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DESCRIPTION

Title of Invention: RUBBER COMPOSITION AND METHOD FOR 

PRODUCING RUBBER COMPOSITION

Technical Field

[0001] The present invention relates to a rubber composition and a 5

method for producing the rubber composition.

Background Art

[0002] In recent years, due to growing interest in environmental issues, 

there has been an increasing demand of fuel saving for motor vehicles, 

and a rubber composition used in tires for the motor vehicles is also 10

required to have excellent fuel saving performance.  As the rubber 

composition for the motor vehicle tires, a rubber composition containing 

a conjugated diene-based polymer and a filler such as silica is used.

[0003] On the other hand, the rubber composition containing the filler 

such as silica tends to be poor in processability.  Therefore, it is 15

proposed to improve the processability of the rubber composition for the 

tires by blending specific silica having fine particle size and specific 

monoalkanolamide to the rubber component (see Patent Literature 1, for 

example).

Citation List20

Patent Literature

[0004] Patent Literature 1: JP 2013-245264 A

Summary of Invention

Technical Problem

[0005] A rubber composition for motor vehicle tires is required to be 25

excellent in both of processability and fuel saving performance, but it is 
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difficult to establish the both characteristics.  Under such circumstances, 

an object of the present invention is to provide a rubber composition 

having excellent processability and good fuel saving performance, and a 

method for producing the rubber composition.

Solution to Problem5

[0006] A rubber composition according to one aspect of the present 

invention comprises a rubber component, an additive and a filler, wherein 

the additive comprises a compound including carbon atoms and at least 

one atomic species selected from the group consisting of silicon atoms, 

nitrogen atoms and oxygen atoms; a total number of silicon atoms, 10

nitrogen atoms and oxygen atoms constituting the compound is 0.27 or 

more and 0.80 or less with respect to a number of the carbon atoms; a 

Hansen solubility parameter of the compound satisfies a relationship 

represented by the following formula (2):

6£{4(dD1-dD2)2+(dP1-dP2)2+(dH1-dH2)2}0.5 (2)15

wherein dD indicates a dispersion term, dP indicates a polarity term, and 

dH indicates a hydrogen bond term; and a molecular weight of the 

compound is 200 or more and 15000 or less.

[0007] Further, a rubber composition according to one aspect of the 

present invention comprises a rubber component, an additive and a filler, 20

wherein the additive comprises a polymerized product of a monomer 

represented by the following formula (I).

[0008] [Chemical Formula 1]
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In the formula, R1 indicates a hydrogen atom or a methyl group, R2 and 

R3 each independently indicate an alkyl group, L1 indicates an amide 

bond or an ester bond, and L2 indicates an alkanediyl group optionally 

having a substituent.5

[0009] Further, a method for producing a rubber composition according 

to one aspect of the present invention comprises a step of mixing the 

above rubber component and the above additive.

Advantageous Effects of Invention

[0010] According to the present invention, it is possible to provide a 10

rubber composition having excellent processability and good fuel saving 

performance, and a method for producing the rubber composition.

Description of Embodiments

[0011] The present embodiments will be described in detail.  However, 

the present invention is not intended to be limited to the embodiments as 15

follows.

[0012] [Rubber Composition]

A rubber composition of the present embodiments comprises a 

rubber component, an additive and a filler.  Hereinafter, each component 

contained in the rubber composition will be described.20

[0013] (Additive)

The rubber composition according to the first aspect of the present 

embodiments comprises, as an additive, a compound comprising carbon 
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atoms and at least one atomic species selected from the group consisting 

of silicon atoms, nitrogen atoms and oxygen atoms.  The total number 

of silicon atoms, nitrogen atoms and oxygen atoms constituting the 

compound is 0.27 or more and 0.80 or less with respect to the number of 

the carbon atoms; the Hansen solubility parameter of the compound 5

satisfies a relationship represented by the following formula (2); and the 

molecular weight of the compound is 200 or more and 15000 or less.  In 

the formula, dD indicates a dispersion term, dP indicates a polarity term, 

and dH indicates a hydrogen bond term.

6£{4(dD1-dD2)2+(dP1-dP2)2+(dH1-dH2)2}0.5 (2)10

[0014] The present inventors consider that by using a specific compound 

as the additive, together with the rubber component and the filler, the 

compound exists at a boundary between the filler and the rubber 

component in the rubber composition, and enhances its interaction, 

thereby being able to improve the fuel saving performance without 15

reducing the processability of the rubber composition.

[0015] The total number of the silicon atoms, the nitrogen atoms and the 

oxygen atoms with respect to the number of the carbon atoms constituting 

the compound is defined as parameter A.  The parameter A is defined as 

formula (1).20

A=(Si+N+O)/C (1)

[0016] In the formula (1), Si indicates the number of the silicon atoms, 

N indicates the number of the nitrogen atoms, O indicates the number of 

the oxygen atoms, and C indicates the number of the carbon atoms.  For 

example, when Si is not contained in the compound, Si is zero.  The 25

compound according to the present embodiments may contain an atom 
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except silicon, nitrogen, oxygen and carbon, but the number of that atom 

is not considered in the parameter A.

[0017] From the perspective that the compound contained in the rubber 

composition exists at the boundary between the filler and the rubber 

component and enhances the interaction, it is preferable that the 5

compound consists of carbon atoms, hydrogen atoms, and at least one 

atomic species selected from the group consisting of silicon atoms, 

nitrogen atoms and oxygen atoms; and more preferable that the 

compound consists of oxygen atoms, nitrogen atoms, carbon atoms and 

hydrogen atoms.10

[0018] Si, N, O and C in the formula (1) can be calculated by measuring 

each content of the elements using X-ray photoelectron spectroscopy 

(XPS), elemental analysis using an elemental analyzer, a carbon/sulfur 

analyzer, an oxygen/nitrogen/hydrogen analyzer, a fluorescent X-ray 

analyzer or the like, or ion chromatography.  Also, Si, N, O and C can 15

be calculated from a structure of the compound.  These methods may be 

used alone or plural combinedin a combination of two or more.  

Preferable are the method using the carbon/sulfur analyzer and the 

oxygen/nitrogen/hydrogen analyzer, the method for calculating them by 

measuring contents of the elements using ion chromatography, and the 20

method for calculating them from the structure of the compound; and 

more preferably is the method for determining them from the structure of 

the compound.

[0019] To identify the structure of the compound, general methods can 

be used such as nuclear magnetic resonance spectroscopy (NMR), liquid 25

chromatography, gas chromatography, ultraviolet-visible spectroscopy, 
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and infrared spectroscopy.

[0020] The compound according to the present embodiments is a 

component to exist at the boundary between the filler and the rubber 

component and improve the fuel saving performance by enhancing the 

interaction between the filler and the rubber component.  The parameter 5

A reflects the compatibility of the compound with the rubber component 

and the strength of the interaction between the compound and the filler.  

