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PROCESS FOR PREPARING RANDOM BUTADIENE-ISOPRENE COPOLYMERS
HAVING A HIGH CONTENT OF CIS-1,4 UNITS

RESCRIPTION

This invention relates {o a process for preparing a random butadiene-styrene copolymer
having a high content of ¢/fs-1,4 units.

More specifically the present invention relates {0 a process for preparing a random
butadiene-isoprene copolymer having a high content of cis-1,4 units comprising
copolymerizing butadiene and iscprene, in the presence of af least one organic solvent,
and a catalytic system prepared /in sif comprising: (a1} at least one neocdymium
carboxylate soluble in said organic solvent, containing a variable amount of water, the
molar H,O/Nd ratio being between 0.001/1 and 0.50/1; (a2) at least one aluminum alkyl
compound; (aa} at least one aluminum alkyl compound containing at least one halogen
atom.

The random butadiene-isoprene copolymer having a high content of ¢is-1,4 units
obtained from the abovementioned process may be advaniageousiy used in a number of
applications ranging from the modification of plastics [for exampile, obtainment of high
impact polystyrene (HIPS)], to the production of tires, in particular the production of tire
treads and/or of tire sidewalis.

The random butadiene-isoprene copolymer having a high content of ¢is-1.4 units
obtained from the abovementioned process may also be advaniageously used in
vulcanizable slastomer compositions.

A further object of the present invention is therefore a vulcanizable elastomer composition
comprising at least one random butadiene-isoprene copolymer having a high content of
cis-1,4 units obtained from the abovementioned process.

Said vuicanizable elastomer composition may be advantageously used in the production
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of vulcanized products, in parlicular in the production of tires, more particularly in the
production of tire treads and/or tire sidewalls.

Another object of the present invention is a random butadiene-isoprene copolymer having
a high content of cis-1,4 units obtained from the abovementioned process, said
copolymer having the characteristics reported below.

Random, block or “tapered” butadiene-isoprene copolymers, as well as the processes for
obtaining them, are known in the art.

For example, american patent US 4,032,459 relates to a lubricating composition

comprising, as an agent able to improve the viscosity index, a hydrogenated butadiene-

isoprene copolymer having a 1,4 configuration of between 20% and 55% and the weight
ratio between butadiene and isoprene of between approximately 10:90 and approximately

70:30. Said copolymer may be selected from random, block or "tapered” butadiene-
isoprene copolymers which miay be obtained by anionic copolymerization, in the
presence of a hydrocarbon solvent and a lithium-based catalyst.

American patent US 4,413,098 relates to an isoprene-butadiene copolymer with improved
processability and the following characteristics: (1) a microstructure of the butadiene part
having from 70% to 90% of 1,4-frans units and from 2% to 8% of vinyl units; (2) an
isoprene content of between 3% by weight and 25% by weight; (3) a styrene content of
between 0% by weight and 30% by weight; (4) a Mooney viscosity of between 30 and
150; (5} a molecular weight distribution, Mw/M,, of between 1.2 and 3.5; (6) said
copelymer, in the unelongated statle, if analyzed by means of differential scanning
calorimeter (DSC) does not show a melting point. Said copolymer may be block or
random and may be obtained by copolymerization in the presence of an organic soivent
and an initiator which may be selected from (i) organic compounds of a metal belonging

to Group A of the Periodic Table of Elements and (i) a compound selected from the
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group consisting of an organic compound based on lithium, a mixture of an organic
compound based on lithium and an organic compound based on aluminum, an organic
compound of magnesium. The abovementioned copolymer is said io be advantageously
used in the production of tires, for example in the production of tread and carcass.
American patent US 5,405,927 relates to an isoprene-buladiene copolymer, which may
be advantageously used in the production of truck tire treads, comprising repstitive units
deriving from approximately 20% by weight to approximately 50% by weight from
isoprene and from approximately 50% by weight {o approximately 80% by weight from
1,3-butadiens, in which the repetitive units derived from isoprene and 1,3-butadiene are
sssentially in random order, in which from approximately 3% to approximately 10% of the
repetitive units are polybutadiene units having a 1,2 structure, in which approximately
50% to approximately 70% of said repetitive unils are polybutadiene units having a 1,4
sfructure, in which approximately 1% 1o approximately 4% of said repetitive units are
polyisoprene units having a 3,4 structure, in which approximately 25% to approximately
40% of said repetitive units are polvisoprene units having a 1,4 siructure, in which said
copolymer has a glass transition temperature (Tg) of between -80°C and -75°C, in which
said copolymer has a Mooney viscosity of between approximately 55 and approximately
140, and in which more than 60% of the isoprene present in said copolymer is present in
blocks formed by a number of repetitive units of less than or equal {0 3.

American patent US 5,612,436 relates o an isoprene-butadiene diblock copolymer with
an excelient combination of properties, which is advantageously used in the preduction of
truck tire treads, comprising a butadiene block and an isoprene-butadiene block, in which
said butadiene block has an average molecular weight of between approximately 25000
and approximately 350000, in which said isoprene-butadiene block has an average

molecular weight of between approximately 25000 and approximately 350000, in which
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said isoprene-butadiene biock copolyimer essentially has a glass transition temperature
{Tg) of between approximately -100°C and approximately -70°C, in which said isoprene-
butadiene block copolymer has a Mooney ML-4 viscosity at 100°C of between
approximately 50 and approximately 140, and in which the repstitive units deriving from
the isoprene and from the 1,3-butadiene in said isoprene-butadiene diblock copolymer
are essentially in random order. Said isoprene-butadiene diblock copolymer is obtained
by a two-stage process comprising a first-stage in which a polymerization of 1,3-
butadiene in the presence of an organic solvent, a lithium-based initiator and at least one
poiar modifier in order to obtain a living polybutadiene block takes place; and a second

olymerized with isopren

poly 1isoprene in the

AR i~

stage in which said living polybutadiene block is co
presence of an organic solvent and at least one polar modifier,

American patent US 6,204,320 relates to an isoprens-butadiene liquid polymer
essentially consisting of repetitive units deriving from approximately 5% by weight to
approximately 95% by weight from isoprene and from approximately 5% by weight to
approximately 95% by weight from 1,3-butadiene, in which the repetitive units deriving
from isoprene and from 1,3-butadiene are essentially random, in which said liquid
isoprene-butadiene polymer has a low number average molecular weight of between
approximately 3000 and approximately 50000 and in which said liquid isoprene-butadiene
polymer has a glass transition temperature (Tg) of between approximately -50°C and
approximately 20°C. Said liquid isoprene-butadiene polymer may be prepared by
polymerization in the presence of an organic solvent, a lithium-based initiator and a polar
modifier. The abovementioned liquid isoprene-butadiene polymer is said to be
advantageously used in the production of treads for high performance car fires, including

racing cars, which exhibit excellent dry traction and durability characteristics.

American patent US 3,772,256 relates to a process for preparing a butadiene-isoprene
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copolymer comprising placing butadiene and isoprene in contact in an organic selvent
with a catalyst free of ethers obtained by mixing magnesium diphenyl and titanium
tetraiodate at a temperature of between -10°C and 80°C, said butadiene-isoprene
copolymer comprising 80-89 moles per cent of butadiene and 40-90 moles per cent of
isoprene in ¢fs-1,4 configuration, the isoprene content being between 5 moles per cent
and 95 moies per cent and the butadiene content being between 95 moles percentand 5
moles per cent. The abovementionad butadiene-isoprene copolymer is said to be
advantageously use in vulcanizable elastomer compositions capable of vielding
vulcanizable products with low hysteresis, good cold properties and good wear resistance
and therefore being particularly useful in the production of tires.

Eurcpean patent application EP 629 640 relates fo a process for preparing a butadiene-
isoprene copolymer comprising isoprene and 1,3-butadiene copolymers in the presence
of an organic solvent and in the presence of a catalytic system obtained by means of the
following stages in sequence: {1} mixing {(a) an aluminum hydride, (b) a compound
selected from the group consisting of aliphatic or cycloaliphatic alcohols, aliphatic or
cycloaliphatic thiols, trialkyl or triaryt silanols, and {c) optionally, 1,3-bufadiene in an
organic solvent in order {0 oblain a modified aluminum hydride; (2) adding an
organometallic compound containing a metal belonging to Group HI-B of the Periodic
System (preferably, neodymium) in order to obtain a modified aluminum hydride
containing a metal belonging to Group HI-B of the Periodic System; and {3) adding &
compound containing at least one labile halogen atom. The abovementioned butadiene-
isoprene copolymer is said to be random and “non-tapered” and to be advantageously
used in the production of sidewalls for truck fires.

