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Description
TECHNICAL FIELD
[0001] The present invention relates to a rubber composition for tire treads and a pneumaitic tire.
BACKGROUND

[0002] A great many performance attributes are demanded of tires. In particular, there is a demand for steering stability
during high-speed traveling, stability on wet road surfaces, reduction in rolling resistance to enable greater automobile
fuel efficiency, and improvement in friction resistance.

Conventionally, in order to achieve both a reduction in rolling resistance as well as stability on wet road surfaces, in
particular, silica is widely used as a reinforcing filler.

[0003] However, since silica has silanol groups on the particle surface, the particles readily agglomerate together, and
when used as a reinforcing filler, there is the problem that it adversely affects tire wear resistance and mechanical
characteristics.

To combat this, a technique for improving the dispersibility of silica by blending a silane coupling agent with silica is
known (for example, Patent Document 1). In the examples in Patent Document 1, bis(3-triethoxysilylpropyl)tetrasulfide
(Si69: manufactured by Evonik Degussa Corp.) is used as a silane coupling agent ([0027]).

However, although the rubber composition for tire treads according to the above technology has better silica dispersibility
than conventional compositions for tire treads, it still does not satisfy the required level. Furthermore, another known
technique for improving silica dispersibility is to blend a silane coupling agent containing a mercapto group with silica
(for example, Patent Document 2).

PRIOR ART DOCUMENTS
Patent Documents
[0004]

Patent Document 1: Japanese Unexamined Patent Application Publication No. 2000-017107A
Patent Document 2: WO/2006/028254

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

[0005] When the presentinventors studied rubber compositions for tire treads in which a silane coupling agent having
a mercapto group was blended together with silica, they found that, although the required level of silica dispersibility
was satisfied, Mooney viscosity was high and processability was insufficient.

[0006] Thus, taking the above facts into consideration, the object of the present invention is to provide a rubber
composition for tire treads having high silica dispersibility while also having excellent processability.

Means to Solve the Problem

[0007] As aresult of diligently studying the above problem, the present inventors discovered that a rubber composition
for tire treads having high silica dispersibility while also having excellent processability is obtained by blending a silane
coupling agent having a specified structure, and they achieved the present invention.

[0008] Specifically, the inventors discovered that the problems described above can be solved by the following features.
[0009] A rubber composition for tire treads, containing a diene rubber, silica and a silane coupling agent, wherein
the silane coupling agent is a polysiloxane represented by an average composition formula of formula (1) below,

silica content is from 5 to 200 parts by mass per 100 parts by mass of the diene rubber, and

silane coupling agent content is from 1 to 20 mass% relative to the silica content.

(A)a(B)p(C)o(D)g(R")eSIO 4-24-b-c-d-e)/2 (1)

(wherein, in formula (1), A denotes a divalent organic group containing a sulfide group; B denotes a monovalent
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hydrocarbon group having from 5 to 20 carbons; C denotes a hydrolyzable group; D denotes an organic group
containing a mercapto group; R denotes a monovalent hydrocarbon group having from 1 to 4 carbons; and ato e
satisfy the relationships 0 <a<1,0<b<1,0<c<3,0<d<1,0<e<2,0<2a+b+c+d+e<4).

(2) The rubber composition for tire treads according to item (1) above, wherein, informula (1), Ais agroup represented
by formula (2) below, Cis a group represented by formula (3) below, and D is a group represented by formula (4) below.

*-(CHy)-Sx-(CH,) - * 2)
(wherein, in formula (2), n denotes an integer from 1 to 10; x denotes an integer from 1 to 6; * denotes a bond position);
*-OR2 (3)

(wherein, in formula (3), R2 denotes an alkyl group having from 1 to 20 carbons, an aryl group having from 6 to 10
carbons, or an alkenyl group having from 2 to 10 carbons; * denotes a bond position);

*-(CH,)m-SH (4)

(wherein, in formula (4), m denotes an integer from 1 to 10; * denotes a bond position).

(3) The rubber composition for tire treads according to item (1) or (2) above, wherein the silane coupling agent has
a mercapto group.

(4) The rubber composition for tire treads according to any one of items (1) to (3) above, wherein not less than 50
mass% of the diene rubber is aromatic vinyl-conjugated diene copolymer.

(5) The rubber composition for tire treads according to item (4) above, wherein the aromatic vinyl-conjugated diene
copolymer contains from 5 to 50 mass% aromatic vinyl, and vinyl bond content in the conjugated diene is from 5 to
80%.

(6) The rubber composition for tire treads according to any one of items (1) to (5) above, wherein nitrogen adsorption
specific surface area is from 100 to 300 m2/g.

(7) A pneumatic tire using the rubber composition for tire treads described in any one of items (1) to (6) above.

Effect of the invention

[0010] As described below, according to the present invention, a rubber composition for tire treads having high silica
dispersibility while also having excellent processability, and a pneumatic tire that uses itin the tire treads, can be provided.

BRIEF DESCRIPTION OF THE DRAWING

[0011] FIG. 1 is a partial cross-sectional schematic view of a tire that represents one embodiment of the pneumatic
tire of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0012] Below, the rubber composition for tire treads of the present invention and the pneumatic tire that uses the
rubber composition for tire treads of the present invention will be described.

(Rubber composition for tire treads)

[0013] The rubber composition for tire treads of the present invention is a rubber composition for tire treads containing
a diene rubber, silica and a silane coupling agent represented by the average composition formula of formula (1) to be
described later, wherein the silica content is from 5 to 200 parts by mass per 100 parts by mass of the diene rubber,
and the silane coupling agent content is from 1 to 20 mass% relative to the silica content.

[0014] The diene rubber, silica and silane coupling agent as well as other components that may be contained as
desired will be described in detail below.

<Diene rubber>
[0015] The diene rubber used in the rubber composition for tire treads of the present invention is not particularly limited,

and specific examples thereof include natural rubber (NR), isoprene rubber (IR), butadiene rubber (BR), aromatic vinyl-
conjugated diene copolymer rubber, acrylonitrile-butadiene copolymer rubber (NBR), butyl rubber (IIR), butyl halide
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rubber (Br-1IR, CI-lIR), and chloroprene rubber (CR). As the above diene rubbers, one type of diene rubber may be used
alone, or two or more types of diene rubber may be used in combination.

