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(57) ABSTRACT 

Novel solid supported anionic polymerization initiators that 
are multiply metalated With Group IA alkali metal atoms are 
provided and employed to produce extremely high molecu 
lar Weight branched diene polymers. The initiators are 
prepared by metalating a particle comprising a thermoplastic 
polymer or a cured elastomer in the presence of a polar 
coordinator. The polymers obtained by anionic polymeriza 
tion employing the initiators are multiply branched, With a 
polymer chain covalently attached to the particle at virtually 
every metalation site. The macro-branched polymers exhibit 
desirable properties, such as an extremely high molecular 
Weight, a controlled molecular Weight distribution, Tg and 
vinyl content, and the ability to readily absorb hydrocarbon 
solvents and oils. The polymers are easily compounded to 
form vulcaniZable elastomeric compounds and articles that 
have excellent resistance to Wear and tear and exhibit 
reduced hysteresis properties. 
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ANIONIC POLYMERIZATION INITIATORS FOR 
PREPARING MACRO-BRANCHED DIENE 

RUBBERS 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to anionic polymerization 
resulting in very high molecular Weight, highly branched 
diene polymers. More particularly, the invention relates to 
novel multiply-metalated, solid supported anionic polymer 
iZation initiators that are useful for producing such poly 
mers. The macro-branched polymers synthesiZed by the 
process of the invention exhibit desirable properties, such as 
the ability to absorb hydrocarbon solvents and oils, and are 
readily compounded to form vulcaniZable elastomeric com 
pounds and articles that have excellent resistance to Wear 
and tear and exhibit reduced hysteresis properties. 

[0002] When producing polymers for use in rubber 
articles, such as tires, poWer belts, and the like, it is desirable 
that these polymers are easily processible during compound 
ing and have a high molecular Weight With a controlled 
molecular Weight distribution, glass transition temperature 
(Tg) and vinyl content. It is also desirable that reinforcing 
?llers, such as carbon black, be Well dispersed throughout 
the rubber in order to improve various physical properties. 
This dispersion can be achieved, for example, by end 
capping polydienes by reacting a metal terminated polydiene 
With an end capping agent, or by utiliZing functionaliZed 
anionic polymeriZation initiators such as lithium-based 
amine or amide initiators that incorporate a functional group 
onto one or both ends of the polymer chain. Rubber articles 
produced from vulcaniZed elastomers exhibiting these prop 
erties, Will have reduced hysteresis resulting in an increase 
in rebound, a decrease in rolling resistance and less heat 
build-up When mechanical stresses are applied. 

[0003] Anionic polymeriZation initiators based on lithium 
are Well knoWn for producing linear polydiene homopoly 
mers and copolymers. Lithium-based macrocyclic anionic 
polymeriZation initiators have also been described in US. 
Pat. Nos. 5,677,399 and 5,700,888. These initiators are 
utiliZed to form stable macrocyclic polymers that have loW 
viscosities at high molecular Weights and thus provide for 
enhanced polymer processibility during molding, extruding 
and the forming of ?lms. Such polymers can be compounded 
to form vulcaniZable elastomeric compounds and articles 
that exhibit reduced hysteresis properties. 

[0004] There is still a need, hoWever, for anionic poly 
meriZation initiators that can be used to synthesiZe high 
molecular Weight linear polymers that are easily processible 
and have the desirable properties described above. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides novel solid sup 
ported anionic polymeriZation initiators that are multiply 
metalated and are useful for producing extremely high 
molecular Weight branched diene polymers. In particular, an 
advantage of the invention is that the macro-branched diene 
polymers are prepared using the invention initiators under 
normal conditions for an anionic polymeriZation process 
While the initiators are in suspension in a solution of 
monomers. Moreover, the initiators of the present invention 
are also suitable for use in gas phase anionic polymeriZation 
of conjugated diene monomers, as disclosed in our co 
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pending, co-assigned U.S. patent application Ser. No. 
, ?led on the same day as this application (Attorney 

Docket No. 9704023), entitled “Gas Phase Anionic Poly 
meriZation of Diene Elastomers”, the disclosure of Which is 
hereby incorporated by reference. Because of their 
extremely high molecular Weight and controlled molecular 
Weight distribution, Tg and vinyl content, the polymers 
produced by anionic polymeriZation employing the inven 
tion initiators are useful for producing many different high 
performance vulcanates. The macro-branched polymers syn 
thesiZed by the process of the invention also exhibit other 
desirable properties, such as the ability to readily absorb 
hydrocarbon solvents and oils, and they are easily com 
pounded to form vulcaniZable elastomeric compounds and 
articles that have excellent resistance to Wear and tear and 
exhibit reduced hysteresis properties. 

[0006] In particular, the anionic polymeriZation initiators 
of the invention have the formula P(Me)n, Wherein P is a 
metalatable particle having a diameter of about 1 micron to 
about 1000 microns comprising a thermoplastic polymer or 
a cured elastomer. The particle is multiply-metalated With a 
Group IA alkali metal (Me). The number of metal atoms 
covalently bound to the particle ranges from n=3 to n=a 
multiplicity of atoms, 10X (e.g., 1010). The alkali metal 
atoms bonded to a single particle may all be the same or may 
be different from each other. The metal atoms may be any 
Group IA alkali metal including lithium, sodium, potassium, 
rubidium, cesium and francium. Preferably the metal atoms 
are selected from lithium, sodium and potassium and, more 
preferably, are a mixture of lithium atoms and at least one of 
sodium atoms and potassium atoms. Most preferably, all of 
the alkali metal atoms are the same and are lithium atoms. 

[0007] As used in the context of the invention, the term 
“metalated” refers to an acid:base reaction, knoWn to those 
skilled in the art, involving the transfer of a metal atom from 
a strong base to a more acidic polymer With the concomitant 
transfer of a hydrogen atom from the polymer to the base, 
thus forming a polymer carbon-metal covalent bond. A 
“metalatable” thermoplastic polymer or cured elastomer is 
one that can participate in this reaction and become meta 
lated. 

[0008] The above described anionic polymeriZation ini 
tiators are used to homopolymeriZe conjugated diole?n 
monomers having from about 4 to about 12 carbon atoms, 
and to copolymeriZe the conjugated diole?n monomers With 
monovinyl aromatic monomers having from about 8 to 
about 20 carbon atoms, to prepare a macro-branched diene 
homopolymer or copolymer having the formula 

[0009] prior to quenching, Wherein P, Me and n are the 
same as previously described and (polymer) represents a 
polymer chain covalently bonded to the particle. The poly 
meriZation reaction is terminated With a terminating or a 
functionaliZing agent. The resulting polymers have a loW Tg, 
preferably less than —20° C., more preferably less than —30° 
C., and most preferably less than —35° C., and are readily 
usable in rubber products such as tires. 

[0010] The invention provides the initiators, the macro 
branched diene polymer, a vulcaniZable elastomer compo 
sition formed from the polymer, and a tire having at least one 
component formed from the vulcaniZable elastomer compo 
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sition. The vulcaniZable elastomer composition may com 
prise the invention polymer only or may comprise a blend of 
the invention polymer and at least one other polymer, such 
as styrene-butadiene rubber, natural rubber, polyisoprene, 
poly-(ethylene propylene diene monomer), and the like. 

[0011] The invention further provides a method for pre 
paring the anionic polymeriZation initiators described above, 
comprising the step of reacting an alkali metal compound 
having the formula R(Me), Where R represents a hydrocar 
byl group containing from one to about 20 carbon atoms, 
and Me is a Group IA alkali metal atom, With (ii) a particle 
as de?ned above, in the presence of (iii) a polar coordinator, 
to form the reaction product having the formula P(Me)n, 
Where P represents the particle having covalently bonded 
alkali metal atoms and n is the same as previously described. 
The molar ratio of the polar coordinator to the alkali metal 
compound is about 0.03:1 to about 4:1, preferably about 
0.05:1 to about 1:1, and more preferably about 0.06:1 to 
about 0.5:1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic illustration of an invention 
initiator comprising a particle metalated With three alkali 
metal atoms. 

