(12) (19) (CA) Demande-Application

. c‘g » s a -
‘e i.é:“' ';S"‘\:‘. .'.'~.
I\ - “' ] |. -
. “h}\::.. + ;:I ‘:-\:.‘\‘\‘.-'::. -‘- Tt -{:
e N A A
.'\. ‘{c\.-.‘q\‘; .\ ‘Q:'Q"‘;\‘.l ‘\"\ LY -
P ( SRR > I . I
O I AR R LN
LS w

27 ciroO
R S LRI
OFFICE DE LA PROPRIETE S 1‘“ RNy CANADIAN INTELLECTUAL
INTELLECTUELLE DU CANADA "1\ PROPERTY OFFICE (21) (Al) 2,3 1 6901 1
(22)2000/08/15
(72) ZANZIG, DAVID JOHN. US (43)2001/04/11

(72) SANDSTROM, PAUL HARRY, US

(72) VERTHE, JOHN JOSEPH ANDRE., US

(72) BLOK, EDWARD JOHN, US

(72) HOLTZAPPLE, GREGORY MARTIN, US

(71) THE GOODYEAR TIRE & RUBBER COMPANY, US

(51)Int.C1.” CO8L 9/00, CO8L 9/06, CO8L 7/00

(30) 1999/10/11 (09/416,179) US

34y PNEU A BANDE DE ROULEMENT RENFORCEE DE SILICE
COMPRENANT DU TRANS-1,4-POLYBUTADIENE, UNE
SOLUTION DE CAOUTCHOUC BUTADIENE-STYRENE, DU
POLYISOPRENE ET DES QUANTITES DETERMINEES DE
NOIR DE CARBONE ET DE SILICE AMORPHE

(54) TIRE WITH SILICA-REINFORCED TREAD COMPRISED OF
TRANS 1,4-POLYBUTADIENE, SOLUTION SBR,
POLYISOPRENE AND DEFINED AMOUNT OF CARBON
BLACK AND AMORPHOUS SILICA

(57) This mmvention relates to a tire having a tread of a cap/base construction wherein the tread cap 1s composed of trans
1,4-polybutadiene, solution polymerization prepared styrene/butadiene copolymer rubber, cis 1,4-polyisoprene rubber
and defined amounts of carbon black and amorphous silica reinforcement.

I*I Industrie Canada  Industry Canada



10

CA 02316011 2000-08-15

Abstract of the Disclosure

TIRE WITH SILICA-REINFORCED TREAD COMPRISED OF TRANS
m
1,4-POLYBUTADIENE, SOLUTION SBR, POLYISOPRENE AND
m
DEFINED AMOUNT OF CARBON BLACK AND AMORPHOUS SILICA
M

This invention relates to a tire having a tread

0f a cap/base construction wherein the tread cap is

- composed of trans 1,4-polybutadiene, solution

polymerization prepared styrene/butadiene copolymer

rubber, cis 1,4-polyisoprene rubber and defined

amounts of carbon black and amorphous silica

reinforcement.
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TIRE WITH SILICA-REINFORCED TREAD COMPRISED OF TRANS
—— - st sl LURTRLOLD U TRANS

1, 4-POLYBUTADIENE, SOLUTION SBR, POLYISOPRENE AND
—— ey oy ey 90P0y YL IOUPRLNE AND

DEFINED AMOUNT OF CARBON BLACK AND AMORPHOUS SILICA
—— e — Y e Dl ARND ARVURFRUUS O LLICA

composed of trans 1,4-polybutadiene, solution

polymerization prepared styrene/butadiene copolymer
rubber, cis l,4—polyisoprene and defined amounts of

carbon black and amorphous silica reinforcement.

Background

Tires are often.prepared with a tread of a

cap/base construction where the outer tread cap 1s

designed to be road contacting and the underlying base
1s designed to support the tread cap and 1s not

designed to be road contacting.

For various purposes, it is sometimes desired to
provide a tire tread cap with a rubber composition
which has a relatively high degree of durability and
which has good, relatively low, rolling resistance,
good, relatively high, traction and good, relatively

low, treadwear.

For such purposes, it is believed to be rather

commonplace to often use cis l,4-polybutadiene rubber

in a tread cap rubber composition to enhance its

treadwear.

It 1s also sometimes desirable to provide a tire

Cread cap rubber composition with various amounts of
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amorphous silica reinforcement and carbon black for
varlious purposes.

In particular, where it is desired to provide a
tire tread cap with enhanced balance of traction and
Creadwear properties, cis 1,4-polybutadiene rubber and
silica reinforcement may be included in its
formulation.

However, for various purposes, it is also

initiation and propagation, particularly where a tire
might be used in off-the-road service conditions
environment, yet still have an enhanced balance of
traction and treadwear.

Historically, trans 1,4-polybutadiene have been
used 1n various tire components, including a tire
sidewall (U.S. Patent Nos. 5,626,697 and >,386,865), a
Lire tread base of a cap/base construction (U.S.
Patent No. 5,229,195) as well as a tread with a
portion intended to be road contacting as Japanese
publications 60-133; 60-101,504; and 60-143, 453 and
U.S. Patents Nos. 4,510,291 and 0,025,059, Also, see
U.S. Patents Nos. 5,174,838, 5,386,865, 5,229,459 and
5,885,389.

