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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 elasiomers.

BACKGROUND

Vulcanizates based on blends of little-or-no-olefinic-unsaturation
elastomers with mare highly unsaturated elastormers are of interest in the rubber
industry primarily becanse of their special praperties, e.g., superior resistance to
ozone degrudatfon und consequeot cracking, improved resistonce 1o chernical
attack, improved temperature stability aod unique dynamic response,  These
blends permit synergy between the individual elastomers. yielding composiie
blend property combinations unattainable in the individual elastomers. Bub these
desirable properties ocour only when an intimate homogeneous blend of the
elustomers with phase sizes of Jess (han 5 mivrons, generally [ micron or less, is
produced and maintained in the blend, and & satisfactory interfacial adhesion level
is achieved.

Unftortunately, it is generally known that most palymers are not
eompatible with one another unless specific, favorable interactions are present,
because the favorable entropy of mixing is foo small to overcome the unfavorable
enthalpy of mixing. making mixing disfavored. Blends produced by normal
techniques are grossly inhomogeneous with phase sizes many micrans in
divmeter. This gruss incompalibilily of the individual polymers with a consequent
inubility v produce and mainlain desired homogeneous, fine phase sizes is
particularly evident when the individual palymerss ditfer considerably in solubility
parameters. That is the case when low unsaturation claslomers are blended with
the more Tughly unsaturated clastomers.

Another problem with saturated-unsaturated elastomer mixtures is that.
even 1F bigh-shear mixing produces intimate dispersions. afierwards the mixtores

phase-separate into blends Dial are prossly inhomogeneous with (he individual

JP 2004-511639 A 2004.4.15
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i

phase sizes many microns [n diameter. These grossly inhomogeneous blends
generally have very poor properly cambinalions, usually much worse than the
individual polymers, rather than displaying the desired property combinations thal
come from intimate homogeneous blends with phase sizes less than 5 microns,
generally | micron or less.

One approach fowards compatibilizations of non-compalible polymers is
to blend in a block capolymer that containg one chain segment derived from
monomers compatible with a blend polymer and another chain segment derived
from monomers compalible with another blend polymer.  For example, EP
4913784 discloses polymer blends comprising a polyearbonate resin and
polyisobutylene that ate compatibilized by including a minor amount of a
polysarbonate-polyisobutylene block copolymer in the blend composifion. [n
addition, U8, Patent MNo. 5,741,859 discloses block vopolymers  of
polyisobutylene  and  polydimethylsiloxanc  and  suggests  their  use  as
compatibilizers.

Di, tri and radial block copalymers containing polyisobutylene and poly(p-
chlorosiyrene) wre  disclosed as  compatibilizers by Kepsedy  ef ol
Pelym.Mater.8ei.Eng., 63, p 371-375, 1990,

Polymer blends comprising a mixiure of ap isobulylenz polymer aod a
more highly unsaturated elastomer such as polybutadiene or polyisoprene are
potentially czone resistant, chemical resistant, air Hght, and temperature stable as
described ubuve. But isobutylene pulymers such as polyisobulylene, copolyiners
of isabutylene with isoprene {butyl rubber), copul)"mcrs of isubutylene with «
para-alkylstyrene, and their halogenated versinns are not compatible with more
highly nnsaturated elastomers sueh as polymers based on conjupated diene
mononmiers.  In ithe absence of specifie. strong, chemical interactions, (hese
dissimilar polymers have a positive free energy of mixing and bence are
thetmodynamically incompatible because the heat of mixing is usvally positive
and the entropy gained upon mixing these dissimilar pelymeric malecules is
small. "The result is high interfacial fension and poor adhesion belween the two
Llend phases and weak blend mechanical properties due to the lack of a highly

structured morphology.  The present invention is directed towards an improved

JP 2004-511639 A 2004.4.15
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blend of high and low unsaturation elastomers by the meorporation of a hlock

vopolymer.

SUMMARY

The invention provides a compatibilized polymer blend comprising:

(a) wan iscbulylene pelymer selocted from  polyisnbutylene, random
copolymers of isobutylene with up te [0 weight % isaprene, halogenated random
copolymers of isobutylene with up to 10 weight % isuprene, random copolymess
of isobutylene with up 1o 20 weight % of a para-alkylstyrene, halogenated random
capolymers of isobutylune and up to 20 welght % of & para-alkylstyrenc and their
misxtures;

[b) at least one olefinically unsaturated diene polymer; une

() a compatibilizer for components {ay and (b) comprising = bluck
copolymer of at [east one recwring polyisobutylene segment and at least onc
recurting segment comprising a Cy-to-Cy alkyl-ring-substituted styrene or ring-
substituicd alpha-methylstyrene.

