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(57) ABSTRACT

Provided is a rubber-steel cord composite which is excellent
in workability and which is markedly excellent in tensile
characteristics, an adhesive property after vulcanization for a
short time and a heat resistant adhesive property. The rubber-
steel cord composite has such a constitution that a steel cord
which has a brass-plated layer on a peripheral surface thereof
and in which a content of phosphorus contained in the form of
oxide in a wire surface layer region extending from a surface
of'the above brass-plated layer up to a depth of 5 nm in a wire
radial direction toward the inside is 1.5 atomic % or less is
adjacent to a rubber composition containing a rubber compo-
nent, sulfur and a sulfeneamide base vulcanization accelera-
tor represented by the following Formula (I):
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wherein R', R?, R?, R*, R®, R®; x and n are as defined in the
specification.
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RUBBER-STEEL CORD COMPOSITE

TECHNICAL FIELD

[0001] The present invention relates to a rubber-steel cord
composite, specifically to a rubber-steel cord composite
which is improved in workability, an adhesive property
between a rubber and a steel cord and the like by using a
rubber composition containing a specific sulfeneamide base
vulcanization accelerator and a single wire of a steel wire
having a smaller content of phosphorus contained in the form
of oxide in a brass-plated surface layer region or a steel cord
prepared by twisting plural wirers of the above steel wire.

BACKGROUND ART

[0002] Inrubber products such as belts of radial tires, body
plys for carcasses, various industrial belt members, an article
prepared by coating a steel wire subjected to brass plating or
a steel cord prepared by twisting plural wirers of the above
steel wire with a rubber has so far been used to thereby obtain
a reinforcing effect thereof. In this case, an adhesive property
between the steel cord and the rubber has to be sufficiently
secured in order to sufficiently exert the reinforcing effect.
From the above viewpoint, a proportion of copper to zinc in
brass plating, optimizing a plating thickness and the like are
studied, and a certain amount of knowledges has so far been
obtained.

[0003] In general, a performance required in adhesion of a
brass-plated steel cord with a coating rubber does not only
demand that an initial adhesive property is good, but various
conditions that there are no troubles which originate in dete-
rioration of an adhered interface when rubber products such
as tires are exposed to deterioration environment in an actual
use and that troubles in a production step of rubber products
such as tires are prevented and the compounding cost is kept
down have to be satisfied.

[0004] Accordingly, the present inventors have proposed a
steel wire and a steel cord which are excellent in an adhesive
property with rubbers, such as a steel wire for reinforcing
rubber products which is provided with a brass-plated layer
on a peripheral surface of the wire and in which a content of
phosphorus contained in the form of oxide in a wire surface
layer region extending from a surface of the brass-plated layer
up to a depth of 5 nm in a wire radial direction toward the
inside is controlled to 1.5 atomic % or less and a steel cord
prepared by twisting plural wires of the above wire (refer to,
for example, patent document 1), and further the present
inventors have proposed a rubber-steel cord composite com-
prising a rubber composition which contains 0.1 to 5 parts by
weight of a maleimide resin and 0.5 to 8 parts by weight of'a
bisphenol compound having two tert-butyl groups based on a
rubber component containing 50% by weight or more of
natural rubber and which is compounded with at least one
kind ofhigher fatty acid and a single wire of a steel wire which
has a brass-plated layer on a peripheral surface thereof and in
which a content of phosphorus contained in the form of oxide
in a wire surface layer region extending from a surface of
brass-plated layer up to a depth of 5 nm in a wire radial
direction toward the inside is 1.5 atomic % or less or a steel
cord prepared by twisting plural wires of the above steel wire
(refer to, for example, patent document 2).

[0005] The rubber-steel cord composites described in
patent documents 1 and 2 can exert the excellent adhesive
property than ever before, but the existing situation is that a
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rubber-steel cord composite which provides better workabil-
ity and is excellent in an adhesive property between a rubber
and a steel cord is eagerly desired to be developed.

[0006] Onthe other hand, high elasticity, low heat build-up,
deterioration resistance, an adhesive property and the like are
required of rubber compositions such as coating rubbers
which are reinforced by a steel cord, and in order to allow the
above rubber-steel cord composites to exert particularly a
high reinforcing effect and obtain reliability, adhesion which
is stable and changed less with the passage of time is required
in the rubber-steel cord composites.

[0007] Also, when rubber is adhered to metal such as a steel
wire, a method in which rubber and metal are bonded at the
same time as vulcanization, that is, a direct vulcanization
bonding method is known, and in this case, it is considered to
be effective in carrying out vulcanization of rubber and bond-
ing of rubber and metal at the same time to use a sulfeneamide
base vulcanization accelerator which provides vulcanization
reaction with a delayed action.

[0008] For example, N, N-dicyclohexyl-2-benzothiazolyl-
sulfencamide (hereinafter abbreviated as “DCBS”) repre-
sented by the following formula is known as a vulcanization
accelerator which provides vulcanization reaction with the
largest delayed action among sulfeneamide base vulcaniza-
tion accelerators which are commercially available at present:

N\
S>—s—N

[0009] Also, when a larger delayed action than that of
DCBS is required, a vulcanization retardant other than sulfe-
neamide base vulcanization accelerator is used in combina-
tion. N-(cyclohexylthio)phthalimide (hereinafter abbreviated
as “CTP”) is known as a commercially available representa-
tive vulcanization retardant. However, it has been already
known that if this CTP is compounded with rubber in a large
amount, that exerts an adverse effect on the physical proper-
ties of the vulcanized rubber and causes blooming which
deteriorates the appearance of the vulcanized rubber and
exerts an adverse effect on an adhesive property thereof.

[0010] Further, known as sulfeneamide base vulcanization
accelerators other than DCBS described above are, for
example, bissulfeneamide represented by a specific formula
(refer to, for example, patent document 3) and a benzothiaz-
olylsulfeneamide base vulcanization accelerator in which an
amine originating in natural oils & fats is used as a raw
material (refer to, for example, patent document 4).

[0011] However, with respect to the sulfeneamide base vul-
canization accelerators described in patent documents 3 and
4, only the rubber physical properties thereof are described,
and the adhesion performances are neither described nor sug-
gested. In addition thereto, it is neither described nor sug-
gested at all that the sulfeneamide compound of the present
invention can be used as a novel vulcanization accelerator for
rubbers.
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[0012] Further, several production processes for the sulfe-
neamide compound used in the present invention are known
in, for example, patent documents 5, 6 and 7, but capability of
using these compounds as a novel vulcanization accelerator
for rubbers and an adhesion performance with a steel cord
which is exerted by the above accelerators are neither
described nor suggested therein at all.

PRIOR ART DOCUMENTS
Patent Documents

[0013] Patent document 1: International Publication No.
W02002/066732 (claims, examples and others)

Patent document 2: Japanese Patent Application Laid-Open
No. 2004-82878 (claims, examples and others)

Patent document 3: Japanese Patent Application Laid-Open
No. 2005-139239 (claims, examples and others)

Patent document 4: Japanese Patent Application Laid-Open
No. 2005-139082 (claims, examples and others)

Patent document 5: Japanese Patent Application Laid-Open
No. 2005-139239 (claims, examples and others)

Patent document 6: No. EP0314663A1 (claims, examples
and others)

Patent document 7: British Patent No. 1177790 (claims,
examples and others)

OUTLINE OF THE INVENTION
Problems to be Solved by the Invention

[0014] In light of the conventional problems described
above and the like, the present invention intends to solve
them, and an object thereof is to provide a rubber-steel cord
composite which is markedly decreased in generation of rub-
ber burning and excellent in workability and which is less
changed in a compounded rubber with the passage of time to
exert a stable adhesive property and which is markedly excel-
lent in an adhesive property between rubber and steel wire or
a steel cord by using a rubber composition containing a vul-
canization accelerator having a vulcanization retarding effect
which is equal to or higher than that of DCBS without using
a vulcanization retardant which is likely to bring about prob-
lems such as reduction in physical properties of a vulcanized
rubber and blooming and a single wire of a steel wire having
a smaller content of phosphorus contained in the form of
oxide in a brass-plated surface layer region or a steel cord
prepared by twisting plural wirers of the above steel wire.