American patent US 7,115,639 relates to a process for preparing a butadiene-isoprene

copolymer, said process comprising copolymerizing butadiene and isoprene in the
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presence of a catalylic system comprising: {a} a monomer of a conjugated disne; (b) an
organic salt of phosphoric acid with at least one rare earth metal; (¢) an aluminum alkyl
compound as an alkylating agent having formula AlR; or HAIR; in which R is an alkyl
group; and {d} a halide of an aluminum alkyl compound as a halogen donor; said salt
being in suspension in at least one saturated aliphatic or alicyclic hydrocarbon solvent
included in said catalytic system, the molar ratio between said alkylating agent and said
organic salt of phosphoric acid with at least one rare earth metal being between 1 and §,
and in which copolymerization is optionally carried out in the presence of an inert
hydrocarbon solvent. The butadiene-isoprene copolymer oblained is said to have a high
content of ¢is-1,4 units.

However, the abovementioned copolymerization processes for preparing butadiene-
isoprene copolymers do not always give the desired results, for example, in terms of
random configuration and/or high content of ¢is-1,4 units for both monomers, i.e.
butadiene and isoprene, and/or molecular weight distribution. In addition, in some of the
abovementioned processes pre-formed catalysts are used which therefore require longer
process times and, consequently, increased process costs.

The Applicant therefore set itself the problem of finding a process for preparing a random
butadiene-isoprene copolymer having a high content of ¢is-1,4 units. More specifically,
the Applicant set itself the problem of finding a process for preparing a random
butadiene-isoprene copolymer having a high content of ¢fs-1,4 units for both monomers,
i.e. butadiense and isoprene, a narrow molecular weight distribution and a spegcific
isoprene randomization index {calculated as shown below).

The Applicant has now found the preparation of a random butadiene-isoprene copolymer
having a high content of ¢is-1,4 units may be advantageously carried out through a

process involving copolymerizing butadiene and isoprene in the presence of at feast one
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organic solvent and a catalytic system prepared in sifu comprising: (a4} at least one

neodymium carboxylate soluble in said organic solvent, containing a variable amount of

water, the molar H,O/Nd ratio being between 0.001/1 and 0.50/1; (az) at least one
aluminum alkyl compound; {a:) a least one aluminum alkyl compound containing at least
one halogen atom. Said process allows to oblain a random butadiene-isopreng
copolymer having a high content of ¢is-1.4 units for both monomers, i.e. butadiene and
isoprene, a narrow molecular weight distribution and a specific isoprene randomization
index (calculated as reported below). In addition, the weight ratio between butadiene and
isoprene bound in the random butadiene-isoprene copolymer having a high content of
cis-1,4 units obtained may also be controlled through said process. Furthermore, said
process allows to oblain a random butadiens-isoprene copolymer having a high content
of ¢is-1,4 units which may be advaniageously used in 3 number of applications ranging
from the modification of plastics [for example, obtainment of high impact polystyrene

(HIPS)], to the preduction of tires, in particular the production of tire freads and/or of tire

sidewalls.

Thus the chject of the present invention is a process for preparing a random butadiene-

isoprene copolymer having a high content of cis-1,4 units comprising copolymerizing

butadiene and isoprene in the presence of at least one organic solvent and a calalytic
system prepared in sifu comprising:

(a1} atleast one necdymium carboxylate which is soluble in said organic soivent,
containing a variable amount of water, the H0/Nd molar ratio being between
0.001/1 and 0.50/1;

{az) atleast one aluminum alkyl compound;

{(as) at least one aluminum alkyl compound containing at least one halogen atom.

For the purpose of the present description and of the following claims, the definitions of
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the numerical ranges always include the exiremes unless otherwise specified.

For the purpose of present description and of the following claims, the term "comprising”
also includes the terms "which essentially consists of” or "which consists of “.

The relative amount of butadiene and isoprene that may be copolymerized according to
the process object of the present invention may vary over a wide range. For example, the
monomer composition fed to the copolymerization reactor may contain from
approximately 1% by weight to approximately 99% by weight of butadiene and from
approximately 1% by weight to approximately 89% by weight of isoprene. In many cases,
the monomer compaosition fed to the copolymerization reactor may contain from
approximately 10% by weight to approximately 90% by weight of butadiene and from
approximately 10% by weight to approximately 80% by weight of isopreng, preferably, the
monomer composition fed to the copolymerization reactor may contain from
approximately 50% by weight of butadiene to approximately 50% by weight of isoprene.
According to a preferred embodiment of the present invention, said butadiene and said
isoprene may be present in fotal amount (i.e. amount of butadiene + amount of isoprene)
of between 5% by weight and 40% by weight, preferably between 10% by weight and
25% by weight, with respect o to the total weight of the organic sclvent. Preferably,
previously distilled butadiene and isoprene are used, optionally treated with molecular
sieves and/or activated alumina. Preferably 1,3-butadiene and isoprene (2-methyl-1,3-
butadiene) are used.

According to a preferred embodiment of the present invention, said organic solvent may
be selected, for example, from: saturated aliphatic hydrocarbons such as, for example,
butane, n-pentane, n-hexane, n-heptane, or mixtures thereof; saturated cycloaliphatic
hydrocarbons such as, for example, cyclohexane, cyclopentane, or mixtures thereof;

monoolefing such as, for example, 1-butene, 2-butene, or mixiures thereof; halogenated
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hydrocarbons such as, for example, methylene chloride, chloroform, carbon tetrachioride,
trichlorocethylene, perchiorosthylene, 1,2-dichicroethans, chiorobenzene, bromobenzens,
chiorotoluene, or mixtures thereof. Preferably, said organic solvent may be selectad from
saturated aliphatic hydrocarbons, more preferably from: n-hexane; a mixiure comprising
35% by weight with respect {o the total weight of the mixture of n-hexane and 65% by
weight with respect to the total weight of the mixiure of a mixture comprising n-hexane
isomers, aliphatic compounds and cycloaliphatic compounds. Preferably, said organic
sclvent must be as anhydrous as possible and free from proton-generaling substances.
Distillation, followed if necessary by treatment on alumina beds and 3A or 4A molecular
sieves is sufficient to obtain a suitable solvent.

According to a preferred embodiment of the present invention, the neodymium
carboxylate (a+} may be neodymium versatate [Nd(versatate)s]. Preferably, said
neodymium versalate [Nd{versalale}s] contains free versatic acid, the free versalic
acid/Nd molar ratio being less than 2, more preferably less than 0.5.

According to a preferred embodiment of the present invention, said neodymium
carboxylate may be used in amount of between 0.1 mmol and 10 mmol, preferably
between 0.5 mmol and 5 mmol, per 1000 g of monomers (butadiene + isoprene) being
polymerized. It should be noted that when the amount of neodymium carboxylate is less
than 0.1 mmol, the reaction rafe is reduced to unacceptable values, while when the
amount of necdymium carboxylate is greatsr than 10 mmol, the catalyst concentration is
too high and the average weight molecular weight (Mw) of the polymer obtained is too low
for the uses described above.

According to a preferred embodiment of the present invention, the aluminum alky!
compound (az) may be selected, for example, from compounds having general formula (1)

or (i)
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AR (1)

ATH(R" 2 (11
in which R' represents a linear or branched Ci-Cyg alkyl Group.
Specific examples of alkyl aluminum compounds having general formula (1) or (1l) that
may be advantageously used for the purpose of the present invention are: trimethy
aluminum, tristhyl aluminum (TEA), tri-n-propyl aluminum, tri-isopropyl aluminum, trl-n-
butyl aluminum, tri-isobutyt aluminum, tri-pentyl aluminum, tri-hexyl aluminum, tri-
cyclohexy! aluminum, tri-octyl aluminum, diethyl aluminum hydride, di-n-propy! aluminum
hydride, di-n-butyl aluminum hydride, di-isobutyl aluminum hydride (DIBAH), dihexyl
aluminum hydride, di-iso-hexyl aluminum hydride, or mixiures thereof. Triethyl aluminum
(TEA), Iri-isobutyl aluminum, diethyl aluminum hydride, di-isobuty! aluminum hydride
(DIBAH) are preferred; di-isobutyl aluminum hydride (DIBAH) is particularly preferred.
According 1o a preferred embodiment of the present invention, said aluminum alkyl
compound containing at least one halogen atom (as) may be selected, for example, from
compounds having general formula (Il

ALK R, (1)
in which R*represents a linear or branched C-Cig alky! group, X represents a halogen
atom such as, for example, chiorine, bromine, fluorine, iodine, preferably chiorine, nis 1
or 2.
Specific examples of alkyl aluminum compounds containing at least one halogen atom
(as) that may be advantageously used for the purpose of the present invention are: diethyl
alurninum chioride (DEAC), ethy! aluminum dichloride, ethyi aluminum sesquichioride
(EASC), di-isobutyl aluminum chloride (DIBAC), or mixtures thereof. Diethyl aluminum
chioride (DEAC), ethy! aluminum sesquichioride (EASC) are preferred; diethyl aluminum

chioride (DEAC) is particularly preferred.

