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Polymers Substantially Free of Long Chain Branching
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of Provisional Application Nos.
60/435,061, filed December 20, 2002, 60/464,187, filed April 21, 2003, and
60/479,081, filed June 17, 2003, the disclosures of which are incorporated by

reference.
FIELD OF INVENTION
[0002] The invention relates to new polymerization processes including

diluents including hydrofluorocarbons and their use to produce novel polymers
substantially free of long chain branching. In particular, the invention relates to
copolymers of an isoolefin, preferably isobutylene, and a multiolefin, preferably a

conjugated diene, more preferably isoprene, substantially free of long chain

branching.
BACKGROUND
[0003] I[soolefin polymers are prepared in carbocationic polymerization

processes. Of special importance is butyl rubber which is a copolymer of
isobutylene with a small amount of isoprene. Butyl rubber is made by low
temperature cationic polymerization that generally requires that the isobutylene
have a purity of >99.5 wit% and the isoprene have a purity of >98.0 wt% to

prepare high molecular weight butyl rubber.

[0004] The carbocationic polymerization of isobutylene and its
copolymerization with comonomers like isoprene is mechanistically complex.
See, e.g., Organic Chemistry, SIXTH EDITION, Morrison and Boyd, Prentice-Hall,
1084-1085, Englewood Cliffs, New Jersey 1992, and K. Matyjaszewski, ed,
Cationic Polymerizations, Marcel Dekker, Inc., New York, 1996. The catalyst
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system 1s typically composed of two components: an initiator and a Lewis acid.
Examples of Lewis acids include AICl; and BF3;. Examples of initiators include
Brensted acids such as HCI, RCOOH (wherein R is an alkyl group), and H,O.
During the polymerization process, in what 1s generally referred to as the nitiation
step, 1sobutylene reacts with the Lewis acid/initiator pair to produce a carbenium
ion. Following, additional monomer units add to the formed carbenium ion in
what is generally called the propagation step. These steps typically take place in a
diluent or solvent. Temperature, diluent polarity, and counterions atfect the

chemistry of propagation. Of these, the diluent is typically considered important.

[0005] Industry has generally accepted widespread use of a slurry
polymerization process (to produce butyl rubber, polyisobutylene, etc.) in the
diluent methyl chloride. Typically, the polymerization process extensively uses
methyl chloride at low temperatures, generally lower than -90°C, as the diluent for
the reaction mixture. Methyl chloride 1s employed for a variety of reasons,
including that it dissolves the monomers and aluminum chloride catalyst but not
the polymer product. Methyl chloride also has suitable freezing and boiling points
to permit, respectively, low temperature polymerization and effective separation
from the polymer and unreacted monomers. The slurry polymerization process in
methyl chloride offers a number of additional advantages in that a polymer
concentration of approximately 26% to 37% by volume in the reaction mixture
can be achieved, as opposed to the concentration of only about 8% to 12% in
solution polymerization. = An acceptable relatively low viscosity of the
polymerization mass is obtained enabling the heat of polymerization to be
removed more effectively by surface heat exchange. Slurry polymerization
processes in methyl chloride are used in the production of high molecular weight
polyisobutylene and isobutylene-isoprene butyl rubber polymers. Likewise
polymerizations of isobutylene and para-methylstyrene are also conducted using
methyl chloride. Similarly, star-branched butyl rubber is also produced using

methyl chloride.
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10006} However, there are a number of problems associated with the
polymerization in methyl chloride, for example, the tendency of the polymer
particles in the reactor to agglomerate with each other and to collect on the reactor
wall, heat transfer surfaces, impeller(s), and the agitator(s)/pump(s). The rate of
agglomeration increases rapidly as reaction temperature rises. Agglomerated
particles tend to adhere to and grow and plate-out on all surfaces they contact,
such as reactor discharge lines, as well as any heat transfer equipment being used
to remove the exothermic heat of polymerization, which is critical since low

temperature reaction conditions must be maintained.