Means for Solving the Problem

[0015] Intense studies repeated by the present inventors on
the conventional problems described above have resulted in
finding that a rubber-steel cord composite which meets the
object described above is obtained by using a rubber compo-
sition containing a specific sulfeneamide base vulcanization
accelerator and a single wire of a steel wire having a smaller
content of phosphorus contained in the form of oxide in a
brass-plated surface layer region or a steel cord prepared by
twisting plural wirers of the above steel wire. Thus, the
present invention has come to be completed.

[0016] That is, the present invention comprises the follow-
ing items (1) to (11):

(1) A rubber-steel cord composite characterized in that a steel
cord which has a brass-plated layer on a peripheral surface
thereof and in which a content of phosphorus contained in the
form of oxide in a wire surface layer region extending from a
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surface of the brass-plated layer up to adepth of 5 nm in a wire
radial direction toward the inside is 1.5 atomic % or less is
adjacent to a rubber composition containing a rubber compo-
nent, sulfur and a sulfeneamide base vulcanization accelera-
tor represented by the following Formula (I):

@

R3
RY N
>
RS S /N—(—CHZ ¥—R!
R R
[0017] (whereinR" is a branched alkyl group having 3 to 12

carbon atoms; R? is a linear alkyl group having 1 to 10 carbon
atoms; R> to R% are each a hydrogen atom, a linear alkyl group
or alkoxy group having 1 to 4 carbon atoms or a branched
alkyl group or alkoxy group having 3 to 4 carbon atoms, and
they may be the same or different; x is an integer of 1 or 2, and
n is an integer of O or 1).

(2) The rubber-steel cord composite as described in the above
item (1), wherein 0.3 to 10 parts by mass of sulfur and 0.1 to
10 parts by mass of the sulfeneamide base vulcanization
accelerator represented by Formula (I) described above based
on 100 parts by mass of the rubber component are contained;
a proportion of copper to the total amount of copper and zinc
in the whole brass-plated layer is 60 to 70% by mass; and a
proportion of copper to the total amount of copper and zinc in
the wire surface layer region is 15 to 45 atomic %.

(3) The rubber-steel cord composite as described in the above
item (1) or (2), wherein an average thickness of the brass-
plated layer is 0.13 to 0.30 pm.

(4) The rubber-steel cord composite as described in any one of
the above items (1) to (3), wherein the steel cord is a single
wire of a steel wire or prepared by twisting plural wirers of the
steel wire.

(5) The rubber-steel cord composite as described in the above
item (4), wherein a diameter of the steel wire is 0.40 mm or
less.

(6) The rubber-steel cord composite as described in any one of
the above items (1) to (5), wherein the rubber composition
further contains 0.03 to 3 parts by mass of a cobalt salt of
organic acid in terms of a cobaltamount based on 100 parts by
mass of the rubber component.

(7) The rubber-steel cord composite as described in any one of
the above items (1) to (6), wherein R to R® in Formula (1) are
each a hydrogen atom.

(8) The rubber-steel cord composite as described in any one of
the above items (1) to (7), wherein in Formula (I), R! is
tert-butyl; n is 0; and R? is methyl, ethyl or n-propyl.

(9) The rubber-steel cord composite as described in any one of
the above items (1) to (8), wherein in Formula (I), R! is
tert-butyl; n is 0, and x is 1; and R? is methyl, ethyl or
n-propyl.

(10) The rubber-steel cord composite as described in any one
of the above items (1) to (9), wherein the rubber component
contains at least one of natural rubber and polyisoprene rub-
ber.
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(11) The rubber-steel cord composite as described in any one
of'the above items (1) to (10), wherein the rubber component
comprises 50% by mass or more of the natural rubber and the
balance of a synthetic rubber.

Effects of the Invention

[0018] According to the present invention, provided is a
rubber-steel cord composite which is excellent in workability
and which is markedly excellent in tensile characteristics, an
adhesive property after vulcanized for a short time and a heat
resistant adhesive property.

MODE FOR CARRYING OUT THE INVENTION

[0019] The embodiment of the present invention shall be
explained below in detail.

[0020] The rubber-steel cord composite of the present
invention is characterized in that a steel cord which has a
brass-plated layer on a peripheral surface thereof and in
which a content of phosphorus contained in the form of oxide
in a wire surface layer region extending from a surface of the
brass-plated layer up to a depth of 5 nm in a wire radial
direction toward the inside is 1.5 atomic % or less is adjacent
to a rubber composition containing a rubber component, sul-
fur and a sulfeneamide base vulcanization accelerator repre-
sented by the following Formula (I):

@

R3
4
R N
>
RS S /N—(— CH,3—R!
R R

(wherein R is a branched alkyl group having 3 to 12 carbon
atoms; R? is a linear alkyl group having 1 to 10 carbon atoms;
R? to R® are each a hydrogen atom, a linear alkyl group or
alkoxy group having 1 to 4 carbon atoms or a branched alkyl
group or alkoxy group having 3 to 4 carbon atoms, and they
may be the same or different; x is an integer of 1 or 2, and n is
an integer of O or 1).

[0021] The rubber component used in the present invention
shall not specifically be restricted as long as it is a rubber used
for a rubber-steel cord composite used for tires, industrial
belts and the like. Since a rubber component having a double
bond in a principal chain can be cross-linked by sulfur, the
sulfeneamide base vulcanization accelerator represented by
Formula (I) described above functions with it, and a natural
rubber and/or a diene base synthetic rubber are used. To be
specific, capable of being used is at least one of natural
rubbers, polyisoprene rubbers, styrene-butadiene copoly-
mers, polybutadiene rubbers, isoprene rubbers, ethylene-pro-
pylene-diene copolymers, chloroprene rubbers, halogenated
butyl rubbers, acrylonitrile-butadiene rubbers and the like.

[0022] At least one of the natural rubber and the polyiso-
prene rubber is preferably contained in terms of an adhesive
property thereof with the steel wire and the steel cord. Fur-
ther, more preferably the rubber component comprises 50%
by mass or more of the natural rubber, and the balance thereof
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comprises at least one of the synthetic rubbers described
above in terms of better durability of the rubber-steel cord
composite.

[0023] The sulfeneamide base vulcanization accelerator of
the present invention represented by Formula (I) described
above has not so far been reported to combine with a cobalt
base adhesive, and it has a vulcanization retarding effect
equal to that of N,N-dicyclohexyl-2-benzothiazolylsulfenea-
mide and is excellent in adhesion durability in direct vulca-
nization bonding with the steel wire and the steel cord. It can
suitably be used for a rubber composition for a rubber-steel
cord composite used for rubber products having a large thick-
ness and pneumatic tires.