The compound having a parameter A of 0.27 or more tends to exist in the 

vicinity of the filler because of increased affinity with the filler, thereby 

being able to enhance the interaction between the filler and the rubber 10

component.  The compound having a parameter A of less than 0.27 is 

unevenly distributed in the area of the rubber component, and also 

unevenly distributed in the area of the filler if it is excessively present, 

thereby becoming difficult to effectively enhance the interaction between 

the rubber component and the filler.15

[0021] When the parameter A is 0.27 or more and 0.80 or less, the 

compound contained in the composition exists at the boundary between 

the filler and the rubber component, and enhances the interaction between 

them, thereby improving the fuel saving performance.  The parameter A 

is preferably 0.27 or more and 0.70 or less, more preferably 0.27 or more 20

and 0.60 or less, even more preferably 0.27 or more and 0.40 or less.

[0022] Parameter B calculated from the Hansen solubility parameter of 

the compound is defined as formula (2).

B={4(dD1-dD2)2+(dP1-dP2)2+(dH1-dH2)2}0.5 (2)

[0023] For dD1, dP1 and H1, a model compound represented by the 25

following formula (H) is used for the calculation of the Hansen solubility 
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parameter.  For dD2, dP2 and dH2, the compound contained in the rubber 

composition is used for the calculation of the Hansen solubility parameter.

[0024] [Chemical Formula 2]

[0025] dD, dP and dH according to the present embodiments are 5

calculated by using "Hansen Solubility Parameter in Practice (HSPiP)," 

which is developed by Charles Hansen, et al. and is a generally available 

commercial software.

[0026] The parameter B may be adjusted by utilizing the knowledge 

described in HANSEN SOLUBILITY PARAMETERS A User's 10

Handbook (Charles M. Hansen, CRC Press), or adjusted as follows.  For 

example, each component of the Hansen Solubility Parameters of the 

model compound is (dD1, dP1, dH1) = (16.92, 0.27, 4.03).  Each 

component of the Hansen Solubility Parameters of each atomic group 

alone, can be calculated by using HSPiP.  When calculating the 15

parameter B by substituting each component of the Hansen Solubility 

Parameter calculated by using each atomic group and the Hansen 

Solubility Parameter calculated by using the model compound, in the 

formula (2), in case of e.g., CH3, the parameter B is 9.0.  In case of CH2, 

the parameter B is 3.5, and it is predicted that the parameter B obtained 20

from the compound containing a lot of CH2 will be smaller compared 

with the compound containing a lot of CH3.  In cases of CH, SH (S is 

Sulfur atom), and CF3 (F is Fluorine atom), each of the parameter B is 

9.5, 11.3 and 13.2, respectively, and it is slightly increased compared with 
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the parameter B obtained from CH3.  In cases of OH, NH2, NHCO and 

NCO, each of the parameter B is 36.6, 16.5, 16.3, 27.9 and 28.3, 

respectively, and it is increased compared with the parameter B obtained 

from CH3.  The parameter B can be adjusted to a preferable value by 

appropriately combining atomic groups in view of these values and each 5

component of the Hansen Solubility Parameter described in the 

Handbook described above.

[0027] The parameter B reflects the compatibility with the rubber 

component.  When the parameter B is small, the compound is unevenly 

distributed in a periphery of the rubber component.  When the parameter 10

B is 6 or more, the compound can exist in the vicinity of the filler, to 

enhance the interaction with the rubber component, thereby improving 

the fuel saving performance.  The parameter B is preferably 7 or more.  

When the parameter B is large, the compound is unevenly distributed in 

a periphery of the filler.  From a point of view of enhancing the 15

interaction between the rubber component and the filler without the 

compound unevenly distributed in the periphery of the filler, the 

parameter B is preferably 22 or less, more preferably 17 or less, even 

more preferably 12 or less.

[0028] The molecular weight of the compound can be calculated by 20

using a method for calculating it from a structural formula of the 

compound, a method using a mass spectrometer, or a method of a gel 

permeation chromatography.  As a method for calculating the molecular 

weight, preferable is the method for calculating it from the structural 

formula of the compound or the method using the mass spectrometer, 25

more preferable is the method for calculating it from the structural 
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formula of the compound.

[0029] When the molecular weight of the compound is high, the 

interaction between the filler and the rubber component is stabilized, 

thereby being able to improve the fuel saving performance, and therefore 

when using the compound having the molecular weight of 200 or more 5

as the additive, a stabilizing effect can be easily obtained.  The 

molecular weight of the compound is preferably 300 or more, more 

preferably 340 or more.

[0030] The molecular weight, the parameter A, and the parameter B, of 

the compound can be measured by using an extract from the rubber 10

composition as a sample.  As a method for extracting the compound, a 

general method can be used such as a Soxhlet extraction method and a 

dissolution reprecipitation method.

[0031] Since molecular mobility is increased when the molecular weight 

of the compound is low, the compound easily moves during mixing, and 15

therefore the compound having a molecular weight of 15000 or less is 

high in mobility, thereby being able to easily move to the boundary 

between the filler and the rubber component during mixing.  The 

molecular weight of the compound is preferably 10000 or less, more 

preferably 5000 or less, even more preferably 2000 or less.20

[0032] When the compound has a structure based on at least one selected 

from the group consisting of an amino group, a siloxy group, an imino 

group, an ether bond, an ester bond, and an amide bond, the interaction 

between the filler and the rubber component can be enhanced.  It is more 

preferable that the compound has a structure based on the amide bond or 25

the amino group, even more preferable that the compound has a structure 
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based on the amino group.  It is particularly preferable that the amino 

group is a tertiary amino group.  The compound according to the present 

embodiments may be used as a single compound or as a combination of 

two or more compounds.

[0033] The rubber composition according to the second aspect of the 5

present embodiments comprises, as the additive, a polymerized product 

of a monomer represented by the following formula (I).

[0034] [Chemical Formula 3]

[0035] In the formula (I), R1 indicates a hydrogen atom or a methyl group, 10

R2 and R3 each independently indicates an alkyl group, L1 indicates an 

amide bond or an ester bond, and L2 indicates an alkanediyl group 

optionally having a substituent.

[0036] The present inventors consider that by using an oligomer obtained 

by polymerizing specific monomers as the additive, together with the 15

rubber component and the filler, the oligomer in the rubber composition 

exists at the boundary between the filler and the rubber component, and 

enhances its interaction, thereby being able to improve the fuel saving 

performance without reducing the processability of the rubber 

composition.20

[0037] From a point of view of more enhancing the interaction between 

the filler and the rubber component, it is preferable that the polymerized 

product according to the present embodiments is an oligomer in which a 
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polymerization degree of the monomer represented by the formula (I) is 

2 or more.  The polymerization degree of the oligomer is more 

preferably 2 or more and 100 or less, even more preferably 2 or more and 

20 or less, particularly preferably 2 or more and 10 or less.

