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WERPLIQAT3 ONS [ 0001] This application clainms tPEr/US2005/020864

benefit of Provisional AppILcation No. 60/579, 617,
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a Eil at’i on. ? These pol yners are generally
prepared in carbocationic polynerization processes.

The carbocationjc pol ynerization of i sobutyl ene and .
[0902] The invention relatés to novel air barriers made from elastomeric
compositions. In particular, the invention relates to novel air barriers such as
innerliners, air sleeves, and innertubes made from novel C4 to C; isoolefin based

polymers with new sequence distributions or that are substantially free of long

chain branching.
BACKGROUND

[0003] Halobutyl rubbers, which are isobutylene-based copolymers of Cs4 to
C; isoolefins and a multiolefins, are the polymers of choice for best air-retention
for air barriers in tires for passenger, truck, bus and aircraft vehicles. Bromobutyl
rubber, chlorobutyl rubber, Exxpro™ polymers (avaliable for ExxonMobil
Chemical Co., Baytown, TX), and halogenated star-branched butyl rubbers can be
formulated for such applications depending on the desired properties for the end

use application.

[0004] These polymers are generally prepared in carbocationic polymerization
processes. The carbocationic polymerization of isobutylene and its
copolymerization with comonomers like isoprene is mechanistically complex.
See, e.g., Organic Chemistry, SIXTH EDITION, Morrison and Boyd, Prentice-Hall,
1084-1085, Englewood Cliffs, New Jersey 1992, and K. Matyjaszewski, ed,




copol ynmeri zation with conononers |like isoprene is
mechani stically conplex. See, e.g., Oganic Chem stry
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to permit, respectively, low temperature polymerization and effective separation
from the polymer and unreacted monomers. The slurry polymerization process in
methyl chloride offers a number of additional advantages in that a polymer
concentration of approximately 26% to 37% by volume in the reaction mixture
can be achieved, as opposed to the concentration of only about 8% to 12% in
solution polymerization. = An acceptable relatively low viscosity of the
polymerization mass is obtained enabling the heat of polymerization to be
removed more effectively by surface heat exchange. Slurry polymerization
processes in methyl chloride are used in the production of high molecular weight
polyisobutylene and isobutylene-isoprene butyl rubber polymers. Likewise
polymerizations of isobutylene and para-methylstyrene are also conducted using
methyl chloride. Similarly, star-branched butyl rubber is also produced using

methyl chloride.
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ur ry col the reaction system needs to hav he
reference heremafter referred to in general as a "reactor" or "butyl reactor". In

these reactors, slurry is circulated through tubes of a heat exchanger by a pump,
while boiling ethylene on the shell side provides cooling, the slurry temperature
being determined by the boiling ethylene temperature, the required heat flux and
the overall resistance to heat transfer. On the slurry side, the heat exchanger
surfaces progressively accumulate polymer, inhibiting heat transfer, which would
tend to cause the slurry temperature to rise. This often limits the practical slurry
concentration that can be used in most reactors from 26 to 37 volume % relative to
the total volume of the slurry, diluent, and unreacted monomers. The subject of
polymer accumulation has been addressed in several patents (such as U.S. Patent
No. 2,534,698, U.S. Patent No. 2,548,415, U.S. Patent No. 2,644,809). However,
these patents have unsatisfactorily addressed the myriad of problems associated
with polymer particle agglomeration for implementing a desired commercial

process.
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continuous flow stirred tank reactor ("CFSTR') is
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major proportion of isobutylene and a minor proportion isoprene; diluting the
mixture with from 1/2 volume to 10 volumes of ethylidene difluoride;
copolymerizing the mixture of isobutylene isoprene by the continuous addition to

the reaction mixture of a liquid stream of previously prepared polymerization

catalyst consisting of boron trifluoride in solution in ethylidene difluoride,

maintaining the temperature between -40°C and -103°C throughout the entire
copolymerization reaction . . . '415 teaches the use of boron trifluoride and its
complexes as the Lewis acid catalyst and 1,1-difluoroethane as a preferred
combination. This combination provides a system in which the catalyst, monomer
and comonomer are all soluble and yet still affords a high degree of polymer
insolubility to capture the benefits of reduced reactor fouling. However, boron
trifluoride is not a preferred commercial catalyst for butyl polymers for a variety

of reasons.
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commercial operation.

[00011] Additionally, Thaler, W.A., Buckley, Sr., D.J., High Molecular-
Weight, High Unsaturation Copolymers of Isobutylene and Conjugated Dienes,
49(4) Rubber Chemical Technology, 960 (1976), discloses, inter alia, the cationic
slurry polymerization of copolymers of isobutylene with isoprene (butyl rubber)

and with cyclopentadiene in heptane.

[00012] Therefore, finding alternative diluents or blends of diluents to create
new polymerization systems that would reduce particle agglomeration and/or
reduce the amount of chlorinated hydrocarbons such as methyl chloride is
desirable. Additionally, finding new polymers associated with the aforementioned
processes would help supply the world's increasing demand for elastomers and/or

also provide for new end use applications.
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[00015] Furthermore, isobutylene/isoprene copolymerizations have been
conducted under a variety of polymerizations conditions including different
monomer feed ratios, temperatures, catalysts, and solvents or diluents. A number
of these systems have been described. See e.g Cationic Polymerizations of

Olefins: A Critical Inventory, J. P. Kennedy, (10-12 and 86-137) Wiley-

Interscience, New York, 1972, and Carbocationic Polymerization, J.P. Kennedy,

E. Marechal, Wiley-Interscience, New York, 1982.

[00016] The copolymerization of isobutylene and isoprene has been conducted
in solution and in slurry. Solution polymerizations often employ chlorinated
hydrocarbons or mixtures of hydrocarbons and chlorinated hydrocarbons to serve
as a solvent for the monomers, catalyst and the prepared copolymers. A typical
example is ethyl chloride/hexane mixtures. In slurry copolymerization, a
chlorinated hydrocarbon, usually methyl chloride, is used as a solvent for the

monomers and catalyst, but the copolymer produced is insoluble in the diluent.
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dizitibwiting  Slddny ewhibadiffsrent gfhysical properties. See e.g. Chemical
Microstructure of Polymer Chains, J.L. Koenig, Wiley-Interscience, New York,
1980, and Polymer Sequence Determination: Carbon-13 NMR Method, J.C.

Randall, Academic Press, 1977. An extreme, but clarifying example is the

comparison of the physical attributes of random and block copolymers.

[00018] It is generally known that conjugated dienes are less reactive than
isobutylene in carbocationic copolymerization systems. Of the known linear
conjugated dienes, isoprene is one of the more reactive dienes in copolymerization
with isobutylene. This tendency towards lower reactivity of the conjugated diene
is expressed in the sequence distribution of the prepared copolymers. At a given
copolymer composition, isoprene units do not exhibit a tendency to follow other
isoprene units in the copolymer chain. Consequently, BII (B = isobutylene, I=
isoprene), IIB and III triad fractions are relatively low than compared to systems

with more reactive comonomers.
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Mar echal , VWIey-Interscienci, New Yor k, 1982. [00016]
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t he copol ynmer chain. Sequence distributions and
conmonomer incorporation are mathematically |inked by
[proeiabi Kirkiarbt dbdteityl e/ PeeayStyrehe tcbfolg@BRLItiohs Rve been
nature of the chem cal events i1nvolved in
coBpetgdhendent gatiets plapalymesizatiomtconditions ringlpding different

IﬁMn?e%tngd éﬂ&, %}nﬁirathws,scatalysts, and solvents or diluents. A number
of these systems have been described. See e.g. H.-C. Wang, K.W. Powers in

Elastomerics 1992, January, 14; Z. Fodor, R. Faust in J. Macromol. Sci.-Pure
Appl. Chem. 1994, 431, 1985; 1. Orszagh, A. Nagy, J.P. Kennedy, J. Phys. Org.
Chem. 1995, 8, 258.

[00021] The copolymerization of isobutylene and p-methylstyrene has been
conducted in solution and in slurry. Solution polymerizations often employ
chlorinated hydrocarbons or mixtures of hydrocarbons and chlorinated
hydrocarbons to serve as a solvent for the monomers, catalyst and the prepared
copolymers. A typical example is methyl chloride/hexane mixtures. In slurry
copolymerization, a chlorinated hydrocarbon, usually methyl chloride, is used as a
solvent for the monomers and catalyst, but the copolymer produced is insoluble in

the diluent.



relationship is the reactivity ratio, a ratio of the

rate constants of honopropagation (adding a |like
WOrRWeNe2033 t 0 cr oss propagati on (addi ng an unl i RET/US2005/020864

nononer). Copolyners with the same conononer

i ncorporation, but with different sequence

di stributi ons often exhi bit different physical
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conducted in chlorinated hydrocarbons or m xtures of

thiptioushay Isghsreacttvittiate, avatie of thedriscaniants of hireoptegagation
whi ch. the sequence distribution n be varjed is

%ﬁﬁh{lfé R et T e )
Opoyiadrs Rathi 188 ssthe EhBokdBMMInéRpShiiv, it hithidFereht sequence

|sogrene for isobutyl ene/isoprene copolynerlzatlons

gbations, offen Exhibifs didkerent Galivsisehtrensrtées. See eg. Chemical
M?Jré’!ﬁ% {u%eagf 9gﬁlmer rbﬂ,:ar}g:yglLo E@o% 1% %11«?}9 h%f&?&er%%' ﬁ]ré\CVeYork

1980, and Polymer Sequence Determination: Carbon-13 NMR Method, J.C.

Randall, Academic Press, 1977. An extreme, but clarifying example is the

comparison of the physical attributes of random and block copolymers.

[00023] It is generally known that p-alkylstyrenes are more reactive than
isobutylene in carbocationic copolymerization systems. Of the known linear
p-alkylstyrenes, p-methylstyrene is the most widely used in copolymerization with
isobutylene. The tendency towards higher reactivity of the p-alkylstyrene is
expressed in the sequence distribution of the prepared copolymers. At a given
copolymer composition, p-methylstyrene units exhibit a tendency to follow other
p-methylstyrene units in the copolymer chain. Consequently, BSB (B =
isobutylene, S = p-methylstyrene) triads are present at relatively lower
concentrations than copolymerization systems in which the reactivity of the

comonomers are more similar.



and Technology , (DA: 10.1 002/047 1440264. pst 040)
John Wley & Sons, New York, 2003. Values for isoprene
WO e@eiwB3y rati os, p, under a variety of PCT/US2005/020864
pol yneri zati on conditions fgll below 1.4 indicating a

narrow range of avail able il oprene centered triad
fractions (BlIl, HB and Ill) in the prepared

copolyrmers. Finding a polynerization systemin which

di fferent concentrations of isoprene centered triad-
[H0034t | OBeEARe b%o@ﬁt?l?:ﬁé/g%éﬂl 1§ty%n¥eQO}E<_§l BAMlons are often
i ncorporation is desirable ¥or prepari hg copol yners
oouilucigsl enf ghlorinetedi hydrosarbanss or nripideest iofnhypdrocarbons and

S Rplen Bty i o WHRE (o smBce ARERGRn can be
VeB@hy §Eitd Bttt@NExPRYGoDBL this ARMLEHEE FREE bydexdRi8bY of

of polynerization conditions including diffeéerent
tho koawp redtyity ataties of tpempby bityurenes forciaokutylsnep-naatlayIstyrene

. r__dil uent nbe hese .syst ens hav
QRS R et G T IR RS o bRy Foo2,
Jeh@sy,oe 7l BsdokIR2FandtiuiaMacrokdol. ei.-P@EQppl REhdnausha, 37,

J. Macronol. Sci.-Pure Appl. Chem 1994, A31, 1985; |
1988y & Qemagha ANNagy, JP-PKenasdriedly Phys. Quay Chemy §99Th&mSs.

, . 0 i i . .
FHERe oy poferizel Ol St IF SR UIRELABAS SMhelied ind faigns
canl| bt i prepared whichl wire ydiffSanut than frisy Nevdilablei asiagokhe&nn
enpl oy chl ori nated hydrqcarbons_or m xtures of .
%%WB@HF%}% CQREtieR oiFi AstigalenyHPRRimBsndhat o Pewsesse higher

c‘gg%égﬁkféﬁglﬁssépfgoéﬂ;gPﬁ?%np e-gﬁ%ozéﬁfnlse%rhagrﬂa&i%ﬁs REERRAor

thé Iprapiatitioh eofameterials tthatesossdsn et crogslodyied winesr arxlafiinotional

a chlorinated hydrocarbon, usually nethyl chloride, is
Y- as a solvent for the nononers and catal yst, but

t he copol yner produced is insoluble in

[00025] Therefore, producing novel air barrier§ such as innerliners, air sleeves,
and innertubes made from novel C,4 to C; isoolefin based polymers with new
sequence distributions or that are substantially free of long chain branching is of

importance.

[00026] Other background references include WO 02/32992, WO 02/32993,
WO 02/34794, WO 02/096964, WO 00/04061, EP 0 320 263 A2, DE 100 61 727
A, U.S. Patent Application Publication No. 2003/150504, U.S. Patent Application
Publication No. 2003/187173, U.S. Patent Application Publication No.
2004/106735, U.S. Patent No. 6,710,116, U.S. Patent No. 5,624,878, U.S. Patent
No. 5,527,870, and U.S. Patent No. 3,470,143.



the diluent.[00022] The sequence distribution, i.e.

characterization of the arrangenent of the nononer
wainios®02Bdng pol ymer chain, of the prepared copol/ysmns020864

is influenced by the polynqqlzatlon conditions as well

as the intrinsic reactivity of the conononers

enployed The sequence distribution of a copol yner may

ARVRKRR ﬁnﬁ} @(ﬁ conbi nati ons of adjacent
structura un| v rKgganple characterizabl e

sequences of two nononer units are called diads. Three
nmononer Enlt sequences are called triads, Four nononer
DAY sedheirwestion @revideselgr casionepsicapmmpasitions tiar air barriers

SE Qs Y IRE3inBfsC RAESHpU G4 Qirf gl@é\%@t m%ﬁ’@ (:Hc%)rr'x Oflse poTymers

he same conmohomer | néor por at

puiodu‘cecl elryc eewi polym@srizaten q&n@sfssetél Sbmphsihg odifue@s comprising
ﬁg)f@ased the diad (or triad, etc.) fractions in

by 9%%? chai n. Sequence di stributions and
conmononer incorporation are mathematically |inked by
probability statistics because of the conpetitive

nat ura@ of Ifhem aﬁlpecti cfatheemeertton] o hir dehriier comprlses a cured
copolyneri;gﬁlon aﬁgneter t.hat aIPS in

char act er i“AHTEHCFPIPRFEOR EPAPTLYAS A PRIYer tSHléstan“aHy free of
reacti vi t Yog@éHath brndtitd & &fv@% oAk @heﬁl@ Bﬁdﬁl@iﬁhg of
honopr opagation (adding a |ike nononer) to cross
propagatlon (addlng an unlike nononer). Copol ymers

noner..l ncorperation, .but with ..
("({1& %iger ent seq r[g dl?veflp?% l?lr?Vpﬁ taé’nalé%’rlﬁr {COMprIsIg a
cdiedfetdiseotberfthassiposition rc@ﬁ@flblggi coﬁgﬁnﬁr Gf ai36lefia! preferably
M crostructure of Pol ains , J.L. Koenig,
Wbllltégkqemaéﬁi @cméH@éeﬁWfV@bW almmga@d cHiens, yn@\e preferably

SRR PSRBT 0 S0l MBI e o

pocb\adesffyr fgaie kamipf eomridinea Clﬁﬂ@ara!sﬁ)ﬁﬁn@fcoﬁlbﬁsm&y S(brﬁlaﬂlsm
bl ock copol yners. [00023

attrlbute dom
2jCOPYEHISF § WSR%&% mfaaltagla igpylens, @@%é@%ﬁa@e%r@e erably 2
chRREAEY Bich®3Rore preferably i isoprene, having no long chain branching.

[00029] In another aspect of the invention, the invention provides for an air
barrier comprising a cured elastomeric composition comprising a copolymer
produced by the process comprising contacting an isoolefin, preferably
isobutylene, a multiolefin, preferably a conjugated diene, more preferably
isoprene, one or more Lewis acid(s), one or more initiator(s), and a diluent
comprising one or more hydrofluorocarbon(s) (HFC's); wherein the copolymer is

substantially free of long chain branching or has no long chain branching.

[00030] In an embodiment, the multiolefin, or conjugated diene, or isoprene,

when present, content is from greater than 0.5 mol%.

[00031] In an embodiment, the multiolefin, or conjugated diene, or isoprene,

when present, content is from greater than 1.0 mol%.



i sobutyl ene in carbocationic copolynerization systens.
O the known |inear p-alkylstyrenes, p-nethylstyrene
WO g00bl0e208Dst W dely used in copol ynerizati on We€TUS2005/020864
i sobutyl ene. The tendency tgmards hi gher reactivity of
the p-al kyl styrene is expreSsed in the sequence
di stribution of the prepared copolyners. At a given
copol ymer conposition, p-nethylstyrene units exhibit a
tendency to follow other p-nethylstyrene units in the
[@dapgl YR BRLBdinfel B8 YaMibKfin B§Bcc(r§hgatéd8&1@ﬁ% ydreigk?pre&
met hyl styrene) triads are presen rel at’i vel
}m!meacnhcmtemm fromsgredienthempSlnygoils.i zati on syst errs in
whi ch the reactivity of the conononers are nore
simlar.[00024] Because isobutyl ene/p-nethyl styrene
[600pA| Y MBI b 3idbeditncat, ech@fnhﬁﬁol@ﬁﬂ dé&Cé&xgugaEdeJﬁleﬁé | frak@stene,
hydrocar bons or m xt'ures of hydrocarbons and
vdten@reseat eontbyids Gomr pyesier thamé. Odeglfee t o which the
sequence distribution can be varied is quite limted.
Expression of this limtation is found by exam nati on
[§do34he Kﬂﬂi@npl’éﬁ@ﬁi eMbbdtinicats, @ edpolym@t M}y Betisenied to
i sobut yl ene/ nethylstyrene copol ynmeri zati ons See e.d.
fprm ghalpgprptedeopplymiffer s i n El ast omerics 1992, January,
14; Z. Fodor, R Faust in J. Macronol. Sci.-Pure Appl.
Chem 1994, A31, 1985; | . Orszagh, A Nagy, J.P.
[b(thlj]edyIn the pRwsus eitgdintdg,the hlOfenatd Ap8lynter indhahgpenated
ol yner.i zation, systemin which p-al kyl styrene centered
W¢h§3°$¥é@ﬂ¥@ﬁ§mcan be prepared which are different
t han those avail abl e usi ng known copol yneri zati on
conditions is desirable. Copolyners that possess
[bﬂogﬂer toace of 'pmv@usfembodiments the halogen content is greater
I n-p-al kyl styrene-isoqlefmtr ractions are
b é) Wt!f[bl?g?‘ﬂ'ép @Bg‘iﬁﬁ%ﬁ%&% ﬁ’ﬁf CL‘F?OI%EF' possess

both crossl nking sites and functi onal groups.

[00037].  In any of the previous embodiments, the halogen content is from 0.5

wit% to 3.0 wt% based upon the weight of the halogenated copolymer.

[00038] In any of the previous embodiments, the copolymer may have a Mw of

from greater than 50,000.

[00039] In any of the previous embodiments, the copolymer may have a Mw of

from greater than 100,000.

[00040] In any of the previous embodiments, the copolymer may have a Mw of

from greater than 500,000.

[00041] In any of the previous embodiments, the copolymer may have a Mw of

from greater than 1,000,000.



[ 00025] Therefore, producing novel air barriers such
as innerliners, air sleeves, and innertubes nmade from
wmoonel020d3 t o C7 i sool efin based pol ymers w th PEIUS2005/020864

sequence di stributions or Hhat are substantially free

of long chain branching is of i nportance. [00026]

O her background references include WO 02/ 32992, WO
/32993, WD 02/ 34794, 2/ 096964, WO 00/ 04061, EP_O

[3@6%263?9@?/ @%%i OF Ve 8&&3@% ge eopobimier Ay havaei MDD

JT4RInh GRELePthal@, 2003/ 150504, U.S. Patent Application

Publ i cati on No. 2003/187173, U.S. Patent Application

Publ i cati on No. 2004/106735, U.S. Patent No.

