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(54) TIRE

(57) A tire includes a steel cord having a plated coat-
ing layer, rubber covering the steel cord, the plated coat-
ing layer including Cu and Zn, and a bonding layer in-
cluding Cu2S and CuS provided closer to the rubber than
an interface between the steel cord and the rubber,
wherein a molar ratio Cu2S/CuS of Cu2S and CuS in-
cluded in the bonding layer is 1.0 or higher.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a tire.
[0002] This application is based upon and claims priority to Japanese Patent Application No. 2018-024372, filed on
February 14, 2018, the entire contents of which are incorporated herein by reference.

BACKGROUND ART

[0003] Patent Document 1 and Patent Document 2 describe elongated copper elements for reinforcing rubber products,
and the elongated copper element is covered by a coating made of a ternary alloy or a quarternary alloy of copper-M-
zinc. Further, reinforced rubber products including a rubber compound and the elongated copper element are also
described.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0004]

Patent Document 1: Japanese National Publication of International Patent Application No. 2015-511998
Patent Document 2: Japanese National Publication of International Patent Application No. 2015-510554

DISCLOSURE OF THE INVENTION

[0005] According to one aspect of the present disclosure, there is provided a tire including
a steel cord having a plated coating layer; rubber covering the steel cord,
the plated coating layer including Cu and Zn; and
a bonding layer including Cu2S and CuS, provided closer to the rubber than an interface between the steel cord and the
rubber, wherein a molar ratio Cu2S/CuS of Cu2S and CuS included in the bonding layer is 1.0 or higher.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a cross sectional view of a tire according to one embodiment of the present disclosure.
FIG. 2 is a diagram schematically illustrating belt layers.
FIG. 3 is a diagram for explaining an example of a structure of a steel cord included in the tire according to one
embodiment of the present disclosure.
FIG. 4 is a cross section al view of the steel cord of FIG. 3 along a plane perpendicular to a longitudinal direction.
FIG. 5 is a diagram for explaining an example of a structure of the steel cord included in the tire according to one
embodiment of the present disclosure.
FIG. 6 is a cross section al view of the steel cord of FIG. 5 along the plane perpendicular to the longitudinal direction.
FIG. 7 is a schematic diagram illustrating a region A of FIG. 2 on an enlarged scale, and illustrating a structure near
an interface of the steel cord included in the tire, and rubber.

MODE OF CARRYING OUT THE INVENTION

[Problem to be Solved By the Present Disclosure]

[0007] There are demands for tires having an excellent durability to reduce the frequency of changing tires, so that
the tires can be used for a long period of time.
[0008] For example, Patent Document 1 describes the increased durability of the tire, however, the particular degree
of durability of the tire is unclear. In addition, the demands on the durability are increasing every year as the performance
tires become high, and there are demands to further increase the durability.
[0009] For this reason, one object of the present disclosure is to provide a tire having an excellent durability.
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[Effects of the Present Disclosure]

[0010] According to the present disclosure, it is possible to provide a tire having an excellent durability.

[Description of Embodiments of the Present Disclosure]

[0011] First, each of the embodiments of the present disclosure will be described. In the following description, the
same elements or corresponding elements are designated by the same reference numerals, and a repeated description
thereof will be omitted.

(1) A tire according to one embodiment of the present disclosure includes a steel cord having a plated coating layer;
rubber covering the steel cord,
the plated coating layer including Cu and Zn; and
a bonding layer including Cu2S and CuS, provided closer to the rubber than an interface between the steel cord
and the rubber, wherein a molar ratio Cu2S/CuS of Cu2S and CuS included in the bonding layer is 1.0 or higher.
When the tire is mounted on the vehicle or the like and used, a deterioration of a bonding strength between a steel
cord included in the tire and rubber may be observed. Because it may be regarded that a change in this bonding
strength affects the durability, the present inventors studied by focusing on a structure near an interface between
the steel cord included in the tire, and the rubber. As a result, it was found that a composition of a bonding layer
including Cu2S and CuS, generated near the interface between the steel cord and the rubber, affects the durability
of the tire. Further, it was found that the bonding strength between the steel cord and the rubber can be increased,
and the tire having an excellent durability can be obtained, by setting a molar ratio of Cu2S and CuS within the
bonding layer, conventionally not studied, to a predetermined range, to thereby complete the present invention.
According to the studies conducted by the present inventors, it may be regarded that the Cu2S within the bonding
layer acts to increase the bonding strength between the steel cord and the rubber, while the CuS is fragile and acts
to decrease the bonding strength between the steel cord and the rubber.
In addition, according to the studies conducted by the present inventors, when a molar ratio Cu2S/CuS of the Cu2S
and the CuS included in the bonding layer is 1.0 or higher, the ratio of the Cu2S included in the bonding layer
becomes sufficiently high with respect to the ratio of CuS, and it is possible to increase the bonding strength between
the steel cord and the rubber, and to increase the durability of the tire.
Cu represent copper, and Zn represents zinc, respectively. In addition, Cu2S represents copper (I) sulfide, and CuS
represents copper (II) sulfide, respectively.
In addition, Cu2S/CuS represents a value obtained by dividing a physical quantity of Cu2S within the bonding layer
by a physical quantity of CuS within the bonding layer, that is, the molar ratio (physical quantity ratio) of Cu2S and CuS.
(2) When a wet heat test is performed under an atmospheric environment in a steady temperature and humidity
furnace in which a temperature is set to 80°C, a relative humidity is set to 95%, and the tire is held therein for 150
hours, the Cu2S/CuS of the bonding layer may be 1.0 or higher after the wet heat test.
(3) When a wet heat test is performed under an atmospheric environment in a steady temperature and humidity
furnace in which a temperature is set to 80°C, a relative humidity is set to 95%, and the tire is held therein for 150
hours, an average value of a thickness of the bonding layer after the wet heat test may be 1.5 times or less than an
average value of the thickness of the bonding layer before the wet heat test,
(4) The plated coating layer may include a zinc oxide layer on a surface thereof, and an average value of a thickness
of the zinc oxide layer may be 50 nm or greater and 120 nm or less.
(5) The plated coating layer may include a zinc oxide layer on a surface thereof, and when a wet heat test is performed
under an atmospheric environment in a steady temperature and humidity furnace in which a temperature is set to
80°C, a relative humidity is set to 95%, and the tire is held therein for 150 hours, the average value of the thickness
of the zinc oxide after the wet heat test may be 1.2 times or less than the average value of the thickness of the zinc
oxide layer before the wet heat test,
(6) The rubber may include 0.1 parts by mass or greater and 5.0 parts by mass or less of organic acid cobalt, with
respect to 100 parts by mass of a rubber component.
(7) The plated coating layer may further include one or more kinds of elements selected from Co and Ni.

[0012] In the Co above refers to cobalt, and the Ni above refers to nickel, respectively.

[Details of the Embodiments of the Present Disclosure]

[0013] Particular examples of the tire according to one embodiment (hereinafter referred to as "this embodiment") of
the present disclosure will be described in the following, by referring to the drawings. The present invention is not limited
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to these examples, and any kind of variations may be made within the scope of the present invention recited in the claims
and equivalents thereof.

