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Abstract of the Disclosure

Tread rubber composition for tires, which is
prepared by the use of rubber components consisting, when
the weight of the rubber components is assumed to be 100
parts, of 20 to 80 parts of a diene rubber and 80 to 20
parts of a styrene—butadiene copolymer having a glass
transition temperature of from -50° to —=25C and
satistying a relation shown by an equation of 4.8X-Y =
32, 1n which a bonded styrene content is represented by X
% by weight and a 1,2-bond content in butadiene portion is
represented by Y % by weight. Also in the tread rubber
composition of the present invention, the temperature
dispersion curve of a tan & of the rubber composition has
plural peaks, the temperature  difference between the
highest temperature side peak thereof and a single peak of
the rubber composition prepared by using the
above—mentioned styrene-butadiene copolymer alone as a
rubber component is within 10°C, and the tan & measured
at o0C 1s 0.08 to 0.20. The tread rubber composition can
provide tires having a low rolling resistance and an
excellent grip characteristic on a wet road surface.
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TREAD RUBBER COMPOSITIONS FOR TIRES

BACKGROUND OF THE INVENTION

The present 1nvention relates to a tread rubber
composition for tires, and more specifically to a tread
rubber composition for tires, which makes 1t possible to
obtain tires having a lowered rolling resistance while
maintaining grip characteristics, specifically those on a

wet road surface.
Recently there 1s an increased demand for saving

of energy resources throughout the world, and so—called
fuel saving  tires  contributing to lowering of @ fuel
consumption of cars have been developed. However although
the conventional fuel saving tires are low 1n rolling
resistance and meet the requirements for Ilowering fuel
consumption, those tires are inferior 1n other
characteristics, particularly  grip characteristics on a
wet road surface and thus are not satisfactory as a whole.

Among tire components, 1t 1S a tread that has
the greatest influence on the rolling resistance of the
tire. In order to lower the rolling resistance, 1t 1s
effective to decrease an energy loss caused by deformation
of the tread rubber, such as compression and bending
thereof. @ The rolling resistance of the tire 1s said to be
usually related to tan & at a tread rubber temperature of
around the range from 50° to 70C, and be Ilowered by
decreasing the tan § value. Also while the grip
characteristics of the tire on the wet road surface are
influenced by a friction coefficient of the road surface
1itself, 1t 1s said that such characteristics also have
relation to the tan & at around 0C, and therefore
increase  in the tan § value  enhances the grip
characteristics.

However 1t 1s difficult to 1individually control
the tan & at around the range from 50° to 70C and one at
about 0C. There 1s a tendency that when the former 1is
increased, the latter also 1increases, and decreases when
the former 1s decreased. Thus 1t was difficult to lower
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the rolling resistance and enhance the grip
characteristics at the same time. .

As a method to reduce an energy loss of the
tread 1n order to lower the rolling resistance of the
tire, there has been employed, for a tread rubber, a
method 1n which a styrene—butadiene copolymer having a low
glass transition temperature 1S blended with
polybutadiene, natural rubber, and the like. However 1n
such a method, though the rolling resistance was lowered,
the tan & value of the tread rubber at a temperature of
around 0°C became lowered and the grip characteristics on

the wet road surface remarkably decreased, and thus the
tires having the required characteristics could not be

obtained.

Also 1n recent vyears, 1t has become possible to
optionally select a bonded styrene content and a 1,2-bond
content 1n butadiene portion by preparing a styrene—
butadiene copolymer by solution polymerization, and
furthermore, modification and coupling techniques of
molecular ends have been established. As a result, a
technique for controlling energy loss of the copolymer is
under development. While the study has been proceeded
by wusing a tread rubber employing such a copolymer to
assure a small energy loss, there has not vet been
obtained the tread rubber both lowering the rolling
resistance and enhancing the grip characteristics on the
wet road surface.

The present 1nvention was made to solve the
above—mentioned problems and furnish a tread rubber
composition for tires enabling the rolling resistance to
be decreased without Ilowering the grip characteristics of
the tire on the wet road surface.

