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The present invention relates to graft
copolymers. More particularly, the present invention
relates to graft copolymers including a substantially
saturated elastomeric backbone and a thermoplasﬁic
polymer grafted thereto. Still more particularly, the
present invention relates to the use of graft copolymers
to compatibilize blends of polymers. Still more
particularly, the present invention relates to
compatibilizing blends of relatively saturated
elastomeric polymers with higher Tg thermoplastic
polymers by use of graft copolymer compatibilizers.
BACKGROUND OF THE INVENTION

It is well known to blend low Tg elastomers
with more brittle thermoplastic polymers .with higher Tg,
to yield blends with improved toughness and impact
strength, lower brittleness temperatures, and
improvements in other properties. The desired improved
properties are only obtained by achieving a fine
dispersion of the elastomer in the thermoplastic
polymers.

Relatively saturated elastomeric polymers,
such as butyl rubber, which is a copolymer primarily
comprising isobutylene with a small percentage of
isoprene, have been found to have a number of highly
desirable physical properties in such blends. These
include low air permeability, relatively low dlass
transition temperatures, broad damping peaks, excellent
environmental aging resistance, and other such properties
which render these polymers of commercial significance in
blends with thermoplastic polymers. '

However, some difficulties have been encountered with the
use of these polymers. Most particularly, such low
unsaturated rubber compounds as polyisobutylene copolymers
are highly incompatible with most other polymers, and most
particularly with thermoplastic compounds. Therefore,
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in the face of this incompatibility it has been quite
difficult to apply such low unsaturated elastomeric
compounds to other fields, particularly in the area of
polymer blends. ,

The poor compatibility of these elastomers
with most other polymers is even evidenced in their use
in tire production where weak adhesion between these
elastomers and other more unsaturated elastomeric
compounds has created problems in the use of these
blends for tire production and the like.

Furthermore, similar problems have resulted
from attempts to blend these low unsaturated elastomeric
compounds with thermoplastic polymers, for much the same
reasons, i.e., the relative incompatibility of these two
types of polymeric compositions.

It has been known for some time that blends of
incompatible polymers of this type can be improved in
some cases by adding a suitable compatibilizer so as to
alter the morphology of these blends. More
particularly, to be successful it is necessary to reduce
the domain sizes for both of the polymers in the blend.

It is known in some instances, for example, to
use block copolymers as compatibilizers in such
situations. For example, several studies have shown
attempts to compatibilize rubber-rubber blends of
polyisoprene and polybutadiene by using diblock
materials composed of these two materials. See R. Cohen
et al Macromoleculeg 15, 370, 1982; Macromolecules 12,
131, 1979; J. Polvm. Sci., Polvym. Phys. , 18, 2148,
1980; J. Macromol Sci.-Phvs. Bl17 (4), 625, 1980. Most
of these block copolymers have been previously produced
by sequential anionic polymerization processes, which
are thus limited to a relatively small number of
monomers. It is also known to compatibilize other
blends, such as rubber-plastic blends of ethylene-
propylene rubber with polypropylene, by using graft
copolymers of these two materials. See A. Y. Coran et
al, U.S. Patent No. 4,299,931, as well as co-pending



WO 91/04995 -3 -

10

15

20

25

30

35

PCT/US89/05246

commonly assigned applications Serial Nos. 07/264,484 and
07/264,485, filed on October 28, 1988.

