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(57) ABSTRACT

Provided is a rubber composition for a tire tread that can
cause a tire to display excellent wear resistance when used
in a tread. The rubber composition for a tire tread contains
a rubber component and carbon black. The rubber compo-
nent includes modified butadiene rubber in a proportion of
5 mass % or more and unmodified butadiene rubber in a
proportion of 10 mass % or more. The carbon black has a
cetyltrimethylammonium bromide adsorption specific sur-
face area (CTAB) of 130 m*/g or more, a ratio (CTAB/IA)
of CTAB (m*/g) relative to iodine adsorption number (IA)
(mg/g) of not less than 0.92 and not more than 1.06, and
hydrogen evolution of not less than 3,500 mass ppm and not
more than 4,800 mass ppm.
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RUBBER COMPOSITION FOR TIRE TREAD
AND TIRE

TECHNICAL FIELD

[0001] The present disclosure relates to a rubber compo-
sition for a tire tread and also relates to a tire.

BACKGROUND

[0002] Wear resistance, in particular, is required in treads
of'tires, and there is ongoing optimization of materials used
in tread production to achieve performance enhancement.
[0003] For example, Patent Literature (PTL) 1 discloses
that a pneumatic tire excelling in terms of both wear
resistance and low rolling resistance is obtained by using, in
a tread, a rubber composition in which a butadiene polymer
that has a comparatively high cis content and that is modified
with a specific modifying agent is combined with carbon
black having a nitrogen adsorption specific surface area of
more than 100 m*/g.

CITATION LIST

Patent Literature

[0004] PTL 1: JP2011-219612A
SUMMARY
Technical Problem
[0005] However, there is room for improvement of the

rubber composition described in PTL 1 in terms of further
improving wear resistance.

[0006] Accordingly, the present disclosure addresses a
problem of providing a rubber composition for a tire tread
that can cause a tire to display excellent wear resistance
when used in a tread.

[0007] The present disclosure also addresses a problem of
proving a tire having excellent wear resistance.

Solution to Problem

[0008] As a result of diligent studies to solve the problems
set forth above, the inventors discovered that a rubber
composition capable of improving wear resistance is
obtained by using carbon black having specific physical
properties and by also using specific amounts of modified
butadiene rubber and unmodified butadiene rubber together
as a rubber component, thereby leading to the present
disclosure.
[0009] Primary features of the present disclosure for
resolving the problems set forth above are as follows.
[0010] A rubber composition for a tire tread according to
the present disclosure comprises a rubber component and
carbon black, wherein
[0011] the rubber component includes modified butadi-
ene rubber in a proportion of 5 mass % or more and
unmodified butadiene rubber in a proportion of 10 mass
% or more, and
[0012] the carbon black has a cetyltrimethylammonium
bromide adsorption specific surface area (CTAB) of
130 m*/g or more, a ratio (CTAB/IA) of CTAB, in units
of m*/g, relative to iodine adsorption number (IA), in
units of mg/g, of not less than 0.92 and not more than
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1.06, and hydrogen evolution of not less than 3,500

mass ppm and not more than 4,800 mass ppm.
[0013] Atire according to the present disclosure comprises
a tread in which the rubber composition for a tire tread set
forth above is used.

Advantageous Effect

[0014] According to the present disclosure, it is possible to
provide a rubber composition for a tire tread that can cause
a tire to display excellent wear resistance when used in a
tread.

[0015] Moreover, according to the present disclosure, it is
possible to provide a tire having excellent wear resistance.

DETAILED DESCRIPTION

[0016] The following describes embodiments of the pres-
ent disclosure.
[0017] However, the following description is intended for

illustrative purposes only and is not intended to limit the
scope of the present disclosure in any way.

[0018] Compounds described in the present specification
may be partially or fully derived from fossil resources,
biological resources such as plant resources, or recycled
resources such as used tires. Moreover, these compounds
may be derived from a mixture of two or more from among
fossil resources, biological resources, and recycled
resources.