SUMMARY OF THE INVENTION

According to the present i1invention there can be
provided a tread rubber composition for tires, which
comprises rubber components consisting, when the weight of

the rubber components 1s assumed to be 100 parts (by
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weight, hereinafter the same), of 20 to 80 parts of a
diene rubber and 80 to 20 parts of one or more of
styrene—butadiene copolymers (hereinafter referred to as a
“specific  styrene—butadiene  copolymer”) having a  glass
transition temperature of from -50° to —-25°C, ©preferably
—45° to —25C, more preferably —-40° to —30C and
satisfying a relation shown by the equation of 4.8X-Y =
32, 1 which a bonded styrene content of the copolymer is
represented by X % by weight and a 1,2-bond content in
butadiene portion of the copolymer 1s represented by Y %
by weight. Also 1n the tread rubber composition, a
temperature dispersion curve of the tan & of the rubber
composition has plural peaks, the temperature difference
between the peak at the highest temperature side thereof
and a single peak of a rubber composition prepared by
using the aforesaid specific styrene—butadiene copolymer
alone as a rubber component i1s within 10C, and the tan §
measured at 50°C 1s 0.08 to 0.20.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 shows a temperature dispersion curve of a
tan & of a tread rubber composition of Example 1.

Fig. 2 shows a temperature dispersion curve of a
tan & of a tread rubber composition of Example 2.

Fig. 3 shows a temperature dispersion curve of a
tan & of a tread rubber composition of Example 5.

Fig. 4 shows a temperature dispersion curve of a
tan § of a tread rubber composition of Comparative
Example 1.

Fig. 5 shows a temperature dispersion curve of a
tan § of a tread rubber composition of Comparative
Example 2.

Fig. 6 shows a temperature dispersion curve of a
tan § of a tread rubber composition of Comparative
Example 4.

Fig. 7 shows a temperature dispersion curve of a
tan & of a tread rubber composition of Comparative
Example 6.
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Fig. 8 shows relation among a bonded styrene
content X (%) and a 1,2-bond content Y (%) in butadiene
portion of the styrene—butadiene copolymer shown 1in Table
1 and a glass transition temperature (Tg).

DETAILED DESCRIPTION

The temperature dispersion curve of the tan §
of the tread rubber composition of the present invention
has plural peaks, while the rubber composition, which 1s
prepared 1n the same manner as the aforesaid tread rubber
composition except that the  specific styrene—butadiene
copolymer 1s used alone as a rubber component, has a
single peak. The temperature difference between that
single peak and the peak at the highest temperature side
of the tread rubber composition of the present invention
1s within 10C, ©preferably within 6°C, more preferably

within 3C by reason of maintaining the grip
characteristics which the specific styrene—butadiene
copolymer has. When the difference 1s more than 10C,

there 1s a tendency that the grip characteristics of the
specific styrene—butadiene copolymer becomes lessened by
blending, and those of the blended rubber components lower
resultantly.

In the tread rubber composition for the tire of
the present i1invention, when the bonded styrene content of
the specific styrene—butadiene copolymer used as the
rubber component is represented by X % by weight, and a
1,2—-bond content 1n butadiene portion of the copolymer is
represented by Y % by weight, 1t 1s necessary for the
specific styrene—butadiene copolymer to satisfy a relation
shown by 4.8X-Y = 32. By the reason that clear plural
peaks are obtained, a relation shown by 4.8X-Y = 70 1is
desirable. The wupper Immit of 4.8X-Y 1s about 150 1in
order to lower the glass transition temperature of the
specific styrene—butadiene copolymer down to not more than
-25TC . When 4.8X-Y 1s smaller than 32, there 1i1s a
tendency that the temperature dispersion curve of the tan
0 does not have plural peaks, or even 1if there are plural
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peaks, the temperature difference between the peak at the
highest temperature side and the single peak of the rubber
composition prepared by using the specific
styrene—butadiene copolymer alone as the rubber component
as mentioned above becomes larger than 10°C, so that the
tan § value at a temperature around the range from 50° to
70°C lowers, to decrease 1n the rolling resistance but, at
the same time, the tan & value at around 0C lowers not
to obtain the enough grip characteristics on the wet road
surface.

The glass transition temperature of the specific
styrene—butadiene copolymer 1s —50° to —25C, and 1s
preferably —45° to -25°C, more preferably -—-40° to =30°C
by reason of a balance of the grip characteristics and the
rolling resistance. When lower than =50C, there 1s a
tendency that while the rolling resistance decreases, the
tan & at around O0C becomes lowered and as a result
thereof the grip characteristics on the wet road surface
becomes  1nsufficient. The glass transition temperature
higher than -25C tends to raise the tan & around the
range from 50° to 70C and as a result, to make the
rolling  resistance larger to increase heat  generation.
Among the specific styrene—butadiene copolymers, a
non—oll—extended polymer 1s preferable because the use of
oll—extended type of polymers results 1i1n increase in heat
generation, for example, due to the 1increased amount of
carbon blacks for maintaining a hardness of the rubber.