[0007] The commercial reactors typically used to make these rubbers are
well mixed vessels of greater than 10 to 30 liters in volume with a high circulation
rate provided by a pump impeller. The polymerization and the pump both
generate heat and, in order to keep the slurry cold, the reaction system needs to
have the ability to remove the heat. An example of such a continuous flow stirred
tank reactor ("CFSTR") is found in U.S. Patent No. 5,417,930, incorporated by
reference, hereinafter referred to in general as a "reactor”" or "butyl reactor". In
these reactors, slurry is circulated through tubes of a heat exchanger by a pump,
while boiling ethylene on the shell side provides cooling, the slurry temperature
being determined by the boiling ethylene temperature, the required heat flux and
the overall resistance to heat transfer. On the slurry side, the heat exchanger
surfaces progressively accumulate polymer, inhibiting heat transfer, which would
tend to cause the slurry temperature to rise. This often limits the practical slurry
concentration that can be used in most reactors from 26 to 37 volume % relative to
the total volume of the slurry, diluent, and unreacted monomers. The subject of
polymer accumulation has been addressed in several patents (such as U.S. Patent
No. 2,534,698, U.S. Patent No. 2,548,415, U.S. Patent No. 2,644,809). However,
these patents have unsatisfactorily addressed the myriad of problems associated
with polymer particle agglomeration for implementing a desired commercial

Process.
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[0008] U.S. Patent No. 2,534,698 discloses, inter alia, a polymerization
process comprising the steps in combination of dispersing a mixture of
1sobutylene and a polyolefin having 4 to 14 carbon atoms per molecule, into a
body of a fluorine substituted aliphatic hydrocarbon containing material without
substantial solution therein, in the proportion of from one-half part to 10 parts of
fluorine substituted aliphatic hydrocarbon having from one to five carbon atoms
per molecule which is liquid at the polymerization temperature and polymerizing
the dispersed mixture of isobutylene and polyolefin having four to fourteen carbon
atoms per molecule at temperatures between -20°C and -164°C by the application
thereto a Friedel-Crafts catalyst. However, '698 teaches that the suitable
fluorocarbons would result in a biphasic system with the monomer, comonomer
and catalyst being substantially insoluble in the fluorocarbon making their use

difficult and unsatisfactory.

[0009] U.S. Patent No. 2,548,415 discloses, inter alia, a continuous
polymerization process for the preparation of a copolymer, the steps comprising
continuously delivering to a polymerization reactors a stream consisting of a
major proportion of isobutylene and a minor proportion i1soprene; diluting the
mixture with from 1/2 volume to 10 volumes of ethylidene difluoride;
copolymerizing the mixture of isobutylene isoprene by the continuous addition to
the reaction mixture of a liquid stream of previously prepared polymerization

catalyst consisting of boron trifluoride in solution in ethylidene difluoride,

maintaining the temperature between -400C and -1030C throughout the entire
copolymerization reaction . . . . '415 teaches the use of boron trifluoride and its
complexes as the Lewis acid catalyst and 1,1-difluoroethane as a preterred
combination. This combination provides a system in which the catalyst, monomer
and comonomer are all soluble and yet still affords a high degree of polymer
insolubility to capture the benefits of reduced reactor fouling. However, boron
trifluoride is not a preferred commercial catalyst for butyl polymers for a variety

of reasons.
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[0010] U.S. Patent No. 2,644,809 teaches, inter alia, a polymerization
process comprising the steps in combination of mixing together a major
proportion of a monoolefin having 4 to 8, inclusive, carbon atoms per molecule,
with a minor proportion of a multiolefin having from 4 to 14, inclusive, carbon
atoms per molecule, and polymerizing the resulting mixture with a dissolved
Friedel-Crafts catalyst, in the presence of from 1 to 10 volumes (computed upon
the mixed olefins) of a liquid selected from the group consisting of
dichlorodifluoromethane, dichloromethane, trichloromonofluormethane,
dichloromonofluormethane, dichlorotetrafluorethane, and mixtures thereof, the
monoolefin and multiolefin being dissolved in said liquid, and carrying out the
polymerization at a temperature between -200C and the freezing point of the
liquid. '809 discloses the utility of chlorofluorocarbons at maintaining ideal slurry
characteristics and minimizing reactor fouling, but teaches the incorporation of
diolefin (i.e. isoprene) by the addition of chlorofluorocarbons (CFC). CFC's are
known to be ozone-depleting chemicals. Governmental regulations, however,
tightly controls the manufacture and distribution of CFC's making these materials

unattractive for commercial operation.

[0011] Additionally, Thaler, W.A., Buckley, Sr., D.J., High Molecular-
Weight, High Unsaturation Copolymers of Isobutylene and Conjugated Dienes,
49(4) Rubber Chemical Technology, 960 (1976), discloses, inter alia, the cationic

slurry polymerization of copolymers of isobutylene with i1soprene (butyl rubber)

and with cyclopentadiene in heptane.