710, 116, U. Pat ent . D,624,878, U. S. Patent
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oftflonh DYENITI ON [ 00027] The invention provides for

el astomeri c conpositions for air barriers such as
innerliners, innertubes, and air sleeves nmade from

I p r roduced by -new pol ynerization
[g‘% ess grls%g‘gn%fr ﬁ%ei RgVer? u%'ﬁlfog 118%?}& ﬂ:g’i ﬁ(épotlymer may have a
My ckieyTlisookioe af 2 0ast 28) 5|(MIaD+3sRa05°QfAST D 184t i on,
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conposition conprising a polyner substantially free of

ng chal r [ ' | gng.chai n
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Moandydeéssobior ofafforai20) +hfitor60er: @M i+S8 Mgl 25°CUASTM D 1646).

el astoneric conposition conprising a copolynmer of an
i soolefm preferably isobutylene, and a nultiolef n,

era j j -
R et g RE bUIRRS Sl Rfeni R SoBAITEE AR Save s figeme
fikddli greaeralthapn, ot lkqudlntoe A1978 naspdeteinli@sd fhyr tripie aletection SEC

arrjer, conprising a cured el astoneric conposition
beLhsign)

(5%395

[00047] In any of the previous embodiments, the copolymer may have a g'vis aye.
from greater than or equal to 0.980 as determined by triple detection SEC
(described herein).

[00048] In any of the previous embodiments, the copolymer may have a g'vis ave.
from greater than or equal to 0.990 as determined by triple detection SEC

(described herein).

[00049] In any of the previous embodiments, the copolymer may have a g'vis.avs.
from greater than or equal to 0.995 as determined by triple detection SEC

(described herein).

[00050] In any of the previous embodiments, the copolymer may have no long

chain branching.



a copol ymer of an isoolefin, preferably isobutylene,

and a nultiolef n, preferably a conjugated di ene, nore
wEe@beoabkld y i soprene, having no | ong chai n br apchiusmns/020864

[ 00029] I n another aspect of the invention, the

i nvention provides for an ai*r barrier conprising a

cured el astoneric conposition conprising a copolyner

ool D1 . IhBeF BR o 45D Gt et e aReYi Qo or an ai
pr ef er abl Ybﬁrl&oéﬂnk’gﬁiﬂs‘iﬁl{ @hFeﬁ%laé@&ﬁ@rl@ E&Eﬁ&s@t%ry comprlsmg a

i soprene, one or nore lLew s acid(s), one or
i ni tiator (epolyarey canpirisingran isovipfin,sprafprane 1mbutychfme and a

CUbstant | ATGORT e BERFIG thaPHoEReh Ry TR aBedgebly

| ong chai riséyrams; Rlithchew! LGHSRE diskimmioggrbodi ment, the
mul tiolef n, or conjugated diene, or isoprene, when

present, content is fron1greater than 0.5 nol %

31 |.t .
ol g a b BRaRRRE FRObobl PRs o b aftioaRiss pmprisine
d quréd elmtomens edimpdibﬁlﬂbﬂlc%ﬁfmlr%i EdBAher! dnising an isoolefin,

qu i ment, the nmultiolefm or conju ated di ene, or
Bre éhelsol?/%iélﬁnf‘pr aadnt milbioletin pieteraigin gr eanjagatechadicne,

ﬁ‘eéra@ﬁj O{go gog'gen e}?bl%ﬂel_e HE’&H nf%%%rﬁgr géqust hc?el, ?11strﬁiut10n

or co Jug i Sop r
definedby: is fromgreater than 5.0 nol % [00034] In the
previ ous enbodi nents, the copolynmer may be hal ogenat ed
to forma hal ogenated copol yner. [00035] In the

previ ous emnbodi nent 4 I 2ed copolynmer is

hal ogenated with chlgtlﬁ%RZrP%r %? [00036] In any
of the previous enbodi nents, the halogen content is

0
elr%tagﬁ é&t g%gg%lgmﬁéq%gr?c%ddlgp gutlonhpearz\{\llleatlatgrh tA ?sf thte rr]neolar ratio

of multiolefin to isoolefin in the copolymer; and F is the isoolefin-multiolefin-

multiolefin triad fraction in the copolymer; wherein m is from greater than 1.5.
[00052] In the previous embodiment, m may be from greater than 2.0.

[00053] In the previous embodiment, m may be from greater than 2.5.

[00054] In the previous embodiment, m may be from greater than 3.5.

[00055] In another embodiment, the invention provides for an air barrier
comprising a cured elastomeric composition comprising a copolymer comprising
an isoolefin, preferably isobutylene, and a multiolefin, preferably a conjugated
diene, even more preferably isoprene, the copolymer having a copolymer

sequence distribution defined by:

F=mA/(1+mA)



[00037] In any of the previous enbodi nents, the
hal ogen content is from0.5 wt%to 3.0 wt % based upon
wo bmemaoght of the hal ogenated copol ynmer. [ 00088i/U$2005/020864
any of the previous enbodiqﬁnts, t he copol yner may
have a Mwv of from greater than 50,000. [00039] In any
of the previous enbodi nents, the copolyner nay have a

t th 100,.000. [00040] In. of the
MaOh b B SBE B RPnes BupBRyetrarnactr i i Y et ifo
d°f rtiglegiatterisédlefh W%eo&ﬂol}[r&qoﬂﬁd F R tﬁ@){sd%ieﬂnhﬁultloleﬁn-
previ oqus enbodi nents, thé copo ymer have a Mwv of

myplgplep diaciragtioarin theGOOOIYOBT; [mlmmapnn emyl. l@ftOtlt?é
previ ous enbodi nents, the copolynmer may have a MAD of
fromgreater than 2. [00043] In any of the previous

[evubdi MENihe préviviseaibolinmeit, maytavom 1MARxaffor om 2 to
6. [00044] In any of the previous enbodi nents, the

copol ymer may have a Mboney viscosity of at Ieast 20

i, o P RS 00 40, s

€ "previ ou odi nment s ave a
Mooney viscosity of from20 5 to 60 5 (NL 1 + 8 at

1250C, M D 1646 00046] In_any of the previ ous
[@Wﬁﬁdlngﬂigpﬂﬁﬁéw@) : ﬁﬁﬁ% ¥-s. avg. from
greater than or equal to O 978 as detern1ned by triple
detection SEC (described herein). [00047] In any of
[ed0&9] pr eln enshendspetit nérthe invendon,otheliyvantiongyrovidssefoa an air

Vi S. avg. .from gr &er than or equal to 0.980 as
gg‘teér(fﬁ Hilrl%/ at ?Lﬁ‘ﬁq? & %?&I]éf‘d‘%cl Sﬂl’n 10n comprising a copolymer

produced by the process comprising contacting an isoolefin, preferably
isobutylene, a multiolefin, preferably a conjugated diene, even more preferably
isoprene, one or more Lewis acid(s), one or more initiator(s), and a diluent
comprising one or more hydrofluorocarbon(s) (HFC's); the copolymer having a

copolymer sequence distribution defined by:

F=m A/ (1+mA)
wherein m is the copolymer sequence distribution parameter; A is the molar ratio
of multiolefin to isoolefin in the copolymer; and F is the isoolefin-multiolefin-
multiolefin triad fraction in the copolymer; wherein m is from greater than 1.5 or
m is from 1.10 to 1.25.
[00060] In the previous embodiment, m may be from greater than 2.0.
[00061] In the previous embodiment, m may be from greater than 2.5.

[00062] In the previous embodiment, m may be from greater than 3.5.

[00063] In the previous embodiment, m may be from 1.15 to 1.20.



(descri bed herein). [00048] In any of the previous

enbodi nents, the copolyner may have a gVis.avg. from
w@e@ane033 han or equal to 0.990 as detern ned PYT/US10p$/€20864

detecti on SEC (descri bed thein). [00049] In any of

the previous enbodi nents, the copol ynmer may have a

g'Vi S.avg. fromgreater than or equal to 0.995 as

determined by triple detection SEC (described herein).

[ 00050] In any of the previous enbodi nents, the

[aopn| ynkr thepyevivarenibodingmg m heiyrbelanahisng 105, | n
anot her aspect of the invention, the invention
provides for an air barrier conprising a cured

to Ihe pERERASH [.Si r
[g%ﬁ%rigﬁggggn |SO%F%?%?K%$EEQ%1gggnﬂg%%ﬁfbggﬁe, and a
multiolefin, preferably a conjugated di ene, nore

referaply isoprene, wi.th new sequence distributions.
W@?ﬁdsl]aﬁ]l % Ognfglsdipﬁeéfmll,s Ao | 81 sPBRiyes may be

WA eBhdiePR ol IEREBELS] Aoy ed el ast omeri ¢
conmposition conprising a copol yner conprising an
i sool efm preferably isobutylene, and a nultiolefin,

I ' ted di , f bly i ,
R Conth dmart B PRGORS coioR el Sulfrcmetent; OF sl
copdiymeflisthlogbnatedivith Chibding of ondndherein mis the

copol ymer sequence distribution paraneter; Ais the
nolar ratio of multiolefin to isoolefmin the

| : Fis th .
GRS LT v thprk okt fipbociments. by migeeh dhs Mlpesm popisat
i€ Qe thah 0.3WEL Bhded lpbs tHe Vb F i EhalbdtaRted cBpolymer.

[00069] In any of the previous embodiments, when present, the halogen content

is from 0.5 wt% to 3.0 wt% based upon the weight of the halogenated copolymer.

[00070] In any of the previous embodiments, the copolymer has a Mw of from

greater than 50,000.

[00071] In any of the previous embodiments, the copolymer has a Mw of from

greater than 100,000.

[00072] In any of the previous embodiments, the copolymer has a Mw of from

greater than 500,000.

[00073]  In any of the previous embodiments, the copolymer has a Mw of from

greater than 1,000,000.

[00074]  In any of the previous embodiments, the copolymer has a MWD of

from greater than 2.



[00052] In the previous enbodi nent, mmy be from

greater than 2.0. [00053] In the previous enbodi nent,
wOorovapodoss f rom greater than 2.5. [00054] | n theCT/US2005/020864

previ ous enbodi mrent, mmy be fromgreater than 3.5.

[ 00055] I n another enbodinent, the invention provides

for an air barrier conprising a cured el astoneric

osition c ri sing a _cgopol r,conpri sing an
POTEN of I8 2y of 2he, preyitis SHURURIS. e GORCIVEEL Me BAAWD of
fesreas @bl y a conjugated di ene, even nore preferably

i soprene, the copol ynmer having a copol yner sequence
di stribution defined by: F=mA/ (I + m) 2wherein m

| he y Jenc L 8Lribution rapeter: A 1s
(g, PSRN RS Soth Ahebs MR afhor
dsuosity ot leaati2h £ 5i (M1 he 8 at 125°C, ASTM D 1646).

isoolefmnultiolefinmultiolefin triad fraction in the
copol ynmer; wherein mis from1.10 to 1.25. [00056] In

! . | t
DBEHRTH R R TROBHEL ortbRhet, oMby s & Shoopey
\tigeodity&f fr¢ra(058] td 60 (ML dvi ®us] 0B TRND, 16068y be

about 1.20. [00059] In another aspect of the
i nvention, the invention provides for an air barrier

risj L ast ; L onpr.i.si
e R ke
dienet acisoprgne whes podsetiti eontent éf Eomlgrgatérddnd. § het%, a

mul tiolefin, preferably a conjugated di ene, even nore
preferably isoprene, one or nore Lewis acid(s), one or

00078 | Nixd bay QF (B pre¥itfhsBertbhddiaBits CARPHLBIRGNOBE cBhjugated
more hydrofl uorocarbon(s) (HFC s); the copol yner

diengi pigisepreesh sthgmpresemgenmtene ifremrgréatarithan demot¥d by:
wherein mis the copol yner sequence distribution
paranmeter; Ais the nolar ratio

[00080] In any of the previous embodiments, the multiolefin, or conjugated

diene, or isoprene, when present, content is from greater than 2.5 mol%.

[00081] In any of the previous embodiments, the multiolefin, or conjugated

diene, or isoprene, when present, content is from greater than 5.0 mol%.

c) In another aspect of the invention, the invention provides for an air
barrier comprising a cured elastomeric composition comprising a
copolymer comprising an isoolefin, preferably isobutylene, and an
alkylstyrene, preferably methylstyrene, even more preferably para-
methylstyrene, with new sequence distributions. The copolymer

may optionally be halogenated.

[00082] In an embodiment, the invention provides for an air barrier comprising
a cured elastomeric composition comprising a copolymer comprising an isoolefin
and an alkylstyrene, the copolymer having a copolymer sequence distribution
defined by:



of nultiolefin to isoolefin in the copolyner; and F is
the isoolefin-multiolefinmultiolefin triad fraction in
w0 bweoagead yner; wherein mis from greater thanPdQI/BSm05/0R0864
is from1.10 to 1.25. [00038 In the previous
enbodi nent, mmay be fromgreater than 2.0. [00061] In
the previous enbodi nent, mmy be fromgreater than
2.5. [00062] In the previous enbodi mrent, mmy be from
greater than 3.5. [00063] In the previous enbodi nent ,
m may be from1.15 go 1l @0 }nthe previ ous
enbodi nrent, m may be fronrl 15 to f [ 00065] In the
previ ous enbodlnent mmay be mis about 1. 20. [00066]

[0 of .the previous enb nts, the copol .
i, B AT 5% eSO AR it 4 R molar o
dra0g et rehdtodnidin itk iR aDOd] ment s, when

present, the alogenate copo ynmer is halogenated with

chl orl wehoalkysiaranadsoqicfoneBylstyreneryiad fracthum ip tles/éapolymer;
embodj; t he hal ogen content is
greater %&%1B3ﬁggﬁg@ﬁ%§géd upon the wei ght of the

hal ogenat ed copol yner. [00069] In any of the previous
enbodi nents, when present, the hal ogen content is from

[9083 1wt oAt gnagher webodiaea thsomvereonwsrayidesofort #re air barrier
AL SRR o Bk L
thdrgpro&ls OMQpr{sﬁ@OEﬂnhtabﬂmgamﬁ dfootdfi@, psreferabls isobutylene, an

%%y odi nents, the copol yne (g has a NM/of fromgreater,
YIERD, B PT TP@rGoI?@ZYlSﬁQl Hy OB§ Of FROTp ARitipier(s); and a diluent

c%g%%giélgﬁﬂksor hbR 15RO NITE arthisgs) A §F e APodrdteling a
copolymer sequence distribution defined by:

F=1-{mA/(+mA)}

wherein m is the copolymer sequence distribution parameter; A is the molar ratio
of alkylstyrene to isoolefin in the copolymer; and
F is the alkylstyrene-isoolefin-alkylstyrene triad fraction in the copolymer;

wherein m is from less than 38.

[00084] In the previous embodiments, the isoolefin may be isobutylene and the

alkylstyrene may be methylstyrene, preferably, para-methylstyrene.

[00085] In any of the embodiments described in this section, the alkylstyrene

content is from greater than 0.5 mol%.

[00086] In any of the embodiments in this section, the alkylstyrene content is

from greater than 1.5 mol%.



[00073] In any of the previous enbodi nents, the
copol yner has a Mv of from greater than 1,000, 000.
WO 0®6/Fddo33 n any of the previous enbodi nents, tPEI/US2005/020864
copol ymer has a MAD of frog%greater than 2.[00075] In
any of the previous enbodi nents, the copol yner has a
MAD of from2 to 6. [00076] In any of the previous
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fﬁgpg&ﬁkrhﬁn%qmngﬁéthe previ ous enbodi nents, the
copol yner has a Mooney viscosity of fron120 5 to 60

5 (M 1+ 8 at 1250C, ASTM D 1646). [00078] In any of

re ous odi nt
oD g ab e e SoiPamads b i Viehie? B eyt Hrgns, papgnt i
fion Efcaf®r ea8abembban 0.5 nol % [00079] In any of the
previous enmbodi ments, the nultiolefin, or conjugated

di ene, or isoprene, mhen present, content is from

B SRR 0 N

leilsenibé b PiadRigenaeht@dlyh&sfrom greater t han
2.5 nol % [00081] In any of the previous enbodi nents,
the nultiolefin, or conjugated diene, or isoprene,

(0, PR TSP ANALERLEN 600 Rt

vattoshilekdxse drdroraimeai r barrier conprising a cured
el astoneric conposition conprising a copol ynmer
conprising an isoolefin, preferably isobutylene, and
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preferably par anet hyl styrene, w th new sequence

hdlogen cdnitntongreat®hthan Opomyl¥er

[00092] In any of the embodiments described in this section, when present, the
halogen content is from 0.2 mol% to 5.0 mol%, preferably from 0.2 mol% to 2.0

mol%.

[00093] In any of the previous embodiments, the copolymer has a Mw of from

greater than 50,000.

[00094] In any of the previous embodiments, the copolymer has a Mw of from
greater than 100,000.

[00095] In any of the previous embodiments, the copolymer has a Mw of from
greater than 500,000.

[00096] In any of the previous embodiments, the copolymer has a Mw of from

greater than 1,000,000.



may optionally be hal ogenated. [00082] In an
enbodi nent, the invention provides for an air barrier
W@ oup0d®B8hg a cured el astoneric conposition coPEr/US1008/020864
a copol ynmer conprising an |%oolefin and an
al kyl styrene, the copolyne@ havi ng a copol yner
sequence distribution defined by:F=1- {mA/ (1 +

wher ei n |s the c yer s uenc di stri byt
Bt B ShSAof $he Rl ORI LS G CRIATGF B TGWD of
#SAMstHan 3 n the copolyner; and F is the
al kyl styrene-i sool ef n-al kyl styrene triad fraction in

t he copol yner; mherein n1is fromless than 38. [00083]

I n_anot her e |nvent| n prqvi de r
o8 ar B B 860t Pevisys Enchol . 467 shestyeee Bpo iy of
®QAPRb Si ng a copol yner produced by the process
conprising contacting an isoolefin, preferably

i sobutyl ene, an al kyl styrene, one or nore Lew s

S Qne nmore.initiator(s and a,di
AR TG00 o8 o RS PG 1R s ier e dooney
ViRt Yeret 207 8i (ML 8 -+PRALSTBIASEIUSM646)di stributi on
defined by: F=1- {mA/ (1 + md)} wherein mis the

copolyner sequence di stribution paraneter; Ais the

[ ral Ial%l % ﬁé V?(%]l}/Sr &Hﬁo&u%eﬁt% oﬁleeédp%l})nqert lg]a% a Mooney

cop yner;
\ai;doylltﬁbﬁ/ﬁr@ﬁ%lﬂsﬁ)w Gﬁ £ 5-(MIKY H- atr1efeC, tAS T I 1645)i on i n
t he copolyner; wherein mis fromless than 38. [00084]
In the previous enbodi nents, the isoolefin may be

bRt yLrFy e afaﬂr%glto% Kb SiiTRRC TR REI BB b §L YT ene,

prerera yrene.

[000102]  In any of the previous embodiments, m is from less than 36.
[000103] In any of the previous embodiments, m is from less than 35.
[000104]  In any of the previous embodiments, m is from less than 30.
[000105]  In other embodiments, m may be from 1-38.
[000106] In other embodiments, m may be from 1-36.
[000107]  In other embodiments, m may be from 1-35.
[000108]  In other embodiments, m may be from 1-30.
d) In any of the previous embodiments a), b), or ¢), the cured
elastomeric composition may further comprise a blend comprising

a secondary rubber selected from the group consisting of at least

one of natural rubber, polyisoprene rubber, poly(styrene-co-



[00085] In any of the enbodi ments described in this
section, the al kyl styrene content is fromgreater than
w@2®6mad03s [ 00086] I n any of the enbodi ments iPCT/OER05/020864
section, the al kyl styrene czgntent is fromgreater than
1.5 mol % [ 00087] In any of the enbodinments in this
section, the al kyl styrene content i s from greater than

6.0 mol % [ 0O n hee ntS| this
secti on, i 4’@ ‘g?‘l?&l f";‘i’gé‘%e (gg entp gré‘g?t@i‘ t BR)
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in this section the copol yners may be haloge
f or m hal odevadiew coplry (BIBR), [eifh@%ppmpyﬂdme pulahciroQEPR)

enbodi nent . t he hal ted co Iogen

wi th chl ordRACEPRPERRe @enf 0008 2P a@DB@ ¢ hebolysulfide,
enbodi mentisoiifgesd/ BRMbpeRaliehs ceﬁﬁym%bwae&oeﬁ?ﬁeﬁ%ethyl
t he hal ogen content is greater than 0.2 nol %
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[ 00093] | fbr@dele@fbutyfﬂ @uKB’eﬁWr@M&xa@dﬁ)&ﬂzﬁﬁibb&, chid€inated butyl
copol yner has a Mw of from greater than 50,000

[00094] | HuBbRy, oftar-hranghedy i prlxisehirlanere mabber,t hwar-branched
copol yrer ﬂ?@ﬁnﬁt&{wl bﬁ{é/l f(ﬁ)8§;ls%lbﬁf§7'ie e/1§ ? ggpc%qgrger) rubber;

[ 00095] In any i ous e
copol ymer podgisabddpent- cbmmmyaeytraie)t han aEaGO, 00Ghalogenated

poly(isobutylene-co-p-methylstyrene), halogenated
poly(isobutylene-co-isoprene-co-p-methylstyrene),

poly(isobutylene-co-isoprene-co-styrene), halogenated
poly(isobutylene-co-isoprene-co-styrene), poly(isobutylene-co-

isoprene-co-a-methylstyrene) halogenated poly(isobutylene-co-

isoprene-co-a-methylstyrene), and mixtures thereof.

