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(54) CROSSLINKABLE RUBBER COMPOSITION MANUFACTURING METHOD

(57) Provided is a method for producing a cross-link-
able rubber composition, comprising: a first step of pro-
viding a carboxyl group-containing nitrile copolymer rub-
ber (A) having an iodine value of 120 or less; a second
step of mixing an acrylic rubber (b1) with an aromatic

polyamine cross-linking agent (b2) to obtain a master-
batch (B); and a third step of mixing the carboxyl
group-containing nitrile copolymer rubber (A) with the
masterbatch (B).
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Description

TECHNICAL FIELD

[0001] The present invention is directed to a method for producing a cross-linkable rubber composition and relates to
a method for producing a cross-linkable rubber composition which can provide a cross-linked rubber having excellent
mechanical strength and heat aging resistance.

BACKGROUND ART

[0002] Nitrile rubbers have hitherto been used, by taking advantage of the oil resistance, mechanical properties,
chemical resistance and the like thereof, as the materials for vehicle rubber components such as hoses and tubes; and
hydrogenated nitrile rubbers obtained by hydrogenating the carbon-carbon double bonds in the polymer main chains of
nitrile rubbers are excellent in heat resistance, and accordingly used as rubber components such as hoses and seals.
[0003] As for such a nitrile rubber, for example, Patent Document 1 discloses a method for producing a cross-linkable
nitrile rubber composition comprising: a step of providing a carboxyl group-containing nitrile copolymer rubber (A) having
an iodine value of 120 or less; a step of mixing a nitrile copolymer rubber (b1) having an iodine value of 120 or less with
an aromatic polyamine cross-linking agent (b2) at a temperature equal to or higher than the melting point of the aromatic
polyamine cross-linking agent (b2) to obtain a masterbatch (B); and a step of blending the carboxyl group-containing
nitrile copolymer rubber (A) having an iodine value of 120 or less with the masterbatch (B).
[0004] According to the technique of Patent Document 1, a cross-linked rubber having excellent tensile strength,
elongation at break, and hardness can be obtained even by steam cross-linking, but the cross-linked rubber does not
have sufficient heat aging resistance. Therefore, it has been desired to improve the heat aging resistance.

RELATED ART DOCUMENTS

PATENT DOCUMENTS

[0005] Patent Document 1: JP 5742719B

SUMMARY OF INVENTION

PROBLEM TO BE SOLVED BY INVENTION

[0006] The present invention has been made in view of such a circumstance, and an object of the present invention
is to provide a method for producing a cross-linkable rubber composition which can provide a cross-linked rubber having
excellent mechanical strength and heat aging resistance, and a method for producing a cross-linked rubber using the
cross-linkable rubber composition obtained by the above method.

MEANS FOR SOLVING THE PROBLEM

[0007] The present inventors have engaged in a diligent study to achieve the above object, and consequently have
found that the object can be achieved by adopting a step of mixing a carboxyl group-containing nitrile copolymer rubber
having an iodine value of 120 or less with a masterbatch (B) including an acrylic rubber (b1) and an aromatic polyamine
cross-linking agent (b2), thus completing the present invention.
[0008] Specifically, the present invention provides a method for producing a cross-linkable rubber composition, com-
prising: a first step of providing a carboxyl group-containing nitrile copolymer rubber (A) having an iodine value of 120
or less; a second step of mixing an acrylic rubber (b1) with an aromatic polyamine cross-linking agent (b2) to obtain a
masterbatch (B); and a third step of mixing the carboxyl group-containing nitrile copolymer rubber (A) with the masterbatch
(B).
[0009] In the second step, the acrylic rubber (b1) is preferably mixed with the aromatic polyamine cross-linking agent
(b2) at a temperature higher than a melting point of the aromatic polyamine cross-linking agent (b2) by 10°C or more.
[0010] The amount of the masterbatch (B) mixed is preferably 0.1 to 40 parts by weight in relation to 100 parts by
weight of the carboxyl group-containing nitrile copolymer rubber (A).
[0011] The mixing ratio between the acrylic rubber (b1) and the aromatic polyamine cross-linking agent (b2), the acrylic
rubber (b1): the aromatic polyamine cross-linking agent (b2), is preferably 20:80 to 90:10 by weight.
[0012] In the third step, the carboxyl group-containing nitrile copolymer rubber (A) is preferably mixed with the mas-
terbatch (B) and silica.
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[0013] The present invention also provides a method for producing a cross-linked rubber, comprising a step of cross-
linking the cross-linkable rubber composition obtained by any one of the aforementioned methods.

EFFECTS OF INVENTION

[0014] According to the present invention, there can be provided a cross-linkable rubber composition which can provide
a cross-linked rubber having excellent mechanical strength and heat aging resistance, and a cross-linked rubber obtained
by cross-linking the cross-linkable rubber composition.

DESCRIPTION OF EMBODIMENTS

<Method for producing cross-linkable rubber composition>

[0015] The method for producing a cross-linkable rubber composition of the present invention comprises:

a step of providing a carboxyl group-containing nitrile copolymer rubber (A) having an iodine value of 120 or less;
a step of mixing an acrylic rubber (b1) with an aromatic polyamine cross-linking agent (b2) to obtain a masterbatch
(B); and
a step of mixing the carboxyl group-containing nitrile copolymer rubber (A) with the masterbatch (B).

[0016] According to the method of the present invention, a cross-linkable rubber composition can be obtained by
blending the carboxyl group-containing nitrile copolymer rubber (A) having an iodine value of 120 or less with the
masterbatch (B) including the acrylic rubber (b1) and the aromatic polyamine cross-linking agent (b2).