(Rubber Composition for Tire Tread)

[0019] A rubber composition for a tire tread according to
one embodiment of the present disclosure (hereinafter, also
referred to as the “rubber composition of the present
embodiment”) contains a rubber component and carbon
black. The rubber component is required to include modified
butadiene rubber in a proportion of 5 mass % or more and
unmodified butadiene rubber in a proportion of 10 mass %
or more. The carbon black used in the present embodiment
is required to have a cetyltrimethylammonium bromide
adsorption specific surface area (CTAB) of 130 m?*g or
more as a first physical property, a ratio (CTAB/IA) of
CTAB (m?/g) relative to iodine adsorption number (IA)
(mg/g) of not less than 0.92 and not more than 1.06 as a
second physical property, and hydrogen evolution of not less
than 3,500 mass ppm and not more than 4,800 mass ppm as
a third physical property. Note that carbon black having all
of these physical properties together is substantially novel.

<Rubber Component>

[0020] The rubber composition of the present embodiment
contains modified butadiene rubber (also referred to as
modified BR) and unmodified butadiene rubber (also
referred to as unmodified BR or simply BR) as the essential
rubber component as previously described. It was unexpect-
edly found that when specific amounts of modified butadi-
ene rubber and unmodified butadiene rubber are used
together as a rubber component in combination with carbon
black having specific physical properties described below in
the present embodiment, the resultant rubber composition
can display excellent wear resistance. With regards to this
point, modified butadiene rubber chemically bonds with
carbon black and thereby displays excellent reinforcing
ability and improves wear resistance but, on the other hand,
can cause deterioration of dispersibility of a filler having a
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size of the order of micrometers. This deterioration of filler
dispersibility can have a negative effect on wear resistance.
The combined use of unmodified butadiene rubber in
response thereto is thought to improve filler dispersibility,
enable a balance of high levels of reinforcing ability and
filler dispersibility, and, as a result, cause the display of
excellent wear resistance. Hence, an adequate wear resis-
tance improvement effect cannot be achieved in a case in
which modified butadiene rubber is used without using
unmodified butadiene rubber or in a case in which unmodi-
fied butadiene rubber is used without using modified buta-
diene rubber.

[0021] The modified butadiene rubber is butadiene rubber
including at least one type of functional group that includes
an atom other than carbon and hydrogen. The modified
butadiene rubber may include this functional group at an end
thereof or in a main chain thereof. Moreover, the modified
butadiene rubber can be obtained by modifying butadiene
rubber (unmodified butadiene rubber) with a modifying
agent, for example.

[0022] The atom other than carbon and hydrogen may be
a nitrogen atom, an oxygen atom, a sulfur atom, a metalloid
atom, a metal atom, or the like. The functional group
preferably includes one or more types of atoms selected
from among these atoms. Moreover, the metalloid atom may
be boron, silicon, germanium, arsenic, antimony, tellurium,
or the like. Of these metalloid atoms, one or more types of
atoms selected from boron, silicon, and germanium are more
preferable, and silicon is particularly preferable. Further-
more, the metal atom may be tin, titanium, zirconium,
bismuth, aluminum, or the like. Of these metal atoms, one or
more types of atoms selected from tin and titanium are more
preferable, and tin is particularly preferable.

[0023] In the rubber composition of the present embodi-
ment, the proportion constituted by the modified butadiene
rubber among the rubber component is 5 mass % or more.
In a situation in which the proportion constituted by the
modified butadiene rubber among the rubber component is
less than 5 mass %, the effect of combined use with
unmodified butadiene rubber and the effect of wear resis-
tance improvement cannot adequately be achieved. More-
over, the proportion constituted by the modified butadiene
rubber among the rubber component is preferably 15 mass
% or more, and more preferably 20 mass % or more from a
viewpoint of further improving wear resistance. On the other
hand, although no specific limitations are placed on the
upper limit for the proportion constituted by the modified
butadiene rubber among the rubber component, the propor-
tion constituted by the modified butadiene rubber among the
rubber component is preferably 30 mass % or less from
viewpoints of cost, operability during rubber kneading, and
so forth.

[0024] In the present embodiment, unmodified butadiene
rubber is used in addition to the modified butadiene rubber
described above. One type of unmodified butadiene rubber
may be used individually, or two or more types of unmodi-
fied butadiene rubber may be used in combination.

