. Butyl | onomer Having Inproved Surface Adhesion Field of the Invention

The invention relates to butyl rubber iononmers having inproved surface
adhesion. Mre particularly, the invention relates to butyl rubber iononers
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methyl chloride 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 Ulimanns
-0 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 fuel cells.

It is well accepted that polyisobutylene and butyl 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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5 based, peroxide-curable conpounds which have high nultiolefin content.
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20gl ass, netal or plastic surfaces. The need therefore still exists
for a butyl polynmer having inproved surface adhesion characteristics and
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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.



20The butyl rubber polyner is not limted to a special isoolefin. However,
i soolefins within the range of from4 to 16 carbon atons, preferably 4-7
carbon atons, such as isobutene, 2-nethyl-1-butene, 3-nethyl-1-butene,

2- met hyl - 2- butene 4- et hyl - 1- pentene and m xtures there f are preferred.
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application CA 2,418,884, which is incorporated herein by reference.
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hydr ocanbgiles TeYiBton Bf Prefedtedf mbbafgemntgCl ude nor bor nadi ene, 2-
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M Xt ur ewiigiActheOoraPGePSH RoiNg tBi ﬁﬂ’lcmﬂdn' glophd, npreedwbly 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 buty! 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



25 polymer contains in the range of from80%to 96% by wei ght of at |east
one isoolefin nononer and in the range of from3.0%to 20% by wei ght of at
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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 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

30 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
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pol ymer cannot exceed the starting multiolefin content of the parent butyl
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monocycl i ¢ o %tf Oﬂﬁ%& %4”&? 9'?&@2’3 lt)é{ ‘}S'F"%é |§]eotr8 g%?évghéﬁt
from f@t, %%wa”ﬁé 9ref8rad\‘ly Iéss @lan Pwt@ndeven more prefe@®nelct. thhheI MRI%% omosat e
nucl eophile wll contain at |east one neutral n| trogen or phosphorus center

whi ch ppefesbisless|tbae Op@Mﬁ %f Ieicennedion vith dhe psessittinvgndienrtbaitesn| gelaiy
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trii soppoillsb amdBe réflux: N- butyl am ne, trimet hyl phosphl ne, triethyl phosphl ne,
triisopropyl phosphine, tri-n-butyl phosphine, and tri phenyl phosphi ne.
A regular butyl polymer contains at least 0.5 mol%, preferably at least 0.75

mol%, more preferably at least 1.0 mol%, yet more preferably at least 1.5 mol%, still
more preferably at least 2.0 mol%, even more preferably at least 2.5 mol% of repeating
15  units derived from at least one multiolefin monomer. A high multiolefin butyl polymer
contains at least 3.0 mol%, preferably at least 4.0 mol%, more preferably at least 5.0
mol%, yet more preferably at least 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 butyl 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, Kluwer Academic Publishers, pp. 297 — 300 and further documents

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

25 al., entitled “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 halobutyl polymer
and there may then be both allylic halides and non-halogenated multiolefins present

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



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 nol ar equivalents based on t he
total nolar anount Oféﬂ&ﬁ%&; hal i de present in the hal obuty

t enper a@QJV@?rrCéﬁQPhQW taﬁmgd@ut@olqiin&@tam 9f thegrareot P@tyheely eénd:%r e
f h {,h
B Tyt oOrmpleed oGy iiiimer naving 3 8 ACC ol PRI des’ SRENT, 0. Byne

i onomer definitoret fave @t t@@ea@ 5ng1(lll%l of depeutiag furits aeriakd yirom ted irdeltiokefithe
total content of iononeric noiety but i.ononer therefo annpt
exceed TRBOEIEA BNG FOMIDYREY sz"anaVﬂ reélcﬂal YP'ﬁﬂwﬁp %ntosapﬁ?'a[%m high
however r d I fii

W mu]}tﬁ%éfﬁf*‘ﬁh y?phéJnHé:rsg%]ut gf'édb%@ e stéﬁ'rﬂ H\%'ter"Hi fBL‘Pr'\é:’ halsb URYp APmer.

present. resu hal ased iono r pre era possesses at
| east Of\écordlng% lprtdabepwsleynt atvelnélasthd]oB&tyhpblytmersDc@tprreBéﬂmtyO étmbéﬁ/st

1.0 | 9% I 1. fV f, th
ot ety Meed Pinaracty B et i el Y Bioretiieob Rt e b o, FrEieere
mol /0 U;Pretfé’raB@/ mea&t 1 rs%o@)sc(ﬁead%n@ hblGeLhhgiohadEpahting Uﬁlt@abh@&j ﬁ@m anylicof

t he hal obutyl “pol ynmer used to produce the butyl 1ononer. Resid
mul t i ol kdlidesrand maymoataintresidualmalvoleiinsof from 0.1 nol % up to an anount

not, .exceedi the, qri 'n nul tiolefin content o th t p to
rddice the Hat SRRIHIL B 40 i e, PEagTEs Bl ol deid Phe OO ALRF

cont entprdsphldeud EHRERTInG ﬁu&l@@gh@e écé&dﬁ]g’f@t?’fe fonebingabiniular om 0.2 to 5
nol % nore preferably fromO % vyet nore preferably fromO0.4 to
3 mol % even nore preferably fromO 5 o 2 nol% still nore preferably
from0.7 to 1.5 nol % especially when t e butyl ionomer is based upon a
high multiolefin butyl polymer. The RgfyD>R,ubber iononmer exhibits inproved
adhesi on to surfaces having polar 20 functional groups. The butyl rubber