Some compatibilizers comprise a di, Iri or radial block enpolymer of
polyisobutylene and para-tertiary-hutylslyrene (S ).

The invention also provides for co-vulcanized elastomer compositions

based on these blends.

BRIEF DESCRIVTION OF THE DRAWINGS

Figure | ig a plat of tensile stress-strain measurcrments of polymer blends
prepared i the examples;

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

Figure 3 is another plot of dypamic thermal mechanical meusurements of

anather palymer blend prepared in the examples.

JP 2004-511639 A 2004.4.15
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DETAILED DESCRIFTION

The compatibilizer copolymers useful in accordance with this mvention
are block copalymers containing at least one polymer chain segment derived from
a Cy-to-Cg-atkyl-substituted styrene or alpha-methylstyrene and at leasl one
polymer chain segment derived from isobutylene. These materials may somprise
8-iB-§ or iB-8-iB triblock copolymers, S-IB dibfock copolymers, (8-iB),
multiblock copolymers, gratt copolymers of poly 8 ar a poly iB backbone, or
star-branched polymers containfng pely S and poly (B segments, in which B is
isabutylene and $ is a Cy-to-Cgalkyl-substituted styrene or alpha-methylsiyrene,
For the purposes of (his invention, all of these matetials will be referred to as
block-graft copalymers.

The styrenic part of the block-graft copolymer comprises one or 2 mixture
of stytene or alpha-methylstyrenes that are ring-substituted at the ortho, meta, or
para position with a linear or branched, Cy to Cg alkyl group. Senie embediments
select the styrenie monomer ag paca-t-butylstyrene,

Some invention block copolymers have a GPC number average melcoular
weight in the range of 10,000 to 200,000, cthers 50,000 o 200,000, In some
embodiments, the styrenie menomer segment(s) comprise at Jeast 10 weight % of
the copolymer and the balance of the polymer comprises isobutylens segments,
Some embodiments select black-graft copolymers as §-iB-8 or iB-S-iB tri-block
copulymers containing 10-50 weight % of the styrenic block copolymer segments.
Other embediments select the copelymers similarly with between 10 and 30
weight % of the styrenic block copolynter segments.

These blocl-graft copolymers are well known in the art and can be
prepared by living. carbocationic. sequential polymerization using a catalyst
cotnprising a tertiary alkyl halide. a tertjacy aralky! halide, or a polymeric halide
initiator and a methyl aluminum or methy! boron compound conlaining co-
initiator.  Polymerizalion iz conducted in a suitable solveni as is knawn in the art
such as anhydrous methylene chloride, hexane. or mixed solvents. Typical

polymerization temperatures are below -30°C.  Some embodiments select the

JP 2004-511639 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

1

20

(19)

WO 02/32994 PCT/US01/31620

_5-

polymerization temperature ta be helow -60°C.. These palymerization methods
are more complelely disclosed in U.S. Patent Nos. 4946899, 5506316 and
5.451.647.

[nvention polymer blends are characterized as having at lcast two
vompanents: an olefinically unsaturated diene polymer component and an
isohutylene component. The unsaturaled diene component includes elastomerio
conjugaied diene (diolefim) polymers such as polybutadiene, natural rubber,
synthetic polylsoprene, copalymers of huladiene with up to 40 weight % of
styrene or avryloniteile, pelyclloroprens, and their mixtures. Some embodiments
select the oletinically unsaturated component as polybuladiene or polyisoprene,
The unsaturated polymer may also be non-elastomeric and may include liquid-to-
waxy polybutadiene or butadiene copalymers having a number average molecular
weight in the range of 300 up o 10,000,