[0012] Therefore, finding alternative diluents or blends of diluents to
create new polymerization systems that would reduce particle agglomeration
and/or reduce the amount of chlorinated hydrocarbons such as methyl chloride 1s
desirable. Such new polymerization systems would reduce particle agglomeration
and reactor fouling without having to compromise process parameters, conditions,
or components and/or without sacrificing productivity/throughput and/or the
ability to produce high molecular weight polymers. Additionally, finding new

polymers associated with the aforementioned processes would help supply the
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world's increasing demand for elastomers and/or also provide for new end use

applications.

[0013] Hydrofluorocarbons (HFC's) are chemicals that are currently used
as environmentally friendly refrigerants because they have a very low (even zero)
ozone depletion potential. Their low ozone depletion potential is thought to be
related to the lack of chlorine. The HFC's also typically have low flammability

particularly as compared to hydrocarbons and chlorinated hydrocarbons.

[0014] Long chain branching is known to influence the solution and
rheological properties of polymers. Isobutylene/isoprene copolymers are known
to possess slight amounts of long chain branching. The degree of long chain
branching generally increases with the level of isoprene in the copolymer.
Because of the direct relationship between branching and isoprene incorporation,
matching the rheological behavior of isobutylene/isoprene copolymers with higher
amounts of isoprene to those with less may not be straightforward. Therefore,
finding a polymerization diluent and/or a polymerization condition that allows for
the preparation of isobutylene/isoprene copolymers substantially free of long
chain branching would improve the ability to match rheological properties of the

copolymers over a broader range of copolymer compositions.

[0015] Other background references include WO 02/3'4794 that discloses a
free radical polymerization process using hydrofluorocarbons. Other background
references include DE 100 61 727 A, WO 02/096964, WO 00/04061, U.S. Patent
No. 5,624,878, U.S. Patent No. 5,527,870, and U.S. Patent No. 3,470,143.

SUMMARY OF THE INVENTION

[0016] The 1vention provides for new polymerization processes
comprising diluents comprising hydrofluorocarbons and their use to produce
novel polymers substantially free of long chain branching or having no long chain

branching. The invention provides copolymers substantially free of long chain
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branching with new and/or improved rheological properties over a broader range

of copolymer compositions than has been possible.

[0017] In particular, the invention provides for copolymers of an 1soolefin,
preferably isobutylene, and a multiolefin, preferably a conjugated diene, more
preferably isoprene, substantially free of long chain branching. Additionally, the
invention provides for copolymers of an isoolefin, preferably isobutylene, and a
multiolefin, preferably a conjugated diene, more preferably isoprene, having no

long chain branching.

[0018] In another aspect of the invention, the invention provides for a
copolymer produced by the process comprising contacting an isoolefin, preferably
isobutylene, a multiolefin, preferably a conjugated diene, more preferably
isoprene, one or more Lewis acid(s), one or more initiator(s), and a diluent
comprising one or more hydrofluorocarbon(s) (HFC's); wherein the copolymer 1s

substantially free of long chain branching or has no long chain branching.

[0019] In an embodiment, the multiolefin, or conjugated diene, or

isoprene, when present, content is from greater than 0.5 mol%.

[0020] In an embodiment, the multiolefin, or conjugated diene, or

isoprene, when present, content is from greater than 1.0 mol%.

[0021] In an embodiment, the multiolefin, or conjugated diene, or

isoprene, when present, content is from greater than 2.5 mol%.

[0022] In an embodiment, the multiolefin, or conjugated diene, or

isoprene, when present, content is from greater than 5.0 mol.

[0023] In the previous embodiments, the copolymer may be halogenated

to form a halogenated copolymer.
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[0024] In the previous embodiment, the halogenated copolymer 1s

halogenated with chlorine or bromine.

[0025] In any of the previous embodiments, the halogen content is greater

than 0.5 wt% based upon the weight of the halogenated copolymer.

[0026] In any of the previous embodiments, the halogen content is from

0.5 wt% to 3.0 wi% based upon the weight of the halogenated copolymer.

[0027] In any of the previous embodiments, the copolymer may have a

Mw of from greater than 50,000.

[0028] In any of the previous embodiments, the copolymer may have a

Mw of from greater than 100,000.

