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(57) ABSTRACT

A rubber composition for a tire rim cushion or rubber
finishing contains a diene rubber and a filler containing a
carbon black. The diene rubber contains a natural rubber
and/or an isoprene rubber, and a modified polymer that is
obtained by reacting a nitrone compound with a double bond
of a conjugated diene polymer. The content of the natural
rubber and/or the isoprene rubber in the diene rubber is from
30 to 60 mass %, the content of the modified polymer in the
diene rubber is from 8 to 70 mass %, the content of the filler
is from 60 to 90 parts by mass per 100 parts by mass of the
diene rubber, and the nitrogen adsorption specific surface
area of the carbon black is from 60 to 150 m*/g. Such rubber
composition has excellent low heat build-up and ozone
resistance when formed into a tire.
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RUBBER COMPOSITION FOR TIRE RIM
CUSHION OR RUBBER FINISHING, AND
PNEUMATIC TIRE

TECHNICAL FIELD

[0001] The present invention relates to a rubber compo-
sition for a tire rim cushion or rubber finishing and a
pneumatic tire.

[0002] BACKGROUND ART

[0003] A rim cushion is provided on the outer surface of
a bead portion of a pneumatic tire in a manner that the rim
cushion is in close contact with a rim when the tire is
mounted on a rim of a wheel.

[0004] Furthermore, for the finishing of a pneumatic tire,
a rubber sheet that does not use fibers (so-called rubber
finishing) has been used to reduce the weight and/or the cost
of the tire.

[0005] For example, Patent Document 1 discloses “a rub-
ber composition for tire rim cushion or rubber finishing
comprising: from 1 to 30 parts by mass of a polyrotaxane
compound having a cyclic molecule with blocked isocyanate
group, a straight chain molecule that skewers the cyclic
molecule, and terminal groups disposed at both ends of the
straight chain molecule preventing the cyclic molecule from
being detached from the straight chain molecule, and from
70 to 90 parts by mass of a carbon black whose nitrogen
adsorption specific surface area (N,SA) is from 90 to 130
m?/g, per 100 parts by mass of a rubber component com-
prising from 40 to 60 parts by mass of a natural rubber and
from 60 to 40 parts by mass of a diene rubber having a
modified group capable of reacting with an isocyanate
group” ([Claim 1]).

[0006] Furthermore, Patent Document 2 discloses “a rub-
ber composition for a tire rim cushion or rubber finishing
comprising from 55 to 75 parts by mass of a carbon black (1)
having a nitrogen adsorption specific surface area of not less
than 35 m%g and less than 50 m*/g and from 5 to 20 parts
by mass of a carbon black (2) having a nitrogen adsorption
specific surface area of not less than 50 m*/g and not greater
than 95 m*/g, per 100 parts by mass of a rubber component
containing from 30 to 70 mass % of butadiene rubber having
a cis-1,4 bond content of not less than 97% and a Mooney
viscosity (ML1+4) of not less than 45 at 100° C., (T-cp)/
(ML1+4), which is a ratio of (T-cp) [cps], a viscosity of a 5
mass % toluene solution at 25° C., to the Mooney viscosity,
being at least 2.0, and from 30 to 70 mass % of other diene
rubbers; the total of the carbon blacks (1) and (2) being from
60 to 95 parts by mass”.

CITATION LIST

Patent Literature

[0007] Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2014-34623
[0008] Patent Document 2: Japanese Unexamined Patent
Application Publication No. 2014-31425

SUMMARY OF INVENTION

Technical Problem

[0009] When the inventors of the present invention pre-
pared the rubber compositions described in Patent Docu-
ments 1 and 2 and produced tires, the inventors found that
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the durability (e.g. ozone resistance or wear resistance)
thereof needs to be further enhanced, considering that higher
levels of durability will be required in the future. Further-
more, it was also found that the low heat build-up of the
obtained tires was not always satisfactory to the level that is
required recently.

[0010] Therefore, an object of the present invention is to
provide a rubber composition for a tire rim cushion or rubber
finishing, which exhibits excellent low heat build-up and
durability when formed into a tire; and a pneumatic tire that
uses the rubber composition.

SUMMARY OF INVENTION

[0011] As a result of diligent research to solve the above
problems, the inventors have found that the problems
described above can be solved by using a diene rubber,
which is a combination of a natural rubber and/or an
isoprene rubber, and a modified polymer that is obtained by
modifying a conjugated diene polymer with a nitrone com-
pound, and using a filler containing a carbon black having a
specific nitrogen adsorption specific surface area in a spe-
cific amount, and thus completed the present invention.
[0012] Specifically, the inventors discovered that the
object described above can be achieved by the following
features.

[0013] [1] A rubber composition for a tire rim cushion or
rubber finishing, the rubber composition comprising: a diene
rubber and a filler containing a carbon black;

[0014] the diene rubber containing a natural rubber and/or
an isoprene rubber, and a modified polymer that is obtained
by reacting a nitrone compound with a double bond of a
conjugated diene polymer;

[0015] a content of the natural rubber and/or the isoprene
rubber in the diene rubber being from 30 to 60 mass %;
[0016] a content of the modified polymer in the diene
rubber being from 8 to 70 mass %;

[0017] a content of the filler being from 60 to 90 parts by
mass per 100 parts by mass of the diene rubber; and a
nitrogen adsorption specific surface area of the carbon black
being from 60 to 150 m*/g.

[0018] [2] The rubber composition for a tire rim cushion
or rubber finishing according to [1], where the diene rubber
contains the natural rubber,

[0019] a content of the natural rubber in the diene rubber
is from 30 to 60 mass %, and

[0020] a content of the carbon black is from 67 to 90 parts
by mass per 100 parts by mass of the diene rubber.

[0021] [3] The rubber composition for a tire rim cushion
or rubber finishing according to [1], where the filler further
contains silica,

[0022] a content of the carbon black is from 5 to 85 parts
by mass per 100 parts by mass of the diene rubber,

[0023] a content of the silica is from 5 to 85 parts by mass
per 100 parts by mass of the diene rubber, and a total content
of the carbon black and the silica is from 60 to 90 parts by
mass per 100 parts by mass of the diene rubber.

[0024] [4] The rubber composition for a tire rim cushion
or rubber finishing according to [3], where a CTAB adsorp-
tion specific surface area of the silica is from 50 to 230 m*/g.
[0025] [5] The rubber composition for a tire rim cushion
or rubber finishing according to any one of [1] to [4], where
the nitrone compound is a compound selected from the
group consisting of N-phenyl-a-(4-carboxyphenyl)nitrone,
N-phenyl-a-(3-carboxyphenyl)nitrone, N-phenyl-c.-(2-car-
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boxyphenyl)nitrone, N-(4-carboxyphenyl)-a.-phenylnitrone,
N-(3-carboxyphenyl)-a.-phenylnitrone, and N-(2-carboxy-
phenyl)-a-phenylnitrone.