<First step>

[0017] The first step of the method of the present invention is a step of providing a carboxyl group-containing nitrile
copolymer rubber (A) having an iodine value of 120 or less.
[0018] The carboxyl group-containing nitrile copolymer rubber (A) having an iodine value of 120 or less (hereinafter
abbreviated to "carboxyl group-containing nitrile copolymer rubber (A)") used in the present invention is a rubber having
an iodine value of 120 or less and obtained through a step of copolymerizing an α,β-ethylenically unsaturated nitrile
monomer, a carboxyl group-containing monomer, and a monomer copolymerizable with the above monomers added if
needed.
[0019] The α,β-ethylenically unsaturated nitrile monomer is not particularly limited as long as it is an α,β-ethylenically
unsaturated compound having a nitrile group. Examples thereof include acrylonitrile; α-halogenoacrylonitrile such as α-
chloroacrylonitrile and α-bromoacrylonitrile; α-alkylacrylonitrile such as methacrylonitrile and the like. Among these,
acrylonitrile and methacrylonitrile are preferred, and acrylonitrile is particularly preferred. These α,β-ethylenically un-
saturated nitrile monomers may be used singly or in combinations of two or more thereof.
[0020] The content of the α,β-ethylenically unsaturated nitrile monomer unit is preferably 10 to 60 wt%, more preferably
15 to 55 wt%, even more preferably 20 to 50 wt% in relation to the total amount of the monomer units. When the content
of the α,β-ethylenically unsaturated nitrile monomer unit is too small, a cross-linked product to be obtained may have
poor oil resistance. On the other hand, when the content is too large, a cross-linked product to be obtained may have
poor cold resistance.
[0021] The carboxyl group-containing monomer is not particularly limited as long as it is a monomer which is copoly-
merizable with the α,β-ethylenically unsaturated nitrile monomer and has one or more unsubstituted (free) carboxyl
groups which are not esterified. Examples of such a carboxyl group-containing monomer include an α,β-ethylenically
unsaturated monocarboxylic monomer, an α,β-ethylenically unsaturated polycarboxylic monomer, an α,β-ethylenically
unsaturated dicarboxylic monoester monomer and the like. Examples of the carboxyl group-containing monomer also
include a monomer in which a carboxylic group thereof forms a carboxylic acid salt. An α,β-ethylenically unsaturated
polycarboxylic acid anhydride also can be used as the carboxyl group-containing monomer because its acid anhydride
group cleaves to form a carboxyl group after copolymerization.
[0022] Examples of the α,β-ethylenically unsaturated monocarboxylic monomer include acrylic acid, methacrylic acid,
ethylacrylic acid, crotonic acid, cinnamic acid and the like.
[0023] Examples of the α,β-ethylenically unsaturated polycarboxylic monomer include a butenedionic acid, such as
fumaric acid and maleic acid, itaconic acid, citraconic acid and the like. Examples of the α,β-ethylenically unsaturated
polycarboxylic acid anhydride include maleic acid anhydride and the like.
[0024] Examples of the α,β-ethylenically unsaturated dicarboxylic monoester monomer include monoalkyl maleates
such as monomethyl maleate, monoethyl maleate, monopropyl maleate, and mono-n-butyl maleate; monocycloalkyl
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maleates such as monocyclopentyl maleate, monocyclohexyl maleate, and monocycloheptyl maleate; monoalkylcy-
cloalkyl maleate such as monomethylcyclopentyl maleate and monoethylcyclohexyl maleate; monoalkyl fumarates such
as monomethyl fumarate, monoethyl fumarate, monopropyl fumarate, and mono-n-butyl fumarate; monocycloalkyl fu-
marates such as monocyclopentyl fumarate, monocyclohexyl fumarate, and monocycloheptyl fumarate; monoalkylcy-
cloalkyl fumarates such as monomethylcyclopentyl fumarate and monoethylcyclohexyl fumarate; monoalkyl citraconates
such as monomethyl citraconate, monoethyl citraconate, monopropyl citraconate, and mono-n-butyl citraconate; mono-
cycloalkyl citraconates such as monocyclopentyl citraconate, monocyclohexyl citraconate, and monocycloheptyl citra-
conate; monoalkylcycloalkyl citraconates such as monomethylcyclopentyl citraconate and monoethylcyclohexyl citra-
conate; monoalkyl itaconate such as monomethyl itaconate, monoethyl itaconate, monopropyl itaconate, and mono-n-
butyl itaconate; monocycloalkyl itaconates such as monocylopentyl itaconate, monocyclohexyl itaconate, and monocy-
cloheptyl itaconate; monoalkylcycloalkyl itaconates such as monomethylcyclopentyl itaconate and monoethylcyclohexyl
itaconate; and the like.
[0025] Among these, in view of highly remarkably exhibiting the effect of the present invention, the α,β-ethylenically
unsaturated dicarboxylic monoester is preferable, and mono-n-butyl fumarate, mono-n-butyl itaconate, and mono-n-
butyl maleate are more preferable. Mono-n-butyl maleate is particularly preferable.
[0026] The content of the carboxyl group-containing monomer unit is preferably 0.1 to 20 wt%, more preferably 0.2 to
15 wt%, even more preferably 0.5 to 10 wt% in relation to the total amount of the monomer units. When the content of
the carboxyl group-containing monomer unit is too small, mechanical strength and compression set resistance of a
cross-linked product to be obtained may deteriorate. On the other hand, when the content is too large, the scorch stability
of the cross-linkable nitrile rubber composition may deteriorate, and fatigue resistance of a cross-linked product to be
obtained may decrease.
[0027] The carboxyl group-containing nitrile copolymer rubber (A) used in the present invention is preferably obtained
by copolymerizing the α,β-ethylenically unsaturated nitrile monomer and the carboxyl group-containing monomer together
with a conjugated diene monomer so that a cross-linked product to be obtained exhibits rubber elasticity.
[0028] As for the proportion of each monomer for copolymerization, the amount of the α,β-ethylenically unsaturated
nitrile monomer is preferably 10 to 60 parts by weight, more preferably 15 to 55 parts by weight, particularly preferably
20 to 50 parts by weight in relation to 100 parts by weight of the total amount of the monomers subjected to copolym-
erization; the amount of the carboxyl group-containing monomer is preferably 0.1 to 20 parts by weight, more preferably
0.2 to 15 parts by weight, particularly preferably 0.5 to 10 parts by weight in relation to 100 parts by weight of the total
amount of the monomers subjected to copolymerization; and the amount of the conjugated diene monomer is preferably
20 to 89.9 parts by weight, more preferably 30 to 84.8 parts by weight, particularly preferably 40 to 79.5 parts by weight
in relation to 100 parts by weight of the total amount of the monomers subjected to copolymerization.
[0029] The conjugated diene monomer is not particularly limited as long as it is copolymerizable with the α,β-ethylen-
ically unsaturated nitrile monomer and the carboxyl group-containing monomer. A conjugated diene monomer having
4 to 6 carbon atoms is preferable such as 1,3-butadiene, isoprene, 2,3-dimethyl-1,3-butadiene, and 1,3-pentadiene. 1,3-
Butadiene and isoprene are more preferable, and 1,3-butadiene is particularly preferable. These conjugated diene
monomer may be used singly or in combinations of two or more thereof.
[0030] The content of the conjugated diene monomer unit is preferably 20 to 89.9 wt%, more preferably 30 to 84.8
wt%, even more preferably 40 to 79.5 wt% in relation to the total amount of monomer units. When the content of the
conjugated diene monomer unit is too small, rubber elasticity of a cross-linked product to be obtained may decrease.
On the other hand, when the content is too large, heat resistance and chemical stability may be impaired. In cases where
the copolymer is hydrogenated as described later, the content of the conjugated diene monomer unit is a content including
that of the hydrogenated moiety.
[0031] The carboxyl group-containing nitrile copolymer rubber (A) used in the present invention may be any one
obtained by copolymerizing the α,β-ethylenically unsaturated nitrile monomer, the carboxyl group-containing monomer,
and the conjugated diene monomer together with another monomer (I) copolymerizable therewith. Examples of such
another monomer (I) include ethylene, an α-olefin monomer, an aromatic vinyl monomer, an α,β-ethylenically unsaturated
carboxylate ester monomer (excluding those corresponding to the "carboxyl group-containing monomer" mentioned
above), a fluorine-containing vinyl monomer, a copolymerizable antioxidant and the like.
[0032] The α-olefin monomer preferably has 3 to 12 carbon atoms, and examples thereof include propylene, 1-butene,
4-methyl-1-pentene, 1-hexene, 1-octene and the like.
[0033] Examples of the aromatic vinyl monomer include styrene, α-methylstyrene, vinylpyridine and the like.
[0034] Examples of the α,β-ethylenically unsaturated carboxylate ester monomer include a (meth)acrylate ester (col-
lective abbreviation of a "methacrylate ester and an acrylate ester"; the same also applied hereinafter) having an alkyl
group having 1 to 18 carbon atoms such as methyl acrylate, ethyl acrylate, n-butyl acrylate, n-dodecyl acrylate, methyl
methacrylate, and ethyl methacrylate; a (meth)acrylate ester having an alkoxyalkyl group having 2 to 12 carbon atoms
such as methoxymethyl acrylate, methoxyethyl acrylate, and methoxyethyl methacrylate; a (meth)acrylate ester having
a cyanoalkyl group having 2 to 12 carbon atoms such as α-cyanoethyl acrylate, α-cyanoethyl methacrylate, and α-
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cyanobutyl methacrylate; a (meth)acrylate ester having a hydroxyalkyl group having 1 to 12 carbon atoms such as 2-
hydroxyethyl acrylate, 2-hydroxypropyl acrylate, and 2-hydroxyethyl methacrylate; a (meth)acrylate ester having a fluor-
oalkyl group having 1 to 12 carbon atoms such as trifluoroethyl acrylate and tetrafluoropropyl methacrylate; a dialkyl
ester of an α,β-ethylenically unsaturated dicarboxylic acid such as dimethyl maleate, dimethyl fumarate, dimethyl itaco-
nate and diethyl itaconate; a dialkylamino group-containing α,β-ethylenically unsaturated carboxylate ester such as
dimethylaminomethyl acrylate and diethylaminoethyl acrylate; and the like.
[0035] Examples of the fluorine-containing vinyl monomer include fluoroethyl vinyl ether, fluoropropyl vinyl ether, o-
trifluoromethyl styrene, vinyl pentafluorobenzoate, difluoroethylene, tetrafluoroethylene and the like.
[0036] Examples of the copolymerizable antioxidant include N-(4-anilinophenyl)acrylamide, N-(4-anilinophenyl)meth-
acrylamide, N-(4-anilinophenyl)cinnamamide, N-(4-anilinophenyl)crotonamide, N-phenyl-4-(3-vinylbenzyloxy)aniline, N-
phenyl-4-(4-vinylbenzyloxy)aniline and the like.
[0037] These other copolymerizable monomers (I) may be used in combinations of two or more thereof. The content
of the other monomer unit is preferably 50 wt% or less, more preferably 30 wt% or less, even more preferably 10 wt%
or less in relation to the total amount of the monomer units.
[0038] The carboxyl group-containing nitrile copolymer rubber (A) has an iodine value of 120 or less, preferably 80 or
less, more preferably 25 or less, particularly preferably 15 or less. When the carboxyl group-containing nitrile copolymer
rubber (A) has too high an iodine value, heat resistance and ozone resistance of a cross-linked product to be obtained
may decrease.
[0039] The carboxyl group-containing nitrile copolymer rubber (A) preferably has a polymer Mooney viscosity (ML1+4,
100°C) of 15 to 200, more preferably 20 to 150, particularly preferably 30 to 120. When the carboxyl group-containing
nitrile copolymer rubber (A) has too low a polymer Mooney viscosity, mechanical strength of a cross-linked product to
be obtained may decrease. On the other hand, the carboxyl group-containing nitrile copolymer rubber (A) has too high
a polymer Mooney viscosity, processability of the cross-linkable nitrile rubber composition may decrease.
[0040] The content of the carboxyl group in the carboxyl group-containing nitrile copolymer rubber (A), i.e., the number
of moles of the carboxyl group per 100 g of the carboxyl group-containing nitrile copolymer rubber (A) is preferably
5310-4 to 5310-1 ephr, more preferably 1310-3 to 1310-1 ephr, even more preferably 5310-3 to 6310-2 ephr. When
the content of the carboxyl group in the carboxyl group-containing nitrile copolymer rubber (A) is too small, mechanical
strength of a cross-linked product to be obtained may decrease. On the other hand, when the content is too large, cold
resistance of a cross-linked product may decrease.
[0041] The method for producing the carboxyl group-containing nitrile copolymer rubber (A) used in the present in-
vention is not particularly limited. For example, preferred is a method in which the α,β-ethylenically unsaturated nitrile
monomer, the carboxyl group-containing monomer, and the conjugated diene monomer, and the another monomer (I)
copolymerizable therewith added if needed are copolymerized. As the method for polymerization, any of known emulsion
polymerization methods, suspension polymerization methods, bulk polymerization methods, and solution polymerization
methods can be used. The emulsion polymerization method is preferred, in which the control of the polymerization
reaction is easy. When the copolymer obtained by copolymerization has an iodine value more than 120, it is convenient
to hydrogenate the copolymer (conduct a hydrogenation reaction of the copolymer). In such a case, the method for
hydrogenation is not particularly limited, and any known method can be adopted.

