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POLYMER BLEND COMPATIBILIZATION USING
ISOBUTYLENE-BASED BLOCK COPOLYMERS

FIELD OF THE INVENTION
The present invention relates to compatibilized blends comprising high

and low unsaturation elastomers.

BACKGROUND

Vulcanizates based on blends of little-or-no-olefinic-unsaturation
elastomers with more highly unsaturated elastomers are of interest in the rubber
industry primarily because of their special properties, e.g.. superior resistance to
ozone degradation and consequent cracking, mmproved resistance to chemical
attack, 1mproved temperature stability and unique dynamic response. These
blends permit synergy between the individual elastomers, yielding composite
blend property combinations unattainable 1n the individual elastomers. But these
desirable properties occur only when an intimate homogeneous blend of the
elastomers with phase sizes of less than 5 microns, generally 1 micron or less, is
produced and maintained in the blend, and a satisfactory intertacial adhesion level
1s achieved.

Unfortunately, 1t 1s generally known that most polymers are not
compatible with one another unless specific, favorable interactions are present,
because the favorable entropy of mixing 1s too small to overcome the unfavorable
enthalpy of mixing, making mixing disfavored. Blends produced by normal
techniques are grossly inhomogeneous with phase sizes many microns In
diameter. This gross incompatibility of the individual polymers with a consequent
inability to produce and maintain desired homogeneous, fine phase sizes 1s
particularly evident when the individual polymers differ considerably in solubility
parameters. That is the case when low unsaturation elastomers are blended with
the more highly unsaturated elastomers.

Another problem with saturated-unsaturated elastomer mixtures is that.
even 1f high-shear mixing produces intimate dispersions, afterwards the mixtures

phase-separate mnto blends thal are grossly inhomogeneous with the individual

PCT/US01/31620
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phase sizes many microns in diameter. These grossly inhomogeneous blends
oenerally have very poor property combinations, usually much worse than the
individual polymers, rather than displaying the desired property combinations that
come from intimate homogeneous blends with phase sizes less than 5 microns.
generally 1 micron or less.

One approach towards compatibilizations of non-compatible polymers i1s
to blend in a block copolymer that contains one chain segment derived from
monomers compatible with a blend polymer and another chain segment derived
from monomers compatible with another blend polymer. For example, EP
691378A discloses polymer blends comprising a polycarbonate resin and
polyisobutylene that are compatibilized by including a minor amount of a
polycarbonate-polyisobutylene block copolymer in the blend composition. In
addition, U.S. Patent No. 5,741,859 discloses block copolymers of
polyisobutylene and polydimethylsiloxane and suggests their use as
compatibilizers.

Di, tr1 and radial block copolymers containing polyisobutylene and poly(p-

chlorostyrene) are disclosed as compatibilizers by Kennedy et al. 1n

Polym.Mater.Sc1.Eng., 63, p 371-375, 1990.

Polymer blends comprising a mixture of an 1sobutylene polymer and a
more highly unsaturated elastomer such as polybutadiene or polyisoprene are
potentially ozone resistant, chemical resistant, air tight, and temperature stable as
described above. But isobutylene polymers such as polyisobutylene, copolymers
of isobutylene with isoprene (butyl rubber), copol);mers of isobutylene with a
para-alkylstyrene, and their halogenated versions are not compatible with more
highly unsaturated elastomers such as polymers based on conjugated diene
monomers. In the absence of specific, strong chemical interactions, these
dissimilar polymers have a positive free energy of mixing and hence are
thermodynamically incompatible because the heat of mixing 1s usually positive
and the entropy gained upon mixing these dissimilar polymeric molecules 1s
small. The result i1s high interfacial tension and poor adhesion between the two
blend phases and weak blend mechanical properties due to the lack of a highly

structured morphology. The present invention 1s directed towards an improved

PCT/US01/31620
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blend of high and low unsaturation elastomers by the incorporation of a block

copolymer.