[Tire]

[0014] The tire according to this embodiment will be described, based on FIG. 1 through FIG. 7.
[0015] The present inventors diligently studied to obtain a tire having an excellent durability.
[0016] The tire having the excellent durability refers to a tire that can be used for a long period of time without being
damaged or the like, when the tire is mounted on a vehicle or the like that is driven.
[0017] When the tire is mounted on the vehicle or the like and used, a deterioration of a bonding strength between a
steel cord included in the tire and rubber may be observed. Because it may be regarded that a change in this bonding
strength affects the durability, the present inventors studied by focusing on a structure near an interface between the
steel cord included in the tire, and the rubber. As a result, it was found that a composition of a bonding layer including
Cu2S and CuS, generated near the interface between the steel cord and the rubber, affects the durability of the tire.
Further, it was found that the bonding strength between the steel cord and the rubber can be increased, and the tire
having the excellent durability can be obtained, by setting a molar ratio of Cu2S and CuS within the bonding layer,
conventionally not studied, to a predetermined range, to thereby complete the present invention.
[0018] The tire according to this embodiment may include a steel cord having a plated coating layer, and rubber
covering the steel cord.
[0019] The plated coating layer may include Cu and Zn.
[0020] In addition, a bonding layer including Cu2S and CuS may be provided closer to the rubber than the interface
between the steel cord and the rubber, and a molar ratio Cu2S/CuS of Cu2S and CuS included in the bonding layer may
be set to 1.0 or higher.
[0021] Next, the tire according to this embodiment will be more specifically described.

(About Tire Structure)

[0022] First, an example of a tire structure according to this embodiment will be described, by referring to FIG. 1 and
FIG. 2.
[0023] FIG. 1 illustrates a cross sectional view along a plane perpendicular to a circumferential direction of a tire 11
according to this embodiment. FIG. 1 illustrates only a portion on a left side of CL (center line), but a similar structure is
continuously provided on a right side of CL, using CL as an axis of symmetry.
[0024] As illustrated in FIG. 1, the tire 11 includes a tread portion 12, a sidewall portion 13, and a bead portion 14.
[0025] The tread portion 12 is the portion making contact with a road surface. The bead portion 14 is provided on an
inner diameter side of the tire 11 than the tread portion 12. The bead portion 14 is the portion making contact with a
wheel rim of the vehicle. The sidewall portion 13 connects the tread portion 12 to the bead portion 14. When the tread
portion 12 receives a shock from the road surface, the sidewall portion 13 undergoes elastic deformation to absorb the
shock.
[0026] The tire 11 includes an inner liner 15, a carcass 16, belt layers 17, and a bead wire 18.
[0027] The inner liner 15 is made of rubber, and seals a space between the tire 11 and the wheel.
[0028] The carcass 16 forms a skeleton of the tire 11. The carcass 16 is made of an organic fiber such as polyester,
nylon, rayon, or the like, and rubber.
[0029] The bead wire 18 is provided in the bead portion 14. The bead wire 18 receives a tensile force acting on the
carcass.
[0030] The belt layers 17 fasten the carcass 16, to increase a rigidity of the tread portion 12. In the example illustrated
in FIG. 1, the tire 11 includes two belt layers 17. The number of the belt layers 17 is not particularly limited, and may be
selected arbitrarily.
[0031] FIG. 2 is a diagram schematically illustrating the two belt layers 17. FIG. 2 illustrates the cross section along
a plane perpendicular to a longitudinal direction of the belt layers 17, that is, a circumferential direction of the tire 11.
[0032] As illustrated in FIG. 2, the two belt layers 17 are overlapped in a radial direction of the tire 11. Each belt layer
17 includes a plurality of steel cords 21, and rubber 22. The plurality of steel cords 21 are arranged parallel to each other
in a row. In addition, the rubber 22 covers the steel cords 21, and the entire circumference of each of the individual steel
cords 21 is covered by the rubber 22. The steel cords 21 are imbedded within the rubber 22.

(Steel Cord)

