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Description 

 

Title of Invention: MODIFIED CONJUGATED DIENE-BASED  

POLYMER, PRODUCTION METHOD THEREOF, RUBBER COMPOSITION 

AND TIRE 

 

Technical Field 

[0001] 

 The present invention relates to a modified 

conjugated diene-based polymer and a production met hod 

thereof, a rubber composition and a tire. 

 

Background Art 

[0002] 

 Conventionally, there are increasing demands for 

reduction of fuel consumption in vehicles, and 

improvement of materials of a vehicle tire, particu larly, 

of a tire tread in contact with the ground is requi red. 

 Recently, development of a material having low 

rolling resistance, namely, a material having a low  

hysteresis loss property, has been demanded. 

 Besides, in order to reduce the weight of a tire, it 

is necessary to reduce the thickness of a tread por tion 

of the tire, and there is a demand for a material h aving 

high abrasion resistance. 

 On the other hand, a material used for a tire trea d 

is required, from the viewpoint of safety, to be 



- 2 - 

excellent in wet skid resistance and to have practi cally 

sufficient fracture characteristics. 

[0003] 

 Examples of the material meeting the requirements as 

mentioned above include a material comprising a rub ber 

and a reinforcing filler such as carbon black or si lica. 

 If, for example, a material comprising silica is 

used, balance between the low hysteresis loss prope rty 

and the wet skid resistance can be improved.  Besid es, an 

attempt has been made to reduce a hysteresis loss b y 

improving dispersibility of silica in a material th rough 

introduction of a functional group having affinity or 

reactivity with silica into a molecular end of a ru bber 

having high mobility, and further by reducing the 

mobility of the molecular end of the rubber through  a 

bond with a silica particle. 

[0004] 

 For example, Patent Literature 1 proposes a modifi ed 

diene-based rubber obtained by reacting a modifier having 

a glycidylamino group with a polymer active end. 

 Besides, Patent Literatures 2 to 4 propose a 

modified diene-based rubber obtained by reacting an  

alkoxysilane having an amino group with a polymer a ctive 

end, and a composition of such a modified diene-bas ed 

rubber and silica. 
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 Furthermore, Patent Literatures 5 and 6 propose a 

polymer functionalized through a reaction of a cycl ic 

aza-sila cycle compound with a polymer active end. 

 Furthermore, Patent Literature 7 proposes a diene-

based rubber obtained through a coupling reaction b etween 

a polymer active end and a multi-functional silane 

compound. 
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Technical Problem 

[0006] 

 Silica has, however, a disadvantage of being 

inferior in dispersibility to carbon black because it has 

a hydrophilic surface and hence has lower affinity with a 

conjugated diene-based rubber than carbon black hav ing a 

hydrophobic surface.  Therefore, a material compris ing 

silica needs to additionally comprise a silane coup ling 

agent or the like to improve the dispersibility by 

imparting a bond between the silica and the rubber.  

 Besides, the material in which a functional group 

having high reactivity with silica is introduced in to a 

molecular end of the rubber disadvantageously tends  to be 

degraded in processability, for example, it becomes  

difficult to knead because a reaction with a silica  

particle proceeds during a kneading process to incr ease 

the viscosity of a resultant composition, or surfac e 

coarseness or sheet breakage is easily caused when formed 

into a sheet after the kneading.  In addition, when  such 

a material is used to obtain a vulcanizate, in part icular, 

used to obtain a vulcanizate comprising an inorgani c 

filler such as silica, the balance between the low 

hysteresis loss property and the wet skid resistanc e, and 

the abrasion resistance are disadvantageously not 

sufficient. 

 Furthermore, tire use requires driving stability a t 

the time of continuous run at a high speed, and it is 
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therefore important to exhibit excellent driving 

stability even when the tire is exposed to a high-

temperature environment.  Unfortunately, none of kn own 

materials have yet obtained sufficient fracture 

characteristics. 

[0007] 

 Therefore, an object of the present invention is t o 

provide a modified conjugated diene-based polymer t hat is 

excellent in processability when used for obtaining  a 

vulcanizate, excellent in balance between a low 

hysteresis loss property and wet skid resistance an d in 

abrasion resistance when in the form of a vulcaniza te, 

and has good strain dispersibility at 50 °C, excellent 

repetitive strain strength and practically sufficie nt 

fracture characteristics. 

 

Solution to Problem 

[0008] 

 The present inventors made earnest studies to solv e 

the above-described problems of the related arts, a nd as 

a result, it was found that a modified conjugated d iene-

based polymer having a weight average molecular wei ght in 

a prescribed range, having a nitrogen atom at a 

prescribed content or more and having a shrinking f actor 

(g') smaller than a prescribed value is excellent i n 

processability when used for obtaining a vulcanizat e, is 

excellent in balance between a low hysteresis loss 
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property and wet skid resistance when in the form o f a 

vulcanizate, and has high abrasion resistance, good  

strain dispersibility at 50 °C, excellent repetitive 

strain strength and practically sufficient fracture  

characteristics, and thus, the present invention wa s 

accomplished. 

 Specifically, the present invention provides the 

following: 

[0009] 

[1] 

 A modified conjugated diene-based polymer having a  

nitrogen atom, wherein 

 a content of the nitrogen atom is 25 mass ppm or 

more based on a total amount of the modified conjug ated 

diene-based polymer, 

 a shrinking factor (g') is 0.59 or less in a GPC-

light scattering measurement method with a viscosit y 

detector, and 

 a weight average molecular weight is 200,000 or mo re 

and 3,000,000 or less. 

[2] 

 The modified conjugated diene-based polymer 

according to [1], wherein a Mooney stress relaxatio n 

measured at 110 °C is 0.45 or less. 

[3] 

 The modified conjugated diene-based polymer 

according to [1] or [2], wherein a modification rat io is 
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75% by mass or more based on a total amount of a 

conjugated diene-based polymer. 

[4] 

 The modified conjugated diene-based polymer 

according to any one of [1] to [3], wherein 

 a plurality of conjugated diene-based polymer chai ns 

are bonded to a modifier, and 

 the modified conjugated diene-based polymer has a 

nitrogen atom in at least one of the conjugated die ne-

based polymer chains and has a silicon atom in a mo difier 

residue. 

[5] 

 The modified conjugated diene-based polymer 

according to any one of [1] to [4], wherein a branc hing 

degree is 8 or more. 

[6] 

 The modified conjugated diene-based polymer 

according to any one of [1] to [5], represented by the 

following general formula (I): 

[0010] 
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[0011] 

 wherein D 1 represents a conjugated diene-based 

polymer chain having a nitrogen atom; R 1 to R 3 each 

independently represent a single bond or an alkylen e 

group having 1 to 20 carbon atoms; R 4 and R 7 each 

independently represent an alkyl group having 1 to 20 

carbon atoms; R 5, R 8 and R 9 each independently represent a 

hydrogen atom or an alkyl group having 1 to 20 carb on 

atoms; R 6 and R 10 each independently represent an alkylene 

group having 1 to 20 carbon atoms; R 11 represents a 

hydrogen atom or an alkyl group having 1 to 20 carb on 

atoms; m and x each independently represent an inte ger of 
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1 to 3 as long as being x ≤ m; p represents 1 or 2; y 

represents an integer of 1 to 3, and y ≤ (p + 1); z 

represents an integer of 1 or 2; each of D 1, R 1 to R 11, m, 

p, x, y and z, if present in a plural number, is 

respectively independent and may be the same as or 

different from each other as long as satisfying x ≤ m and 

y ≤ (p + 1); i represents an integer of 0 to 6; j 

represents an integer of 0 to 6; k represents an in teger 

of 0 to 6; (i + j + k) is an integer of 4 to 10; (( x × i) 

+ (y × j) + (z × k)) is an integer of 8 to 30; and A 

represents a hydrocarbon group having 1 to 20 carbo n 

atoms, or an organic group having at least one atom  

selected from the group consisting of an oxygen ato m, a 

nitrogen atom, a silicon atom, a sulfur atom and a 

phosphorous atom, and not having an active hydrogen . 

[0012] 

[7] 

 The modified conjugated diene-based polymer 

according to [6], wherein A in the formula (I) is 

represented by any one of the following general for mulae 

(II) to (V): 

[0013] 
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[0014] 

 wherein B 1 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; and B 1, if present in a plural number, 

is respectively independent; 

[0015] 

 

[0016] 

 wherein B 2 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; B 3 represents an alkyl 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; and each of B 2 and B 3, if present in 

a plural number, is respectively independent; 

[0017] 
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[0018] 

 wherein B 4 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; and B 4, if present in a plural number, 

is respectively independent; and 

[0019] 

 
[0020] 

 wherein B 5 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; B 5, if present in a plural number, is 

respectively independent. 

[0021] 

[8] 

 A method for producing the modified conjugated 

diene-based polymer according to any one of [1] to [7], 

comprising: 

 a polymerization step of polymerizing at least a 

conjugated diene compound in the presence of an 
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organolithium compound having at least one nitrogen  atom 

in a molecule, or copolymerizing at least a conjuga ted 

diene compound and a copolymerizable monomer having  at 

least one nitrogen atom in a molecule in the presen ce of 

an organolithium compound to give a nitrogen-contai ning 

conjugated diene-based polymer; and 

 a modification step of modifying the nitrogen-

containing conjugated diene-based polymer with a mo difier 

having at least three silicon atoms and at least on e 

nitrogen atom in one molecule and 8 or more reactio n 

active sites. 

[9] 

 The method for producing the modified conjugated 

diene-based polymer according to [8], wherein the 

modifier is a modifier having 4 or more alkoxy grou ps 

bonded to silicon atoms and having a tertiary amino  group. 

[10] 

 The method for producing the modified conjugated 

diene-based polymer according to [9], wherein the 

modifier in the reaction step is a compound represe nted 

by the following general formula (VI): 

[0022] 
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[0023] 

 wherein R 12 to R 14 each independently represent a 

single bond or an alkylene group having 1 to 20 car bon 

atoms; R 15 to R 18 and R 20 each independently represent an 

alkyl group having 1 to 20 carbon atoms; R 19 and R 22 each 

independently represent an alkylene group having 1 to 20 

carbon atoms; R 21 represents an alkyl group having 1 to 

20 carbon atoms or a trialkylsilyl group; m represe nts an 

integer of 1 to 3; p represents 1 or 2; each of R 12 to R 22, 

m and p, if present in a plural number, is respecti vely 

independent, and may be the same as or different fr om 

each other; i represents an integer of 0 to 6, j 

represents an integer of 0 to 6, k represents an in teger 

of 0 to 6, and (i + j + k) is an integer of 4 to 10 ; and 
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A represents a hydrocarbon group having 1 to 20 car bon 

atoms, or an organic group having at least one atom  

selected from the group consisting of an oxygen ato m, a 

nitrogen atom, a silicon atom, a sulfur atom and a 

phosphorous atom, and not an having active hydrogen . 

[0024] 

[11] 

 The method for producing the modified conjugated 

diene-based polymer according to [10], wherein A in  the 

formula (VI) is represented by any one of the follo wing 

general formulae (II) to (V): 

[0025] 

 

[0026] 

 wherein B 1 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; and B 1, if present in a plural number, 

is respectively independent; 

[0027] 
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[0028] 

 wherein B 2 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; B 3 represents an alkyl 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; and each of B 2 and B 3, if present in 

a plural number, is respectively independent; 

[0029] 

 

[0030] 

 wherein B 4 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; and B 4, if present in a plural number, 

is respectively independent; and 

[0031] 
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[0032] 

 wherein B 5 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; and B 5, if present in a plural number, 

is respectively independent. 

[0033] 

[12] 

 The method for producing the modified conjugated 

diene-based polymer according to any one of [8] to [11], 

wherein the organolithium compound having at least one 

nitrogen atom in a molecule comprises an organolith ium 

compound represented by any of the following genera l 

formulae (1) to (5): 

[0034] 
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[0035] 

 wherein R 10 and R 11 each independently represent at 

least one group selected from the group consisting of an 

alkyl group having 1 to 12 carbon atoms, a cycloalk yl 

group having 3 to 14 carbon atoms, an aralkyl group  

having 6 to 20 carbon atoms, and a protective group , or 

R10 and R 11 are optionally bonded to each other to form a 

cyclic structure together with the adjacent nitroge n atom, 

wherein R 10 and R 11 represents an alkyl group having 5 to 

12 carbon atoms and optionally has an unsaturated b ond or 

a branched structure in a part thereof; and the 

protective group is an alkyl-substituted silyl grou p, 

[0036] 

 

[0037] 
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 wherein R 12 and R 13 each independently represent at 

least one group selected from the group consisting of an 

alkyl group having 1 to 12 carbon atoms, a cycloalk yl 

group having 3 to 14 carbon atoms, an aralkyl group  

having 6 to 20 carbon atoms, and a protective group , or 

R12 and R 13 are optionally bonded to each other to form a 

cyclic structure together with the adjacent nitroge n atom, 

wherein R 12 and R 13 represents an alkyl group having 5 to 

12 carbon atoms and optionally has an unsaturated b ond or 

a branched structure in a part thereof; the protect ive 

group is an alkyl-substituted silyl group; and R 14 

represents an alkylene group optionally having an 

aliphatic or aromatic substituent having 1 to 30 ca rbon 

atoms, or a conjugated diene-based polymer having 1  to 20 

carbon atoms, 

[0038] 

 

[0039] 

 wherein R 12 and R 13 each independently represent at 

least one group selected from the group consisting of an 
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alkyl group having 1 to 12 carbon atoms, a cycloalk yl 

group having 3 to 14 carbon atoms, an aralkyl group  

having 6 to 20 carbon atoms, and a protective group , or 

R12 and R 13 are optionally bonded to each other to form a 

cyclic structure together with the adjacent nitroge n atom, 

wherein R 12 and R 13 represents an alkyl group having 5 to 

12 carbon atoms and optionally has an unsaturated b ond or 

a branched structure in a part thereof; the protect ive 

group is an alkyl-substituted silyl group; R 19 represents 

a hydrocarbon group optionally having an aliphatic or 

aromatic substituent having 1 to 30 carbon atoms; R 20 

represents a hydrocarbon group optionally having a 

substituted amino group having 1 to 12 carbon atoms ; and 

n represents an integer of 1 to 10, 

[0040] 

 

[0041] 

 wherein R 15 and R 16 each independently represent at 

least one group selected from the group consisting of an 
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alkyl group having 1 to 12 carbon atoms, a cycloalk yl 

group having 3 to 14 carbon atoms, an aryl group ha ving 6 

to 20 carbon atoms, and a protective group, or R 15 and R 16 

are optionally bonded to each other to form a cycli c 

structure together with the adjacent nitrogen atom,  

wherein R 15 and R 16 represents an alkyl group having 5 to 

12 carbon atoms and optionally has a branched struc ture 

in a part thereof; and the protective group is an a lkyl-

substituted silyl group, and 

[0042] 

 

[0043] 

 wherein R 17 represents a hydrocarbon group having 2 

to 10 carbon atoms and optionally has an unsaturate d bond 

or a branched structure in a part thereof; R 18 represents 

an alkyl group having 1 to 12 carbon atoms or a 

protective group and optionally has a branched stru cture 

in a part thereof; and the protective group is an a lkyl-

substituted silyl group. 

[0044] 
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[13] 

 An oil-extended modified conjugated diene-based 

polymer comprising: 

 100 parts by mass of the modified conjugated diene -

based polymer according to any one of [1] to [7]; a nd 

 1 to 60 parts by mass of an extender oil. 

[14] 

 A rubber composition, comprising a rubber componen t 

and a filler in an amount of 5.0 parts by mass or m ore 

and 150 parts by mass based on 100 parts by mass of  the 

rubber component, 

 wherein the rubber component comprises the modifie d 

conjugated diene-based polymer according to any one  of 

[1] to [7] in an amount of 10% by mass or more base d on a 

total amount of the rubber component. 

[15] 

 A tire comprising the rubber composition according  

to [14]. 

 

Advantageous Effects of Invention 

[0045] 

 According to the present invention, a modified 

conjugated diene-based polymer can be obtained that  has 

excellent processability when used for obtaining a 

vulcanizate, can achieve excellent balance between a low 

hysteresis loss property and wet skid resistance wh en in 

the form of a vulcanizate, and has excellent abrasi on 
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resistance, good strain dispersibility at 50 °C, excellent 

repetitive strain strength and practically sufficie nt 

fracture characteristics. 

 

Description of Embodiments 

[0046] 

 Now, an embodiment for practicing the present 

invention (hereinafter referred to as the "present 

embodiment") will be described in detail.  The foll owing 

embodiment is illustrative merely, and is not inten ded to 

limit the present invention to the following descri ption.  

The present invention can be appropriately modified  

within the scope thereof. 

[0047] 

[Modified Conjugated Diene-based Polymer] 

 A modified conjugated diene-based polymer of the 

present embodiment is a modified conjugated diene-b ased 

polymer having a nitrogen atom, wherein 

 a content of the nitrogen atom is 25 mass ppm or 

more based on a total amount of the modified conjug ated 

diene-based polymer, 

 a shrinking factor (g') is 0.59 or less in a GPC-

light scattering measurement method with a viscosit y 

detector, and 

 a weight average molecular weight is 200,000 or mo re 

and 3,000,000 or less. 

[0048] 
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 The modification ratio of the modified conjugated 

diene-based polymer of the present embodiment is 

preferably 75% by mass or more based on the total a mount 

of a conjugated diene-based polymer from the viewpo int of 

processability, the balance between the low hystere sis 

loss property and the wet skid resistance, abrasion  

resistance, and fracture characteristics. 

 The modification ratio is the mass ratio of a 

conjugated diene-based polymer having a nitrogen-

containing functional group, for example, a conjuga ted 

diene-based polymer having a nitrogen-containing 

functional group at a polymerization starting end o r in a 

main chain and/or a conjugated diene-based polymer 

modified by a reaction at its terminating end with a 

nitrogen-containing modifier, to the total amount o f a 

conjugated diene-based polymer 

 The modification ratio is more preferably 78% by 

mass or more, further preferably 80% by mass or mor e, 

further more preferably 85% by mass or more, still 

further preferably 88% by mass or more, and particu larly 

preferably 90% by mass or more. 

[0049] 

 The modification ratio can be measured by 

chromatography that can separate a functional group -

containing modified portion from a nonmodified port ion. 

 Examples of the method using this chromatography 

include a method in which quantitative determinatio n is 
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performed by using a column for gel permeation 

chromatography using a polar substance such as sili ca 

adsorbing a specific functional group as a filler, and 

using an internal standard of a non-adsorbable comp onent 

in comparison. 

 More specifically, the modification ratio can be 

determined by using a sample solution comprising th e 

sample and low molecular weight internal standard 

polystyrene and measuring an adsorption amount to a  

silica column based on a difference between a 

chromatogram obtained by measurement using a polyst yrene-

based column and a chromatogram obtained by measure ment 

using a silica-based column.  Further specifically,  the 

modification ratio can be measured by a method desc ribed 

in examples. 

[0050] 

 In the modified conjugated diene-based polymer of 

the present embodiment, the modification ratio can be 

controlled by adjusting the addition amount of a mo difier 

and a reaction method and can thereby be controlled  to 

75% by mass or more.  For example, the above-descri bed 

modification ratio can be attained by carrying out,  

either appropriately or in combination, a method in  which 

a polymerization is performed with an organolithium  

compound having at least one nitrogen atom in a mol ecule 

described later as a polymerization initiator, a me thod 

in which a monomer having at least one nitrogen ato m in a 
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molecule is copolymerized, and/or a method using a 

modifier of a structural formula described later, o r by 

controlling polymerization conditions so as not to 

excessively accelerate a chain transfer reaction. 

[0051] 

 The content of the nitrogen atom in the modified 

conjugated diene-based polymer of the present embod iment 

is 25 mass ppm or more based on the total amount of  the 

conjugated diene-based polymer. 

 The content of the nitrogen atom (hereinafter 

sometimes referred to as the "nitrogen content") is  the 

total amount of nitrogen atoms in the nitrogen-cont aining 

functional group of the modified conjugated diene-b ased 

polymer, for example, nitrogen-containing functiona l 

groups at a starting end, in a main chain, and at a  

terminating end. 

 The nitrogen content of the modified conjugated 

diene-based polymer is 25 mass ppm or more, prefera bly 40 

mass ppm or more, more preferably 50 mass ppm or mo re, 

and further preferably 60 mass ppm or more based on  the 

total amount of the modified conjugated diene-based  

polymer from the viewpoint of processability, the b alance 

between the low hysteresis loss property and the we t skid 

resistance, abrasion resistance, and fracture 

characteristics.  Besides, the nitrogen content is 

preferably 500 mass ppm or less, more preferably 40 0 mass 

ppm or less, further preferably 300 mass ppm or les s, and 
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further more preferably 250 mass ppm or less from t he 

viewpoint of processability. 

 The content of the nitrogen atom can be measured b y 

oxidative combustion with chemiluminescence detecti on 

(JIS-2609: Standard Test Method for the Determinati on of 

Nitrogen in Crude Petroleum and Petroleum Products) . 

 More specifically, the content of the nitrogen ato m 

can be measured by a method described in examples b elow. 

[0052] 

 There is a tendency that the nitrogen content can be 

controlled by adjusting the addition amount of a mo difier 

and a reaction method, and 25 mass ppm or more can be 

attained by this method.  Examples thereof include a 

method in which a conjugated diene-based polymer ha ving a 

nitrogen atom is reacted with a modifier having at least 

one nitrogen atom in a molecule, the conjugated die ne-

based polymer being obtained by a method in which  a 

polymerization is performed with an organolithium 

compound having at least one nitrogen atom in a mol ecule 

described later  as a polymerization initiator, or a 

method in which a monomer having at least one nitro gen 

atom in a molecule is copolymerized. 

 Examples of the method for obtaining the modified 

conjugated diene-based polymer having a nitrogen co ntent 

of 500 mass ppm or less include a method in which t he 

molecular weight of a conjugated diene-based polyme r 

chain is controlled so as not to be too small. 
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[0053] 

 The shrinking factor (g') of the modified conjugat ed 

diene-based polymer of the present embodiment deter mined 

by a GPC-light scattering measurement method with a  

viscosity detector is 0.59 or less from the viewpoi nt of 

processability, the balance between the low hystere sis 

loss property and the wet skid resistance, abrasion  

resistance, and fracture characteristics.  The shri nking 

factor (g') of 0.59 or less means that the modified  

conjugated diene-based polymer of the present embod iment 

substantially has 8 or more branches. 