[0016] In the present invention, as the diene rubber, use of an aromatic vinyl-conjugated diene copolymer rubber is
preferred, and use of an aromatic vinyl-conjugated diene copolymer in combination with a butadiene rubber (BR) is more
preferred, from the viewpoint of being able to produce a tire having excellent wet performance and rolling resistance.
Examples of the aromatic vinyl-conjugated diene copolymer rubber include styrene-butadiene copolymer rubber (SBR),
styrene-isoprene copolymer rubber and the like, among which styrene-butadiene copolymer rubber (SBR) is preferred
from the viewpoint of being able to produce a tire having excellent wet performance and rolling resistance.

[0017] The aromatic vinyl content (for example, the styrene content) of the aromatic vinyl-conjugated diene copolymer
is preferably from 5 to 50 mass%, more preferably from 10 to 45 mass%, and even more preferably from 12 to 42 mass%,
from the perspective of improving processability of the rubber composition.

Furthermore, from the perspective of improving processability of the rubber composition and silica dispersibility, the vinyl
bond content of the conjugated diene of the aromatic vinyl-conjugated diene copolymer is preferably from 5 to 80 mass%,
more preferably from 10 to 75 mass%, and even more preferably from 20 to 70 mass%. Here, vinyl bond content means
the proportion of 1,2-vinyl bonds among cis-1,4- bonds, trans-1,4-bonds and 1,2-vinyl bonds, which are the bond types
of conjugated diene. Additionally, the weight average molecular weight of the aromatic vinyl-conjugated diene copolymer
is from 100,000 to 2,000,000, but is more preferably from 300,000 to 1,500,000 from the perspective of increasing the
effect of inhibiting a rise in viscosity of the rubber composition. The weight average molecular weight (Mw) of the aromatic
vinyl-conjugated diene copolymer is measured in terms of standard polystyrene by gel permeation chromatography
(GPC) using tetrahydrofuran as a solvent.

[0018] The aromatic vinyl-conjugated diene copolymer is not particularly limited in its production method, but can be
produced by a conventional known method.

The aromatic vinyl and conjugated diene serving as monomers used when producing the aromatic vinyl-conjugated
diene copolymer are not particularly limited.

Examples of the conjugated diene monomer include 1,3-butadiene, isoprene (2-methyl-1,3-butadiene), 2,3-dimethyl-
1,3-butadiene, 2-chloro-1,3-butadiene, 1,3-pentadiene, and the like.

Examples of the aromatic vinyl monomer include styrene, 2-methylstyrene, 3-methylstyrene, 4-methylstyrene, a-meth-
ylstyrene, 2,4-dimethylstyrene, 2,4-diisopropyistyrene, 4-tert-butylstyrene, divinylbenzene, tert-butoxystyrene, vinylben-
zyldimethylamine, (4-vinylbenzyl)dimethylaminoethyl ether, N,N-dimethyl aminoethylstyrene, vinyl pyridine and the like.
[0019] In the present invention, the aromatic vinyl-conjugated diene copolymer content is not less than 50 mass%,
preferably not less than 55 mass%, and more preferably not less than 60 mass%, of the total amount of the diene rubber
from the perspective of being able to produce a tire having excellent wet performance.

Furthermore, if butadiene rubber (BR) is used in combination with the aromatic vinyl-conjugated diene copolymer, the
butadiene rubber (BR) content is preferably less than 50 mass%, preferably less than 45 mass%, and more preferably
less than 40 mass%, of the total amount of the diene rubber from the perspective of being able to produce a tire having
excellent wet performance.

<Silica>

[0020] The silica contained in the rubber composition for tire treads of the present invention is not particularly limited,
and can be any conventional known silica that is blended in rubber compositions used in tires and the like.

[0021] Examples of the silica include wet silica, dry silica, fumed silica and diatomaceous earth. As the above silica,
one type of silica may be used alone, or two or more types of silica may be used in combination.

[0022] In the present invention, the silica is preferably wet silica from the viewpoint of being able to produce a tire
having excellent wet performance and rolling resistance.

[0023] In the present invention, the nitrogen adsorption specific surface area (N,SA) of the silica is preferably from
100 to 400 m2/g, more preferably from 100 to 300 m2/g, and even more preferably from 150 to 250 m2/g, from the
perspective of being able to produce a tire having excellent wet performance and rolling resistance.

Here, N,SA is a representative characteristic of the surface area that silica can use in adsorption to a rubber molecule,
and is a value obtained by measuring the adsorbed quantity of nitrogen to the surface of silica according to JIS K 6217-2:
2001 "Part 2: Specific surface area determination method - nitrogen adsorption method - single-point measurement
method."

[0024] In the rubber composition for use in tire treads of the present invention, the silica content is from 5 to 200 parts
by mass relative to 100 parts by mass of the diene rubber, and a tire having excellent wet performance and rolling
resistance can be produced, and from the viewpoint of also improving wear resistance and mechanical characteristics
of the tire, it is preferably from 5 to 150 parts by mass, more preferably from 20 to 140 parts by mass, and even more
preferably from 35 to 140 parts by mass.
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<Silane coupling agent>

[0025] The silane coupling agent used in the rubber composition for tire treads of the present invention is a polysiloxane
represented by the average composition formula of formula (1) below.

(A)a(B)p(C)o(D)g(R")eSIO 4. 24-b-c-d-e)2 M

By blending such a polysiloxane as a silane coupling agent, a rubber composition for tire treads having high silica
dispersibility and excellent processability can be obtained in the present invention.

[0026] This is estimated to be due to the following mechanism. Because the silane coupling agent used in the present
invention has a sulfide group and a polysiloxane structure, it is thought that (i) the sulfide group is reductively cleaved
by acid or the like to produce a mercapto group, and is also cleaved by heating or the like to produce a thiyl radical
equivalent to a mercapto group, which reacts with the double bonds of the diene rubber, and (ii) due to the polysiloxane
structure being compatible with silica, good silica dispersibility is exhibited. This is also thought to be the case judging
from the fact that silica dispersibility is insufficient when a silane coupling agent that has a sulfide group but does not
have a polysiloxane structure is used, as shown in the comparative examples to be described later.