[0033] Next, an example of a structure of the steel cord arranged inside the tire according to this embodiment will be
described.
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[0034] The steel cord arranged inside the tire according to this embodiment includes one or more copper wires called
filaments.
[0035] When one steel cord includes a plurality of filaments, this steel cord preferably has a twisted structure in which
the plurality of filaments are twisted along a longitudinal direction thereof.
[0036] The twisted structure when the steel cord includes the plurality of filaments is not particularly limited. The steel
cord may have a twisted structure referred to as a layer twisted structure or a single twisted structure, for example.
Examples of the twisted structure of the steel cord will be described in the following, using particular examples.
[0037] The layer twisted structure is a layered structure in which the plurality of filaments are wound in an order from
a center portion, at the cross section perpendicular to the longitudinal direction of the steel cord, and may be represented
as a N+M structure, for example.
[0038] The N+M structure refers to a structure in which N filaments are spirally twisted along the longitudinal direction
thereof, to form a core, and M filaments are spirally twisted along the longitudinal direction of the core so as to cover an
outer periphery of the core, to form an outer sheath.
[0039] An example of the structure of the steel cord having the layer twisted structure will be described, by referring
to FIG. 3 and FIG. 4.
[0040] FIG. 3 is a perspective view of the steel cord having the 3+8 structure, and FIG. 4 is a cross sectional view at
the plane perpendicular to the longitudinal direction corresponding to a Y-axis direction in FIG. 3, that is, at a XZ-plane,
in a schematic, respectively.
[0041] A steel cord 30 illustrated in FIG. 3 and FIG. 4 includes 3 filaments 31 that are twisted, to form a core 311 that
becomes a first layer. In addition, 8 filaments 32 are spirally twisted around the core 311 along the longitudinal direction
of the core 311, to form one layer of an outer sheath 321.
[0042] One layer of the filaments refers to a structure in which the filaments are arranged along the circumferential
direction of one circle, to form a single layer (one layer), at the cross section perpendicular to the longitudinal direction
of the steel cord. More particularly, the filaments 32 forming the outer sheath 321 are arranged as illustrated in FIG. 4,
so that one layer is formed between a circumscribed circle C1 of the core 31 and a circumscribed circle C2 of the outer
sheath 321.
[0043] A 2-layer twisted structure of the N+M structure, more particularly, the 3+8 structure, is described as an example
of the layer twisted structure, however, the layer twisted structure is not limited to such. The layer twisted structure may
be a 3-layer twisted structure, for example, in which a plurality of filaments are further spirally twisted around an outer
periphery of the outer sheath 321 of the steel cord 30 illustrated in FIG. 3 and FIG. 4 along the longitudinal direction of
the core 311, or the like. In addition, the number of filaments forming the core 311 and the number of filaments forming
the outer sheath 321 are not particularly limited, and may be arbitrarily selected according to the diameter of the filaments,
that is, the filament diameter (wire diameter), or the like.
[0044] The single twisted structure may be represented as a 1xN structure.
[0045] The 1xN structure refers to a structure in which N filaments are twisted, to form a single layer (one layer). The
single layer refers to a structure in which the filaments are arranged to form a single layer (one layer) along the circum-
ferential direction of one circle, at the cross section perpendicular to the longitudinal direction of the steel cord.
[0046] An example of the structure of the steel cord having the single twisted structure will be described, by referring
to FIG. 5 and FIG. 6.
[0047] FIG. 5 is a perspective view of the steel cord having the 1x4 structure, and FIG. 6 is a cross sectional view at
a plane perpendicular to the longitudinal direction corresponding to the Y-axis direction in FIG. 5, that is, at the XZ-plane.
[0048] As illustrated in FIG. 5 and FIG. 6, a steel cord 50 having the 1x4 structure includes 4 filaments 51 that are
twisted, to form a single layer. Further, as illustrated in FIG. 6, the 4 filaments 51 are arranged to form the single layer,
along the circumferential direction of a circumscribed circle C3.
[0049] Although the 1x4 structure is illustrated as an example of the single twisted structure, the single twisted structure
is not limited to such. For example, the single twisted structure may have a twisted structure in which 3 filaments, or 5
or more filaments, are spirally twisted along the longitudinal direction.
[0050] The diameter of the filaments of the steel cord included in the tire according to this embodiment, that is, the
filament diameter, is not particularly limited, and may be arbitrarily selected according to required characteristics or the like.
[0051] The diameter of the filaments of the steel cord is preferably 0.15 mm or greater and 0.50 mm or less, and more
preferably 0.17 mm or greater and 0.42 mm or less, for example.
[0052] It is preferable to set the filament diameter to 0.15 mm or greater, because the durability against shock is
sufficiently increased when the steel cord including such filaments is used for the tire.
[0053] In addition, it is preferable to set the filament diameter to 0.50 mm or less, because the shock is sufficiently
absorbed, and a ride quality when the vehicle is driven is improved, when the steel cord including such filaments is used
for the tire.
[0054] As will be described in detail in the following, the filaments of the steel cord included in the tire according to
this embodiment may include a plated coating layer. For this reason, the filament diameter of the filament after forming
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the plated coating layer preferably falls within the above described range.
[0055] The steel cord included in the tire according to this embodiment includes the plated coating layer on the surface
thereof. When one steel cord includes the plurality of filaments as described above, the plated coating layer may be
arranged on the surface thereof for each of the filaments.
[0056] The plated coating layer may include Cu and Zn. By including Cu and Zn in the plated coating layer, a bonding
layer including Cu2S and CuS, provided closer to the rubber than an interface between the steel cord and the rubber,
and a zinc oxide layer including zinc oxide, may be formed when the steel cord including the plated coating layer is
covered by the rubber to form the tire. It is possible to increase the bonding strength between the steel cord and the
rubber, by forming a predetermined bonding layer, so that the tire having the excellent durability is obtained.
[0057] The plated coating layer may be a coating layer including only the Cu or the Zn as a metal component, however,
the coating layer may include a metal component other than the Cu and the Zn. The plated coating layer may further
include one or more elements selected from cobalt (Co) and nickel (Ni).
[0058] A composition of the plated coating layer as a whole is not particularly limited, however, among the metal
components included in the plated coating layer, the Cu content is preferably 60 mass% or higher and 75 mass% or
less, for example. In addition, when the plated coating layer further includes Co and Ni, a total content of Co and Ni is
preferably 0.5 mass% or higher and 7.5 mass% or less. A remainder of the plated coating layer may be Zn.
[0059] The plated coating layer may be formed by plating a copper layer, a zinc layer, and further plating a cobalt layer
and a nickel layer as required, on the filament before drawing, and thereafter performing a heat treatment to diffuse the
metal of each layer formed on the surface of the filament. A laminating order of the copper layer or the like formed on
the filament when forming the plated coating layer is not particularly limited, however, the copper layer and the zinc layer
are preferably laminated on the filament in this order from the filament side, for example. In addition, the cobalt layer
and the nickel layer are preferably formed between the copper layer and the zinc layer, or on the zinc layer.
[0060] A conditions of the heat treatment is not particularly limited, however, the heat treatment may be performed by
heating at 500°C or higher and 650°C or lower, for 5 seconds or more and 25 seconds or less, under an atmospheric
environment, for example.
[0061] The filament having the plated coating layer may be formed by drawing the filament to a desired filament
diameter after forming the plated coating layer. When the steel cord is formed by one filament, the filament may be used
as it is after the drawing. Further, when a plurality of filaments are used for the steel cord, the filaments obtained after
the drawing may be twisted to the desired twisted structure, for example, so as to form the steel cord having the plated
coating layer.

(Rubber)

[0062] The tire according to this embodiment may include the rubber that covers the steel cord.
[0063] The rubber may be formed by molding and curing a rubber composition.
[0064] The particular composition of the rubber may be selected according to the usage of the tire, the required
characteristics of the tire, or the like, and is not particularly limited. The rubber may include a rubber component, sulfur,
and an accelerator.
[0065] The rubber component preferably includes one or more kinds of rubber selected from natural rubber (NR) and
isoprene rubber (IR), for example, and amounting to 60 mass% or higher, preferably 70 mass% or higher, and more
preferably 100 mass%, within the rubber compound.
[0066] A ratio of the one or more kinds of rubber selected from natural rubber and isoprene rubber, within the rubber
compound, is preferably 60 mass% or higher, because a breaking strength of the tire can be increased thereby.
[0067] Examples of the rubber component using a mixture of natural rubber and isoprene rubber, include one of more
kinds of rubber selected from styrene butadiene rubber (SBR), butadiene rubber (BR), ethylenepropylene-diene rubber
(EPDM), chloroprene rubber (CR), isobutylene-isoprene rubber (IIR), and acrylonitrile-butadiene rubber (NBR), for ex-
ample.
[0068] Sulfur is not particularly limited, and it is possible to use the sulfur that is generally used as the accelerator in
the rubber industry, for example.
[0069] The sulfur content of the rubber is not particularly limited, however, the sulfur content is preferably 5 parts by
mass or greater and 8 parts by mass or less, with respect to 100 parts by mass of the rubber component.
[0070] The ratio of sulfur with respect to 100 parts by mass of the rubber component is preferably 5 parts by mass or
greater, because it is possible to increase the crosslink density of the rubber that is obtained, and to particularly increase
the bonding strength between the steel cord and the rubber. In addition, the ratio of sulfur with respect to 100 parts by
mass of the rubber component is preferably 8 parts by mass or less, because it is possible to uniformly disperse the
sulfur within the rubber, and to reduce the blooming.
[0071] The accelerator is not particularly limited, however, sulfenamide accelerators such as N,N’-dicyclohexyl-2-
benzothiazolyl sulfenamide, N-cyclohexyl-2-benzothiazolyl sulfenamide, N-tert-butyl-2-benzothiazolyl sulfenamide, N-
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oxydiethylene-2-benzothiazolyl sulfenamide, or the like, are preferably used therefor. In addition, thiazole accelerators
such as 2-mercaptobenzothiazol, di-2-benzothiazolyl disulfide, or the like, and thiuram accelerators such as tetrabenzyl
thiuram disulfide, tetramethyl thiuram disulfide, tetraethyl thiuram disulfide, tetrakis(2-ethylhexyl)thiuram sulfide, and
tetramethyl thiuram monosulfide, or the like, may be used, as desired.
[0072] The rubber composition used for the tire according to this embodiment may be manufactured by kneading each
of these components by the usual method, and warming and extruding the mixed components.
[0073] In addition, the rubber of the tire according to this embodiment preferably includes one or more kinds selected
from a single element of cobalt, and compounds including cobalt.
[0074] Examples of the compounds including cobalt include organic acid cobalt, inorganic acid cobalt, or the like.
[0075] Preferably, one or more kinds selected from cobalt naphthenate, cobalt stearate, cobalt decandate, cobalt
resinate, cobalt versatic acid, cobalt tall oil, or the like, for example, may be used for the organic acid cobalt. The organic
acid cobalt may be a complex salt having a portion of the organic acid replaced by boric acid.
[0076] Preferably, one or more kinds selected from cobalt chloride, cobalt sulfate, cobalt nitrate, cobalt phosphate,
cobalt chromate, or the like, for example, may be used for the inorganic acid cobalt.
[0077] Particularly, the rubber of the tire according to this embodiment more preferably includes the organic acid cobalt.
This is because it is possible to particularly improve the initial bonding performance between the steel cord and the
rubber, by including the organic acid cobalt in the rubber. The initial bonding performance refers to the bonding perform-
ance between the steel cord and the rubber, immediately after performing the curing during the manufacturing process
of the tire.
[0078] In addition, according to the studies conducted by the present inventors, it is possible to increase the ratio of
Cu2S within the bonding layer, and to increase the bonding strength between the steel cord and the rubber, by adding
the cobalt to the rubber. Further, this tendency becomes notable when the organic acid cobalt is used as the cobalt
added to the rubber. For this reason, the rubber of the tire according to this embodiment preferably includes the cobalt,
and the organic acid cobalt in particular, and the tire having a particularly excellent durability can be obtained thereby.
[0079] Moreover, the rubber may include an arbitrary component other than the rubber component, sulfur, accelerator,
cobalt, or the like. The rubber may include a known additive for rubber, such as a reinforcer (carbon black, silica, etc.),
a wax, an age resistor, or the like, for example.