[0024] Further, among the sulfeneamide base vulcaniza-
tion accelerators represented by Formula () described above,
most preferably used in terms of an adhesive property and a
vulcanization retarding effect is the sulfeneamide compound
in which R' is tert-butyl; x is 1 or 2, and nis 0; R? is preferably
a linear alkyl group having 1 to 10 carbon atoms, and among
the linear groups, R? is preferably methyl, ethyl, n-propyl or
n-butyl, most preferably methyl or ethyl; and R® to R® are
each a hydrogen atom. While the above sulfeneamide base
vulcanization accelerators have a larger vulcanization retard-
ing effect than that of N,N-dicyclohexyl-2-benzothiazolyl-
sulfeneamide which is known as a vulcanization accelerator
providing vulcanization reaction with the largest delayed
action among conventional sulfeneamide base vulcanization
accelerators, they allow the above effect to be compatible
with sufficiently high vulcanization accelerating ability, and
in addition thereto, they are excellent in adhesion durability in
direct vulcanization bonding with a single wire of a steel wire
having a smaller content of phosphorus contained in the form
of oxide in a brass-plated surface layer region or a steel cord
prepared by twisting plural wirers of the above steel wire.
Accordingly, it can be used by adding to arubber composition
which is excellent in adhesion durability in direct vulcaniza-
tion bonding with a steel wire and a steel cord and which is
used for a rubber-steel cord composite that is used for rubber
products having a large thickness and a belt layer and a
carcass ply layer in pneumatic tires.

[0025] In the present invention, R' in the sulfeneamide
compound represented by Formula (I) described above rep-
resents a branched alkyl group having 3 to 12 carbon atoms.
IfR' is a branched alkyl group having 3 to 12 carbon atoms,
a vulcanization accelerating performance of the compound
represented by Formula (I) is good, and the adhesion perfor-
mance thereof can be enhanced.

[0026] The specific examples of R! in the compound rep-
resented by Formula (I) include isopropyl, isobutyl, sec-bu-
tyl, tert-butyl, isoamyl(isopentyl), neopentyl, tert-amyl(tert-
pentyl), isohexyl, tert-hexyl, isoheptyl, tert-heptyl, isooctyl,
tert-octyl, isononyl, tert-nonyl, isodecyl, tert-decyl, isounde-
cyl, tert-undecyl, isododecyl, tert-dodecyl and the like.
[0027] Amongthem, R has preferably a branch in an o-po-
sition in terms of the vulcanization speed, the adhesive prop-
erty, the accumulativeness in human bodies and the like, and
it is more preferably a tert-alkyl group having 3 to 12 carbon
atoms from the viewpoint of such an effect that the suited
scorch time is obtained, particularly preferably tert-butyl,
tert-amyl (tert-pentyl) and tert-dodecyl. Among them, tert-
butyl is economically excellent from the viewpoints of the
synthetic aspect and the raw material availability, and it is
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particularly preferred in terms of providing the vulcanization
speed which is equal to that of DCBS (DZ) and the higher
adhesive property.

[0028] Further, R? in the sulfeneamide compound repre-
sented by Formula (I) described above represents a linear
alkyl group having 1 to 10 carbon atoms. IfR? is a linear alkyl
group having 1 to 10 carbon atoms, a vulcanization acceler-
ating performance of the compound represented by Formula
(D is good, and the adhesion performance can be enhanced.
[0029] The specific examples of R? in the compound rep-
resented by Formula (I) include methyl, ethyl, n-propyl, n-bu-
tyl, n-amyl(n-pentyl), n-hexyl, n-heptyl, n-octyl, nonyl, decyl
and the like. Among them, it is preferably a linear alkyl group
having 1 to 8 carbon atoms, more preferably a linear alkyl
group having 1 to 6 carbon atoms in terms of effects such as
easiness in the synthesis, the raw material cost, and methyl,
ethyl, n-propyl and n-butyl are preferred.

[0030] The linear alkyl groups having 1 to 6 carbon atoms
are particularly preferred from the viewpoints that the suited
Mooney scorch time is obtained and that the steel cord adhe-
sion is good. This is because of the reasons that since the
vulcanization is further retarded if the carbon number is
increased, the productivity and the adhesive property are
reduced. Among the above groups, methyl, ethyl, n-propyl
and n-butyl which are the linear alkyl groups having 4 or less
carbon atoms are most preferred.

[0031] Also, R? to R® in the sulfeneamide compound rep-
resented by Formula (I) described above are each a hydrogen
atom, a linear alkyl group or alkoxy group having 1 to 4
carbon atoms or a branched alkyl group or alkoxy group
having 3 to 4 carbon atoms, and they may be the same or
different. Above all, R*> and R® are each preferably a linear
alkyl group or alkoxy group having 1 to 4 carbon atoms or a
branched alkyl group or alkoxy group having 3 to 4 carbon
atoms. Further, when R> to R° are each a linear alkyl group or
alkoxy group having 1 to 4 carbon atoms, they have prefer-
ably one carbon atom, and they are particularly preferably a
hydrogen atom. In any of the preferred cases, the compounds
are easily synthesized, and the vulcanization speed is not
delayed.

[0032] The specific examples of R? to R in the sulfeneam-
ide compound represented by Formula (I) include methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-
butyl, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
isobutoxy, sec-butoxy and tert-butoxy.

[0033] When both of R! and R? in the sulfeneamide com-
pound represented by Formula (I) are branched alkyl groups,
difficulty in the synthesis grows larger, and the stable com-
pounds is less liable to be synthesized. In particular, when
both of R and R? are tert-butyl, the compounds can not be
synthesized well. Further, when both of R' and R* are
branched alkyl groups, the heat resistant adhesive property is
deteriorated, and that is not preferred. In the present inven-
tion, R! in the sulfeneamide compound represented by For-
mula (1) described above is a branched alkyl group having 3 to
12 carbon atoms, and R? is a linear alkyl group having 1 to 10
carbon atoms. In the such combination, the nonconventional
effects specific to the present invention are exerted.

[0034] Theparticularly preferred combination of R' and R?
in the sulfeneamide compound represented by Formula (I) is
acombination in which R" is tert-butyl and R? is a linear alkyl
group having 1 to 10 carbon atoms and in which R and R” are
hydrogen atoms. In this combination, the combination which
is the best mode is a case in which R* is tert-butyl and in which
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R? is methyl, ethyl, n-propyl or n-butyl each having 4 or less
carbon atoms, and in a case of a combination in which R? is
more preferably a linear alkyl group having 3 or less carbon
atoms, particularly preferably a linear alkyl group having 2 or
less carbon atoms, the performance balance is the best from
the viewpoints of the vulcanization speed equal to that of
DCBS (DZ), securing of the better adhesion performance and
the accumulativeness in human bodies.

[0035] The combination which is the best mode described
above can be confirmed from a numerical value of an octanol/
water partition coefficient (log Pow, hereinafter abbreviated
as “log P’) which is one of simple measures for evaluating a
condensation property of chemicals. In the present invention,
the smaller the value of log P is, the better the balance
between the vulcanization speed, securing of the adhesion
performance and the accumulativeness in human bodies is.
[0036] Inthe presentinvention (including examples and the
like described later), the octanol/water partition coefficient
(log P) described above can be measured by a high perfor-
mance liquid chromatography according to JIS Z 7260-117
(2006), and it is defined by the following equation:

log P=log([Co J/[Cw])

[0037] Co: concentration of a test substance in a 1-octanol
layer
[0038] Cw: concentration of a test substance in an aqueous
layer
[0039] The term x in the sulfeneamide compound repre-

sented by Formula (I) represents an integer of 1 or 2, and n
represents an integer of 0 or 1; and n is preferably O in terms
of the effects such as easiness in the synthesis and the raw
material cost.