10
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According to a preferred embodiment of the present invention, the molar ratio between
the aluminum alkyl compound {(a.) and necdymium carboxylate (a1} may be between 1/1
and 30/1, preferably between 1/1 and 10/1.

According to a preferred embodiment of the present invention, the molar ratio between
the halogen present in the alky! aluminum compound containing at least one halogen
atom {as) and neodymium carboxylate (a1) may be between 2.5/1 and 5.5/1, preferably
between 2.8/1 and 5.2/1.

it shouid be noted that the above molar ratio between the halogen present in the
aluminum alkyl compound containing at least one halogen atom (a;) and neodymium
carboxylate (a4}, influences the molecular weight disiribution and makes if possible to
obtain, within the claimed range, random butadiens-isoprene copolymers having a narrow
molecular weight distribution. Outside this range, in fact, the polydispersion index
corresponding to the ratio between the weight average molecular weight (My) and the
numerical average molecular weight (Ms), (i.e. the ratic M./M,), reaches values higher
than 3.2.

According to a preferred embodiment of the present invention, the aluminum compound
containing at least one halogen atom (a:) may be used in such amount that the ratio
between the halogen present in said compound {a:) and the aluminum alkyl compound
{(a2) is between 0.4 and 5, more preferably between 0.5 and 2.0

The abovementioned process may be carried out under adiabatic conditions, or
isothermally.

According to a preferred embodiment of the present invention, said process may be
carried out at a temperature of between 20°C and 150°C, preferably between 40°C and
120°C.

According to a preferred embodiment of the present invention, said process may be

11
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carried out at a pressure of between 1 bar and 10 bar, preferably between 3 barand 7
bar.

As far as copolymerization times are concerned, they vary according o the operating
conditions and in any case, mersly by way of example, during copolymerization
substantially complete conversion of butadiene and isoprene is obtained in a
polymerization time of between 30 minutes and 4 hours.

The process object of the present invention may be carried out either discontinuously
{"batch”), or continuously, preferably continuously.

Genarally, when a batch reactor is used, the desired amount of neodymium carboxylale
{@1) is added lo the mixture formed by the organi vent, monome
isoprene), aluminum alkyl compound {(az), aluminum alky!l compound containing at least
one halogen atom (aa).

Aliernatively, the aluminum containing at least one halogen atom (as) may be added as
the last ingredient in the copolymerization mixture formed by the organic solvent, the
monomers (butadiene + isoprene), neodymium carboxyiate (a1) and the aluminum alkyl
compound {(az).

Preferably, in the processes according to the present invention, neodymium carboxylate
{(a1) is added to the reaction mixture as the last ingredient.

Where a continuous process is used, the neodymium carboxylate (a) is preferably fed
directly into the copolymerization reactor itself, avoiding any contact with the aluminum
alkyl compound (a;} and the aluminum alkyl compound containing at least one halogen
atom {(a3).

in the continuous process, a single copolymerization reactor or several reactors in series
may be used. Preferably, 2 or 3 copolymerization reactors are used in series.

At the end of copolymerization, the butadiene-isoprene copolymer obtained may be

12
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recovered by means of fechniques known in the art. For example, the polymer solution
obtained may be fed to a vessel containing boiling water through the introduction of
steam in order to eliminate the residual reaction solvent and to form a ceagulum that may
be first pressed in a cold calender and then dried completely in a calender with rollers at
80°C to obtain a random butadiene-isoprene copolymer,; aliernatively, the polymer
solution obtained may be fed to a "stripper” to remove residual reaction solvent, and the
random butadiene-isoprene copolymer obtained may then be dried in an oven, under
vacuum, at 40°C-50°C; alternatively, the polymer solution obtained may befed o a
"stripper” to remove residual reaction solvent and the random butadiene-isoprene
copolymer obtained may then be dried by passing through one or more extruders in
serigs: more details may be found in the following examples.
As mentioned above, the random butadiens-isoprene copolymer having a high content of
cis-1,4 units obtained by the abovementioned process is a further object of the present
invention.
Consequently the present invention also relates to a random butadiene-isoprene
copolymer having a high content of ¢is-1,4 units having the following characteristics:
- cis-1,4-butadiene unit content greater than or equal to 92%, preferably between 85
% and 98 %;
- cis-1,4-isoprene unit content greater than or equal to 92%, preferably between 85%
and 99,95%;
- Randomization Index (R.1.) of the isoprene calculated according fo the following
equation:
R.1. = [(Bi+IB)/2}/total moles of bound isoprene
in which Bl and IB are the amounts of butadiene-isoprene and isoprens- butadiene

dyads, respectively, present in the random butadiene-isoprene copolymer having a high

13
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content of ois-1,4 units, of between 0.5 and 1, preferably between 0.6 and 0.9;

- a weight ratio (% by weight} of bound butadiene and bound isoprene of between
98:1 and 40:80. preferably between 80:10 and 45:55;

~ a single glass transition temperature (Tg), an index of the effective randomization of
both comonomers, of between -107°C and -65°C, preferably between -105°C
and -85°C;

- a Mooney viscosity (ML1+4@100°C) of between 30 and 70, preferably between 35
and 65;

- a molecular weight distribution, indicated as the polydispersion index corresponding

to the ratio between the weight average molecular weight (M) and the numerical
average molecular weight (M,), (i.e. the ratio M/M.), of between 2.0 and 3.2.
As mentioned above, the random butadiene-isoprene copolymer having a high content of
cis~1,4 units obtained according to the process object of the present invention, may be
advantageously used in a number of applications ranging from the modification of plastics
ffor example, obtainment of high impact polystyrene (HIPS)], to the production of tires, in
particular the production of tire treads and/or of tire sidewalls.
In addition, as mentioned above, the random butadiene-isoprene copolymer having a
high content of ¢is-1,4 units obtained according to the process object of the present
invention, may also be advantageously used in vuicanizable slastomer compositions.
For example, a random butadiene-isoprene copolymer having a high content of ois-1,4
units may be used in a mixture with at least one filler, such as, for example, sifica and/or
carbon black, as a component of vuicanizable elastomer compositions for preparing tires,
in particular tire treads and/or fire sidewalls.
Therefore, a further object of the present invention is a vulcanizabie elastomer

composition comprising at least one random butadiene-isoprene copolymer having a high

14
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content of ¢is-1,4 units obtained as described above, at least one filler selected from
silica, carbon black, or mixtures thereof, and at least one vulcanizing agent. Preferably,
said filler may be present in said vulcanized elastomer composition in amount of between
5 phr and 500 phr.

Said vulcanizable elastomer composition may include, in addition to said random
butadiene-isoprene copolymer having a high content of ¢is-1,4 units, other elastomer
(co)polymers such as, for example, natural rubber (NR), styrene-butadiene copolymers
(SBR). However, it is preferable that said vulcanizable elastomer composition comprises
from 10% by weight to 65% by weight of said random butadiene-isoprene copolymer
having a high content of cis-1,4 units, with respect to to the total weight of the elastomers
present in said vulcanizable elastomer composition.

For the purpose of the present invention and of the following claims the term "phr” means
the parts by weight of a given component per 100 parts by weight of (co)polymer(s)
present in the vuicanizable elastomer composition.

Said vuicanizing agent may be selected, for example, from soluble or insoluble elemental
sulfur, or sulfur donors, or mixtures thereof.

Sulfur donors are, for example, dimorpholyl disulfide (DTDM), 2-morpholino-
dithiobenzothiazole (MBSS), caprolactam disulfide, dipentamethylenethiuram tetrasulfide
(DPTT), tetramethylthiuram disulfide (TMTD), or mixtures thereof.

If the vulcanizing agent is selected from sulfur or sulfur donors, it may also be
advantageous to use other additives such as, for example, dithiocarbamates, thiurams,
thiazoles, sulfenamides, xanthogenates, guanidine derivatives, caprolactams, thiourea
derivatives or mixtures thereof, in order to increase the vulcanizing yield.

In said vulcanizable elastomer composition, said sulfur, and/or said sulfur donors, and/or

said other additives reported above, if present, are generally present in amount of

15
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between 0.05 phr and 10 phr, preferably between 0.1 phr and 8 phr.

Other compounds may be added (o the vulcanizable elastomer compositions object of the
present invention, such as, for example, salurated or unsaturated organic fatty acids or
their Zinc salts; polyalcohols; amino alcohols {e.g., triethanolamine); amines {e.g.,
dibutylamine, dicyclohexylamine, cyclohexyl-ethylaming}; polvether amines; or mixtures
thereof.

Vulcanization inhibitors such as, for example, M-cyclohexyithiophthalimide (PV1), NN'-
dinitrosopentamethylenetetraming (DNPT), phthalic anhydride (PTA), diphenyl-
nitrosamine, or mixiures thereof, may alsoe be added.