SUMMARY

The invention provides a compatibilized polymer blend comprising:

(a) an isobutylene polymer selected from polyisobutylene, random
copolymers of isobutylene with up to 10 weight % isoprene, halogenated random
copolymers of isobutylene with up to 10 weight % isoprene, random copolymers
of isobutylene with up to 20 weight % of a para-alkylstyrene, halogenated random
copolymers of isobutylene and up to 20 weight % of a para-alkylstyrene and their
mixtures:

(b) at least one olefinically unsaturated diene polymer; and

(¢) a compatibilizer for components (a) and (b) comprising a block
copolymer of at least one recurring polyisobutylene segment and at least one
recurring segment comprising a Cy-to-C¢ alkyl-ring-substituted styrene or ring-
substituted alpha-methylstyrene.

Some compatibilizers comprise a di, tri or radial block copolymer of
polyisobutylene and para-tertiary-butylstyrene (tbS).

The invention also provides for co-vulcanized elastomer compositions

based on these blends.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a plot of tensile stress-strain measurements of polymer blends
prepared in the examples;

Figure 2 is a plot of dynamic thermal mechanical measurements of one
polymer blend prepared in the examples: and

Figure 3 is another plot of dynamic thermal mechanical measurements of

another polymer blend prepared in the examples.

PCT/US01/31620
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DETAILED DESCRIPTION

The compatibilizer copolymers useful in accordance with this invention

are block copolymers containing at least one polymer chain segment derived from
a Cy-to-Cg-alkyl-substituted styrene or alpha-methylstyrene and at least one

polymer chain segment derived from isobutylene. These materials may comprise
S-1B-S or 1B-S-1B triblock copolymers, S-iB diblock copolymers, (S-iB),
multiblock copolymers, graft copolymers of poly S or a poly iB backbone, or

star-branched polymers containing poly S and poly iB segments, in which iB is
1sobutylene and S 1s a C4-to-Cg-alkyl-substituted styrene or alpha-methylstyrene.

For the purposes of this invention, all of these materials will be referred to as
block-graft copolymers.
The styrenic part of the block-graft copolymer comprises one or a mixture

of styrene or alpha-methylstyrenes that are ring-substituted at the ortho, meta, or
para position with a linear or branched, Cy to C¢ alkyl group. Some embodiments

select the styrenic monomer as para-t-butylstyrene.

Some invention block copolymers have a GPC number average molecular
weight in the range of 10,000 to 500,000, others 50,000 to 200,000. In some
embodiments. the styrenic monomer segment(s) comprise at least 10 weight % of
the copolymer and the balance of the polymer comprises isobutylene segments.
Some embodiments select block-graft copolymers as S-1B-S or iB-S-iB tri-block
copolymers containing 10-50 weight % of the styrenic block copolymer segments.
Other embodiments select the copolymers similarly with between 10 and 30
welght % of the styrenic block copolymer segments.

These block-graft copolymers are well known in the art and can be
prepared by living, carbocationic, sequential polymerization using a catalyst
comprising a tertiary alkyl halide. a tertiary aralkyl halide, or a polymeric halide
initiator and a methyl aluminum or methyl boron compound containing co-
initiator. Polymerization 1s conducted in a suitable solvent as is known in the art
such as anhydrous methylene chloride, hexane. or mixed solvents. Typical

polymerization temperatures are below -30°C. Some embodiments select the
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polymerization temperature to be below -60°C. These polymerization methods
are more completely disclosed in U.S. Patent Nos. 4,946,899, 5,506,316 and
5,451,647.

Invention polymer blends are characterized as having at least two
components: an olefinically unsaturated diene polymer component and an
1sobutylene component. The unsaturated diene component includes elastomeric
conjugated diene (diolefin) polymers such as polybutadiene, natural rubber,
synthetic polyisoprene, copolymers of butadiene with up to 40 weight % of
styrene or acrylonitrile, polychloroprene, and their mixtures. Some embodiments
select the olefinically unsaturated component as polybutadiene or polyisoprene.
The unsaturated polymer may also be non-elastomeric and may include liquid-to-
waxy polybutadiene or butadiene copolymers having a number average molecular
welght 1n the range of 300 up to 10,000.