In general, a number of the technigues
required to produce these graft copolymers are
inefficient, many resulting in ill-defined products, due
to gel formation, backbone degradation, the formation of
hemopolymers, etc.

various techniques have also been taught for
producing graft polymers onto polyisobutylene through
various routes, including cationic, radical and anionic
polymerization technigques. (See J. P. Kennedy et al,

J. Appl. Polvm. Sci.; Appl. Polym. Symp. 30 (1977):

J. Macromol. Sci., Chem. A3, 861 (1969);: Adv. Polvm. Sci.

14, 1 (1974).) The reference includes articles directed
to thermoplastic grafts (at pages 1, 13, 51, 119, 165 and
179) and rubber grafts (at pages 1, 19 and 141). The

thermoplastic grafts disclose polyisobutylene grafts from
a thermoplastic backbone polymer, primarily PVC. In one
article (at page 119) there is disclosed polystyrene
grafted from a chlorinated butyl backbone initiator;
homopolymer polystyrene is also produced in such a system.
The reference grafted products were not thoroughly
characterized and included the presence of h’omc'polym'ery and
gel. Furthermore, the copolymer composition of the
present invention differs significantly from all of those
taught in the reference and also results in uniformiy
grafted products. Since polyisobutylene chains are
essentially inert to vulcanization, they also differ
reactively from the copolymer of the present invenftion.
Finally, the products are not taught to be used as
compatibilizers.

It has also been known to employ anionic
grafting from polydienes by metallating the polymer with
an alkyl lithium and tetramethylethylenediamine' (TMEDA) or
putyllithium/alkali metal hydroxide. (See A. W. Halasaa
et al, J. Poly. Sci., Part Al, 9, 139 (1971); and J.

Polvm. Sci., Chem. Ed. 14, 497 (1976).) Anionic
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Polvm. Sci.. Chem. Ed. 14, 497 (1976).) Anionic
grafting-onto reactions which involve coupling an
electrophilic functional group onto the backbone polymer
chain with z preformed polymer chain containing a
nucleophilic end have also been known. For example, the
literature discusses the electrophilic polymers ‘including
halogenated poly(isobutylene-co-isoprene), polybutadiene

and EPDM. (See B. W. Brooks, Sci. Pa B5, 641
(1967); and Y. Minoura et al, J. Polym. Sci. Part Al s,
2773 (1968).)

SUMMARY OF THE INVENTION

In accordance with the present invention,
novel graft copolymers have now been discovered which are
extremely useful in their own right, ranging from
elastomeric to thermoplastic polymer compositions, and
which are also particularly useful in compatibilizing
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certain rubber-plastic polymer blends, most particularly
blends of low unsaturated elastomers, such as butyl
rubbers, with thermoplastic compositiong having a
relatively high glass transition or melting temperature.

Most particularly in accordance with this
invention, it has been found that the preparation of an
electrophile which comprises a copolymer of iscolefins
having from 4 to 7 carbon atoms with'haldéenated para-
alkylstyrene is extremely important in obtaining the
graft copolymers of the present invention which are
useful both as polymers themselves and as such
compatibilizers. By doing so it is then possible to
produce the graft copolymers by a graft-onto reaction.
Most particularly, in accordance with the present
invention, graft copolymers hav‘ been discovorcd
comprising

Felftid

R-C-H R-C-X R-C-Nu
R’ R’ R’

wherein R and R' are independently selected from the
group consisting of hydrogen, alkyl, and the primary and
secondary alkyl halides. Furthermore, in this formula,
the combination of a + b + ¢ + d represents the
empirical formula for a substantially random graft
copolymer (the wavy lines indicate elements of a random
polymer structure based on the indicated moieties),
where a ranges from about 14 to 70,000, b ranges from O
to about 70,000, ¢ ranges from 0 to about 70,000,
d ranges from about 1 to 70,000, X ccmpriseé a halogen,
and Nu comprises a monofunctional polymeric nucleophile
having a molecular weight of at least about 1,000 and
being sufficiently nucleophilic such that said
nucleophile is capable of donating elect:ons to benzyl
halides, thereby displacing the halogen from the benzyl
halide.
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In accordance with a preferred embodiment of

the present invention, Nu comprises

(II) Nu=y ~-P

wherein y comprises a linked nucleophilic residue and
P comprises a thermoplastic polymer. The nucleophilic
residue can also be derived from M(y-P) where M comprises
an alkali or alkaline earth metal or onium ion, such as
tetraalkylammonium, preferably tetramethylammonium or
tetrabutylammonium.

