Butyl | onomer Having Inproved Surface Adhesion Field of the Invention The
invention relates to butyl rubber iononers having inproved surface
adhesion. Mre particularly, the invention relates to butyl rubber iononers
having 5 inproved adhesion to surfaces having pol ar surface
functionalities, such as glass, stainless steel and nylar, especially for
butyl rubber iononers having elevated |levels of 1isoprene (nore than 3.0
mol % . Background Baityl ionomeyHewningbnpoomdSayfacerAdhésions a synthetic
el astoner commonly known 10 as butyl rubber which has been prepared since
the 1940Q' s throu?h t he random cati oni ¢ copol yneri zation of isobutylene with
smal |l a t ne (1-2 nole %9 . As a result of its nolecular
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and a Fidgpfiehe Ghafd g,a@ag_glrﬁ(gft%g_s part of the polynerization initiator.
This process is further described in U S. Patent No. 2,356,128 and U | nanns

20 Encycl opedi a of Industrial Chem stry, volume A 23, 1993, pages 288-295.

Peroxidga@H$@th butyl rubber conpounds offer several advantages over
conventional, sulfur-curing, systens. Typically, these conpounds display

extrenely fapbly(Bobatyléie8oadshbrene), IR tisng sghtheticadihsohrs dRthohy RASESSS
excel l ent heat resistance. In addition, peroXide-curable formnulati'ons are
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syringes) and possibly in seals for fuel cells. It is well accepted that
pol yi so fUsh Oxistabive $tak lity anskoxtapdesfrigme sgistandse 30 action of organic
per oxi des, Furthernore, US 3,862,265 and US 4, 749,505 teach us 1

Butyt rubber is understood to be a copolymer of an isoolefin and one or more,

15 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
muitiolefin. Butyl rubber or butyl polymer is generally prepared in a slurry process using
methyl chioride as a vehicle and a Friedel-Crafts catalyst as part of the polymerization
initiator. This process is further described in U.S. Patent No. 2,356,128 and Ullmanns

20 Encyclopedia of Industrial Chemistry, volume A 23, 1993, pages 288-295.

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

25 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 fue! cells,

it is well accepted that polyisobutylene and buty! rubber decompose under the

30 action of organic peroxides. Furthermore, US 3,862,265 and US 4,749,505 teach us
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t hat copolymers of a C4 to C7 isononoolefin with up to 10 wt. % i soprene or
up to 20 wt. % para-al kyl styrene undergo a nol ecul ar wei ght decrease when
subj ected to high shear mxing. This effect is enhanced in the presence of
free radical initiators. In spite of this, CA 2,418,884 and 2, 458, 741
describe the preparation of butyl- 5 based, peroxide-curable conpounds
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20  the solid state, leads to the generation of [IR-based ionomers with interesting physical
and chemical properties (see: Parent, J. S.; Liskova, A.; Whitney, R. A; Resendes, R.

Journal of Polymer Science, Part A. Polymer Chemistry 43, 5671-5679, 2005; Parent, J

. 8.; Liskova, A.; Resendes, R. Polymer 45, 8091-8096, 2004 ; Parent, J. S. ; Penciu, A.

; Guillen- Castellanos, S . A.; Liskova, A.; Whitney, R. A. Macromolecules 37, 7477-

25 7483, 2004).

Existing Buty! elastomer grades are used in a variety of applications where the
inherent low gas permeation rate is of great importance. The adhesion of butyl rubber to
solid surfaces is an important physical property that leads to the formation of composite
materials. For example, in multi pane gas filled glass window seals, the low permeation

30 of Butyl elastomers allows the retention of special gases of low thermally conductivity
over the life of the window. As the ever-increasing demand for improved energy

efficiency drives improvements in window design, better adhesion properties in window
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efficiency drives inprovenents in wi ndow design, better adhesion properties
in wndow 2 seals are required. However, existing butyl rubber polyners
exhibit only noderate adhesion to glass surfaces and as a result have
deficiencies when used in glass- polynmer conposite applications. The sane
is true of netal -polynmer and plastic-polynmer conposite applications. 5 The
publ i catseans Bayeequirddnuabwkoér t ®astiiipety! nevst oldndrsEdkhibanody Magerdid?
table D10-1 and at page 514 table D10-2 as well as page 515 table D10-4
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| el Oglassphidtalfaralior plastierenifecemi ety; and, the butyl rubber iononer
havi ng an adhesion to a substrate surface at |east 25% greater than the

adhesi on of @ HRNPAKNBIBT rbB¥HPGlymMakIesve OxHibRed adhesion values of less than 15
psi for stainless steel, less than 10 psi for glass and less than 5 psi for mylar.
fmprovements in these adhesion values are constantly being sought. To date no
attempts have been made to characterize adhesion between butyl rubber ionomers and

20 glass, metal or plastic surfaces.

The need therefore still exists for a butyl polymer having improved surface

adhesion characteristics and for composite articles made therefrom.

Summary of the Invention

According to the present invention, there is provided a butyl rubber ionomer
25 comprising: repeating units derived from at least one isoolefin monomer; at least 0.5
mol% of repeating units derived from at least one multiolefin monomer, at least 0.5
mol% of repeating units derived from an allylic halide and at least 0.5 mol% of an
ionomeric moiety; and, the butyl rubber ionomer having an adhesion to a substrate
surface at least 25% greater than the adhesion of a non-ionomeric butyl rubber to the

30 same substrate surface.