The isobutylene polymer blend component includes polyisobutylene,
random copolymers of isobutylene with up to 10 weight % of isoprene (butyl
rubber), chlorinated or brominated butyl rubber containing from 0.3 to 3 weight %
halogen, random isobutylene copolymers with up to 20 weight %, and up to 14
weight % of para-alkylstyrene such as para-methylstyrene (PMS) and chlorinated
or brominated iIBPMS copolymers containing from 0.1 to 10 mol% of
halomethylstyrene groups. For halogenated 1IBPMS, the halogen 1s present as
benzylic halogen on the polymer molecules. The iBPMS and halogenated iIBPMS
copolymers are more particularly described in U.S. Patent No. 5,162,445,

[nventor blends generally contain the isobutylene polymer and oletinically
unsaturated polymer at 95-5 parts by weight of isobutylene polymer per 5-95 parts
by weight of unsaturated polymer, respectively. Some inventor blends generally
contain the isobutylene polymer and olefinically unsaturated polymer at 50-10
parts by weight of isobutylene polymer per 10-50 parts by weight ol unsaturated
polymer, respectively. The block-graft copolymer additive may be present at
between 2 to 20 weight %. although some embodiments select this additive at
between 3 to 15 weight %. based on the blend polymer content.

[t 1s surprising that the block-graft copolymers containing polyisobutylene

and poly(p-tertiary-butylstyrene) segments will compatibilize blends containing

PCT/US01/31620
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highly unsaturated elastomers such as polybutadiene or polyisoprene, because the
block-graft copolymer does not contain a diene polymer segment. It Is
unexpected that the styrenic polymer segments serve to compatibilize such
elastomeric dienes.

The block-graft copolymers may contain from 10 to 90 weight % of the
styrenic polymer segments, or from 10 to 50 weight % of the styrenic polymer
segments, with the balance being polyisobutylene segments. For triblock block-
oraft copolymers, the styrenic segments may torm the outer blocks (5-1B-S) the
inner block 1B-S-1B. In blends containing high 1sobutylene polymer amounts, e.g.
greater than 65 weight %, 1B-S-iB type block-graft copolymers can serve as
compatibilizers. In blends containing higher unsaturated diene polymer levels,
e.g. greater than 65 weight %, S-1B-S type block-graft copolymers can serve as
compatibilizers. Some block-graft copolymer embodiments contain styrenic
polymer segments having a GPC number average molecular weight of at least
5,000, some from 10,000 to 50,000, and some trom 10,000 to 30,000.

[nvention blend composition can be vulcanized and shaped to form useful
articles such as tire sidewalls, tire treads, tire carcasses, tire linings, hoses, belts,
mechanical goods, and similar articles.

Suitable vulcanizing or cross-linking methods include exposing the
composition to high energy radiation (ultra violet, electron-beam, or gamma) or
adding a suitable peroxide or accelerated sulfur vulcanizing system into the
composition.

Examples of suitable peroxides include dialkyl peroxides, ketal peroxides,
aralkylperoxides, peroxyethers, and peroxyesters. Some embodiments restrict
peroxides to di-cumylperoxide, di-tert-butylperoxide, benzoyl peroxide. tert-
butylperbenzoate, and similar known free radical generators. The quantity of
peroxide generally ranges from 1 to 10 parts by weight, although some
embodiments select peroxide at 1.5 to 6 parts by weight per 100 parts by weight of
curable polymer.