 In general, there is a tendency that a branched 

polymer has a smaller molecule than a straight chai n 

polymer having the same absolute molecular weight.  The 

shrinking factor (g') of the modified conjugated di ene-

based polymer of the present embodiment is an index  of a 

ratio in a size occupied by a molecule to a straigh t 

chain polymer assumed to have the same absolute mol ecular 

weight.  In other words, there is a tendency that a s a 

branching degree of a polymer is larger, the shrink ing 

factor (g') is smaller. 

 In the present embodiment, an intrinsic viscosity is 

used as an index of a size of a molecule, and is ba sed on 

the assumption that a straight chain polymer has an  

intrinsic viscosity complying with a relational 

expression, intrinsic viscosity [ η] = -3.883 M 0.771  

(wherein M is the absolute molecular weight). 
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 A shrinking factor (g') corresponding to each 

absolute molecular weight of a modified conjugated diene-

based polymer is calculated, and an average of the 

shrinking factors (g') corresponding to the absolut e 

molecular weights of 100 × 10 4 to 200 × 10 4 is defined as 

the shrinking factor (g') of the modified conjugate d 

diene-based polymer.  Herein, the "branch" is forme d 

through a direct or indirect bond of one polymer to  

another polymer.  Besides, the term "branching degr ee" 

refers to the number of polymers directly or indire ctly 

bonding to one branch.  For example, if five conjug ated 

diene-based polymer chains described later are mutu ally 

bonded indirectly via a modifier residue described later, 

the branching degree is 5. 

[0054] 

 The shrinking factor (g') is 0.59 or less, 

preferably 0.57 or less, more preferably 0.55 or le ss, 

and further preferably 0.53 or less. 

 Besides, the shrinking factor (g') is not especial ly 

limited in the lower limit and may be below a detec tion 

limit, and is preferably 0.30 or more, more prefera bly 

0.33 or more, further preferably 0.35 or more, and 

further more preferably 0.45 or more. 

 A modified conjugated diene-based polymer having a  

shrinking factor (g') falling in this range tends t o be 

excellent in processability when used for obtaining  a 

vulcanizate. 
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[0055] 

 Since the shrinking factor (g') tends to depend on  

the branching degree, the shrinking factor (g') can  be 

controlled by using, for example, the branching deg ree as 

an index. 

 Specifically, if a modified conjugated diene-based  

polymer has a branching degree of 8, the shrinking factor 

(g') thereof tends to be 0.45 or more and 0.59 or l ess. 

 The shrinking factor (g') can be measured by a 

method described in examples below. 

[0056] 

 The weight average molecular weight of the modifie d 

conjugated diene-based polymer of the present embod iment 

is 20 × 10 4 or more and 300 × 10 4 or less from the 

viewpoint of processability, the balance between th e low 

hysteresis loss property and the wet skid resistanc e, 

abrasion resistance, and fracture characteristics. 

 If the weight average molecular weight is 20 × 10 4 

or more, the balance between the low hysteresis los s 

property and the wet skid resistance and the abrasi on 

resistance when in the form of a vulcanizate are 

excellent. 

 Besides, if the weight average molecular weight is  

300 × 10 4 or less, the processability and dispersibility 

of a filler when used for obtaining a vulcanizate c an be 

excellent, and practically sufficient fracture 

characteristics can be attained. 
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 The weight average molecular weight of the modifie d 

conjugated diene-based polymer is preferably 50 × 10 4 or 

more, more preferably 64 × 10 4 or more, and further 

preferably 80 × 10 4 or more.  Besides, the weight average 

molecular weight is preferably 250 × 10 4 or less, more 

preferably 180 × 10 4 or less, and further preferably 150 

× 10 4 or less. 

[0057] 

 The weight average molecular weights of the modifi ed 

conjugated diene-based polymer of the present embod iment 

and a conjugated diene-based polymer described late r can 

be measured on the basis of a calibration curve obt ained 

using standard polystyrene and by measuring a 

chromatogram using a GPC measurement apparatus and using 

an RI detector.  Specifically, the weight average 

molecular weights can be measured by a method descr ibed 

in examples below. 

[0058] 

 The weight average molecular weight of the modifie d 

conjugated diene-based polymer can be controlled by  

adjusting the molecular weight of a conjugated dien e-

based polymer chain that is adjustable by the ratio  

between the amount of a polymerization initiator to  be 

used and the amount of a monomer to be used, and th e type 

of a modifier and the amount of the modifier to be used. 

[0059] 
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 A monomer constituting the polymer chain of the 

modified conjugated diene-based polymer of the pres ent 

embodiment comprises a conjugated diene compound, o r a 

conjugated diene compound and copolymerizable anoth er 

monomer. 

 The conjugated diene compound is preferably a 

conjugated diene having 4 to 12 carbon atoms, and 

examples thereof include, but are not limited to, 1 ,3-

butadiene, isoprene, 2,3-dimethyl-1,3-butadiene, 1, 3-

pentadiene, 3-methyl-1,3-pentadiene, 1,3-hexadiene,  and 

1,3-heptadiene.  Among these, 1,3-butadiene and iso prene 

are preferred from the viewpoint of industrial 

availability. 

 One of these compounds may be singly used, or two or 

more of these may be used together. 

 The copolymerizable another monomer is preferably,  

for example, a vinyl aromatic compound, and more 

preferably styrene. 

[0060] 

 It is preferable that the modified conjugated dien e-

based polymer of the present embodiment comprises a  

silicon atom. 

 Examples of the method for measuring the silicon 

atom in the modified conjugated diene-based polymer  

include a method in which measurement is performed by 

using a ultraviolet visible spectrophotometer in 

accordance with JIS K 0101 44.3.1, and quantitative  
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determination is performed by a molybdenum blue-

spectrophotometric method. 

 When the silicon atom is contained, there is a 

tendency that the interaction with a filler, for ex ample, 

silica, which is added for obtaining a composition,  is 

strengthened.  The silicon atom content of the modi fied 

conjugated diene-based polymer of the present embod iment 

is preferably 10 ppm or more, more preferably 12 pp m or 

more, and further preferably 15 ppm or more. 

[0061] 

 The Mooney stress relaxation measured at preferabl y 

110 °C (hereinafter sometimes simply referred to as the 

"Mooney stress relaxation" or "MSR") of the modifie d 

conjugated diene-based polymer of the present embod iment 

is preferably 0.45 or less. 

 The Mooney stress relaxation is an index for a 

molecular entanglement of the modified conjugated d iene-

based copolymer, and a lower value thereof means mo re 

molecular entanglements.  The Mooney stress relaxat ion is 

an index for a branched structure and a molecular w eight. 

[0062] 

 The Mooney stress relaxation at 110 °C of the 

modified conjugated diene-based polymer of the pres ent 

embodiment is preferably 0.45 or less, more prefera bly 

0.42 or less, further preferably 0.40 or less, furt her 

more preferably 0.38 or less, and still further 

preferably 0.35 or less.  Besides, the Mooney stres s 
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relaxation is not especially limited in the lower l imit 

and may be below a detection limit, and is preferab ly 

0.05 or more. 

 When the Mooney stress relaxation is 0.45 or less,  

the modified conjugated diene-based polymer exhibit s 

better processability. 

[0063] 

 The MSR of the modified conjugated diene-based 

polymer is an index for the molecular weight and th e 

number of branches of the modified conjugated diene -based 

polymer. 

 For example, as the MSR decreases, the molecular 

weight and the number of branches (for example, the  

number of branches of a star polymer (sometimes ref erred 

to as the "number of arms of a star polymer")) of t he 

modified conjugated diene-based polymer tend to inc rease. 

 In the case of comparing modified conjugated diene -

based polymers having an equal Mooney viscosity des cribed 

later, a modified conjugated diene-based polymer ha ving 

more branches has smaller MSR, and therefore, in th is 

case, the MSR can be used as an index for a branchi ng 

degree. 

[0064] 

 The MSR can be measured using a Mooney viscometer as 

follows. 

 The measurement temperature of the Mooney stress 

relaxation is set to 110 °C.  First, a sample is preheated 
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for 1 minute, the rotor is rotated at 2 rpm, a torq ue is 

measured 4 minutes after, and the measured value is  

defined as a Mooney viscosity (ML (1+4) ). 

 Then, the rotation of the rotor is immediately 

terminated, the torque is recorded at a Mooney unit  per 

0.1 seconds from 1.6 seconds to 5 seconds after the  

termination, the slope of a straight line in double  

logarithmic plot of the torque and the time (sec) i s 

determined, and the absolute value thereof is defin ed as 

a Mooney stress relaxation (MSR). 

 More specifically, the MSR can be measured by a 

method described in examples below. 

[0065] 

 In order to set the Mooney stress relaxation to 0. 45 

or less, the molecular structure is controlled such  that 

the molecular weight distribution is widened to ele vate 

the weight average molecular weight and to increase  the 

amount of high molecular weight components, and the  

branching degree is elevated. 

 For example, the modified conjugated diene-based 

polymer having a weight average molecular weight of  10 × 

104 or more and a branching degree of 8 or more tends to 

have a Mooney stress relaxation of 0.45 or less.  B esides, 

in order to set the Mooney stress relaxation to 0.4 0 or 

less, for example, the modified conjugated diene-ba sed 

polymer having a weight average molecular weight of  30 × 

104 or more and a branching degree of 8 or more tends to 
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have a Mooney stress relaxation of 0.40 or less.  T he 

branching degree can be controlled by, for example,  the 

number of functional groups in a modifier, the addi tion 

amount of the modifier, or the degree of progressio n of 

metalation. 

[0066] 

 Preferably, the modified conjugated diene-based 

polymer of the present embodiment has a structure i n 

which a plurality of conjugated diene-based polymer  

chains are bonded to a modifier, and this modified 

conjugated diene-based polymer has a nitrogen atom in at 

least one of the conjugated diene-based polymer cha ins 

and has a silicon atom in a modifier residue. 

 Herein, the phrase "conjugated diene-based polymer  

chains are bonded to a modifier" represents the sta te of 

a compound formed by the bonding of polymer chains to a 

so-called coupling agent (modifier) in the producti on 

process of a polymer, and the structure of the "mod ifier" 

(sometimes referred to as the "modifier residue") i n a 

polymer differs from the structure of the initial 

modifier in that the leaving group of the modifier before 

reaction is no longer present, and the polymer chai ns are 

bonded.  In other words, the modifier (residue) con tained 

in the modified conjugated diene-based polymer is a  

constituent unit of the modified conjugated diene-b ased 

polymer bonded to the conjugated diene-based polyme r 

chains, and is, for example, a constituent unit der ived 



- 36 - 

from a modifier and generated through a reaction be tween 

the conjugated diene-based polymer and the modifier  

described later. 

 When the modified conjugated diene-based polymer 

comprises a nitrogen atom and a silicon atom in a 

modifier, there is a tendency that the interaction of the 

modified conjugated diene-based polymer comprising both a 

nitrogen atom and a silicon atom with a filler, for  

example, silica, which is added for obtaining a 

composition, is stronger than that of a modified 

conjugated diene-based polymer comprising only one of 

them. 

[0067] 

<Conjugated Diene-based Polymer Chain and Star Bran ched 

Structure> 

 The conjugated diene-based polymer chain is a 

constituent unit of the modified conjugated diene-b ased 

polymer, and is a constituent unit derived from a 

conjugated diene-based polymer and generated, for e xample, 

through a reaction between the conjugated diene-bas ed 

polymer and a modifier described later. 

 It is preferable that the modified conjugated dien e-

based polymer of the present embodiment has a star 

branched structure in which a plurality of conjugat ed 

diene-based polymer chains are bonded to one modifi er 

described later. 
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 The modified conjugated diene-based polymer having  a 

star branched structure in which a plurality of 

conjugated diene-based polymer chains are bonded to  one 

modifier tends to be excellent in processability wh en 

used for obtaining a vulcanizate. 

[0068] 

<Nitrogen-Containing Conjugated Diene-based Polymer  

Chain> 

 For the conjugated diene-based polymer chains, it is 

preferable that at least one of the conjugated dien e-

based polymer chains has a nitrogen atom. 

 For example, such a conjugated diene-based polymer  

chain has a functional group comprising a nitrogen atom 

at any position, and the position of the functional  group 

may be an end or may be the middle of a main chain.   The 

conjugated diene-based polymer chain having a nitro gen 

atom is obtained by, for example, a method in which  a 

polymerization is performed with an organolithium 

compound having at least one nitrogen atom in a mol ecule 

described later as a polymerization initiator, or a  

method in which a monomer having at least one nitro gen 

atom in a molecule is copolymerized. 

[0069] 

<Modifier Residue Having Silicon Atom> 

 It is preferable that the modified conjugated dien e-

based polymer of the present embodiment has a silic on 

atom in a modifier residue. 
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 For example, such a modified conjugated diene-base d 

polymer has a constituent unit derived from a modif ier by 

having a silicon atom in a modifier described later . 

[0070] 

 The modified conjugated diene-based polymer of the  

present embodiment is preferably a modified conjuga ted 

diene-based polymer having a branching degree of 8 or 

more. 

 The branching degree is not especially limited in 

the upper limit and is preferably 18 or less.  The 

modified conjugated diene-based polymer having a 

branching degree of 8 or more is excellent in 

processability when used for obtaining a vulcanizat e. 

 Besides, more preferably, the modified conjugated 

diene-based polymer has one or more modifier residu es and 

conjugated diene-based polymer chains bonded to the  

modifier residues, and the branches include a branc h in 

which 8 or more of the conjugated diene-based polym er 

chains are bonded to one of the modifier residues.  If 

the structure of the modified conjugated diene-base d 

polymer is specified so that the branching degree c an be 

8 or more, the shrinking factor (g') can be more 

definitely set to be 0.59 or less. 

 The "branching degree of 8 or more" includes the 

state where the main chain has side chains so that the 

branching degree is 8 or more, and the state where 8 or 

more conjugated diene-based polymer chains are bond ed to 
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one modifier residue (star form; state where the po lymer 

chains are radially bonded to the modifier residue) . 

[0071] 

 Besides, it is preferable that the modified 

conjugated diene-based polymer of the present embod iment 

has a silicon atom at any position. 

 The silicon atom is preferably contained in a 

functional group which is bonded to an end of a 

conjugated diene-based polymer chain or in the midd le of 

a main chain thereof, or contained in a modifier re sidue.  

It is more preferable that at least one silicon ato m of 

this modified conjugated diene-based polymer consti tutes 

an alkoxysilyl group having 1 to 20 carbon atoms or  a 

silanol group.  Thus, there is a tendency that the 

interaction with a filler, for example, silica, whi ch is 

added for obtaining a vulcanizate, is strengthened.   

Besides, from the viewpoint that hydrogen halide ca n be 

generated through a reaction with the air, the modi fied 

conjugated diene-based polymer preferably does not have 

halogen. 

[0072] 

 It is preferable that at least one end of the eigh t 

or more conjugated diene-based polymer chains is bo nded 

to a silicon atom of the modifier residue.  Thus, t he 

effects of the present embodiment tend to be more 

conspicuous.  In this case, ends of a plurality of the 

conjugated diene-based polymer chains may be bonded  to 
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one silicon atom.  Alternatively, an end of the 

conjugated diene-based polymer chain and an alkoxy group 

having 1 to 20 carbon atoms or a hydroxyl group may  be 

bonded to one silicon atom, so that the one silicon  atom 

can constitute an alkoxysilyl group having 1 to 20 carbon 

atoms or a silanol group.  From the viewpoint that 

hydrogen halide can be generated through a reaction  with 

the air or moisture, the modifier residue preferabl y does 

not have halogen. 

[0073] 

 When the modified conjugated diene-based polymer o f 

the present embodiment or a conjugated diene-based 

polymer described later is further hydrogenated in an 

inert solvent, all or some of double bonds may be 

converted into saturated hydrocarbon.  In this case , heat 

resistance and weather resistance can be improved s o as 

to prevent degradation of a product when processed at a 

high temperature, and the dynamic performance as a rubber 

tends to be improved.  As a result, further excelle nt 

performance can be exhibited in various uses includ ing 

vehicle use.  More specifically, a hydrogenation ra te of 

an unsaturated double bond based on a conjugated di ene 

compound can be arbitrarily selected in accordance with 

the purpose, and is not especially limited.  When i t is 

used in the form of a vulcanizate, a double bond of  a 

conjugated diene portion preferably partially remai ns.  

From this viewpoint, a rate of hydrogenation of the  
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conjugated diene portion in the conjugated diene-ba sed 

polymer is preferably 3.0% or more and 70% or less,  more 

preferably 5.0 or more and 65% or less, and further  

preferably 10% or more and 60% or less.  In particu lar, 

if a vinyl group is selectively hydrogenated, the h eat 

resistance and the dynamic performance tend to be 

improved.  The hydrogenation rate can be obtained u sing a 

nuclear magnetic resonance apparatus (NMR). 

[0074] 

 A modified conjugated diene-based copolymer of the  

present embodiment can be made into an oil-extended  

modified conjugated diene-based polymer additionall y 

comprising an extender oil. 

 The oil-extended modified conjugated diene-based 

polymer of the present embodiment comprises prefera bly 1 

to 60 parts by mass, more preferably 5 to 50 parts by 

mass, and further preferably 10 to 37.5 parts by ma ss of 

an extender oil per 100 parts by mass of the modifi ed 

conjugated diene-based polymer mentioned above. 

 The above-described content produces the effect of  

improving productivity in such a way that the visco sity 

of a polymer solution can decrease to prevent rapid  

increase in the internal pressure of the system. 

 No matter whether the modified conjugated diene-

based copolymer of the present embodiment is non-oi l-

extended or oil-extended, a Mooney viscosity measur ed at 

100 °C is preferably 20 or more and 100 or less, and mor e 
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preferably 30 or more and 90 or less from the viewp oint 

of the processability when used for obtaining a rub ber 

vulcanizate and the abrasion resistance when in the  form 

of a vulcanizate. 

 The Mooney viscosity can be measured by a method 

described in the examples below. 

[0075] 

 The modified conjugated diene-based polymer of the  

present embodiment preferably has a molecular weigh t 

distribution (Mw/Mn) corresponding to a ratio of a weight 

average molecular weight (Mw) to a number average 

molecular weight (Mn) is 1.1 or more and 3.0 or les s.  A 

modified conjugated diene-based polymer having a 

molecular weight distribution falling in this range  tends 

to be more excellent in the processability when use d for 

obtaining a vulcanizate and more excellent in the 

abrasion resistance when in the form of a vulcaniza te.  

The molecular weight distribution (Mw/Mn) is more 

preferably 1.5 or more and 2.5 or less. 

[0076] 

 The number average molecular weights, the weight 

average molecular weights and the molecular weight 

distributions of the modified conjugated diene-base d 

polymer and the conjugated diene-based polymer desc ribed 

later can be measured by methods described in the 

examples below. 

[0077] 
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 The modified conjugated diene-based polymer of the  

present embodiment is preferably represented by the  

following general formula (I): 

[0078] 

 

[0079] 

 In formula (I), D 1 represents a conjugated diene-

based polymer chain having a nitrogen atom, and a w eight 

average molecular weight of the diene-based polymer  chain 

is preferably 10 × 10 4 to 100 × 10 4.  R 1 to R 3 each 

independently represent a single bond or an alkylen e 

group having 1 to 20 carbon atoms, R 4 and R 7 each 

independently represent an alkyl group having 1 to 20 
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carbon atoms, R 5, R 8 and R 9 each independently represent a 

hydrogen atom or an alkyl group having 1 to 20 carb on 

atoms, R 6 and R 10 each independently represent an alkylene 

group having 1 to 20 carbon atoms, and R 11 represents a 

hydrogen atom or an alkyl group having 1 to 20 carb on 

atoms.  Besides, m and x each represent an integer of 1 

to 3, x ≤ m, p represents 1 or 2, y represents an integer 

of 1 to 3, y ≤ (p + 1), and z represents an integer of 1 

or 2.  Each of D 1, R 1 to R 11, m, p, x, y and z, if present 

in a plural number, is respectively independent and  may 

be the same as or different from each other.  Furth ermore, 

i represents an integer of 0 to 6, j represents an 

integer of 0 to 6, k represents an integer of 0 to 6, (i 

+ j + k) is an integer of 4 to 10, and ((x × i) + (y × j) 

+ (z × k)) is an integer of 8 to 30.  Besides, A 

represents a hydrocarbon group having 1 to 20 carbo n 

atoms, or an organic group having at least one atom  

selected from the group consisting of an oxygen ato m, a 

nitrogen atom, a silicon atom, a sulfur atom and a 

phosphorous atom, and not having an active hydrogen .  A 

hydrocarbon group represented by A includes saturat ed, 

unsaturated, aliphatic and aromatic hydrocarbon gro ups.  

The organic group not having an active hydrogen is an 

organic group not inactivating an active end of the  

conjugated diene-based polymer.  An example of the 

organic group not having active hydrogen includes a n 

organic group not having a functional group having active 
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hydrogen such as a hydroxyl group ( −OH), a secondary 

amino group (>NH), a primary amino group ( −NH2) or a 

sulfhydryl group ( −SH).  The organic group not having 

active hydrogen includes an inactivated form of the  

functional group having active hydrogen by substitu tion 

with a protective group.  The protective group is 

preferably an alkyl-substituted silyl group. 

 The modified conjugated diene-based polymer 

represented by formula (I) tends to be more excelle nt in 

the processability when used for obtaining a vulcan izate, 

and more particularly excellent in the balance betw een 

the low hysteresis loss property and the wet skid 

resistance and the abrasion resistance when in the form 

of a vulcanizate as the effects of the present embo diment. 

[0080] 

 In the modified conjugated diene-based polymer of 

the present embodiment, A in formula (I) is prefera bly 

represented by any one of the following general for mulae 

(II) to (V): 

[0081] 

 

[0082] 
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 In formula (II), B 1 represents a single bond or a 

hydrocarbon group having 1 to 20 carbon atoms, and a 

represents an integer of 1 to 10.  B 1, if present in a 

plural number, is respectively independent. 

[0083] 

 

[0084] 

 In formula (III), B 2 represents a single bond or a 

hydrocarbon group having 1 to 20 carbon atoms, B 3 

represents an alkyl group having 1 to 20 carbon ato ms, 

and a represents an integer of 1 to 10.  Each of B 2 and B 3, 

if present in a plural number, is respectively 

independent. 

[0085] 
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[0086] 

 In formula (IV), B 4 represents a single bond or a 

hydrocarbon group having 1 to 20 carbon atoms, and a 

represents an integer of 1 to 10.  B 4, if present in a 

plural number, is respectively independent. 