[0038] Examples of the monomer represented by the formula (I) include 5

acrylamide compounds such as N-(2-dimethylaminoethyl) acrylamide, 

N-(2-diethylaminoethyl) acrylamide, N-(3-dimethylaminopropyl) 

acrylamide, N-(3-diethylaminopropyl) acrylamide, N-(4-

dimethylaminobutyl) acrylamide, N-(4-diethylaminobutyl) acrylamide, 

N-methyl-N-(2-dimethylaminoethyl) acrylamide, N-methyl-N-(2-10

diethylaminoethyl) acrylamide, N-methyl-N-(3-dimethylaminopropyl) 

acrylamide, N-methyl-N-(3-diethylaminopropyl) acrylamide, N-methyl-

N-(4-dimethylaminobutyl) acrylamide, and N-methyl-N-(4-

diethylaminobutyl) acrylamide; methacrylamide compounds such as N-

(2-dimethylaminoethyl) methacrylamide, N-(2-diethylaminoethyl) 15

methacrylamide, N-(3-dimethylaminopropyl) methacrylamide, N-(3-

diethylaminopropyl) methacrylamide, N-(4-dimethylaminobutyl) 

methacrylamide, N-(4-diethylaminobutyl) methacrylamide, N-methyl-

N-(2-dimethylaminoethyl) methacrylamide, N-methyl-N-(2-

diethylaminoethyl) methacrylamide, N-methyl-N-(3-20

dimethylaminopropyl) methacrylamide, N-methyl-N-(3-

diethylaminopropyl) methacrylamide, N-methyl-N-(4-

dimethylaminobutyl) methacrylamide, and N-methyl-N-(4-

diethylaminobutyl) methacrylamide; methacrylate compounds such as 2-

diethylaminoethylacrylate, 3-dimethylaminopropylacrylate, 3-25

diethylaminopropylacrylate, 4-dimethylaminobuthylacrylate, and 4-
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diethylaminobuthylacrylate; and acrylate compounds such as 2-

dimethylaminoethylmethacrylate, 2-diethylaminoethylmethacrylate, 3-

dimethylaminopropylmethacrylate, 3-diethylaminopropylmethacrylate, 

4-dimethylaminobutyalmethacrylate, 4-diethylaminobutylmethacrylate, 

and 2-dimethylaminoethylmethacrylate.  These may be used alone or in 5

combination of two or more.

[0039] From a point of view of achieving both the processability and the 

fuel saving performance, a content of the additive in the rubber 

composition may be 0.001 to 30 parts by mass, 0.01 to 15 parts by mass, 

or 0.1 to 5 parts by mass with respect to 100 parts by mass of the rubber 10

component.

[0040] (Rubber Component)

The rubber component according to the present embodiments is 

not particularly limited.  The rubber component may include diene-

based rubber.  The diene-based rubber means rubber of which a raw 15

material is a diene monomer having a conjugated double bond.  

Examples of the diene-based rubber include natural rubber, polyisoprene 

rubber, chloroprene rubber, polybutadiene rubber, styrene-butadiene 

rubber, ethylene-propylene-diene rubber, and nitrile rubber.  The rubber 

component may be used in combination of two or more rubbers.20

[0041] The diene-based rubber may be modified diene-based rubber 

having a unit based on various modifiers at a molecular chain or an end.  

The modified diene-based rubber may be prepared by reacting a 

modifying agent when solution polymerizing a monomer containing a 

conjugated diene compound.25

[0042] The modifying agent is not particularly limited, as long as it is a 
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compound that can be used when preparing the modified diene-based 

rubber by solution polymerization.  Use of the diene-based rubber 

modified with a compound having a hetero atom makes it easy to disperse 

the filler in the rubber composition.  Examples of the hetero atom 

include an oxygen atom, a nitrogen atom, a sulfur atom and a silicon atom.  5

Examples of the compound having the hetero atom include an amine 

compound, an acrylamide compound, a vinylsilane compound, an 

alkoxysilane compound, a polysiloxane compound, a silanesulfide 

compound, a sulfanylsilane compound, a cyanate compound, and a 

polyimine compound.  The diene-based rubber may be modified by a 10

secondary amine compound, an acrylamide compound having an amino 

group, or a vinylsilane compound having an amino group.

[0043] As the modifying agent according to the present embodiments, 

used may be compounds specifically disclosed in JP 2012-214711 A, JP 

2008-239966 A, JP 2010-77413 A, JP 2014-189720 A, JP 2015-120785 15

A, JP 2017-106029 A, JP 2017-110230 A, WO2014/133096 A1, 

WO2014/014052 A1, WO2015/199226 A1, WO2016/133154 A1, U.S. 

Patent No. 9718911, U.S. Patent No. 9249276, etc.

[0044] When preparing the rubber component, between a start of 

polymerization of the monomer and an end of polymerization, a coupling 20

agent may be added to polymer solution.

[0045] Examples of the coupling agent include silicon tetrachloride, 

methyltrichlorosilane, dimethyldichlorosilane, trimethylchlorosilane, tin 

tetrachloride, methyltrichlorotin, dimethyldichlorotin, trimethylchlorotin, 

tetramethoxysilane, methyltrimethoxysilane, dimethoxydimethylsilane, 25

methyltriethoxysilane, ethyltrimethoxysilane, dimethoxydiethylsilane, 
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diethoxydimethylsilane, tetraethoxysilane, ethyltriethoxysilane, and 

diethoxydiethylsilane.

[0046] From a point of view of further improving the processability of 

the rubber composition and the fuel saving performance by optimizing 

the compatibility and the interaction between the rubber component and 5

the filler, it is preferable that the rubber component contains the diene-

based rubber, more preferable that the rubber component contains the 

modified diene-based rubber.  From a point of view of accurately 

incorporating a modifying group into the polymer and further improving 

the fuel saving performance, it is preferable that the modified diene-based 10

rubber is the diene-based rubber synthesized by the solution 

polymerization process, more preferable that it is modified styrene-

butadiene rubber.  From a point of view of further improving the 

compatibility with the additive, the rubber component may be the diene-

based rubber modified by the monomer represented by the above formula 15

(I).

[0047] (Filler)

Examples of the filler according to the present embodiments 

include silica, carbon black, calcium carbonate, talc, alumina, clay, 

aluminum hydroxide, and mica.  These may be used alone or in 20

combination of two or more.

[0048] Examples of the silica include dry silica (silicic anhydride), wet 

silica (silicic hydride), colloidal silica, precipitated silica, calcium silicate, 

and aluminum silicate.  These may be used alone or in combination of 

two or more.25

[0049] A BET specific surface area of the silica is normally 50 to 250 
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m2/g.  The BET specific surface area can be measured in accordance 

with ASTM D1993-03.  Examples of commercially available products 

of the silica include Product Name "Ultrasil VN3" produced by EVONIK 

INDUSTRIES A.G., Product Names "NIPSIL VN3," "NIPSIL AQ," 

"NIPSIL ER," "NIPSIL RS-150" produced by TOSOH SILICA 5

CORPORATION, Product Names "Zeosil 1115MP," "Zeosil 1165MP" 

produced by Rhodia S.A., etc.

[0050] Examples of the carbon black include furnace black, acetylene 

black, thermal black, channel black, and graphite.  Examples of the 

channel black include EPC, MPC and CC.  Examples of the furnace 10

carbon black include SAF, ISAF, HAF, MAF, FEF, SRF, GPF, APF, FF, 

CF, SCF, and ECF.  Examples of the thermal black include FT and MT.  

The carbon black may be used as a single type or as a combination of two 

or more types.