In a preferred embodiment the linked
nucleophilic residue (y) can be:

] o
-C-0-; -§=; =0-; -?-; -N-; ~®y-;
R, %
wherein R,, Rys Ryr, and R,1+ can be hydrogen,
aryl or alkyl.

In this manner, by using a graft-onto
reaction scheme the graft copolymers of Formula (I) above
can then be produced, and more particularly this can be
accomplished in a manner using a monofunctional
nucleophile so as to minimize gel formation and other
indicia of inefficient grafting which have generally
resulted from repeating side reactions taking place
therein.

In accordance with another embodiment of the
present invention, graft copolymers are provided of

(a) an electrophile comprising a
copolymer of an isoolefin having from 4 to 7 carbon atoms
and a para-alkylstyrene having the formula
(III) H

«fvv\é = CHy

N
F

R - ? - X
RI
wherein X is a halogen and R and R' are independently
selected from the group consisting of hydrogen, alkyl,
and primary and secondary alkyl halides, and
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(b) a polymeric nucleophile having a
molecular weight of at least about 1,000 and being
sufficiently nucleophilic such that said nucleophile is
capable of donating electrons to benzyl halides, thereby
displacing the halogen from the benzyl halide.

In accordance with another embodiment of the
present invention, there is pfov’ided a method for
compatibilizing a polymer blend of (a)' a first polymer
including repeating units of the farnﬁla(

R
(IV) ‘\«vvCHz - C'vvvvv

Rz ,
wherein R, and R, are each hydrogen, ~alkyl, or aryl,
and (b) a second polymer which is incompatible with the
first polymer, which includes adding to said polymer
blend a compatibilizer comprisinc a graft copolymer

comprising

R-C-H R-C X R-c-Nu
RY R’ R’

wherein R and R’ are independently selected from the
group consisting of hydrogen, alkyl, and the primary and
secondary alkyl halides, and in which the combination of
a + b + ¢ + d represents the empirical formula of a
substantially random graft copolymer, where a ranges from
about 14 to 70,000, b ranges from 0 to about 70,000, c
ranges from 0 to about 70,000, d ranges from about 1 to
70,000, X comprises a halogen, and Nu comprises a
nucleophilic residue provided by a polymeric nucleophile
having a molecular weight of at least about 1,000 and
being sufficiently nucleophilic such that said
nucleophile is capable of donating electrons to benzyl:
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halides, theresby displacing the halogen from the benzyl
halide.
B SCR 9]

The present invention is most particularly
based upon a specific class of graft copolymers which
have a wide range of properties, and which are also
extremely useful in the compatibilization of certain
pelymer Dblends. Most particularly, these graft
copolymers can be formed with high graft-on efficiency,
and for this reason the resulting copolymers are
completely soluble in common organic solvents. Thus, it
has been fcund possible to prepare these relatively
well-defined graft copolymers, which include covalent
bonds between the two homopolymers with no detectable
homopolymers and gel particles. Thus, when using these
graft copolyﬁers as compatibilizers, it has been found
that they can serve as emulsifiers at the interface
between the two polymer domains, thus greatly changing
the morphology of these blends. Thus, the macro phase
separation between the two incompatible copolymers is
altered and the phase size can be dramatically reduced.
For example, thermoplastic domain sizes as small as
about 5 nm are possible. ,

The specific graft copolymers which have been
produced in accordance with this invention are most
particularly graft copolymers of polyiscbutylene.
However, the specific type of electrophile which forms a
basis for these graft copolymers is a copolymer of an
isocolefin having from 4 to 7 carbon atoms and a para-
alkylstyrene having the formula

?