‘The isobuiyvlene polymer blend component includes polyvisobutylene,
random copalymers of isobutylenc with up to 10 weight % of isoprene (buiy)
ulbber), chlorinated ot hrominated buty] rubber containing from 0.3 to 3 weight %
hulogen, random isebutylens copolymers with up to 20 weight %, and up to 14
weight % of para-allylstyrene such as para-methylstyrene (PMS) and chlorinated
or brominated iBPMS cupolyniers eontwming from 0.1 to 10 swol% of
halomethyistyrene groups. For halogenated iBIPME, the halogen is present as
benzylic halagen on the polymer molecules. The iBPMS and halogenated iBPMS
copolymers are more partivularly deserbed in U8, Patent No. 5,162 445

Inventer blends generally contain the isobulylens polymer and olefinically
unsaturated polymer at 95-3 parts by weight of isobutylene polymer per 5-93 paris
by weight of unsaturated polymer, respectively. Some inventor blends generally
contain the isobulylene polymer and olefinivally unsaturated polymer at 50-10
parts by weight of 1sebutylene polymer per [0-50 parls by weight of wisaturated
polymer, respectively. The hiock-grafl copolymer additive may be present at
between 2 to 20 weight %, although some embodiments seleet this addifive at
between 3 o 15 weight Y. bascd on the blend pelymer conlent.

it is surprising that the block-praft copolymers containing polyisobutylene

aml poly{p-fertiary-butylstyrene) segments will vompatibilize blends containing
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highly unsalurated elastomers such as polybutadiens or polvisoprene. because the
block-graft copolymer does not contain a diene polymer sepment. It is
wnexpeeled that the styrenie polymer seginents serve to compalibilize such
elastomeric dienes.

The block-graft copolymers may contain from [0 to 90 weight % of the
styrenic polymer segments, or from 10 to 50 weight %6 of the styrenic polymer
segments, with the balance being polyisobutylene segments. For tribluck bloek-
graft copolymers, the styrenic segments may form the outer blocks (8-1B-5) the
inner block iB-8-R. In blends containing high isohutylene palymer amounts, e g.
greater than 63 weight %, 1B-3-iB type blocl-graft copelymers can serve as
compatibilizers. In blends contaiving higher unsaturated dienc polymer levels,
e.g. greater than 65 weight %, 8-i3-8 type block-graft copnlymers can serve as
compatibilizers.  Some bock-graft copolymer embodiments contain styrenie
polymer segments baving a GPC number average malecular welght of ab east
5,000, some Grom 10,000 Lo 30,000, snd sume rom 10,000 Lo 30,000,

Invention blend composition can be vulcanized and shaped to form useful
articles such as tire sidewalls, tire treads, tire carcasses, tire linings, hoses, helts,
mechanical gnnds, and similar articles

Sujtable vulcanizing o cross-linking methods include exposing the
composition to high cnergy radiation (ultra vielet, eleclron-bram, or gamma) or
adding & suitable perozide or accelerated sulfur vulcanizing system into the
composition.

Examples of suitable peroxides include dially! peroxides, ketal peroxides,
arallylperoxides, peroxyethers, and peroxyesters. Some embodiments restriot
peroxides fo di-cumylperoxide, di-tert-butylperoxide, benzoyl peroxide. terl
butylperbenzoate, and similar known free radical generators. The quantity of
peroxide generally ranges from | to 10 parls by weight, although some
embaediments seleet peroxide at 1.5 to 6 paris by weight per 100 parts by weight of
curable palymer.

Acceleraled sulfur vulcanization syslems that functivn as curatives in the
present invention include sulfur or mistures of sulfur and sulfur-containing

accelerators and/or phenol-formaldehyde resing.  Sujtable accelerators include
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benzothinzyl  disulfide, N-oxydiethylene  benzothiazole-Z-sulfenamide.  2-
mercaptobenzothiazole,  alkyl phenol disulfides, alkylthiuram sulfides, m-
phenylenehismaleimide. N.N*-diarylgnanidines, dialkyl and  diaryl-
dithiocarbamates, and similar malerials.

Buitable dialkyidithiocarbamates include the dialkyldithiocarbamates of
zine, bismuth, cadmium, copper, lead, selenium, and tellurium in which the alky]
group  contains  from 1 to 5 carbon  atoms,  piperidinium
penlamethylenedithiocarbamate, and their mixiures,

Suitable diaryldithiocarbamates include the diaryldithiocarbamates of zinc,
bisnmth, cadminm, copper, lead, selenium, tellurivm, and thelr mixtures.

