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(57) There is provided a rubber tire-tread composi-
tion comprising (A) a rubber component comprising 45%
by mass or higher of one or more isoprene-based rubbers
selected from the group consisting of natural rubbers and
synthetic isoprene rubbers, and (B) one or more
C5/C9-based petroleum resins selected from the group

consisting of aromatic-modified aliphatic petroleum res-
ins and aliphatic-modified aromatic petroleum resins in
an amount of 5 to 50 parts by mass, and (C) a fatty acid
metal salt in an amount of 0.5 to 10 parts by mass of,
both based on 100 parts by mass of the rubber compo-
nent.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a rubber tire-tread composition and a pneumatic tire, particularly a passenger-
vehicle pneumatic tire using the same.

BACKGROUND ART

[0002] There is conventionally a technology of improving the performance of a tire on both the ice and snow road
surface and the wet road surface by using, for a tread rubber, a rubber composition having a content of a natural rubber
and/or a synthetic polyisoprene rubber at a certain value or more in its rubber component and having a specific amount
of a C5-based resin blended therein (PTL 1).
[0003] The technology, however, does not consider the durability of the tire on the bad road surface.

CITATION LIST

PATENT LITERATURE

[0004] PTL1: JP 2009-256540 A

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0005] The present invention has been achieved under such a situation, and has an object to provide a rubber com-
position capable of largely improving the bad road durability of a pneumatic tire, and a pneumatic tire, particularly
passenger-vehicle pneumatic tire, using the same.

SOLUTION TO PROBLEM

[0006] As a result of exhaustive studies to solve the above-mentioned problem, the present inventor has found that
there can be obtained a rubber composition capable of solving the problem, by blending a rubber component comprising
not less than a certain amount of a natural rubber and/or a synthetic isoprene rubber with predetermined amounts of a
specific resin and fatty acid metal salt. The present invention has been completed based on this finding.
[0007] That is, the present invention is to provide:

[1] a rubber tire-tread composition comprising (A) a rubber component comprising 45% by mass or higher of one
or more isoprene-based rubbers selected from the group consisting of natural rubbers and synthetic isoprene rubbers,
and (B) one or more C5/C9-based petroleum resins selected from the group consisting of aromatic-modified aliphatic
petroleum resins and aliphatic-modified aromatic petroleum resins in an amount of 5 to 50 parts by mass, and (C)
a fatty acid metal salt in an amount of 0.5 to 10 parts by mass, both based on 100 parts by mass of the rubber
component; and
[2] a passenger-vehicle pneumatic tire using the rubber tire-tread composition according to the above [1] for its tread
member.

ADVANTAGEOUS EFFECTS OF INVENTION

[0008] According to the present invention, there can be provided a rubber tire-tread composition capable of largely
improving the bad road durability of a pneumatic tire, and a pneumatic tire, particularly, a passenger-vehicle pneumatic
tire, using the same.

DESCRIPTION OF EMBODIMENTS

[0009] First, the rubber composition according to the present invention will be described.
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[Rubber composition]

[0010] The rubber composition according to the present invention comprises (A) a rubber component comprising 45%
by mass or higher of one or more isoprene-based rubbers selected from the group consisting of natural rubbers and
synthetic isoprene rubbers, and (B) one or more C5/C9-based petroleum resins selected from the group consisting of
aromatic-modified aliphatic petroleum resins and aliphatic-modified aromatic petroleum resins in an amount of 5 to 50
parts by mass, and (C) a fatty acid metal salt in an amount of 0.5 to 10 parts by mass, both based on 100 parts by mass
of the rubber component.