[0051] A nitrogen adsorption specific surface area (N2SA) of the carbon 15

black is normally 5 to 200 m2/g, and an amount of dibutyl phthalate 

(DBP) absorption of the carbon black is normally 5 to 300 mL/100 g.  

The nitrogen adsorption specific surface area can be measured in 

accordance with ASTM D4820-93, and the DBP absorption amount can 

be measured in accordance with ASTM D2414-93.  Examples of 20

commercially available products of the carbon black include Product 

Name "DIABLACK N339" produced by Mitsubishi Chemical 

Corporation, Product Names "SEAST 6," "SEAST 7HM" and "SEAST 

KH" produced by Tokai Carbon Co., Ltd., Product Names "CK 3" and 

"Special Black 4A" produced by EVONIK INDUSTRIES A.G., etc.25

[0052] From a point of view of improving wear resistance and strength, 
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a content of the filler in the rubber composition may be 10 to 150 parts 

by mass, 20 to 120 parts by mass, or 30 to 100 parts by mass with respect 

to 100 parts by mass of the rubber component.

[0053] (Other Component)

The rubber composition of the present embodiments may further 5

contain components of a vulcanizing agent, a vulcanization accelerator, a 

vulcanization activator, an organic peroxide, a silane coupling agent, an 

extender oil, a processing aid, an antidegradant, a lubricant, etc.

[0054] As the vulcanizing agent, sulfur can be used.  Examples of the 

sulfur include powdery sulfur, precipitated sulfur, colloidal sulfur, 10

insoluble sulfur and high dispersion sulfur.  A content of the sulfur is 

preferably 0.1 to 15 parts by mass with respect to 100 parts by mass of 

the rubber component, more preferably 0.3 to 10 parts by mass, even 

more preferably 0.5 to 5 parts by mass.

[0055] Examples of the vulcanization accelerator include thiazole 15

vulcanization accelerators such as 2-mercaptobenzothiazole, 

dibenzothiazyl disulfide, and N-cyclohexyl-2-benzothiazyl sulfenamide; 

thiuram vulcanization accelerators such as tetramethylthiuram 

monosulfide, and tetramethylthiuram disulfide; sulfenamide 

vulcanization accelerators such as N-cyclohexyl-2-20

benzothiazolesulfenamide, N-tert-butyl-2-benzothiazolesulfenamide, N-

oxymethylene-2-benzothiazolesulfenamide, N-oxyethylene-2-

benzothiazolesulfenamide, and N,N'-diisopropyl-2-

benzothiazolesulfenamide; guanidine vulcanization accelerators such as 

diphenyl guanidine, diorthotolyl guanidine, and orthotolyl biguanidine.  25

A content of the vulcanization accelerator is preferably 0.1 to 5 parts by 
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mass with respect to 100 parts by mass of the rubber component, more 

preferably 0.2 to 3 parts by mass.

[0056] Examples of the vulcanization activator include stearic acid, zinc 

oxide, etc.  Examples of the organic peroxide include dicumyl peroxide, 

ditertiarybutyl peroxide, etc.5

[0057] Examples of the silane coupling agent include vinyl 

trichlorosilane, vinyl triethoxysilane, vinyl-tris(b-methoxyethoxy) silane, 

b-(3,4-epoxycyclohexyl) ethyltorimethoxysilane, g-

glycidoxypropyltrimethoxysilane, g-

methacryloxypropyltrimethoxysilane, N-(b-aminoethyl)-g-10

aminopropyltrimethoxysilane, N-(b-aminoethyl)-g-

aminopropylmethyldimethoxysilane, N-phenyl-g-

aminopropyltrimethoxysilane, g-chloropropyltrimethoxysilane, g-

mercaptopropyltrimethoxysilane, g-aminopropyltriethoxysilane, bis(3-

(triethoxysilyl)propyl) disulfide, bis(3-(triethoxysilyl)propyl) tetrasulfide, 15

g-trimethoxysilylpropyldimetylthiocarbamoyltetrasulfide, g-

trimethoxysilylpropylbenzothiazyltetrasulfide, 3-octanoylthio-1-

propyltriethoxysilane, and mercapto-thiocarboxylate oligomer.

[0058] A content of the silane coupling agent is preferably 1 to 20 parts 

by mass with respect to 100 parts by mass of a reinforcement material, 20

more preferably 2 to 15 parts by mass, even more preferably 5 to 10 parts 

by mass.

[0059] Examples of the extender oil include an aromatic mineral oil (a 

viscosity specific gravity constant (V.G.C. value) of 0.900 to 1.049), a 

naphthenic mineral oil (V.G.C. value of 0.850 to 0.899), and a paraffinic 25

mineral oil (V.G.C. value of 0.790 to 0.849).  A content of a polycyclic 
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aromatic in the extender oil is preferably less than 3% by mass, more 

preferably less than 1% by mass.  The content of the polycyclic aromatic 

is measured in accordance with Institute of Petroleum 346/92 method.  

Further, a content of the aromatic compound (CA) in the extender oil is 

preferably 20% by mass or more.5

[0060] [Method for Producing Rubber Composition]

A method for producing the rubber composition of the present 

embodiments comprises a step of mixing the rubber component and the 

additive.  A method for mixing the rubber component and the additive 

is not particularly limited, and may be the following method (A) or 10

method (B).

[0061] The method (A) is a method for mixing after preparing the rubber 

component and the additive separately.  In the method (A), the additive 

separately prepared is mixed in a solution of the diene-based rubber 

produced by the solution polymerization process to obtain the 15

composition containing the rubber component and the additive.

[0062] The method (B) is a method for obtaining in-situ a composition 

containing the rubber component and the additive.  In the method (B), 

the composition containing the rubber component and the additive can be 

obtained by a step of obtaining a polymerized solution containing the 20

diene-based rubber by the solution polymerization process, and by a step 

of preparing the additive by adding the monomer represented by the 

above formula (I) to a polymerization reactor containing the polymerized 

solution and by polymerizing the monomer.

[0063] The rubber composition of the present embodiments can be 25

prepared by mixing the filler, and other components as needed, with the 
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composition containing the rubber component and the additive.  When 

preparing the rubber composition, a method for kneading the components 

by a known mixer such as a roll or Banbury mixer can be used.

[0064] As kneading conditions, in case of blending components except 

the vulcanizing agent and the vulcanization accelerator, a kneading 5

temperature is normally 50 to 200°C, preferably 80 to 190°C; a kneading 

time is normally 30 seconds to 30 minutes, preferably 1 minute to 30 

minutes.  In case of blending the vulcanizing agent and the 

vulcanization accelerator, the kneading temperature is normally 100°C or 

less, preferably room temperature to 80°C.  Further, a composition 10

blending the vulcanizing agent and the vulcanization accelerator, is 

usually used after subjecting to a vulcanization treatment such as press 

vulcanization.  A vulcanization temperature is normally 120 to 200°C, 

preferably 140 to 180°C.

[0065] Since the rubber composition of the present embodiments has 15

excellent processability and shows good fuel saving performance, it is 

suitably used for a tire.