[0025] In the rubber composition of the present embodi-
ment, the proportion constituted by the unmodified butadi-
ene rubber among the rubber component is 10 mass % or
more. In a situation in which the proportion constituted by
the unmodified butadiene rubber among the rubber compo-
nent is less than 10 mass %, the effect of combined use with
modified butadiene rubber and the effect of wear resistance
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improvement cannot adequately be achieved. Moreover,
although no specific limitations are placed on the upper limit
for the proportion constituted by the unmodified butadiene
rubber, this proportion is preferably 30 mass % or less, and
more preferably 20 mass % or less from a viewpoint of
further improving wear resistance.

[0026] The proportion constituted by the modified buta-
diene rubber among the total of the modified butadiene
rubber and the unmodified butadiene rubber in the rubber
composition of the present embodiment is preferably not
less than 20 mass % and not more than 80 mass %. In this
case, the wear resistance improvement effect that is charac-
teristic of the present disclosure can be more adequately
achieved. From the same viewpoint, the proportion consti-
tuted by the modified butadiene rubber among the total of
the modified butadiene rubber and the unmodified butadiene
rubber is preferably 45 mass % or more, more preferably 60
mass % or more, and even more preferably 70 mass % or
more.

[0027] The rubber composition of the present embodiment
preferably further contains natural rubber (NR) in addition
to the modified butadiene rubber and unmodified butadiene
rubber described above. In other words, the rubber compo-
nent that is used in the present embodiment preferably
further includes natural rubber. In this case, it is possible to
increase mechanical strength as a rubber article.

[0028] The proportion constituted by the natural rubber
among the rubber component in the rubber composition of
the present embodiment is preferably not less than 30 mass
% and not more than 70 mass %. When the proportion
constituted by the natural rubber among the rubber compo-
nent is 30 mass % or more, mechanical strength can suffi-
ciently be increased. Moreover, when the proportion con-
stituted by the natural rubber among the rubber component
is 70 mass % or less, the effect of using modified butadiene
rubber and unmodified butadiene rubber together can suffi-
ciently be displayed, and the wear resistance improvement
effect that is characteristic of the present disclosure can be
achieved more reliably.

[0029] The rubber composition of the present embodiment
may or may not contain another rubber component besides
the modified butadiene rubber, unmodified butadiene rubber,
and natural rubber described above. The other rubber com-
ponent may be isoprene rubber (IR), styrene-butadiene rub-
ber (SBR), acrylonitrile-butadiene rubber (NBR), chloro-
prene rubber, ethylene-propylene rubber (EPM), ethylene
propylene diene rubber (EPDM), polysulfide rubber, sili-
cone rubber, fluororubber, urethane rubber, or the like, for
example. One of these other rubber components may be used
individually, or two or more of these other rubber compo-
nents may be used in combination. However, the proportion
constituted by the other rubber components described above
among the rubber component in the rubber composition of
the present embodiment is preferably 20 mass % or less,
more preferably 10 mass % or less, even more preferably 5
mass % or less, and particularly preferably O mass % (i.e.,
it is particularly preferable that other rubber components are
not included).

<Carbon Black>

[0030] The carbon black that is used in the present
embodiment is required to have a cetyltrimethylammonium
bromide adsorption specific surface area (CTAB) of 130
m?/g or more as a first physical property. As a result of
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CTAB of the carbon black being 130 m*/g or more, the
carbon black can increase reinforcing ability of the modified
butadiene rubber and/or unmodified butadiene rubber that is
mixed as the rubber component and can also contribute to
improving wear resistance. Moreover, CTAB of the carbon
black is preferably 135 m*/g or more from a viewpoint of
further improving wear resistance, and is preferably 150
m?/g or less from a viewpoint of maintaining good perfor-
mance in terms of other aspects such as low loss property
and processability.

[0031] Note that CTAB of the carbon black is measured in
accordance with JIS K6217-3. Moreover, adjustment of
CTAB of'the carbon black can be performed through control
of various conditions in production of the carbon black such
as raw material feeding conditions, air feeding conditions,
fuel feeding conditions, and cooling water feeding condi-
tions, for example, without any limitations.