[0013] FIG. 2 is a schematic illustration of the initiator of 
FIG. 1 metalated With a multiplicity of surface-bound alkali 
metal atoms. 

[0014] FIG. 3 is a schematic illustration of an invention 
initiator comprising the particle Where the inner matrix of 
the particle is multiply metalated. 

[0015] FIG. 4 is a schematic illustration of an invention 
initiator comprising the particle Where both the surface and 
the inner matrix of the particle are multiply metalated. 

[0016] FIG. 5 is a schematic illustration of the macro 
branched diene polymer formed With the invention initiator. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] The invention provides a novel solid supported 
anionic polymeriZation initiator for anionic polymeriZation 
of conjugated diole?n monomers having from about 4 to 
about 12 carbon atoms, and copolymeriZation of the conju 
gated diole?n monomers together With monovinyl aromatic 
monomers having from about 8 to about 20 carbon atoms, as 
described beloW, to form a macro-branched diene polymer. 
The initiator has the formula 

[0018] Where P is a metalatable particle having a 
diameter of about 1 micron to about 1000 microns 
comprising a thermoplastic polymer or a cured elas 
tomer, Me is a Group IA alkali metal covalently 
bonded to the particle, and n is an integer equal to or 
greater than 3. More preferably, n represents a mul 
tiplicity of alkali metal atoms (Me), 10X (e.g., 1010), 
and the particle comprises a multiplicity of 
covalently bonded alkali metal atoms. 

[0019] The metal atoms may be any Group IA alkali metal 
including lithium, sodium, potassium, rubidium, cesium and 
francium. Although rubidium, cesium and francium are 
usable in the invention initiator, their use is less preferred 
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because they are comparatively expensive. Therefore, the 
metal atoms are preferably lithium, sodium or potassium 
atoms, and more preferably are a mixture of lithium atoms 
and sodium atoms and/or potassium atoms. Most preferably, 
all of the alkali metal atoms are lithium. 

[0020] The alkali metal atoms on a single particle may all 
be the same or may be different from each other, depending 
on the alkali metal compound(s) used for the preparation of 
the initiator, as described beloW. For example, the use of a 
single alkali metal compound, such as an alkyl lithium, an 
alkyl sodium, an alkyl potassium or another Group IA alkyl 
metal compound produces particles metalated With a single 
type of metal. HoWever, the use of a mixture of an alkyl 
lithium compound together With an alkyl sodium compound 
and/or an alkyl potassium compound and/or another Group 
IA alkyl metal compound as a co-agent for metalation 
produces particles metalated With lithium, as Well as sodium 
and/or potassium and/or the other metal. Preferably, an alkyl 
lithium compound alone is used in the preparation of the 
initiators, resulting in a particle metalated only With lithium. 

[0021] Schematic illustrations of the invention initiator are 
presented in FIGS. 1-4. In one embodiment of the invention 
illustrated in FIG. 1, the initiator 1 comprises a thermoplas 
tic polymer particle or a cured elastomer particle 2 having 
carbon atoms to Which three (n=3) alkali metal atoms (Me) 
3 are covalently bonded, each to a different carbon atom. In 
a preferred embodiment illustrated in FIG. 2, the particle 2 
has a multiplicity of alkali metal atoms 3 bonded to a 
multiplicity of carbon atoms on the particle. The particle 2 
comprises an outer surface 4 and an inner matrix 5. Thus, as 
illustrated in FIGS. 2-4, the alkali metal atoms 3 may be 
covalently bonded to the outer surface 4 (FIG. 2), or to the 
inner matrix 5 (FIG. 3), or to both the outer surface 4 and 
the inner matrix 5 (FIG. 4). 

[0022] In one embodiment of the invention, the particle 
comprises a metalatable thermoplastic polymer. Suitable 
metalatable thermoplastic polymers for use in the invention 
include, but are not limited to, polyethylene, polypropylene, 
polystyrenes, substituted polystyrenes, and the like. Other 
such metalatable thermoplastic polymers are Well knoWn to 
those skilled in the art. The thermoplastic polymer prefer 
ably has a Tg of 80° C. to about 300° C. Thus, When 
employed as the particle portion of the anionic polymeriZa 
tion initiator to produce the macro-branched polymers illus 
trated in FIG. 5, the particle remains as part of the macro 
branched polymer complex. When these macro-branched 
polymers are compounded, the processing temperatures are 
higher than the Tg of the thermoplastic polymer particle and 
alloW the breakup of the thermoplastic particle into smaller 
particles that could, in the limit, contain only one polymer/ 
elastomer chain attached to the particle, thus alloWing for 
better processibility of the polymers. 

[0023] In another embodiment of the invention, the par 
ticle comprises a metalatable cured elastomer. The cured 
elastomer may be any metalatable cured elastomer knoWn to 
those skilled in the art, including compounded cured rubber, 
such as scrap tire rubber. Exemplary cured elastomers suit 
able for use in the invention are styrene butadiene rubber, 
natural rubber, polybutadiene, polyisoprene, and the like. 
Other such metalatable cured elastomers are Well knoWn to 
those skilled in the art. Because some oils, curing agents and 
other ingredients in compounded cured rubber may interfere 
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With the metalation of the particle using an alkali metal 
compound, the compounded cured rubber particle is pref 
erably extracted With acetone for at least 16 hours to 
substantially remove at least the curing agents, prior to use 
in preparation of the initiator. When the macro-branched 
polymers that include the cured elastomeric particles 
described above are compounded or milled, the points of 
attachment of the polymers to the particles are shear-de 
graded, thus alloWing for better processibility of the poly 
mers. 

[0024] The particles, having a diameter of about 1 to about 
1000 microns, may be conveniently siZed by passing them 
through a mesh of ?xed pore siZe, as is Well knoWn in the 
art. For example, 20-mesh particles are about 841 microns or 
less in diameter; 200-mesh particles are about 74 microns or 
less; and 400-mesh particles are about 37 microns or less. 
The number of metalation sites on the particles depends on 
the siZe of the particles, the concentrations of the alkali 
metal compound and the polar coordinator employed in the 
metalation reaction, the process times and temperatures, and 
the like. 

[0025] To prepare the anionic polymeriZation initiator, the 
method comprises the step of reacting an alkali metal 
compound having the formula R(Me), Where R represents a 
hydrocarbyl group containing from one to about 20 carbon 
atoms and Me is a Group IA alkali metal, With (ii) a particle 
as described above, in the presence of (iii) a polar coordi 
nator. The polar coordinator is an activator of the Group IA 
alkali metal atom and, as knoWn to one skilled in the art, is 
required for the formation of the carbon atom-metal atom 
covalent bond during metalation of the particle. 

[0026] In general, the initiators according to the present 
invention can be prepared, under anhydrous and anaerobic 
conditions, by forming a suspension of the thermoplastic 
polymer or cured elastomer particles described above in an 
anhydrous hydrocarbon solvent, such as cyclohexane, hex 
ane, benZene, toluene, pentane, heptane, and the like, in a 
dry nitrogen atmosphere. To this suspension is then added a 
polar coordinator, folloWed by the addition of an alkali metal 
compound, described beloW, in the same or a similar solvent. 
The molar ratio of the polar coordinator to the alkali metal 
compound ranges from about 0.03:1 to about 4: 1, preferably 
about 0.05:1 to about 1:1, and more preferably about 0.06:1 
to about 05:1. The optimum amount of particles present in 
the reaction mixture varies With the selected ratio of polar 
coordinator to alkali metal compound, the type of particle 
employed, the particle diameter, and the degree of metala 
tion desired. One skilled in the art Will be able to select the 
proper amount of particles by examining the exemplary data 
reported herein in Table 1. The various reaction tempera 
tures and times Which may be employed to prepare the 
initiators are knoWn to one skilled in the art of anionic 
polymeriZation initiator preparation. 