[(A) rubber component]

[0011] In the rubber composition according to the present invention, as the (A) rubber component, there is used a
rubber component comprising 45% by mass or higher of one or more isoprene-based rubbers selected from the group
consisting of natural rubbers and synthetic isoprene rubbers.
[0012] The natural rubber and the synthetic isoprene rubber are not especially limited, and can suitably be selected
from conventionally well-known ones. The synthetic isoprene rubber is preferably one having a weight-average molecular
weight of 4 3 105 or higher and a cis-bond content of 95% or higher. The weight-average molecular weight is a value
in terms of standard polystyrenes measured by gel permeation chromatography (GPC).
[0013] In the present invention, the content of one or more isoprene-based rubbers selected from the group consisting
of natural rubbers and synthetic isoprene rubbers in the (A) rubber component is, from the viewpoint of providing a
rubber composition capable of exhibiting good low-temperature characteristics and well balanced wet grip performance
and dry grip performance, necessarily 45% by mass or higher, preferably 70 to 100% by mass, more preferably 80 to
100% by mass, still more preferably 90 to 100% by mass, and especially preferably 100% by mass.
[0014] Further, in the (A) rubber component, in addition to the above isoprene-based rubber, as required, there can
be concurrently used rubber components other than the above isoprene-based rubber in a proportion of 55% by mass
or lower, preferably 30 to 0% by mass, more preferably 20 to 0% by mass, and still more preferably 10 to 0% by mass.
The other rubber components are preferably synthetic diene-based rubbers other than the synthetic isoprene rubbers,
and suitably includes, for example, one or more synthetic diene-based rubbers selected from the group consisting of
polybutadiene rubbers, styrene-butadiene copolymer rubbers, ethylene-propylene-diene terpolymer rubbers, acryloni-
trile-butadiene copolymer rubbers, chloroprene rubbers and mixtures thereof. Further, a part thereof may be modified
diene-based rubbers obtained by using a modifying agent, for example, tin tetrachloride, silicon tetrachloride or an
alkoxysilane compound.
[0015] In the (A) rubber component, the styrene-butadiene copolymer rubber accounts for, from the viewpoint of
improving the bad road durability of the pneumatic tire, preferably 1 to 40% by mass, more preferably 1 to 30% by mass,
still more preferably 1 to 10% by mass, and further still more preferably 1 to 5% by mass in the (A) rubber component.

[(B) resin]

[0016] In the rubber composition according to the present invention, the (B) C5/C9-based petroleum resin is one or
more petroleum resins selected from the group consisting of aromatic-modified aliphatic petroleum resins and aliphatic-
modified aromatic petroleum resins.
[0017] The C5/C9-based petroleum resin is a solid polymer obtained by polymerizing C5 to C11 fractions originated
from petroleums, and depending on the ingredient ratios, include aromatic-modified aliphatic petroleum resins and
aliphatic-modified aromatic petroleum resins.
[0018] The aromatic-modified aliphatic petroleum resins refer to C5/C9-based petroleum resins having more aliphatic
fractions than aromatic fractions in C5 to C11 fractions in terms of mass. Then, the aliphatic-modified aromatic petroleum
resins refer to C5/C9-based petroleum resins having more aromatic fractions than aliphatic fractions or having the same
amounts of aliphatic fractions and aromatic fractions, in C5 to C11 fractions, in terms of mass.
[0019] In the present invention, alicyclic compounds are included in aliphatic compounds. Therefore, alicyclic fractions
composed of alicyclic compounds are included in aliphatic fractions.
[0020] In the rubber composition according to the present invention, the (B) C5/C9-based petroleum resin may be
used singly or in a combination of two or more. Further the content is necessarily 5 to 50 parts by mass based on 100
parts by mass of the above-mentioned (A) rubber component. When the content is lower than 5 parts by mass, there
cannot be attained the object of the present invention; and when exceeding 50 parts by mass, the processability is
reduced. Therefore, the content of the resin is preferably in the range of 21 to 50 parts by mass, more preferably 25 to
50 parts by mass, and still more preferably 30 to 50 parts by mass, based on 100 parts by mass of the above-mentioned
(A) rubber component.
[0021] In the present invention, by using the (B) C5/C9-based petroleum resin in the above amount, there can be
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obtained a rubber composition capable of improving the bad road durability of the pneumatic tire.
[0022] On the other hand, from the viewpoint of improving the wear resistance and the rolling resistance, the (B)
C5/C9-based petroleum resin is preferably 10 to 20 parts by mass based on 100 parts by mass of the above-mentioned
(A) rubber component.