(About Structure Near Interface Between Steel Cord and Rubber)

[0080] Next, the structure near the interface between the steel cord included in the tire, and the rubber, is illustrated
in FIG. 7.
[0081] FIG. 7 corresponds to a cross sectional view on an enlarged scale, illustrating a region A of FIG. 2 describing
the belt layers of the tire, for example.
[0082] As illustrated in FIG. 7, a steel cord 71 may include a copper filament 711 having a plated coating layer 712
arranged on a surface thereof. The plated coating layer 712 includes Cu and Zn, as described above. The steel cord
71 may have a structure in which a zinc oxide layer 713 is further arranged on a surface of the plated coating layer 712.
[0083] The steel cord 71 includes the plated coating layer 712 that includes the Cu and the Zn. For this reason, at the
time of the curing, it may be regarded that the S (sulfur) blended within rubber 72, and the Cu (copper) within the plated
coating layer 712 of the steel cord 71, react to form a bonding layer 74 including Cu2S and CuS. Further, the bonding
layer 74 is formed closer to the rubber 72 than an interface 73 between the steel cord 71 and the rubber 72.
[0084] According to the studies conducted by the present inventors, a molar ratio (physical quantity ratio) of Cu2S and
CuS within the bonding layer 74 affects the bonding strength between the steel cord and the rubber. This is because, it
may be regarded that the Cu2S acts to increase the bonding strength between the steel cord and the rubber, while the
CuS is fragile and acts to decrease the bonding strength between the steel cord and the rubber.
[0085] In addition, according to the studies conducted by the present inventors, a molar ratio Cu2S/CuS of the Cu2S
and the CuS included in the bonding layer is preferably 1.0 or higher, and more preferably 1.1 or higher.
[0086] The molar ratio Cu2S/CuS of the bonding layer is preferably 1.0 or higher, because the ratio of the Cu2S included
in the bonding layer becomes sufficiently high with respect to the ratio of CuS, and it is possible to increase the bonding
strength between the steel cord and the rubber, and to increase the durability of the tire.
[0087] Because it may be regarded that the ratio of the Cu2S with respect to the CuS included in the bonding layer is
preferably high as described above, an upper limit value of the molar ratio Cu2S/CuS of the Cu2S and the CuS included
in the bonding layer is not particularly limited, and the upper limit value may be 10.0 or less, for example.
[0088] The tire is mounted on the vehicle or the like and used in a state where the tire makes contact with the ground
and rotates at a high speed, and thus, the tire is under a high-temperature and high-humidity environment for a long
period of time. When the tire is placed under the high-temperature and high-humidity environment, it may be regarded
that moisture and oxygen permeate the rubber of the tire to reach near the interface between the steel cord and the
rubber. Further, when the moisture and the oxygen reach near the interface between the steel cord and the rubber, there
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are cases where the ratio of the Cu2S within the bonding layer decreases with respect to the ratio of the CuS, to decrease
the value of Cu2S/CuS, although the particular mechanism that causes this is unknown. Such a decrease in the value
of Cu2S/CuS within the bonding layer greatly affects the bonding strength between the steel cord and the rubber. For
this reason, in the tire according to this embodiment, when a wet heat test is performed under the atmospheric environment
in a steady temperature and humidity furnace in which the temperature is set to 80°C, the relative humidity is set to 95%,
and the tire is held therein for 150 hours, the Cu2S/CuS of the bonding layer is preferably 1.0 or higher, and more
preferably 1.1 or higher, after the wet heat test.
[0089] The wet heat test is a test that places the tire in the high-temperature and high-humidity environment, that is
similar to the environment in which the tire is used, for a predetermined time, to accelerate the deterioration of the tire.
[0090] When the Cu2S/CuS of the bonding layer is 1.0 or higher after the wet heat test, it means that the ratio of the
Cu2S included in the bonding layer is sufficiently high, and the bonding strength between the steel cord and the rubber
is particularly high, even after the wet heat test that places the tire in the high-temperature and high-humidity environment
continuously for a long period of time. In other words, when the Cu2S/CuS of the bonding layer is 1.0 or higher after the
wet heat test, it may be regarded that the high bonding strength between the steel cord and the rubber is maintained,
even when the wet heat test is performed to place the tire under a severe condition in which the bonding strength between
the steel cord and the rubber is likely to decrease, to accelerate the deterioration of the tire. For this reason, the Cu2S/CuS
of the bonding layer after the wet heat test is preferably 1.0 or higher, because it is possible to obtain a tire having a
particularly high durability.
[0091] Because it may be regarded that the ratio of the Cu2S with respect to the CuS, included in the bonding layer
after the wet heat test, is preferably high as described above, the upper limit value of the molar ratio Cu2S/CuS of the
Cu2S and the CuS included in the bonding layer is not particularly limited, and the upper limit value may be 10.0 or less,
for example.
[0092] The molar ratio Cu2S/CuS of the Cu2S and the CuS included in the bonding layer may be evaluated according
to the following procedure, for example. The tire that is a measurement target is sliced to include a surface perpendicular
to the longitudinal direction of the steel cord, to make an evaluation sample of a slice that includes, on a surface thereof,
the interface between the steel cord and the rubber. When making the evaluation sample, a focused ion beam (FIB) is
preferably used, so as not to damage a fine region at the bonding interface between the steel cord and the rubber. The
evaluation is preferably performed using such a sample that is cut out from the actual tire, because the state of bonding
and deterioration can be observed and evaluated more accurately.
[0093] The measurement of the evaluation sample is performed by an X-ray absorption fine structure (SAFS), with
respect to a region of the bonding layer closer to the rubber than the interface between the steel cord and the rubber.
When performing the measurement by the XAFS, a light source of the X-ray is not particularly limited, however, syn-
chrotron radiation is preferably used due to the continuous wavelength and high intensity thereof.
[0094] Next, from the measurement results of the XAFS obtained in advance for the Cu2S and CuS with respect to a
standard sample, it is possible to calculate the molar ratio Cu2S/CuS of Cu2S and CuS included in the bonding layer.
[0095] In addition, when the wet heat test described above is performed, a change in the thickness of the bonding
layer is preferably small before and after the wet heat test. When the wet heat test is performed as described above,
and the moisture and oxygen permeating the rubber reach the bonding layer to react therewith, a change occurs in the
bonding layer, such as a decrease in the ratio of the Cu2S within the bonding layer, an increase in the ratio of the CuS,
or the like. According to the studies conducted by the present inventors, a phenomenon in which the thickness of the
bonding layer increases is observed, when the wet heat test is performed and the bonding strength between the steel
cord and the rubber decreases, although the particular mechanism that causes this is unknown. For this reason, as
described above, the change in the thickness of the bonding layer is preferably small before and after the wet heat test.
[0096] More particularly, when a wet heat test is performed under the atmospheric environment in a steady temperature
and humidity furnace in which the temperature is set to 80°C, the relative humidity is set to 95%, and the tire is held
therein for 150 hours, an average value of the thickness of the bonding layer after the wet heat test, is preferably 1.5