30 sane substrate surface. 3 According to another aspect of the present

I nvention, there is provided a peroxide cured conposite article nmade from
t he foregoing butyl rubber ionomer. According to yet another aspect of the
present invention, there is provided a conposite article conprising: a
butyl rubber ionomer conprising: repeating units derived 5 from at | east
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The butyl rubber ionomer is prepared from a halogenated butyl rubber polymer.

Butyl rubber polymers are generally derived from at least one isoolefin monomer, at

least one multiolefin monomer and optionally further copolymerizable monomers.

20 The butyl rubber polymer 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-methyi-1-

pentene and mixtures thereof are preferred. More preferred is isobutene.

The butyl rubber polymer is not limited to a special multiolefin. Every multiolefin

25  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,

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

preferably conjugated dienes, are used. Isoprene is more preferably used.
4



30 net hyl cycl opent adi ene, cycl ohexadi ene, 1-vinyl-cycl ohexadi ene and

m xtures thereof, preferably conjugated dienes, are used. |soprene is nore
preferably used. 4 As optional nononmers, any nononer copolynerizable with
the isoolefins and/or dienes known by the skilled in the art can be used.
a-nmet hyl styrene, p-nmethyl styrene, chlorostyrene, cyclopentadi ene and

met hyl cycl opexd agiiems rAassomers, eirgbmpnoard .cobafensrizadns withntee isdéyefing and/or
derivatives may al so be used. R-pinene can also be used as a co- 5 nononer
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lgieimnzsenier,]diisopropenyibenzene, divinyltoluene, divinyixylene and Cq to Cyo alkyl-
substituted derivatives thereof. More preferably, the multiolefin crosslinking agent is
20 divinyl-benzene, diiso-propenylbenzene, divinyltoluene, divinyl-xylene and Cy to Cyo
alkyl substituted derivatives thereof, and or mixtures of the compounds given. Most
preferably the multiolefin crosslinking agent contains divinylbenzene and

diisopropenylbenzene.

Preferably, the monomer mixture used to prepare the high multiolefin butyi

25 polymer contains in the range of from 80% to 96% by weight of at least one isoolefin
monomer and in the range of from 3.0% 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 muitiolefin 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

30 range of from 5.0% to 17% by weight of a muiticlefin monomer or 3-pinene and in the
range of from 0.01% to 1% by weight of at least one muitiolefin cross-linking agent.

Most preferably, the monomer mixture contains in the range of from 85% to 93% by
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the range of from83%to 94% by wei ght of at |east one isool efin nononer
and in the 30 range of from5.0%to 17% by weight of a multiolefin nononer
or (3-pinene and in the range of fromO0.01%to 1% by wei ght of at | east
one nmultiolefin cross-linking agent. Mst preferably, the nononmer m xture
contains in the range of from85%to 93% by 5 weight of at |east one
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Acid Neutralization Agents", i s incorporated herein by reference.
mol%, yet more preferabiy at Ieast 6 0 mol%, still more preferably at least 7.0 mol% of

repeating units derived from at least one multiolefin monomer.

The regular butyl polymer or high multiolefin buty! polymer can then be subjected

20  to a halogenation process in order to produce a halobutyl polymer. Bromination or
chlorination can be performed according to the process known by those skilled in the

art, for example, the procedures described in Rubber Technology, 3rd Ed., Edited by
Maurice Morton, Kiuwer Academic Publishers, pp. 287 —~ 300 and further documents

cited therein. A further example is provided in a co-pending application by Resendes, et

25  al., entitied “Method of Halogenating Butyl Rubber Without Acid Neutralization Agents”,

which is incorporated herein by reference.

During halogenation, some or all of the multiolefin content of the butyl polymer is
converted to allylic halides. The allylic halides in the halobutyl polymer are therefore
repeating units derived from the multiolefin monomers originally present in the butyl

30 polymer. Of course, there may be residual multiolefin content in the halobutyi polymer
and there may then be both aliylic halides and non-halogenated multiolefins present

within the same polymer. However, the total allylic halide content of the halobutyl
6



During hal ogenation, sone or all of the nultiolefin content of the butyl
polymer is converted to allylic halides. The allylic halides in the

hal obutyl polynmer are therefore repeating units derived fromthe
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the foll ow n%b or mul a, wherein: Ais a nitrogen or phosphorus;
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branche nts an_ar, sti.tu nt ichis

m)nocycﬂl gé%rr%rggr?%ng%hméf @P"é@"d'Pﬂ ﬁ%éﬁe E’EIBINHIQ %ro atom sel ect ed

nucl eophile will contain at | east one neutral nitrogen or phosphorus
center which possesses a |one pair of; ef'eegrons which is both 20
electronically and sterically accessible fol participation in nucleophilic
substitution rheactl ons. Suitabl e nucl eophiles include trinethylam ne,
triethylam n& TR | sopr opyI amne, tri-n-butylamne, trimethyl phosphine,
tri et hyl phosphi ne, trllso ogKI hpsRhine, tri-n-butyl phosphi ne, and

tri phenyl pho8ghidndtrogen or phosphorus; and,

15 R4, Rz and Rj are selected from the group consisting of linear or branched C4-C1g

from for exanple, B, N O, S|, P, and gﬁln general , the appropriate

alky! 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.

