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PEROXIDE CURABLE RUBBER COMPOUND CONTAINING HIGH MULTIOLEFIN
HALOBUTYL IONOMERS

FIELD OF THE INVENTION

The present invention relates to a peroxide curable rubber nanocomposite containing a
peroxide curing agent, a nanoclay, and butyl ionomer prepared by reacting a
halogenated butyl polymer having a high mol percent of multiolefin with at least one
nitrogen and/or phosphorus based nucleophile.

BACKGROUND OF THE INVENTION

Butyl rubber is understood to be a copolymer of an isoolefin and one or more,
preferably conjugated, multiolefins as comonomers. Commercial butyl comprise a
major portion of isoolefin and a minor amount, not more than 2.5 mol %, of a
conjugated multiolefin. Butyl rubber or butyl polymer is generally prepared in a slurry
process using methyl chloride as a vehicle and a Friedel-Crafts catalyst as part of the
polymerization initiator. The methyl chloride offers the advantage that AICl3, a relatively
inexpensive Friedel-Crafts catalyst, is soluble in it, as are the isobutylene and isoprene
comonomers. Additionally, the butyl rubber polymer is insoluble in the methyl chloride
and precipitates out of solution as fine particles. The polymerization is generally carried
out at temperatures of about -90°C to -100°C. See U.S. Patent No. 2,356,128 and
Ullmanns Encyclopedia of Industrial Chemistry, volume A 23, 1993, pages 288-295.
The low polymerization temperatures are required in order to achieve molecular weights
which are sufficiently high for rubber applications.

Peroxide curable butyl rubber compounds offer several advantages over conventional,
sulfur-curing, systems. Typically, these compounds display extremely fast cure rates
and the resulting cured articles tend to possess excellent heat resistance. In addition,
peroxide-curable formulations are considered to be "clean" in that they do not contain
any extractable inorganic impurities (e.g. sulfur). The clean rubber articles can
therefore be used, for example, in condenser caps, biomedical devices, pharmaceutical
devices (stoppers in medicine-containing vials, plungers in syringes) and possibly in
seals for fuel cells.
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It is well accepted that polyisobutylene and butyl rubber decompose under the action of
organic peroxides. Furthermore, U.S. Patent Nos. 3,862,265 and 4,749,505 disclose
that copolymers of a C, to C; isomonoolefin with up to 10 wt. % isoprene or up to 20 wt.
% para-alkylstyrene undergo a molecular weight decrease when subjected to high
shear mixing. This effect is enhanced in the presence of free radical initiators.

One approach to obtaining a peroxide-curable butyl-based formulation lies in the use of
conventional butyl rubber in conjunction with a vinyl aromatic compound like
divinylbenzene (DVB) and an organic peroxide (see JP-A-107738/1994). In place of
DVB, an electron-withdrawing group-containing polyfunctional monomer (ethylene
dimethacrylate, trimethylolpropane triacrylate, N,N’-m-phenylene dimaleimide) can also
be used (see JP-A-172547/1994).

A commercially available terpolymer based on isobutylene (IB), isoprene (IP) and DVB,
XL-10000, is curable with peroxides alone. However, this material does possess some
significant disadvantages. For example, the presence of significant levels of free DVB
can present safety concerns. In addition, since the DVB is incorporated during the
polymerization process a significant amount of crosslinking occurs during
manufacturing. The resulting high Mooney (60-75 MU, ML1+8@125 °C) and presence
of gel particles make this material extremely difficult to process. For these reasons, it
would be desirable to have an isobutylene based polymer which is peroxide curable,
completely soluble (i.e. gel free) and contains no, or trace amounts of, divinylbenzene
in its composition.

White et al. (U.S. Patent No. 5,578.682) claimed a process for obtaining a polymer with
a bimodal molecular weight distribution derived from a polymer that originally
possessed a monomodal molecular weight distribution. The polymer, e.g.,
polyisobutylene, a butyl rubber or a copolymer of isobutylene and para-methylstyrene,
was mixed with a polyunsaturated crosslinking agent (and, optionally, a free radical
initiator) and subjected to high shearing mixing conditions in the presence of organic
peroxide. This bimodalization was a consequence of the coupling of some of the free-
radical degraded polymer chains at the unsaturation present in the crosslinking co-
agent. Itis important to note that this patent was silent about any filled compounds of

such modified polymers or the cure state of such compounds.
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Sudo et. al. (U.S. Patent No. 5,994,465) claimed a method for curing regular butyl, with
isoprene contents ranging from 0.5 to 2.5 mol %, by treatment with a peroxide and a
bismaleimide species. Co-Pending application CA-2,418,884 discloses a continuos
process for producing polymers having a Mooney viscosity of at least 25 Mooney-units
and a gel content of less than 15 wt. % comprising repeating units derived from at least
one isoolefin monomer, more than 4.1 mol % of repeating units derived from at least
one multiolefin monomer and optionally further copolymerizable monomers in the
presence of AICl; and a proton source and/or cationogen capable of initiating the
polymerization process and at least one multiolefin cross-linking agent wherein the
process is conducted in the absence of transition metal compounds. Specifically, CA
2,418,884 describes the continuous preparation of butyl rubber with isoprene levels
ranging from 3 to 8 mol %.

The successful preparation of silica-reinforced compounds requires improved polymer-
filler adhesion via the mediation of surface energy differences which exsist between the
siliceous filler and polymer (lIR) matrix. Unlike precipitated silica, onium-ion exchanged
nanoclays (e.g. montmorillonite clay) is relatively hydrophobic and can be dispersed in
non-polar polymeric materials (see Giannelis, E.P. Applied Organometallic Chemistry,
12, 675-680, 1998). The main challenge lies in the exfoliation of the clay’s layered
structure into primary platelets. For a standard compounding approach to delaminate
onium-ion exchange dlays, shear stresses must be transferred to the polymer-clay
interface with sufficient intensity to overcome the cohesive forces which exsist between
clay layers (see Chisholm B.J.; Moore, R.B.; Barber, G.; Khouri, F.; Hempstead, A.;
Larsen, M.; Olson, E.; Kelly, J.; Balch, G.; Caraher, J. Macromolecules 2002: 35: 5508-
5516).