It 1s important to appreciate that trans 1,4-

vulcanized. As an elastomer, trans l,4~poleutadiene,
unlike most elastomers, may tend to strain crystallize
under low strain (low elongation) conditions so that

1t, therefore, may provide modulus strength
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enhancement during the dynamic‘operation of a tire
tread. This phenomenon may provide improved tear
resistance, particularly resistance to lrregular wear
of a tire tread's road-contacting surface under
service conditions.

A preparation of a trans l,4-polybutadiene resin
and 1ts characterization may readily be found in U.S.
Patent No. 5,089,574,

In the description of this invention, the terms
"rubber" and "elastomer" if used herein, may be used
interchangeably, unless otherwise prescribed. The
Cerms "rubber composition", "compounded rubber" and
"rubber compound", if used herein, are used
interchangeably to refer to "rubber which has been
Dlended or mixed with various lngredients and
materials" and such terms are well known to those

having skill in the rubber mixing or rubber

compounding art.

The term "phr" if used herein, and according to
conventlonal practice, refers to "parts of a
respective material per 100 parts by weight of rubber,
or elastomer" which in this invention is lntended to
include the aforesaid trans l,4-polybutadiene resin.

A reference to an elastomer's Ig refers to a

"glass transition temperature" which can conveniently

be determined by a differential scanning calorimeter

at a heating rate of 10°C per minute.
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where the tread cap is intended to be ground-
contacting rubber; wherein the tread cap 1s of a
rubber composition which comprises, based on 100 parts
by weight (phr) of rubber (A) 100 phr of rubber
comprising, and preferably consisting essentially of,
(1) about 5 to about 50, alternatively, about 10 to
about 30, phr of trans l,4-polybutadiene polymer

having a trans 1,4 content in a range of about 80 to

about 90 percent, (2) about 30 to about 70,
alternatively,.about 40 to about 60, phr of organic
solution polymerization prepared styrene/butadiene
cCopolymer rubber containing about 5 to about 40,
alternatively about 5 to about 15, Weight percent
units styrene, and (3) about 5 to about 50,
alternatively about 20 to about 40, phr of cis 1,4-
polylisoprene rubber (B) about 40 to about 95 phr
reinforcing filler as carbon black and amorphous
sllica; wherein said filler contains (1) about 35 to
about 75 phr of carbon black and about 5 to about 20
phr of said amorphous silica or (11) about 5 to about
30 phr of carbon black and about 35 to about 90 phr of
sald amorphous silica and (C) at least one silica
coupling agent having a molety reactive with hydroxyl
(e.g. silanol groups) on the surface of the said

sillica and an additional molety interactive with the
sald elastomer (s).

A significant aspect of this invention 1s the
utilization of the trans l,4-polybutadiene to replace
a significant portion of commonly used cis 1,4-
polylisoprene rubber in the tire tread rubber

composition in a circumstance where the tire tread
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rubber contains defined amounts of amorphous silica

reinforcement where, insofar as the carbon black and
silica are concerned, (i) silica is in a minority or
(11) silica is in the majority.

In one aspect, it may be desired for the silica
€O be in a minority insofar as the carbon black and
silica reinforcement is concerned in order to maximize
wear resistance of the tread rubber composition.

In another aspect, it may be desired for the

silica to be in a majority insofar as the carbon black

and silica reinforcement is concerned 1in order to

maximize a reduction of rolling resistance for the
tire itself.

For the replacement of a portion of the Ootherwise
used cis 1,4-polyisoprene rubber in the Cread cap
rubber composition, it is considered herein that the
trans 1,4-polybutadiene has a particular advantage in
that, for example, it tends to strain crystallize
under low strain (low elongation such as, for example,
about 5 to 20 percent elongation) conditions in a
cured rubber conditions in contrast to the more

commonly used cis l,4-polyisoprene which would be

expected to tend to strain crystallize at somewhat
higher such low strains, or elongations, of about 25
percent or higher. This is important where low strain
stiffness for a rubber composition is desired such as,

for example, in tire tread for treadwear resistance
and handling.

Accordingly, this phenomenon may provide improved

tread wear and tire handling properties for a tread
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the tire tread cap rubber composition is, therefore,
considered herein to be of a significant benefit, as
compared to a more commonly used cis l,4-polyisoprene
rubber in that the trans 1,4-polybutadiene structure
1s observed to improve resistance to abrasion, or
wear, promotes higher rebound values with predictive
lower rolling resistance for a tire with tread of such
rubber composition, for the rubber composition.

Another significant aspect of this invention 1S
the use of a solution polymerization derived
styrene/butadiene copolymer elastomer (S-SBR) in
comblnation with the trans l,4-polybutadiene. This is
considered herein to be significant because the
presence of the S-SBR in the rubber composition
considered herein to promote a reduction in rolling
reslistance and increase in traction and handling for a
Cire having a tread of such rubber composition.

The use of a relatively low to conventional

for the S-SBR is considered herein to promote a
reduction in rolling resistance for a tire having a
tread of such rubber composition.