[0040] Listing up in order the more preferred compounds
from the preferred compounds among the sulfeneamide com-
pounds represented by Formula (I) used in the present inven-
tion, to be specific, from the viewpoints of preventing the too
fast Mooney scorch time, causing no rubber burning in pro-
cessing and avoiding reduction in the workability and the
adhesive property, preferred are

1) the compounds in which in Formula (I), R" is tert-butyl; n
is 0; R? is a linear alkyl group having 1 to 10 carbon atoms;
and R? to R® are hydrogen atoms,

2) the compounds in which in Formula (I), R® is tert-butyl; n
is an integer of 0 or 1; R? is a linear alkyl group having 1 to 6
carbon atoms; and R? to RS are each a hydrogen atom,

3) the compounds in which in Formula (I), R® is tert-butyl; n
is 0; R?is a linear alkyl group having 1 to 6 carbon atoms; and
R? to R® are each a hydrogen atom,

4) the compounds in which in Formula (I), R" is tert-butyl; n
is 0; R? is a linear alkyl group having 4 or less carbon atoms
(preferably a linear alkyl group having 3 or less carbon
atoms); and R? to R® are each a hydrogen atom and

5) the compounds in which in Formula (I), R* is tert-butyl; n
is 0; R? is a linear alkyl group having 2 or less carbon atoms
(methyl or ethyl); and R? to R® are each a hydrogen atom (the
later the order is, the more suitable the sulfeneamide com-
pounds are).

[0041] In a case where R in the sulfeneamide compound
represented by Formula (I) is the respective functional groups
other than a branched alkyl group having 3 to 12 carbon atoms
(for example, n-octadecyl and the like) or a branched alkyl
group having more than 12 carbon atoms, a case where R? is
the respective functional groups other than a linear alkyl
group having 1 to 10 carbon atoms (for example, n-octadecyl
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and the like) and a linear alkyl group having more than 10
carbon atoms, a case where R> to R° are the respective func-
tional groups falling outside the ranges described above and
fall outside the respective carbon numbers and a case where n
is 2 or more, the effects which are the object of the present
invention are exerted less; the productivity is reduced or the
adhesive property is reduced by delaying of the suited
Mooney scorch time and extending of the vulcanization time;
or a vulcanization performance of the accelerator and the
rubber performances are reduced. Further, when x is 3 or
more, that is not preferred in terms of the stability. Also, in a
case where R in the sulfeneamide compound represented by
Formula (I) is a branched alkyl group and where it is the group
having branches at position other than an a-position, for
example, 2-ethylhexyl, 2-ethylbutyl and the like, a balance
between the vulcanization speed, securing of the better adhe-
sion performance and the accumulativeness human bodies
tends to be deteriorated, and therefore it has branches prefer-
ably at an a-position.

[0042] In the present invention, the representative
examples of the compound represented by Formula (I)
include N-methyl-N-t-butylbenzothiazole-2-sulfeneamide,
N-ethyl-N-t-butylbenzothiazole-2-sulfeneamide, N-n-pro-
pyl-N-t-butylbenzothiazole-2-sulfeneamide, N-n-butyl-N-t-
butylbenzothiazole-2-sulfeneamide, N-methyl-N-isoamyl-

benzothiazole-2-sulfeneamide, N-ethyl-N-
isoamylbenzothiazole-2-sulfeneamide, N-n-propyl-N-
isoamylbenzothiazole-2-sulfeneamide, N-n-butyl-N-

isoamylbenzothiazole-2-sulfeneamide,
amylbenzothiazole-2-sulfeneamide,
amylbenzothiazole-2-sulfeneamide,
amylbenzothiazole-2-sulfeneamide,
amylbenzothiazole-2-sulfeneamide,
heptylbenzothiazole-2-sulfeneamide,
heptylbenzothiazole-2-sulfeneamide, =~ N-n-propyl-N-tert-
heptylbenzothiazole-2-sulfeneamide, N-n-butyl-N-tert-
heptylbenzothiazole-2-sulfeneamide and the like. The above
compounds can be used alone or in a mixture of two or more
kinds thereof (in the present specification, hereinafter
referred to merely as “at least one kind”).

[0043] N-methyl-N-t-butylbenzothiazole-2-sulfeneamide,
N-ethyl-N-t-butylbenzothiazole-2-sulfeneamide and N-n-
propyl-N-t-butylbenzothiazole-2-sulfeneamide are preferred
from the viewpoint of the better adhesive performance.
[0044] Among them, N-methyl-N-t-butylbenzothiazole-2-
sulfeneamide, N-ethyl-N-t-butylbenzothiazole-2-sulfeneam-
ide and N-n-propyl-N-t-butylbenzothiazole-2-sulfeneamide
are particularly preferably used in terms of having the longest
scorch time and the excellent adhesive property.

[0045] The above compounds may be used alone or in
combination. Further, they can be used in combination with
general purpose vulcanization accelerators such as N-t-butyl-
2-benzothiazolesulfeneamide (TBBS), N-cyclohexyl-2-ben-
zothiazolesulfeneamide (CBS), dibenzothiazolyl disulfide
(MTBS).

[0046] The following process can be listed as a preferred
production process for the sulfeneamide compound repre-
sented by Formula (I) in the present invention.

[0047] That is, N-chloroamine prepared in advance by
reaction of a corresponding amine and sodium hypochlorite is
reacted with bis(benzothiazole-2-yl)disulfide in a suited sol-
vent under the presence of the amine and a base. When an
amine is used as the base, the reaction solution is neutralized
to isolate the free amine, and then the reaction mixture

N-methyl-N-tert-
N-ethyl-N-tert-
N-n-propyl-N-tert-
N-n-butyl-N-tert-
N-methyl-N-tert-
N-ethyl-N-tert-
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obtained is subjected to suited after-treatments such as filter-
ing, washing with water, concentration and recrystallization
according to the properties thereof to obtain the targeted
sulfeneamide.

[0048] The base used in the present production process
includes the raw material amine used in an excessive amount,
tertiary amine such as triethylamine, alkali hydroxide, alkali
carbonate, alkali bicarbonate, sodium alkoxide. In particular,
preferred is a process in which reaction is carried out by using
the excess raw material amine as the base or triethylamine of
a tertiary amine and in which resulting hydrochloride is neu-
tralized by sodium hydroxide to take out the targeted product,
followed by recovering the amine from the filtrate and reus-
ing.

[0049] Alcohols are preferred as the solvent used in the
present production process, and methanol is particularly pre-
ferred.

[0050] In a case of, for example, N-ethyl-N-t-butylben-
zothiazole-2-sulfeneamide, a sodium hypochlorite aqueous
solution is dropwise added to N-t-butylamine at 0° C. or lower
and stirred for 2 hours, and the oil layer is separated. Bis
(benzothiazole-2-yl)disulfide, N-t-butylethylamine and the
above oil layer are suspended in methanol and stirred under
refluxing for 2 hours. After cooled down, the solution is
neutralized by sodium hydroxide, filtered, washed with
water, concentrated under reduced pressure and then recrys-
tallized, whereby targeted BEBS (white crystal) can be
obtained.

[0051] A content of the above sulfeneamide base vulcani-
zationaccelerators is 0.1 to 10 parts by mass, preferably 0.5 to
5.0 parts by mass and more preferably 0.8 to 2.5 parts by mass
based on 100 parts by mass of the rubber component.

[0052] If a content of the above sulfeneamide base vulca-
nization accelerators is less than 0.1 part by mass, the vulca-
nization is not sufficiently carried out, and on the other hand,
if it exceeds 10 parts by mass, a problem of blooming is
brought about. Accordingly, both ranges are not preferred.
[0053] Sulfur used in the present invention is a vulcanizing
agent, and a content thereof is 0.3 to 10 parts by mass, pref-
erably 1.0 to 7.0 parts by mass and more preferably 3.0t0 7.0
parts by mass based on 100 parts by mass of the rubber
component.