The successful preparation of silica-reinforced compounds requires improved polymer-
filler adhesion via the mediation of surface energy differences which exsist between the
siliceous filler and polymer (lIR) matrix. Unlike precipitated silica, onium-ion exchanged
nanoclays (e.g. montmorillonite clay) is relatively hydrophobic and can be dispersed in
non-polar polymeric materials (see Giannelis, E.P. Applied Organometallic Chemistry,
12, 675-680, 1998). The main challenge lies in the exfoliation of the clay’s layered
structure into primary platelets. For a standard compounding approach to delaminate
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onium-ion exchange dlays, shear stresses must be transferred to the polymer-clay
interface with sufficient intensity to overcome the cohesive forces which exsist between
clay layers (see Chisholm B.J.; Moore, R.B.; Barber, G.; Khouri, F.; Hempstead, A.;
Larsen, M.; Olson, E.; Kelly, J.; Balch, G.; Caraher, J. Macromolecules 2002; 35: 5508-
5516).

SUMMARY OF THE INVENTION

With elevated levels of isoprene now available, it is surprisingly possible, to generate
halogenated butyl rubber analogues which contain allylic halide functionalities ranging
from 3 to 8 mol %. By utilizing the reactive allylic halide functionalities present, it is
possible to prepare butyl based ionomeric species and ultimately optimize the levels of
residual multiolefin thereby facilitating the peroxide cure of formulations based on this
material.

It has surprisingly been discovered that the ammonium ion displacement from NR;"
exchange clays by quaternary ammonium or phosphonium cations, as found on non
high-muitiolefin containing IR ionomers, leads to the establishment of a direct
electrostatic interaction between the polymer and the clay (see Parent, J. S.; Liskova,
A.; Resendes, R. Polymer 45, 8091-8096, 2004) The use of high-multiolefin containg
IIR ionomers leads to the generation peroxide curable butyl rubber nanocomposites
through compounding.

The present invention relates to a peroxide curable rubber compound containing butyl
ionomers prepared by reacting a halogenated butyl polymer having a high mol percent
of multiolefin with at least one nitrogen and/or phosphorus based nucleophile and a
nanoclay.

DETAILED DESCRIPTION OF THE INVENTION

Preparation of high multiolefin butyl polymers

The high multiolefin butyl polymer useful in the preparation of the butyl ionomer for the
peroxide curable compound containing a nanoclay according to the present invention is
derived from at least one isoolefin monomer, at least one multiolefin monomer and

optionally further copolymerizable monomers.
4
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The present invention is not limited to a special isoolefin. However, isoolefins within the
range of from 4 to 16 carbon atoms, preferably 4-7 carbon atoms, such as isobutene, 2-
methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, 4-methyl-1-pentene and
mixtures thereof are preferred. More preferred is isobutene.

The present invention is not limited to a special multiolefin. Every multiolefin
copolymerizable with the isoolefin known by the skilled in the art can be used. However,
multiolefins with in the range of from 4-14 carbon atoms, such as isoprene, butadiene,
2-methylbutadiene, 2,4-dimethylbutadiene, piperyline, 3-methyl-1,3-pentadiene, 2,4-
hexadiene, 2-neopentylbutadiene, 2-methly-1,5-hexadiene, 2,5-dimethly-2,4-hexadiene,
2-methyl-1,4-pentadiene, 2-methyl-1,6-heptadiene, cyclopenta-diene,
methylcyclopentadiene, cyclohexadiene, 1-vinyl-cyclohexadiene and mixtures thereof,

preferably conjugated dienes, are used. Isoprene is more preferably used.
In the present invention, B-pinene can also be used as a co-monomer for the isoolefin.

As optional monomers, any monomer copolymerizable with the isoolefins and/or dienes
known by the skilled in the art can be used. a-methyl styrene, p-methyl styrene,
chlorostyrene, cyclopentadiene and methylcyclopentadiene are preferably used.

Indene and other styrene derivatives may also be used in the present invention.

Preferably, the monomer mixture to prepare the high multiolefin butyl polymer contains
in the range of from 80% to 95% by weight of at least one isoolefin monomer and in the
range of from 4.0% to 20% by weight of at least one multiolefin monomer and/or -
pinene and in the range of from 0.01% to 1% by weight of at least one multiolefin cross-
linking agent. More preferably, the monomer mixture contains in the range of from 83%
to 94% by weight of at least one isoolefin monomer and in the range of from 5.0% to
17% by weight of a multiolefin monomer or B-pinene and in the range of from 0.01% to
1% by weight of at least one multiolefin cross-linking agent. Most preferably, the
monomer mixture contains in the range of from 85% to 93% by weight of at least one
isoolefin monomer and in the range of from 6.0% to 15% by weight of at least one
multiolefin monomer, including B-pinene and in the range of from 0.01% to 1% by

weight of at least one multiolefin cross-linking agent.
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The weight average molecular weight of the high multiolefin butyl polymer (Mw), is
preferably greater than 240 kg/mol, more preferably greater than 300 kg/mol, even
more preferably greater than 500 kg/mol, most preferably greater than 600 kg/mol.

The gel content of the high multiolefin butyl polymer is preferably less than 10 wt.%,
more preferably less than 5 wt%, even more preferably less than 3 wt%, most
preferably less than 1 wt%. In connection with the present invention the term “gel” is
understood to denote a fraction of the polymer insoluble for 60 min in cyclohexane
boiling under reflux.