The use of a relatively high styrene content in a
range of about 25 to about 40 welght percent in the S-

SBR 1s considered as being significant because a

relatively high styrene content for the S-SBR is
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considered herein to promote traction for a tire
having a tread of such rubber composition.

In practice, the relatively minor amount of cCis
l,4-polyisoprene used is preferably natural rubber.

In general, the amorphous silica is typically
selected from precipitated silica and precipitated
aluminosilicate having a BET surface area within a
range of about 100 to about 300 m2/g and a DBP value

wlithin a range of about 100 to about 350, preferably
about 150 to about 300 m2/g.

The trans 1,4-polybutadiene polymer which has a
Tg 1n a range of about -70°C to about -80°C is

considered herein to be significant and beneficial for

the tire tread cap to promote improved resistance to

Creadwear without a loss of traction whereas use of a
Cls 1,4-polybutadiene rubber in the rubber composition
having a Tg of about -100°C to -105°C would be
expected to promote a comparative loss of traction for

a Tire tread of the rubber composition. Such

phenomenon of use of cis l1,4-polybutadiene rubber in a

in the tread cap of this invention is preferably a
precipitated silica, as hereinbefore pointed out, and
1s intended to include aluminosilicates. Such
precipitated silica may be prepared, for example, by
controlled acidification of a soluble silicate, e.qg.,

sodium silicate.
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A BET method of measuring surface area is
described in the Journal of the American Chemical
Soclety, wvolume 60, page 304 (1930).

Various commercially-available silicas may be
considered for use in the tread of this invention,
particularly the tread cap such as, for example only
and without limitation, silica commercilally available
from Rhodia such as, for example, Zeosil 1165MP,
sllica available from Degussa AG with designations
such as, for example, BV3370GR, and silica available
from J.M. Huber such as, for example, Zeopol 8745 and
slilica available from PPG Industries such as, for
exXample, HiSil 210.

IT 1s readily understood by those having skill in
the art that the rubber composition of the tread
rubber would be compounded by methods generally known

in the rubber compounding art, such as mixing the

various sulfur-vulcanizable constituent rubbers with

various commonly used additive materlials such as, for

example, curing aids, such as sulfur, activators,
retarders and accelerators, processing additives, such
as 0l1lls, resins including tackifying resins, silica,
and plasticizers, fillers, pigments, fatty acid, zinc
Oxlde, waxes, antioxidants and antiozonants and
peptizing agents. As known to those skilled in the
art, depending on the intended use of the sulfur-

vulcanizable and sulfur-vulcanized material (rubbers),
the additives mentioned above are selected and

commonly used in conventional amounts.



10

15

20

25

30

CA 02316011 2000-08-15

In practice, the said trans 1,4-polybutadiene
polymer preferably has a microstructure characterized
by having a trans l,4- content of about 80 to about 90
percent, a vinyl 1,2- content of about 10 to about 15
percent and a cis 1,4- content of about 1 to about 5
percent.

Preferably, the said trans l,4-polybutadiene
polymer is further characterized by having a molecular
welght number average (Mn) in a range of about 150,000
to about 210,000.

Such trans 1, 4-polybutadiene polymer preferably

has a heterogeneity index (HI) 1n a range of about 2

average molecular weight (Mw) - to its number average
molecular weight Mn). A narrow heterogeneity index is

Often desirable for various purposes.

about 42°C as determined by differential scanning

calorimeter (DSC) measurement at a heating rate of

about 10°C per minute.

Typically, the said trans l,4-polybutadiene
p:olymer has a Tg within a range of about -70°C to about
-80°C.

While all aspects of the lnvention may not be

fully understood, it is believed that the aforesaid
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microstructure of the trans l,4-polybutadiene polymer
contributes substantially to its thermoplastic polymer
type of properties, particularly its rather hard and

stiff appearance property at temperatures below about

30°C, such as about 20°C to about 25°C, and its melting

polnt property within a temperature range of about 30°C
to about 50°cC.

It 1s also considered that 1ts characterized

number average molecular welght (Mn) range as well as
1ts relatively narrow heterogeneity index may
contribute somewhat to its aforesaid resin-like
property prior to mixing it with other elastomers.

The forming of a tire component 1s contemplated
Lo be by conventional means such as, for example, by
extrusion of rubber composition to provide a shaped,
unvulcanized rubber component such as, for example, a
tire tread. Such forming of a tire tread is well
known to those having skill in such art.

Accordingly, it is considered herein that a tire
tread rubber composition which is quantitatively
reinforced with silica and contains the combination of

solution SBR and trans l,4-polybutadiene having its

prescribed microstructure is novel and inventive.

IT 1s understood that the tire, as a manufactured
article, is prepared by shaping and sulfur curing the

assembly of its components at an elevated temperature

(e.g. 140°C-160°C) and elevated pressure 1n a suitable

mold. Such practice is well known to those having

skill in such art.
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Thus, in a more specific aspect of this
1nvention, a tire is provided having a tread
component, namely an outer, circumferential tread
intended to be ground-contacting, comprised of a
rubber composition prepared according to this

invention.