Examples

[0066] Hereinafter, the present invention will be described in more detail 

with reference to examples, but it is not intended to be limited to the 20

examples.

[0067] Physical property evaluations were conducted according to the 

following method.

1. Parameter A, Molecular weight and Polymerization degree

Parameter A, a molecular weight and a polymerization degree of 25

the additive were calculated by using a chemical structural formula which 
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was obtained from a structure of the additive determined by the NMR 

method.

[0068] 2. Parameter B

For calculation of parameter B of the additive, software 

developed by Charles Hansen et al., i.e., Hansen Solubility Parameter in 5

Practice (HSPiP) was used.  For the calculation, the structure 

determined by the NMR method was used.

[0069] 3. Mooney viscosity (ML1+4 or MS1+4)

In accordance with JIS K6300(1994), Mooney viscosity of the 

rubber composition was measured at 100°C.  The smaller the numerical 10

value of the Mooney viscosity, the better the processability.

[0070] 4. tand (60°C) and tand (0°C)

From a vulcanized sheet, a strip-shaped test piece having a width 

of 1 mm and a length of 40 mm was punched out, and used for the test.  

The measurement was conducted by a viscoelasticity measuring 15

apparatus (produced by Ueshima Seisakusho Co., Ltd.); and under the 

conditions of a strain of 1% and a frequency of 10 Hz, a loss tangent of 

the test piece at a temperature of 60°C (tand at 60°C) and a loss tangent 

of the test piece at a temperature of 0°C (tand at 0°C) were measured.  

The smaller the tand(60°C), the better the fuel saving performance; and 20

the larger the tand(0°C), the better the grip performance.

[0071] <Preparation of Additive Solution A>

Under a nitrogen atmosphere, a n-hexane solution containing 

55.23 mmol of N-(3-dimethylaminopropyl) acrylamide, 184.1 mL of 

cyclohexane, and 55.23 mmol of n-butyllithium (n-BuLi) were charged 25

into a reactor, and a temperature of the reactor was raised to 65°C while 
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stirring, and at the same temperature a mixture was stirred for 15 minutes.  

Next, 3.36 mL of methanol was added in the reactor, and the temperature 

in the reactor was cooled to ordinary temperature, to obtain 173.1 g of the 

additive solution A containing an oligomer of N-(3-

dimethylaminopropyl) acrylamide.  It was confirmed from a result of 5

1H-NMR spectrum analysis that the compound represented by the 

following formula (A) was contained.  The mean degree of 

polymerization of the oligomer of N-(3-dimethylaminopropyl) 

acrylamide was 2 and the mean molecular weight of the additive 

calculated from the degree of polymerization was 370.6.10

[Chemical Formula 4]

[0072] [Preparation of Rubber Composition and Vulcanized Sheet]

(Example 1)

After the polymerization reactor made of stainless steel with 30 L 15

of internal volume was washed, dried, and purged with dry nitrogen, 15.3 

kg of industrial hexane (density of 680 kg/m3), 912 g of 1,3-butadiene, 

288 g of styrene, 9.1 mL of tetrahydrofuran, and 6.54 mL of ethylene 

glycol diethyl ether were charged in the polymerization reactor.  Next, 

after a small quantity of a hexane solution of n-BuLi as a scavenger was 20

charged in the polymerization reactor, a n-hexane solution containing 

18.41 mmol of piperidine and 18.14 mmol of n-BuLi was further charged, 

and the polymerization was initiated at 30°C.

[0073] Setting a stirring rate and a temperature of the inside of the 
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polymerization reactor at 130 rpm and 65°C, respectively, 1,3-butadiene 

and styrene were continuously supplied to the polymerization reactor 

respectively for 2.5 hours at a rate of 547 g/hour and for 2 hours at a rate 

of 216 g/hour, and the polymerization was conducted for 3 hours in total.  

The total supply quantity of 1,3-butadiene was 1368 g and the total supply 5

quantity of styrene was 432 g.  25 minutes after the start of the 

polymerization, 30 mL of a hexane solution containing 2.75 g of 

bis(diethylamino) methylvinylsilane was charged in the polymerization 

reactor.

[0074] Next, the polymerization reaction solution was stirred at a stirring 10

rate of 130 rpm, and after 18.41 mmol of N-(3-dimethylaminopropyl) 

acrylamide was added at 65°C and stirred for 15 minutes, 30 mL of a 

hexane solution containing 1.12 mL of methanol was added to the 

polymerization reaction solution, and further stirred for 5 minutes.

[0075] Next, after adding 173.1 g of the above additive solution A to the 15

polymerization reaction solution, 12.0 g of 2-tert-butyl-6-(3-tert-butyl-2-

hydroxy-5-methylbengyl)-4-methylphenylacrylate (produced by 

Sumitomo Chemical Co., Ltd., Product Name: "Sumilizer GM") and 6.0 

g of pentaerythrichiltetrakis(3-laurylthiopropionate) (produced by 

Sumitomo Chemical Co., Ltd., Product Name: "Sumilizer TP-D") were 20

added as antioxidants, and the mixture was stirred for 10 minutes to 

obtain a polymer solution.

[0076] The polymer solution was left at ordinary temperature for 24 

hours to evaporate the solvent, and further dried at 55°C for 12 hours 

under a reduced pressure, to obtain a composition a1 containing a 25

copolymer of styrene and 1,3-butadiene (styrene-butadiene rubber) and 
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an oligomer of N-(3-dimethylaminopropyl) acrylamide.

[0077] 80 parts by mass of the composition a1, 20 parts by mass of high 

cis BR (produced by Zeon Corporation, Product Name: "BR1220"), 80 

parts by mass of silica (produced by EVONIK Industries A.G., Product 

Name: "ULTRASIL 7000 GR"), 6.4 parts by mass of a silane coupling 5

agent (produced by EVONIK Industries A.G., Product Name: "Si 75"), 5 

parts by mass of carbon black (produced by Mitsubishi Chemical 

Corporation, Product Name: "DIABLACK N339"), 30 parts by mass of 

an extender oil (produced by JXTG Nippon Oil & Energy Corporation, 

Product Name: "TDAE Aromax"), 2 parts by mass of an antidegradant 10

(produced by Ouchi Shinko Chemical Industrial Co., Ltd., Product Name: 

"NOCRAC 6C"), 2 parts by mass of stearic acid, 3 parts by mass of zinc 

white, 2 parts by mass of a vulcanization accelerator (produced by Ouchi 

Shinko Chemical Industrial Co., Ltd., Product Name: "NOCCELER D"), 

1.5 parts by mass of a vulcanization accelerator (produced by Ouchi 15

Shinko Chemical Industrial Co., Ltd., Product Name: "NOCCELER 

CZ"), and 1.5 parts by mass of sulfur were kneaded by Labo Plastomill, 

to prepare a rubber composition.  The rubber composition was molded 

to a sheet by using a 6-inch roll, and the sheet is heated at 160°C for 55 

minutes to be vulcanized, to prepare the vulcanized sheet.20

[0078] (Example 2)

After the polymerization reactor made of stainless steel with 30 L 

of internal volume was washed, dried and purged with dry nitrogen, 15.3 

kg of industrial hexane (density of 680 kg/m3), 912 g of 1,3-butadiene, 

288 g of styrene, 9.1 mL of tetrahydrofuran, and 6.54 mL of ethylene 25

glycol diethyl ether were charged in the polymerization reactor.  Next, 
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after a small quantity of the hexane solution of n-BuLi as the scavenger 

was charged in the polymerization reactor, the n-hexane solution 

containing 18.41 mmol of piperidine and 18.14 mmol of n-BuLi was 

further charged, and the polymerization was initiated at 30°C.