[0087] 

 

[0088] 

 In formula (V), B 5 represents a single bond or a 

hydrocarbon group having 1 to 20 carbon atoms, and a 

represents an integer of 1 to 10. 

 B 5, if present in a plural number, is respectively 

independent.  If A is represented by any one of for mulae 

(II) to (V), the processability when used for obtai ning a 

vulcanizate tends to be more excellent, and the bal ance 

between the low hysteresis loss property and the we t skid 

resistance and the abrasion resistance when in the form 

of a vulcanizate tend to be more excellent as the e ffects 
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of the present embodiment.  Besides, such a polymer  tends 

to be practically more easily available. 

[0089] 

[Method for Producing Modified Conjugated Diene-bas ed 

Polymer] 

 A method for producing the modified conjugated 

diene-based copolymer of the present embodiment has  

 a polymerization step of polymerizing at least a 

conjugated diene compound in the presence of an 

organolithium compound having at least one nitrogen  atom 

in a molecule, or copolymerizing at least a conjuga ted 

diene compound and a copolymerizable monomer having  at 

least one nitrogen atom in a molecule in the presen ce of 

an organolithium compound to give a nitrogen-contai ning 

conjugated diene-based polymer, and a modification step 

of modifying the nitrogen-containing conjugated die ne-

based polymer with a modifier having at least three  

silicon atoms and at least one nitrogen atom in one  

molecule and 8 or more reaction active sites. 

[0090] 

(Polymerization Step) 

 The polymerization step in the method for producin g 

the modified conjugated diene-based polymer of the 

present embodiment is a polymerization step of 

polymerizing at least a conjugated diene compound i n the 

presence of an organolithium compound having at lea st one 

nitrogen atom in a molecule, or copolymerizing at l east a 
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conjugated diene compound and a copolymerizable mon omer 

having at least one nitrogen atom in a molecule in the 

presence of an organolithium compound to give a nit rogen-

containing conjugated diene-based polymer. 

 The polymerization step is preferably performed by  

polymerization through a growth reaction by living 

anionic polymerization, and thus, a conjugated dien e-

based polymer having an active end can be obtained,  and 

there is a tendency that a modified diene-based pol ymer 

having a high modification ratio can be obtained. 

[0091] 

<Conjugated Diene-based Polymer> 

 The conjugated diene-based polymer to be produced in 

the polymerization step is obtained by polymerizing  at 

least a conjugated diene compound as a monomer, and  is 

obtained, if necessary, by copolymerizing both a 

conjugated diene compound and copolymerizable anoth er 

monomer. 

 The conjugated diene compound is not especially 

limited as long as it is a polymerizable conjugated  diene 

compound, and is preferably a conjugated diene comp ound 

comprising 4 to 12 carbon atoms per molecule, and m ore 

preferably a conjugated diene compound comprising 4  to 8 

carbon atoms.  Examples of such a conjugated diene 

compound include, but are not limited to, 1,3-butad iene, 

isoprene, 2,3-dimethyl-1,3-butadiene, 1,3-pentadien e, 3-

methyl-1,3-pentadiene, 1,3-hexadiene and 1,3-heptad iene. 
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 Among these, 1,3-butadiene and isoprene are 

preferred from the viewpoint of industrial availabi lity.  

One of these compounds may be singly used, or two o r more 

of these may be used together. 

[0092] 

 The copolymerizable another monomer is not 

especially limited as long as it is a monomer 

copolymerizable with a conjugated diene compound, a nd is 

preferably a vinyl-substituted aromatic compound. 

 Examples of the monovinyl aromatic compound includ e, 

but are not limited to, styrene, p-methylstyrene, α-

methylstyrene, vinyl ethyl benzene, vinyl xylene, v inyl 

naphthalene and diphenyl ethylene.  Among these, st yrene 

is preferred from the viewpoint of industrial 

availability. 

 One of these compounds may be singly used, or two or 

more of these may be used together. 

[0093] 

 If the conjugated diene compound and/or the vinyl-

substituted aromatic compound comprise any of allen es, 

acetylenes and the like as an impurity, it is appre hended 

that the polymerization reaction in the reaction st ep 

described later may be impaired.  Therefore, the su m of 

content concentrations (masses) of these impurities  is 

preferably 200 ppm or less, more preferably 100 ppm  or 

less, and further preferably 50 ppm or less. 
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 Examples of the allenes include propadiene and 1,2 -

butadiene.  Examples of the acetylenes include ethy l 

acetylene and vinyl acetylene. 

[0094] 

 The conjugated diene-based polymer may be a random  

copolymer or a block copolymer.  In order to form t he 

conjugated diene-based polymer as a rubber-like pol ymer, 

the conjugated diene compound is used in an amount of 

preferably 40% by mass or more and more preferably 55% by 

mass or more based on the amount of all monomers us ed in 

the conjugated diene-based polymer. 

[0095] 

 Examples of the random copolymer include, but are 

not limited to, a random copolymer comprising two o r more 

conjugated diene compounds such as a butadiene-isop rene 

random copolymer, and a random copolymer comprising  

various conjugated diene and the vinyl-substituted 

aromatic compound such as a butadiene-styrene rando m 

copolymer, an isoprene-styrene random copolymer or a 

butadiene-isoprene-styrene random copolymer.  A 

composition distribution of each monomer contained in a 

copolymer chain is not especially limited, and exam ples 

include a completely random copolymer whose composi tion 

is almost statistically random, and a tapered (grad ient) 

random copolymer whose composition is distributed i n a 

tapered manner.  A bonding mode of the conjugated d iene, 
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namely, the composition of a 1,4-bond, a 1,2-bond o r the 

like may be homogeneous or distributed. 

[0096] 

 Examples of the block copolymer include, but are n ot 

limited to, a two-block (diblock) copolymer consist ing of 

two blocks, a three-block (tri-block) copolymer 

consisting of three blocks, and a four-block (tetra -

block) copolymer consisting of four blocks.  A poly mer 

constituting every block may be a polymer comprisin g one 

monomer or a copolymer comprising two or more monom ers.  

Assuming that a polymer block comprising 1,3-butadi ene is 

expressed as "B", a copolymer of 1,3-butadiene and 

isoprene is expressed as "B/I", a copolymer of 1,3-

butadiene and styrene is expressed as "B/S" and a p olymer 

block comprising styrene is expressed as "S", the b lock 

copolymer is expressed as a B-B/I two-block copolym er, a 

B-B/S two-block copolymer, a S-B two-block copolyme r, a 

B-B/S-S three-block copolymer, a S-B-S three-block 

copolymer, a S-B-S-B four-block copolymer or the li ke. 

[0097] 

 In the above-described formula, there is no need t o 

always clearly define a boundary between blocks.  B esides, 

if one polymer block is a copolymer comprising two 

monomers A and B, the monomers A and B may be distr ibuted 

homogeneously or in a tapered manner in the block. 

[0098] 

<Polymerization Initiator> 
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 In the polymerization step, a prescribed 

polymerization initiator is used. 

 Examples of the polymerization initiator include 

organolithium compounds as described above, and an 

organolithium compound having at least one nitrogen  atom 

in a molecule is preferably used. 

 Examples of the organolithium compound include 

organomonolithium compounds, and another polymeriza tion 

initiator may be used together therewith. 

 Examples of the organomonolithium compound include , 

but are not limited to, a low molecular weight comp ound 

and an organomonolithium compound of a solubilized 

oligomer.  Another example of the organomonolithium  

compound includes a compound having, as a bonding m ode 

between an organic group and lithium therein, a car bon-

lithium bond, a nitrogen-lithium bond or a tin-lith ium 

bond. 

[0099] 

 The amount of the organomonolithium compound to be  

used as a polymerization initiator is preferably 

determined on the basis of the molecular weight of the 

target conjugated diene-based polymer or modified 

conjugated diene-based polymer. 

 There is a tendency that a ratio of the amount of a 

monomer such as the conjugated diene compound to be  used 

to the amount of the polymerization initiator to be  used 

relates to the degree of polymerization, namely, th e 
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number average molecular weight and/or the weight a verage 

molecular weight.  Accordingly, in order to increas e the 

molecular weight, adjustment may be made to reduce the 

amount of the polymerization initiator, and in orde r to 

reduce the molecular weight, the adjustment may be made 

to increase the amount of the polymerization initia tor. 

[0100] 

 The organomonolithium compound is preferably an 

alkyl lithium compound having a substituted amino g roup, 

or a substituted amino lithium compound from the 

viewpoint of use in one approach of introducing a 

nitrogen atom to a conjugated diene-based polymer.  In 

this case, a conjugated diene-based polymer having a 

nitrogen atom derived from an amino group at a 

polymerization starting end can be obtained.  The 

substituted amino group refers to an amino group ha ving 

no active hydrogen or having a structure in which a ctive 

hydrogen is protected. 

[0101] 

 The organolithium compound having at least one 

nitrogen atom in a molecule as the polymerization 

initiator includes an organolithium compound repres ented 

by any of the following general formulae (1) to (5) : 

[0102] 
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[0103] 

 wherein R 10 and R 11 each independently represent at 

least one group selected from the group consisting of an 

alkyl group having 1 to 12 carbon atoms, a cycloalk yl 

group having 3 to 14 carbon atoms, an aralkyl group  

having 6 to 20 carbon atoms, and a protective group , or 

R10 and R 11 are optionally bonded to each other to form a 

cyclic structure together with the adjacent nitroge n atom, 

wherein R 10 and R 11 represents an alkyl group having 5 to 

12 carbon atoms and optionally has an unsaturated b ond or 

a branched structure in a part thereof; and the 

protective group is an alkyl-substituted silyl grou p, 

[0104] 

 

[0105] 
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 wherein R 12 and R 13 each independently represent at 

least one group selected from the group consisting of an 

alkyl group having 1 to 12 carbon atoms, a cycloalk yl 

group having 3 to 14 carbon atoms, an aralkyl group  

having 6 to 20 carbon atoms, and a protective group , or 

R12 and R 13 are optionally bonded to each other to form a 

cyclic structure together with the adjacent nitroge n atom, 

wherein R 12 and R 13 represents an alkyl group having 5 to 

12 carbon atoms and optionally has an unsaturated b ond or 

a branched structure in a part thereof; the protect ive 

group is an alkyl-substituted silyl group; and R 14 

represents an alkylene group optionally having an 

aliphatic or aromatic substituent having 1 to 30 ca rbon 

atoms, or a conjugated diene-based polymer having 1  to 20 

carbon atoms, 

[0106] 

 

[0107] 

 wherein R 12 and R 13 each independently represent at 

least one group selected from the group consisting of an 
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alkyl group having 1 to 12 carbon atoms, a cycloalk yl 

group having 3 to 14 carbon atoms, an aralkyl group  

having 6 to 20 carbon atoms, and a protective group , or 

R12 and R 13 are optionally bonded to each other to form a 

cyclic structure together with the adjacent nitroge n atom, 

wherein R 12 and R 13 represents an alkyl group having 5 to 

12 carbon atoms and optionally has an unsaturated b ond or 

a branched structure in a part thereof; the protect ive 

group is an alkyl-substituted silyl group; R 19 represents 

a hydrocarbon group optionally having an aliphatic or 

aromatic substituent having 1 to 30 carbon atoms; R 20 

represents a hydrocarbon group optionally having a 

substituted amino group having 1 to 12 carbon atoms ; and 

n represents an integer of 1 to 10, 

[0108] 

 

[0109] 

 wherein R 15 and R 16 each independently represent at 

least one group selected from the group consisting of an 
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alkyl group having 1 to 12 carbon atoms, a cycloalk yl 

group having 3 to 14 carbon atoms, an aryl group ha ving 6 

to 20 carbon atoms, and a protective group, or R 15 and R 16 

are optionally bonded to each other to form a cycli c 

structure together with the adjacent nitrogen atom,  

wherein each of R 15 and R 16 represents an alkyl group 

having 5 to 12 carbon atoms and optionally has a br anched 

structure in a part thereof; and the protective gro up is 

an alkyl-substituted silyl group, and 

[0110] 

 

[0111] 

 wherein R 17 represents a hydrocarbon group having 2 

to 10 carbon atoms and optionally has an unsaturate d bond 

or a branched structure in a part thereof; R 18 represents 

an alkyl group having 1 to 12 carbon atoms or a 

protective group and optionally has a branched stru cture 

in a part thereof; and the protective group is an a lkyl-

substituted silyl group. 

[0112] 
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 In the formula (1), examples of the group 

represented by R 10 or R 11 include a methyl group, an ethyl 

group, a propyl group, a butyl group, an octyl grou p, a 

benzyl group, a cyclopropyl group, a cyclohexyl gro up, a 

3-phenyl-1-propyl group, an isobutyl group, a decyl  group, 

a heptyl group, and a phenyl group. 

 R 10 and R 11 are not limited to these and include 

analogs thereof as long as they satisfy the above-

described conditions. 

 A butyl group and a hexyl group are preferred, and  a 

butyl group is more preferred from the viewpoint of  

solubility in a solvent and reduction in hysteresis  loss 

of a modified conjugated diene-based polymer compos ition 

described later, and from the viewpoint of chain tr ansfer 

reaction control described later. 

[0113] 

 Examples of the organolithium compound having at 

least one nitrogen atom in a molecule represented b y 

formula (1) include, but are not limited to, 

ethylpropylamino lithium, ethylbutylamino lithium, 

ethylbenzylamino lithium, dibutylamino lithium, and  

dihexylamino lithium.  Among these, dibutylamino li thium 

and dihexylamino lithium are preferred, and dibutyl amino 

lithium is more preferred. 

[0114] 

 In the formula (1), when R 10 and R 11 are bonded to 

each other to form a cyclic structure together with  the 
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adjacent nitrogen atom, examples of the organolithi um 

compound represented by the formula (1) include, bu t are 

not limited to, piperidino lithium, hexamethyleneim ino 

lithium, lithium azacyclooctane, lithium-1,3,3-trim ethyl-

6-azabicyclo[3.2.1]octane, 1,2,3,6-tetrahydropyridi no 

lithium, and 3,5-dimethylpiperidino lithium. 

 The organolithium compound having at least one 

nitrogen atom in a molecule is not limited to these  and 

includes analogs thereof as long as they satisfy th e 

above-described conditions.  Piperidino lithium, 

hexamethyleneimino lithium, lithium azacyclooctane,  and 

lithium-1,3,3-trimethyl-6-azabicyclo[3.2.1]octane a re 

preferred, piperidino lithium, hexamethyleneimino l ithium, 

and 3,5-dimethylpiperidino lithium are more preferr ed, 

and piperidino lithium is further preferred from th e 

viewpoint of solubility of the polymerization initi ator 

in a solvent and reduction in unpleasant smell of t he 

modified conjugated diene-based polymer described l ater, 

and from the viewpoint of suppression of a chain tr ansfer 

reaction. 

[0115] 

 In the formula (2), R 14 represents an alkylene group 

optionally having an aliphatic or aromatic substitu ent 

having 1 to 30 carbon atoms, or a conjugated diene- based 

polymer having 1 to 20 carbon atoms.  The conjugate d 

diene-based polymer preferably represents a polymer  

comprising a conjugated diene compound having 4 to 12 
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carbon atoms as a repeating unit.  Examples of the 

conjugated diene compound include 1,3-butadiene, is oprene, 

2,3-dimethyl-1,3-butadiene, 1,3-pentadiene, 3-methy l-1,3-

pentadiene, 1,3-hexadiene, and 1,3-heptadiene.  Amo ng 

these, 1,3-butadiene and isoprene are preferred fro m the 

viewpoint of industrial availability.  One of these  

compounds may be singly used, or two or more of the se may 

be used together. 

[0116] 

 In the formula (2), when R 14 represents an alkylene 

group having 1 to 30 carbon atoms, R 14 preferably 

represents an alkylene group having 2 to 20 carbon atoms 

and more preferably represents an alkylene group ha ving 3 

to 16 carbon atoms from the viewpoint of reactivity  and 

an interactive property with an inorganic filler su ch as 

carbon or silica.  Besides, when R 14 represents an 

alkylene group having 1 to 30 carbon atoms, example s of 

the organolithium compound represented by formula ( 2) 

include, but are not limited to, (3-(dimethylamino) -

propyl) lithium, (3-(diethylamino)-propyl) lithium,  (3-

(dipropylamino)-propyl) lithium, (3-(dibutylamino)-

propyl) lithium, (3-(dipentylamino)-propyl) lithium , (3-

(dihexylamino)-propyl) lithium, (3-(dioctylamino)-p ropyl) 

lithium, (3-(ethylhexylamino)-propyl) lithium, (3-

(didecylamino)-propyl) lithium, (3-(ethylpropylamin o-

propyl) lithium, (3-(ethylbutylamino-propyl) lithiu m, (3-

(ethylbenzylamino)-propyl) lithium, (3-
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(methylphenethylamino)-propyl) lithium, (4-

(dibutylamino)-butyl) lithium, (5-(dibutylamino)-pe ntyl) 

lithium, (6-(dibutylamino)-hexyl) lithium, (10-

(dibutylamino)-decyl) lithium, (5-(dibutylamino)-1-

phenylpentyl) lithium, (5-(dibutylamino)-1,1-

diphenylpentyl) lithium, 3-N,N-

bistrimethylsilylaminopropyl lithium, 4-N-trimethyl silyl-

N-methylaminobutyl lithium, and 6-N-trimethylsilyl- N-

butylaminohexyl lithium. 

 The organolithium compound having at least one 

nitrogen atom in a molecule is not limited to these  and 

includes analogs thereof as long as they satisfy th e 

above-described conditions.  (3-(Dibutylamino)-prop yl) 

lithium is more preferred from the viewpoint of 

reactivity and an interactive property with an inor ganic 

filler such as carbon or silica. 

[0117] 

 In the formula (2), when R 14 represents a conjugated 

diene-based polymer, examples of the organolithium 

compound represented by formula (2) include, but ar e not 

limited to, (4-(dimethylamino)-2-butenyl) lithium, (4-

(diethylamino)-2-butenyl) lithium, (4-(dibutylamino )-2-

butenyl) lithium, (4-(dipropylamino)-2-butenyl) lit hium, 

(4-(diheptylamino)-2-butenyl) lithium, (4-(dihexyla mino)-

2-butenyl) lithium, (4-(dioctylamino)-2-butenyl) li thium, 

(4-(di-2-ethylhexylamino)-2-butenyl) lithium, (4-

(didecylamino)-2-butenyl) lithium, (4-(ethylpropyla mino)-
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2-butenyl) lithium, (4-(ethylbutylamino)-2-butenyl)  

lithium, (4-(ethylbenzylamino)-2-butenyl) lithium, (4-

(methylphenethylamino)-2-butenyl) lithium, (4-

(dimethylamino)-2-methyl-2-butenyl) lithium, (4-

(diethylamino)-2-methyl-2-butenyl) lithium, (4-

(dibutylamino)-2-methyl-2-butenyl) lithium, (4-

(dipropylamino)-2-methyl-2-butenyl) lithium, (4-

(diheptylamino)-2-methyl-2-butenyl) lithium, (4-

(dihexylamino)-2-methyl-2-butenyl) lithium, (4-

(dimethylamino)-3-methyl-2-butenyl) lithium, (4-

(diethylamino)-3-methyl-2-butenyl) lithium, (4-

(dibutylamino)-3-methyl-2-butenyl) lithium, (4-

(dipropylamino)-3-methyl-2-butenyl) lithium, (4-

(diheptylamino)-3-methyl-2-butenyl) lithium, (4-

(dihexylamino)-3-methyl-2-butenyl) lithium, a react ion 

product of 1 mol of piperidino lithium and 3 mol of  1,3-

butadiene, and a reaction product of 3-N,N-

bistrimethylsilylaminopropyl lithium and 3 mol of 1 ,3-

butadiene. 

 The organolithium compound having at least one 

nitrogen atom in a molecule is not limited to these  and 

includes analogs thereof as long as they satisfy th e 

above-described conditions.  4-(Dimethylamino)-2-bu tenyl) 

lithium, (4-(diethylamino)-2-butenyl) lithium, and (4-

(dibutylamino)-2-butenyl) lithium are preferred, an d (4-

(dibutylamino)-2-butenyl) lithium is more preferred  from 

the viewpoint of reactivity as an initiator and fro m the 
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viewpoint of chain transfer reaction control descri bed 

later. 

[0118] 

 In formula (2), when R 12 and R 13 are bonded to each 

other to form a cyclic structure together with the 

adjacent nitrogen atom, examples of the organolithi um 

compound represented by formula (2) include (3-

(piperidinyl)propyl) lithium, (3-

(hexamethyleneiminyl)propyl) lithium, (3-

(heptamethyleneiminyl)propyl) lithium, (3-

(octamethyleneiminyl)propyl) lithium, (3-(1,3,3-

trimethyl-6-azabicyclo[3.2.1]octanyl)propyl) lithiu m, (3-

(1,2,3,6-tetrahydropyridinyl)propyl) lithium, (2-

(hexamethyleneiminyl)ethyl) lithium, (4-

(hexamethyleneiminyl)butyl) lithium, (5-

(hexamethyleneiminyl)pentyl) lithium, (6-

(hexamethyleneiminyl)hexyl) lithium, (10-

(hexamethyleneiminyl)decyl) lithium, (4-(piperidiny l)-2-

butenyl) lithium, (4-(hexamethyleneiminyl)-2-buteny l) 

lithium, (4-(heptamethyleneiminyl)-2-butenyl) lithi um, 

(4-(octamethyleneiminyl)-2-butenyl) lithium, (4-(1, 3,3-

trimethyl-6-azabicyclo[3.2.1]octanyl)-2-butenyl) li thium, 

(4-(1,2,3,6-tetrahydropyridinyl)-2-butenyl) lithium , (4-

(hexamethyleneiminyl)-2-methyl-2-butenyl) lithium, and 

(4-(hexamethyleneiminyl)-3-methyl-2-butenyl) lithiu m. 

 The organolithium compound having at least one 

nitrogen atom in a molecule is not limited to these  and 
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includes analogs thereof as long as they satisfy th e 

above-described conditions.  (3-(Piperidinyl)propyl ) 

lithium, (3-(hexamethyleneiminyl)propyl) lithium, ( 3-

(1,2,3,6-tetrahydropyridinyl)propyl) lithium, (4-

(piperidinyl)-2-butenyl) lithium, and (4-

(hexamethyleneiminyl)-2-butenyl) lithium are prefer red, 

(3-(hexamethyleneiminyl)propyl) lithium, (4-

(piperidinyl)-2-butenyl) lithium, and (4-

(hexamethyleneiminyl)-2-butenyl) lithium are more 

preferred, and (4-(piperidinyl)-2-butenyl) lithium is 

further more preferred from the viewpoint of reacti vity 

and an interactive property with an inorganic fille r such 

as carbon or silica, and from the viewpoint of chai n 

transfer reaction control described later. 