Accelerated sulfur vulcanization systems that function as curatives in the
present invention include sulfur or mixtures of sulfur and sulfur-containing

accelerators and/or phenol-formaldehyde resins. Suitable accelerators include

PCT/US01/31620
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benzothiazyl disulfide, N-oxydiethylene benzothiazole-2-sulfenamide, 2-
mercaptobenzothiazole, alkyl phenol disulfides, alkylthiuram sulfides. m-
phenylenebismaleimide, N,N’-diarylguanidines, dialkyl and diaryl-
dithiocarbamates, and similar materials.

Suitable dialkyldithiocarbamates include the dialkyldithiocarbamates of
zinc, bismuth, cadmium, copper, lead, selenium, and tellurium in which the alkyl
group contains from 1 to 5 carbon atoms, piperidinium
pentamethylenedithiocarbamate, and their mixtures.

Suitable diaryldithiocarbamates include the diaryldithiocarbamates of zinc,
bismuth, cadmium, copper, lead, selenium, tellurium, and their mixtures.

Suitable alkylthiuram sulfides include dipentamethylene thiuram
tetrasulfide,  tetrabutylthiuram  disulfide,  tetraethylthiuram  disulfide,
tetramethylthiuram monosulfide, tetrabenzylthiuram disulfide, and their mixtures.

Sulfur and wvulcanization accelerators are normally added to the
composition at 0.5 to 8 parts by weight based on 100 parts by weight of curable
elastomer. The accelerated sulfur curing system 1s sometimes used as a cocurative
In curing systems also containing zinc oxide, or an equivalent, as an auxiliary
curative agent. Zinc oxide 1s normally used in such systems at 0.2 to 7 parts by
welght per 100 parts by weight of elastomer.

The elastomer composition may also contain other additives such as scorch
retarders, lubricants, fillers, plasticizers, tackifiers, coloring agents, blowing
agents, and antioxidants, provided that these do not prevent with curing.

Examples of fillers include inorganic fillers such as reinforcing grade
carbon black, silica, calcium carbonate, talc, and clay, and organic fillers such as
high-styrene resin, coumarone-indene resin, phenolic resin, lignin, modified
melamine resins, and petroleum resins.

Examples of lubricants include petroleum-type lubricants such as oils,
solid and liquid paraflfins, coal-tar-type lubricants such as coal tar and coal tar
pitch; waxes such as beeswax. carnauba wax, and lanolin; and synthetic polymeric

substances such as petroleum resins.

PCT/US01/31620
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Examples of plasticizers include hydrocarbon oils, e.g., paraffin, aromatic,
and naphthenic oils, phthalic acid esters, adipic acid esters, sebacic acid esters,
and similar plasticizers.

Examples of tackifiers are petroleum resins, coumarone-indene resins,
terpene-phenol resins, and xylene/formaldehyde resins.

Examples of coloring agents are inorganic and organic pigments.

Examples of blowing agents are sodium bicarbonate, ammonium
carbonate, N-N’-dinitrosopenta-methylenetetramine, azocarbonamide,
azobisisobutyronitrile, benzenesulfonyl hydrazide, toluenesulfonyl hydrazide, p-
toluenesulfonyl azide, urea, and the like.

The vulcanizable composition may be prepared and blended using solvent
blending or any suitable melt-mixing device such as an Internal mixer
(Braebender Plasticorder), a Banbury Mixer, an extruder, a mill mixer, a kneader,
or a similar mixing device. Blending temperatures and times in these melt-mixing
devices may range from 100°C to 200°C and from 1 to 15 minutes, respectively.
Sometimes the polymer components are subjected to high shear or extensional
mixing to form an intimate homogeneous blend having a dispersed phase with a
phase size of less than 5 microns. Some embodiments prepare the phase size less

than 2 microns.

EXAMPLES

The following examples 1llustrate the invention.