Suilable  alkylthiuram  sulfides  include  dipentamethylene  thivrum
lelrusulfide, tefrabutylthiuzam  disulfide,  tctracthylthivram  disulfide,
fetramethylthturam monosulttde, tetrabenzylthiuram disulfide, and their mixtures.

Sulfur and vuleanization 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 sccelerated sulfur curing system is sometimes vsed as & cocurative
in ouring systems also containing zing oxide, or an caquivalent, as an auxiliary
curative agent. Zinc oxide is normally used in such systems at 0.2 to 7 parts by
weight per 100 parts hy weight of clastomer

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

Bxamples of fillers include inorganic fillers such as reinforeing grade
carben black, silica, calcinm carbunale, fale, und clay, and organic fllers such as
high-styrene resin, coumarone-indene resin, phenolic wsin, Hgsin, modificd
melamine resins, and petroleum resins.

Examples ot lnbricants include petroleum-type Jubricants such as oils,
solid und liquid paraffing, coul-tar-type Tubrivanis sueh as coul lar and cosl tar
piteh; waxes such us beeswax, carnanha wax. and lanolin; and synthetic pofymetic

substances such a8 petroleum resins.
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Examples of plasticizers fnclude hydrocarbon nils, e.g.. paraffin, aromatic,
angd naphihenic oils, phihalic acid esters, adipic acid esters, sebacic acid esters,
and similar plasticizers.

Examples of tackifiers are petroleum resing, coumaronc-indenc resins,
terpene-phenol resins, and xylene/formaldehyde resing.

Examples of coloring agents are inorganic and organic pigments.

Fxamples of blowing agents are sodjium bicarbonate, ammonium
varbonate, N-N’-dinitrasopenta-methylenetetraming, azocarbanamide,
azobisiscbutyronitrile, benzcnwsulfony] hydrazide, toluenesulfouyl hydrazide, p-
toluenesulfonyl azide, urea, and the like.

The vilcanizable compasition may be prepared and blended using solvent
blending or uny suitable melt-mixing device such as an internal mixer
{Bracbender Plasticorder), 2 Banbury Mixer, an extruder, a mill mixer, a kneader,
or a similar mixing device. Biending lemperatures and limes in these melt-mixing
devices may range from 100°C to 200°C and trom 1 to 15 minutes, respectively.
Sometimes the polymer companents are subjected 1o high shear or extensional
mixing o form an lutimate homogeneous blend having a dispersed phase with a
phase size of less than 5 microns. Seme embodimenls prepate the phase size less

than 2 microns.

EXAMPLES

“The following examples lustrale the invention.

The block copolymer used in Examples 1 and 2 was synthesized via living
carbacationic polymerization using an aluminum-based iniliator.  Values of
wejght % (W1 %), end block, and number-average molecular weight, My, of this

wiblack copolymer are shown:

Designation Wt % End Block Myxl 0\?

12thS-80iB-12thS  23% (S 12-80-12
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where b8 is tertiary-butylstyrene and iB Is isobulylene. As un example,
the ischutylene-based polymer vsed in this invention was a poly(isobutylenc-co-d-
methylstyrene), abbreviated by PIMS.  This copelymer containg 96.25 maol¥%
isobutylene and 3.75 mol% PMS. GPC M, and M, are 173,000 and 479,000,
respectively. Two diene polymers were used. Budene® 1207 (Goodyear Tive and
Rubber Company, Akren OH) is a polybuladiene vontaining approximately 98%
cis-1,4 content, and Natsyn® 2200 1207 (Goodyear Tire and Rubber Company,
Akeon O is a polyisoprene containing 2% (minimum) cis-1,4 content. Four
blends were prepsred by mixing in toluene followed by exlensive drying in a
VACUMIN OVe:

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

examples | and 2 (Cont. | and Cont. 2) do nut.

