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(57) ABSTRACT

Provided are a rubber composition for a tread, capable of
improving the fuel economy and abrasion resistance in a
balanced manner while achieving a good appearance and a
good cure rate; and a pneumatic tire containing the rubber
composition. The present invention relates to a rubber
composition for a tread, including: a solution-polymerized
styrene-butadiene rubber, carbon black, silica, and polyeth-
ylene glycol, wherein a rubber component of the rubber
composition contains 60 mass % or more of the solution-
polymerized styrene-butadiene rubber based on 100 mass %
of the rubber component, and the rubber composition
includes, per 100 parts by mass of the rubber component, 10
parts by mass or less of the carbon black, 50 parts by mass
or more of the silica, and 0.1 to 3.5 parts by mass of the
polyethylene glycol.

8 Claims, No Drawings
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RUBBER COMPOSITION FOR TREAD, AND
PNEUMATIC TIRE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

This application is a reissue application of U.S. Pat. No.
8,865,814 issued on Oct. 21, 2014, which claims the benefit
and rvight of priority to International Application No. PC1/

JP2012/062767, filed on May 18, 2012 and Japanese Appli-
cation No. 2011-161180, filed on Jul. 22, 2011.

TECHNICAL FIELD

The present invention relates to a rubber composition for
a tread and a pneumatic tire containing the rubber compo-
sitiom.

BACKGROUND ART

In recent years, increased concerns about environmental
1ssues have been requiring further improvement of the fuel
economy of automobiles. This fuel economy need also
applies to rubber compositions for treads of automobile
tires. Further, the rubber compositions for treads are required
to have abrasion resistance and other properties.

Known methods for improving the fuel economy include
a method of reducing the amount of carbon black and adding
silica instead and a method of using a certain solution-
polymerized styrene-butadiene rubber. However, such rub-
ber compositions containing silica or a large amount of
solution-polymerized styrene-butadiene rubber unfortu-
nately exhibit a slow cure rate in vulcamization. If the
amount of vulcanization accelerator is increased to increase
the cure rate, the resulting rubber compound turns white due
to blooming, thereby causing appearance defects. In par-
ticular, such formulations with low carbon black content
look whiter and thus result in greatly reduced marketability.

Patent Literature 1, for example, discloses a rubber com-
position for a tread which includes a styrene-butadiene
rubber having a hydroxyl group at a molecular chain,
polyethylene glycol and a specific type of carbon black and
thereby improves the rolling resistance, abrasion resistance,
and the like. However, there still remains room for improve-
ment 1n providing pneumatic tires which can be formed at a
good cure rate, and are capable of preventing appearance
defects due to blooming and of improving the fuel economy
and abrasion resistance i a balanced manner.

CITATION LIST
Patent Literature

Patent Literature 1: JP 2005-248021 A

SUMMARY OF INVENTION

Technical Problem

The present mvention aims to solve the above problems
and to provide a rubber composition for a tread, capable of
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2

improving the fuel economy and abrasion resistance 1n a
balanced manner while achieving a good appearance and a
good cure rate; and a pneumatic tire containing the rubber
composition.

Solution to Problem

The present invention relates to a rubber composition for
a tread, including: a solution-polymerized styrene-butadiene
rubber, carbon black, silica, and polyethylene glycol,
wherein a rubber component of the rubber composition
contains 60 mass % or more of the solution-polymerized
styrene-butadiene rubber based on 100 mass % of the rubber
component, and the rubber composition includes, per 100
parts by mass of the rubber component, 10 parts by mass or
less of the carbon black, 50 parts by mass or more of the
silica, and 0.1 to 3.5 parts by mass of the polyethylene
glycol.

The rubber composition preferably includes butadiene
rubber.

The present mvention also relates to a pneumatic tire,
including a tread formed from the rubber composition.

Advantageous Eflects of Invention

The present invention provides a rubber composition
containing predetermined amounts ol a solution-polymer-
ized styrene-butadiene rubber, carbon black, silica, and
polyethylene glycol. Using such a composition 1n a tread
enables production of a pneumatic tire having improved fuel
economy and improved abrasion resistance i a balanced
manner. This composition also enables a good cure rate in
the formation of the tire and provides a good appearance to
the tire.

DESCRIPTION OF EMBODIMENTS

The rubber composition for a tread of the present mnven-
tion contains relatively large amounts of a solution-polym-
erized styrene-butadiene rubber and silica, and relatively
small amounts of carbon black and polyethylene glycol
(PEG).