[0032] The carbon black preferably has an iodine adsorp-
tion number (IA) of 150 mg/g or less. When 1A of the carbon
black is 150 mg/g or less, specific activation of the surface
of the carbon black is suitably performed, and interactivity
with the modified butadiene rubber and/or unmodified buta-
diene rubber that is mixed as the rubber component can be
increased well. Moreover, 1A of the carbon black is prefer-
ably 130 mg/g or more from a viewpoint of maintaining
good performance in terms of other aspects such as low loss
property and processability.

[0033] Note that IA of the carbon black is measured in
accordance with JIS K6217-1. Moreover, adjustment of IA
of the carbon black can be performed through control of
various conditions in production of the carbon black such as
raw material feeding conditions, air feeding conditions, fuel
feeding conditions, and cooling water feeding conditions,
for example, without any limitations.

[0034] The carbon black is also required to have a ratio
(CTAB/IA) of CTAB (m?%g) relative to iodine adsorption
number (IA) (mg/g) of not less than 0.92 and not more than
1.06 as a second physical property. Wear resistance may
deteriorate in a situation in which CTAB/IA is less than 0.92.
Moreover, processability may deteriorate and wear resis-
tance may deteriorate in a situation in which CTAB/IA is
more than 1.06. Furthermore, from a viewpoint of further
improving wear resistance, CTAB/IA of the carbon black is
preferably 0.95 or more, and is preferably 1.05 or less.

[0035] The carbon black is also required to have hydrogen
evolution of not less than 3,500 mass ppm and not more than
4,800 mass ppm as a third physical property. In a situation
in which the hydrogen evolution is less than 3,500 mass
ppm, specific activation of the surface of the carbon black
and interactivity with the modified butadiene rubber and/or
unmodified butadiene rubber that is mixed as the rubber
component may be inadequate, and, as a result, wear resis-
tance may deteriorate. Moreover, wear resistance may dete-
riorate due to excessive hydrogen in a situation in which the
hydrogen evolution is more than 4,800 mass ppm. Further-
more, from a viewpoint of further improving wear resis-
tance, the hydrogen evolution of the carbon black is pref-
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erably 3,700 mass ppm or more, and is preferably 4,500
mass ppm or less, and more preferably 4,300 mass ppm or
less.

[0036] Note that the hydrogen evolution of the carbon
black refers to the amount of hydrogen gas evolved during
15 minutes of heating at 2000° C. in an argon atmosphere
and is measured using a hydrogen analyzer. Moreover,
adjustment of the hydrogen evolution of the carbon black
can be performed through control of various conditions in
production of the carbon black such as raw material feeding
conditions, air feeding conditions, fuel feeding conditions,
and cooling water feeding conditions, for example, without
any limitations.

[0037] The carbon black preferably has a dibutyl phthalate
oil absorption (DBP) of not less than 130 cm®/100 g and not
more than 150 cm®/100 g. Wear resistance further improves
when DBP is 130 cm®/100 g or more, whereas good pro-
cessability can be maintained when DBP is 150 cm>/100 g
or less.

[0038] No specific limitations are placed on the method by
which the carbon black is produced so long as it can be
provided with the desired physical properties. However,
physical properties of the carbon black such as CTAB, 1A,
and hydrogen evolution described above are extremely
difficult to adjust individually. Carbon black that can be used
in the present embodiment can be produced, for example, in
accordance with production conditions in Table 1 for the
subsequently described Examples.

[0039] The content of the carbon black in the rubber
composition of the present embodiment is preferably not
less than 40 parts by mass and not more than 70 parts by
mass relative to 100 parts by mass of the rubber component.
When the content of the carbon black is 40 parts by mass or
more, interactivity with the modified butadiene rubber and/
or unmodified butadiene rubber that is mixed as the rubber
component sufficiently increases, and wear resistance can
effectively be improved. Moreover, when the content of the
carbon black is 70 parts by mass or less, good performance
in terms of other aspects such as low loss property and
processability can be maintained. From the same view-
points, the content of the carbon black in the rubber com-
position is more preferably 45 parts by mass or more relative
to 100 parts by mass of the rubber component, and is more
preferably 60 parts by mass or less relative to 100 parts by
mass of the rubber component.

