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iMQLSION STYRENE·BUTAPIENE RUBBER 

8ackground of the Inventign 
- ··A·wide variety of rubber products are made with 

styrene-butadiene ruhber (SBR) . For instance, large 
quantities of SBR are utilized in manufacturing tires 
for automobiles, trucks, aircraft and other types of 
vehicles. SBR is commonly used in manufacturing tires 
because it generally improves traction characteristics 
over polybutadiene rubber. 

SBR can be synthesized by utilizing either 
solution or emulsion polymerization techniques. SBR 
made by emulsion polymerization (emulsion SBR} 

generally exhibits better traction characteristics in 
tire tread compounds. However, SBR made by solution 
polymerization (solution SBR) typically exhibits much 
better·rolling resistance and treadwear 
characteristics in tire treads. For this reason, 
solution SBR is of ten considered to be preferable to 
emulsion SBR and currently sells at a premium price to 
emulsion SBR. 

In the synthesis of SBR by solution 

polymerization techniquas, an organic solvent is used 
which is capable of dissolving the monomers (l,3-
buta.diene and styrene), SBR. and the polymerization 
catalyse.or initiator. As the polymerization 
proceeds, a solution of the SBR in the solvent is 
produced. This polymer solution is sometimes referred 
to as a •polymer cement." The SBR is subsequently 
recovered from the polymer cement and can then be 
employed as a dry rubber in desired applications: such 
as, in formulating tire treads. 

Typical emulsion systems employed in the 
synthesis of SBR contain water, an emulsifier (~cap), 

a free radical generator, styrene monomer and 1,3-
butadiene monomer. For example, in free radical 
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emulsion polymerization systems, radicals can be 
generated by the decomposition of peroxides or 
peroxydisulfides. 

· · ··commonly employed initiators include t·butyl 
hydroperoxide, pinane hydroperoxide, para·menthane 
hydroperoxide, potassium peroxydisulfate (K2S208), 

benzoyl peroxide, cumene hydroperoxide and 
azobisisobutyronitrile (AIBN) . These compounds are 
the%1nally unstable and decompose at a moderate rate to 
release free radicals. The combination of potassium 
peroxydisul!ate with a mercaptan such as dodecyl 
mercaptan is commonly used to polymeri2e butadiene and 
SBR. In hot recipes, the mercaptan has the dual 
function of furnishing free radicals through reaction 
with the peroxydisulfate and also of limiting the 
molecular weight of polymer by reacting with one 
growing chain to terminate it and to initiate growth 
of another chain. This use of mercaptan as a chain 
transfer agent or modifier is of great commercial 
importance in the manufacture of SBR in emulsion since 
it allows control of the toughness of the rubber which 
otherwise may limit proeessibility in the factory. 

A standard polymerization recipe agreed on for 

industrial use is known as the "mutual, 11 11 standard," 
11 GR.-S 11 or "hot" recipe. This standard polymerization 
recipe contains the following ingredients {based upon 
parts by weight): 75.0 parts of l,3-butadiene, 25 
parts of styrene, o.s parts of n-dodecyl mercaptan, 
0.3 parts of potassium peroxydisulfate. 5.0 parts of 
soap flakes and 180.0 parts of water. 

When this standard recipe is employed in 
conjunction with a polymeri.zaeion temperature of so 0 c, 
the rate of conversion to polymer occurs at 5-6 
percent per hour. Polymerization is ~erminated at 70· 
75 percent conversion since high conversions lead to 
polymers with inferior physical properties and 
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inferior processing, presumably because of 
crosslinking in the latex particle to form tnicrogel or 
highly branched structures. This termination is 

· · effected by r.he addition of a 1•sbortstop11 such as 
hydroquinone (about 0.1 part by weight} which reacts 
rapidly with radicals and oxidizing agents. Thus, the 
shortstop destroys any remaining initiator and also 
reacts with polymeric radicals to prevent formation of 
new chains. The unreacted monomers are then removed; 
first, the butadiene by flash distillation at 
atmospheric pressure. followed by reduced pressure and 
then the styrene by steam·stripping in a column. 

A dispersion of antioxidant is typically added 
(l.25 parts) to protect the SBR from oxidation. The 
latex can then be partially coagulated (creamed} by 

the addition of b~ine and then fully coagulated wi~h 
dilute sulfuric acid or aluminum sulfate. The 
coagulated crumb is ehen washed, dried and b~led for 
shipment:. one of the first major improvements on the 
basic process was the adoption of continuous 
processing. In such a continuous process, che 
styrene, butadiene, soap, initiator and activator (an 
auxiliary initiating agent} are pumped continuously 
from storage tanks into and through a series of 
agitated reactors maintained at the proper cemperature 
at a rate such that the desired degree of conversion 
is reached at the exit. of the last reactor. Shortstop 
is then added, the latex is wanned by the addition of 
steam and the unreacted butadiene is flashed off. 
Excess st:yrene is then steam-stripped off and the 
latex is finished, often by blending with oil, 
creaming, ·coagulating, drying and baling. 

For further details on SBR and the "standard 
recipe," see The Vanderhilc Rubber Handbook, George G 
Winspear (Editor), RT Vanderbil~ Company, Inc (1968) 
at pages 34-57. 
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United States Patent 5,583,173 discloses a 
process for preparing a latex ot styrene-butadiene 
rubber which comprises Cl) charging water, a soap 

· system; · a free radical generator, ·1, 3-butadiene 
monomer and styrene monomer into a first 
polymerization zone; (2) allowing the 1,3-butadiene 
monomer and the styrene monomer to copolymerize in the 
first polymerization 2one to a monomer conversion 
which is within the range of about 15 percent to about 
40 percent to produce a low conversion polymerization 
medium; (3) charging the low conversion polymerization 
medium into a second polymerization zone; (4) charging 
an additional quantity of l,3-butadiene monomer and an 
additional quantity of styrene monomer into the second 
polymerization zone; (5) allowing the copolymerization 
to continue until a monomer conversion of at least 
about so percent is attained to produce the latex of 
styrene-butadiene rubber. This process is sometimes 
referred to as the FIM (feed-injection-monomer} 
process. 

By employing the technique disclosed in United 
States Patent 5,583,173, the amount of soap required 
to produce styrene-butadiene rubber by emulsion 
polymerization can be reduced by greater than 30 
percent. This is advantageous because it reduces 
coses and is environmentally attractive. United 
States Patent S,583,173 also ~eports that the styrene­
butadiene rubber produced by the process described 
therein otf ers advantages in that it contains lower 
quantities of residual soap. This reduces fatty acid 
bloom characteristics in final products, such as 
tires, and makes plies easier to adhere toget~er 
during tire building procedures. 
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Sugnary ·at the inventiQn 

This invention discloses a technique for greatly 

improving the physical properties of emulsion SBR. In 

fact;· the emulsion SBR of this invention can be 

employed in manufacturing tire tread formulations that 

have traction and rolling resistance characteristics 

that are similar to those made with solution SBR 

without compromising treadwear characteristics. Thus, 

the emulsion SBR of this invent.ion is superior in many 

respects for use in tire tread compounds to solution 

SBR and conventional emulsion SBR. This is, of 

course, because the improved emulsion SBR of this 

invention can be employed in making tire tread 

compounds that exhibit greatly improved traction 

characteristics and rolling resistance while 

maintaining treadwear characteristics. In other 

words, ehe emulsion SBR of this invention has improved 

characteristics fo~ utilization in tire tread rubber 

fo:rmulations. 
The improved emulsion SBR o! this invention can 

be made by blending the emulsion of a high molecular 

weight SBR with the emulsion of a low molecular weight 

SBR and co-coagulating the latex blend. The improved 

emulsion SBR of this invention is preferably ma.de by 

blending the emulsion of a high molecular weight SBR 

made by the PIM process with the emulsion of a low 

molecular weight. SBR made by the FIM process and co­

coagulating the latex blend. The high molecular 

weight SBR will typically have a number average 

molecular weight which is within the range of about 

2~0,000 to about 1,000,000 and a weight average 

molecular weight which is within the range of about 

300,000 to 2,000,000. The low molecular weight. SBR 

wil~ typically have a number average molecular weight 

which is within the range of abut 20,000 to about 

150,00~ and a weight average molecular weight which is 
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within the range of about 40,000 to about 280,000. It 
is critical for the high molecular weight SBR to have 
a bound styrene content which differs from the bound 

··styrene· content of the low molecular weight SBR by at 
least 5 percentage points. The high malecular weight 
SBR will typically have a bound styrene content which 
dirfers from the bound styrene content of the low 
molecular weight SBR by at least 10 percentage points, 
preferably at least 15 percentage points and most 
preferably at least 20 percentage ~oints. 

This inven~ion more specifically discloses an 
emulsion styrene-butadiene rubber composition which is 
comprised of (I) a high molecular weight styrene­
butadiene rubber having a weight average molecular 
weight of at least about 300,000 and (II) a low 
molecular weight styrene-butadiene rubber having a 
weight average molecular weight of less than about 
280,000; wherein the.ratio of the high molecular 
weight styrene-butadiene rubber to the low molecular 
weight sc.yrene-butadiene rubber is within the range of 
about 80:20 to about 25:75; wherein the bound styrene 
content of the high molecular weight scyrene-butadiene 
rubber differs from the bound styrene content of the 
low molecular weight styrene-outadiene rubber by at 
least 5 percentage points; wherein the styrene­
butadiene rubber composition is made by coagulating a 
blend of a late:>t of the 'high molecular weight styrene­
butadiene rubber and a latex of the low molecular 
weight styrene-butadiene rubber; and wherein the latex 
of the high molecular weight styrene~butadiene rubber 
and the low molecular weight styrene-butadiene rubber 
are made by a process which comprises (1) charging 
water, a soap system, a free radical generator, l,3-
butadiene monomer and styrene monomer into a first 
polymerization zone: (2) allowing the l,3-butadiene 
monomer and the styrene monomer to copolymerize in the 



- 7 -

first. polym.erizat.ion zone to a monomer conversion 
which is within the range of about 15 percent to about 
40 percenc to produce a low·conversion polymerization 

·medium; (3) charging the low conversion polymerization 

medium into a second polymerization zone; (4) charging 

an additional quantity of i,3-butadiene monomer and an 
additional quantity of styrene monomer into the second 
polymerization zone; and CS) allowing the 
copolymerization to continue until a monomer 
conversion of at least about SO percent is attained to 
produce-the latex of styrene-butadiene rubber. 

The present invention also discloses an emulsion 
styrene-butadiene rubber composieion which is 
comprised of (I) a high molecular weight styrene­
butadiene rubber having a number average molecular 

weight which is within the range of a.bout 200,000 to 

about 1,000,000 and (!I) a low molecular weight 

styrene-butadiene rubber having a number average 

molecular weight which is within the range of about 

20,000 to about 150,000; wherein t:he rat:io of the high 
molecular weight styrene-butadiene rubber to the low 
molecular weight styrene-butadiene rubber is within 

the range of about 80:20 to about 25:75; wherein the 
bound styrene content of the high molecular weight 
styrene-butadiene rubber differs from the bound 
styrene content of the low molecular weight styrene­
butadiene rubber by at: least 5 percentage points; 
wherein the styrene-butadiene rubber composition is 

made by coagulating a blend of a latex of the high 
molecular weight styrene-butadiene rubber and a latex 
of the low molecular weight styrene-butadiene rubber; 

and wherein the latex of the high molecular weight 

styrene-butadiene rubber and the low molecular weight 

styrene-butadiene rubber are ma.~e by a pro~ess which 
comprises (1) charging water, a soap system, a free 

radical genera~or, l,3·butadiene monomer and styrene 
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monomer into a firse polymerization zone; (~} allowing 
the 1,3-butadiene monomer and the styrene monomer to 
copolyme~ize in the first polymerization zone to a 

··monomer· conversion· which is within the range of about 
15 percent to about 40 pe:i:cent to pJ:oduce a low 

conversion polymerization medium; {3) charging the low 

conversion polymerization medium into a second 
polymeri~ation zone; (4) charging an add1~1onal 
quantity of 1,3-hutadiene monomer and an additional 
quanti~y of styrene monomer into the second 
·polymerization zone; and (5) _allowing the 

copolymerization to continue until a monomer 
conversion of at least about 50 percent is attained to 
produce the latex of styrene-butadiene rubber. 

The subject invention further reveals a styrene· 
butadiene ~ubber composition which is comprised of 
repeac units which are derived from styrene and 1,3· 
butadiene, wherein the styrene-butadiene rubber 

composition has a number average molecular weight as 
determined by thermal field flow fractionation which 
is within the range of about so,ooo to 150,000 and 
wherein the styrene·butadiene rubber has a light 
scattering to refractive index ratio which is within 
the range of 1.8 to 3.9. 

The subject invention further reveals a styrene­
butadiene rubber composition which is comprised of 
repeat units which are derived from styrene and l,3-
butadiene, wherein a plot of log frequency versus 
storage modulus of the styrene-butadiene rubber 
composition crosses over a plot of log frequency 
versus loss modulus of the styrene-bueadiene rubber 
composition at a frequency within the range of 0.001 
radians per second to 100 radians per second when 
conducted at 120°C using parallel plate geometry in 
the dynamic oscillation frequency sweep of the 
styrene-butadiene rubber. 
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The subject invention further reveals a styrene­
butadiene rubber composition which is com.prised of 
repeat units which are derived from styrene and 1,3· 
butadiene, wherein a plot of log frequency versus 
storage.modulus.of the styrene·butadiene rubber 
composition crosses over a plot of log frequency 
versus loss modulus of the styrene-butadiene rubber 
composition at a frequency within the range of O. O.Ol 

radians per second to 100 radians per second when 
conducted at 120°C using parallel plate geometry in 
the dynamic oscillation frequency sweep of the 
styrene·butadiene rubber, wherein the styrene­
butadiene rubber composition has a number average 
molecular weight as detennined by thermal field flow 
fractionation which is within the range of about 
50,000 to 150,000 and wherein the styrene-butadiene 
rubber has a light scattering to refractive index 
ratio which is within· the range of .1.a to 3.9. 

The present invention also discloses an emulsion 
styrene-butadiene rubber composition which is made by 

a process which comprises coagulating a latex 
composition which is comprised of (a) water. (b) an 
emulsifier, {e) a high molecular weight styrene­
butadiene rubber having a weight average molecular 
weight of at least about 300,000 and (d) a low 
molecular weight styrene-butadiene rubber having a 
weight average molecular weight of less than about 
280,000; wherein the ratio of the high molecular 
weight styrene-butadiene rubber to the low molecular 
weight styrene-butadiene rubber is within the range of 
about 80:20 to about 25:75; and wherein the bound 
styrene content of the high molecular weight styrene­
butadiene rubber differs from the bound styrene 
content of the low molecular weight styrene·butadiene 
rubber by at least s percentage points. 
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The subject invention further reveals a seyrene­

butadiene rubber composition which is com.prised of 
repeat units which are derived from styrene and 1,3-

. butadiene, wherein said styrene-butadiene rubber is 
synthesized by emulsion polymerization and wherein 
said seyrene-butadiene rubber composition has a tan 
delta at 0°C which is within the range of 0.13 to 0.19 
and a tan delta at 60°C which is within the range of 
0.06 to 0.12 after being cured in a rubber blend 
containing 70 parts by weight of the styrene-butadiene 
rubber, 30 parts by weight of high cis-1,4-
polybutadiene rubber, 7.5 parts by weight of highly 
aromatic processing oil, 70 parts by weight of N220 
carbon black, 2 parts by weight of zinc oxide, a.a 
parts by weight of a paraffin wax, 3 parts by weight 
of a microcrystalline wax, 1.15 parts by weight of 
para·phenylene diamine antioxidant, l.2 parts by 
weight of N-cyclohexyl-2-benzothiazole sulfenamide, 
0.3 parts hy weight of tetramethyl thiuram disulfide 
and 1.45 parts by weight of sulfur. 

The present invention also discloses a styrene­
butadiene rubber composition which is comprised of 
repeat units which are derived from styrene and l,3-
butadiene, wherein said ~tyrene-hutadiene rubber is 
synthesized by emulsion polymerization and wherein 
said styrene-butadiene rubber composition bas a tan 
aelta at o0 c which is within the range or 0.18 to 0.40 
ana a tan delta at 60°C which is within the range of 
0.09 to 0.16 after being cured in a rubber blend 
containing 70 parts by weight of the styrene-butadiene 
rubber, 30 parts by weight of high cis-1,4-
polyDutadiene rubber, 7.5 parts by weight of highly 
aromatic.processing oil. 70 parts by weight of N220 
carbon black, 2 parts by weight of zinc oxide, o.s 
parts by weight of a paraffin wax. 3 parts by weight 
of .a microcrystalline wax, l.15. parts by weight of 
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Wingstay• 100 antioxidant, 1.~ parts by weight of N· 
eyclohexyl~2-benzothiazole eulfenamide, 0.3 parts by 
weight of tetramethyl thiuram disulfide and 1.45 parts 

- - - by· weight of sulfur. 
The subject invention further reveals a tire 

which is comprised of a generally toroidal-shaped 
carcass with an outer circumferential tread. two 
spaced beads, at least one ply extending from bead to 
bead and sidewalls extending radially from and 
connecting said tread to said beads; wherein said 
tread is adapted to be ground-contacting; wherein the 
tread is comprised of an emulsion styrene-hutadiene 
rubber composition which is made by a process which 
comprises coagulating a latex composition which is 
comprised of Cal water, Cb) an emulsifier, (c) a high 
molecular •eight styrene-butadiene rubber having a 
weight average molecular weight of at least· about 
300,000 and {d) a low molecular weight styrene­
butadiene rubber having a weight average molecular 
weight of less than about 280,000; wherein the ratio 
of the high molecular weight styrene-butadiene rubber 
to the low molecular ~eight styrene-butadiene rubber 
is within the range of about 80:20 to about 25:75; and 
wherein the bound styrene content of the high 
molecular weight. styrene-butadiene rubber differs from 
the bound styrene content of the low molecular weight 
styrene-butadiene rubber by at least S percentage 
points. 

The present invention further reveals a tire 
which is comprised of a generally toroidal-shaped 
carcass with an outer circumferential tread, two 
spaced beads, at least one ply extending from bead to 
bead and sidewalls extending radially from and 
connecting said tread to said beads; wherein said 
tread is adapted to be ground-contacting; wherein the 
tread is comprised of an emulsion styrene-butadiene 



::: -:::. 

- l2 -
·----­-­This Sheet lfas B 

'''""""'"' rubber composition which is comprised of repeat uni~Q 
which are derived from styrene and i,l-butadiene, 
wherein a plot ot log frequency versus storage modulus 
of··the ·styrene-butadiene rubber composition crosses 
over a plot of log frequency versus loss modulus of 
the styrene-butadiene rubber composition at a 
frequency withfn the range of 0.001 radians per second 

to 100 radians per second when conducted at 12o•c 
using parallel plate geometry in the dynamic 
oscillation frequency sweep of the sty·rene-butadiene 

rubber, wherein the styrene-butadiene rubber 

composition has a number average molecula.r·weight as 

determined by thermal tield flow fractionation which 
is within the range of a.bout so,ooo to iso,ooo and 
wherein the styrene-butadiene rubber has a light 
scattering· to refractive index ratio which is within 
the range of 1.8 to 3.9. 

The subject invention further reveals a tire 
which is comprised of a generally toroidal-shaped 
car~ass with an oueer circumferential tread, two 
spaced beads, at least one ply extending f~om bead to 
bead and sidewalls extending radially from and 
connecting said tread to said beads; wherein said 
tread is adapted to be ground-contacting; ~herein the 
tread is comprised of an emulsion styrene-butadiene 
rubber composition which is comprised of repeat units 

which are derived from styrene and 1,3-butadiene, 

wherein a plot of log frequency versus storage modulus 
of the styrene-butadiene rubber composition crosses 
over a plot of log frequency versus loss modulus of 

the styrene-butadiene rubber composition at a 
frequency within the range of 0.001 radians per second 
to 100 radians per second when conducted at 120°C 

using parallel plate geometry in the dynamic 
oscillation frequency sweep of the styrene-butadiene 
rubber. 
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The present invention also discloses a tire which 

is comprised of a generally toroidal-shaped carcass 
with an oueer circumferential tread, two spaced beads, 
·at·· least one ply ext.ending from oead to bead and 
sidewalls extending radially from and connecting said 
tread to said beads: wherein said tread is adapted to 
be ground-contacting; wherein the tread is comprised 
of an emulsion styrene-butadiene rubber composition 
which is made by a process which comprises coagulating 
a latex composition which is comprised of (a) water. 
{b) an emulsifier, (c} a high molecular weight 
styrene-but.adiene rubber having a weight average 
molecular weight of at least about 300,000 and (d) a 
low molecular weight polybutadiene rubber having a 
weight average molecular weight of less than about 
280,000; wherein the ratio o! the high molecular 
weight scyrene-butadiene rubber to the low molecular 
weight polybutadiene rubber is within the range of 
about 80:20 to about 25:75; and wherein ~he bound 
styrene content of the high molecular weight styrene­
butadiene rubber is at least about 10 weight percene. 

The subject invention further reveals a tire 
which is comprised of a generally toroidal-shaped 
carcass with an outer circwnferential tread, two 
spaced beads, at least one ply extending from bead to 
bead and sidewalls extending radially from and 
connecting said tread to said beads: wherein said 
tread is adapted to be ground-contacting; wherein the 
tread is comprised of an emulsion styrene·butadiene 
rubber composition which is made by a process which 
comprises coagulating a latex composition which is 
comprised of (a) water, (b) an emulsifier. (c) a high 
molecular weight styrene-butadiene rubber having a 
weight average molecular weight of at least about 
300,000 and (d) a low molecular weight styrene­
bueadiene rubber having a weight average molecular 
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weight of less than about 280,000; wherein the ratio 
of the high molecular weight styrene-butadiene rubber 
to the low molecula~ weight styrene-butadiene rubber 

···is·within the range of about 80:20 to about 25:75: and 

wherein the bound styrene content of the low molecular 
weight styrene-butadiene rubber is at least about 10 
weight percent. 

The present invention also discloses an emulsion 
styrene-butadiene rullber composition which is made by 

a process which comprises coagulating a latex 
composition which is comprised of (&) water, (b) an 
emulsifier, {c) a high molecular weighe styrene­
butadiene rubber having a weight average molecular 
weight of at least about 300,000 and Cd) a low 
molecular weight polybutadiene rubber having a weight 
average molecular weight of less than a~out 290,000; 
wherein the ratio of the high molecular weight 
styrene-butadiene rubber to the low molecular weight 

polybutadiene rubber is within the range of about 
80:20 to about 25:75; and wherein the bound styrene 
content of the high molecular weight styrene-butadiene 
rubber is at least about 10 weight percent. 