In general, the appropriate nucieophile will contain at least one neutral nitrogen

or phosphorus center which possesses a lone pair of electrons which is both

20 electronically and sterically accessible for participation in nucleophilic substitution

reactions. Suitable  nucleophiles include trimethylamine, triethylamine,

triisopropylamine, tri-n-butylamine, trimethylphosphine, triethylphosphine,
triisopropylphosphine, tri-n-butylphosphine, and triphenylphosphine.

The amount of nucleophile reacted with the butyl rubber may be in the range
25 from 1 to 5 molar equivalents, more preferably 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 halobutyl polymer.

The 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



The amount of nucl eophile reacted with the butyl rubber may be in the range
25 from1l to 5 nolar equivalents, nore preferably 1.5 to 4 nol ar
equi val ents and even nore preferably 2 to 3 nolar equival ents based on the
total nolar anmount of allylic halide present in the hal obutyl polyner. The
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The butyl rubber ionomer exhibits improved adhesion to surfaces having polar

20  functional groups. The butyl rubber ionomer exhibits an adhesion to a given substrate
surface at least 25% greater than the adhesion of a non-ionomeric buty! rubber to the
same substrate surface, preferably at least 50% greater, more preferably at least 100%
greater, yet more preferably at least 150% greater, yet more preferably at least 200%
greater. A greater content of ionomeric moiety in the ionomer may lead to a greater

25 improvement in adhesion. The ionomer may exhibit a greater improvement in adhesion
to some substrate surfaces than to others. Specifically, the ionomer may have an
adhesion to stainless steel of at least 25 psi, an adhesion to glass of at least 20 psi, or

an adhesion to mylar of at least 10 psi.

When high multiolefin content halobuty! rubber is used to prepare the butyl

30  rubber ionomer, the ionomer may have at least 1.5 mol % residual multiolefin monomer,
preferably isoprene. Preferably, the butyl rubber ionomer prepared from high multiolefin
halobutyl rubber has at least 3.5 mol % residual 1, 4 isoprene. The butyl rubber ionomer
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25 inmprovenent in adhesion. The iononer may exhibit a greater inprovenent
I n adhesion to sone substrate surfaces than to others. Specifically, the
i ononer may have an adhesion to stainless steel of at |east 25 psi, an
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mol ecul i€dofe %gﬂgﬁ%f%gggm fb%}é‘?z%é M8y weight or nore of a

conj uga e di ene aci one conjugated car bon- car bon doubl e
In a preferred embodiment, the ionomer may contain in the range of 0.1 to 20 phr

20  of an organic fatty acid, preferably an 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

25  oleic acid and their calcium-, zinc-, magnesium-, potassium- , sodium- and ammonium
salts. Composite articles can be made from either of the foregoing butyl rubber
ionomers utilizing as substrates materials having surfaces a stainless steel material, a

glass material, or a mylar material.

Cured articles can also be made from the butyl rubber ionomer and/or the
30 composite material. Preferably, the articles are peroxide cured. In curing the ionomer,
there are many suitable peroxide curing agents that may be used, for example, dicumyl

peroxide, di-tert.-butyl peroxide, benzoyl peroxide, 2,2'-bis tert.-butylperoxy
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bond in its nolecule. Preferably those fatty acids have in the range of
from8 - 22 carbon atons, nore preferably 12-18. Exanples include stearic
acid, palmc acid and 25 oleic acid and their calcium, zinc-, magnesiunt,
potassium , sodium and ammonium salts. Conposite articles can be nade
fromeither of the foregoing butyl rubber iononmers utilizing as substrates

mat er i aldiisbigopRbepteha@cqyuicupEri B0EEY, SheakoyatRirbride, a 2, 9ldaasthyrl &-diddert-or
a nylar material. Cured articles can also be nade fromthe butyl rubber
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Ci ba- Ge{fpyymunitddhri gi-ditydao-2r Addmarethyfquinoline) and Irganox® 1035 (thicdiethylene

bis(3,5-di-tert.-butyl-4-hydroxy) hydrocinnamate or thiodiethylene bis(3-(3,5-di-tert.-

20  butyl-4-hydroxyphenyl)propionate supplied by Ciba-Geigy. Vulkanox is a trademark of

Lanxess Inc.

The cured article may 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

25  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 that depend, inter alia, on
the intended use. The cured article may also contain mineral and/or non-mineral fillers.

30 Conventional amounts are from 0.1 to 50 wt.%, based on rubber.

Mineral fillers according to the present invention are composed of particles of a
mineral, suitable fillers include silica, silicates, clay (such as bentonite and
10



Lanxess Inc. The cured article may contain further auxiliary products for
rubbers, such as reaction accelerators, vulcanizing accel erators,

vul cani zi ng accel eration auxiliaries, antioxidants, foam ng agents,
anti-agi ng agents, heat stabilizers, light stabilizers, ozone 25
stabilizers, processing aids, plasticizers, tackifiers, blow ng agents,
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filler filler particles and the butyl elastomer. If desired, the interaction between the filler
particles and the polymer can be enhanced by the introduction of silica modifiers. Non-
20  limiting examples of such modifiers include bis-[-(triethoxysilyl)-propyl]-tetrasulfide, bis-{-
(triethoxysilyl)-proply}-disulfide, N,N,-dimethylethanolamine, ethanolamine, triethoxysilyl-

propyl-thicl and triethoxyvinylsilane.