[0054] Ifacontentoftheabove sulfurislessthan0.3 partby
mass, the vulcanization is not sufficiently carried out, and on
the other hand, if it exceeds 10 parts by mass, an anti-aging
performance of the rubber is reduced. Accordingly, both
ranges are not preferred.

[0055] Further, cobalt (elemental substance) and/or a com-
pound containing cobalt are preferably added to the rubber
composition of the present invention in terms of enhancing an
initial adhesion performance.

[0056] The compound containing cobalt which can be used
includes at least one of cobalt salts of organic acids and cobalt
chloride, cobalt sulfate, cobalt nitrate, cobalt phosphate and
cobalt chromate which are cobalt salts of inorganic acids.
[0057] The cobalt salts of organic acids are preferably used
in terms of further enhancing the initial adhesion perfor-
mance.

[0058] The cobalt salts of organic acids which can be used
include, for example, at least one of cobalt naphtenate, cobalt
stearate, cobalt neodecanoate, cobalt rhodinate, cobalt ver-
satate, a cobalt salt of tall oil acid and the like. Also, a cobalt
salt of organic acid may be a complex salt in which a part of
the organic acid is substituted with boric acid, and to be
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specific, a trade name “Manobond” manufactured by OMG
Corporation which is commercially available can be used as
well.

[0059] A (total) content of the above cobalt and/or the
compound containing cobalt is 0.03 to 3 parts by mass, pref-
erably 0.03 to 1 part by mass and more preferably 0.05 to 0.7
part by mass in terms of a cobalt amount based on 100 parts by
mass of the rubber component.

[0060] Ifa content of the above cobalt amounts is less than
0.03 part by mass, the adhesive property can not be further
exerted, and on the other hand, if it exceeds 3 parts by mass,
the aged physical properties deteriorate to a large extent.
Accordingly, both ranges are not preferred.

[0061] In addition to the rubber component, sulfur, the
sulfeneamide base vulcanization accelerator represented by
Formula (I), the cobalt compound and the like each described
above, compounding ingredients which are usually used for
rubber products such as tires, conveyor belts can be used for
the rubber composition of the present invention as long as the
effects of the present invention are not damaged. For
example, an inorganic filler such as carbon black, silica, a
softening agent, an age resister and the like can suitably be
compounded according to the uses.

[0062] In the steel cord according to the present invention,
a content of phosphorus contained in the form of oxide in a
wire surface layer region extending from a surface of a
peripheral surface brass-plated layer up to a depth of 5 nm in
a wire radial direction toward the inside has to be controlled
to 1.5 atomic % or less. If a content of the phosphorus is
increased in excess of 1.5 atomic %, an adhesion rate of the
steel cord with the rubber is delayed as it is increased. Con-
trolling the content of the phosphorus to 1.5 atomic % or less
makes it possible to obtain stably the excellent rubber adhe-
sive property regardless of a moisture content in the rubber.

[0063] In this regard, in the present invention (including
examples and the like described later), phosphorus in the wire
surface layer region of the brass-plated layer is quantitatively
determined by measuring an atomicity of atoms present in the
wire surface layer region of the plated layer, thatis, C, Cu, Zn,
0, P and N by using an X ray photoelectron spectroscopy in an
analysis area of 20 to 30 umé so that an influence of a curva-
ture of the wire is not exerted, and a content of the phosphorus
is determined in terms of a proportion of an atomicity of P,
wherein the total atomicity of C, Cu, Zn, 0, P and N is set to
100. The atomicities of the respective atoms are determined
by using the counted numbers of the photoelectrons of C: C, 4,
0: O, P: Pyp, Cu: Cu,ps)s, Z0: 70y 55, and N: N ¢ respec-
tively to correct them by the respective sensitivity coeffi-
cients. For example, a detected atomicity [P] of the phospho-
rus can be determined according to the following equation:

[P]=F p(sensitivity coefficient of P,,)x(counted num-
ber of P, photoelectron per fixed time)

[0064] The detected atomicities of the other atoms are
determined in the same manner, and a relative atomic % of'the
phosphorus can be determined from the results thereof
according to the following equation:

P(atomic %)={ [P})/([Cu]+[Zn]+[C]+[O]+[N]+[P]}x
100

Further, the distribution of the elements in a depth direction
from a peripheral surface to a wire radial direction toward the
inside can be measured in detail by carrying out argon etching
and the like.
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[0065] When the wire before the analysis described above
is coated with oil and the like or contaminated by organic
substances, the surface of the wire has to be washed by a
suitable solvent in order to carry out the accurate analysis and
subjected further, if necessary, to dry cleaning of such a light
degree that the surface is not modified.

[0066] In order to control an amount of the phosphorus
contained in the form of oxide in the wire surface layer region
described above to 1.5 atomic % or less, a path schedule of
wire drawing processing, a form and an angle of entrance and
approach of a die, a material of the die and a composition of
a lubricant are controlled alone or in suited combination
respectively, whereby the above amount of the phosphorus is
suitably controlled. In particular, it is very effective in the
final wire drawing step to use a lubricant containing an
extreme-pressure additive in the same manner as usual and
apply a die having an excellent self lubricity in combination
with an excellent cutting property, for example, a sintered
diamond die in the final path or several paths of a later stage
including the final path out of approximately 20 paths in a die
in the final wire drawing step to carry out wire drawing
processing.

[0067] An average thickness of the brass-plated layer is
suitably 0.13 to 0.30 um. If an average thickness of the brass-
plated layer is less than 0.13 um, a part in which an iron base
is exposed is increased, and the initial adhesive property is
disturbed. On the other hand, if it exceeds 0.30 um, the adhe-
sion reaction proceeds excessively by heat generated during
using the rubber product, and only the weak adhesion is
obtained.

[0068] In the present invention, a proportion of copper to
the total amount of copper and zinc in the whole brass-plated
layer is preferably 60 to 70% by mass, and a proportion of
copper to the total amount of copper and zinc in the wire
surface layer region is preferably 15 to 45 atomic %. If a
proportion of copper to the total amount of copper and zinc in
the whole brass-plated layer is less than 60% by mass, the
wire drawing property deteriorates, and the productivity is
inhibited by breaking of the wire to make it difficult to pro-
duce the product in a large amount. In addition thereto, it is
difficult to control a content of copper in the wire surface layer
region to 15 atomic % or more. On the other hand, if it exceeds
70% by mass, the heat resistant adhesive property and the
moisture resistant adhesive property are reduced, and the tire
can not maintain satisfactory durability against environment
to which the tire is exposed. In addition thereto, it is difficult
to control a content of copper in the wire surface layer region
to 45 atomic % or less. Further, if a proportion of copper to the
total amount of copper and zinc in the wire surface layer
region is less than 15 atomic %, the wire is poor in adhesion
reaction with the rubber even when an amount of phosphorus
in the wire surface layer region is limited to 1.5 atomic % or
less described above to result in making it difficult to secure
the excellent rubber adhesive property. On the other hand, if
it exceeds 45 atomic %, the disadvantage that the heat resis-
tant adhesive property and the moisture resistant adhesive
property are reduced is brought about.

[0069] Further, a diameter of the steel wire is preferably
0.40 mm or less. If the diameter exceeds 0.40 mm, a surface
distortion of the rubber product used is increased when dis-
tortion is exerted repeatedly thereon under bending deforma-
tion, and buckling is liable to be brought about.