The polymerization of the high multiolefin butyl polymer is performed in the presence of
AlCI3 and a proton source and/or cationogen capable of initiating the polymerization
process. A proton source suitable in the present invention includes any compound that
will produce a proton when added to AICl; or a composition containing AICl;. Protons
may be generated from the reaction of AICI; with proton sources such as water, alcohol
or phenol to produce the proton and the corresponding by-product. Such reaction may
be preferred in the event that the reaction of the proton source is faster with the
protonated additive as compared with its reaction with the monomers. Other proton
generating reactants include thiols, carboxylic acids, and the like. According to the
present invention, when low molecular weight high multiolefin butyl polymer is desired
an aliphatic or aromatic alcohol is preferred. The most preferred proton source is
water. The preferred ratio of AICl; to water is between 5:1 to 100:1 by weight. It may be
advantageous to further introduce AICI; derivable catalyst systems, diethylaluminium
chloride, ethylaluminium chloride, titanium tetrachloride, stannous tetrachloride, boron
trifluoride, boron trichloride, or methylalumoxane.

In addition or instead of a proton source a cationogen capable of initiating the
polymerization process can be used. Suitable cationogen includes any compound that
generates a carbo-cation under the conditions present. A preferred group of
cationogens include carbocationic compounds having the formula:
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wherein R', R? and R®, are independently hydrogen, or a linear, branched or cyclic
aromatic or aliphatic group, the proviso that only one of R', R? and R® may be
hydrogen. Preferably, R' R?and R?, are independently a C4 to Co aromatic or
aliphatic group. Non-limiting examples of suitable aromatic groups may be selected
from phenyl, tolyl, xylyl and biphenyl. Non-limiting examples of suitable aliphatic groups
include methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, nonyl, decyl, dodecyl, 3-
methylpentyl and 3,5,5-trimethylhexyl.

Another preferred group of cationogens includes substituted silylium cationic

compounds having the formula:

Ab-

wherein R', R? and R®, are independently hydrogen, or a linear, branched or cyclic
aromatic or aliphatic group, with the proviso that only one of R', R and R® may be
hydrogen. Preferably, none of R', R? and R®is H. Preferably, R', R? and R® are,
independently, a C4 to C, aromatic or aliphatic group. More preferably, R', R?and R®
are independently a C1 to Cg alkyl group. Examples of useful aromatic groups may be
selected from phenyl, tolyl, xylyl and biphenyl. Non-limiting examples of useful
aliphatic groups include methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, nonyl, decyl,
dodecyl, 3-methylpentyl and 3,5,5-trimethylhexyl. A preferred group of reactive
substituted silylium cations include trimethylsilylium, triethylsilylium and

7
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benzyldimethylsilylium. Such cations may be prepared, for example, by the exchange
of the hydride group of the R'R?R®Si-H with a non-coordinating anion (NCA), such as
Ph3C+B(pfp)s- yielding compositions such as R'R?R*SiB(pfp)s which in the appropriate
solvent obtain the cation.

According to the present invention, Ab- denotes an anion. Preferred anions include
those containing a single coordination complex possessing a charge bearing metal or
metalloid core which is negatively charged to the extent necessary to balance the
charge on the active catalyst species which may be formed when the two components
are combined. More preferably Ab- corresponds to a compound with the general
formula [MQ4]- wherein

M is a boron, aluminum, gallium or indium in the +3 formal oxidation state;

and

Q is independently selected from hydride, dialkylamido, halide, hydrocarbyl,
hydrocarbyloxide, halo-substituted hydrocarbyl, halo-substituted hydrocarbyloxide, and
halo-substituted silylhydrocarbyl radicals.

Preferably, there are no organic nitro compounds or transition metals used in the

process according to the present invention.

The reaction mixture used to produce the high multiolefin containing butyl polymer
further contains a multiolefin cross-linking agent. The term cross-linking agent is known
to those skilled in the art and is understood to denote a compound that causes
chemical cross-linking between the polymer chains in opposition to a monomer that will
add to the chain. Some easy preliminary tests will reveal if a compound will act as a
monomer or a cross-linking agent. The choice of the cross-linking agent is not
restricted. Preferably, the cross-linking contains a multiolefinic hydrocarbon compound.
Examples of these include norbornadiene, 2-isopropenylnorbornene, 2-vinyl-
norbornene, 1,3,5-hexatriene, 2-phenyl-1,3-butadiene, divinylbenzene,
diisopropenylbenzene, divinyltoluene, divinylxylene and C1 to C20 alkyl-substituted
derivatives thereof. More preferably, the multiolefin crosslinking agent is divinyl-
benzene, diisopropenylbenzene, divinyitoluene, divinyl-xylene and C1 to C20 alkyl
substituted derivatives thereof, and or mixtures of the compounds given. Most

8
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preferably the multiolefin crosslinking agent contains divinylbenzene and
diisopropenylbenzene.

The polymerization of the high multiolefin containing butyl polymer can be performed in
a continuous process in slurry (suspension), in a suitable diluent, such as chloroalkanes
as described in U.S. Patent No. 5,417,930.

The monomers are generally polymerized cationically, preferably at temperatures in the
range from -120°C to +20°C, preferably in the range from -100°C to -20°C, and
pressures in the range from 0.1 to 4 bar.

The use of a continuous reactor as opposed to a batch reactor seems to have a
positive effect on the process. Preferably, the process is conducted in at least one
continuous reactor having a volume of between 0.1 m3 and 100 m3, more preferable
between 1 m3 and 10 m3.