Adding polyethylene glycol (PEG) to a fuel-eflicient
formulation which contains large amounts of solution-po-
lymerized styrene-butadiene rubber and silica and a small
amount of carbon black not only enables a reduced scorch
time even with a small amount of vulcanization accelerator
but also provides a tread rubber with improved abrasion
resistance. This makes 1t possible to increase the cure rate in
the formation of a pneumatic tire, and at the same time, to
prevent blooming due to a large amount of vulcamzation
accelerator and thus prevent appearance defects due to such
blooming. In addition, the tuel economy and abrasion resis-
tance can be improved 1n a balanced manner. Consequently,
the effects mentioned above can be sufliciently provided.

The solution-polymerized styrene-butadiene rubber (so-
lution-polymerized SBR) 1s not particularly limited, and
examples thereof include modified SBRs (ones prepared by
reacting a modifier with the active end (polymerizing end) of
an SBR formed by solution polymerization) and non-modi-
fied SBRs. Combinations of modified SBR and non-modi-
fied SBR are preferred in terms of providing a good cure
rate, good fuel economy, and good abrasion resistance.

The modified SBR may suitably be, for example, one
modified with a compound represented by the following
formula (1) disclosed in JP 2010-111753 A.
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|Chem. 1]
R2 R4 W
R!—Si—(CH,) N/
— —
TN
R3 RS

In the formula, R', R, and R are the same as or different
from one another, and each represent an alkyl, alkoxy
(preferably C1 to C8 alkoxy, more preferably C1 to C6
alkoxy, still more preferably C1 to C4 alkoxy), silyloxy,
acetal, carboxyl (—COOH) or mercapto (—SH) group, or a
derivative thereof; R* and R> are the same as or different
from each other, and each represent a hydrogen atom or an
alkyl (preferably C1 to C4 alkyl) group; and the symbol n
represents an integer (preferably an mteger of 1 to 5, more
preferably 2 to 4, and still more preferably 3).

R', R*, and R® each am preferably an alkoxy group, and
R* and R> each are preferably a hydrogen atom. Such
structures contribute to improving the fuel economy and
abrasion resistance 1n a balanced manner.

Specific examples of the compound represented by the

formula (1) 1nclude 3-aminopropyltrimethoxysilane,
3-aminopropyltriethoxysilane, 3-aminopropyldimethyl-
methoxysilane, 3-aminopropylmethyldimethoxysilane,

2-dimethylaminoethyltrimethoxysilane, 3-diethylaminopro-
pyltrimethoxysilane, and 3-dimethylaminopropyltrimethox-
ysilane. These may be used alone or two or more of these
may be used in combination.

Styrene-butadiene rubber may be modified with the com-
pound (modifier) represented by the formula (1) by a con-
ventionally known method such as the methods disclosed in
JP H06-33768 B, JP H06-57767 B, JP 2003-514078 T and
the like. For example, styrene-butadiene rubber may be
brought 1nto contact with the modifier to effect the modifi-
cation. Specific examples include a method of preparing
styrene-butadiene rubber by anionic polymerization, adding
a predetermined amount of a modifier to the rubber solution,
and reacting the polymenizing end (active end) of the
styrene-butadiene rubber with the modifier.

In terms of achieving good abrasion resistance, the modi-
fied SBR preferably has a bound styrene content of 10 mass
% or more, more preferably 20 mass % or more. The bound
styrene content 1s preferably 45 mass % or less, and more
preferably 35 mass % or less.

In the present invention, the styrene content of SBR 1s
determined by H'-NMR measurement.

The amount of modified SBR based on 100 mass % of the
rubber component 1s preferably 30 mass % or more, and
more preferably 50 mass % or more, whereas it 1s preferably
80 mass % or less, and more preferably 70 mass % or less.
With an amount within the range mentioned above, a good
cure rate, good fuel economy, and good abrasion resistance
can be provided.

The non-modified SBR 1s not particularly limited. The
bound styrene content 1n the non-modified SBR 1s suitably
as described for the modified SBR.

The amount of non-modified SBR based on 100 mass %
of the rubber component 1s preferably 20 mass % or more,
whereas 1t 1s preferably 50 mass % or less, and more
preferably 40 mass % or less. With an amount within the
range mentioned above, a good cure rate, good fuel
economy, and good abrasion resistance can be provided.

The amount of solution-polymerized SBR based on 100
mass % of the rubber component 1s 60 mass % or more,
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preferably 80 mass % or more. An amount of less than 60
mass % may fail to achieve suilicient fuel economy.
Although the amount may be 100 mass %o, 1t 1s preferably 90
mass % or less. If the amount 1s more than 90 mass %o,
suflicient abrasion resistance may not be provided.