<Second step>

[0042] The second step of the method of the present invention is a step of mixing an acrylic rubber (b1) with an aromatic
polyamine cross-linking agent (b2) to obtain a masterbatch (B).
[0043] The acrylic rubber (b1) functions as a binder in the masterbatch (B). The aromatic polyamine cross-linking
agent (b2) is dispersed in the masterbatch (B) by the function of the acrylic rubber (b1), and the dispersibility of the
aromatic polyamine cross-linking agent (b2) in the carboxyl group-containing nitrile copolymer rubber (A) can be thus
enhanced.
[0044] The acrylic rubber (b1) is not particularly limited as long as it includes a (meth)acrylate ester monomer (which
means an acrylate ester monomer and/or a methacrylate ester monomer; this also applies hereinafter, e.g., methyl
(meth)acrylate) unit as its main component (preferably in an amount of 50 wt% or more based on the total amount of
monomer units) in its molecule. Examples of the acrylic rubber (b1) used in the present invention include a polymer
including 50 to 100 wt% of a (meth)acrylate ester monomer unit as its main component and 0 to 10 wt% of a cross-
linkable monomer unit in the molecular thereof and the like.
[0045] Examples of the (meth)acrylate ester monomer forming a (meth)acrylate ester monomer unit suitable as the
main component of the acrylic rubber (b1) used in the present invention include, but not particularly limited to, an alkyl
(meth)acrylate monomer and an alkoxyalkyl (meth)acrylate monomer.
[0046] The alkyl(meth)acrylate monomer is preferably, but not particularly limited to, an ester between an alkanol
having 1 to 8 carbon atoms and (meth)acrylic acid. Specific examples thereof include methyl (meth)acrylate, ethyl
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(meth)acrylate, n-propyl (meth)acrylate, isopropyl (meth)acrylate, n-butyl (meth)acrylate, isobutyl (meth)acrylate, n-hexyl
(meth)acrylate, 2-ethylhexyl (meth)acrylate, cyclohexyl (meth)acrylate and the like. Among these, ethyl (meth)acrylate
and n-butyl (meth)acrylate are preferable, and ethyl acrylate and n-butyl acrylate are particularly preferable. These can
be used singly or in combinations of two or more thereof.
[0047] The alkoxyalkyl (meth)acrylate monomer is preferably, but not particularly limited to, an ester between an
alkoxyalkyl alcohol having 2 to 8 carbon atoms and (meth)acrylic acid. Specific examples thereof include methoxymethyl
(meth)acrylate, ethoxymethyl (meth)acrylate, 2-methoxyethyl (meth)acrylate, 2-ethoxyethyl (meth)acrylate, 2-propox-
yethyl (meth)acrylate, 2-butoxyethyl (meth)acrylate, 3-methoxypropyl (meth)acrylate, 4-methoxybutyl (meth)acrylate
and the like. Among these, 2-ethoxyethyl (meth)acrylate and 2-methoxyethyl (meth)acrylate are preferable, and 2-
ethoxyethyl acrylate and 2-methoxyethyl acrylate are particularly preferable. These can be used singly or in combinations
of two or more thereof.
[0048] The content of the (meth)acrylate ester monomer unit in the acrylic rubber (b1) used in the present invention
is preferably 50 to 100 wt%, more preferably 50 to 99.9 wt%, even more preferably 60 to 99.5 wt%, particularly preferably
70 to 99.5 wt%. When the content of the (meth)acrylate ester monomer unit is too small, heat aging resistance of a
cross-linked rubber to be obtained may decrease.
[0049] In the present invention, the (meth)acrylate ester monomer unit preferably includes 30 to 100 wt% of the alkyl
(meth)acrylate monomer unit and 70 to 0 wt% of the alkoxyalkyl (meth)acrylate monomer unit.
[0050] Examples of the cross-linkable monomer for forming the cross-linkable monomer unit include, but not particularly
limited to, an α,β-ethylenically unsaturated carboxylic acid monomer, an epoxy group-containing monomer, a halogen
atom-containing monomer, a diene monomer and the like.
[0051] Examples of the α,β-ethylenically unsaturated carboxylic acid monomer include, but not particularly limited to,
an α,β-ethylenically unsaturated monocarboxylic acid having 3 to 12 carbon atoms, an α,β-ethylenically unsaturated
dicarboxylic acid having 4 to 12 carbon atoms, a monoester between an α,β-ethylenically unsaturated dicarboxylic acid
having 4 to 12 carbon atoms and an alkanol having 1 to 8 carbon atoms and the like.
[0052] Specific examples of the α,β-ethylenically unsaturated monocarboxylic acid having 3 to 12 carbon atoms include
acrylic acid, methacrylic acid, α-ethylacrylic acid, crotonic acid, cinnamic acid and the like.
[0053] Specific examples of the α,β-ethylenically unsaturated dicarboxylic acid having 4 to 12 carbon atoms include
butenedionic acid such as fumaric acid and maleic acid; itaconic acid; citraconic acid; chloromaleic acid; and the like.
[0054] Specific examples of the monoester between an α,β-ethylenically unsaturated dicarboxylic acid having 4 to 12
carbon atoms and an alkanol having 1 to 8 carbon atoms include mono-chain alkyl butenedioates such as monomethyl
fumarate, monoethyl fumarate, mono-n-butyl fumarate, monomethyl maleate, monoethyl maleate, and mono-n-butyl
maleate; butenedionic acid monoesters having an alicyclic structure such as monocyclopentyl fumarate, monocyclohexyl
fumarate, monocyclohexenyl fumarate, monocyclopentyl maleate, monocyclohexyl maleate, and monocyclohexenyl
maleate; itaconic acid monoesters such as monomethyl itaconate, monoethyl itaconate, mono-n-butyl itaconate, and
monocyclohexyl itaconate; and the like.
[0055] Among these, the mono-chain alkyl butenedioate and butenedionic acid monoesters having an alicyclic structure
are preferable. Mono-n-butyl fumarate, mono-n-butyl maleate, monocyclohexyl fumarate, and monocyclohexyl maleate
are more preferable, and mono-n-butyl fumarate is even more preferable. These α,β-ethylenically unsaturated carboxylic
acid monomers can be used singly or in combinations of two or more thereof. Among the monomers above mentioned,
some dicarboxylic acids may be in the form of an anhydride.
[0056] Examples of the epoxy group-containing monomer include, but not particularly limited to, an epoxy group-
containing (meth)acrylate ester, an epoxy group-containing ether and the like.
[0057] Specific examples of the epoxy group-containing (meth)acrylate ester include glycidyl (meth)acrylate and the
like.
[0058] Specific examples of the epoxy group-containing ether include allyl glycidyl ether, vinyl glycidyl ether and the
like. Among these, glycidyl methacrylate and allyl glycidyl ether are preferred. These epoxy group-containing monomers
can be used singly or in combinations of two or more thereof.
[0059] Examples of the halogen atom-containing monomer include, but not particularly limited to, unsaturated alcohol
esters of a halogen-containing saturated carboxylic acid, haloalkyl (meth)acrylates, haloacyloxyalkyl (meth)acrylates,
(haloacetylcarbamoyloxy)alkyl (meth)acrylates, halogen-containing unsaturated ethers, halogen-containing unsaturated
ketones, halomethyl group-containing aromatic vinyl compounds, halogen-containing unsaturated amides, haloacetyl
group-containing unsaturated monomers and the like.
[0060] Specific examples of the unsaturated alcohol ester of a halogen-containing saturated carboxylic acid include
vinyl chloroacetate, vinyl 2-chloropropionate, allyl chloroacetate and the like.
[0061] Specific examples of the haloalkyl (meth)acrylate include chloromethyl (meth)acrylate, 1-chloroethyl (meth)acr-
ylate, 2-chloroethyl (meth)acrylate, 1,2-dichloroethyl (meth)acrylate, 2-chloropropyl (meth)acrylate, 3-chloropropyl
(meth)acrylate, 2,3-dichloropropyl (meth)acrylate and the like.
[0062] Specific examples of the haloacyloxyalkyl (meth)acrylate include 2-(chloroacetoxy)ethyl (meth)acrylate, 2-(chlo-