(III)
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wherein X is a halogen and R and R’ are independently
selected from the group consisting of hydrogen, alkyl,
and primary and secondary alkylzha;ides. It has thus
been discovered that these electrbphileg jcan ‘now be
readily used in a nucleophilic substitution reaction
having the form

H , H
| |
A - CHz‘V"M Al - CHZW
r/’ l -+ MTTX
X NNy —— ' |

R-;Q_/ R -C - Nu
R/ ll!’

with an appropriate nucleophile to produce the g%aft
copolymers hereof. These nuclaophil&d {Nu) have the
form Nu = y - P and can also be derived from M(y - P)
wherein M is a metal ion, such as an alkali, or
alkaline earth metal (e.g., sodium, potassium, lithium
or magnesium) or an onium ion, such as
tetramethylammonium, and P is a thermoplastic polymer
which is available as:

(2a) The family of anionically polymerizable
monomers which include, but are not limited to, vinyl
aromatic compounds such as styrene, alpha-methylstyrene,
para-methylstyrene, vinyl toluene and its isomers; vinyl
unsaturated amides, such as acrylamide, methacrylamide,
N,Ndialkylacrylamides; acenaphthylene; 9-acfylcarpazdle;
acrylonitrile and methacrylonitrile; organic
isocyanates; alkyl acrylates and methacrylates,
including methyl and tert-butyl acrylates and
methacrylates; vinyl pyridines; copolymers with monomers
which do not homopolymerize, such as
1,1-diphenylethylene; and random and block copolymers of
the above thermoplastic forming monomers andrlow levels
of conjugated diene monomers including isoprene and
butadiene. Other such anionically polymerizable
monomers are disclosed in Macromolecular Reviews,
Volume 2, pages 74-83, Interscience Publishers, Inc.
(1967), entitled "Monomers Pclyncrized.by Anionic
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Symposium Series 166, page 60, American Chemical Society
(1981), as noted above and incorporated by reference
herein;

(b) The family of monomers which undergo
anionic or cationic ring opening polymerizations, which
includes cyclic ethers, cyclic sulfides, lactones,
lactams, N-carboxyanhydrides, and ring opening
copolymerizations, such as the copolymerization of
ethylene oxide with succinic anhydride;

(c) The family of monomers which undergo
oxidative coupling, which is substantially composed of
alkyl substituted phenols; and

(4) The polyolefin family, primarily
polypropylene and high propylene content copolymers,
which are reacted with maleic or himic anhydride and a
radical generator.

In addition, y is the linked nucleophilic
residue, in which the nucleophilic functionality has the
form

] R

-C-0-; =S=-; =0=; =C-; =N=-; =-®N-;

Ry Ry
wherein Ry, Ry, Ry, and Ry are independently
selected from the group consisting of hydrogen, aryl and
alkyl. The nucleophilic residue can also be derived from
M(y-P) where M comprises a metal ion or onium ion, such
as tetraalkylammonium, preferably tetramethylammonium or
tetrabu.tylammonium, and grafting said nucleophile onto

said electrophile.