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

the carbon dioxide precipitation of sodium silicate.

25 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 iess than 10 percent by volume of the agglomerate
particles are below 5 microns or over 50 microns in size. A suitable amorphous dried
30  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
11
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pol ychl oroprene. In sonme enbodi nents, non-mneral fillers nay be present in
an anount upThe amnp@mdingtaricbvmcarﬁieaniced mar;abetdwriadi et dly 4 iprbessskoawnl to

t t 5% ht f th t ot 1 f il |
contiountlidns” SIS I (B4 383 stih AR e RedPPT® BIGHRSEEY Th T yCio0edh Sl Ty e 5
those ski|dned driy Ehgurﬁ.ﬂetrmgsw Aasst 66 é%rs%esz ofAdrReRy did BTyt opedh@ «f

Pol ymer Sci ence and Engineering, Vol. 4, S. 66 et seq. (Corrpoundl ng) and
Vol . 17se®. (Vebsrézation).

The invention is well suited for the manufacture of composite articles containing
both an elastomer and a substrate material. These articles are particularly useful in a
20 variety of applications, especially applications requiring the vibration dampening

characteristics or gas impermeability characteristics of butyl rubber.

The invention is further illustrated with reference to the following examples.

Examples

Equipment

25 'H NMR spectra were recorded with a Bruker DRX500 spectrometer (500.13
MHz "H) in CDCl; with chemical shifts referenced to tetramethylsilane. A Monsanto Tel-
Tak Model TT-1 was used to determine the adhesion of uncured rubber samples to a
variety of substrate surfaces, including such materials as stainless steel, glass, mylar,

and Teflon™,
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seq. (Vul canization). The invention is well suited for the manufacture of
conposite articles containing both an elastoner and a substrate nmaterial.
These articles are particularly useful in a 20 variety of applications,
especially applications requiring the vibration danpening characteristics
or gas inperneability characteristics of butyl rubber. The invention is
further Métheddy ated with reference to the foll ow ng exanples. Exanpl es

Equi prent 25 1H NWR spectra were recorded with a Bruker DRX500

spect ronet er THe08dHSioizst PrbcedureNEASbasdd upbrASH 3120t Methalfdeh e riddsl tast
tetranet egési,l ane. A Monsanto, Tel - Tak Mdel TT-1 was_used to de*erm’ ne the
adhesi oSS MR MGG HRAVIEAHN Bchipye Rlanasseepiation oL@k erRstemsiipatasolid

i ncl udi ' Al el gl I I

12 Vet hods ViR T Eefibe e (UiRk Beags v el SR e Ho A BT ST e
Thi sbt esttod®t e Birisnaple Bbebtyr cevarging theakniees 40126V do (il &BRlY. SdpasanpEnsiodetan
el astonmer froma solid  substrate. The conpound being tested was ipitially
Sheet ed HErBHTEN PESSESI TGRS aa ol COmBTING Sguare WorRB RIE WiEaes bpound
varyi ng yidih kR ss hBulZ0at @0E30The Rl SREPbSCRAE B SmiRirSof N2 BIRSBRM
into a 5" X 3" nold contai ning square woven fabric using“a 15 pound wei ght
for 5 mahutigsimaoniibe @hemire onddrdtonpresback e ety aof the sareple siefanes. The

al um num.on t he her i rder. to preserve the. i.ntegrity, of the sanpl

surt acediChhst ohina neldeCEbetig s et in 1S Heea ThBcrtfess g apg.
The1t aighlsessuridces! waradcldQnad a9 thehiRessnvarif gaeanRes cantiding kipaesiewnad
in glass jars containing ethanol, while the Teflon TM and nylar were w ped

down wi the tafiendl’ and eeylpy wrericowines! ostn wgth Athandd diremlys puer ¢o dastingit 4l
test sti]RScOPARIE! DY into ﬁedégng_frié n%(eggu]rgtga%g??s Mf%“pe%&%rﬁgre é’l}&&@frﬂﬁéG

hours of Speci men  preparati re was o ‘prepar e and pres

i nt egri withof 18lHousp et spedinsan peasiesatidd Vhes wasy fakeni togrepareaadhe pireserveshs,
t he rubber speci men was placed face up into the bottomof the sanple

hol der BitegMy of all-spgeimemsHHAG8S.and the protective nylar |ayer was

renoved. The chosen substrate surface was polished with ethanol and placed
15 When performing the adhesion tests, the rubber specimen was placed face up

into the bottom of the sample holder of the Tel-Tak apparatus and the protective mylar
layer was removed. The chosen substrate surface was polished with ethanol and placed
into the top sample holder above the specimen. Both sample holders were then placed
into the apparatus. The surfaces were moved into contact with one another and a built-
20 in timer set to 60 s was automatically activated. A contact pressure of 32 psi was
applied using the apparatus. Following the 60 s contact time, the specimen and
substrate surfaces were separated from one another at a speed of 1 inch per minute,
while constantly maintaining a parallel relationship between the surfaces. The force
required to separate the specimen from the surface was measured using a calibrated
25 force gauge with a capacity of 80 ounces and a built-in indicator for the maximum value.
For %" samples, the maximum force value could be read directly from the force gauge
in pounds per square inch (psi). Tests were carried out in triplicate and the mean

values were reported.