The present invention further discloses an 
emulsion styrene-butadiene rubber composition which is 
made by a process which comprises coagulating a latex 
composition which is comprised of (a) water, Cb) an 
emulsifier, (c) a high molecular'weight polybutadiene 
rubber having a weight average molecular weight of at 
least about 300,000 and (d} a low molecular weight 
styrene-butadiene rubber having a weight average 
molecular weight of less than about 280,000: wherein 
the ratio of the high molecular weight polybutadiene 
rubber to tbe low molecular weight styrene-butadiene 
rubber is within the range of about 80:20 to_ a.bout 
25:75: and wherein the bound s~yrene content of the 
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low molecular weight styrene-butadiene rubber is at 
least about 10 weight percent . 

. . ·oetailea Deacrigtion of Che Inyeneion 
The styrene-butadiene rubber of this invention is 

made by synthesizing a high molecular weight SBR and a 
low molecular ~eight SBR by free radical emulsion 
polymerization. The styrene-butadiene rubber of this 
invention is preferably made by synthesizing a high 
molecular weight SBR. and a low molecular weight SBR 
utilizing the.general free radical emulsion 
polymerization technique described in United States 
Patent 5,583,173. This polymerization technique is 
known as the FIM process {feed-injection-monomer). 
The latex of the high molecular weight SBR and the 
latex of the low molecular weight SSR are then blended 
and co-coagulated. 

The FIM process is carried out by adding styrene 
monomer, 1,3-butadiene monome4, ~ater, a free radical 
generator and a soap system to a first polymerization 
zone to form an aqueous polymerization medium. The 
first polymerization zone will normally he a reactor 
or series of two or more reactors. Copolymerization 
of the monomers is initiated with the free radical 
generator. This copolymerization reaction results in 
the formation of a low conversion polymerization 
m.edium. 

At the point where the low conversion 
polymerization medium reaches a monomer conversion 
which is within the range of about 15 percent to about 
40 percent, the low conversion polymerization medium 
is charged into a second polymerization zone. The 
second polymerization zone can be a reactor or a 
series of t~o or more reactors. In any case, the 
second polymerization 2one is subsequent to the first 
po~ymerization zone. The low conversion 
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polymerization medium -ill normally be charged into 
the second polymerization zone at a monomer conversion 
level which is within the range of about 17 percent to 

· ·· about·3S percent. It will more preferably he charged 
into the second polyme~ization zone at a level of 
monomer conversion which is within the range of 20 
percent to 30 percent. 

Additional styrene monomer and butadiene monomer 
are Charged.into the second polymerization zone. 
Nonnally, from about 20 percent to about 50 percent of 
the total amount of styrene monomer and 1,3-butadiene 
monomer will be charged into the second polymerization 
zone (from so percent to 80 percent of the total 
monomers are charged into the first polymerization 
zone). It is normally preferred to charge from abouc 
30 weight pe~cent to abou~ 45 weight pe~cent of the 
total quantity of monomers charged into the second 
polymeri.zation zone (from 55 percent to 70 percent of 
the total .monomers charged will be charged into the 
first polymerizaeion zone}. It is generally most 
preferred to charge from about 35 weight percent to 
about 42 weight percent of the total quantity of 
monomers charged into the second polymerization ~one 
(from 58 percent to 65 ~ercent of the total monomers 
charged will be charged into the tirst polymerization 
zone). Sy splitting the monomer charge between the 
first polymerization zone and the second 
polymerization zone~ the total quantity of soap 
required to provide a scable latex is reduced by at 
lease about 30 percent. 

The.copolym.erization in the second polymerization 
zone is allowed to continue until a monomer conversion 
of ae least SO percent is attained. The 
copolymerizacion will preferably be allowed to 
continue until a total monomer conversion which is 
within the range of SO per~ent to 68 percent is 
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realized. More preferably, the copolymerization in 
the second reaction ~one will be allowed to continue 
until a monomer conversion of SS percent to 65 percent 

· is· reached. 

In synthesizing the SBR latex., generally from 
about 1 weight percent to about 50 weight percent 
styrene and from about so weight percent to abou~ 99 
weight percent 1,3-butadiene are copolymerized. 
However, it is contemplated that various other vinyl 
aromatic monomers can be substituted for the styrene 
in the SSR. For instance, some representative 
examples of vinyl aromatic monomers that can be 
substituted for styrene or used in mixtures with 
styrene and copolymerized with 1,3-butadiene in 
accordance with this invention include 
l-vinylnaphthalene, 3-methylstyrene, 4·methylstyrene, 
3,S·diethylstyrene, 4-propylstyrene, 4-t-butylstyrene, 

2,4,6-trimethylstyrene, 4-dodecylstyrene, 3-methyl-s­
norina.l-hexylstyrene, 4-phenylstyrene, 

2-ethyl-4-benzylstyrene, 3,S·diphenylstyrene. 
2,3,4,5-tetraethyl-styrene, 
3-ethyl-1-vinylnaphthalene, 
6-isopropyl-1-vinylnaphthalene, 
6-cyclohexyl-l-vinylnaphthalene, 
7-dodecyl-2-vinylnaphthalene, a-methylstyrene, and the 
like. The high molecular weight SBR will typically 
conr.ain from about 5 weight percent to about so weight 
percent bound styrene and from about so weight percent 
to about 95 weight percent bound butadiene. It is 
typically preferred for the high molecular weight SBR 

to contain from about 20 weight percent to about 30 
weight percent styrene and from about 70 weight 

percent to about 80 weight percent l,3-butadiene. It 
is normally most preferred for high molecular weight 
SBR to contain trom about 22 weight percent to about 
28 weight percent styrene and from about 72 weight 
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percent to about 78 weight percent 1,3-butadiene. 
Like ratios of styrene monomer and butadiene monomer 
will accordingly be charged into the first 

·· polyineri~ation zone and the second polymerization 

zone. 
The low molecular weight SBR will normally 

contain from about 1 weight percent to about so weight 

percent styrene and from about 50 weight percent to 
about 99 weight percent. 1,3-buta.diene. ln some cases, 
!or instance where low rolling resistance and 

excellent treadwear characteristics are desired, it 

will be desirable !or the low molecular weight SBR to 

contain a relatively small amount of styrene which is 

within the range of about J weight percent to about 10 
weight percent with the amount of l,3-butadiene in the 

SBR being within the range of a.bout 90 weight percent 
to about 97 ~ight percent. Even lower amounts of 
bound styrene can be included in the low molecular 

weight polymer. For instance, the low molecular 

weight rubbery polymer can contain from O weight 

percent to 3 weight percent bound styrene and from 97 

weight percent to 100 weight percent bound butadiene. 
Thus, in the most extreme case, polybutadiene can be 
used as one of the polymeric components of the blend. 
In other cases, for instance, in situations where high 

traction characteristics are desired, a much higher 

level ot styrene will be incorporated into the low 

.molecular weight ssa. In auch cases, it is preferred 
for low molecular weight SBR to contain from about 40 

weight percent to about so weight percent styrene and 

from about so weight percent to about 60 ~eight 
percent 1.3-butadiene. Like ratios ot styrene monomer 
and butadiene monomer will accordingly be charged into 
the first polymerization zone and che second 

polymerization zone. 
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It is critical for the high molecular weight SBR 

to have a bound styrene content which differs from the 
bound styrene content of the low molecular weight SBR 

- by· ·at · least· 5 percentage points . The high molecular 

weight SBR will normally have a bound styrene content 

which differs from the bound styrene content of the 
low molecular weight saa by 5 to 40 percentage points. 

The high molecular weight SBR will typically have a 

bound styrene content which differs from the bound 

styrene content of the low molecular weight SBR by at 

least 10 percentage points. In most cases, the high 

molecular weight SBR will have a bound styrene content 

~hich differs from the bound styrene content of the 

low molecular weight SBR by 10 to 30 percentage points 

with a difference of is to 25 percentage points being 

most typical. It is noanally preferred for the high 

molecular weight SBR to have a bound styrene content 

which differs from the bound styrene content of the 

low molecular weight SBR by at least 15 percentage 

points with a difference of at least 20 percentage 

points being most preferred. 
It should be understood that either the high 

molecular weight or the low molecular weight SBR can 

have the higher bound styrene content. :tn other 

words, the SBR in the blend having the higher bound 

styrene content can be either the low or the high 

molecular weight polymer in the blend. It should alao 

be understood that polybutadiene {which contains O 

percent bound styrene> can be used as one of the 

polymers in the blend. In such cases, the 
polybutadiene can be either the high or the low 

molecular weight polymer. In cases where 

polybutadiene is used as one of the rubbery polymers 

in the blend, the SBR in the blend will typically have 

a bound styrene content of at least about 10 weight 

percent. In such cases, the SBR in the blend will 
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more typically have a bound styrene content of at 

least about 15 weight percent and will most preferably 

have a bound styrene content of at least about 20 
- weight ·percent. 

Essentially any type of free radical generator 

can be used to-initiate such free radical emulsion 

polymerizations. For example, free radical generating 

chemical compoundS 6 ultra-violet light or radiation 
can be used. In order co ensure a satisfactory 

polymerization rate, uniformity and a controllable 

polymerization, free radical generating chemical 

agents which are water- or oil-soluble under the 

polymerization conditions are generally used with good 

results. 
Some representative e~ples of free radical 

initiators which are commonly used include the various 

pero.xygen compounds such as pinane hydroperoxide, 

potassium persulfate, ammonium persulfate, benzoyl 
peroxide, hydrogen peroxide, di-t-hutyl peroxide, 
dicumyl peroxide. 2,4-dichlorobenzoyl peroxide, 
decanoyl peroxide, lauryl peroxide, cumene 
hydroperoxide, p-men~hane hydroperoxide, t-butyl 

hydroperoxide, acetyl acetone peroxide, dicetyl 
pero:xydicarbonate, t-butyl peroxyacetate, t-butyl 

peroxymaleic acid, t-butyl pero:xybenzoate, acetyl 
cyclohexyl sulfonyl peroxide, and ehe like; the 

various azo compounds such as 2-t-butylazo-2-
cyanopropane, dimethyl azodiisobutyrate, 
azodiisobutyronitrile, 2-t-butylazo-1-

cyanocyclchexane, and the like; the various alkyl 

perketals, such as 2,2~bis-(t-butylperoxylbutane, 

ethyl 3,3-bisCt-butylperoxy)butyrate, 1,1-di-Ct· 

butylperoxy) cyclohexane, and the like. Persultate 

initiators, such as potassium persulfate and ammonium 

persulfate. are especially useful in such aqueous 

emulsion polymerizations. 
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The amount of initiator employed will vary with 

the desired molecular weight of the SBR being 
synthesized. Higher molecular weights are achieved by 

· utilizing smaller quantities of the initiator and 
lower molecular weights are attained by employing 

larger quantities of the initiator. However, as a 
general rule, from o.oos to l phln (parts by weight per 
100 parts by weight of monomer) of the initiator will 

be included in the reaction mixture. In the case of 

metal persulfate initiators, typically from 0.1 pl:U'n to 
0.5 phm of the initiator will be employed in the 
polymerization medium. The molecular weight of the 
SBR produced is, of course, also dependent upon the 
amount of chain transfer agent, such as t·dodecyl 

mercapta~, present during the polymerization. For 

instance, low molecular weight SBR can be synthesized 

by simply increasing the level of chain transfer 

agent. As a specific example, in the synthesis of 

high molecular weight SBR, the amount of t-dodecyl 
mercaptan used can be within the range of about 0.125 

phm to about 0.150 phm. Low molecular weight SBR can 

be produced by simply increasing the level of t­

dodecyl mercaptan present during the polymerization. 

For instance, the presence of 0.38 phm to 0.40 phm of 
t·dodecyl mercapean will typically result in the 
synthesis of a low molecular weight SBR. 

Unless indicated otherwise, molecular weights are 

determined by gel permeation chromatography (GPC}. A 

traditional GPC system is used with both light 
scattering (Wyatt Technologies Inc., model Mini DAWN) 

and differential 4efractive index for detection. 

Samples are filtered through a 1.0 micron pore size 
syringe filter. In some cases, number average 

molecular weights are determined by thermal field flow 
fractionation. Number average molecular weight that 
is determined by thermal field flow fractionation is 
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sometimes abbreviated as b\,.3p. In determining Mzi3v, a 
thermal field flow fractionation system that consists 
of an FFFraccionation, LLC (Salt Lake City, Utah) 

·model:·T .. 100 Polymer Fractionator with a model T-005 
channel spacer, a Hewlett Packard {Palo Alto, 
California} model 1047A refractive index detector and 
a Wyact Technologies Corporation (Santa Barba~a, 
California) model DAWN DSP laser photometer detector 
is used. In the test procedure, degassed 
tetrahydrofuran is used as the carrier solvent whieh 
is pumped through the system a.t a flow rate of 0.6 
mL/minute. The cold wall temperature in the thermal 
field flow fractionation· is controlled by an FTS 
systems model RClSO recirculating chiller. 

Polymer fractionation is accomplished using a 
Power Programmed Method in FFFractionation, LLC in 
software program TEMP. The program conditions are as 
follows: Initial Delta T is 60°C, equilibration time 
is o.s minutes, tl is 5.0 minutes, ta is -6.0, hold 

time is 30 minutes and final Delta T is o0 c. The 
temperature set point for the cold wall chiller is 
25°C. However, at the initial del~a T of 60°C, the 
cold wall temperature is typically around 40°C. 
Polymer samples are dissolved in a solvent and then 
injected unfiltered into the thermal field flow 
fracti?nation system. The sample mass injected is 

typically about 0.12 mg. 
The raw data is collected and processed in Wyatt 

Technologies Corporation in software program ASTRA. 
The data collection period is 25 minutes. Baselines 
for the peaks are typically set from 1.s minuces to 25 
minutes for the light scattering detectors and from 
1.5 minutes to 20 minutes for the refractive index 
detector. For the data processing, the DAWN light 
scattering detectors used include 5 through 16 

(representing angles from 39° to 139° in THF}. The 
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angular dependence of the light scattering is fit 

using a first order equation in the Zimm formalism. A 

refractive index increment (dn/dc) of 0.154 is used 
··tor all· emulsion polymer samples and 0.140 is used for 

solution polymer samples. The sensitivity of the 
refractive index detector (AUx 1 Constant) is 
determined according to Wyatt Technologies procedures 
using a monodisperse 30,000 molecular weight 
polystyrene standard. 

Average molecular weights for the samples are 
calculated uaing slice data fit to a first order 
polynomial. The light scattering eo refractive index 
ratio (LS/RI) ia calculated using the baseline 
corrected, normalized voltages from the DAWN 90° 

detector (dll) and the Hewlett Packard model 1047A 
refractive index detector. The area under each peak 
was estimated as the sum of che voltages within the 
defined integration limits of 2.5 minutes to 21 

minutes. 
The high molecular weight SBR will typically have 

a number average molecular weighe (by GPC} which is 
within the range of about 200,000 to about l,000,000, 

a weight average molecular weight (by GPC} which is 
within the range of about 300,000 to about 2,000,000 
and a Mooney ML 1+4 viscosity which is within the 
range of about 80 to about 160. The high molecular 
weight SBR will preferably have a number average 
molecular weight which is within the range of about 
300,000 to about 970,000, a weight average molecular 
weight which is within the range of about 400,000 to 
about 1,750,000 and a Mooney ML 1+4 viscosity which is 
within the range of about 90 to about 150. The high 
molecular weight SBR will more preferably have a 
number average molecular weight which is within the 

range of a.bout 650,000 to about 930.000, a weight 
average molecular weigh~ which is within the range of 
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about l,000,000 to about 1,500,000 and a Mooney ML 1+4 
viscosity which is within the range of about 95'to 
about. 130. · 

.. ·The low molecular weigh~ SBR will typically have 
a number average molecular weight (by GPC) which is 

within the range of about 20,000 to about 150,000, a 
weight average molecular weight (by GPC} which is 
within the range of about 40,000 to about 280,000 and 
a Mooney ML 1+4 viscosity which is within the range of 
about 2 to about 40. The low molecular weight SBR 
will preferably have a number average molecular weight 
which is within the range of about S0,000 to about 
120,000, a weight average molecular weighc which is 

within the range of about 70,000 to about 270,000 and 
a Mooney ML 1+4 viscosity which is within the range of 
about 3 to about 30. The low molecular weight SBR 
will more preferably have a number average molecular 
weight which is within the ~ange of about 55,000 to 
about 110,000, a weight average molecular weight which 
is within the range of about 120,000 to about 260,000 
and a Mooney ML 1+4 viscosity which i.s within the 
range of about S to a};)out 20. The low molecular 
weight SBR will usually have a Mooney ML 1+4 viscosity 
which is within the range of 10-18. 

The low molecular weight SBR will have a Moo~ey 
ML 1+4 viscosity that differs from the Mooney ML 1+4 

viscosity of the high molecular weight SBR by at least 
SO Mooney points. The high molecular weight SBR will 
no%1Da.lly have a Mooney ML 1+4 viscosity that is at 
leas~ ?O Mooney points higher than the Mooney ML 1+4 
viscosity of the low molecular weight SBR. The high 
molecular weight SBR will preferably have a Mooney 
ML 1+4 viscosity that is at least so Mooney points 
higher than the Mooney ML 1+4 viscosicy of the low 
molecular weight SBR. 
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The soap systems used in the emulsion 
polymerization process contain a combination of rosin 
acid and fatty acid emulsifiers. The weight raeio of 

fatty· ·acid soaps to rosin acid soaps will be within 

the range of about 50:50 to 90:10. It is normally 

pref erred for the weight ratio Of fatty acid soaps to 
rosin acid soaps to be within the range of 60:40 to 
85:15. It is normally more preferred for the weight 
ratio of fat.ty acid soaps to rosin acid soaps to be 
within the range of 75:25 to 82:18. All of the soap 
is charged into the first polymerization zone. The 

total amount of soap employed will he less than 3.5 

phm. The quantity of soap employed will normally be 

within the range of about 2.5 phm to 3.2 phm. It is 

typically pref erred to utilize a level of soap which 
:ls within t.he range of about 2.6.phm to about 3.0 phm. 
In most cases, it will be most preferred to use an 
amount of the soap.system which is within the range of 

about 2.7 phm eo 2.9 phm. The precise amount: of the 

soap system required in order to attain optimal 

results will, of course, vary with the specific soap 

system being used. However, persons skilled in the 
art will be able to easily ascertain the specific 
a.mount of soap required in order to actain optimal 

results. 
The free radical emulsion polymerization will 

typically be conducted at a temperature which is 

within Che range of about 35°F (2°C) to about 65°F 

c1e~c). It is generally preferred for the 

polymerization to be carried out at a temperature 
which is within the range of 40°F {4°C) co about 60°F 
(16°C}. It is typically more preferred to utilize a 
polymerization temperature which is within the range . 

of about 45°F (7°C) to about SS°F (l3°C). To increase 
conversion levels, it can be advantageous to increase 

the temperature as the_ polymerization proceeds. 
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After the desired monomer conversion is reached 
in the second polymerization zone, the SBR latex made 
is removed from the second polymeri%ation %one and a 

···shortstop is added to terminate the copolymerization. 
This is a convenient point to blend the emulsion of 
the high 1t1.0lecular weight SBR with the emulsion of the 
low molecular weight SBR. The weight ratio of the 
high molecular weight SBR to the low molecular weight 
SBR in the blend will typically be within the range of 
about 80:20 to about 25:75. In most cases, the weight 
ratio of the high molecular weight SBR to the low 
molecular weight SBR in the blend will be within the 

range of about 70:30 to about 30:70. It is typically 
pref erred for the weight ratio of the high molecular 
weight SBR to the low molecular weight SBR in the 
blend to be within the range of about 60:40 to about 

40:60. The emulsion SBR blend of this invention can 
then be recovered from the latex by using standard 
coagulation and drying techniques. 

The styrene-butadiene rubber composition ot this 

invention made by blending the two latices will have 

an :MnJF which is within che range of 50,000 to 150,000. 

The styrene-butadiene rubber c:ompos.ition will 

typically have an l\ilF which is wi"thin the range of 

60,000 to 145,000 and will more typically have an MnlF 

which is within the range of 75,000 to 140,000. The 

styrene-butadiene rubber composition will preferably 

have an Mu3v which is within the range of 90,000 to 
135,000. The styrene-butadiene rubber composition 
will also have a light scattering to refractive index 
ratio (LS/RI) which is within the range of 1.8 to 3.9. 

The styrene·butadiene rubber composition will 

typically have a light scattering to refractive index 
ratio which is within the range of 2.0 to 3.8 and will 
more typically have a light scattering to refractive 

index ratio of 2.1 to 3.7. It is preferred for the 
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styrene-butadiene rubber composition to have a light 
scattering to refractive index ratio which is within 
the range ot 2.2 to 3.0. 

· ·· ···In the styrene-butadiene rubber compositions of 
this invention, if the dynamic oscillation frequency 
sweep of frequency versus storage modulus {G'} and 
frequency versus loss modulus CG"} are plotted, there 
is a crossover at a trequency within the range of 
0.001 radians per second to 100 radians per second 
when conducted at 90°C to l20°C using a parallel plate 
geomeery. In other words, at low frequencies at 

120°c, such as O.l radians per second. G' is lower 
than G". However, G' increases with increasing 
frequency until it equals G• and is ultimately greater 
than G" at a. high frequency, such as 10 radians per 
second. The crossover point will typically be within 
the frequency range of 0.001 radians per second to 10 
radians per second and will more typically be within 
the frequency ·range of 0.01 radians per second to 5 
radians per second. In most cases, the crossover 
point will be within the frequency range of 0.05 
radians per second to 1 radian per second at 120°. In 
the test procedure used, the rubber sample is 
pref o:aned into a sample 20 nn in diameter having a 
thickness of 2 nun. The sample is then placed in a 
control stress rheometer between parallel plates at a 
given gap distance. The sample is then run through a 
frequency sweep (such as 0.01 Hz co 100 Hz~ at some 
applied stress amplitude (such as 10,000 Pa to 20,000 
Pa) . This procedure is conducted at a temperature of 
120°C. G' is the storage modulus and represents the 

elastic portion of the polymer and is very sensitive 
to changes in gel and molecular weight. G" is the 
loss modulus and is representative of the ~iscous 
po~tion of the sample. 
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SBR made by this precess can ehen be employed in 

manufacturing tires and a wide variecy of other rubber 
articles having improved perfoana.nce characteristics. 
There are valuable benefits associated with utilizing 
the emulsion SSR of this invention in making tire 
tread compounds. More specifically, traction 
characteristics can be significantly improved without 
c01Upromising tread wear or rolling resistance. In 
many cases, it will be advantageous to blend the 
emulsion SBR composition of this invention with other 
rubbery polymers to attain desired characteristics. 
Such tire tread compounds will, of course, contain 
other rubbers which are co-curable with the emulsion 
SBR composition of this invention. Some 
representative examples of other rubbers which are co­
curable with the emulsion SBR of this invention 
include natural rubber, high .cis-1,4-polyhutadiene 
rubber, high vinyl polybutadiene rubber, medium vinyl 
polybutadiene rubber, high trans-1,4-polybutadiene 
rubber, solution styrene-butadiene rubber, styrene­
isoprene-butadiene rubber, styrene-isoprene rubber, 
isoprene-butadiene rubber and 3,4-polyisoprene rubber. 
Blends of the emulsion SBR of this inveneion with 
natural rubber or synthetic polyisoprene are highly 
advantageous for use in tire tread formulations. For 
instance, 30 phr to 70 phr of the SBR can be blended 
with 30 phr to 70 phr of natural rubber or synthetic 
polyisoprene rubber. Blends of 40 phr to 60 phr of 
the SBR with 40 phr to 60 phr of natural rubber or 
synthetic polyisoprene rubber are typical. Blends of 
the SBR with eis-1,4-polybutadiene and/or natural 
rubber are also useful in tire tread compounds. such 
blends will normally contain 30 phr to 70 phr of the 
SBR and 30 phr to 70 phr of the natural rubber and/or 
the cis·l,4·polybutadiene rubber. Blends of 40 phr to 
60 phr of the SBR with 40 phr to 60 phr of natural 
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rubber and/or cis·l,4·polybutadiene rubber are most 
typical. The cis~l,4·polybutadiene rubber employed in 
such b:Lends.will t.ypically have a cis·l,4-isomer 
content of at least about 90 percent. and will more 
typically have a cis-l,4·isomer content of at least 
about 95 pe:r:cent.. High cis-1,4-polyl:>utadiene rubber 
which is suitable for use in such blends typically has 
a cis-isomer content of greater than 90 percent and 
can be ma.de by the process described in Canadian 
Patent. 1,236,649. High cis-1,4-polybutadiene rubber 
which is suitable for employment in such blends is 
also sold by The Goodyear Tire & Rubber Company as 

Budene• 1207 polybutadiene rubber and Budene~ 1208 

polybutadiene rubber. 