DETAILED DESCRIPTION

[000109]  Various specific embodiments, versions and examples of the invention
will now be described, including preferred embodiments and definitions that are
adopted herein for purposes of understanding the claimed invention. For
determining infringement, the scope of the “invention” will refer to any one or
more of the appended claims, including their equivalents, and elements or

limitations that are equivalent to those that are recited.

[000110]  As used herein, the new numbering scheme for the Periodic Table

Groups are used as in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).

[000111]  Catalyst system refers to and includes any Lewis acid(s) or other metal

complex(es) (described herein) used to catalyze the polymerization of the olefinic



[00096] In any of the previous enbodi nents, the
copol ynmer has a Mwv of from greater than
waA200000689D. [ 00097] I n any of the previous enboPCTESL085/020864
t he copol yner has a MAD of gron1less than 3. [00098]
In any of the previous enbd i ments, the copol yner has
a MAD of from2 to 5. [00099] In any of the previous
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5 (M 1 + 8 at 1250C, ASTM D 1646). [000101] In any of
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enbodi ments, mis fromless than 35. [000104] In any
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t%eg: QL 1|l H% %tlogmg giﬂ%rgt: (ides g %fer tzl Igleg%linag%re of the

cbﬁﬁb@ﬂéhﬁ of theopéblemetirdriodi meditns, i. m MRy chBpdreatd df B8 catalyst

[ 000108] In other__enbodi nments, é be from1-30. d
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conprising a secon rom

reped athe drmscamlya;‘tgsy@ferrﬁtomp@&htso ﬁnﬁ)mfnei‘@tdﬂcr acb ambeQﬂemable
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[000113] A reactor is any container(s) in which a chemical reaction occurs.

[000114]  Slurry refers to a volume of diluent comprising polymers that have
precipitated from the diluent, monomers, Lewis acid, and initiator. The slurry
concentration is the volume percent of the partially or completely precipitated

polymers based on the total volume of the slurry.

[000115] Polymer may be used to refer to homopolymers, copolymers,
interpolymers, terpolymers, etc. Likewise, a copolymer may refer to a polymer

comprising at least two monomers, optionally with other monomers.

[000116]  When a polymer is referred to as comprising a monomer, the monomer
is present in the polymer in the polymerized form of the monomer or in the
derivative form the monomer. However, for ease of reference the phrase
comprising the (respective) monomer or the like is used as shorthand. Likewise,
when catalyst components are described as comprising neutral stable forms of the
components, it is well understood by one skilled in the art, that the ionic form of

the component is the form that reacts with the monomers to produce polymers.



rubber (SIBR), ethylene-propylene rubber (EPR),
et hyl ene- propyl ene-di ene rubber (EPDM, polysulf de,
w0 s@biopBEne/ cycl opent adi ene copol yner rubber, PCT/US2005/020864
i sobut yl ene/ net hyl cycl opent adi ene copol ynmer rubber,
nitrile rubber, propylene Oxi de pol yners,
star-branched butyl rubber and hal ogenated
starbranched butyl rubber, brom nated butyl rubber,
chl ori nated butyl rubber, star-branched

(011 SORHEER REFels YD RRY oleFinaholnd HAGH o /8 FuBRi@thnd Whithe
(pol yi sobutyl ene/i soprene copol yner) rubber;

spot gp@bgobut yl ene- c-; ?- net hyl st yrene) and hal ogenat ed
pol y(i sobutyl ene-co~/ ?-net hyl styrene), hal ogenat ed
pol y(i sobutyl ene-co-i soprene-co- p-net hyl styrene),
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pol y(i sobut yl ene- co- rene- co-styrene),

pﬁ@fmyqd subbadpneie- bei '@éﬁﬁ@ﬁﬁn o-any- TRATIeIcst PprEARYing  two
BRI AR B hapad S FIEIPANEI Sl | o

DESCRI PTI ON [ 000109] Vari ous specific enbodi nents,

ver si ons. and exanples of the invention will now be,
(85I} i bElgstomse [ag dised histedn glicfeas 1@ BB dIORERSs O fgposition. of

] . in fo
FAFRAPL Al B SHOPD RS d Lol O AR, B o
intafchanpgebigtith thh eerscopiebenfs).t he "invention” will refer
to any one or nore of the appended cl ains, including

their equi val ents, and el enents or | | mtations that
[0 £20f AUEMRIRYiC t QiR Rnt Rélrs &bCakye ebinBbsition comprising an

elastomer as defined above. A cured elastomeric composition refers to any
elastomeric composition that has undergone a curing process and/or comprises a
curative, through the use of materials and processes conventional in the art

regardless of the mechanism employed to cure the elastomeric composition.

(0001217  Alkyl refers to a paraffinic hydrocarbon group which may be derived
from an alkane by dropping one or more hydrogens from the formula, such as, for

example, a methyl group (CHs), or an ethyl group (CH3CHy), etc.

[000122]  Aryl refers to a hydrocarbon group that forms a ring structure
characteristic of aromatic compounds such as, for example, benzene, naphthalene,
phenanthrene, anthracene, etc., and typically possess alternate double bonding
("unsaturation™) within its structure. An aryl group is thus a group derived from
an aromatic compound by dropping one or more hydrogens from the formula such

as, for example, phenyl, or C¢Hs.

[000123]  Substituted refers to at least one hydrogen group by at least one
substituent selected from, for example, halogen (chlorine, bromine, fluorine, or

iodine), amino, nitro, sulfoxy (sulfonate or alkyl sulfonate), thiol, alkylthiol, and



[000110] As used herein, the new nunbering schene for
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[000124]  Polymer molecular weights may be determined by SEC (Size
Exclusion Chromatography) using a Waters Alliance 2690 separations module
equipped with column heaters and a Waters 410 differential refractometer
detector. Tetrahydrofuran may be used as eluent (1 ml/min., 35°C) with a set of
Waters Styragel HR 5u columns of 500, 1000, 2000, 10%, 10° and 10°A pore size.
A calibration based on narrow molecular weight polyisobutylene standards
(American Polymer Standards) may be used to calculate molecular weights and

distributions.

[000125] Polymer molecular weights can be determined on other SEC
instruments using different calibration and run protocols. The methodology of
SEC (also known as GPC or gel permeation chromatography) to characterize
polymer molecular weights has been reviewed in many publications. One such

source is the review provided by L.H. Tung in Polymer Yearbook, H.-G. Elias




conprising at |east two nononmers, optionally wth
ot her nononers. [0001 16] Wen a polyner is referred
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[000128] In some embodiments directed to copolymers of isoolefins and
multiolefins, the presence or absence of long chain branching in the polymers may
be determined using triple detection SEC (size exclusion chromatography). Triple
detection SEC may be performed on a Waters (Milford, Massachusetts) 150C
chromatograph operated at 40°C equipped a Precision Detectors (Bellingham,
Massachusetts) PD2040 light scattering detector, a Viscotek (Houston, Texas)
Model 150R viscometry detector and a Waters differential refractive index
detector (integral with the 150C). The detectors may be connected in series with
the light scattering detector being first, the viscometry detector second, and the
differential refractive index detector third. Tetrahydrofuran may be used as the
eluent (0.5 ml/min.) with a set of three Polymer Laboratories, Ltd. (Shropshire,
United Kingdom) 10 pm mixed-B/LS GPC columns. The instrument may be
calibrated against 16 narrow polystyrene standards (Polymer Laboratories, Ltd.).
Data may be acquired with TriSEC software (Viscotek) and imported into
WaveMetric's Igor Pro program (Lake Oswego, OR) for analysis. Linear

polyisobutylene may be used to establish the relationship between the intrinsic
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B0 e P RS N s Bt B bR R i

ﬂl'@ctﬁMhtrmgf‘chMioosﬁ an\{ﬂlst MEld ISbCHE ¥lope] BARE ﬁﬂéijcepth Significant

i sobutyl, etc. st rai ght or branched ‘chai n
cm/iatlmys framl thg rilatlon@ﬁp CﬂﬂmthCthII’ihﬁ limnat stamiauttemdlcﬁterthe

exa nmet hoxy, , et hoxy, I,.SOpro ox
FSEER By Ot AEEARRR 0P ant | B, By cxhibit Thcre
sPﬁﬁ‘ﬁdéhPWwaﬁ&P ERRt Yﬁeoliﬂear G@%Mbl%ﬁ/p cORN Nlbféxylgmﬁcant long
octyl oxy, nonyl oxy, and decyl o hal oal k
oheianbragehiagghtlber sdating cletar cgﬁaalw ahdipatesh aimgous tfeon2 Gthe
4% bon Ionserﬁ_ %1IS substituted by at |east one
n&%& e for exanpl e, chloronethyl,

bronnnethyl, quoronethyI i odonet hyl , 2- chl oroet hyl,
2- bronoet hyl , 2- quoq@E%gyhg ?ﬂgnhoropropyl
3- bronopropyl, 3- fluoropropy chl or obut yl
4-fl uorobutyl, dichloronethyl, dibrononethyl,

' or I it o i chloroeth
S A b .08 O b s3] LRGP B o et
tBarSodequial @5 Qo0 pWhen %,’ & eljval vp h@zﬂl}oscydal to one, the polymer is
4, 4-di chl or gbuty - di fl uorobuty
copsideed F(bh%ilﬁﬁgﬂr \Mhmgiuls $1&1§ﬁ6%iﬁb’3}|355 ttlalit erg- dhcosasimg s long

chbin g ARLETBEYS g E.F. Casassa and G.C. Berry in Comprehensive Polymer
Science, Vol. 2, (71-120) G. Allen and J.C. Bevington, Ed., Pergamon Press, New
York, 1988. In triple detection SEC, a g' is calculated for each data slice of the

chromatographic curve. A viscosity average g' or g'visavg. i calculated across the
entire molecular weight distribution. The scaling factor g'yis avg, is calculated from

the average intrinsic viscosity of the sample.

g'vis.avg. = [Mave./ (KMWQ)

[000131]  In certain embodiments, a polymer that is substantially free of long
chain branching is defined to be a polymer for which g'yvisavg, is determined to be
greater than or equal to 0.978, alternatively, greater than or equal to 0.980,
alternatively, greater than or equal to 0.985, alternatively, greater than or equal to

0.990, alternatively, greater than or equal to 0.995, alternatively, greater than or



2,2,2-trifluoroethyl, 2,3,3-trifluoropropyl,
1,1,2,2-tetrafl uoroethyl, and 2, 2, 3, 3-

W edos@blosor opr opyl . Thus, for exanple, a "subseCT/usm»ds/020864
styrenic unit" includes p --nmethylstyrene,
/| ?-ethyl styrene, etc. [0001%4] Pol ymer nol ecul ar
wei ghts nay be determ ned by SEC (Si ze Excl usion

Usi N Al ]l i.anc 90 .
G 9% M erEh L e ] By R oA eitermined by
thplealetectdd) SBCS dsafesdritied lhefedl.r 861 MORY @ForfRti6,! RE International
Tet r ahydr.of uran may be used as eluent ( 1 m/mn.,

L] ?rPaCE@tSOé%O%]c-ers Styragel HR 5m col ums of
500, 1000, 2000, 104, 105 and 106A pore size. A
calibration based on narrow nol ecul ar wei ght
[900132] s obusophe nthes tabddintats( ?mte{d%m@plyﬁr[@ﬁ oStijs’@:BMh@l $hd
. be used to cal cul ate npl ecul ar, wei ghts an

itiplefinty [Fstls Seq0tsL SETTPBIPREPahe Obitcdndioght 2C cHAR

sB&tfbatcR st QA MRlty tﬂo@ﬁ#@ﬁfeﬁ% gta&jg{égb gf gébegé@ilz

cal i brafion and run protocol

apd| & tenigrecatnreast GBTC.or Paginep sumplat iy dbrdissatvedraphy)DCl;

to char c%o;ri ze pol ymer, nol ecul ar. wei ghts has been

(?‘8\7?1%\%83- @ VHte(My o sBranaige GHs acatylaceionate avw relaxdtiontagent)
, , H . )

o R R g e R e RN B leed

vittbh 98henlse, Newedtarkecyk®Bdelapgad aI3t308cohd@0GAE ion time.

Co onmer incorporatigon may be determ ned by 1H NWMR
EGBR St 12 NORSIE 4507 cTHArPS W) BE ORI il aad 30,000

sé&ﬁ)tﬁnﬁ%ﬁt@.ngﬁlrbhgﬁﬁﬁ%? SHgs fHag %8 tré)fer%ggedvtlc_)lztet%mégﬂsi%:
H NVR ed at ro

spectra may be recor roomtenperature on a
Bruker Avance NWMR spectronmeter systemusing CDC 3

' s. AU chenical shifts nmay be .
[(fogbgi gg]ggtaoé%geg%g 01|1le re performed with %16 NutsPro N Utility

Transform Software from Acorn NMR, Inc. (Livermore, CA). The carbon-13 free

induction decays may be Fourier transformed with 65K points and 1 Hz line
broadening, and the resulting spectra may be phased and baseline corrected. The
areas of the olefinic resonances may be measured by peak deconvolution, rather
than manual integration, in order to optimize measurement accuracy. A peak
profile of 85% Lorentzian and 15% Gaussian character may be assumed for the

calculation. Linewidth, height, and position may be varied to obtain the fit.

[000134]  The isoprene friad resonances may be assigned according to
information reported by C. Corno, A. Proni, A. Priola, and S. Cesca in
Macromolecules 1980, 13, 1092 and J. L. White, T. D. Shaffer, C. J. Ruff, and J.
P. Cross in Macromolecules 1995, 28, 3290. For each triad structure, a quaternary
carbon and a tertiary carbon resonance may be observed. The BII (B =
isobutylene, I = isoprene) olefin triad fractions may be calculated for each type of
carbon, quaternary and tertiary. For example, the BII value for tertiary carbons
may be calculated by dividing the average of the BII tertiary carbon integral and
the IIB tertiary carbon integral by the sum of all the tertiary integrals for BIB, BIL,



[000127] A variety of NVMR nethods have been used to
characterize conononer incorporation and sequence
waele@bnoodess i on i n copol yners. Many of these netPOOESI005020864
be applicable to the polynmggs of this invention. A
general reference which reviews the application of NWR
spectronetry to the characterization of polyners is H

I | dorf, i ! r rb . H. - El i as d .
1fb. & GLRAPC By GelpRioryitc BROAE Hhatiod i pavan SR B i
fetikn. 0A84BIINGEd fiddFordIday bOOAdASEd ot 26RCaBHR SRRl &y
diirected to copol yners of isoolefins and nultiolefns,

30 clugieEnsen dBess rvaliiss apyebo avaresed andaisad Boraenapanigon wvithribe

I: Y riphe detegti E

S|HEBE Pk BRoHEh RTURE U R DRGIGEDE Rl 9 Retion
(amyredsed pet percomdgoof all Wobsns ceietedariads d/RsEHCH BIRFh&)on)
150C chronmat ogr.aph operated at 40C equi pped a
ViSFS¥E Ml GrisapesedpenrRotetsd torfihegnolvees sadhes@eated. PD2040
light scattering detector, a Viscotek (Houston, Texas)
Model 150R visconetry detector and a Waters
[ohof F5¢r eht ¢eafainr @hbatiments, tha dextidshipdiconednl the BJF aladvitdckion

t 1500) .. The detectors .nay_ be cannected i n series

0 P e SRS P COB B g P speriben by the
| t oy Fels 0 isbigf f ti

SPFRE usRcrhan agroWhntnl Jedl 1G] pey o

cheragisgdeddsy thheordlymen seOcrBe distnhuiion paranteter, set  of

three Pol ymer Laboratories, Ltd. (Shropshire, United
Ki ngdon) 10 nm m xed-B/ LS GPC col ums. The instrunent

may be cal i brated ag@'gasﬁl Ap(namf Q¥ pol ystyrene
standards (Polyner Laboratories, Ltd.). Data may be

ac quiwhege: W tsHh eoshaneotegwence distitsion @Rjaneetet, i npor t ed
into V i.C! I Pr £ ogr.a Lake Os 0
for angy BRIl o Popfdh2 PIABLBIRE RS GRoGERs wh)um)

est abklhidsh the rel ati onship between the
intrinsicviscosity [hjnnear determ ned by the

vi scdmats thedd] Braddractign i theeoprly®enl ar wei ght

[000136]  The best fit of this equation yields the value of m for copolymerization

of isobutylene and isoprene in each diluent.

[000137] Data obtained by *C NMR spectrometry may be fit by iterative
solution to the copolymer sequence distribution equation to obtain a best fit. The
best fit of this equation yields the sequence distribution parameter, m, for
copolymerization of isobutylene and isoprene in each diluent. For more

information, see International Application No. PCT/US03/40916.

[000138] In yet other embodiments directed to copolymers of isoolefins and
alkystyrenes, the BSB (B = isobutylene, S = p-methylstyrene) triad fraction may
be obtained from 'H NMR spectrometry at a field strength of 400 or 500 MHz.
Polymer samples may be dissolved into CDCls at 1-2 w/v%. The free induction

decays may be collected on the deuterated chloroform solutions with a 45° pulse,



(Mv, determned by the light scattering detector). The

rel ati onship between [h]iinear and Mv may be expressed
whoosla2obhr k- Houwi nk equation. [h]linear = K M@I/HS2005/020864

[ 000129] Paraneters K and may be obtained fromthe

doubl e-l ogarithm c plot of intrinsic viscosity against

Mv, a is the slope, Kthe intercept. Significant

viations. fromthe r tionship.estahlish for.the,.
f 5ol S0 Bin et ot i e BRE Ao By R e Sfical i
REPBE Rifftence@eh fidhlethyl@iahymer s whi ch exhi bit nore
significant deviation fromthe linear relationship

contain nore significant |ong chain branching. The

' - i.ndi devi.at i f he ..
AEPAITS TSI o P DR B A 0 O Hion

ikpdrtddniaa). R.0QMbatdh, Thel. \Ralff)er. ab. Shaffes JHSbiyAeEct 0 4bPolym.
|l ess than or equal to one and greater than or equal to
Ghamy 200Pe?s, g680 s Thgurercentagh @A BSB dipdslin tthe eonolymeremay be
i | i . . :
BRUME 8 OTFAGIR oo ocol Pl Rdng bmrigns
branched. See e.g. E.F. Casassa and G C. Berry in
Conpr ehensi ve Pol yger Science Vol. 2, (71-120) G
Allen and J.C. Bev%&ﬁ%?lﬂﬁ.@‘”ﬁéf@gmn Press, New
York, 1988. In triple detection SEC, a g' is
cal cul ated for each data slice of the chronatographic
wharezeA =Antegst valine yf the régen gésomancg' Vi S. avg. i s

cal cul at.ed acrqoss the entire nol ecul i ght

i st 11 BURFEA Voo SESTRHE SRR ARG 20 G s

cal cul ated fromthe average intrinsic viscosity of the
sanmple. g'vis.avg. = [h]lavg./ (KMV

[000140] In certain embodiments, the relationship between the BSB triad
fraction and the mol% p-alkylstyrene incorporated into the copolymer may be
described by the copolymer sequence distribution equation described below and

may be characterized by the copolymer sequence distribution parameter, m.

Fegsg=1-{m A/ (1 + mA)}
where: m is the copolymer sequence distribution parameter,
A is the molar ratio of isoprene to isobutylene in the copolymer,
[PMS]V/[IB] and,
Fgsp 1s the BSB triad fraction in the copolymer.