Inert solvents or diluents known to the person skilled in the art for butyl polymerization
may be considered as the solvents or diluents (reaction medium). These include
alkanes, chloroalkanes, cycloalkanes or aromatics, which are frequently also mono- or
polysubstituted with halogens. Hexane/chloroalkane mixtures, methyl chloride,
dichloromethane or the mixtures thereof may be preferred. Chloroalkanes are

preferably used in the process according to the present invention.

Polymerization is preferably performed continuously. The process is preferably
performed with the following three feed streams:

)] solvent/diluent + isoolefin (preferably isobutene) + multiolefin (preferably diene,
isoprene)
) initiator system

)  multiolefin cross-linking agent

It should be noted that the multiolefin crosslinking agent can also be added in the same
feed stream as the isoolefin and multiolefin.
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Preparation of the high multiolefin halobutyl polymer

The resulting high multiolefin butyl polymer can then be subjected to a halogenation
process in order to produce high multiolefin halobutyl polymers. Bromination or
chlorination can be performed according to the process known by those skilled in the
art, such as, the procedures described in Rubber Technology, 3rd Ed., Edited by
Maurice Morton, Kluwer Academic Publishers, pp. 297 — 300 and references cited
within this reference.

The resulting high multiolefin halobutyl polymer should have a total allylic halide content
from 0.05 to 2.0 mol %, more preferably from 0.2 to 1.0 mol % and even more
preferably from 0.5 to 0.8 mol %. The high multiolefin halobutyl polymer should also
contain residual multiolefin levels ranging from 2 to 10 mol %, more preferably from 3 to
8 mol % and even more preferably from 4 to 7.5 mol %.

Preparation of the high multiolefin butyl ionomer

According to the process of the present invention, the high multiolefin halobutyl polymer
can then be reacted with at least one nitrogen and/or phosphorus containing

nucleophile according to the following formula:
R4

|

Ry™ R,
wherein A is a nitrogen or phosphorus,

R4, Rz and Rj is selected from the group consisting of linear or branched C4-Cz alkyl
substituents, an aryl substituent which is monocyclic or composed of fused C4-Cg rings,
and/or a hetero atom selected from, for example, B, N, O, Si, P, and S.

In general, the appropriate nucleophile will contain at least one neutral nitrogen or
phosphorus center which possesses a lone pair of electrons which is both electronically
and sterically accessible for participation in nucleophilic substitution reactions. Suitable

nucleophiles include trimethylamine, triethylamine, triisopropylamine, tri-n-butylamine,

10
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trimethylphosphine, triethylphosphine, triisopropylphosphine, tri-n-butylphosphine, and
triphenylphosphine.

According to the present invention, the amount of nucleophile reacted with the high
multiolefin butyl rubber is in the range from 1 to 5 molar equivalents, more preferable
1.5 to 4 molar equivalents and even more preferably 2 to 3 molar equivalents based on

the total molar amount of allylic halide present in the high multiolefin halobutyl polymer.

The high multiolefin halobutyl polymer and the nucleophile can be reacted for about 10
to 90 minutes, preferably from 15 to 60 minutes and more preferably from 20 to 30
minutes at temperatures ranging from 80 to 200 °C, preferably from 90 to 160 °C and
more preferably from 100 to 140 °C.

The resulting high multiolefin halobutyl based ionomer preferably possesses from 0.05
to 2.0 mol %, more preferably from 0.2 to 1.0 mol % and even more preferably from 0.5
to 0.8 mol % of the ionomeric moiety and from 2 to 10 mol %, more preferably from 3 to
8 mol % and even more preferably from 4 to 7.5 mol % of multiolefin.

According to the present invention the resulting ionomer could also be a mixture of the
polymer-bound ionomeric moiety and allylic halide such that the total molar amount of
ionomeric moiety and allylic halide functionality are present in the range of 0.05 to 2.0
mol %, more preferably from 0.2 to 1.0 mol % and even more preferably from 0.5 to 0.8
mol % with residual multiolefin being present in the range from 0.2 to 1.0 mol % and
even more preferably from 0.5 to 0.8 mol %.

Preparation of Peroxide Curable Rubber Compound

The rubber compounds of the invention are ideally suitable for the production of
moldings of all kinds, such as tire components and industrial rubber articies, such as
bungs, damping elements, profiles, films, coatings. The high multiolefin halobutyl
ionomers can be used alone or as a mixture with other rubbers, such as NR, BR,
HNBR, NBR, SBR, EPDM or fluororubbers to form these cured articles. The
preparation of these compounds is known to those skilled in the art. In most cases
carbon black is added as filler and a peroxide based curing system is used. The
compounding and vulcanization carried out by a process known to those skilled in the

art, such as the process disclosed in Encyclopedia of Polymer Science and
11



WO 2007/022643 PCT/CA2006/001421

Engineering, Vol. 4, S. 66 et seq. (Compounding) and Vol. 17, S. 666 et seq.

(Vulcanization).

The present invention is not limited to a special peroxide curing system. For example,
inorganic or organic peroxides are suitable. Preferred are organic peroxides such as
dialkylperoxides, ketalperoxides, aralkylperoxides, peroxide ethers, peroxide esters,
such as di-tert.-butylperoxide, bis-(tert.-butylperoxyisopropyl)-benzol, dicumylperoxide,
2,5-dimethyl-2,5-di(tert.-butylperoxy)-hexane, 2,5-dimethyl-2,5-di(tert.-butylperoxy)-
hexene-(3), 1,1-bis-(tert.-butylperoxy)-3,3,5-trimethyl-cyclohexane, benzoylperoxide,
tert.-butylcumylperoxide and tert.-butylperbenzoate. Usually the amount of peroxide in
the compound is in the range of from 1 to 10 phr (= per hundred rubber), preferably
from 1 to 5 phr. Subsequent curing is usually performed at a temperature in the range
of from 100 to 200°C, preferably 130 to 180°C. Peroxides might be applied
advantageously in a polymer-bound form. Suitable systems are commercially available,
such as Polydispersion T(VC) D-40 P from Rhein Chemie Rheinau GmbH, D (= poly-
merbound di-tert.-butylperoxy-isopropylbenzene).