I1 the solution-polymerized SBR contains a modified SBR
and a non-modified SBR, the blending ratio between the
modified SBR and the non-modified SBR [(mass of modi-
fied SBR)/(mass of non-modified SBR)] 1s preterably 30/70
to 90/10, more preferably 45/55 to 80/20, and still more
preferably 55/45 to 70/30. With a blending ratio within the
range mentioned above, a good cure rate, good fuel
economy, and good abrasion resistance can be provided.

Examples of other usable rubbers as the rubber compo-
nent include diene rubbers such as butadiene rubber (BR),
natural rubber (NR), i1soprene rubber (IR), butyl rubber
(IIR), chloroprene rubber (CR), and acrylonitrile rubber
(NBR). Preferred among these 1s BR because 1t provides a
good cure rate and 1s eflective in improving the abrasion
resistance sigmificantly. The rubber component may contain
an emulsion-polymerized styrene-butadiene rubber in an
amount that does not impair the eflects of the present
invention. The amount of emulsion-polymerized styrene-
butadiene rubber based on 100 mass % of the rubber
component 1s preferably 5 mass % or less, and more
preferably 1 mass % or less, or the rubber component may
not contain any emulsion-polymerized styrene-butadiene
rubber.

The BR preferably has a cis content of 80 mass % or
more, more preferably 95 mass % or more. If the c1s content
1s within the range mentioned above, better cure rate, better
fuel economy, and better abrasion resistance can be pro-
vided.

The c1s content (cis-1,4-butadiene unit content) of BR can
be determined by infrared absorption spectrometry.

The amount of BR based on 100 mass % of the rubber
component 1s preferably 10 mass % or more, whereas it 1s
preferably 40 mass % or less, and more preferably 30 mass
% or less. With an amount within the range mentioned
above, a good cure rate, good fuel economy, and good
abrasion resistance can be provided.

The combined amount of solution-polymerized SBR and
BR based on 100 mass % of the rubber component is
preferably 80 mass % or more, more preferably 90 mass %
or more, and still more preferably 100 mass %. With such a
formulation, a good cure rate, good fuel economy, and good
abrasion resistance can be provided.

The carbon black 1s not particularly limited and may be
any commonly used carbon black. The carbon black pret-
erably has a nitrogen adsorption specific surface area
(N,SA) of 70 m®/g or more, more preferably 100 m*/g or
more. An N,SA of less than 70 m*/g may fail to achieve
sufficient reinforcement. The N,SA is preferably 150 m®/g
or less, and more preferably 120 m*/g or less. An N,SA of
more than 150 m*/g tends to deteriorate the fuel economy.

The N,SA of carbon black 1s determined 1in accordance
with JIS K 6217-2:2001.

The amount of carbon black per 100 parts by mass of the
rubber component 1s 10 parts by mass or less, preferably 6
parts by mass or less. An amount of more than 10 parts by
mass tends to deteriorate the fuel economy. The amount 1s
preferably 1 part by mass or more, and more preferably 3
parts by mass or more. An amount of less than 1 part by mass
may fail to achieve suilicient remforcement.

The silica 1s not particularly limited, and may be any
commonly used silica. The silica preferably has a nitrogen
adsorption specific surface area (N,SA) of 100 m*/g or
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more, more preferably 150 m*/g or more. An N,SA of less
than 100 m*/g may fail to achieve sufficient reinforcement.
The N,SA is preferably 220 m*/g or less, and more prefer-
ably 190 m*/g or less. An N,SA of more than 220 m*/g tends
to deteriorate the fuel economy.

The N,SA of silica 1s determined by the BET method in
conformity with ASTM D3037-81.

The amount of silica per 100 parts by mass of the rubber
component 1s S0 parts by mass or more, preferably 70 parts
by mass or more. If the amount 1s less than 50 parts by mass,
suilicient fuel economy may not be provided. The amount 1s
preferably 120 parts by mass or less, and more preferably 90
parts by mass or less. An amount of more than 120 parts by
mass tends to deteriorate the fuel economy.

The proportion of silica based on 100 mass % 1n total of
s1lica and carbon black 1s preferably 60 mass % or more, and
more preferably 85 mass % or more. If the proportion 1s less
than 60 mass %, fuel economy and abrasion resistance may
not be provided 1 a balanced manner. The proportion 1s
preferably 98 mass % or less.