Furthermore, as described above, mercapto groups are produced from the sulfide groups, but the production thereof is
of a suitable degree, and does not affect processability. Itis also thought that, even in the case where the silane coupling
agent used in the present invention has a mercapto group, the generation of thiyl radicals from mercapto groups by the
sulfide groups is regulated to an appropriate degree, and excellent processability is exhibited. This is also thought to be
the case judging from the fact that processability is insufficient when a silane coupling agent that does not have a sulfide
group is used, as shown in the comparative examples to be described later.

[0027]

In formula (1), A denotes a divalent organic group containing a sulfide group. Among these, a group represented
by formula (2) below is preferred.

*~(CH2)-Sy-(CH2) " )

In formula (2), n denotes an integer from 1 to 10, among which an integer from 2 to 4 is preferred.
In formula (2), x denotes an integer from 1 to 6, among which an integer from 2 to 4 is preferred.
In formula (2), * denotes a bond position.

Specific examples of the group represented for formula (2) include *- CH»-S,-CHy- *, *-CoH4-S5-CoHy-*, *-CaHg-S5-CaHeg-
*, *-C4Hg-S5-C4Hg-*, *-CH,-S,-CH,-*, *-C,Hy-S4-CoHy-*, *-CaHg-S4-CaHg-*, *-C4Hg-S4-C4Hg-* and the like.

[0028] In formula (1), B denotes a monovalent hydrocarbon group having from 5 to 20 carbons, specific examples of
which include a hexyl group, an octyl group, a decyl group and the like. B is preferably a monovalent hydrocarbon group
having from 5 to 10 carbons.

[0029] Informula (1), C denotes a hydrolyzable group, specific examples of which include an alkoxy group, a phenoxy
group, a carboxyl group, an alkenyloxy group and the like. Among these, a group represented by formula (3) below is
preferred.

*.OR?2 3)

[0030] Informula (3), R2 denotes an alkyl group having from 1 to 20 carbons, an aryl group having from 6 to 10 carbons,
an aralkyl group (aryl-alkyl group) having from 6 to 10 carbons, or an alkenyl group having from 2 to 10 carbons, among
which an alkyl group having from 1 to 5 carbons is preferred. Specific examples of the alkyl group having from 1 to 20
carbons include a methyl group, an ethyl group, a propyl group, a butyl group, a hexyl group, an octyl group, a decyl
group, an octadecyl group and the like. Specific examples of the aryl group having from 6 to 10 carbons include a phenyl
group, a tolyl group and the like. Specific examples of the aralkyl group having from 6 to 10 carbons include a benzyl
group, a phenylethyl group and the like. Specific examples of the alkenyl group having from 2 to 10 carbons include a
vinyl group, a propenyl group, a pentenyl group and the like.

[0031] In formula (3), * denotes a bond position.

[0032] In formula (1), D denotes an organic group containing a mercapto group. Among these, a group represented
by formula (4) below is preferred.

*-(CH2)m-SH (4)
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In formula (4), m denotes an integer from 1 to 10, among which an integer from 1 to 5 is preferred.
In formula (4), * denotes a bond position.

Specific examples of the group represented by formula (4) include *-CH,SH, *-C,H,SH, *-C3HgSH, *-C4HgSH, *-
CgHoSH, *-CgH4,SH, *-C;H,,4SH, *-CgHgSH, *-CgH,gSH, *-C4H,SH.

[0033] In formula (1), R! denotes a monovalent hydrocarbon group having from 1 to 4 carbons.

[0034] Informula(1),ato esatisfytherelationships0<a<1,0<b<1,0<c<3,0<d<1,0<e<2,0<2a+b+c+d+e<4.
[0035] The polysiloxane represented by the average composition formula of formula (1) is preferably a polysiloxane
in which A in formula (1) is a group represented by formula (2), C in formula (1) is a group represented by formula (3),
and D in formula (1) is a group represented by formula (4), because silica dispersibility is better and processability is
better. Among these, it is preferably a polysiloxane having a mercapto group (0 < d) because silica dispersibility is better.
[0036] In formula (1), a is preferably such that 0 < a < 0.50, because rolling resistance of the obtained tire is better.
In formula (1), b is preferably such that 0 < b, and more preferably such that 0.10 <b < 0.89, because rolling resistance
of the obtained tire is better.

In formula (1), c is preferably such that 1.2 < ¢ < 2.0, because rolling resistance of the obtained tire is better.

In formula (1), d is preferably such that 0.1 < d < 0.8, because rolling resistance of the obtained tire is better.

[0037] The weight average molecular weight of the polysiloxane is preferably from 500 to 2300, and more preferably
from 600 to 1500, because rolling resistance of the obtained tire is better. The molecular weight of the polysiloxane in
this patent application is determined via gel permeation chromatography (GPC) with toluene as a solvent, in terms of
polystyrene.

The mercapto equivalent weight of the polysiloxane determined by an acetic acid/potassium iodide/potassium iodate
addition/sodium thiosulfate solution titration method is preferably from 550 to 700 g/mol and more preferably from 600
to 650 g/mol, from the perspective of having excellent vulcanization reactivity.

[0038] The polysiloxane preferably has from 2 to 50 siloxane units (-Si-O-), because rolling resistance of the obtained
tire is better.

[0039] No metals other than silicon atoms (for example, Sn, Ti, Al) are present in the polysiloxane skeleton.

[0040] Although the method for producing the polysiloxane is not particularly limited, a first advantageous embodiment
is a method in which an organosilicon compound represented by formula (5) below and an organosilicon compound
represented by formula (6) below are hydrolyzed and condensed. A second advantageous embodiment is a method in
which an organosilicon compound represented by formula (5) below, an organosilicon compound represented by formula
(6) below and an organosilicon compound represented by formula (7) below are hydrolyzed and condensed. A third
advantageous embodiment is a method in which an organosilicon compound represented by formula (5) below, an
organosilicon compound represented by formula (6) below, an organosilicon compound represented by formula (7)
below and an organosilicon compound represented by formula (8) below are hydrolyzed and condensed. Among these
methods the above second advantageous embodiment is preferred because silica dispersibility is better.