[0119] 

 In formula (3), R 12 and R 13 are the same as R 12 and R 13 

in formula (2).  The organolithium compound having at 

least one nitrogen atom in a molecule represented b y 

formula (3) may be a reaction product of an 

organomonolithium compound and an organic unsaturat ed 

compound having a substituted amino group. 

 In this case, R 20 is an organic group derived from 

the organomonolithium compound, and R 19 is an alkylene 

compound derived from the organic unsaturated compo und 

having a substituted amino group.  When the 

organomonolithium compound has a substituted amino group, 

R20 is a hydrocarbon group having a substituted amino 
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group.  As the organic unsaturated compound having a 

substituted amino group, a known organic unsaturate d 

compound having a substituted amino group that caus es an 

addition reaction by a lithium-based initiator is u sed, 

and a vinyl aromatic compound having a substituted amino 

group and a conjugated diene compound having a 

substituted amino group are included therein. 

 Examples of the organolithium compound having at 

least one nitrogen atom in a molecule represented b y 

formula (3) include, but are not limited to, 1-(4-N ,N-

dimethylaminophenyl)hexyl lithium, 1-(4-N,N-

dimethylaminophenyl)-1-phenylhexyl lithium, 1-(4-N, N-

dimethylaminomethylphenyl)hexyl lithium, 1-(4-N,N-

bistrimethylsilylaminophenyl)hexyl lithium, 1-(4-N-

trimethylsilyl-N-ethylaminophenyl)hexyl lithium, 1- (4-

N,N-bistrimethylsilylaminophenyl)-1-phenylhexyl lit hium, 

1-(4-N,N-dimethylaminophenyl)-4-methylpentyl lithiu m, a 

reaction product of 1 mol of butyl lithium and 2 mo l of 

4-N,N-dimethylaminostyrene, a reaction product of 1  mol 

of sec-butyl lithium and 4 mol of 4-N,N-

bistrimethylsilylaminostyrene, a reaction product o f 1 

mol of butyl lithium and 4 mol of 2-N,N-dimethylami no-

1,3-butadiene, a reaction product of 1 mol of piper idino 

lithium and 2 mol of 4-N,N-dimethylaminostyrene, an d a 

reaction product of 3-N,N-bistrimethylsilylaminopro pyl 

lithium and 2 mol of 4-N,N-dimethylaminostyrene. 

[0120] 
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 Examples of the organolithium compound having at 

least one nitrogen atom in a molecule represented b y the 

formula (4) include a reaction product of a N-subst ituted 

orthotoluidine compound and alkyl lithium. 

 Examples of the organolithium compound having at 

least one nitrogen atom in a molecule represented b y 

formula (4) include, but are not limited to, N,N-

dimethyl-o-toluidino lithium, N,N-dimethyl-m-toluid ino 

lithium, N,N-dimethyl-p-toluidino lithium, N,N-diet hyl-o-

toluidino lithium, N,N-diethyl-m-toluidino lithium,  N,N-

diethyl-p-toluidino lithium, N,N-dipropyl-o-toluidi no 

lithium, N,N-dipropyl-m-toluidino lithium, N,N-dipr opyl-

p-toluidino lithium, N,N-dibutyl-o-toluidino lithiu m, 

N,N-dibutyl-m-toluidino lithium, N,N-dibutyl-p-tolu idino 

lithium, o-piperidinotolueno lithium, p-piperidinot olueno 

lithium, o-pyrrolidinotolueno lithium, p-

pyrrolidinotoluene, N,N,N',N'-tetramethyltoluylened iamino 

lithium, N,N,N',N'-tetraethyltoluylenediamino lithi um, 

N,N,N',N'-tetrapropyltoluylenediamino lithium, N,N-

dimethylxylidino lithium, N,N-diethylxylidino lithi um, 

N,N-dipropylxylidino lithium, N,N-dimethylmesidino 

lithium, N,N-diethylmesidino lithium, (N,N-

dimethylamino)toluylphenylmethylamino lithium, 1-(N ,N-

dimethylamino)-2-methylnaphthaleno lithium, and 1-( N,N-

dimethylamino)-2-methylanthraceno lithium. 

 The organolithium compound having at least one 

nitrogen atom in a molecule is not limited to these  and 
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includes analogs thereof as long as they satisfy th e 

above-described conditions.  N,N-Dimethyl-o-toluidi no 

lithium is more preferred from the viewpoint of 

polymerization activity. 

[0121] 

 Examples of the organolithium compound having at 

least one nitrogen atom in a molecule represented b y 

formula (4) include, but are not limited to, 2-(2-

methylpiperidinyl)-1-ethyl lithium (for example, tr ade 

name "AI-250" manufactured by FMC Corporation). 

[0122] 

 The organolithium compound is not limited to these  

and includes analogs thereof as long as they satisf y the 

above-described conditions. 

 Before the polymerization step, the organolithium 

compound having at least one nitrogen atom in a mol ecule 

or other organolithium compounds may be precedently  

prepared, and any known method can be applied to me thods 

therefor. 

[0123] 

 In order to obtain a nitrogen-containing conjugate d 

diene-based polymer in the polymerization step ment ioned 

above, the step of copolymerizing at least a conjug ated 

diene compound and a copolymerizable monomer having  at 

least one nitrogen atom in a molecule in the presen ce of 

an organolithium compound may be carried out. 
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 As the copolymerizable monomer having at least one  

nitrogen atom in a molecule, a known organic unsatu rated 

compound having a substituted amino group that is 

copolymerizable with a conjugated diene compound by  a 

lithium-based initiator is used, and a vinyl aromat ic 

compound having a substituted amino group and a 

conjugated diene compound having a substituted amin o 

group are included therein. 

[0124] 

 The organolithium compound is preferably an 

organomonolithium compound and may or may not have a 

substituted amino group in a molecule.  The organol ithium 

compound is preferably an alkyl lithium compound fr om the 

viewpoint of industrial availability and controllab ility 

of the polymerization reaction.  In this case, a 

conjugated diene-based polymer having an alkyl grou p at a 

polymerization starting end can be obtained. 

 Examples of the alkyl lithium compound include, bu t 

are not limited to, n-butyllithium, sec-butyllithiu m, 

tert-butyllithium, n-hexyllithium, benzyllithium, 

phenyllithium and stilbene lithium.  From the viewp oint 

of the industrial availability and the controllabil ity of 

the polymerization reaction, the alkyl lithium comp ound 

is preferably n-butyllithium or sec-butyllithium. 

[0125] 

 The substituted amino group is an amino group, eac h 

hydrogen of which is independently substituted with  at 
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least one group selected from the group consisting of an 

alkyl group having 1 to 12 carbon atoms, a cycloalk yl 

group having 3 to 14 carbon atoms, an aralkyl group  

having 6 to 20 carbon atoms, and a protective group , or 

the substituents are optionally bonded to each othe r to 

form a cyclic structure together with the adjacent 

nitrogen atom, wherein the substituents represents an 

alkyl group having 5 to 12 carbon atoms and optiona lly 

has an unsaturated bond or a branched structure in a part 

thereof.  The protective group is preferably an alk yl-

substituted silyl group. 

[0126] 

 The vinyl aromatic compound having a substituted 

amino group as a polymerization monomer includes st yrene 

having a substituted amino group, alkyl-substituted  

styrene, 1,1-diphenylethylene, and vinylnaphthalene .  

Examples of the vinyl aromatic compound having a 

substituted amino group include 4-N,N-

dimethylaminostyrene, 4-N,N-diethylaminostyrene, 4- N,N-

bistrimethylsilylaminostyrene, 4-N,N-

dimethylaminomethylstyrene, 4-(2-N,N-

diethylamino)ethylstyrene, 4-N,N-dimethylamino- α-

methylstyrene, 1-(4-N,N-dimethylaminophenyl)-1-

phenylethylene, and 1-(4-N,N-

bistrimethylsilylaminophenyl)-1-phenylethylene. 

[0127] 
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 The conjugated diene compound having a substituted  

amino group as a polymerization monomer includes a 

conjugated diene compound having 4 to 12 carbon ato ms and 

having a substituted amino group. 

 The conjugated diene compound having a substituted  

amino group includes, for example, 1,3-butadiene, 

isoprene, 2,3-dimethyl-1,3-butadiene, 1,3-pentadien e, 3-

methyl-1,3-pentadiene, 1,3-hexadiene, and 1,3-hepta diene 

having a substituted amino group.  Among these, 1,3 -

butadiene having a substituted amino group and isop rene 

having a substituted amino group are preferred from  the 

viewpoint of industrial availability.  Examples of the 

conjugated diene compound having a substituted amin o 

group include 2-dimethylamino-1,3-butadiene, 2-

bistrimethylsilylamino-1,3-butadiene, 2-

dimethylaminomethyl-1,3-butadiene, and 1-

dimethylaminomethyl-1,3-butadiene. 

[0128] 

 Examples of the polymerization reaction mode 

employed in the polymerization step include, but ar e not 

limited to, batch and continuous polymerization rea ction 

modes. 

 In the continuous mode, one reactor or two or more  

connected reactors can be used.  As a reactor for t he 

continuous mode, for example, a tank or tubular rea ctor 

equipped with a stirrer is used.  It is preferable,  in 

the continuous mode, that a monomer, an inert solve nt and 
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a polymerization initiator are continuously fed to the 

reactor, a polymer solution comprising a polymer is  

obtained in the reactor, and the polymer solution i s 

continuously discharged.  As a reactor for the batc h mode, 

for example, a tank reactor equipped with a stirrer  is 

used.  It is preferable, in the batch mode, that a 

monomer, an inert solvent and a polymerization init iator 

are fed, the monomer is continuously or intermitten tly 

additionally fed if necessary during the polymeriza tion, 

a polymer solution comprising a polymer is obtained  in 

the reactor, and the polymer solution is discharged  after 

completing the polymerization.  In the present embo diment, 

in order to obtain a conjugated diene-based polymer  

having an active end at a high ratio, the continuou s mode 

in which a polymer can be continuously discharged t o be 

supplied to a next reaction in a short period of ti me is 

preferably employed. 

[0129] 

 In the polymerization step, the monomer is 

polymerized preferably in an inert solvent. 

 Examples of the solvent include hydrocarbon-based 

solvents such as saturated hydrocarbon and aromatic  

hydrocarbon.  Specific examples of the hydrocarbon- based 

solvent include, but are not limited to, aliphatic 

hydrocarbons such as butane, pentane, hexane and he ptane; 

alicyclic hydrocarbons such as cyclopentane, cycloh exane, 

methylcyclopentane and methylcyclohexane; aromatic 



- 73 - 

hydrocarbons such as benzene, toluene and xylene; a nd a 

hydrocarbon comprising a mixture of any of these.  

Impurities of allenes and acetylenes are preferably  

treated with an organic metal compound before the s olvent 

is supplied to the polymerization reaction because thus, 

a conjugated diene-based polymer having an active e nd in 

a high concentration tends to be obtained, and a mo dified 

conjugated diene-based polymer having a high modifi cation 

ratio tends to be obtained. 

[0130] 

 The polymer solution may comprise a polar compound .  

Thus, there is a tendency that the polar compound e nables 

an aromatic vinyl compound to be randomly copolymer ized 

with the conjugated diene compound, and can be used  as a 

vinylation agent for controlling a microstructure o f a 

conjugated diene portion.  Besides, there is a tend ency 

that it is advantageous for acceleration of the 

polymerization reaction and the like. 

[0131] 

 Examples of the polar compound include, but are no t 

limited to, ethers such as tetrahydrofuran, diethyl  ether, 

dioxane, ethylene glycol dimethyl ether, ethylene g lycol 

dibutyl ether, diethylene glycol dimethyl ether, 

diethylene glycol dibutyl ether, dimethoxybenzene a nd 

2,2-bis(2-oxolanyl) propane; tertiary amine compoun ds 

such as tetramethylethylenediamine, dipiperidinoeth ane, 

trimethylamine, triethylamine, pyridine and quinucl idine; 
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alkaline metal alkoxide compounds such as potassium -tert-

amylate, potassium-tert-butylate, sodium-tert-butyl ate 

and sodium amylate; and phosphine compounds such as  

triphenylphosphine.  One of these polar compounds m ay be 

singly used, or two or more of these may be used to gether. 

[0132] 

 The amount of the polar compound to be used is not  

especially limited but can be selected in accordanc e with 

the purpose or the like, and is preferably 0.01 mol  or 

more and 100 mol or less per mol of the polymerizat ion 

initiator.  Such a polar compound (a vinylation age nt) 

can be used, as a microstructure modifier for a 

conjugated diene portion of the polymer, in an 

appropriate amount in accordance with a desired amo unt of 

vinyl bond.  There is a tendency that many polar 

compounds simultaneously have an effective randomiz ing 

effect in copolymerization of a conjugated diene co mpound 

and an aromatic vinyl compound, and can be used as a 

modifier for the distribution of the aromatic vinyl  

compound and the amount of a styrene block.  As a m ethod 

for randomizing the conjugated diene compound and t he 

aromatic vinyl compound, for example, a method as 

described in Japanese Patent Laid-Open No. 59-14021 1 in 

which a copolymerization reaction is started with t he 

whole amount of styrene and a part of 1,3-butadiene  with 

the rest of 1,3-butadiene intermittently added duri ng the 

copolymerization reaction may be employed. 
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[0133] 

 In the polymerization step, a polymerization 

temperature is preferably a temperature at which th e 

living anionic polymerization proceeds, and from th e 

viewpoint of productivity, is more preferably 0 °C or more 

and further preferably 120 °C or less.  If the 

polymerization temperature falls in this range, the re is 

a tendency that a reaction amount of the modifier r eacted 

to the active end can be sufficiently attained afte r 

completing the polymerization.  The polymerization 

temperature is still further preferably 50 °C or more and 

100 °C or less, and a temperature of 60 °C or more and 80 °C 

or less is more suitable. 

[0134] 

 The conjugated diene-based polymer obtained by the  

polymerization step before the reaction step has a Mooney 

viscosity, measured at 110 °C, of preferably 10 or more 

and 90 or less, more preferably 15 or more and 85 o r less, 

and further preferably 20 or more and 60 or less.  If the 

Mooney viscosity falls in this range, the modified 

conjugated diene-based polymer of the present embod iment 

tends to be excellent in the processability and the  

abrasion resistance. 

[0135] 

 The amount of bound conjugated diene in the 

conjugated diene-based polymer or the modified conj ugated 

diene-based polymer of the present embodiment is no t 
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especially limited, and is preferably 40% by mass o r more 

and 100% by mass or less, and more preferably 55% b y mass 

or more and 80% by mass or less. 

 Besides, the amount of bound aromatic vinyl in the  

conjugated diene-based polymer or the modified conj ugated 

diene-based polymer of the present embodiment is no t 

especially limited, and is preferably 0% by mass or  more 

and 60% by mass or less, and more preferably 20% by  mass 

or more and 45% by mass or less. 

 If the amount of bound conjugated diene and the 

amount of bound aromatic vinyl respectively fall in  the 

above-described ranges, there is a tendency that th e 

balance between the low hysteresis loss property an d the 

wet skid resistance and the abrasion resistance whe n in 

the form of a vulcanizate is more excellent, and 

practically sufficient fracture characteristics can  be 

obtained.  Here, the amount of bound aromatic vinyl  can 

be measured using ultraviolet absorption of a pheny l 

group, and based on this, the amount of bound conju gated 

diene can be also obtained.  Specifically, these am ounts 

are measured in accordance with a method described in the 

examples below. 

[0136] 

 In the conjugated diene-based polymer or the 

modified conjugated diene-based polymer of the pres ent 

embodiment, the amount of vinyl bond in a conjugate d 

diene bond unit is not especially limited, and is 
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preferably 10% by mole or more and 75% by mole or l ess, 

and more preferably 20% by mole or more and 65% by mole 

or less. 

 If the amount of vinyl bond falls in the above-

described range, the balance between the low hyster esis 

loss property and the wet skid resistance and the 

abrasion resistance when in the form of a vulcaniza te and 

the fracture strength tend to be more excellent.  H ere, 

if the modified diene-based polymer is a copolymer of 

butadiene and styrene, the amount of vinyl bond (th e 

amount of a 1,2-bond) in a butadiene bond unit can be 

obtained by Hampton method (R. R. Hampton, Analytic al 

Chemistry, 21, 923 (1949)).  Specifically, it is me asured 

by a method described in the examples below. 

[0137] 

 As for the microstructure of the modified conjugat ed 

diene-based polymer, it is preferable that the amou nts of 

the aforementioned bonds in the modified conjugated  

diene-based polymer fall respectively in the above-

described ranges and the glass transition temperatu re of 

the modified conjugated diene-based polymer is -45 °C or 

more and -15 °C or less.  Thus, there is a tendency that a 

vulcanizate excellent in rebound resilience can be 

obtained.  The glass transition temperature is defi ned as 

a peak top (an inflection point) of a DSC different ial 

curve obtained by recording a DSC curve during 

temperature increase in a prescribed range in accor dance 
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with ISO 22768:2006.  Specifically, it is measured in 

accordance with a method described in the examples below. 

[0138] 

 If the modified conjugated diene-based polymer of 

the present embodiment is a conjugated diene-aromat ic 

vinyl copolymer, it preferably comprises a few or n o 

blocks in which 30 or more aromatic vinyl units are  

chained.  More specifically, if the copolymer is a 

butadiene-styrene copolymer, in employing a known m ethod 

in which the copolymer is decomposed by Kolthoff me thod 

(a method described by I. M. Kolthoff, et al., J. P olym. 

Sci. 1, 429 (1946)) to analyze the amount of polyst yrene 

insoluble in methanol, blocks in each of which 30 o r more 

aromatic vinyl units are chained are preferably 5.0 % by 

mass or less, and more preferably 3.0% by mass or l ess 

based on the total amount of the copolymer. 

[0139] 

 If the conjugated diene-based polymer of the prese nt 

embodiment is a conjugated diene-aromatic vinyl cop olymer, 

a large proportion of an aromatic vinyl unit is 

preferably present singly.  Specifically, if the 

copolymer is a butadiene-styrene copolymer, when th e 

copolymer is decomposed by employing a method throu gh 

ozonolysis known as a method of Tanaka et al., (Pol ymer, 

22, 1721 (1981)) to analyze a styrene chain distrib ution 

by GPC, it is preferable that the amount of isolate d 

styrene to the whole amount of bound styrene is 40%  by 
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mass or more, and that the amount of a chain styren e 

structure consisting of 8 or more chained styrene i s 5.0% 

by mass or less.  In this case, a resultant vulcani zed 

rubber attains excellent performance of particularl y low 

hysteresis loss. 

[0140] 

(Modification Step) 

 In the modification step, the octa- or higher-

functional reactive compound (hereinafter sometimes  

referred to as the "modifier") is reacted with the active 

end of the nitrogen-containing conjugated diene-bas ed 

polymer obtained in the polymerization step, and th us, 

the modified conjugated diene-based polymer of the 

present embodiment in which a modifier residue and 8 or 

more molecules of the conjugated diene-based polyme rs are 

bonded is obtained. 

[0141] 

<Modifier> 

 The modifier used in the modification step of the 

present embodiment is preferably an octa- or higher -

functional reactive compound having a nitrogen atom  and a 

silicon atom, and it is more preferable to react a 

reactive compound having at least three silicon ato ms and 

at least one nitrogen atom in one molecule and havi ng 8 

or more reaction active sites. 
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 A modifier having 4 or more alkoxy groups bonded t o 

silicon atoms, having a tertiary amino group, and h aving 

8 or more reaction active sites is further more pre ferred. 

 Thus, there is a tendency that the interaction of 

the polymer with a filler, for example, silica, whi ch is 

added for obtaining a vulcanizate, is strengthened.  

 The modifier is further preferably a modifier in 

which at least one silicon atom constitutes an 

alkoxysilyl group having 1 to 20 carbon atoms or a 

silanol group, and the modifier is still further 

preferably a compound represented by formula (VI) g iven 

below. 

[0142] 

 The modifier in the modification step is more 

preferably a compound represented by the following 

general formula (VI): 

[0143] 
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[0144] 

 In formula (VI), R 12 to R 14 each independently 

represent a single bond or an alkylene group having  1 to 

20 carbon atoms, R 15 to R 18 and R 20 each independently 

represent an alkyl group having 1 to 20 carbon atom s, R 19 

and R 22 each independently represent an alkylene group 

having 1 to 20 carbon atoms, and R 21 represents an alkyl 

group having 1 to 20 carbon atoms or a trialkylsily l 

group, m represents an integer of 1 to 3, and p 

represents 1 or 2.  Each of R 12 to R 22, m and p, if 

present in a plural number, is respectively indepen dent, 

and may be the same as or different from each other .  

Furthermore, i represents an integer of 0 to 6, j 

represents an integer of 0 to 6, k represents an in teger 
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of 0 to 6, and (i + j + k) is an integer of 4 to 10 .  

Besides, A represents hydrocarbon group having 1 to  20 

carbon atoms, or an organic group having at least o ne 

atom selected from the group consisting of an oxyge n atom, 

a nitrogen atom, a silicon atom, a sulfur atom and a 

phosphorous atom, and not having active hydrogen. 

[0145] 

 A hydrocarbon group represented by A includes 

saturated, unsaturated, aliphatic and aromatic 

hydrocarbon groups.  The organic group not having a ctive 

hydrogen is an organic group not inactivating an ac tive 

end of the conjugated diene-based polymer.  An exam ple of 

the organic group not having active hydrogen includ es an 

organic group not having a functional group having active 

hydrogen such as a hydroxyl group ( −OH), a secondary 

amino group (>NH), a primary amino group ( −NH2) or a 

sulfhydryl group ( −SH).  The organic group not having 

active hydrogen includes an inactivated form of the  

functional group having active hydrogen by substitu tion 

with a protective group.  The protective group is 

preferably an alkyl-substituted silyl group. 

[0146] 

 The alkoxysilyl group of the modifier tends to rea ct 

with, for example, the active end of the nitrogen-

containing conjugated diene-based polymer to dissoc iate 

alkoxy lithium, and to form a bond between an end o f the 

nitrogen-containing conjugated diene-based polymer chain 
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and silicon of the modifier residue.  A value obtai ned by 

subtracting the number of SiOR groups reduced throu gh the 

reaction from the total number of SiOR groups conta ined 

in one molecule of the modifier corresponds to the number 

of alkoxysilyl groups contained in the modifier res idue.  