The combined amount of carbon black and silica per 100
parts by mass of the rubber component 1s preferably 60 parts
by mass or more, and more preferably 70 parts by mass or
more. A combined amount of less than 60 parts by mass may
faill to achieve suflicient reinforcement. The combined
amount 1s preferably 130 parts by mass or less, and more
preferably 100 parts by mass or less. A combined amount of
more than 130 parts by mass may lead to msuthcient fuel
economy.

The rubber composition of the present imvention prefer-
ably contains a silane coupling agent. Any silane coupling
agent conventionally used together with silica 1n the rubber
industry may be used. Examples thereol include sulfide
silane coupling agents such as bis(3-triethoxysilylpropyl)
disulfide, mercapto silane coupling agents such as 3-mer-
captopropyltrimethoxysilane, vinyl silane coupling agents
such as vinyltriethoxysilane, amino silane coupling agents
such as 3-aminopropyltriethoxysilane, glycidoxy silane cou-
pling agents such as y-glycidoxypropyltriethoxysilane, nitro
silane coupling agents such as 3-nitropropyltrimethoxysi-
lane, and chloro silane coupling agents such as 3-chloro-
propyltrimethoxysilane. Preferred among these are sulfide
silane coupling agents, and more pretferred 1s bis(3-triethox-
ysilylpropyl)disulfide.

The amount of silane coupling agent per 100 parts by
mass of silica 1s preferably 1 part by mass or more, and more
preferably 4 parts by mass or more, whereas 1t 1s preferably
15 parts by mass or less, and more preferably 10 parts by
mass or less. With an amount within the range mentioned
above, the eflects of the present invention can be well
achieved.

The polyethylene glycol 1s not particularly limited, and
may suitably be represented by the following formula:

HO(CH,CH,0),H

wherein p represents an integer of 5 to 100.

In terms of achieving a good cure rate and good abrasion
resistance, p 1s preferably 80 to 100.

The polyethylene glycol preferably has a weight average
molecular weight of 1000 or more, more preferably 3000 or
more. The weight average molecular weight 1s preferably
10000 or less, and more preferably 3000 or less. The
polyethylene glycol with a weight average molecular weight
within the range mentioned above provides better cure rate
and better abrasion resistance, thereby contributing to
achieving the eflects of the present invention well.
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Herein, the weight average molecular weight (Mw) of
polyethylene glycol can be determined by gel filtration
chromatography using an LC-6A device, an RID-10A detec-

tor (both produced by Shimadzu Corporation) and an Asa-
hipak GF-310HQ column (7.6 mm diameterx0.3 m long,

produced by Showa Denko K.K.) with a water mobile phase
at a flow rate of 1 mL/min and a temperature of 30° C.

The amount of polyethylene glycol per 100 parts by mass
of the rubber component 1s 0.1 parts by mass or more,
preferably 0.3 parts by mass or more, and more preferably
0.5 parts by mass or more. If the amount 1s less than 0.1 parts
by mass, the eflects of the mmvention may not be well
achieved, The amount 1s 3.5 parts by mass or less, preferably
3 parts by mass or less, and more preferably 2.5 parts by
mass or less. An amount of more than 3.5 parts by mass
tends to cause too short a scorch time.

The rubber composition of the present invention prefer-
ably contains sulfur as a vulcanizing agent. The amount of
sulfur per 100 parts by mass of the rubber component 1s
preferably 0.3 to 3.0 parts by mass, more preferably 0.5 to
2.5 parts by mass, and still more preferably 1.0 to 2.0 parts
by mass. An amount of less than 0.5 parts by mass tends to
cause a slow cure rate and undercure and thus fail to achieve
suflicient abrasion resistance and the like. Conversely, an
amount ol more than 3.0 parts by mass tends to cause a rapid
cure rate and compound scorch and thus reduce the abrasion
resistance and the like.

The rubber composition of the present invention typically
contains a vulcanization accelerator. The vulcanization
accelerator 1s not particularly limited and may be any
commonly used vulcanization accelerator, including guani-
dine compounds, aldehyde-amine compounds, aldehyde-
ammonia compounds, thiazole compounds, sulfenamide
compounds, thiourea compounds, thiuram compounds, dith-
iocarbamate compounds, and xanthate compounds. These
vulcanization accelerators may be used alone, or two or
more of these may be used in combination.