In practice, while it is preferred the rubber of

Che composition consists essentially of the trans 1, 4-

polybutadiene, cis l,4-polyisoprene and the solution

SBR, small amounts of additional dlene-based
elastomers may be used for speclal applications,
particularly where enhanced tire traction is desired.
Representative of such additional diene-based
elastomers are, for example, from 5 up to and
including 10 phr, or even 15 phr, of one or more of

3,4-polyisoprene and styrene/isoprene/butadiene

Cerpolymers.

D1510) in a range of about 80 to about 140,
alternatively about 100 to about 150, g/kg together
with a DRBP (dibutylphthalate) value (ASTM D2414) in a
range of about 70 to about 200, alternatively about
100 to about 180 cm?/loog. Representative of such

carbon blacks can easily be found in The Vanderbilt

Rubber Handbook, 1978 edition, page 417.

In practice, the silica is used in conjunction

with a silica coupling agent to couple the silica Wwlth
the elastomer(s) and, thus, enhance the elastomer

reinforcing effect of the sllica.
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In particular, such coupling agents are sometimes
composed of a silane which has a constituent
component, or moiety, (the silane portion) capable of
reacting with the silica surface, namely silanol
groups on the silica surface and, also, a constituent
component, or moiety, capable of reacting with the
rubber, particularly a sulfur-vulcanizable rubber
which contains carbon-to-carbon double bonds, or
unsaturation. In this manner, then the coupler acts
as a connecting bridge between the silica and the
rubber and, thereby, enhances the rubber reinforcement
aspect of the silica.

Numerous coupling agents are taught for use in
comblining silica and rubber such as, for example,
silane coupling agents.containing a polysulfide

component, or structure, such as Lls- (3-

atoms 1in its polysulfidic bridge. Exemplary of such
materlals is bis—(3—triethoxysilylpropyl) polysulfide.
IT 1s readily understood by those having skill in
the art that the rubber composition would be
compounded by methods generally known in the rubber
compounding art, such as mixing the various sulfur-
vulcanizable constituent rubbers with various commonly
used additive materials such as, for'example, curing
alids such as sulfur, activators, retarders and
accelerators, processing additives, such as oils,

resins including tackifying resins, silicas, and

plasticizers, fillers, pigments, fatty acid, zinc

oxide, waxes, antioxidants and antiozonants, peptizing
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agents. As known to those skilled in the art,
depending on the intended use of the sulfur
vulcanizable and sulfur-vulcanized material (rubbers),
the additives mentioned above are selected and

commonly used in conventional amounts.

Typical amounts of reinforcing type carbon
blacks(s) for this invention are hereinbefore sét
forth. Typical amounts of tackifier resins, if used,
comprise about 0.5 to about 10 phr, usually about 1 to
about 5 phr. Typical amounts of processing aids
comprise about 1 to about 50 phr. Such processing
alds can include, for example, aromatic, naphthenic,
and/or paraffinic processing oils. Typical amounts of
antioxidants comprise about 1 to about 5 phr.
Representative antioxidants may be, for example,
diphenyl-p-phenylenediamine and others such as, for
example, those disclosed in The Vanderbilt Rubber
Handbook (1978), pages 344-34¢. Typical amounts of
antiozonants comprise about 1 to 5 phr. Typical
amounts of fatty acids, if used which can include
stearic acid, comprise about 0.5 to about 3 phr.
Typical amounts of zinc oxide comprise about 1 to
about 5 phr. Typical amounts of waxes comprise about
Ll to about 5 phr. Often microcrystalline waxes are
used. Typical amounts of peptizers comprise about 0.1
to about 1 phr. Typical peptizers may be, for
example, pentachlorothiophenol and dibenzamidodiphenyl

disulfide.

The vulcanization is conducted in the presence of

a sulfur-vulcanizing agent. Examples of suitable

sulfur-vulcanizing agents include elemental sulfur



10

15

20

25

30

CA 02316011 2000-08-15

(free sulfur) or sulfur donating vulcanizing agents,
for example, an amine disulfide, polymeric polysulfide
or sulfur olefin adducts. Preferably, the sulfur-
vulcanizing agent is elemental sulfur. As known to
those skilled in the art, sulfur-vulcanizing agents
are used in an amount ranging from about 0.5 to about
4 phr, or even, in some clrcumstances, up to about 8§
phr, with a range of from about 1.5 to about 2.5,
sometimes from about 2 to about 2.5, being preferred.
Accelerators are used to control the time and/or
Cemperature required for vulcanization and to improve
the properties of the vulcanizate. In one embodiment,
a slngle accelerator system may be used, i.e., primary
accelerator. Conventionally and preferably, a primary
accelerator(s) is used in total amounts ranging from
about 0.5 to about 4, preferably about 0.8 to about

1.5, phr. In another embodiment, combinations of a

amounts (of about 0.05 to about 3 phr) in order to
activate and to improve the properties of the
vulcanizate. Combinations of these accelerators might
be eXpected to produce a synergistic effect on the
Ilnal properties and are somewhat better than those
produced by use of either accelerator alone. 1In
addition, delayed action accelerators may be used
which are not affected by normal processing
temperatures but produce a satisfactory cure at
ordinary vulcanization Cemperatures. Vulcanization
retarders might also be used. Sultable types of

accelerators that may be used in the present invention
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are amines, disulfides, guanidines, thioureas,
thiazoles, thiurams, sulfenamides, dithiocarbamates
and xanthates. Preferably, the primary accelerator 1S

a sulfenamide. IfT a second accelerator is used, the

construction where the tread cap 1s of a rubber
composition which contains a combination of trans 1,4-
polybutadiene and SBR and is reinforced with silica
and carbon black with silica or carbon black being in
the majority.