[(C) fatty acid metal salt]

[0023] In the rubber composition according to the present invention, a fatty acid to be used for the (C) fatty acid metal
salt includes fatty acids having a saturated or unsaturated, linear, branched or cyclic structure having 4 to 30 carbon
atoms, or mixtures thereof. Among these, preferable are saturated or unsaturated, linear fatty acids having 10 to 22
carbon atoms. The saturated linear fatty acids having 10 to 22 carbon atoms include capric acid, lauric acid, myristic
acid, pentadecylic acid, palmitic acid, margaric acid, stearic acid and arachidic acid. The unsaturated linear fatty acids
having 10 to 22 carbon atoms include undecylenic acid, oleic acid, elaidic acid, cetoleic acid, erucic acid, brassidic acid,
linoleic acid, linolenic acid and arachidonic acid.
[0024] A metal to be included in a fatty acid metal salt includes at least one metal selected from the group consisting
of Zn, K, Ca, Na, Mg, Co, Ni, Ba, Fe, Al, Cu and Mn, and is especially preferably Zn.
[0025] In the rubber composition according to the present invention, as required, a reinforcing filler can further be
blended as a (D) ingredient.

[(D) reinforcing filler]

[0026] As a (D) reinforcing filler, there is preferably used one or more reinforcing fillers selected from the group
consisting of carbon black and silica.
[0027] The carbon black is not especially limited, and can be used by suitably selecting any one from those conven-
tionally used as reinforcing fillers of rubbers. There are used, for example, SRF, GPF, FEF, HAF, ISAF and SAF, and
preferable are HAF, ISAF and SAF, which are excellent particularly in the wear resistance.
[0028] The carbon black may be used singly or in a combination of two or more.
[0029] On the other hand, the silica includes, for example, wet silica (hydrous silicic acid), dry silica (anhydrous silicic
acid), calcium silicate and aluminum silicate, but among these, wet silica is preferable.
[0030] The BET specific surface area (measured according to ISO 5794/1) of the wet silica is preferably 40 to 350
m2/g. A silica having a BET specific surface area in this range has an advantage of being capable of simultaneously
satisfying the rubber reinforcement and the dispersibility in the rubber component. From this viewpoint, a silica having
a BET specific surface area in the range of 80 to 300 m2/g is further preferable. As such a silica, there can be used
commercially available products such as "Nipsil AQ" and "Nipsil KQ", manufactured by Tosoh Silica Corp., and "Ultrasil
VN3", manufactured by Degussa GmbH.
[0031] The silica may be used singly or in a combination of two or more.
[0032] In the rubber composition according to the present invention, the content of one or more reinforcing fillers
selected from the group consisting of carbon black and silica is, based on 100 parts by mass of the (A) rubber component,
preferably 20 to 120 parts by mass, and more preferably 35 to 100 parts by mass. When the content of the reinforcing
fillers is 20 parts by mass or higher, the reinforcing effect is exhibited; and on the other hand, when being 120 parts by
mass or lower, the rolling resistance never becomes too large.
[0033] The mass percent of the silica is, based on 100% by mass of the above-mentioned reinforcing fillers, from the
viewpoint of improving the wet grip performance, preferably 50% by mass or higher, more preferably 70% by mass or
higher, and still more preferably 90% by mass or higher.