[0079] Setting a stirring rate and a temperature of the inside of the 5

polymerization reactor at 130 rpm and 65°C, respectively, 1,3-butadiene 

and styrene were continuously supplied to the polymerization reactor 

respectively for 2.5 hours at a rate of 547 g/hour and for 2 hours at a rate 

of 216 g/hour, and the polymerization was conducted for 3 hours in total.  

The total supply quantity of 1,3-butadiene was 1368 g and the total supply 10

quantity of styrene was 432 g.  25 minutes after the start of the 

polymerization, 30 mL of the hexane solution containing 2.75 g of 

bis(diethylamino) methylvinylsilane was charged in the polymerization 

reactor.

[0080] Next, the polymerization reaction solution was stirred at a stirring 15

rate of 130 rpm, and after 18.41 mmol of N-(3-dimethylaminopropyl) 

acrylamide was added at 65°C and stirred for 15 minutes, a n-hexane 

solution containing 55.23 mmol of n-BuLi was charged.  At 10 seconds 

later from charging of the hexane solution containing n-BuLi, 55.23 

mmol of N-(3-dimethylaminopropyl) acrylamide was added, and after 20

stirring for 15 minutes, 30 mL of a hexane solution containing 4.47 mL 

of methanol was added at 65°C, and further stirred for 5 minutes.

[0081] Next, in the polymerization reaction solution, 12.0 g of 

"Sumilizer GM" and 6.0 g of "Sumilizer TP-D" were added, and stirred 

for 10 minutes, to obtain a polymer solution.25

[0082] The polymer solution was left at ordinary temperature for 24 
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hours to evaporate the solvent, and further dried at 55°C for 12 hours 

under a reduced pressure, to obtain a composition a2 containing the 

styrene-butadiene rubber and the oligomer of N-(3-

dimethylaminopropyl) acrylamide.  As a result of 1H-NMR spectrum 

analysis of the composition a2, it was observed that the compound 5

represented by the formula (A) was contained.  The mean degree of 

polymerization of the oligomer of N-(3-dimethylaminopropyl) 

acrylamide was 3, and the mean molecular weight of the additive 

calculated from the degree of polymerization was 526.8.

[0083] Except that the composition a2 was used, in the same manner as 10

Example 1, the rubber composition was prepared, to make the vulcanized 

sheet.

[0084] (Comparative Example 1)

Except that the above additive solution A was not added, in the 

same manner as Example 1, the rubber composition was prepared, to 15

make the vulcanized sheet.

[0085] (Comparative Example 2)

Except that the additive solution B, in which 55.23 mmol of N-

(3-dimethylaminopropyl) acrylamide and 184.1 mL of cyclohexane were 

mixed, was used in place of the additive solution A, in the same manner 20

as Example 1, the rubber composition was prepared, to make the 

vulcanized sheet.

[0086] Evaluation results of the parameter A, the parameter B and the 

molecular weight of the additive, Mooney viscosity of the rubber 

composition, and tand of the vulcanized sheet are shown in Table 1.  25

Here, Mooney viscosity and tand in Table 1 are relative values with 
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Comparative Example 1 as 100.

[0087] [Table 1]

Example 1 Example 2
Comparative 

Example 1

Comparative 

Example 2

Parameter A 0.30 0.32 - 0.38

Parameter B 11.2 12.9 - 9.9

Molecular Weight of 

Additive 
370.6 526.8 - 156.2

Mooney Viscosity 96 100 100 97

tan d
0°C 101 100 100 99

60°C 93 95 100 99

[0088] (Example 3)

After the polymerization reactor made of stainless steel with 30 L 

of internal volume was washed, dried and purged with dry nitrogen, 15.3 5

kg of industrial hexane (density of 680 kg/m3), 968 g of 1,3-butadiene, 

334 g of styrene, 12.0 mL of tetrahydrofuran, and 4.15 mL of ethylene 

glycol diethyl ether were charged in the polymerization reactor.  Next, 

after a small quantity of the hexane solution of n-BuLi as the scavenger 

was charged in the polymerization reactor, a n-hexane solution containing 10

13.89 mmol of piperidine and 18.52 mmol of n-BuLi was further charged, 

and the polymerization was initiated at 30°C.

[0089] Setting a stirring rate and a temperature of the inside of the 

polymerization reactor at 130 rpm and 65°C, respectively, 1,3-butadiene 

and styrene were continuously supplied to the polymerization reactor 15

respectively for 2.5 hours at a rate of 513 g/hour and for 2 hours at a rate 

of 208 g/hour, and the polymerization was conducted for 3 hours in total.  

The total supply quantity of 1,3-butadiene was 1282 g and the total supply 

quantity of styrene was 416 g.  25 minutes after the start of the 
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polymerization, 30 mL of a hexane solution containing 12.5 g of 

bis(diethylamino) methylvinylsilane was charged in the polymerization 

reactor.

[0090] Next, the polymerization reaction solution was stirred at a stirring 

rate of 130 rpm, and 1.95 mmol of tin tetrachloride was added at 65°C 5

and stirred for 15 minutes, then 10.72 mmol of N-(3-

dimethylaminopropyl) acrylamide was added, and after stirred for 15 

minutes, a n-hexane solution containing 31.35 mmol of n-BuLi was 

charged.  At 15 minutes later from charging of the hexane solution of n-

BuLi, 15.68 mmol of N-(3-dimethylaminopropyl) acrylamide was added, 10

and after stirred for 15 minutes, 30 mL of a hexane solution containing 

2.02 mL of methanol was added at 65°C, and further stirred for 5 minutes.

[0091] Next, to the polymerization reaction solution, 16.8 g of 4,6-

bis(octylthiomethyl)-o-cresol (produced by BASF S.E., Product Name: 

"Irganox 1520L") was added as an antioxidant, and the mixture was 15

stirred for 10 minutes to obtain a polymer solution.

[0092] The polymer solution was left at ordinary temperature for 24 

hours to evaporate the solvent, and further dried at 55°C for 12 hours 

under a reduced pressure, to obtain a composition b1 containing the 

styrene-butadiene rubber and the oligomer of N-(3-20

dimethylaminopropyl) acrylamide.

[0093] Except that the composition b1 was used, in the same manner as 

Example 1, the rubber composition was prepared, to make the vulcanized 

sheet.