[0070] The steel wire used in the present invention may be
used in the form of a single wire, and it can be used in the form
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of a steel cord prepared by twisting plural wirers. They are
suited as a reinforcing material for rubber products, espe-
cially carcasses and belts of tires. In particular, when the
rubber-steel cord composite of the present invention is
applied to belts of tires for passenger cars, especially radial
tires for passenger cars, an adhesion speed thereof with the
rubber is accelerated, whereby the effect that a vulcanization
time of the tire can be shortened to a large extent can be
obtained as well. On the other hand, when it is applied to
carcasses of tires for trucks and bases, especially radial tires
for trucks and bases, an adhesion speed thereof with the
rubber in the bead part is accelerated, and therefore improve-
ment in durability of the bead part as well as shortening of a
vulcanization time of the tire can be achieved.

[0071] The rubber-steel cord composite of the present
invention is constituted from the rubber composition for coat-
ing a steel cord which contains the specific sulfeneamide base
vulcanization accelerator described above and the specific
steel cord, and the thus constituted rubber-steel cord compos-
ite in which the steel cord is adjacent to the rubber composi-
tion is suitably used as a reinforcing material for enhancing
the performances of industrial rubber products such as tires
for cars, conveyor belts. When the rubber-steel cord compos-
ite of the present invention is used for pneumatic tires, for
example, in tires in which a carcass extending in the form of
a toroid between a pair of beads is a skeleton and a belt is
provided in an outside thereofin a tire radial direction, any of
the foregoing rubber-steel cord composites of the present
invention is used for any one or both of the above carcass and
the belt, and that makes it possible to obtain high performance
pneumatic tires which are excellent in durability.

[0072] In the present invention thus constituted, the rubber
composition containing the vulcanization accelerator which
has a vulcanization retarding effect equal to or higher than
that of DCBS and which has heat deterioration resistance
without using a vulcanization retardant which is likely to
bring about problems such as reduction in the physical prop-
erties of the vulcanized rubber, blooming is used as a coating
rubber for steel cords having a low phosphorus amount in
which a content of phosphorus disturbing adhesion reaction is
small, and therefore obtained is the rubber-steel cord com-
posite which is reduced markedly in rubber burning and in
which the compounded rubber is less changed with the pas-
sage of time and excellent markedly in an adhesive property
(an adhesive property after vulcanized for a short time, a heat
resistant adhesive property) with a steel cord and the like
while maintaining processability of the rubber composition
and a high heat resistant adhesive property. Also, from the
rubber composition further containing cobalt (single sub-
stance) and/or a compound containing cobalt, obtained is the
rubber-steel cord composite which is excellent in adhesion
durability between the rubber and a steel cord and the like and
which is used for rubber products such as tires, industrial
belts.

EXAMPLES

[0073] Next, the present invention shall be explained in
further details based on production examples 1 to 6 for the
vulcanization accelerators represented by Formula (I) which
are used in the present invention, examples for the rubber-
steel cord composites of the present invention and compara-
tive examples, but the present invention shall by no means be
restricted to the above production examples and examples.
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[0074] Also, the octanol/water partition coefficients (log P)
of the respective vulcanization accelerators obtained (pro-
duction examples 1 to 6) were measured by a high perfor-
mance liquid chromatography according to JIS Z 7260-117
(2006). A high performance liquid chromatography manufac-
tured by Shimadzu Corporation was used.

Production Example 1

Synthesis of N-ethyl-N-t-butylbenzothiazole-2-sul-
pheneamide

[0075] A 12% sodium hypochlorite aqueous solution 148 g
was dropwise added to N-t-butylethylamine 16.4 g (0.162
mol) at 0° C. or lower and stirred for 2 hours, and then the oil
layer was obtained by separation. Bis(benzothiazole-2-yl)
disulfide 39.8 g (0.120 mol), N-t-butylethylamine 24.3 g
(0.240 mol) and the above oil layer were suspended in 120 ml
of methanol and stirred under refluxing for 2 hours. After
cooled, the solution was neutralized by 6.6 g (0.166 mol) of
sodium hydroxide, filtered, washed with water and concen-
trated under reduced pressure, and then the concentrate was
recrystallized to thereby obtain 41.9 g (yield: 66%) of tar-
geted N-ethyl-N-t-butylbenzothiazole-2-sulpheneamide in
the form of white solid (melting point: 60 to 61° C.)

[0076] The spectral data of N-ethyl-N-t-butylbenzothiaz-
ole-2-sulpheneamide thus obtained is shown below.

[0077] 'H-NMR (400 MHz, CDCl,) =1.29 (t, 3H, J=7.1
Hz, CH, (ethyl)), 1.34 (s, 9H, CH; (t-butyl)), 2.9 t0 3.4 (br-d,
CH,),7.23 (1H,m), 7.37 (1H, m), 7.75 (1H, m), 7.78 (1H, m):
[0078] '*C-NMR (100 MHz, CDCl;) 8=15.12, 28.06,
47.08, 60.41, 120.70, 121.26, 123.23, 125.64, 134.75, 154.
93, 182.63:

[0079] Mass spectrometry (EI, 70eV): m/z; 251 (M*-CH,),
167 M*-CH, N), 100 (M*-C,H,NS,):

[0080] IR (KBr, cm™): 3061, 2975, 2932, 2868, 1461,
1429,1393, 1366, 1352, 1309, 1273, 1238, 1198, 1103, 1022,
1011, 936, 895, 756, 727.

[0081] An octanol/water partition coefficient (log P) of
N-ethyl-N-t-butylbenzothiazole-2-sulpheneamide was 4.9.

Production Example 2

Synthesis of N-methyl-N-t-butylbenzothiazole-2-
sulpheneamide

[0082] N-t-butylmethylamine 14.1 g (0.162 mol) was used
in place of N-t-butylethylamine to carry out the reaction in the
same manner as in Production Example 1, and 46.8 g (yield:
82%) of N-methyl-N-t-butylbenzothiazole-2-sulpheneamide
was obtained in the form of white solid (melting point: 56 to
58°C.)

[0083] 'H-NMR (400 MHz, CDCl;) 8=1.32 (9H, s, CH,
(t-butyl)), 3.02 (3H, s, CH, (methyl)), 7.24 (1H, m), 7.38 (1H,
m), 7.77 (1H, m), 7.79 (1H, m):

[0084] '*C-NMR (100 MHz, CDCL,) =273, 41.9, 59.2,
120.9, 121.4,123.3, 125.7, 135.0, 155.5, 180.8:

[0085] Mass spectrometry (EI, 70 eV): m/z; 252 (M™), 237
(M*-CH;), 223 (M*-C,Hg), 195 (M*-C,H,), 167 (M*-
CsH,,N), 86 (M*-C,H,NS,).
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[0086] An octanol/water partition coefficient (log P) of
N-methyl-N-t-butylbenzothiazole-2-sulpheneamide was 4.5.

Production Example 3

Synthesis of N-n-propyl-N-t-butylbenzothiazole-2-
sulpheneamide

[0087] N-n-propyl-t-butylamine 18.7 g (0.162 mol) was
used in place of N-t-butylethylamine to carry out the reaction
in the same manner as in Production Example 1, and N-n-
propyl-N-t-butylbenzothiazole-2-sulpheneamide was
obtained in the form of white solid (melting point: 50 to 52°
C)

[0088] 'H-NMR (400 MHz, CDCl,) 8=0.92 (t, I=7.3 Hz,
3H), 1.34 (s, 9H), 1.75 (br, 2H), 3.03 (brd, 2H), 7.24 (t, J=7.0
Hz, 1H), 7.38 (t, J=7.0 Hz, 1H), 7.77 (d, J=7.5 Hz, 1H), 7.79
(d, J=7.5 Hz, 1H).

[0089] '*C-NMR (100 MHz, CDCl,) 8=11.7, 23.0, 28.1,
55.3,60.4,120.7,121.3,123.3, 125.7, 134.7, 154.8, 181.3.
[0090] An octanol/water partition coefficient (log P) of
N-n-propyl-N-t-butylbenzothiazole-2-sulphencamide ~ was
5.3.