[0040] The rubber composition of the present embodiment
may or may not contain other carbon black besides the
carbon black having the physical properties described
above. The other carbon black may be carbon black that only
satisfies two of the first physical property, the second physi-
cal property, and the third physical property described
above, carbon black that only satisfies one of the first
physical property, the second physical property, and the third
physical property described above, or carbon black that does
not satisfy any of the first physical property, the second
physical property, and the third physical property described
above. However, from a viewpoint of more reliably achiev-
ing the wear resistance improvement effect that is charac-
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teristic of the present disclosure, the proportion constituted
by other carbon black among all carbon black in the rubber
composition of the present embodiment is preferably 20
mass % or less, more preferably 10 mass % or less, even
more preferably 5 mass % or less, and particularly prefer-
ably 0 mass % (i.e., it is particularly preferable that other
carbon black is not included).

<Other Components>

[0041] The rubber composition of the present embodiment
may contain a filler other than carbon black. The filler other
than carbon black may be silica, aluminum hydroxide, clay,
alumina, talc, mica, kaolin, glass balloon, glass beads,
calcium carbonate, magnesium carbonate, magnesium
hydroxide, magnesium oxide, titanium oxide, potassium
titanate, barium sulfate, or the like, for example. However,
from a viewpoint of more reliably achieving the wear
resistance improvement effect that is characteristic of the
present disclosure, it is preferable that the rubber composi-
tion of the present embodiment does not contain a filler other
than carbon black.

[0042] Moreover, the rubber composition of the present
embodiment may contain compounding agents typically
used in the rubber industry that are selected as appropriate
s0 as to not deviate from the object of the present disclosure.
Examples of such compounding agents include crosslinking
agents (vulcanization agents) such as sulfur, crosslinking
accelerators (vulcanization accelerators), process oil, anti-
scorch agents, zinc oxide, and stearic acid. Commercial
products can suitably be used as these compounding agents.
[0043] Furthermore, the rubber composition can be pro-
duced by compounding the carbon black and various com-
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productive stage and then compounding and mixing the
crosslinking accelerator and the crosslinking agent with this
mixture at a productive stage.

[0045] The rubber composition of the present embodiment
can be crosslinked or vulcanized. The conditions under
which the rubber composition is crosslinked or vulcanized
should be adjusted as appropriate and can, for example, be
set as a temperature of 120° C. to 200° C. and a heating time
of 1 minute to 900 minutes.

(Tire)

[0046] A feature of a tire according to one embodiment of
the present disclosure is that it includes a tread in which the
rubber composition of the present embodiment is used. This
tire has excellent wear resistance as a result of the tread
being produced from the rubber composition of the present
embodiment.

[0047] A commonly known method can be adopted as the
method by which the tire is produced without any specific
limitations so long as the rubber composition of the present
embodiment is used in the tread.

Examples

[0048] The following describes the present disclosure in
more detail through Examples. However, these Examples
are for illustrative purposes and are not intended to limit the
scope of the present disclosure in any way.

(Production of Carbon Black)

[0049] Carbon black CB1 to CB8 were produced. Note
that the physical properties of each carbon black were
controlled by altering various conditions (raw material feed
rate, air feed rate, temperature, pressure, reaction time, etc.)
as indicated in Table 1.

TABLE 1

CB1 CB2 CB3 CB4 CBS CB6 CB7 CB8

Raw material feeding conditions

Feeding rate kg/h
Spraying pressure Mpa
Preheating temperature

Air feeding conditions

Feeding rate lVh
Preheating temperature °C.
Fuel feeding rate kg/h

Cooling water feeding conditions

Reaction time msec

480 450 450 435 435 440 455 450
2.2 2.0 2.0 2.0 2.0 2.0 2.1 2.0
150 170 170 170 170 170 170 170

3300 3300 3300 3300 3300 3300 3300 3300
550 600 600 600 600 600 600 600
135 135 135 135 135 135 135 135

55 22 58 87 30 61 40 20

pounding agents that are appropriately selected as necessary
with the rubber component and performing kneading, warm-
ing, extrusion, etc. thereof.