i onomner exhi\ph%,% igh adhesion to a given substrate surface at |east 25%
greater than the adhesion of a non-iononeric butyl rubber to the sane

substrate suxfa ‘?\wtrcﬁ’%iléﬁ gmﬁg)gpr%ryge 50% greater, nore preferably at

Ieast 100% g rea re‘preferabl'y at | east 150%greater yet nore

hd5; onomer af%aaﬁ s o8 R 1B ol Rt Fainedl BRBFrRb R okt "

may exhiRjItsubsHfilRME ai BBy BNBIERIent IvHAEH &S MhokPcIRPBE cotmpdbediaf fased O eS,
than to others. Specifically, the iononer may have an adhesi on to stainless

st eel dings andésta heteps atonarseigfied from. tfor gxaia@leoﬁ M PelisP, 20dpxi , or an
adhesion to nylar of at least 10 psi. Wen high nultiolefin content
hal obut yI r ubbgeneral, dbecappmomaipamﬁzled’mmbuwyll c@tainudbleast onemautral metrogen

i ononer have at % resi du nmul t| ol ef

oot or a1 PhoSBluse copRl aftich Bosses SRRt 91 s Rinsh it (ol gl Rontiay i#, bah
hi gb mdbiebREaNy fhﬁoo@t'éﬁ(éallﬁ/ma@ééssh@{é %r i p ?{ﬁlpa%(l}'_h g1 n[’/@:lé@?hm&;'aéukistltétxon
i soprene. The butyl rubber i ononer romhigh nultiolefin hal obutyl
rubber reghlitig.s evedujiablea er nun@ophé@s adllméludfh térl@@thyé@@menawtﬂgthylﬂ@ﬂe

hal obut roPHEEIRg exnifbiouiHBAtReS  on (AneRoASIOSETHE or cattrV R bRiae
g?gfz Ir ggllsgbgpmibsmmhlr@bmwm{osrpm@ranUcmbh@nsslgﬁss;smhét rate surface,

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



- 5 least 200% greater. Specifically, the butyl rubber iononmer nade from high
mul tiol efin hal obutyl rubber preferably exhibits an adhesion to stainless
steel of at |east 35 psi, an adhesion to glass of at |east 30 psi or an
adhesion to nylar of at |east pS| re preferably, the adhgsion to
myl'ar | Eripelugs Groily R o0 g cFermtpleaal ot 0ol g8 Gudhtt ore
measuri pesfeRBIY FIBROVEIRNG40 Pcadhesi on between a butyl iononmer and a 10
non-i onomeric ‘butyl rubber, the butyl rubber used as a reference standard
shoul d be ne dent i i j : ; : t j I

i oty cont euoepsAbEBENIL odkts dfiflng BBl kYool TP RATBIAE
shoul d pelymesy the riedaltinigdahomnerit meoistysigtauremeiating amitt degiviedtfyd m rambdiéic beslidg .
used as_an adhesion reference material, The test methods used to test the
i ong-?rerTgﬁdoPﬁéoﬁmlo IQUBBREG m%%@deéh%;y&'i‘%mo@ﬁbm%e rg §apgopgxceed the

i denti cgyartifnlamabdces Hilfier SinPeieeilo ' < e Ry T Ykl Hbrer
referencé3 zla@(; per%ﬂsgfﬁlg.lc'elrﬁjﬁte i< ﬁjannerl,gdt’i |elpieﬁgr0\’/ement\];<ijl?’n rgﬁﬁesg gnp#(;:)(gn
be sol ehglidast antior ewstdual meulpivkefioacmapfbé gpmesenti ¢ Thenodsudtingl hajohiutylt bhased

ool S RSt B B 5 e AT el 74 B R
of 0.1 prfAbRNAt RAsPH @MANGaRtMmbR! bleféreaBly Bf RiRE a8 \mda% BNER Wikirk&ic

fatty acid having one, two or nore carbon double bonds in the nol ecul e,
whi nnoéetpr dasidus|allylichalitas meydieypreeeghin @ amoust of framc@ij mgBb e toi ane

i d hayi j. . - b Le . bond in i
ol ccur SnepEhel SR FREE PURR SBEENE0 SoRIF TR e ReBodR el Ssopto
carbon giceiee tABMutAriohemp! YRdelddd: mbiamIinemalyse pesseHt @R anCameudt op &lof C
acid and 25 oleic acid and their calcium, zinCc-, magnesium, potassiun |,

sgdi um 0 dnenolmemitararns amaint anhrxseedingr thecpaginehmuiolatinlcontesh @f ﬂ%butﬂ
havi ng Saracene o tipge GPCHRCRUDLAER SPuStaRl b7 Eeig bilifgpr

mat1ér i atontent efl ties iorsdragr ¢afroah 01 ke BTmeE Y, r prefdéragyofrb Or2bb e mael%mbre

and/ or th? 30 conposi te mat erioal . Preferably, the articles ar e per oxi de
cured. Prefeaplyntornme.3 hénde! % hatemare Prefiaklyiftam| &4 gerd el e%e @vERgNOre
agents y f X I di e, di xt - :

par ox; e erralBY B BT 2 Mol R Ror bl ¢ o5 BBbs, Sb el
(Vul cup®hddKig butyéionaymempieb@sedaipon a high multiolefin butyl polymer.
2,5-dimethyl-2,5-di (tertbutyl peroxy) - hexyne- 3,