Materiails

30 All reagents, unless otherwise specified, were used as received from Sigma-
Aldrich (Oakville, Ontario). BIIR (BB2030) was used as supplied by LANXESS Inc.
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into the top sanpl e hol der above the specinen. Both sanple hol ders were
then placed into the apparatus. The surfaces were noved into contact with
one another and a built 20 in tiner set to 60 s was autonmatically
activated. A contact pressure of 32 psi was applied using the apparatus.
Following the 60 s contact tine, the specinen and substrate surfaces were
separ at é&tkdmpla britrepavation cftlifCoptaihing 615 meltssfrisoprene, while
constantly maintaining a parallel relationship between the surfaces. The
force requirldg¢ todovimmesampladluspatasnthe continuochie prediiaiien whs ness grade of

using a i ted 25 .force gauge wth aci ty of ounces and

ui 11~ A RREGieEio 7515 HERRairTEnh .o SRR o Ao, Bioned Ve et
force vagpuescw) dehfedread apldrackiy fromthe force gauge in pounds per
square inch (psi). Tests were carried out in triplicate and the mean

val ues were i rc%@%ﬁ 931 I Q. herw

speg?fi ed, mﬁﬁgqﬁgggmaéﬁéggg?\@f%%ﬂéﬁgm r?féﬁ!}?ﬁ&vﬁlﬁé%%{!gr(% o'r
Bl | R ( BB29Bahd wés/ udeth abisobpterieedPlyr ICANXESEs miged I@edExvasphiroduced into the
Preparation of Il R Containing 6,5 nol % of ne. The fol|lown anpl e
i |l ust rQPBQ” G ngmq{?&fl’g”p Rt #oA r@?te af)fng% i@ﬁ?ﬂ)‘@ ofn aﬁpﬁoﬁoiﬁés&gﬁ
an i sopiRARILEeRLAR! thefrebBtdr &t & 1AtdTBF 5% s kKYRRRY PHIRRER A6 Whs 1n’?§at§@\§§5
C) between 35 and 40 MJ. 5 The nononer feed conposition was conprised of
4. 40 w thegnsrodustipn oh @n(AlC!gieQl gsjutiand 02253 wiwke. oRAKEH; insbledilpata(rafe of 204

C4 [ 5.0 f i duced | h ' pol i zati.
Foat or 2L REHRUET TedoR el SRS IS rol Bk e atRE, W cadnaifge
the reabbtest -5 airel 0f109. ACt ohBulssl/ BRaIrusePArY BRY bvapdralivéasodigt ippd&shsyi a

the introduction of an Al Cl3/MeCl solution (0.23 wt. % of AICI3 in MeCl) at
a rate bPlowngpiffigenbresidgnnsutimeichin ibemaactor etfpetewiyrforroed tedymeneiumipus

reactio i.ned en, - d;p- t a .
evapor a F%g)ﬁ% I;éﬁljgfrg&oéheésj gg@@bﬁeﬁm‘“ﬂ@ ghtﬁl ?'lg% Sgn%” %égfgaé%g@gﬁ ftﬁgﬁw ’tQThFHS
t he reapoint, ca.he wevityof Gtemit peldy e etradlcethaates gpapalyeted cambhePhBCto
di | w.th the u f an aqueous flash tank. At i 'n}, ca. 1 %

nt S this poi W
of & eaf N4 Wads Ohthe SaRIEST asna® P19 s added to the plvimer SDHING /),
0.1 W. ¢2 i i : :

D1 yi g S eSS (BERPIA! LA accoRIRNeE DI 1S pPaEvh Fon RrRE T Fesuting
conveyomataréi washfeunddalcointain 6.5 mol % of isoprene by 'H NMR analysis.

Example 2, Preparation of High Isoprene BIIR.

To a solution of 7 kg of Example 1 in 31.8 kg of hexanes and 2.31 kg of water in
20 a 95 L reactor was added with rapid agitation 110 mL of elemental bromine. After 5
minutes, the reaction was terminated via the addition of a caustic solution comprised of
76 g of NaOH in 1 L of water. Following an additional 10 minutes of agitation, a
stabilizer solution comprised of 21.0 g of epoxidized soya-bean oil and 0.25 g of Irganox
1076 in 500 mL of hexanes and one comprised of 47.0 g of epoxidized soya-bean oil
25 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 IP BIIR 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 resuiting material is presented in Table

1.
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material was found to contain 6.5 nol % of isoprene by 1H NVR anal ysis.
Exanpl e 2, Preparation of H gh Isoprene BIIR To a solution of 7 kg of
Exanple 1 in 31.8 kg of hexanes and 2.31 kg of water in 20 a 95 L reactor
was added with rapid agitation 110 nL of elenental brom ne. After 5

m nutes, the reaction was termnated via the addition of a caustic solution

conprised of 76 g of NaOHTabld 1LMrosalieture bOEkamwipRg2an addi tional 10
m nutes of agitation, a stabilizer solution conprised of 21.0 g of

2ha one- conpr | 9ed of 470" 18 SREHEIIY Loy s beancdld 25 and 105 g of |
cal cium stearate in 500 mL 0f4 heperes(melspdded to #he@ reaction mxture.