From the viewpoints of dispersibility into the rubber
compound and stability of the wvulcanization properties,
preferred among these are sulfonamide vulcanization accel-

erators (e.g., N-tert-butyl-2-benzothiazolylsulfenamide

(TBBS), N-cyclohexyl-2-benzothiazolylsulfenamide (CBS),
N,N-dicyclohexyl-2-benzothiazolylsulienamide  (DCBS),
N,N-diisopropyl-2-benzothiazolesulfenamide), and guani-
dine vulcanization accelerators (e.g., N,N'-diphenylguani-
dine (DPG), di-ortho-tolylguamdine, triphenylguanidine,
orthotolyl biguanide, diphenylguanidine phthalate). More
preferred are combinations of sulfenamide vulcamization
accelerators with guanidine vulcanization accelerators, and
particularly preferred 1s a combination of CBS and DPG.

The amount of vulcanization accelerator per 100 parts by
mass of the rubber component 1s preferably 1 to 5 parts by
mass, and more preferably 2 to 4 parts by mass. Since the
rubber composition of the present invention contains the
components mentioned above to achieve a good cure rate,
the amount of vulcanization accelerator can be reduced to
give a good appearance.

In addition to the above components, the rubber compo-
sition of the present mvention may optionally contain com-
pounding agents generally used for production of rubber
compositions, such as various antioxidants, stearic acid, zinc
oxide, waxes, oils, and vulcanizing agents.

Examples of oils include process oils, vegetable fats and
oils, and mixtures of these. Examples of process oils include
parailinic process oils, aromatic process o1ls, and naphthenic
process oils.
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If the rubber composition of the present mvention con-
tains an o1l (s), the amount of o1l per 100 parts by mass of
the rubber component 1s preferably 5 parts by mass or more,
and more preferably 10 parts by mass or more, whereas it 1s
preferably 30 parts by mass or less, and more preferably 20
parts by mass or less.

The rubber composition of the present invention can be
prepared by an ordinary method. Specifically, in an exem-
plary preparation method, the above components are
kneaded 1n a Banbury mixer, a kneader, an open roll mill or
the like, and then vulcamized.

The rubber composition of the present invention 1s for use
in a tread of a tire.

The pneumatic tire of the present invention may be
prepared using the rubber composition by an ordinary
method. Specifically, an unvulcanized rubber composition
contaiming the above components 1s extruded into a tread
shape, and assembled with other tire components 1n a usual
manner 1n a tire building machine to build an unvulcanized
tire. This unvulcanized tire 1s heat-pressurized 1n a vulca-
nizer to form a tire.

The pneumatic tire of the present invention can be suit-
ably used as a tire for passenger vehicles or the like.

EXAMPLES

Hereinatiter, the present invention will be described in
more detaill with reference to examples which are not
intended to limit the scope of the present invention.

The following are the list of various chemicals used 1n the

examples and comparative examples.

SSBR (1): HPR355 (solution-polymerized SBR (termi-
nated with an alkoxysilane by coupling; R*, R*, and R” each
represent —OCH,; R* and R each represent H; n represents
3) produced by JSR Corporation, styrene content: 28 mass

%, vinyl content: 56 mass %)

SSBR (2): T3830 (Tufdene 3830) (solution-polymerized
SBR, styrene content: 33 mass %, vinyl content: 34 mass %,
Mw: 950,000, Mn: 370,000, Mw/Mn: 2.6; containing 37.5

parts by mass of o1l per 100 parts by mass of rubber solids)

produced by Asahi Kase1 Corp.
SSBR (3): modified SBR (solution-polymerized SBR

(terminated with an alkoxysilane by coupling; R', R*, and
R> each represent —OCH,; R* and R> each represent
—CH,CH,; n represents 3) produced by Sumitomo Chemi-

cal Co., Ltd., styrene content: 25 mass %, vinyl content: 57
mass %)

BR: Nipol BR 1220 (cis content: 97 mass % or more)
produced by ZEON CORPORATION

NR: TSR

Carbon black: Seast N220 (N,SA: 114 m*/g) produced by
Mitsubishi Chemical Corporation

Silica: Ultrasil VN3 (average primary particle size: 15
nm, N,SA: 175 m?/g) produced by Evonik Degussa

Silane coupling agent: S1266 (bis(3-triethoxysilylpropyl)
disulfide) produced by Evonik Degussa

Aromatic o1l: Process X-140 produced by JX Nippon Oil
& Energy Corporation

Wax: Sunnoc N produced by Ouchi Shinko Chemical
Industrial Co., Ltd.