EP 3 363 850 A1

7

5

10

15

20

25

30

35

40

45

50

55

roacetoxy)propyl (meth)acrylate, 3-(chloroacetoxy)propyl (meth)acrylate, 3-(hydroxychloroacetoxy)propyl (meth)acr-
ylate and the like.
[0063] Specific examples of the (haloacetylcarbamoyloxy)alkyl (meth)acrylate include 2-(chloroacetylcarbamoy-
loxy)ethyl (meth)acrylate, 3-(chloroacetylcarbamoyloxy)propyl (meth)acrylate and the like.
[0064] Specific examples of the halogen-containing unsaturated ether include chloromethyl vinyl ether, 2-chloroethyl
vinyl ether, 3-chloropropyl vinyl ether, 2-chloroethyl allyl ether, 3-chloropropyl allyl ether and the like.
[0065] Specific examples of the halogen-containing unsaturated ketone include 2-chloroethyl vinyl ketone, 3-chloro-
propyl vinyl ketone, 2-chloroethyl allyl ketone and the like.
[0066] Specific examples of the halomethyl group-containing aromatic vinyl compound include p-chloromethylstyrene,
m-chloromethylstyrene, o-chloromethylstyrene, p-chloromethyl-α-methylstyrene and the like.
[0067] Specific examples of the halogen-containing unsaturated amide include N-chloromethyl (meth)acrylamide and
the like.
[0068] Specific examples of the haloacetyl group-containing unsaturated monomer include 3-(hydroxychloroace-
toxy)propyl allyl ether, p-vinylbenzyl chloroacetate and the like.
[0069] Among these, the unsaturated alcohol ester of a halogen-containing saturated carboxylic acid and the halogen-
containing unsaturated ether are preferable. Vinyl chloroacetate and 2-chloroethyl vinyl ether are more preferable, and
vinyl chloroacetate is even more preferable. These halogen atom-containing monomers can be used singly or in com-
binations of two or more thereof.
[0070] Examples of the diene monomer include a conjugated diene monomer, and a nonconjugated diene monomer.
[0071] Specific examples of the conjugated diene monomer include 1,3-butadiene, isoprene, piperylene and the like.
[0072] Specific examples of the nonconjugated diene monomer include ethylidene norbornene, dicyclopentadiene,
dicyclopentadienyl (meth)acrylate, 2-dicyclopentadienylethyl (meth)acrylate and the like.
[0073] The content of the cross-linkable monomer unit is preferably 0 to 10 wt%, more preferably 0.1 to 10 wt%, more
preferably 0.5 to 7 wt%, particularly preferably 1 to 5 wt%.
[0074] In addition to the (meth)acrylate ester monomer unit and the cross-linkable monomer unit, the acrylic rubber
(b1) used in the present invention may have a unit derived from another monomer copolymerizable with the (meth)acrylate
ester monomer and the cross-linkable monomer, if needed.
[0075] Examples of the another copolymerizable monomer include, but not particularly limited to, an aromatic vinyl
monomer, an α,β-ethylenically unsaturated nitrile monomer, a monomer having two or more acryloyloxy groups (here-
inafter, sometimes referred to as "polyfunctional acrylic monomer"), an olefinic monomer, a vinyl ether compound and
the like.
[0076] Specific examples of the aromatic vinyl monomer include styrene, α-methylstyrene, divinylbenzene and the like.
[0077] Specific examples of the α,β-ethylenically unsaturated nitrile monomer include acrylonitrile, methacrylonitrile
and the like.
[0078] Specific examples of the polyfunctional acrylic monomer include ethylene glycol di(meth)acrylate, propylene
glycol di(meth)acrylate and the like.
[0079] Specific examples of the olefinic monomer include ethylene, propylene, 1-butene, 1-octene and the like.
[0080] Specific examples of the vinyl ether compound include vinyl acetate, ethyl vinyl ether, and n-butyl vinyl ether
and the like.
[0081] Among these, styrene, acrylonitrile, methacrylonitrile, ethylene, and vinyl acetate are preferable, and acryloni-
trile, methacrylonitrile, ethylene, and vinyl acetate are more preferable.
[0082] These other copolymerizable monomers can be used singly or in combinations of two or more thereof. The
content of the unit derived from the other monomer in the acrylic rubber (b1) used in the present invention is 0 to 50
wt%, preferably 0 to 49.9 wt%, more preferably 0 to 39.5 wt%, even more preferably 0 to 29.5 wt%, particularly preferably
0 to 29 wt%.
[0083] As the acrylic rubber (b1) used in the present invention, an ethylene-acrylate rubber may be used which includes
in its molecule 50 to 99.9 wt% of the (meta)acrylate ester monomer unit as the main component, 0 to 10 wt% of the
cross-linkable monomer unit, and additionally 0.1 to 50 wt% of an ethylene monomer unit.
[0084] The content of the (meta)acrylate ester monomer unit in the ethylene-acrylate rubber is preferably 50 to 99.9
wt%, more preferably 59.9 to 99.4 wt%, even more preferably 67 to 98.5 wt%, particularly preferably 69 to 98 wt%. When
the content of the (meth)acrylate ester monomer unit is too small, heat aging resistance of a cross-linked rubber to be
obtained may decrease.
[0085] The content of the ethylene unit in the ethylene-acrylate rubber is preferably 0.1 to 50 wt%, more preferably
0.5 to 40 wt%, even more preferably 1 to 30 wt%. When the content of the ethylene unit falls within the above range,
mechanical properties such as strength of a cross-linked rubber to be obtained can be highly improved.
[0086] The content of the cross-linkable monomer unit in the ethylene-acrylate rubber is preferably 0 to 10 wt%, more
preferably 0.1 to 10 wt%, even more preferably 0.5 to 7 wt%, particularly preferably 1 to 5 wt%.
[0087] The acrylic rubber (b1) used in the present invention can be obtained by polymerization of the monomers
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mentioned above. As for the manner of the polymerization reaction, any of emulsion polymerization, suspension polym-
erization, bulk polymerization, high pressure radical polymerization, and solution polymerization can be used. In view
of easiness to control the polymerization reaction and the like, the emulsion polymerization at normal pressure is pref-
erable, which is generally used as a conventionally known method for producing an acrylic rubber.
[0088] Emulsion polymerization may be of any of a batchwise process, a semi-batchwise process, and a continuous
process. Polymerization is conducted usually at a temperature within the range of 0 to 70°C, preferably 5 to 50°C.
[0089] The aromatic polyamine cross-linking agent (b2) used in the present invention is a polyamine cross-linking
agent having one or more aromatic rings in the molecule thereof. The aromatic polyamine cross-linking agent (b2) is
not particularly limited as long as it is (1) a compound having one or more aromatic rings and two or more amino groups
in the molecule thereof or (2) a compound which has one or more aromatic rings in the molecule thereof and converts
into a compound having two or more amino groups when cross-linking. The aromatic polyamine cross-linking agent (b2)
is preferably a compound obtained by replacing each of a plurality of hydrogen atoms of an aromatic hydrocarbon with
an amino group or a hydrazide structure (a structure represented by -CONHNH2 wherein CO represents a carbonyl group).
[0090] Examples of the aromatic polyamine cross-linking agent (b2) include aromatic polyamines such as 4,4’-meth-
ylenedianiline, p-phenylenediamine, 4,4’-diaminodiphenyl ether, 3,4’-diaminodiphenyl ether, 4,4’-(m-phenylenediisopro-
pylidene)dianiline (melting point: 114 to 116°C), 4,4’-(p-phenylenediisopropylidene)dianiline (melting point: 164 to
166°C), 2,2-bis [4-(4-aminophenoxy)phenyl]propane (melting point: 126°C), 4,4’-diaminobenzanilide, 4,4’-bis(4-ami-
nophenoxy)biphenyl, 1,3,5-benzenetriamine, 4,4’-methylenebis(o-chloroaniline), 1,3-bis(3-aminophenoxy)benzene
(melting point: 107 to 110°C), 3,3’-diaminophenylsulfone, 4,4’-diaminophenylsulfone, and diaminodihydroxydiphenyl-
sulfone. Among these, in view of highly significantly exhibiting the effect of the present invention, those having 2 to 5
amino groups per molecule are preferable, those having 2 to 3 amino groups per molecule are more preferable, and
those having 2 amino groups per molecule are particularly preferable. Those having 1 to 8 aromatic rings per molecule
are preferable, those having 2 to 7 aromatic rings per molecule are more preferable, and those having 3 to 6 aromatic
rings per molecule are particularly preferable. Those having phenoxy group per molecule are preferable, those having
1 to 4 phenoxy groups per molecule are more preferable, and 2,2-bis[4-(4-aminophenoxy)phenyl]propane is particularly
preferable. The aromatic polyamine cross-linking agent (b2) may be used singly or in combinations of two or more thereof.
[0091] In the present invention, the aromatic polyamine cross-linking agent (b2) is mixed into the acrylic rubber (b1)
to obtain the masterbatch (B) in the second step, and then, the masterbatch (B) obtained is mixed into the carboxyl
group-containing nitrile copolymer rubber (A) in the third step described later so that the dispersibility of the aromatic
polyamine cross-linking agent (b2) in the carboxyl group-containing nitrile copolymer rubber (A) can be improved. Thus,
excellent mechanical strength and heat aging resistance can be imparted to a cross-linked rubber to be obtained.
[0092] The weight ratio between the acrylic rubber (b1) and the aromatic polyamine cross-linking agent (b2) in the
masterbatch (B) used in the present invention, "the acrylic rubber (b1): the aromatic polyamine cross-linking agent (b2)",
is preferably 20:80 to 90:10, more preferably 30:70 to 80:20, even more preferably 30:70 to 70:30. When the content of
the acrylic rubber (b1) is too large, the cross-linking reactivity of the cross-linkable rubber composition may decrease.
On the other hand, when the content of the acrylic rubber (b1) is too small, dispersibility of the masterbatch (B), in other
words, the aromatic polyamine cross-linking agent (b2), in the carboxyl group-containing nitrile copolymer rubber (A)
may decrease to thereby decrease the mechanical strength of a cross-linked rubber to be obtained.
[0093] When mixing the acrylic rubber (b1) and the aromatic polyamine cross-linking agent (b2) described above in
the second step of the method of the present invention, the acrylic rubber (b1) and the aromatic polyamine cross-linking
agent (b2) are mixed preferably at a temperature of the system being mixed higher than the melting point of the aromatic
polyamine cross-linking agent (b2) by 10°C or more, more preferably by 15°C or more, even more preferably by 20°C
or more. The upper limit of the temperature of the system being mixed when mixing the acrylic rubber (b1) and the
aromatic polyamine cross-linking agent (b2) is usually, but not particularly limited to, 200°C or less.
[0094] When the acrylic rubber (b1) and the aromatic polyamine cross-linking agent (b2) are mixed at a temperature
higher than the melting point of the aromatic polyamine cross-linking agent (b2) by 10°C or more, mixing can be carried
out with the aromatic polyamine cross-linking agent (b2) appropriately melting, and therefore the aromatic polyamine
cross-linking agent (b2) can be mixed into the acrylic rubber (b1) more uniformly. Therefore, when mixing the carboxyl
group-containing nitrile copolymer rubber (A) with the masterbatch (B) obtained by mixing the acrylic rubber (b1) with
the aromatic polyamine cross-linking agent (b2) in the third step described later, dispersibility of the aromatic polyamine
cross-linking agent (b2) in the carboxyl group-containing nitrile copolymer rubber (A) can be appropriately enhanced.
As a result, a cross-linked rubber to be obtained can have particularly excellent mechanical strength and heat aging
resistance.
[0095] Particularly, the acrylic rubber (b1) is used as a polymer component for forming the masterbatch (B) in the
present invention and the acrylic rubber (b1) has a high heat-resisting temperature. Therefore, even when mixing to
obtain the masterbatch (B) is carried out at a temperature higher than the melting point of the aromatic polyamine cross-
linking agent (b2) by 10°C or more, the acrylic rubber (b1) can be effectively prevented from degradation due to such
mixing at a high temperature. Thus, by using the acrylic rubber (b1) according to the present invention, the aromatic
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polyamine cross-linking agent (b2) can be dispersed in the acrylic rubber (b1) uniformly without degradation of the acrylic
rubber (b1); and by using the masterbatch (B) thus obtained, the aromatic polyamine cross-linking agent (b2) can be
suitably dispersed in the carboxyl group-containing nitrile copolymer rubber (A) in the third step described later. As a
result, a cross-linked rubber to be obtained can have particularly excellent mechanical strength and heat aging resistance.
From such a viewpoint, the aromatic polyamine cross-linking agent (b2) preferably has a melting point within the range
from 100 to 200°C, more preferably within the range from 100 to 180°C.