times or less than an average value of the thickness of the bonding layer before the wet heat test. In particular, the
average value of the thickness of the bonding layer after the wet heat test is more preferably 1.4 times or less than the
average value of the thickness of the bonding layer before the wet heat test.
[0097] The average value of the thickness of the bonding layer after the wet heat test is preferably 1.5 times or less
than the average value of the thickness of the bonding layer before the wet heat test, because the change in the bonding
layer caused by the wet heat test is sufficiently reduced, the bonding strength between the steel cord and the rubber
can be maintained sufficiently high, and it is possible to obtain a tire having an excellent durability.
[0098] Because it is preferable that there is virtually no change in the thickness of the bonding layer before and after
the wet heat test, the average value of the thickness of the bonding layer after the wet heat test is preferably 0.8 times
or greater than the average value of the thickness of the bonding layer before the wet heat test.
[0099] The average value of the thickness of the bonding layer may be evaluated according to the following procedure,
for example. The tire that is the measurement target is sliced to include the surface perpendicular to the longitudinal
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direction of the steel cord, to make the evaluation sample of the slice that includes, on the surface thereof, the interface
between the steel cord and the rubber. When making the evaluation sample, the FIB is preferably used, so as not to
damage the fine region at the bonding interface between the steel cord and the rubber. The evaluation is preferably
performed using such a sample that is cut out from the actual tire, because the state of bonding and deterioration can
be observed and evaluated more accurately.
[0100] Next, an element mapping is performed with respect to the interface between the steel cord and the rubber of
the evaluation sample, and a region in which the Cu and the S are distributed is regarded as a region of the bonding
layer, and as the thickness of the bonding layer. The element mapping may be performed by a line analysis along the
diametrical direction of the steel cord, for example, and the thickness of the bonding layer may be obtained at a plurality
of positions, to obtain an average value of the thicknesses at the plurality of positions as the average value of the
thickness of the bonding layer. When calculating the average value of the thickness of the bonding layer, the number
of positions where the thickness of the bonding layer is measured is not particularly limited, and from the viewpoint of
more accurately performing the evaluation, the measurement is preferably made at 3 or more positions, and more
preferably at 4 or more positions. However, when the number of positions where the thickness is measured is excessively
large, a long time is required for the measurement, and for this reason, the measurement is preferably made at 10
positions or less.
[0101] The means that is used when performing the element mapping is not particularly limited, and for example, a
scanning transmission electron microscope/energy dispersive X-ray spectrometry (STEM/EDX) or the like may preferably
be used.
[0102] As described above, the bonding layer is the region where both the Cu and the S are distributed when the
element mapping is performed, and is the layer including the Cu and the S.
[0103] In addition, as illustrated in FIG. 7, the tire according to this embodiment may include the zinc oxide layer 713
on the surface of the plated coating layer 712 of the steel cord 71. It may be regarded that the zinc oxide layer is derived
from the zinc included in the plated coating layer.
[0104] Further, according to the studies conducted by the present inventors, the average value of the zinc oxide layer,
that is formed on the surface of the plated coating layer of the steel cord included in the tire according to this embodiment,
is preferably 50 nm or greater and 120 nm or less, and more preferably 50 nm or greater and 115 nm or less.
[0105] It may be regarded that the zinc oxide layer 713 controls the movement of Cu included in the plated coating
layer 712 of the steel cord 71 toward the side of the rubber 72, to increase the ratio of the CuS within the bonding layer
74. For this reason, the average value of the thickness of the zinc oxide layer is preferably 50 nm or greater, because
it may be regarded that the ratio of the Cu2S within the bonding layer 74 can be increased thereby.
[0106] However, because the zinc oxide layer is relatively fragile, the bonding strength between the steel cord and
the rubber may decrease when the zinc oxide layer becomes excessively thick. In addition, the excessively thick zinc
oxide layer may interfere with the generation of the bonding layer. Further, according to the studies conducted by the
present inventors, the excessive movement of the Cu included in the plated coating layer 712 toward the side of the
rubber 72 can be reduced, while accelerating the generation of the bonding layer, when the average value of the thickness
of the zinc oxide layer is set to 120 nm or less. For this reason, such an average value of the thickness of the zinc oxide
layer is preferable, because the bonding strength between the steel cord and the rubber can be maintained sufficiently
high.
[0107] The average value of the thickness of the zinc oxide layer can also be measured, similar to the bonding layer
described above. In other words, the tire that is the measurement target is sliced to include the surface perpendicular
to the longitudinal direction of the steel cord, to make the evaluation sample of the slice that includes, on the surface
thereof, the interface between the steel cord and the rubber. When making the evaluation sample, the FIB is preferably
used, so as not to damage the fine region at the bonding interface between the steel cord and the rubber. The evaluation
is preferably performed using such a sample that is cut out from the actual tire, because the state of bonding and
deterioration can be observed and evaluated more accurately.
[0108] Next, an element mapping is performed with respect to the interface between the steel cord and the rubber of
the evaluation sample, and a region in which Zn and O are distributed is regarded as a region of the zinc oxide layer,
and as the thickness of the zinc oxide layer. The element mapping may be performed by the line analysis along the
diametrical direction of the steel cord, for example, and the thickness of the zinc oxide layer may be obtained at a plurality
of positions, to obtain an average value of the thicknesses at the plurality of positions as the average value of the
thickness of the zinc oxide layer. When calculating the average value of the thickness of the zinc oxide layer, the number
of positions where the thickness of the zinc oxide layer is measured is not particularly limited, and from the viewpoint of
more accurately performing the evaluation, the measurement is preferably made at 3 or more positions, and more
preferably at 4 or more positions. However, when the number of positions where the thickness is measured is excessively
large, a long time is required for the measurement, and for this reason, the measurement is preferably made at 10
positions or less.
[0109] The means that is used when performing the element mapping is not particularly limited, and for example, the
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STEM/EDX or the like may preferably be used.
[0110] As described above, the zinc oxide layer is the region where both the Zn and the O are distributed when the
element mapping is performed, and is the layer including the Zn and the O.
[0111] Further, in the tire according to this embodiment, when the wet heat test is performed under the atmospheric
environment in the steady temperature and humidity furnace in which the temperature is set to 80°C, the relative humidity
is set to 95%, and the tire is held therein for 150 hours, the average value of the thickness of the zinc oxide layer after
the wet heat test is preferably 1.2 times or less than the average value of the thickness of the zinc oxide layer before
the wet heat test.