[0029] In any of the previous embodiments, the copolymer may have a

Mw of from greater than 500,000.

[0030] In any of the previous embodiments, the copolymer may have a

Mw of from greater than 1,000,000.

[0031} In any of the previous embodiments, the copolymei‘ may have a
MWD of from greater than 2.

[0032] In any of the previous embodiments, the copolymer may have a
MWD of from 2 to 6.

[0033] In any of the previous embodiments, the copolymer may have a
Mooney viscosity of at least 20+ 5 (ML 1 + 8 at 125°C, ASTM D 1646).

[0034] In any of the previous embodiments, the copolymer may have a
Mooney viscosity of from 20 &+ 5 to 60 =5 (ML 1 + 8 at 125°C, ASTM D 1646).
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[0035] In any of the previous embodiments, the copolymer may have a
g'vis.ave. from greater than or equal to 0.978 as determined by triple detection SEC

(described herein).

[0036] In any of the previous embodiments, the copolymer may have a

g'vis.ave. from greater than or equal to 0.980 as determined by triple detection SEC

(described herein).

[0037] In any of the previous embodiments, the copolymer may have a

g'visave. from greater than or equal to 0.990 as determined by triple detection SEC

(described herein).

[0038] In any of the previous embodiments, the copolymer may have a
g2'vis.ave, from greater than or equal to 0.995 as determined by triple detection SEC

(described herein).

[0039] In any of the previous embodiments, the copolymer may have no

long chain branching.

[0040] This invention also relates to a polymerization process comprising
contacting one or more monomers, one or more Lewis acids and one or more
initiators in the presence of a diluent comprising one or more hydrofluorocarbons

(HFC's) in a reactor under polymerization conditions.

[0041] [n another embodiment, this invention relates to a process to
produce polymers of monomer(s) comprising contacting, in a reactor, the
monomer(s) and a Lewis acid in the presence of a hydrofluorocarbon diluent,
wherein the Lewis acid is not a compound represented by formula MX3;, where M

is a group 13 metal, X is a halogen.
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[0042] In one embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s), one or more

initiator(s), and a diluent comprising one or more hydrotluorocarbon(s) (HFC's).

[0043] In another embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s) and a diluent
comprising one or more hydrofluorocarbon(s) (HFC); wherein the one or more
Lewis acid(s) is not a compound represented by formula MX3, where M 1s a group

13 metal and X 1s a halogen.

DRAWINGS

[0044] Figure 1 is a graph of the relationship between dielectric constant
and temperature.

[0045] Figure 2 is a drawing of diluent mass uptake as a function of

volume fraction of hydrofluorocarbon in methyl chloride.

[0046] Figure 3 is a plot of peak molecular weight (M,) versus monomer

conversion of certain inventive polymers as described herein.

[0047] Figure 4 is a graph of the relationship between the log of the

intrinsic viscosity, the g' value and the log of molecular weight for
polyisobutylene prepared at -95°C (Example 149). Solid lines indicate the

relationship for the linear standard. Dotted lines indicate the relationship ot the

intrinsic viscosity calculated for the sample.

[0048] Figure 5 is a graph of the relationship between the log of the

intrinsic viscosity, the g' value and the log of molecular weight for an

isobutylene/isoprene copolymer prepared in methyl chloride at -95°C (Example
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150). Solid lines indicate the relationship for the linear standard. Dotted lines

indicate the relationship of the intrinsic viscosity calculated for the sample.

[0049] Figure 6 is a graph of the relationship between the log of the

intrinsic viscosity, the g' value and the log of molecular weight for an
isobutylene/isoprene copolymer prepared in CH,FCF3 at -95°C (Example 151).

Solid lines indicate the relationship for the linear standard. Dotted lines indicate

the relationship of the intrinsic viscosity calculated for the sample.
DETAILED DESCRIPTION

10050] Various specific embodiments, versions and examples of the
invention will now be described, including preferred embodiments and definitions
that are adopted herein for purposes of understanding the claimed invention. For
determining infringement, the scope of the “invention” will refer to any one or
more of the appended claims, including their equivalents, and elements or

limitations that are equivalent to those that are recited.

[0051] For purposes of this invention and the claims thereto the term
catalyst system refers to and includes any Lewis acid(s) or other metal
complex(es) (described herein) used to catalyze the polymerization of the olefinic
monomers of the invention, as well as at least one initiator, and optionally other

minor catalyst component(s).