Table |
Ex. 1 Ex. 2 Cont.T | Cont 2

ST 737 737 [ E

i Budene® 1207 7.27 - 8 B

[ Naulsyn® 2200 - 737 B ]
thS-iB-thS S .43 - -
Irganux® 1010 i'oﬁé“ 0l T a1 | 08
Strain at break, % 270 3500 1400 2800
Max. Siress near Break, psi N T I B B [V T

where [rganox 1010 iz a stabilizer (Ciba Cietgy])

Tensile slress-sirain measurements were performed on these four blends
using, wiicro-dumbbell spceimens at a test temperature of 25°C and an lnstron
cross-head speed of 2%min (ASTM D-1708). As shown by Figure 1, the
incorporation of (bS-iB-1bS into PIMS/Budene® 1207 and PIMS/Natsyn® 2200
Llends ncreuses the strain at break and the maximum siress near the break point.
Dynamic thermal mechanical measurements wsing 1 Mz frequency and 2°Chnin

heating rate were also performed on these four blends to delermine how ths-iB-
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tb$ affects the phase behavior. Lhiese measurements are known to those skilled in
the art and commonly used. Tigures 2 and 3 show the loss tangent (8} as a
function of tewperature for the PIMS/Budene® 1207 hlend and the
PIMS/Matsyn® 2200 blend, respectively. The block copolymer forms a diffused
intertace 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 losy tangent peak (Figure 3).

Additional blends having the compesition shown in Table 2 (numbers
expressed in parts by weight) were prepared by melt hlending. Several 25/75 by
weight blends of PIMS/Budene® 1207 and PIMS/Natsyn® 2200 with and without
[2TBS-80iB-12TBS were prepared.  This blending was carried out in a
Rraechender mixer at 2 temperature of 180°C and a rotor speed of 60 rpm for 10
minutes. Bach composition in Table 2 was compression-molded at 180°C for 30
minutes to make pads of thickness (.087. Tensile stress-strain measurements were
performed on these molded pads (stored under ambient conditions for 24 hows
prior to trats). Micro.-dumbbell speeimens were used (test temperature 23°C;
Instron cross-head speed 2"/minute, using ASTM D1708),

The morphalogical change of the blends due to the hlock copolymer was
also studied by atomic force microssopy (AFM) measwements, All specimens
were APM analyzed wilhin 8 hours aller cryolacing to prevent specimen
relaxation. During eryofacing, the spectmens were cooled 10 -150°C and cut with
diamond knives jn a aryagenic microtome. They were then warmed to ambient
temperatwre in a dessicator under flowing dry nifrogen to avaid atmospheric
moisiure condensation, Finally, the faced spevimens were mounted in a miniature
steel vise for AI'M analysis. The AFM measurements were performed in alr using
a rectangular, Si cantilever. AFM phase images of all specimens were processed
and measured to compuie sizes and shapes af dispersed phases

As shown in ‘Table 2, incorporaling ibS-iIB-tbS polymer in ihe
PIMS/Budene® 1207 blend (Ex. 3) increases the strain at break and the maximum
stress near the break peiot over the conlrol cemposition 3. Incorparating 1h5-iB-
ibS in the PIMS/Natsyn® 2200 blend (Ex. 4) increases (he strain at break over ihe

control campesition 4,
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Table 2
Cont. 3| Cont.4 | [x.3 | Ex.4
PIMS E] 3 364 364
Budene 1207 12 0 = 1091 B
Natsyn 2200 E 12 - 1001
| thS-iB-tb8 - B 745 145
F Irganex 10tC 0.16 0.16 g.16 0.16
: Strain at Break, % 393 10 560 G40
; Max. Stress near Break, psi 0 2 64 2
Dy Lm T 53 037 0.3 025
Dy, pm 207 XTI T.24 032
Dypm 770 [RE .59 040
1y, 303 2% 186 045
'F - .80 .82 0.74 0.71

[y = equivilent number-overage diameter

Dy = equivalent weight-avernge dinmeter

Dy =equivalent srea-average diameter
Dy = cquivalint velume-average diameter

N x - N .
[ = fonn factor = dflavea)/[perimeter)’, a measure al surface iregularilivyg

smaller F means a higher degrae of surface irvegularities
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Using AFM measmements and image analysis (Photoshop® 5.0, Adube
Systems, Inc.), the PIMS minor phase was characterized by wvarious average
diameters, Dy, Dy, D, and Dy, The compalilizing effect of thS-iB-tbS on the
PIMS/Budenesd 1207 and PTMS/Natsyn® 2200 blends in reducing the size of the
PIMS minor phase is obvieus based an the Table 2 data. Also, in the presence of
1bS-1B-1bS, the PIMS phase size is reduced more in the PIME/Natsy® 2200
blend than in the MIMS/Budenc® 1207 blend. This is consistent with the
observation that the th hamopolymer is more computible with polyisoprene than
with pelybutadiene. The observed form factor lowering in both blends contuining
thS-iB-thS refleets more nop-gphetical and lhigher-surface-area PIMS domains,
This increase in domain surface arca per smt velume indicates a steric
stabilization to vetard PIMS phase coalescence and/or a reduclion in interfacial