[0112] According to the studies conducted by the present inventors, when the wet heat test described above is per-
formed, a change in the thickness of the zinc oxide layer is preferably small before and after the wet heat test. When
the wet heat test is performed, and the moisture and oxygen permeating the rubber reach the zinc oxide layer, the zinc
included in the plated coating layer, the oxygen, or the like react, and the thickness of the zinc oxide layer may be
increased thereby. However, because the zinc oxide layer is relatively fragile as described above, the bonding strength
between the steel cord and the rubber may decrease when the zinc oxide layer becomes excessively thick. Hence, as
described above, the change in the thickness of the zinc oxide layer is preferably small before and after the wet heat
test, and more particularly, as described above, the average value of the thickness of the zinc oxide layer after the wet
heat test is preferably 1.2 times or less than the average value of the thickness of the zinc oxide layer before the wet
heat test.
[0113] The average value of the thickness of the zinc oxide layer after the wet heat test is preferably 1.2 times or less
than the average value of the thickness of the zinc oxide layer before the wet heat test, because in this case, the thickness
of the zinc oxide layer is sufficiently controlled even after performing the wet heat test, and the bonding strength between
the steel cord and the rubber is maintained sufficiently high. Further, by making the bonding strength between the steel
cord and the rubber sufficiently high, it is possible to obtain a tire having a high durability.
[0114] The average value of the thickness of the zinc oxide layer after the wet heat test is more preferably 1.1 times
or less than the average value of the thickness of the zinc oxide layer before the wet heat test.
[0115] A lower limit value of a ratio of the average value of the thickness of the zinc oxide layer after the wet heat test,
with respect to the average value of the thickness of the zinc oxide layer before the wet heat test, is not particularly
limited, and may preferably be 0.8 times or higher, for example.
[0116] As described above, the rubber of the tire according to this embodiment preferably includes one or more kinds
selected from a single element of cobalt, and compounds including cobalt.
[0117] Particularly, the rubber of the tire according to this embodiment more preferably includes the organic acid cobalt.
This is because it is possible to particularly improve the initial bonding performance between the steel cord and the
rubber, by including the organic acid cobalt in the rubber.
[0118] As described above, the tire according to this embodiment may include the bonding layer including the Cu2S
and the CuS at the interface between the steel cord and the rubber, and it may be regarded that the bonding strength
between the steel cord and the rubber is increased by using a predetermined composition for the bonding layer, to obtain
the tire having the high durability. In addition, according to the studies conducted by the present inventors, although the
mechanism is unknown, it is possible to increase the ratio of the Cu2S within the bonding layer, and to increase the
bonding strength between the steel cord and the rubber, by adding cobalt to the rubber, even though it is conventionally
regarded that cobalt deteriorates the durability of the tire. Further, these tendencies become notable when the organic
acid cobalt is used as the added cobalt. For this reason, the rubber of the tire according to this embodiment preferably
includes the organic acid cobalt, because the tire having the particularly excellent durability can be obtained thereby.
[0119] The content of the cobalt and the compound including cobalt, included in the rubber of the tire according to the
present invention, is not particularly limited. The content of one or more kinds selected from the cobalt and the compound
including cobalt, with respect to 100 parts by mass of the rubber component, is preferably 0.1 parts by mass or greater
and 5 parts by mass or less, and more preferably 0.5 parts by mass or greater and 4 parts by mass or less.
[0120] The content of the one or more kinds selected from the cobalt and the compound including cobalt is preferably
0.1 parts by mass or greater, because it is possible to thereby sufficiently exhibit the effect of increasing the bonding
strength between the steel cord and the rubber, and is 5 parts by mass or less, because it is possible to particularly
increase thereby the durability of the tire.
[0121] As described above, the rubber of the tire according to this embodiment preferably includes the organic acid
cobalt. In addition, in this case, the content of the organic acid cobalt, with respect to 100 parts by mass of the rubber
component, is also preferably 0.1 parts by mass or greater and 5 parts by mass or less, and more preferably 0.5 parts
by mass or greater and 4 parts by mass or less.
[0122] Moreover, as described above, the plated coating layer formed on the surface of the steel cord included in the
tire according to this embodiment may be a coated layer in which Cu and Zn are the only metal components, however,
the coated layer may include a metal component other than the Cu and the Zn. The plated coating layer may further
include one or more kinds of elements selected from cobalt (Co) and nickel (Ni), for example.
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[0123] According to the studies conducted by the present inventors, when the plated coating layer further includes
one or more kinds of elements selected from the Co and the Ni, it is possible to reduce the decrease in the ratio of Cu2S
and to reduce the increase in the ratio of CuS within the bonding layer when the wet heat test is performed. In addition,
when the plated coating layer further includes one or more kinds of elements selected from the Co and the Ni, it is also
possible to reduce the increase in the thickness of the zinc oxide layer when the wet heat test is performed.
[0124] The mechanism of the above described effect of further including one or more kinds of elements selected from
the Co and the Ni in the plated coating layer is unknown, however, it may be regarded that this effect is due to the
potential of the plated coating layer made noble by the high corrosion potential of Co and Ni, or the sacrificial oxidation
effects of Co and Ni.
[0125] For this reason, the plated coating layer preferably further includes one or more kinds of elements selected
from the Co and the Ni, because it is possible to particularly increase the durability of the tire.
[0126] The method of manufacturing the tire according to this embodiment is not particularly limited, and a preliminary
test or the like may be performed before the manufacturing process, for example, in order to select the manufacturing
condition so that the molar ratio Cu2S/CuS of the Cu2S and the CuS included in the bonding layer becomes 1.0 or higher.
[0127] For example, when forming the plated coating layer as described above, a current density and a processing
time at the time of the zinc plating may be selected, to adjust a surface roughness of the plated coating layer that is
obtained. According to the studies conducted by the present inventors, the current density at the time of the zinc plating
is preferably 18 A/dm2 or higher and lower than 24 A/dm2, for example. In addition, the processing time at the time of
the zinc plating is preferably 4.0 seconds or longer and 15.0 seconds or shorter, and more preferably 6.0 seconds or
longer and shorter than 10.0 seconds. This is because, when these conditions are set as the conditions under which
the zinc plating is performed, it may be regarded that the surface of the plated coating layer that is obtained, is formed
to a surface roughness suited for making the ratio of the Cu2S particularly high within the bonding layer, when forming
the bonding layer.
[0128] In addition, by selecting the curing condition, it is also possible to make the ratio of the Cu2S particularly high
within the bonding layer, when forming the bonding layer. The curing condition may be represented by a product of an
equivalent cure unit (ECU) and the time. The ECU may be calculated from the following formula (1). 