After an additional 1 h agjtation, the high IP BLIR was isolated by
st eam coagul ation. The f rﬁ&%?@ﬁ%’rﬁrﬁﬂe\zﬁ'gpcﬁgi ed toY%onstant wei ght with

the use of a two roll 10" x| Bfarhide (ARAMAF I Nng at $00 C. The
m crostructure of the resulting material is g)resented in Table 1. 14 Table
1: Mcrostructure of ExanpPgjugaterbPigneymelt’%) (nol 99.03 79 1,4 |soprene

(rmol 9% 4.19 Branched Isopreﬁgmp E[@O ,(90.332 leligiom de (nmol % 0.71
Conj ugated D ene (nol 9 . 9 e 3, Preparation
of IR lononer. 5 48 g of BB2030 and 4.7 g (3 nolar equival ents based on
allylic brom de content of Exanple 1) of triphenyl phosphine were added to
Brabender internal mxer (Capacity 75 g) operating at 100 C and a rotor
speed of 60 RPM M xing was carried out for a total of 60 m nutes.

Anal ysis of the final product by 1H NMR confirmed the conplete conversion
of all Exampleyd,iRrepavatide offliRSletpher.l to the corresponding i ononeric 10
species. The resulting material was also found to possess 0.4 nol % of
residual 1, 44pm of Oeand 47 ggdrmaeles gagivalgnis basegramallicrosrdasenters g

bt soy BB 8o LD AL 08035900 g R, Fspaciy

i nt er nal 5ma)xaperating 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 of Example 1 to the corresponding ionomeric

10  species. The resulting material was also found to possess 0.4 mol % of residual 1,4-IP.

Example 4, Preparation of High Isoprene iR lonomer.

48 g of Example 2 and 4.7 g (3 molar equivalents based on allylic bromide
content of Example 1) of triphenylphosphine were added to Brabender internal mixer
(Capacity 75 g) operating at 100 °C and a rotor speed of 60 RPM. Mixing was carried

15 out for a total of 80 minutes. Analysis of the fina! product by 'H NMR confirmed the
complete conversion of all the allylic bromide of Example 2 to the corresponding
ionomeric species. The resulting material was also found to possess 4.20 mol % of
residual 1,4-iP.

Results and Discussion.

20 As can be seen from the data presented in Table 2, a significant, surprising,
increase in adhesion as determined through Tel-Tak measurements was observed for
ionomers derived from BB2030 (Example 3) and Example 2 (Example 4). This
observation would suggest that the ionomeric moieties found along the polymer

backbone for both Examples 3 and 4 help to mediate the surface energy differences
15



(Capacity 75 g) operating at 100 C and a rotor speed of 60 RPM M xi ng was
carried 15 out for a total of 60 mnutes. Analysis of the final product by
1H NMR confirned the conplete conversion of all the allylic brom de of
Exanple 2 to the corresponding iononeric species. The resulting materi al
was al so found to possess 4.20 nol % of residual 1,4-1P. Results and

Di scussib@twe@l the balk BR &remx faremtiidieudiata ipr geesicd iIn daditien2thése polar
significant, surprising, increase in adhesion as determ ned through

Tel - Tak 'ARABAEFSSEAHRS RAssessbevality dp favoarbt Bteract wéh the aplagpoghonalities

( Exanpl alpk | vat, ) t hat
the ion r?é%?@%n%t 'es ou‘ﬁ%ﬁ%@”‘{‘éﬁ% Sp%%#edfgggé‘cﬁ)tgﬁ%tmw @Bfﬁp%%?‘: Iée}s
3 and 4eH@Jai)e(Ei (be\:]mslioatrfesitihel Bopfaee asrfeugy ildidﬁziﬁaem;ﬁlamm%f.léxéthae@ﬁpbﬁﬁv@ivl K
IR patrix and the surface in guestion. In addition, these polar 1ononeric
grougg1 %@teé‘scgsttﬂ%aQEPF’l"?W&eﬁgahﬂ?gﬁtﬁ‘Fa'ﬁla;fﬁﬁ%eract with the polar
functionalities present on the surfaces of both stainless steel and gl ass.