In addition fo the abovementioned vul
reported above, the vulcanizable elastomer composition object of the present invention,
may comprise other additives normally used in vuicanizable slastomer compositions and
known to those skilled in the art such as, for example, other fillers, filler activators, ozone
protective agents, ageing inhibitors, antioxidants, processing aids, extender oils,
plasticizers, reinforcing materials, mould releasing agents.

Cther fillers that may be used for the purpose of the present invention are, for example:
barium sulfate, titanium dioxide, zinc oxide, zinc carbonate, lead oxide, calcium oxide,
calcium carbonate, magnsasium oxide, aluminum oxide, iron oxide, aluminum hydroxide,
magnasium hydroxide, aluminum silicates, diatomaceous earth, tale, kaolin, bentonite,
carbon nanoctubes, Teflon® (preferably in powder form), silicates, or mixtures thereof. The
total amount of fillers is however between 5 phr and 500 phr.

The filler activators that may be used for the purpose of the present invention are, for
example: organic silanes such as, for example, vinyltrimathyioxysilane,
vinyidimetoxymethyisilane, vinyliristhoxysilane, vinyitris-(2-methoxyethoxy)silane, N-

cyclohexyl-3-aminopropyi-trimethoxysilane, 3-aminopropyifrimethoxysilane,

16



WO 2019/229660 PCT/IB2019/054427

methyitrimethoxysilane, methyltriethoxysitane, dimethyldimethoxysilane,
dimethyldiethoxysilane, trimethoxysilane, iscoctyltriethoxysilane,
hexadecyltrimethoxysilane, (octadecyl)-methyldimethoxysilane, or mixtures thereof.
Additional filler activators are, for example, surfactant substances such as
triethanolamine, ethylene glycols, or mixtures thereof. The amount of filler activators is
generally between 0 phr and 10 phr.

Another object of the present invention is also a vulcanized product obtained by
vulcanizing said vulcanizable elastomer composition. This vulcanized product may, for
example, be tire treads or tire sidewalls.

For a better understanding of the present invention and for putting it info practice the
following are some iliustrative but not limiting examples of it.

EXAMPLES

The following characterization and analysis technigues were used.

BC-NMR Analysis - Study of degree of randomization, determination of the content of ¢is-

The signals relating to the butadiene and isoprene dyads (Ii; 1B+BI; BB) can be atiributed
through “C-NMR analysis, as described, for example, in Lobach M. |. et al., "Polymer”
(1977), Vol. 18, Issue 11, p. 1196-1198, in random butadiene-isoprene copolymers
having a high content of ¢is-1,4 units according to the present invention with the
possibility of defining the distribution of the co-monomers along the polymer chain and of
obtaining the monomer composition, also considering the microstructure of said
copolymers in terms of (cis/trans) 1,2- and 1,4-butadiene units and (cis/irans) 3,4- and
1,4-isoprene units.

The abovementioned '*C-NMR analysis was carried out as follows.

Instrumentation
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X7

BRUKER AVANCE-DPX-300 MHz spectrometer;

» Frequencies 300.13 (1H); 75.47 (13C};

» 10 mm H/3C (Proton/Carbon) Dual "Probe” for high temperatures;
»  "BC-Frequency™ 75 MHz.

Acqguisition paramaters:

> Acquisition temperaturs: 79.85 + 90.85°C;

»  Number of points acquired (TD): 64,

A7

Size: 32;

» Line broadening {(LB): 1.2 Hz;

» Speciral window (WY 18000 Hz (240.0 + 0.0

» PULPROG*: "zgig_bilev"; program based on INVGATE;

> CPDPRG2" "waltz16_bilev"; decoupling program;

> Relaxation time (D1} 10 secg;

»  Pulse angle: 90°%;

> N° of scans: 6600 (sin= >750),

» Calculation of the s/n ralio: spectral amplitude from 200 + 10 ppm, automatic noise
calculation between 60 + 50 ppm, calculation of the signal from the reference
peak™ of 27.9 + 27. 3 ppm;

» Data acquisition/processing program: TOPSPIN.

("} Acquisition programme with decoupling to sliminate the NOE (Nuclear Overhauser

Enhancement) effect.

(") Peak assignment in the ®C-NMR spectrum is based on TMS (Tetramethyisilane).

Sample preparation

For this purpose, approximately 250 mg of random butadiene-isoprene copolymer having

a high content of cis-1,4 units to be analyzed, were dissolved in 2 ml of 1,1,2,2-
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tetrachloroethane-d2 (89.5% deuterated solvent - Aldrich), from which oxygen was
previously removed by bubbling nitrogen at reduced pressure (about 15 minutes per 2 mi
of 1,1,2,2-tetrachloroethane-d2) in a 10 mm calibrated glass NMR tube (~12.5% w/v).
The solution obtained was kept in a controlled temperature oven (80°C - 100°C) with
stirring for about 3 - 4 hours to eliminate the formation of concentration gradients, and in
a flow of nitrogen to avoid degradation phenomena.

Spectral assignment

Usually, for a copolymer obtained by the copolymerization of a monomer A and a
monomer B, there are 4 (22) dyads: AA, AB+BA and BB.

Actually, in the case of the random butadiene-isoprene copolymer having a high content
of ¢is-1,4 units according to the present invention, the number of dyads will be higher
because the isoprene unit is not symmetrical due to the presence of methyl, and
consequently the two methyls (i1 and i4) have a different chemical environment: the total
list of actual dyads present in said random butadiene-isoprene copolymer having a high
content of ¢is-1,4 units is shown in Table 1.

Table 2 instead shows the assignment of peaks in the C-NMR spectrum of the random
butadiene-isoprene copolymers having a high content of ¢is-1,4 units according to the

present invention, used for quantitative analysis.

TABLE 1
(Dyads of a butadiene-isoprgne copolymer)
Isoprene dyads 7 11(i4) b}y E4(br}“ 14(i1) 7
Butadiene dyads B(b) | B(i1) | B(i4) -

(Assignment of peaks in the C-NMR spectrum of random butadiene-isoprene

copolymers having a high content of ¢is-1,4 units according to the present invention)
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Signal Description® Integration ranges
{ppm)
A 7 Olefinic CH;, 1,2—brutgdiene units 116 + 113
\\\\\\\\\\\\\\ BAiaphatuc Cﬁg? frans-1 ,4—butad§ene units 3274+ 3264
1 B h(is) dyad o 32.64 + 32.38
2 L 11(0) dyad | %238+3195
S MOdad 2868+28.08
4 : B(i1) dyad 28.08 + 27.82
C, 5 B(b) dyad and aliphatic CH,, 1,2-butadiene 27.82 + 2710
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, B
S 4 dya 26.90+ 26.42
7 ___B(i4)dyad [ 26.42+2578
D CHs c!s—’!,éi-irsrgprene units | 23.79 + 22.95
E ) CHa 3,4-isoprene units ‘19.53 +18.15
F [ CHs trans-1 ,4-Escprene units 7 16.5 “160

("} tetramethylsilane (TMS) reference and 1,1.2,2-tefracloroethane-d2 solvent (89.5%
deuterated solvent).

Determination of Randomization Index (R 13

The Randomization Index (R.1.) was determined as follows.
Given the equivalence of the following dyads:
F(i4) 2 1401); 11(b) = 14(b); BG1) = B(i4)
there is a simplification for calculating the distribution of dyads, which may be
summarized as follows:
= 11(i4)/DEN with the 11(i4) integral of signal 1;

Bi+IB = [I1(b}+ I4{b)}/DEN with the [1(b) and 14(b) integrals respectively of signals 2 and
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3
BB = [B(b)x0.5//DEN with the B(b) integral of signal 5;
in which:
- il and BB are the dyads formed by two identical monomer units (in this case
isoprene and butadiene, respectively);
- Bl and 1B are the dyads formed by two different monomer units (in this case
butadiene and isoprene, and isoprene and butadiene, respectively);
- DEN = [I1(i4) + [1(b)+ 14(b)+ B(b)*0.5].
in random butadiene-isoprene copolymers having a high content of ¢is-1,4 units
according to the present invention there is a higher concentration of (IB+Bl) dyads that
can be used to evaluate the degree of randomization of the chain, while in block
copolymers the percentage of (IB+Bl) dyads decreases and there is an increase in the
percentage of {{ and BB sequences, which dominate.
A Randomization index (R.1.} for the isoprene monomer is then defined according to the
following equation:
R.L = [(BI+IB)/2}/total moles of bound isoprene
Bl and IB have the same meanings as reported above.
In the case of the random butadiene-isoprene copolymer having a high content of ¢is-1,4
units according to the present invention the Randomization Index, as reported above, is
between 0.5 and 1.

Determination of monomer composition by dvads

The monomer compaosition, in terms of total butadiene and isoprene units, in the random
butadiene-isoprene copolymers having a high content of ¢is-1,4 units according to the
present invention in question was obtained according {o the following mathematical

relationships:
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[Pis] % mol = I + 0.5* (IB+BI)

[PBu] % mol = BB + 0.5%(IB+BI)

in which: Pls is polyisoprene; PBu is polybutadiens; i, B, IB and BB, have the same
meanings as above.