[0027] The alkali metal compound employed in the prepa 
ration of the solid supported anionic initiators has the 
formula R(Me), Where Me is a metal of Group IA of the 
Periodic Table of the Elements preferably selected from 
lithium, sodium and potassium, and more preferably is 
lithium, and R is a hydrocarbyl group having from one to 
about 20 carbon atoms. Although lithium alkali metal com 
pounds are most preferred in the method, sodium and/or 
potassium and/or other Group IA alkali metal compounds 
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may also be separately hemployed. Preferably, hoWever, 
these other compounds are used in a mixture With a lithium 
compound and the sodium and/or potassium and/or other 
Group IA compound acts as a co-agent With the lithium 
compound for metalation. Thus, as described above, the 
resulting particles may be metalated With one or more types 
of alkali metal atoms derived from the alkali metal com 
pound(s). 
[0028] Typical R groups include aliphatic and cyclo-ali 
phatic groups such as alkyls, cycloalkyls, alkenyls, alkynyls, 
aryls and aralkyls. Speci?c examples of R groups include, 
but are not limited to, methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, t-butyl, n-amyl, isoamyl, n-hexyl, n-octyl, 
n-decyl, cyclopentyl-methyl, cyclohexyl-ethyl, cyclopentyl 
ethyl, methyl-cyclopentylethyl, cyclopentyl, cyclohexyl, 
2,2,1-bicycloheptyl, methylcyclopentyl, dimethylcyclopen 
tyl, ethylcyclopentyl, methylcyclohexyl, dimethylcyclo 
hexyl, ethylcyclohexyl, isopropylcyclohexyl, combinations 
of these, and the like. A preferable alkali metal compound 
for use in preparing the initiators of the invention is n-butyl 
lithium. 

[0029] Each metalated particle thus prepared is a solid 
supported initiator that is stable for at least a month or more 
and is useful for anionic polymeriZation of anionically 
polymeriZable monomers to yield a macro-branched poly 
meric product. Because of the polymeric nature of the 
particles, each particle readily absorbs the hydrocarbon 
solvent and is thus is best described as a highly sWollen 
particle. For example, each gram of a 200-mesh scrap rubber 
particle may contain tWo to ?ve grams of a solvent in its 
inner matrix. 

[0030] As described above, the sWollen particle is meta 
lated With at least three or, preferably, a multiplicity of metal 
atoms, depending on the selected reaction conditions. Meta 
lation of the particle occurs in the presence of a polar 
coordinator associated With the polymer carbon-metal bond. 
Such metalation reactions employing a polar coordinator are 
knoWn to those skilled in the art. The polar coordinator 
remains associated With the carbon-metal bond of the ini 
tiator throughout the anionic polymeriZation process. HoW 
ever, the presence of the polar coordinator associated With 
the initiator results in a modi?cation of diene polymeriZation 
that gives a reduced level of 1,4 incorporation of monomers 
and a concomitant increase in the Tg of the polymer pro 
duced (i.e., the higher the concentration of the polar coor 
dinator in the polymeriZation reaction mixture, the higher is 
the glass transition temperature (Tg) of the resulting diene 
polymer). The conventional procedure for preparing a stan 
dard (non-invention) metalated polymer from an alkali metal 
compound and a polar coordinator employs a molar ratio of 
the polar coordinator to the alkali metal of about 2:1. 
HoWever, if a ratio of 2:1 Were employed to multiply 
metalate the invention initiators Which are subsequently 
used to polymeriZe conjugated diene monomers, the poly 
meriZation result Would be a high Tg graft copolymer prod 
uct (e.g., a very high vinyl polybutadiene grafted onto a loW 
vinyl 1,4-polybutadiene). It is an object of the present 
invention to produce polymers having a loW Tg, preferably 
less than —20° C., more preferably less than —30° C., and 
most preferably less than —35° C., for use in rubber products, 
such as tires. Therefore, it is desirable to prepare the present 
initiators in the presence of a loWer than standard molar ratio 
of polar coordinator to alkali metal compound. Surprisingly, 



US 2001/0029278 A1 

it has been discovered herein that not only can the molar 
ratio of the polar coordinator to the alkali metal compound 
be reduced to less than 2:1, but the degree of metalation of 
the particle is actually increased When the molar ratio of the 
polar coordinator to the alkali metal compound is decreased 
to values as loW as about 0.03:1. 

[0031] Compounds useful as polar coordinators are 
organic and include, but are not limited to, tetrahydrofuran, 
linear and cyclic oligomeric oxolanyl alkanes such as 2-2‘ 
di(tetrahydrofuryl) propane, dipiperidyl ethane, dimethyl 
ether, pentamethyl diethylenediamine, diaZabicyclooctane, 
hexamethylphosphoramide, N-N‘-dimethylpiperaZine, 
diethyl ether, tributylamine and the like. The linear and 
cyclic oligomeric oxolanyl alkane polar coordinators are 
described in US. Pat. No. 4,429,091, the subject matter of 
Which regarding polar solvents is incorporated herein by 
reference. Other compounds useful as polar coordinators 
include those having an oxygen or nitrogen hetero-atom and 
a non-bonded pair of electrons. Examples include dialkyl 
ethers of mono and oligo alkylene glycols; “croWn” ethers; 
fully alkylated diamines such as tetramethylethylene 
diamine (TMEDA); and fully alkylated triamines. 

[0032] The initiators prepared according to the method of 
the invention are employed With an anionically-polymeriZ 
able monomer to yield macro-branched diene polymers 
having the formula 

P—[(polymer)-Me]n 

[0033] prior to quenching, Where P, Me and n are the same 
as described above, and (polymer) represents a polymer 
chain covalently bonded to the particle, Wherein the polymer 
component of the polymer chain is preferably selected from 
conjugated diole?n monomers having from about 4 to about 
12 carbon atoms, and copolymers and terpolymers of the 
conjugated diole?n monomers together With monovinyl 
aromatic monomers having from about 8 to about 20 carbon 
atoms. Preferably, the monomers are selected from styrene, 
butadiene, isoprene, and mixtures of these. As described 
beloW, vulcaniZable elastomer compositions are prepared 
from the macro-branched diene polymers by compounding 
the polymers With about 5 to about 80 parts by Weight of 
carbon black per 100 parts by Weight of the polymer. 
Preferably, the vulcaniZable elastomer composition com 
prises a selection from the group consisting of styrene 
butadiene rubber, polybutadiene rubber, polyisoprene rub 
ber, isoprene butadiene rubber, terpolymer rubbers of sty 
rene, butadiene and isoprene, and mixtures of these rubbers. 

[0034] A method of preparing a macro-branched diene 
polymer having the formula 

[0035] prior to quenching, comprises the step of polymer 
iZing at least one monomer selected from the group con 
sisting of conjugated diole?n monomers having from about 
4 to about 12 carbon atoms and monovinyl aromatic mono 
mers having from about 8 to about 20 carbon atoms, in the 
presence of an anionic polymeriZation initiator having the 
formula P(Me)n, Wherein P represents the particle metalated 
With n covalently bonded alkali metal atoms, as described 
above. 

[0036] Typically, the initiator is used to polymeriZe unsat 
urated hydrocarbon monomers such as butadiene, isoprene 
and the like, and copolymers thereof With monovinyl aro 
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matics such as styrene and its derivatives such as a-methyl 
styrene, p-methyl styrene and the like. Thus, the macro 
branched elastomeric products include diene homopolymers 
from monomer A and copolymers thereof With monovinyl 
aromatic monomers B. Exemplary diene homopolymers are 
those prepared from conjugated diole?n monomers having 
from 4 to about 12 carbon atoms. Exemplary vinyl aromatic 
copolymers are those prepared from monomers having from 
8 to about 20 carbon atoms. Preferred macro-branched 
elastomers include diene homopolymers, such as polybuta 
diene and polyisoprene, copolymers, such as styrene buta 
diene rubber and isoprene butadiene rubber, and terpolymers 
consisting of styrene, butadiene and isoprene. Copolymers 
and terpolymers can comprise from about 99 to 10 percent 
by Weight of diene units and from about 1 to about 90 
percent by Weight of monovinyl aromatic units, totaling 100 
percent. The polymers, copolymers and terpolymers of the 
present invention may have 1,2-microstructure contents 
ranging from about 10 to about 80 percent, With the pre 
ferred polymers, copolymers or terpolymers having 1,2 
microstructure contents of from about 25 to 65 percent, 
based upon the diene content. 