[0052] In one embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s), one or more

initiator(s), and a diluent comprising one or more hydrofluorocarbon(s) (HFC's).

[0053] In another embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the

polymerization medium comprising one or more Lewis acid(s) and a diluent
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comprising one or more hydrofluorocarbon(s) (HFC); wherein the one or more
Lewis acid(s) is not a compound represented by formula MX3, where M 1s a group

13 metal and X 1s a halogen.

[0054] The phrase "suitable to polymerize monomers to form a polymer”
relates to the selection of polymerization conditions and components, well within
the ability of those skilled in the art necessary to obtain the production of a desired
polymer in light of process parameters and component properties described
herein. There are numerous permutations of the polymerization process and
variations in the polymerization components available to produce the desired
polymer attributes.  In preferred embodiments, such polymers include
polyisobutylene homopolymers, isobutylene-isoprene (butyl rubber) copolymers,
isobutylene and para-methylstyrene copolymers, and star-branched butyl rubber

terpolymers.

[0055] Diluent means a diluting or dissolving agent. Diluent 1s
specifically defined to include chemicals that can act as solvents for the Lewis
Acid, other metal complexes as herein described, initiators, monomers or other
additives. In the practice of the invention, the diluent does not alter the general
nature of the components of the polymerization medium, i.e., the components of
the catalyst system, monomers, etc. However, it is recognized that interactions
between the diluent and reactants may occur. In preferred embodiments, the
diluent does not react with the catalyst system components, monomers, etc. to any
appreciable extent. Additionally, the term diluent includes mixtures of at least

two or more diluents.

[0056] A reactor is any container(s) in which a chemical reaction occurs.

[0057] Slurry refers to a volume of diluent comprising monomers that
have precipitated from the diluent, monomers, Lewis acid, and initiator. The
slurry concentration is the volume percent of the partially or completely

precipitated polymers based on the total volume of the slurry.
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[0058] As used herein, the new numbering scheme for the Periodic Table

Groups are used as in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).

[0059] Polymer may be used to refer to homopolymers, copolymers,
interpolymers, terpolymers, etc. Likewise, a copolymer may refer to a polymer

comprising at least two monomers, optionally with other monomers.

[0060] When a polymer is referred to as comprising a monomer, the
monomer is present in the polymer in the polymerized form of the monomer or in
the derivative form the monomer. Likewise, when catalyst components are
described as comprising neutral stable forms of the components, it is well
understood by one skilled in the art, that the ionic form of the component is the

form that reacts with the monomers to produce polymers.

[0061] Isoolefin refers to any olefin monomer having two substitutions on

the same carbon.

[0062] Multiolefin refers to any monomer having two double bonds. In a
preferred embodiment, the multiolefin is any monomer comprising two

conjugated double bonds.

[0063] Elastomer or elastomeric composition, as used herein, refers to any
polymer or composition of polymers consistent with the ASTM D1566 definition.

The terms may be used interchangeably with the term "rubber(s)", as used herein.

[0064] Alkyl refers to a paraffinic hydrocarbon group which may be
derived from an alkane by dropping one or more hydrogens from the formula,

such as, for example, a methyl group (CHz), or an ethyl group (CHzCHy), etc.

[0065] Aryl refers to a hydrocarbon group that forms a ring structure

characteristic of aromatic compounds such as, for example, benzene, naphthalene,
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phenanthrene, anthracene, etc., and typically possess alternate double bonding
("unsaturation") within its structure. An aryl group is thus a group derived from
an aromatic compound by dropping one or more hydrogens from the formula such

as, for example, phenyl, or CeHs.