[0044] A commonly known method can be adopted as the
production method of the rubber composition of the present
embodiment without any specific limitations. For example,
the rubber composition may be obtained by kneading com-
ponents including the specific rubber component and carbon
black using a kneading machine such as a Banbury mixer, a
roller, or an internal mixer. Moreover, the rubber composi-
tion may be produced by mixing components other than a
crosslinking accelerator and a crosslinking agent at a non-

[0050] For each of the produced CB1 to CB8, the cetylt-
rimethylammonium bromide adsorption specific surface
area (CTAB) [m*/g] was measured in accordance with JIS
K6217-3, and the iodine adsorption number (IA) [mg/g] was
measured in accordance with JIS K6217-1. Moreover, for
each of the produced CB1 to CBS, the amount of hydrogen
gas evolved (hydrogen evolution) during 15 minutes of
heating at 2000° C. in an argon atmosphere was measured
using a hydrogen analyzer (EMGA produced by Horiba,
Ltd.). The results are shown in Table 2 together with
calculated values for CTAB/IA.



US 2024/0308272 Al

Sep. 19, 2024

TABLE 2
CBI CB2 CB3 CB4 CB5 CB6 CB7 CB8
DBP [cm?/100 g] 125 143 133 146 136 145 143 139
CTAB [m?/g] 124 137 138 143 141 139 139 140
TA [mg/g] 124 124 148 168 140 144 132 136
Hydrogen evolution [mass ppm] 3670 4890 3070 1900 3920 3796 3957 4536
CTAB/TA 1.00 1.10 0.93 0.85 1.01 0.97 1.05 1.03

(Production of Modified Butadiene Rubber (HMI-BR))

[0051] A pressure-resistant glass vessel of approximately
900 mL that had undergone drying and purging with nitro-
gen was charged with 283 g of cyclohexane, 50 g of
1,3-butadiene, 0.0057 mmol of 2,2-ditetrahydrofurylpro-
pane, and 0.513 mmol of hexamethyleneimine (HMI-BR).
After further adding 0.57 mmol of n-butyllithium (BuLi),
polymerization was performed for 4.5 hours in a warm water
bath of 50° C. that was equipped with a stirring device. The
polymerization conversion rate in this polymerization was
almost 100%. Next, 0.100 mmol of tin tetrachloride as a
modifying agent (coupling agent) was quickly added to the
polymerization reaction system, and a modification reaction
was performed under stirring at 50° C. for 30 minutes.
Thereafter, 0.5 mL of an isopropanol solution of 2,6-di-t-
butyl-p-cresol (BHT) (BHT concentration: 5 mass %) was
added to the polymerization reaction system, the reaction
was ended, and drying was performed by a standard method
to yield modified butadiene rubber (HMI-BR) containing tin
atoms. The vinyl bond content of a butadiene portion of the
obtained HMI-BR was 14% as measured from an integral
ratio in a 1H-NMR spectrum, the glass-transition tempera-
ture (Tg) of the obtained HMI-BR was —95° C. as deter-
mined from an inflection point of a DSC curve, and the
coupling ratio of the obtained HMI-BR was 65% as deter-
mined from a proportion of the area of a peak at a highest
molecular weight side relative to total area of a molecular
weight distribution curve according to gel permeation chro-
matography (GPC).

(Production of Rubber Compositions)

[0052] Next, rubber compositions were produced by per-
forming thorough kneading in formulations indicated in
Table 3. The obtained rubber compositions were used to
evaluate wear resistance according to the following proce-
dure.

<Wear Resistance (Laboratory Test)>

[0053] An index evaluation of wear resistance (laboratory
test) in each example was made based on carbon gel content
and filler dispersibility, which are considered to have high
correlation with wear resistance.

(1) Calculation of Carbon Gel Content

[0054] A rubber composition in an unvulcanized state that
was produced in each example was cut to a small size to
obtain a test specimen, and the mass (MO) of this test
specimen was measured. The test specimen was immersed in
tetrahydrofuran for 48 hours, was then subjected to filtration
and drying using a filter, and the mass (M 1) of residue was
measured. The “carbon gel content” in each example was
calculated by the following formula. A larger carbon gel

content indicates better reinforcing ability and is considered
to signify a high wear resistance effect.