2, 5-di net hy 1TRe Hud| (reeBapYdmahex exhiiaNmpréved adhetiodr fo surfaces having polar
but yl per ox -di met hyl hexane and the |ike. The best suited curing

-2,5
agé@ht s fb!f‘@gf?"@icﬂrpyp%xsd'éﬁ hutykaiber ieaersebexaibitsvarppdhesipnde o givpersubsiiase A

Cormer SIS Aerrhape ohder B 1RCaRheThN S iR GoRRe e B Bopse 1 95 ng
agent isarseisubbiryteus@thdd) pﬁ@fe@zﬁlb'l?:@t ledstB02s tgpedter pRbts prsferdbdt eshsp A0, of
r

rubber (phr), preferabl%ﬂlto 6 phr, nore preferably about 4 Fhr. .
vul caniFRAE c¥ehgene PrRiGARIVt @ Bask PR hooeatss, tedseorexpreferabiynat leashr008an

also b sed. [ j Lal: Lyl sac t T,

conmmer E‘qré?}e;rl‘ a'saqrp(gg%re%gé@r HFﬂOZ“’?’ﬁ%ﬁ e@léﬁ{ld{ﬁﬁ%%ﬁ rIa E)Hn%q dﬁﬁgr%é“@to a greater

N, R5- mipipeoyeraset idi adhedion.ddhikriomomas nidylexiibid a( gheBeartinipoaement iml aghesion

cyanur at e or liquid polybutadi ene kngwn as Ricon ] suppli e
(TAC | i rga lyb di k Ri TM D 153 ( l'ied

by Ri cgﬂ ?@E?ré")bs"%lﬁﬂ c@snthse &y GtheIsentPESITICREY pHiS QR MaY \lf;wgvgran

less. AyRRIdPY Saiie s ¥t 3P P feddtP5U86dah hdnRRidPRPEBEs of Yt 1k tRd PsiPBr

anmount up to 4
an adhesion to mylar of at least 10 psi.

When high multiolefin content halobutyl 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 buty! rubber ionomer
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15 phr, preferably about 2 phr. Exanples of suitable antioxidants include
p-di cunyl di phenyl am ne (NaugardO 445), Vul kanoxO DDA (a di phenyl am ne
derivative), Vul kanox0 ZMB2 (zinc salt of methyl mercapto benzi m dazole),

Vul k 0 | ized 1,2-di hydro-2,2,4-tri nethyl i nol i d.
! ganoxbresss P B anafiniphaeichdyisuBbar Skabts san @reatdhy i adhesion to
hydroci §E§g§ése hal n??‘;?ﬂ? LA RRE g%l%fl g%%;r/)@gj Lr%l%)ef icfdmer Ewade from gigh

butyl - 4- oxyphle pr opi onat e “supp a- Geigy. Wul kanox is
t r ade mamiultadlefiramadssutyinibber may Exbibétuapdadheasian at regstcbdl%i grefaten tian the

ili .oducts for bb , ti I t I | Zi
Rcoel er AUBPYON IS RN 2P RS GE SUb AUPRR LG FAPEbsAT ouAs EIEFARN A
ageny s, |3t R0BU Qe REENSHechRally, SthabhltiZRIbber libfthes htkid fréfl RighoF@Rp i
stabilizers, proCessing aids, plasticizers, tackifiers, blow ng agents,

dyest uf halobgtyd merher, pragerebly extikitedan dhesganiocstairiless, steahobat least 3dwshlan

hexanet PaTSio0 e GPagk BL A Fras R0t b 0 oa8 e PaRDe I et 51 AR  Puitiie Males
are usegréf@rafebgn\m@taaﬁa@bnamhméﬁistéwéasima, yéthhefe glef@rabfnattiBgst 26 psided

use. The cur article my al'so contain mneral and/or non-mneral fillers.

30Convent i OnWhe?{%éiétsgllriﬁge{p%riﬁ'{?ré’vé‘méﬁt ladhesbn MR bH@/lSPgdd'\oon]ger and a

Mneral fillers accor t he present I nvention are conp
partQ cl esn-ddncameridutyl;rubbet, gbe eoutyll tubber iuseduale asidférencessthndardeshowtiaye

such as _bentoni.te, and, 10 ntnorillonite nano clays). organophi]icl
ol 11 cleRihyentsah 30 dnaopult RaoTien Stcans dodreonarapic ThdRBREshiar, *Eer
wel | aSef@'mFﬂér, &% Fewa@afunsaturatiomaf HEpu§X RAIMRINGS sHoutd! bk atdlaflyTé@sticHl to the
fillers include: hlggly di spersible silicas, prepared e.g. by the

preci pi ursatoration afithe dattyd rablbert being usedtasean hdhesing defsrgres materdall iTdentest

ol o eier il PRRE e o Gl Gt SRRk S Drh e R R Aletrdoni Gy e o
400151m bé heertiichi. CoalyCrice BiffepstddsybathveeniRe M6 RSABE aR@ the ke | AHbEe Sefdréfice
ot her netal oxides such as Al, , Ca, Ba, Zn, Zr and Ti; synthetic

si | i cat @€ PaiRiEsiRle. alnithis ipariar Enpeyemand|in elhesionncarepalsalely jadtibarted

magnesi i1 r «cal ci Sig | | : - i fi r e f
201 o 4800 HBRg e o B RS BBy e ErnBRRToabg dlo'S orik el
si | i cat popestiszofdhekandingr andf tichefereaten@dteyiabccurring silicates and
clays; glass fibers and glass fiber products (matting, extrudates) or gl ass

m cr ospher esjy ABteibrradi HBodifiEMt, the iBhomePRidlEcoMaintihtAt 3hEE of TRIGRESO YRY
oxi de and al um num oxi de; netal carbonates, such as nmagnesi um car bonat e,

calZ®i unefcan ivsginie fakiy adihcpreferpblyaar unsatlratast fattyhgeid dxairg one, §wo or more