Tire eread compounds baving extremely useful 
characteristics can also he made by including 3,4· 
polyisoprene in the blend. As a general rule, from 
about 5 phr {parts per 100 parts of rubber) to about 
40 phr of the high Tg 3,4-polyisoprene will be 
included in tire tread compound with about 60 phr to 
aboue 95 phr of the SBR composition of this invention. 
Normally, such tire tread compounds will contain from 
about 10 phr eo 25 phr of the 3,4-polyisoprene and 
from about 75 phr to about 90 phr of ~he saa 
composition. It is typically more preferred for such 
tire tread compounds to contain from about 12 phr to 
about 20 phr of the high Tg 3,4-polyisoprene rubber. 
such tire tread compounds can, of course, also concain 
other rubbers in addition to the SBR composition. 
However, it is critical for such rubbers to be co­
curable with the SBR composition and the 3,4-
polyisoprene. some representative examples of other 
rubbers which are co-curable with the SSR composition 
and the 3,4-polyisoprene rubber include natural 
rubber, high cis-1.4-polybutadiene rubber, high vinyl 
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I !Ill Ill tililiced 
polybutadiene rubbe~, medium vinyl polybutadiene rubber, high trans-1,4-polybutadiene rul:>ber. styrene­isoprene-butadiene rubber, styrene-isoprene rubber and isopre~e-butadiene rubber. 

A preterred blend for high per!oanance automobile tires is comprised of, based on 100 parts by weight of rubber, (l) from about 20 eo about 60 ~arts of· natural rubber, (21 from about S to about 30 parts ot high cis-1,4-polybutadiene rubber, (3) from about lO to abouc so pares of SSR composition and (4) from about 5 to about 30 parts of 3,4-polyisoprene rubber. It is pre!erred for such a blend to contain (1) from a.bouc 30 to about 50 pares of natural rubber. (2} from about 10 to about 20 parts or high cis-l,4-polybutadiene rubber, (3) from about 20 to about 40 pares of the SBR composition and (41 from about 10 to about 20 parts of ehe 3,4-polyisoprene rubber. It is more preferred for such a tire tread rubber formulation to contain {l) trom. about 35 to about 45 parts of natural rubber, (2} from about 10 to about 20 parts of high cis-1,4-polybutadiene rubber, (3) from about 25 to about 35 parts of the SBR composition and (4} from a.bout 10 to about 20 parts of the 3,4-polyisoprene rubber. In order to maximize tire performance characteriatics, a combin~tion of high Tg _3,4-polyisoprene. low Tg 3,4-polyisoprene and the SBR composition of this invention can be employed in the tire tread compound. The low Tg 3,4-polyisoprene will have a Tg ot less than about -s 0 c. The low Tg 3,4-polyisoprene will typically have a Tg which is within the range of about ·55°C to about -S°C. It is preferred for the low Tg 3,4-polyisoprene eo have a Tg which is within the ~ange of about -3o 0 c to about -l0°C and it is most preferred for the low Tg 3,4-polyisoprene to have a Tg which is within the range of about -20°c to about -10°c. The ·low Tg 3,4-
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polyisoprene will also typically have a number average 
molecular weight of greater than about 200,000. The 
low Tg 3,4-polyisoprene will generally have a number 
average molecular weight which is within the range of 
aboue 200,000 to about 500,000 and will preferably 
have a number average molecular weight which is within 
the range of about 250,000 to about 400,000. The high 
Tg 3,4-polyisoprene will typically have a Tg which is 
within the range of o0 c to about 25°C and a number 
average molecular weight which is within the range of 
about 30,000 to about 180,000. The high Tg 3,4-

polyisoprene will preferably have a Tg which is within 
the range of about S°C to about 20°c. The high Tg 
3,4·polyisoprene will also typically have a l~4-isomer 
content which is within the range of about 75 percent 
to about 95 percenc and a l,2·isomer content which is 
within the range of about s percent to a.bout 25 
percent. 

In such tire tread compounds, the weight ratio of 
high Tg 3.4-polyisoprene to low Tg 3,4-polyisoprene 
will typically be within the range of about O.l:l to 
about 10;1. It is normally preferred for the weight 
ratio of high Tg 3,4-polyisoprene to low Tg 3,4-

polyisoprene to be within che range of about O.S:l to 
about 2:1. It is generally most preferred for the 
weight ratio of high Tg 3,4-polyisoprene to low Tg 
3,4·polyisoprene to be within the range of about 0.8:1 
to about 1.2:1. The high Tg 3.4-polyisoprene and low 
Tg 3,4-polyisoprene will nonnally be used in 
essentially equal amounts to attain optimal results. 

A highly pref erred blend for high performance 
automobile tires is comprised of, based on 100 parts 
by weight of rubber, (1) from about 20 to about 60 
parts of natu~al rubber. (2) from about s to about JO 
parts of high cis-1,4-polybutadiene rubber; (3} from 
about 10 to about so parts of the SBR composition of 

• .. / 
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this invention, {4) from about 2.5 to about 15 parts 
of the high Tg 3,4-polyisoprene rubber and (S) from 
about 2.5 to about 15 parts of a low Tg 3,4-
polyisoprene rubber. It is preferred for this blend 
to contain (1) from about 30 to about SO parts of 
natural rubber, (2) from about 10 to about 20 pares of 
high cis-l,4-polybutadiene rubber, (3) from about 20 
to about 40 parts of the SBR composition, {4) from 
about 5 to about 10 parts of the high Tg 3,4· 
polyisoprene rubber and (5) from about S to about 10 
parts of a low Tg 3,4-polyisoprene rubber. It is more 
preferred for this tire tread rubber formulation to 
contain (l) from about 35 to about 45 parts of natural 
rubber, (2) from abouc 10 to about 20 parts of high 
cis·l,4-polybutadiene rubber. (3) from about 25 to 
a.bout 35 parts of the SBR. composition, (4) from about 
5 to about 10 parts of the high Tg 3,4-polyisoprene 
rubber and CS} from about S to about 10 pares of a low 
Tg 3,4-polyisoprene rubber~ 

In cases where it is desirable to maximize tire 
traction characteristi~s, the high cis-1,4-
polybueadiene rubber can be eliminated from the blend. 
However, it should be appreciated that, in such cases. 
creadwear may be compromised to some degree. In any 
case, outstanding tire tread compounds for high 
performance tires can be made by blending, based on 
100 parts by weight of rubber, (1) from about 20 to 
abouc 60 parts of natural rubber. {2) from about 10 co 
about so parts of the SSR composition and {3) from 
about 10 to a.bout 30 pares of_ the high Tg 3,4-
polyisoprene rubber. In another scenario, the blend 

could be comprised of, based on 100 par~s by weight of 
rubber, (1) from about 20 to about 60 parts of natural 
rubber, (2} from about 10 to about 50 part~ of the SBR 
composition, (3} from about s to about 15 parts of the 
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high Tg 3,4-polyisoprene rubber and (4) from about 5 
to about 15 parts of a low Tg 3,4-polyisoprene. 

The emulsion SSR containing rubber blends of this 
invention can be compounded utilizing conventional 
ingredients and standard techniques. For instance, 
such rubber blends will cypically be mixed wich carbon 
black and/or silica, sulfur, fillers, accelerators, 
oils, waxes,. scorch inhibiting agents and processing 
aids. In most cases, the emulsion SSR blend will be 
compounded with sulfur and/or a sulfur-containing 
compound, ae least one tiller, at lease one 
accelerator, at least one antidegradan~. at least one 
processing oil, 2inc oxide, optionally a tackifier 
resin, optionally a reintorcing resin, optionally one 
or more fatty acids, optionally a peptizer and 
optionally one or more scorch inhibiting agents. Such 
blends will normally contain from about 0.5 to 5 phr 
(parts per hundred parts of rubber by weight} of 
sulfur and/or a sulfur-containing compound with 1 phr 
to 2.5 phr being preferred. It may be desirable to 
utilize insoluble sulfur in cases ~here bloom is a 
problem. 

Normally, from lO to 150 phr of at least one 
filler will be utilized in the blend with 30 to 80 phr 
being preferred. In most cases, at least some carbon 
black will be ·utilized in the filler. The filler can, 
of course, be comprised eotally of carbon black. 
Silica can be included in the filler to improve tear 
resistance and heat buildup. Clays and/or talc can be 
included in the filler to reduce cost. The blend will 
also normally include from 0.1 to 2.5 phr of at least 
one accelerator with 0~2 to l.5 phr being preferred. 
Antidegradants, such a.s antioxidants and antiozonants, 
will generally be included in the tread compound blend 
in amounts ranging from 0.25 to 10 phr with amounts in 
the range of 1 to 5 phr being preferred. Processing 
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oils will generally be included in the blend in 
amouncs ranging from 2 to 100 phr with amounts ranging 
trom s co so phr being preferred. The emulsion SBR 
rubber blends of this invention will also normally 
con,tain from-- O. 5 to 10 phr of zinc oxide with l co 5 
phr being preferred. Tl'lese blends can optionally 
contain from o to 10 phr of tackifier resins, o to 10 
phr of reinforcing resins, 1 to lO phr of fatty acids, 
O tc 2.5 phr of peptizers and o to 2 phr of scorch 
inhibiting agents. 

In many cases, it will be advantageous to include 
silica in the tread rubber formulation of this 
invention. The processing of the emulsion SBR 
containing blend is noDnally conducted in the presence 
of a sulfur containing organosilicon compound (silica 
coupler) to realize maximum benefits. Examples of 
suitable sulfur-containing organosilicon compounds are 
of the formula: 

Z·Alk·S ·Alk-Z n (I) 

in which Z is selected from the group consisting of 

and 

R.2 
I 

-Si-R2 

'2 R: 

where R1 is an alkyl group of i to 4 carbon atoms, 
cyclohexyl or phenyl; wherein R2 is an alkoxy group 
containing l to 8 carbon a~oms or a cycloalkoxy group 
containing S to 8 carbon atoms; and wherein Alk is a 
divalent hydrocarbon of 1 to 18 carbon atoms and n is 
an integer of 2 co 8. 

Specific examples of sulfur-containing 
organosilicon compounds which may be used in 
accordance with the present invention include: 3,3'-
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bis(trimethoxysilylpropyl) disulfide, 3,3'­
bis(triethoxysilylpropyll tetrasulfide, 3,3'­
bis-Ctriethoxysilylpropyll octasulfide, 3, 3' -
bis(trimethoxysilylpropyl) tetrasulfide, 2,2'­
bis{triethoxysilylethyl) tetrasulfide, 3,3'· 
bis(trimethoxysilylpropyl) trisulfide, 3,3'­
bisCtriethoxysilylpropyl) trisulfide, ~,3'­

bis(tributox.ysilylpropyl) disultide, 3,3·­
bis(trimethoxysilylpropyl) hexasulfide, 3,3'­
bis(trimethoxysilylpropyl} occasulfide, 3,3'­
bisCtrioctoxysilylpropyl) tetrasulfide, 3,3'· 
bis(trihexoxysilylpropyl} disulfide, 3,3'-bisCtri-2"­
ethylhexoxysilylpropyl) trisulfide, 3,3'­
bis(triisooctoxysilylpropyl) tetrasulfide, 3,3'­
bis(tri-t-butoxysilylpropyl) disulfide, 2,2'­

bis(methoxy diechoxy silyl ethyl) tetrasulfide, 2,2'­
bis{tripropoxysilylethyl) pentasulfide, 3,3'­
bis(t4icyclonexoxysilylpropyl} tetrasulfide, 3,l'­
bisCtricyclopentoxysilylpropyl} trisulfide, 2,2'· 
bis(tri-2u·methylcyclohexOX'jsilylethyl} tetrasulfide, 
bis(trimethoxysilylmethyl) tetrasulfide, 3-methoxy 
ethoxy propoxysilyl 3'-diethoxybutoxy­
silylpropyltetrasulfide, 2,2'-bis(dimethyl 
mechoxysilylethyl) disulfide, 2,2'-bis(dimethyl 
sec.butoxysilylethyl) trisulfide, 3,3'-bis(methyl 
butylethoxysilylpropyl} tetrasulfide, 3,3 1 -bis{di t­

butylmethoxysilylpropyl) tetrasulfide, 2,2'-bis(phenyl 
methyl methoxysilylethyl) trisulfide, 3,3'­
bis(diphenyl isopropoxysilylpropyl} tetrasulfide, 
3,3'-bis(diphenyl eyclohexoxysilylpropyl) disulfide, 
3,3'·bis(dimethyl ethylmercaptosilylpropyl) 
tetrasulfide. 2,2'-bis(methyl dimethoxysilylathyl} 
trisulfide, 2,2'·bis(methyl ethoxypropoxysilylethyl} 
tetrasulfide, 3,3'-bis(diethyl methoxysilylpropyl) 
tetrasulfide, 3,3'-bis(ethyl di-sec. 
butoxysilylpropyll disulfide, 3,3'-bis(propyl 
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diethoxysilylpropyll disulfide, 3,3'-bis(butyl 
dimethoxysilylpropyl) trisulfide, 3,3'-bisCphenyl 
dimethoxysilylpropyl) eetrasulfide, 3-phenyl 
ethoxybutoxysilyl·3'-trimethoxysilylpropyl 
tetrasulfide, 4,4'-bis(trimethoxysilylbutyl) 
tet~asulfide, 6,6'-bis(triethoxysilylhexyl) 
tecrasulfide, 12,12'-bis(triisopropoxysilyl dodecyll 
disulfide, 18,18'-bis(trimethoxysilyloctadecyl) 
tetrasulfide, 18,18'-bis(tripropoxysilyloctadecenyl) 
tet.rasultide, 4,4'-bis(trimethoxysilyl-buten-2-yl) 
tetrasulfide, 4,4'-bisCtrimethoxysilylcyclohexylenel 
tetrasulfide, 5,5'-bis(dimethoxymethylsilylpentyl) 
trisulfide, 3,3'-his(trimethoxysilyl-2-methylpropyl) 
tetrasulfide and. 3,3'·bis(dimethoxyphenylsilyl-2-
meehylpropyl) disulfide . 

. The preferred sulfur·containing organosilicon 
compounds are the 3,3'-bis(trimethoxy or triethoxy 
silylpropyll sulfides. The most preferred compound is 
3,3'·bis(triethoxysilylpropyl) tecrasulfide. 
Therefore, as to Pormula I, preferably z is 

where R2 is an alkoxy of 2 to 4 carbon atoms, with 2 
carbon atoms being particularly preferred; Alk is a 
divalent: hydrocarbon of 2 to 4 carbon atoms, with 3 
carbon atoms being particularly preferred; and n is an 
integer of from 3 to S, with 4 being particularly 
preferred. 

The amount of the sulfur-containing., organosilicon 
compound of Formula I in a rubber composition will 
vary, depending on the level of silica that is used. 
Generally speaking, the amount of the compound of 
Formula.I will range from about 0.01 to about l.O 
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parts by weight per part by weight of the silica. 
Preferably, the amount will range from about 0.02 to 
about 0.4 parts by weight per part by weight of the 

silica. More prefe~ably, the amount of the compound 
of Formula I will. range from about O. 05 to about o. 25 
pares by weight per part oy weight of the silica. 

In addition to the sulfur-cQntaining 
organosilicon, the rubber composition should contain a 
sufficient amount of silica, and carbon black1 if 
used, to contribute a reasonably high modulus and high 
resistance co tear. The silica filler may be added in 

amounts ranging from about 10 phr to about 250 phr. 
~referably, the silica is present in an amount ranging 

from about 15 phr to about 80 phr. If carbon black is 
also present, the amount of carbon bla_ck, if used, may 
var:y. Generally speaking, the amount of carbon black 

., 

will vary from about 5 phr to about 80 phr. 
Preferably,. the amount of carbon black will range· from 

about 10 phr to a.bout 40 phr. It is to be appreciated 
that the silica coupler may be used in conjunction 
with a carbon black; namely, pre-mixed with a carbon 
black prior to addition to the rubber composition and 
such carbon black is to be included in the aforesaid 
amount of carbon black for the rubber composition 
formulation. In any case, the total quantity of 
silica and carbon black will be at least about 30 phr. 
The combined weight of the silica and carbon black, as 
hereinbef ore referenced, may be as low as about 30 

phr, but is preferably from about 45 to about 130 phr. 
The conmonly employed siliceous pigments used in 

rubber compounding applications can be used as the 
silica in this invention. including pyrogenic and 
precipitaeed siliceous pigments (silica) , although 
precipitate silicas are preferred. The siliceous 
pigments preferably employed in this invention are 
precipitated silicas such as, for example, those 
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obtained by the acidification of a solubie silicate; 
e.g., sodium silicate. 

Such silicas might be characterized, for example, 
by having a BET surface area, as measured using 
nitrogen gas, preferably in the range of about 40 to 
about 600, and more usually in a range of about so to 
about 300 square meters per gram. The BET method of 
measuring surface area is described in the Jqµrnal of 
th~ A.merican Chemical Society, Volume 60, page 304 
(1930) . 

The silica may also be typically characterized by 

having a dibutylphthalate CDBP) absorption value in a 
range of about 100 to about 400, and more usually 
about 150 to about 300. The ~ilica mighc be expected 
to have an average ultimate particle sl.ze, for 
example, in the range of 0.01 to a.as micron as 
determined by the electron microscope, although the 
silica particles may be even smaller, or possibly 
larger, in size. 

Various commercially available silicas may be 
considered for use in this invention such as, only for 
example herein, and without limitation. silicas 
commercially available from PPG Industries under the 
Hi~Sil trademark with designations 210, 243, etc; 
silicas available from Rhone-Poulenc, with, for 
example, designations of Z116SMP and Zl65GR and 
silicas available from Degussa AG with, for example, 
designations VN2 and VN3. 

Tire tread formulations which include silica and 
an organosilicon compound will typically be mixed 
utilizing a thermomechanical mixing technique. The 
mixing of the tire tread rubber formulation can be 
accomplished by methods known to those having skill in 
the rubber mixing are. For example, the ingredients 
are typically mixed in at least two stages; namely, at 
least one non-productive stage followed by a 
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productive mix stage. The final curatives including 
sulfur-vulcanizing agents are typically mixed in the 
final seage which is conventionally called the 
nproductive" mix stage in which the mixing typically 
occurs at a temperature, or ultimate temperature, 
lower than the mix temperature(s) used in the 
preceding non-productive mix stage(s). The rubber, 
silica and sul~ur-containing organosilieon, and carbon 
black, if used, are mixed in one or more non­
produc~ive mix stages. The tenns "non-productive" and 
0 produceive" mix stages are well known to tho~e having 
skill in ehe rubber mixing_ a~t. If silica filler is 
used in the compound, the sulfur-vulcanizable rubber 
composition containing the sulfur-containing 
organosilicon compound, vulcanizable rubber and· 
generally at least part of the silica should be 
subjected to a thermomechanical mix;ing step. The 
thermomechanical mixing step generally comprises a 
mechanical working in a mixer or extruder for a period 
o! eime suitable in order to produce a rubber 
temperature between 140°C and 190°C. The appropriate 
dura~ion of the thermomechanical working varies as a 
function of the operaeing condi~ions and the volume 
and nature of the components. For example, ehe 
thermom.echanical working may be for a duration of time 
which is within the range ?f about 2 minutes to al:>out 
20 minutes. It will normally be preferred for the 
rubber to reach a temperaeure which is within the 
range of about 145°C to about iao 0 c and to be 
maintained at said temperature for a period of time 
which is within the range of about 4 minutes to a.bout 
12 minutes. It will normally be more preferred for 
the rUbber to reach a temperature which is wiehin the 
range of about 1ss0 c to about i10°c and to be 
maintained at said temperature for a period of time 
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which is within the range of about 5 minutes to about 
10 minutes. 

The emulsion SBR containing tire tread compounds 
of this invention can be used in tire treads in 
conjunction with ordinary tire manufacturing 
techniques. Tires are built utilizing standard 
procedures with the emulsion SBR of this invention 
being substituted for the rubber compounds typically 
used as the tread rubber. After the ~ire has been 
built with the emulsion SBR containing blend, it can 
be vulcanized using a normal tire cure cycle. Tires 
made in accordance with this invention can be cured 
over a wide temperature range. However, it is 
generally pref erred for the tires of this invention to 
he cured at a temperature ranging from about l32°C 
(270°F) to about 166°C (330°F). It is more typical 
for the tires of this invention to be cured at a 
temperature ranging from.about 143°C (290°F) to about 
l54°C (310°F). It is generally preferred for the cure 
cycle used to vulcanize the tires of this invention to 
have a duration of about 10 to about 20 minutes with a 
cure cycle of about l2 to about 18 minutes being most 
preferred. 

This invention is illustra~ed by the following 
examples which are merely for the purpose of 
illustration and are not to be regarded as limiting 
the scope of the invention or che manner in which it 
can be practiced. Unless specifically indicated 
otherwise, all parts and percentages are given by 

weight. 

Example 1 (Control) 
In this experiment, an SBR latex was synthesized 

by copolymerizing 1,3-butadiene monomer and styrene 
monomer by a standard continuous process. This 

procedure was conducted in a pilot plant which 
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consisted of a series of five polymerization reactors. 
All of the reactors used in this procedure were 30-
gallon stirred reactors which were connected to 
operate in series (the reactor chain had a total chain 
volume of 150 gallons). The reactor chain was 
continuously operated at an accual running rate of 
18.53 gallons per hour which provided an aceual 
reaccion time of s.1 hours. 