Taking into account the molecular weight of each monomer unit it is possible to obtain the
composition in terms of % by weight.

Retermination of the isomer confiqurstion of chain-bound morgmears

Through the identification and integration of the characteristic signais of the {¢is and
frans) 1,4- and 1,2-butadiene units and of the (¢fs and trans) 1,4~ and 3,4-isoprene units,

it is possible to obtain the isomer ratios for both polybutadi nd polyisoprens

utadiene and poly
according to the following eguations.

Polybutadiene:

~ forome = laf (la + Iat+ lo);

- 1,2-butadiene units = f sy 2.8, * PBikoy

- f poist.ame = laf (Ia + I+ Ic);

- cis-1,4-butadiens units = { pust a8 © PBuULE

- f prans.a8u = lof (Ia + s+ Ic);

frans-1,4-butadiens units = { prans.1,48u * PBUwy;

frs which:

- f paui = molar fraction of the i-th isomer unit;

- la = integral relating to the signal of the 1,2-butadiens units;

- I = inlegral relating to the signal of the ¢is-1,4-butadiene units;

~ fc = integral relating to the signal of the frans-1,4-butadiene units;
~ PBu = tofal molar percentage calculated from the dyads.

Polyiscprene:
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- fraass = e/ (lo + et Ir);

- 3,4-isoprens units = f p3a4s * PlSiet

- f pois-1.48u = Iof (Ip + et I5);

- cis-1,4-butadiens units = pgis 1,445 * PlSie

- f prans-1,44s = I (lp + lg+ Ie);

- trans-1,4-isoprene units = { ppans1,44s * Plswoy

in which:

- f mis1 = molar fraction of the i-th isomer unit;

- Ip = infegral relative to the signal of the ¢is-1,4-isoprene units;

Ie = integral relative to the signal of the 3,4-isoprene unils;

- Ir = integral relative o the signal of the frans-1,4-isoprene units;

- Plsit = total molar percentags calculated from the dyads.

Taking into account the molecufar weight of each monomer unit it is possible to oblain
each isomer composition in terms of % by weight.

Determination of molesular weinht distribution (MWD

The molecular weight distribution (MWD of the random butadiene-isoprene copolymers
having a high content of ¢is-1,4 units according to the present invention, from which the
polydispersion index corresponding {o the ratio between the weight average molecular
weight (M) and the numerical average molecular weight (M) is also obtained (i.e. the
Mw/M, ratio}, was determined by gel permeation chromatography analysis {(GPC),
conveniently carried out according to standard method 150 11344:2004, IDT ("Rubber,
raw, synthetic - Determination of the molecular-mass distribution of solution polymers by
gel permeation chromatography™), using polystyrene as standard and applying the
universal calibration method.

Noonsy Viscosily
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Mooney viscosity (ML1+4@100°C) was determined according to ASTM D16846. In
particular, the viscosity of the random butadiene-isoprene copolymers having a high
content of cis-1,4 units according to the present invention was measured at 100°C, with a
wide rotor (L}, preheating for 1 minute and measuring for 4 minutes.

Thermal analysis (OSCh determination of the glass ransition lemperature {Ta)

Thermal analysis (DSC) ("Differential Scanning Calorimetry”) to determine the glass

transition temperature (Tg) of the random butadiene-isoprene copolymers having a high

content of cis-1,4 units according to the present invention, was carried out using a DSC

Q1000 differential scanning calorimeter from TA Instruments.

The following thermal cycle was applied to the samples for this purpose (T = temperature;

v = scanning speed):

- cooling of the sample from T = +25°C to T = -130°C at v = 200°C/min;

- conditioning of the sample from T = -130°C;

- subsequent heating from T = -130°C to T= +100°C at v = 10°C/min (standard scan)
{1st cyols);

~ cooling of the sample from T = +100°C to T = -130°C at v = 200°C/min;

- conditioning of the sample by T = -130°C;

- subseguent heating from T =-130°C to T = +100°C at v = 10°C/min (standard scan)
{2nd cycle).

The glass transition temperature (Tg) was caiculated on the 2nd cycle so as to reset any

thermal history of the sample through the first standard scan (1st cycle).

Example 1 {invention

Preparation of random buladisne-isoprens copolymer {in a batch reactor)

450 g of anhydrous hydrocarbon solvent comprising a mixture of hexanes {(a mixture

comprising 35% by weight with respect to the total weight of the mixture of n-hexane and
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65% by weight with respect to the total weight of the mixture of a mixture comprising
n-hexane isomers, aliphatic compounds and cycloaliphatic compounds from Cepsa) were
loaded into a 1 litre reactor with stirrer and cooling system and heated to 60°C.
Subsequently, 45 g of anhydrous 1,3-butadiene (from Versalis S.p.A.), 5 g of anhydrous
isoprene (from Versalis S.p.A.) (% by weight butadiene:isoprene = 80:10), 0.658 mi
{0.625 mmoi) of a 0.85 M solution of di-isobuty! aluminum hydride (DIBAH) (from Akzo
Nobel) in n-hexane (from Aldrich) (molar ratio DIBAH/Nd = 5), 0.665 ml (0.375 mmol) of a
0.564 M solution of diethyl aluminum chioride (DEAC) (AV/CI molar ratio = 1; from
Albemarle) in n-hexane (from Albemarle) (molar ratio CI/Nd = 3) were added to said
solvent, in that order, and the whole was kept, under stirring, at 60°C, for 25 minutes.
Subsequently, 0.24 mi (0.125 mmol) of a2 0.514 M solution of necdymium versatate
[Nd(versatate)s] [2.5 mmol Nd per 1000 g of monomers (1,3-butadiene + isoprene)] with a
free molar acid/Nd ratio of 0.3 and a molar H,O/Nd ratio of 0.018 (from Rhodia} in
n-hexane {from Aldrich), was added: the whole was kept, under stirring, for 80 minutes.
After 90 minutes the reaction was considered complete and was interrupted. The polymer
solution was extracted from the reactor and a phenclic antioxidant (Irganox® 1520 from
Ciba, in an amount of 0.1% by weight with respect to the total weight of the copolymer
obtained) was added. The polymer solution obtained was then fed to a vessel containing
boiling water through the introduction of steam, and subjected to stirring: in this way the
residual reaction solvent was eliminated, yielding a coagulum. Said coagulum was first
pressed in a cold calendsr and then dried completely in a calender with rollers at 80°C to
obtain a random butadiene-isoprene copolymer.

The random butadiene-isoprene copolymer obtained underwent the characterizations
mentioned above: the data obtained are shown in Table 3.

Example 2 {invention)
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Preparation of randon butadiens-soprens copolymear {in a batch reacton

Example 2 was carried out in the same way as Example 1 with the only difference that 35
g of anhydrous 1,3-butadiene (from Versalis S.p.A.) and 15 g of anhydrous isoprene
{from Versalis S.p.A.) (% by weight butadiene:isoprene = 70:30) were used.

The random butadiene-isoprene copolymer obtained underwent the characterizations
mentioned above: the data obtained are shown in Table 3.

Example & (nvention)

Fraparationof random buladiens-soprene copolymer (in a baich reacton

Example 3 was carried out in the same way as Example 1 with the only difference that 25
g of anhydrous 1,3-butadiene (from Versalis S.p.A.) and 25 g of anhydrous isoprene
(from Versalis 8.p.A.) (% by weight butadiene:isoprene = 50:50) were used.

The random butadiene-isoprene copolymer obtained underwent the characterizations
mentioned above: the data obtained are shown in Table 3.

Example 4 (nvantion)

450 g of anhydrous hydrocarbon solvent comprising a mixture of hexanes (a mixture
comprising 35% by weight with respect to the total weight of the mixture of n-hexane and
65% by weight with respect to the total weight of the mixture of a mixture comprising
n-hexane isomers, aliphatic compounds and cycloaliphatic compounds from Cepsa) were
loaded into a 1 litre reactor with stirrer and cooling system and heated to 60°C.
Subsequently, 35 g of anhydrous 1,3-butadiene {from Versalis S.p.A.}, 15 g of anhydrous
isoprene (from Versalis S.p.A.) (% by weight butadiene:isoprene = 70:30), 0.658 m|
{0.625 mmol) of a 0.12 M solution of di-isobutyl aluminum hydride (DIBAH) (from Akzo
Nobel} in n-hexane {from Aldrich} (molar ratio DIBAH/Nd = 5), 0.887 mi (0.5 mmol) of a

0.564 M solution of diethyl aluminum chioride (DEAC) (AI/CI molar ratio = 1; from
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Albemarle) in n-hexane (from Aldrich) (molar ratioc CI/Nd = 4) were added to said solvent,
in that order, and the whole was kept, under stirring, at 80°C, for 25 minutes.
Subsequently, 0.24 mi (0.125 mmol) of a 0.514 M solution of neodymium versatate
[Nd{versatate)3] [2.5 mmol Nd per 1000 g of monomers (1,3-butadiene + isoprene}] with
a free molar acid/Nd ratio of 0.3 and a molar H20/Nd ratio of 0.018 {from Rhodia} inn
hexane (from Aldrich), was added: the whole was kept, under stirring, for 80 minutes.
After 90 minutes the reaction was considered complefe and was interrupted. The polymer
solution was extracted from the reactor and a phenolic antioxidant (Irganox® 1520 from
Ciba, in an amount of 0.1% by weight with respect to the total weight of the copolymer
obtained) was added. The polymer solution obtained was then fed to a vessal containing
boling water through the introduction of steam, and subjected to stirring: in this way the
residual reaction solvent was eliminated, yielding a coagulum. Said coagulum was first
pressed in a cold calender and then dried completely in a calender with rollers at 86°C to
obtain a random butadiens-isoprene copolymer.