[Formula 1]

(R*%)3.y (R52)3-y

| | 5
(R51O)y_Si_(CHZ)n_Sx—(CHZ)n_Si_(OR51)Y ®

[0041] In formula (5), R%! denotes an alkyl group having from 1 to 20 carbons, an aryl group having from 6 to 10
carbons, or an alkenyl group having from 2 to 10 carbons, among which an alkyl group having from 1 to 5 carbons is
preferred. Specific examples of the alkyl group having from 1 to 20 carbons include a methyl group, an ethyl group, a
propyl group, a butyl group, a hexyl group, an octyl group, a decyl group, an octadecyl group and the like. Specific
examples of the aryl group having from 6 to 10 carbons include a phenyl group, a tolyl group, a naphthyl group and the
like. Specific examples of the alkenyl group having from 2 to 10 carbons include a vinyl group, a propenyl group, a
pentenyl group and the like.

In formula (5), R52 denotes an alkyl group having from 1 to 20 (preferably from 1 to 10) carbons or an aryl group having
from 6 to 20 (preferably from 6 to 10) carbons. Specific examples of the alkyl group having from 1 to 20 carbons include
a methyl group, an ethyl group, a propyl group, a butyl group, a hexyl group, an octyl group, a decyl group and the like.
Specific examples of the aryl group having from 6 to 20 carbons are the same as for R2 described above.

The definition and advantageous embodiments of n in formula (5) are the same as for n described above.

The definition and advantageous embodiments of x in formula (5) are the same as for x described above.
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In formula (5), y denotes an integer from 1 to 3.

[0042] Specific examples of the organosilicon compound represented by formula (5) include bis(trimethoxysilylpro-
pyl)tetrasulfide, bis(triethoxysilylpropyl)tetrasulfide, bis(trimethoxysilylpropyl)disulfide, bis(triethoxysilylpropyl)disulfide
and the like.

[Formula 2]
2
(R6 )3-2

|
(R°10),—Si—(CyHzp+1) ©)

[0043] The definition and advantageous embodiments of R61 in formula (6) are the same as for R51 described above.
The definition and advantageous embodiments of R®2 in formula (6) are the same as for R52 described above.

The definition of z in formula (6) is the same as for y described above.

In formula (6), p denotes an integer from 5 to 10.

[0044] Specific examples of the organosilicon compound represented by formula (6) include pentyl trimethoxysilane,
pentyl methyl dimethoxysilane, pentyl triethoxysilane, pentyl methyl diethoxysilane, hexyl trimethoxysilane, hexyl methyl
dimethoxysilane, hexyl triethoxysilane, hexyl methyl diethoxysilane, octyl trimethoxysilane, octyl methyl dimethoxysilane,
octyl triethoxysilane, octyl methyl diethoxysilane, decyl trimethoxysilane, decyl methyl dimethoxysilane, decyl triethox-
ysilane, decyl methyl diethoxysilane and the like.

[Formula 3]

(R™)3
71 | : (7)
(R"0),,—Si—(CH,)m—SH

[0045] The definition and advantageous embodiments of R71 are the same as for R51 described above.

The definition and advantageous embodiments of R72 are the same as for R52 described above.

The definition and advantageous embodiments of m in formula (7) are the same as for m described above.

The definition of w in formula (7) is the same as for y described above.

[0046] Specific examples of the organosilicon compound represented by formula (7) include a-mercaptomethy! tri-
methoxysilane, a-mercaptomethyl methyl dimethoxysilane, a-mercaptomethyl triethoxysilane, a-mercaptomethyl methyl
diethoxysilane, y-mercaptopropyl trimethoxysilane, y-mercaptopropyl methyl dimethoxysilane, y-mercaptopropyl triethox-
ysilane, y-mercaptopropyl methyl diethoxysilane and the like.

[Formula 4]
82
(R )3-v

|
(R*10),—Si—(CyHzq+1) ©

[0047] The definition and advantageous embodiments of R81 in formula (8) are the same as for R%! described above.
The definition and advantageous embodiments of R82 in formula (8) are the same as for R52 described above.

The definition of v in formula (8) is the same as for y described above.

In formula (8), g denotes an integer from 1 to 4.

[0048] Specific examples of the organosilicon compound represented by formula (8) include methyl trimethoxysilane,
dimethyl dimethoxysilane, methyl triethoxysilane, methyl ethyl diethoxysilane, propyl trimethoxysilane, propyl methyl
dimethoxysilane, propyl methyl diethoxysilane and the like.

[0049] Solvents may be used as necessary when producing the polysiloxane. The solvents are not particularly limited,



10

15

20

25

30

35

40

45

50

55

EP 2 857 449 B9

but specific examples include aliphatic hydrocarbon-based solvents such as pentane, hexane, heptane and decane,
ether-based solvents such as diethyl ether, tetrahydrofuran and 1,4-dioxane, amide-based solvents such as formamide,
dimethylformamide and N-methylpyrrolidone, aromatic hydrocarbon-based solvents such as benzene, toluene and xy-
lene, alcohol-based solvents such as methanol, ethanol and propanol, and the like.

Catalysts may also be used as necessary when producing the polysiloxane. The catalysts are not particularly limited,
but specific examples include acidic catalysts such as hydrochloric acid and acetic acid, Lewis acid catalysts such as
ammonium fluoride, alkali metal salts such as sodium hydroxide, potassium hydroxide, sodium carbonate, sodium
acetate, potassium acetate, sodium hydrogencarbonate, potassium carbonate, potassium hydrogencarbonate, calcium
carbonate, sodium methoxide and sodium ethoxide, amine compounds such as triethylamine, tributylamine, pyridine
and 4-dimethylaminopyridine, and the like.

It is preferred that the catalyst is not an organometallic compound containing Sn, Ti or Al as a metal. If such an organo-
metallic compound is used, the metal is introduced into the polysiloxane skeleton, and a polysiloxane represented by
the average composition formula of formula (1) (in which no metals other than silicon atoms (for example, Sn, Ti, Al)
are present in the polysiloxane skeleton) is not obtained.