Antioxidant: Antigone 6C (N-(1,3-dimethylbutyl)-N'-
phenyl-p-phenylenediamine) produced by Sumitomo
Chemical Co., Ltd.

Stearic acid: stearic acid ““Isubaki” produced by NOF

Corporation
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PEG: PEG #4000 (polyethylene glycol, weight average
molecular weight: 4000) (HO(CH,CH,O) H where p 1is
about 90) produced by NOF Corporation

Zinc oxide: zinc oxide #1 produced by Mitsu1 Mining &
Smelting Co., Ltd.

Sulfur: powdered sulfur produced by Karuizawa sulfur

Vulcanization accelerator (1): Nocceler CZ (N-cyclo-
hexyl-2-benzothiazolylsulfenamide) produced by Ouchi
Shinko Chemical Industrial Co., Ltd.

Vulcanization accelerator (2): Nocceler D (N,N'-diphe-

nylguanidine) produced by Ouchi Shinko Chemical Indus-
trial Co., Ltd.

Examples and Comparative Examples

According to each of the formulations shown 1n Table 1,
the chemicals, excepting the sulfur and vulcanization accel-
erators, were kneaded 1n a 1.7-L Banbury mixer produced by
Kobe Steel, Ltd. To the resulting kneaded mixture were then
added the sulfur and vulcanization accelerators, and the
mixture was kneaded using an open roll mill to prepare an
unvulcanized rubber composition. The unvulcanized rubber
composition was press vulcanized 1 a 2-mm-thick mold at
170° C. for 15 minutes to prepare a vulcanized rubber
composition (vulcanized rubber sheet).

Also, the unvulcanized rubber composition was formed
into a tread shape and assembled with other tire components
in a tire building machine, and the assembly was vulcanized
at 170° C. for 15 minutes to prepare a test tire (tire size:
195/65R15).

The obtained unvulcanmized rubber compositions, vulca-
nized rubber compositions, and test tires were evaluated for
the following items. Table 1 shows the results.

(Mooney Viscosity, Scorch Time)

The measurement was performed using a Mooney vis-
cosity tester “Mooney viscometer SMV-202” produced by
Shimadzu Corporation in conformity with JIS K6300, “Rub-

ber, unvulcanized—Physical testing methods”. The tem-
perature of the tester was conditioned to 130° C. by 1-minute
preheating and a small rotor was rotated at this temperature.
The Mooney viscosity (ML, ) of each unvulcanized rubber
composition was measured aiter four-minute rotation of the
small rotor. The time (scorch time (min): T5) at which the
viscosity of the unvulcanized rubber composition rose by
five points was also measured. Lower Mooney viscosity

indicates better processability, and a shorter scorch time
indicates a shorter cure time.

A scorch time of at least 15 minutes but shorter than 25
minutes 1s particularly good from the viewpoint of both cure
time and extrusion processability. A scorch time of at least
10 minutes but shorter than 15 minutes 1s likely to cause
compound scorch 1n the extrusion process, and a scorch time
of shorter than 10 minutes causes compound scorch. A
scorch time of 25 minutes or longer causes too long a cure
time.

(Processability)

The processability was evaluated depending on the scorch
time data according to the following criteria.

Good: The scorch time 1s at least 15 minutes but shorter
than 25 minutes.

Acceptable: The scorch time 1s at least 10 minutes but
shorter than 15 minutes, or at least 25 minutes but shorter
than 30 minutes.

Poor: The scorch time 1s shorter than 10 minutes, or 30
minutes or longer.




US RE46,134 E

9
(Hs)
The hardness (Hs) of each vulcanized rubber sheet was

measured i conformity with JIS K6233. The measuring
temperature was 23° C.

(Viscoelasticity Test)
Using a viscoelasticity spectrometer produced by Iwa-
moto Seisakusho Co., Ltd., the loss tangent (tan o) and

10

(Bloom Test)

Each vulcanized rubber sheet was left in a sunny place for
one month. The appearance of the resulting sheet was
visually observed for evaluation according to the following

> criteria.

Very good: The sheet did not turn whaite.

Good: The sheet turned slightly white.