[0026] [6] The rubber composition for a tire rim cushion
or rubber finishing according to any one of [1] to [5], where
a degree of modification of the modified polymer is from
0.02 to 4.0 mol %,

[0027] where “degree of modification” refers to a propor-
tion (mol %) of double bonds modified with the nitrone
compound relative to all the double bonds of conjugated
diene contained in the conjugated diene polymer.

[0028] [7] The rubber composition for a tire rim cushion
or rubber finishing according to any one of [1] to [6], where
an amount of the nitrone compound that is reacted with the
double bond of the conjugated diene polymer is from 0.1 to
10 parts by mass per 100 parts by mass of the diene rubber.
[0029] [8] The rubber composition for a tire rim cushion
or rubber finishing according to any one of [1] to [7], where
the modified polymer is a modified polymer obtained by
reacting the nitrone compound with a double bond of a
butadiene rubber.

[0030] [9] A pneumatic tire comprising the rubber com-
position described in any one of [1] to [8] in a tire rim
cushion or rubber finishing.

Advantageous Effects of Invention

[0031] As described below, according to the present
invention, a rubber composition for a tire rim cushion or
rubber finishing, which exhibits low heat build-up and
durability when formed into a tire; and a pneumatic tire that
uses the rubber composition can be provided.

BRIEF DESCRIPTION OF DRAWING

[0032] FIG. 1 is a partial cross-sectional schematic view
of a tire that represents one embodiment of a pneumatic tire
of the present invention.

DESCRIPTION OF EMBODIMENT

[0033] The rubber composition for a tire rim cushion or
rubber finishing of the present invention and the pneumatic
tire of the present invention will be described below.
[0034] In this specification, a numerical range represented
using “(from) . . . to . . . ” refers to a range including a
numerical values preceding “to” as a lower limit value and
a numerical value following “to” as a upper limit value,
respectively.

Rubber Composition for Tire Rim Cushion or Rubber
Finishing

[0035] The rubber composition for a tire rim cushion or
rubber finishing of the present invention (hereinafter, also
referred to as “rubber composition of the present invention™)
contains a diene rubber and a filler containing a carbon
black.

[0036] Note that the diene rubber contains a natural rubber
and/or an isoprene rubber, and a modified polymer that is
obtained by reacting a nitrone compound with a double bond
of a conjugated diene polymer. The content of the natural
rubber and/or the isoprene rubber in the diene rubber is from
30 to 60 mass %, and the content of the modified polymer
in the diene rubber is from 8 to 70 mass %.

[0037] Furthermore, the content of the filler is from 60 to
90 parts by mass per 100 parts by mass of the diene rubber,
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and the nitrogen adsorption specific surface area of the
carbon black is from 60 to 150 m*/g.

[0038] It is conceived that the rubber composition of the
present invention exhibits excellent low heat build-up and
durability (e.g. ozone resistance or wear resistance) since the
rubber composition has such a configuration.

[0039] As described above, the rubber composition of the
present invention contains a modified polymer that is
obtained by modifying a conjugated diene polymer with a
nitrone compound. Because of this, the nitrone-modified
moiety of the modified polymer interacts with the carbon
black in the composition (also interacts with the silica in the
composition in the case where the composition contains
silica) and enhances dispersibility of the carbon black (also
enhances dispersibility of the silica in the composition in the
case where the composition contains silica). It is conceived
that, as a result, the Payne effect is reduced and excellent low
heat build-up is achieved when the composition is formed
into a tire. It is also conceived that the wear resistance and
ozone resistance are enhanced due to the interaction.
[0040] This is also deduced from the fact that, as shown in
working examples and comparative examples described
below, the cases where the modified polymer is contained
(working examples) exhibit superior low heat build-up com-
pared to that of the case where no modified polymer is
contained (Comparative Example 1).

[0041] Furthermore, this is also deduced from the fact that,
as shown in working examples and comparative examples
described below, the cases where the modified polymer is
contained (Working Examples 10 to 13) exhibit superior low
heat build-up and wear resistance compared to those of the
cases where no modified polymer is contained (Comparative
Examples 5 and 6).

[0042] Each of the components contained in the rubber
composition of the present invention will be described in
detail hereinafter.

Diene Rubber

[0043] The diene rubber contained in the rubber compo-
sition of the present invention contains a natural rubber
and/or an isoprene rubber, and a modified polymer that is
obtained by modifying a conjugated diene polymer with a
nitrone compound. Note that the content of the natural
rubber and/or the isoprene rubber in the diene rubber is from
30 to 60 mass %, and the content of the modified polymer
in the diene rubber is from 8 to 70 mass %.

[0044] The diene rubber may contain another rubber com-
ponent except the natural rubber and/or the isoprene rubber
and the modified polymer described above. Such another
rubber component is not particularly limited, and examples
thereof include a butadiene rubber (BR), aromatic vinyl-
conjugated diene copolymer rubber (e.g. styrene butadiene
rubber (SBR)), acrylonitrile-butadiene copolymer rubber
(NBR), butyl rubber (IIR), halogenated butyl rubber (Br-
IIR, CI-IIR), chloroprene rubber (CR), and the like. Among
these, a butadiene rubber (BR) is preferable.

Natural Rubber and/or Isoprene Rubber

[0045] As described above, the diene rubber contained in
the rubber composition of the present invention contains a
natural rubber and/or an isoprene rubber. From the perspec-
tive of wear resistance, a natural rubber and an isoprene
rubber are preferably contained, and a natural rubber is more
preferably contained. From the perspective of ozone resis-
tance, a natural rubber is preferably contained.



US 2017/0073506 Al

[0046] The content of the natural rubber and/or the iso-
prene rubber in the diene rubber is not particularly limited as
long as the content is from 30 to 60 mass %; however, from
the perspectives of wear resistance, weatherability, and the
like, the content is preferably from 35 to 55 mass %.

Modified Polymer

[0047] As described above, the diene rubber contained in
the rubber composition of the present invention contains a
modified polymer that is obtained by modifying a conju-
gated diene polymer with a nitrone compound.

Conjugated Diene Polymer

[0048] The conjugated diene polymer used in the produc-
tion of the modified polymer is not particularly limited.
Specific examples thereof include a natural rubber (NR),
isoprene rubber (IR), butadiene rubber (BR), aromatic vinyl-
conjugated diene copolymer rubber (e.g. SBR), acryloni-
trile-butadiene copolymer rubber (NBR), butyl rubber (IIR),
halogenated butyl rubber (Br-IIR, CI-IIR), chloroprene rub-
ber (CR), and the like. Among these, a butadiene rubber
(BR) is preferable. That is, the modified polymer is prefer-
ably a modified polymer obtained by reacting a nitrone
compound with a double bond of the butadiene rubber.

Nitrone Compound

[0049] The nitrone compound used in the production of
the modified polymer is not particularly limited as long as
the nitrone compound is a compound having a nitrone group
represented by Formula (1) below.