[0037] The elastomeric copolymers are preferably random 
copolymers Which result from simultaneous copolymeriZa 
tion of the monomers A and B With randomiZing agents, as 
is knoWn in the art. Block copolymers, poly (b-styrene-b 
butadiene-b-styrene) are thermoplastic elastomers, some 
times referred to as S-B-S polymers. 

[0038] The initiators of the present invention form “liv 
ing” macro-branched diene polymers from the foregoing 
monomers. FIG. 5 is a schematic representation of a macro 
branched polymer 20 produced employing the invention 
initiators. A polymer chain 12 can potentially be polymer 
iZed from each metalated site of the highly sWollen particle 
10. HoWever in practice, Where there are a large multiplicity 
of metalated sites, it is likely some of the sites may be 
unavailable because they may be concealed or partially 
concealed by adjacent groWing polymer chains and the like. 
In this case, at least a majority of the metalated sites are 
available to produce polymer chains. The metal atom 14 is 
carried on the living end of the polymer chain prior to 
quenching. As described above, each particle may comprise 
from three to a multiplicity of polymer chains. Moreover, 
polymer chains may be produced at metalated sites in the 
inner matrix of the particle, since polymeriZable monomers 
are dissolved in solvent that can enter the particle and are 
also soluble in both the particle and in the groWing polymer 
chains. 

[0039] The polymer chains may be any of the foregoing 
diene homopolymers, monovinyl aromatic homopolymers, 
diene/monovinyl aromatic random copolymers, block 
copolymers, or mixtures of any of the foregoing. Typically, 
about 0.5% to about 1% of the polymer product may 
comprise the original particle used in the initiator. HoWever, 
the concentration of the particle in the product can be 
changed by varying parameters such as the degree of meta 
lation of the particles, e.g., by changing the initiator prepa 
ration ingredient concentrations, the particle siZes, and the 
like, or changing the concentration of monomers in the 
polymeriZation reactions, and the like. 

[0040] PolymeriZation is usually conducted in a conven 
tional hydrocarbon solvent for anionic polymeriZations, 
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such as cyclohexane, hexane, benzene, toluene, pentane, 
heptane, and the like. Various techniques for solution poly 
meriZations, such as batch, semi-batch and continuous poly 
meriZation may be employed. If a polar coordinator is 
optionally added to the polymeriZation ingredients, amounts 
range betWeen about 0.1 to about 90 or more equivalents per 
equivalent of the alkali metal. The amount depends on the 
type of polar coordinator that is employed, the amount of 
vinyl desired, the level of styrene employed and the tem 
perature of the polymeriZations, as Well as the selected 
initiator. 

[0041] According to the process of the invention, poly 
meriZation is begun by charging a blend of the monomer(s) 
and solvent to a suitable reaction vessel, folloWed by the 
addition of the initiator. The initiator is typically in the form 
of a slurry (suspension) in a hydrocarbon solvent that can be 
syringed into the reaction vessel. The degree of metalation 
of the initiator particle is determined by titration. As With the 
preparation of the initiator, the polymeriZation reaction is 
carried out under anhydrous, anaerobic conditions. Often, it 
is conducted under a dry, inert gas atmosphere. The poly 
meriZation can be carried out at any convenient temperature, 
such as about —30° C. to about 200° C. For batch polymer 
iZations, it is preferred to maintain the peak temperature at 
from about 49° C. to about 149° C., and more preferably 
from about 80 ° C. to about 120° C. Polymerization is 
alloWed to continue under agitation for about 0.15 to 24 
hours. 

[0042] After polymeriZation is complete, the resulting 
polymer is quenched by a terminating agent that may be a 
protic quenching agent such as Water, steam or an alcohol 
such as isopropanol, or a functionaliZing agent described 
beloW, to obtain a macro-branched diene polymer. The 
terminating agent is added to the reaction vessel, and the 
vessel is agitated for about 0.1 to about 4.0 hours. Quench 
ing is usually conducted by stirring the polymer and quench 
ing agent for about 0.25 hours to about 1.0 hour at tempera 
tures of from about 30° C. to about 120° C. to ensure a 
complete reaction. 

[0043] Lastly, the solvent is removed from the polymer by 
conventional techniques. These include steam or alcohol 
coagulation, thermal desolventiZation, or any other suitable 
method. Additionally, solvent may be removed by drum 
drying, extruder drying, vacuum drying or the like. Desol 
ventiZation by drum-drying, coagulation in alcohol, steam or 
hot Water desolventiZation, extruder drying, vacuum drying, 
spray drying, and combinations thereof are preferred. An 
antioxidant, such as butylated hydroxy toluene (BHT) and/ 
or an antioZonant compound is usually added to the polymer 
or polymer cement at or before this stage. 

[0044] FunctionaliZing agents may be employed as termi 
nating agents. These agents are compounds that provide a 
functional group that remains on the end of the polymer 
chain. Any compounds providing terminal functionality 
(e.g., “endcapping”) that are reactive With the polymer 
bound metal atom moiety can be selected to provide a 
desired functional group. HoWever, it is preferable that the 
functionaliZing agents are not also coupling agents (i.e., the 
functionaliZing agents should not couple together the chain 
ends) so that the branched structure of the polymer is 
maintained. FunctionaliZing agents are particularly pre 
ferred When elastomers are polymeriZed by the process of 
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the invention because the functional group promotes uni 
form and homogeneous mixing With ?llers, such as silica 
and carbon black. Therefore, for example, compounding of 
vulcaniZable macro-branched elastomers, prepared by the 
process of the invention, results in rubber products exhib 
iting improved physical properties, such as reduced hyster 
esis, Which means a rubber product having increased 
rebound, decreased rolling resistance in tires, and lessened 
heat build-up When subjected to mechanical stress. 
Examples of such compounds are alcohols, substituted aldi 
mines, substituted ketimines, Michler’s ketone, 1,3-dim 
ethyl-2-imidaZolidinone, 1-alkyl substituted pyrrolidinones, 
1-aryl substituted pyrrolidinones, tributyl tin chloride, and 
mixtures of these. Further examples of reactive compounds 
include the terminators described in US. Pat. Nos. 5,066, 
729 and 5,521,309, the subject matter of Which, pertaining 
to terminating agents and terminating reactions, is hereby 
incorporated by reference. The practice of the present inven 
tion is not limited solely to these terminators, since other 
compounds that are reactive With the polymer bound alkali 
metal atom can be selected to provide a desired functional 
group. 

[0045] The preferred ?nal polymeriZation product, the 
macro-branched diene polymer, resembles ?sh “caviar”. 
This product, Which contains the initiator particle, may then 
be compounded or milled to disperse the thermoplastic 
polymer particle or shear-degrade the cured elastomer par 
ticle in the center of the polymer, as described above, and 
reduce the polymer to a base molecular Weight. 

[0046] Usually each of the polymer chains of the macro 
branched polymer have a molecular Weight of about 20,000 
to about 500,000, preferably about 100,000 to about 200, 
000, thus producing a macro-branched polymer having 
molecular Weights that are several orders of magnitude 
higher than knoWn linear polymers as measured by conven 
tional gel permeation chromatographic (GPC) techniques. 
Preferably, the polydispersity (the ratio of the molecular 
Weight to the number molecular Weight) of the polymers can 
be controlled over a Wide range, from 1 to about 20, 
preferably 1 to about 5, and more preferably 1 to about 2. 

[0047] A theoretical calculation of the molecular Weights 
possible for the macro-branched polymers is presented 
beloW. The calculation assumes a 200-mesh ground tire 
rubber particle and uses the initiator labeled #4 illustrated in 
Table 1. 