Corbon gel content = {(M1) — (M0) x (C1 = CO/{(MO) x (C2 = CO)}

[0055] MO: Mass of test specimen (pre-immersion)
[0056] MI1: Mass of residue

[0057] CO: Total number of parts of rubber composition
[0058] C1: Total number of parts of carbon black, zinc

oxide, and sulfur in rubber composition

[0059] C2: Total number of parts of rubber component
in rubber composition

(2) Measurement of Filler Dispersibility

[0060] Separately to the above, a rubber composition
produced in each example was vulcanized at 145° C. for 33
minutes to yield vulcanized rubber. A'Y value according to
the RCB method was measured for the obtained vulcanized
rubber using a Dispergrader (produced by TechPro USA). A
larger value indicates better filler dispersibility and is con-
sidered to signify a high wear resistance effect.

(3) Evaluation of Wear Resistance (L.aboratory Test)

[0061] The carbon gel content and filler dispersibility
calculated as described above were used to make an index
evaluation of wear resistance (laboratory test) in each
example. The results are shown in Table 3. Since improve-
ment of reinforcing ability and filler dispersibility result in
better wear resistance, a larger index value indicates better
wear resistance.

<Wear Resistance (Field Test)>

[0062] Rubber compositions produced in Example 1,
Comparative Example 1, and Comparative Example 2 were
each used in a tread member and were appropriately vulca-
nized to produce a truck/bus pneumatic tire of size 275/
80R22.5. The obtained tire was mounted on a drive wheel of
a truck and was run for at least 14,000 km on public roads.
The amount of wear after this running was measured from
the change of main groove depth of the tire. In the case of
other Examples and Comparative Examples, a prediction
was made based on measurement results for Example 1,
Comparative Example 1, and Comparative Example 2 and
evaluation results of wear resistance according to the labo-
ratory test in each example. An index evaluation of wear
resistance in each example was made by taking the recip-
rocal of the amount of wear in Comparative Example 6 to be
100. The results are shown in Table 3. A larger index value
indicates better wear resistance.
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6
TABLE 3
Comparative ~ Comparative Comparative Comparative
Example 1 Example 2 Example 3  Example 1 Example 2 Example 3 Example 4
Formulation NR *1 [parts by 60 60 60 60 60 60 60
Modified BR *2 mass) 10 20 30 0 40 10 10
Unmodified BR *3 30 20 10 40 0 30 30
CB1 0 0 0 0 0 50 0
CB2 0 0 0 0 0 0 50
CB3 0 0 0 0 0 0 0
CB4 0 0 0 0 0 0 0
CBS 50 50 50 50 50 0 0
CB6 0 0 0 0 0 0 0
CB7 0 0 0 0 0 0 0
CBg 0 0 0 0 0 0 0
Zinc oxide 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Sulfur 1.05 1.05 1.05 1.05 1.05 1.1 1.05
Vulcanization 14 1.4 14 1.4 1.4 1.5 14
accelerator CZ *4
Evaluation Wear resistance Index 100.2 101.4 101.7 99.0 99.0 97.9 96.2
(laboratory test) value
Wear resistance Index 101 108> 109#3 95 96 89> 79%3
(fleld test) value
Comparative Comparative Comparative
Example 5  Example 6 Example 4 Example 5 Example 6 Example 7
Formulation NR *1 [parts by 60 60 60 60 60 60
Modified BR *2 mass] 0 10 10 10 10 0
Unmodified BR *3 40 30 30 30 30 40
CB1 0 0 0 0 0 50
CB2 0 0 0 0 0 0
CB3 50 0 0 0 0 0
CB4 0 50 0 0 0 0
CBS 0 0 0 0 0 0
CB6 0 0 50 0 0 0
CB7 0 0 0 50 0 0
CBg 0 0 0 0 50 0
Zinc oxide 3.5 3.5 3.5 3.5 3.5 3.5
Sulfur 1.05 1.05 1.05 1.05 1.05 1.05
Vulcanization 14 1.4 1.4 14 1.4 14
accelerator CZ *4
Evaluation =~ Wear resistance Index 96.8 100.0 109.5 109.2 100.4 96.9
(laboratory test) value
Wear resistance Index 82%° 100%° 15273 150%> 1023 83%>
(field test) value
[0063] 1 NR: TSR #20 1. A rubber composition for a tire tread comprising a
[0064] 2 Modified BR: Produced modified butadiene rubber component and carbon black, wherein

rubber (HMI-BR)

[0065] 3 Unmodified BR: UBEPOL BR150L produced
by Ube Industries, Ltd.