[Chemical Formula 1]

Formula (1)

o
*_Il\]+=c_*
|
H

[0050] In Formula (1) above, * indicates a bond position.
[0051] The nitrone compound is preferably a compound
represented by Formula (2) below.

[Chemical Formula 2]

Formula (2)

X—N+=T—Y
H

In Formula (2) above, X and Y each independently represent
an aliphatic hydrocarbon group, an aromatic hydrocarbon
group, or an aromatic heterocycle group that may have a
substituent.

[0052] Examples of the aliphatic hydrocarbon group rep-
resented by X or Y include alkyl groups, cycloalkyl groups,
alkenyl groups, and the like. Examples of the alkyl group
include a methyl group, an ethyl group, a n-propyl group, an
isopropyl group, a n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, a n-pentyl group, an
isopentyl group, a neopentyl group, a tert-pentyl group, a
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1-methylbutyl group, a 2-methylbutyl group, a 1,2-dimeth-
ylpropyl group, a n-hexyl group, a n-heptyl group, a n-octyl
group, and the like. Among these, alkyl groups having from
1 to 18 carbons are preferable, and alkyl groups having from
1 to 6 carbons are more preferable. Examples of the
cycloalkyl group include a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, and the like.
Among these, cycloalkyl groups having from 3 to 10 car-
bons are preferable, and cycloalkyl groups having from 3 to
6 carbons are more preferable. Examples of the alkenyl
group include a vinyl group, a 1-propenyl group, an allyl
group, an isopropenyl group, a 1-butenyl group, a 2-butenyl
group, and the like. Among these, alkenyl groups having
from 2 to 18 carbons are preferable, and alkenyl groups
having from 2 to 6 carbons are more preferable.

[0053] Examples of the aromatic hydrocarbon group rep-
resented by X or Y include aryl groups, aralkyl groups, and
the like.

[0054] Examples ofthe aryl group include a phenyl group,
a naphthyl group, an anthryl group, a phenanthryl group, a
biphenyl group, and the like. Among these, aryl groups
having from 6 to 14 carbons are preferable, aryl groups
having from 6 to 10 carbons are more preferable, and a
phenyl group and a naphthyl group are even more prefer-
able.

[0055] Examples of the aralkyl group include a benzyl
group, a phenethyl group, a phenylpropyl group, and the
like. Among these, aralkyl groups having from 7 to 13
carbons are preferable, aralkyl groups having from 7 to 11
carbons are more preferable, and a benzyl group is even
more preferable.

[0056] Examples of the aromatic heterocycle group rep-
resented by X or Y include a pyrrolyl group, a furyl group,
a thienyl group, a pyrazolyl group, an imidazolyl group (an
imidazole group), an oxazolyl group, an isoxazolyl group, a
thiazolyl group, an isothiazolyl group, a pyridyl group (a
pyridine group), a furan group, a thiophene group, a
pyridazinyl group, a pyrimidinyl group, a pyrazinyl group,
and the like. Among these, a pyridyl group is preferable.
[0057] The substituent that may be included in the group
represented by X or Y is not particularly limited. Examples
thereof include alkyl groups having from 1 to 4 carbons,
hydroxy groups, amino groups, nitro groups, carboxy
groups, sulfonyl groups, alkoxy groups, halogen atoms, and
the like. Among these, carboxy groups are preferable.

[0058] Note that examples of the aromatic hydrocarbon
group having such a substituent include aryl groups having
a substituent, such as a tolyl group and a xylyl group; aralkyl
groups having a substituent, such as a methylbenzyl group,
an ethylbenzyl group, and a methylphenethyl group; and the
like.

[0059] The compound represented by Formula (2) above
is preferably a compound represented by Formula (3) below.

[Chemical Formula 3]

(HOOCQ E;=C 4@%0;»

|
H

Formula (3)
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[0060] In Formula (3), m and n each independently rep-
resent an integer from 0 to 5, and a sum of m and nis 1 or
greater.

[0061] The integer represented by m is preferably an
integer from O to 2, and more preferably an integer O or 1,
because solubility to a solvent during nitrone compound
synthesis is better, thereby making the synthesis easier.
[0062] The integer represented by n is preferably an
integer from O to 2, and more preferably an integer of 0 or
1, because solubility to a solvent during nitrone compound
synthesis is better, thereby making the synthesis easier.
[0063] Furthermore, the sum of m and n (m+n) is prefer-
ably from 1 to 4, and more preferably 1 or 2.

[0064] The carboxynitrone represented by Formula (3) is
not particularly limited, but is preferably a compound
selected from the group consisting of N-phenyl-a.-(4-car-
boxyphenyl)nitrone represented by Formula (3-1) below,
N-phenyl-a-(3-carboxyphenyl)nitrone represented by For-
mula (3-2) below, N-phenyl-a-(2-carboxyphenyl)nitrone
represented by Formula (3-3) below, N-(4-carboxyphenyl)-
a-phenylnitrone represented by Formula (3-4) below, N-(3-
carboxyphenyl)-a.-phenylnitrone represented by Formula
(3-5) below, and N-(2-carboxyphenyl)-c.-phenylnitrone rep-
resented by Formula (3-6) below.

[Chemical Formula 4]

G-

O
H
G-2)
COOH
O_
Q N+= C
|
H
G-3)
HOOC
O_
Q N+= C
|
H
G-4)
:
oA )
H
B-5)
O_
N+= C O
|
H
HOOC
3-6)
O_
N+= C @
|
H
COOH

[0065] The method of synthesizing the nitrone compound
is not particularly limited, and conventionally known meth-
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ods can be used. For example, a nitrone compound having
a nitrone group is obtained by agitating a compound having
a hydroxyamino group (—NHOH) and a compound having
an aldehyde group (—CHO) at a molar ratio of the
hydroxyamino group to the aldehyde group (—NHOH/—
CHO) of 1.0 to 1.5 in the presence of an organic solvent (e.g.
methanol, ethanol, tetrahydrofuran, and the like) at room
temperature for 1 to 24 hours to allow the both groups to
react.

Method of Producing Modified Polymer

[0066] The method of producing the modified polymer in
which a nitrone compound is reacted with a double bond of
a conjugated diene polymer is not particularly limited;
however, an example is a method in which the conjugated
diene polymer described above and the nitrone compound
described above are blended at 100 to 200° C. for 1 to 30
minutes.

[0067] When blended as such, a cycloaddition reaction
occurs between the double bond of the conjugated diene
contained in the conjugated diene polymer and the nitrone
group in the nitrone compound to form a five-membered
ring as described in Formula (4) or Formula (5) below. Note
that Formula (4) below represents a reaction between a
1,4-bond and a nitrone compound, and Formula (5) below
represents a reaction between a 1,2-vinyl bond and a nitrone
compound. Furthermore, Formula (4) and (5) represent
reactions in the case where the conjugated diene is butadiene
(1,3-butadiene); however, even when the conjugated diene is
other than butadiene, the five-membered ring is obtained by
a similar reaction.