According to the present invention, the peroxide curable rubber compound contains a
nanoclay. Suitable nanoclays according to the present invention are organically
modified nanoclays, such as natural montmorillonite clay modified with a quaternary
ammonium salt. According to the present invention the nanoclay is added in an amount
of 1 to 50 wt% based on the weight of the butyl ionomer preferably 5 to 40 wt%, more
preferably 5 to 20 wt%, most preferably 5 to 15 wt%.

According to the present invention, the peroxide curable rubber compound contains a
nanocomposite suitable nanocomposites according to the present invention are
organically modified nanoclays, such as natural montmorillonite clay modified with a
quaternary ammonium salt. According to the present invention the nanoclay is added
in an amount of 1 to 50 wt% based on the weight of the butyl ionomer preferably 5 to 40
wt%, more preferably 5 to 20 wt%, most preferably 5 to 15 wt%.

Even if it is not preferred, the compound may further contain other natural or synthetic

rubbers such as BR (polybutadiene), ABR (butadiene/acrylic acid-C1-C4-alkylester-
12
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copolymers), CR (polychloroprene), IR (polyisoprene), SBR (styrene/butadiene-
copolymers) with styrene contents in the range of 1 to 60 wt%, NBR
(butadiene/acrylonitrile-copolymers with acrylonitrile contents of 5 to 60 wt%, HNBR
(partially or totally hydrogenated NBR-rubber), EPDM (ethylene/propylene/diene-
copolymers), FKM (fluoropolymers or fluororubbers), and mixtures of the given
polymers.

The peroxide curable rubber compound according to the present invention can also
contain fillers. Fillers according to the present invention are composed of particles of a
mineral, suitable fillers include silica, silicates, clay (such as bentonite), gypsum,
alumina, titanium dioxide, talc and the like, as well as mixtures thereof.

Further examples of suitable fillers include:

- highly disperse silicas, prepared e.g. by the precipitation of silicate solutions
or the flame hydrolysis of silicon halides, with specific surface areas of 5 to
1000, preferably 20 to 400 m2/g (BET specific surface area), and with
primary particle sizes of 10 to 400 nm; the silicas can optionally also be
present as mixed oxides with other metal oxides such as Al, Mg, Ca, Ba,
Zn, Zr and Ti;

- synthetic silicates, such as aluminum silicate and alkaline earth metal
silicate;

- magnesium silicate or calcium silicate, with BET specific surface areas of
20 to 400 m2/g and primary particle diameters of 10 to 400 nm;

- natural silicates, such as kaolin and other naturally occurring silica;

- glass fibers and glass fiber products (matting, extrudates) or glass
microspheres;

- metal oxides, such as zinc oxide, calcium oxide, magnesium oxide and
aluminum oxide;
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- metal carbonates, such as magnesium carbonate, calcium carbonate and

zinc carbonate;

- metal hydroxides, e.g. aluminum hydroxide and magnesium hydroxide

or combinations thereof.

Because these mineral particles have hydroxyl groups on their surface, rendering them
hydrophilic and oleophobic, it is difficuit to achieve good interaction between the filler
particles and the butyl elastomer. If desired, the interaction between the filier particles
and the polymer can be enhanced by the introduction of silica modifiers. Non-limitting
examples of such modifiers include bis-[-(triethoxysilyl)-propyl]-tetrasulfide, bis-[-
(triethoxysilyl)-propyl]-disulfide, N,N-dimethylethanolamine, ethanolamine, triethoxysilyl-
propyl-thiol and triethoxyvinylsilane.

For many purposes, the preferred mineral is silica, especially silica prepared by the

carbon dioxide precipitation of sodium silicate.

Dried amorphous silica particles suitable for use as mineral fillers in accordance with
the present invention have a mean agglomerate particle size in the range of from 1 to
100 microns, preferably between 10 and 50 microns and more preferably between 10
and 25 microns. It is preferred that less than 10 percent by volume of the agglomerate
particles are below 5 microns or over 50 microns in size. A suitable amorphous dried
silica has a BET surface area, measured in accordance with DIN (Deutsche Industrie
Norm) 66131, of between 50 and 450 square meters per gram and a DBP absorption,
as measured in accordance with DIN 53601, of between 150 and 400 grams per 100
grams of silica, and a drying loss, as measured according to DIN ISO 787/11, of from 0
to 10 percent by weight. Suitable silica fillers are commercially available under the
trademarks HiSil 210, HiSil 233 and HiSil 243 available from PPG Industries Inc. Also

suitable are Vulkasil S and Vulkasil N, commercially available from Bayer AG.
Mineral fillers can also be used in combination with known non-mineral fillers, such as
- carbon blacks; suitable carbon blacks are preferably prepared by the lamp

black, furnace black or gas black process and have BET specific surface
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areas of 20 to 200 m%g, for example, SAF, ISAF, HAF, FEF or GPF carbon
blacks;

or

- rubber gels, preferably those based on polybutadiene, butadiene/styrene

copolymers, butadiene/acrylonitrile copolymers and polychloroprene.

Non-mineral fillers are not normally used as filler in the halobutyl elastomer
compositions of the present invention, but in some embodiments they may be present
in an amount up to 40 phr. It is preferred that the mineral filler should constitute at least
55% by weight of the total amount of filler. If the halobutyl elastomer composition of the
present invention is blended with another elastomeric composition, that other

composition may contain mineral and/or non-mineral fillers.