The monomers were fed into ehe first reactor at a 
rate of 48.9 pounds per hour. The monomer charge 
employed contained 69 weight percent l,J·butadiene and 
31 weight percent styrene. An activator solution, a 
soap solut.ion, a scavenger solution, a modif.ier and an 
initiator were also continuously changed into the 
first reactor. 

The activator solution was an aqueous solution 
coneaining 0.67 percent sodium ferric 
ethylenediaminetetraacetate. It was charged into the 

f irsc reactor at a rate which was sufficient ~o 
main~ain a 0.026 phm level of sodium ferric 
ethylenediaminetetraacetate. 

The soap solution contained 96.79 percent water, 
0.19 percent sodium hydroxide, 0.20 percent potassium 
hydroxide, 0.59 percent of the potassium soap of 
disproportionated wood rosin, 1.10 percent 
hydrogenated mixed tallow fatty acids, 0.89 percent of 
the potassium soap of disproportionated tall oil 
rosin, 0.18 percent of the sodium salt of a condensed 
naphthalene sulfonic acid, 0.03 percent tecrapotassiwn 
pyrophosphate, 0.02 percent sodium formaldehyde 
sulfoxylate and 0.01 percent sodium hydrosulfite. The 
soap system solution was charged into the first 
reactor at a rate which was sufficient to maintain a 
0.341 phm level of sodium hydroxide, a 0.374 phm level 
of potassium. hydroxide, a l.088 phm level of the 
potassium soap of disproportionated wood rosin, a 
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2.022 phm level of hydrogenated mixed tallow fatty 

acids, a 1.031 phm level of the potassium soap of 
disproportionated tall oil rosin, a o.335 phm level cf 

the sodium salt of a condensed naphthalene sulf onic 
acid, a 0.057 phm level of tetrapocassium 
pyrophosphate, a 0.034 phm level of sodium 

formaldehyde sulfoxylate and a 0.019 phm level of 

sodium hydrosulfite. 
The scavenger solution contained 99.31 percent 

water, 0.096 percent sodium hydroxide and 0.60 percent 

sodium hydrosultite. The scavenger solution was 
charged into the first reactor at a rate which was 
sufficient eo maintain a 0.004 phln level of sodium 
hydroxide and a 0.026 phrit level of sodium hydrosulfice 

(the total level of sodium hydrosulfite was 0.045 
phin) • 

The modifier charged into the first reactor was 

t-dodecyl .mercaptan. It was charged into the reactor 

at a rate of 0.137 phm. The initiator charged inco 
the first reactor was pinane hydroperoxide and it was 
charged at a rate Of 0.087 p):Un. 

In this procedure, the polymerization was 

terminated by adding a mixture of diethylhydroxylamine 

and sodium dimethyldithiocarbamate to the latex as a 

shortstop after it exited the fifth reactor. The 

latex made by this procedure was stable.- However, 

stable latices could not be made ir the level of soap 

added to the first reactor was reduced. 

Example 2 

In this experiment, a high molecular weight 

emulsion SBR was made by the FIM process. In the 

procedure used, tpe equipment and procedure described 

in Example 1·were.repeated except that the monomer 

charge was split with some of the inoncmer being 

charged into the third reactor. In this procedure, 
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29.6 pounds per hour of monomer were continuously 
charged into the first reactor and 19.1 pounds per 
hour of monomer were continuously charged into the 
third reaccor. This allowed for the total level of 
soap to be reduced by about 40 percent. 

In this experiment., the soap solution charged 
into the first reactor contained 98 .o percent water·, 
0.25 percent po~assium hydroxide, 0.13 percent 
potassium chloride, o.o percent of ehe potassiUUJ soap 
of disproportionated wood rosin, l.18 percent 
hydrogenated mixed tallow fatty acids, 0.28 percent of 
che potassium soap of disproportionated tall oil 
rosin, 0.12 percent: of ~he sodium salt of a condensed 
naphthalene sulfonic acid, 0.02 percent tetrapocassium 
pyrophosphate, 0.02 percent sodium formaldehyde 
sulfoxylate and 0.01 percent sodium hydrosulfite. The 
soap system solution was charged into the f irse 
reactor at a rate which was sufficient to maintain a 
0.435 phm level of potassium hydroxide, a 0.230 phm 
level of potassium chloride, a o.o phm level of the 
potassium soap of disproportionated wood rosin, a 
2.076 phm level of hydrogenated mixed callow fatty 
acids, a 0.492 phm level of the potassium soap of 
disproportionated tall oil rosin, a 0.206 phm level of 
the sodium salt of a condensed naphthalene sulfonic 
acid, a 0.035 phm level of tetrapotassiwn 
pyrophosphate, a 0.035 phm level ct sodium 
formaldehyde sulfoxylate and a 0.019 phm level of 
sodi.~ hydrosulfite. 

In this procedure. 0.503 phm of an aqueous 

solution of Witconate•1223L, the sodium salt of a 

linear alkylbenzene sulfonic acid (from Witco 
Chemicals), was also charged into the firse reactor as 
a secondary surfactant. The level of pinane 
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hydroperoxide initiator was also increased to 0.110 

plun. 

The SBR latex made utilizing this procedure 
proved to be stable. The utilization of this 
technique results in the production of an emulsion SBR 
having a numl:>er average molecular weight of about 
llOiOOO and a weight average molecular weight of about 

490,000. The level of residual soap in the SBR 
recovered from the latex was also reduced. 

Example 3 
A low molecular weight emulsion SBR can be made 

by utilizing the technique described in Example 2 by 

simply increasing the level of t~dodecyl mercaptan to 
0.39 phm. In this ease, the number average molecular 
weight of the emulsion SBR produced will be about 
G0,000 and its weight average molecular weight will be 
about 185,000. 

~les 4-6 
In this experiment, a blend of a high molecular 

weight emulsion SBR made by the FIM process and a low 
molecular weight emulsion SBR made by the FIM process 
was maae and compounded inco a standard eire tread 
rubber. This rubber was cured and its physical 
properties were compared to similar rubber compounds 
made with standard emulsion SBR and standard solution 
SBR. The high molecular weight SBR in the blend. 
contained 23.S percent bound styrene and had a nllltlber 
average molecular weight of 130,000, a weight average 
molecular weight of 490,000 and a glass transition 
temperature of about -55°C. The low molecular weight 
SBR in the blend contained S percent bound styrene and 
had a number average molecular weight of 67,000, a 
weight average molecular weight of 251,000 and a 
Mooney ML 1+4 viscosity of 20.7. The weight ratio of 
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high molecular weight SBR to low molecular weight SBR 
in the blend was 50:50. 

The rubber compounds were made by mixing 70 parts 
of the three different SBR rubbers with 3?.S parts of 
high cis-1,4-polybutadiene rubber, 70 parts of carbon 

black, 2 parts of zinc oxide, o.e parts of a paraffin 
wax, 3 parts of a microcrystalline wax, 1.15 parts of 
Wingstay6 100 para-phenylene diamine antioxidant. 1.2 

parts of N-cyclohexyl-2-benzothiazole sulfenamide, 0.3 

parts of tetramethyl thiuram disulfide ~nd 1.45 parts 
of sulfur. The rubber formulations were then cured 
and evaluated to detel:mine physical properties. The 
tan delta of the cured rubber blends at 0°c and 60°C 
is reported in Table I. Tan delta is measured using a 
dynamic mechanical tester in tensile mode at 11 Hz and 
at a strain range from O.Ol percent to l percent. 

Table I 

Bxample Tan Delta Tan Delta 
@ 0°C @ 60°C 

. . 

4 - New Emulsion SBR Blend 0.15 0.10 

5 - Standard Solution SBR 0.12 o.io 

6 - FIM Emulsion SBR 0.16 0.13 

Low tan delta values at 60°C are indicative of 
low hysteresis and consequently tire treads made with 
such rubbers exhibit lower rolling resistance than 
tires made with rubbers having higher tan delca values 
at 60°C. On the other hand, rubbers which have high 
tan delta values at 0°C can he utilized in making tire 
treads which exhibit better traction characteristics 
than cires made with tread rubber compositions which 
have lower tan delta values at 0°C. It is normally 



. ' 
- 46 -

preferred for a t~ead :cubber composition to have the 
highest possible tan delta value at 0°C to realize the 
b.es.tpossi.ble traction characteristics over all 
driving conditions and at all driving speeds. It is 
also pref erred for the tread rubber composition to 
have the lowest possible tan delta value at 60°C to 
provide low rolling resistance and good treadwear 
chara.ceeristics. 

The use of the emulsion SBR blend of this 
invention in the compounded rubber resulted in a high 
tan delta value at 0°C and a low tan delta value at 
60°C. This is indicative of good traction 
characteristics, rolling resistance and treadwear. In 
fact, the cured rubber blend made with the emulsion 

rubber of this invention had a tan delta value at 0°C 
which was almost as high as the cured l:Ubber sample 
made with the conventional emulsion SBR. Remarkably, 
the cured rubber blend made with the emulsion rubber 
of this invention also had a tan delta value at 60°C 

which was vireually the same as the cured rubber 
sample made with the standard solution SBR. Thus, by 

ueilizing the technique of ~his invention, an emulsion 
SBR can be made that has the best characteristics of 
both solution SBR and emulsion SBR. 

The styrene-butadiene rubber of this invention 
will normally have a tan delta at o0 c which is within 
the range of 0.13 to 0.19 and a tan delta at 60°C 
which is within the range of 0.06 ta 0.120 af~er being 
cured in a rubber blend containing 70 parts Dy weight 
of the styrene-butadiene rubber, 30 parts by weight of 
high cis-1,4-polybutadiene rubber, 7.5 parts by weight 

of highly aromatic processing oil. 70 parts by weight 
of N220 carbon black, 2 parts by weight of zinc oxide, 

o.e parts by weight of a paraffin wax, 3 parts by 
weight of a microcrystalline wax, l.15 parts by weight 
of para-phenylene diamine antioxidant:, 1.2 pares by 
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weight of N-cyclohexyl·2-benzothiazole sulfenamide,-
0. 3 parts by weight of tetramethyl thiuram disulfide 
and l.45 parts by weight of sulfur. In mosc cases, 
the styrene-~utadiene rubber compositions of this 
invention will have a tan delta at 0°C which is wichin 
the range of O.l4 to O.l8 and a tan delta at 60°C 
which is within the range of 0.08 to 0.11 after being 
cured in such a rubber blend. re is generally 
preferred for the etyrene·buta.diene :r:ubber 
compositions of this invention to have a tan delca at 
o0 c which is within the range of 0.15 to 0.17 and a 
tan delta at 60°C which is within the range of 0.09 to 
0.10 after being cured in such a rubber blend. 

Sxag)les 7-9 
In this experiment, a blend of a high molecular 

weighe emulsion SBR made by the FIM process and a low 
molecular weight emulsion SBR made by the FIM process 
was ·ma.de and compounded into a standard tire cread 
rubber. This rubber was cured and it.s physical 
properties were compared to similar rubber compounds 
ma.de wich standard emulsion SBR and standard solution 
SBR. The high molecular weight SBR in the blend 
contained 23.S percent bound scyrene and had a number 
average molecular weight of 130,000, a weight average 
molecular weight of 4901000 and a glass transition 
temperature of about -ss0 c. The iow molecular weight 
SBR in the blend concained 48 percent bound styrene 
and had a number average molecular weighe of 56,000, a 
weight average molecular weighe of 137,000 and a 
Mooney ML 1+4 viscosity of 11.4. The weight ratio of 
high molecular weight SBR to low molecular weight SBR 
in the blend was 50:50. 

The rubl::>er compounds were made by mixing 70 parts 
of the three different SBR rubbers with 37.5 parts of 
high cis-1.4-polybutadiene r:ubber, 70 parts of carbon 
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black, 2 parts of zinc oxide, o.e parts of a paraffin 
wax, 3 parts of a microcrystalline wax, 1.15 parts of 
Wingstay• 100 antioxidant, 1.2 parts of N-cyclohexyl-
2-benz.ot.hiazole sulfenamide, a. 3 parc.s of· tetram.ethyl 
thiuram disulfide and 1.45 parts of sulfur. The 
rubber fonnulations were then cured and evaluated to 
determine physical properties. The tan delta of the 
cured rubber blends at oQc and 6o~c is reported in 
Table II. Tan delta values were measured using a 
mechanical tester in tensile mode at ll Hz and at a 
strain range from 0.01 percent to 1 pereent. 

Table II 

Example Tan Delta Tan Delta 
$ 0°C • 60°C 

7 - New Emulsion SBR Blend 0.25 0.12 

8 - Standard Solution SBR 0.13 O.ll 

9 - FIM Emulsion SBR 0.12 0.12 

As has been.previously explained, low tan delca 
values at 60°C are indicative of low hysteresis and 
conseqt,iently tire treads made with such rubbers 
exhibit lower rolling resistance than tires made with 
rubbers having higher tan delta values at 60°C. On 
the other hand, rubbers which have high tan delta 
values at 0°C can be utilized in making tire treads 
which exhibit hetcer traction characteristics than 
tires made with tread rubber compositions which have 
lower tan delta values at 0°C. It "is no::mally 
pref erred for a tread rubber composition to have the 
highest possible tan delta value at 0°C to realize the 
best possible traction characteristics over all 
driving conditions and at all driving speeds. It is 
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also prefer~ed for the tread rubber composition to 
have the lowest possible tan delta value at 60°C to 
provide low rolling resistance and good treadwear 
characteristics. 

The use of.the emulsion SSR blend of this 
invention in the compounded rubber resulted in a 
relatively high tan delta value at 0°C and a low tan 
delta value at 60°C. This is indicative of 
outstanding traction characteristics and good rolling 
resiseance and treadwear. The cured rubber blend made 
with the emulsion rubber of this invention had a tan 
delta value at 0°C which was higher than that of the 
cured :nibber sample made with the conventional 
solution SBR. Remarkably, the cured rubber blend made 
with the emulsion rubber or this invention also had a 
tan delta value at 60°C which was similar to that of 
the cured rubber sample made with the standard 
solution rubber. Thus, the emulsion SBR of this 
invention can be used in making tire treads that 
exhibit better traction characteristics and 
surprisingly comparable rolling resistance and 
treadwear characteristics than tire treads made with 
solution SBR. 

The styrene-butadiene rubber of this· invention 
will normally have a tan delta at o0 c which is within 
the range of 0.18 to 0.40 and a tan delta at 60°C 
which is within the range of 0.09 to 0.16 after being 
cured in a rubber blend containing 70.parts by weight 
of the styrene-butadiene rubber, 30 parts by weight of 
high cis-1,4.-polybutadiene rubber, 7.5 parts by weigh~ 
of highly aromatic processing oil, 70 parts by weight 
of N220 carbon black, 2 parts by weight of zinc oxide, 
0.8 parts by weight of a paraffin wax, 3 parts by 
weight of a microcrystalline wax, l.15 pares by weight 
of para-phenylene diamine antioxidant, l.2 parts by 

weight of N-cyclohexyl-2·benzothiazole sulfena.mide, 
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0.3 parts by weight of tetramethyl chiuram disulfide 
and 1.45 parts by weight of sulfur. In most cases, 
the styrene-but.ad.iene rubber compositions ot this 
invention will have a tan delta at 0°c which is within 
the range of 0.20 to 0.30 and a tan delta at 60°C 
which is within the range of 0.10 to 0.14 after being 
cured in such a rubber blend. It is generally 
preferred for the styrene-butadiene rubber 
compositions of this invention to have a tan delta 
at 0°C whieh is within the range of o.,3 to 0.27 and a 
tan delta at 60°C which is within the range of 0.10 to 
0.13 after being cured in such a rubber blend. 

Example l.O. 

In this experiment, two seyrene-butadiene {SBR) 
latices were synt~esized by emulsion copolymerization 
of 1,3-butadiene monomer and styrene monomer in a 
continuous process. After polymerization, the latices 
were blended in a specific ratio and then coagulated 
and dried. This experiment was conducted at 
Goodyear's Houston production facility. 

A latex having a high Mooney ML 1+4 viscosity and 
medium bound styrene content was synthesized in a 
series of 13 continuous stirred·tank reactors (CSTRs). 
A styrene stream, a l,3-butadiene stream and a 
modifier stream were mixed and fed into a Ligtnin 
static mixer having a diameter of about 3 inches (7.6 
cm) and a length of about 30 inches (76 cm) prior to 
being splic and fed into polymerization reactors. 
About 60 percent of this monomer/modifier stream was 
mixed with soft water and cooled in.a heat exchanger 
to a temperature Of abOUt 52°F (11°C}. An activator 
solution, soap solution, oxygen scavenger solution and 
initiator were added to the stream after it had exited 
the heat exchanger but before it entered into a second 
Ligtnin static mixer having a length of about 36 
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inches (91 cm) and a diameter of about 4 inches (10.2 
cm). Afeer this static mixer, the combined stream had 
a residence time of about 40 seconds in the tubular 
reactor before entering the first cstR. The remaining 
40 percent of the monomer/modifier scream was fed 
continuously into the fifth reactor in the chain. The 
reactor chain conf iguracion is described in the 
following table: 
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Agitation 

RV Type Vol Pzm Temp Impeller Speed 
(gal) (deg F) Type (rpm) 

0 Tubular 100 63 

l CSTR 5700 so Brumagin 71 

2 CSTR 5700 so Brumagin 71 

3 CSTR 5700 50 srumagin 71 
4 CSTR 5700 50 Brumagin 71 

s CSTR 5700 so Brumagin 71 

6 CSTR 5700 50 Brumagin 71. 

7 CSTR 5700 so BrU1t1agin 71 

8 CSTR 5'700 50 Brurnagin '71 

9 CSTR 5700 50 Axial 11 
Flow 
Turbine 

10 CSTR 5700 50 Axial 71 
:Flow 
Turbine 

ll CSTR 5700 so Axial 71 
Flow 
TUrbine 

12 CSTR 5700 50 Axial 71 
Flew 
Turbine 

13 CSTR 5700 50 Axial 71 
Flow 
Turbine 
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The following streams were charged to this 
reactor configuration continuously: 

Mass Flow Stream 
Rate Composition 

Clbs/min) (tl 

Pirat Stage: Streams added to tubular reactor 

Butadiene Monomer: .209. 65 

1,3-butadiene 90.00 

impurities 10.00 
Cmixed butenes, 
isobutylene, 
4-vinylcyclohexene, 
e~ all 

Styrene Monomer; 85.93 

Styrene 91.00 

Impurities 9.00 
(4-vinylcyclohexene, 
ethylbenzene, 
mixed xylenes, et al) 

Soap Solution: 124.25 

soft water 79.33 

45t aqueous solution 2.04 
of potassi\Ul\ hydroxide 

40t aqueous solution 2.06 
of tripotassium phosphate 

20t aqueous solution 1.71 
of sodium hydroxide 

mixed hydrogenated 8.21 
tallow fatty acid 

47% aqueous solution l.10 
of sodium napthelene 
sulfonate 

potassium soap.of l.95 
disproportionated tall 
oil rosin (80t active) 

23t aqueous solution 3.00 
of sodium dodecylbenzene 
sulfonat:e 

Soft Water '702.64 100.00 
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Initiator: 0.69 

pinane hydroperoxide 100.00 
(44% ac:tive) 

Jlctivator Solution: 65.59 

soft water 98.69 

20t aqueous solution 0.41 
of ferrous sulfate 

40% aqueous solution 0.56 
of tetrasodium ethylene-
diaminetetraacetate 

sodium f c:rmaldehyde 0.34 
sulfoxylate 

Moditier {Chain Transfer 0.29 
Agent) : 

tertiary dodecylmerc:aptan 100.00 

Oxygen Scavenger Solution: 2.46 

soft water 97.00 

sodium hydrosulfite 3.00 

Second Stage: Streams added to f ift.h CSTR 

Butadiene Monomer: 139.76 

l,3-butadiene 90.00 

impurities 10.00 
(mixed butenes, 
isobutylene, 
4-vinylcyclohexene, 
et al) 

Styrene Monomer: 5"7.28 

styrene 91.00 

impurieies 9.00 
(4-vinylcyclohexene, 
ethylbenzene, 
mixed xylenes, et al) 

Moclifier (Chain Transfer 0.20 
Agent): 

tertiary dodecylmercaptan 100.00 

Shor.ts top: Added after 42.56 
13th CSTR. at 62% conversion 
(or 22.6t solids) 
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soft water 97.08 

85t aqueous solution 0.38 
of dieehylhydroxylamine 

40% aqueous solution 0.80 
of sodium 
dimethyldithiocarbamate 

47t aqueous solution 0.89 
ot sodium napthelene 
sulfonaee 

45% aqueous solution 0.85 
of potassium hydroxide 

Oefoamer: Added to latex 0.30 
during monomer recovery 
operations 

soft water so.oo 
Nalco-Exxon EC9060A 50.00 
def oamer 

The latex made was continuously removed from the 
thirteenth reactor and passed through a filter to 
remove coagulum. The filter consisted of a baskec 
strainer having holes with a diameter of about 3/8 
inch (9.5 mm). The latex was then passed through 
blow·down tanks for recovery of residual l,3·butadiene 
monomer. The defoamer identified in the table above 
was added to the stream after it exited the blow-down 
tanks. The latex stream was then passed through a 
first flash tank with a vacuum of about 3-5 psig 
(1.2x105 Pa to l.4xl05 Pa} being applied. It was 
subsequently passed through a second flash tank with a 
vacuum of abouc 22 inches of mercury (7.4xl04 Pa) 
being applied. The latex then went through a 12-tray 
steam-stripping coltimn with about 15 psig of steam 
being injected into the bottom of the column and a 
vacuum of about 22 tn~hes of mercury {7.4xl04 Pa} 
being applied to the top of the column. After 
unreacted monomers were removed from this stable latex 
by steam-stripping, it was found co have a solids 
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content of 20.8 percent, a 23.4 percent bound styrene 
concent and a Mooney ML i+4 viscosity of 105. The 
latex was stored in a storage tank having a capacity 
of about 451000 9allons after it had passed through 
the s.team~stripping colwnn. 