15al umi ' d ' hydr pxi d i.nat i .
ecaused RROS P PaRARth IREPER R bR 05 SErGaRY BEMAREN R EhAeignt or
render i mgrd Bea dtjugabtl dien@r@didohaviphtileast dné Sofljugbted! tarbon-earbba o udted
interaction between the filler Bartl cles and the butyl elastoner. If

desi r edonchéd iitt mplgaileon Myefetably theser fatlyeacigarhave s thedangR ohdTyRed -cda
be enh e _lnLr LeN, O oSi k] di fiers -
excarpl a2 Bon oS Tl PRI 1851 KPS Sle ps e ikt 1AIERS BBE #rde
bi 25 - dleici adith@ngsineyrlgalpiuapl yincdi salghediim NpStagbiurat hybdiunanaha@@inm@onium
et hanol ani ne, triethoxysilylpropyl-thiol and triethoxyvinylsilane,
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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For many purposes, the preferred mneral is silica, especially silica
prepared by the carbon dioxide precipitation of sodiumsilicate. 25Dried
anor phous silica particles suitable for use as mneral fill ers in
accordance with the present invention have a nean a Io r e rt%c%éai ze

in the fiwogylben%ﬁﬁel (Yuleup®ni 40i6RL, Ranecyt apele ons
and mor g, g/;ﬁérSQﬁmé’x\)}ﬂ tyeen ol r@ﬂgt@fﬁe?g Iﬁerb?y)@l'é%ﬁéred bhalid(ese-

t han 10 péercent urfe of ’ rticles are bel o 5 mcrons
or over bﬁﬂflperoxy)F&&mmltmé heéxame tabl theatios. phiﬁbe blesteslumﬁi s:uhngaa@m@tsaaET
surface area, nmeasured in accorﬂlar}ce with DI N (Deuts %{H dustrie Nor qaﬂ?
66131, Brad¥ARcERANEAaRY MERNS BLArEWnRiEdMINY SRST eLigdoPpia

as rgaasgr%sg%%gcqf oS Hn &Eu@ y| e %pde ak Q@H’Pﬁé’ﬂba]lgo a@@ﬁatﬁ\@o U tHEeT

100 11 gra silica, and a 0oss, as neasured according to DIN
| SO 787frademafk DXiGup D t46010T|oerpmcmdbycumgga@entsa|statlabb' S$¢d gmaniamerst af e

243 avap el L PR BSSEUIRL phE S TRISSTAPLD: U ELAIE el BhtuAdid sy

Vul kasi hphitTpheomerci al Iy avail abl e from Lanxess | nc 5M neral fillers
can al so be used in conbination with known non-mneral fillers, such as:

carbon bl ackgyicahipingBos %ggﬂgggﬁbm Fo158 RtBHRIIS) BRI ék.|réroeaath§%r@<yaﬁ R B
bl ack, furnac Iac or rocess an ave specific surface
arels ofis@l Mer2iod ishade bbtnaélyblsptﬁamfsmé, (T/8AK, cotamerEily avaiEtie candieoithe

bl acks; d/ or el refe thos based on but adi e

but adi eﬁ%SE}%'?‘?Fl%Péxgo.zéfw%Pg’fO‘Efu&gg ’\é %Hfm?!el"ﬁ d@o%’qusﬂgﬁﬂzm
pol ychl g5 apé@Sow), trially! &%%eqm@q'm%h% pGI‘}BUfEd'@f@knéth la8IRicOAM De153
present 1 n an anount ?S is preférred that the mneral filler
shoul d (sopptied by Riaon I%ms)ss%obmtswearg be esfuitdtenttotthe peneiae cufativiel 0rdess.The
conpoundi ng and vul cani zation may be carried out by a process known to 15

t hose skill eAniamtlblxteia@lttnaysaleb besintladeg i tes ®ndinsar] ssitably m &naywdwien @ 4of

| yrer _Sci d . Vol d
Vol 5 170175, DigeaBly #0gUt (A an/Beemgny | of sutablenaiiajdn ol d EiadryicUtM d
for t hed.gﬂgH{{mﬁe.f#% gl(ﬂéﬁgﬂa@p%&@) anj fiied ke OB N e{‘gdﬁ)%HYI%ﬂuﬁéa%‘Pl%fvénd

a substr ese artic¢les are particularly use in a
vari et yVolkaapp®i ZBangzinespatti af | mamdmeraaptonsbemqmdrazq@)t héulkabox®i ¢S

?3[?;2?'_ {E)%chrﬂgrr:?ec} ?ré %}hly%%o 3r2 ga%rlmenr'?y rqurﬁr?o me) anghl?ééa%x% 16%‘50(%1 dlel?h l¥r|1e
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