The rubber compound according to the invention can contain further auxiliary products
for rubbers, such as reaction accelerators, vulcanizing accelerators, vulcanizing
acceleration auxiliaries, antioxidants, foaming agents, anti-aging agents, heat
stabilizers, light stabilizers, ozone stabilizers, processing aids, plasticizers, tackifiers,
blowing agents, dyestuffs, pigments, waxes, extenders, organic acids, inhibitors, metal
oxides, and activators such as triethanolamine, polyethylene glycol, hexanetriol, etc.,
which are known to the rubber industry. The rubber aids are used in conventional
amounts, which depend inter alia on the intended use. Conventional amounts are from
0.1 to 50 wt.%, based on rubber. Preferably the compound furthermore includes in the
range of 0.1 to 20 phr of an organic fatty acid, preferably a unsaturated fatty acid having
one, two or more carbon double bonds in the molecule which more preferably includes
10% by weight or more of a conjugated diene acid having at least one conjugated
carbon-carbon double bond in its molecule. Preferably those fatty acids have in the
range of from 8- 22 carbon atoms, more preferably 12-18. Examples include stearic
acid, palmic acid and oleic acid and their calcium-, zinc-, magnesium-, potassium- and
ammonium salts.

The ingredients of the final compound are mixed together, suitably at an elevated
temperature that may range from 25 °C to 200 °C. The ingredients of the final

compound can be mixed in any order, preferably the nanocomposite is mixed prior to
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any fillers or auxiliary ingredients. Normally the mixing time does not exceed one hour
and a time in the range from 2 to 30 minutes is usually adequate. The mixing is
suitably carried out in an internal mixer such as a Banbury mixer, or a Haake or
Brabender miniature internal mixer. A two roll mill mixer also provides a good
dispersion of the additives within the elastomer. An extruder also provides good mixing,
and permits shorter mixing times. It is possible to carry out the mixing in two or more
stages, and the mixing can be done in different apparatus, for example one stage in an
internal mixer and one stage in an extruder. However, it should be taken care that no

unwanted pre-crosslinking (= scorch) occurs during the mixing stage.

The inventive compounds are very well suited for the manufacture of shaped articles,
especially shaped articles for high-purity applications such as fuel cell components (e.g.
condenser caps), medical devices.

The invention is further illustrated but is not intended to be limited by the following

examples in which all parts and percentages are by weight unless otherwise specified.
The following Examples are provided to illustrate the present invention:
EXAMPLES

Equipment: Hardness and Stress Strain Properties were determined with the use of an
A-2 type durometer following ASTM D-2240 requirements. The stress strain data was
generated at 23°C according to the requirements of ASTM D-412 Method A. Die C
dumbbells cut from 2mm thick tensile sheets (cured for tc90+5 minutes at 160 °C) were
used. The tcgg times were determined according to ASTM D-5289 with the use of a
Moving Die Rheometer (MDR 2000E) using a frequency of oscillation of 1.7 Hz and a 1°
arc at 170°C for 30 minutes total run time. Curing was achieved with the use of an
Electric Press equipped with an Allan-Bradley Programmable Controller. 1H NMR
spectra were recorded with a Bruker DRX500 spectrometer (500.13 MHz 1H) in CDCl5
with chemical shifts referenced to tetramethylsilane.

Materials: All reagents, unless otherwise specified, were used as received from Sigma-
Aldrich (Oakville, Ontario). BIIR (BB2030) and calcium stearate was used as supplied
by LANXESS Inc. Epoxidized soya-bean oil (L. V. Lomas), Irganox 1076 (CIBA
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Canada Ltd.), Carbon Black IRB #7 (Balentine Enterprises Ltd.), HVA #2 (Dupont
Canada) and DiCup 40C (Struktol Canada) were used as received from their respective

suppliers.

Example 1: Preparation of High Isoprene BIIR

110 mL of elemental bromine was added to a solution of 7 kg of 6.5 mol% of 1,4 high
isoprene butyl polymer prepared according to Example 2 of CA 2,418,884 in 31.8 kg of
hexanes and 2.31 kg of water in a 95 L reactor with rapid agitation. After 5 minutes, the
reaction was terminated via the addition of a caustic solution of 76 g of NaOH in 1 L of
water. Following an additional 10 minutes of agitation, a stabilizer solution of 21.0 g of
epoxidized soya-bean oil and 0.25 g of Irganox® 1076 in 500 mL of hexanes and one of
47.0 g of epoxidized soya-bean oil and 105 g of calcium stearate in 500 mL of hexanes
was added to the reaction mixture. After an additional 1 h of agitation, the high
multiolefin butyl polymer was isolated by steam coagulation. The final material was
dried to a constant weight with the use of a two roll 10" x 20" mill operating at 100 °C.

The microstructure of the resulting material is presented in Table 1.

Table 1: Microstucture

Total Unsats (mol %) 5.79
1.4 Isoprene (mol %) 4.19
Branched Isoprene (mol %) 0.32
Allylic Bromide (mol %) 0.71
Conjugated Diene (mol %) 0.04
Endo Br (mol %) 0.07

Example 2: Preparation of High Isoprene IIR lonomer

48 g of Example 1 and 4.7 g (3 molar equivalents based on allylic bromide content of
Example 1) of triphenylphosphine were added to a Brabender internal mixer (Capacity
75 g) operating at 100 °C and a rotor speed of 60 RPM. Mixing was carried out for a
total of 60 minutes. Analysis of the final product by 'H NMR confirmed the complete
conversion of all the allylic bromide sites of Example 1 to the corresponding ionomeric
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species. The resulting material was also found to possess ca. 4.2 mol % of 1,4-

isoprene.