(A silane coupling agent)

[0034] In the rubber composition according to the present invention, in the case of using a silica as the reinforcing
filler, for the purpose of further improving its reinforcement, a silane coupling agent can be blended.
[0035] Examples of the silane coupling agent include bis(3-triethoxysilylpropyl) tetrasulfide, bis(3-triethoxysilylpropyl)
trisulfide, bis(3-triethoxysilylpropyl) disulfide, bis(2-triethoxysilylethyl) tetrasulfide, bis(3-trimethoxysilylpropyl) tet-
rasulfide, bis(2-trimethoxysilylethyl) tetrasulfide, 3-mercaptopropyltrimethoxysilane, 3-mercaptopropyltriethoxysilane, 2-
mercaptoethyltrimethoxysilane, 2-mercaptoethyltriethoxysilane, 3-trimethoxysilylpropyl-N, N-dimethylthiocarbamoyl tet-
rasulfide, 3-triethoxysilylpropyl-N, N-dimethylthiocarbamoyl tetrasulfide, 2-triethoxysilylethyl-N, N-dimethylthiocar-
bamoyl tetrasulfide, 3-trimethoxysilylpropylbenzothiazolyl tetrasulfide, 3-triethoxysilylpropylbenzolyl tetrasulfide, 3-tri-
ethoxysilylpropyl methacrylate monosulfide, 3-trimethoxysilylpropyl methacrylate monosulfide, bis(3-diethoxymethylsi-
lylpropyl) tetrasulfide, 3-mercaptopropyldimethoxymethylsilane, dimethoxymethylsilylpropyl-N, N-dimethylthiocar-
bamoyl tetrasulfide and dimethoxymethylsilylpropylbenzothiazolyl tetrasulfide, but from the viewpoint of the reinforcement
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improving effect and the like, suitable are bis(3-triethoxysilylpropyl) polysulfide and 3-trimethoxysilylpropylbenzothiazolyl
tetrasulfide.
[0036] These silane coupling agents may be used singly or in a combination of two or more.
[0037] In the rubber composition according to the present invention, a preferable blend amount of a silane coupling
agent is, though depending on the kind and the like of the silane coupling agent, preferably selected in the range of 2
to 20 parts by mass based on 100 parts by mass of silica. When the amount is smaller than 2 parts by mass, the effect
as a coupling agent is not sufficiently exhibited; and when exceeding 20 parts by mass, there arises a risk of causing
the gelation of the rubber component. From the viewpoint of the effect as a coupling agent, the prevention of the gelation,
and the like, the blend amount of the silane coupling agent is in the range of 5 to 15 parts by mass based on 100 parts
by mass of silica.

(Action)

[0038] In the rubber composition according to the present invention, by using, as the (A) rubber component, a rubber
component comprising 45% by mass or higher of one or more isoprene-based rubbers selected from the group consisting
of natural rubbers and synthetic isoprene rubbers, low-temperature characteristics caused by the lowness of Tg thereof
can be secured. By blending the (A) rubber component further with a (B) C5/C9-based petroleum resin and a fatty acid
metal salt, the toughness of a vulcanized rubber composition after thermal degradation is made high and there can be
obtained a rubber composition capable of largely improving the bad road durability of the pneumatic tire.
[0039] Here, the toughness (TF) is an integrated value of a stress-strain curve until a test piece is broken as measured
according to JIS K6251:2010.

(Preparation of the rubber composition)