tension in these blends due to the presence of thS-iB-thS compatibilizer,
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What is elaimed is:

whn

A compatibilized polymer blend comprising:

ay un isobulylene polymer selected from the polyisobutylene,
random copolymers ot isobutvlene with up to 10 weight % isoprene,
halogenated random copolymers of isubutylene with up to 10 weight %
isapreve, random copolymers of isobutylene with up to 20 weight % of 3
purs-alkylstyrene, halogenaied random copelymers of isobutylene and up
to 20 weight % of a para-alkylstyrene and their mixiures;

b} at least one olefinically unsaturated dicoe polymer; and

<) acompaiibilizer for components ¢a) and (b} comprising a hlock-
graft copolymer of at [east ane recurring polyisobutylene segment and at
[east one rcourting segment comprising a Cy-to-Cg.alkyl-ring-substituted

styrenc ot ring-substituted alpha-methylstyrene.

The composition of cliim 1 wherein the compatibilizer comprises a.

sapolymer of isobutylene and para-t-buty|styrene.

‘Yhe composition of claim 2 wherein the compatibifizer comprises a thS-1B
diblock capalymer or o thS-iB-1hS or IB-tbS-iB triblock. copolymer having
a GPC number average moleaular weight of 10,000 o 500,000 and that

containg at Jeast 10 weight % of para-t-butylstyrene.

The tomposition of olaim | wherein the vornponents (a) and (b) are

present at 95-3 purts by weight of (a) per $-95 parts by weight of (b).

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

composition at 2 to 20 waight % based on the blend polymer eontent.

The composition of claim 3 wherein the compatibilizer is a tbS-iB diblock
or th8-iB-1h8 triblock copulymer huving & GPC number average molecular
weight of from 50,000 1o 200,000,
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The ecomposition of claim 1 wherein the isebutylene polymer (a) comprises

a copolymer of isabutylene and para-methylstyrene.

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

benzylic shiorine or bromine.

The composition of claim 1 wherein the olefinically unsaturated diene
polymer is an elastomer seleoted from  polybuladiene, synthetic
polyisoprene, natwal rubber, elastomeric copolymers of buludiene with

styrene or acrylonitrile, polychloraprene, or their mixturcs.

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

cused, or oross-licked.

A compatibilized polymer blend comprising:

a) an isohutylene polymer selected from polyisobutylens, random
copalymers of isohutylene with up fo 10 weight % isoprene, halagenated
randora copolymers of isobuiylene with up o 10 weight % isoprene,
random copolymers of isobulylene with up to 20 weight % of a pura-
methylstyrene, halogenated random copolymers of isobutviene and up to
20 weight % of a para-methylstyrene or their mixtures;

by al least one olefinically unsaturated diene polymer selected
from polybutadiene, synthetic polyisoprene, naiural rubber, clastomeric
copolymers of butadiene with styrene or actylonitrile, polychlaroprene, or
their mixtures; and

<) a compalibilizer for compuonents (@} and (b) comprising o block-
grafl copolymer of at least one recurring polyisobutylene segment and at

least one recurring seament comprising para-t-butylstyrene
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The compusition of claim 11 wherein the sompatibilizer comprises a tbS-
iB diblock copolymet or a thS-iB-ibS ot iB-bS-iB triblock copolymer
having a GPC number average molecular weight of 10,000 to 500,000 and

thaut coutuins at least 10 weight % of para-i-butvlstyrene,

The composition of claim 11 wher¢in components {a) aud (b) are present

at 95-5 paris by weight of (%) per 3-95 parts by weight of (b).

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

20 weight % hased on the blend palymer content.

The composition of ¢laim | wherein the compatibilizer is a thS-iB diblock
or thS-iB-th triblock copolymer having a GPC number average malecular

weight of 50,000 to 200,000

The compaosilion of claim 11 wherein the isobulylene polymer {a)

comprises a copolymer of isobutylenc and para-methylstvrene.

The compasition of claim 16 wherein the iscbutylene polymer {a) iz a
halogenated copelymer of isobutylene and para-methylstyrene contaiing

berusylic chlorine or bromine.