[0048] Assuming particles are uniformly shaped spheres 
With: 

Assuming uniformdensity of ground tire rubber as: 

p = 1.16 * 106g;l 
m 

Surface Area of Sphere: 

A = 4 * 7r * r2 

Volume of Sphere: 
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-continued 

Mass ofl particle: 

4 3 
mass: V>l=p= gwmr *p 

mass = 0.246 pgm 

Number particlees per gm ground tire rubber: 

# particles 1 6 particles 
i, = i =4.065*l0 i, 

gm ground t1re 0.246 pgm gm ground t1re 

# of living sites per particles: 

# living sites (“X"mmol Li‘r) 
particle _ (gm ground tire) * (“Y" # particles) * 

(6.022 * l023 molecules) (mol) 
(mol) * (1000 mmol) 

(gm ground tire) 

[0049] If 40 gm of monomers are polymerized using 10 cc 
of catalyst #4 (0.33 molar), the expected molecular Weight 
Would be: 

MW=approximately 26,000 

# MW 19 MW 
. = 1.6 * l0 , particle particle 

[0050] The highly branched polymers produced according 
to the invention exhibit desirable properties in addition to 
their extremely high molecular Weight. For example, the 
polymers exhibit excellent oil absorption properties and are 
easily compounded. They are also readily mixed With other 
polymers, such as styrene butadiene rubber, natural rubber, 
polybutadiene, and the like, to form a polymer blend. The 
invention polymers also do not “cold ?oW” (i.e. a polymer 
“ball” retains its integrity as a ball over time, in contrast to 
a polymer that does exhibit “cold 110W” and Would 
“puddle”). 
[0051] The macro-branched polymers synthesized by the 
process of the invention may also be compounded to form 
vulcanizable elastomeric compounds and articles that 
exhibit excellent resistance to Wear and tear and reduced 
hysteresis properties. Articles, such as tires, shock absorbers, 
mounts, poWer belts and the like, Will shoW an increase in 
rebound, a decrease in rolling resistance and have less heat 
build-up When mechanical stresses are applied, resulting in 
improved fuel economy. Decreased rolling resistance is, of 
course, a useful property for pneumatic tires, both radial as 
Well as bias ply types and thus, the vulcanizable elastomeric 
compositions of the present invention can be utilized to form 
treadstocks for such tires. The composition can also be used 
to form other elastomeric tire components such as subtreads, 
black sidewalls, body ply skims, bead ?llers and the like. 

[0052] The polymers of the present invention can be 
utilized as 100 parts of the rubber in the treadstock com 
pound, or they can be blended With any conventionally 
employed treadstock rubber Which includes natural rubber, 
synthetic rubber and blends thereof. When the polymers of 
the present invention are blended With conventional rubbers, 
the amounts can vary Widely With a loWer limit comprising 
about 10 to 20 percent by Weight of the total rubber. The 
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minimum amount Will depend primarily upon the degree of 
hysteresis reduction desired. Thus, the compounds can con 
tain 10 to 100% by Weight of the inventive polymer, With the 
balance, if any, being a conventional rubber. 

[0053] The polymers can be compounded With all forms of 
carbon black in amounts ranging from about 5 to 80 parts by 
Weight, per 100 parts of rubber (phr), With about 35 to 60 phr 
being preferred. The carbon blacks may include any of the 
commonly available, commercially-produced carbon 
blacks. Examples of preferred carbon black compounds are 
described in US. Pat. No. 5,521,309, the subject matter of 
Which, relating to carbon black compounds, is incorporated 
by reference herein. Silica can be used in place of all or part 
of the carbon black. 

[0054] The reinforced rubber compounds can be cured in 
a conventional manner With knoWn vulcanizing agents at 
about 0.1 to 10 phr. For a general disclosure of suitable 
vulcanizing agents, one can refer to Kirk-Othmer, Encyclo 
pedia of Chemical Technology, 3rd ed., Wiley Interscience, 
NY. 1982, Vol. 20, pp. 365-468, particularly “Vulcanization 
Agents and Auxiliary Materials”, pp. 390-402. Vulcanizing 
agents can be used alone or in combination. 

[0055] Vulcanizable elastomeric compositions of the 
invention can be prepared by compounding or mixing the 
macro-branched polymers herein, With carbon black and 
other conventional rubber additives including, for example, 
?llers, such as silica, plasticizers, antioxidants, curing agents 
and the like, using standard rubber mixing equipment and 
procedures. Such elastomeric compositions, When vulca 
nized using conventional rubber vulcanization conditions, 
have reduced hysteresis properties and are particularly 
adapted for use as tread rubbers for tires having reduced 
rolling resistance. 

EXAMPLES AND GENERAL EXPERIMENTAL 
PROCEDURE 

Initiator Preparation 

[0056] In order to demonstrate the preparation and prop 
erties of the solid supported anionic initiators prepared 
according to the present invention, acetone-extracted ground 
cured rubber particles (i.e., substantially curative free par 
ticles) or styrene butadiene rubber particles or natural rubber 
particles Were reacted With a lithium hydrocarbyl compound 
in the presence of a polar coordinator to form multi-lithiated 
particles. These initiators Were then used to polymerize a 
solution of butadiene monomers. The described particles, 
alkyl metal compound, polar coordinator, and solvents are 
intended to be only examples of those that may be used in 
the process of the invention, and their particular use is not 
intended to be limiting, as other particles, alkali metal 
compounds, polar coordinators and solvents may be utilized 
by those skilled in the art. 

[0057] Initiator Preparation Procedure 

Example 1 

[0058] This example describes the preparation of a solid 
supported initiator employing 200 mesh ground scrap tire 
rubber (Rouse Rubber Industries) as the particles. Prior to 
use in preparing the initiator, the particles Were extracted 
With acetone for at least 16 hours to remove substantially all 
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curing agents. The initiator Was prepared in a 32-ounce 
beverage bottle that Was dried by baking for at least 16 hours 
at 115° C. and then capped With a crown, tWo-hole cap and 
rubber liner. The bottle Was cooled While purging With dry 
nitrogen and labeled as initiator #4. To the bottle Was added 
4.5 grams of the ground scrap rubber particles. The bottle 
Was then capped and 50 grams of hexane Was added, 
folloWed by purging With nitrogen. Then 1.9 milliliters (ml) 
of 6.62 molar (M) tetramethyl ethylene diamine (TMEDA) 
Was added, folloWed by 100 grams of 3% by Weight n-butyl 
lithium (BuLi) in hexane. The bottle Was heated in a 50° C. 
rotating bottle bath for 24 hours. The bottle Was then 
removed from the bottle bath and alloWed to cool to room 
temperature. 

[0059] To remove any free BuLi remaining, an initial 
hexane dilution Was added (55 grams) and the bottle Was 
alloWed to sit still While the particles in the bottle fell to the 
bottom. The top layer of solvent Was then removed (96 
grams), and a second dilution of hexane Was added (113 
grams). The bottle Was vigorously shaken and then alloWed 
to sit While the particles again fell to the bottom. The second 
solvent extract Was then removed from the bottle (109 
grams). A third dilution Was added (102 grams) of hexane, 
a third extraction Was performed (206 grams) and the 
particles Were then re-suspended in 50 grams of hexane. The 
resulting suspension contained 4.5 grams of lithiated ground 
scrap tire rubber in 59 grams of hexane. Analysis by butane 
evolution after alcohol termination gave 89% of the BuLi as 
reacted, and thus the ?nal suspension had a concentration of 
0.33 M. 

[0060] The solid supported initiator in suspension Was 
then stored under pressure in a cool environment (refrigera 
tor) to prevent decomposition of the initiator. 

[0061] This procedure Was used to prepare different solid 
supported initiators employing cured elastomers as the par 
ticles With the variations in ingredients and ingredient con 
centrations as listed in Table 1. Some properties of the 
initiators are also included in Table 1. 

[0062] As illustrated in Table 1, as the ratio of TMEDA to 
BuLi decreased from about 2:1 to about 0.25:1, and from 
thence to 0.135 and 0.067, the millimoles of lithium 
covalently bonded per gram of rubber, the molar concen 
tration of particle lithium, and the percentage of BuLi that 
reacted increased signi?cantly. The percentage of free BuLi 
in the initiator solution is a function of the degree of Washing 
With solvent after the initiator is formed. 