[Chemical Formula 5]

Formula (4)
HC=CH #_{H 1"/&,11
CH-CH
— [\
o O\ /CH
| N
N+=T
H
[Chemical Formula 6]
Formula (5)

[0068] The amount of the nitrone compound to be reacted
with the double bond of the conjugated diene polymer is not
particularly limited; however, the amount is preferably from
0.1 to 10 parts by mass, and more preferably from 0.3 to 5
parts by mass, per 100 parts by mass of the conjugated diene
polymer.
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Degree of Modification

[0069] The degree of modification of the modified poly-
mer is not particularly limited; however, the degree of
modification is preferably from 0.02 to 4.0 mol %, and more
preferably from 0.10 to 2.0 mol %.

[0070] Here, “degree of modification” refers to a propor-
tion (mol %) of double bonds modified with the nitrone
compound relative to all the double bonds of conjugated
diene contained in the conjugated diene polymer, and more
specifically refers to a proportion (mol %) of the structure of
Formula (4) above or Formula (5) above that is formed due
to the modification by the nitrone compound. The degree of
modification can be determined by, for example, performing
NMR measurement of the conjugated diene polymer and the
modified polymer (that is, the polymer before and after the
modification).

[0071] Note that, in the present specification, the modified
polymer having the degree of modification of 100 mol %
also corresponds to the diene rubber.

[0072] The content of the modified polymer in the diene
rubber is not particularly limited as long as the content is
from 8 to 70 mass %; however, from the perspective of
achieving even better low heat build-up and durability (wear
resistance) when a tire is formed, the content is preferably
from 20 to 60 mass %, and more preferably from 40 to 60
mass %.

Filler

[0073] The filler contained in the rubber composition of
the present invention is a filler containing a carbon black.
[0074] The content of the filler is from 60 to 90 parts by
mass, preferably greater than 60 parts by mass but 85 parts
by mass or less, and more preferably from 70 to 85 parts by
mass, per 100 parts by mass of the diene rubber.

Carbon Black

[0075] The carbon black contained in the rubber compo-
sition of the present invention is not particularly limited as
long as the carbon black has the nitrogen adsorption specific
surface area of 60 to 150 m*/g.

[0076] Furthermore, the nitrogen adsorption specific sur-
face area (N,SA) of the carbon black is preferably greater
than 60 m*/g but 145 m*/g or less, more preferably from 70
to 145 m*/g from the perspective of ozone resistance, and
more preferably from 70 to 130 m*/g from the perspective
of wear resistance.

[0077] Note that the nitrogen adsorption specific surface
area (N,SA) is a value of the amount of nitrogen adsorbed
to a surface of carbon black, measured in accordance with
JIS K6217-2:2001 (Part 2: Determination of specific surface
area—Nitrogen adsorption methods—Single-point proce-
dures).

[0078] From the perspective of ozone resistance, the con-
tent of the carbon black is preferably from 67 to 90 parts by
mass, more preferably greater than 67 parts by mass but 90
parts by mass or less, and even more preferably from 70 to
85 parts by mass, per 100 parts by mass of the diene rubber.
[0079] Furthermore, when the filler further contains silica
as described below, the content of the carbon black is
preferably from 5 to 85 parts by mass, and more preferably
from 10 to 75 parts by mass, per 100 parts by mass of the
diene rubber, and even more preferably from 10 to 30 parts
by mass from the perspective of achieving even better low
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heat build-up, and even more preferably from 35 to 60 parts
by mass from the perspective of achieving even better
durability (wear resistance).

Silica

[0080] The filler may further contain silica from the per-
spective of wear resistance and the like.

[0081] The silica contained in the rubber composition of
the present invention has the cetyltrimethylammonium bro-
mide (CTAB) adsorption specific surface area of preferably
50 to 230 m*/g, more preferably from 100 to 185 m*/g, and
even more preferably from 100 to 140 m*/g

[0082] Note that the CTAB adsorption specific surface
area is an alternative characteristic of the surface area of the
silica that can be utilized for adsorption to the silane
coupling agent. The CTAB adsorption specific surface area
is a value determined by measuring the amount of CTAB
adsorption to the silica surface in accordance with JIS
K6217-3:2001 “Part 3: How to Determine Specific Surface
Area—CTAB Adsorption Method”.

[0083] The content of the silica is preferably from 5 to 85
parts by mass, and more preferably from 10 to 80 parts by
mass, per 100 parts by mass of the diene rubber, and even
more preferably from 25 to 45 parts by mass from the
perspective of achieving even better wear resistance, and
even more preferably from 50 to 75 parts by mass from the
perspective of achieving even better low heat build-up.
[0084] Total content of carbon black and silica The total
content of the carbon black and the silica is preferably from
60 to 90 parts by mass, more preferably greater than 60 parts
by mass but 85 parts by mass or less, and even more
preferably from 70 to 85 parts by mass, per 100 parts by
mass of the diene rubber from the perspectives of low heat
build-up and wear resistance.

[0085] The mass ratio of the carbon black to the silica
(carbon black/silica) is preferably 1 or greater, and more
preferably 1.5 or greater, from the perspective of achieving
even better wear resistance.

[0086] Furthermore, the mass ratio is preferably less than
1, and more preferably 0.5 or less, from the perspective of
achieving even better low heat build-up.

Optional Component

[0087] The rubber composition of the present invention
may contain another additive as necessary in a range that
does not inhibit the object of the present invention.

[0088] Examples of the additive include various additives
typically used in rubber compositions, such as fillers except
the carbon black and the silica, silane coupling agents, zinc
oxide (zinc white), stearic acid, resins for adhesion, peptiz-
ing agents, anti-aging agents, waxes, processing aids, aroma
oils, liquid polymers, terpene-based resins, thermosetting
resins, vulcanizing agents (e.g. sulfur), and vulcanization
accelerators.

[0089] Among these additives, use of a wax is preferable.
In a pneumatic tire produced by using the rubber composi-
tion of the present invention, polarity may change since a
nitrone-modified moiety is contained. Therefore, migration
of the wax to the surface is promoted, thereby further
enhancing cracking resistance. As a result, the pneumatic
tire produced by using the rubber composition of the present
invention exhibits even better durability (ozone resistance).
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[0090] In the rubber composition of the present invention,
if a wax is added to the composition, the content of the wax
is not particularly limited; however, from the perspective of
appearance, the content is preferably from 1 to 2.5 parts by
mass per 100 parts by mass of the diene rubber.

Method of Producing Rubber Composition

[0091] The method of producing the rubber composition
of the present invention is not particularly limited, and
specific examples thereof include a method whereby each of
the above-mentioned components is kneaded using a pub-
licly known method and device (e.g. Banbury mixer,
kneader, roller, and the like). When the composition of the
present invention contains sulfur or a vulcanization accel-
erator, the components other than the sulfur and the vulca-
nization accelerator are preferably mixed first at a high
temperature (preferably 40° C. to 160° C.). After the mixture
is cooled, then the sulfur and the vulcanization accelerator
are mixed.