The polymeric electrophile used for producing
the graft copolymers of this invention are, as stated
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above, copolymers of isoolefins having from 4 to 7 carbon
atoms and para-alkylstyrene compounds of Formula I(III)
above. These copolymers can be produced in a manner such
as that set forth in U.S. Patent Application sSerial No.
5 07/199,665, filed on May 27, 1988. The isoolefin
(isobutylene) and para=-alkylstyrene can be readily
copolymerized under cationic conditions. This
polymerization can be carried out by means of a Lewis
Acid catalyst. Suitable Lewis Acid catalysts (including
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Friedel-Crafts catalysts) for this copolymerization step
thus include those which show good polymerization
activity with a minimum tendency to promote alkylation
transfer and side reactions which can lead to branching
and the production of cross-links resulting in gel-
containing polymers with inferior properties. The
preferred catalysts are Lewis Acids based on metals from
Group IIIa, IV and V of the Periodic Table of the
Elements, including boron, aluminum, gallium, indium,
titanium, zirconium, tin, vanadium, arsenic, antimony,
and bismuth. The Group IIIa Lewis Acids have the
general formula RyMX,, wherein M is a Group IIIa metal,
R is a monovalent hydrocarbon radical selected from the
group consisting of C, to C,p alkyl, aryl, alkylaryl,
arylalkyl and cycloalkyl radicals; m is a number from 0
to 3; X is a halogen independently selected from the
group consisting of fluorine, chlorine, bromine, and
iodine; and the sum of m and n is equal to 3.
Nonlimiting examples include aluminum chloride, aluminum
bromide, boron trifluoride, boron trichloride, ethyl
aluminum dichloride (EtAlClz), diethyl aluminum chloride'
(Et,AlCl), ethyl aluminum sesquichloride (Et, gAlCl, 5),
trimethyl aluminum, and triethyl aluminum. The Group IV
Lewis Acids have the general formula MX,, wherein M is a
Group IV metal and X is a ligand, preferably a halogen.
Nonlimiting examples include titanium tetrachloride,
zirconium tetrachloride, or tin tetrachloride. The
Group V Lewis Acids have the general formula MX,,,
wherein M is a Group V metal, X is a ligand, preferably
a halogen, and y is an integer from 3 to 5. Nonlimiting
examples include vanadium tetrachloride and antimony
pentafluoride.

The preferred Lewis Acid catalysts may be used
singly or in combination with co-catalysts such as
Bronsted Acids, such as anhydrous HF or HCl, or alkyl
halides, such as benzyl chloride or tertiary butyl
chloride. In particular, the most preferred catalysts
are those which can be classified as the weaker
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alkylation catalysts, and these are thus the weaker
Lewis Acids from among the catalysts set forth above.
These most preferred catalysts, such as ethyl,aluminum
dichloride and preferably mixtures of eth?l aluminum
dichloride with diethyl aluminum chloride, are not the
catalysts that are normally preferred for use in
conventional alkylation reactions, since again in the
present case there is a strong desire to minimize side
reactions, such as the indanyl ring formation which
would be more 1likely to occur with those catalysts
normally used to promote conventional alkylation
reactions. The amount of such catalysts employed will
depend on the desired molecular weight and the desired
molecular weight distribution of the copolymer being
produced, but will generally range from about 20 ppm to
1 wt. %, and preferably from about 0.001 to 0.2 wt.'%,
based upon the total amount of monomer to be polymerized
therein. )
Suitable diluents for the monomers, catalyst
components and polymeric reaction products include the
general group of aliphatic and aromatic hydrocarbons,
used singly or in admixture, and Cy to Cg halodénated
hydrocarbons used in admixture with hydrocarbon diluents
in an amount up to about 100% by volume of the total
diluent fed to the reaction zone. 'Typieally, when the
monomers are soluble in the selected diluent the
catalyst may not necessarily also be soluble therein.
These polymerization processes can be carried
out in the form of a slurry of polymer formed in the
diluents employed, or as a homogeneous solution process.
The use of a slurry process is, however, preferred,
since in that case lower viscosity mixtures are produced
in the reactor, and slurry concentrations of up to 40
wt. % of polymer are possible. . At ‘higher slurry
concentrations it is possible to operate a more
efficient process in which it is necessary to recycle
less of the reactants and diluent for each unit of
polymer produced. For instance, at 33% slurry
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concentration it is only necessary to recycle two units
of unreacted reactants and diluent for each unit of
polymer. In any event, the amount of diluent fed to the
reaction zone should ke sufficient to maintain the
concentration of polymer in the effluent leaving the
reaction zone below about 60 wt. %, and preferably
between the range of about 5 and 35 wt. %, depending
upon the process being used and the molecular weight of
polymer being produced. Too high a concentration of
polymer is generally undesirable for several reasons,
including poor temperature control, rapid reactor
fouling, and the production of gel. Polymer
concentrations which are too high will raise the
viscosity in the reactor and require excessive power
input to insure adequate mixing and the maintenance of
effective heat transfer. Such inadequate mixing and
loss of heat transfer efficiency can thus result in
localized high monomer concentrations and hot spots in
the reactor which can in turn cause fouling of reactor

