RP each independently represent a hydrocarbyl group

15 having 1 to 20 carbon atoms, and

general formula (B) being

UH _____ v
wherein X represents a group selected from following structural groups:
20 X-I: cyclic structural groups of saturated type represented by
(CReR),

X-II: cyclic structural groups of saturated type comprising groups

represented by (CReRY),, and NRg or a group represented by (CReRf),, and
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20 according to any one of Claims 22 and 23, wherein the metal element in the condensation catalyst
is Sn element, Ti element, Zr element, Bi element or Al element. 25. A process for producing a
modified conjugated diene-based copolymer 25 according to any one of Claims 3 to 24, wherein Al to
A4 in the general formulae each represent Cl, Brorl. 26. A process for producing a modified
conjugated diene-based copolymer according to any one of Claims 6 to 25, wherein Al to A4 in the
general formulae each represent a hydrocarbyloxy group having 3 to 24 carbon 5 atoms. 27. A
modified congyigated diene-based copolymer obtained in accordance with the process described in any
one of Claims 1 to 26. 10 28.A rubber composition which uses the modified conjugated diene-based
copolymer describe¥-idIClaynl/ atdicturbe gutoapiz dchwitipsulfunol 29l & rutbectear position which
comprises (A) a rubber component 15 comprising the modified conjugated diene-based copolymer
described in CHERR 2 ladi(@) Roréioarf sAEarBorRBhak singde RengsdreprbostdaraeEdtding to any
one of Claime g8 and, 29; wherein & ontent of {he madifed seniigalsd diene-ased capolymer in 20
the rubber compoﬁer?t 0 componeniﬁ(O |su§)(§°/geipy mass or greater. gf rubber compaosition
according to;aRy &g SaiRsed A SR Meein a content of component (B) is 20 to 120 parts by
mass based on 100 parts by mass of the rubber component of component (A). 25 32. A pneumatic
tire which uses the RfbfRsh, ®hpubiBbraidscrbeesimame bydwiEiame®toadly dB8:aklpieumatic tire
according to Claim 32, wherein the rubber composition is used for at least one member selected from

treads, base® HHAIEHE rbikforthhgatisgeratanepiglagifgdrom aliphatic hydrocarbyl

groups, alicyclic hydrocarbyl groups and aromatic hydrocarbyl groups, R8
representing a hydrocarbyl group having 1 to 10 carbon atoms selected
10 from aliphatic hydrocarbyl groups, alicyclic hydrocarbyl groups and
aromatic hydrocarbyl groups, R¢, Rd, Re, Rf and Rg representing atoms or
groups same with or different from each other, n representing an integer

of 3 to 15, and a sum of integers represented by m being an integer of 2 to

9.

15
18. A process for producing a modified conjugated diene-based copolymer
according to any one of Claims 1 to 17, wherein the conjugated diene
compound is at least one compound selected from 13-butadiene, isoprene
and 2,3-dimethyl-1,3-butadiene.

20

19. A process for producing a modified conjugated diene-based copolymer
according to any one of Claims 1 to 18, wherein the aromatic vinyl

compound is styrene.

25 20. A process for producing a modified conjugated diene-based copolymer

according to any one of Claims 1 to 19, wherein the eliminable functional
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group protecting the primary amino group or the secondary amino group

is a trihydrocarbylsilyl group.

21. A process for producing a modified conjugated diene-based copolymer
according to Claim 3, wherein n in general formula (1), k in general

formula (2) and q in general formula (3) each represent 1.

22. A process for producing a modified conjugated diene-based copolymer
according to Claim 5, wherein the condensation catalyst comprising a
metal element i1s an organic compound having at least one metal
belonging to any one of Group 2 to Group 15 of the Periodic Table (the

long period type).

23. A process for producing a modified conjugated diene-based copolymer
according to Claim 22, wherein an alkoxide, a carboxylic acid salt or an
acetylacetonate complex salt of the metal is used as the condensation

catalyst comprising a metal element.

24. A process for producing a modified conjugated diene-based copolymer
according to any one of Claims 22 and 23, wherein the metal element in
the condensation catalyst is Sn element, Ti element, Zr element, Bi

element or Al element.
25. A process for producing a modified conjugated diene-based copolymer

according to any one of Claims 3 to 24, wherein Al to A4 in the general

formulae each represent Cl, Br or 1.
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26. A process for producing a modified conjugated diene-based copolymer
according to any one of Claims 6 to 25, wherein Al to A4 in the general
formulae each represent a hydrocarbyloxy group having 3 to 24 carbon

atoms.

27. A modified conjugated diene-based copolymer obtained in accordance

with the process described in any one of Claims 1 to 26.

28. A rubber composition which wuses the modified conjugated
diene-based copolymer described in Claim 27 and can be vulcanized with

sulfur.

29. A rubber composition which comprises (A) a rubber component
comprising the modified conjugated diene-based copolymer described in

Claim 27 and (B) silica and/or carbon black.

30. A rubber composition according to any one of Claims 28 and 29,
wherein a content of the modified conjugated diene-based copolymer in
the rubber component of component (A) is 30% by mass or greater.

31. A rubber composition according to any one Claims 29 and 30,
wherein a content of component (B) is 20 to 120 parts by mass based on

100 parts by mass of the rubber component of component (A).

32. A pneumatic tire which uses the rubber composition described in any
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one of Claims 28 to 31.
33. A pneumatic tire according to Claim 32, wherein the rubber

composition is used for at least one member selected from treads, base

treads, side reinforcing rubbers and bead fillers.
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