[0092] In addition, the rubber composition of the present
invention can be vulcanized or crosslinked under conven-
tional, publicly known vulcanizing or crosslinking condi-
tions.

Application

[0093] The rubber composition of the present invention is
used in production of a pneumatic tire. In particular, the
rubber composition is preferably used in a tire rim cushion
or rubber finishing of a pneumatic tire.

Pneumatic Tire

[0094] The pneumatic tire of the present invention is a
pneumatic tire that is produced by using the rubber compo-
sition of the present invention described above. In particular,
the pneumatic tire of the present invention is preferably a
pneumatic tire that comprises the rubber composition of the
present invention in the tire rim cushion or rubber finishing.
[0095] FIG. 1 is a partial cross-sectional schematic view
of a tire that represents one embodiment of the pneumatic
tire of the present invention, but the pneumatic tire of the
present invention is not limited to the embodiment illus-
trated in FIG. 1.

[0096] In FIG. 1, reference sign 1 denotes a bead portion,
reference sign 2 denotes a sidewall portion, and reference
sign 3 denotes a tire tread portion.

[0097] In addition, a carcass layer 4, in which fiber cords
are embedded, is mounted between a left-right pair of the
bead portions 1, and ends of the carcass layer 4 are turned
up around bead cores 5 and bead fillers 6 from an inner side
to an outer side of the tire.

[0098] In the tire tread portion 3, a belt layer 7 is provided
along the entire circumference of the tire on the outer side
of the carcass layer 4.

[0099] Additionally, rim cushions 8 are provided in parts
of'the bead portions 1 that are in contact with a rim. Note that
the rim cushion 8 illustrated in FIG. 1 is a member, a part of
which has a finishing function, and the part having this
function may be particularly referred to as “rubber finish-
ing”.

[0100] The pneumatic tire of the present invention can be
produced, for example, in accordance with a conventionally
known method. In addition to ordinary air or air with an
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adjusted oxygen partial pressure, inert gases such as nitro-
gen, argon, and helium can be used as the gas with which the
tire is filled.

EXAMPLES

[0101] Hereinafter, the present invention will be further
described in detail with reference to examples; however, the
present invention is not limited thereto.

Synthesis of Nitrone Compound (Carboxynitrone)

[0102] Ina2 L egg-plant shaped flask, methanol heated to
40° C. (900 mL) was placed, and then terephthalaldehydic
acid represented by Formula (b-1) below (30.0 g) was added
and dissolved. In this solution, a solution in which phenyl-
hydroxylamine represented by Formula (a-1) below (21.8 g)
was dissolved in methanol (100 mL) was added and stirred
at room temperature for 19 hours. After the completion of
stirring, a nitrone compound (carboxynitrone; 41.7 g) rep-
resented by Formula (c-1) below was obtained by recrys-
tallization from methanol. The yield was 86%.

[Formula 7]

(a-1)

OHC COOH
—_—
MeOH, 1t, 19 h

(b-1)

|
OO
A
Y. 86%

Synthesis of Modified Polymer (Modified Polymer 1)

[0103] In a Banbury mixer at 120° C., a butadiene rubber
(Nipol BR1220, manufactured by Zeon Corporation) was
charged and masticated for 2 minutes. Thereafter, 1 part by
mass of the nitrone compound synthesized as described
above was added per 100 parts by mass of the butadiene
rubber, and mixed at 150° C. for 5 minutes to modify the
butadiene rubber with the nitrone compound. Thus, the
nitrone-modified butadiene rubber was obtained. The
obtained modified polymer was used as the modified poly-
mer 1.

[0104] When NMR measurement was performed for the
obtained modified polymer 1 to determine the degree of
modification, the degree of modification of the modified
polymer 1 was 0.19 mol %. Specifically, the degree of
modification was determined as described below. The degree
of modification was determined by measuring the peak area
at around 8.08 ppm (attributed to the two protons adjacent
to the carboxy group) via "H-NMR analysis (CDCl;, 400
MHz, TMS) for the butadiene rubber before and after the
modification, using CDCl; as a solvent. Note that the
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'H-NMR measurement of the modified polymer 1 was
performed by using a sample obtained by repeating the
purification twice, wherein the modified polymer 1 was
dissolved in toluene precipitating in methanol, and then
drying under reduced pressure.

Synthesis of Modified Polymer (Modified Polymer 2)

[0105] The butadiene rubber was modified with the
nitrone compound in the same manner as for the modified
polymer 1 except for changing the compounded amount of
the nitrone compound from 1 part by mass to 2 parts by
mass. The obtained modified polymer was used as the
modified polymer 2.

[0106] NMR measurement was performed for the
obtained modified polymer 2 to determine the degree of
modification, and the degree of modification of the modified
polymer 2 was 0.41 mol %. The method of determining the
degree of modification is as described above.

Comparative Examples 1 to 3 and Working
Examples 1 to 9

Preparation of Rubber Composition

[0107] The components shown in Table 1 to Table 3 below
were blended in the proportions (parts by mass) shown in
Table 1 to Table 3.

[0108] Specifically, the components shown in Table 1 to
Table 3 below except for the sulfur and the vulcanization
accelerator were first mixed in a Banbury mixer at 80° C. for
5 minutes. Thereafter, a roll was used to mix in the sulfur and
the vulcanization accelerator to obtain a rubber composition.

Production of Vulcanized Rubber Sheet

[0109] A vulcanized rubber sheet was prepared by press-
vulcanizing each of the obtained (unvulcanized) rubber
compositions for 15 minutes at 160° C. in a mold (15 cmx15
cmx0.2 cm).

Evaluation of Heat Build-Up

[0110] The loss tangent (tan 5 (60° C.)) was measured for
the obtained vulcanized rubber sheet using a viscoelastic
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spectrometer (manufactured by Toyo Seiki Seisaku-sho,
Ltd.) under the following conditions: 10% initial strain, +2%
amplitude, 20 Hz frequency, at a temperature of 60° C. The
results thereof are shown in Table 1 to Table 3 (heat
build-up). The results were shown as follows: the result in
Table 1 below was expressed as an index relative to tan 5
(60° C.) of Comparative Example 1 as 100; the result in
Table 2 below was expressed as an index relative to tan 5
(60° C.) of Comparative Example 2 as 100; and the result in
Table 3 below was expressed as an index relative to tan 5
(60° C.) of Comparative Example 3 as 100. A smaller value
indicates superior low heat build-up when formed into a tire.

Evaluation of Ozone Resistance

[0111] The obtained vulcanized rubber sheet was placed in
an ozone tank (50° C., 100 pphm) and allowed to stand still
under a condition of 40% elongation for 48 hours. There-
after, the vulcanized rubber sheet was observed, and the
number of cracks having a length of 1 mm or greater that are
present on the surface was counted. Evaluation was per-
formed based on the criteria described below. The results are
shown in Table 1 to Table 3 (ozone resistance). Practically,
the evaluation result is preferably from 3 to 5, and more
preferably 4 or 5.