<Third Step>

[0096] The third step of the production method according to the present invention is a step of mixing the masterbatch
(B) prepared in the second step with the carboxyl group-containing nitrile copolymer rubber (A) provided in the first step
to obtain a cross-linkable rubber composition.
[0097] The amount of the masterbatch (B) is preferably 0.1 to 40 parts by weight, more preferably 0.2 to 30 parts by
weight and still more preferably 1 to 15 parts by weight in relation to 100 parts by weight of the carboxyl group-containing
nitrile copolymer rubber (A). When the amount of the masterbatch (B) is too small, cross-linking may be insufficient,
resulting in a decrease in mechanical properties and heat aging resistance of the obtained cross-linked product. On the
other hand, when the amount of the masterbatch (B) is too large, fatigue resistance of the cross-linked rubber may
decrease.
[0098] In addition, in the production method according to the present invention, the amount of the aromatic polyvalent
amine cross-linking agent (b2) is preferably 0.01 to 30 parts by weight, more preferably 0.1 to 15 parts by weight and
still more preferably 0.5 to 10 parts by weight in relation to 100 parts by weight of the carboxyl group-containing nitrile
copolymer rubber (A). When the amount of the aromatic polyvalent amine cross-linking agent (b2) is too small, cross-
linking may be insufficient, resulting in a decrease in mechanical properties and compression set resistance of the
obtained cross-linked product. On the other hand, when the amount of the aromatic polyvalent amine cross-linking agent
(b2) is too large, fatigue resistance of the cross-linked rubber may decrease.
[0099] Further, in the third step of the production method according to the present invention, any other ingredients
conventionally used in the field of rubber processing may be mixed in addition to the carboxyl group-containing nitrile
copolymer rubber (A) and the masterbatch (B). Examples of such ingredients include reinforcing agents such as carbon
blacks and silicas, fillers, antioxidizing agents, light stabilizers, scorch inhibitors, plasticizers, processing aids, slip agents,
tackifiers, lubricants, flame retardants, acid acceptors, antistatic agents, colorants, silane coupling agents, co-cross-
linking agents, cross-linking aids, cross-linking retardants, foaming agents and the like. The amounts of these ingredients
can be appropriately selected depending on the purpose of addition.
[0100] Examples of the carbon blacks include furnace black, acetylene black, thermal black, channel black, Austin
Black, graphite and the like. These can be used singly or in combinations of two or more thereof.
[0101] Examples of the silicas include natural silicas such as quartz powder and silica stone powder; synthetic silicas
such as anhydrous silicic acid (silica gel, AEROSIL, etc.) and hydrous silicic acid; and the like. Among them, synthetic
silicas are preferred. The silicas can be silicas surface-treated with silane coupling agents or the like.
[0102] Specific examples of the silane coupling agents include, but not particularly limited to, sulfur-containing silane
coupling agents such as γ-mercaptopropyltrimethoxysilane, γ-mercaptomethyltrimethoxysilane, γ-mercaptomethyltri-
ethoxysilane, γ-mercaptohexamethyldisilazane, bis(3-triethoxysilylpropyl)tetrasulfane and bis(3-triethoxysilylpropyl)di-
sulfane; epoxy group-containing silane coupling agents such as γ-glycidoxypropyltrimethoxysilane, γ-glycidyloxypropylt-
rimethoxysilane, β-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, and γ-glycidoxypropylmethyldiethoxysilane; amino
group-containing silane coupling agents such as N-(β-aminoethyl)-γ-aminopropyltrimethoxysilane, γ-aminopropyltrimeth-
oxysilane, γ-aminopropyltriethoxysilane, N-2-(aminoethyl)-3-aminopropyltriethoxysilane, 3-triethoxysilyl-N-(1,3-dime-
thyl-butylidene)propylamine and N-phenyl-3-aminopropyltrimethoxysilane; (meth)acryloxy group-containing silane cou-
pling agents such as γ-methacryloxypropyltrimethoxysilane, γ-methacryloxypropyltris(β-methoxyethoxy)silane, γ-
methacryloxypropylmethyldimethoxysilane, γ-methacryloxypropylmethyldiethoxysilane, γ-methacryloxypropyltriethox-
ysilane and 3-acryloxypropyltrimethoxysilane; vinyl group-containing silane coupling agents such as vinyltrimethoxysi-
lane, vinyltriethoxysilane, vinyltris(β-methoxyethoxy)silane, vinyltrichlorosilane and vinyltriacetoxysilane; chloropropyl
group-containing silane coupling agents such as 3-chloropropyltrimethoxysilane; isocyanate group-containing silane
coupling agents such as 3-isocyanatepropyltriethoxysilane; styryl group-containing silane coupling agents such as p-
styryltrimethoxysilane; ureido group-containing silane coupling agents such as 3-ureidopropyltriethoxysilane; allyl group-
containing silane coupling agents such as diallyldimethylsilane; alkoxy group-containing silane coupling agents such as
tetraethoxysilane; phenyl group-containing silane coupling agents such as diphenyldimethoxysilane; fluoro group-con-
taining silane coupling agents such as trifluoropropyltrimethoxysilane; alkyl group-containing silane coupling agents
such as isobutyltrimethoxysilane and cyclohexylmethyldimethoxysilane; aluminum-based coupling agents such as ac-
etoalkoxyaluminum diisopropylate; titanate-based coupling agents such as isopropyl triisostearoyl titanate, isopropyl
tris(dioctylpyrophosphate)titanate, isopropyl tri(N-aminoethyl-aminoethyl)titanate, tetraoctyl bis(ditridecylphosphite)ti-
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tanate, tetra(2,2-diallyloxymethyl-1-butyl)bis(ditridecyl)phosphite titanate, bis(dioctylpyrophosphate)oxyacetate titanate,
bis(dioctylpyrophosphate)ethylene titanate, tetraisopropyl bis(dioctylphosphite)titanate and isopropyl triisostearoyl titan-
ate; and the like. These can be used singly or in combinations of two or more thereof.
[0103] The co-cross-linking agents are not particularly limited, but are preferably low molecular compounds or high
molecular compounds having two or more radical-reactive unsaturated groups in the molecule. Examples of the co-
cross-linking agents include multifunctional vinyl compounds such as divinylbenzene and divinylnaphthalene; isocya-
nurates such as triallyl isocyanurate and trimethallyl isocyanurate; cyanurates such as triallyl cyanurate; maleimides
such as N,N’-m-phenylenedimaleimide; allyl esters of polyvalent acids such as diallyl phthalate, diallyl isophthalate,
diallyl maleate, diallyl fumarate, diallyl sebacate and triallyl phosphate; diethylene glycol bis(allyl carbonate); allyl ethers
such as ethylene glycol diallyl ether, triallyl ether of trimethylolpropane and partial allyl ether of pentaerythritol; allyl-
modified resins such as allylated novolac and allylated resol resin; tri- to penta-functional methacrylate compounds and
acrylate compounds such as trimethylolpropane trimethacrylate and trimethylolpropane triacrylate; and the like. These
can be used singly or in combinations of two or more thereof.
[0104] Furthermore, in the third step of the production method according to the present invention, rubbers other than
the carboxyl group-containing nitrile copolymer rubber (A) and the acrylic rubber (b1) may be added to the extent that
they do not impair the effect of the present invention.
[0105] Examples of such rubbers include styrene-butadiene copolymer rubber, polybutadiene rubber, ethylene-pro-
pylene copolymer rubber, ethylene-propylene-diene terpolymer rubber, epichlorohydrin rubber, urethane rubber, chlo-
roprene rubber, silicone rubber, fluororubber, natural rubber, polyisoprene rubber and the like.
[0106] When other rubbers than the carboxyl group-containing nitrile copolymer rubber (A) and the acrylic rubber (b1)
are added, the amount of the other rubbers is preferably 60 parts by weight or less, more preferably 30 parts by weight
or less and still more preferably 10 parts by weight or less, in relation to 100 parts by weight of the total of the carboxyl
group-containing nitrile copolymer rubber (A) and the acrylic rubber (b1).
[0107] In the third step of the production method according to the present invention, the masterbatch (B) is mixed with
the carboxyl group-containing nitrile copolymer rubber (A) preferably in a nonaqueous system. For example, in the third
step, when other ingredients than the carboxyl group-containing nitrile copolymer rubber (A) and the masterbatch (B)
are added, it is preferable to use the method in which other ingredients than the masterbatch (B) and heat-unstable
cross-linking aids and the like are subjected to primary kneading with a mixer such as a Banbury mixer, an intermixer
or a kneader and then transferred to an open roll kneading machine or the like, and thereafter the masterbatch (B) and
the heat-unstable cross-linking aids and the like are added thereto and subjected to secondary kneading. Primary
kneading is typically performed at a temperature of 10 to 200°C and preferably 30 to 180°C for 1 minute to 1 hour and
preferably for 1 to 30 minutes, and secondary kneading is typically performed at a temperature of 10 to 100°C and
preferably 20 to 60°C for 1 minute to 1 hour and preferably for 1 to 30 minutes.