[0129] In the formula (1), E denotes the activation energy, R denotes a universal gas constant, T0 denotes a reference
temperature, T denotes a curing temperature, which are E = 20 kcal/mol, R = 1.987 x 0.001 kcal/mol•deg, and T0 =
141.7°C, respectively.
[0130] Further, the curing condition is preferably selected so that the ECU x time becomes 50 or greater and 65 or
less, and more preferably 55 or greater and 60 or less. The ECU x time is preferably 50 or greater and 65 or less,
because it becomes possible to sufficiently perform the curing, and to more positively make the Cu2S/CuS within the
bonding layer 1.0 or higher.
[0131] The time of the ECU x time that is calculated refers to the curing time, and the unit thereof is minutes.
[0132] The molar ratio Cu2S/CuS of the Cu2S and the CuS included in the bonding layer may also be adjusted according
to conditions other than those described above, such as the addition of one of more kinds of materials selected from
the cobalt and the compound including cobalt described above, to the rubber of the tire.
[0133] Otherwise, the tire can be manufactured according to the usual method, and a description of thereof will be
omitted.
[0134] Although the embodiments are described in detail above, the present invention is not limited to the particular
embodiments, and various variations and modifications may be made without departing from the scope of the present
invention.

Embodiments

[0135] Although particular exemplary implementations are described in the following, the present invention is not
limited to these exemplary implementations.

(Evaluation Method)

[0136] First, the evaluation method for the steel cord manufactured by the following experimental examples will be
described.
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(1) Composition of Plated Coating Layer

[0137] A portion of the filament formed with the plated coating layer and subjected to the drawing process is cut out,
and dipped in a stripping solution to dissolve the plated coating layer. Then, the obtained solution is analyzed using an
atomic absorption spectroscopy apparatus (manufactured by Hitachi High-Technologies, Model: Z-2300), to calculate
the composition of the plated coating layer.

(2) Molar Ratio of Cu2S and CuS Within Bonding Layer

[0138] First, the tire, that is the measurement target before or after performing the wet heat test, is sliced to include
the surface perpendicular to the longitudinal direction of the steel cord, to make the evaluation sample of the slice that
includes, on the surface thereof, the interface between the steel cord and the rubber. The evaluation sample is cut out
from the tire using a cutter or the like, and processed using the FIB (manufactured by Hitachi High-Technologies, Model:
FB-2100).
[0139] Then, the region of the bonding layer formed closer to the rubber than the interface between the steel cord and
the rubber, in the evaluation sample, is measured by the XAFS set on BL08B2 of Spring-8.
[0140] The K shell absorption edge of the copper atom and the broad oscillation component spectrum are measured
by scanning the energy of the high-intensity X-ray in a range of 9000 eV or higher and 10500 eV or lower. The meas-
urements are separated into a region of 9600 eV or higher and 9700 eV or lower, called the X-ray absorption near edge
structure (XANES), and a range of 9700 eV or higher and 10500 eV or lower, called the extended X-ray absorption fine
structure (EXAFS).
[0141] Next, the molar ratio Cu2S/CuS of Cu2S and CuS included in the bonding layer are calculated, using the standard
sample spectrum for Cu2S and CuS , with respect to the XANES.

(3) Average Value of Thickness of Bonding Layer

[0142] First, the tire, that is the measurement target before or after performing the wet heat test, is sliced to include
the surface perpendicular to the longitudinal direction of the steel cord, to make the evaluation sample of the slice that
includes, on the surface thereof, the interface between the steel cord and the rubber. The evaluation sample is cut out
from the tire using a cutter or the like, and processed using the FIB (manufactured by Hitachi High-Technologies, Model:
FB-2100).
[0143] Then, the element mapping is performed with respect to the interface between the steel cord and the rubber
of the evaluation sample, and the region in which the Cu and the S are distributed is regarded as the region of the
bonding layer, and as the thickness of the bonding layer. The element mapping is performed by the line analysis along
the diametrical direction of the steel cord, and the thickness of the bonding layer is obtained at 5 positions, to obtain the
average value of the thicknesses at the 5 positions as the average value of the thickness of the bonding layer.
[0144] The element mapping is performed using the STEM/EDX (manufactured by JEOL Ltd., Model: JEM-2100F).

(4) Average Value of Thickness of Zinc Oxide Layer

[0145] First, the tire, that is the measurement target before or after performing the wet heat test, is sliced to include
the surface perpendicular to the longitudinal direction of the steel cord, to make the evaluation sample of the slice that
includes, on the surface thereof, the interface between the steel cord and the rubber. The evaluation sample is cut out
from the tire using a cutter or the like, and processed using the FIB (manufactured by Hitachi High-Technologies, Model:
FB-2100).
[0146] Then, the element mapping is performed with respect to the interface between the steel cord and the rubber
of the evaluation sample, and the region in which the Zn and the O are distributed is regarded as the region of the zinc
oxide layer, and as the thickness of the zinc oxide layer. The element mapping is performed by the line analysis along
the diametrical direction of the steel cord, and the thickness of the zinc oxide layer is obtained at 5 positions, to obtain
the average value of the thicknesses at the 5 positions as the average value of the thickness of the zinc oxide layer.
[0147] The element mapping is performed using the STEM/EDX (manufactured by JEOL Ltd., Model: JEM-2100F).

(5) Durability Test

[0148] A drum running test apparatus is used to drive the tires manufactured according to each of the exemplary
implementations, at an internal pressure (200 kPa), an applied load (7.0 kN), and a velocity (80 km/h). In addition, a
time required until a damage, such as a break at the interface between the steel cord and the rubber causing a separation
of the tread portion that is the supporting surface, and a bulge, respectively originating from the break, is measured and
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regarded as an endurance time. When measuring the endurance time, the time of less than one hour is omitted.
[0149] The case where the endurance time is 416 hours or longer is evaluated as A, the case where the endurance
time is 316 hours or longer and 415 hours or shorter is evaluated as B, the case where the endurance time is 216 hours
or longer and 315 hours or shorter is evaluated as C, the case where the endurance time is 200 hours or longer and
215 hours or less is evaluated as D, and the case where the endurance time is 199 hours or less is evaluated as E.
[0150] As is evident from the endurance times, the tire having a durability with an evaluation A has the highest durability,
and the durability becomes lower in the order of A > B > C > D > E. Hence, the tires having the durabilities with the
evaluations A, B, C, and D have sufficiently high durabilities.
[0151] Next, experimental conditions will be described. An experimental example 1 to an experimental example 10
are the exemplary implementations, and an experimental example 11 and an experimental example 12 are comparison
examples.

[Experimental Example 1]