The random butadiene-isoprene copeolymer obtained underwent the characterizations
mentioned above: the data obtained are shown in Table 3.

Exampie 5 {invention)

Preparation of random butadisne-isoprene copolymer {ina balch reacton

Example 5 was carried out in the same way as Example 4 with the only difference that
1.11 mi {0.625 mmol) of a 0.564 M solution of diethyl aluminum chioride (DEAC) (Al/CI
molar ratio = 1; from Albemarle) in n-hexane (from Aldrich) {(molar ratio CI/Nd = 5) was
used.

The random butadiene-isoprene copolymer obtained underwent the characlerizations

mentiocned above: the data obtained are shown in Table 3.

Example 8 {comparative)
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Prepargtion of random buladiense-tsoprans copolymer {in 8 balch reacion)

Example 6 was carried out in the same way as Example 4 with the only difference that
0.443 ml {0.25 mmol) of a 0.564 M solution of diethyl aluminum chioride (DEAC) (AVC
molar ratio = 1; from Albemarie} in n-hexane (from Aldrich) (molar ratio C/Nd = 2) was
used.

The random butadiene-isoprene copolymer obiained underwent the characterizations
mentioned above: the data oblained are shown in Table 3.

Exanple 7 fcomparative)

Preparation of random butadiane-isoprans copolymer {in a batch reacton

1.33 mi (0.75 mmol) of a 0.564 M solution of diethy! aluminum chloride (DEAC) (AVC
maolar ratio = 1; from Albemarle} in n-hexane (from Aldrich) (molar ratic C/Nd = 6) was
used.

The random butadiene-isoprene copolymer oblained underwent the characterizations
mentioned above: the data obtained are shown in Table 3.

Example 8 {comparative)

Fraparation of random butadiens-soprens copolvimer {in 8 batoh reaston)

Example 8 was carried out in the same way as Example 4 with the only difference that
1.55 mi (0.875 mmol) of a 0.564 M solution of diethyl aluminum chicride (DEAC) (AVCH
molar ratio = 1; from Albemarle) in n-hexane (from Aldrich) (molar ratic CI/Nd = 7) was
used.

The random butadiene-isoprene copolymer obtained underwent the characterizations
mentioned above: the data obtained are shown in Table 3.

Example 9 {invention}

Preparation of random butadiene-isoprene copolymer (in a batch reactor)
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450 g of anhydrous hydrocarbon solvent comprising a mixture of hexanes (a mixture
comprising 35% by weight with respect to the iotal weight of the mixiure of n-hexane and
85% by weight with respect to the total weight of the mixture of a mixture comprising
n-hexane isomers, aliphatic compounds and cycloaliphatic compounds from Cepsa} were
loaded into a 1 litre reactor with stirrer and cooling system and heated to 60°C.
Subsequently, 35 g of anhydrous 1,3-butadiene (from Versalis S.p.A.), 15 g of anhydrous
isoprene (from Versalis S.p.A.} (% by weight butadiene:isoprene = 80:10), 0.526 mi (0.5
mmol) of a 0.95 M solution of di isobuty! aluminum hydride (DIBAH) (from Akzo Nobel} in
n-hexane (from Aldrich) {molar ratio DIBAH/Nd = 4), 1.11 mi (0.625 mmol) of a 0.564 M
solution of diethy! aluminum chloride (DEAC) (A/CI molar ratio = 1; from Albemarle) in
n-hexane (from Aldrich) (molar ratio CI/Nd = 5) were added to said solvent, in that order,
and the whole was kept, under stirring, at 60°, for 25 minutes. Subsequently, 0.24 mi
{0.125 mmol) of a 0.514 M solution of neodymium versatate [Nd{versatate})s] [2.5 mmol
Nd per 1000 g of monomers (1,3-butadiene + isoprene)] with a free molar acid/Nd ratio of
0.3 and a molar H>QO/Nd ratio of 0.018 {from Rhodia) in n-hexane (from Aldrich), was
added: the whole was kept, under stirring, for 80 minutes. After 90 minutes, the reaction
was considered complete and was interrupted. The polymer solution was exiracted from
the reactor and a phenolic antioxidant (irganox® 1520 from Ciba, in an amount of 0.1% by
weight with respect to the total weight of the copolymer obtained) was added. The
polymer solution obtained was then fed to a vessel containing boiling water through the
introduction of steam, and subjected to stirring: in this way the residual reaction solvent
was eliminated, yielding a coagulum. Said coagulum was first pressed in a cold calender
and then dried completely in a calender with rollers at 80°C to obtain a random
butadiene-isoprene copolymer.

The random butadiene-isoprene copolymer oblained underwent the characterizations
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mentioned above: the data obtained are shown in Table 3.

Example 10 {comparative)

Praparation of randem butadiens-isoprens copolymer {in 3 batch reagton

450 g of anhydrous hydrocarbon solvent comprising a mixture of hexanes (a mixturs
comprising 35% by weight with respect to the total weight of the mixture of n-hexane and
65% by wsight with respect to the total weight of the mixture of a mixture comprising
n-hexane isomers, aliphatic compounds and cycloaliphatic compounds from Cepsa) were
foaded into a 1 litre reactor with stirrer and cooling system and heated to 60°C.
Subsequently 35 g of anhydrous 1,3-butadiene (from Versalis S.p.A.), 15 g of anhydrous
isoprene (from Versalis S.p.A.) (% by weight butadiene:isoprene = 90:10), 0.526 mi (0.5
mmol) of a 0.95 M solution of di isobutyl aluminum hydride (DIBAH) (from Akzo Nobel) in
n-hexans (from Aldrich} (molar ratic DIBAH/NG = 4), 0.443 mi {0.25 mmol) of 3 0.564 M
solution of diethy! aluminum chioride (DEAC) (AVCH molar ratio = 1; from Albemarle) in
n-hexane (from Aldrich) (molar ratic Cl/Nd = 2) were added to said solvent, in that order,
and the whole was kept, under stirring, at 80°C, for 25 minutes. Subsequently, 0.24 m
{0.125 mmol) of a 0.514 M solution of neodymium versatate [Nd(versatate)s] with a free
versatic acid/Nd molar ratio of 0.3 and a molar HO/Nd ratio of 0.018 (from Rhodia) in
n-hexane (from Aldrich) [2.5 mmol Nd per 1000 g of monomers (1,3-butadiens +
isoprene)], was added: the whole was kept, under stirring, for 90 minutes. After 90
minutes the reaction was considered complete and was interrupted. The polymer solution
was extracted from the reactor and a phenolic antioxidant (Irganox® 1520 from Ciba, in an
amount of 0.1% by weight with respect to the total weight of the copolymer obtained) was
added. The polymer solution obtained was then fed to a vessel containing boiling water
through the introduction of steam, and subjected to stirring: in this way the residual

reaction solvent was eliminated, yielding a coagulum. Said coagulum was first pressed in
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a cold calender and then dried completely in a calender with rollers at 80°C to oblain a
random butadiene-isoprene copolymer.

The random butadiene-isoprene copolymer obtained underwent the characterizations
mentioned above: the data obtained are shown in Table 3.