Production Example 4

Synthesis of N-1-propyl-N-t-butylbenzothiazole-2-
sulpheneamide

[0091] N-i-propyl-t-butylamine 18.7 g (0.162 mol) was
used in place of N-t-butylethylamine to carry out the reaction
in the same manner as in Production Example 1, and N-i-
propyl-N-t-butylbenzothiazole-2-sulpheneamide was
obtained in the form of white solid (melting point: 68 to 70°
C)

[0092] 'H-NMR (400 MHz, CDCIl,) 8=1.20 to 1.25 (dd,
(1.22 ppm: J=6.4 Hz, 1.23 ppm: J=6.4 Hz) 6H), 1.37 (s, 9H),
3.78 (m, J=6.3 Hz, 1H), 7.23 (t,J=7.0 Hz, 1H), 7.38 (t, I=7.0
Hz, 1H), 7.77 (d, J=7.5 Hz, 1H), 7.79 (d, J=7.5 Hz, 1H).
[0093] '*C-NMR (100 MHz, CDCl,) 8=22.3, 23.9, 29.1,
50.6,61.4,120.6,121.2,123.2, 125.6, 134.5, 154.5, 183.3.
[0094] An octanol/water partition coefficient (log P) of N-i-
propyl-N-t-butylbenzothiazole-2-sulpheneamide was 5.1.

Production Example 5

Synthesis of N,N-di-1-propylbenzothiazole-2-sul-
pheneamide

[0095] N-di-i-propylamine 16.4 g (0.162 mol) was used in
place of N-t-butylethylamine to carry out the reaction in the
same manner as in Production Example 1, and N,N-di-i-
propylbenzothiazole-2-sulpheneamide was obtained in the
form of white solid (melting point: 57 to 59° C.)

[0096] 'H-NMR (400 MHz, CDCl,) 1.26 (d, 1=6.5 Hz,
12H),3.49 (dq, J=6.5 Hz, 2H), 7.24 (t, J=7.0 Hz, 1H), 7.37 (1,
J=7.0Hz, 1H),7.75 (d, J=8.6 Hz, 1H), 7.79 (d, J=8.6 Hz, 1H).
[0097] '*C-NMR (100 MHz, CDCl,) 21.7,22.5, 55.7, 120.
8,121.3,123.4,125.7,134.7, 155.1, 182.2.

[0098] Mass spectrometry (EL 70 eV): m/z; 266 (M™*), 251
(M*-15), 218 (M*-48), 209 (M*-57), 182 (M*-84), 167 (M*-
99), 148 (M*-118), 100 (M*-166: base).

Production Example 6
Synthesis of N-n-butyl-N-t-butylbenzothiazole-2-
sulpheneamide

[0099] N-t-butyl-n-butylamine 20.9 g (0.162 mol) was
used in place of N-t-butylethylamine to carry out the reaction

Apr. 26, 2012

in the same manner as in Production Example 1, and 42.4 g
(vield: 60%) of N-n-butyl-N-t-butylbenzothiazole-2-sulphe-
neamide was obtained in the form of white solid (melting
point: 55 to 56° C.)

[0100] 'H-NMR (400 MHz, CDCl,) 8=0.89 (3H, J=7.32
Hz, CH; (n-Bu)), 1.2 to 1.4 (s+m, 11H, CH; (t-butyl)+CH,
(n-butyl)), 1.70 (br, s, 2H, CH,), 2.9 to 3.2 (br, d, 2H,
N—CH,), 7.23 (1H, m), 7.37 (1H, m), 7.75 (1H, m), 7.78
(1H, m);

[0101] '*C-NMR (100 MHz, CDCl,) &: 14.0, 20.4, 27.9,
31.8, 53.0, 60.3, 120.6, 121.1, 123.1, 125.5, 134.6, 154.8,
181.2;

[0102] Mass spectrometry (EI, 70 eV): m/z; 294 (M™*), 279
(M*-CH,), 237 (M*-C,H,), 167 (M*-C H,4N), 128 (M*-
C,H,NS,):

[0103] IR (neat): 1707 cm™', 3302 cm™.

[0104] An octanol/water partition coefficient (log P) of
N-n-butyl-N-t-butylbenzothiazole-2-sulpheneamide ~ was
5.8.

Examples 1 to 4 and Comparative Examples 1 to 12

[0105] Rubber components, sulfur, a vulcanization accel-
erator obtained in the production examples described above,
a cobalt salt of organic acid and other compounding ingredi-
ents were kneaded and mixed according to recipes shown in
the following Table 1 by means of a Banbury mixer of 2200
ml to prepare unvulcanized rubber compositions, and a
Mooney viscosity, a Mooney scorch time, an elongation (Eb)
and a stress (Tb) in breaking and a tensile stress (M300) in
300% elongation thereof were evaluated by the following
methods.

[0106] Next, the respective rubber compositions obtained
above were coated on steel cords and vulcanized under the
following conditions to obtain rubber-steel cord composites,
and an adhesive property after vulcanized for a short time and
a heat resistant adhesive property of the rubber-steel cord
composites obtained in the respective examples and compara-
tive examples were evaluated by an adhesion test according to
the following methods. The results thereof are shown in the
following Table 1.

[0107] The steel cords used were a steel cord A (a content of
phosphorus contained in the form of oxide in a wire surface
layer region extending from a surface of a brass-plated layer
up to a depth of 5 nm in a wire radial direction toward the
inside: 2.5 atomic %) plated by brass of Cu: 63% by weight
and Zn: 37% by weight and a steel cord B (the above content:
1.0 atomic %). A content of phosphorus contained in the form
of oxide in a wire surface layer region extending from a
surface of the brass-plated layer up to adepth of 5 nm in a wire
radial direction toward the inside was measured while carry-
ing out argon-etching.

Evaluation Methods of Mooney Viscosity and Mooney
Scorch Time:

[0108] Measured according to JIS K 6300-1: 2001.

[0109] Inthe evaluation, the values were shown by indices,
wherein the value in Comparative Example 7 was set to 100.
It is shown that the smaller the value of the Mooney viscosity
is, the better the workability is, and it is shown that the larger
the value of the Mooney scorch time is, the better the work-
ability is.

Evaluation Method of Tensile Characteristics:

[0110] The rubber compositions obtained above were vul-
canized at 145° C. for 60 minutes to obtain vulcanized rub-
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9
bers, and they were subjected to measuring tests at 25° C. samples were vulcanized under the condition of 160° C.x7
according to JIS K 6301: 1995 (No. 3 type test piece) to minutes, and then the steel cords of the rubber-steel cord
measure an elongation (Eb) and a stress (Ib) in breaking and composites were drawn out from the rubbers by the test
. - " . v :
a tensile stress (M300) in 300% elongation, and the values method described above to visually observe a coated state of
were Sh.own by 1ndlces., wherein a te.:nsﬂe stress of the rubber the rubber. The state was shown by 0 to 100% as an index of
composition prepared in Comparative Example 7 was set to . . . .
. the adhesive property after vulcanized for a short time. It is
100. It is shown that the larger the values are, the better the h hat the 1 h ical value is. the b h
tensile characteristics are. S OWI.lt at the larger the numerlca value 1s, t e .ettert e
Adhesion Test: Adhesive Property after Vulcanized for a adhesive property after vulcanized for a short time is.
Short Time and Heat Resistant Adhesive Property: [0113] Further, in a case of the heat resistant adhesive prop-
[0111] The brass-plated steel cords (1x3 structure, wire erty, the respective samples were left standing for 15 days and
diameter: 0.30 mm) were arranged parallel at an interval of 30 30 days in a gear oven of 100° C., and then the steel cords
eres/lgch, and the above stee.l .cords were co.a.ted from bOFh were drawn out by the test method described above to visually
sides with the rubber compositions (compositions shown in
. observe a coated state of the rubber. The state was shown by
the following Table 1) to prepare samples. N . . :
[0112] The respective samples were subjected to an adhe- 0 to 100% as an index of the heat resistant adhesive property.
sion testaccording to ASTM D-2229. In a case of the adhesive It is shown that the larger the numerical value is, the better the
property after vulcanized for a short time, the respective heat resistant adhesive property is.
TABLE 1
Example Comparative Example
1 2 3 4 1 2 3 4 5 6 7 8 9 10 11 12
Cord layer B B B B A A A A A A A A B B B B
Natural rubber 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
HAF carbon black 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
Zinc oxide 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
Age resister*1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Vulcanization accelerator 1 1 1
DCBS*2
Vulcanization accelerator 2 CBS*3 1 1
Sulfur 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Cobalt salt of fatty acid*4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Novel vulcanization 1 1
accelerator 1*5
Novel vulcanization 1 1