Besides, an aza-sila cycle group contained in the 

modifier forms a >N −Li bond and a bond between the end of 

the nitrogen-containing conjugated diene-based poly mer 

and silicon of the modifier residue.  It is noted t hat 

the >N −Li bond tends to be easily changed to >NH and LiOH 

with water or the like used in finishing.  Besides,  in 

the modifier, an unreacted and remained alkoxysilyl  group 

tends to be easily changed to silanol (a Si −OH group) 

with water or the like used in the finishing. 

[0147] 

 In the modification step, if the active end of 3 m ol 

of the nitrogen-containing conjugated diene-based p olymer 

is reacted with 1 mol of trialkoxysilane group havi ng 

three alkoxy group per silicon atom, there is a ten dency 

that 1 mol of the alkoxy group remains unreacted al though 

the reaction with the nitrogen-containing conjugate d 

diene-based polymer occurs up to 2 mol.  This can b e 

confirmed because 1 mol of the nitrogen-containing 

conjugated diene-based polymer remains without reac ting 

as an unreacted polymer.  Incidentally, if a large amount 

of alkoxy group is reacted, a condensation reaction  

occured during the finishing and storage, which lar gely 
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changes the viscosity of the polymer, can be inhibi ted.  

In particular, the condensation reaction tends to b e 

inhibited if the modified conjugated diene-based po lymer 

comprises 4 or more reaction parts in which 2 mol o f the 

conjugated diene copolymers are reacted with 1 mol of a 

trialkoxysilane group, namely, the branching degree  is 8 

or more, and the modified conjugated diene-based 

copolymer comprises no other reactable alkoxy group . 

[0148] 

 Examples of the modifier include, but are not 

limited to, tetrakis(3-trimethoxysilylpropyl)-1,3-

bisaminomethylcyclohexane, tris(3-trimethoxysilylpr opyl)-

[3-(2,2-dimethoxy-1-aza-2-silacyclopentane)propyl]- 1,3-

bisaminomethylcyclohexane, tetrakis(3-

trimethoxysilylpropyl)-1,6-hexamethylenediamine, 

pentakis(3-trimethoxysilylpropyl)-diethylenetriamin e, 

tetrakis[3-(2,2-dimethoxy-1-aza-2-

silacyclopentane)propyl]silane, bis(3-

trimethoxysilylpropyl)-bis[3-(2,2-dimethoxy-1-aza-2 -

silacyclopentane)propyl]silane, tris[3-(2,2-dimetho xy-1-

aza-2-silacyclopentane)propyl]-(3-

trimethoxysilylpropyl)silane, 1-[3-(2,2-dimethoxy-1 -aza-

2-silacyclopentane)propyl]-3,4,5-tris(3-

trimethoxysilylpropyl)-cyclohexane, 3,4,5-tris(3-

trimethoxysilylpropyl)-cyclohexyl-[3-(2,2-dimethoxy -1-

aza-2-silacyclopentane)propyl]ether, and 3,4,5-tris (3-
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trimethoxysilylpropyl)-cyclohexyl-bis[3-(2,2-dimeth oxy-1-

aza-2-silacyclopentane)propyl]phosphate. 

[0149] 

 A reaction temperature employed in the modificatio n 

step is preferably a temperature equivalent to the 

polymerization temperature of the conjugated diene- based 

polymer, more preferably 0 °C or more and 120 °C or less, 

and further preferably 50 °C or more and 100 °C or less.  

Besides, a temperature change after the polymerizat ion 

step until the addition of the modifier is preferab ly 

10°C or less, and more preferably 5 °C or less. 

[0150] 

 A reaction time employed in the modification step is 

preferably 10 seconds or more, and more preferably 30 

seconds or more.  A time from the end of the 

polymerization step to the start of the modificatio n step 

is preferably shorter, and more preferably 5 minute s or 

less.  Thus, there is a tendency that a high modifi cation 

ratio can be obtained. 

[0151] 

 Mixing performed in the modification step may be 

either mechanical stirring or stirring with a stati c 

mixer or the like.  If the polymerization step is 

performed in the continuous mode, the modification step 

is preferably performed also in the continuous mode .  As 

a reactor used in the modification step, for exampl e, a 

tank or tubular reactor equipped with a stirrer is used.  
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The modifier may be diluted with an inert solvent a nd 

continuously supplied to the reactor.  If the 

polymerization step is performed in the batch mode,  the 

reaction step may be performed by a method in which  the 

polymerization reactor is charged with the modifier , or a 

method in which the polymer is transferred to anoth er 

reactor for performing the modification step. 

[0152] 

 In the formula (VI), A is preferably represented b y 

any one of the following general formulae (II) to ( V): 

[0153] 

 

[0154] 

 In formula (II), B 1 represents a single bond or a 

hydrocarbon group having 1 to 20 carbon atoms, and a 

represents an integer of 1 to 10.  B 1, if present in a 

plural number, is respectively independent. 

[0155] 
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[0156] 

 In formula (III), B 2 represents a single bond or a 

hydrocarbon group having 1 to 20 carbon atoms, B 3 

represents an alkyl group having 1 to 20 carbon ato ms, 

and a represents an integer of 1 to 10.  Each of B 2 and B 3, 

if present in a plural number, is respectively 

independent. 

[0157] 

 

[0158] 

 In formula (IV), B 4 represents a single bond or a 

hydrocarbon group having 1 to 20 carbon atoms, and a 

represents an integer of 1 to 10.  B 4, if present in a 

plural number, is respectively independent. 

[0159] 
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[0160] 

 In formula (V), B 5 represents a single bond or a 

hydrocarbon group having 1 to 20 carbon atoms, and a 

represents an integer of 1 to 10.  B 5, if present in a 

plural number, is respectively independent. 

 If A in the formula (VI) is represented by any one  

of formulae (II) to (V), there is a tendency that a  

modified conjugated diene-based polymer of the pres ent 

embodiment having more excellent performances can b e 

obtained. 

[0161] 

 Examples of the modifier in which A in formula (VI ) 

is represented by formula (II) include, but are not  

limited to, tetrakis(3-trimethoxysilylpropyl)-1,3-

propanediamine, tris(3-trimethoxysilylpropyl)-[3-(2 ,2-

dimethoxy-1-aza-2-silacyclopentane)propyl]-1,3-

propanediamine, bis(3-trimethoxysilylpropyl)-bis[3- (2,2-

dimethoxy-1-aza-2-silacyclopentane)propyl]-1,3-
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propanediamine, tris[3-(2,2-dimethoxy-1-aza-2-

silacyclopentane)propyl]-(3-trimethoxysilylpropyl)- 1,3-

propanediamine, tetrakis[3-(2,2-dimethoxy-1-aza-2-

silacyclopentane)propyl]-1,3-propanediamine, tetrak is(3-

triethoxysilylpropyl)-1,3-propanediamine, tris(3-

triethoxysilylpropyl)-[3-(2,2-diethoxy-1-aza-2-

silacyclopentane)propyl]-1,3-propanediamine, bis(3-

triethoxysilylpropyl)-bis[3-(2,2-diethoxy-1-aza-2-

silacyclopentane)propyl]-1,3-propanediamine, tris[3 -(2,2-

diethoxy-1-aza-2-silacyclopentane)propyl]-(3-

triethoxysilylpropyl)-1,3-propanediamine, tetrakis[ 3-

(2,2-diethoxy-1-aza-2-silacyclopentane)propyl]-1,3-

propanediamine, tetrakis(3-trimethoxysilylpropyl)-1 ,3-

bisaminomethylcyclohexane, tris(3-trimethoxysilylpr opyl)-

[3-(2,2-dimethoxy-1-aza-2-silacyclopentane)propyl]- 1,3-

bisaminomethylcyclohexane, bis(3-trimethoxysilylpro pyl)-

bis[3-(2,2-dimethoxy-1-aza-2-silacyclopentane)propy l]-

1,3-bisaminomethylcyclohexane, tris[3-(2,2-dimethox y-1-

aza-2-silacyclopentane)propyl]-(3-trimethoxysilylpr opyl)-

1,3-bisaminomethylcyclohexane, tetrakis[3-(2,2-dime thoxy-

1-aza-2-silacyclopentane)propyl]-1,3-propanediamine , 

tetrakis(3-triethoxysilylpropyl)-1,3-propanediamine , 

tris(3-triethoxysilylpropyl)-[3-(2,2-diethoxy-1-aza -2-

silacyclopentane)propyl]-1,3-bisaminomethylcyclohex ane, 

bis(3-triethoxysilylpropyl)-bis[3-(2,2-diethoxy-1-a za-2-

silacyclopentane)propyl]-1,3-bisaminomethylcyclohex ane, 

tris[3-(2,2-diethoxy-1-aza-2-silacyclopentane)propy l]-(3-
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triethoxysilylpropyl)-1,3-propanediamine, tetrakis[ 3-

(2,2-diethoxy-1-aza-2-silacyclopentane)propyl]-1,3-

propanediamine, tetrakis(3-trimethoxysilylpropyl)-1 ,6-

hexamethylenediamine, pentakis(3-trimethoxysilylpro pyl)-

diethylenetriamine, tris(3-trimethoxysilylpropyl)-b is[3-

(1-ethoxy-2-trimethylsilyl-1-sila-2-

azacyclopentane)propyl]-diethylenetriamine and 

tetrakis(3-trimethoxysilylpropyl)-[3-(1-ethoxy-2-

trimethylsilyl-1-sila-2-azacyclopentane)propyl]-

diethylenetriamine. 

[0162] 

 Examples of the modifier in which A in formula (VI ) 

is represented by formula (III) include, but are no t 

limited to, N 1,N 1'-(propane-1,3-diyl)bis(N 1-methyl-N 3,N 3-

bis(3-(trimethoxysilyl)propyl)-1,3-propanediamine) and 

N1-(3-(bis(3-(trimethoxysilyl)propyl)amino)propyl)-N 1-

methyl-N 3-(3-(methyl(3-

(trimethoxysilyl)propyl)amino)propyl)-N 3-(3-

(trimethoxysilyl)propyl)-1,3-propanediamine. 

[0163] 

 Examples of the modifier in which A in formula (VI ) 

is represented by formula (IV) include, but are not  

limited to, tetrakis[3-(2,2-dimethoxy-1-aza-2-

silacyclopentane)propyl]silane, tris[3-(2,2-dimetho xy-1-

aza-2-silacyclopentane)propyl]-(3-

trimethoxysilylpropyl)silane, bis(3-

trimethoxysilylpropyl)-bis[3-(2,2-dimethoxy-1-aza-2 -
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silacyclopentane)propyl]silane, and tris(3-

trimethoxysilylpropyl)-[3-(2,2-dimethoxy-1-aza-2-

silacyclopentane)propyl]silane. 

[0164] 

 Examples of the modifier in which A in formula (VI ) 

is represented by formula (V) include, but are not 

limited to, 3-tris[2-(2,2-dimethoxy-1-aza-2-

silacyclopentane)ethoxy]silyl-1-(2,2-dimethoxy-1-az a-2-

silacyclopentane)propane, and 3-tris[2-(2,2-dimetho xy-1-

aza-2-silacyclopentane)ethoxy]silyl-1-

trimethoxysilylpropane. 

[0165] 

 In formula (VI), A is preferably represented by 

formula (II) or formula (III), and k represents 0 ( zero).  

Such a modifier tends to be easily available, and t he 

abrasion resistance and the low hysteresis loss 

performance obtained when the modified conjugated d iene-

based polymer is made into a vulcanizate tend to be  more 

excellent.  Examples of such a modifier include, bu t are 

not limited to, tris(3-trimethoxysilylpropyl)-[3-(2 ,2-

dimethoxy-1-aza-2-silacyclopentane)propyl]-1,3-

propanediamine, tetrakis[3-(2,2-dimethoxy-1-aza-2-

silacyclopentane)propyl]-1,3-propanediamine, tetrak is(3-

trimethoxysilylpropyl)-1,3-propanediamine, and 

tetrakis(3-trimethoxysilylpropyl)-1,3-

bisaminomethylcyclohexane. 

[0166] 
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 More preferably, in formula (VI), A is represented  

by formula (II) or formula (III) and k represents 0  

(zero), and in formula (II) or formula (III), a 

represents an integer of 2 to 10.  Thus, the abrasi on 

resistance and the low hysteresis loss performance 

obtained when vulcanized tend to be more excellent.   

Examples of such a modifier include, but are not li mited 

to, tetrakis[3-(2,2-dimethoxy-1-aza-2-

silacyclopentane)propyl]-1,3-propanediamine, tetrak is(3-

trimethoxysilylpropyl)-1,3-propanediamine, tetrakis (3-

trimethoxysilylpropyl)-1,3-bisaminomethylcyclohexan e, and 

N1-(3-(bis(3-(trimethoxysilyl)propyl)amino)propyl)-N 1-

methyl-N 3-(3-(methyl(3-

(trimethoxysilyl)propyl)amino)propyl)-N 3-(3-

(trimethoxysilyl)propyl)-1,3-propanediamine. 

[0167] 

 An addition amount of the compound represented by 

formula (VI) as the modifier can be adjusted so tha t the 

reaction can be performed with a mole number ratio 

between the conjugated diene-based polymer and the 

modifier set to a desired stoichiometric ratio, and  thus, 

a desired branching degree tends to be attained.  A  

specific mole number of the polymerization initiato r, 

based on the mole number of the modifier, is prefer ably 

7.0-fold mole or more, and more preferably 8.0-fold  mole 

or more.  In this case, in formula (VI), the number  of 

functional groups in the modifier ((m - 1) × i + p × j + 
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k) is preferably an integer of 8 to 16, and more 

preferably an integer of 8 to 14. 

[0168] 

 As the number of functional groups in the compound  

represented by formula (VI) is larger, the branchin g 

degree of the resultant modified conjugated diene-b ased 

polymer is more likely to be shifted from a desired  value 

if the addition amount of the modifier cannot be 

controlled in a desired range in the reaction step.   

Accordingly, the addition amount of the modifier is  

preferably suitably controlled.  In order to suitab ly 

control the addition amount of the modifier, for ex ample, 

a method in which the modifier is diluted before th e 

addition is preferably employed.  If the shift in t he 

addition amount is the same, a shift between the mo le 

number of the conjugated diene-based polymer and th e mole 

number of the modifier tends to be smaller when it is 

diluted.  Besides, a water content of a solvent use d for 

the dilution is preferably 100 mass ppm or less, mo re 

preferably 50 mass ppm or less, further preferably 30 

mass ppm or less, and further more preferably 10 ma ss ppm 

or less.  If the water content of the solvent used for 

the dilution is 100 mass ppm or less, the modifier and 

water are reacted to reduce the number of the funct ional 

groups in the modifier, and therefore, there is a 

tendency that the shift between the mole number of the 
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conjugated diene-based polymer and the mole number of the 

modifier can be suppressed. 

[0169] 

 In the present embodiment, after the modification 

step or before the modification step, a condensatio n 

reaction step of performing a condensation reaction  in 

the presence of a condensation accelerator can be 

performed. 

[0170] 

 The conjugated diene portion of the modified 

conjugated diene-based polymer of the present embod iment 

may be hydrogenated, a method for the hydrogenation  is 

not especially limited, and any of known methods ca n be 

employed.  As a suitable hydrogenation method, a me thod 

in which the hydrogenation is performed by blowing 

gaseous hydrogen into the polymer solution in the 

presence of a hydrogenation catalyst can be employe d.  

Examples of the catalyst include heterogeneous cata lysts 

such as a catalyst comprising a noble metal support ed on 

a porous inorganic substance; and homogenous cataly sts 

such as a catalyst obtained by reacting a solubiliz ed 

salt of nickel, cobalt or the like with organic alu minum 

or the like, and a catalyst using metallocene such as 

titanocene.  Among these catalysts, from the viewpo int 

that a mild hydrogenation condition can be selected , a 

titanocene catalyst is preferably used.  In additio n, 
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hydrogenation of an aromatic group can be performed  by 

using a noble metal-supported catalyst. 

[0171] 

 Specific examples of the hydrogenation catalyst 

include, but are not limited to, (1) a supported 

heterogeneous hydrogenation catalyst obtained by 

supporting a metal such as Ni, Pt, Pd or Ru on carb on, 

silica, alumina or diatomite, (2) what is called a 

ziegler catalyst using an organic acid salt of Ni, Co, Fe, 

Cr or the like, or a transition metal salt such as 

acetylacetone salt, and a reducing agent such as or ganic 

aluminum, and (3) what is called an organic metal c omplex 

such as an organic metal compound of Ti, Ru, Rh or Zr.  

Furthermore, examples of the hydrogenation catalyst  

include known hydrogenation catalysts described in,  for 

example, Japanese Patent Publication No. 42-8704, 

Japanese Patent Publication No. 43-6636, Japanese P atent 

Publication No. 63-4841, Japanese Patent Publicatio n No. 

1-37970, Japanese Patent Publication No. 1-53851, 

Japanese Patent Publication No. 2-9041 and Japanese  

Patent Laid-Open No. 8-109219.  A preferable 

hydrogenation catalyst is a reaction mixture of a 

titanocene compound and a reducing organic metal co mpound. 

[0172] 

 In the method for producing the modified conjugate d 

diene-based polymer of the present embodiment, a 

deactivator, a neutralizer or the like may be added  if 
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necessary to the resultant copolymer solution after  the 

modification step.  Examples of the deactivator inc lude, 

but are not limited to, water; and alcohols such as  

methanol, ethanol and isopropanol.  Examples of the  

neutralizer include, but are not limited to, carbox ylic 

acids such as stearic acid, oleic acid and versatic  acid 

(a mixture of highly branched carboxylic acids havi ng 9 

to 11 carbon atoms, mainly 10 carbon atoms); and an  

aqueous solution of an inorganic acid, and a carbon  

dioxide gas. 

[0173] 

 To the modified conjugated diene-based polymer, fr om 

the viewpoint of preventing gel formation after the  

polymerization and of improving stability in the 

processing, a stabilizer for rubber is preferably a dded.  

As the stabilizer for rubber, any of known stabiliz ers, 

not limited to the following, can be used, and pref erable 

examples include antioxidants such as 2,6-di-tert-b utyl-

4-hydroxytoluene (BHT), n-octadecyl-3-(4'-hydroxy-3 ',5'-

di-tert-butylphenol)propionate, and 2-methyl-4,6-

bis[(octylthio)methyl]phenol. 

[0174] 

 In order to further improve the processability of 

the modified conjugated diene-based polymer of the 

present embodiment, an extender oil may be added to  the 

modified conjugated diene-based copolymer if necess ary.  

A preferable example of a method for adding an exte nder 
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oil to the modified conjugated diene-based polymer 

includes, but is not limited to, a method in which an 

extender oil is added to the polymer solution to be  mixed, 

and the resultant oil-extended copolymer solution i s 

desolvated.  Examples of the extender oil include a n 

aroma oil, a naphthenic oil and a paraffin oil.  Am ong 

these oils, from the viewpoint of environmental saf ety, 

oil bleeding prevention and wet grip characteristic s, an 

aroma-alternative oil comprising 3% by mass or less  of a 

polycyclic aromatic (PCA) component according to th e IP 

346 is preferred.  Examples of the aroma-alternativ e oil 

include TDAE (Threated Distillate Aromatic Extracts ), MES 

(Mild Extraction Solvate) and the like mentioned in  

Kautschuk Gummi Kunststoffe 52 (12) 799 (1999), and  RAE 

(Residual Aromatic Extracts). 

 The amount of the extender oil to be added is not 

especially limited, and is preferably 1 part by mas s or 

more and 60 parts by mass or less, more preferably 5 

parts by mass or more and 50 parts by mass or less,  and 

further preferably 10 parts by mass or more and 37. 5 

parts by mass or less per 100 parts by mass of the 

modified conjugated diene-based polymer. 

[0175] 

 As a method for recovering, from the polymer 

solution, the modified conjugated diene-based polym er of 

the present embodiment, any of known methods can be  

employed.  Examples of the method include a method in 
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which the polymer is filtered off after separating the 

solvent by steam stripping and the resultant is 

dehydrated and dried to recover the polymer, a meth od in 

which the solution is concentrated in a flashing ta nk and 

the resultant is devolatilized by a vent extruder o r the 

like, and a method in which the solution is directl y 

devolatilized using a drum dryer or the like. 

[0176] 

 The modified conjugated diene-based polymer of the  

present embodiment is suitably used as a vulcanizat e.  

Examples of the vulcanizate include a tire, a hose,  a 

shoe sole, an anti-vibration rubber, a vehicle comp onent 

and a seismic isolation rubber as well as high-impa ct 

polystyrene and a resin reinforcing rubber for an A BS 

resin or the like.  In particular, the modified 

conjugated diene-based polymer is suitably used as a 

tread rubber composition for a tire.  The vulcaniza te can 

be obtained, for example, by kneading the modified 

conjugated diene-based polymer of the present embod iment 

and, if necessary, an inorganic filler such as a si lica-

based inorganic filler or carbon black, a rubber-li ke 

polymer different from the modified conjugated dien e-

based polymer of the present embodiment, a silane 

coupling agent, a rubber softener, a vulcanizing ag ent, a 

vulcanization accelerator, a vulcanization aid or t he 

like to obtain a modified conjugated diene-based po lymer 
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composition, and vulcanizing the thus obtained 

composition by heating. 

[0177] 

[Rubber Composition] 

 A rubber composition of the present embodiment 

comprises a rubber component and a filler in an amo unt of 

5.0 parts by mass or more and 150 parts by mass or less 

based on 100 parts by mass of the rubber component.  

 Besides, the rubber component comprises the above-

described modified conjugated diene-based polymer o f the 

present embodiment in an amount of 10% by mass or m ore 

based on  the total amount (100% by mass) of the ru bber 

component. 

 Furthermore, the filler preferably comprises a 

silica-based inorganic filler.  If a silica-based 

inorganic filler is dispersed therein, the rubber 

composition tends to be more excellent in the 

processability when used for obtaining a vulcanizat e.  If 

the rubber composition of the present embodiment is  to be 

used as a vulcanized rubber for a tire, a vehicle 

component such as an anti-vibration rubber or for s hoes 

or the like, a silica-based inorganic filler is 

preferably contained. 