[0112]

[0113] 4: 1 or more but less than 10 cracks of 1 mm or
greater were observed.

[0114] 3: 10 or more but 20 or less cracks of 1 mm or
greater were observed.

5: no cracks of 1 mm or greater were observed.

[0115] 2: 21 or more cracks of 1 mm or greater were
observed.

[0116] 1: the vulcanized rubber sheet was broken.

[0117] In Table 1 to Table 3 below, “CPN conversion

value” indicates the amount in terms of part by mass of the
nitrone compound used in the synthesis of the modified
polymer relative to 100 parts by mass of the diene rubber.

[0118] Furthermore, in Table 1 to Table 3 below, “degree
of modification” indicates the degree of modification of the
modified polymer described above.

TABLE 1

Comparative Working Working Working

Example 1 Example 1 Example 2 Example 3
Natural rubber 45.00 45.00 45.00 45.00
Butadiene rubber 55.00 25.00 —
Modified polymer 1 — 30.00 55.00 —
Modified polymer 2 — — 55.00
Carbon black 1 80.00 80.00 80.00 80.00
Zinc oxide 2.00 2.00 2.00 2.00
Stearic acid 2.00 2.00 2.00 2.00
Anti-aging agent 2.00 2.00 2.00 2.00
Wax 1.00 1.00 1.00 1.00
Process oil 10.00 10.00 10.00 10.00
Vulcanization 1.00 1.00 1.00 1.00
accelerator
Sulfur 3.00 3.00 3.00 3.00
CPN conversion 0.00 0.30 0.55 1.10
value
(parts by mass)
Modification — 150° C., 5 min 130° C., 5 min 150° C., 5 min

conditions
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TABLE 1-continued

Comparative Working Working Working

Example 1 Example 1 Example 2 Example 3
Degree of — 0.19 0.19 0.41
modification
(mol %)
Heat build-up 100 95 89 87
Ozone resistance 2 3 3 4

TABLE 2

Comparative Working Working Working

Example 2 Example 4 Example 5 Example 6
Natural rubber 45.00 45.00 45.00 45.00
Butadiene rubber 55.00 25.00 — —
Modified polymer 1 — 30.00 55.00 —
Modified polymer 2 — — — 55.00
Carbon black 1 70.00 70.00 70.00 70.00
Zinc oxide 2.00 2.00 2.00 2.00
Stearic acid 2.00 2.00 2.00 2.00
Anti-aging agent 2.00 2.00 2.00 2.00
Wax 1.00 1.00 1.00 1.00
Process oil 10.00 10.00 10.00 10.00
Vulcanization 1.00 1.00 1.00 1.00
accelerator
Sulfur 3.00 3.00 3.00 3.00
CPN conversion 0.00 0.30 0.55 1.10

value
(parts by mass)

Modification — 150° C., 5 min 130° C., 5 min 150° C., 5 min
conditions
Degree of — 0.19 0.19 0.41
modification
(mol %)
Heat build-up 100 93 86 85
Ozone resistance 2 3 4 4
TABLE 3
Comparative Working Working Working
Example 3 Example 7 Example 8 Example 9
Natural rubber 45.00 45.00 45.00 45.00
Butadiene rubber 55.00 25.00 — —
Modified polymer 1 — 30.00 55.00 —
Modified polymer 2 — — — 55.00
Carbon black 2 80.00 80.00 80.00 80.00
Zinc oxide 2.00 2.00 2.00 2.00
Stearic acid 2.00 2.00 2.00 2.00
Anti-aging agent 2.00 2.00 2.00 2.00
Wax 1.00 1.00 1.00 1.00
Process oil 10.00 10.00 10.00 10.00
Vulcanization 1.00 1.00 1.00 1.00
accelerator
Sulfur 3.00 3.00 3.00 3.00
CPN conversion 0.00 0.30 0.55 1.10

value

(parts by mass)
Modification
conditions
Degree of
modification
(mol %)

Heat build-up
Ozone resistance

— 150° C., Smin 150° C., 5 min 150° C., 5 min

— 0.19 0.19
100 95 90
2 3 3

0.41
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[0119] The details of the components shown in Table 1 to
Table 3 are as follows.

[0120] Natural rubber: TSR20

[0121] Butadiene rubber: Nipol BR1220 (manufactured
by Zeon Corporation)

[0122] Modified polymer 1: Modified polymer 1 synthe-
sized as described above

[0123] Modified polymer 2: Modified polymer 2 synthe-
sized as described above

[0124] Carbon black 1: Seast 9 (nitrogen adsorption spe-
cific surface area: 142 m*/g, manufactured by Tokai Carbon
Co., Ltd.)

[0125] Carbon black 2: Seast 3 (nitrogen adsorption spe-
cific surface area: 79 m*/g, manufactured by Tokai Carbon
Co., Ltd.)

[0126] Zinc oxide: Zinc White No. 3 (manufactured by
Seido Chemical Industry Co., Ltd.)

[0127] Stearic acid: Stearic acid YR (manufactured by
NOF Corporation)

[0128] Anti-aging agent: SANTOFLEX 6PPD (manufac-
tured by Soltia Europe)

[0129] Wax: SANNOC (manufactured by Ouchi Shinko
Chemical Industrial Co., Ltd.)

[0130] Process oil: Extract No. 4 S (manufactured by
Showa Shell Sekiyu K.K.)

[0131] Vulcanization accelerator: Nocceler CZ-G (manu-
factured by Ouchi Shinko Chemical Industrial Co., L.td.)
[0132] Sulfur: oil treatment sulfur (manufactured by
Karuizawa Refinery Ltd.)

[0133] As is clear from Table 1 to Table 3, all of Working
Examples 1 to 9 which contained the modified polymer
achieved excellent low heat build-up and ozone resistance
when formed into tires compared to those of Comparative
Examples 1 to 3 which contained no modified polymer.
Furthermore, when Working Examples 1 to 3 are compared,
it was found that even better low heat build-up was achieved
when the introduced amount of the nitrone compound was
greater. Similar tendency was observed from the comparison
of Working Examples 4 to 6 and the comparison of Working
Examples 7 to 9.

[0134] Furthermore, from the comparison of Working
Example 2 and Working Example 3, it was found that even
better ozone resistance was achieved when a modified
polymer with a higher degree of modification was blended.
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Similar tendency was observed from the comparison of
Working Example 5 and Working Example 6 and the com-
parison of Working Example 8 and Working Example 9.

Comparative Examples 4 to 10 and Working
Examples 10 to 13

Preparation of Rubber Composition

[0135] The components shown in Table 4 below were
blended in the proportions (parts by mass) shown in Table 4
below.

[0136] Specifically, the components shown in Table 4
below except for the sulfur and the vulcanization accelerator
were first mixed using a Banbury mixer at 80° C. for 5
minutes. Thereafter, a roll was used to mix in the sulfur and
the vulcanization accelerator to obtain a rubber composition.
Production of Vulcanized Rubber Sheet A vulcanized rubber
sheet was prepared by press-vulcanizing each of the
obtained (unvulcanized) rubber compositions for 15 minutes
at 160° C. in a mold (15 cmx15 cmx0.2 cm).