The mixing of the rubber composition can be
accomplished by methods known to those having skill in
the rubber mixing art. For example, the ingredients

may be mixed in at least two stages, namely, at least

"productive” mix stage in which the mixing typically
occurs at a temperature, or ultimate temperature,
lower than the mix temperature (s) than the preceding
non-productive mix stage(s). The terms "non-
productive”" and "productive" mix stages are well known
o those having skill in the rubber mixing art.

The invention may be better understood by

reference to the following examples in which the parts
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and percentages are by weight unless otherwise

lndicated.

EXAMPLE I

In this Example, a first rubber composition
comprised of solution SBR and cis l,4-polyisoprene
natural rubber is prepared and referred to herein as
"Control Sample A".

Similar rubber compositions are prepared 1n which
a portion of the cis l,4-polyisoprene rubber is

replaced with trans l,4-polybutadiene rubber and

referred to herein as "Samples B-D".

sillica is in a1 minority, namely, 17 phr of silica,
with carbon black in an amount of 43 phr plus about
1.8 phr carbon black contained in the coupling agent
composite.

The rubber compositions were prepared in an
lnternal rubber mixer using three separate stages of
addition (mixing), namely, two sequential non-

productive mix stages (without the sulfur and

accelerator curatives) to a temperature of about 150°C

and one final productive mix stage (with sulfur and

accelerator curatives) to a Cemperature of about 115°C.
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Table 1

1°* Non-Productive Ingredients

E§E'A. Egngi EXE*C EXE D
(Control)
Trans 1, 4- 10 | 20 30
polybutadiene!

Solution SBR rubber? 50 50
Cis 1,4- 50 30 20
polyisoprene?

Processing oil ¢
waxes®

T —

Accelerator, 1.1 1.1 1.1 1.1
sulfenamide and
thiuram type

Trans 1,4-polybutadiene elastomer having a

I'g of about ~75°C and 2 melting point of
about 40°cC.

a styrene content of about 12 percent and a



10

15

20

20

CA 02316011 2000-08-15

- 18 -

Tg of about -42°C as SOLFLEX® 1216 from The

Goodyear Tire & Rubber Company.

Natural rubber.

N299 carbon black, an ASTM designation.

Paraffinic rubber processing oil and

microcrystalline and paraffinic waxes.

Phenvylenediamlne tType.

Precipitated silica obtained as HiSil 210

from PPG Industries company.

A composite commercially available from Degussa
S.A. as X508 in a form of a 50/50 blend of bis-
(3-~triethoxysilylpropyl) tetrasulfide (saild
tetrasulfide individually avallable from Degussa
S.A. as Si69), with carbon black and, thus, the
tetrasulfide is considered as being 50% of the

composite reported in the above Table.

Physical properties of the rubber Samples are

shown in the following Table 2 with the Stress-Strain,

Rebound, Hardness, DIN abrasion and Tear resistance

tests being conducted on vulcanized rubber samples.
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Table 2
le‘A

Sample Sample | Sample Sample
(Control ) B C D

Rheometer Data (150°C)

37.0 37.5 39.0

Stress-Strain

Tensl1le Strength, 17.2 17.8 17.9 15.3
MPa

Elongation @ 436 412
Break, 3

Rebound
Rebound at 23°C 50 51 52
(%)

Hardness

Shore A Hardness,
23°C

Shore A Hardness,
100°C

58 60

DIN abra51on,
volume loss

Tear resistance
(95°C)

140

—~—

It 1s readlly seen from Table 2 that the addition
cf the trans 1,4-polybutadiene polymer improved the

repound values and, therefore, the hysteresis of the

respective Samples B-D. This is indicative of lower



10

15

20

23

CA 02316011 2000-08-15

- 20 -

rolling resistance for a tire having a tread of such
composlition and, therefore, better fuel economy for an
assoclated vehicle.

It can also be seen from Table 2 that the
addition of the trans 1,4-polybutadiene polymer
improved the abrasion resistance, or resistance to
wear, as reflected in Samples B-D.

It can be further be seen from Table 2 that the
addition of the trans 1,4-polybutadiene polymer
improved the tear resistance as reflected in Samples
B-D. Thils 1s considered herein to be significant as
being indicative of better tire durability for a tire

having a tread of such rubber composition.
EXAMPLE TI1I

Tires of size P195/75R14 were prepared with
treads of rubber compositions corresponding,
respectively, to Samples A-D of Example I where carbon
black is the majority of the reinforcing fillers.

Test information for the respective tires 1is
represented 1n the following Table 3 with values
normalized to the a value of 100 assigned to the

respective properties of the Control Tire A with tread

of Sample A.
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Table 3

n
f—2

|||'ll|| I%

Tire A
(Control)

Tire B Tire C Tire D

Rolling
resistance

100 105 103 103

Wet traction

32 kph,
peak/slide

64 kph,
peak/slide

96 kph,
peak/slide

100/100 95/96 96/93 96/89

100/100 98/97 96/93 96/89

100/100 899/101 95/100 83/100

Treadwear:

Front tires 100 n/a

100

116
110

S e
~ | ~

Rear tires n/a

1. Treadwear measured as average reduction in tread
depth as measurements from top to bottom of the
tread grooves taken across the width of the
Ctread. A higher value means that less tread was

lost and, therefore, represents less wear of the

tread which is better.