The composition of claim 11 wherein the olefinjeally unsatarated diene
polymer is an elaglomer seleeted  from  polybuladiens, svolbelic
polyisoprene, natural rebber, elastomeric copolymers of bumadienc with

styrene or acrylonitrile, pofychloroprene, or their mixtures,

A polymer blend wherein the composition of Claims 1018 is vulcanized,

cured. or eross-linked.

A compatibilized polyiner blend comprising:
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a) an isohutylene polymer selected from polyisubulylene. random
copolymers of isobutylene with up te 10 weight % isoprene. halogenated
random copolvimers of isobutylene with up to 10 weight % isoprenc,
sandom copolymers of isobutylene with up (v 20 weight % of 2 para-
alkylstyrene, halogenated random capolymers of isobutylens and up to 20
weight % of u para-alkylstyrene or their mixtures;

h) at least one olefinically unsaturated dieve pelymer; and

¢) a compatibilizer comprising a copolymer of isobutylene and
para-t-bulylslyrene, wherein the compatibilizer compriscs a th3-iB diblouk
copolymer or a th3-iB-tbS or iB-1bS-B triblock copulymer having a GI'C
number average mofecular weight of 10,000 w 500,000 and that contains

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

The composition of claim 20 wherein said eomponents {2) and (b) are

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

The eomposition of claim 21 wherein the compatibilizer is present ai 2 to

20 weight % based on the blend palymer content.

The composition of olaim 20 whorein the compatibilizer s a thi-iB
diblock or thS-iB-thS tribleck copolymer having a GPC number average
molesular weight of 50,000 to 200,000

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

coniprises a copalymer of isobolylene and para-methylstyrene.

The compesition of clain 24 wherein the isshulylens polymer (a) is &
halogenated copolymer of isobutylene and para-methylsiyrene confaining

benzylic chlorine or bromine.

The composition of claim 20 wherein the olefinically unsaturaied diene

polymer is an eclastomer selected from palybutadiene, synthetic
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pulyisoprene, natural robber, elastomeric copalymers of butadicne with

styrene or acrylondirile, pulychloroprene, ar their mixlures.

A polymer blend wherein the composition of claims 20-26 iy vuleanized,

cured, ur cross-linked.

A method of torming a compatibilized polymer blend by combining:

#) an isobutylene polymer selected trom the group consisting of
polyisobutylene, random vupalymers of isebulylene with up to 10 weight
% isoprene, halogenated random copolymers of isobutylene with up ta 10
weight % isoprene, random copolymers of isvbulylene 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
thereaf

b) at least one olefinically unsaturated diene polymer; and

¢) a compatibilizer for components {a) and {b) comprising a block-
graft copulymer of st least ope recurring polyisobutylene segment and at
least one fecursing segment comprising a Cy 1o Cy alkyl ring substituled

styrene or ring-substituted ulpha-methylstyrene.

The method of claim 28 wherein the compalibilizer comprises a copalymer

of isobutylene and para-t-butylstyrene.

The method of claim 29 wherein the compatibilizer comprises a thS-i3
diblock copolymer or a thS-iB-tb$ or iB-ibS-iB triblock vopolymer having
a GPC number average melecnlar weight of 10,000 to 500,000 and that

contains ul least 10 weighl % of para-t-butylstyrene.

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

95.5 parts by weight of () per 5-95 parts by weight ef (b)
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37
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The method of claim 31 wherein the compatibilizer is present ut 2 1o 20

weight % based an the blend polymer content.

The methad of claim 32 whercin the compatibilizer is a thS-1B diblock or
thS-iB-tbS triblock copolymer having a GPC number average molecular

weight of 50,000 to 200,000,

The method of claim 28 wherein the isobutylene polymer (a) comprises a

cupolymer of isobutylene and para-methylstyrene.

The methad of claim 34 wherein the iscbulylene polymer () is a
halogenated copolymer of isohutylene and para-methylstyrene containing

benzylic ehlorine or bromine

The method of claim 28 wherein the olefinically unsaturated diene
polymer is am  elastomer sclected from  polybutudiene, synthetic
palyisaprene, natural rubber, elastomeric copolymers of butadiene with

styrene or scrylonitrile, polychloraprene, or their mixtures.

The method of claims 28-36, further comprising a vulcanizing, eross-

linking, or curing step.
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