<Method for Producing Cross-Linked Rubber>

[0108] The method for producing a cross-linked rubber according to the present invention is a method in which the
cross-linkable rubber composition obtained by the above-mentioned method for producing a cross-linkable rubber com-
position according to the present invention is cross-linked to obtain a cross-linked rubber.
[0109] Examples of the method for producing a cross-linked rubber according to the present invention include a method
in which the cross-linkable rubber composition obtained in the above-mentioned method for producing a cross-linkable
rubber composition according to the present invention is subjected to molding, for example with a molding machine
corresponding to a desired shape, such as an extruding machine, an injection molding machine, a compressing machine
or rolls, and to a cross-linking reaction by heating to fix its shape as a cross-linked product to obtain a cross-linked
rubber, and the like. In this case, cross-linking may be performed after pre-molding or may be performed simultaneously
with molding. The molding temperature is typically 10 to 200°C and preferably 25 to 120°C. The cross-linking temperature
is typically 100 to 200°C and preferably 130 to 190°C. The cross-linking time is typically 1 minute to 24 hours, preferably
2 minutes to 12 hours and particularly preferably 3 minutes to 6 hours.
[0110] Depending on the shape and size of the cross-linked rubber, the inside of the cross-linked rubber may not have
been sufficiently cross-linked even if the surface has been cross-linked. In that case, secondary cross-linking may be
performed by further heating.
[0111] The cross-linking method can be appropriately selected from general methods used for cross-linking a rubber,
such as press cross-linking, steam cross-linking and oven cross-linking.
[0112] The above-mentioned cross-linked rubber obtained by the production method according to the present invention
is excellent in mechanical strength and heat aging resistance, and can be used, by taking advantage of such properties,
in a wide variety of applications, for example, in various sealing materials such as O-rings, packings, diaphragms, oil
seals, shaft seals, bearing seals, well head seals, seals for pneumatic equipment, seals for sealing freon or fluorohy-
drocarbons or carbon dioxide used for air conditioner-cooling systems and refrigerator compressors for air-conditioning
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systems, seals for sealing supercritical carbon dioxide or subcritical carbon dioxide used in a cleaning medium for
precision cleaning, seals for rolling devices (such as rolling bearings, automotive hub units, automotive water pumps,
linear guide devices and ball screws), valves and valve seats, BOP (Blow Out Preventer) and platters; in various gaskets
such as intake manifold gaskets attached to a connecting portion between an intake manifold and a cylinder head,
cylinder head gaskets attached to a connecting portion between a cylinder block and a cylinder head, rocker cover
gaskets attached to a connecting portion between a rocker cover and a cylinder head, oil pan gaskets attached to a
connecting portion between an oil pan and a cylinder block or a transmission case, gaskets for fuel cell separators
attached between a pair of housings sandwiching a unit cell having a positive electrode, an electrolyte plate and a
negative electrode, and gaskets for top covers of hard disk drives; in various rolls such as printing rolls, iron-making
rolls, paper-making rolls, industrial rolls and rolls for office machines; in various belts such as flat belts (such as film core
flat belts, cord flat belts, laminated flat belts and single flat belts), V belts (such as wrapped V belts and low edge V
belts), V-ribbed belts (such as single V-ribbed belts, double V-ribbed belts, wrapped V-ribbed belts, rear rubber V-ribbed
belts and upper cog V-ribbed belts), CVT belts, timing belts, toothed belts and conveyor belts; in various hoses such as
fuel hoses, turbo air hoses, oil hoses, radiator hoses, heater hoses, water hoses, vacuum brake hoses, control hoses,
air conditioner hoses, brake hoses, power steering hoses, air hoses, marine hoses, riser hoses and flow line hoses; in
various boots such as CVJ boots, propeller shaft boots, constant velocity joint boots and rack-and-pinion boots; in
damping material rubber parts such as cushioning materials, dynamic dampers, rubber couplings, air springs and vibration
insulators; in dust covers, automobile interior parts, tires, coated cables, shoe soles, electromagnetic shields, adhesives
such as adhesives for flexible printed circuit boards, and fuel cell separators; as well as in the electronics field.

EXAMPLES

[0113] Hereinafter, the present invention will be described specifically by way of Examples and Comparative Examples.
In what follows, unless otherwise specified, "parts" are based on weight. Note that the tests and the evaluations were
carried out as follows.

<Iodine Value>

[0114] The iodine value of the carboxyl group-containing nitrile copolymer rubber was measured in accordance with
JIS K6235.

<Content of Carboxyl Group>

[0115] To 0.2 g of a 2-mm square piece of a carboxyl group-containing nitrile copolymer rubber were added 20 ml of
ethanol and 10 ml of water. The mixture was titrated by using a 0.02 N hydrous ethanol solution of potassium hydroxide
and thymolphthalein as an indicator with stirring at room temperature to determine the content of the carboxyl group as
the number of moles of the carboxyl group in 100 g of the carboxyl group-containing nitrile copolymer rubber (units: ephr).

<Content of Acrylonitrile Unit>

[0116] The content of the acrylonitrile unit was calculated in accordance with JIS K6384 from the nitrogen content in
the carboxyl group-containing nitrile copolymer rubber measured by the Kjeldahl method (units: wt%).

<Mooney Viscosity>

[0117] The Mooney viscosity (polymer Mooney) of the carboxyl group-containing nitrile copolymer rubber was meas-
ured in accordance with JIS K6300 (units: (ML1+4, 100°C)).

<Dispersibility of Cross-Linking Agents>

[0118] By using a cross-linkable rubber composition after secondary kneading, the dispersibility of a cross-linking
agent was evaluated by visually observing the mass of the cross-linking agent (poor dispersion) on or in the composition.
The dispersibility of the cross-linking agent was evaluated according to the following criteria.

Good: the mass of the cross-linking agent cannot be visually observed (good dispersion)
Poor: the mass of the cross-linking agent can be visually observed (poor dispersion)
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<Original State Physical Properties (Tensile Strength, Elongation at Break)>

[0119] The cross-linkable rubber composition was subjected to primary cross-linking by placing it in a mold of 15 cm
in length, 15 cm in width and 0.2 cm in depth and pressing it at 170°C for 20 minutes while pressurizing it at a pressing
pressure of 10 MPa. Then, the obtained primary cross-linked product was subjected to secondary cross-linking by further
heating it at 170°C for 4 hours in a geer oven to obtain a sheet-like cross-linked rubber. The obtained cross-linked rubber
was punched with a No. 3 type dumbbell to prepare a test piece. Next, by using the obtained test piece, the tensile
strength and the elongation at break of the cross-linked rubber were measured in accordance with JIS K6251.

<Heat Aging Resistance>

[0120] By using the sheet-like cross-linked rubber prepared in the same manner as in the evaluation of the original
state physical properties, elongation at break after 168 hours at 170°C was measured in accordance with JIS K6257 (a
normal oven method). From the elongation at break measured by the evaluation of original state physical properties and
the elongation at break after heat aging, the elongation change rate (%) after heat aging was calculated according to
the following formula: 

<Compression Set>

[0121] The cross-linkable rubber composition was subjected to primary cross-linking by pressing it with the use of a
mold at a temperature of 170°C for 25 minutes to obtain a cylindrical primary cross-linked product of 29 mm in diameter
and 12.7 mm in height. Then, the obtained primary cross-linked product was subjected to secondary cross-linking by
further heating it at 170°C for 4 hours in a geer oven to obtain a pressed cross-linked product. By using the obtained
pressed cross-linked product, in accordance with JIS K6262, the compression set was measured after keeping it in a
state of being compressed by 25% in an environment of 150°C for 168 hours.
[0122] The smaller this value is, the more excellent the compression set resistance is.

<Production Example 1: Production of Carboxyl Group-Containing Nitrile Copolymer Rubber (A-1)>

[0123] To a metallic bottle were charged, in the following order, 180 parts of ion exchanged water, 25 parts of an
aqueous solution of sodium dodecylbenzenesulfonate having a concentration of 10 wt%, 37 parts of acrylonitrile, 6 parts
of mono-n-butyl maleate and 0.75 part of t-dodecyl mercaptan (a molecular weight modifier). After replacing the internal
gas three times by nitrogen, 57 parts of 1,3-butadiene was charged to the metallic bottle. The metallic bottle was kept
at 5°C, 0.1 part of cumene hydroperoxide (a polymerization initiator) was charged thereto, and a polymerization reaction
was performed for 16 hours while rotating the metallic bottle. Thereafter, 0.1 part of an aqueous hydroquinone solution
having a concentration of 10 wt% (a polymerization terminator) was added to the metallic bottle to terminate the polym-
erization reaction, followed by removal of the residual monomers with a rotary evaporator at a water temperature of
60°C to obtain a latex of an acrylonitrile-butadiene-mono-n-butyl maleate copolymer rubber (solid content concentration:
approximately 30 wt%).
[0124] Then, a palladium catalyst (a solution prepared by mixing a 1 wt% palladium acetate acetone solution and an
equal weight of ion exchanged water) was added in an autoclave in such a way that the content of palladium was 1,000
ppm in relation to the weight of the rubber contained in the latex, and then subjected to a hydrogenation reaction at a
hydrogen pressure of 3 MPa and a temperature of 50°C for 6 hours to obtain a latex of a carboxyl group-containing
nitrile copolymer rubber (A-1).
[0125] The obtained latex of the carboxyl group-containing nitrile copolymer rubber (A-1) was coagulated by adding
two volumes of methanol to one volume of the latex and then vacuum dried at 60°C for 12 hours to obtain the carboxyl
group-containing nitrile copolymer rubber (A-1). The obtained carboxyl group-containing nitrile copolymer rubber (A-1)
had an iodine value of 10, a carboxyl group content of 3.2 3 10-2 ephr and a polymer Moony viscosity (ML1+4, 100°C) of 45.
[0126] The composition of the carboxyl group-containing nitrile copolymer rubber (A-1), which was calculated from
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the content of acrylonitrile unit measured by the Kjeldahl method, the content of mono-n-butyl maleate unit determined
from the carboxyl group content and the 1,3-butadiene unit as the balance, was: 35.6 wt% of the acrylonitrile unit, 58.8
wt% of the butadiene unit (including the hydrogenated one) and 5.6 wt% of the mono-n-butyl maleate unit.