Interestingly, the presence of elevated |evels of residual isoprene as
found in Exanple 4 (c.f. Exanple 3) positively 5 influences the adhesive

strength of this ngberinl o fabhe 2 nedheslonas Berel Fhpqdslifough el - Tak

Testing. Surface AVerage AUNEST O {(PSt) 2030 Exart pl e 3 Exanpl e
4 St aintess—113-9-7-306-3-38-—3—Steel—G-a55-—6-0+0-2+-3-330—Mrar 2.0

5.0 13,7 Murfacqefilon 1.5 3.0 3.7 Average Adhegienddsit from t he exanplles

descri bed above, the t nt of Olis nal o | R
( Exarrp|W_t_h_a_nen?%hnc ﬁhr%?gﬁ;g%':%d nu.ﬁ?ém? I%P r gli(ﬁln'?é[ei%L t he
f or mat | on Stdiintelse cdrrespdngli ng hi gh BF7 1 I R ijonomd®0.3 Exanpl e 438.3

Addi ti onal | Steet he tireat ment of BB2030 with g neutral phosphorus based

nucl eophiteTesultis—in{heforpationof the—corresponding-H-Rbased
| onone (B@ﬁ‘ﬁ?e 3). 1In & esti ngl vy, 7 si gniifi cart ¢ ncrease i$3-Bdhesi/on (as
det erm ned jagpugh Tel - Talg 5.0 13.7 29.3

Teflon 1.5 3.0 3.7 3.8

As can be seen from the examples described above, the treatment of a high

10  isoprene analogue of BIIR (Example 2) with a neutral phosphorus based nucleophile
results in the formation of the corresponding high P [IR ionomer (Example 4).
Additionally, the treatment of BB2030 with a neutral phosphorus based nucleophile
results in the formation of the corresponding IliR-based ionomer (Example 3).
Interestingly, a significant increase in adhesion (as determined through Tel-Tak

15  analysis) was observed for the ionomeric analogues of both BB2030 and Example 2.
Importantly, the elevated levels of residual isoprene found in Example 4 (c.f. Example 3)
seem to further enhance this particular materials adhesive strength. Adhesion to mylar

was greater than adhesion to Teflon. It is speculated that the improved adhesion to
mylar is due to its relative hydrophilicity compared with Teflon. Adhesion to substrates

20 having polar surface characteristics is therefore expected to be greater than adhesion to
non-polar surfaces. In general, the conversion of commercial BIIR (e.g. BB2030) or

BIIR with elevated levels of isoprene (e.g. Example 2) to the corresponding ionomeric
species results in a significant improvement in adhesion to a variety of surfaces. As
already mentioned, the presence of elevated levels of residual isoprene further

25 enhances the adhesive strength.
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15 anal ysis) was observed for the iononeric anal ogues of both BB2030 and
Exanple 2. Inportantly, the elevated | evels of residual isoprene found in
Exanple 4 (c.f. Exanple 3) seemto further enhance this particul ar

mat eri al s adhesive strength. Adhesion to nylar was greater than adhesion
to Teflon. It is speculated that the inproved adhesion to nylar is due to
its rel ative Thedfosgioing idesctbepaprefeved rereddiorentdddfe sherintentiumb sndabéssr20

havi ng ar_surface characteristics i.s therefore expected to be greater
han acneeflss Bho WEnsdRieas 8188 ntBn WEhe: &ydeftl Gemons Sdadn he Hn.
comer ¢ile BlléWirigfolsims ASRNBOboREUSY bR HifrElEAL Rtk YR Bréfoihg aRECIE
(e.g. Exanple 2) to the corresponding iononeric species results ih a

si gni fi ddsDdedpyolhensrenion tadhdsiermther wanatidnst gndkubrgoiaizieationss thadlareaeht
ment &£ on 1 [ nce of elevated |levels of residual isoprene further 25
enhé%cengWéﬁgaﬁwﬁgge strength. 16 The foregoi ng describes preferred

enbodi nents of the invention and other features and enbodi nents of the
invention will be evident to persons skilled in the art. The follow ng
clainms are to be construed broadly with reference to the foregoing and are
i ntended by the inventor to include other variations and sub-conbi nati ons
that are not 5 explicitly claimed. 17 Cains 1. A butyl rubber iononer
conprising: a) repeating units derived fromat |east one isool efin nononer;
at least 0.5 nol % of repeating units derived fromat |east one

mul tiolefin nononer, at least 0.5 nol % of repeating units derived from an
allylic halide and at least 0.5 nol % of an iononeric noiety; and, b) the
butyl rubber ionomer having an adhesion to a substrate surface at |east 25%
greater than the adhesion of a non-iononeric butyl rubber to the sane
substrate surface. 2. The butyl rubber ionomer of claim1, wherein the

i sool efin conprises isobutylene, the nmultiolefin conprises isoprene and
the allylic halide conprises a brom de. 3. The butyl rubber iononmer of
claiml1, further conprising at least 0.3 nol % of residual nultiolefin.

17



4. The butyl rubber iononmer of claim1l, conprising at least 3.5 nol % of
repeating units derived fromthe at |east one nultiolefin nononer. 5. The
butyl rubber ionomer of claim4, further conprising at | east 1.5 nol % of
residual nmultiolefin. 6. The butyl rubber iononer of claiml, wherein the
substrate surface is stainless steel, glass, nylar or TeflonTM 7. The
butyl rubber iononmer of claim1, having an adhesion to stainless steel of
at | eastClais psi, an adhesion to glass of at |east 30 psi, an adhesion to
myl ar of at | Ieast 15 psi  or an adhesion to TeflonTM of at |east 3.75 psi.
8. The But Albutylobbbei ionomer comprisatign 1, havi ng an adhesion to nylar of at

| east 25 p ber i.ononmer of

wh i t but vl
e T onBhupen ke Owoatt'ﬁasw&tspafe&nsruw%@r%rﬁi'e%%isd“ 5 regloge of
greater than e ignkoneld iom AOIEHSOBAETLRORMhoh HHEF! i 82410 5SAEP