[0050] When a silane coupling agent having a mercapto group (for example, an organosilicon compound represented
by formula (7)) and a silane coupling agent other than one having a sulfide group or mercapto group (for example, an
organosilicon compound represented by formula (6) or formula (8)) are used in combination as the organosilicon com-
pound used when producing the polysiloxane, the mixing ratio (molar ratio) of the silane coupling agent having a mercapto
group and the silane coupling agent other than one having a sulfide group or mercapto group is preferably from 1.1/8.9
to 6.7/3.3, and more preferably from 1.4/8.6 to 5.0/5.0, from the perspective that wet performance, rolling resistance
and processability are better.

[0051] When a silane coupling agent having a mercapto group (for example, an organosilicon compound represented
by formula (7)) and a silane coupling agent having a sulfide group (for example, an organosilicon compound represented
by formula (5)) are used in combination as the organosilicon compound used when producing the polysiloxane, the
mixing ratio (molar ratio) of the silane coupling agent having a mercapto group and the silane coupling agent having a
sulfide group is preferably from 2.0/8.0 to 8.9/1.1, and more preferably from 2.5/7.5 to 8.0/2.0, from the perspective that
wet performance, rolling resistance and processability are better.

[0052] When a silane coupling agent having a mercapto group (for example, an organosilicon compound represented
by formula (7)), a silane coupling agent having a sulfide group (for example, an organosilicon compound represented
by formula (5)), and a silane coupling agent other than one having a sulfide group or mercapto group (for example, an
organosilicon compound represented by formula (6) or formula (8)) are used in combination as the organosilicon com-
pound used when producing the polysiloxane, the amount of silane coupling agent having a mercapto group is preferably
from 10.0% to 73.0% of the total quantity (moles) of the three. The amount of silane coupling agent having a sulfide
group is preferably from 5.0% to 67.0% of the total quantity of the three. The amount of silane coupling agent other than
one having a sulfide group or mercapto group is preferably from 16.0% to 85.0% of the total quantity of the three.
[0053] In the rubber composition for tire treads of the present invention, the silane coupling agent content is from 1 to
20 mass% relative to the silica content, and, from the perspective of further improving the silica dispersibility and proc-
essability of the rubber composition, from 1.0 to 18 mass% is preferred, from 2.0 to 16 mass% is more preferred, and
from 8.0 to 15 mass% is even more preferred.

<Optional components>

[0054] The rubber composition for tire treads according to the present invention may further contain additives as
necessary within a scope that does not inhibit the effect or purpose thereof.

[0055] Examples of the above additives include various additives typically used in rubber compositions for tire treads,
such as silane coupling agents other than those contained in the rubber composition for tire treads of the present
invention, fillers other than silica (for example, carbon black), zinc oxide, stearic acid, antiaging agents, processing aids,
processing oils, liquid polymers, terpene-based resins, thermosetting resins, vulcanizing agents, vulcanization acceler-
ators and the like.

<Method for producing the rubber composition for tire treads>

[0056] There are no particular restrictions on the method for producing the rubber composition for tire treads of the
present invention, and one example is a method whereby each of the above-mentioned components is kneaded using
a known method and device (such as a Banbury mixer, kneader, roller or the like).

[0057] Inaddition, the rubber composition of the presentinvention can be vulcanized or crosslinked under conventional,
publicly known vulcanizing or crosslinking conditions.
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(Pneumatic tire)

[0058] The pneumatic tire of the present invention (hereinafter also referred to simply as "the tire of the present
invention") is a pneumatic tire that uses the above rubber composition for tire treads of the present invention.

[0059] FIG. 1 is a partial cross-sectional schematic view of a tire that represents one embodiment of the pneumatic
tire of the present invention, but the tire of the present invention is not limited to the mode illustrated in FIG. 1.

[0060] In FIG. 1, 1 denotes a bead portion, 2 denotes a side wall portion and 3 denotes a tire tread portion.

In addition, a carcass layer 4, in which a fiber cord is embedded, is mounted between a left-right pair of bead portions
1, and ends of the carcass layer 4 are wound by being folded around bead cores 5 and a bead filler 6 from an inner side
to an outer side of the tire.

In the tire tread 3, a belt layer 7 is provided along the entire periphery of the tire on the outer side of the carcass layer 4.
Additionally, rim cushions 8 are provided in parts of the bead portions 1 that are in contact with a rim.

[0061] The tire of the present invention can be produced in accordance with a conventionally known method without
particular limitation except that the rubber composition for tire treads according to the present invention is used for the
treads of the pneumatic tire. In addition to ordinary air or air with an adjusted oxygen partial pressure, inert gases such
as nitrogen, argon, and helium can be used as the gas with which the tire is filled.

EXAMPLES

[0062] The presentinvention is further described using working examples, but the present invention is not limited to
these working examples.

(Synthesis example 1: Polysiloxane 1)

[0063] 107.8 g (0.2 mol) of bis(triethoxysilylpropyl)tetrasulfide (KBE-846, manufactured by Shin-Etsu Chemical Co.,
Ltd.), 95.4 g (0.4 mol) of y-mercaptopropyl triethoxysilane (KBE-803, manufactured by Shin-Etsu Chemical Co., Ltd.),
442 .4 g (1.6 mol) of octyl triethoxysilane (KBE-3083, manufactured by Shin-Etsu Chemical Co., Ltd.) and 162.0 g of
ethanol were placed in a 2L separable flask provided with an agitator, a reflux condenser, a dropping funnel and a
thermometer, and a mixed solution containing 32.4 g (1.8 mol) of 0.5 N hydrochloric acid and 75.6 g of ethanol was
added in a dropwise manner at room temperature. It was then stirred for 2 hours at 80°C. Then, it was filtered, and 14.6
g of 5% KOH/EtOH solution was added in a dropwise manner, and stirred for 2 hours at 80°C. Then, by vacuum
concentration and filtration, 425.4 g of polysiloxane in the form of a brown transparent liquid was obtained. The obtained
polysiloxane was used as polysiloxane 1. As measured by GPC, the average molecular weight is 860, and itis represented
by the average composition formula below.