Example 2 

[0063] This example describes the preparation of an ini 
tiator using a thermoplastic polymer as the particle. The 
polymer employed is a copolymer of modi?ed styrenes 
having a molecular Weight of 2,900 and Tg of 100° C., With 
the brand name ENDEX® 155 (Hercules Inc., Wilmington, 
Del.). The initiator Was prepared in a 32-ounce beverage 
bottle that Was dried by baking for at least 16 hours at 115° 
C. and then capped With a croWn, tWo-hole cap and rubber 
liner. The bottle Was cooled While purging With dry nitrogen. 
To the bottle Was added 5 grams of ENDEX®. Fifteen to 20 
dry marbles Were added to the bottle. The bottle Was then 
capped and 35 ml of hexane Was added, folloWed by purging 
With nitrogen. Then 1.2 ml of 6.62M TMEDA Was added, 
folloWed by 15 ml of a 1.6M solution of BuLi in hexane. The 
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bottle Was heated in a 50° C. rotating bottle bath for 24 
hours. The bottle Was then removed from the bottle bath, 
alloWed to cool to room temperature, and excess liquid Was 
removed. The bottle Was vigorously shaken on a mechanical 
shaker to smash large particles into small ones. The particles 
Were then re-suspended in 50 grams of hexane. The solid 
supported initiator in suspension Was then stored under 
pressure in a cool environment (refrigerator) to prevent 
decomposition of the initiator. 

Polymer Preparation 

[0064] The folloWing examples illustrate the process of 
the invention for the preparation of macro-branched diene 
polymers using the invention initiators. HoWever, the 
examples are not intended to be limiting, as other methods 
for preparing these macro-branched diene polymers from the 
invention initiators may be determined by those skilled in 
the art. 

[0065] The polymer Was prepared in a 32-ounce beverage 
bottle that Was dried by baking for at least 16 hours at 115° 
C. and then cooled While purging With dry nitrogen. The 
bottle Was then capped With a croWn, tWo-hole cap and 
rubber liner, pressure checked and again nitrogen purged. 
The bottle Was labeled as polymer #P-18 and then placed in 
a bottle guard. To the bottle Was added 50 grams of hexane, 
folloWed by 150 grams of 33% by Weight butadiene in 
hexane. Finally, 5 ml of invention initiator #4, prepared as 
in Example 1, Was added. The bottle Was inserted into a 50° 
C. rotating bottle bath for 24 hours. The bottle Was then 
removed from the bottle bath and 2.0 ml of isopropanol 
(neat) Was added to terminate the polymer. The bottle Was 
then alloWed to cool to room temperature. The contents in 
the bottle appeared more as a “solid” than a “liquid”, and 
appeared very similar to a ?sh “caviar”. The hexanes in the 
bottle Were sWollen in the polymer that Was produced. 

[0066] The bottle Was vented, then cut open and the 
polymer Was isolated by removing the solvent on a drum 
dryer. The resulting processed product sheeted on the rolls of 
the drum dryer and Was easily gathered. 

[0067] Analysis of the polymer shoWed a 100% conver 
sion of monomer to give a Mooney viscosity at 100° C. of 
108.8. The polymer Was 23.6% soluble in toluene and 
analysis of the soluble polymers by GPC gave a number 
molecular Weight (Mn) of 130,200 grams per mole and a 
polydispersity of 3.56. The Tg Was —57.0° C., measured at 
midpoint. This Tg corresponds to a microstructure of 57% 
vinyl polybutadiene. 

CharacteriZation of the Polymers 

[0068] The data of Table 2 illustrate properties of poly 
mers similarly prepared employing the initiators described 
in Table 1. Some of the polymers are copolymers of buta 
diene and styrene, prepared by standard polymeriZation 
procedures knoWn to those skilled in the art. 

[0069] The appearance of the some of the polymers Was 
“caviar”, indicating that there Was little free butadiene 
homopolymer produced and, therefore, there Was little free 
BuLi remaining in the initiator preparation that Was 
employed. Other preferred polymers appeared as a “caviar 
sludge”, indicating a small amount of homopolymeriZed 
butadiene. Other polymers appeared as a “slurry” or an “oily 
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sludge”. Some of the polymerization reactions resulted in a 
loW conversion of monomer to polymer (“LoW Conv”). 
Other polymerization reactions resulted in an undesirably 
high degree of homopolymeriZation of the monomers in 
addition to production of macro-branched polymers (“High 
homo pZn”). 

[0070] The preferred polymers Were macro-branched, 
having high number molecular Weights (Mn) ranging from 
72,000 to 594,000, Mooney viscosities at 100° C. ranging 
from 35 to 135, With a loW polydispersity, a loW 1,2 
microstructure, and a Tg betWeen —35° C. and —75° C., 
preferably about —35° C. to —55° C. As eXpected, polymers 
containing styrene shoWed a higher Tg than those Without 
styrene. HoWever, all of the prepared polymers listed in 
Table 2 had an acceptable Tg of less than —20° C. Preferred 
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polymers also had a high percentage of conversion of 
monomers and a loW percentage of “soluble” polymer (i.e., 
free homopolymer). Exemplary preferred polymers shoWn 
in Table 2 are #P-10 made With initiator #3; #P-18, #P-19, 
#P-20 and #P-25 all made With initiator #4; #P-35 made With 
initiator #7; #P-37 made With initiator #8; #P-53 made With 
initiator #9; #P-54 and #P-55 made With initiator #10, and 
#P-62 and #P-63 made With initiator #11. 

[0071] While the invention has been described herein With 
reference to the preferred embodiments, it is to be under 
stood that it is not intended to limit the invention to the 
speci?c forms disclosed. On the contrary, it is intended to 
cover all modi?cations and alternative forms falling Within 
the spirit and scope of the invention. 

TABLE 1 

CHARACTERIZATION OF INITIATOR #1 

Total 
Lithium % 

Total % Molar BuLi In Free 
Part. BuLi TMEDA: Reac- BuLi Li/particle Conc. Res- Initiator BuLi in 

Initiator Part. Mesh Wt. gm BuLi TMEDA BuLi tants Reac- in slurry Particle idue Solution Initiator 
# Type Size (gm) (%) (mmol) (mmol) Ratio (cc) ted (mmol/g) Lithium Solution 

1 Scrap 200 2.0 100 (3) 46.9 99.30 2.118 
2 Scrap 200 4.0 100 (3) 46.9 99.30 2.118 
3 Scrap 200 4.5 100 (3) 46.9 25.16 0.537 92 13 1.4 0.067 0.0071 0.074 9.6 
4 Scrap 200 4.5 100 (3) 46.9 12.58 0.268 89 27 2.8 0.142 0.0043 0.146 3.0 
5 Scrap 200 4.0 21 (15) 49.2 12.58 0.256 134 89 11.0 0.328 0.0002 0.329 0.1 
6 Scrap 200 4.0 21 (15) 49.2 6.62 0.135 147 83 10.2 0.279 0.0008 0.279 0.3 
7 Scrap 200 4.0 21 (15) 49.2 3.31 0.067 143 77 9.5 0.265 0.0008 0.266 0.3 
8 Scrap 200 4.0 10 (15) 23.4 12.58 0.537 108 94 5.5 0.206 0.0000 0.206 0.0 
9 SBRM 32 4.0 100 (3) 46.9 99.30 2.118 197 19 2.2 0.046 0.0206 0.066 31.1 

10 SBR 32 4.0 100 (3) 46.9 99.30 2.118 248 16 1.8 0.029 0.0204 0.050 41.1 
11 NR*** 18 4.0 100 (3) 46.9 99.30 2.118 186 19 2.2 0.048 0.0184 0.067 27.6 
12 NR 18 4.0 100 (3) 46.9 99.30 2.118 214 21 2.5 0.046 0.0117 0.058 20.2 

*Ground Scrap Tire Rubber Supplied by Rouse Rubber Industries 
**Styrene Butadiene Rubber 
***Natural Rubber 