accelerator 2*6

Novel vulcanization 1
accelerator 3*7

Novel vulcanization

accelerator 4*8

Novel vulcanization

accelerator 5*9

Novel vulcanization 1
accelerator 6*10

Mooney viscosity (ML;,4) 94 95 95 95 95
Mooney scorch time (t3) 104 110 110 113 105
Evaluation Eb 97 99 95 100 98
of tensile Tb 103 105 101 102 104
characteristics M300 101 104 102 103 102

Adhesive property after vulcanized 100 100 100 100 20
for short time (%)

Heat resistant 15 days 95 95 20 85 90

adhesive property deterioration

(%) 30 days 65 70 60 60 60
deterioration

95 95 100 101 95 100 100 100 102 100 100

110 110 115 114 112 100 70 116 114 100 70

99 96 99 92 100 100 104 99 92 100 104

105 100 98 94 102 100 100 97 94 100 100
104 101 99 9 103 100 99 99 98 100 99

20 20 15 15 20 20 30 90 90 80 100

90 85 65 60 80 70 60 70 65 80 70

60 55 35 30 55 40 20 40 35 50 30

*1 to *10 in Table 1 shown above mean the followings.

*]N-phenyl-N'-1,3-dimethylbutyl-p-phenylenediamine (trade name: Nocceler 6C manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.)
*2N,N"-dicyclohexyl-2-benzothiazylsulfeneamide (trade name: Nocceler DZ manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.)
*3N-cyclohexyl-2-benzothiazylsulfeneamide (trade name: Nocceler CZ manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.)

*4trade name: Manobond C22.5, cobalt content: 22.5% by mass, manufactured by OMG Corporation

*5N-methyl-N-t-butylbenzothiazole-2-sulfencamide
*6N-ethyl-N-t-butylbenzothiazole-2-sulfeneamide
*7N-n-propyl-N-t-butylbenzothiazole-2-sulfeneamide
*8N-i-propyl-N-t-butylbenzothiazole-2-sulfeneamide
*9N,N-di-i-propylbenzothiazole-2-sulfeneamide
*10N-n-butyl-N-t-butylbenzothiazole-2-sulfencamide
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[0114] As apparent from the results shown in Table, it has
been found that the rubber-steel cord composites prepared in
Examples 1 to 4 falling in the scope of the present invention
are excellent in workability from the evaluations of the
Mooney viscosity and the Mooney scorch time and that they
are markedly excellent in tensile characteristics, an adhesive
property after vulcanized for a short time and a heat resistant
adhesive property.

[0115] In contrast with this, it has been found that the
rubber-steel cord composites prepared in Comparative
Examples 1 to 8 falling outside the scope of the present
invention can not exert the effects of the present invention and
that in Comparative Examples 9 and 12, the rubber-steel cord
composites prepared by using the rubber compositions con-
taining the vulcanization accelerators having a combination
in which both of R’ and R? are branched alkyl groups in
Comparative Examples 9 and 10 and the rubber-steel cord
composites prepared by using the rubber compositions con-
taining the conventional vulcanization accelerators (DCBS
and CBS) in Comparative Examples 11 and 12 can not exert
the effects of the present invention even when used was the
steel cord in which a content of phosphorus contained in the
form of oxide in a wire surface layer region extending from a
surface of the brass-plated layer up to adepth of 5 nm in a wire
radial direction toward the inside was 1.5 atomic % or less
falling in the scope of the present invention.

INDUSTRIAL APPLICABILITY

[0116] The rubber-steel cord composites of the present
invention can suitably be applied to rubber products in which
direct vulcanization bonding between rubber and a steel cord
is carried out in rubber products having a large thickness such
as tires for passenger cars, trucks, buses, two-wheel vehicles
and belt conveyors.

1. A rubber-steel cord composite characterized in that a
steel cord which has a brass-plated layer on a peripheral
surface thereof and in which a content of phosphorus con-
tained in the form of oxide in a wire surface layer region
extending from a surface of the brass-plated layer up to a
depth of 5 nm in a wire radial direction toward the inside is 1.5
atomic % or less is adjacent to a rubber composition contain-
ing a rubber component, sulfur and a sulfeneamide base vul-
canization accelerator represented by the following Formula
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(wherein R' is a branched alkyl group having 3 to 12
carbon atoms; R is a linear alkyl group having 1 to 10
carbon atoms; R> to R are a hydrogen atom, a linear
alkyl group or alkoxy group having 1 to 4 carbon atoms
or a branched alkyl group or alkoxy group having 3 to 4
carbon atoms, and they may be the same or different; x is
an integer of 1 or 2, and n is an integer of 0 or 1).

2. The rubber-steel cord composite as described in claim 1,
wherein 0.3 to 10 parts by mass of sulfur and 0.1 to 10 parts
by mass of the sulfeneamide base vulcanization accelerator
represented by Formula (I) described above based on 100
parts by mass of the rubber component are contained; a pro-
portion of copper to the total amount of copper and zinc in the
whole brass-plated layer is 60 to 70% by mass; and a propor-
tion of copper to the total amount of copper and zinc in the
wire surface layer region is 15 to 45 atomic %.

3. The rubber-steel cord composite as described in claim 1,
wherein an average thickness of the brass-plated layer is 0.13
to 0.30 pum.

4. The rubber-steel cord composite as described in claim 1,
wherein the steel cord is a single wire of a steel wire or
prepared by twisting plural wirers of the steel wire.

5. The rubber-steel cord composite as described in claim 4,
wherein a diameter of the steel wire is 0.40 mm or less.

6. The rubber-steel cord composite as described in claim 1,
wherein the rubber composition further contains 0.03 to 3
parts by mass of a cobalt salt of organic acid in terms of a
cobalt amount based on 100 parts by mass of the rubber
component.

7. The rubber-steel cord composite as described in claim 1,
wherein R? to R® in Formula (I) are each a hydrogen atom.

8. The rubber-steel cord composite as described in claim 1,
wherein in Formula (I), R is tert-butyl; n is 0; and R? is
methyl, ethyl or n-propyl.

9. The rubber-steel cord composite as described in claim 1,
wherein in Formula (I), R* is tert-butyl; nis 0, and x is 1; and
R? is methyl, ethyl or n-propyl.

10. The rubber-steel cord composite as described in claim
1, wherein the rubber component contains at least one of
natural rubber and polyisoprene rubber.

11. The rubber-steel cord composite as described in claim
1, wherein the rubber component comprises 50% by mass or
more of the natural rubber and the balance of a synthetic
rubber.