Evaluation of Heat Build-Up

[0137] The loss tangent (tan 5 (60° C.)) was measured for
the obtained vulcanized rubber sheet using a viscoelastic
spectrometer (manufactured by Toyo Seiki Seisaku-sho,
Ltd.) under the following conditions: 10% initial strain, +2%
amplitude, 20 Hz frequency, at a temperature of 60° C. The
results are shown in Table 4 below (heat build-up). The
result wasexpressed as index value, relative to the tan & (60°
C.) of Comparative Example 4 as 100. A smaller value
indicates superior low heat build-up when formed into a tire.

Evaluation of Wear Resistance

[0138] For each of the obtained vulcanized rubber sheets,
the amount of wear was measured using the Pico Abrasion
Tester in accordance with ASTM-D2228. The results are
shown in Table 4 below (wear resistance). The result was
expressed as index value, relative to the reciprocal of the
result of Comparative Example 4 as 100. A larger value (i.e.
less amount of wear) indicates superior wear resistance.
[0139] In Table 4 below, “CPN conversion value” indi-
cates the amount in terms of parts by mass of the nitrone
compound used in the synthesis of the modified polymer
relative to 100 parts by mass of the diene rubber.

TABLE 4
Comparative Working Comparative Working
Example Example Example Example Comparative Example
4 5 10 11 6 12 13 7 8 9 10
Natural 4500 4500 4500  45.00 45.00 4500 4500 4500 45.00 45.00  45.00
rubber
Butadiene 55.00  55.00  25.00 5.00 55.00 25.00 5.00 5500 500 25.00 5.00
rubber
Modified — — 30.00  50.00 — 30.00  50.00 — 50.00 30.00  50.00
polymer 1
Carbon black 80.00  50.00  50.00  50.00 10.00 10.00 10.00 — — 10.00 10.00
1
Silica 1 — 30.00  30.00  30.00 70.00 70.00  70.00 85.00 85.00 90.00  90.00
Zinc oxide 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 200 200 2.00
Stearic acid 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 200 200 2.00
Anti-aging 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 200 200 2.00
agent
Wax 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Silane — 2.40 2.40 2.40 5.60 5.60 5.60 6.80  6.80  6.40 6.40
coupling

agent



US 2017/0073506 Al

Mar. 16, 2017

TABLE 4-continued
Comparative Working Comparative Working
Example Example Example Example Comparative Example

4 5 10 11 6 12 13 7 8 9 10
Process oil 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00  10.00 10.00
Vulcanization 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00
accelerator
Sulfur 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
CPN 0.00 0.00 0.30 0.50 0.00 0.30 0.50 0.00 0.50 0.30 0.50
conversion
value
(parts by
mass)
Heat build-up 100 104 96 90 106 95 88 105 98 111 109
Wear 100 94 106 111 91 104 107 91 94 97 96
resistance
[0140] The details of each component shown in Table 4 [0157] Furthermore, when Working Example 10 and

above are as follows.

[0141] Natural rubber: TSR20

[0142] Butadiene rubber: Nipol BR1220 (manufactured
by Zeon Corporation)

[0143] Modified polymer 1: Modified polymer 1 synthe-
sized as described above

[0144] Carbon black 1: Seast 9 (nitrogen adsorption spe-
cific surface area: 142 m*/g, manufactured by Tokai Carbon
Co., Ltd.)

[0145] Silica: ZEOSIL 165GR (CTAB adsorption specific
surface area: 155 m?/g, manufactured by Rhodia Silica
Korea Co., Ltd.)

[0146] Zinc oxide: Zinc White No. 3 (manufactured by
Seido Chemical Industry Co., Ltd.)

[0147] Stearic acid: Stearic acid YR (manufactured by
NOF Corporation)

[0148] Anti-aging agent: SANTOFLEX 6PPD (manufac-
tured by Soltia Europe)

[0149] Wax: SANNOC (manufactured by Ouchi Shinko
Chemical Industrial Co., Ltd.)

[0150] Silane coupling agent: Si69 (manufactured by
Evonik Degussa)

[0151] Process oil: Extract No. 4 S (manufactured by
Showa Shell Sekiyu K.K.)

[0152] Vulcanization accelerator: Nocceler CZ-G (manu-
factured by Ouchi Shinko Chemical Industrial Co., L.td.)
[0153] Sulfur: oil treatment sulfur (manufactured by
Karuizawa Refinery Ltd.)

[0154] As is clear from Table 4, all of Working Examples
10 to 13 which contained the modified polymer, carbon
black, and silica exhibited excellent low heat build-up and
wear resistance compared to those of Comparative Example
4 which contained no modified polymer and no silica.
[0155] Furthermore, all of Working Examples 10 to 13
which contained the modified polymer achieved excellent
low heat build-up and wear resistance compared to those of
Comparative Examples 5 and 6 which contained the silica
but contained no modified polymer.

[0156] Furthermore, when Working Example 10 and
Working Example 11 are compared, Working Example 11
which contained a larger amount of the nitrone compound
exhibited even better low heat build-up and wear resistance.
The same trend was observed in the comparison of Working
Example 12 and Working Example 13.

Working Example 12 are compared, Working Example 10
which had the mass ratio of the carbon black to the silica of
1 or greater exhibited even better wear resistance, and
Working Example 12 which had the mass ratio of less than
1 exhibited even better low heat build-up. The same trend
was observed in the comparison of Working Example 11 and
Working Example 13.

[0158] In contrast, Comparative Examples 5 and 6 which
contained the silica but contained no modified polymer
exhibited poor low heat build-up and wear resistance com-
pared to those of Comparative Example 4.

[0159] Furthermore, Comparative Example 7 which con-
tained the silica but contained no modified polymer and no
carbon black exhibited poor low heat build-up and wear
resistance compared to those of Comparative Example 4.
[0160] Furthermore, Comparative Example 8 which con-
tained the modified polymer and the silica but contained no
carbon black exhibited poor wear resistance compared to
that of Comparative Example 4.

[0161] Furthermore, Comparative Examples 9 and 10
which contained the modified polymer, carbon black, and
silica but had the total content of the carbon black and the
silica exceeding the range of 60 to 90 parts by mass per 100
parts by mass of the diene rubber exhibited poor low heat
build-up and wear resistance compared to those of Com-
parative Example 4.

REFERENCE SIGNS LIST

[0162] 1 Bead portion
[0163] 2 Side wall portion
[0164] 3 Tire tread portion
[0165] 4 Carcass layer
[0166] 5 Bead core

[0167] 6 Bead filler

[0168] 7 Belt layer

[0169] 8 Rim cushion

1. A rubber composition for a tire rim cushion or rubber
finishing, the rubber composition comprising: a diene rubber
and a filler containing a carbon black;

the diene rubber containing a natural rubber and/or an

isoprene rubber, and a modified polymer that is
obtained by reacting a nitrone compound having a
carboxy group with a double bond of a conjugated
diene polymer;
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a content of the natural rubber and/or the isoprene rubber

in the diene rubber being from 30 to 60 mass %;

a content of the modified polymer in the diene rubber

being from 8 to 70 mass %;

a content of the filler being from 60 to 90 parts by mass

per 100 parts by mass of the diene rubber; and

a nitrogen adsorption specific surface area of the carbon

black being from 60 to 150 m*/g.