[000141] The BSB and mol% p-methylstyrene (p-MS) data obtained by 'H-
NMR spectrometry may be fit by iterative solution of the copolymer sequence
distribution equation to obtain a best fit. The best fit of this equation yields the
sequence distribution parameter, m, for copolymerization of isobutylene and p-
methylstyrene in each diluent. For more information, see International

Application No. PCT/US03/40852.



a) [000131] In certain enbodi nents, a polynmer that is
substantially free of Iong chain branching is defined
wao eoobeo23pol ynmer for which g' vis.avg. is deterPdTEs2008020864
be greater than or equal tqg,0.978, alternatively,
greater than or equal to O. 880, alternatively, greater
than or equal to 0.985, alternatively, greater than or
0, alternatively, greater than or equal

|t 9
1\?%19%?(3@%{1(98? B¥Fati vel y, greater than orequal to

0.998, alternatively, greater than or equal to 0.999,
as determned by triple detection SEC as descri bed
[pp0#42I n. Mgpomgrsr whichs Bierrdhe Balymssiged by ethisasyséavalinclude any

SRR B, FET VSR80, bOLNTEL AT s

i ments 0 ‘copol'yners 'S

mdtloniedd efidlinde, ofd bAehde piesiefngi adphat dletflins) MissubBttuted olefins,
.obtaj ned from13C NWR spectronetry using a Varian
iggoletipss pradigedndedienesanoncnigied dicheng styrapics 1ang/oy shpgiituted

sBRchity ARTRALEHGR, The Mfrenic Bl B DRI T %) with an
atity pamyyrhalidd by alkowitly Igamgt oPfeabis, ﬂnerrﬁbramadrf id@ﬁga&gemtc) 20
at a concentration of 6 to 8 wt.% The free induction
CHEORyALORS e PESFIRRE 2 P ém'qVﬁn én@e%&fﬁr@el,y i) @R gioms.
e I 3 n ui St | j }
EAs o O FieRE Slckind S hdGRONAEA bkl i Jistisdfe,  para
itthysigrede, Cdphasmaths] t starese.e ndivinyehzenbe ndisapropényiibesizene,

. e referenced to tetr si l.ane, 00133] .Dat a
SRR FgHR) Be S PORHEA LU e REy ARG TRR 1Soprche,
Budkddidnky 2, BraRsie-m3Safthdedee fkiasRc e edMR6-dibfethyl-fulvene,
(Livernore, CAj. The carbon- 13 frée i nduction gecays
hexgdiene, Fudlepeatadiengnsiperytaad, micthlyl 8B gibem ethyhmihyll ether, and
Jkne . hroadeni n a t resulting,spectra.may be
1l 3R R B8y ROt PFichRH! b SRR Ry i Bt o or
mbref hBhdndre.s OeRARSbivBY dpoRBRSUNES Yo PRaAksed a monomers.

P?eef%?rgc\il C‘)bllcl)Jctki (?onp’ol}rn?ér? eirrlclude copolymers of styrenics, such as styrene,
para-methylstyrene, alpha-methylstyrene, and C; to Cs diolefins, such as
isoprene, butadiene, and the like. Particularly preferred monomer combinations
include 1) isobutylene and para-methyl styrene 2) isobutylene and isoprene, as

well as homopolymers of isobutylene.

[000143]  Additionally, preferred monomers include those that are cationically
polymerizable as described in Cationic Polymerization of Olefins, A Critical
Inventory, Joseph Kennedy, Wiley Interscience, New York 1975. Monomers
include any monomer that is cationically polymerizable, such as those monomers
that are capable of stabilizing a cation or propagating center because the monomer
contains an electron donating group. For a detailed discussion of cationic
catalysis please see Cationic Polymerization of Olefins, A Critical Inventory,

Joseph Kennedy, Wiley Interscience, New York 1975.



than manual integration, in order to optimze

nmeasur enent accuracy. A peak profile of 85% Lorentzian
w6 EPLaussi an character may be assuned f orP€TES2005/020864

cal cul ation. Linew dth, hei,ght, and position may be

varied to obtain the fit. f 00134] The isoprene triad

resonances may be assigned according to information

orted by C. Corno, ;A. Proni., A Priol.a,..and .
R PinsisamRLRty & okl 2 nefaRiificl Befum in an
aldubrangingFrore Ve Wik, to ©.0 M wi%Rdfdne edfibdimer?; alkerB@brelyn60

Macronmol ecul es 1995, 28, 3290. For each triad

Vit treOdreto.caltpmativeafigm i por tarftl avtterltemativadrseda 0.5
. . Bl = | ok
5 UGB DG A b Bl TSR et

riadfra

ahothee@abodidvper. of carbon, quaternary and tertiary. For
exanple, the BlIl value for tertiary carbons nmay be
cal cul ated by dividing the average of the BlIl tertiary

n i t ' r i

G800 DRRER Ly P BB Sl Aiote SF AP B bimers
lfteld, HBthiar&tctidd. t Exadpgles Bf ldehopuilgrhan, inthde Bidlyisshuaydene,

raction st equal the HB triad fraction. Once B]l
rolypaE- PR SRR G YEROPEERE c PV TP RedP R g styrene,
]&0%9%1 [ t y be
aver gétgg{egsn(gﬁ%ls%% %}g#a%%ﬁp ge%f%ecr)’ W t hﬂtaﬂﬁgﬁglr?g% nt of
i soprene incorporated into the copolyner. A plot of
the Bll _fractio expressed .as a perce ge of all
Qi e nbretair bR GO TElg SoBuPRem 1 [r agtigRpe ond an
NS nRhAD) £8BHERSe kR ROPRAAt ed into the copol ymer
nmay be created. [000135] In certain enbodi nents, the
rel ati onship between the BIl triad fraction and the

LA | SERS°PHBSSARE ShE LA SRR e
®eibabmenmeiesie iefixhet awviagdt BBy (Dea Cher agisebiei@ Gndiomer
t he copol yner, sequence di stribution paraneter, m F BP

cempopent spah as ipglutene with (2) a multiolefin, or conjugated diene monomer
component. The isoolefin is in a range from 70 to 99.5 wt% by weight of the total
comonomer mixture in one embodiment, 85 to 99.5 wt% in another embodiment.
In yet another embodiment the isoolefin is in the range of 92 to 99.5 wt%. The
conjugated diene component in one embodiment is present in the comonomer
mixture from 30 to 0.5 wt% in one embodiment, and from 15 to 0.5 wt% in
another embodiment. In yet another embodiment, from 8§ to 0.5 wt% of the
comonomer mixture is conjugated diene. The C4 to C¢ isoolefin may be one or
more of isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, and
4-methyl-1-pentene. The multiolefin may be a C4 to Ci4 conjugated diene such as
isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-
dimethyl-fulvene, hexadiene, cyclopentadiene and piperylene. One embodiment
of the butyl rubber polymer of the invention is obtained by reacting 85 to 99.5
wt% of isobutylene with 15 to 0.5 wt% isoprene, or by reacting 95 to 99.5 wt%

isobutylene with 5.0 wt% to 0.5 wt% isoprene in yet another embodiment. The



where: mis the copol yner sequence distribution
paraneter, Ais the nolar ratio of isoprene to

w0 s@biopBEne in the copolynmer, [IP]/[IB] and, PCBUS2005020864
the BlIl triad fraction in tjhe copol ynmer. [000136] The
best fit of this equation yields the value of mfor
copol ymeri zation of isobutylene and i sopr ene in each

I uent 0] t ai n G, N

Qo PRI e QYRR M e coppred as
Iﬁap@l ymer sequence distribution equation to obtain a
best fit. The best fit of this equation yields the
sequence distribution park®abr, m for
copotyetrtzattgn—of —+sobutyene—ant—+seprere—+n—each
di | uent % Fe4* nor emiohP €4t i pn, weBelQ5ft erfnaModHAlCS

Appl-i-cati-on—Nel PCT/US03/ 400816, [ 000138]| +nyet othe

A A A |

enpodi nemt s di nect ed3to coppl yrrers of i <oo| ef s and
al ystyrenes, tthe BSB (R = | sobut yl ene_ 1S =

p- et hylgst yrene) triggd fracti on nmay be qbtai ngd from
IH NMR spectronetry at a fipld strengthlof 400 or 500

MHz. Polgger sanpl esyzmpy be| di ssogved into H 3 at
1-2 wWv% The filree induction decays may |be coll ected
on| t he ut er atted c oformsolultlons W th q475

pu| se, 1 'Second recyclé del ay and a 3. 96 |second
acpui si ntinme hem cal shjfts may be
referen%% to tetra fﬁylsi ane. 1000139] Thg6éSB
trirad resonance may be assigned according to
information reported in J. R Ashbaugh, C J. Ruff, T.
D. SHaf f edC4 .- igbuipidgnescL, A. Polym Chem 2000, 55,

1680., The r e of BSB triads in the copol ynmer
may be cal gﬁl gfog)d&%r om t he 1H NVR spectrum accordi ng

to the follow ng equation. % BSB = 100 (4A/ (A+B))

[000148] In one embodiment, the relationship between the triad fraction of an

isoolefin and a multiolefin and the mol% or multiolefin incorporated into the
copolymer is described by the copolymer sequence distribution equation described

below and is characterized by the copolymer sequence distribution parameter, m.

F=m A/(1+mA)
where: m is the copolymer sequence distribution parameter,
A is the molar ratio of multiolefin to isoolefin in the copolymer and,

F is the isoolefin-multiolefin-multiolefin triad fraction in the copolymer.

[000149]  The best fit of this equation yields the value of m for copolymerization

of the isoolefin and multiolefin in each diluent.

[000150]  In certain embodiments, m is from greater than 1.5; alternatively, from
greater than 2.0; alternatively, from greater than 2.5; alternatively, from greater

than 3.0; and alternatively, from greater than 3.5.



where: A = integral value of the 2.8 ppmresonance B =
integral value of resonances between 2.6 and 2.2 ppm

W 2®00dd33 | n certain enbodi ments, the rel ati onBEN/psS2005/020864
between the BSB triad fractj,on and the nol %
p- al kyl styrene incorporated into the copolynmer may be
descri bed by the copol yner sequence distribution

i on described bel ow.and e aracterized b
RSl 01 SR CleBienEe S RPPD TP 3F 1557 AfghE ehhroRtsas
t6 1120; afiémAtively, From TS ko WSS &id dRetrativblg, HAPBHARN0.
sequence distribution paraneter, Ais the nolar ratio

i soprene to isobutylene in the copolyner,

of
(RN P B AR W elatRg bB6ch B R o o
dnaisddiyfitaidea platlailsnaendan dithbivR 1 Snegl-dlRyetykshe fBdOrRRatel into

y iterative solution of the copolynmer sequence )
thE opplymer di %a‘era%eriow tthe sepelymen seeuance jdistritigiony egyation
7 ; ot | . . i .
bl b5 SR LOBbELI O SRUERGE yohed BNtGRon
mnebdiyd, at.yrene in each diluent. For nore informtion,
see International Application No.
PCT/ US03/ 40852. Mononers and Pol ynmers [ 000142] Mononers

whi ch may be pol ynmegLzedghW tRis tem i ncl ude any
hydr ocar bon nmononer that{r?s p(lgl ynrr@?zabl e using this

i nvernwheser. mBy &k eppdmapsegrencs distchuithe paremeser, nor e of

ol efi ps, ,al pha- ol efjins i substi.tu ol efins

" sool SFHEE niel fa@%?%%r%@%%f}e tﬂd%ﬂOif‘S’ﬁﬁ if} gt eapobiinesi gad:
styr emi S tian %Qkyl%?bi&ﬁidé‘l&ﬂl—ﬁ-ﬁﬂ(?ﬁ@r@& afdd Viron, in _the
ethers. The styrenic may be subsfituted (on the ring)
W t h e@polymer.

[000153]  The best fit of this equation yields the value of m for copolymerization

of the isoolefin and p-alkylstyrene in each diluent.

[000154]  In certain embodiments, m is from less than 38; alternatively, from less

than 36; alternatively, from less than 35; and alternatively, from less than 30.

[000155] In other embodiments, m is from 1-38; alternatively, from 1-36;

alternatively, from 1-35; and alternatively from 1-30.

[000156] This invention further relates to terpolymers and tetrapolymers
comprising any combination of the monomers listed above. Preferred terpolymers
and tetrapolymers include polymers comprising isobutylene, isoprene and
divinylbenzene, polymers comprising isobutylene, para-alkylstyrene (preferably
para-methyl styrene) and isoprene, polymers comprising cyclopentadiene,
isobutylene, and paraalkyl styrene (preferably para-methyl styrene), polymers of

isobutylene cyclopentadiene and isoprene, polymers comprising cyclopentadiene,



al kyl, aryl, halide or al koxide group. Preferably, the
nmononer contains 2 to 20 carbon atons, nore preferably

WQ2a06/0803ven nore preferably 3 to 9 carbon atPe®US2005/020864

Exanpl es of preferred oIef%Qs i ncl ude styrene,
par a- al kyl styrene, paranethyl styrene, al pha-nethyl
styrene, divinyl benzene, diisopropenylbenzene,

lslé%ﬁg’:[lﬁ%{% §1§F lglgﬁ}yg'sﬁ)técrllggeggag?eg}ﬁ:go mtergoqo 1si_ng]i§oq3%t[y‘igr?e’, para-
ngeﬂ?l&&f%teﬁﬁﬁc*olgﬁ&tﬂd%bene b-pi nene, nyrcene,

di nmet hyl -Tul'vene, hexadi ene, cycl opent adi ene,
pi peryl ene, nethyl vinyl ether, ethyl vinyl ether, and
Ijsobut | vinyl ether and the |ike. Monomer may al so be
f9%ti ons of two or nore nmononers. Styreni c bl ock
copol yners may al so be used a nononers. Preferred
bl ock copol yners include copol yners of styrenics, such

(@815 yr & Lewmawd@im&wé dnes the geninitinsariay cgtajysbngay be
ag‘g gdetg(ése gﬁd %ggedg% ! knl%c u ar yé%!rhg?fér . egpﬁf gﬁd 1§%tfqﬁjé B0Sodic

ke fonome

TeblboNéie Bletnenti indhedidg bosah ullyth@os, @ral:hmn@dmﬁt hgthnium,
styrene 2) isqbutylene and isoprene, as
ZHEPRIPES Vifeyanagdium, SEispicy priHRONY, @9@) bisgputing énn@ﬁlsﬂlémlv the art

xﬂﬁ%@o“ hed tféﬁ%@%@ 5 %n{eﬂ&l dgée’ getlié? Q%Ee& iNahe ﬁ%gﬁl&aéf*tﬂé‘in%@ﬁtk

rzabl e as descri tionic meri zatl on
Iﬁ) ﬁ)n@embocﬂnmenA e intiatsedre hlwwemaroy horod aﬁda‘p‘(ani(mn nveitdyaluminum

bl CRSHBHEr WHRIENG AP BRI Aoy R KGHe (CABOHAIC!

aﬁg (@5}‘1’53\15@1 OfEy §néhaticare capable of stabilizing a
cation or propagating center because the mononer

contains an el ectron donati ng group For a detalled

di i,an. at t al
7 irer P RionnbaL S rachE! Bay s by S Pade Rl i daffonic
g’-?hgé}bzaff@@ n@ﬂj}{sobW}Jléﬁé |0815(§1§/§1§fse rhﬁ‘(ﬁ*bldlﬁ@WaKﬁ*ﬁlhum trichloride,

000144] The nononers nmay be present in the
mtrﬂgqmtﬁq‘, g lalpmingmggichloride, ethylaluminum sesquichloride,

diethylaluminum chloride, methylaluminum dichloride, methylaluminum
sesquichloride, dimethylaluminum chloride, boron trifluoride, titanium
tetrachloride, etc. with ethylaluminum dichloride and ethylaluminum

sesquichloride being preferred.

[000159] Lewis acids such as methylaluminoxane (MAOQO) and specifically
designed weakly coordinating Lewis acids such as B(C¢Fs); are also suitable

Lewis acids within the context of the invention.

[000160] As one skilled in the art will recognize the aforementioned listing of
Lewis acids is not exhaustive and is provided for illustration. For a more
information regarding Lewis acids in polymerization processes, see, for example,

International Application Nos. PCT/US03/40903 and PCT/US03/40340.



anmount ranging from75 wt%to 0.01 wt% in one
enbodi nent, alternatively 60 wt%to 0.1 wt %
w@bkdoenoass vely fromd40 wt%to 0.2 wm % alter napCmek3003Q20864

to 0.5 w% alternatively 20wt %to 0.8 w %

alternatively and from15 wi%to 1 wt% i n anot her

enbodi nent. [000145] Preferred pol yners include

I@? ol yners of any of the nonomers listed in this
ect1on. Exanpl es of honopol yners i ncl ude

pol yi sobutyl ene, pol ypara-nethyl styrene, polyisoprene,
ol ystyrene, polyal pha-nethyl styrene, polyvinyl ethers

[009icdih  abnifigpiprisedy) in/fhisyinzeniion, arpdiope ititiatoisrylieh Arsroppable

4 r . l.50,1 ngl ude; copol rs.
o T € e e B30 ok SRS Pl
canmpldxs opichn eapid19 00dety Iwith tign elefitb ddtetgnforditiey h propagating
pol ynmer s, are prepared by reacting a conpnoner m xture,
nohanst shaipy elliistrativg eaqampiegsmclpéq Bersted: #rids sushas dfith HCL
S .
R Er o AR I8 b MO ud SRR RAP S, ik & (cpcel,
GehleC{GldotEf dnd ReCliloroa2, 4 drtgienetirydpantdhe). oMPe Peceditdp, ansition

ight qof the total conononmer mxture in gne
oIS Bisheas BeaBocRpes Fi! St Resh WAIHARHRHCan 96t as
. ¢ . o i .
S S SIS ET RIS cam ARl i e} coRRGting
Lemas edidsdiomehtwiss apidesatst hawe t beenc osah dneinifiatx t ispleutylene
f[om 30,.to 0.5 W% in one enbodi nent, and from15 to
POENHSE9Y anot her embodi nent. In yet anot her
enbodi nrent, from8 to 0.5 wt% of the conpbnomer m xture
Is conjugated diene. The C4 to C6 isoolefin may be one
[@0162br elnogn pmbedimenie thepinifiatory¢oniprisgs ene or Bomevhy hydrogen

put e . |- 2- ..and .4- met.hyl - | -.pent ene.
e R oS e S R ES e i ERor -
pheiedl, asertiary alkyl halide, a tertiary aralkyl halide, a tertiary alkyl ester, a
tertiary aralkyl ester, a tertiary alkyl ether, a tertiary aralkyl ether, alkyl halide,
aryl halide, alkylaryl halide, or arylalkylacid halide.