[0066] Substituted refers to at least one hydrogen group by at least one
substituent selected from, for example, halogen (chlorine, bromine, fluorine, or
iodine), amino, nitro, sulfoxy (sulfonate or alkyl sulfonate), thiol, alkylthiol, and
hydroxy; alkyl, straight or branched chain having 1 to 20 carbon atoms which
includes methyl, ethyl, propyl, tert-butyl, isopropyl, isobutyl, etc.; alkoxy, straight
or branched chain alkoxy having 1 to 20 carbon atoms, and includes, for example,
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, secondary butoxy,
tertiary butoxy, pentyloxy, isopentyloxy, hexyloxy, heptryloxy, octyloxy,
nonyloxy, and decyloxy; haloalkyl, which means straight or branched chain alkyl
having 1 to 20 carbon atoms which is substituted by at least one halogen, and
includes, for example, chloromethyl, bromomethyl, fluoromethyl, 1odomethyl, 2-
chloroethyl, 2-bromoethyl, 2-fluoroethyl, 3-chloropropyl, 3-bromopropyl, 3-
fluoropropyl, 4-chlorobutyl, 4-fluorobutyl, dichloromethyl, dibromomethyl,
difluoromethyl, diiodomethyl, 2,2-dichloroethyl, 2,2-dibromomethyl, 2,2-
difluoroethyl, 3,3-dichloropropyl, 3,3-difluoropropyl, 4,4-dichlorobutyl, 4,4-
difluorobutyl, trichloromethyl, 4,4-difluorobutyl, trichloromethyl, trifluoromethyl,
2.2 2-trifluoroethyl, 2,3,3-trifluoropropyl, 1,1,2,2-tetrafluoroethyl, and 2,2,3,3-
tetrafluoropropyl. Thus, for example, a "substituted styrenic unit" includes p-

methylstyrene, p-ethylstyrene, etc.

[0067] In one embodiment, this invention relates to the use of
hydrofluorocarbon(s) or blends of hydrofluorocarbon(s) with hydrocarbon(s)
and/or chlorinated hydrocarbon(s) to produce a polymer slurry which is less prone
to fouling (i.e., also observed more glass like, less sticky particles in the reaction
vessel with reduced adherence to the walls of the vessel or to the stirring 1impeller
as well as reduced particle to particle agglomeration). More particularly, this

invention relates to the use of hydrofluorocarbon diluent(s) or HFC diluent blends
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with hydrocarbons and/or chlorinated hydrocarbon blends to polymerize and
copolymerize isooletins with dienes and/or alkylstyrenes to produce isoolefin
homopolymers and copolymers with significantly reduced reactor fouling.
Further, this invention relates to the use of hydrofluorocarbon diluent(s) or diluent
blends with hydrocarbons and/or chlorinated hydrocarbon blends to polymerize
and copolymerize isoolefins with dienes to produce 1soolefin copolymers with
significantly reduced reactor fouling and hence longer run life for the reactors, as

compared to conventional systems.

[0068] In another embodiment, the hydrofluorocarbons are used in a
tubular reactor to obtain reduced polymer accumulation on the heat transfer tubes

and/or reduce polymer accumulation on the impeller and thus obtain longer run
life.

[0069] In another embodiment, the hydrofluorocarbons are used in a
tubular reactor at higher temperatures to produce polymers at much greater run
lengths (such as greater than 15 hours, preferably greater than 20 hours, preterably
greater than 30 hours, more preferably greater than 48 hours than possible with

other halogenated hydrocarbons.

[0070] In another embodiment the hydrofluorocarbons are used in an
autorefrigerated boiling-pool reactor where heat is removed by evaporation of the
diluent and monomers mixture to reduce reactor wall fouling, and

agitator/impeller fouling among other things.

[0071] In another preferred embodiment the hydrofluorocarbons are used
in a polymerization process to obtain higher molecular weights at the same

temperature than when other halogenated hydrocarbons are used.

[0072] In one embodiment, this invention relates to the discovery of new
polymerization systems using diluents containing hydrofluorocarbons. These

diluents effectively dissolve the selected catalyst system and monomers but are
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relatively poor solvents for the polymer product. Polymerization systems using
these diluents are less prone to fouling due to the agglomeration of polymer
particles to each other and their depositing on polymerization hardware. In
addition, this invention further relates to the use of these diluents 1n
polymerization systems for the preparation of high molecular weight polymers
and copolymers at equivalent to or higher than to those polymerization

temperatures using solely chlorinated hydrocarbon diluents such as methyl
chloride.

[0073] In another embodiment, this invention relates to the discovery of
new polymerization systems using fluorinated aliphatic hydrocarbons capable of
dissolving the catalyst system. These polymerization systems are also beneficial
for isoolefin slurry polymerization and production of a polymer slurry that 1s less
prone to fouling, while permitting dissolution of monomer, comonomer and the
commercially preferred alkylaluminum halide catalysts. In addition, this
invention further relates to the use of these diluents for the preparation of high
molecular weight polymers and copolymers at higher polymerization temperatures
as compared to polymerization systems using solely chlorinated hydrocarbon

diluents such as methyl chloride.
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