A second lat.ex having a low Mooney ML 1+4 

viscosity and a high bound styrene content was also 
synthesized in a reaceor system similar to the one 
used in making the high viscosity latex. The reactor 
chain configuration used in synthesizing the low 
viscosity latex is described in the following table: 

Agitation 
RV Type Vol Pzm Temp Impeller Speed 

(gal) (deg F) Type (xpm) 

0 Tubular 150 63 

l. CSTR 3750 so Axial 107 
Flow 
Turbine 

2 CSTR 3750 50 Axial 107 
Flow 
Turbine 

3 CSTR 3750 so Brumagin 71 

4 CSTR 7500 50 Brumagin 71 

5 CSTR 7500 so Brumagin 71 

6 CSTR 3750 50 Axial 107 
Flow 
Turbine 

1 CSTR 3?50 so Axial 107 
Flow 
Turbine 

: : 

a CSTR 37SO so Axial 10/ 
Flow 
Turbine 

9 CSTR. 3750 50 Axial 107 
Flow 
Turbine 
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The following streams were charged to this 

reactor configuration continuously: 

Mass Flow scream 
Rate Composition 

(lbs/min) (t) 

l'irst Stage: Streams added to tubular reactor 

Butadiene Monomer: 38.02 

l,3-but.a.diene 90.00 

impurities 10.00 
(mixed butenes, 
isobutylene, 
4-vinylcyclohexene, 
et all 

Styrene Monomer: 54.10 

Styrene 91.00 

Impurities 9.00 
(4-vinylcyclohexene, 
ethylbenzene, 
mixed xylenes, et al) 

Soap Solution: 40.62 

so!t water 79.33 

45% aqueous solution ·2. 04 
of potassium hydroxide 

40% aqueous solution 2.06 
of tripotassium phosphate 

20% aqueoua solution 1. 71 
of sodium hydroxide 

mixed hydrogenated 8.21 
tallow fatty acid 

47t aqueous solution 1.70 
of sodium uapthelene 
sulfonate 

potassium soap of 1.95 
disproportionated tall 
oil rosin (80% active) 

23% aqueous solution 3.00 
of sodium dodecylbenzene 
sulfonate 

Soft water 217.15 100.00 
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Initiator: 0.20 

pinane hydroperoxide 100.00 
(44t active) 

Activator Solution: 17.68 

soft water 98.69 

2ot aqueous solu~ion 0.41 
of ferrous sulfate 

40% aqueous solution 0.56 
of eetrasodium ethylene-
diaminetetraacetate 

sodi'um formaldehyde 0.34 
sulfox:ylate 

Modifier (Chain Transfer 0.19 
Agent): 

tertiary dodecylmercaptan 100.00 

Oxygen Scavenger Solution: 0.65 

sof e water 97.00 

sodium hydrosulf ite 3.00 

second Stage: Streams added to third CSTR 

Butadiene Monomer: 25.34 

1,3-butadiene 90.00 

impurities l0.00 
(mixed l:>utenes, 
isobutylene, 
4-vinylcyclohexene, 
et al) 

Styrene Monomer: 36.07 

styrene 91.00 

impurities 9.00 
(4-vinylcyclohexene, 
ethylbenzene, 
mixed xvlenes, et al) 

Modifier (Chain Transfer 0.12 
Agent): 

tertiary dodecylmercaptan 100.00 

Shortstop: Added after 9th 13.31 
CSTR at 62% conversion {or 
21.Eit solids) 



- 59 - 1ii[iUr 
soft water 97.08 

est aqueous solueion 0.38 
of diethylhydroxylamine 

40% aqueous solution o.ao 
of sodium 
dimethyldithiocarbamate 

47% aqueous solution 0.99 
of sodiwn napthelene 
sulfonate 

45\ aqueous solution 0~85 
of potassium hydroxide 

Oefoamer: Added to latex o.os 
during monomer recovery 
operat:.ions 

Nalco-Exxon EC9060A. 100.00 
detoamer 

After unreacted monomers were removed from this 
stalJle latex by steam-stripping, it was found to have 
a solids content of 20.5 percent, a S0.6 percenc bound 
styrene content and a Mooney ML 1+4 viscosity of 13. 

A blend of 222,646 lbs (100992 kg} of the high 

viscosity latex and 184,828 lbs (83,838 kg) of the low 
viscosity latex CSS percent:45 percent dry weight 
blend) was made in an agitated tank. Added to che 
latex blend was 2105 lbs (955 kg) of a 50 percenc 
active Goodyear Wingsta.y• C antioxidant emulsion. 

This latex was coagulated and dried using a . 
conventional continuous process. The latex was 
coagulated at a rate of 800 lb/min (362 kg/min}. 
Sulfuric acid was added to the coagulation tank to 
maintain a pR of 3.7. Also added to the coagulation 
tank were brine (23 percent aqueous solution of sodium 
chloride) at 29 lb/min (l3kg/minl and PMl.969 
ethyleneamine mixture from Union Carbide ac 0.06 
lb/min. The polymer crumb was rinsed of coagulants, 
then dewatered in a single-screw extruder. The 
polymer was then dried in a single-pass, gas-fired 



ii1i1iBiUf 
- GO - -·-

apron drier at 210° F to less than o.s percent 
moiseure content. The final polymer had a bound 
styrene content of 35.7 percent and a Mooney Mt. 1+4 
viscosity of 52. 

Examples 11-13 

In this experiment, ·a blend of a high molecular 
weight emulsion SBR made by conventional emulsion 
polymerization and a low molecular weight emulsion SBR 
made by conventional emulsl,.on polymerization was made 
and compounded into a. standard silica reinforced tire 
tread rubber. This nmber was cured and its physical 
properties were compared to similar rubber compounds 
ma.de with standard emulsion SBR and standard solution 
SBR. The high molecular weight SBR in the blend 
contained 23.5 percent bound styrene and had a Mooney 
ML 1+4 viscosity of about 111. The low molecular 
weight SBR in the blend contained SO percent bound 
styrene and had a Mooney ML 1+4 viscosity of about 15. 
The weight ratio of high molecular weight SBR to low 
molecular weight SBR in the blend was 50:50. 

The rubber compounds "ere made by mixing 70 parts 
of the chree different SBR rubbers with 37.5 parts of 
high cis-1,4-polybutadiene rubber (containing 1.5 
parts of highly aromatic processing oill, 60 parts of 
silica, 5 parts of Si-69 silica coupling agent on 5 
parts of N330 carbon black as a carrier, 26.~5 parts 
of highly aromatic processing oil, 2 parts of Agerite 
Resin D antioxidant (polymerized l,2-dihydro-2,24-
trimethylquinoline). l parts of zinc oxide, 1.25 parts 
of Wingstay• 100 para-phenylene diamine antioxidant, 
1.8 parts of N-cyclohexyl-2-benzothia~ole sulfenandde, 
l.4S parts of diphenylguanidine acceleracor and 1.G 
parts of sulfur. The rubber formulations were then 
cured and evaluated to determine physical properties. 
The tan delta values of the cured rubber blends at o0 c 
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and 60°C are reported in Table III. Tan delta is 
measured using a dynamic mechanical tester in tensile 
mode at 11 Hz and at a scrain range from 0.01 percent 
to lS pereent. 

Table XII 

. Example Tan Delta Tan Delta 

• 0°C a 60°C . 
11 - New Emulsion SBR 0.26 0.06 

12 ·• Standard Solution SBR 0.09 0.07 

13 - FIM Emulsion SBR 0.11 0.07 

The use of the emulsion SBR blend of this . 
invention in the silica-loaded compounded rubber 
resulted in a high tan del~a value at 0°c and a low 
tan delta value at 60°C. This is indicacive of good 
traccion characteristics and ~olling resistance. In 
fact, the cured rubber blend made with the emulsion 
rubber of this invention had a tan delta value at o0 c 
which was higher than the cured rubber sample made 
with the conventional emulsion SBR. Remarkably, the 
cured rubber blend made with the eml.ilsion rubber of 
this invention also had a tan delta value at 60°C 
which was virtually the same as the cured rubber 
sample made with the standard solution SBR. 

The styrene-butadiene rubber of this invention 
will normally have a tan delta at o0 c which is within 
the range of 0.20 to 0.40 and a tan delta at 60°C 
which is within the range of 0.03 to 0.10 after being 
cured in a rubber blend containing 70 parts by weight 
of the styrene-butadiene rubber. 30 parts by weight of 
high cis-1,4-polybutadiene rubber, 33.75 par~s by 

weight of highly aroma.tic processing oil, GO parts of 
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silica, s parts of Si-69 silica coupling agent on 5 
parts of N330 carbon black as a carrier, 2 parts of 
Agerite Resin o antioxidant (polymerized 1,2-dihydro· 

2,24-trimethylqu.inoline), 3 parts of zinc oxide, 1.25 

parts of Wingstaye 100 para-phenylene diamine 

antioxidant, 1.e parts of N-cyclohexyl-2-benzothiazole 

sulfenamide, 1.45 parts of diphenylguanidine 
accelerator and l.6 parts of sulfur. In most cases, 
the styrene-butadiene rubber compositions ot this 
invention will nave a tan delta at 0°C which is within 
the range of 0.22 to 0.35 and a tan delta at 60°C 

which is within the range of 0.04 to 0.08 after being 

cured in such a rubber blend.. It is generally 

preferred for the styrene-bueadiene rubber 
compositions of this invention to have a tan delta at 

0°C which is within the range of 0.25 to 0.27 and a 

can delta at 60°C which is within the range of o.os to 

0.07 afeer being cured in such a rubber blend. 
While certain represencative eml:Jodiments and 

details have been shown for the purpose of 

illustrating the subject invention, it will be 

apparent to those skilled in this art ehat various 
changes and modif icacions can be made therein without 
deparcing from the scope of the subject invention. 

ii1iiiUr 
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WHAT !S CLAIMED IS: 

l. An emulsion styrene-butadiene rubber 
composition having improved characteristics for 
utilization in tire tread rubber formulations which is 
comprised of (I} a high molecular weight styrene­
butadiene rubber having a weight average molecular 
weight of at least a.bout 300,000 and (II) a low 
molecular weight styrene-butadiene rubber having a 
weight average molecular weight which is less than 
about 280,000; wherein the ratio or the high molecular 
weight styrene-butadiene rubber to the low molecular 
weight styrene-buta.diene rubber is within the range of 
about 80:20 to about 25:75; wherein the bound styrene 
content of che high molecular weight styrene-butadiene 
rubber dif~ers fxom the bound styrene content of the 
low molecular weight styrene-butadiene rubber by at 
least S percentage points; wherein the styrene­
butadiene rubber composition is made by coagulating a 
blend of a latex of the high molecular weight. styrene­
butadiene rubber and a latex· of the low molecular 
weight styrene·butadiene rubber: and wherein the latex 
of the high molecular weight styrene-butadiene rubber 
and the low molecular weight styrene-butadiene rubber 
are ma.de by a process which comprises (l} charging 
water, a soap system, a free radical generator, 1,3-

bu~adiene monomer and styrene monomer into a first 
polymerization zone; (2) allowing the 1,3-butadiene 
monomer and the styrene monomer to copolymerize in the 
first polymerization zone co a monomer conversion 
which is within the range of about 15 percent to about 
40 percent to produce a low conversion polymerization 
medium; (3} charging the low conversion polymerization 
medium into a second polymeri2ation zone; (4) charging 
an additional quantiey of 1,3-butadiene monomer and an 
additional quantity of styrene monomer into the second 

I 11\llll \~\~Ill~~\~ U 1\\1 
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polymerization zone; and (5) allowing the 
copolymerization to continue until a monomer 
conversion of at least about SO percenc is attained to 

produce the latex of styrene-butadiene rubber. 

2. A tire tread that is made utilizing the 

emulsion styrene-butadiene rubber composieion 

specified in claim 1. 

3. A tire having a tread which is comprised of 

the emulsion seyrene-butadiene rubber composition 

specified in claim 1. 

4. An emulsion styrene-butadiene rubber 
composition as specified in claim l wherein the high 

molecular weight styrene-butadiene rubber is comprised 
of repeac units which are derived from about 20 weight 

percen~ to about so weight percene styrene and-from 

about so weight percent to about 80 weight percent 

l,3-butadiene. 

S. An emulsion styrene-butadiene rubber 
composition as specified in claim 4 wherein the low 
molecular weight styrene-butadiene rubber is comprised 

of repeat units which are derived from about 1 weight 

percent to about so weight percent styrene and from 

about 50 weight percent to about 99 weight percent 

1,3-butadiene. 

6. An emulsion styrene-l:>utadiene rubber as 
specified in claim 5 wherein the high molecular weight 
styrene-butadiene rubber has a Mooney ML 1+4 viscosicy 
which is within the range of a.bout so to about 160. 

7. An emulsion styrene-butadiene rubber as 

specified in claim 6 wherein the low molecular weight 

I lllllll llllll lllll lllll II llll 
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styrene-butadiene rubber has a Mooney ML 1+4 viscosity 
which is within the range of about. 2 to about 40. 

8. An emulsion styrene-butadiene rubber 
composition as specified in claim 7 wherein the high 
molecular weight styrene-butadiene rubber is comprised 
of repeat unies which are derived from about 20 weight 
percent to about 30 weight percent styrene and fr.om 
about 70 weighc percent to abouc 80 weight percent 
l,3-buta.diene. 

9. An emulsion st.yrene·butadiene rubber 
composition as specified in claim 8 wherein the low 
molecular weight seyrene·butadiene rubber is comprised 
of repeat units which are derived from a:bout 3 weight 
percent to about: 10 weight percent. styrene and from 
about 90 weight percent to about S? weight percent 
1,3-butadiene. 

10. An emulsion styrene-bu~a~iene rubber 
composition as specified in claim a wherein the low 
molecular weight styrene-butadiene rubber is comprised 
of repeat units which are derived from about 40 weight 
percent to about so weight percent styrene and from 
about so weight percent to.about 60 weight percent 
1,3-butadie:ne. 

11. ·An emulsion styrene-butadiene rubber 
composition as specified in claim 9 wherein the weight 
ratio of the high molecular weight styrene-hutadiene 
.rubber co the low molecular _weight styrene-butadiene 
rubber is within the range of about 70:30 to about 
30:70. 

12. An emulsion styrene-butadiene rubber 
composition as specified in elaim 11 wherein the high 

1111111111111111111 11111111111 
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molecular weight styrene-butadiene rubber has a Mooney 
ML 1+4 viscosity which is within the range of aboue 90 
to about 150. 

13. An emulsion styrene-butadiene rubber 
composition as specified in claim 12 wherein the low 
molecular weight styrene-bucadiene rubber has a Mooney 
MI.a 1+4 viscosity which is within the range of about 3 
to about 30. 

14. An emulsion styrene-butadiene rubber 

composition as specified in claim 13 wherein the high 
molecular weight styrene-butadiene rubber has a Mooney 
ML 1+4 viscosity which is within the range of about 
100 to about 130. 

15. An emulsion styrene-butadiene rubber 
composition as specified in claim 14 wherein the low 
molecular weight styrene-butadiene rubber has a Mooney 
ML 1+4 viscosity which is within the range of a.bout 5 
to about. 20. 

16. An emulsion styrene-butadiene rubber 
composition as specified in claim 15 wherein the 
weight ratio of the high molecular weight styrene­
butadiene rubber to the low molecular weight styrene­
butadiene rubber ·is within the range of about 60:40 to 
about 40:60. 

17. An emulsion atyrene-butadiene rubber 
COll\position as specified in claim 10 wherein the 
weight ratio of the high molecular weight styrene­
butadiene rubber to the low molecular weight styrene­
butadiene rubber is within the range of about 70:30 to 
about 30:70. 

I JBJH~H 1' Ulfl HI 
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19. An emulsion styrene·butadiene rubber as 
specified in claim 17 wherein the high molecular 
weight scyrene-bueadiene rubber has a Mooney ML 1+4 
viscosity which is within the range of about 90 to 
about 150. 

19. An emulsion styrene·butadiene rubber as 
specified in claim 18 wherein the low molecular weight 
seyrene-butadiene rubber bas a Mooney ML 1~4 viscosity 
which is within the range of about 3 to about 30. 

20. An emulsion styrene-butadiene rubber as 
specified in claim 19 wherein the high molecular 
weight styrene-butadiene rubber has a Mooney ML 1+4 

viscosity which is within the range of about 100 to 
about: 130. 

21. An emulsion styrene-butadiene rubber as 
specified in claim 20 wherein the low molecular weight 
styrene·butadiene rubber has a Mooney ML 1+4 viscosity 
which is within the range of about 5 to about 20. 

22. An emulsion styrene-butadiene rubber as 
specified in claim 21 wherein the weight ratio of the 
high molecular weight styrene-butadiene rubber to the 
low molecular weight styrene-butadiene rubber is 
within the range of about 60:40 to about 40:60. 

23. An emulsion styrene·butadiene rubber as 
specified in claim S wherein_ the high molecular weight 
styrene-butadiene rubber has a weight average 
molecular weight which is wi~hin the range of about 
400,000 to about 1,750,000. 

24. An emulsion styrene-butadiene rubber as 
specified in claim 23 wherein the low molecular weight 

111111111111111111111111111111 i 
* C L M S * 



- 68 - iiii~f 
styrene·-butadiene rubbei: has a weight: average 

molecular weight which is within the range of about 

70,000 to about 270,000. 

2S. An emulsion styrene-butadiene rubber 

composition as speeif ied in claim 24 wherein the high 

molecular weight styrene·butadiene rubber is comprised 

of repeat units which are derived from about 20 weight 

percent to a.bout 30 weight percent seyrene and fr9m 

about ·70 weight percent to about 80 weight percent 

1,3-butadiene. 

26. An emulsion styrene-butadiene rubber 

composition as specified in claim 25 wherein the low 

molecular weight styrene-butadiene rubber is comprised 

of repeat units which are derived from about 3 weight 

percent to about 10 weight percent styrene and from 
a.bout 90 weight percent to about 9? weight percent 

1,3-butadiene. 

27. An emulsion styrene-butadiene rubber 

composition as specified in claim 25 wherein the low 

molecular weight styrene-butadiene rubber is comprised 

of repeat units which are derived from about 40 weight 

percent to about so weight percent styrene and from 

about so weight percent to about 60 weight percent 

1,3-butadiene. 

28. An emulsion styrene-butadiene rubber 

composition as specified in claim 26 wherein the 

weigh~ ratio of the high molecular weight styrene­

butadiene rubber to the low molecular weight styrene­

butadiene rubber is within the range of about 70:30 ta 

about 30:70. 
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29. An emulsion styrene-butadiene rubber as 
specified in claim 28 wherein the high molecular 
weight styrene-butadiene rubber has a weight average 
molecular weight which is within the range of about 
l,000,000 to about 1,500,000. 

30. An emulsion styrene-butadiene rubber as 
specified in claim 29 wherein the low molecular-~~ight 
styrene-butadiene rubber has a weight average 
molecular weight which is within the range of about 
120,000 to about 260,000. 

31. .ln emulsion styrene-bu~adiene rubber as 
specified in claim 30 wherein the weigh~ ratio of the 
high molecular weight styrene-butadiene rubber to che 
low molecular weight styrene·butadiene rubber is 
within the range of about 60;40 to about 40:60. 

32. An emulsion styrene-butadiene rubber 
composition as specified in claim 27 wherein the 
weight ratio of the high molecular weight styrene· 
butadiene rubber to the low molecular weight styrene­
butadiene rubber is within the range of about 70:30 to 
about 30:70. 

33. An emulsion styrene·butadiene rubber as 
specified in claim 32 wherein t:he high molecular 
weight styrene-butadiene rubber has a weight average 
molecular weight which is within the range of about 
l, 000, 000 to about 1 ·, soo. 000. 

34. An emulsion seyrene-butadiene rubber as 
specified in claim 33 wherein the low molecular weight 
styrene-butadiene rubber has a weight average 
molecular weight which is within the range of about 
120,000 to about 260,000. 
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35. An einulsion styrene~butadiene rubber as 
specified in claim 34 wherein the weight ratio of the 
high molecul&r weight styrene-butadiene rubber to the 

low molecular weight styrene-butadiene :ubber is 
within the range of about 60:40 to about 40:60. 

36. An emulsion styrene-butadiene rubber 

composition which is comprised of (I) a high molecular 

weight styrene~butadiene rubber having a number 

average molecular weight which is within the range of 
about 200,000 to about i.ooa,ooo and (II) a low 
molecular weight styrene-butadiene rubber having a 

number average molecular weight which is within the 

range of about 20,000 to about 150,000; wherein the 

ratio of the high molecular weighc styrene·butadiene 

rubber to the low molecular weight styrene-butadiene 

rubber is within the range of about 80:20 to about 
25:75; wherein the bound styrene content of the high 

molecular weight styrene·butadiene rubber differs from 

the bound styrene content of the low molecular weight 

styrene-hutadiene rubber by at least s percentage 

points; wherein the styr~ne-butadiene rubber 

composition is made by coagulating a blend of a latex 
of the high molecular weight styrene-butadiene rubber 

and a latex of the low molecular weight styrene­

butadiene rubber; and wherein the latex of the high 

molecular weight styrene-butadiene rubber and the low 

molecular weight styrene-butadiene rubber are made by 

a process which comprises (l) charging water, a soap 

system, a free radical generator, 1,3-butadiene 
monomer and styrene monomer into a first 

polymerization zone; (2) allowing the 1,3-butadiene 

monomer and the styrene monomer to copolymerize in the 

first polymerization zone to a monomer conversion 
which is within the range of about 15 percent to about 
40 percent to produce a low conversion oolyme~ization 
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medium; (3) charging the low conversion polymerization 
medium inco a second polymerization zone; (4) charging 
an additional quantity of l,3-butadiene monomer and an 
additional quantity of styrene monomer into ~he second 
polymerization zone; and (5) allowing the 
copolymerization to continue until a monomer 
conversion of at least about SO percent is attained to 
produce che latex of styrene-butadiene rubber. 

37. A tire tread that is made utilizing the 

emulsion styrene-butadiene rubber composition 
.specified in claim 36. 

38. A cire having a tread which is comprised of 
the emulsion styrene·butadiene rubber composition 
specified in claim 36. 

39. An emulsion styrene-butadiene rubber 
composition as specified in claim 36 wherein the high 
molecular weight styrene-butadiene rubber is comprised 
of repeat units which are derived from about 20 weight 
percent to about 50 weight percent styrene and from 
a.bout 50 weight percent to about 80 weight percent 
l,3-hutadiene. 

40. An emulsion styrene-butadiene rubber 
composition as specified in claim 39 wherein the low 
molecular weight styrene-butadiene rubber is comprised 
of repeat units which are derived from about i weight 
percent to about 50 weight percent styrene and from 
about so weight percent to about 99 weight: percent 
1,3-butadiene. 

41. An emulsion styrene-butadiene rubber as 
specified in claim 40 wherein the high molecular 
weight styrene-butadiene rubber has a nwnber average 
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molecular weight which is within the range of about 
300.000 to about 970,000. 

42. An emulsion styrene-butadiene rubber as 
specified in claim 41 wherein the low molecular weight 
styrene·butadiene rubber has a number average 
molecular weight which is within the range of about 
so,ooo to about 130,000. 

43. An emulsion styrene-butadiene rubber 
composition as specified in claim 42 wherein the high 
molecular weight styrene-butadiene rubber is com.prised 
of repeat units which are derived from about 20 weighc 
percent eo about 30 weight percent styrene and from 
about 70 weight percent to about 80 weight percent 
1,3-butadiene. 

44. An emulsion styrene-Dutadiene rubber 
composition as specified in claim 43 wherein the low 
moleeular weight st.yrene-butadiene rubber is comprised 
of repeat units which are derived from about 3 weight 
percent to about 10 weight percent styrene and from 
about 90 weight percent to about 97 weight percent 
1,3-butadiene. 

4S. An emulsion styrene-butadiene rubber 
composition as apecif ied in claim 43 wherein the low 
molecular weight styrene-butadiene rubber is comprised 
of repeat units which are derived from about 40 weight 
percent to about 50 weight percent styrene and from 
about SO weight percene to about 60 weight percent 
l,3-but:adiene. 