<Production Example 2: Production of Carboxyl Group-Containing Nitrile Copolymer Rubber (A-2)>

[0127] The carboxyl group-containing nitrile copolymer rubber (A-2) was obtained in the same manner as in Production
Example 1 except that the amount of acrylonitrile was changed to 45 parts, the amount of mono-n-butyl maleate was
changed to 6 parts and the amount of 1,3-butadiene was changed to 49 parts. The obtained carboxyl group-containing
nitrile copolymer rubber (A-2) had a composition consisting of 45.4 wt% of the acrylonitrile unit, 50.6 wt% of the butadiene
unit (including the hydrogenated one) and 4.9 wt% of the mono-n-butyl maleate unit.

<Production Example 3: Production of Carboxyl Group-Containing Nitrile Copolymer Rubber (A-3)>

[0128] The carboxyl group-containing nitrile copolymer rubber (A-3) was obtained in the same manner as in Production
Example 1 except that the amount of acrylonitrile was changed to 23 parts, the amount of mono-n-butyl maleate was
changed to 6.5 parts and the amount of 1,3-butadiene was changed to 40 parts, and 30.5 parts of methoxyethyl acrylate
was further added. The obtained carboxyl group-containing nitrile copolymer rubber (A-3) had a composition consisting
of 24 wt% of the acrylonitrile unit, 46.6 wt% of the butadiene unit (including the hydrogenated one), 6.5 wt% of the mono-
n-butyl maleate unit and 22.9 wt% of the methoxyethyl acrylate unit.

<Production Example 4: Production of Carboxyl Group-Containing Nitrile Copolymer Rubber (A-4)>

[0129] The carboxyl group-containing nitrile copolymer rubber (A-4) was obtained in the same manner as in Production
Example 1 except that the amount of acrylonitrile was changed to 21 parts, the amount of mono-n-butyl maleate was
changed to 5 parts and the amount of 1,3-butadiene was changed to 44 parts, and 30 parts of butyl acrylate was further
added. The obtained carboxyl group-containing nitrile copolymer rubber (A-4) had a composition consisting of 20.8 wt%
of the acrylonitrile unit, 44.2 wt% of the butadiene unit (including the hydrogenated one), 4.9 wt% of the mono-n-butyl
maleate unit and 30.1 wt% of the butyl acrylate unit.

<Production Example 5: Production of Acrylic Rubber (b1-1)>

[0130] To a polymerization reactor equipped with a thermometer and a stirrer were charged 200 parts of water, 3 parts
of sodium lauryl sulfate, 60 parts of ethyl acrylate and 40 parts of butyl acrylate. Thereafter, after two cycles of evacuation
and replacement by nitrogen to sufficiently remove oxygen, 0.005 part of cumene hydroperoxide and 0.002 part of
sodium formaldehyde sulfoxylate were added to the mixture, and emulsion polymerization was initiated under a normal
pressure at a temperature of 30°C to allow the charged and added ingredients to react until the polymerization conversion
reached 95%. The obtained emulsion polymerization product in the form of liquid was coagulated with an aqueous
solution of calcium chloride, washed with water and dried to obtain an acrylic rubber (b1-1). The obtained acrylic rubber
(b1-1) had a composition consisting of 60 wt% of the ethyl acrylate unit and 40 wt% of the butyl acrylate unit.

<Production Example 6: Production of Acrylic Rubber (b1-2)>

[0131] The acrylic rubber (b1-2) was obtained in the same manner as in Production Example 5 except that the amount
of ethyl acrylate was changed to 40 parts and the amount of butyl acrylate was changed to 30 parts, and 30 parts of
methoxyethyl acrylate was further added. The obtained acrylic rubber (b1-2) had a composition consisting of 40 wt% of
the ethyl acrylate unit, 30 wt% of the butyl acrylate unit and 30 wt% of the methoxyethyl acrylate unit.

<Production Example 7: Production of Masterbatch (B-1)>

[0132] Fifty parts of the acrylic rubber (b1-1) obtained in Production Example 5 was masticated for 1 minute in a
Brabender type mixer having a capacity of 55 ml, followed by addition of 50 parts of 2,2-bis[4-(4-aminophenoxy)phenyl]
propane (BAPP, an aromatic polyvalent amine cross-linking agent (b2), melting point: 126°C) and heating to a temperature
of 150°C. The mixture was kneaded for 5 minutes in a state in which 2,2-bis[4-(4-aminophenoxy)phenyl]propane was
molten to produce a masterbatch (B-1) having an acrylic rubber (b1-1):2,2-bis[4-(4-aminophenoxy)phenyl]propane
(BAPP) weight ratio of 50:50.
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<Production Example 8: Production of Masterbatch (B-2)>

[0133] The masterbatch (B-2) having an acrylic rubber (b1-1):2,2-bis[4-(4-aminophenoxy)phenyl]propane (BAPP)
weight ratio of 70:30 was produced in the same manner as in Production Example 7 except that the amount of the acrylic
rubber (b1-1) was changed to 70 parts and the amount of 2,2-bis[4-(4-aminophenoxy)phenyl]propane was changed to
30 parts.

<Production Example 9: Production of Masterbatch (B-3)>

[0134] The masterbatch (B-3) having an acrylic rubber (b1-2):2,2-bis[4-(4-aminophenoxy)phenyl]propane (BAPP)
weight ratio of 50:50 was produced in the same manner as in Production Example 7 except that 50 parts of the acrylic
rubber (b1-2) obtained in Production Example 2 was used in place of 50 parts of the acrylic rubber (b1-1).

<Production Example 10: Production of Masterbatch (B-4)>

[0135] The masterbatch (B-4) having an ethylene acrylate rubber (b1-3):2,2-bis[4-(4-aminophenoxy)phenyl]propane
(BAPP) weight ratio of 50:50 was produced in the same manner as in Production Example 7 except that 50 parts of an
ethylene acrylate rubber (b1-3) (trade name "Vamac(R) ULTRA IP," made by E. I. Du Pont de Nemours and Company)
was used in place of 50 parts of the acrylic rubber (b1-1) .

<Production Example 11: Production of Masterbatch (B’-5)>

[0136] The masterbatch (B’-5) having a hydrogenated nitrile rubber:2,2-bis[4-(4-aminophenoxy)phenyl]propane
(BAPP) weight ratio of 50:50 was produced in the same manner as in Production Example 7 except that 50 parts of a
hydrogenated nitrile rubber (trade name: Zetpol 2000 L, made by Zeon Corporation; acrylonitrile unit content: 36 wt%,
butadiene unit (including the hydrogenated one): 64 wt%, iodine value: 4, Mooney viscosity: 65) was used in place of
50 parts of the acrylic rubber (b1-1).

<Production Example 12: Production of Masterbatch (B’-6)>

[0137] The masterbatch (B’-6) having a hydrogenated nitrile rubber:2,2-bis[4-(4-aminophenoxy)phenyl]propane
(BAPP) weight ratio of 50:50 was produced in the same manner as in Production Example 11 except that the temperature
during kneading was changed to 120°C.

<Example 1>

[0138] By using a Banbury mixer, the following ingredients were added to 100 parts of the carboxyl group-containing
nitrile copolymer rubber (A-1) obtained in Production Example 1 and mixed therewith at 50°C for 5 minutes: 40 parts of
FEF carbon black (trade name: Seast SO, made by Tokai Carbon Co., Ltd.), 5 parts of tri-2-ethylhexyl) trimellitate (trade
name: Adekacizer C-8, made by ADEKA Corporation; a plasticizer), 1.5 parts of 4,4’-di-(α,α’-dimethylbenzyl)diphe-
nylamine (trade name: Naugard 445, made by Crompton Corporation; an antioxidant), 1 part of stearic acid (a cross-
linking promoter) and 1 part of a polyoxyethylene alkyl ether phosphoric acid ester (trade name: Phosphanol RL210,
made by Toho Chemical Industry Co., Ltd.; a processing aid). Next, the obtained mixture was transferred to a roll at
50°C, and 12.6 parts of the masterbatch (B-1) produced in Production Example 7 and 4 parts of 1,8-diazabicyclo[5.4.0]
-undecene-7 (DBU) (trade name "RHENOGRAN XLA-60 (GE2014)," made by Rhein Chemie Corporation; a product
composed of 60% of DBU (including its zinc dialkyldiphosphate salt)) were added thereto and kneaded to obtain a cross-
linkable rubber composition.
[0139] The cross-linkable composition thus obtained was subjected to the evaluations and tests for each of the dis-
persibility of cross-linking agents, original state physical properties (tensile strength, elongation at break), heat aging
resistance and compression set. The results thus obtained are shown in Table 1.

<Examples 2 to 4>

[0140] Each of cross-linkable rubber compositions was obtained in the same manner as in Example 1 except that
each of the masterbatches (B-2) to (B-4) obtained in Production Examples 8 to 10 was used, in place of the masterbatch
(B-1), in the amount shown in Table 1, and it was subjected to the evaluation in the same manner as in Example 1. The
results thus obtained are shown in Table 1.
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<Examples 5 to 7>

[0141] Each of cross-linkable rubber compositions was obtained in the same manner as in Example 1 except that
each of the carboxyl group-containing nitrile copolymer rubbers (A-1) to (A-3) obtained in Production Examples 2 to 4
was used, in place of the carboxyl group-containing nitrile copolymer rubber (A-1), in the amount shown in Table 1, and
the amounts of the masterbatch (B-1) and carbon black were changed to the amounts shown in Table 1, and was
subjected to the evaluation in the same manner as in Example 1. The results thus obtained are shown in Table 1.