[0152] First, the steel cord used for the tire is manufactured by the following procedure.
[0153] A copper layer and a zinc oxide layer are formed on the surface of the copper filament, by plating. The copper
layer is deposited using copper pyrophosphate as the plating solution, and setting the current density to 22 A/dm2, and
the processing time to 14 seconds. In addition, the zinc oxide layer is deposited using zinc sulfate as the plating solution,
and setting the current density to 20 A/dm2, and the processing time to 7 seconds.
[0154] Thereafter, a heat treatment is performed under the atmospheric environment at 600°C for a heating time of 9
seconds, to diffuse the metal components and form the plated coating layer.
[0155] A drawing process is performed on the filament that is formed with the obtained plated coating layer, to obtain
the filament having a filament diameter of 0.21 mm and including the plated coating layer. By analyzing the plated coating
layer, it is confirmed that the Cu content is 64 mass%, and the Zn content is 36 mass%.
[0156] The filament including the obtained plated coating layer is twisted using a wire twisting machine, to manufacture
the steel cord having the 3+8 structure illustrated in FIG. 3 and FIG. 4. The 3+8 structure is already described above,
and a description thereof will be omitted this time.
[0157] In addition, a rubber composition including the rubber component and additives is prepared. The rubber com-
position includes 100 parts by mass of natural rubber, as the rubber component. Further, the rubber composition includes,
as the additives, 60 parts by mass of carbon black, 6 parts by mass of sulfur, 1 parts by mass of sulfur accelerator, 10
parts by mass of zinc oxide, and 0.1 parts by mass of cobalt stearate as the organic acid cobalt, with respect to 100
parts by mass of the rubber component.
[0158] A pneumatic tire having the structure illustrated in FIG. 1 and FIG. 2 and having the size of 225/40R18 is
manufactured using the steel cord and the rubber composition described above.
[0159] When manufacturing the above described tire, the curing is performed at a temperature of 160°C and a pressure
of 25 kgf/cm2, so that the ECU x time becomes 58.
[0160] Three pneumatic tires described above are manufactured under the same condition.
[0161] With respect to one tire, the molar ratio of Cu2S and CuS included in the bonding layer formed near the interface
between the steel cord and the rubber, the average value of the thickness of the bonding layer, and the average value
of the thickness of the zinc oxide layer, are evaluated. The evaluation results are illustrated under a column "Evaluation
Result of Wet Heat Untested Product" in Table 1, and the average value of the thickness of the bonding layer, and the
average value of the thickness of the zinc oxide layer, are illustrated as an average thickness (A1), and an average
thickness (A1), respectively.
[0162] In addition, with respect to another tire, the wet heat test is performed under the atmospheric environment in
the steady temperature and humidity furnace in which the temperature is set to 80°C, the relative humidity is set to 95%,
and the tire is held therein for 150 hours. With respect to the tire after the wet heat test, the molar ratio of Cu2S and CuS
included in the bonding layer formed near the interface between the steel cord and the rubber, the average value of the
thickness of the bonding layer, and the average value of the thickness of the zinc oxide layer, are evaluated. The
evaluation results are illustrated under a column "Evaluation Result of Wet Heat Tested Product" in Table 1, and the
average value of the thickness of the bonding layer, and the average value of the thickness of the zinc oxide layer, are
illustrated as an average thickness (B1), and an average thickness (B1), respectively.
[0163] The remaining one tire is subjected to the durability test. The evaluation results thereof are illustrated under a
column "Evaluation Result of Durability Test".
[0164] The results are illustrated in Table 1.

[Experimental Example 2 to Experimental Example 6]

[0165] The tires are manufactured and evaluated similar to the experimental example 1, except for the amounts of
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the cobalt stearate that are added to the rubber composition as the organic acid cobalt. The amount of the cobalt stearate
added is illustrated in a column Organic Acid Co. The results are illustrated in Table 1.

[Experimental Example 7 to Experimental Example 9]

[0166] When manufacturing the filament used for the steel cord, a cobalt layer or a nickel layer is further formed on
the zinc layer. After forming the cobalt layer or the nickel layer, the heat treatment and the drawing process are performed
similar to the experimental example 1. In addition, the amounts of the cobalt stearate that are added to the rubber
composition as the organic acid cobalt are changed to the values illustrated in Table 1. Otherwise, the tires are manu-
factured and evaluated similar to the experimental example 1. The results are illustrated in Table 1.
[0167] The ratio of Cu, Zn, and Co for the plated coating layer of the filament manufactured in the experimental
examples 7 and 8 is measured. As a result, it is confirmed that Cu is 68 mass%, Zn is 28 mass%, and Co is 4 mass%.
[0168] The ratio of Cu, Zn, and Ni for the plated coating layer of the filament manufactured in the experimental example
9 is measured. As a result, it is confirmed that Cu is 68 mass%, Zn is 28 mass%, and Ni is 4 mass%.

[Experimental Example 10]

[0169] For the curing condition, the ECU x time is changed to the value illustrated in Table 1, but otherwise, the tire
is manufactured and evaluated similar to the experimental example 2. The results are illustrated in Table 1.

[Experimental Examples 11 and 12]

[0170] The tires are manufactured and evaluated similar to the experimental example 1, except for the amounts of
the cobalt stearate that are added to the rubber composition as the organic acid cobalt. The results are illustrated in Table 1.
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[0171] According to the results illustrated in Table 1, it is confirmed that the tires according to the experimental example
1 to the experimental example 10 in which the Cu2S/CuS of the bonding layer is 1.0 or higher, have the endurance time
of 200 hours or longer, and the durability with the evaluation A to D, and that these tires have a high durability.
[0172] On the other hand, the tires according to the experimental example 11 and the experimental example 12 in
which the Cu2S/CuS of the bonding layer is lower than 1.0, have the endurance time of 199 hours or shorter, and the
durability with the evaluation E. It may be regarded that the these tires have a low durability, because the ratio of Cu2S
within the bonding layer is lower, and the bonding strength between the steel cord within the tire and the rubber is low.

DESCRIPTION OF THE REFERENCE NUMERALS

[0173]

11 Tire
12 Tread Portion
13 Sidewall Portion
14 Bead Portion
15 Inner Liner
16 Carcass
17 Belt Layer
18 Bead Wire
21, 30, 50, 71 Steel Cord
22, 72 Rubber
31, 32, 51, 711 Filament
311 Core
321 Outer Sheath
712 Plated Coating Layer
713 Zinc Oxide Layer
73 Interface
74 Bonding Layer

Claims

1. A tire comprising:

a steel cord having a plated coating layer; rubber covering the steel cord,
the plated coating layer including Cu and Zn; and
a bonding layer including Cu2S and CuS, provided closer to the rubber than an interface between the steel cord
and the rubber, wherein a molar ratio Cu2S/CuS of Cu2S and CuS included in the bonding layer is 1.0 or higher.

2. The tire as claimed in claim 1, wherein the Cu2S/CuS of the bonding layer is 1.0 or higher after a wet heat test,
when the wet heat test is performed under an atmospheric environment in a steady temperature and humidity furnace
in which a temperature is set to 80°C, a relative humidity is set to 95%, and the tire is held therein for 150 hours.

3. The tire as claimed in claim 1 or 2, wherein an average value of a thickness of the bonding layer after a wet heat
test is 1.5 times or less than an average value of the thickness of the bonding layer before the wet heat test, when
the wet heat test is performed under an atmospheric environment in a steady temperature and humidity furnace in
which a temperature is set to 80°C, a relative humidity is set to 95%, and the tire is held therein for 150 hours.

4. The tire as claimed in any one of claims 1 to 3, wherein
the plated coating layer includes a zinc oxide layer on a surface thereof, and
an average value of a thickness of the zinc oxide layer is 50 nm or greater and 120 nm or less.

5. The tire as claimed in claim 4, wherein
the plated coating layer includes a zinc oxide layer on a surface thereof, and
the average value of the thickness of the zinc oxide after a wet heat test is 1.2 times or less than the average value
of the thickness of the zinc oxide layer before the wet heat test, when the wet heat test is performed under an
atmospheric environment in a steady temperature and humidity furnace in which a temperature is set to 80°C, a
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relative humidity is set to 95%, and the tire is held therein for 150 hours.

6. The tire as claimed in any one of claims 1 to 5, wherein the rubber includes 0.1 parts by mass or greater and 5.0
parts by mass or less of organic acid cobalt, with respect to 100 parts by mass of a rubber component.

7. The tire as claimed in any one of claims 1 to 6, wherein the plated coating layer further includes one or more kinds
of elements selected from Co and Ni.
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