Example 3: Preparation of High IP 1IR Cured Article (Comparative)

40 g of high IP IR which possessed a 1,4-IP content of 4.2 mol %. Was introduced into
a Brabender miniature internal mixer (Capacity = 75 g) operating at 30 °C with a rotor
speed of 60 RPM After 1 minute of mixing, 20 g of IRB #7 was introduced into the
mixture. Following an additional 2 minutes of mixing, 0.8 g of HVA #2 was added into
the mixture. After 1 minute, 1.6 g of DiCup 40C was added into the internal mixer. The
resulting mixture was allowed to blend for an additional 2 minutes. The resulting
formulation was cured and the tensile properties were determined as described above.
These results are tabulated in Table 2.

Example 4: Preparation of High IP IIR lonomer Cured Article (Comparative)

40 g of Example 2 was introduced into a Brabender miniature internal mixer (Capacity =
75 g) operating at 30 °C with a rotor speed of 60 RPM . After 1 minute of mixing, 20 g
of IRB #7 was introduced into the mixture. Following an additional 2 minutes of mixing,
0.8 g of HVA #2 was added into the mixture. After 1 minute, 1.6 g of DiCup 40C was
added into the internal mixer. The resulting mixture was allowed to blend for an
additional 2 minutes. The resulting formulation was cured and the tensile properties
were determined as described above. These results are tabulated in Table 2.

Table 2: Tensile Properties

Property Example 3 | Example 4
Hardness Shore A2 (pts.) | 50 66
Ultimate Tensile (MPa) 8.1 7.8
Ultimate Elongation (%) | 442 427
Stress @ 25 % (MPa) 0.618 1.54
Stress @ 50 % (MPa) 0.780 2.01
Stress @ 100 % (MPa) 1.15 2.81
Stress @ 200 % (MPa) 2.82 4.54
Stress @ 300 % (MPa) 5.43 6.30

Example 5: Preparation of non-high multiolefin IR lonomer (Comparative)
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48 g of LANXESS BB2030 and 4.7 g (3 molar equivalents based on allylic bromide
content of Example 1) of triphenylphosphine were added to Brabender internal mixer
(capacity of 75g) operating at 100°C and a rotor speed of 60 RMP. Mixing was carried
out for a total of 60 minutes. Analysis of the final product by '"H NMR confirmed the
complete conversion of all the allylic bromide of Example 1 to the corresponding
ionomeric species. The resulting material was also found to possess 0.4 mol% of 1,4-
IP.

Examples 6-11: Preparation of High IP IR lonomer Nanocomposites

Into a2 Brabender miniature internal mixer (capacity = 75g) operation at 30°C with a rotor
speed of 60 RPM was introduced 100 phr of rubber ionomer (see Table 3). After 2
minutes of mixing, Cloisite 15A (from Souther Clay Products) was added into the mixer.
After an additional 10 minutes of mixing, 2 phr of HVA#2 and 4 phr of DiCup 40C were
added and mixed for an additional 5 minutes. After mixing, the compound was

removed from the mixer and refined with 6 passes on a 6” x 12" mill operating at 30°C.

Table 3: Formulations

Example 6 7 8 9 10 11
High IP IR (4.2 mol% of 1,4-IP)* 100 100 -- - - -
Example 5 -- - 100 100 -- --
Example 2 - - -- - 100 100
Cloisite 15A 5.3 176 53 176 53 176
HVA #2 2 2 2 2 2 2
DiCup 40C 4 4 4 4 4 4

* Prepared according to Example 2 of CA 2,418,884

Table 4: Tensile Properties of Cured Compounds

Example 6 7 8 9 10 1
Hardness Shore A2 (pts.) 27 40 30 51 40 57
Uitimate Tensile (MPa)|2.33 335 284 553 244 45
Ultimate Elongation (%) 563 899 726 507 497 340

Stress @ 25% (MPa) 033 069 039 095 056 1.3
Stress @ 50% (MPa) 042 08t 051 124 070 17
Stress @ 100% (MPa) 055 097 065 168 091 24
Stress @ 200% (MPa) 085 128 089 255 129 35
Stress @ 300% (MPa) 127 156 115 347 169 43
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As can be seen from the examples described above, the treatment of a high isoprene
analogue of BIIR (Example 1) with a neutral phosphorus based nucleophile results in
the formation of the corresponding high IP IR ionomer (Example 2).

The presence of ionomeric units along the IIR polymer backbone allowed for the
attainment of superior physical properties determined for compounds based on the
high IP IIR ionomer described in Example 2 (Example 4) were superior to those
measured for formulations based on neat IR with 4.2 mol% of IP (Example 3). This
observation suggests that the presence of an ionomeric network contributes favorably
to the physical properties of peroxidecured vulcanizates.

The presence of ionomeric moieties and elevated levels of isoprene allows for the
preparation of peroxide nanocomposites with improved physical properties. As can be
seen from the data presented in Table 4, the use of a high IP IIR as the sole elastomer
in a nanocomposite formulation leads to peroxide cured articles with poor physical
properties (Examples 6 and 7). On introduction of the ionomeric moieties, but, with low
levels of residual isoprene not commensurate with peroxide cure (Example 5), the
physical properties of the resulting articles were found to improve (Examples 8 and 9).
Specifically, the compound hardness and M25, M50, M100, M200 and M300 values
were found to be superior regardless of whether 5 wt % (Examples 6 and 8) or 15 wt %
of clay (Example 7 and 9) were used in the formulation. Yet a further improvement was
seen when utilizing a lIR ionomer which possessed elevated levels of residual isoprene,
commensurate with peroxide cure. As can be seen from the physical date presented in
Table 4, nanocomposite formulations based on Example 2 displayed the most preferred
set of physical properties (Examples 10 and 11). Indeed the compound hardness, and
M25, M50, M100, M200, and M300 values were found to be superior to corresponding
Examples 6 - 9.