<Example 8>

[0142] A cross-linkable rubber composition was obtained in the same manner as in Example 1 except that 50 parts
of silica (trade name "Nipsil ER," made by Tosoh Silica Corporation) was used in place of 40 parts of FEF carbon black
and 5 parts of polyether ester (trade name "Adekacizer RS-700," made by ADEKA Corporation; a plasticizer) was used
in place of 5 parts of tri-2-ethylhexyl trimellitate, and was subjected to the evaluation in the same manner as in Example
1. The results thus obtained are shown in Table 1.

<Examples 9 to 11>

[0143] Each of cross-linkable rubber compositions was obtained in the same manner as in Example 8 except that
each of the carboxyl group-containing nitrile copolymer rubbers (A-1) to (A-3) obtained in Production Examples 2 to 4
was used, in place of the carboxyl group-containing nitrile copolymer rubber (A-1), in the amount shown in Table 1, and
the amounts of the masterbatch (B-1) and silica were changed to the amounts shown in Table 1, and was subjected to
the evaluation in the same manner as in Example 8. The results thus obtained are shown in Table 1.

<Example 12>

[0144] A cross-linkable rubber composition was obtained in the same manner as in Example 8 except that 0.5 parts
of γ-aminopropyltriethoxysilane (trade name "Dynasylan(R) AMEO," made by Evonik Industries AG; a silane coupling
agent) was further added, and was subjected to the evaluation in the same manner as in Example 8. The results thus
obtained are shown in Table 1.

<Examples 13 to 15>

[0145] Each of cross-linkable rubber compositions was obtained in the same manner as in Example 12 except that
each of the carboxyl group-containing nitrile copolymer rubbers (A-1) to (A-3) obtained in Production Examples 2 to 4
was used, in place of the carboxyl group-containing nitrile copolymer rubber (A-1), in the amount shown in Table 1, and
the amounts of the masterbatch (B-1) and silica were changed to the amounts shown in Table 1, and was subjected to
the evaluation in the same manner as in Example 12. The results thus obtained are shown in Table 1.

<Example 16>

[0146] A cross-linkable rubber composition was obtained in the same manner as in Example 8 except that 0.5 parts
of γ-glycidyloxypropyltrimethoxysilane (trade name "Dynasylan(R) GLYMO," made by Evonik Industries AG; a silane
coupling agent) was further added, and was subjected to the evaluation in the same manner as in Example 8. The results
thus obtained are shown in Table 2.

<Examples 17 to 19>

[0147] Each of cross-linkable rubber compositions was obtained in the same manner as in Example 16 except that
each of the carboxyl group-containing nitrile copolymer rubbers (A-1) to (A-3) obtained in Production Examples 2 to 4
was used, in place of the carboxyl group-containing nitrile copolymer rubber (A-1), in the amount shown in Table 2, and
the amounts of the masterbatch (B-1) and silica were changed to the amounts shown in Table 2, and was subjected to
the evaluation in the same manner as in Example 16. The results thus obtained are shown in Table 2.

<Comparative Example 1>

[0148] A cross-linkable rubber composition was obtained in the same manner as in Example 1 except that 6.3 parts
of 2,2-bis[4-(4-aminophenoxy)phenyl]propane was used as it was without masterbatching in place of 12.6 parts of the
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masterbatch (B-1), and was subjected to the evaluation in the same manner as in Example 1. The results thus obtained
are shown in Table 2.

<Comparative Example 2>

[0149] A cross-linkable rubber composition was obtained in the same manner as in Example 1 except that 12.6 parts
of the masterbatch (B’-5) obtained in Production Example 11 was used in place of 12.6 parts of the masterbatch (B-1),
and was subjected to the evaluation in the same manner as in Example 1. The results thus obtained are shown in Table 2.

<Comparative Example 3>

[0150] A cross-linkable rubber composition was obtained in the same manner as in Example 1 except that 12.6 parts
of the masterbatch (B’-6) obtained in Production Example 12 was used in place of 12.6 parts of the masterbatch (B-1),
and was subjected to the evaluation in the same manner as in Example 1. The results thus obtained are shown in Table 2.

<Comparative Example 4>

[0151] A cross-linkable rubber composition was obtained in the same manner as in Example 1 except that 2.4 parts
of hexamethylenediamine carbamate (trade name: Diak#1, made by Du Pont Dow Elastomer Corporation; an aliphatic
polyvalent amine cross-linking agent) was used in place of 12.6 parts of the masterbatch (B-1), and was subjected to
the evaluation in the same manner as in Example 1. The results thus obtained are shown in Table 2.

<Comparative Example 5>

[0152] A cross-linkable rubber composition was obtained in the same manner as in Example 1 except that 5 parts of
N,N’-dicinnamylidene-1,6-hexanediamine (trade name "Diak#3," made by Du Pont Dow Elastomer Corporation) was
used in place of 12.6 parts of the masterbatch (B-1), and was subjected to the evaluation in the same manner as in
Example 1. The results thus obtained are shown in Table 2.

[Table 1]

[0153]
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[0154] In Table 1 and Table 2, "ACM (b1-1)" refers to an acrylic rubber (b1-1), "ACM (b1-2)" refers to an acrylic rubber
(b1-2), "AEM (b1-3)" refers to an ethylene acrylate rubber (b1-3), "HNBR" refers to a hydrogenated nitrile rubber, and
"BAPP" refers to 2,2-bis[4-(4-aminophenoxy)phenyl]propane.
[0155] As shown in Table 1 and Table 2, it can be verified that the cross-linkable rubber compositions obtained by
adding a masterbatch (B) comprising an acrylic rubber (b1) and an aromatic polyvalent amine cross-linking agent (b2)
to a carboxyl group-containing nitrile copolymer rubber (A) having an iodine value of 120 or less have a good dispersibility
of a cross-linking agent therein and can provide cross-linked rubbers excellent in original state physical properties (tensile
strength, elongation at break), heat aging resistance (elongation change rate after heat aging) and compression set
resistance (Examples 1 to 19).
[0156] In contrast to this, when an aromatic polyvalent amine cross-linking agent (b2) was added directly without
masterbatching to a carboxyl group-containing nitrile copolymer rubber (A) having an iodine value of 120 or less, the
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dispersibility of the cross-linking agent was poor, and the obtained cross-linked rubber was poor in heat aging resistance
(elongation change rate after heat aging) (Comparative Example 1).
[0157] In addition, when a masterbatch of an aromatic polyvalent amine cross-linking agent (b2) was obtained by
using a hydrogenated nitrile rubber in place of the acrylic rubber (b1) and mixing it with the cross-linking agent at 150°C,
the dispersibility of the cross-linking agent was good but the obtained cross-linked rubber resulted in a deterioration in
heat aging resistance (elongation change rate after heat aging). When a masterbatch of an aromatic polyvalent amine
cross-linking agent (b2) was obtained by using a hydrogenated nitrile rubber in place of the acrylic rubber (b1) and mixing
it with the cross-linking agent at 120°C, the dispersibility of the cross-linking agent was poor and the obtained cross-
linked rubber resulted in a deterioration in heat aging resistance (elongation change rate after heat aging) (Comparative
Examples 2 and 3).
[0158] Further, when hexamethylenediamine carbamate or N,N’-dicinnamylidene-1,6-hexanediamine was used in
place of the masterbatch (B) comprising an acrylic rubber (b1) and an aromatic polyvalent amine cross-linking agent
(b2), the obtained cross-linked rubbers were poor in heat aging resistance (elongation change rate after heat aging)
(Comparative Examples 4 and 5).

Claims

1. A method for producing a cross-linkable rubber composition, comprising:

a first step of providing a carboxyl group-containing nitrile copolymer rubber (A) having an iodine value of 120
or less;
a second step of mixing an acrylic rubber (b1) with an aromatic polyamine cross-linking agent (b2) to obtain a
masterbatch (B); and
a third step of mixing the carboxyl group-containing nitrile copolymer rubber (A) with the masterbatch (B).

2. The method for producing a cross-linkable rubber composition according to claim 1, wherein the second step is a
step of mixing the acrylic rubber (b1) with the aromatic polyamine cross-linking agent (b2) at a temperature higher
than a melting point of the aromatic polyamine cross-linking agent (b2) by 10°C or more.

3. The method for producing a cross-linkable rubber composition according to claim 1 or 2, wherein an amount of the
masterbatch (B) mixed is 0.1 to 40 parts by weight in relation to 100 parts by weight of the carboxyl group-containing
nitrile copolymer rubber (A).

4. The method for producing a cross-linkable rubber composition according to any one of claims 1 to 3, wherein a
mixing ratio between the acrylic rubber (b1) and the aromatic polyamine cross-linking agent (b2), the acrylic rubber
(b1): the aromatic polyamine cross-linking agent (b2), is 20:80 to 90:10 by weight.

5. The method for producing a cross-linkable rubber composition according to any one of claims 1 to 4, wherein the
third step is a step of mixing the carboxyl group-containing nitrile copolymer rubber (A) with the masterbatch (B)
and silica.

6. The method for producing a cross-linkable rubber composition according to any one of claims 1 to 5, wherein the
acrylic rubber (b1) comprises 50 to 100 wt% of a (meth)acrylate ester monomer unit and 0 to 10 wt% of a cross-
linkable monomer unit.

7. The method for producing a cross-linkable rubber composition according to any one of claims 1 to 5, wherein the
acrylic rubber (b1) comprises 50 to 99.9 wt% of a (meth)acrylate ester monomer unit, 0 to 10 wt% of a cross-linkable
monomer unit, and 0.1 to 50 wt% of an ethylene monomer unit.

8. The method for producing a cross-linkable rubber composition according to any one of claims 1 to 7, wherein the
aromatic polyamine cross-linking agent (b2) has a phenoxy group.

9. A method for producing a cross-linked rubber, comprising a step of cross-linking the cross-linkable rubber composition
obtained by the method according to any one of claims 1 to 8.
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