2. The rubber composition for a tire rim cushion or rubber
finishing according to claim 1, wherein the diene rubber
contains the natural rubber,

a content of the natural rubber in the diene rubber is from

30 to 60 mass %, and

a content of the carbon black is from 67 to 90 parts by

mass per 100 parts by mass of the diene rubber.

3. The rubber composition for a tire rim cushion or rubber
finishing according to claim 1, wherein the filler further
contains silica,

a content of the carbon black is from 5 to 85 parts by mass

per 100 parts by mass of the diene rubber,

a content of the silica is from 5 to 85 parts by mass per 100

parts by mass of the diene rubber, and

a total content of the carbon black and the silica is from

60 to 90 parts by mass per 100 parts by mass of the
diene rubber.

4. The rubber composition for a tire rim cushion or rubber
finishing according to claim 3, wherein a CTAB adsorption
specific surface area of the silica is from 50 to 230 m*/g.

5. The rubber composition for a tire rim cushion or rubber
finishing according to claim 1, wherein the nitrone com-
pound is a compound selected from the group consisting of
N-phenyl-a-(4-carboxyphenylnitrone, N-phenyl-c.-(3-car-
boxyphenyl)nitrone, N-phenyl-a.-(2-carboxyphenyl)nitrone,
N-(4-carboxyphenyl)-a.-phenylnitrone, N-(3-carboxyphe-
nyl)-a-phenylnitrone, and N-(2-carboxyphenyl)-ca.-phenyl-
nitrone.

6. The rubber composition for a tire rim cushion or rubber
finishing according to claim 1, wherein a degree of modi-
fication of the modified polymer is from 0.02 to 4.0 mol %,

where “degree of modification” refers to a proportion

(mol %) of double bonds modified with the nitrone
compound relative to all the double bonds of conju-
gated diene contained in the conjugated diene polymer.

7. The rubber composition for a tire rim cushion or rubber
finishing according to claim 1, wherein an amount of the
nitrone compound that is reacted with the double bond of the
conjugated diene polymer is from 0.1 to 10 parts by mass per
100 parts by mass of the diene rubber.

8. The rubber composition for a tire rim cushion or rubber
finishing according to claim 1, wherein the modified poly-
mer is a modified polymer obtained by reacting a nitrone
compound with a double bond of a butadiene rubber.

9. A pneumatic tire comprising the rubber composition
described in claim 1 in a tire rim cushion or rubber finishing.

10. The rubber composition for a tire rim cushion or
rubber finishing according to claim 2, wherein the nitrone
compound is a compound selected from the group consisting
of N-phenyl-a-(4-carboxyphenyl)nitrone, N-phenyl-a-(3-
carboxyphenyl)nitrone, N-phenyl-a-(2-carboxyphenyl)ni-
trone, N-(4-carboxyphenyl)-a-phenylnitrone, N-(3-car-
boxyphenyl)-a-phenylnitrone, and N-(2-carboxyphenyl)-c.-
phenylnitrone.

11. The rubber composition for a tire rim cushion or
rubber finishing according to claim 3, wherein the nitrone
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compound is a compound selected from the group consisting
of N-phenyl-a-(4-carboxyphenyl)nitrone, N-phenyl-a-(3-
carboxyphenyl)nitrone, N-phenyl-a-(2-carboxyphenyl)ni-
trone, N-(4-carboxyphenyl)-a-phenylnitrone, N-(3-car-
boxyphenyl)-a-phenylnitrone, and N-(2-carboxyphenyl)-c.-
phenylnitrone.

12. The rubber composition for a tire rim cushion or
rubber finishing according to claim 4, wherein the nitrone
compound is a compound selected from the group consisting
of N-phenyl-a-(4-carboxyphenyl)nitrone, N-phenyl-a-(3-
carboxyphenyl)nitrone, N-phenyl-a-(2-carboxyphenyl)ni-
trone, N-(4-carboxyphenyl)-a-phenylnitrone, N-(3-car-
boxyphenyl)-a-phenylnitrone, and N-(2-carboxyphenyl)-c.-
phenylnitrone.

13. The rubber composition for a tire rim cushion or
rubber finishing according to claim 2, wherein a degree of
modification of the modified polymer is from 0.02 to 4.0 mol
%s

where “degree of modification” refers to a proportion

(mol %) of double bonds modified with the nitrone
compound relative to all the double bonds of conju-
gated diene contained in the conjugated diene polymer.

14. The rubber composition for a tire rim cushion or
rubber finishing according to claim 3, wherein a degree of
modification of the modified polymer is from 0.02 to 4.0 mol
%5

where “degree of modification” refers to a proportion

(mol %) of double bonds modified with the nitrone
compound relative to all the double bonds of conju-
gated diene contained in the conjugated diene polymer.

15. The rubber composition for a tire rim cushion or
rubber finishing according to claim 4, wherein a degree of
modification of the modified polymer is from 0.02 to 4.0 mol
%s

where “degree of modification” refers to a proportion

(mol %) of double bonds modified with the nitrone
compound relative to all the double bonds of conju-
gated diene contained in the conjugated diene polymer.

16. The rubber composition for a tire rim cushion or
rubber finishing according to claim 5, wherein a degree of
modification of the modified polymer is from 0.02 to 4.0 mol
%5

where “degree of modification” refers to a proportion

(mol %) of double bonds modified with the nitrone
compound relative to all the double bonds of conju-
gated diene contained in the conjugated diene polymer.

17. The rubber composition for a tire rim cushion or
rubber finishing according to claim 10, wherein a degree of
modification of the modified polymer is from 0.02 to 4.0 mol
%5

where “degree of modification” refers to a proportion

(mol %) of double bonds modified with the nitrone
compound relative to all the double bonds of conju-
gated diene contained in the conjugated diene polymer.

18. The rubber composition for a tire rim cushion or
rubber finishing according to claim 11, wherein a degree of
modification of the modified polymer is from 0.02 to 4.0 mol
%5

where “degree of modification” refers to a proportion

(mol %) of double bonds modified with the nitrone
compound relative to all the double bonds of conju-
gated diene contained in the conjugated diene polymer.
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19. The rubber composition for a tire rim cushion or
rubber finishing according to claim 12, wherein a degree of
modification of the modified polymer is from 0.02 to 4.0 mol
%s

where “degree of modification” refers to a proportion

(mol %) of double bonds modified with the nitrone
compound relative to all the double bonds of conju-
gated diene contained in the conjugated diene polymer.

#* #* #* #* #*