46. An emulsion styrene-bucadiene rubber 
composition as specified in claim 44 wherein the 
weight ratio of the high molecular weight styrene-
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outadiene rubber to the low molecular weight styrene­
butadiene rubber is within the range of about /0:30 to 
about 30:70. 

47. An emulsion styrene-butadiene rubber 
composition as specified in claim 46 wherein the high 
molecular weighc styrene-butadiene rubber has a number 
average molecular weight which is within the range of 
about 650,000 to about 930.000. 

48. An emulsion scyrene-butadiene rubber 
composition as specified in claim 47 wherein the low 
molecular weight styrene-butadiene rubber has a number 
average molecular weight which is wiehin the range of 
about ss,ooo to about 110,000. 

49. An emulsion styrene-butadiene rubber 
composition as specified in claim 48 wherein the 
weight raeio of the high molecular weight styrene­
bueadiene :rubber to the low molecular weight styrene­
bueadiene rubber is within the range of about 60:40 to 
about 40:60. 

so. An emulsion styrene-butadiene rubber 
composition as specified in claim 45 wherein the 
weight ratio of the high molecular weight styrene­
butadiene rubber to the low molecular weight styrene­
butadiene rubbe~ is within the range of about 10:30 to 
about 30:?0. 

51. An emulsion styrene-butadiene rubber as 
specified in claim so wherein the high molecular 
weight styrene-butadiene rubber has a number average 
molecular weight which is within the range of about 
650,000 to about 930,000. 
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52. 1'.11 emulsion styrene-~utadiene rubber as 
specified in claim Sl wherein the low molecular weight 
styrene-bucadiene rubber has a number average 
molecular weight which is within the range of about 
55,000 to about 110,000. 

53. An emulsion styrene-butadiene rucber as 
specified in claim 52 wherein the weight ratio of the 
high molecular weight styrene-butadiena rubber to the 
low molecular weight styrene-butadiene rubber is 
within the range of about 60:40 to about 40:60. 

54. An emulsion_styrene-butadiene rubber as 
specified in claim 1 wherein the high molecular weigh~ 
styrene-butadiene rubber has a number average 
molecular weighe which is within the range of about 
200,000 to a~ou~ 1,000,000. 

ss. An emulsion styrene-butadiene rubber as 
specified in claim 54 wherein the low molecular weigh: 
styrene-bucadiene rubber has a number average 
molecular weight which is within the range of about 
20,000 to about 150.000. 

56. Ail emulsion styrene-butadiene rubber as 
specified in claim 23 wherein the high molecular 
weight styrene-butadiene rubber has a number average 
molecular weight which is within the range of about 
650,000 to about 930,000. 

57. An emulsion styrene-butadiene rubber as 
specified in claim 56 wherein the low molecular weight 
scyrene-butadiene rubber has a number average 
molecular weight which is within che range of about 
70,000 co about 110,000. 
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58. An emulsion styrene-butadiene rubber as 
specified in claim 29 wherein the high molecular 
weight styrene-l:>utadiene rubber has a number average 
molecular weight which is within the range of about 
650,000 to about 930,000. 

59. An emulsion styrene-butadiene rubber as 
specified in claim 58 wherein the low molecular weight 
styrene-butadiene rubber has a number average 
molecular weight which is within the range of about 
70,000 to about 110,000. 

60. A tire as specified in claim 3 wherein the 
tread is further comprised of a filler selected from 
the group consisting of carbon black and silica. 

61. A t1re as specified in claim 60 wherein the 
tread is further comp~ised of a rubber selected from 
the group consisting of natural rubber, high cis-1,4· 
polybutadiene rubber, high vinyl polybutadiene rubber, 
medium vinyl polybutadiene rubber, high trans·l,4· 
polybutadiane rubber, solution styrene-butadiene 
rubber, styrene·isoprene-outadiene rubber, styrene­
isoprene rubber, isoprene-butadiene rubber and 3,4-
polyisoprene rubber. 

62. A tire as specified in claim 61 wherein the 
cread is cured with sulfur. 

63. A styrene-butadiene rubber composition which 
is comprised of repeat uni~s which are derived from 
scyrene and l,3-butadiene, w~erein the scyrene­
butadiene rubber compos~tion has a number average 
molecular weight as deteanined ·by thermal field flow 
fractionation which is within the range of about 
so,ooo to 1so,ooo and wherein the styrene-butadiene 
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rubber has a light scattering to refractive index 
ratio which is within the range of 1.8 to 3.9. 

64. A styrene-butadiene rubber composition which 
is comprised of repeat units which are derived from 
acyrene and 1,3-butadiene, wherein a plot of log 
frequency versus storage modulus of the styrene­
butadiene rubber composition crosses over a plot of 
log frequency versus loss modulus of the styrene­
butadiene rubber composition at a frequency within che 
range o! 0.001 radians per second to lOO radians per 
second when conducted at 90°C to 120°c using parallel 
plate geome~ry in the dynamic oscillation frequency 
sweep of che scyrene-butadiene rubber. 

65. A styrene~butadiene rubber composition which 
is comprised of repeat units which are derived from 
styrene and l,3-butadiene, wherein a plot of log 
frequency versus scorage modulus of the styrene­
butadiene rubber composition crosses over a plot of 
log frequency versus loss modulus of the styrene· 
butadiene rubber composition ac a frequency within the 
range of 0.001 radians per second to 100 radians per 
second when conducted at 90°C to 120°C using parallel 
plate geometry in the dynamic oscillation frequency 

-sweep of the styrene-butadiene rubber, wherein the 
styrene-bucadiene rubber COl?lposition has a number 
average molecular weight as determined by thermal 
field flow fractionation which is within the range of 
about so.coo to 150,000 and wherein the seyrene­
butadiene rubber has a light scattering to refractive 
index ratio which is within the range of l.8 to 3.9. 

66. A styrene-butadiene rubber composition as. 

specified in claim 63 wherein the number average 
molecular weight as determined by thermal field flow 
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fractionation which is within the range of about 

60,000 to 145,000. 

67. A styrene-butadiene rubber composition as 
specified in claim 66 wherein the styrene-butadiene 
rubber bas a light scaeeering to refractive index 
ratio which is within the range of 2.0 to 3.8. 

68. A styrene-butadiene rubber compo~icion as 
specified in claim 67 wherein the number average 
molecular weight as determined by thermal field flow 
fractionation which is within the range of about 
75,000 to 140,000. 

69. A styrene-butadiene rubber composition as 
specified in claim 68 wherein the styrene-butadiene 

rubber has a light scattering to refractive index 
ratio which is within the range of 2.1 to 3.7. 

70. A styrene-outadiene _rubber· composition as 
specified in claim 69 wherein the number average 
molecular weight as decermined by thezmal field flow 
fractionation which is within the range of about 
90,000 to 135,000. 

71. A styrene-butadiene rubber composition a.s 
specified in claim 70 wherein the styrene-butadiene 

rubber has a light scattering to refractive index 
ratio which is within the range of 2.2 to 3.0. 

72. A styrene·butadiene rubber composition as 
specified in claim 64 wherein the plot of log 

frequency versus storage modulus crosses over a plot 

of log frequency .versus loss modulus at a frequency 
within the range of 0.001 radians per second to 10 
radians per second. 
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73. A styrene-butadiene rubber composition as 
specified in claim 72 wherein the plot of log 
frequency versus storage modulus crosses over a plot 
of log frequency versus 1055 modulus at a frequency 
within the range of 0.01 radians per second to 5 
radians per second. 

74. A styrene-butadiene rubber composition ae 

specified in claim 73 wherein the plot of log 
frequency versus storage modulus crosses ove~ a plot 
of log f req..iency versus loss modulus at. a frequency 
within the range of O.OS radians per second to ·1 

radians per second. 

75. A styrene-butadiene rubbe= composition as 
specified in claim 74 wherein the storage modulus is 
less than the loss modulus at a frequency of O.l 
radians per second and wherein the storage modulus is 
greater than the loss modulus as a frequency of 100 
radians p~r second. 

76. A styrene·butadiene rubber composition as 
specified in claim 65 wherein the number average 
molecular weight as dete:rmined by thermal field flow 
fractionacion which is within the range of a.bout 
60,000 to 145,000. 

77. A styrene·butadiene rubber composition as 
specitied in claim 76 wherein the styrene-butadiene 
rubber has a light scattering to refractive index 
racio which is within che range of 2.0 to 3.8. 

78. A styrene-butadiene rubber composition as 
specified in claim 77 wherein the plot of log 
frequency versus storage modulus crosses over a plot 
of log frequency versus loss modulus at a frequency 
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within the range of 0.001 radians per second to 10 
radians per second. 

79. A atyrene-butadiene rubbe= composition as 
specified in claim 78 wherein the number average 
molecular weight as determined by thermal field flow 
fractionation which is wichin the range of abou~ 
75,000 to 140,000. 

BO. A styrene-butadiene rubber composition a_s 
specified in claim 79 wherein the styrene-butadiene 
rubber has a light scattering to refractive index 
ratio whi~h is within the range cf 2.1 to 3.7. 

a1. A styrene-butadiene rubber composition as 
specified in claim eo wherein the plot of log 
frequency versus.storage modulus crosses over a plot 
ot log frequency versus loss modulus at a frequency 
within the range of 0.01 radians per second to 5 
radians per second. 

82. A styrene-butadiene rubber composition as 
specified in claim Bl wherein the number average 
molecular weight as determined by thermal field flow 
fractionation which is within the ra~ge of about 
90,000 to 135,000. 

83. A styrene-butadiene rubber composition as 
specified in claim 82 wherein the styrene-butadiene 
rubber has a light scattering to refractive index 
ratio which is within the range of 2.2 to 3.0. 

84. A styrene-butadiene rubber composition as 
specified in claim 83 wherein the plot of log 
frequency versus storage modulus crosses over a plot 
of log frequency versus loss modulus at a f rea:uency 
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within the range of o.OS radians per second to l 
radians per second. 

as. A styrene·bucadiene rubber composition as 
specified in claim 94 wherein the storage modulus is 
less than the loss modulus at a frequency or O.l 
radians per second and wherein the storage modulus is 
greater than the loss modulus as a frequency of 100 
radians per second. 

86. A tire having a tread which is comprised of 
the styrene·butadiene rubber composition specified in 
claim 63. 

87. A tire as specified in claim 96 wherein the 
tread is further comprised of a filler selected from 
the group consisting of carbon black and silica. 

88. A tire as specified in claim 87 wherein che 
tread is further comprised of a rubber selected from 
the group consisting of natural rubber, high cis-1,4· 
polybutadiene rubber, high vinyl polybutadiene rubber. 
medium vinyl polybutadiene rub~er, high trans-l,4-
polybutadiene rubber, solution styrene-butadiene 
rubber; styrene-isoprene·butadiene rubber, st:yrene­
isoprene rubber, isoprene-butadiene rubber and 3,4-
polyisoprene rubber. 

89. A tire as specified in claim 88 wherein the 
tread is cured with sulfur. 

90. A tire having a tread which is comprised of 
the styrene-butadiene rubber composition specified in 
claim 64. 
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91. A tire as specified in claim 90 wherein the 
tread is further comprised of a filler selected from 
the group consisting of carbon black and silica. 

92. A tire as specified in claim 91 wherein the 
tread is further comprised of a rubber selected from 
the group consisting of natural rubber, high cis-1,4· 
polybutadiene rubber, high vinyl polybutadiene rubber, 
medium vinyl polybutadiene rubber, high erans-1,4-
polybutadiene rubber, solution atyrene-butadiene 
rubber, styrene-isoprene-butadiene rubber, styrene­
isoprene rubber, isoprene-butadiene rubber and 3,4-
polyisoprene rubber. 

93. A tire as specified in claim 92 wherein the 
tread is cured with sulfur. 

94. A tire having a tread which is comprised of 
the styrene-butadiene rubber composition specified in 
claim 65. 

95. A eire as specified in claim 94 wherein the 
tread is further comprised of a filler selected from 
the group consisting of carbon black and silica. 

96. A tire as specified in claim 95 wherein the 
tread is further comprised of a rubber selected from 
the group consisting of natural rubber, high cis-l,4-
polybutadiene rubber, high vinyl polybutadiene rubber, 
medium vinyl polybutadiene rubber, high trans-1,4-
polybutadiene rubber, solution styrene-hutadiene 
rubber, styrene-isoprene-l:mtadiene rubber, styrene· 
isoprene rubber, isoprene-butadiene rubber and 3,4-
polyisoprene rubber. 
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97. A tire as specified in.claim 96 wherein the 

tread is cured with sulfur. 

98. A tire as specified in claim ~7 wherein the 
cread is comprised of 30 phr to 70 phr of the scyrene­
butadiene rubber composition and 30 phr to 70 phr of 
natural rubber. 

99. A tire having a tread which is comprised of 

the styrene·butadiene rubber composition specified in 
claim 85. 

100. A tire as specified in claim 99 wherein the 
tread is further comprised of a filler selected from 
t.he group consisting of carbon black and silica. 

101. A tire as specified in claim 100 wherein the 
tread is further comprised of a rubber selected from 
the group consisting of natural rubber, high cis·l,4-
polybutadiene rubber, high vinyl polybutadiene rubber, 
medium vinyl polybutadiene rubber, high trans-1,4-
polybutadiene rubber, solution styrene-butadiene 
rubber, styrene-isoprene-butadiene rubber, styrene­
isoprene rubber, isoprene-butadiene rubber and 3,4-
polyisoprene rubber. 

102. A tire as specified in claim 101 wherein the 
tread is cured with sulfur. 

103. A tire as specified in claim 102 wherein the 
tread is comprised of 30 phr to 70 phr of the styrene­
butadiene rubber composition and 30 phr eo 70 phr of 
natural rubber. 

104. A tire as specified in claim 102 wherein the 
tread is comprised of 40 phr to ~O phr of the styrene-
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butadiene rubber composition and 40 phr to 60 phr of 
natural rubber. 

:•,·'. 

105. An emulsion styrene·butadiene rubber 
composition as specified in claim 36 wherein the high 
molecular weight. st.yrene·-butadiene rubber is comprised 
of repeat units which are derived from about 5 weight 
percent to abouc 20 weight percent styrene. 

106. An emulsion styrene·butadiene rubber 
composition which is made by a process which comprises 
coagulating a latex composition which is comprised of 
(a) water, CbJ an emulsifier, {c) a high molecular 
weight styrene~butadiene rubber having a weight 
average molecular weight of at least about 300,000 and 
(d) a low molecular weight styrene-butadiene rubber 
having a weight average molecular weight of less than 
about 280.000; wherein the ratio of che high molecular 
weight styrene-butadiene rubber to the low tnolecular 
weight styrene-butadiene rubber is within the range of 
about 80:20 to about 25:75; and wherein the bound 
styrene content of the high molecular welght styrene­
butadiene rubber differs from the bound styrene 
content of the low molecular weight styrene-butadiene 
rubber by at least 5 percentage points. 

107. An.emulsion st.yrene-butadiene rubber 
composition as specified in claim 106 wherein the 
styrene-hutadiene rubber is dried subsequent to the 
coagulation. 

108. An emulsion styrene-butadiene rubber 

composition as specified in claim 106 wherein the 
bound styrene content of the high molecular weight 
styrene-butadiene rubber differs from the bound 
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· styrene content of the low molecular weighc styrene­
butadiene rubber by at least 10 percentage points. 

109. An emulsion styrene·butadiene rubber 
composition as specified in claim 108 wherein the 
high molecular weight styrene-butadiene rubber has a 
~eight average molecular weight which is within the 
range of about 400,000 to about 1,750,000 and wherein 
the low molecular weight atyrene-butadiene rubber has 
a weight average molecular weight which is within the 
range of about 70,000 to about 270,000. 

110. An emulsion styrene-butadiene rubber 
composition as specified in claim 109 wherein the 
bound styrene content ot the high molecular ~eight 
styrene-butadiene rubber differs from the bound 
styrene content of the low molecular weight styrene­
butadiene rubber by at least 15 percentage points. 

lll. An emulsion styrene-butadiene rubber 
composition as specified in elaim llO wherein the high 
molecular weight styrene·butadiene rubber has a weight 
average molecular weight which is within the range of 
about 1,000,000 to about l,500,000 and wherein the low 
molecular weight styrene-butadiene rubber has a weight 
average molecular weight which is within the range of 
about 120,000 to about 260,000. 

112. An emulsion styrene-hutadiene rubber 
composition as specified in claim 111 wherein the 
weight ratio of the high molecular weight styrene­
butadiene rubber to the low molecular weight styrene· 
butadiene rubber is within the range of about 70:30 to 
about 30:70. 

\ \11111\ \l\11\ 111\1 \\Ill \\ \Ill 
* C L M S * 



, . 
.•.:. 

- 85 - iiiiUWlfiiC 
113. An emulsion styrene-butadiene rubber as 

specified in claim 111 wherein the weight ratio of ehe 
high molecular weight scyrene-but~diene rubber to the 
low molecular weight styrene-butadiene rubber is 
within the range of about 60:40 to about 40:60. 

114. An emulsion styrene-butadiene rubber 
composition as specified in claim .. 106 wherein the 
bound styrene content of che high molecular weight 
styrene-butadiene rubber differs from the boun.d 
styrene content of the low molecular weight styrene­
butadiene rubber by 5 percentage points eo 40 
percentage points. 

115. An emulsion styrene-butadiene rubber 
composition as specified in claim 109 wherein the 
bound styrene content ot the high molecular weight 
styrene-butadiene rubber differs from the bound 
styrene content of the low molecular weight styrene­
butadiene rubber by lO percentage points to 30 
percentage points. 

116. An emulsion styrene-butadiene rubber 
composition as specified in claim 112 wherein the 
bound styrene content of the high molecular weight 
styrene-butadiene rubber differs from the bound 
styrene co~tent of the low molecular weight styrene­
butadiene rubber by 15 percentage points to 25 

percentage points. 

l.17. A styrene-butadiene rubber composition which 
is comprised of repeat units which are derived from 
styrene and 1,3-butadiene, wherein said styrene­
butadiene rubber is synthesized by emulsion 
polymerization and wherein said styrene-butadiene 
rubber composition has a tan delta at o0 c which is 
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within the range of o .• 13 to 0.19 and a tan delta ai: 
60°C which is within the range of 0.06 to 0.120 after 
being cured in a J:\lbber blend containing ?O parts by 
weight of the styrene-butadiene rubber. 30 parts by 
weight of high cis-1,4-polybutadiene rubber, 7.5 pares 
by weight of highly aromatic processing oil, 70 parts 
by w~ight of N220 carbon black, 2 parts by weight of 
zinc oxide, o.e parts by weight of a paraffin wax, 3 
parts by weight of a microcryatalline wax. 1.lS parts 
by weight of para·phenylene diamine antioxidant. l.2 
parts by weight of N-cyclohexyl·2-benzothiazole 
sulfenamide, 0.3 parts by weight of tetramethyl 
thiuram disulfide and 1.45 parts by weight of sulfur. 

118. A styrene-butadiene rubber composition as 
specified in claim 117 wherein said styrene-butadiene 
rubber composition has a tan delta at 0°c which is 
within the range of 0.14 to 0.18 and a tan delta at 
60°C which is within the range of o.oa co 0.11. 

119. ~ styrene-butadiene rubber composition as 
specified in claim 117 wherein said styrene-butadiene 
rubber composition has a tan delta at 0°C which is 
within the range of 0.15 to 0.17 and a tan delta ac 
60°C which is within the range of 0.09 co 0.10. 

120. A styrene-butadiene rubber as specified in 
claim 63 wherein said styrene·butadiene rubber 
composition has a tan delta at 0°C which is within the 
range of 0.13 to 0.19 and a tan delta at 60°C whieh is 
within the range of 0.06 to 0.120 after being cured in 
a rubber blend containing 70 parts by weight of the 
styrene-butadiene rubber. 30 parts by weight of high 
cis-1,4-polybutadiene rubber, 7.5 parts of highly 
aromatic processing oil, 70 parts by weight of N220 
carbon black, 2 parts by weight_of 2i~c oxide, a.a 
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parts by weight of a paraffin wax, 3 parts by weight 
of a microcrystalline wax. 1.15 parts by weight of 
para-phenylene diamine antioxidant, 1.2 parts by 

weighe of N-cyclohexyl-2-benzothiazole sulfenamide, 
0.3 pares by weight of tetramethyl thiuram disulfide 
and 1.45 parts by weight of sulfur. 

121. A styrene-butadiene rubber composition as 

specified in claim 120 wherein said styrene-butadiene 
rubber composition has a tan delta at o0 c which is 

within the range of 0.14 to 0.19 and a tan delta at 
60°C which is within the range of 0.08 to 0.11. 

122. A scyrene-butadiene rubber composition as 

specified in claim 120 wherein said styrene-butadiene 
rubber composition has a tan delta at 0°C which is 

within the range of 0.15 to 0.1? and a can delta at 

60°C which is within the range of 0.09 to 0.10. 

123. A styrene-butadiene rubber as specified in 

claim 64 wherein said styrene-butadiene rubber 
composition has a tan delta at 0°C which is within the 

range of 0.13 to O.l9 and a tan delta at 60°C which is 
within the range of 0.06 to 0.120 after being cured in 
a rubber blend containing 70 parts by weight of the 
styrene-butadiene rubber, 30 parts by weight of high 
cis-1,4-polybutadiene rubber, 7.5 parts by weight of 
highly aromatic processing oil, 70 parts by weight of 
N220 carbon black, 2 parts by weight of zinc oxide1 
o.e parts by weight of a paraffin wax, 3 parts by 
weight of a microcrystalline wax, l.15 parts by weight 
of para-phenylene diamirte antioxidant, 1.2 parts by 

weight ot N-cyclohexyl-2-benzothiazole sulfenamide, 
0.3 parts by weight of tetramethyl thiuram disulfide 
and 1.45 parts by weight of sulfur. 
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124. A styrene-butadiene rubber composition aS 

specified in claim 123 wherein said etyrene-butadiene 
rubber composition has a can delta ae 0°C which is 
within the range of 0.14 to 0.18 and a tan delta at 
60°C which is within the range of 0.08 to 0.11. 

125. A styrene-butadiene rubber composition as 
specified in claim 123 wherein said styrene-butadiene 
rubber composition has a tan delta at o0 c which is 
within the range of 0.15 to 0.17 and a tan delta at 
60°C which is within the range of 0.09 to 0.10. 

126. A styrene-butadiene rubber as specified in 
claim 65 wherein said styrene-butadiene rubber 
composition has a tan delta at 0°C which is within the 
range of 0.13 to 0.19 and a tan delta at 60°C which is 
~ithin the range of 0.06 to 0.120 after being cured in 
a rubber blend containing.?O parts by weight of the 
styrene-butadiene rubber, 30 parts by weight of high 
·cis-1,4-polybutadiene rubber, 7.5 parts by weight of 
highly aromatic processing oil, 70 parts by weight of 
N220 carbon black, 2 parts by weight of zinc oxide, 
0.8 parts by weight of a paraffin wax, 3 parts by 
weight of a microcrystalline wax, l.15 parts by weight 
of para-phenylene diamine antioxidant, 1.2 parts by 

weight of N-cyclohexyl-2-ben~othiazole sulfenamide, 
O.l parts by weight of tetramethyl thiuram disulfide 
and 1.45 parts by weighe of sulfur. 