[0094] (Example 4)25

After the polymerization reactor made of stainless steel with 20 L 
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of internal volume was washed, dried and purged with dry nitrogen, 10.2 

kg of industrial hexane (density of 680 kg/m3), 504 g of 1,3-butadiene, 

546 g of styrene, 6.07 mL of tetrahydrofuran, and 1.27 mL of ethylene 

glycol diethyl ether were charged in the polymerization reactor.  Next, 

after a small quantity of the hexane solution of n-BuLi as the scavenger 5

was charged in the polymerization reactor, a n-hexane solution containing 

3.16 mmol of piperidine and 6.31 mmol of n-BuLi was further charged, 

and the polymerization was initiated at 30°C.

[0095] Setting a stirring rate and a temperature of the inside of the 

polymerization reactor at 130 rpm and 65°C, respectively, 1,3-butadiene 10

and styrene were continuously supplied to the polymerization reactor 

respectively for 2 hours at a rate of 394 g/hour and for 2 hours at a rate of 

101 g/hour, and further 1,3-butadiene was continuously supplied to the 

polymerization reactor for 20 minutes at a rate of 180 g/hour, and the 

polymerization was conducted for 170 minutes in total.  The total supply 15

quantity of 1,3-butadiene was 1352 g and the total supply quantity of 

styrene was 748 g.  20 minutes after the start of the polymerization, 30 

mL of a hexane solution containing 0.182 g of bis(diethylamino) 

methylvinylsilane was charged in the polymerization reactor.

[0096] Next, the polymerization reaction solution was stirred at a stirring 20

rate of 130 rpm, and 0.474 mmol of silicon tetrachloride was added at 

65°C and stirred for 10 minutes, then 4.42 mmol of N-(3-

dimethylaminopropyl) acrylamide was added, and after stirred for 10 

minutes, a n-hexane solution containing 13.9 mmol of n-BuLi was 

charged.  At 5 minutes later from charging of the hexane solution of n-25

BuLi, 13.9 mmol of N-(3-dimethylaminopropyl) acrylamide was added, 



FP20-0052-00

29

and after stirred for 15 minutes, 20 mL of a hexane solution containing 

1.23 mL of methanol was added at 65°C, and further stirred for 15 

minutes.

[0097] Next, to the polymerization reaction solution, 8.40 g of "Irganox: 

1520L" as an antioxidant and 788 g of an extender oil (produced by JXTG 5

Nippon Oil & Energy Corporation, Product Name: "Process NC-140") 

were added, and the mixture was stirred for 10 minutes to obtain a 

polymer solution.

[0098] The polymer solution was left at ordinary temperature for 24 

hours to evaporate the solvent, and further dried at 55°C for 12 hours 10

under a reduced pressure, to obtain a composition b2 containing the 

styrene-butadiene rubber and the oligomer of N-(3-

dimethylaminopropyl) acrylamide.

[0099] Except that the composition b2 was used, in the same manner as 

Example 1, the rubber composition was prepared, to make the vulcanized 15

sheet.

[0100] (Comparative Example 3)

After the polymerization reactor made of stainless steel with 30 L 

of internal volume was washed, dried and purged with dry nitrogen, 15.3 

kg of industrial hexane (density of 680 kg/m3), 968 g of 1,3-butadiene, 20

334 g of styrene, 12.0 mL of tetrahydrofuran, and 4.15 mL of ethylene 

glycol diethyl ether were charged in the polymerization reactor.  Next, 

after a small quantity of the hexane solution of n-BuLi as the scavenger 

was charged in the polymerization reactor, a n-hexane solution containing 

13.89 mmol of piperidine and 18.52 mmol of n-BuLi was charged, and 25

the polymerization was initiated at 30°C.
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[0101] Setting a stirring rate and a temperature of the inside of the 

polymerization reactor at 130 rpm and 65°C, respectively, 1,3-butadiene 

and styrene were continuously supplied to the polymerization reactor 

respectively for 2.5 hours at a rate of 513 g/hour and for 2 hours at a rate 

of 208 g/hour, and the polymerization was conducted for 3 hours in total.  5

The total supply quantity of 1,3-butadiene was 1282 g and the total supply 

quantity of styrene was 416 g.  25 minutes after the start of the 

polymerization, 30 mL of a hexane solution containing 12.5 g of 

bis(diethylamino) methylvinylsilane was charged in the polymerization 

reactor.10

[0102] Next, the polymerization reaction solution was stirred at a stirring 

rate of 130 rpm, and 1.95 mmol of tin tetrachloride was added at 65°C 

and stirred for 15 minutes, then after 10.72 mmol of N-(3-

dimethylaminopropyl) acrylamide was added and stirred for 15 minutes, 

30 mL of a hexane solution containing 2.02 mL of methanol was charged 15

at 65°C, and further stirred for 5 minutes.

[0103] In the polymerization reaction solution, 16.8 g of "Irganox 

1520L" was added, and stirred for 10 minutes, to obtain a polymer 

solution.  The polymer solution was left at ordinary temperature for 24 

hours to evaporate the solvent, and further dried at 55°C for 12 hours 20

under a reduced pressure, to obtain a composition b3 containing the 

styrene-butadiene rubber.

[0104] Except that the composition b3 was used, in the same manner as 

Example 1, the rubber composition was prepared, to make the vulcanized 

sheet.25

[0105] (Comparative Example 4)



FP20-0052-00

31

After the polymerization reactor made of stainless steel with 20 L 

of internal volume was washed, dried and purged with dry nitrogen, 10.2 

kg of industrial hexane (density of 680 kg/m3), 504 g of 1,3-butadiene, 

546 g of styrene, 6.07 mL of tetrahydrofuran, and 1.27 mL of ethylene 

glycol diethyl ether were charged in the polymerization reactor.  Next, 5

after a small quantity of the hexane solution of n-BuLi was charged as the 

scavenger in the polymerization reactor, a n-hexane solution containing 

3.16 mmol of piperidine and 6.31 mmol of n-BuLi was charged, and the 

polymerization was initiated at 30°C.

[0106] Setting a stirring rate and a temperature of the inside of the 10

polymerization reactor at 130 rpm and 65°C, respectively, 1,3-butadiene 

and styrene were continuously supplied to the polymerization reactor 

respectively for 2 hours at a rate of 394 g/hour and for 2 hours at a rate of 

101 g/hour, and further 1,3-butadiene was continuously supplied to the 

polymerization reactor for 20 minutes at a rate of 180 g/hour, and the 15

polymerization was conducted for 170 minutes in total.  The total supply 

quantity of 1,3-butadiene was 1352 g and the total supply quantity of 

styrene was 748 g.  20 minutes after the start of the polymerization, 30 

mL of a hexane solution containing 0.182 g of bis(diethylamino) 

methylvinylsilane was charged in the polymerization reactor.20

[0107] Next, the polymerization reaction solution was stirred at a stirring 

rate of 130 rpm, and 0.474 mmol of silicon tetrachloride was added at 

65°C and stirred for 10 minutes, then after 4.42 mmol of N-(3-

dimethylaminopropyl) acrylamide was added and stirred for 15 minutes, 

20 mL of a hexane solution containing 1.23 mL of methanol was charged 25

at 65°C, and further stirred for 15 minutes.
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[0108] Next, in the polymerization reaction solution, 8.40 g of "Irganox 

1520L" and 788 g of "Process NC-140" were added, and stirred for 10 

minutes, to obtain a polymer solution.  The polymer solution was left at 

ordinary temperature for 24 hours to evaporate the solvent, and further 

dried at 55°C for 12 hours under a reduced pressure, to obtain a 5

composition b4 containing the styrene-butadiene rubber.