The block copolymer used in Examples 1 and 2 was synthesized via living

carbocationic polymerization using an aluminum-based initiator. Values of
weight % (Wt %), end block, and number-average molecular weight, M,,, of this

triblock copolymer are shown:

Designation Wt % End Block Mpx 1 0~

12tbS-80iB-12tbS  23% tbS 12-80-12



[0

WO 02/32994

CA 02423816 2003-03-25

_9_

where tbS 1s tertiary-butylstyrene and iB is isobutylene. As an example,
the 1sobutylene-based polymer used in this invention was a poly(isobutylene-co-4-

methylstyrene), abbreviated by PIMS. This copolymer contains 96.25 mol%
1sobutylene and 3.75 mol% PMS. GPC M, and M,, are 173.000 and 479.000.

respectively. Two diene polymers were used. Budene® 1207 (Goodyear Tire and
Rubber Company, Akron OH) is a polybutadiene containing approximately 98%
cis-1,4 content, and Natsyn® 2200 1207 (Goodyear Tire and Rubber Company,
Akron OH) is a polyisoprene containing 92% (minimum) cis-1,4 content. Four
blends were prepared by mixing in toluene followed by extensive drying in a
vacuum oven:

Examples 1 and 2 (Ex. 1 and Ex. 2) in Table 1 (numbers expressed in parts
by weight) are blends containing the block copolymer compatibilizer and control

examples 1 and 2 (Cont. 1 and Cont. 2) do not.

PCT/US01/31620

Table 1
- i Ex.1 | Ex.2 | Cont. 1 Cont. 2

PIMS 7.27 727 | 8 | 8

Budene® 1207 7.27 - 8 | -
Naisyn® 2200 -~ 707 : 3 “
| tbS-iB-tbS | 145 [ 145 ] - i

[rganox® 1010 'i 0.16 | 0.16 ! 0.16 ; 0.16

Strain at break, % - - 2700 3500 1400 | 2800

Max. Stress near Break, psi | 18 _i 10 ‘ 10 7

where Irganox 1010 is a stabilizer (Ciba Gelgy).

Tensile stress-strain measurements were performed on these four blends
using micro-dumbbell specimens at a tesi temperature of 25°C and an Instron
cross-head speed of 2”/min (ASTM D-1708). As shown by Figure 1, the
incorporation of tbS-iB-tbS into PIMS/Budene® 1207 and PIMS/Natsyn® 2200
blends increases the strain at break and the maximum stress near the break point.
Dynamic thermal mechanical measurements using 1 Hz frequency and 2°C/min

heating rate were also performed on these four blends to determine how thS-iB-
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tbS affects the phase behavior. These measurements are known to those skilled 1n
the art and commonly used. Figures 2 and 3 show the loss tangent (o) as a
function of temperature for the PIMS/Budene® 1207 blend and the
PIMS/Natsyn® 2200 blend, respectively. The block copolymer forms a diffused
interface between PIMS and the diene polymer as indicated by the increased loss
tangent values between the two loss tangent peaks (Figure 2) or by a narrowing of
the loss tangent peak (Figure 3).

Additional blends having the composition shown in Table 2 (numbers
expressed in parts by weight) were prepared by melt blending. Several 25/75 by
weight blends of PIMS/Budene® 1207 and PIMS/Natsyn® 2200 with and without
12TBS-80iB-12TBS were prepared. This blending was carried out 1n a
Braebender mixer at a temperature of 180°C and a rotor speed of 60 rpm for 10
minutes. Each composition in Table 2 was compression-molded at 180°C for 30
minutes to make pads of thickness 0.08”. Tensile stress-strain measurements were
performed on these molded pads (stored under ambient conditions for 24 hours
prior to tests). Micro-dumbbell specimens were used (test temperature 25°C;
Instron cross-head speed 2”°/minute, using ASTM D1708).

The morphological change of the blends due to the block copolymer was
also studied by atomic force microscopy (AFM) measurements. All specimens
were AFM analyzed within 8 hours after cryofacing to prevent specimen
relaxation. During cryofacing, the specimens were cooled to -150°C and cut with
diamond knives in a cryogenic microtome. They were then warmed to ambient
temperature in a dessicator under flowing dry nitrogen to avoid atmospheric
moisture condensation. Finally, the faced specimens were mounted in a miniature
steel vise for AFM analysis. The AFM measurements were performed in air using
a rectangular, Si cantilever. AFM phase images of all specimens were processed
and measured to compute sizes and shapes of dispersed phases.