127. A styrene-butadiene rubber composition as 
specified in claim 126 wherein said styrene-butadiene 
rubber composition has a tan delea at 0°C which is 
within the range ~f 0.14 to o.1a and a tan delta at 
60°C which is within the range of 0.08 to 0.11. 
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128. A styrene-butadiene rubber composition as 
specified in claim 12G wherein eaid styrene-butadiene 
rubber composition has a tan delta at o0 c which is 
within the range of 0.15 to 0.17 and a tan delta at 
60°C which is ~ithin the range of 0.09 to 0.10. 

129. A styrene-butadiene rubber composition as 
specified in claim 120 wherein the number average 
molecular weight as determined by thermal field f lo~ 

fractionation which is within the range of about 
60,000 to 145,000. 

130. A styrene-butadiene rubber composition as 
specified in claim 129 wherein the styrene-butadiene 
rubber has a light scattering to refractive index 
ratio which is within t.he range of 2.0 to 3.8. 

131. A styrene-butadiene rubber composition as 
specified in claim 121 wherein the number average 
molecular weight as determined by thermal field flow 
fractionation ~hich is within the range of about 
75,000 to 140.000. 

132. A styrene-butadiene rubber composition as 
specified in claim 131 wherein the styrene-butadiene 
rubber has a light scattering to refractive index 
ratio which is within the range of 2.1 to 3.7. 

133. A styrene-butadiene rubber composition as 
specified in claim 122 wherein the nwnl:>er average 
molecular weight as determined by thermal field flow 
fractionation which is within the range of a.bout 
90,ooo to 135,000. 

134. A styrene-butadiene rubber composition as 
~~~~~~~~--..:s~p~e::....:cified in claim 133 wherein the styrene-butadiene 
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rubber has a light scattering to refractive index 
ratio which is within the range of 2.2 to 3.0. 

135. A styrene-butadiene rubber composition as 
specified in claim 123 wherein the plot of log 
f reqliency versus storage modulus crosses over a plot 
of log frequency versus loss modulus at. a frequency 
within the range of 0.001 radians per second to 10 
radians per second. 

136. ~ styrene-butadiene rubber composition as 
specified in claim 124 wherein the plot of log 
frequency versus storage modulus crosses over a plot 
o! log f requeney versus loss modulus at a frequency 
within the range of 0.01 radians per second to s 
radians per second. 

137. A styrene-hutadiene rubber composition as 
specified in claim 125 wherein the plot of log 
frequency versus storage modulus crosses over a plot 
of log frequency versus loss modulus at a frequency 
within the range of o.os radians per second to 1 
radians per second. 

138 . .A styrene-butadiene rubber composition as 
specified in claim 137 wherein the storage modulus is 
less than the loss modulus at a frequency of O.l 
radians per second and wherein the storage modulus ie 
greater than the loss modulus as a frequency of 100 

radians per second. 

139. A styrene-bueadiene rubber composition as 
specified in claim 126 wherein the number average 
molecular weight as dete:rmined by thermal field flow 
fractionation which is within the range of about 
60,000 to.145,000. 
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140. A styrene-butadiene rubber composition as 
specified in claim 139 wherein the styrene-butadiene 
rubber has a light scaccering to refractive index 
ratio which is within the range of 2.0 to 3.S. 

141. A styrene-butadiene rubber composition as 
specified in claim 140 wherein the plot of log 
frequency versus storage modulus crosses over a plot 
of log frequency versus loss modulus at a frequency 
within the range of 0.001 radians per second eo 10 

radians per second. 

142. A styrene-butadiene rubber composition as 
specified in claim 127 wherein the number average 
molecular weight as determined hy thermal field flow 
fractionation which is within ~he range of about 
75,000 to i40,000. 

143. A styrene-butadiene rubber composition as 
specified in claim 142 wherein the styrene-butadi~ne 
rubber has a light scattering to refractive index 
ratio which is within the range of 2.1 eo 3.7. 

144. A styrene-butadiene rubber composition as 
specified in claim 143 wherein the plot of log 
frequency versus storage modulus crosses over a plot 
of log frequency versus loss modulus at a frequency 
within the range of 0.01 radians per second to 5 
radians per second. 

145. A styrene-butadiene rubber composition as 
specified in.claim l28 wherein the number average 
molecular weight as determined by thermal field flow 
f ractionaeion which is within the range of about 
90,000 to 135,000. 
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146~ A scyrene-butadiene r~bber composition as 

specified in claim 145 wherein che styrene-butadiene 
rubber has a light scae~ering to refraceive index 
ratio which is within the range of 2.2 to 3.0. 

147. A styrene-butadiene rubber composition as 
specified in claim 146 wherein the plot of log 
frequency versus storage modulus crosses over a plot 
of log frequency versus loss modulus at a f recr~ency 

within t.he range of 0.05 radians per second to l 
radians per second. 

148. A s~yrene-butadiene rubber composition as 

specified in claim 147 wherein the storage modulus is 
!ess than the loss modulus at a frequency of 0.1 
radians per second and wherein the storage modulus is 
greate~ than the loss modulus as a frequency of 100 
radians per second. 

149. A tire as specified in claim 87 wherein the 
tread is further comprised of 30 phr to 70 phr of at 
least one rubber selected from the group consisting cf 
natural rubber and cis-i,4-polybutadiene. 

150. A tire as specified in claim 87 wherein the 
tread is further comprised of 40 phr to 60 phr of at 
least one rubber selected from the group consisting of 
natural rubber and cis-l,4-polybutadiene. 

151. A tire as specified in claim 91 wherein the 
tread is further comprised of 30 phr to 70 phr of at 
least one rubber selected from the group consisting of 
natural rubber and cis-l,4-polybutadiene. 

152. A tire as specified in claim 91 wherein the 
---:----t~r=..ce!ii<'a....,d...__~i s--further comprised of 40 phr to 60 phr of at 
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least one rubber selected from ~he group consisting of 
natural rubber and cis·l,4-polybutadiene. 

153. A tire as specified in claim 95 wherein the 
tread is further compri~ed of 30 phr to 70 phr of at 
least one rubber selected from ch~ group consisting of 
natural rubber and cis-1,4-polybutadiene. 

154. A tire as specified in claim 95 wherein the 
tread is further comprised of 40 phr to 60 phr of at 
least one rubber selected from the group consisting of 
natural rubber and cis·l,4-polybutadiene. 

155. A styrene-butadiene r~bber composition which 
is comprised of repeat units which are derived from 
styrene and 1,3-butadiene, wherein said styrene· 
butadiene rubber composition has a tan delta at 0°c 
which is within the range of 0.18 to 0.40 and a tan 
delta at 60°C which is within the range of 0.09 to 
0.16 after being cured in a rubber blend containing 70 
parts by weight of the styrene-·butadiene rubber, 30 
parts by weight of high cis-1,4·polybutadiene rubber, 
7.5 parts by weight of highly aroma.tic processing oil, 
10 parts by weight of N220 carbon olack, 2 parts by 
weight of zinc oxide, 0.8 parts by ~eight of a 
paraffin wax, 3 parts by weight of a microcrystalline 
wax, l.lS parts by weight of antioxidant, 1.2 parts by 
weight of N-cyclohexyl-2·benzothiazole sulfenamide. 
0.3 parts by weight of tetrame~hyl thiuram disulfide 
and 1.45 parts by weight of sulfur. 

156. A styrene-butadiene rubber composition as 
specified in claim 155 wherein said styrene-butadiene 
rubber composition has a tan delta at 0°C which is 
wichin the range of 0.20 to 0.30 and a tan delta at . 
60°C which is within the range of 0.10 to 0.14. 
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157. A styrene-butadiene rublJer composition as 
speeified in claim 155 wherein said styrene-butadiene 
rul:lber composition has a tan delta a~ 0°C which is 
within the range of 0.23 to 0.27 and a tan delta at 

60°C which is within the range of 0.10 to 0.13. 

158. A styrene-butadiene rubber as specified in 
claim 63 wherein said styrene-butadiene rubber 
composition has a tan delta at 0°C which is within the 
range of 0.18 to 0.40 and a tan delta at c0°C which is 
within the range of 0.09 to 0.16 after being cured in 
a rubber blend containing ?O pares by weight of the 
styrene-butadiene rubber, 30 parts by weight of high 
cis-l,4-polybutadiene rubber, 7.5 pares of highly 
aromatic processing oil, 70 parts by weight of N220 
carbon black, 2 parts by weight of zinc oxide, 0.8 
parts by weight of a paraffin wax, 3 parts by weight 
of a microcrystalline wax, 1.15 parts by weight of 
para-phenylene diamine antioxidant, 1.2 part.s by 
weight of N-cyc:lohexyl-2-benzothiazole sulfenamide, 
0.3 parts by weight of tetramethyl thiuram disulfide 
and l.45 parts by weight of sulfur. 

159. A styrene-butadiene rubber composition as 
specified in claim 158 wherein said styrene-butadiene 
rubber composition has a tan delta at 0°C which is 
within the range of 0.20 to 0.30 and a tan delta at 
60°C which is within the range of 0.10 to 0.14. 

160. A styrene-butadiene rubber composition as 
specified in claim 158 wherein said styrene-butadiene 
rubber composition has a tan delta at 0°C which is 
within the range ot 0.23 to 0.27 and a tan delta at 
60°C which is within the range of 0.10 to 0.13. 
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1G1. A styrene-butadiene rubber as specified in 
claim 64 wherein said styrene-butadiene rubber 
composition has a tan delta at o0 c which is within ~he 
range of 0.18 to 0.40 and a tan delta at 60°C which is 
within the range of 0.09 to 0.16 after being cured in 
a rubber blend containing 70 pares by weight of the 
styrene-butadiene rubber, 30 pares by weight of high 
cis-1,4-polybutadiene rubber, 7.S parts by weight of 
highly aromatic processing oil, 70 parts by weight of 
N220 carbon black, 2 parts by weight of. zinc oxide, 
0.8 parts by weight of a paraffin wax, 3 parts by 
weight of a microcrystalline wax, 1.15 parts by weight 
of para-phenylene diamine antioxidant, 1.2 parts by 

weight of N·cyclohexyl-2-benzothiazole sulfenamide, 
o.3 parts by weight ot tetra.methyl thiuram disulfide 
and 1.45 parts by weight of sulfur. 

162. A styrene-butadiene rubber coinposition as 
specified in claim 123 wherein said styrene-butadiene 
rubber composition has a can delta at oac which is 
within the range of 0.20 to 0.30 and a tan delta at 
60°C which is within the range of 0.10 to 0.14. 

163. A styrene-butadiene rubber composition as 
" " 

specified in claim 161 wherein said styrene-bueadiene 
rubher composition has a tan delta at 0°C which is 
within the range of o.1s to 0.40 and a tan delta at 
60°C which is within the range of 0.09 to 0.16. 

164. A styrene-butadiene rubber as specified in 
claim 65 wherein said styrene-butadiene rubber 
composition has a tan delta at 0°C which is within the 
range of 0.18 to 0.40 and a tan delta at Go 0 c which is 
within the range of 0.09 to 0.16 after being cured in 
a rubber blend containing 70 parts by weight of t:he 
styrene-butadiene rubber, 30 parts by weight of high 
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cis·l,4-polybutadiene rubber, 7.S parts by weight of 
highly aromatic processing oil, 70 parts by weight of 
N220 carbon l:>lack, 2 pares by weight of zinc oxide, 
a.a parts by weight of a paraffin wax, 3 parts by 
weight of a microcrystalline wax, 1.15 parts by weight 
of para-phenylene diamine antioxidant, l.2 parts by 
weight of N-cyclohexyl-2-benzothiazole sulfenamide, 
0.3 pares by weight of tetra.methyl thiuram disulfide 
and 1.45 parts by weight of sulfur. 

165. A styrene-butadiene rubber composition as 
specified in claim 164 wherein said scyrene-butadiene 
rubber COtUposition has a tan delta at 0°C which is 
within the range of 0.20 to 0.30 and a tan delta at 
60°C which is within the range of 0.10 to 0.14. 

166. A styrene·butadiene rubber composition as 
specified in claim 164 wherein said styrene-butadiene 
rubber composition has a tan delta at o0 c which i~ 
within the range of 0.23 to 0.27 and a tan delt.a at 
60°C which is within the r~nge of 0.10 to 0.13. 

167. A styrene-butadiene rubber composition as 
specified in claim 158 wherein the numDer average 
molecular weight as determined by theona.l field flow 
fractionation which is within the range of about 
60,000 to 145,000. 

168. A styrene-butadiene rubber composition as 
specified in claim 167 wherein the styrene-butadiene 
rubber has a light scattering to refract.ive index 
ratio which is within the range of 2.0 to 3.8. 

169. A styrene·butadiene rubber composition ae 
specified in claim 159 wherein the number average 
molecular weight as determined by thermal field flow 
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fractionation which is within the range of about 
75,000 to 140,000. 

170. A styrene-butadiene rubber composition as 
specified in claim 169 wherein the styrene-butadiene 
rubber has a light scattering to refractive index 
ratio which is within the range of 2.l to 3.7. 

171. A styrene·butadiene rubber composition as 
specified in claim 160 wherein the nwnber average 
molecular weight as determined by thermal field flow 
fractionation which is within the range of about 
90,000 to 135,000. 

172. A styrene-butadiene rubber composition as 
specified in claim 171 wherein the styrene-hutadiene 
rubber has a light scattering to refractive index 
ratio which is within the range of 2.2 ~o 3.0. 

173. A styrene-butadiene rubber composition as 
specified in claim 161 wherein the plot of log 
frequency versus storage modulus crosses over a plot 
of log frequency versus loss modulus at a frequency 
within the range of 0.001 radians per second to 10 
radians per second. 

174. A styrene·~utadiene rubber composition as 
specified in claim 162 wherein the plot of log 
frequency versus storage modulus crosses over a plot 
of log frequency versus loss modulus at a frequency 
~ithin the range of 0.01 radians per second to 5 
radians per second. 

175. A styrene-butadiene rubber composition as 
~pecif ied in claim 163 wherein the plot of log 
:requency versus storage modulus crosses over a plot 
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of log frequency versus loss modulus at a frequency 
within the range of o.os radians per second to l 

radians per second. 

176. A etyrene-butadiene rubber composition as 
specified in claim 175 wherein the storage modulus is 
less than the loss modulus at a frequency of ·0.1 
radians per second and wherein the storage modulus is 
greater than the loss modulus at a !requency of 100 
radians per second. 

177. A styrene-butadiene rubber composition as 
specified in claim 164 wherein the number average 
molecular weight as determined by thermal field flow 
fractionation which is within the range of about 
60,000 to 145,000. 

178. A styrene-bucadiene rubber composicion as 
specified in claim 177 wherein the styrene-butadiene 
rubber has a light scattering to refractive index 
ratio which is within the range of 2.0 to 3.8. 

179. A seyrene-bucadiene rubber composition as 
specified in claim 178 wherein the plot of log 
frequency versus storage modulus crosse~ over a plot 
of log frequency ~ersus loss modulus ae a frequency 
~ithin the range of 0.001 radians per second to 10 
tadians per second. 

180. A styrene-butadiene rubber composition as 
;pecified in claim 165 wherein the number average 
nolecular weight as determined by thermal field !low 
~ractionaeion which is within the range of about 
7S,OOO to 140,000. 
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181. A styrene-butadiene rubber composition as 
specified in claim 180 wherein the styrene-butadiene 
rubber has a light scattering to refractive index 
ratio which is within the range of 2.1 to 3.?. 

182. A styrene-butadiene rubber composition as 
specified in claim 181 wherein the plot of log 
frequency versus storage modulus crosses over a plot 
of log frequency ~ersus loss modulus at a frequency 
within the range of 0.0l radians per second to S 
radians per second. 

183. A. styrene-but.adiene rubber composition as 
specified in claim 166 wherein the number average 
molecular weight. as determined by thermal field flow 
fractionation which is within the range of a.bou~ 
90,0DO to 135,000. 

184. A styrene~butadiene rubber composition as 
specified in claim 183 wherein the styrene-butadiene 
rubber has a light scattering to refractive index 
ratio which is within the range of 2.2 to 3.0. 

185. A styrene-butadiene rubber composition as 
specified in claim 184 wherein the plot of log 
frequency versus storage modulus crosses over a plot 
of log frequency versus loss modulus ac a frequency 
within the range of 0.05 radians per second to 1 
radians per second. 

186. A styrene-butadiene. rubber com.position as 
specified in claim 185 wherein the storage modulus is 
less than the loss modulus at a frequency of 0.1 

radians per second and wherein the storage modulus is 
;rreater than the loss modulus at a frequency of lOO 
radians per second. 



~----...,!__-------------------~=="--===~~===~-----~---------------

- 100 -

187. A styrene-butadiene rubber composition which 
is comprised of repeat units which are derived from 
styrene and l,3-butadiene, wherein said styrene­
butadiene rubber composition has a tan delta at 0°C 
which is within the range of 0.20 to 0.40 and a tan 
delta at 60°C which is within the range of 0.03 to 

0.10 after being cured in a rubber blend containing iO 
parts by weight of the styrene-butadiene r..ihber, 30 

parts by weight of high cis-1,4-polybutadiene rubber, 

33.75 parts by weight of highly aromatic processing 

oil, 60 parts of silica, 10 parts of N330 carbon 
black, 2 parts of Agerite Resin D antioxidant 
(polymerized l,2-dihydro-2,24-trimethylquinoline), 3 

parts of zinc oxide, l.25 parts of para-phenylene 

diamine antioxidant, 1.8 parts of N-cyclohexyl-2-

benzothiazole sulfenamide, 1.45 parts of 

diphenylguanidine accelerator and 1.6 parts of sulfur. 

188. A styrene-butadiene rubber composition as 

specified in claim 187 wherein said styrene-butadiene 

rubber composition has a tan delta at 0°C which is 

withi"n the range of 0.22 to 0.35 and a tan delta at 

60°C which is within the =ange of 0.04 to 0.08. 

189 . .A styrene-butadiene rubber composition as 
specified in claim 187 wherein said styrene-butadiene 

rubber composition has a tan delta at 0°C which is 

within the range of 0.25 to 0.27 and a tan delta at 
60°C which is within the range of 0.05 to 0.07. 

190. A styrene-butadiene rubber as specified in 
claim 63 wherein said styrene-butadiene rubber 
composition has a tan delta at 0°C which is within the 
range of 0.20 to 0.40 and a tan delta at 60°C which is 
within the range of 0.03 to 0.10 after being cured in 

~~~~...:..-~~~~~rubber blend containing 70 par~s by weight of the 
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styrene-butadiene rubber, 30 parts by weighe of high 
cis-1,4-polybutadiene rubber, 33.75 parts by weight of 
higbly aromatic processing oil, 60 parts of silica, 10 

parts of N330 carbon black. 2 parts of polymerized 
l,2-dihydro-2,24-trimethylquinoline antioxidant. 3 
parts of zinc oxide1 1.25 parts of para-phenylene 
di.amine antioxidant, 1.-8 parts of N-cyclohexyl-2-
benzothiazole sulfenamide, 1.45 parts of 
diphenylguanidine accelerator and 1.6 parts of sulfur. 

191. A styrene-bueadiene rubber composition as 
specified in claim 190 wherein said styrene-butadiene 
rubber composition has a tan delta at o0 c which is 
within the range of o. 22 to a. 3.5 and a tan delta at 
60°C which is within the range of 0.04 to 0.08. 

192. A styrene-butadiene rubber composition as 
specified in claim 190 wherein said styrene-butadiene· 
rubber composition has a tan delta at o0 c which is 
within the range of o.25 to 0.27 and a can delta at 
60°C which is wichin the range of o.os to 0.07. 

193. A styrene-butadiene rubber as specified in 

claim 64 wherein said styrene-butadiene rubber 
composition has a tan delta at 0°C which is ~ithin the 
range of 0.20 to 0.40 and a tan delta at 60°C which is 
within the range of 0.03 to O.lO after being cured in 
a rubber blend containing 70 parts by weight of the 
styrene-butadiene rubber, 30 parts by weight of high 
cis-1,4-polybutadiene rubber, 33.75 parts by weight of 

highly aroma.tic processing oil, 60 parts of silica, 10 
parts of N330 carbon black, 2 parts of polymerized 
l,2-dihydro-2,24-trimethylquinoline antioxidant, 3 
parts of zinc oxide, 1.25 parts of para-phenylene 
diamine antioxidant, 1.8 parts ot N-cyclohexyl·2-
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benzothiazole sulfenamide, 1.45 parts of 
diphenylguanidine accelerator and l.6 parts of sulfur. 

194. A styrene-butadiene rubber composition as 
specified in claim 193 wherein said styrene-butadiene 
rubber composition has a tan delta at 0°C which is 
within the range of 0.22 co 0.35 and a tan delta at 
60°C which is within the range of 0.04 to o.oe. 

195. A scyrene-butadiene rubber composition as 
specified in claim 193 wherein said styrene-butadiene 
rubber composition has a tan delta at 0°C which is 
within the range of 0.25 to 0.27 and a tan delta at 
60°C which is within the range of o.os to 0.07. 

196. A styrene-butadiene rubber as specified in 
claim 65 wherein said styrene-butadiene rubber 
composition has a tan delta at 0°C which is within the 
range of 0.20 to 0.40 and a tan delta at 60°C which is 
within the range of 0.03 to 0.10 after being cured in 
a rubber blend containing 70 parts by weight of the 
styrene-butadiena rubber, 30 parts by weighc of high 
cis-l,4-polybutadiene rubber, 33.75 parts by weight of 
highly aromatic processing oil, 60 parts of silica, 10 
parts of N330 carbon black, 2 parts of polymerized 
1,2-dihydro-2,24-trimethylquinoline·antioxidant, 3 

parts of zinc oxide, l.25 parts of para-phenylene 
diamine ancioxidant, 1.8 parts of N-cyclohexyl-2-
benzothiazole sulfenamide, 1.45 pares of 

diphenylguanidine accelerator and 1.6 parts of sulfur. 

197. A styrene-butadiene rubber composition as 
specified in claim 196 wherein said etyrene-butadiene 
rubber composition has a tan delta at 0°C which is 
within the range of 0.22 to 0.35 and a tan delta ac 
60°C which is within the range of 0.04 to 0.08. 
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198. A scyrene-butadiene r.ibber composition as 

specified in clai~ 196 whe~ein said styre~e-butadiene 

r~ober composition has a tan delta at 0°C which is 

within the ra~ge of 0.25 to 0.27 and a tan delta at 

60°C which is wi:t.in the range o! 0.05 to 0.0/. 

199. A styrene-butadiene rubber composition as 

specified in clai~ :so wherein the number average 

~olecular weight as dete::-rr.ined by thermal field flow 
!ractionatior. which is wi~hin the range of about 
60,000 :o ~45,00C. 