[0109] Except that the composition b4 was used, in the same manner as 

Example 1, the rubber composition was prepared, to make the vulcanized 

sheet.

[0110] Evaluation results of the parameter A, the parameter B, and the 10

molecular weight of the additive, Mooney viscosity of the rubber 

composition, and tand of the vulcanized sheet are shown in Table 2.  

Here, Mooney viscosity and tand in Table 2 are relative values with 

Comparative Example 4 as 100.

[0111] [Table 2]15

Example 3 Example 4
Comparative 

Example 3

Comparative 

Example 4

Parameter A 0.3 0.3 - -

Parameter B 11.2 11.2 - -

Molecular Weight of 

Additive 
370.6 370.6 - -

Mooney Viscosity 96 98 100 100

tan d
0°C 101 102 101 100

60°C 95 97 100 100

[0112] <Preparation of Additive Solution C>

Under a nitrogen atmosphere, 55.23 mmol of 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide, and 184.1 mL of 

tetrahydrofuran were charged in a reactor, and cooled to -78°C with 
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stirring.  Next, a n-hexane solution containing 27.62 mmol of n-BuLi 

was charged in the reactor, and a temperature in the reactor was raised to 

25°C with stirring, and at the same temperature the mixture was stirred 

for 1 hour.  Next, 1.12 mL of methanol was added in the reactor, and the 

temperature of the reactor was cooled to ordinary temperature, to obtain 5

179.1 g of the additive solution C containing an oligomer of 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide.  From a result of 1H-NMR 

spectrum analysis, it was observed that the compound represented by the 

following formula (C) was contained.  The mean degree of 

polymerization of the oligomer of 1-(3-dimethylaminopropyl)-3-10

ethylcarbodiimide was 2, and the mean molecular weight calculated from 

the mean degree of polymerization was 368.6.

[Chemical Formula 5]

[0113] (Example 5)15

Except that a polymerization reaction solution was prepared 

without piperidine and that 179.1 g of the additive solution C, in place of 

the additive solution A, was added in the polymerization reaction solution, 

a composition c1 was obtained in the same manner as Example 1.  

Except that the composition c1 was used, in the same manner as Example 20

1, the rubber composition was prepared, to make the vulcanized sheet.
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[0114] <Preparation of Additive Solution D>

Except that (3-isocyanatopropyl) trimethoxysilane was used in 

place of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide, an additive 

solution D containing an oligomer of (3-isocyanatopropyl) 

trimethoxysilane was prepared in the same manner as the preparation of 5

the additive solution C.  From a result of 1H-NMR spectrum analysis, it 

was confirmed that the compound represented by the following formula 

(D) was contained.  The mean degree of polymerization of the oligomer 

of (3-isocyanatopropyl) trimethoxysilane was 2, and the mean molecular 

weight calculated from the mean degree of polymerization was 468.7.10

[Chemical Formula 6]

[0115] (Example 6)

Except that a polymerization reaction solution is prepared without 

piperidine and that 182.1 g of the additive solution D, in place of the 15

additive solution A, was added in the polymerization reaction solution, a 

composition c2 was obtained in the same manner as Example 1.  Except 

that the composition c2 was used, in the same manner as Example 1, the 

rubber composition was prepared, to make the vulcanized sheet.

[0116] (Comparative Example 5)20

Except that a polymerization reaction solution was prepared 
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without piperidine and that the additive solution A was not added in the 

polymerization reaction solution, a composition c3 was obtained in the 

same manner as Example 1.  Except that the composition c3 was used, 

in the same manner as Example 1, the rubber composition was prepared, 

to make the vulcanized sheet.5

[0117] Evaluation results of the parameter A, the parameter B, and the 

molecular weight of the additive, Mooney viscosity of the rubber 

composition, and tand of the vulcanized sheet are shown in Table 3.  

Here, Mooney viscosity and tand in Table 3 are relative values with 

Comparative Example 5 as 100.10

[0118] [Table 3]

Example 5 Example 6
Comparative 

Example 5

Parameter A 0.3 0.67 -

Parameter B 6.1 12.1 -

Molecular Weight of 

Additive 
368.6 468.7 -

Mooney Viscosity 99 100 100

tan d
0°C 101 100 100

60°C 93 97 100
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CLAIMS

[Claim 1]

A rubber composition comprising a rubber component, an 

additive, and a filler, 

wherein the additive comprises a compound including carbon 5

atoms and at least one atomic species selected from the group consisting 

of silicon atoms, nitrogen atoms and oxygen atoms;

a total number of silicon atoms, nitrogen atoms and oxygen atoms 

constituting the compound is 0.27 or more and 0.80 or less with respect 

to a number of the carbon atoms;10

a Hansen solubility parameter of the compound satisfies a 

relationship represented by the following formula (2):

6£{4(dD1-dD2)2+(dP1-dP2)2+(dH1-dH2)2}0.5 (2)

wherein dD indicates a dispersion term, dP indicates a polarity term, and 

dH indicates a hydrogen bond term; and15

a molecular weight of the compound is 200 or more and 15000 or 

less.

[Claim 2]

The rubber composition according to claim 1, wherein the 

compound has a structure based on at least one selected from the group 20

consisting of an amino group, a siloxy group, an imino group, an ether 

bond, an ester bond and an amide bond.

[Claim 3]

The rubber composition according to claim 1 or 2, wherein the 

compound has a tertiary amino group.25

[Claim 4]
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The rubber composition according to any one of claims 1 to 3, 

wherein the rubber component comprises a diene-based rubber.

[Claim 5]

The rubber composition according to claim 4, wherein the diene-

based rubber is a modified diene-based rubber.5

[Claim 6]

A rubber composition comprising a rubber component, an 

additive, and a filler, wherein the additive comprises a polymerized 

product of a monomer represented by the following formula (I):

[Chemical Formula 1]10

wherein R1 indicates a hydrogen atom or a methyl group, R2 and R3 each 

independently indicate an alkyl group, L1 indicates an amide bond or an 

ester bond, and L2 indicates an alkanediyl group optionally having a 

substituent.15

[Claim 7]

The rubber composition according to claim 6, wherein the rubber 

component comprises a diene-based rubber.

[Claim 8]

The rubber composition according to claim 7, wherein the diene-20

based rubber is a modified diene-based rubber.

[Claim 9]

A method for producing a rubber composition according to any 
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one of claims 1 to 8, comprising a step of mixing the rubber component 

and the additive.

[Claim 10]

A method for producing a rubber composition according to any 

one of claims 6 to 8, the method comprising:5

a step of obtaining a polymerized solution containing the diene-

based rubber by a solution polymerization process in a polymerization 

reactor; and

a step of preparing the additive by adding the monomer 

represented by the above formula (I) to the polymerization reactor 10

containing the polymerized solution and polymerizing the monomer.