[0178] 

 In the rubber composition, a rubber-like polymer 

different from the modified conjugated diene-based 

polymer of the present embodiment (hereinafter simp ly 
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referred to as the "rubber-like polymer") can be us ed in 

combination with the branched modified diene-based 

polymer of the present embodiment.  Examples of suc h a 

rubber-like polymer include, but are not limited to , a 

conjugated diene-based polymer or a hydrogenated pr oduct 

thereof, a random copolymer of a conjugated diene-b ased 

compound and a vinyl aromatic compound or a hydroge nated 

product thereof, a block copolymer of a conjugated diene-

based compound and a vinyl aromatic compound or a 

hydrogenated product thereof, a non-diene-based pol ymer 

and a natural rubber.  Specific examples of the rub ber-

like polymer include, but are not limited to, a but adiene 

rubber or a hydrogenated product thereof, an isopre ne 

rubber or a hydrogenated product thereof, styrene-b ased 

elastomers such as a styrene-butadiene rubber or a 

hydrogenated product thereof, a styrene-butadiene b lock 

copolymer or a hydrogenated product thereof, and a 

styrene-isoprene block copolymer or a hydrogenated 

product thereof, and an acrylonitrile-butadiene rub ber or 

a hydrogenated product thereof. 

[0179] 

 Examples of the non-diene-based polymer include, b ut 

are not limited to, olefin-based elastomers such as  an 

ethylene-propylene rubber, an ethylene-propylene-di ene 

rubber, an ethylene-butene-diene rubber, an ethylen e-

butene rubber, an ethylene-hexene rubber and an eth ylene-

octene rubber, a butyl rubber, a brominated butyl r ubber, 
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an acrylic rubber, a fluorine rubber, a silicone ru bber, 

a chlorinated polyethylene rubber, an epichlorohydr in 

rubber, an α, β-unsaturated nitrile-acrylic acid ester-

conjugated diene copolymer rubber, a urethane rubbe r and 

a polysulfide rubber. 

[0180] 

 Examples of the natural rubber include, but are no t 

limited to, smoked sheets of RSS Nos. 3 to 5, SMR a nd 

epoxidized natural rubber. 

[0181] 

 The above-described various rubber-like polymers m ay 

be in the form of a modified rubber imparted with a  

functional group having polarity such as a hydroxyl  group 

or an amino group.  For use in a tire, a butadiene rubber, 

an isoprene rubber, a styrene-butadiene rubber, a n atural 

rubber and a butyl rubber are preferably used. 

[0182] 

 The weight average molecular weight of the rubber-

like polymer is, from the viewpoint of balance betw een 

the performance and the processing characteristics,  

preferably 2000 or more and 2000000 or less, and mo re 

preferably 5000 or more and 1500000 or less.  Besid es, a 

rubber-like polymer having a low molecular weight, namely, 

what is called a liquid rubber, can be used.  One o f 

these rubber-like polymers may be singly used, or t wo or 

more of these may be used together. 

[0183] 
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 When the rubber composition comprises the modified  

conjugated diene-based polymer of the present embod iment 

and the rubber-like polymer, a content (in a mass r atio) 

of the modified conjugated diene-based polymer to t he 

rubber-like polymer is, in terms of (the modified 

conjugated diene-based polymer/the rubber-like poly mer), 

preferably 10/90 or more and 100/0 or less, more 

preferably 20/80 or more and 90/10 or less, and fur ther 

preferably 50/50 or more and 80/20 or less.  Accord ingly, 

the rubber component comprises, based  on the total  

amount (100 parts by mass) of the rubber component,  the 

modified conjugated diene-based polymer in an amoun t of 

preferably 10 parts by mass or more and 100 parts b y mass 

or less, more preferably 20 parts by mass or more a nd 90 

parts by mass or less, and further preferably 50 pa rts by 

mass or more and 80 parts by mass or less.  If the ratio 

of (the modified conjugated diene-based polymer/the  

rubber-like polymer) falls in the above-described r ange, 

the dispersibility of a filler, for example, silica , when 

in the form of a vulcanizate tends to be improved. 

[0184] 

 Examples of the filler include, but are not limite d 

to, a silica-based inorganic filler, carbon black, a 

metal oxide and a metal hydroxide.  Among these, a 

silica-based inorganic filler is preferred.  One of  these 

may be singly used, or two or more of these may be used 

together. 
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[0185] 

 A content of the filler in the rubber composition is 

5.0 parts by mass or more and 150 parts by mass, an d 

preferably 20 parts by mass or more and 100 parts b y mass 

or less based on 100 parts by mass of the rubber 

component comprising the modified conjugated diene- based 

polymer.  From the viewpoint of exhibiting the effe ct of 

the filler addition, the content of the filler is 5 .0 

parts by mass or more, and from the viewpoint that the 

filler is sufficiently dispersed to attain practica lly 

sufficient processability and mechanical strength o f the 

composition, the content is 150 parts by mass or le ss. 

[0186] 

 The silica-based inorganic filler is not especiall y 

limited, any of known fillers can be used, a solid 

particle comprising SiO 2 or Si 3Al as a constituent unit 

is preferred, and a solid particle comprising SiO 2 or 

Si 3Al as a principal component of a constituent unit i s 

more preferred.  Here, the principal component refe rs to 

a component contained in the silica-based inorganic  

filler in an amount of 50% by mass or more, prefera bly 

70% by mass or more, and more preferably 80% by mas s or 

more. 

[0187] 

 Examples of the silica-based inorganic filler 

include, but are not limited to, silica, clay, talc , mica, 

diatomite, wollastonite, montmorillonite, zeolite a nd 
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inorganic fibrous substances such as glass fiber.  

Besides, examples include a silica-based inorganic filler 

having a hydrophobized surface, and a mixture of a 

silica-based inorganic filler and an inorganic fill er 

excluding silica.  Among these, from the viewpoint of the 

strength and the abrasion resistance, silica and gl ass 

fiber are preferred, and silica is more preferred.  

Examples of the silica include dry silica, wet sili ca and 

synthetic silicate silica.  Among these silica, wet  

silica is preferred from the viewpoint that it is 

excellent in the effect of improving the fracture 

characteristics and in the balance in the wet skid 

resistance. 

[0188] 

 From the viewpoint of obtaining practically good 

abrasion resistance and fracture characteristics of  the 

rubber composition, a nitrogen adsorption specific 

surface area, obtained by the BET adsorption method , of 

the silica-based inorganic filler is preferably 100  m2/g 

or more and 300 m 2/g or less, and more preferably 170 

m2/g or more and 250 m 2/g or less.  Besides, a silica-

based inorganic filler having a comparatively small  

specific surface area (for example, a specific surf ace 

area of 200 m 2/g or less) and a silica-based inorganic 

filler having a comparatively large specific surfac e area 

(for example, a specific surface area of 200 m 2/g or 

more) can be used in combination if necessary.  In the 
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present embodiment, if a silica-based inorganic fil ler 

having a comparatively large specific surface area (of, 

for example, 200 m 2/g or more) is used in particular, the 

modified conjugated diene-based polymer tends to be  well 

balanced between good fracture characteristics and the 

low hysteresis loss property because the dispersibi lity 

of silica can be thus so improved that an effect of  

improving the abrasion resistance is exhibited in 

particular. 

[0189] 

 A content of the silica-based inorganic filler in 

the rubber composition is 5.0 parts by mass or more  and 

150 parts mass, and preferably 20 parts by mass or more 

and 100 parts by mass or less based on 100 parts by  mass 

of the rubber component comprising the modified 

conjugated diene-based polymer.  From the viewpoint  of 

exhibiting the effect of the inorganic filler addit ion, 

the content of the silica-based inorganic filler is  5.0 

parts by mass or more, and from the viewpoint that the 

inorganic filler is sufficiently dispersed to obtai n 

practically sufficient processability and mechanica l 

strength of the composition, the content is 150 par ts by 

mass or less. 

[0190] 

 Examples of the carbon black include, but are not 

limited to, carbon blacks of SRF, FEF, HAF, ISAF an d SAF 

classes.  Among these, a carbon black having a nitr ogen 



- 106 - 

adsorption specific surface area of 50 m 2/g or more and 

dibutyl phthalate (DBP) oil absorption of 80 mL/100  g or 

less is preferred. 

[0191] 

 A content of the carbon black is preferably 0.5 

parts by mass or more and 100 parts by mass or less , more 

preferably 3.0 parts by mass or more and 100 parts by 

mass or less, and further preferably 5.0 parts by m ass or 

more and 50 parts by mass or less based on 100 part s by 

mass of the rubber component comprising the modifie d 

conjugated diene-based polymer.  From the viewpoint  of 

exhibiting performances required in use as a tire o r the 

like such as dry grip performance and conductivity,  the 

content of the carbon black is preferably 0.5 parts  by 

mass or more, and from the viewpoint of dispersibil ity, 

the content is preferably 100 parts by mass or less . 

[0192] 

 The metal oxide refers to a solid particle 

comprising a principal component of a constituent u nit 

represented by MxOy (wherein M represents a metal a tom, 

and x and y each independently represent an integer  of 1 

to 6).  Examples of the metal oxide include, but ar e not 

limited to, alumina, titanium oxide, magnesium oxid e and 

zinc oxide.  Examples of the metal hydroxide includ e, but 

are not limited to, aluminum hydroxide, magnesium 

hydroxide and zirconium hydroxide. 

[0193] 
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 The rubber composition may comprise a silane 

coupling agent.  The silane coupling agent is prefe rably 

a compound that has a function to make close the 

interaction between the rubber component and the 

inorganic filler, has a group having affinity with or a 

binding property to both of the rubber component an d the 

silica-based inorganic filler, and comprises, in on e 

molecule, a sulfur bond portion and an alkoxysilyl group 

or silanol group portion.  Examples of such a compo und 

include bis-[3-(triethoxysilyl)-propyl]-tetrasulfid e, 

bis-[3-(triethoxysilyl)-propyl]-disulfide and bis-[ 2-

(triethoxysilyl)-ethyl]-tetrasulfide. 

[0194] 

 A content of the silane coupling agent is preferab ly 

0.1 parts by mass or more and 30 parts by mass or l ess, 

more preferably 0.5 parts by mass or more and 20 pa rts by 

mass or less, and further preferably 1.0 part by ma ss or 

more and 15 parts by mass or less based on 100 part s by 

mass of the inorganic filler.  If the content of th e 

silane coupling agent falls in the aforementioned r ange, 

there is a tendency that the effect of the addition  of 

the silane coupling agent can be more conspicuous. 

[0195] 

 The rubber composition may comprise a rubber 

softener from the viewpoint of improvement of the 

processability.  As the rubber softener, a mineral oil or 
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a liquid or low molecular weight synthetic softer i s 

suitably used. 

 A mineral oil-based rubber softener, which is used  

for softening, expanding and improving processabili ty of 

a rubber and is designated as a process oil or an 

extender oil, is a mixture of an aromatic ring, a 

naphthene ring and a paraffin chain, and one in whi ch the 

number of carbon atoms of the paraffin chain is 50%  or 

more of the number of all carbon atoms is designate d as a 

paraffin-based softener, one in which the number of  

carbon atoms of the naphthene ring is 30% or more a nd 45% 

or less of the number of all carbon atoms is design ated 

as a naphthene-based softener, and one in which the  

number of aromatic carbon atoms exceeds 30% of the number 

of all carbon atoms is designated as an aromatic-ba sed 

softener. 

 If the modified conjugated diene-based polymer of 

the present embodiment is a copolymer of a conjugat ed 

diene compound and a vinyl aromatic compound, a rub ber 

softener to be used is preferably one comprising an  

appropriate aromatic content because such a softene r 

tends to fit with the copolymer. 

[0196] 

 A content of the rubber softener is preferably 0 

part by mass or more and 100 parts by mass or less,  more 

preferably 10 parts by mass or more and 90 parts by  mass 

or less, and further preferably 30 parts by mass or  more 
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and 90 parts by mass or less based on 100 parts by mass 

of the rubber component comprising the modified 

conjugated diene-based polymer.  If the content of the 

rubber softener is 100 parts by mass or less based on 100 

parts by mass of the rubber component, there is a 

tendency that the bleeding out is suppressed and th e 

stickiness of the surface of the rubber composition  is 

suppressed. 

[0197] 

 Examples of a method for mixing the modified 

conjugated diene-based polymer and another rubber-l ike 

polymer, a silica-based inorganic filler, carbon bl ack or 

another filler, a silane coupling agent, and an add itive 

such as a rubber softener include, but are not limi ted to, 

a melt-kneading method using a general mixer such a s an 

open roll, a banbury mixer, a kneader, a single sha ft 

screw extruder, a twin shaft screw extruder or a mu lti-

shaft screw extruder, and a method in which the 

respective components are melted and mixed followed  by 

removal of a solvent by heating.  Among these metho ds, 

the melt-kneading method using a roll, a banbury mi xer, a 

kneader or an extruder is preferred from the viewpo int of 

productivity and high kneadability.  Besides, eithe r of a 

method in which the rubber component and another fi ller, 

a silane coupling agent and an additive are kneaded  all 

together or a method in which the components are mi xed 

dividedly in plural times is applicable. 
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[0198] 

 The rubber composition may be a vulcanized 

composition having been vulcanized with a vulcanizi ng 

agent.  Examples of the vulcanizing agent include, but 

are not limited to, radical generators such as orga nic 

peroxides and azo compounds, oxime compounds, nitro so 

compounds, polyamine compounds, sulfur and sulfur 

compounds.  The sulfur compounds include sulfur 

monochloride, sulfur dichloride, disulfide compound s and 

high molecular weight polysulfide compounds.  A con tent 

of the vulcanizing agent is preferably 0.01 parts b y mass 

or more and 20 parts by mass or less, and more pref erably 

0.1 parts by mass or more and 15 parts by mass or l ess 

based on 100 parts by mass of the rubber component.   As a 

vulcanizing method, any of known methods is applica ble, 

and a vulcanization temperature is preferably 120 °C or 

more and 200 °C or less, and more preferably 140 °C or more 

and 180 °C or less. 

[0199] 

 For the vulcanization, a vulcanization accelerator  

may be used if necessary.  As the vulcanization 

accelerator, any of known materials can be used, an d 

examples include, but are not limited to, sulphenam ide-

based, guanidine-based, thiuram-based, aldehyde-ami ne-

based, aldehyde-ammonia-based, thiazole-based, thio urea-

based and dithiocarbamate-based vulcanization 

accelerators.  Besides, examples of a vulcanization  aid 
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include, but are not limited to, zinc oxide and ste aric 

acid.  A content of the vulcanization accelerator i s 

preferably 0.01 parts by mass or more and 20 parts by 

mass or less, and more preferably 0.1 parts by mass  or 

more and 15 parts by mass or less based on 100 part s by 

mass of the rubber component. 

[0200] 

 The rubber composition may comprise, as long as th e 

object of the present embodiment is not impaired, v arious 

additives such as other softener and filler excludi ng 

those described above, a heat resistance stabilizer , an 

antistatic agent, a weathering stabilizer, an anti- ageing 

agent, a colorant and a lubricant.  As another soft ener, 

any of known softeners can be used.  Specific examp les of 

another filler include calcium carbonate, magnesium  

carbonate, aluminum sulfate and barium sulfate.  As  each 

of the heat resistance stabilizer, the antistatic a gent, 

the weathering stabilizer, the anti-ageing agent, t he 

colorant and the lubricant, any of known materials can be 

used. 

[0201] 

[Tire] 

 A tire of the present embodiment comprises the 

rubber composition of the present embodiment. 

 The rubber composition of the present embodiment i s 

applicable to, but not limited to, various tires su ch as 

a fuel-efficient tire, an all-season tire, a high-
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performance tire and a studless tire; and various t ire 

portions such as a tread, a carcass, a sidewall and  a 

bead.  In particular, since the rubber composition of the 

present embodiment is excellent in the balance betw een 

the low hysteresis loss property and the wet skid 

resistance when in the form of a vulcanizate and in  the 

abrasion resistance, it is more suitably used as a tread 

of a fuel-efficient tire or a high-performance tire .  

Besides, it can be expected that the balance betwee n the 

abrasion resistance and the strain dispersibility ( G') at 

50°C is good, the repetitive strain strength is excell ent, 

and the driving stability at the time of high-speed  

continuous driving is excellent. 

 

Examples 

[0202] 

 The present embodiment will now be described in mo re 

detail with reference to specific examples and 

comparative examples, and it is noted that the pres ent 

embodiment is not limited to the following examples . 

 The polymers of examples and comparative examples 

were analyzed by the following methods. 

[0203] 

(Physical Property 1) Amount of Bound Styrene 

 A modified conjugated diene-based polymer was used  

as a sample, 100 mg of the sample was dissolved in 
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chloroform to be diluted to 100 mL, and the resulta nt was 

used as a measurement sample. 

 Based on the absorption of a phenyl group of styre ne 

at the ultraviolet absorption wavelength (in the vi cinity 

of 254 nm), the amount of bound styrene (% by mass)  based 

on 100% by mass of the modified conjugated diene-ba sed 

polymer used as the sample was measured 

(spectrophotometer "UV-2450" manufactured by Shimad zu 

Corporation). 

[0204] 

(Physical Property 2) Microstructure of Butadiene P ortion 

(Amount of 1,2-Vinyl Bond) 

 A modified conjugated diene-based polymer was used  

as a sample, 50 mg of the sample was dissolved in 1 0 mL 

of carbon disulfide, and the resultant was used as a 

measurement sample. 

 A solution cell was used to measure an infrared 

spectrum in a range of 600 to 1000 cm -1  using a Fourier 

transform infrared spectrophotometer "FT-IR230" 

manufactured by JASCO Corporation, and in accordanc e with 

a calculation formula of the Hampton method (a meth od 

described by R. R. Hampton, Analytical Chemistry 21 , 923 

(1949)) based on absorbance at a prescribed wavelen gth, a 

microstructure of a butadiene portion, namely, the amount 

of a 1,2-vinyl bond (mol%) was obtained. 

[0205] 

(Physical Property 3) Molecular Weights 



- 114 - 

 <Measurement Conditions 1>: A conjugated diene-bas ed 

polymer or a modified conjugated diene-based polyme r was 

used as a sample to measure a chromatogram using a GPC 

measurement apparatus (trade name "HLC-8320GPC" 

manufactured by Tosoh Corporation) including a seri es of 

three columns using a polystyrene-based gel as a fi ller 

and using an RI detector (trade name "HLC8020" 

manufactured by Tosoh Corporation), and on the basi s of a 

calibration curve obtained using standard polystyre ne, a 

weight average molecular weight (Mw), a number aver age 

molecular weight (Mn), a molecular weight distribut ion 

(Mw/Mn), a peak top molecular weight (Mp 1) of the 

modified conjugated diene-based polymer, a peak top  

molecular weight (Mp 2) of the conjugated diene-based 

polymer, and a ratio therebetween (Mp 1/Mp 2) were obtained. 

 As an eluent, THF (tetrahydrofuran) comprising 5 

mmol/L of triethylamine was used. 

 As the columns, three columns available under the 

trade name "TSKgel SuperMultpore HZ-H" manufactured  by 

Tosoh Corporation were connected to one another, an d a 

guard column available under the trade name 

"TSKguardcolumn SuperMP(HZ)-H" manufactured by Toso h 

Corporation was connected to a previous stage of th ese. 

 Ten (10) mg of the sample for the measurement was 

dissolved in 10 mL of THF to obtain a measurement 

solution, and 10 µL of the measurement solution was 

injected into the GPC measurement apparatus for 
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performing the measurement under conditions of an o ven 

temperature of 40 °C and a THF flow rate of 0.35 mL/min. 

 Among various samples subjected to the measurement  

under the measurement conditions 1, a sample found to 

have a value of the molecular weight distribution ( Mw/Mn) 

smaller than 1.6 was subjected to measurement under  the 

following measurement conditions 2.  With respect t o 

samples each subjected to the measurement under the  

measurement conditions 1 and found to have a value of the 

molecular weight distribution of 1.6 or more, the 

measurement was performed under the measurement 

conditions 1. 

 <Measurement Conditions 2>: A conjugated diene-bas ed 

polymer or a modified conjugated diene-based polyme r was 

used as a sample to measure a chromatogram using a GPC 

measurement apparatus including a series of three c olumns 

using a polystyrene-based gel as a filler, and on t he 

basis of a calibration curve obtained using standar d 

polystyrene, a weight average molecular weight (Mw) , a 

number average molecular weight (Mn), a peak top 

molecular weight (Mp 1) of the modified conjugated diene-

based polymer, a peak top molecular weight (Mp 2) of the 

conjugated diene-based polymer, and a ratio therebe tween 

(Mp1/Mp 2) were obtained.  As an eluent, THF comprising 5 

mmol/L of triethylamine was used.  As columns, a gu ard 

column available under the trade name "TSKguardcolu mn 

SuperH-H" manufactured by Tosoh Corporation and col umns 
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available under the trade names "TSKgel SuperH5000" , 

"TSKgel SuperH6000" and "TSKgel SuperH7000" manufac tured 

by Tosoh Corporation were used.  The measurement wa s 

performed under conditions of an oven temperature o f 40 °C 

and a THF flow rate of 0.6 mL/min, and an RI detect or 

(trade name "HLC8020" manufactured by Tosoh Corpora tion) 

was used.  Ten (10) mg of the sample for the measur ement 

was dissolved in 20 mL of THF to obtain a measureme nt 

solution, and 20 µL of the measurement solution was 

injected into the GPC measurement apparatus for 

performing the measurement.  With respect to sample s each 

subjected to the measurement under the measurement 

conditions 1 and found to have a value of the molec ular 

weight distribution smaller than 1.6, the measureme nt was 

performed under the measurement conditions 2. 

 The peak top molecular weights (Mp 1 and Mp 2) were 

obtained as follows. 

 On a GPC curve obtained by the measurement, a peak  

detected as a highest molecular weight component wa s 

selected.  With respect to the selected peak, a mol ecular 

weight corresponding to the maximum value of the pe ak was 

calculated to be defined as a peak top molecular we ight. 

[0206] 

(Physical Property 4) Shrinking Factor (g') 

 Measurement was performed by using a modified 

conjugated diene-based polymer as a sample, using a  GPC 

measurement apparatus (trade name "GPCmax VE-2001" 
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manufactured by Malvern) including a series of thre e 

columns using a polystyrene-based gel as a filler, and 

using three detectors connected in order of a light  

scattering detector, an RI detector and a viscosity  

detector (trade name "TDA305" manufactured by Malve rn), 

and on the basis of standard polystyrene, an absolu te 

molecular weight was obtained based on results obta ined 

by the light scattering detector and the RI detecto r, and 

an intrinsic viscosity was obtained based on result s 

obtained by the RI detector and the viscosity detec tor.  