As a rubber component, there 1s used a diene
rubber in addition to the above—mentioned specific
styrene—butadiene copolymer. Examples of the diene
rubbers are, for instance, the other styrene—butadiene
copolymers not satisfying the above-mentioned equation of
4.8X-Y = 32, 1soprene rubbers, natural rubbers, high—cis

butadiene rubbers and low—cis Dbutadiene rtubbers. Those
rubbers can be wused alone or 1in combination with each
other. The natural rubbers and 1isoprene rubbers are

preferable from a point of non—compatibility with the
atoresaid specific styrene—butadiene copolymer.
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In 100 parts of rubber components, a total
amount of one or more of the aforesaid specific
styrene—butadiene copolymers 1s 80 to 20 parts, preferably
30 to 40 parts from a point to enhance wet grip
characteristics, and the remaining amount, i.e. 20 to 80
parts, preferably 20 to 60 parts 1s occupled by the
above—mentioned diene  rubber compositions. When  the
specific  styrene—butadiene copolymer 1s more than 80
parts, the rolling resistance tends to become worse, and
when less than 20 parts, the grip characteristics tend to
become inferior.

The tan & measured at 50°C of the tread rubber
composition for the tire of the present 1nvention is
preferably 0.08 to 0.20, particularly preferably 0.08 to
0.15, and more preferably 0.10 to 0.15 1in order to obtain
a suitably small rolling resistance. @ When less than (.08,
the grip characteristics tend to be 1insufficient, and when
more than 0.20, the rolling resistance tends to become
WOTI'SE.

Other than the above—mentioned rubber
components, the tread rubber composition of the present
invention may be blended, 1if necessary, with additives to
be wusually wused for rubber compositions for tires, for
example, carbon  blacks, fillers, antioxidants, softeners,
processing aids, zinc oxides, stearic acid, plasticizers,
vulcanizing accelerators, vulcanizing agents and sulfur in
proper amounts thereof. |

The tread rubber composition of the present
invention 1S obtained by mixing the aforesaid rubber
components, carbon blacks and other additives. After
vulcanization, the tread rubber composition of the present
invention 1ndicates the tan § temperature  dispersion
curve and the tan § at 50°C as mentioned hereinbefore.

The tread rubber composition of the present
invention 1s explained by means of Examples, but the
present 1nvention 1s not limited thereto.



10

15

20

29

30

35

2139159

Example 1

The tread rubber compositions were obtained
according to the following formulation by the wuse of the
styrene—butadiene copolymer (SBR-A) having the  glass
transition temperature, bonded styrene content (X),
1,2-bond content (Y) 1in butadiene portion and the value of
4.8X-Y shown 1n Table 1. The bonded styrene content and
the 1,2-bond content were measured with the FT—-IR
transmission method.

Parts by weight

SBR-A 60
Natural rubber 40
Carbon black 60
Aromatic oil 13
Stearic acid 2
Zinc oxide 3
Antioxidant 1
Vulcanizing accelerator |

Sulfur 1.75

As the carbon black, the antioxidant and the vulcanizing
accelerator, there were wused N339 of Showa Cabot Co.,
Ltd., N—(1, 3—dimethylbutyl)-N'-phenyl-p—phenylenediamine
of Monsanto Japan Ltd. and N-cyclohexyl-2-benzothiazyl/
sulfenamide of Sanshin Kagaku Kabushiki Kaisha,

respectively.

Also tires having a size of 185/65R14 were
manufactured by the use of the tread rubber
compositions.

The physical properties of the above—mentioned
tread rubber compositions and the characteristics of the
tires were evaluated as follows:

(Physical Properties of Tread Rubber Composition)

The temperature dispersion curve of the tan & of the
tread rubber composition was obtained by the use of a
viscoelasticity spectrometer (available from Kabushiki1
Kaisha Iwamoto Seisakusho) 1in the temperature range of
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from -100C to 100°C wunder the conditions of 10 Hz of
frequency, 10 % of static strain, *0.25 % of dynamic
strain, and 2°C /minute of heat |elevation rate. The
temperature dispersion curve of the tan & 1s shown 1in
Fig. 1. The number of peaks 1s 2, and the peak
temperature at the highest temperature side 1s —-19C .