[000163]  As one skilled in the art will recognize the aforementioned listing of
initiator(s) is not exhaustive and is provided for illustration. For a more
information regarding initiator(s) in polymerization processes, see, for example,

International Application Nos. PCT/US03/40903 and PCT/US03/40340.
Hydrofluorocarbons

[000164]  Hydrofluorocarbons are preferably used as diluents in the present
invention, alone or in combination with other hydrofluorocarbons or in
combination with other diluents. For purposes of this invention and the claims
thereto, hydrofluorocarbons ("HFC's" or "HFC") are defined to be saturated or

unsaturated compounds consisting essentially of hydrogen, carbon and fluorine,



I soprene, butadiene, 2,3 -dinethyl- 1,3 -butadiene,
b- pi nene, nyrcene, 6, 6- dinethyl-ful vene, hexadi ene,
waey@bomsss adi ene and pi peryl ene. One enbodi menPCDUS100%020864
butyl rubber polymner of the i nvention is obtained by
reactlng 85 to 99.5 wt % of ?sobutylene with 15 to 0.5
@blsoprene or by reacting 95 to 99.5 wt %

|so lene with 5.0 wt% to 0.5 % i sop e in
ateqtenst ﬁe%ﬁarb%éﬁé‘n%wl%a%%%mr @fﬂg%SF a{%zluﬂ%w
a#&g ahpve- referenced wt % woul d be expressed as nol %
e 1 a. - isobutylene b. IC5 - isoprene
[000148] I n one enbodi ment, the relationship between
he triad fractl n an j.soqlefmand a Iefm
[({091565ho| %Iftn?‘o%dé‘?l?‘ﬁsn Mo ‘&‘&ﬁnét"é’&“ﬂrﬁ?%h@%“"mar ons
ﬁﬁ@s‘éhﬁéﬁ%? thesfo‘iiﬁqﬁfar CRAG, hetdie XQQQI%X@E frefHEIWIE from 1 to
stribufion equati on” descri bed below and is
30 halteamtiovelyZean B yto 20 salcopoivglydrons é do d Acatediativelydim drio 6,
arane =mA /. 2 re: n1's t he
BBRTVAE ot g B D Miratively Frd o ingisghatRhy o o 6.
gt ﬂﬂ'efé’rﬁ;ly @mﬁf 1604 tw@reﬁ yint @ arSRARES dhdial Idaktne.
copol ymer and, F i’s the
i sool efin- rrultlol efmnultiol ef| ntriad fraction in the

[(@?gﬁ%gnﬁﬁétr%}g%géél%a}np hf o%ncguél Sol %}Pr(grio}ntfa | dﬁqgﬁf | ﬁorr]nethane

tiiS@abethaadd fhivtdetiahel 110 -diflveaethak] LHQILﬂlﬂL{OMaﬁ@J Lnl-
catauweMdemnus mlsfrom remerthanl

trflespethancy el yi, 1,26 neypethens: t hiahl2: tetraf&llqre%theaieb vellyl,2,2-
r 1Y r
B0 tha et SEAR Yo (0 B0 S
13_5ﬁm6ﬂﬁmﬁﬁheln oIDehﬂmﬂbmﬂpmnmts,]n}dﬁhbﬂ@mnmnio t 02,2-
25; alternat“/el from1.15 . ,
dlﬂuoropropane -trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-

trifluoropropane; 1,2,2-trifluoropropane; 1,2,3-trifluoropropane; 1,1,1,2-
tetrafluoropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2-tetrafluoropropane;
1,1,2,3-tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-tetrafluoropropane;
1,1,1,2,2-pentafluoropropane; 1,1,1,2,3-pentafluoropropane; 1,1,1,3,3-
pentafluoropropane; 1,1,2,2,3-pentafluoropropane; 1,1,2,3,3-pentafluoropropane;
1,1,1,2,2,.3-hexafluoropropane; 1,1,1,2,3,3-hexafluoropropane; 1,1,1,3,3,3-
hexafluoropropane; 1,1,1,2,2,3,3-heptafluoropropane; 1,1,1,2,3,3,3-
heptafluoropropane; 1-fluorobutane; 2-fluorobutane; 1,1-difluorobutane; 1,2-
difluorobutane; 1,3-difluorobutane; 1,4-difluorobutane; 2,2-difluorobutane; 2,3-
difluorobutane; 1,1,1-trifluorobutane; 1,1,2-trifluorobutane; 1,1,3-trifluorobutane;
1,1,4-trifluorobutane; 1,2,2-trifluorobutane; 1,2,3-trifluorobutane; 1,3,3-
trifluorobutane;  2,2,3-trifluorobutane;  1,1,1,2-tetrafluorobutane;  1,1,1,3-
tetrafluorobutane; 1,1,1,4-tetrafluorobutane; 1,1,2,2-tetrafluorobutane; 1,1,2,3-
tetrafluorobutane; 1,1,2,4-tetrafluorobutane; 1,1,3,3-tetrafluorobutane; 1,1,3,4-
tetrafluorobutane; 1,1,4,4-tetrafluorobutane; 1,2,2,3-tetrafluorobutane; 1,2,2,4-
tetrafluorobutane; 1,2,3,3-tetrafluorobutane; 1,2,3,4-tetrafluorobutane; 2,2,3,3-

tetrafluorobutane;  1,1,1,2,2-pentafluorobutane;  1,1,1,2,3-pentafluorobutane;



to 1.20; alternatively, from1.15 to 1.25; and
alternatively, mis about 1.20. [000152] In another

wepdvemoaoent , the rel ati onship between the tri aPiCT/US2005/020864

fraction of an isoolefmand a p-al kyl styrene and the
mol % of p-al kyl styrene inc%@porated into the copol yner
is described by the copol yner sequence distribution

equat i on descri bed bel ' terized b
1 Qb pRERlISaauEARS di st 1 b PRI m P LLf4-
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1bh 5 1e0HaRLORLYRELdS t he vaburnfafibioBitane; 1,1,1,2,2,4-
copdl ymeri zati on of the isoolefin and p-al kyl styrene

hé];xaﬂaaxldbutdthb uehd,1,7,800e84fudrebwans; ailnl,éRethersilugrobiiane;
ro ss than, 38; alt tiyel I th X
R S A O

hél@bioBamnt:nan 130, 4 HORAIBRIro burtar; he1r,1,g,a‘g3gsihasm1&mobuiahs;
from 1-38; alternatlveI¥@ from 1-36; alternativel

1115228 B-185aflugrdbahneer nat éb%{4:f1711§ﬁﬁfiuogd?Ut11@@0156]]»1=¥i=’r'ia3s4'

i nyention fur l.at t ol .y4er .
I RN EATED R el
1onouBL Shéptafetdotbames. 1R BL LM stcpteflpablumices dndl,2,2,3,4-
tetrapol ymers i ncl ude Eolyners conpri si ng isobutylene

hepsefiiasplntantd di vi nil BehedcieppbluprRiuiangonpr i silplgls23:4.4-
@9&&&@&% par a- 2 hy) S uLRREABIERERED! v Panar IBIsy)-
yrene p gol

and i sopréne; gol yners conpri sing

heptaflopehitach; ene, 1,1,1,2,2,3,3,4-octafluorobutane; 1,1,1,2,2,3,4,4-
octafluorobutane; 1,1,1,2,3,3,4,4-octafluorobutane; 1,1,1,2,2.4,4,4-
octafluorobutane; 1,1,1,2,3,4,4 4-octafluorobutane; 1,1,1,2,2,3,3,4,4-

nonafluorobutane; 1,1,1,2,2,3,4,4,4-nonafluorobutane; 1-fluoro-2-methylpropane;
1,1-difluoro-2-methylpropane; 1,3-difluoro-2-methylpropane; 1,1,1-trifluoro-2-
methylpropane; 1,1,3-trifluoro-2-methylpropane; 1,3-difluoro-2-
(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-methylpropane; 1,1,3,3-tetrafluoro-2-
methylpropane; 1,1,3-trifluoro-2-(fluoromethyl)propane; 1,1,1,3,3-pentafluoro-2-
methylpropane; 1,1,3,3-tetrafluoro-2-(fluoromethyl)propane; 1,1,1,3 -tetrafluoro-2-
(fluoromethyl)propane;  fluorocyclobutane;  1,1-difluorocyclobutane;  1,2-
difluorocyclobutane; 1,3-difluorocyclobutane; 1,1,2-trifluorocyclobutane; 1,1,3-
trifluorocyclobutane; 1,2,3-trifluorocyclobutane; 1,1,2,2-tetrafluorocyclobutane;
1,1,3,3-tetrafluorocyclobutane; 1,1,2,2,3-pentafluorocyclobutane; 1,1,2,3,3-
pentafluorocyclobutane; 1,1,2,2,3,3-hexafluorocyclobutane; 1,1,2,2,3,4-
hexafluorocyclobutane; 1,1,2,3,3,4-hexafluorocyclobutane; 1,1,2,2,3,3,4-
heptafluorocyclobutane; and mixtures thereof and including mixtures of
unsaturated HFC's described below. Particularly preferred HFC's include
difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1- trifluoroethane,

fluoromethane, and 1,1,1,2-tetrafluoroethane.



i sobutyl ene, and paraal kyl styrene (preferably
par a- met hyl styrene), polynmers of isobutylene
w@eywbomess adi ene and i soprene, pol yners conpriBCTYS2005/020864
cycl opent adi ene, i sobutyl en % and met hyl
cycl opent adi ene, polyners conprising isobutyl ene,
par anet hyl styrene and cycl opent adi ene. Lew s acid
[ 000157] The Lewis acid (also referred to as the
co-initiator or catalyst) may be any Lewis acid based

(60167t alifusth@iB Gagilestof élsat%l?atedlﬂy%ﬂué’écﬁﬁoﬁé"ﬁclude vinyl

Peri odi c Table of the Elenents, including boron,
fhiogideinurh 1 éﬁlulomthene,ndulmﬂhﬂubltoaﬁleum i;1n;23t1mﬂum>meﬂmemﬁa 1-

nadi um ant i n
SRR, T Pralihr e TR Bt hoabpgopropene:
ReiifRiorsptbpedd; | N 3BhEifIRsRGEIpeRe;0f 1 N@-tifMERptRRne; N ONS-
enbodi nent, the nmetals are alun1nun1 boron and
tei{THQOPTAPENG4i t h léﬁnmﬂmrﬁpé@qung desdli,3adstiBuorppropens; at i 2.8,3-

PRI g e A R

fRaee-1 Hutelel W-flloewl sShubsiedl S, IN@iIube - Bbytead; 1 QQﬁﬂudtSﬂf Btene;
in cationic polynerization of |sobutylene copol yners

I 3réiflrerepsoreaeu hitriiiare lchirens: de3-didlugra- nbitenes b whitlepso-1-
h
Hekdhy! ?b%{rﬂ#ggdﬂ)l.gmeoﬁyr u fo-ﬁbﬁ'!eﬂ%r,]oéf;%—ggl,uoro-l-butene, 1,1,2-

sesquich I ef a um num c
tnﬁhd)‘ty)l- burheuml dictifmorag;buteathy | 1al dmiifhusro-1-butene;  1,2,3-

S ui chl ori de hyl al. um num ch bor on
R PGEs | LA, PR or (1o RO enes  134-
tffhdoal -HieRsIm qil4f4h!rﬁrub9cﬁ1%€énsi hyl 26 Wi 1 -butene; 23

sesqui chl ori’de being preferred. [000159] Lew s aé
tefludroaksbutend)y| A unirilonen &-bidad) e?sr;i’d4sqnﬁmr6+lelaltd:1;e, 3,4,4-

BRI XS et X e
t@kaftudeo-1 BegHe! OM1,3,3-tetrafluoro-1-butene; 1,1,3,4-tetrafluoro-1-butene;
1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-butene; 1,2,3,4-tetrafluoro-1-
butene;  1,2,4,4-tetrafluoro-1-butene;  1,3,3,4-tetrafluoro-1-butene;  1,3,4,4-
tetrafluoro-1-butene; 1,4,4,4-tetrafluoro-1-butene; 2,3,3,4-tetrafluoro-1-butene;
2,34 4-tetrafluoro-1-butene; 2.,4,4,4-tetrafluoro-1-butene; 3,3,4,4-tetrafluoro-1-
butene; 3,4,4,4-tetrafluoro-1-butene; 1,1,2,3,3-pentafluoro-1-butene; 1,1,2,3,4-
pentafluoro-1-butene; 1,1,2,4,4-pentafluoro-1-butene; 1,1,3,3,4-pentafluoro-1-
butene; 1,1,3,4,4-pentafluoro-1-butene; 1,1,4,4,4-pentafluoro-1-butene; 1,2,3,3,4-
pentafluoro-1-butene; 1,2,3,4,4-pentafluoro-1-butene; 1,2,4,4,4-pentafluoro-1-
butene; 2,3,3,4,4-pentafluoro-1-butene; 2,3,4,4,4-pentafluoro-1-butene; 3,3,4,4,4-
pentafluoro-1-butene; 1,1,2,3,3,4-hexafluoro-1-butene; 1,1,2,3,4,4-hexafluoro-1-
butene; 1,1,2,4,4,4-hexafluoro-1-butene; 1,2,3,3,4,4-hexafluoro-1-butene;
1,2,3,4,4,4-hexafluoro-1-butene; 2,3,3,4,4,4-hexafluoro-1-butene; 1,1,2,3,3,4,4-
heptafluoro-1-butene; 1,1,2,3,4,4,4-heptafluoro-1-butene; 1,1,3,3,4,4,4-
heptafluoro-1-butene; 1,2,3,3,4,4,4-heptafluoro-1-butene; 1-fluoro-2-butene; 2-
fluoro-2-butene; 1,1-difluoro-2-butene; 1,2-difluoro-2-butene; 1,3-difluoro-2-
butene; 1,4-difluoro-2-butene; 2,3-difluro-2-butene; 1,1,1-trifluoro-2-butene;



[000160] As one skilled in the art will recognize the
af orenentioned listing of Lewis acids is not
wezivanexdye and is provided for illustration. MOF/US2005/020864
nore information regarding,lewis acids in
pol yneri zation processes, Sée, for exanple,
I nternational Application Nos. PCT/US03/40903 and

US03/ 403 t. 001611 | 't'.t f
kTR are paear -t A GRopr piteny, & P B 2 bREh o1 23+
tafluB8LNBute P £X8HflhdroR-Bitehda bl € 1D detieMiorvithutte 1,1,1,3-
chosen Lewis acid to yield a co ['ex whi ch rapidly
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singl e sV ered tens, suc as’when acti vat

1vi, 1) B %ﬁk}kafluﬁﬂﬁl-@uﬁﬁé i ng, 1, E¥4st-Bexiaflgoror2-bevehsg atjld,3,4,4-
salts have been used to initiate isQ utylene

hexatlupseLutensn. [ 0bddenI-Hnhepiallierrydi ¢ hel,1,1,2,4,4,4-
Heﬂahh@}o GRADT 1SS 1:QM8s Qﬁer&ﬁ” &cpfncgldﬂ‘édfr%&ﬁfés N daflfated

a car |c dcid, a carbox Cc acl

Iﬁﬂtﬁdﬁmnbatﬂﬁwean al cohol, a phenol, a tertiary alkyl
halide, a tertiary aralkyl halide, a tertiary alkyl
ester, a tertiary aralkyl ester, a tertiary alkyl

(6o, B LKL | &ﬁ%(ﬁ‘i‘h@ﬁtkyltheetchﬁfent at }%ﬂ@@l hgﬁ—ﬂ eﬁﬁ%hna’[ed
hal i de, al kyl aryl halide, or arylalk cid ha
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afore Loned listin I nitiator(s) i ot.
Borae tretafirss SHppat G e e Roubh ol dfiStipg, However,
1HUe[n%tHeE1fe‘ﬁ{Hmhh@ﬁ RREArtHE NHlukM bdBp@deb S bldhd, the blend may
pol ymeri zation processes, see, for exanple,

comprise perfluorinated compound, preferably, the catalyst, monomer, and diluent
are present in a single phase or the aforementioned components are miscible with
the diluent as described in further detail below. In another embodiment, the blend
may also comprise chlorofluorocarbons (CFC's), or those compounds consisting

of chlorine, fluorine, and carbon.

[000169] In another embodiment, when higher weight average molecular
wéights (Mw) (typically greater than 10,000 Mw, preferably more than 50,000
Mw, more preferably more than 100,000 Mw) are desired, suitable diluents
include hydrofluorocarbons with a dielectric constant of greater than 10 at -85°C,
preferably greater than 15, more preferably greater than 20, more preferably
greater than 25, more preferably 40 or more. In embodiments where lower
molecular weights (typically lower than 10,000 Mw, preferably less than 5,000
Mw, more preferably less than 3,000 Mw) are desired the dielectric constant may
be less than 10, or by adding larger amounts of initiator or transfer agent when the

dielectric constant is above 10. The dielectric constant of the diluent ep is



I nternational Application Nos. PCT/US03/40903 and
PCT/ US03/ 40340. Hydr of | uorocarbons [ 000164]
wopasoblosdr ocarbons are preferably used as di | BENUS2005020864
the present invention, alone or in conbination with
ot her hydrofluorocarbons of%in conbination with other
di luents. For purposes of this invention and t he
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21, 1,2, 2- tetrafi uoroet hane;

1,1,1,2,2-pentaf|uoroethane; 1-fl uor opr opane;

2-fluoropropane; 1, 1- difluoropropane;
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| 1,1-difluorocthane 29.33
1,1,1-trifluoroethane 22.18
1,1,1,2-tetrafluoroethane 23.25
1,1,2,2-tetrafluoroethane 11.27
1,1,1,2,2-pentafluoroethane 11.83

[000170] In other embodiments, one or more HFC’s are used in combination
with another diluent or mixtures of diluents. Suitable additional diluents include
hydrocarbons, especially hexanes and heptanes, halogenated hydrocarbons,
especially chlorinated hydrocarbons and the like. Specific examples include but
are not limited to propane, isobutane, pentane, methycyclopentane, isohexane, 2-
methylpentane, 3-methylpentane, 2-methylbutane, 2,2-dimethylbutane, 2,3-
dimethylbutane, 2-methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-



1,1,1, 2, 2-pentafl uoropropane; 1,1,1,2,3
- pent af | uor opropane; 1,1, 1, 3, 3- pentafl uoropropane;
wa 2600838 - pent af | uor opr opane; PCT/US2005/020864
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, 3- pent af | uorobut ane; 1,1, 2, 4, 4- pentafl uorobut ane;
1 1, 3,3, 4- entafluorobutane

0815 nt i anaBies BTbaRIent ngnﬁeagtwwé’éﬁf ey bsretl AsHents in
exargaltlog \%br?’ﬁ}@@f lﬁ%ﬁlﬂ?%ét ﬁ‘l@ﬁl’de Lpdt: dre2nof- Iftnited to, ethylene

uor obut ane; hexaf | uor obut ane, 1
pré@pydenedainethalikeor obut ane; 1, 1 1

, 2,4, 4- hexaf | uorobut ane; 1,1, 1, 3, 3, 4- hexaf | uor obut ane;
1,1,1, 3,4, 4- hexafl uorobutane; 1,1,1

[O(ﬂ)’l”fb] 4- ﬂ?&‘&f driyaRRetaie HHG & wBed m?combmatlon with a chlorinated

3-hexafl uorobutane; 1,1, 2, 2, 3, 4- hexaf | uor obut ane;
Hydfocartonandh hexwthyl chiobide-adhdditianal embedanents include using the

HFC in combination with hexanes or methyl chloride and hexanes. In another
embodiment the HFC's are used in combination with one or more gases inert to
the polymerization such as carbon dioxide, nitrogen, hydrogen, argon, neon,
helium, krypton, zenon, and/or other inert gases that are preferably liquid at entry

to the reactor. Preferred gases include carbon dioxide and/or nitrogen.

[000173]  In another embodiment the HFC's are used in combination with one or
more nitrated alkanes, including C; to Cy nitrated linear, cyclic or branched
alkanes. Preferred nitrated alkanes include, but are not limited to, nitromethane,
nitroethane, nitropropane, nitrobutane, nitropentane, nitrohexane, nitroheptane,
nitrooctane,  nitrodecane,  nitrononane,  nitrododecane,  nitroundecane,

nitrocyclopropane,  nitrocyclobutane, nitrocyclopentane, nitrocyclohexane,



hexaf | uor obut ane; 1,1, 2, 3, 4, 4- hexaf | uor obut ane;
1,2,2,3,3,4-hexafl uorobutane; 1,1,1 ,2,2,3

wQ 3e0heaoas | uor obutane; 1,1,1 PCT/US2005/020864
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HetwesnoZy ehdJG avedumd %.- aidrhativelyc yewvebu d8ned 10®@volume %,

aTtie}}lla ??rlg %?‘{ﬁ%?‘ﬂ%@ gﬁ%ﬂé‘? gfhg:ixﬁell%ragtfé}/n%%iggl}'lftbae?\séen 50 and 100
violirhd 940 RREMEN @ baien 55 And-100 Wbluaey AC YRR AN Bstween 60
1,1,2,2-tetrafl uorocycl obut ane;

apd 1109, wolpae af plisndesedl bpfweamd> and 100 volume %, alternatively
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orocycl o
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hexaf| uor ocycl obutane; 1,1,2 3 .
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X LPGHA AR, nA0ef ol DSHERL ol ematively
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(1 LugronELane. Ll L] HpFOTELNang. by 1 di | wor oet hane
hydrocarbons. In another preferred embodiment the HFC is selected from the
group consisting of difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1-

trifluoroethane, and 1,1,1,2-tetrafluoroethane and mixtures thereof.

[000175] In another embodiment the diluent or diluent mixture is selected based
upon its solubility in the polymer. Certain diluents are soluble in the polymer.
Preferred diluents have little to no solubility in the polymer. Solubility in the
polymer is measured by forming the polymer into a film of thickness between 50
and 100 microns, then soaking it in diluent (enough to cover the film) for 4 hours
at—75°C. The film is removed from the diluent, exposed to room temperature for
90 seconds to evaporate excess diluent from the surface of the film, and weighed.