[0072] 

TABLE 2 

CHARACTERIZATION OF FINAL POLYMERS 

Stock Amt. % 1,2 Bd" % % 
Polymer Initiator Age Used T?(0 C.) % (calc.from Monomer Souble Extract Poly 
# # (Days) (cc) ML4 midpoint Styrene Tg) Converted Polymer Mn disp. Notes 

P-1 1 1 10 128.5 —33 0 76.8 NA 11.4 93600 2.94 
P-2 1 1 10 88.5 —29 0 79.8 NA 32.2 151000 2.94 
P-3 2 1 5 88.3 —34 0 76.1 NA 7.4 96900 7.28 
P-4 2 1 10 159.0 —32 0 77.6 NA 33.9 125100 1.84 
P-5 2 1 10 89.1 —29 0 79.8 NA 16.9 237000 1.75 
P-6 2 9 10 89.6 —32 0 77.6 100.0 16.0 255300 1.99 

P-7 2 9 10 104.2 —30 10 76.7 86.1 17.3 193000 2.74 
P-8 2 9 10 134.6 —24 20 76.9 85.5 21.0 100300 4.51 
P-9 2 9 10 133.4 —22 25 74.9 93.6 19.0 158700 2.71 
P-10 3 7 5 79.0 —39 0 72.1 85.0 22.6 220400 2.86 
P-11 3 7 5 109.9 —30 17 72.8 45.0 14.0 101500 6.27 
P-12 3 7 5 110.7 —28 22 70.9 46.0 12.8 101400 7.01 

P-13 3 7 5 112.8 —22 25 74.9 90.0 21.1 203700 2.95 
P-14 3 24 10 125.4 —41.0 0 70.5 87.5 81.8 156000 1.80 Slurry 
P-15 3 24 10 129.8 —40.5 0 71.0 90.0 64.6 162000 1.80 Slurry 
P-16 3 28 10 124.5 —41.5 0 70.0 87.0 51.5 167500 1.79 
P-17 3 28 10 125.7 —57.0 0 56.7 87.0 65.3 156200 1.80 
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TABLE 2-c0ntinued 
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CHARACTERIZATION OF FINAL POLYMERS 

Stock Amt. % 1,2 Bd" % % 
Polymer Initiator Age Used Tg(° C.) % (calc.from Monomer Souble Extract Poly 
# # (Days) (cc) ML4 midpoint Styrene Tg) Converted Polymer Mn disp. Notes 

P-18 4 7 5 108.8 —57 0 56.7 100.0 23.6 130200 3.56 
P-19 4 7 5 89.0 —38 14 66.7 100.0 15.1 236000 3.23 
P-20 4 7 5 90.7 —33 23 64.2 100.0 23.7 370700 2.25 
P-21 4 7 5 114.1 —29 31 58.1 78.0 15.1 222500 2.85 
P-22 4 24 10 141.2 —56.5 0 57.1 87.5 85.4 112400 2.18 Slurry 
P-23 4 24 10 130.8 —59.0 0 54.8 60.0 98.4 175300 1.86 Slurry 
P-24 4 28 10 132.3 —57.0 0 56.7 78.0 85.8 192900 1.75 
P-25 4 28 10 142.1 —29.5 33 53.7 89.0 78.1 206900 2.27 
P-26 5 1 10 42.1 —62.5 0 51.4 79.8 95.8 111700 1.82 
P-27 5 1 10 50.3 —46.0 20 52.0 85.0 97.6 102400 2.17 
P-28 5 2 10 120.4 —47.0 17 54.2 85.8 92.2 151900 2.55 Caviar 

sludge 
P-29 6 1 10 TOO LOW —76.0 0 37.0 88.0 99.4 72400 1.35 
P-30 6 1 10 TOO LOW —55.0 20 39.8 92.0 100.0 60800 1.61 
P-31 6 2 10 TOO LOW —57.0 17 41.6 89.2 99.5 75900 1.75 Oily 

sludge 
P-32 7 1 10 TOO LOW —79.0 0 33.4 84.0 98.3 72000 1.58 
P-33 7 1 10 46.4 —66.5 20 21.6 80.0 99.4 116300 1.48 
P-34 7 2 10 125.7 —65.0 17 30.1 90.0 99.8 107000 1.60 High 

homo 
pzn" 

P-35 7 25 5 82.1 —34.5 25 59.0 90.6 543600 Caviar 
P-36 8 1 10 125.7 —38.5 20 61.0 88.0 61.4 208000 2.66 
P-37 8 2 10 94 —34.5 16 68.9 90.0 4.2 594000 2.37 Caviar 
P-38 8 2 10 107.8 —53.5 0 59.8 93.8 56.0 248200 1.86 Caviar 

Sludge 
P-39 8 2 10 156 —35.5 18 66.2 93.5 34.5 185200 2.35 Caviar 

Sludge 
P-40 8 2 20 144.5 —45.5 0 66.8 88.0 71.7 189700 1.78 Caviar 

Sludge 
P-41 8 25 10 —85.0 0 25.5 86.4 300200 1.38 High 

homo 
pzn" 

P-42 8 25 10 —75.0 5 33.3 97.0 457300 1.97 High 
homo 
pzn" 

P-43 8 25 10 —79.0 5 30 85.6 313700 1.48 High 
homo 
pzn" 

P-44 8 25 10 —73.5 8 29 80.3 219800 1.41 High 
homo 
pzn" 

P-45 8 25 10 —73.5 10 25 78.8 239200 1.44 High 
homo 
pzn" 

P-46 8 25 10 —71.5 11 25 80.3 211600 1.41 High 
homo 
pzn" 

P-47 9 1 10 132.9 —35 0 79.1 95.0 70.8 194800 1.59 
P-48 9 6 5 106.8 —37 0 77.6 91.3 46.4 298600 1.89 
P-49 9 6 5 121 0 —34 4.2 79.0 88.0 59.8 226900 1.68 
P-50 9 6 5 111.7 —32 8.3 79.9 85.0 40.1 268100 1.65 
P-51 9 6 5 112.4 —26 16.7 81.9 92.0 18.2 408600 1.79 
P-52 9 6 5 129.3 —36 20.8 68.4 47.5 26.3 490000 2.10 LOW Sty 

Conv.** 
P-53 9 20 10 108.3 —37.0 0 73.8 89.0 23.6 210500 2.24 
P-54 10 3 10 NA —36 0 74.5 23.0 11.5 385500 3.04 
P-55 10 10 2 106.7 —40 0 75.2 98.3 10.6 308500 1.78 Caviar 

Looking 
P-56 10 10 4 127.5 —35 0 79.1 86.0 85.2 146700 1.62 Slurry 
P-57 10 10 8 126.5 —34 0 76.1 82.0 79.3 166400 1.63 Slurry 
P-58 10 10 16 122.5 —34 0 76.1 90.0 43.8 205300 1.54 Slurry 
P-59 10 17 10 NA —35.5 0 74.7 13.0 19.6 172500 6.55 LOW 

Conv 
P-60 11 1 10 109.1 —35 0 79.1 90.0 13.5 213900 2.10 
P-61 11 20 10 122.1 —36.0 0 74.5 86.0 10.6 173800 2.17 
P-62 11 20 10 106.2 —30.5 10 76.1 89.0 14.0 399600 1.80 
P-63 11 20 10 105.5 —24.0 20 76.9 88.0 18.2 374300 2.29 
P-64 12 3 10 129.9 —36 0 74.5 89.5 47.1 175000 1.54 
P-65 12 10 4 NA —39 0 72.1 15.0 17.8 401000 2.46 LOW 
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TABLE 2-continued 

CHARACTERIZATION OF FINAL POLYMERS 

Stock Amt. % 1,2 Bd" % % 
Polymer Initiator Age Used Tg(° C.) % (calc.from Monomer Souble Extract Poly 
# # (Days) (cc) ML4 midpoint Styrene Tg) Converted Polymer Mn disp. Notes 

Conv 
P-66 12 10 8 123.0 —38 0 76.8 90.8 70.4 173000 1.65 Slurry 
P-67 12 10 16 97.5 —35 0 79.1 92.3 81.7 125000 1.65 Slurry 
P-68 12 17 10 96.0 —36.5 0 74.1 88.0 15.1 164600 3.63 

*high amount of homopolymerization of butadiene 
**loW conversion of styrene 

We claim: 
1. An anionic polymerization initiator having the formula 

P(Me)n 
Wherein P is a metalatable particle having a diameter of 

about 1 micron to about 1000 microns comprising a 
thermoplastic polymer or a cured elastomer, Me is a 
Group IA alkali metal atom covalently bonded to the 
particle, and n is an integer equal to or greater than 3. 