As shown in Table 2, incorporating tbS-iB-tbS polymer in the
PIMS/Budene® 1207 blend (Ex. 3) increases the strain at break and the maximum
stress near the break point over the control composition 3. Incorporating tbS-1B-
tbS in the PIMS/Natsyn® 2200 blend (Ex. 4) increases the strain at break over the

control composition 4.

PCT/US01/31620
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- [ Cont. 3 l Cont.4 | Ex.3 | Ex.d
PIMS T 64 [ 364 |
Budene 1207 12 | e 10.91 i |
Natsyn 2200 ; - 12 | - | 1091 ||
ibf-iB-tbSm ‘ - i | 1.45 |; 1.45
; Irganox 1010 - 0.16 0.16 | 0.16 | 0.16
Strain at Break, % 395 510 | 560 | 640
- Max. Stress near Break, psi 30 i -2 64 | 2
D,, um 1.53 |  0.57 0.83 0.25 F
D.,. um " 2.17 0.91 | 1.24 0.32
D,, um ﬁ 2.70 1.15 |i“ 1.59 0.40 |
Dy, um h 3.03 | 128 | 1.86 0.46
F 0.80 0.82 0.74 0.71
Dy, = equivalent number-average diameterli o
Dy = equivalent weight-average diameter
D, = equivalent area-average diameter
Dy = equivalent volume-average diameter ﬁ
F = form factor = 47(area)/(perimeter)”, a measure of surface irregularities:; a

smaller F means a higher degree of surface irregularities
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Using AFM measurements and image analysis (Photoshop® 5.0, Adobe

Systems, Inc.), the PIMS minor phase was characterized by various average
diameters, D,,, Dy, D,, and D,. The compatilizing effect of tbS-1B-tbS on the
PIMS/Budene® 1207 and PIMS/Natsyn® 2200 blends in reducing the size of the

PIMS minor phase is obvious based on the Table 2 data. Also, in the presence of
tbS-iB-tbS, the PIMS phase size is reduced more in the PIMS/Natsyn® 2200
blend than in the PIMS/Budene® 1207 blend. This is consistent with the
observation that the tbS homopolymer is more compatible with polyisoprene than
with polybutadiene. The observed form factor lowering in both blends containing
tbS-iB-tbS reflects more non-spherical and higher-surface-area PIMS domains.
This increase in domain surface area per unit volume indicates a steric
stabilization to retard PIMS phase coalescence and/or a reduction in interfacial

tension in these blends due to the presence of tbS-iB-tbS compatibilizer.
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What is claimed is:

A compatibilized polymer blend comprising:

a) an 1sobutylene polymer selected from the polyisobutylene,
random copolymers of isobutylene with up to 10 weight % isoprene,
halogenated random copolymers of isobutylene with up to 10 weight %
tsoprene, random copolymers of isobutylene with up to 20 weight % of a
para-alkylstyrene, halogenated random copolymers of isobutylene and up
to 20 weight % of a para-alkylstyrene and their mixtures:

b) at least one olefinically unsaturated diene polymer; and

¢) a compatibilizer for components (a) and (b) comprising a block-
graft copolymer of at least one recurring polyisobutylene segment and at

least one recurring segment comprising a C4-to-Cg.alkyl-ring-substituted

styrene or ring-substituted alpha-methylstyrene.

The composition of claim 1 wherein the compatibilizer comprises a

copolymer of 1sobutylene and para-t-butylstyrene.

The composition of claim 2 wherein the compatibilizer comprises a tbS-iB
diblock copolymer or a tbS-iB-tbS or iB-tbS-iB triblock copolymer having
a GPC number average molecular weight of 10,000 to 500,000 and that

contains at least 10 weight % of para-t-butylstyrene.