The invention is further illustrated wth reference to the foll ow ng
exanpl es. Exanpl es Equi pnment 251H NWR spectra were recorded with a Bruker
DRX500 spectronmeter (500.13 MHz 1H) in CDCI3 with chem cal shifts

referenced to tetranethylsilane. A Monsanto Tel Tak Model TT-1 was used to
det er ni M@ntmeribeiites nano silayshc arasophidishr mngifgceslays, aypsimediuninas GikanivaE e

f i i ial i |, glass, nylar, and
Tot | on X Rt a0d (e TRe e el Bs BB B BT Cecure vae based upon’ ASTM
D-429 Method_A., This test determ the f . ired hi |

separation of URCR EXaTBIRS: of riBles aring el ilers diaidanBeblirofipre bl HyHe!
tested yapared &l @l byt gRIAdta oA Bsifiddle sdldtios! br BedFI4HE Hydrolpsie Jf sikcoh

sanpl e sheets of” varying thickness (0.020" to O. 130"é. The "sanpl e_sheet s
wer & t hkalidase vdtbcspaific surBicexargas whbdo dddlaprefatbiydate 4Q8veHa (BB srasifing

a 15 pound weight for 5.m nutes at. 100_C. I s.ha .

oo sh oMt R, Al van b Gl ndiorrSzosal 15 (S ABMRS LRCHEER, i BpliGha
the sanpise Upicaensas iRed dikricRaFith 6thdrmetdbirdsseni AL M@ roedBar Bm Zr
1/16" to 1/2". The stainless steel and 10 gl ass surfaces were cleaned and

then praRériiesynthels slisajesr suehmsadlaniaus sileie, anghplkaling earlhs metaalicals

wer o cul FERESRIL o8 B IR, MR BT Sp8G5q Bulhe Jigas 20 o AIEC

Wit N Ab/chand privharypeatioendipnepeisasi 0b.to G00enmahataiee silicates; @pah easakdolin
preserve the integrity of all specinmen surfaces. 15Wen (Eerforgi%g t he
adhesi 0N &8hey natiealh eearTRg Sicaias aAd GRS cHass ibeispant ARshELoPIsHCE
t he sa hal = I u : b r 3
ws oy REruBlell6r BRiss lerSRRIAL MBI, RGN KNS JHIE] AR
pl aced oxitle, hagnesjuns axidee ahdl alemiramvexiddiemepd cdareonatBst bustam@s| magoesdierns

were then placed into the apparatus. The surfaces were npv i nt o .cont act
wi th on€@"RRBEIRer CaItH ™ Sﬁqunﬁtéoa”ﬁ? nZcngRrierate, ‘iﬁf[ W%EF}LMOE%‘PPEaI?-Q-

actqigvat @IQmir?ur?uorgfdz&%idgrﬁ%égﬁéiuﬁﬁhﬁﬁbx?ﬁﬁ%%&ﬁgﬁ | Mprébye apparat us.

Followi ng the 6 ontact t e speci men and substrate surfaces were

separated f rggb?&ﬁ‘e %%gﬁﬁfge?éllq%erﬁaggﬂa%oh}{gﬁ%}?gpcﬁfvpesr%ﬁ &ir s%éee rendering

const antly mal ntal ning a para relati e en the s aces.

force ripem hedrdphilkeand aleoghvdicsel gifficuir enatiieve yobdciaterastiore astweeh tise ng
a calibrated 25 force gauLae with a capacity of 80 ounces apd a built-jn

i ndi catidlertRarticies arskithenkulel alastamer.1/th-desypg die ntgeachoni REMSS} dRe JUELe
coul d rrtigl%g Aid &t ﬂ)(ylyﬁlrgﬁ)%br}?e Eﬁﬁgﬁ?&f‘ﬂgﬂwé ﬂH f5n %‘F%ilﬁﬁ%f)&iﬁbl@hNon—
(psi). Tests were carrred out Intriplicate and the nean values were

r ef2or t elimitivgtexangbles 39ALth nesditersinclude dss[-(rikttosysity s pexivijitetiasuiéide, bisedd
as reCe{tr\lleetﬂoz()csﬁm)-spgr%gﬁf]-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.

25 Dried amorphous silica particles suitable for use as mineral fillers in accordance
with the present invention have a mean agglomerate patrticle 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
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



Aldrich (Cakville, Ontario). BIIR (BB2030) was used as supplied by LANXESS
Inc. Exanple 1, Preparation of IR Containing 6.5 nol % of |soprene.