Also the simmilar tread rubber composition was
prepared by the use of 100 parts of the styrene—butadiene
copolymer without the use of natural rubber, and the
temperature dispersion curve of the tan § having a single

peak was obtained 1n the same manner. The peak
temperature of that peak was =16C, and a difference from
the above—mentioned peak temperature at the highest

temperature side 1s 3C.

Also there was measured the tan & value at 50T
by the use of the same viscoelasticity spectrometer under
the conditions of 10 Hz of frequency, 10 % of static
strain and *1.00 % of dynamic strain, and the measured
value was 0.16.

(Characteristics of Tire)

Rolling resistance

The rolling resistance was measured with a
1707.6 mm dia. drum type rolling resistance measuring
equipment (available from T & T Co., Ltd.) under the
conditions of a speed of 80 km/hr and a load of 350
kgf. The index of the rolling resistance was 105, on the
basis of one obtained 1n Comparative Example 5 referred to
hereinafter which 1s assumed to be 100. The larger the

index 1s, the smaller the rolling resistance. Contrarily
the smaller the index is, the larger the rolling
resistance.

Braking characteristic on wet asphalt road

The tires were attached to a 1600 cc passenger
car and the car was run on an asphalt road of a skid
number of about 50. The time required for decelerating
from 40 km/hr to 20 km/hr was measured. The result is
shown as the i1ndex to the value (100) of Comparative
Example 5 referred to hereinafter, and the obtained index
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was 115. The larger the i1ndex 1s, the more excellent the
braking characteristic, and the smaller the i1ndex 1s, the
more 1inferior the braking characteristic.

The results of the above—mentioned tests are
shown 1n Table 2.

Examples 2 to 6

The tread rubber compositions were prepared 1n
the same manner as 1n Example 1 except that the blending
ratios of the rubber components containing  styrene-
butadiene copolymers (SBR—A and SBR-B) having the physical
properties shown 1n Table 1, the carbon blacks and the
aromatic oils were changed as shown in Table 2. By the
use of those tread rubber compositions, the tires similar
to those of Example 1 were manufactured. The physical
properties of the tread rubber compositions and the
characteristics of the tires were evaluated 1in the same
manner as in Example 1. The results are shown in Table
2. The temperature dispersion curves of the tan & of the
tread rubber compositions of Examples 2 and 5 are shown in
Fig. 2 and Fig. 3, respectively.

Comparative Examples 1 to 6
The tread rubber compositions were prepared 1in
the same manner as 1n Example 1 except that the blending
ratios of the rubber components containing the styrene-—
butadiene copolymers (SBR-C, -D, -E, -F and -G) having the
physical properties shown in Table 1, the carbon blacks
and the aromatic oils were changed as shown i1in Table
2. By the use of the tread rubber compositions, the tires
similar to those of Example 1 were manufactured. The
physical properties of the tread rubber compositions and
the characteristics of the tires were evaluated 1n the
same manner as in Example 1. The results are shown in
Table 2. The temperature dispersion curves of the tan §
of the tread rubber compositions of Comparative Examples
1, 2, 4 and 6 are shown 1n Fig. 4, 5, 6 and 7,
respectively.
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The reason why the characteristics of the tires
were evaluated based on the tire of Comparative Example 5

1S that the tire of Comparative  Example 5 has

characteristics corresponding to those of usual tires.
Fig. 8 1s a graph showing the data of each SBR
shown 1n Table 1 by plottmg the bonded styrene content

(X) on the axis of ordinate and the 1, 2 bond content (Y)

in butadiene portion on the axis of abscissa. : -
: Fig. 8 also shows the lines of -50°C, -45C and
-25°C of Tg and the line of 4.8X-Y = 32 for reference. '
The bonded styrene content and the 1, 2 bond
content 1n butadiene port‘ion were measured with the FT-IR
transmission method (by the wuse of FT-IR 1600 of
Perkin—Elmer). '
“Each SBR given 1In Table 1 are the following
products. | |
SBR-A: Trade nameNIPOL™ NS116 (available from Nippon
Zeon Co., Ltd.)
SBR—-B: Trial product -
SBR-C: Trade name SL599 (available from Japan
Synthetic Rubber Co., Ltd.) |
SBR-D: Trial product
SBR-E: Trade name SL574 (available from Japan
- Synthetic Rubber Co., Ltd.) -
SBR-F: Trade name Asaprene™ 1150 (avallable from Asahi
Chemical Industry Co., Ltd.) |