The composition of claim 1 wherein the components (a) and (b) are

present at 95-5 parts by weight of (a) per 5-95 parts by weight of (b).

The composition of claim 4 wherein the compatibilizer is present in the

composition at 2 to 20 weight % based on the blend polymer content.

The composition of claim 3 wherein the compatibilizer is a tbS-iB diblock

or tbS-iB-tbS triblock copolymer having a GPC number average molecular
welght of from 50.000 to 200.000.
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The composition of claim 1 wherein the 1sobutylene polymer (a) comprises

a copolymer of isobutylene and para-methylstyrene.

The composition of claim 7 wherein the isobutylene polymer (a) 1s a
halogenated copolymer of isobutylene and para-methylstyrene containing

benzylic chlorine or bromine.

The composition of claim 1 wherein the olefinically unsaturated diene
polymer 1s an elastomer selected from polybutadiene, synthetic
polyisoprene, natural rubber, elastomeric copolymers of butadiene with

styrene or acrylonitrile, polychloroprene, or their mixtures.

A polymer blend wherein the composition of Claims 1-9 is vulcanized,

cured, or cross-linked.

A compatibilized polymer blend comprising:

a) an i1sobutylene polymer selected from polyisobutylene, random
copolymers of isobutylene with up to 10 weight % 1soprene, halogenated
random copolymers of isobutylene with up to 10 weight % 1soprene,
random copolymers of isobutylene with up to 20 weight % of a para-
methylstyrene, halogenated random copolymers of 1sobutylene and up to
20 weight % of a para-methylstyrene or their mixtures;

b) at least one olefinically unsaturated diene polymer selected
from polybutadiene, synthetic polyisoprene, natural rubber. elastomeric
copolymers of butadiene with styrene or acrylonitrile, polychloroprene, or
their mixtures; and

c) a compatibilizer for components (a) and (b) comprising a block-
oraft copolymer of at least one recurring polyisobulylene segment and at

least one recurring segment comprising para-t-butylstyrene.
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The composition of claim 11 wherein the compatibilizer comprises a tbS-
1B diblock copolymer or a tbS-1B-tbS or 1B-tbS-1B triblock copolymer
having a GPC number average molecular weight of 10,000 to 500,000 and

that contains at least 10 weight % of para-t-butylstyrene.

The composition of claim 11 wherein components (a) and (b) are present

at 95-5 parts by weight of (a) per 5-95 parts by weight of (b).

The composition of claim 13 wherein the compatibilizer 1s present at 2 to

20 weight % based on the blend polymer content.

The composition of claim 1 wherein the compatibilizer is a tbS-1B diblock

or tbS-1B-tbS triblock copolymer having a GPC number average molecular

welght of 50,000 to 200,000.

The composition of claim 11 wherein the isobutylene polymer (a)

comprises a copolymer of 1sobutylene and para-methylstyrene.

The composition of claim 16 wherein the isobutylene polymer (a) is a
halogenated copolymer of 1sobutylene and para-methylstyrene containing

benzylic chlorine or bromine.

The composition of claim 11 wherein the olefinically unsaturated diene
polymer 1s an elastomer selected from polybutadiene, synthetic
polyisoprene, natural rubber, elastomeric copolymers of butadiene with

styrene or acrylonitrile, polychloroprene, or their mixtures.

A polymer blend wherein the composition of Claims 11-18 1s vulcanized.

cured. or cross-linked.