In the above Table 3, rolling resistance is
represented as a relative rating compared to an
assigned value of 100 for the control tire. For these
reported results, it is important to appreciate that
higher value equates to lower resistance to rolling
and, therefore, is more desirable.

Accordingly, for this Example, a reported higher

rolling resistance value is better as representing a
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lower resistance to rolling for the respective tire as

compared to the Control tire.

In Table 3, wet traction of the tires is measured
Dy braking a vehicular at individual vehicular speeds
32 kph, 64 kph and 96 kph until the vehicle stops for
both "peak”", which means the peak, or maximum,
traction value for the peak portion of the traction
measurement, and "slide", which means the sliding
distance until the vehicle is stopped for the sliding
portion of the tire traction measurement.
Accordingly, a higher reported value is better as
representing a greater resistance to skidding as

compared to the Control tire.

In Table 3 the term "n/a" for treadwear for

certaln of the tires simply means that the treadwear
was not evaluated for the respective tires.

It can readilly be seen from Table 3 that the
addition of trans 1,4-polybutadiene to the tire tread
rubber composition significantly improved the tread
wear (reduced the wear of the tread) as well as
resistance to rolling which is predictive of better

fuel economy for a tire having a tread of such rubber

composition.

EXAMPLE IIT

In this Example, a rubber composition comprised
of solutlion SBR and cis 1,4-polyisoprene natural
rubber 1s prepared and referred to herein as "Control

Sample I" as shown in the following Table 4.
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Simllar rubber compositions are prepared in which
a portion of the cis 1,4-polyisoprene rubber 1is
replaced with trans 1,4-polybutadiene rubber and
referred to hereilin as "Samples E-G" as shown in the
following Table 5.

For reinforcement of the rubber Samples, carbon
black and amorphous sllica are used in which the
silica 1s 1n a majority, namely, 54 phr of silica with
only © phr carbon black plus 5 phr of carbon black
contained in the coupling agent composite.

The rubber compositions were prepared in an
internal rubber mixer using three sequential internal
rubber mixing stages, namely, two non-productive mix
stage (without the sulfur and accelerator curatives)

using thermomechanical mixXing at a temperature of

about 160°C followed by a one final internal mixing
productive mix stage (with sulfur and accelerator

curatives) to a temperature of about 110°C.
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sulfenamide and
thiuram type

1. Irans 1,4-polybutadiene elastomer having a

Tg of about -75°C from The Goodyear Tire &
Rubber Company.

2. Organic solution polymerization prepared
styrene/butadiene copolymer elastomer having
a Styrene content of about 12 percent and a

Tg of about -42°C as SOLFLEX® 1216 from The
Goodyear Tilre & Rubber Company.
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Cis 1,4-polylsoporene natural rubber.

Preclpitated silica as HiSil 210 from PPG

Industries.

A composite commercially available from Degussa
S.A. as X508 in a form of a 50/50 blend of bis-
(3-triethoxysilylpropyl) tetrasulfide (said
tetrasulfide individually available from Degussa
S.A. as S169), with carbon black and, thus, the
tetrasulfide 1s considered as being 50% of the

composlte reported in the above Table.

Paraffinic rubber processing oil and

microcrystalline and paraffinic waxes.

Phenylenediamine type.

N299 carbon black, an ASTM designation.

The Samples of Table 4 were vulcanized (cured) at

about 150°C for about 18 minutes.
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The followling Table 5 1llustrates various

physical properties of the cured Samples.

Table 5
Sample Sample E SamEle F | Sample G
(Control)
Rheometer (150°C)

s S e

ML (dNm) 7.2 9.3

MH (dNm) 37.4 38.7

38.4

-
)

T (mins.) 1.5 14 .3

15.8

Stress—-Strain

Tenslle Strength, MPa 18.0 17.4 16.7

Elongation @ Break, % 422 438
300% Modulus, MPa 12.1 10.9
Rebound
Rebound at 23°C (%) 9.0 58.0 28.9
Hardness
Shore A Hardness, 54 56 55

23°C

Shore A Hardness, 54 55 55
100°C

DIN Abrasion, volume 121 104 Q94
loss , at 10N

cm®)
Tear resistance 57 70
(95°C)

It 1s readily seen from Table 5 that the addition
of the trans 1,4-polybutadiene polymer improves the

abrasion resistance of the rubber compositions
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represented as Samples F and G, as compared to Control

Sample E.

This is considered herein to be significant
because an increase in abrasion resistance for a

rubber composition is often an indicator of improved

tire tread wear of the rubber composition and longer

tire life.

It is also readily seen from Table 5 that the
addition of the trans 1,4-polybutadiene polymer

improved the tear resistance of the cured rubber

composition as evidenced by the higher tear resistance

of Samples F and G as compared TO Control Sample E.