Poor: The sheet turned white and thus had a poor appear-

complex viscoelastic modulus (E*) at 70° C. of each vul- ance.
TABLE 1
Com- Com- Com- Com- Com- Com-
parative parative  Exam-  Exam- Exam- parative parative parative parative  Exam-
Example 1 Example 2 ple 1 ple 2 ple 3 Example 3 Example 4 Example 5 Example 6 ple 4
Chemical SSBR (1) 55 55 55 55 55 26 55 55 55 55
Material SSBR (2) 48 48 48 4% 4% 37.3 4% 48 4% 4%
Composition (net rubber (30) (30) (30) (30) (30) (14) (30) (30) (30) (30)
(parts by mass) content)
BR 15 15 15 15 15 15 15 15 15 15
NR — — — — — 45 — — — —
Carbon black 5 5 5 5 5 5 5 35 5 5
Silica 75 75 75 75 75 75 75 45 75 75
Silane coupling 6 6 6 6 6 6 6 3.6 6 6
agent
Aromatic oil 15 15 15 15 15 15 15 15 15 15
Wax 2.5 2.5 2.5 23 2.5 2.5 23 2.5 2.5 2.5
Antioxidant 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Stearic acid 2.5 2.5 2.5 2.5 2.5 2.5 23 2.5 2.5 2.5
PEG — — 0.3 3 3 3 10 3 — 1.5
Zinc oxicide 2.5 2.5 2.5 2.5 2.5 2.5 2.5 23 2.5 2.5
Sulfur 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Vulcanization 2 2 2 2 2 2 2 2 2 2
Accelerator (1)
Vulcanization 2 2.5 1.5 1.5 0.8 0.6 0.8 0.8 1.5 1.5
accelerator (2)
Total 234.5 2.35 234.3 237 236.3 241.4 243.3 233.9 234 234
Evaluation Mooney 635 63 64 60 60 52 55 58 65 60
viscosity
Scorch time 32 22 22 16 18 5 6 7 4() 18
Processability Poor Good Good Good Good Poor Poor Poor Poor Good
Hs 66 66 66 66 66 65 65 66 66 66
E* (Mpa) index 100 102 100 99 98 935 95 99 100 99
tan O index 100 99 100 99 08 OR 100 104 100 90
Abrasion 100 99 103 107 106 100 105 104 100 108
resistance index
Bloom test Good Poor Good Good Very good Good Very good Good  Very good Good
canized rubber sheet were determined at a frequency of 10 . TABIE 2
Hz, an mitial strain of 10%, and a dynamic strain of 2%. The
tan 0 and E* values of each rubber formulation are each Comparative  Example
: : e . : Example 7 5
expressed as an mdex (tan 0 index or E* index) relative to
that of Comparative Example 1 (=100). A higher tan ¢ index Chemical Material SSBR (3) 55 55
indicates less heat build-up and better fuel economy, and a sq _°OmPosition >SBR () BEO 860
_ . o _ . , (parts by mass) (net rubber content)
higher E*1ndex indicates higher E* and higher rubber hard- R 15 15
ness. NR - _
, ‘ Carbon black 5 5
(Abrasion Resistance) Silica 75 75
The test tires of each formulation example were mounted . iﬁiﬂfﬁ“{fﬁmg agent 12 12
on a car and the car was driven 30,000 km. Then, the Wax 5 5 5 5
changes in the groove depth of the tread before and after Antioxidant 2.5 2.5
driving were measured. The mileage at which the groove Stearic acid 2.3 2.3
. PEG — 3
depth was reduced by 1 mm was determined and the value 7 oxicide | 5 5
obtained 1s expressed as an index calculated from the Sulfir | 5 15
tollowing formula. A higher index indicates better abrasion Vulcanization accelerator (1) 2 2
resistance. Vulcanization accelerator (2) 2 1.5
(Abrasion resistance index)=(the mileage at which . lotal . . 2343 237
the groove depth was reduced by 1 mm 1n each Evaluation Mooney viscosity 05 62
SomTe TP oY - 63 h ti 31 16
formulation example)/(the mileage at which the SCOrC tm.wj:
groove depth was reduced by 1 mm in Com- Processability Poor Good

parative Example 1)x100
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TABLE 2-continued
Comparative Example
Example 7 5
Hs 66 67
E* (Mps) index 100 100
tan O index 100 99
Abrasion resistance imdex 100 106
Bloom test Good Good

Tables 1 and 2 demonstrated that adding a predetermined
amount ol polyethylene glycol to a rubber composition
containing predetermined amounts ol a solution-polymer-
1zed styrene-butadiene rubber, carbon black, and silica
improves the fuel economy and abrasion resistance i a
balanced manner while achieving a good appearance and a
good cure rate. The formulation of Example 3, containing a
less amount of vulcamization accelerators than 1n Example 2,
achieved a good cure rate and also exhibited improved
abrasion resistance and appearance.