[0040] In the rubber composition according to the present invention, as required, there can be incorporated various
types of chemicals usually used in rubber industries, for example, a vulcanizing agent, a vulcanization accelerator, an
antioxidant, an antiscorching agent, zinc white and stearic acid, in the ranges of not impairing the object of the present
invention.
[0041] The vulcanizing agent includes sulfur; and the use amount thereof is, based on 100 parts by mass of the rubber
component, preferably 0.1 to 10.0 parts by mass as a sulfur content, and more preferably 1.0 to 5.0 parts by mass.
When the amount is smaller than 0.1 part by mass, there arises a risk of lowering the breaking strength, the wear
resistance and the low-heat build-up property; and when exceeding 10.0 parts by mass, it causes the rubber elasticity
to be lost.
[0042] The vulcanization accelerator usable in the present invention is not especially limited, but examples thereof
include thiazoles such as M (2-mercaptobenzothiazole), DM (dibenzothiazolyl disulfide) and CZ (N-cyclohexyl-2-ben-
zothiazolylsulfenamide), or guanidines such as DPG (1,3-diphenylguanidine); and the use amount thereof is, based on
100 parts by mass of the rubber component, preferably 0.1 to 5.0 parts by mass, and more preferably 0.2 to 3.0 parts
by mass.
[0043] Further, examples of the antioxidant usable in the rubber composition according to the present invention include
3C (N-isopropyl-N’-phenyl-p-phenylenediamine), 6C [N-(1,3-dimethylbutyl)-N’-phenyl-p-phenylenediamine], AW (6-
ethoxy-2,2,4-trimethyl-1,2-dihydroquinoline) and high-temperature condensates of diphenylamine with acetone. The use
amount thereof is, based on 100 parts by mass of the rubber matrix, preferably 0.1 to 6.0 parts by mass, and more
preferably 0.3 to 5.0 parts by mass.
[0044] The rubber composition according to the present invention can be prepared by kneading each of the above-
mentioned ingredient by using a kneading machine such as a Banbury mixer, a roll or an internal mixer.
[0045] The rubber composition according to the present invention thus prepared, since being capable of largely im-
proving the bad road durability of the pneumatic tire, is suitably used as a tread member of the pneumatic tire.

[Pneumatic tire]

[0046] The pneumatic tire, particularly the passenger-vehicle pneumatic tire, according to the present invention uses
the above-mentioned rubber composition according to the present invention for its tread member.
[0047] The pneumatic tire, particularly the passenger-vehicle pneumatic tire, according to the present invention is
manufactured by a usual method. That is, the rubber composition according to the present invention incorporating various
types of chemicals as described above as required is extruded into a tread member, in an unvulcanized stage of the
rubber composition, and applied on a tire-building machine by a usual method to thereby form a green tire. The green
tire is heated and pressurized in a vulcanizing machine to thereby obtain a tire.
[0048] As a gas to be filled in a tire, there can be used usual air or an air whose oxygen partial pressure is varied, or
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an inert gas such as nitrogen.

EXAMPLES

[0049] Then, the present invention will be described in more detail by way of Examples, but the present invention is
not any more limited to these Examples. Here, various measurement and evaluation methods were carried out according
to the following methods.

(1) A toughness (index) after thermal degradation

[0050] A test piece was fabricated with a cutting blade of DIN-53504 type S3A from a rubber sample cut out with a
slicer at a predetermined position from 1 mm in depth to 2 mm in depth from a surface layer of the tread of each pneumatic
tire thermally degraded in a large-size gear oven (in air) under the thermal degradation condition of at 100°C and for 48
hours, and measured for a toughness (TF) represented by an integrated value of a stress-strain curve until the test piece
was broken, and evaluated for a toughness after thermal degradation by the following formulas. The higher the index
value of the toughness, the better the bad road durability. 
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[0051] As described above, the toughness index after thermal degradation was calculated by comparing toughnesses
after thermal degradation of rubber compositions having the same mass ratio (natural rubber/polybutadiene rubber).