EXAMPLE 11 {(lnvention}

Praparation of random huladiene-isoprene copehlymer (continuous)

Anhydrous 1,3-butadiene {(from Versalis S.p.A.), anhydrous isoprene {from Versalis
S.p.A.} and anhydrous hydrocarbon solvent comprising a mixiure of hexanes {a mixture
comprising 35% by weight with respect to {o the total weight of the mixture of n-hexane
and 65% by wsight with respect to the total weight of the mixture of a mixture comprising
n-hexane isomers, aliphatic compounds and cycloaliphatic compounds from Cepsa) were
fed to a plant comprising three reactors in series including a primary reactor of 1001, a
secondary reactor of 100 | and a tertiary reactor of 45 | equipped with wall-scraping
stirrers, distilled and further dried by passing through a bed of 3A molecular sieves, in
such ratios that the tota! concentration of the monomers was equal 1o 13% by weight with
respect to the fotal weight of the mixture and the hourly amount of butadiene + isoprene
was equal {0 6 kg/hour with a buladiene:isoprene weight ratio of 80:10: the temperature
of the monomer and soivent mixture obtained was set at a value not exceeding 22°C and
in any event such as {o regulate {together with the amount of steam circulating in the
jackets with which the reactors were provided) a synthesis temperature at the bottom of
the primary reactor which was constant and centred on a value of 80°C. In the same feed
line, a 0.0821 M solution of di-iscbutyl aluminum hydride (DIBAH) (from Akzo Nobel) in
n-hexane {from Aldrich) {DIBAH/Nd molar ratio = 4), a3 1 M solution of diethy! aluminum
chioride (BEAC) (AVCl molar ratio = 1; from Albemarle) in n-hexane (from Aldrich) (Cl/Nd

molar ratio = 4.3), while the 0.0248 M solution of neodymium versatate [Nd(versataie)]
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having a free versatic acid to Nd molar ratio of 0.3 and a molar HxO/Nd ratio of 0.014
{from Rhodia} in n-hexane (from Aldrich) [2.5 mmoles of Nd per 1000 g of monomers
(1,3-butadiene + isoprene)] was separately fed directly into the primary reactor. After the
addition of demineralized water and a phenolic antioxidant (Irganox® 1520 from Ciba,
0.1% by weight with respect fo the total weight of the polymer solution), the polymer
solution from the last polymerization reactor was transferred and stored in stirred
blenders. Subsequently, the polymer solution was fed from said blenders to a stripper to
remove residual reaction solvent and the random butadiene-isoprene copolymer
discharged from the bottom of the stripper underwent a drying stage in an extruder.

The random butadiene-isoprene copolymer obtained underwent the characterizations
mentioned above: the data obtained are shown in Table 3.

EXAMPLE 12 (nvention}

Anhydrous 1,3-butadiene (from Versalis S.p.A.), anhydrous isoprene (from Versalis
S.p.A} and anhydrous hydrocarbon solvent comprising a mixture of hexanes (a mixture
comprising 35% by weight of with respect to the total weight of the mixture of n-hexane
and 65% by weight with respect {o the total weight of the mixture of a mixture comprising
n-hexane isomers, aliphatic compounds and cycloaliphatic compounds from Cepsa) were
fed to a plant comprising three reactors in series including a primary reactor of 1001, 3
secondary reactor of 100 1 and a tertiary reactor of 45 | equipped with wall-scraping
stirrers, distilled and further dried by passing through a bed of 3A molecular sieves, in
such ratios that the total concentration of the monomers was equal to 13% by weight with
respect o the fotal weight of the mixture and the hourly amount of butadiens + isoprene
was equal to 6 kg/hour with a butadiene:isoprene weight ratio of 70:30; the temperature

of the monomer and solvent mixture obtained was set at a value not exceeding 22°C and

32



WO 2019/229660 PCT/IB2019/054427

in any svent such as to regulate (together with the amount of sieam circulating in the
jackets with which the reactors were provided) a synthesis temperature at the bottom of
the primary reactor, which was constant and centred on a value of 80°C. In the same
feed line a 0.0821 M solution of di-isobutyl aluminum hydride (BIBAH) (from Akzo Nobel)
in n-hexane (from Aldrich) {DIBAH/Nd molar ratio = 4), a 0.118 M solution of disthy
aluminum chioride (DEAC) (AVC! molar ratio = 1; from Albemarie) in n-hexane (from
Aldrich} (CI/Nd molar ratio = 4.3}, while the 0.0248 M solution of neodymium versatate
[Nd(versatate)s] having a free versatic acid to Nd molar ratio of 0.3 and a molar HO/Nd
ratio of 0.014 (from Rhodia) in n-hexane (from Aldrich) [2.5 mmoles of Nd per 1000 g of
monomers (1,3-butadiens + isoprene)] was separately fed directly into the primary
reactor. After the addition of demineralized water and a phenolic antioxidant (irganox®
1520 from Ciba, 0.1% by weight with respect to the {otal weight of the polymer solution),
the polymer solution from the last polymerization reactor was transferred and stored in
stirred blenders. Subsequently, the polymer solution was fed from said blenders to a
stripper to remove residual reaction solvent and the random butadiene-isoprens
copolymer discharged from the bottom of the stripper underwent a drying stage in an
extruder.

The random butadiene-isoprene copolymer obiained underwent the characterizations
mentioned above: the data obtained are shown in Table 3.

EXAMPLE 13 {invention)

Preparation of butadiene-isoprena copolymer {tontinucus)

Anhydrous 1,3-butadiene (from Versalis S.p.A.}, anhydrous isoprene (from Versalis
S.p.AL) and anhydrous hydrocarbon solvent comprising a mixture of hexanes {a mixture
comprising 35% by weight with respect to the totai weight of the mixture of n-hexane and

85% by weight with respect o the total weight of the mixiure of a mixiure comprising
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n-hexane isomers, aliphatic compounds and cyclealiphatic compounds from Cepsa) were
fed to a plant comprising three reactors in series including a primary reactor of 1001, a
secondary reactor of 100 | and a tertiary reactor of 45 | equipped with wall-scraping
stirrers, distilled and further dried by passing through a bed of 3A molecular sieves, in
such ratios that the total concentration of the monomers was equal to 13% by weight with
respect to the total weight of the mixture and the hourly amount of butadiene + isoprene
was equal to § kg/hour with a butadiene:isoprene weight ratio of 50:50: the temperature
of the monomer and solvent mixture obtained was set at a value not exceeding 22°C and
in any svent such as to regulate (fogether with the amount of steam circulating in the
jackets with which the reactors were provided) a synthesis temperature at the bottom of
the primary reactor, which was constant and cenired on a value of 80°C. In the same
feed line, a 0.0921 M solution of di-iscbutyl aluminum hydride (DIBAH) (from Akzo Nobel)
in n-hexane {from Aldrich} (DIBAH/Nd molar ratic = 4}, a 0.119 M solution of diethyi
aluminum chioride (DEAC) {(Al/Cl molar ratio = 1; from Albemarle) in n-hexane (from
Aldrich) (CI/Nd molar ratio = 4.3}, while the 0.0248 M solution of neodymium versatate
{Nd{versatate):] having a free versatic acid to Nd molar ratio of 0.3 and a molar H.Q/Nd
ratio of 0.014 {from Rhodia) in n-hexane (from Aldrich} [2.5 mmoles of Nd per 1000 g of
monomers {1,3-buladiens + isoprene)] was separately fed directly into the primary
reactor. The polymer solution from the last polymerization reactor, after the addition of
demineralized water and a phenolic antioxidant (Irganox® 1520 from Ciba, 0.1% by
weight with respect {o the total weight of the polymer solution), was transferred and
stored in stirred blenders. Subsequently, the polymer solution was fed from said blenders
to a stripper to remove residual reaction solvent and the random butadiene-isoprens
copolymer discharged from the bottom of the stripper underwent a drying stage in an

extruder.
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The random butadiens-isoprene copolymer obtained underwent the characterizations
mentioned above: the data obtained are shown in Table 3.

Example 14 (comparative)

Preparation of buladiene-izsoprene copolvmer {canfinuous)

Anhydrous 1,3-butadiene (from Versalis S.p.A.), anhydrous isoprene {from Versalis
S.p.A.) and anhydrous hydrocarbon solvent comgprising a mixture of hexanes (& mixture
comprising 35% by weight with respect o the {otal weight of the mixture of n-hexane and
85% by weight with respect to the total weight of the mixture of a mixture comprising
n-hexane isomers, aliphatic compounds and cycloaliphatic compounds from Cepsa) were
fed to a plant comprising three reactors in series including a primary reactor of 1001, a
secondary reactor of 100 | and a tertiary reactor of 45 | equipped with wall-scraping
stirrers, distilled and further dried by passing through a bed of 3A molecular sieves, in
such ratios that the tolal concentration of the monomers was equal to 13% by weight with
respect to the total weight of the mixture and the hourly amount of butadiene + isoprene
was equal to 6 kg/hour with a butadiene:isoprene weight ratio of 70:30: the temperature
of the monomer and solvent mixture obtained was set at a value not exceeding 22°C and
in any event such as to regulate (together with the amount of steam circulating in the
jackets with which the reactors were provided) a synthesis temperature at the bottom of
the primary reactor, which was constant and centred on a value of 80°C. in the same
feed line, a 0.0921 M solution of di-isobutyl aluminum hydride (DIBAH) (from Akzo Nobel)
in n-hexane (from Aldrich) (DIBAH/Nd molar ratio = 4}, a 0.119 M solution of disthyi
aluminum chioride (DEAC) (AVCI molar ratic = 1; from Albemarie) in n-hexane (from
Aldrich) (C/Nd molar ratio = 4.3), while the 0.0248 M solution of neodymium versatate
[Nd{(versatate)a] having a free versatic acid to Nd molar ratio of 0.3 and a molar HO/Nd

ratic of 0.014 {from Rhodia) in n-hexane (from Aldrich) [2.5 mmoles of Nd per 1000 g of
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monomers (1,3-butadiens + isopreneg)] was separately fed directly info the primary
reactor. After the addition of demineralized water and a phenolic antioxidant (irganox®
1520 from Ciba, 0.1% by weight with respect to the total weight of the polymer solution),
the polymer solution from the last polymerization reacltor was transferred and stored in
stirred blenders. Subsequently, the polymer solution was fed from said blenders (o a
stripper to remove residusl reaction solvent and the random butadiene-isoprene
copolymer discharged from the bottom of the stripper underwent a drying stage in an
exiruder.