(-C3Hg-S4-C3Hg)0.083(-CH17)0.667(-OC2H5)1 50(-C3HeSH) 167510 75

(Synthesis example 2: Polysiloxane 2)

[0064] 215.6 g (0.4 mol) of bis(triethoxysilylpropyl)tetrasulfide (KBE-846, manufactured by Shin-Etsu Chemical Co.,
Ltd.) and 50.0 g of ethanol were placed in a 2L separable flask provided with a reflux condenser, a dropping funnel and
a thermometer, and a mixed solution containing 7.2 g (0.40 mol) of 0.5 N HCI aqueous solution and 16.8 g of ethanol
was added in a dropwise manner at room temperature while stirring, and then stirred for 30 minutes at room temperature.
Further, 442.4 g (1.6 mol) of octyl triethoxysilane (KBE-3083, manufactured by Shin-Etsu Chemical Co., Ltd.), and 112.0
g of ethanol were placed in a 1L separable flask provided with an agitator, a reflux condenser, a dropping funnel and a
thermometer, and a mixed solution containing 14.4 g (0.80 mol) of 0.5 N HCI aqueous solution and 33.6 g of ethanol
was added in a dropwise manner at room temperature while stirring and then stirred for 30 minutes at room temperature.
This reaction solution was then added in a dropwise manner to the previous 2L separable flask. A mixed solution of 10.8
g (0.60 mol) of 0.5 N HCI aqueous solution and 25.2 g of ethanol was then added in a dropwise manner and stirred for
2 hours at 80°C, and then 15.7 g of 5% KOH/EtOH solution was added in a dropwise manner and stirred for 2 hours at
80°C. This reaction solution was distilled under reduced pressure and filtered to obtain 428.3 g of polysiloxane in the
form of a brown transparent liquid. The obtained polysiloxane was used as polysiloxane 2. As measured by GPC, the
average molecular weight is 880, and it is represented by the average composition formula below.

(-C3Hg-S4-C3Hg-)o.167(-CgH17)0.667(-OC2H5)1 50Si0q 75
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(Synthesis example 3: Comparative polysiloxane)

[0065] 572.4 g (2.4 mol) of y-mercaptopropyl triethoxysilane (KBE-803, manufactured by Shin-Etsu Chemical Co.,
Ltd.) and 162.0 g of ethanol were placed in a 2L separable flask provided with an agitator, a reflux condenser, a dropping
funnel and a thermometer, and a mixed solution containing 32.4 g (1.8 mol) of 0.5 N hydrochloric acid and 75.6 g of
ethanol was added in a dropwise manner at room temperature. It was then stirred for 2 hours at 80°C. Then, it was
filtered, and 15.7 g of 5% KOH/EtOH solution was added in a dropwise manner, and stirred for 2 hours at 80°C. Then,
by vacuum concentration and filtration, 420.1 g of polysiloxane in the form of a colorless transparent liquid was obtained.
The obtained polysiloxane was used as comparative polysiloxane. As measured by GPC, the average molecular weight
is 750, and it is represented by the average composition formula below.

(-C3Hg-SH)1 0(C2H50)4 50Si0¢ 75

(Working Examples 1 to 3 and Comparative Examples 1 to 3)

[0066] Thecomponentsshownin Table 1 belowwere blended in the proportions (parts by mass) shownin Table 1 below.
With the exception of the sulfur and the vulcanization accelerator, the components shown in Table 1 below were mixed
for 5 minutes in a sealed 1.7L Banbury mixer, and then the rubber was released and cooled to room temperature, to
obtain a master batch.

Next, a rubber composition for tire treads was obtained by mixing the sulfur and the vulcanization accelerator with the
obtained master batch using the aforementioned Banbury mixer.

The amounts of SBR in Table 1 are as follows: the upper values are the amounts (units: parts by mass) of SBR (oil
extended product), and the lower values are the net amounts (units: parts by mass) of SBR contained in the SBR (oil
extended product).

(Mooney viscosity)

[0067] The Mooney viscosity of the prepared (unvulcanized) rubber composition was measured in accordance with
JIS K6300-1:2001 using an L-shaped rotor, a pre-heating time of 1 minute, a rotor rotation time of 4 minutes and a test
temperature of 100°. The measured values are shownin Table 1 below. The smallerthe value, the better the processability.

(Payne effect)

[0068] Using a strain-shearing stress measurement device (RPA 2000, manufactured by Alpha Technologies), the
prepared (unvulcanized) rubber composition was vulcanized for 20 minutes at 160°, the shearing stress G’ at a strain
of 0.28% and the shearing stress G’ at a strain of 30.0% were measured, and the difference G’ 0.28 (MPa) - G’ 30.0
(MPa) was calculated as the Payne effect.

[0069] The calculated results were recorded in Table 1 below as an index, with the value for Comparative Example 1
being taken as 100. A smaller index means a lower Payne effect and superior silica dispersibility.
[Table 1]
[0070]
Table 1
Comparative Comparative Comparative Working Working Working
Example 1 Example 2 Example 3 Example 1 Example 2 Example 3
SBR 96.3 (70) 96.3 (70) 96.3 (70) 96.3 (70) 96.3 (70) 96.3 (70)
BR 30.0 30.0 30.0 30.0 30.0 30.0
Silica 70 70 70 70 70 70
Carbon black 5 5 5 5 5 5
Silane coupling 70 50
agent
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(continued)
Comparative Comparative Comparative Working Working Working
Example 1 Example 2 Example 3 Example 1 Example 2 Example 3
Polysiloxane 1 7.0
Polysiloxane 2 7.0 5.0
Comparative
. 7.0
polysiloxane
Zinc oxide 3 3 3 3 3 3
Stearic acid 2 2 2 2 2 2
Antiaging agent 3 3 3 3 3 3
Process oil 10 10 10 10 10 10
Sulfur 2 2 2 2 2 2
Vulcanization 2 9 9 9 9 9
accelerator 1
Vulcanization 1 1 1 1 1 1
accelerator 2
Mooney viscosity
(ML (1+4) 100°C) 60 63 71 58 57 59
Payne effect 100 105 67 81 84 91
index

[0071] The details of each component shown in Table 1 are as follows.