substrate surface. “10. A peroxide cured article nade froma butyl rub

i ononer accorfliregeating lunit: derivett] franc ampeliylicehalide @ind abigast 1.hgnolfs @b an
butyl rubber .ionomer co ising: repeating units derived fromat |east one
i sool efin mﬁwer%pq'n@s?n% mol % of repeating units derived from at

| east one pynghd bQ{Wfrulﬁbéquﬁﬂﬁfer hamnlg%fadﬂeaomb% @ubétﬁené%urﬂagetmuéést 25%
derived froman allylic halide and at |least 0.5 nol % of an iononeric

moi ety; b) aUsedist traretheoaphesomef @ mmiqﬂml%b@m rukiesto dhe samg aghstrate
material or a ﬁgég material; and, c) wherein the adhesion of the butyl
rubber i onongf t he substrate surface is at |east 25% greater than the

dhesi but b t bst r at :
12 The2coMpb Rl 4PPRLIa Rt phPAL BRI e Heo EBoI TN REorpPP L ne.
i sobutyl enfie rhiiolefMl ddrdbRdsis6 o] aﬁﬂﬁtﬁesa%erh%na@@omw:sabIavﬂaﬂo%faél i de
conprises a bromde. 13. The conposite article of claim 11, further

conpri shngr ﬁc’é[ ﬁ?iﬁb&r%ﬁ@r‘r\%‘ of chﬁﬁ'ﬂg@%h%@%ﬁsiﬁﬁoﬁ fedd-0. %%I%’Hp%%'ﬂ@al

article of conpri sing at t 3. ) repeating units
deri ved frmuitrbreéinat | east one nultiol efin nononer.

4. The butyl rubber ionomer of claim 1, comprising at least 3.5 mol % of repeating units

derived from the at least one muitiolefin monomer.

5. The butyl rubber ionomer of claim 4, further comprising at least 1.5 mol% of residual

muitiolefin.

6. The butyl rubber ionomer of claim 1, wherein the substrate surface is stainless steel,

glass, mylar or Teflon™,

7. The butyl rubber ionomer of claim 1, having an adhesion to stainless steel of at least
35 psi, an adhesion to glass of at least 30 psi, an adhesion to mylar of at least 15 psi

or an adhesion to Teflon™ of at least 3.75 psi.
8. The butyl rubber ionomer of claim 1, having an adhesion to mylar of at least 25 psi.

9. The butyl rubber ionomer of claim 1, wherein the butyl rubber ionomer has an
adhesion to the substrate surface at least 150% greater than the adhesion of the

non-ionomeric butyl rubber o the same substrate surface.
10.A peroxide cured article made from a butyl rubber ionomer according to claim 1.

11.A composite article comprising:
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15. The conposite article of claim 14, further conprising at least 1.5 nol %
of residual multiolefin. 16. The conposite article of claim1ll, wherein
the substrate surface is stainless steel, glass, nylar or TeflonTM 17. The
conposite article of claim1l, having an adhesion to stainless steel of at
| east 35 psi, an adhesion to glass of at |east 30 psi, an adhesion to

nylar of ah) leastyllabber io®iman catiiR i)y epedhd AhitEMiefived flopasdt Bagb opsi -
18. The conposite article of claiml1l, having an adhesion to nylar of at

| east 25 psi .IsagefimRmonosngioat teashPl a10b Y%opf Epgating unitsisrved fiame ahigass obR

of the butyl s o r u I . i . 0% .
ar eat or 1 han THICEHRABBRAGr. $0ebREn PRl eRURlRg Bl sflved Irim il
substrate surfaide.ardlat [Fhst ©OMMOIY baRidricvheri@aristdj ng to claim 11, wherein
the article is peroxide cured. 19 _ ,

b) a substrate comprising a stainless steel material, a glass material or a mylar

material; and,

¢) wherein the adhesion of the butyl rubber ionomer to the substrate surface is at
least 25% greater than the adhesion of a non-ionomeric butyl rubber to the same

substrate surface.

12. The composite article of claim 11, wherein the isoolefin comprises isobutylene, the

multiolefin comprises isoprene and the allylic halide comprises a bromide.

13.The composite article of claim 11, further comprising at least 0.3 mol% of residual

multiolefin.

14. The composite article of claim 11, comprising at least 3.5 mol % of repeating units

derived from the at least one multiolefin monomer.

15. The composite article of claim 14, further comprising at least 1.5 mol% of residual

multiolefin.

16. The composite article of claim 11, wherein the substrate surface is stainless steel,

glass, mylar or Teflon™,

17.The composite article of claim 11, having an adhesion to stainless steel of at least
35 psi, an adhesion to glass of at least 30 psi, an adhesion to mylar of at least 15 psi

or an adhesion to Teflon™ of at least 3.75 psi.
18. The compaosite article of claim 1, having an adhesion to mylar of at least 25 psi.

19. The composite article of claim 11, wherein the adhesion of the butyl rubber ionomer
to the substrate surface is at least 150% greater than the adhesion of the non-

ionomeric butyl rubber to the same substrate surface.

20. The composite article according to claim 11, wherein the article is peroxide cured.
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