2. The initiator of claim 1, Wherein the thermoplastic 
polymer has a Tg of 80° C. to about 300° C. 

3. The initiator of claim 1, Wherein the cured elastomer is 
a compounded cured elastomer that is substantially curative 
free. 

4. The initiator of claim 1, Wherein the alkali metal atoms 
are lithium or sodium or potassium atoms. 

5. The initiator of claim 4, Wherein the alkali metal atoms 
are lithium atoms. 

6. The initiator of claim 1, Wherein the alkali metal atoms 
are a mixture of lithium atoms and a selection from atoms of 

at least one of sodium, potassium, rubidium, cesium and 
francium. 

7. The initiator of claim 1, Wherein n is an integer 
representing a multiplicity of alkali metal atoms covalently 
bonded to the particle. 

8. The initiator of claim 7, Wherein the molar concentra 
tion of metal atoms per gram of particles is from about 0.1 
millimoles per gram to about 100 millimoles per gram. 

9. The initiator of claim 7, Wherein the particle comprises 
an outer surface and an inner matrix, and the alkali metal 
atoms are covalently bonded to the outer surface or to the 
inner matrix or to both the outer surface and the inner matrix. 

10. A macro-branched diene polymer having the formula 

prior to quenching, Wherein P represents a particle having 
a diameter of about 1 micron to about 1000 microns 
comprising a thermoplastic polymer or a cured elas 
tomer, Me is a Group IA alkali metal atom, n is an 
integer equal to or greater than 3, and (polymer) 
represents a polymer chain covalently bonded to the 
particle. 

11. The polymer of claim 10, Wherein the thermoplastic 
polymer has a Tg of 80° C. to about 300° C. 

12. The polymer of claim 10, Wherein the cured elastomer 
is a compounded cured elastomer that is substantially cura 
tive free. 

13. The polymer of claim 10, Wherein the alkali metal 
atoms are lithium or sodium or potassium atoms. 

14. The polymer of claim 13, Wherein the alkali metal 
atoms are lithium atoms. 

15. The polymer of claim 10, Wherein the alkali metal 
atoms are a mixture of lithium atoms and a selection from 

atoms of at least one of sodium, potassium, rubidium, 
cesium and francium. 

16. The polymer of claim 10, Wherein the polymer com 
ponent of the polymer chain is selected from conjugated 
diole?n monomers having from about 4 to about 12 carbon 
atoms, and copolymers and terpolymers of the conjugated 
diole?n monomers together With monovinyl aromatic mono 
mers having from about 8 to about 20 carbon atoms. 

17. The polymer of claim 16, Wherein the monomers are 
selected from butadiene, styrene and its derivatives, and 
isoprene. 

18. The polymer of claim 10, wherein n is an integer 
representing a multiplicity of polymer chains covalently 
bonded to the particle. 

19. The polymer of claim 10, Wherein each of the n 
polymer chains bonded to the particle has a molecular 
Weight of about 20,000 to about 500,000. 

20. The polymer of claim 10, Wherein the polymer has a 
glass transition temperature of less than —20° C. 

21. The polymer of claim 20, Wherein the glass transition 
temperature is less than —30° C. 

22. The polymer of claim 21, Wherein the glass transition 
temperature is less than —35° C. 

23. A vulcaniZable elastomer composition formed from 
the polymer of claim 10 and from about 5 to about 80 parts 
by Weight of carbon black per 100 parts by Weight of the 
polymer. 

24. A vulcaniZable elastomer composition formed from 
the polymer of claim 20 and from about 5 to about 80 parts 
by Weight of carbon black per 100 parts by Weight of the 
polymer. 

25. Atire having at least one component formed from the 
vulcaniZable elastomer composition of claim 23. 

26. Atire having at least one component formed from the 
vulcaniZable elastomer composition of claim 24. 

27. A method of preparing an anionic polymerization 
initiator, comprising the step of: 

reacting an alkali metal compound having the formula 
R(Me), Where R represents a hydrocarbyl group con 
taining from one to about 20 carbon atoms, and Me is 
a Group IA alkali metal, 

With (ii) a metalatable particle having a diameter of about 
1 micron to about 1000 microns comprising a thermo 
plastic polymer or a cured rubber, 
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in the presence of (iii) a polar coordinator, 

to form a reaction product having the formula 

P(Me)n 
Wherein P represents the particle having covalently 

bonded alkali metal atoms, and n is an integer equal to 
or greater than 3. 

28. The method of claim 27, Wherein the alkali metal is 
lithium or sodium or potassium. 

29. The method of claim 28, Wherein the alkali metal is 
lithium. 

30. The method of claim 27, Wherein the alkali metal 
compound represents a miXture of a lithium compound and 
a selection from at least one of a sodium compound, a 
potassium compound, a rubidium compound, a cesium com 
pound and a francium compound. 

31. The method of claim 27, Wherein the R group is 
selected from aliphatic and cyclo-aliphatic groups consisting 
essentially of alkyls, cycloalkyls, alkenyls, alkynyls, aryls, 
aralkyls, and combinations thereof. 

32. The method of claim 27, Wherein the alkali metal 
compound is n-butyl lithium. 

33. The method of claim 27, Wherein the polar coordinator 
is selected from the group consisting essentially of tetrahy 
drofuran, linear oligomeric oXolanyl alkanes, cyclic oligo 
meric oXolanyl alkanes, dialkyl ethers of mono and oligo 
alkylene glycols, croWn ethers, fully alkylated diamines, 
fully alkylated triamines, and miXtures thereof. 

34. The method of claim 27, Wherein the molar ratio of the 
polar coordinator to the alkali metal compound is about 
0.03:1 to about 4:1. 

35. The method of claim 34, Wherein the molar ratio is 
about 0.05:1 to about 1:1. 

36. The method of claim 35, Wherein the molar ratio is 
about 0.06:1 to about 0.5:1 
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37. A method of preparing a macro-branched diene poly 
mer having the formula 

Wherein P represents a metalatable particle having a 
diameter of about 1 micron to about 1000 microns 
comprising a thermoplastic polymer or a cured elas 
tomer, Me is a Group IA alkali metal, n is an integer 
equal to or greater than 3, and (polymer) represents a 
polymer chain covalently bonded to the particle, 

the method comprising the step of anionically polymer 
iZing at least one monomer selected from the group 
consisting of conjugated diole?n monomers having 
from about 4 to about 12 carbon atoms and the diole?n 
monomers together With monovinyl aromatic mono 
mers having from about 8 to about 20 carbon atoms, 

in the presence of an anionic polymeriZation initiator 
having the formula P(Me)n, Wherein P represents the 
particle metalated With n covalently bonded alkali 
metal atoms. 

38. The method of claim 37, Wherein the monomer is 
dissolved in and the initiator is suspended in an anhydrous 
hydrocarbon solvent. 

39. The method of claim 37, further comprising the step 
of terminating the polymeriZation With a terminating agent 
or a functionaliZing agent. 

40. The method of claim 37, Wherein the terminating 
agent or the functionaliZing agent is selected from the group 
consisting of alcohols, substituted aldimines, substituted 
ketimines, Michler’s ketone, 1,3-dimethyl-2-imidaZolidi 
none, 1-alkyl substituted pyrrolidinones, 1-aryl substituted 
pyrrolidinones, tributyl tin chloride, and mixtures thereof. 

* * * * * 