* SBR: E581 (manufactured by Asahi Kasei Corporation), oil extended product (containing 37.5 parts by mass of
extended oil per 100 parts by mass of SBR; net SBR in SBR is 72.7 mass%), styrene content: 40 mass%, vinyl
bond quantity: 44%, weight average molecular weight: 1,260,000

¢ BR: Nipol BR1220 (manufactured by Zeon Corporation)

+ Silica: ULTRASIL VN3GR (N,SA = 170 m2/g, manufactured by Evonik Industries Corp.)

e Carbon black: SEAST KHP (manufactured by Tokai Carbon Co., Ltd.)

* Silane coupling agent: Si69 (manufactured by Evonik Degussa Corp.) (bis(3-triethoxysilylpropyl)tetrasulfide)

* Polysiloxane 1: Polysiloxane 1 synthesized as described above

* Polysiloxane 2: Polysiloxane 2 synthesized as described above

e Comparative polysiloxane: Comparative polysiloxane 1 synthesized as described above

e Zinc oxide: Zinc oxide No. 3 (manufactured by Seido Chemical Industry Ltd.)

* Stearic acid: stearic acid beads (manufactured by Nippon Oil & Fats Co., Ltd.)

e Antiaging agent: Santoflex 6PPD (manufactured by Flexsys)

e Process oil: Extract No. 4 S (manufactured by Showa Shell Sekiyu K.K.)

e Sulfur: "Golden Flower" oil-treated sulfur powder (manufactured by Tsurumi Chemical Industry Co., Ltd.)

¢ Vulcanization accelerator 1: NOCCELER CZ-G (manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.)

¢ Vulcanization accelerator 2: Soxinol D-G (manufactured by Sumitomo Chemical Co., Ltd.)

[0072] As is clear from Table 1, compared to Comparative Examples 1 and 2 which use a silane coupling agent that
has a sulfide group but does nothave a polysiloxane structure (Si69), Working Examples 1 to 3, which used a polysiloxane
represented by the average composition formula of formula (1) above as a silane coupling agent, had higher silica
dispersibility and the same or better processability.

Comparative Example 3, which used a polysiloxane not having a sulfide group as a silane coupling agent, had high
silica dispersibility but processability was insufficient.

In a comparison of Working Examples 1 and 2, Working Example 1, in which the polysiloxane had a mercapto group,
exhibited higher silica dispersibility.

1"
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REFERENCE NUMERALS

[0073]
1 Bead portion
2  Side wall portion
3  Tire tread portion
4  Carcass layer
5 Bead core
6 Beadfiller
7 Beltlayer
8 Rim cushion
Claims
1. A rubber composition for tire treads, containing a diene rubber, silica and a silane coupling agent; wherein
the silane coupling agent is a polysiloxane represented by an average composition formula of formula (1) below;
silica content is from 5 to 200 parts by mass per 100 parts by mass of the diene rubber; and
silane coupling agent content is from 1 to 20 mass% relative to the silica content:
(A)a(B)p(C)c(D)g(R1)eSiO(4.24-b-c-d-e)2 (1)
(wherein, in formula (1), A denotes a divalent organic group containing a sulfide group; B denotes a monovalent
hydrocarbon group having from 5 to 20 carbons; C denotes a hydrolyzable group; D denotes an organic group
containing a mercapto group; R denotes a monovalent hydrocarbon group having from 1 to 4 carbons; and ato e
satisfy the relationships 0 <a<1,0<b<1,0<c<3,0<d<1,0<e<2,0<2a+b+c+d+e<4).
2. The rubber composition for tire treads according to claim 1, wherein, in formula (1),
A'is a group represented by formula (2) below,
C is a group represented by formula (3) below, and
D is a group represented by formula (4) below:
*(CHy)-8,-(CHp) - 2)
(wherein, in formula (2), n denotes an integer from 1 to 10; x denotes an integer from 1 to 6; * denotes a bond
position);
*-OR2 (3)
(wherein, in formula (3), R2 denotes an alkyl group having from 1 to 20 carbons, an aryl group having from 6
to 10 carbons, or an alkenyl group having from 2 to 10 carbons; * denotes a bond position);
*+(CHp)m-SH (4)
(wherein, in formula (4), m denotes an integer from 1 to 10; * denotes a bond position).
3. The rubber composition for tire treads according to claim 1 or 2, wherein the silane coupling agent has a mercapto
group.
4. The rubber composition for tire treads according to any one of claims 1 to 3, wherein
not less than 50 mass% of the diene rubber is aromatic vinyl-conjugated diene copolymer.
5. The rubber composition for tire treads according to claim 4, wherein the aromatic vinyl-conjugated diene copolymer
contains from 5 to 50 mass% aromatic vinyl, and vinyl bond content in the conjugated diene is from 5 to 80%.
6. The rubber composition for tire treads according to any one of claims 1 to 5, wherein a nitrogen adsorption specific
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surface area of the silica is from 100 to 300 m2/g.

7. A pneumatic tire using the rubber composition for tire treads described in any one of claims 1 to 6.

Patentanspriiche

1.

Kautschukzusammensetzung fiir Reifenlaufflachen, enthaltend einen Dienkautschuk, Siliziumdioxid und ein Silan-
Kupplungsmittel; wobei das Silan-Kupplungsmittel ein durch eine mittlere Zusammensetzungsformel der Formel
(1) nachstehend dargestelltes Polysiloxan ist;

der Siliziumdioxid-Gehalt von 5 bis 200 Masseteile pro 100 Masseteile des Dienkautschuks betragt; und

der Silan-Kupplungsmittel-Gehalt von 1 bis 20 Masse-% relativ zu dem Siliziumdioxid-Gehalt betragt:

(A)a(B)p(C)o(D)g(R")eSIO 4-24-b-c-d-e)12 (1)

(wobei, in Formel (1), A eine zweiwertige organische Gruppe, die eine Sulfide-Gruppe enthalt, bezeichnet; B eine
einwertige Kohlenwasserstoffgruppe mit 5 bis 20 Kohlenstoffen bezeichnet; C eine hydrolysierbare Gruppe bezeich-
net; D eine organische Gruppe, die eine Mercapto-Gruppe enthalt, bezeichnet; R eine einwertige Kohlenwasser-
stoffgruppe mit 1 bis 4 Kohlenstoffen bezeichnet; und a bis e die Beziehungen 0 < a < 1, 0<b<1,0<c<3, 0<d«<I,
0<e<2, 0<2a + b + ¢ + d+ e<4) erfiillen.