The mass uptake is defined as the percentage increase in the film weight after



fl uoronet hane, and 1,1,1,2-tetrafl uoroethane.[000167]
Illustrative exanpl es of unsaturated

whaso6losdr ocar bons i nclude vinyl fluoride; PCT/US2005/020864
1, 1-di fl uor oet hene; 1,2-dif%uoroethene;
1,1, 2-trifluoroethene; 1- fluoropropene,
1,1-di fl uoropropene; 1, 2- difluoropropene'
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-butene; 1,2,3, 3-tetrafluoro-1 -butene;
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1.3,4, ent or o- | t ene; e o
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each other, preferably within 6°C of each other, preferably within 5°C of each

other, preferably within 4°C of each other, preferably within 3°C of each other,
preferably within 3°C of each other, preferably within 2°C of each other,
preferably within 1°C of each other.

Polymerization Process

[000177]  The invention may be practiced in continuous and batch processes.
Further the invention may be practiced in a plug flow reactor and/or stirred tank
reactors. In particular this invention may be practiced in "butyl reactors."
Illustrative examples include any reactor selected from the group consisting of a

continuous flow stirred tank reactor, a plug flow reactor, a moving belt or drum



pent af | uoro- 1-butene; 1,2,3 ,4,4-pentafl uoro-

1-butene; 1,2,4,4,4-pentafluoro- 1- butene; 2,3,
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[000179]  Preferred reactors include continuous flow stirred tank reactors,
whether operating in batch or continuous mode, and whether operating in a tank
with an agitator or in a tube type reactor. Preferred reactors also include reactors
where the polymerization occurs on one side of a heat transfer surface and the
coolant is present on the other side. An example is a reactor where tubes
containing coolant run inside the reactor polymerization zone. Another example
would be where the polymerization occurs inside a tube and the coolant is present

on the outside of the tube in a shell.



i n anot her enbodi nent, when the diluent conprises a

bl end, the blend may conprise perfluorinated conpound,
wee@beoabd y, the catal yst, nononer, and dil ueneCEDS82005/020864

present in a single phase g E the aforenmentioned

conmponents are mscible with the diluent as described

in further detall bel ow. In another enbodi nent, the
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nmor
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t han 3,9&%.N%%6are sired.the dielectric constant nmay
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initiator or transfer agent when the dielectric
constant is above 10. The dielectric constant of the
[@M0183&nt Ine ope dumtadimendd the golymesivatiemdntsrmdd tohe where the

FRRRGh IRl BTER yEm-Ehin SRAGe e cRegopbi dne

pofynterutiordiseafitddr it i€ @ B&ihtaRous F{)Hﬁl%ﬁ%tﬁﬁlx M@J:éé? ifFhich the
and in air (SA=1) [neasured value CA]- In each case

celply shemenomaer(DaFaé | dihisele a@Vpresery; asam bipgleMphase Cc HCsslurry
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ptrehc?psl’%tersre gmu rtﬁe dﬂltlesnt %mlths good separation from the diluent. Desirably,
reduced or no polymer "swelling" is exhibited as indicated by little or no Tg
suppression of the polymer and/or little or no diluent mass uptake. Thus,
polymerization in the diluents of the present invention provides for high polymer
concentration to be handled at low viscosity with good heat transfer, reduced

reactor fouling, homogeneous polymerization and/or the convenience of

subsequent reactions to be run directly on the resulting polymer mixture.

[000183]  The reacted monomers within the reactor form part of a slurry. In one
embodiment, the concentration of the solids in the slurry is equal to or greater than
10 vol%. In another embodiment, the concentration of solids in the slurry is
present in the reactor equal to or greater than 25 vol%. In yet another
embodiment, the concentration of solids in the slurry is less than or equal to 75
vol%. In yet another embodiment, the concentration of solids in slurry is present
in the rea.ctor from 1 to 70 vol%. In yet another embodiment, the concentration of

solids in slurry is present in the reactor from 5 to 70 vol%. In yet another



given by the fornula eD=((C D-CA) eR + (CR-CD))/(C

R-CA) . Alternatively, a purpose-built instrunent such
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be used to neasure dielectrjc constant of diluents

directly. A conparison of the dielectric constants (e)

of a few selected diluents at -85 0Cis provi ded in
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diluents and catalysts (combined or separately), temperature sensing means, and
an effluent overflow or outflow pipe which withdraws polymer, diluent and
unreacted monomers among other things, to a holding drum or quench tank.

Preferably, the reactor is purged of air and moisture. One skilled in the art will

recognize proper assembly and operation.

[000185]  The reactors are preferably designed to deliver good mixing of the
catalyst and monomers within the reactor, good turbulence across or within the
heat transfer tubes or coils, and enough fluid flow throughout the reaction volume

to avoid excessive polymer accumulation or separation from the diluent.

[000186]  Other reactors that may be utilized in the practice of the present
invention include any conventional reactors and equivalents thereof capable of
performing a continuous slurry process, such as disclosed in U.S. 5,417,930,
herein incorporated by reference. The reactor pump impeller can be of the up-

pumping variety or the down-pumping variety. The reactor will contain sufficient



versions of the above are also useful. Specific

exanpl es i nclude, nethyl chloride, nethylene chloride,
we@edvgloobd ori de, propyl chloride, butyl chl oriBP&r/US2005/020864

chloroformand the |ike. [QQ0171] In another

enbodi nent, non-reactive olefins may be used as

diluents in conbination wwth HFC s. Exanpl es i ncl ude,
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ydr n el ium _krypton, zenon, and/or
fﬁ‘@g i HEREr @%@éé Wf%tgr%@r B0 e P dnoifisr grhodisngnty In

Bfied ERGSRHen i EAE Al b i

angl;l © ni&?r ogeﬁn 001 e73 eiglﬁs‘gnot Llﬂdﬁn%lﬁzg %?ft ?c% gg W

nhiﬁ@'mer aroacens@ton rbasc:irhmnﬁtzl ol wwtigh o€ monomere diluent, and

nj ?ted al kanes, including Cto C40 nitrated Ilnear

LISt S br anched al kanes. Preferred nitrated al kanes

i nclude, but are not |imted to, nitronethane,

ni troet hane, nitropropane, nitrobutane, nitropentane,

[wowa) helasome mnbcrdmlmglpis,athe feadl tircamas anlstantiatly due dame silica

trongnane r ododecane decane
clq 1?1} Bré)gg?l% F%ergg:ﬁ e%%/ns'ugptg&% y ?ﬁcﬁjﬁghca caploﬁ producmg species,
iNistoh QeY GhOMeRtiane mdik tm0Y. 060 3he 14 BEsedl du A6 YsthIoREph s ahe
ni trocycl ooctane, nitrocycl odecane, nitrocycl ononane,

monomsesy of gwerisdisn eation prmymgmpﬁ@et imthe fopd sbemz chwical

SOk iioP U b rodlohlzoB1es! B0 P AREYEomfbuncs
havingahefoani. R RoR3SiX or R1R281X2, etc., wherein "R" is an alkyl and "X"
is a halogen. The reaction conditions will be such that desirable temperature,
pressure and residence time are effective to maintain the reaction medium in the
liquid state and to produce the desired polymers having the desired characteristics.
The monomer feed-stream is typically substantially free of any impurity which is
adversely reactive with the catalyst under the polymerization conditions. For
example, In some embodiments, the monomer feed preferably should be
substantially free of bases (such as caustic), sulfur-containing compounds (such as
H,S, COS, and organo-mercaptans, e.g., methyl mercaptan, ethyl mercaptan),
nitrogen-containing bases, oxygen containing bases such as alcohols and the like.
However monomer feed may be less pure, typically not less than 95% based on
total olefinic content, more preferably not less than 98%, not less than 99%. In
preferred embodiments the impurities are present at less than 10,000 ppm (by
weight), preferably less that 500 ppm, preferably less than 250 ppm, preferably
less than 150 ppm, preferably less than 100 ppm.



[000174] The HFC is typically present at 1 to 100

vol ume % based upon the total volune of the diluents,
w@bdaoenoasi vel y between 5 and 100 vol une % PCT/US2005/020864

alternatively between 10 a g 100 vol unme %

alternatively between 15 and 100 vol une %

alternatively between 20 and 100 vol une %

natively b en 25 and 0 vol ume .
bl nar e prBEbEE ReSor Gt ey BripREs concenteation, the
ki€ bR 8id ¥atiinteinteamildprats d&ermviak @mu% molecular weights.
al ternatively bet ween 40 and 100 vol une %

Hiet mlﬁ@ﬁnzeéloy Isaetionetempsragyrd 13 Gonvepianty sglected based on the

t%g%f"é(ﬂg{n gToYe ga%‘We? tggd%f]%n%%g } uﬁ%p%ymenzed as well as

stdriderdn piocy sl yarfable)/\/@@ ebéhoaid cbafidwalioie ¢24., rate, temperature
alternatively between 65 and 100 vol une % .
contrel st i Vg {ﬁr@éfe\mré Aot7the nodymeyiration emkesw/shan 0°C, preferably

It\%le:er 22@?@6 %ﬁ/ thtlc;jz ?%e\é%%ﬁ péglt glefg’BTX/%l odﬁeem,ﬁodlment and from -

Bltetnalzorel ¥n bbRe Nendod@feht10Gn VRtUSRtREr embodiment, the
alternatively between 90 and 100 vol une %

llyreenvatipn &lmpeatnsae frof6-447(d td A@0YC) a.mldrc%n -70°C to -100°C in

alter atlvel bet ween 97 and .100_vol u
et @é?t St ?%?C{v)ms%tt ﬁwt%@% degigbleoty m)aentaﬁlzf temperature

Iﬁhéeefs%ﬂlvgd)% Reiee’n ¢9nanderkfo in?érHﬁferee@tlolnnco%dltlons will
preferred enbodi nent the HFC 1s blended wth one or

mroduee pnddncisrdtdelfierbytandear momeights n Smibedieof the dedrededaction

RO e s ket TR Re R, mopfiia e HHE G the reaction

b}r the @kdrhitafioe bhameplesltakenl perfddidal 1y AlERE MeNRact@Md a technique
1,1, 2-tetrafl uoroet hane and m xtures thereof.

yigelyengjloyed iafet #er embodi ment the dil uent or dil uent
m xture is selected based upon its solubility in the
pol ynmer. Certain diluents are soluble in the polyner.

[aroeégqr r @t adirtfegnd Snibadendnt,tthe epot;@ndmaﬁ@i wambdratyrei i3 Wifften
ymer. Sol ubility |nthe pol i S neasure

foopnah@ge fthe frﬁ%‘}&é’t‘)lf}t e, diipeRh Brefemblinibia %@t Hesis the
éﬁ%zmg point of the diluent, preferably within 6°C above the freezing point of the
diluent, preferably within 4°C above the freezing point of the diluent, preferably
within 2°C above the freezing point of the diluent, preferably within 1°C above
the freezing point of the diluent. For the purposes of this invention and the claims
thereto when the phrase "within X°C above the freezing point of the diluent" is
used it means the freezing point of the diluent plus X ° C. For example if the
freezing point of the diluent is -98°C, then 10°C above the freezing point of the
diluent is -88°C.

[000190] The reaction pressure will be from above 0 to 14,000 kPa in one
embodiment (Where 0 kPa is a total vacuum), from 7 kPa to 12,000 kPa in another
embodiment, from 100 kPa to 2000 kPa in another embodiment, from 200 kPa to
1500 kPa in another embodiment, from 200 kPa to 1200 kPa in another
embodiment, and from 200 kPa to 1000 kPa in yet another embodiment, from 7



and 100 m crons, then soaking it in diluent (enough to
cover the filn) for 4 hours at -75 0C. The filmis

w0 eqvowexd3i rom t he diluent, exposed to room t enpEr/ES2005020864
for 90 seconds to evaporate excess diluent fromthe
surface of the film and wep ghed. The mass uptake is
defined as the percentage i ncr ease in the filmweight
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terrperature Tg of the polyner with less than 0.1 wm %
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SEE HSC YN On}?fbetenﬁ%élrﬂ ARYd in dil uent
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glass transition tenperature is determned by
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of the Gass Transition , ASTM STP 1249, R J. Seyler,
tlzwughméwﬁlaahn%& BF YIS IONTRERIHES- akl Ywheasthen gmbodiment,
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as descri above, seale ate after Soa ng
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preferably within 100C of each other, preferably
within 9C of each other, preferably W|th| n 8C of each

[8605‘&3] R %eermab d}/ment ol%l thle 1nven? i0on, the initiator and Lewis acid are

allowed to pre-contact by mixing together in the selected diluent at temperatures
between -40°C and the freezing point temperature of the diluent, with a contact
time between 0.01 seconds and several hours, and between 0.1 seconds and 5
minutes, preferably less than 3 minutes, preferably between 0.2 seconds and 1

minute before injection into the reactor.

[000194] In another embodiment of the invention, the initiator and Lewis acid
are allowed to pre-contact by mixing together in the selected diluent at

temperatures between 80 and -150°C, typically between -40°C and -98°C.

[000195]  The overall residence time in the reactor can vary, depending upon,
e.g., catalyst activity and concentration, monomer concentration, feed injection
rate, production rate, reaction temperature, and desired molecular weight, and

generally will be between about a few seconds and five hours, and typically



each other, preferably within 60C of each other

preferably within 50C of each other, preferably within
waoehowaxh other, preferably within 3C of eacPCDUR®NG/020864

preferably within 3C of each other, preferably within

2C of each other, preferabl'y within 1C of each ot her

Pol ymeri zati on Process [000177] The i nvention may be

acti i nUoOUs rocesses. It her
RRBSH i 1 DA 8D oS acf B o BhERE o Rt ol Bofuce
thé ﬁfoﬁbmslt addr BRiehiaRkd m?@e%ﬁ kdtes 4l tRAbYdral kedktot RbRime.
i nvention may be prac ed in "butyl reactors.

Illustrative exanples incl ude any react or sel ected
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t he .react Anot her .exanple i s wher.e heat renoved
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surface. Another exanple woul d be a réactor where
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r.e E il uent / monorrer / cat al yst m xture is sprayed
on 6 T'h CB “or drum and heat is renoved by
evaporation of the diluent as

[000197]  The reactor will contain sufficient amounts of the catalyst system of
the present invention to catalyze the polymerization of the monomer containing
feed-stream such that a sufficient amount of polymer having desired
characteristics is produced. The feed-stream in one embodiment contains a total
monomer concentration greater than 20 wt% (based on the total weight of the
monomers, diluent, and catalyst system), greater than 25 wt% in another
embodiment. In yet another embodiment, the feed-stream will contain from 30
wt% to 50 wt% monomer concentration based on the total weight of monomer,

diluent, and catalyst system.

[000198]  Catalyst efficiency (based on Lewis acid) in the reactor is maintained
between 10,000 pounds of polymer per pound of catalyst and 300 pounds of
polymer per pound of catalyst and desirably in the range of 4000 pounds of
polymer per pound of catalyst to 1000 pounds of polymer per pound of catalyst by

controlling the molar ratio of Lewis acid to initiator.



the reaction proceeds. In addition heat may be renoved

in such reactors by surface heat transfer (such as
woL@ee020Be cool ant is present on the inside of PETTESIHINON0864

or under the belt and the gql ynmer is produced on the

ot her side of the belt or drum. Another type of

reactor is a jet or nozzle reactor. These reactors
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et P cliirter devbis Reetal T adumenenop Rection away
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may al so be practiced’in batc tors where
dﬂvn@neatslystds}dst@enand amgacted alopsmers thrapighrthe dedetion Inebes. A

R, B R S B ST T 2
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invention is practiced using a slurry pol ymeri zation

cprigténg; lessighey dk0005t W ploratiner produtiog silieeh cotspeirmels, and
E e s M TR
remyorbe @aﬂaly@my@teﬁoham@ & LatvisaridamIceSi8RRitor present in a molar
ratio of from 0.50 to 10.0. Within the reactor, the feed-stream of monomers and
catalyst system are allowed to contact one aﬁother, the reaction thus forming a
slurry of polymer (such as butyl rubber), wherein the solids in the slurry has a
concentration of from 20 vol% to 50 vol%. Finally, the thus formed polymer
(such as butyl rubber) is allowed to exit the reactor through an outlet or outflow
line while simultaneously allowing the feed-stream charging to continue, thus
constituting the continuous slurry polymerization. Advantageously, the present
invention improves this process in a number of ways, e.g., by ultimately reducing
the amount of polymer accumulation on the reactor walls, heat transfer surfaces,
agitators and/or impellez(s), and in the outflow line or exit port, as measured by

pressure inconsistencies or "jumps."

[000200]  In one embodiment, the resultant polymer from one embodiment of the
invention is a polyisobutylene/isoprene polymer (butyl rubber) that has a

molecular weight distribution of from about 2 to 5, and an unsaturation of from



[000182] In one enbodi nent, the polynerization is

carried out where the catal yst, nononer, and dil uent
wa@e@epew3ent in a single phase. Preferably, thBCT/US2005/020864

pol ynerization is carried-qyt in a continuous

pol yneri zati on process in ich the catal yst,

nmononer (s), and diluent are present as a single phase.
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on the resulting polymer m xture. [Q00183] The reacted
Hew searapls, e elaptamere chapesiBpnsimpheqiéain ableay oge glasipmer.n
one enbodi nent, the concentration of the solids in the
slurry is equal to or greater than 10 vol % I|n another
[eovbe2gli NEh¢ , plasiementhantaratuseful ofn s iptksentn ifeatish usany be
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destroped jas polyelefmstopely msan Batng A densiipyeof B Qi 12 O1 e’
I is i 9 1 e o Yk %
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oy 92160 pBS dfi SO Dbt PGB AGET PofaS fasee 6t bt fin
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in slurry concentration is present in the reactor from
inChe plagOmepkarges froge? vafoichét waHbiodineesmbodiment, and from 5
Wb & %br &IIE‘% oA a%fother embodiment, and from 15 wt% to 25 wt% in yet

another embodiment, and from 20 wt% to 30 wt% in yet another embodiment.

[000203]  The plastomer useful in the invention has a melt index (MI) of between
0.10 and 20 dg/min (ASTM D 1238; 190°C, 2.1 kg) in one embodiment, and from
0.2 to 10 dg/min in another embodiment, and from 0.3 to 8 dg/min in yet another
embodiment. The average molecular weight of useful plastomers ranges from
10,000 to 800,000 in one embodiment, and from 20,000 to 700,000 in another
embodiment.  The 1% secant flexural modulus (ASTM D 790) of useful
plastomers ranges from 10 MPa to 150 MPa in one embodiment, and from 20
MPa to 100 MPa in another embodiment. Further, the plastomer that is useful in
compositions of the present invention has a melting temperature (Tm) of from 50
to 62 °C (first melt peak) and from 65 to 85°C (second melt peak) in one
embodiment, and from 52 to 60°C (first melt peak) and from 70 to 80°C (second

melt peak) in another embodiment.



solids in slurry concentration is present in the
reactor from15 to 70 vol % In yet another enbodi nent,
w0 b@soaosent rati on of solids in slurry concentPEL/US2005/620864
present in the reactor from,20 to 70 vol% In yet
anot her enbodi ment, the conCentration of solids in
slurry concentration is present in the reactor from25
to 70 vol % In yet another enbodi nent, the
concentration of solids in slurry concentration is
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fluid flow throughout the reaction volune to avoid

[gcl»t)leﬁag f] It Vi€ 0RO la¥pRE oBGEA MleAlidDh PolyBERAE Ptdcessidd 8MhAL be
present in air barrier compositions. In one embodiment of the invention, the
polybutene processing oil is a low molecular weight (less than 15,000 Mn)
homopolymer or copolymer of olefin derived units having from 3 to 8 carbon
atoms in one embodiment, preferably from 4 to 6 carbon atoms in another
embodiment. In yet another embodiment, the polybutene is a homopolymer or
copolymer of a C, raffinate. An embodiment of such low molecular weight
polymers termed "polybutene" polymers is described in, for example, SYNTHETIC
LUBRICANTS AND HIGH-PERFORMANCE FUNCTIONAL FLUIDS 357-392 (Leslie R.
Rudnick & Ronald L. Shubkin, ed., Marcel Dekker 1999) (hereinafter "polybutene

processing oil" or "polybutene").