surfaces. However, the prior art tendency for gel
production at higher polymer concentrations when
producing diene-functional butyl rubbers (e.qg.,
isobutylene-isoprene copolymer) is substantially

eliminated with para-methylstyrene as the Ffunctional
monomer. In any event, typical examples of the diluents
which may be used alone or in admixture include propane,
butane, pentane, cyclopentane, hexane, toluene, heptane,
isooctane, etc., and various halohydrocarbon sclvents
which are particularly advantageous herein, including
methylene chloride, chloroform, carbon tetrachloride,
methyl chloride, with methyl chloride being particularly
preferred.

It should also be noted that with any
particular monomers (for example, iscbutylene and para-
methylstyrene), as the compositional distribution of the
feed is altered therebetween, in order to maintain
either a slurry or solution polymerization it can be
necessary to change the diluents employed, depending
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upon the effect on the solubility of the copolymer in
the diluent as the ratio of the monomers utilized
therein is altered. , o y

In general, these polymerizationfreacticﬁé are
carried out by admixing the para-alkylstyrene and
isobutylene, the catalyst (such as ,5 Lewis Acid
catalyst) and diluent in a copolymerlzatlon reactor,
with thorough mixing, and under . copolymerlzatlon
conditions, including temperatures of at least less than
about 0°'C, in the case of lower molecular weight
polymers, and providing a means of removing the heat of
polymerization in order to maintain a desired reactor
temperature. In particular, the polymerization may be
carried out wunder batch conditions of cationic
polymerization, such as in an inert gas atmosphere and
the substantial absence of moisture. Preferably the
polymerization is carried out continuously in a typical
continuous polymerization process uéing a baffled tank-
type reactor fitted with an efficient agitation means,
such as a turbo-mixer or propeller, and draft-tube,
external cooling jacket and internal cooling coils or
other means of removing the héat,‘of polymerization,
inlet pipes for monomers, catalysts and diluéhts,
temperature sensing means and an effluent overflow td‘a
holding drum or quench tank. The reactor must be ppfgéd
of air and moisture and charged with dry, purified
solvent or a mixture of solvents prior to introducing
monomers and catalyst. '

Reactors which are typically used in butyl
rubber polymerizations are generally suitable for use in
the polymerization reactions of the pregént invention.
These reactors are basically large héatﬁgxchangefs in
which the reactor contents are rapidly circulated
through rows of heat exchange tubes whlch are surrounded
by boiling ethylene so as to remove the heat of
polymerization, and then through a centra;idraft tube by
means of an efficient marine-type impe;iq;. Catilyét
and monomers are introduced contingouélg into the

i
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reactor and mixed by the pump, and reactor effluent then
overflows into a steam-heated flash tank. Heat of
polymerization can also be removed by a pump-éround loop
in which the reactor contents are continuously
circulated through an external heat exchanger in such a
pump~around loop.

When conducting a slurry polymerization
process the reactor is generally maintained at
temperatures of between about -85 and -115*C, and
preferably between about -89 and -9s°C. Solution
polymerizations and cement suspension polymerizations
can be run at much warmer temperatures, such as about
-40°C, depending on the copolymer molecular weight
desired and the particular catalyst system used.
Therefore, an  acceptable solution polymerization
temperature range is about -35°C to about -100°C, and
preferably about -40°C to about -80°C.

The overall residence time can vary, depending
upon, e.g., catalyst activity and concentration, monomer
concentration, reaction temperature, and desired
molecular weight, and generally will be between about
one minute and five hours, and preferably between about
10 and 60 minutes.