Kautschukzusammensetzung fir Reifenlaufflachen nach Anspruch 1, wobei in Formel (1),
A eine Gruppe ist, die durch Formel (2) nachstehend dargestellt ist,
C eine Gruppe ist, die durch Formel (3) nachstehend dargestellt ist, und
D eine Gruppe ist, die durch Formel (4) nachstehend dargestellt ist:

*(CHR)n-S-(CHR)n-" )

(wobei in Formel (2), n eine ganze Zahl von 1 bis 10 bezeichnet; x eine ganze Zahl von 1 bis 6 bezeichnet; *
eine Bindungsposition bezeichnet);

*.OR2 3)

(wobei, in Formel (3), R2 eine Alkylgruppe mit 1 bis 20 Kohlenstoffen, eine Arylgruppe mit 6 bis 10 Kohlenstoffen
oder eine Alkenylgruppe mit 2 bis 10 Kohlenstoffen bezeichnet; * eine Bindungsposition bezeichnet);

*«(CH)m-SH (4)
(wobei, in Formel (4), m eine ganze Zahl von 1 bis 10 bezeichnet; * a eine Bindungsposition bezeichnet).

Kautschukzusammensetzung fiir Reifenlaufflachen nach Anspruch 1 oder 2, wobei das Silan-Kopplungsmittel eine
Mercapto-Gruppe aufweist.

Kautschukzusammensetzung fir Reifenlaufflachen nach einem der Anspriiche 1 bis 3, wobei
nicht weniger als 50 Masse-% des Dienkautschuks ein aromatisches Vinyl-konjugiertes Dien-Copolymer sind.

Kautschukzusammensetzung fiir Reifenlaufflichen nach Anspruch 4, wobei das aromatische Vinyl-konjugierte Dien-
Copolymer 5 bis 50 Masse-% aromatisches Vinyl enthalt und der Vinylbindungsgehalt in dem konjugierten Dien

von 5 bis 80% betragt.

Kautschukzusammensetzung fiir Reifenlaufflachen nach einem der Anspriiche 1 bis 5, wobei eine spezifische
Stickstoff-Adsorptionsoberflache des Siliziumdioxids von 100 bis 300 m2/g betragt.

Luftreifen unter Verwendung der nach einem der Anspriiche 1 bis 6 beschriebenen Kautschukzusammensetzung
fur Reifenlaufflachen.
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Revendications

Composition de caoutchouc pour bandes de roulement de pneumatique, contenant un caoutchouc diéne, de la
silice et un agent de couplage silane ; dans laquelle

I'agent de couplage silane est un polysiloxane représenté par une formule de composition moyenne de formule (1)
ci-dessous ;

la teneur en silice va de 5 a 200 parties en masse pour 100 parties en masse du caoutchouc diéne ; et

la teneur en agent de couplage silane va de 1 a 20 % en masse par rapport a la teneur en silice :

(A)a(Bp(C)o(D)¢(R")eSiO4-2a-b-c-d-e)2 (1)

(dans laquelle, dans la formule (1), A désigne un groupe organique divalent contenant un groupe sulfure ; B désigne
un groupe hydrocarboné monovalent comportant de 5 a 20 atomes de carbone ; C désigne un groupe hydrolysable ;
D désigne un groupe organique contenant un groupe mercapto ; R! désigne un groupe hydrocarboné monovalent
comportant de 1 a 4 atomes de carbone ; et a a e satisfont les relations 0 < a < 1, 0<b<1,0<c<3, 0<d<1, 0<e<2,
0<2a +b +c + d+ e<4).

Composition de caoutchouc pour bandes de roulement de pneumatique selon la revendication 1, dans laquelle,
dans la formule (1),

A est un groupe représenté par la formule (2) ci-dessous,
C est un groupe représenté par la formule (3) ci-dessous et
D est un groupe représenté par la formule (4) ci-dessous :

*(CHR)n-Sx-(CHR)n-" )

(dans laquelle, dans la formule (2), n désigne un nombre entier allant de 1 a 10 ; x désigne un nombre entier
allant de 1 a 6 ; * désigne une position de liaison) ;

*-OR2 (3)
(dans laquelle, dans la formule (3), R2 désigne un groupe alkyle comportant de 1 & 20 atomes de carbone, un
groupe aryle comportant de 6 a 10 atomes de carbone ou un groupe alcényle comportant de 2 a 10 atomes de
carbone ; * désigne une position de liaison) ;

*«(CHy)m-SH (4)

(danslaquelle, dans laformule (4), m désigne un nombre entier allantde 1a 10 ; * désigne une position de liaison).

Composition de caoutchouc pour bandes de roulement de pneumatique selon la revendication 1 ou la revendication
2, dans laquelle I'agent de couplage silane comporte un groupe mercapto.

Composition de caoutchouc pour bandes de roulement de pneumatique selon I'une quelconque des revendications
1 a 3, dans laquelle pas moins de 50 % en masse du caoutchouc diéne est un copolymére diéne a conjugaison
vinyle aromatique.

Composition de caoutchouc pour bandes de roulement de pneumatique selon la revendication 4, dans laquelle le
copolymére diéne a conjugaison vinyle aromatique contientde 5 a 50 % en masse de vinyle aromatique, et la teneur

en liaison vinyle dans le diéne conjugué va de 5 a 80 %.

Composition de caoutchouc pour bandes de roulement de pneumatique selon I'une quelconque des revendications
1 a 5, dans laquelle une aire de surface spécifique d’absorption d’azote, de la silice va de 100 a 300 m2/g.

Bandage pneumatique utilisant la composition de caoutchouc pour bandes de roulement de pneumatique selon
'une quelconque des revendications 1 a 6.
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