In contrast, the formulation of Comparative Example 1
caused a longer scorch time and thus had poor processabil-
ity. The formulations of Comparative Examples 3 to 5 each
caused a shorter scorch time and thus had poor processabil-
ity. The formulation of Comparative Example 2, containing
a large amount of vulcanization accelerators, caused a poor
appearance due to blooming. The formulation of Compara-
tive Example 6, though achieving a good cure rate and a
good appearance, did not show an eflect of improving the
abrasion resistance.

The invention claimed 1s:

1. A prneumatic tire, comprising a tread formed from a
rubber composition for a tread, comprising:

a modified solution-polymerized styrene-butadiene rub-

ber,

a non-modified solution-polymerized styrene-butadiene

rubber,

carbon black having a nitrogen adsorption specific sur-

face area of 70 m”/g or more,

silica, and

polyethylene glycol,

the modified solution-polymerized styrene-butadiene rub-

ber being one modified with a compound represented
by the following formula (1):

(1)

¥ o
RI—Si—(CH —N/
1 ( Z)H \

| ;

R3 R

wherein, in formula (1), R", R?, and R’ are the same as or
different from one another, and each represents an alkyl,
alkoxy, silyloxy, acetal, carboxyl or mercapto group|, or a
derivative thereof]; R* and R are the same as or different
from each other, and each represents a hydrogen atom or an
alkyl group; and the symbol n represents an integer; and
wherein a rubber component of the rubber composition
contains 60 mass % or more of [the modified] solution-
polymerized styrene-butadiene rubber based on 100
mass % of the rubber component, and
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the rubber composition comprises, per 100 parts by mass
of the rubber component, 10 parts by mass or less of the
carbon black, 50 parts by mass or more of the silica,
and 0.1 to 3.5 parts by mass of the polyethylene glycol.

2. The [rubber composition for a tread] preumatic tire
according to claim 1, [comprising] the rubber composition
comprises butadiene rubber.

3. The [rubber composition for a tread] preumatic tire
according to claim 2, wherein, in the rubber composition,
the amount of butadiene rubber based on 100 mass % of the
rubber component 1s 10 to 40 mass %.

4. The [rubber composition for a tread] preumatic tire
according to claim 1, wherein the modified solution-polym-
erized styrene-butadiene rubber and the non-modified solu-
tion-polymerized styrene-butadiene rubber have a bound
styrene content of 10 mass % or more.

5. The [rubber composition for a tread] preumatic tire
according to claim 1,

wherein, in the rubber composition, the amount of the

modified solution-polymerized styrene-butadiene rub-
ber 1s 30 to 80 mass %, and the amount of the
non-modified solution-polymerized styrene-butadiene
rubber 1s 20 to 50 mass %, based on 100 mass % of the
rubber component, and

the blending ratio between the modified solution-polym-

erized styrene-butadiene rubber and the non-modified
solution-polymerized styrene-butadiene rubber is [30/
70 to 90/10] 30/50 to 80/20.

6. The [rubber composition for a tread] preumatic tire
according to claim 1, wherein the carbon black has a
nitrogen adsorption specific surface area of 70 to 150 m*/g,
and the silica has a mitrogen adsorption specific surface area
of 100 to 220 m*/g.

7. The [rubber composition for a tread] preumatic tire
according to claim 1,

wherein, in the rubber composition, the proportion of the

silica based on 100 mass % 1n total of the silica and the
carbon black 1s 60 mass % or more, and

the combined amount of the carbon black and the silica

per 100 parts by mass of the rubber component 1s 60 to
130 parts by mass.
8. The [rubber composition for a tread] preumatic tire
according to claim 1, [said rubber composition further
comprising sulfur, a vulcanization accelerator, and an o1l;
wherein, per 100 parts by mass of the rubber component,
the amount of sulfur 1s 0.3 to 3.0 parts by mass, the
amount of vulcanization accelerator 1s 1 to 5 parts by
mass, and the amount of oil is 5 to 30 parts by mass]

wherein the rubber composition further comprises sulfur,
a vulcanizing agent, and an oil; and

wherein, in the rubber composition, the amount of sulfur
is 0.3 to 3.0 parts by mass, the amount of vulcanization
accelerator is 1 to 5 parts by mass, and the amount of
oil is 5 to 30 parts by mass, per 100 parts by mass of
the rubber component.

[9. A pneumatic tire, comprising a tread formed from the
rubber composition according to claim 1.}

[10. A pneumatic tire, comprising a tread formed from the
rubber composition according to claim 2.]

% o *H % x
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