[000206] In one embodiment of the invention, the polybutene processing oil is a
copolymer of at least isobutylene derived units, 1-butene derived units, and 2-
butene derived units. In one embodiment, the polybutene is a homopolymer,
copolymer, or terpolymer of the three units, wherein the isobutylene derived units

are from 40 to 100 wt% of the copolymer, the 1-butene derived units are from 0 to



[000186] Other reactors that may be utilized in the

practice of the present invention include any
w@emwseimosdnal reactors and equi val ents t her eof PCHPSI90#020864

of perform ng a continuous §I urry process, such as

di sclosed in U S. 5,417, 938, herei n incorporated by

reference. The reactor punp inpeller can be of the
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di.l u an tem 000187] In s
deHy ‘r“H{:?r?tr go{lﬁ% éf%?rﬁoup v s {hwetiaapibgr ?ffl@éhmem

ﬂﬁé %Hly%hieh@ qs faahblae?am&u 6k r&ePaga%f QF: 1s§>ﬁtﬁe&swtﬂ ﬁ[tér}é

free of I'i ca cat roduc speci es,
wheedin t th@ r @dbgtyﬁmne mjcleveldh anit®. #60Fomt Wbbdse ibIO(b rwl%w eof the

t al htofthe s of .these silica cati 0
Bt G 92 el A G T RBe (BT Biec D ees
Oﬁhgsdobb%e@atl on produci ng speci es are hal o-al kyl _
silica compounds having the formula R R 2R38| Xor RR

2Si X2, etc., wherein "R' is an aIkyI and X is a

SEAPE o TBSRAE PR R BPEARATE  Bhe S b

nﬁﬁfbeﬁ hierspel MoRBulaE fieight (1ny 6Ash ﬂfhnnHﬁOOUTin' éhet dfibodiment,
quid state and_to produce the deswedg ymers
l‘ﬁév‘ihﬁ’g §U08 Heanpiber @ﬁ?&pé@e@h aad dess than 6000 in yet another

embodiment. In one embodiment, the polybutene oil has a number average
molecular weight of greater than 400, and greater than 700 in another
embodiment, and greater than 900 in yet another embodiment. A preferred
embodiment can be a combination of any lower molecular weight limit with any
upper molecular weight limit herein. For example, in one embodiment of the
polybutene of the invention, the polybutene has a number average molecular
weight of from 400 to 10,000, and from 700 to 8000 in another embodiment, and
from 900 to 3000 in yet another embodiment. Useful viscosities of the
polybutene processing oil ranges from 10 to 6000 ¢St (centiStokes) at 100°C in
one embodiment, and from 35 to 5000 ¢St at 100°C in another embodiment, and is
greater than 35 ¢St at 100°C in yet another embodiment, and greater than 100 ¢St

at 100°C in yet another embodiment.

[000208] Commercial examples of such a processing oil are the PARAPOL™

Series of processing oils (ExxonMobil Chemical Company, Houston TX), such as



The nononer feed-streamis typically substantially
free of any inpurity which is adversely reactive wth
w0 bmeoaroat yst under the pol ymerizati on conditiPCEUSI05/020864
exanpl e, In some enbodi nentsg, the nononer feed
preferably should be substantially free of bases (such
as caustic), sulfur-containing conpounds (such as H2S,

(s 18 - c a . hyl mercapt an, .
G oD AR SERCERSIRo Sy Prso e LRER TR S
A BONIM g SBiaése SofS Yolybutenal pakweksn@nsils Nae! isi@hetic liquid
I—g,vvever mononer. feed may bhe | ess pure, typically not
PobdutanRn Pagt dividudl Tormilatien haviag ianpestairomodastlar ivsight, all

f&%; I I 8 I 99%.. 1 n

pre lgt?(?gdélfeﬂ‘g%gi %eiﬁlf% h%ﬁie%l gn%uéb?{q? Oggtf%glr (Sepglr%elggﬁl%uogt The
rhdsaldrhediglitd pﬂﬂﬁbfpml ! P@lTMﬁilg late) ﬁomr@DMﬂblfWRlA%bl A ,TthmO)
50 prefera ess than 250 ppm preferably |ess
t h§ﬁ8‘§géﬁfbp2§A%f\gpiF%bI%ﬁop)es as ¢ Agfarmiped ppimn (290 pEBIcapien
hfnRR5drabilyY APt t i
O D e A I IPRBALEE® 5 in one
egibeilingant faad thons 2 de Srimanathgrandhociment! ecul ar wei ght s.
The pol ynerization reaction tenperature is
conveniently sel ected based on the target polyner
(652 RF Ul BEIoWEITAhE 3adhewk REMERARK @%rob&ti@?om%wmﬁkﬁéﬂ'f@%ﬂs
wel | as standard process variable and econom ¢

ugefnk iig egralpadoments eofgthe present invepematwiereinother visgositlycwas
The tenperat yr ol yneri zation i ess. than .
Bl pBL AT M e BRI Ea Felcds bR gehbraeaten
chivenatbdiaphy. i N one enbodi ment, and from- 25C to -12Q0C
i n anot her enbodi ment. In yet another enbodi nent, the
pol yneri zation tenperature is from-40 0OC to -100 0OC,

ot  aabite i bR PR ORI TE0

In yet sira & ature

range 1s from-800C to |} 100 OC. Consedquenily, .
dl fferent Geaddion condjtionsmml!l praduc lsgf%ﬁ’t@ts of
d fferent nolecul ar weilghts. Synthesig of 0R&d8%i req
reactron 450 420 10.6

700 700 78

950 950 230

1300 1300 630

2400 2350 3200

2500 2700 4400

[000210]  Other properties of PARAPOL™ processing oils are as follows: the
density (g/mL) of PARAPOL™ processing oils varies from about 0.85
(PARAPOL™ 450) to 0.91 (PARAPOL™ 2500). The bromine number (CG/G)
for PARAPOL™ oils ranges from 40 for the 450 Mn processing oil, to 8 for the
2700 Mn processing oil.

[000211]  The elastomeric composition of the invention may include one or more
types of polybutene as a mixture, blended either prior to addition to the elastomer,
or with the elastomer. The amount and identity (e.g., viscosity, Mn, etc.) of the

polybutene processing oil mixture can be varied in this manner. Thus,



product may be achi eved, therefore, through nonitoring
the course of the reaction by the exam nation of

W@ a09ple33 aken periodically during the reacti oPGT/EHS2005/020864
techni que widely enployed in the art. [000189] In a
preferred enbodi nent, the polynerization tenperature
is wthin 100C above the freezing point of the

' f bl it hin 8C ahove the freezin int
AR RO Bt Bk diem iRy g ety T ombdRion of
thé @8Zhiien, PRhild PAR ATGL ™ 3i0N¢an B 8ear Wiy a \M%h*ét RistCsity is
above the freezing point of the diluent, preterably

desired, rrr2@mpastipas ttheredl weadhigyepsoinme other rvissosliyl aemtolecular

R T8, 36, S0, R PEr 05 oo
haoNE. t hRloeé pati@iartyhethehp@ases” WhdlithilensO @r@%@o‘h@% toie, or
freezing point of the diluent" is used it neans the
‘Pelybyieng PprseFfngeil't elude laudngle pilies aycompositivarofdwarmyineore
; '. . . . 30 .
sghA L9, Al O kB LS PR o

4sGPE1RA] inTherangacdisclosefmhessdnir e wi I | be from above 0 to
14,000 kPa in one enbodi nent (where 0 kPa is a total
vacuum, from?7 kPa to 12,000 kPa in anot her

' , "2 ' .
G200 MU0 ol ol anl 200N BE PR UL pomer
e@mpoditior of thef moentROrdkRd tb®0LRR0n bRa eimbodinmntend from 2 to

odi ment, and from 200 kPg to 1000 kPa in yet
@:ﬁ?ﬁ‘éﬁn%hﬁﬂ%@ﬂ??mf On7RPE T ) e hpL e iRt from
£abadi genh, yek 2801heP ckbadi@nt AnliPRom %‘oltohﬁﬁr in yet another
enbodi‘ment,” from 40 kPa to 60 kPa in yet a ot’he?

esmipdithensnand fromnt 02D piPa Yted aneth@Onbddament, amd frosr 2 to 20
nbodi nen from.,3000 kPa to 10,000 kPa i ot her

RS0 dF Tt ter SHEOHPBTR3) BR8P 08 160 irRsT gy may be

a%ﬁohﬂfb‘r SHb agiiNRBbided0R#A LinyThewar @8F 10hit CRIRERSD Rbrein.

the nmononer feed-stream_ catalyst, initiator,

Preferably, the polybutene processing oil does not contain aromatic groups or

unsaturation.

[000213]  The elastomeric compositions suitable to produce air barriers may also
include a secondary rubber, or "general purpose rubber" component may be
present in compositions and end use articles of the present invention. These
rubbers may be blended by any suitable means with the elastomer or elastomer
composition. These rubbers include, but are not limited to, natural rubbers,
polyisoprene rubber, poly(styrene-co-butadiene) rubber (SBR), polybutadiene
rubber (BR), poly(isoprene-co-butadiene) rubber (IBR), styrene-isoprene-
butadiene rubber (SIBR), ethylene-propylene rubber (EPR), ethylene-propylene-
diene rubber (EPDM), polysulfide, nitrile rubber, propylene oxide polymers, star-
branched butyl rubber and halogenated star-branched butyl rubber, brominated
butyl rubber, chlorinated butyl rubber, star-branched polyisobutylene rubber, star-
branched brominated butyl (polyisobutylene/isoprene copolymer) rubber;

poly(isobutylene-co-p-methylstyrene) and halogenated poly(isobutylene-co-p-



and diluent may vary from one enbodi nent to anot her.

[ 000192] In another enbodinent, the initiator and
whews®0283 d are pre-contacted by m xi ng t oget hBCT/US200$16¢20864

sel ected diluent for a presgribed anount of tine

rangi ng from 0. 01 second to'10 hours, and then is

injected into the continuous reactor through a

C | yst nozzle qr injection apparatus. |n t. anot her
ARSI REIR. SOl i ORI TG TIOR 04 et LA gty
h&iRylsBR&GH0 eS PR RIS Ynd | fbadiRbMEhyRERART MRAled tdfts, and
|_n|¥| ator is blended wth the feed nmonomers before
migfwes thereof.o t he reactor. Desirably, the nononer is

not contacted with the Lewis acid, or the Lewis acid
conbined with the initiator before the nononers enter

[bdve14] eagt @sirathi0 @AbISImdnh ofthe RBRRMBFBMbL&A cohfpBnent present is

invention, the initiator and Lewis acid are allowed to

nsfwalcgihbast Wgtural xiubleers sgetdesqritied hdeteaidl e Sebradidricentin
LIMRER 1~ nd the freezin | at

ST RRROGES, DB RN, oA B R PR 1095

bairable Rnfbodin GRCOMNHS natnehl sEbbersadf thopfeSent a@nhiet Weeblected
0.1 _seconds and 5 m nutes, preferab édl ess than 3

firh Madaysignrablar sueh 2 aYiRdel. VR 3 9, SMR 20, gndh §MR 50
' preper aprl > t
BELBREDEEHT MIERD (0 il G0 FRIERIboL PORRDS
0P (WiLel-6d) lod ieh B®topI2H; aant aatferallyrfrom AQ to 6§eTheMaodney
BB R imhi Tebut i Raeear Lb ST Bortas) In

dERBatY e Abddikest denaR ‘iﬁ\fé‘ﬁ}ibﬁ‘, R4l € RRJLRF nlgaBre\éé{ty in the

dependi ng upon, e.g., catalyst activity a

worpoeitibn dtonph fo Aoplomer concentration, feed injection
rate, production rate, reaction tenperature, and
desi red nol ecul ar wei ght, and generally will be

ol | ot e O 0 00, et i eI, gubber
qsgﬁlﬂ uandiengompedidemmod themmnviengorydéhe Mooney viscosity of the
polybutadiene rubber as measured at 100°C (ML 1+4) may range from 35 to 70,
from 40 to about 65 in another embodiment, and from 45 to 60 in yet another
embodiment. Some commercial examples of these synthetic rubbers useful in the
present invention are NATSYN™ (Goodyear Chemical Company), and
BUDENE™ 1207 or BR 1207 (Goodyear Chemical Company). A desirable
rubber is high cis-polybutadiene (cis-BR). By "cis-polybutadiene" or "high cis-
polybutadiene”, it is meant that 1,4-cis polybutadiene is used, wherein the amount

of cis component is at least 95%. An example of high cis-polybutadiene

commercial products used in the composition BUDENE™ 1207.

[000216] Rubbers of ethylene and propylene derived units such as EPR and
EPDM are also suitable as secondary rubbers. Examples of suitable comonomers
in making EPDM are ethylidene norbornene, 1,4-hexadiene, dicyclopentadiene, as

well as others. These rubbers are described in RUBBER TECHNOLOGY 260-283

!



the nononer and diluent feed injection rates and the

overall reactor volune. [000196] The catalyst (Lew s
wW@eoodpo2083 mononer ratio utilized will be thosePCT/US2005/020864

conventional in this art for carbocationic

pol yneri zati on processes. I} one enbodi ment of the

i nvention, the nononer to catalyst nole ratios wl|l

call]y be from500 to 10000,. and in the range of
@é% 6 ERIADle et ISR BroP TR BT 1 cAMpstcialipanaifable as

vissiALbe: ARBQOMIR ey R AndTHARMATRET d O

initiator I1s fromO0.5 to 10, romO.75 to 8. The
overaII concentratlon of the initiator in the reactor

babdR: Pl b hatunin thesBGmdery THRBOCiS by Shepisd qubber
a%t ﬁﬁ%'ﬂ $heI )f&'p@@lrﬂe)‘ E6RpBsrfdnt O BROGaREhAEG ORy] frubber is

odi nent. Another way to describe the anount” o
blﬂmtﬂaéﬂdd?utylrrubh@ pach it anotliey e@OdH@Mnmuhibrln@échbutvbmb&ner

one enbo is.fromO, 25..t
(%%l% I%r%p poﬁsy BT R ) tqngngPatecgﬁ 51 Fihhers &y qgscflzbeg n
TrH &/ QERBET ROBEER MHANBEGUK 1105370t (RELLITIOMDARNEd., R.T.
000197] The reactor will contain sufficient amunfs

derblt £ dngsk998) apd rin HUBBER THEUNQIAGY AlVkeAR] 61P%) Butyl
rﬁ@ﬁe% X%tﬁ)ggﬁrﬁlﬁecp 8‘%’% blbél%t 4111 -br&n eg%ﬂ l}fg‘t%ubk}eo n%?@%c?%ed

eed-'s suc a SU I Cl en

Hyavkingr 4l €ies gd a@HaHHEt Blangtinc g KmmﬁmﬁdENa’mOpEmA OF
£eed stream in one enbodi nent contains a total nononer

et EWWO&Y&%G?S&W Yoleydosensabwddieds hR¥93pot al

wei ght of the nmonomers, diluent, and catal yst system,
greater than 25 wt% i n anot her enbodi ment . | n yet
[en92r8her Thﬂmdhdmryu trybteh eorfipmdnsefi tha mesn':ﬂtlmmnbﬂ inelddesbut

A A Re Cencent gLLon based N Lhe, L)
rubber, star-branched polyisobutylene rubber, star-branched brominated butyl
(polyisobutylene/isoprene copolymer) rubber; halogenated poly(isobutylene-co-p-
methylstyrene), such as, for example, terpolymers of isobutylene derived units, p-
methylstyrene derived units, and p-bromomethylstyrene derived units (BrIBMS),
and the like halomethylated aromatic interpolymers as in US 5,162,445; US
4,074,035; and US 4,395,506; halogenated isoprene and halogenated isobutylene
copolymers, polychloroprene, and the like, and mixtures of any of the above.

Some embodiments of the halogenated rubber component are also described in US

4,703,091 and US 4,632,963.

[000219]  The secondary rubber component of the elastomer composition may be
present in a range from up to 90 phr in one embodiment, from up to 50 phr in
another embodiment, from up to 40 phr in another embodiment, and from up to 30
phr in yet another embodiment. In yet another embodiment, the secondary rubber
is present from at least 2 phr, and from at least 5 phr in another embodiment, and
from at least 5 phr in yet another embodiment, and from at least 10 phr in yet

another embodiment. A desirable embodiment may include any combination of



[ 000198] Catalyst efficiency (based on Lewis acid) in

the reactor is maintai ned between 10, 000 pounds of
w@eilogneao3per pound of catal yst and 300 pounds PET/US2005/020864

pol ymer per pound of catal yst and desirably in the

range of 4000 pounds of pol'ynmer per pound of catal yst

to 1000 pounds of polynmer per pound of catalyst by

control li the nmolar ratio of lLewis acid to

AR PG TR et At B habtamblen e stcondary rubber,
e‘i’tﬁleﬂﬁﬁwié@lliyo@r 8 2 QA0S AdbE Rieh WP FdrZaRhi TR TRES be
(such as polynerization of isobutylene and isoprene to
rresent fiomyA phrub Yerphr do npe embedinene pad frorepso 3EFiphsin angther

react or hawvi u L mpel | er capabl e..of up- [
BRRGUTER Ny 1090 3 T Houe Frn R EpS e Fsab Raf B 5% 25
phy h &l dnythef bMBEdiR¥NA AN HRGE 5 it6 15PhPn YéttaRofher embodiment,
measur abl e anperage. The reactor typically is equipped

Wiher¢ingadesiratde range tof MR mayaet anyrcopithveation aftangi u@pfraphicdimit
cant ajning .l i.quid ethylene. The total internal volune,
Wlﬁé%‘nl}'dlp‘ryﬁlg?lﬁel%&bes, is greater than 30 to 50 liters,

t hus capabl e of |arge scal e vol une pol ynerization

reactions. The reactor typically uses |liquid_ethylene
00923 aw! bt @laﬁe@@n@ﬁomﬁeﬂé@m Prdiayaonear perchillereompepents

i . 1 i e r.
SEPTR HISE OBl ona BT TR SRR ot e
arnmew atoe benenfolised tahy, aitghiuinh dioxéke tandncarbdie dlach In one
feed-stream of  the catjonically pol rizabl e
%@3@3%?%)@ SEEW 4% FEBpR eblackantr iteesiiey | %Eynihla%ka and
({caﬁlb?l{atighi Be8hy o (FdRr Iadadofle? hltRdlRat! @k filldiSs a blend of

eed-stream contai ning | ess than 0.0005 w % of cation
qriwdudadkgarsl ilica dTbepofads] fidedidryspel atticjesf aseireafeads and

aromgtic noners.. The catal yst systemis_.then charge
FPGTE HaePRAEPR S e a BT e anrtrkof g Bl For
A%hdblend nddte ipRiféiaBlyOiorR 3616180 phi irPard¥ethed fendb@Hingen®fant HRIM
0.50 to 10.0. Wthin the reactor, the feed-stream of
Wotro e miu dndret anathys embgdiment. arléscall| ke ol carbom ddack, as
L0837 NelnprR B GRA b9 sbI¥sS LU0 R110 to N990. More
desirably, embodiments of the carbon black useful in, for example, tire treads are
N229, N351, N339, N220, N234 and N110 provided in ASTM (D3037, D1510,
and D3765). Embodiments of the carbon black useful in, for example, sidewalls
in tires, are N330, N351, N550, N650, N660, and N762. Carbon blacks suitable
for innerliners and other air barriers include N550, N660, N650, N762, N990 an

Regal 85.

[000221]  When clay is present as a filler, it may be a swellable clay in one
embodiment, which may or may not be exfoliated using an exfoliating agent.
Swellable clay materials suitable for the purposes of this invention include natural
or synthetic phyllosilicates, particularly smectic clays such as montmorillonite,
nontronite, beidellite, volkonskoite, laponite, hectorite, saponite, sauconite,
magadite, kenyaite, stevensite and the like, as well as vermiculite, halloysite,

aluminate oxides, hydrotalcite and the like. These swellable clays generally



slurry of polymer (such as butyl rubber), wherein the
solids in the slurry has a concentration of from 20

WO 20060020350 vol % Finally, the thus fornmed pol BEEDS2005/020864
(such as butyl rubber) is allowed to exit the reactor
t hrough an outlet or outflow [ine while sinultaneously
allowing the feed-stream charging to continue, thus

constitut] t he, contipuaus slurry polynerization.
RIRFERE RFEGIFSIc9atHRe ﬁpﬁgémf O?ﬁ J@ﬁtﬁipgﬂelmggﬁwgsa tﬁml@ess of
NIDEEHR ¢dhtfn @E&H&ﬁ%ea@fc YWRbAs stchShs NEY (Ut KT%Q\I,I¥+2 present
reduci ng the anount of polynmer accunulation on the

gt dzcinterlayerisugfacdseat transfer surfaces, agitators

and/or inpeller(s), and in the outflow line or exit
port, as neasured by pressure inconsistencies or

[0009599S . ‘The ORRAZMOL tihy ORBy SSEDRYFITBRE: by NReafaH! $8RT organic

pol ymer from one enbodi nent of the invention is a '
poleqilentswellingrs/cx&disting Sageotsy wer'additivesl) caphie of ubdergoing

. I . raht distributjon,of. from about 2

iBR b h B SEIRE WRR S oot st & Rt R S0 es T e
laydred eiflicaeN Biktable Eifdliafh digets B udecatidhiceal Betah® such as
subsequent  hal ogenation to afford a hal ogenated butyl

Fypeipm, pllgdamimey o8 aodppsionivsh drHmanERgcanseryrteitione and

di . h .
AO00EH, AT AU S P T e
avglaliphngio taniaes) \phosphinea | and rsul fives arDesirabler 2646 &ompounds (or

| ast oneri.c conpositions that may ultimatel e )
tﬁ%ﬁ?fff%ﬁ?%ng AREI0EHED ing agg thosg with theystruciy B?R“% gvherein

st 4 i i ' .
O R BTN p BT e R STLR B Boath e Gy 0o syt
dr edkepee e aotherveartodonertawhivh s be itheshnas opdifieednef ilm one
C l rs havi.ng a density o rom0.85 to 0.915 i
SRR blin sl oinsh cBliacloBh clin terifry agnne, wherein
a@%a@l@z-is'a@l?ﬂﬁc 08U oPBREne. t he useful plastoner is a
copol ymer of ethyléne derived units and at | east one

of C3 to
[000223]  The fillers of the present invention may be any size and typically range,

for example, from about 0.0001 pm to about 100 um. As used herein, silica is meant
to refer to any type or particle size silica or another silicic acid derivative, or silicic
acid, processed by solution, pyrogenic or the like methods and having a surface area,
including untreated, precipitated silica, crystalline silica, colloidal silica, aluminum

or calcium silicates, fumed silica, and the like.