SBR-G: SBR 1500 (available from Sumitomo Chemical Co.,

Ltd.)
SBR-H: Trade name SL552 (available from Japan Synthetic

Rubber Co., Ltd.)
SBR-I: Trade nameNIPOL™ NS114 (ava11ab1e from Nlppon

- Zeon Co., Ltd.)
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Table 1

Glass Bonded 1,2-bond

transition styrene content Y
Copolymer temperature content X in  butadiene 4.8X-Y

(C ) (% by weight) portion

(% by weight)

SBR—-A ~-33 21 63 37.8
SBR-B -39 25 49 71.0
SBR-C -39 5 30 ~56.0
SBR-D -23 33 47 111.4
SBR-E —48 15 57 15.0
SBR-F -55 15 45 27.0
SBR-G —53 23.5 18 94.8
SBR-H —55 22 31 74.6
SBR-1 —52 16 30 46.8
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The results shown 1n Table 2 1ndicate that the
rolling resistances of the tires of Examples 1 to 6 are
low and the grip characteristics on the wet road surface
1S excellent.

In the Comparative Example 1, since the styrene—
butadiene copolymer (SBR—-C) does not meet the requirement
of 4.8X-Y = 32, the temperature dispersion curve of the
tan & has only a single peak, the peak temperature 1s low
and differs from the peak temperature of the rubber
composition using the styrene—butadiene copolymer alone as
the rubber component by as much as 20C, and the grip
characteristics on the wet road surface are inferior.

Comparative Example 2 1s not preferable because
the tan & at 50C becomes larger and the rolling
resistance INcreases since the glass transition
temperature of the styrene—butadiene copolymer (SBR-D) 1s
higher than —-25C.

In Comparative Example 3, since the styrene-
butadiene copolymer (SBR-E) does not meet the requirement
of 4.8X-Y = 32, the temperature dispersion curve of the
tan & has only a single peak, the peak temperature 1s low
and the grip characteristics on a wet road surface are
inferior.

In Comparative Example 4, since the styrene-
butadiene copolymer (SBR-F) does not meet the requirement
of 4.8X-Y = 32 and also the glass transition temperature
1s low, the peak temperature 1s low and the grip
characteristics on the wet road surface are inferior.

Comparative Example 6 1s not preferable since
the tan & value at 50C exceeds 0.20 and the rolling
resistance 1S high, although the styrene—butadiene
copolymer (SBR—A) 1s preferable.

The tread rubber compositions for tires of the
present 1nvention can provide tires having a low rolling
resistance and excellent grip characteristics on a wet
road surface, thus maintaining braking characteristics and
achieving lower fuel consumption of cars.
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WHAT WE CLAIM IS:

1. A tread rubber composition for tires, which comprises rubber
components consisting, when the weight of the rubber components is 100 parts by

weight, of 20 to 80 parts by weight of a diene rubber and
80 to 20 parts by weight of one or more of styrene-
butadiene copolymers having a glass transition temperature
of from -50° to —25C and satisfying a relation shown by
the equation: 4.8X-Y = 32, in which a bonded styrene
content i1s represented by X % by weight and a 1,2-bond
content in butadiene portion - is Ijepresented by Y % by

O 00 ~1 O N B W DO

10  weight; further characterized by a temperature di-spersion curve of tan 3

11  of the rubber composition having plural peaks; the temperature difference
12 between the peak at the highest temperature side thereof and a single
13 peak of a rubber composition prepared by using the
14 styrene-butadiene ‘copolymer alone as a rubber component
15 being within 10C; and a tan & measured at 00°C being
16 0.08 to 0.20. ' -

1 2. The tread rubber composition for tii*es of
2 Claim 1, wherein the diene rubber is natural rubber or
3 polyisoprene rubber.

1 3. The tread rubber composition for tires of
2 Claim 1, wherein the styrene-butadiene copolymer has a
3 glass transition temperature of from —45° to -256°C. - ~

1 4. The tread rubber composition for tires of
2 Claim 1, wherein the styrene-butadiene copolymer is a non—
3 oil-extended polymer. '

1 5. The tread rubber composition for tires of
2 Claim 1, wherein the styrene-butadiene copolymer has a
3 glass transition temperature of from -40° to -30TC.
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