(2) Appearance grading for the bad road durability of pneumatic tires

[0052] A passenger-vehicle pneumatic radial tire of a tire size of 195/50R15 and a truck and bus pneumatic tire for
test of a tire size of 245/70R19.5 using a rubber composition to be under test for their tread member were trially fabricated;
an actual car test by bad road (gravel road) running was carried out; and for the pneumatic tires after the running, the
bad road durability was evaluated in the following appearance grading of tread surfaces.
[0053] The "passenger vehicle tires" to be evaluated in Examples and Comparative Examples were tires having a tire
size of 195/50R15 and a load index of 120 or lower.
[0054] Further the "truck and bus tires"(hereinafter, referred to also as "TB tire") to be evaluated in Examples and
Comparative Examples were tires having a tire size of 245/70R19.5 and a load index of 134.
[0055] Here, the "load index" means an index to indicate a maximum load which one piece of tire can carry under a
prescribed condition as provided by the "details of safety regulations for road vehicles has been promulgated under the
authority of Road Vehicles Act"(as of March 31, 2015)(technical standards of passenger-vehicle pneumatic tires). Further,
a weight (load capability) which a tire can carry is prescribed for each size thereof by the standard, and the load carrying
capability is indicated on the tire as an index called the load index (LI) (for example, http://tire.bridgestone.co.jp/about/tire-
size/size-indication/index.html#anc01). a: there were observed almost no cracks in a degree visible to the naked eye.
b: there were observed a few cracks in a degree visible to the naked eye. c: there were a large number of cracks in a
degree visible to the naked eye.
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Examples 1 to 16 and Comparative Examples 1 to 14

[0056] Rubber compositions for Examples 1 to 16 and Comparative Examples 1 to 14 were prepared based on
respective blend contents indicated in Tables 1 to 8. The each obtained rubber composition was used for treads, and
according to a usual method, there were manufactured a passenger-vehicle pneumatic radial tire for test of a tire size
of 195/50R15 and a truck and bus pneumatic tire for test of a tire size of 245/70R19.5. By using the obtained tires, there
were evaluated the toughness (index) and the bad road durability index after thermal degradation. The evaluation results
are shown in Table 1 to Table 8.
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[0057] As is clear from Table 1 to 8, since the rubber compositions of Examples 1 to 7 contained a rubber component
containing 45% by mass or higher of an isoprene-based rubber, together with the (B) C5/C9-based petroleum resin and
a (C) fatty acid metal salt blended therein, the bad road durability of the pneumatic tires could be largely improved.

INDUSTRIAL APPLICABILITY

[0058] The rubber composition according to the present invention is, since being capable of largely improving the bad
road durability of pneumatic tires, suitably used for tread members and the like of various types of pneumatic tires
including passenger-vehicle (including light passenger-vehicle also), light truck, truck and bus, and off-the-road (con-
struction-vehicle, mine-vehicle) tires, and suitably used particularly for tread members and the like of passenger-vehicle
pneumatic tires.

Claims

1. A rubber tire-tread composition comprising (A) a rubber component comprising 45% by mass or higher of one or
more isoprene-based rubbers selected from the group consisting of natural rubbers and synthetic isoprene rubbers,
and (B) one or more C5/C9-based petroleum resins selected from the group consisting of aromatic-modified aliphatic
petroleum resins and aliphatic-modified aromatic petroleum resins in an amount of 5 to 50 parts by mass, and (C)
a fatty acid metal salt in an amount of 0.5 to 10 parts by mass, both based on 100 parts by mass of the rubber
component.

2. The rubber composition according to claim 1, wherein the (A) rubber component comprises the isoprene-based
rubber in a proportion of 70 to 100% by mass.

3. The rubber composition according to claim 1 or 2, wherein the (A) rubber component comprises a styrene-butadiene
copolymer rubber in a proportion of 1 to 30% by mass.

4. The rubber composition according to any one of claims 1 to 3, further comprising a reinforcing filler, wherein the
reinforcing filler comprises a silica in a proportion of 50% by mass or higher.

5. The rubber composition according to any one of claims 1, 2 and 4, wherein the (A) rubber component comprises
100% by mass of the isoprene-based rubber.

6. The rubber composition according to any one of claims 1 to 5, wherein a content of the (B) C5/C9-based petroleum
resins is 21 to 50 parts by mass based on 100 parts by mass of the (A) rubber component.

7. A passenger-vehicle pneumatic tire, wherein a rubber composition according to any one of claims 1 to 6 is used for
a tread member of the pneumatic tire.
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