Assuming that a straight chain polymer has an intri nsic 

viscosity [ η] complying with the expression of intrinsic 

viscosity [ η] = -3.883 M 0.771 , a shrinking factor (g') as 

a ratio in the intrinsic viscosity corresponding to  each 

molecular weight was calculated.  In the above-desc ribed 

formula, M is the absolute molecular weight. 

 As an eluent, THF comprising 5 mmol/L of 

triethylamine was used.  As columns, columns availa ble 

under the trade names "TSKgel G4000HXL", "TSKgel 

G5000HXL" and "TSKgel G6000HXL" manufactured by Tos oh 

Corporation connected to one another were used.  Tw enty 

(20) mg of the sample for the measurement was disso lved 

in 10 mL of THF to obtain a measurement solution, a nd 100 

µL of the measurement solution was injected into the  GPC 

measurement apparatus for performing the measuremen t 

under conditions of an oven temperature of 40 °C and a THF 

flow rate of 1 mL/min. 
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[0207] 

(Physical Property 5) Mooney Viscosity of Polymer 

 A conjugated diene-based polymer or a modified 

conjugated diene-based polymer was used as a sample , and 

a Mooney viscosity was measured using a Mooney visc ometer 

(trade name "VR1132" manufactured by Ueshima Seisak usho 

Co., Ltd.) and using an L-type rotor in accordance with 

JIS K6300. 

 A measurement temperature was set to 110 °C when the 

sample was a conjugated diene-based polymer, and wa s set 

to 100 °C when the sample was a modified conjugated diene-

based polymer. 

 First, the sample was preheated for 1 minute at a 

test temperature, the rotor was rotated at 2 rpm, a nd a 

torque measured 4 minutes after was defined as a Mo oney 

viscosity (ML (1+4) ). 

 Then, as for the modified conjugated diene-based 

polymer as the sample, the rotation of the rotor wa s 

immediately terminated, the torque was recorded at a 

Mooney unit per 0.1 seconds from 1.6 to 5 seconds a fter 

the termination, the slope of a straight line in do uble 

logarithmic plot of the torque and the time (sec) w as 

determined, and the absolute value thereof was defi ned as 

a Mooney stress relaxation (MSR). 

[0208] 

(Physical Property 6) Glass Transition Temperature (Tg) 
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 A modified conjugated diene-based polymer was used  

as a sample to record a DSC curve in accordance wit h ISO 

22768:2006 using a differential scanning calorimete r 

"DSC3200S" manufactured by MAC Science Co., Ltd. un der a 

flow of helium at 50 mL/min during temperature incr ease 

from -100 °C at a rate of 20 °C/min, and a peak top (an 

inflection point) of the thus obtained DSC differen tial 

curve was defined as a glass transition temperature . 

[0209] 

(Physical Property 7) Modification Ratio 

 A modified conjugated diene-based polymer was used  

as a sample, and measurement was performed by apply ing a 

characteristic that a modified basic polymer compon ent 

adsorbs to a GPC column using a silica-based gel as  a 

filler. 

 A chromatogram obtained by measurement using a 

polystyrene-based column and a chromatogram obtaine d by 

measurement using a silica-based column were obtain ed by 

using a sample solution comprising the sample and l ow 

molecular weight internal standard polystyrene, and  based 

on a difference between these chromatograms, an 

adsorption amount to the silica-based column was me asured 

to obtain a modification ratio. 

 Specifically, the measurement was performed as 

described below. 

[0210] 

 - Preparation of Sample Solution 
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 Ten (10) mg of a sample and 5 mg of standard 

polystyrene were dissolved in 20 mL of THF to obtai n a 

sample solution. 

 - GPC Measurement Conditions using Polystyrene-bas ed 

Column 

 An apparatus available under the trade name of "HL C-

8320GPC" manufactured by Tosoh Corporation was used , THF 

comprising 5 mmol/L of triethylamine was used as an  

eluent, and 10 µL of the sample solution was injected 

into the apparatus to obtain a chromatogram by usin g an 

RI detector under conditions of a column oven tempe rature 

of 40 °C and a THF flow rate of 0.35 mL/min.  Three 

columns available under the trade name "TSKgel 

SuperMultiporeHZ-H" manufactured by Tosoh Corporati on 

were connected to one another, and a guard column 

available under the trade name "TSKguardcolumn 

SuperMP(HZ)-H" manufactured by Tosoh Corporation wa s 

connected to a previous stage of these. 

[0211] 

 - GPC Measurement Conditions using Silica-based 

Column 

 An apparatus available under the trade name of "HL C-

8320GPC" manufactured by Tosoh Corporation was used , THF 

was used as an eluent, and 50 µL of the sample solution 

was injected into the apparatus to obtain a chromat ogram 

by using an RI detector under conditions of a colum n oven 

temperature of 40 °C and a THF flow rate of 0.5 ml/min. 
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 Columns available under the trade names "Zorbax PS M-

1000S", "PSM-300S" and "PSM-60S" were connected to one 

another to be used, and a guard column available un der 

the trade name "DIOL 4.6 × 12.5 mm 5 micron" was 

connected to a previous stage of these to be used. 

[0212] 

 - Calculation Method for Modification Ratio 

 Assuming that the whole peak area was 100, the pea k 

area of the sample was P1 and the peak area of stan dard 

polystyrene was P2 in the chromatogram obtained by using 

the polystyrene-based column, and that the whole pe ak 

area was 100, the peak area of the sample was P3 an d the 

peak area of standard polystyrene was P4 in the 

chromatogram obtained by using the silica-based col umn, a 

modification ratio (%) was obtained in accordance w ith 

the following expression: 

 Modification Ratio (%) = [1 - (P2 × P3) / (P1 × P4)] 

× 100 

wherein P1 + P2 = P3 + P4 = 100. 

[0213] 

(Physical Property 8) Nitrogen Atom Content (mass p pm) 

 A modified conjugated diene-based polymer was used  

as a sample to perform measurement in accordance wi th 

JIS-2609: Standard Test Method for the Determinatio n of 

Nitrogen in Crude Petroleum and Petroleum Products by 

chemiluminescence detection. 
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 The measurement apparatus used was a trace total 

nitrogen analysis apparatus ("TN-2100H" manufacture d by 

Mitsubishi Chemical Analytech Co., Ltd.). 

 As a measurement method, the sample was pyrolyzed 

under a flow of argon gas and then subjected to oxi dative 

combustion with oxygen gas, nitrogen monoxide thus 

generated was subjected to oxidation reaction with ozone 

gas under dehydration conditions, the emission inte nsity 

detected in 590 to 2500 nm was measured, and the ni trogen 

content was determined from the area of the emissio n 

intensity. 

[0214] 

(Physical Property 9) Presence of Silicon Atom 

 Measurement was performed by using 0.5 g of a 

modified conjugated diene-based polymer as a sample  and 

using a ultraviolet visible spectrophotometer (trad e name 

"UV-1800" manufactured by Shimadzu Corporation) in 

accordance with JIS K 0101 44.3.1, and quantitative  

determination was performed by a molybdenum blue-

spectrophotometric method. 

 As a result, if a silicon atom was detected (low 

detection limit: 10 mass ppm), it was determined th at the 

sample had a silicon atom. 

 Thus, it was confirmed that each of the modified 

conjugated diene-based polymers of Examples and 

Comparative Examples had a silicon atom. 

[0215] 
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[Example 1] Modified Conjugated Diene-based Polymer  

(Sample 1) 

 Two tank reactors equipped with a stirrer, that is , 

two tank pressure vessels including a stirrer and a  

jacket for temperature control, which had an intern al 

volume of 10 L, had a ratio (L/D) between the inter nal 

height (L) and the internal diameter (D) of 4.0 and  had 

an inlet in a bottom portion and an outlet in a top  

portion, were connected and used as a polymerizatio n 

reactor. 

 1,3-Butadiene, styrene and n-hexane, from which 

water had been precedently eliminated, were mixed 

respectively at rates of 22.3 g/min, 12.5 g/min and  214 

g/min.  In a static mixer provided in the middle of  a 

pipe used for supplying the thus obtained mixed sol ution 

to the inlet of the first reactor, n-butyl lithium for 

performing a treatment for inactivating a remaining  

impurity was added at a rate of 0.109 mmol/min to b e 

mixed, and the resultant mixed solution was continu ously 

supplied to the bottom portion of the first reactor . 

 In addition, a polar substance of 2,2-bis(2-

oxolanyl) propane and a polymerization initiator of  a 

precedently prepared mixed solution of piperidino l ithium 

(abbreviated as "LA-1" in the table) and n-butyl li thium 

(molar ratio: piperidino lithium:n-butyl lithium = 

0.72:0.28, obtained by preparing piperidine and n-b utyl 

lithium at a molar ratio of piperidine:n-butyl lith ium = 
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0.72:1.00) were supplied respectively at rates of 0 .0281 

g/min and 0.272 mmol (molar ratio of lithium)/min t o the 

bottom portion of the first polymerization reactor in 

which the mixed solution was vigorously stirred by the 

stirrer, so as to continuously perform a polymeriza tion 

reaction. 

 The temperature was controlled so that a temperatu re 

of a polymer solution in the outlet in the top port ion of 

the first reactor could be 65 °C.  Since the top portion 

of the first reactor was connected to the bottom po rtion 

of the second reactor, the polymer solution was 

continuously supplied from the top portion of the f irst 

reactor to the bottom portion of the second reactor .  The 

temperature was controlled so that a temperature of  a 

polymer in the outlet in the top portion of the sec ond 

reactor could be 70 °C.  When the polymerization was 

sufficiently stabilized, a small amount of the poly mer 

solution prior to addition of a modifier was taken out 

through the outlet disposed in the top portion of t he 

second reactor, an antioxidant (BHT) was added ther eto in 

a ratio of 0.2 g per 100 g of the resultant polymer , the 

solvent was then removed, and a Mooney viscosity at  110 °C 

and various molecular weights of the conjugated die ne-

based polymer were measured. 

[0216] 

 Next, to the polymer solution flown out through th e 

outlet of the second reactor, a modifier of tetraki s(3-
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trimethoxysilylpropyl)-1,3-propanediamine (abbrevia ted as 

"A" in the table) having been diluted to 2.74 mmol/ L was 

continuously added in a rate of 0.0359 mmol/min (a n-

hexane solution comprising 4.8 ppm of water), and t he 

polymer solution to which the modifier had thus bee n 

added was mixed in passing through the static mixer  to 

cause modification. 

 Here, a time up to the addition of the modifier to  

the polymer solution flown out from the outlet of t he 

reactor was 4.7 min, a temperature was 65 °C, and a 

difference between the temperature in the polymeriz ation 

step and the temperature up to the addition of the 

modifier was 5 °C. 

 To the polymer solution in which the modification 

had been caused, an antioxidant (BHT) was continuou sly 

added at a rate of 0.055 g/min (a n-hexane solution ) in a 

ratio of 0.2 g per 100 g of the resultant polymer s o as 

to complete the modification reaction. 

 At the same time as the addition of the antioxidan t, 

an oil (JOMO Process NC140 manufactured by JX Nippo n 

Mining & Metals Corporation) was continuously added  in a 

ratio of 25.0 g per 100 g of the resultant polymer,  and 

the resultant was mixed by the static mixer. 

 The solvent was removed by the steam stripping to 

obtain a modified conjugated diene-based polymer (s ample 

1). 

[0217] 
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[Example 2] Modified Conjugated Diene-based Polymer  

(Sample 2) 

 A modified conjugated diene-based polymer (sample 2) 

was obtained under the same conditions as in [Examp le 1] 

above except that the polymerization initiator was 

changed from piperidino lithium to hexamethyleneimi no 

lithium (abbreviated as "LA-2" in the table). 

[0218] 

[Example 3] Modified Conjugated Diene-based Polymer  

(Sample 3) 

 A modified conjugated diene-based polymer (sample 3) 

was obtained under the same conditions as in [Examp le 1] 

above except that the modifier was changed from 

tetrakis(3-trimethoxysilylpropyl)-1,3-propanediamin e to 

tetrakis(3-triethoxysilylpropyl)-1,3-propanediamine  

(abbreviated as "B" in the table). 

[0219] 

[Example 4] Modified Conjugated Diene-based Polymer  

(Sample 4) 

 A modified conjugated diene-based polymer (sample 4) 

was obtained under the same conditions as in [Examp le 1] 

above except that the polymerization initiator was 

changed from piperidino lithium to hexamethyleneimi no 

lithium (abbreviated as "LA-2" in the table), and t he 

modifier was changed from tetrakis(3-

trimethoxysilylpropyl)-1,3-propanediamine to tetrak is(3-
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triethoxysilylpropyl)-1,3-propanediamine (abbreviat ed as 

"B" in the table). 

[0220] 

[Example 5] Modified Conjugated Diene-based Polymer  

(Sample 5) 

 A modified conjugated diene-based polymer (sample 5) 

was obtained under the same conditions as in [Examp le 1] 

above except that the addition amount of the 

polymerization initiator was changed from 0.272 mmo l/min 

to 0.219 mmol/min, the addition amount of the polar  

substance was changed from 0.0281 g/min to 0.0230 g /min, 

and the addition amount of the modifier was changed  from 

0.0359 mmol/min to 0.0275 mmol/min. 

[0221] 

[Example 6] Modified Conjugated Diene-based Polymer  

(Sample 6) 

 A modified conjugated diene-based polymer (sample 6) 

was obtained under the same conditions as in [Examp le 1] 

above except that the addition amount of the 

polymerization initiator was changed from 0.272 mmo l/min 

to 0.399 mmol/min, the addition amount of the polar  

substance was changed from 0.0281 g/min to 0.0427 g /min, 

and the addition amount of the modifier was changed  from 

0.0359 mmol/min to 0.0501 mmol/min. 

[0222] 

[Example 7] Modified Conjugated Diene-based Polymer  

(Sample 7) 
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 A temperature-controllable autoclave having an 

internal volume of 5 L and equipped with a stirrer and a 

jacket was used as a rector. 

 1670 g of normal hexane, 112 g of styrene, 207 g o f 

1,3-butadiene and 0.265 g of 2,2-bis(2-oxolanyl) pr opane 

used as a polar substance, from which impurities ha d been 

precedently eliminated, were put in the reactor. 

 Polymerization was started by adding a 

polymerization initiator of piperidino lithium 

(abbreviated as "LA-3" in the table) precedently ob tained 

by a reaction of 3.57 mmol of piperidino lithium an d 3.57 

mmol of n-normal butyl lithium when the inside 

temperature of the reactor was 56 °C. 

 Immediately after starting the polymerization, the  

inside temperature of the reactor increased, and wh en the 

temperature reached to a peak temperature which was  78 °C. 

 When the temperature was found to start lowering, 

0.378 mmol of a modifier of tetrakis(3-

trimethoxysilylpropyl)-1,3-propanediamine (abbrevia ted as 

"A" in the table) was added thereto, followed by st irring 

for another 10 minutes. 

 The modifier was added 2 minutes after the inside 

temperature reached to a peak temperature. 

 As a polymerization terminator, 3.57 mmol of ethan ol 

was added thereto to terminate the reaction, and th us, a 

polymer solution comprising a modified conjugated d iene-

based polymer was obtained. 
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 To the thus obtained polymer solution comprising a  

modified conjugated diene-based polymer, 0.64 g of an 

antioxidant of 2,6-di-tert-butyl-4-hydroxytoluene w as 

added, and the solvent was removed by the steam str ipping 

to obtain a modified conjugated diene-based copolym er 7 

(sample 7) through vacuum drying. 

[0223] 

[Example 15] Modified Conjugated Diene-based Polyme r 

(Sample 11) 

 A modified conjugated diene-based polymer (sample 

11) was obtained under the same conditions as in [E xample 

5] above except that the molar ratio between piperi dino 

lithium and n-butyl lithium as a polymerization ini tiator 

was set to 0.35:0.65 (abbreviated as "LA-4" in the table), 

and the addition amount of the modifier was changed  to 

0.0247 mmol/min. 

[0224] 

[Example 16] Modified Conjugated Diene-based Polyme r 

(Sample 12) 

 A modified conjugated diene-based polymer (sample 

12) was obtained under the same conditions as in [E xample 

7] above except that 1.5 mmol of piperidino lithium  and 

3.57 mmol of normal butyl lithium were used as a 

polymerization initiator (abbreviated as "LA-5" in the 

table), and the addition amount of the modifier was  

changed to 0.265 mmol. 

[0225] 
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[Comparative Example 1] Modified Conjugated Diene-b ased 

Polymer (Sample 8) 

 A modified conjugated diene-based polymer (sample 8) 

was obtained under the same conditions as in [Examp le 1] 

above except that the addition amount of the 

polymerization initiator was changed from 0.272 mmo l/min 

to 0.343 mmol/min, the addition amount of the polar  

substance was changed from 0.0281 g/min to 0.0354 g /min, 

the modifier was changed from tetrakis(3-

trimethoxysilylpropyl)-1,3-propanediamine to bis(3-

trimethoxysilylpropyl)-N-methylamine (abbreviated a s "C" 

in the table), and the addition amount of the modif ier 

was changed from 0.0359 mmol/min to 0.0903 mmol/min . 

[0226] 

[Comparative Example 2] Modified Conjugated Diene-b ased 

Polymer (Sample 9) 

 A modified conjugated diene-based polymer (sample 9) 

was obtained under the same conditions as in [Examp le 1] 

above except that the addition amount of the 

polymerization initiator was changed from 0.272 mmo l/min 

to 0.234 mmol/min, the addition amount of the polar  

substance was changed from 0.0281 g/min to 0.0242 g /min, 

the modifier was changed from tetrakis(3-

trimethoxysilylpropyl)-1,3-propanediamine to bis(3-

trimethoxysilylpropyl)-N-methylamine (abbreviated a s "C" 

in the table), and the addition amount of the modif ier 

was changed from 0.0359 mmol/min to 0.0616 mmol/min . 
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[0227] 

[Comparative Example 3] Modified Conjugated Diene-b ased 

Polymer (Sample 10) 

 A modified conjugated diene-based polymer (sample 

10) was obtained under the same conditions as in [E xample 

1] above except that the polymerization initiator w as 

changed from piperidino lithium to normal butyl lit hium 

(abbreviated as "NBL" in the table), the addition a mount 

of the polymerization initiator was changed from 0. 272 

mmol/min to 0.288 mmol/min, the addition amount of the 

polar substance was changed from 0.0281 g/min to 0. 0298 

g/min, and the addition amount of the modifier was 

changed from 0.0359 mmol/min to 0.0378 mmol/min. 

[0228] 

[Comparative Example 7] Modified Conjugated Diene-b ased 

Polymer (Sample 13) 

 A modified conjugated diene-based polymer (sample 

13) was obtained under the same conditions as in [E xample 

1] above except that the addition amount of the pol ar 

substance was set to 0.0263 g/min, the addition amo unt of 

the polymerization initiator was set to 0.253 mmol/ min, 

and a modifier of 1,3,5-tris(3-trimethoxysilylpropy l) 

isocyanurate (abbreviated as "D" in the table) was added 

at a rate of 0.0422 mmol/min. 

[0229] 
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[Table 1] 

 

Example 
1 

Example 
2 

Example 
3 

Example 
4 

Example 
5 

Example 
6 

Example 7 
Example 

15 
Example 16 

Comparative 
Example 1 

Comparative 
Example 2 

Comparative 
Example 3 

Comparative 
Example 7 

Modified conjugated diene-based polymer (sample No.) 1 2 3 4 5 6 7 11 12 8 9 10 13 

 
P

o
ly

m
e

riz
at

io
n 

co
nd

iti
on

s 

Butadiene (g/min) 22.3 22.3 22.3 22.3 22.3 22.3 207g 22.3 207g 22.3 22.3 22.3 22.3 

Styrene (g/min) 12.5 12.5 12.5 12.5 12.5 12.5 112g 12.5 112g 12.5 12.5 12.5 12.5 

n-Hexane (g/min) 214 214 214 214 214 214 1670g 214 1670g 214 214 214 214 

Polymerization temperature of first 
reactor 

(°C) 65 65 65 65 65 65 Peak 
temperature 

78°C 

65 Peak 
temperature 

78°C 

65 65 65 65 

Polymerization temperature of second 
reactor 

(°C) 70 70 70 70 70 70 70 70 70 70 70 

Treated n-butyl lithium (mmol/min) 0.109 0.109 0.109 0.109 0.109 0.109 0 0.109 0 0.109 0.109 0.109 0.109 

Polymerization 
initiator 

Type 
 

LA-1 LA-2 LA-1 LA-2 LA-1 LA-1 LA-3 LA-4 LA-5 LA-1 LA-1 NBL LA-1 

Addition amount (mmol/min) 0.272 0.272 0.272 0.272 0.219 0.399 3.57mmol 0.219 3.57mmol 0.343 0.234 0.288 0.253 

Addition amount of polar substance (g/min) 0.0281 0.0281 0.0281 0.0281 0.0230 0.0427 0.265g 0.0230 0.265g 0.0354 0.0242 0.0298 0.0263 

Modifier 
Type 

 
A A B B A A A A A C C A D 

Addition amount (mmol/min) 0.0359 0.0359 0.0359 0.0359 0.0275 0.0501 0.378mmol 0.0247 0.265mmol 0.0903 0.0616 0.0378 0.0422 

P
hy

si
ca

l p
ro

pe
rt

y 
va

lu
es

 

C
on

ju
ga

te
d 

di
en

e-
ba

se
d 

po
ly

m
er

 

(Physical property 3) Weight 
average molecular weight 

(104g/mol) 34.0 36.5 34.7 36.5 43.5 25.9 15.6 42.3 20.3 27.2 41.5 35.8 37.2 

(Physical property 3) Number 
average molecular weight 

(104g/mol) 18.9 19.2 19.3 19.0 23.5 12.9 15.9 22.4 19.7 14.2 21.8 16.6 20.1 

(Physical property 5) Mooney 

viscosity (110°C)   
42 45 43 42 71 24 not available 68 not available 28 54 44 50.3 

(Physical property 3) Peak top 
molecular weight Mp2 

(104g/mol) 29.8 30.6 30.0 30.3 36.8 22.4 16.4 36.2 20.9 24.4 36.5 30.9 33.2 

(Physical property 3) Mw/Mn 
 

1.81 1.90 1.80 1.92 1.85 1.99 1.02 1.89 1.03 1.92 1.90 2.16 1.85 

M
od

ifi
ed

 c
on

ju
ga

te
d 

di
en

e-
ba

se
d 

po
ly

m
e

r 

(Physical property 1) Amount 
of bound styrene 

(% by 
mass) 

35 35 35 35 35 35 35 35 35 35 35 35 35 

(Physical property 2) Amount 
of vinyl bond (amount of 1,2-
bond) 

(mol%) 40 41 40 40 41 40 40 41 40 39 40 41 40 

(Physical property 3) Weight 
average molecular weight 

(104g/mol) 88.9 92.1 88.4 87.7 114.1 65.4 60.8 101.2 66.5 47.6 72.6 85.2 78.1 

(Physical property 3) Number 
average molecular weight 

(104g/mol) 43.7 42.2 44.0 39.5 56.8 31.7 40.8 51.3 40.8 22.6 34.6 38.2 38.1 

(Physical property 3) Peak top (104g/mol) 98.1 100.5 96.3 94.9 120.3 69.3 71.7 106.5 70.7 45.8 69.7 96.8 85.4 
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molecular weight Mp1 

(Physical property 3) Mw/Mn 
 

2.04 2.18 2.01 2.22 2.01 2.07 1.49 1.97 1.63 2.11 2.10 2.23 2.05 

(Physical property 3) Mp1/Mp2 
 

3.29 3.28 3.21 3.13 3.27 3.09 4.36 2.94 3.38 1.88 1.91 3.13 2.57 

Branching degree 
 

8 8 8 8 8 8 8 8 8 4 4 8 6 

The number of SiOR residues 
 

4 4 4 4 4 4 4 4 4 2 2 4 3 

(Physical property 4) Shrinking 
factor (g')  

0.55 0.57 0.56 0.58 0.54 0.58 0.52 0.59 0.58 0.77 0.75 0.57 0.63 

(Physical property 5) Mooney 

viscosity of polymer (100°C)   
82 85 80 79 100 52 62 93 64 56 85 84 85 

(Physical property 5) Mooney 
stress relaxation  

0.28 0.27 0.29 0.31 0.27 0.34 0.82 0.38 0.81 0.47 0.37 0.30 0.34 

(Physical property 6) Glass 
transition temperature 

(°C) -25 -24 -25 -25 -24 -25 -25 -24 -25 -25 -25 -24 -25 

(Physical property 7) 
Modification ratio 

(%) 93.1 90.2 91.8 89.8 88.9 88.4 92.4 80.0 79.0 87.9 89.4 80.3 88.3 

(Physical property 8) Nitrogen 
atom content 

mass ppm 102 99 103 102 80 144 153 59 65 130 85 24 122 
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[0230] 

 The "branching degree" shown in Table 1 refers to 

the number of branches estimated based on the numbe r of 

functional groups of and the addition amount of the  

modifier, and can be checked also based on the valu e of 

the shrinking factor. 