[0066] 4 Vulcanization accelerator CZ: N-Cyclohexyl-
2-benzothiazylsulfenamide, NOCCELER CZ produced
by Ouchi Shinko Chemical Industrial Co., Ltd.

[0067] 5 Value predicted from evaluation result for wear
resistance according to laboratory test

[0068] It can be seen from Tables 1 to 3 that the rubber
compositions of the Examples conforming with the present
disclosure have good evaluation results for wear resistance
according to both the laboratory test and the field test as
compared to rubber compositions of the Comparative
Examples.

INDUSTRIAL APPLICABILITY

[0069] According to the present disclosure, it is possible to
provide a rubber composition for a tire tread that can cause
a tire to display excellent wear resistance when used in a
tread.

[0070] Moreover, according to the present disclosure, it is
possible to provide a tire having excellent wear resistance.

the rubber component includes modified butadiene rubber
in a proportion of 5 mass % or more and unmodified
butadiene rubber in a proportion of 10 mass % or more,
and

the carbon black has a cetyltrimethylammonium bromide
adsorption specific surface area (CTAB) of 130 m*/g or
more, a ratio (CTAB/IA) of CTAB, in units of m*/g,
relative to iodine adsorption number (IA), in units of
mg/g, of not less than 0.92 and not more than 1.06, and
hydrogen evolution of not less than 3,500 mass ppm
and not more than 4,800 mass ppm.

2. The rubber composition for a tire tread according to
claim 1, wherein the rubber component includes the modi-
fied butadiene rubber in a proportion of 30 mass % or less.

3. The rubber composition for a tire tread according to
claim 1, wherein CTAB of the carbon black is not less than
135 m*/g and not more than 150 m?/g.

4. The rubber composition for a tire tread according to
claim 1, wherein content of the carbon black is not less than
40 parts by mass and not more than 70 parts by mass relative
to 100 parts by mass of the rubber component.
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5. The rubber composition for a tire tread according to
claim 1, wherein the rubber component further includes
natural rubber.

6. A tire comprising a tread in which the rubber compo-
sition for a tire tread according to claim 1 is used.

7. The rubber composition for a tire tread according to
claim 2, wherein CTAB of the carbon black is not less than
135 m*/g and not more than 150 m*/g.

8. The rubber composition for a tire tread according to
claim 2, wherein content of the carbon black is not less than
40 parts by mass and not more than 70 parts by mass relative
to 100 parts by mass of the rubber component.

9. The rubber composition for a tire tread according to
claim 2, wherein the rubber component further includes
natural rubber.

10. A tire comprising a tread in which the rubber com-
position for a tire tread according to claim 2 is used.

11. The rubber composition for a tire tread according to
claim 3, wherein content of the carbon black is not less than
40 parts by mass and not more than 70 parts by mass relative
to 100 parts by mass of the rubber component.

12. The rubber composition for a tire tread according to
claim 3, wherein the rubber component further includes
natural rubber.
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13. A tire comprising a tread in which the rubber com-
position for a tire tread according to claim 3 is used.

14. The rubber composition for a tire tread according to
claim 4, wherein the rubber component further includes
natural rubber.

15. A tire comprising a tread in which the rubber com-
position for a tire tread according to claim 4 is used.

16. A tire comprising a tread in which the rubber com-
position for a tire tread according to claim 5 is used.

17. The rubber composition for a tire tread according to
claim 7, wherein content of the carbon black is not less than
40 parts by mass and not more than 70 parts by mass relative
to 100 parts by mass of the rubber component.

18. The rubber composition for a tire tread according to
claim 7, wherein the rubber component further includes
natural rubber.

19. A tire comprising a tread in which the rubber com-
position for a tire tread according to claim 7 is used.
20. The rubber composition for a tire tread according to

claim 8, wherein the rubber component further includes
natural rubber.