The random butadiene-isoprene copolymer obtained underwent the characterizations

mentioned abova: the data obiained are shown in Table 3.
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CLAIMS

1.

A process for the preparation a random butadiene-isoprene copolymer having a
high content of cis-1,4 units comprising copolymerizing butadiene and isoprene in
the presence of at least one organic solvent and of a catalytic system prepared in
situ comprising:

(a1) atleast one neodymium carboxylate which is soluble in said organic solvent,
containing a variable amount of water, the H2O/Nd molar ratio being between
0.001/1 and 0.50/1;

(a2) atleast one aluminum alkyl compound; and

(az) atleast one aluminum alkyl compound containing at least one halogen atom;

in which the molar ratio between the halogen present in the aluminum alkyl

compound containing at least one halogen atom (az) and the neodymium

carboxylate (a1) is between 2.5/1 and 5.5/1.

The process for the preparation of a random butadiene-isoprene copolymer having

a high content of cis-1,4 units according to claim 1, in which said butadiene and

said isoprene are present in a total amount (i.e. butadiene amount + isoprene

amount) between 5% by weight and 40% by weight, preferably between 10% by
weight and 25% by weight, with respect to the total weight of the organic solvent.

The process for the preparation of a random butadiene-isoprene copolymer having

a high content of cis-1,4 units according to claim 1 or 2, in which said organic

solvent is selected from: saturated aliphatic hydrocarbons such as butane, n-

pentane, n-hexane, n-heptane, or mixtures thereof; saturated cycloaliphatic

hydrocarbons such as cyclohexane, cyclopentane, or mixtures thereof; monoolefins
such as 1-butene, 2-butene, or mixtures thereof; halogenated hydrocarbons such

as methylene chloride, chloroform, carbon tetrachloride, trichlorethylene,
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perchlorethylene, 1,2-dichloroethane, chlorobenzene, bromobenzene,
chlorotoluene, or mixtures thereof; preferably, said organic solvent is selected from
saturated aliphatic hydrocarbons, more preferably from: n-hexane; a mixture
comprising 35% by weight with respect to the total weight of the mixture of
n-hexane and 65% by weight with respect to the total weight of the mixture of a
mixture comprising n-hexane isomers, aliphatic compounds and cycloaliphatic
compounds.
The process for the preparation of a random butadiene-isoprene copolymer having
a high content of cis-1,4 units according to any one of the previous claims, in which
said neodymium carboxylate (a1) is neodymium versatate [Nd (versatate)s];
preferably said neodymium versatate [Nd(versatate)s] has a free versatic acid/Nd
molar ratio of less than 2, more preferably less than 0.5.
The process for the preparation of a random butadiene-isoprene copolymer having
a high content of cis-1,4 units according to any one of the previous claims, in which
said neodymium carboxylate is used in an amount of between 0.1 mmoles to 10
mmoles, preferably between 0.5 mmol and 5 mmol, per 1000 g of monomers
(butadiene + isoprene) being polymerized.
The process for the preparation of a random butadiene-isoprene copolymer having
a high content of cis-1,4 units according to any one of the previous claims, in which
said aluminum alkyl compound (a2) is selected from compounds having general
formula (1) or (I1):
AI(R")s (1)

AIH(R": (I1)

in which R" represents a linear or branched C+-C1 alkyl group, preferably from

triethyl aluminum (TEA), tri-isobutyl aluminum, diethyl aluminum hydride, di-isobutyl
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10.

aluminum hydride (DIBAH); more preferably it is di-isobutyl aluminum hydride
(DIBAH).
The process for the preparation of a random butadiene-isoprene copolymer having
a high content of cis-1,4 units according to any one of the previous claims, in which
said alkyl aluminum compound containing at least one halogen atom (as) is
selected from compounds having general formula (l11):

AIXnRZ3., (111)
in which R? represents a linear or branched C1-C1o alkyl group, X represents a
halogen atom such as chlorine, bromine, fluorine, iodine, preferably chlorine, n is 1
or 2; preferably from diethyl aluminum chloride (DEAC), ethyl aluminum
sesquichloride (EASC); more preferably it is diethyl aluminum chloride (DEAC).
The process for the preparation of a random butadiene-isoprene copolymer having
a high content of cis-1,4 units according to any one of the previous claims, in which
the molar ratio between the aluminum alkyl compound (az) and the neodymium
carboxylate (a1) is between 1/1 and 30/1, preferably between 1/1 and 10/1.
The process for the preparation of a random butadiene-isoprene copolymer having
a high content of cis-1,4 units according to any one of the previous claims, in which
the molar ratio between the halogen present in the aluminum alkyl compound
containing at least one halogen atom (az) and the neodymium carboxylate (a1) is
between 2.8/1 and 5.2/1.
The process for the preparation of a random butadiene-isoprene copolymer having
a high content of cis-1,4 units according to any one of the previous claims, in which
the aluminum compound containing at least one halogen atom (as) is used in such
an amount that the ratio between the halogen present in said compound (as) and

the aluminum alkyl compound (a) is between 0.4 and 5, more preferably between
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11.

12.

0.5 and 2.0.

The process for the preparation of a random butadiene-isoprene copolymer having

a high content of cis-1,4 units according to any one of the previous claims, in which

said method is carried out:

- at a temperature of between 20°C and 150°C, preferably between 40°C and
120°C; and/or

- at a pressure of between 1 bar and 10 bar, preferably between 3 bar and 7
bar.

The random butadiene-isoprene copolymer having a high content of cis-1,4 units

having the following characteristics:

- cis-1,4-butadiene units content greater than or equal to 92%;

- cis-1,4-isoprene units content greater than or equal to 92%;

- isoprene randomization index (R.l.) calculated according to the following
equation:

R.l. = [(BI + IB)/2]/total moles of bound isoprene

in which Bl and IB are the amounts of butadiene-isoprene and isoprene-
butadiene dyad, respectively, present in the random butadiene-isoprene
copolymer having a high content of cis-1,4 units, of between 0.5 and 1;

- a weight ratio (% by weight) between bound butadiene and bound isoprene of
between 99:1 and 40:60;

- a single glass transition temperature value (Tg), an indicator of the actual
randomization of both comonomers, of between -107 °C to -65 °C;

- a Mooney viscosity (ML1+ 4@100 °C) of between 30 and 70;

- a molecular weight distribution, indicated as a polydispersion index

corresponding to the ratio between the weight average molecular weight (M)
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13.

14.

and the number average molecular weight (M,) (i.e. the ratio Mw/M») of

between 2.0 and 3.2.

The random butadiene-isoprene copolymer having a high content of cis-1,4 units

according to claim 12, having the following characteristics:

cis-1,4-butadiene units content between 95% and 99%;
cis-1,4-isoprene units content between 95% and 99.95%;
isoprene randomization index (R.l.) calculated according to the following
equation:

R.l. = [(BI + IB)/2]/total moles of bound isoprene
in which Bl and IB are the amounts of butadiene-isoprene and isoprene-
butadiene dyad, respectively, present in the random butadiene-isoprene
copolymer having a high content of cis-1,4 units, of between 0.6 and 0.9;
a weight ratio (% by weight) between bound butadiene and bound isoprene of
between 90:10 and 45:55;
a single glass transition temperature value (Tg), an indicator of the actual
randomization of both comonomers, of between -105 °C and -85 °C;
a Mooney viscosity (ML1+ 4@100 °C) of between 35 and 65;
a molecular weight distribution, indicated as a polydispersion index
corresponding to the ratio between the weight average molecular weight (M)
and the number average molecular weight (M) (i.e. the ratio Mw/M,) of

between 2.0 and 3.2.

A vulcanizable elastomer composition comprising at least one random butadiene-
isoprene copolymer having a high content of cis-1,4 units according to claim 12 or
13, at least one filler selected from silica, carbon black, or mixtures thereof, and at

least one vulcanizing agent.
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15. A vulcanized product obtained from vulcanization of the vulcanizable elastomer

composition according to claim 14.
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