The followi ng exanple illustrates the continuous production of a novel
grade of I1IR Possesa ng an isoprene content of up to 8.0 nol. % and Moo Oy

vi scosi grana/pf siiga,@nd s dryingdeskeds meaawigdsacaaring A Notsres 7f e of from

conposi ti r of % i.sQp.

oo off T AEERREBY EGR | Siftely, Miron; Bl i ABRGRel iR yaldie, Flder e’
conti nuwaéem@kwr&[zm@,qmsmem ahd HiSH 243 gvaifab® G0k §PI® industresatiad. t Atso,
DVB was introduced into the reactor at a rate of 5.4 to %nghour

Pol yrrer suitabl® Arayylkasil ST aed Vilkasht ™Y meqromeseintn availabe ANKRSS 1861 ut i on
(0.23 wt. %of AICI3 in MCl) at a rate of 204 10 to 227 kg/hour. The
i nt & nal t enpléneralfidersf carhealsooheiungouin cembinasionwagh rimqwraunﬁédﬂma}e@iem%

d -100 th f t I I
Ut ci S Pas PARRECDEPRE atkiaPly FHERREREEY 8 meeRiaRy EPRin By KBtk
crumb V\@lacﬁemﬁa?é@maf;k@mgb%lé@g)rdéeby@m M@BEﬁesp&ﬁld)éurﬁdbeaﬂmL@‘ zo &sh
tank. At th poi nt, ca % of Stearic acid was introduced jnto the

pol yrer2Q0 uniy, fari @rareplel SARIr ke, HBF 1 FlaF. o5c@PF taasben 1acks; @nd/elydHBREN
1010 dd |
2ccomy, eRedPEREbhciSe” TRisza it cBofbyler<rh HdadEngRiend] c¥B3mers.

found tiputadmsnal/dcrflonitiiel cdpodfméesamicepelyblylotdprdh® anal ysis. Exanple 2,
Preparation of Hi gh Isoprene BIIR To a solution of 7 kg of Exanple 1 in

31.8 kg of hpxgsae esbdmehtdhat m\nf?érarfnné’rs%ﬂay deYrebentifdmanitamt agaedio
with rapid agitation 110 mL of el emental bromne. After 5 minutes, the

reacti ophiwal i ls prefenad éhiatvtha mineraidilier isbaulef canstitutstatdeassi Ah% &y welgbt 0§ & of
76 g of Na\ ¢ fIT”of water. Follow ng an additional 10 m nutes of
agi tatlt(% aén%lf%bcf Wo&r sol ution conprised of 21.0 g of epoxidi zed

soya- bean 0| and O 0 r ox 1076 in 500 xanes and .one
compr i sed o TS Compmidb anar Sl phaiay Bt cadied aul B Brasoe o
& at@ok8 SKfbdin Qhe NS ABES WRSHRAGRSCS® HRRIJRACH PRCPERDEER. oNHEyman
ad |t|ongl é’ﬁ MQ{]?atlon t he hi % P BIIR was isol at% B steamdw
coagul aScnence'mei EngubenageVohl4 v%.sSféllelt seqt (Camponsding) ans \gjht Wi t$h @bfeetise
of a two r%( >§ " mll operating at 100 C. The mcrostructure of the
resul t i Néﬁnéﬁa °8)-presented in Table 1. Table 1: Mcrostructure of
Exanple 2 Total Unsats (nol 9.
The invention i8 well stited 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™,

12



- 5.79 1,4 Isoprene (nol % 4.19 Branched Isoprene (nol /0) 0.32 Allylic
Brom de (nol /0) 0.71 Conjugated Diene (nmol 9% 0.04 Endo Br (nol 9% O0.07
Exanpl e 3, Preparation of IIR Ionomer. 548 g of BB2030 and 4.7 g (3 nol ar
equi val ept.s based on allylic brom de content of Exanple 1) of

tri phenﬁ‘ﬁﬁSgﬁhi ne were added to Brabender internal mxer (Capacity 75 Q)

opeT a1, 3 TN HeR0Sh ek PR ke et AT PR R AR TR b

the conpbRIrmifEWRY Rr@ refuirkd! totdthiéld plahar Bepaatien o aR*aEBloter fiémtdSolid
correspondi ng i ononeric

substrate. The compound being tested was initially sheeted from a two-roll mill and cut
5 into 5" x 3" sample sheets of varying thickness (0.020" to 0.130"). The sample sheets
were then pressed into a 5" x 3” mold containing square woven fabric using a 15 pound
weight for 5 minutes at 100 °C. The mold was backed by mylar on one side and
aluminum on the other in order to preserve the integrity of the sample surfaces. The
thickness of the molded specimens ranged from 1/1‘6” to ¥2". The stainless steel and
10  glass surfaces were cleaned and then preserved in glass jars containing ethanol, while
the Teflon™ and mylar were wiped down with ethanol directly prior to testing. All
surfaces were cut into test strips measuring %" x 2" x 1/16". Tests were performed
within 16 hours of specimen preparation. Care was taken to prepare and preserve the

integrity of all specimen surfaces.

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 74" 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.

Materials

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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10species. The resulting material was al so found to possess 0.4 nol % of
residual 1,4-1P. Exanple 4, Preparation of H gh Isoprene Il R | ononer.
48 g of Exanple 2 and 4.7 g (3 nolar equival ents based on allylic brom de

content ot 3 " Efpatratior ot IR i Smebls of BRPTanPor or specd of 60
fi nal product By SRRl et ¥ing g sBhudio FonRaehER el B! dae 4

allyli cnnrms@gsmp dXRoplénel coMehhef eprtbespanel ‘P](Qah@m%@’féycv@@@ﬁtye?\/w The
resultla materi al was al so found to possess 4.20 nol % of residual 1,4-I1P.