A compatibilized polymer blend comprising:

PCT/US01/31620
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a) an isobutylene polymer selected from polyisobutylene. random
copolymers of isobutylene with up to 10 weight % isoprene, halogenated
random copolymers of isobutylene with up to 10 weight % 1soprene,
random copolymers of isobutylene with up to 20 weight % of a para-
alkylstyrene, halogenated random copolymers of 1sobutylene and up to 20
weight % of a para-alkylstyrene or their mixtures;

b) at least one olefinically unsaturated diene polymer; and

¢) a compatibilizer comprising a copolymer of isobutylene and
para-t-butylstyrene, wherein the compatibilizer comprises a tbS-1B diblock
copolymer or a tbS-iB-tbS or iB-tbS-iB triblock copolymer having a GPC
number average molecular weight of 10,000 to 500,000 and that contains

at least 10 weight % of para-t-butylstyrene.

The composition of claim 20 wherein said components (a) and (b) are

present at 95-5 parts by weight of (a) per 5-95 parts by weight ot (b).

The composition of claim 21 wherein the compatibilizer 1s present at 2 to

20 weight % based on the blend polymer content.

The composition of claim 20 wherein the compatibilizer is a tbS-1B
diblock or tbS-iB-tbS triblock copolymer having a GPC number average
molecular weight of 50,000 to 200,000.

The composition of claim 20 wherein the isobutylene polymer (a)

comprises a copolymer of isobutylene and para-methylstyrene.

The composition of claim 24 wherein the 1sobutylene polymer (a) 1s a
halogenated copolymer of isobutylene and para-methylstyrene containing

benzylic chlorine or bromine.

The composition of claim 20 wherein the olefinically unsaturated diene

polymer is an elastomer selected from polybutadiene, synthetic
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polyisoprene, natural rubber, elastomeric copolymers of butadiene with

styrene or acrylonitrile, polychloroprene, or their mixtures.

A polymer blend wherein the composition of claims 20-26 is vulcanized.

cured, or cross-linked.

A method of forming a compatibilized polymer blend by combining;:

a) an isobutylene polymer selected from the group consisting of
polyisobutylene, random copolymers of isobutylene with up to 10 weight
% isoprene, halogenated random copolymers of isobutylene with up to 10
weight % isoprene, random copolymers of isobutylene with up to 20
weight % of a para-alkylstyrene, halogenated random copolymers of
isobutylene and up to 20 weight % of a para-alkylstyrene and mixtures
thereof;

b) at least one olefinically unsaturated diene polymer; and

¢) a compatibilizer for components (a) and (b) comprising a block-
oraft copolymer of at least one recurring polyisobutylene segment and at

least one recurring segment comprising a C4 to Cg alkyl ring substituted

styrene or ring-substituted alpha-methylstyrene.

The method of claim 28 wherein the compatibilizer comprises a copolymer

of isobutylene and para-t-butylstyrene.

The method of claim 29 wherein the compatibilizer comprises a tbS-1B
diblock copolymer or a tbS-iB-tbS or iB-tbS-iB triblock copolymer having
a GPC number average molecular weight of 10,000 to 500.000 and that

contains at least 10 weight % of para-t-butylstyrene.

The method of claim 20 wherein components (a) and (b) are present at

95-5 parts by weight of (a) per 5-95 parts by weight of (b).
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32. The method of claim 31 wherein the compatibilizer is present at 2 to 20

welght % based on the blend polymer content.

33.  The method of claim 32 wherein the compatibilizer is a tbS-1B diblock or

5 tbS-iB-tbS triblock copolymer having a GPC number average molecular
weight of 50,000 to 200,000.

34, The method of claim 28 wherein the isobutylene polymer (a) comprises a
copolymer of isobutylene and para-methylstyrene.
[0
35. The method of claim 34 wherein the isobutylene polymer (a) 1s a
halogenated copolymer of isobutylene and para-methylstyrene containing

benzylic chlorine or bromine.

15 36. The method of claim 28 wherein the olefinically unsaturated diene
polymer is an elastomer selected from polybutadiene, synthetic
polyisoprene, natural rubber, elastomeric copolymers of butadiene with

styrene or acrylonitrile, polychloroprene, or their mixtures.

20 37. The method of claims 28-36, further comprising a vulcanizing, cross-

linking, or curing step.
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