 The "number of SiOR residues" shown in Table 1 

refers to a value obtained by subtracting the numbe r of 

SiOR groups reduced through the reaction from the t otal 

number of SiOR groups contained in one molecule of the 

modifier.  Here, R represents a hydrogen atom or an  alkyl 

group having 1 to 20 carbon atoms. 

[0231] 

[Examples 8 to 14, 17 and 18] and [Comparative Exam ples 4 

to 6 and 8] 

 The samples 1 to 13 shown in Table 1 were used as 

starting material rubbers, and rubber compositions 

respectively comprising the starting material rubbe rs 

were obtained in accordance with the following 

compositions: 

 Modified conjugated diene-based polymer (any of th e 

samples 1 to 13): 100 parts by mass (oil removed) 

 Silica (trade name "Ultrasil 7000GR" manufactured by 

Evonik Degussa Gmbh, nitrogen adsorption specific s urface 

area: 170 m 2/g): 75.0 parts by mass 

 Carbon black 
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(trade name "SEAST KH (N339)" manufactured by Tokai  

Carbon Co., Ltd.): 5.0 parts by mass 

 Silane coupling agent (trade name "Si75" 

manufactured by Evonik Degussa Gmbh, 

bis(triethoxysilylpropyl)disulfide): 6.0 parts by m ass 

 S-RAE oil 

(trade name "Process NC140" manufactured by JX Nipp on 

Mining & Metals Corporation): 37.5 parts by mass 

 Zinc oxide: 2.5 parts by mass 

 Stearic acid: 1.0 part by mass 

 Anti-ageing agent: (N-(1,3-dimethylbutyl)-N'-pheny l-

p-phenylenediamine): 2.0 parts by mass 

 Sulfur: 2.2 parts by mass 

 Vulcanization accelerator 1 

(N-cyclohexyl-2-benzothiazyl sulfinamide): 1.7 part s by 

mass 

 Vulcanization accelerator 2 (diphenylguanidine): 2 .0 

parts by mass 

 Total: 239.4 parts by mass 

[0232] 

 The above-described materials were kneaded as 

follows to obtain a rubber composition. 

 A sealed mixer (internal volume: 0.3 L) equipped 

with a temperature controller was used, and as a fi rst 

stage of kneading, the starting material rubber (an y of 

the samples 1 to 13), the fillers (the silica and t he 

carbon black), the silane coupling agent, the proce ss oil, 
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the zinc oxide and the stearic acid were kneaded un der 

conditions of a filling rate of 65% and a rotator 

rotational speed of 30 to 50 rpm.  Here, the temper ature 

of the sealed mixer was controlled to obtain the ru bber 

composition (compound) at a discharging temperature  of 

155 to 160 °C. 

[0233] 

 Next, as a second stage of the kneading, the 

compound obtained as described above was cooled to room 

temperature, the antioxidant was added thereto, and  the 

resultant was kneaded again to improve the dispersi bility 

of the silica.  Also in this case, the discharging 

temperature for the compound was adjusted to 155 to  160 °C 

by the temperature control of the mixer. 

 After the cooling, as a third stage of the kneadin g, 

sulfur and the vulcanization accelerators 1 and 2 w ere 

added to and mixed with the resultant compound by a n open 

roll set to 70 °C. 

 Thereafter, the resultant was molded and vulcanize d 

at 160 °C for 20 minutes by a vulcanizing press. 

 The rubber composition was evaluated before and 

after the vulcanization. 

 Specifically, the evaluation was performed by 

methods described below.  Evaluation results are sh own in 

Table 2. 

[0234] 

[Evaluation 1] Mooney Viscosity of Compound 
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 The compound obtained as described above after the  

second stage of the kneading and before the third s tage 

of the kneading was used as a sample, and the visco sity 

was measured using a Mooney viscometer in accordanc e with 

JIS K6300-1 after preheating the sample at 130 °C for 1 

minute, and after rotating a rotor for 4 minutes at  2 rpm. 

 Results are shown as indexes obtained assuming tha t 

the result of Comparative Example 5 was 100. 

 A smaller index indicates better processability. 

[0235] 

[Evaluation 2] Viscoelasticity Parameter and Strain  

Dispersibility 

 A viscoelasticity testing machine "ARES" 

manufactured by Rheometric Scientific, Inc. was use d to 

measure a viscoelasticity parameter in a torsion mo de. 

 Each measurement value was shown as an index 

obtained assuming that the result of the rubber 

composition of Comparative Example 5 was 100. 

 A tan δ measured at 0 °C at a frequency of 10 Hz and 

strain of 1% was used as an index of the wet grip 

characteristics. 

 A larger index indicates better wet grip 

characteristics. 

 Besides, a tan δ measured at 50 °C at a frequency of 

10 Hz and strain of 3% was used as an index of low 

hysteresis loss property. 
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 A smaller index indicates better low hysteresis lo ss 

property. 

 Besides, the difference between the tan δ measured at 

50°C at a frequency of 10 Hz and strain of 0.1% and th e 

tan δ measured at 50 °C at a frequency of 10 Hz and strain 

of 10% was used as an index of strain dispersibilit y (G'). 

 A smaller value of the index means better strain 

dispersibility. 

[0236] 

[Evaluation 3] Tensile Strength and Tensile Elongat ion 

 The tensile strength and the tensile elongation we re 

measured in accordance with a tensile test of JIS K 6251, 

and results are shown as indexes obtained assuming that 

the result of Comparative Example 5 was 100. 

 A larger index indicates better tensile strength a nd 

better tensile elongation. 

[0237] 

[Evaluation 4] Abrasion Resistance 

 An Acron abrasion tester (manufactured by Yasuda 

Seiki Seisakusho, Ltd.) was used to measure an abra sion 

amount through 1000 rotations at a load of 44.4 N i n 

accordance with JIS K6264-2, and results are shown as 

indexes obtained assuming that the result of Compar ative 

Example 5 was 100. 

 A larger index indicates better abrasion resistanc e. 

[0238] 

[Evaluation 5] Repetitive Strain Strength 
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 A dumbbell-shaped test specimen was repetitively 

elongated and contracted at a constant rate and a 

constant stroke in accordance with JIS K 6270 using  a 

constant elongation fatigue tester manufactured by MYS-

TESTER Co., Ltd., and the number of times of elonga tion 

and contraction when the test specimen was broken w as 

measured.  A larger value of the index means better  

repetitive strain strength. 

[0239] 
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[Table 2] 

 

Example 
8 

Example 
9 

Example 
10 

Example 
11 

Example 
12 

Example 
13 

Example 
14 

Example 
17 

Example 
18 

Comparative 
Example 4 

Comparative 
Example 5 

Comparative 
Example 6 

Comparative 
Example 8 

Modified diene-based polymer (sample No.) 1 2 3 4 5 6 7 11 12 8 9 10 13 

(Physical property 5) Mooney viscosity of modified diene-

based polymer (100°C)  
82 85 80 79 100 52 62 93 64 56 85 84 85 

(Evaluation 1)  Mooney viscosity of compound 

(130°C) 
Index 90 93 91 94 97 81 99 95 98 83 100 95 96 

P
hy

si
ca

l p
ro

pe
rt

ie
s 

o
f v

ul
ca

ni
za

te
 (Evaluation 2) 50°C tanδ (strain 3%) Index 82 85 84 84 88 80 80 86 91 98 100 90 93 

(Evaluation 2) 0°C  tanδ (strain 1%) Index 115 115 113 116 110 119 118 110 105 95 100 92 105 

(Evaluation 2) Strain dispersibility (50°C tanδ) Index 85 87 87 84 90 83 83 91 93 101 100 97 95 

(Evaluation 3) Tensile strength Index 100 103 102 99 111 97 95 105 96 85 100 97 98 

(Evaluation 3) Tensile elongation Index 98 99 99 97 112 97 96 100 98 89 100 95 97 

(Evaluation 4) Abrasion resistance Index 118 115 116 117 121 108 103 113 100 91 100 105 106 

(Evaluation 5) Repetitive strain strength Index 117 114 115 115 119 110 108 113 101 93 100 104 105 
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[0240] 

 As shown in Table 2, it was confirmed that the 

modified conjugated diene-based copolymer compositi ons 

obtained using samples 1 to 7, 11 and 12 in Example s 8 to 

14, 17 and 18 are much superior in processability w hen 

used for obtaining a vulcanizate, to the modified 

conjugated diene-based polymer compositions obtaine d 

using samples 8 to 10 and 13 in Comparative Example s 4 to 

6 and 8.  Besides, it was confirmed that, particula rly, 

the balance between the low hysteresis loss propert y and 

the wet skid resistance obtained when in the form o f a 

vulcanizate is excellent, the abrasion resistance i s good, 

the strain dispersibility is also good, and even 

practically sufficient fracture characteristics are  

attained. 

[0241] 

 This application is based upon the prior Japanese 

patent application (Japanese Patent Application No.  2016-

161490), filed to the Japanese Patent Office on Aug ust 19, 

2016, the entire contents of which are incorporated  

herein by reference. 

 

Industrial Applicability 

[0242] 

 A modified conjugated diene-based polymer accordin g 

to the present invention is industrially applicable  in 

the fields of tire treads, vehicle interiors and 
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exteriors, anti-vibration rubbers, belts, shoes, fo ams 

and various industrial products. 
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Claims 

 

[Claim 1] 

 A modified conjugated diene-based polymer having a  

nitrogen atom, wherein 

 a content of the nitrogen atom is 25 mass ppm or 

more based on a total amount of the modified conjug ated 

diene-based polymer, 

 a shrinking factor (g') is 0.59 or less in a GPC-

light scattering measurement method with a viscosit y 

detector, and 

 a weight average molecular weight is 200,000 or mo re 

and 3,000,000 or less. 

[Claim 2] 

 The modified conjugated diene-based polymer 

according to claim 1, wherein a Mooney stress relax ation 

measured at 110 °C is 0.45 or less. 

[Claim 3] 

 The modified conjugated diene-based polymer 

according to claim 1 or 2, wherein a modification r atio 

is 75% by mass or more based on a total amount of a  

conjugated diene-based polymer. 

[Claim 4] 

 The modified conjugated diene-based polymer 

according to any one of claims 1 to 3, wherein 

 a plurality of conjugated diene-based polymer chai ns 

are bonded to a modifier, and 
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 the modified conjugated diene-based polymer has a 

nitrogen atom in at least one of the conjugated die ne-

based polymer chains and has a silicon atom in a mo difier 

residue. 

[Claim 5] 

 The modified conjugated diene-based polymer 

according to any one of claims 1 to 4, wherein a 

branching degree is 8 or more. 

[Claim 6] 

 The modified conjugated diene-based polymer 

according to any one of claims 1 to 5, represented by the 

following general formula (I): 

 



- 145 - 

 wherein D 1 represents a conjugated diene-based 

polymer chain having a nitrogen atom; R 1 to R 3 each 

independently represent a single bond or an alkylen e 

group having 1 to 20 carbon atoms; R 4 and R 7 each 

independently represent an alkyl group having 1 to 20 

carbon atoms; R 5, R 8 and R 9 each independently represent a 

hydrogen atom or an alkyl group having 1 to 20 carb on 

atoms; R 6 and R 10 each independently represent an alkylene 

group having 1 to 20 carbon atoms; R 11 represents a 

hydrogen atom or an alkyl group having 1 to 20 carb on 

atoms; m and x each independently represent an inte ger of 

1 to 3 as long as being x ≤ m; p represents 1 or 2; y 

represents an integer of 1 to 3, and y ≤ (p + 1); z 

represents an integer of 1 or 2; each of D 1, R 1 to R 11, m, 

p, x, y and z, if present in a plural number, is 

respectively independent and may be the same as or 

different from each other as long as satisfying x ≤ m and 

y ≤ (p + 1); i represents an integer of 0 to 6; j 

represents an integer of 0 to 6; k represents an in teger 

of 0 to 6; (i + j + k) is an integer of 4 to 10; (( x × i) 

+ (y × j) + (z × k)) is an integer of 8 to 30; and A 

represents a hydrocarbon group having 1 to 20 carbo n 

atoms, or an organic group having at least one atom  

selected from the group consisting of an oxygen ato m, a 

nitrogen atom, a silicon atom, a sulfur atom and a 

phosphorous atom, and not having an active hydrogen . 

[Claim 7] 
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 The modified conjugated diene-based polymer 

according to claim 6, wherein A in the formula (I) is 

represented by any one of the following general for mulae 

(II) to (V): 

 

 wherein B 1 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; and B 1, if present in a plural number, 

is respectively independent; 

 

 wherein B 2 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; B 3 represents an alkyl 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; and each of B 2 and B 3, if present in 

a plural number, is respectively independent; 
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 wherein B 4 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; and B 4, if present in a plural number, 

is respectively independent; and 

 

 wherein B 5 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; B 5, if present in a plural number, is 

respectively independent. 

[Claim 8] 
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 A method for producing the modified conjugated 

diene-based polymer according to any one of claims 1 to 7, 

comprising: 

 a polymerization step of polymerizing at least a 

conjugated diene compound in the presence of an 

organolithium compound having at least one nitrogen  atom 

in a molecule, or copolymerizing at least a conjuga ted 

diene compound and a copolymerizable monomer having  at 

least one nitrogen atom in a molecule in the presen ce of 

an organolithium compound to give a nitrogen-contai ning 

conjugated diene-based polymer; and 

 a modification step of modifying the nitrogen-

containing conjugated diene-based polymer with a mo difier 

having at least three silicon atoms and at least on e 

nitrogen atom in one molecule and 8 or more reactio n 

active sites. 

[Claim 9] 

 The method for producing the modified conjugated 

diene-based polymer according to claim 8, wherein t he 

modifier is a modifier having 4 or more alkoxy grou ps 

bonded to silicon atoms and having a tertiary amino  group. 

[Claim 10] 

 The method for producing the modified conjugated 

diene-based polymer according to claim 9, wherein t he 

modifier in the reaction step is a compound represe nted 

by the following general formula (VI): 
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 wherein R 12 to R 14 each independently represent a 

single bond or an alkylene group having 1 to 20 car bon 

atoms; R 15 to R 18 and R 20 each independently represent an 

alkyl group having 1 to 20 carbon atoms; R 19 and R 22 each 

independently represent an alkylene group having 1 to 20 

carbon atoms; R 21 represents an alkyl group having 1 to 

20 carbon atoms or a trialkylsilyl group; m represe nts an 

integer of 1 to 3; p represents 1 or 2; each of R 12 to R 22, 

m and p, if present in a plural number, is respecti vely 

independent, and may be the same as or different fr om 

each other; i represents an integer of 0 to 6, j 

represents an integer of 0 to 6, k represents an in teger 

of 0 to 6, and (i + j + k) is an integer of 4 to 10 ; and 

A represents a hydrocarbon group having 1 to 20 car bon 
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atoms, or an organic group having at least one atom  

selected from the group consisting of an oxygen ato m, a 

nitrogen atom, a silicon atom, a sulfur atom and a 

phosphorous atom, and not having an active hydrogen . 

[Claim 11] 

 The method for producing the modified conjugated 

diene-based polymer according to claim 10, wherein A in 

the formula (VI) is represented by any one of the 

following general formulae (II) to (V): 

 

 wherein B 1 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; and B 1, if present in a plural number, 

is respectively independent; 

 

 wherein B 2 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; B 3 represents an alkyl 
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group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; and each of B 2 and B 3, if present in 

a plural number, is respectively independent; 

 

 wherein B 4 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; and B 4, if present in a plural number, 

is respectively independent; and 

 

 wherein B 5 represents a single bond or a hydrocarbon 

group having 1 to 20 carbon atoms; a represents an 

integer of 1 to 10; and B 5, if present in a plural number, 

is respectively independent. 
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[Claim 12] 

 The method for producing the modified conjugated 

diene-based polymer according to any one of claims 8 to 

11, wherein the organolithium compound having at le ast 

one nitrogen atom in a molecule comprises an 

organolithium compound represented by any of the 

following general formulae (1) to (5): 

 

 wherein R 10 and R 11 each independently represent at 

least one group selected from the group consisting of an 

alkyl group having 1 to 12 carbon atoms, a cycloalk yl 

group having 3 to 14 carbon atoms, an aralkyl group  

having 6 to 20 carbon atoms, and a protective group , or 

R10 and R 11 are optionally bonded to each other to form a 

cyclic structure together with the adjacent nitroge n atom, 

wherein R 10 and R 11 represents an alkyl group having 5 to 

12 carbon atoms and optionally has an unsaturated b ond or 

a branched structure in a part thereof; and the 

protective group is an alkyl-substituted silyl grou p, 



- 153 - 

 

 wherein R 12 and R 13 each independently represent at 

least one group selected from the group consisting of an 

alkyl group having 1 to 12 carbon atoms, a cycloalk yl 

group having 3 to 14 carbon atoms, an aralkyl group  

having 6 to 20 carbon atoms, and a protective group , or 

R12 and R 13 are optionally bonded to each other to form a 

cyclic structure together with the adjacent nitroge n atom, 

wherein R 12 and R 13 represents an alkyl group having 5 to 

12 carbon atoms and optionally has an unsaturated b ond or 

a branched structure in a part thereof; the protect ive 

group is an alkyl-substituted silyl group; and R 14 

represents an alkylene group optionally having an 

aliphatic or aromatic substituent having 1 to 30 ca rbon 

atoms, or a conjugated diene-based polymer having 1  to 20 

carbon atoms, 
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 wherein R 12 and R 13 each independently represent at 

least one group selected from the group consisting of an 

alkyl group having 1 to 12 carbon atoms, a cycloalk yl 

group having 3 to 14 carbon atoms, an aralkyl group  

having 6 to 20 carbon atoms, and a protective group , or 

R12 and R 13 are optionally bonded to each other to form a 

cyclic structure together with the adjacent nitroge n atom, 

wherein R 12 and R 13 represents an alkyl group having 5 to 

12 carbon atoms and optionally has an unsaturated b ond or 

a branched structure in a part thereof; the protect ive 

group is an alkyl-substituted silyl group; R 19 represents 

a hydrocarbon group optionally having an aliphatic or 

aromatic substituent having 1 to 30 carbon atoms; R 20 

represents a hydrocarbon group optionally having a 

substituted amino group having 1 to 12 carbon atoms ; and 

n represents an integer of 1 to 10, 
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 wherein R 15 and R 16 each independently represent at 

least one group selected from the group consisting of an 

alkyl group having 1 to 12 carbon atoms, a cycloalk yl 

group having 3 to 14 carbon atoms, an aryl group ha ving 6 

to 20 carbon atoms, and a protective group, or R 15 and R 16 

are optionally bonded to each other to form a cycli c 

structure together with the adjacent nitrogen atom,  

wherein R 15 and R 16 represents an alkyl group having 5 to 

12 carbon atoms and optionally has a branched struc ture 

in a part thereof; and the protective group is an a lkyl-

substituted silyl group, and 
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 wherein R 17 represents a hydrocarbon group having 2 

to 10 carbon atoms and optionally has an unsaturate d bond 

or a branched structure in a part thereof; R 18 represents 

an alkyl group having 1 to 12 carbon atoms or a 

protective group and optionally has a branched stru cture 

in a part thereof; and the protective group is an a lkyl-

substituted silyl group. 

[Claim 13] 

 An oil-extended modified conjugated diene-based 

polymer comprising: 

 100 parts by mass of the modified conjugated diene -

based polymer according to any one of claims 1 to 7 ; and 

 1 to 60 parts by mass of an extender oil. 

[Claim 14] 

 A rubber composition, comprising a rubber componen t 

and a filler in an amount of 5.0 parts by mass or m ore 

and 150 parts by mass based on 100 parts by mass of  the 

rubber component, 
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 wherein the rubber component comprises the modifie d 

conjugated diene-based polymer according to any one  of 

claims 1 to 7 in an amount of 10% by mass or more b ased 

on a total amount of the rubber component. 

[Claim 15] 

 A tire comprising the rubber composition according  

to claim 14. 