Since the reactor does gradually foul with
polymer in the slurry polymerization process, however,
it does generally become necessary to periodically
remove the reactor from production for cleaning. It is
thus most important that the fouling polymer be soluble,
so that the reactor can be cleaned by solvent washing
and then returned to service. Any deposition of
insoluble “gel” polymer in the reactor would be
unacceptable, since it would render solvent washing
ineffective, and necessitate the use of elaborate and
expensive reactor cleaning procedures. This necessity
to avoid the deposition of a polymer 7”gel” in the
reactor is one of the limitations on the amount of diene
which can be used in making butyl rubbers, (e.qg.,
isobutylene-isoprene copolymer).
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Use of too much diene produces such a ”gel,”
which renders reactor cleaning difficult, as well as
degrading product quality. Crosslinking to produce such
a gel occurs more readily in the precipitited polymer
phase, where the chains are in far more intimate contact
than in the diluent phase, where the chains are
separated by diluent molecules. Such crosslinking
occurs most readily in polymer film precipitated on the
reactor surfaces, since these films remain in contact
with the active catalyst during the entire
polymerization run. This tendency to form “gel” is a
consequence of the reactivity, under polYmerization
conditions (in the presence of active catalyst) of the
olefinic double bond produced in the butyl polymer
backbone by incorperation of the diene. It is also this
very same double bond which provides the functionality
necessary for vulcanization of the product butyl
rubbers. One of the major advantages of copolymerizing
para-methylstyrene instead of a diene with isobutylene
is that no olefinic unsaturation is introduced into the
polymer backbone during such polymerization. Therefore,
no such gel is produced, even at very high para-
methylstyrene incorporation levels. It is ﬁhuS‘pcssible
to produce isobutylene/para-methylstyrene copolymers
over the entire composition range without r”gel'
production and without depositing ”gel” in the reactor
to a degree which renders cleaning difficult. 1In the
case of para-methylstyrene as the comonomer the cross-=
linkable active functionality is not introduced
thereinto until the copolymer is functionalized, e.g.,
halogenated, in a subsequent post-polymerization step.
Therefore, this active functionality is not pr;sent
during polymerization, and cross-linking and gel
formation are not encountered at any para-methylstyrene
level.

Another advantage of the wuse of para-
methylstyrene as a comonomer with isobutylene, again as
compared to dienes typically used in butyl rubber, is
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that its reactivity is very similar to that of
isobutylene over a broad range of polymerization
conditions (i.e., r; is approximately 1 for
isobutylene/para-methylstyrene). Therefore,
substantially truly random copolymers are produced with
the polymer ccmposition being essentially the same as
feed composition, independent of conversion. The
commonly used dienes, on the other hand, are much less
reactive than isobutylene (i.e., ry, ~ 2.5 + 0.5 for
isobutylene/isoprene copolymers and ry, ~ 115 + 15 for
isobutylene/butadiene copolymers, where ry is the
reactivity of the isobutylene with itself as compared to
isobutylene with the comonomer) so that the copolymer is
much leaner in the diene than in the feed, and the
polymer composition therefore changes with conversion.
Furthermore, copolymer molecular weight is depressed far
more in the case of the dienes than with
para-methylstyrene, so that it is therefore necessary to
operate at higher steady-state monomer levels (i.e.,
lower conversions) in order to achieve high molecular
weight copolymers, and this, coupled with the low
reactivity of the diene, means even lower conversion of
the diene, hence necessitating the far more costly and
difficult recovery and recycle discussed above. As
discussed above, the diene level must also be limited to
avoid the formation of "gel." The use of
para-methylstyrene as a comonomer with isobutylene thus
permits high molecular weight copolymers to be produced,
at high conversion of both monomers, over the entire
composition range, with polymer composition directly
determined by feed composition, rather than also being a
function of conversion and other variables, as is the
case when dienes are used as the comonomers.

While the above-described advantage of slurry
polymerization in enabling high polymer concentration to
be handled at low viscosity, and hence with good heat
transfer, has already been cited, and is the reason a
slurry process is usually preferred, these copolymers
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