This is considered herein to be beneficilal
bhecause increased tear resistance 1s indicative otf

better tire durabillity.

While certain representative embodiments and

details have been shown for the purpose of
illustrating the invention, it will be apparent TO
those skilled in this art that various changes and
modifications may be made therein without departing

from the spirit or scope of the invention.
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WHAT IS CLAIMED IS:

1. A tire having a tread of a cap/base
construction, where the tread cap is intended to
ground-contacting, rubber; wherein said tread cap is
of a rubber composition which comprises, based on
parts by weight per 100 parts by weight (phr) of
rubber composition which comprises, (A) 100 phr of
rubber comprised of (1) about 5 to about 50 phr of
trans 1,4-polybutadiene polymer having a trans 1,4
content 1n a range of about 80 to about 90 percent,

(2) about 30 to about 70 phr of organic solution
polymerization prepared styrene/butadiene copolymer
rubber containing about 5 to about 40 weight percent
units derived from styrene, and (3) about 5 to about
50 phr of cis 1,4-polyisoprene rubber (B) about 40 to
about 95 phr reinforcing filler as carbon black and
amorphous silica; wherein said filler comprises (i)
about 25 to about 75 phr of carbon black and about 5
to about 20 phr of said amorphous silica or (ii) about
5 to about 30 phr of carbon black and about 35 to
about 90 phr of said amorphous silica and (C) at least
one silica coupling agent having a moiety reactive
with hydroxyl groups on the surface of the said silica

and an additional moiety interactive with the said

elastomer (s).

2. The tire of claim 1 wherein said carbon
black 1s present in an amount of about 25 to about 75
phr and said amorphous silica is present in amount of

about 5 to about 20 phr whereby, insofar as said
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carbon black and silica are concerned, the carbon

black 1s 1n the majority.

3. The tire of claim 1 wherein said carbon
black 1s present in an amount of about 5 to about 30
phr and sald amorphous silica 1s present in amount of
about 35 to about 90 phr whereby, insofar as said

carbon black and silica are concerned, the silica is

in the majority.

4 . The tire of claim 1 wherein the content of

units derived from styrene of said solution SBR is in

a range of about 5 to about 15 weight percent.

. The tlire of claim 1 wherein the content of
units derived from styrene of said solution SBR is in

a range of about 25 to about 40 weight percent.

P The tire of claim 2 wherein the content of
units derived from styrene of said solution SBR is in

a range of about 5 to about 15 weight percent.

7. The tire of claim 2 wherein the content of
units derived from styrene of said solution SBR is in

a range of about 25 to about 40 weight percent.

) 8 . The tire of claim 3 wherein the content of
units derived from styrene of said solution SBR is in

a range of about 5 to about 15 weight percent.
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Q. The tire of claim 3 wherein the content of
units derived from styrene of said solution SBR is in

a range of about 25 to about 40 welght percent.

10. The tire of claim 1 whereiln said amorphous

silica 1s selected from at least one of precipitated

silica and precipitated aluminosilicate.

11. The tire of claim 2 wherein said amorphous
sllica 1s selected from at least one of precipitated
silica and precipitated aluminosilicate having a BET
surface area in a range of about 100 to about 300 m?/g

and a DBP value in a range of about 150 to about 300
cm>/100g.

12. The tire of claim 3 wherein said amorphous
silica 1s selected from at least one of precipitated
silica and precipitated aluminosilicate having a BET
surface area in a range of about 100 to about 300 m°/g

and a DBP value in a range of about 150 to about 300
cm>/100g.

13. The tire of claim 1 wherein said coupling
agent 1s a bils(3-trialkoxysilylalkyl) polysulfide
having an average of from 2.2 to 2.6 or from 3.5 to 4
connecting sulfur atoms in its polysulfidic bridge.

1l4. The tire of claim 13 wherein said coupling

agent 1s a bils(3-triethoxysilylpropyl) polysulfide.
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15. The tire of claim 2 whereln said coupling
agent 1s a bls(3-trialkoxysilylalkyl) polysulfide
having an average of from 2.2 to 2.6 or from 3.5 to 4

connectling sulfur atoms in its polysulfidic bridge.

16. The tire of claim 15 wherein said coupling

agent 1s a bls(3-triethoxysilylpropyl) polysulfide.

17. The tire of claim 3 wherein said coupling
agent 1s a bis(3-trialkoxysilylalkyl) polysulfide
having an average of from 2.2 to 2.6 or from 3.5 to 4

connecting sulfur atoms in its polysulfidic bridge.

18. The tire of claim 17 wherein said coupling

agent 1s a bis(3-triethoxysilylpropyl) polysulfide.

19. The tire of claim 1 wherein said trans 1,4-
polybutadiene has a Tg in a range of about -70°C to
about -80°C, a molecular weight (Mn) in a range of
about 150,000 to about 210,000, a heterogeneity index
1n a range of about 2 to about 2.5 and a
microstructure comprised of a trans 1,4- content of
about 80 to about 90 percent, a vinyl 1,2- content of

apout 10 to about 15 percent and a cis 1,4- content of

about 1 to about 5 percent.