Resul t s@nd5 153 Retwesn 35ar4@ MUbe seen from the data presented in Tabl e
2, a significant, surprising, increase in adhesion as determ ned through

Tel STak rreasThemmm&a&ze@lbs@npesitlmmasoo@npnsedi@rf A\/@HMr%rmBB@ome( @Rampl e

3 d b t t

ononrer [MIERP Ao S aeane k> DTG AL TBRCRIGHE R B R sl Rg B0 $ean
4 help é@tﬁ@h@t®|¥Mrl§w idrRG8a&Be A Ya Fhfef Bf %@Qgsk%m@&?"‘e% Adation! DVB Rias
matrix and the surface in question. In addition, tThese polar iononeric

groups ipEedesed ime tfa@)maqtgr aloa ralecafrap Ity 6i kg/beurct PQWmertzaémpcw@r initiated via

|t er et e 38R SFE AlELMFCERUL B0 Ra P & oF HC P ED i BAIE S
found ito EXAKg/out. (Thé .infexediPleensBrai@sidfi twel sorftintibliy aaeton Reasadigstaired
strength of this material. Table 2: Adhesion as Deternined through Tel - Tak

Test i ngPetweens 288 ADdr adB0 Adhekirougl pibie) useBeham evaporative cooling process.
Following sufficient residence time within the reactor, the newly formed polymer crumb

was separated from the MeCl diluent with the use of an aqueous flash tank. At this
point, ca. 1 wt. % of Stearic acid was introduced into the polymer crumb. Prior to
15  drying, 0.1 wt. % of the stabilizer Irganox® 1010 was added to the polymer. Drying of
the resulting material was accomplished with the use of a conveyor oven. The resulting

material was found to contain 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 resulting material is presented in Table

1.
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Exanpl e 2 Exanple 3 Exanple 4 Stainless Steel 11.3 9.7 30.3 38.3 dass 6.0
7.0 27.3 33.0 Myl ar

10

15

20

Table 1: Microstructure of Example 2

Total Unsats (mol %) 5.79
1,4 Isoprene (mol %) 419
Branched Isoprene (mol %) 0.32
Allylic Bromide (mol %) 0.71
Conjugated Diene (mol %) 0.04
Endo Br (mol %) 0.07

Example 3, Preparation of [IR lonomer.

48 g of 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
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 of Example 1 to the corresponding ionomeric

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

Example 4, Preparation of High Isoprene IIR 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
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 2 to the corresponding
ionomeric species. The resulting material was also found to possess 4.20 mol % of
residual 1,4-1P.

Results and Discussion.

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



-+ 2.0 5.0 13.7 29.3 Teflon 1.5 3.0 3.7 3.8 As can be seen fromthe exanpl es
descri bed above, the treatnent of a high 10 i soprene anal ogue of BIIR
(Exanmple 2) with a neutral phosphorus based nucl eophi I e results in the

formati on of the corresponding high IP IIR ionomer (Exanple. 4).

Addi t i oR&MSen t”Pl% QH“édkFgréﬂ@t”éSfaB@thSoSWQ% i reigstian. prﬂS’ﬁ’quE‘s thgse goolar
nucl eo | r
(Brampl OTEETtHicubs bsspes 18 FBIMPID Rychbibiy MERTRINN 1R bk RATGionaRRET™
det erm peaketnrhloougb sﬁe‘beéfabf H>5tmstaIm6$$$tewan@lgwsveldtérestmg1¢ thenesence of

anal ogue t h BB2030 a d Exa . I pport ant e el ev | evel s of
r esi dua?%@i%f&ﬂ@'sf 8€Fﬁ§'q n‘é ? ”Idn??‘Eéé?ﬂ?Pgé) 3 ??3 st |ve?y
enhanceinrlcosiid $&Hé§ﬁvé@t§~§rﬁgtﬁ|o‘¥tﬁ1§hﬁ§t’eﬁsl strength. Adhesion to nylar was
greater than adhesion to is specul ated that the inproved
adhesion to nylar is due to its relative hydrophilicity conpared with

Tefl on. Adhesion to substrates 20 having polar surface characteristics is
t herefore expected to be greater than adhesion to non-polar surfaces. In

general , the converahleR: dAdhesioreasiCateBhinBd teroyghBRAOHK Testind. | R wit h
el evat ed Ievel S of I soprene (e.g. Exanple 2) to the correspondi ng i ononeric

species r a significant ion to a variety of
Sgrfac S :-\ r narl\/ m:\g'r ioned, -t hmapaﬁmla%elsibﬁﬂtgi |l evels of r gsi dual
i sopr ehe furt her 25enHBB2680t he aElxampJe 2t r efExample 3 Example 4
Stainless 11.3 9.7 30.3 38.3

Steel

Glass 6.0 7.0 27.3 33.0

Mylar 2.0 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 IP IR ionomer (Example 4).
Additionally, the treatment of BB2030 with a neutral phosphorus based nucleophile
results in the formation of the corresponding I|IR-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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The foregoi ng descri bes preferred enbodi nents of the invention and ot her

features and enbodi nents of the invention will be evident to persons
skilled in the art. The following clains are to be construed broadly with
reference to_the foregoing and are intended by the inventor to include

ot her vari at  Basfose@pisg pdessiibesaprafaged hgmbaﬁ@nw§ gbthe i iBvenion: | andnagher
d ai ns: SR Uit
deri vedf %F@%Q;%ﬂq %@gpgﬁ%ﬁtgs%go éfll n n{?rﬁ‘z"vnQ?"e eVIant 9 B%rs?%@%fbgp the' art.
r epeat i Tige fwllowinglelime éré to readonistraet! booadipwith r@lf@fenoe mmlﬂmr&rregamgle&wsareo 5
nol % of eating units derjved froman allylic halide and, at S

mol % oft %HJ) b A inveRirreloyinchidg, other Va”at'%ﬁ/s il %@r‘}/‘?mglﬁ‘ﬁ‘ﬁ@?s tB%oW@r not
havighg IRAReShifed © a substrate surface at |east 25%greater than the
adhe3|6%ﬂ%? Qqﬁdﬁﬂ?ononerlc butyl rubber to the same substrate surface.