200. A s~yrene-butadiene rJbber composi:ion as 

specified in cla~rn 199 wherein the styrene-butacie~e 

r~bber has a :ight scat~e=ing to refractive index 

ra~io which is w~th~n the range of 2.0 to 3.8. 

201. A styrene-butadiene rubber composition as 

specified in claim 191 whe~ein the number average 

:nolecular weig~: as de~er.n~ned by ther.nal field flow 
fractionat~on w~~cr. is wi~hi~ the range o: about 

75,CCO to 14C,OOO. 

202. A scyrene-butadiene ~.lbber composition as 
specif°ied i:i.clai:n 201 whe.~ein t.!1.e ety-rene-but..ac:!iene 

rubber has a :ight scat:.ering to ief ractive index 

ratio wh~ch is w~~~in t~e range of 2.1 to 3.7. 

203. A s~yre~e-bu~adiene rubber composition as 

specified in cla~m 192 wherein the number average 

molecular weight as determined by thermal field flow 
.. 

f~actionacion which is within the range of about 
90,000 to 135,000. 

204. A styrene·butadiene rubber composition as 

~~~~~~~~~~~ecified in =laim 203 whe~ein t~e styrene-butadiene 
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rubber has a light scattering to refractive index 

ratio which is within the range of 2.2 to 3.0. 

205. A styrene-butadiene rubber composition as 

specified in claim 193 wherein the plot of log 

frequency versus storage modulus crosses over a plot 

of log frequency versus loss modulus at a frequency 

within the range of 0.001 radians per second to 10 

radians per second. 

206. A styrene-butadiene rubber composition as 

specified in claim 194 wherein the plot of ·log 

frequency versus storage modulus crosses over a plot 

of log frequency versus loss modulus at a frequency 

within the range of 0.01 radians per second ~o s 
radians per second. 

207. A styrene-butadiene rubber composition as 

specified in claim 195 wherein the plot of log 

frequency versus storage modulus crosses over a plot 

of log frequency versus loss modulus at a frequency 

within the range of o.os radians pe: second to l 

radians per second. 

208. A styrene-butadiene rubber composition as 

specified in claim 207 ~herein the storage modulus is 

less than the loss modulus at a frequency.of O.l 

radians per second and wherein the storage modulus is 

greater than the loss modulus as a frequency of 100 

radians per second. 

209. A styrene-butadiene rubber composition as 

specified .in claim 196 wherein the number average 

molecular ~eight as determined by thennal field flew 

fractionation which is within the range of about 

60,000 to 145,000. 

11111111111111 111111111111 1111 
* C L M S * 



105 -

210. A styrene-butadiene rubber composition as 
specified in claim 209 wherein the styrene-butadiene 
rubber has a light scattering to refractive index 
ratio which is within the range of 2.0 to 3.8. 

211. A styrene-butadiene rubber composition as 
specitied in claim 210 wherein the plot of log 
frequency versus storage modulus crosses over a plot 
of log frequency versus loss modulus at a frequency 
within the range of 0.001 radians per second to 10 
radians per second. 

212. A s·tyrene-butadiene rubber composition as 

specified in claim 197 wherein the number average 
molecular weight as determined by thermal field flow 
fractionation which.is within the range of about 
75,000 to 140,000. 

213. A styrene-butadiene rubber composition as 
specified ~n claim 212 wherein the styrene·butadiene 
rubber has a light scattering to refractive index 
ratio which is within the range of 2.1 to 3.7. 

214. A styrene-butadiene rubber composition as 
specified in claim 2i3 wherein the ploe of log 
frequency versus storage modulus crosses over a plot 
of log frequency versus loss modulus at a frequency 
within ehe range of o.oi radians per second to S 
radians per second. 

21s. A styrene-butadiene rubber composition as 
specified in claim 199 wherein the number average 
molecular weight as determined by chermal field flow 
fractionation which is within the range of about 
90,000 to 135,000. 
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216. A styrene-butadiene rubber. compoeiti ..... ~ .:s 
specified in claim 2lS wherein the styrene-butadiene 
rubber has a lighe scaetering to refractive index 
ratio which is within the range of 2.2 to 3.0. 

217. A styrene-butadiene rubber composition as 
specified in claim 216 wherein the plot of log 
frequency versus storage modulus crosses over a plot 
of log frequency versus loss modulus at a frequency 
within the range of a.as radians per second to l 
radians per second. 

218. A styrene-hutadiene rubber composition as 
specified in claim 217 wherein che storage modulus is 
less than the loss tr\Odulus at a frequency of 0.1 
~adians per second and wherein che storage modulus is 
greaeer than the loss modulus at a frequency of 100 
radians per second. 

219. A styrene·butadiene rubber composition as 
specified in claim 64 wherein the plot of log 
frequency versus storage modulus of the styrene­
bueadiene rubber composition crosses over a plot of 
log frequency ve~sus loss modulus of the scyrene­
butadiene rubber composition at a modulus which is 
within the range of about sooo Pascals to about 
100,000 Pascals. 

220. A styrene-butadiene rubber composition as 
specified in claim 64 wherein the plot of log . 
frequency versus storage modulus of the scyrene­
butadiene rubber composition crosses over a plot of 
log frequency versus loss modulus of the styrene­
butadiene rubber composition at a modulus which is 
within the range of about 10,000 Pascals to about 
50,000 Pascals. 
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221. A styrene-butadiene rubber composition as 
specified in claim 64 wherein the plot of log 
frequency versus storage modulus of the styrene­
butadiene rubber composition crosses over a plot of 
log frequency versus loss modulus of the styrene­
butadiene rubber composition at a modulus which is 
wiehin the range of about 12,000 Pascals to about 
40,000 Pascals. 

222. A styrene-butadiene rubber latex which is 
comprised of (a) water, (bl an emulsifier, {c) a high 
molecular weight styrene-butadiene rubber having a 
weight average molecular weight of at least about 
300,000 and (d) a low molecular weight styrene­
butadiene rubber having a weight average molecular 
weight of less than about 280 ,_ 000; wherein the ratio 
of the high molecular weight styrene-butadiene rubber 
to the low molecular weight styrene-butadiene rubber 
is within the range of about 80!20 to about 25:75; and 
wherein the bound styrene content of the high 
molecular weight styrene-butadiene rubber differs from 
the bound styrene content .of the low molecular 'liieight 
styrene-butadiene rubbe: by at least 5 percentage 
points. 

223. A s~y:ene-butadiene rubber latex as 
specified in claim 222 wherein the bound styrene 
content of the high molecular weight styrene-butadiene 
rubber differs from the bound styrene content of the 
low molecular weight styrene-butadiene rubber by at 
least 10 percentage points. 

224. A styrene-butadiene rubber latex as 
specified in claim 223 wherein the high molecular 
weight styrene·butadiene rubber has a weight average 

~~~~~~~~~~m=olecular weight which is within the range of about 
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400,000 to abouc i,750,000 and wherein the low 
molecular weight styrene-butadiene·ruboer has a weight 
average molecular weighe which is within the range of 
about 70,000 to about 210,000. 

225. A styrene·buta.die.ne rubber latex as 
specified in claim 224 wherein the bound styrene 
coneent of the high molecular weight styrene-butadiene 
rubber differs from the bound styrene content of the 
low molecular "Weight styrene-butadiene ruober by at 
least 15 percentage points. 

226. A styrene-butadiene rubber latex as 
specified in claim 225 wherein the high molecular 
weight styrene·butadiene rubber has a weight average 
molecular weight which is within the range of about 
1, 000, 000 t.o about 1, 500, 000 and wherein the low 
molecular weight styrene-hutadiene rubber has a weight 
average molecular ~eight which is within the range of 
about 120,000 to about 260,000. 

227. A styrene-butadiene rubber latex as 
specified in claim 226 wherein the weight ratio of the 
high molecular weight scyrene-butadiene rubber to the 
low molecular weight styrene-butadiene rubber is 
within the range of about 70:30 to about 30:70. 

228. A styrene-butadiene rubber latex as 
specified in claim 226 wherein the weight ratio of the 
high molecular weight styrene-butadiene rubber to the 
low molecular weight styrene-butadiene rubber is 
within the range of about 60:40 to about 40:60. 

229. A styrene-butadiene rubber latex as 
specified in claim 222 wherein the bound styrene 
content of the high molecular weight styrene-butadiene 

111111111111111111111111111111 
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rubber differs from the bound styrene coneene of the 
low molecular weight styrene-butadiene rubber by s 
percentage poines to 40 percentage points. 

230. A styrene-butadiene rubber latex as 
specified in claim 224 wherein the bound styrene 
contenc of the high molecular weight atyrene-butadiene 
rubber differs from the bound scyrene content of the 
low molecular weight styrene-butadiene %Ubber by 10 
percentage points to 30 perceneage points. 

231. A styrene-butadiene rubber latex as 
specified in claim 227 wherein the bound styrene 
content of the high molecular weight styrene-butadiene 
rubber differs from che bound styrene content of the 
low molecular weight styrene-butadiene rubber by 15 
percentage points to 25 percentage points. 

232. A styrene-butadiene rubber composieion as 
specified in claim 65 wherein the plot of log 
frequency versus storage modulus of the styrene­
butadiene rubber composition crosses over a plot of 
log frequency versus loss modulus of the styrene­
butadiene rubber composition ac a modulus which is 
within the range of about sooo Pascals co about 
lOO,OOO Pascals. 

233. A styrene-bueadiene rubber composition as 
specified in claim 65 wherein the plot of log 
frequency versus storage modulus of the styrene­
butadiene rubber composition crosses over a plot of 
log frequency versus loss modulus of the styrene­
butadiene rubber composition at a modulus which is 
within the range ot about 10,000 Pascals to about 
50,000 Pascals. 
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. 234. A styrene-butadiene rubber composition as 
specified in claim &S wherein the plot of log 
frequency versus storage modulus of the etyrene­
butadiene rubber composition crosses over a plot of 
log frequency versus loss modulus of the styrene­
butadiene rubber composition at a modulus which is 
within the range of about 12,000 Paseals to about 
40,000 Pascals. 

235. An emulsion styrene-butadiene rubber 
composition which is made by a process which comprises 
coagulating a laeex composition which is comprised of 
(a) water, {b) an emulsifier, (c) a high molecular 
weight styrene·butadiene rubber having a weight 
average molecular weight of at least about 300,000 and 
(d) a low molecular weighe polybutadiene rubber having 
a weight average molecular weight of less than about 
280,000; wherein the ratio of the high molecular 
weight styrene-butadiene rubber to the low molecular 
weight polybutadiene rubber is within the range of 
about 80:20 to about 25~75; and wherein the bound 
styrene content of the high molecular weight styrene­
butadiene rubber is at least about 10 weight percent. 

236. An emulsion styrene-butadiene rubber 
composition as specified in claim 235 wherein the 
styrene-butadiene rubber composition is dried 
subsequent to the coagulation. 

237. An emulsion styrene-butadiene rubber 
composition as specified in claim 235 wherein the 
bound styrene content of the high molecular weight 
styrene-butadiene rubber is at least about 15 weight · 
n-•rcent. 
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238. An emulsion styrene-butadiene rubber 
composition as specified in claim 237 wherein the 
high molecular weight styrene-bucadiene rubber has a 
weight average molecular weight which is within the 
range of about 400.000 to about l,750,000 and wherein 

the low molecular weight polybutadiene rubber has a 
weight average molecular weight which is within the 
range of about 70,000 to about 270,000. 

239. An emulsion styrene-butadiene rubber 
composition as specified in claim 238 wherein the 
bound styrene content of the high molecular weight 
styrene-butadiene rubber is at least about 20 weight 
percent. 

240. An emulsion styrene-butadiene rubber 
composition as specified in claim 239 wherein the high 
molecular weight styrene-bucadiene rubber has a weight 
average molecular weight which is within the range of 

about 1,000,000 to about l,500,000 and wherein the low 
molecular weight polybutadiene rubber has a weight 
average molecular weight which is within the ra.nge of 
about 120,000 to about 260,000. 

241. An emulsion styrene-hutadiene rubber 
composition as specified in claim 240 wherein the 
weight ratio of the high molecular weight styrene­
butadiene rul::>ber to the low molecular weight 
polybutadiene rubber is within the range of about 
70:30 to about 30:70. 

-242. An emulsion styrene·butadiene rubber as 
specified in claim 240 wherein the weighe ratio of the 
high molecular weight styrene-butadiene rubber to the 
low molecular weight polybutadiene rubber is within 
the range of about 60:40 to about 40:60.~~~~~~~~~~-
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243. An emulsion styrene-butadiene rubber as 
specified in claim 235 wherein the low molecular 
weight polybueadiene rubber has a Mooney ML 1+4 

viscosity that differs from the Mooney ML 1+4 
viscosity of che high molecular weight styrene­
butadiene rubber by at least SO Mooney points. 

244. An emulsion styrene-butadiene rubber as 
specified in claim 235 wherein the low molecular 
weight polybutadiene rubber has a Mooney ML 1+4 
viscosity tha.t differs from the Mooney ML 1+4 
viscosity of the nigh molecular weight styrene­
butadiene rubber by at least 70 Mooney points. 

245. An emulsion styrene-butadiene rubber as 
specified in claim 235 wherein the low molecular 
weight polybutadiene rubber has a Mooney ML 1+4 
viscosity that differs from che Mooney ML 1+4 
viscosity of the high molecular weight styrene­
butadiene rubber by at least BO Mooney points. 

246. An emulsion styrene-butadiene rubber 
composition which is made by a process which comprises 
coagulating a latex composition which is comprised of 
(a) water. Cb) an emulsifier, {c) a high molecular 
weight polybutadiene rubber having a weight average 
molecular weight of at least about 300,000 and Cd) a 
low molecular weight styrene-butadiene rubber having a 
weight average molecular weight of less than about 
280,000; wherein the ratio of the high molecular 
weight polybutadiene rubber to the low molecular 
_weight styrene·butadiene rubber is within the range of 
about 80:20 to about 25:75: and wherein the bound 
styrene content of the low molecular weight·styrene­
butadiene rubber is at least about 10 weight percent. -------
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247. An emulsion styrene·butadiene rubber 
composition as specified in claim 246 wherein ehe 
styrene-butadiene rubber composition is dried 
subsequenc to the coagulation. 

248. An emulsion styrene-butadiene rubber 
composition as specified in claim 246 wherein the 
bound styrene content of che low molecular weight 
styrene·butadiene rubber is at least about 15 weighc 
percent. 

249. An emulsion styrene-butadiene rubber 

composition as specified in claim 248 wherein the 
high molecular weight polybutadiene rubber has a 
weight average molecular weight which is within the 
range of about 400,000 to about 1,750,000 and wherein 
the low molecular weight polybueadiene rubber has a 

weighc average molecular weight which is within the 
range of about ?0,000 to about 270,000. 

250. An emulsion styrene-butadiene rubber 
composicion as specified in claim 249 wherein the 
bound styrene content _of the low molecular weight 
styrene·butadiene rubber is at least about 20 weight 
percent. 

251. An emulsion st.y~ene-butadiene rubber 
composition as specified in claim 250 wherein the high 
molecular weight polybutadiene rubber has a weight 
average molecular weight which is within the range of 
about l,000,000 to about 1,500,000 and wherein the low 
molecular weight styrene-butadiene rubber has a weight 
average molecular weight which is within the range of 
about 120,000 to about 260,000. 
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252. An emulsion styrene-butadiene rubber 

composition as specified in claim 251 wherein the 
weight ratio of the high molecular weight 

polybutadiene rubber to the low molecular waight 

styrene-butadiene rubber is within the range of about 

70:30 to about 30;70. 

253. J>.n emulsion styrene-butadiene rubber as 

specified in claim 251 wherein the weight ratio of the 

high molecular weight polybutadiene rubber to the low 

molecular weight styrene-butadiene rubber is within 
the range of about 60:40 to about 40:60. 

254. An emulsion styrene-butadiene r~bber as 

specified in claim 246 wherein the low molecula~ 

weight sty=ene-butadiene rubber has a Mooney ML 1+4 

viscosity that differs from the Mooney ML 1•4 

viscosity of the high molecular ~eight polybutadiene 

rubber by at least so Mooney points. 

255. An emulsion styrene-butadiene rubber as 
specified in claim 246 wherein the low molecula= 
weight styrene-butadiene rubber has a Mooney ML 1+4 
viscosity that differs from ~he Mooney ML 1+4 
viscosity of the high molecular weight polybutadiene 

rubber by at least 70 Mooney points. 

256. An emulsion styrene-butadiene rubber as 
specified in claim 246 wherein the low molecular 

weight styrene·butadiene rubber has a Mooney ML 1+4 

viscosity chat differs from the Mooney ML 1+4 

viscosity of the high molecular weight polybucadiene 

rubber by at least 80 Mooney points. 

257. A tire which is comprised of a generally 

toroidal-shaped carcass with an outer circumferential 
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tread, two spaced beads, at least one ply extending 
from bead to bead and sidewalls extending radially 
from and connect.ing said tread to said beads; wherein 
said tread is adapted to be ground-contacting; wherein 
the tread is comprised of an emulsion styrene­
butadiene rubber com.posicion which is ma.de by a 
process which comprises coagulating a latex 
composition which is comprised of Ca) water, (b) an 
emulsifier, (cl a high molecular weight styrene­
butadiene rubber having a weight average molecular 
weight of at least about 300,000 and (d) a low 
molecular weight styrene-butadiene rubber having a 
weight average molecular weight of less than about 
280,000i wherein the ratio of the high molecular 
weight styrene-butadiene rubber to the low molecular 
weight styrene-butadiene rubber is within the range cf 
about 80:20 to about 25:75; and wherein the bound 
styrene content of the high molecular weight styrene­
butadiene rubber differs from the bound styrene 
content of the low molecular weight styrene-butadiene 
r-Jbber by at least 5 percentage points. 

258. A tire which is comprised of a generally 
toroidal-shaped carcass with an outer circumferential 
tread, two spaced beads, at least one ply extending 
from bead to bead and sidewalls extending radially 
from and connecting said tread to said beads; wherein 
said tread is adapted to be ground·concacting; wherein 
the tread is comprised of an emulsion styrene­
butadiene rubber composition which is comprised of 
repeat units which are derived from styrene and 1,3-
butadiene, ~herein a plot of log frequency versus 
storage modulus of the styrene-butadiene rubber 
composition crosses over a plot of log frequency 
versus loss modulus of the styrene-bur.adiene rubber 
composition at a frequency within the range of 0.001 
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radians per second to 100 radians per second when 
conducted at 120°C using parallel plate geometry in 
the dynamic oscillation frequency sweep of che 
styrene-butadiene rubber, wherein the styrene­
butadiene rubber composition has a number average 
molecular weight as dete%11lined by thermal field flow 

fractionation which is within the range of about 
50,000 to 150,000 and wherein the styrene-butadiene 
rubber has a light scattering co refractive index 
ratio which is within the range of 1.8 to 3.9. 

259. A tire which is comprised of a generally 
toroidal-shaped carcass wich an outer circilmferential 
tread, two spaced beads, at least one ply extending 
from bead to bead and sidewalls extending radially 
from and connecting said tread to said beads; wherein 
said tread is adapted to be ground-contacting! wherein 
the eread is comprised of an emulsion styrene­
butadiene rubber composition which is comprised of 
repeat units which are derived from styrene and l,3-
butadiene, wherein a plot of log frequency versus 
storage modulus of the styrene-butadiene rubber 
composition crosses over a plot of log frequency 
versus loss modulus of the styrene-butadiene rubber 
composition at a frequency within the range of 0.001 
radians per second to 100 radians per second when 
conducted at 120°C using parallel plate geometry in 
Che dynamic oscillation frequency sweep of the 
styrene-butadiene rubber. 

260. A tire which is comprised of a generally 
toroidal-shaped carcass with an outer circumferential 
tread, two spaced beads, at least one.ply extending 
from bead to bead and sidewalls extending radially 
·from and connecting said tread to said beads; wherein 

~~~~~~-=s_a~i~d~tread is adapted to be ground-contacting; wherein 
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the tread is comprised of an emulsion styrene­
butadiene rubber composition which is made by 

coagulaeing a latex which is comprised of Ca) water, 
{b) an emulsifier, (c) a high molecular weight 

styrene-butadiene rubber having a weight average 
molecular weight of at least about 300,000 and {d} a 
low molecular weight polyhutadiene rubber having a 
weight average molecular weight of less than about 
280,000; wherein the ratio of the high molecular 
weight styrene·butadiene rubber to the low molecular 
weight polybutadiene rubber is within the range of 
about 80:20 to about 25:75; and wherein the bound 
styrene content of the high molecular weighc styrene­
butadiene rubber is at least about 10 weight percent. 

261. A tire which is comprise~ of a generally 
toroidal·shaped carcass with an outer circumferential 
tread, two spaced beads, at least one ply extending 
from bead to bead and sidewalls extending radially 
from and connecting said tread to said beads; wherein 
said tread is adapted to be ground-contacting; wherein 

the tread is comprised of an emulsion styrene· 
butadiene rubber composition which is made by 

coagulating a lacex which is comprised of Ca} water, 
(b) an emulsifier. (c) a high molecular weight 
polybutadiene rubber having a weight average molecular 
weight of at least about 300,000 and (d) a low 
molecular we.ight styrene-butadiene rubber having a 
weight a~erage molecular weight of less than-about 

280,000; wherein the ratio of the high molecular 
weight polybutadiene rubber to the low molecular 
weight st;.yrene-butadiene rubber is within the range of 
about 80:20 to about 25:75; and wherein the bound 
styrene content of the low molecular weight styrene­
butadiene rubber is at least abouc 10 ~eight percent. 
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262. A tire as specified in clai~ 2S7 wherein 
said tread is further comprised of a rubber selected 
from ehe group consisting of natural rubber, high cis­
l.4·polybutadiene rubber. high vinyl polybutadiene 
rubber, medium vinyl polybutadiene rubber, high trans-
1,4-polybutadiene rubber, solution styrene-butadiene 
rubber, styrene-isoprene-butadiene rubber. styrene­
isoprene rubber, isoprene-butadiene rubber and 3,4-

polyisoprene rubber. 

263. A tire as specified in claim 257 wherein the 
tread is further comprised of natural rubber. 

264. A tire as specified in claim 257 wherein the 
tread is further comprised of high cis-l,4-
polybutadiene rubber. 

265. A tire as specified in claim 257 wherein the 
·tread is further comprised of nacural rubber, high 
cis·l,4-polybutadiene rubber. and 3,4-polyisoprene 

rubber; and wherein said tread contains about 20 parts 

by weight to about 60 parts by weight of the natural 
rubber, about 5 parts by weight to about 30 parts by 

weight: of the high cis-1,4-polybut.adiene rubber, a.bout: 
10 parts by weight to about 50 pares by weight of the 
styrene·butadiene rubber composition·and abouts parts 

by weight to abouc 30 parts by weight of the 3,4-
polyisoprene rubber. -----­This Sheet Has Been R 

I !Ill Ill/II Ill I/if 

I Ill/If 1111~ llljl Ul[l /11111 