20. The tire of claim 2 wherein said trans 1, 4-
polybutadiene has a Tg in a range of about -70°C to
about -80°C, a molecular weight (Mn) in a range of

about 150,000 to about 210,000, a heterogenelty index

in a range of about 2 to about 2.5 and a
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mlicrostructure comprised of a trans 1,4- content of

about 80 to about 90 percent, a vinvyl 1,2- content of
about 10 to about 15 percent and a cis 1,4- content of

about 1 to about 5 percent.

21. The tire of claim 3 wherein said trans 1, 4-
polybutadiene has a Tg in a range of about -70°C to
about -80°"C, a molecular weight (Mn) in a range of
about 150,000 to about 210,000, a heterogeneity index
in a range of about 2 to about 2.5 and a
microstructure comprised of a trans 1,4- content of
about 80 to about 90 percent, a vinvl 1,2- content of
about 10 to about 15 percent and a cis 1,4- content of

about 1 to about 5 percent.

22. The tire of claim 1 wherein said rubber
conslsts essentially of about 10 to about 30 phr of
trans 1,4-polybutadiene polymer, (2) about 40 to about
60 phr of organic solution polymerization prepared
styrene/butadiene copolymer rubber containing about 5
to about 40 weight percent units derived from styrene,
and (3) about 20 to about 40 phr of cis 1,4-

polylsoprene rubber.

23. The tire of claim 2 wherein said rubber
consists essentially of about 10 to about 30 phr of
Crans 1,4-polybutadiene polymer, (2) about 40 to about
60 phr of organic solution polymerization prepared
styrene/butadiene copolymer rubber containing about 5

Lo about 40 weight percent units derived from styrene,
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and (3) about 20 to about 40 phr of cis 1,4-

rolvisoprene rubber.

24. The tire of claim 3 wherein said rubber
conslists essentially of about 10 to about 30 phr of
trans 1,4-polybutadiene polymer, (2) about 40 to about
60 phr of organic solution polymerization prepared

styrene/butadiene copolymer rubber containing about 5

to about 40 weight percent units derived from styrene,
and (3) about 20 to about 40 phr of cis 1, 4-

polyisoprene rubber.

25. The tire of claim 21 wherein said rubber
consists essentially of about 10 to about 30 phr of
trans 1, 4-polybutadiene polymer, (2) about 40 to about
60 phr of organic solution polymerization prepared
styrene/butadiene copolymer rubber containing about 5
to about 40 weight percent units derived from styrene,
and (3) about 20 to about 40 phr of cis 1,4-

polylsoprene rubber.

26. The tire of claim 22 wherein said trans 1,4-
polybutadiene has a Tg in a range of about -70°C to
about -80°C and a microstructure comprised of a trans
1,4- content of about 80 to about 90 percent, a vinyl
1l,2- content of about 10 to about 15 percent and a cis

I',4- content of about 1 to about 5 percent.

Z7. The tire of claim 22 wherein said trans 1, 4-
polybutadiene has a Tg in a range of about -70°C to

about -80°C.
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28. The tire of claim 23 wherein said trans 1,4-
polybutadiene has a Tg in a range of about -70°C to
about —-80°C and a microstructure comprised of a trans
1,4- content of about 80 to about 90 percent, a vinyl
1,2- content of about 10 to about 15 percent and a cis

1,4- content of about 1 to about 5 percent.

29. The tire of claim 23 wherein said trans 1,4-

polybutadiene has a Tg in a range of about -70°C to
about -80°C.

30. The tire of claim 24 wherein said trans 1, 4-
polybutadiene has a molecular weight (Mn) in a range
of about 150,000 to about 210,000, a heterogeneity
index 1n a range of about 2 to about 2.5 and a
microstructure comprised of a trans 1,4- content of
about 80 to about 90 percent, a vinyl 1,2- content of

about 10 to about 15 percent and a cis 1,4- content of

about 1 to about 5 percent.

31. The tire of claim 24 wherein said trans 1,4-

polybutadiene has a Tg in a range of about -70°C to
about -80°C.

32. The tire of claim 26 wherein the content of
units derived from styrene of said solution SBR is in

d randge of about 5 to about 15 weight percent.

33. The tire of claim 26 wherein the content of
units derived from styrene of said solution SBR is in

a range of about 25 to about 40 weight percent.
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34. The tire of claim 27 wherein the content of
units derived from styrene of said solution SBR is in

a range of about 5 to about 15 weight percent.

35. The tire of claim 27 wherein the content of
units derived from styrene of said solution SBR is in

a range of about 25 to about 40 weight percent.

36. The tire of claim 32 wherein said amorphous
silica 1s selected from at least one of precipitated

sillica and precipitated aluminosilicate.

37. The tire of claim 33 wherein said amorphous

silica 1s selected from at least one of precipitated

silica and precipitated aluminosilicate.

38. The tire of claim 32 wherein said amorphous
sllica 1is selected from at least one of precipitated

silica and precipitated aluminosilicate.

39. The tire of claim 33 wherein said amorphous
silica 1s selected from at least one of precipitated

silica and precipitated aluminosilicate.

40. The tire of claim 1 wherein said tread cap

rubber composition contains from about 5 to about 15

phr of at least one of 3,4-polvyisoprene rubber and

styrene/isoprene/butadiene terpolymer rubber.
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