2. The butyl rubber iononer of claim1, wherein the isoolefin conprises

i sobutyl ene, the nmultiolefin conprises isoprene and the allylic halide
conprises a brom de. 3. The butyl rubber ionomer of claim1, further
conprising at least 0.3 nol % of residual multiolefin. 4. The butyl rubber
i onomer of claim1, conprising at least 3.5 nol % of repeating units
derived fromthe at | east one nultiolefin nmononmer. 5. The butyl rubber

i onomer of claim4, further conprising at least 1.5 nol % of residual
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multiolefin. 6. The butyl rubber ionomer of claim1l, wherein the substrate
surface is stainless steel, glass, nylar or Teflon TM. 7. The butyl rubber
ionomercgf claim 11, having an adhesion to stainless steel of at |east 35
psi, an sion to glass of at |east 30 psi, an adhesion to nylar of at

| east 15 psi or an adhesion to Teflon TMof at least 3.75 psi. 8. The butyl
rubber onom@rbubyf rubbesiorproer deENPIi$igg:an adhesi on to nylar of at |east 25 psi.
9. The butyl plLisbesting anite Wenivedfrow|aileastbne ishelefi moroher;lstitepst Ordhbdh ofi ropraties has
an adhesnisrietiediffom = ishsttonatraltislefid @omonadr, 4t &asit0.9.5H09% gf rep¢ating tihinietived from
adhesi oan affyli¢ hedidé ot dt GASITET in6l % bt 3H iofidadvie imdiedy; b sane substrate surface.
10. A per oxi de) e b@d r@dblet iBhdndTRE@Nd 4rP8AnasiBii{ol substRiREdurfa @R NSIst 2896 GleBileNg t O

clai m lthad IheAdROBI? b hEn-BhbhEAcHURPRBEESS P@'same substrate@rtikePUt y| T ubber
i onomer conprising: repeating units derived fromat |east one isoolefin

monomer, .at ll”ﬁé?‘gl}t IQub%erqgriom%or f]( %ari He\%ﬁérgg tr#énléoto%fig?gr{u\)/r%gs {srtg)u@ -nte !hSaSt one
mul ti ol eff.nl fm)non)éré ~at "I"eas e hg .d)oo r.ege§ mﬁg unrts dérived from an
al |yl i c"HEPPHECCHRESSISPELE EnH N8 3 NeHIS BRSO ASHENTE noi et y; b) a
substrate conprising a stainless steel material, a glass material or a

nyl ar mét eri e bigyjgubber ionomer ofgaifgHiefueher comerisingrat sl ook hef 1seifyal r ubber

i onomer mpigolefite substrate surface is at | east 25% greater than the adhesion
of a non-iononeric butyl rubber to the sanme substrate surface. 12.The
conposi 4.e ar Thebyl afbbed ieiomel &f, claviel ednfibrising al 18230 B Sfridh i mgpebtesunits okvey | ene,
the nul frérokefdt RagQAPMuBEEfid Sefinene and the allylic halide conprises a
brom de.

5. The butyl rubber ionomer of claim 4, further comprising at least 1.5 mol % of residual
multiolefin.
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 to the
same substrate surface.

10. A peroxide cured article made from a butyl rubber ionomer according to claim 1.

11. A composite article comprising:

a) a butyl rubber ionomer 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;

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.
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13. The conposite article of claim11, further conprising at least 0.3 nol %
of residual nultiolefin. 14. The conposite article of claim 11,

conpri si 149 atThL: g@os%&é@ f %r@fﬂ cﬁﬂﬁg&ry}}gle‘é&@s’sm ), vargg?aft F\%ﬂﬂi&%@?\%ﬁ | east

one mul S‘r'or(%ltr?f'trl'eat 19 uglol e article of urt her
conpri sing At B (U0} MPAAVE ) osidual multiolefin.  16. The composite
article of claim11l, wherein the substrate surface is stainless steel
gl ass, Ayl ar TB? coreopitfartal of clany 14, fyither eampsising at legst f &me! %rof eqsidugh Mutiolafiay i ng
an adhesion to stainless steel of at |east 35 psi, an adhesion to gl ass of
at | easfl6.30 pgbé comenositahictd ofielainy 1 hpthareinothe atbsireta strfars igptdiniess stael. gl#ssi on to
Tef | on Wiylaobr Ttflon™ast 3. 75 psi. 18. The conposite article of claiml,
havi ng an adhesion to nylar of at least 25 psi. 19. The conposite article
of clainv.ll, Tnbedn@ioBitd dMtiaétiRmh oN nabing Bieadiebigh toiMeds steaNETFIeadt 5 pbican

subst r abgnealoh kPGBsioPatddast SRS, ah20REH8ehGlar bhfRadtN6 paidhes batseh t& T@lon™

non-i ongRid G P il rubber to the same substrate surface. 20. The
conposite article according to claim 11, wherein the article is perOX| de

cured. 18. The composite 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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