Although the invention has been described in detail in the foregoing for the purpose of
illustration, it is to be understood that such detail is solely for that purpose and that
variations can be made therein by those skilled in the art without departing from the

spirit and scope of the invention except as it may be limited by the claims.
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IN THE CLAIMS:

1. A peroxide curable rubber nanocomposite compound comprising a peroxide
curative, a nanoclay and a high multiolefin halobutyl ionomer prepared by (a)
polymerizing a monomer mixture comprising at least one isoolefin monomer, at least
one multiolefin monomer and optionally further copolymerizable monomers in the
presence of AICl; and a proton source and/or cationogen capable of initiating the
polymerization process and at least one multiolefin cross-linking agent to prepare a high
multiolefin butyl polymer, then (b) halogenating the high multiolefin butyl polymer and
(c) reacting the high muitiolefin halobutyl polymer with at least one nitrogen and/or
phosphorous based nucleophile.

2. The peroxide curable rubber compound according to Claim 1, wherein the
nucleophile is of the general formula:

R4

Re™ R,

wherein A is a nitrogen or phosphorus, Ry, Rz and Rj is selected from the group
consisting of linear or branched C;-C5 alkyl substituents, an aryl substituent which is
monocyclic or composed of fused C4-Cs rings, and/or a hetero atom selected from, for
example, B, N, O, Si, P, and S.

3. The peroxide curable rubber compound according to Claim 1, wherein the
monomer mixture comprises 80% to 95% by weight of at least one isoolefin monomer
and in the range of from 4.0% to 20% by weight of at least one multiolefin monomer
and/or B-pinene and in the range of from 0.01% to 1% by weight of at least one

multiolefin cross-linking agent.

4. The peroxide curable rubber compound according to Claim 3, wherein the
monomer mixture comprises in the range of from 83% to 94% by weight of at least one
isoolefin monomer and in the range of from 5.0% to 17% by weight of a multiolefin
monomer or B-pinene and in the range of from 0.01% to 1% by weight of at least one
multiolefin cross-linking agent.
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5. The peroxide curable rubber compound according to Claim 3, wherein the
monomer mixture comprises in the range of from 85% to 93% by weight of at least one
isoolefin monomer and in the range of from 6.0% to 15% by weight of at least one
multiolefin monomer, including B-pinene and in the range of from 0.01% to 1% by
weight of at least one multiolefin cross-linking agent.

6. The peroxide curable rubber compound according to Claim 1, wherein the
isoolefin is selected from the group consisting of isobutene, 2-methyl-1-butene, 3-
methyl-1-butene, 2-methyl-2-butene, 4-methyl-1-pentene and mixtures thereof.

7. The peroxide curable rubber compound according to Claim 1, wherein the
mulitiolefin is selected from the group consisting of isoprene, butadiene, 2-
methylbutadiene, 2,4-dimethylbutadiene, piperyline, 3-methyl-1,3-pentadiene, 2,4-
hexadiene, 2-neopentylbutadiene, 2-methly-1,5-hexadiene, 2,5-dimethly-2,4-hexadiene,
2-methyl-1,4-pentadiene, 2-methyl-1,6-heptadiene, cyclopenta-diene,

methylcyclopentadiene, cyclohexadiene, 1-vinyl-cyclohexadiene and mixtures thereof.

8. The peroxide curable rubber compound according to Claim 1, wherein the
crosslinking agent is selected from the group consisting of norbornadiene, 2-
isopropenylnorbornene, 2-vinyl-norbornene, 1,3,5-hexatriene, 2-phenyl-1,3-butadiene,
divinylbenzene, diisopropenylbenzene, divinyltoluene, divinylxylene and C1 to C20
alkyl-substituted derivatives thereof.

9. The peroxide curable rubber compound according to Claim 1, wherein the high
multiolefin butyl polymer is halogenated with bromine or chloride.

10. The peroxide curable rubber compound according to Claim 1, wherein the
nucleophile is selected from the group consisting of trimethylamine, triethylamine,
triisopropylamine, tri-n-butylamine, trimethylphosphine, triethylphosphine,
triisopropylphosphine, tri-n-butylphosphine, triphenylphosphine and mixtures thereof.

11. The peroxide curable rubber compound according to Claim 1, wherein the high
multiolefin butyl ionomer comprises from about 2 to 10 mol% muiltiolefin.
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12.  The peroxide curable rubber compound according to Claim 1, wherein the high

multiolefin butyl ionomer comprises from about 4 to 7.5 mol% muiltiolefin.

13. A peroxide curable rubber compound according to Claim 1, wherein the peroxide
is selected from the group consisting of dialkylperoxides, ketalperoxides,

aralkylperoxides, peroxide ethers and peroxide esters.

14. A peroxide curable rubber compound according to Claim 13, wherein the
peroxide ester is selected from the group consisting of di-tert.-butylperoxide, bis-(tert.-
butylperoxyisopropyl)-benzol, dicumylperoxide, 2,5-dimethyl-2,5-di(tert.-butylperoxy)-
hexane, 2,5-dimethyl-2,5-di(tert.-butylperoxy)-hexene-(3), 1,1-bis-(tert.-butylperoxy)-
3,3,5-trimethyl-cyclohexane, benzoylperoxide, tert.-butylcumylperoxide and tert.-
butylperbenzoate.

15. A peroxide curable rubber compound according to claim 15 wherein the nanoclay
a natural montmorillonite clay modified with a quaternary ammonium salt.

16. A peroxide curable rubber compound according to Claim 15 wherein the nanclay
is added in an amount of 1 to 50 wt% based on the weight of the high multiolefin butyl
ionomer.

17. A peroxide curable rubber compound according to Claim 1, further comprising at
least one filler.

18. A shaped article comprising a compound according to Claim 1.

19.  An article according to Claim 18 in the form of a medical device or a condenser
cap.
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