[000224]  One or more crosslinking agents are preferably used in the elastomeric
compositions of the present invention, especially when silica is the primary filler,
or is present in combination with another filler. More preferably, the coupling
agent may be a bifunctional organosilane crosslinking agent. An "organosilane
crosslinking agent" is any silane coupled filler and/or crosslinking activator and/or
silane reinforcing agent known to those skilled in the art including, but not limited
to, vinyl triethoxysilane, vinyl-tris-(beta-methoxyethoxy)silane,

methacryloylpropyltrimethoxysilane, gamma-amino-propyl triethoxysilane (sold



Cl0 a-olefmderived units, the copol yner having a

density in the range of less than 0.915 g/cnB. The
w@ewane208f cononormer (C3 to G 0 a-ol efin deri vedI/usions920864

present in the plastoner r jges from2 wt%to 35 wt %

in one enbodinment, and from5 wt%to 30 wt% in anot her

enbodi ment and from15 wt%to 25 w% in yet another

errbodl %to 30 wt% i n yet anagther
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fromO0.3 to 8 dg/mn in yet another enbodi nent. The
average nol ecul ar wei ght of useful plastomers ranges

10
[2%0@19&0 tdgl%; d)g@cegﬁﬁg QRA hdy 256 b8 PRELIBNhe C@Hﬂoglfl&ﬁ'@ of the

000 1Tn another enbodi nent. The 1% secant
lﬁV%ﬁmnaPrmwmgu@df( ngliude Dby not linkdted (o, Phsiisizerse takifiers,

STBRES hRmeth Gofunas torkirkhe BRml Rt e e o

thélCaRhis hewdeurh hall vikanised WgetdblCHAND ashdrhlof s, ?_Ilraffﬁﬂ’c oils,
present invention has a nelting tenperature (

mhdqwem aids, gaphtieni eifss eromtic oplsawyxeanigsing.oesies and teslis-
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ERBRBNY bty BB, sl P2 BROH] TB Ul 8037 o
ireinbthpeakbodimear) ahd élone e S0 panin fEAR3MEL eiﬁibaéﬁxmﬁer Some
usef ul |n the present invention are netallo
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Do Bl g SR ARAPLT S FANEEMAG) AR Compan). o
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embodi nent, and from2.2 to 4 in anot

aromatic oils are substantially absent, meaning, they have not been deliberately
added to the compositions used to make the air barriers, or, in the alternative, if
present, are only present up to 0.2 wt% of the compositions used to make the air
barriers. In another embodiment of compositions of the invention, naphthenic and
aromatic oils are substantially absent. Commercial examples of these include, for
example, FLEXON oils (which contain some aromatic moieties) and CALSOL

oils (a naphthenic oil).

[000226] The compositions produced in accordance with the present invention
typically contain other components and additives customarily used in rubber mixes,
such as effective amounts of other nondiscolored and nondiscoloring processing
aids, pigments, accelerators, crosslinking and curing materials, antioxidants,
antiozonants.  General classes of accelerators include amines, diamines,
guanidines, thioureas, thiazoles, thiurams, sulfenamides, sulfenimides,
thiocarbamates, xanthates, and the like. Crosslinking and curing agents include

sulfur, zinc oxide, and fatty acids. Peroxide cure systems or resin cure systems



enbodi nent. Exanples of a commercially avail able

pl astoners are EXACT 4150, a copol yner of ethyl ene and
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vulcanization. Accelerators serve to control the onset of and rate of vulcanization,

and the number and type of sulfur crosslinks that are formed. These factors play a

significant role in determining the performance properties of the vulcanizate.

[000229]  Activators are chemicals that increase the rate of vulcanization by
reacting first with the accelerators to form rubber-soluble complexes which then
react with the sulfur to form sulfurating agents. Retarders may be used to delay
the initial onset of cure in order to allow sufficient time to process the

unvulcanized rubber.

[000230] Halogen-containing elastomers such as halogenated star-branched
butyl rubber, brominated butyl rubber, chlorinated butyl rubber, star-branched
brominated butyl (polyisobutylene/isoprene copolymer) rubber, halogenated
poly(isobutylene-co-p-methylstyrene), polychloroprene, and chlorosulfonated
polyethylene may be crosslinked by their reaction with metal oxides. The metal

oxide is thought to react with halogen groups in the polymer to produce an active



are from40 to 100 wt % of the copol yner, the 1-butene

derived units are fromO to40 w % of the copol yner,
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[000232]  The acceleration of the cure process is accomplished in the present

invention by adding to the composition an amount of an accelerant, often an organic
compound. The mechanism for accelerated vulcanization of natural rubber involves
complex interactions between the curative, accelerator, activators and polymers.
Ideally, all of the available curative is consumed in the formation of effective
crosslinks which join together two polymer chains and enhance the overall strength
of the polymer matrix. Numerous accelerators are known in the art and include, but
are not limited to, the following: stearic acid, diphenyl guanidine (DPG),
tetramethylthiuram  disulfide (TMTD), 4,4'-dithiodimorpholine (DTDM),
tetrabutylthiuram disulfide (TBTD), benzothiazyl disulfide (MBTS), hexamethylene-
1,6-bisthiosulfate disodium salt dihydrate (sold commercially as DURALINK™
HTS by Flexsys), 2-morpholinothio benzothiazole (MBS or MOR), blends of 90%
MOR and 10% MBTS (MOR 90), N-tertiarybutyl-2-benzothiazole sulfenamide
(TBBS), and N-oxydiethylene thiocarbamyl-N-oxydiethylene sulfonamide (OTOS),
zinc 2-ethyl hexanoate (ZEH), and "thiomeas".



wei ght of from 400 to 10,000, and from 700 to 8000 in

anot her enbodi nent, and from 900 to 3000 in yet
wa@n@bhea3xnbodi ment. Useful viscosities of thePCT/US2005/020864

pol ybut ene processing oil ranges from 10 to 6000 cSt
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han 35 cSt at et a other
! ea@ mlh? ?naéwlsg%%@sé nalrl gt ang ain brsties FopRRsitions
zfi‘@ﬁﬁﬁ%lrb}ﬂégﬁ‘?gﬁtfﬁﬁf mee{rg%g%]to mlﬂé@ n B¥ AAPInSSsitle step

such a processing oil are the PARAPOL(tm Series o
@rinctagss.ndn on¢ smpedimentyihé bmﬁh& Fmiachhs va diffeuett ctage

N | sy ait %}?ég%ﬁa%’r{g%s Self e&er

RHORHER N EntRARBEAES bitdhBhArs ahe pﬁseess!ﬁ@g hfatdriafUdrd added in a
pol ybut enes, each individual formulation having a

Sé@letaé’fﬁﬁthmaé@ulk&&ckm Ghen pracess¢dwithithe elostemefic whinpesition,

e ion_of. the inventi
AR el &% AT KRBt f bl g
thd t6 %Bé?@lﬁlbf@) sﬁ@@brd&sﬁﬂ@&q%n&eﬁéméd M 441881 Aspes
deternlned by per meat i_on chronatogrlgry The MAD
183y inalve Apeg f%@lr'ﬁfld@iopﬁsof Abeyent PEReSSigE €ids-3 i n one
enbodi nent, and from2 to 2.8 in another enbodi nent.
[ 000209] Be|OMI Tabl e 3 shows sone of the properties

[ofo214ne PARSKIOhGitigns andysbarsgtatizddrbyesubfdiing fesn 0ding heat or
present inyention, wherein }he Vi scosity was
fa%‘f‘%?l‘maﬁ“é’a ing 19ty peopveEionsl gvlcanizatiqm progeisec fyaically, the

|
A0 SSLBEETSeY Oh ALATS RIERDS TP RT o
B0Hein preogeradireentofroRARARO( 2067 C in en@baientgodirhent afoe alasut

foI the density (g/nL) of PARAPOL(tm processing
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[000235]  Suitable elastomeric compositions for such articles as air barriers, and
more particularly tire curing bladders, tire innerliners, tire innertubes, air sleeves,
and other industrial products including gaskets and ring structures, may be
prepared by using conventional mixing techniques including, for example,
kneading, roller milling, extruder mixing, internal mixing (such as with a
Banbury™ or Brabender™ mixer) etc. The sequence of mixing and temperatures
employed are well known to the skilled rubber compounder, the objective being
the dispersion of fillers, activators and curatives in the polymer matrix without
excessive heat buildup. A useful mixing procedure utilizes a Banbury™ mixer in
which the copolymer rubber, carbon black or filler system and plasticizer are
added and the composition mixed for the desired time or to a particular
temperature to achieve adequate dispersion of the ingredients. Alternatively, the
rubber and a portion of the carbon black/filler (e.g., one-third to two thirds) is
mixed for a short time (e.g., about 1 to 3 minutes) followed by the remainder of
the carbon black/filler and oil. Mixing is continued for about 1 to 10 minutes at

high rotor speed during which time the mixed components reach a temperature of
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contgin aropmatic groups or . .
uncured mass and is therefore subject to deformation and tearing as a consequence

of handling and cutting operations associated with tire construction.

[000238]  The innerliner is then ready for use as an element in the construction of
a pneumatic tire. The pneumatic tire is composed of a layered laminate
comprising an outer surface which includes the tread and sidewall elements, an
intermediate carcass layer which comprises a number of plies containing tire
reinforcing fibers, (e.g., rayon, polyester, nylon or metal fibers) embedded in a
rubbery matrix and an innerliner layer which is laminated to the inner surface of
the carcass layer. Tires are normally built on a tire forming drum using the layers
described above. After the uncured tire has been built on the drum, the uncured
tire is placed in a heated mold having an inflatable tire shaping bladder to shape it
and heat it to vulcanization temperatures by methods well known in the art.
Vulcanization temperatures generally range from about 100°C to about 250°C,
more preferably from 125°C to 200°C, and times may range from about one

minute to several hours, more preferably from about 5 to 30 minutes.



unsaturation. [000213] The el astoneric conpositions

suitable to produce air barriers may al so include a
waewmoheasy rubber, or "general purpose rubber"PCT/US2005/020864

conmponent may be present in.conpositions and end use

articles of the present invention. These rubbers may

be bl ended by any suitable means with the el astoner or
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desirabl e enbodi nent of the secondary rubber conponent

present is natural rubber. Natural rubbers are
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units. Uf’ n yet another embodiment, the plas%mer comprlses ethylene derived units

and from 10 wt% to 30 wt% of octene derived units. The plastomer may possess
a melt index of from 0.1 to 20 dg/min, and from 0.1 to 10 dg/min in another

embodiment.

[000241]  In one embodiment, the plastomer is present in the composition from 2

to 20 phr, and from 10 to 15 phr in another embodiment.

[000242]  In another aspect of the composition, the composition also comprises a
processing oil. The oil is selected from paraffinic oils and polybutene processing
oils, and mixtures thereof in one embodiment, and is a polybutene oil in another
embodiment. The processing oil is present from 2 to 20 phr in one embodiment,
and from 5 to 18 phr in another embodiment. Rosin oils may be present in
compositions of the invention from 0.1 to 5 phr in one embodiment, and from 0.2

to 2 phr in another embodiment. Desirably, oils and processing aids comprising



1000C (M. 1+4) of from 30 to 120, nore preferably from
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terpol ymer conposition. The hal ogenated butyl rubber

[(I)OS(’)245] The elastomer useful in the present invention comprises C4 to C;
isoolefin derived units. The C4 to C; isoolefin derived units may be selected from
1sobutylene, isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene,
1-butene, 2-butlene, methyl vinyl ether, indene, vinyltrimethylsilane, hexene, and

4-methyl-1-pentene.

[000246]  Further, the elastomer also comprises multiolefin derived units selected
from isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, myrcene, 6,6-dimethyl-

fulvene, hexadiene, cyclopentadiene, and piperylene in another embodiment.

[000247] In yet another embodiment of a useful elastomer, the elastomer also
comprises styrenic derived units selected from styrene, chlorostyrene,
methoxystyrene, indene and indene derivatives, a-methylstyrene, o-methylstyrene,

m-methylstyrene, and p-methylstyrene, and p-tert-butylstyrene.



brom nated butyl rubber, and in another enbodinent is

chl orinated butyl rubber. General properties and
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i n THE VANDERBI LT RUBBER HANDBOOK 105-122 (Robert F.

Onmed., RT. Vanderbilt .8, Inc. 1990), and in

RUBBER TECHNOLOGY 3 11- 321 (1995). Butyl rubbers,
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compositions of the invention include hoses, seals, molded goods, cable housing,
and other articles disclosed in THE VANDERBILT RUBBER HANDBOOK 637-772
(R.T. Vanderbilt Company, Inc. 1990).

[000251]  Thus, the compositions of the present invention can be described
alternately by any of the embodiments disclosed herein. For example, an aspect
of the present invention may be described as a composition suitable for an air
barrier comprising from 5 to 25 phr polybutene processing oil; halogenated star-
branched butyl rubber; from 5 to 25 phr natural rubber; and from 5 to 25 phr of a
plastomer, wherein the plastomer is a copolymer of ethylene derived units and Cs;
to Cyjp a-olefin derived units, the plastomer having a density of less than 0.915

g/em’; and the composition having a Brittleness value of less than -41.0°C.

- [000252] In another embodiment, the composition suitable for an air barrier
consists essentially of an elastomer comprising C4 to C; isoolefin derived units;

and a plastomer, wherein the plastomer is a copolymer of ethylene derived units
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[000254]  Cure properties will be measured using a MDR 2000 at the indicated
temperature and 0.5 degree arc. Test specimens will be cured at the indicated
temperature, typically at 160°C, for a time corresponding to T.90 -+ appropriate
mold lag. When possible, standard ASTM tests will be used to determine the
cured compound physical properties. Stress/strain properties (tensile strength,
elongation at break, modulus values, energy to break) will be measured at room
temperature using an Instron 4202. Shore A hardness was measured at room
temperature by using a Zwick Duromatic. The error (20) in measuring 100%
Modulus is £ 0.11 MPa units; the error (26) in measuring elongation is = 13 %

units.

[000255] The values "MH" and "ML" used here and throughout the description
refer to "maximum torque" and "minimum torque", respectively. The "MS" value

is the Mooney scorch value, the "ML(1+4)" value is the Mooney viscosity value.



in tires, are N330, N351, N550, N650, N660, and N762.

Carbon bl acks suitable for innerliners and other air
whaooeie2033 | ncl ude N550, N660, N650, N762, NI9OPENURMO020864

85. [000221] When clay is ppesent as a filler, it may

be a swellable clay in one enbodi nent, which may or

may not be exfoliated using an exfoliating agent.

| 1 ab clay materials syi.tab for the purposes o
13 oS B R st ract i bbS dpeigyiecosts uiit.” The
vk bPSTd 8888 tinfaid mShlidy, hyd Sre¢d idord @ys'. such as
montnorillonite, nontronite, beidellite, vol konskoite,

| aponite, hectorite, saponite, sauconite, nagadite,
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organi ¢ nol ecul es, (swel ling or exfoliating "agents" or
ang deferengessoifed aprain andin Katrickorie-»idnMaxBAMAGRCULES 3360

t ' [ S, ianter k- .
(A, L0TBpttel ehpiicriih 8o RRERETE Rbrdodf B0 L EY Bluion
salyentt ssetl nodyuble sabilized icrabyddAcha (THE s we hl ,28-td chiorbeiiene

| kyl am nes,  or al kyl njum (primary, secondary, )
(?Qﬁﬁ Zﬂw gﬁ@naﬁa%rs¥%ﬁps}}oe,4 BHBS probYSIIRAG staadars o ecisely
LVt aliphat i . : i
b By TheBhisPTg ST of Spseelf, el Votume
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PN O I SN W
pedcebnd-e wall kY Usefinad kSpedTManRisher enbodi ment

whi ch may be the sane or different. In one

[000257]  Tensile measurements will be done at ambient temperature on Instron
Series IX Automated Materials Testing System 6.03.08. Micro tensile specimens
(dog-bone shaped) width of 0.08 inches (0.20 cm) and a length of 0.2 inches (0.5
cm) length (between two tabs) will be used. The thickness of the specimens
varied and will be measured manually by Mitutoyo Digimatic Indicator connected
to the system computer. The specimens will be pulled at a crosshead speed of 20
inches/min. (51 cm/min.) and the stress/strain data will be recorded. The average
stress/strain value of at least three specimens is reported. The error (20) in tensile

measurements is & 0.47 MPa units.

[000258] Oxygen permeability will be measured using a MOCON OxTran
Model 2/61 operating under the principle of dynamic measurement of oxygen
transport through a thin film as published by R.A4. Pasternak et al. in 8 JOURNAL
OF POLYMER SCIENCE: PART A-2 467 (1970). The units of measure are cc-mil/m>-

day-mmHg. Generally, the method is as follows: flat film or rubber samples are



enbodi nent, the exfoliating agent is a so called | ong
chain tertiary amne, wherein at least R2 is a Cl4 to
w@2®ocabdoyd or al kene. [000223] The fillers of P¢EUS2005/020864

present invention may be ag% size and typically range,

for exanple, fromabout 0.0001 nmto about 100 mnm As
used herein, silicais neant to refer to any type or

arti.cle size silica.or another silicic acid .

g e AtEgen §?1H high aféip&fgeﬁr%issg@@a OBYSLJHSiRG Broxygen
Ry ag et gas OThe Rarrler le8s MBLIRESo ANEnEAMINEY 2 &t £86 Salue is

area, including untreated, precipitated silica,
egtablithafly Pree eyyiger oy 2ig i then ttodyedd; into, thaloutsidewnfitlor chamber

R Ly a4, AL e
chaebariabdnveysed 4 entdiavigtingbnRssithe 6QHRAZIfFi@Sagf t he

present invention, especially when silica is the
primary filler, or is present in conbination with

' . h [ t g
@SD" ATl M8 S BLSERB oy VSR D950

vAltatiiaed) aesd spkenens foss ltha kimgleagempositichs a1 sk lBé@ted in
caupled filler and/or crosslinking activator and/or
Fysimecelis iand Gpraiiigneddrar ol hatntos ¢ hdbe tie reawieed; far eingo
p?{n}leg{téthgé&&%h]nzgﬁg?ﬂtsp&%eﬂ lTeb&ided B ddbiMihe its air permeability.
Testnypecimers- (olétis- nie¢iax ptdsowjthsi2. aree diameter and 0.38-mm

h I l.trinmet hoxysi | ..gamma- an no- /1
PR B LR < BB i &F RN B0 B> (FDDogts

CHBEFTBst RRAGRR LAPARBYbddrh TablRaxysi  ane (Al 89 by Wtco)
and the like, and m xtures thereof. |In one enbodi nent,

bis-(3- triethoxysilypropyl)tetrasulfide (sold
Q reially as "Si69") is enployed. [000225] O her

Ef’)‘?loqlnz%gi ng aids may also be present in the

[OTEPPS | Theopresedt irvbidny et dppheatich QF Dl Mghbt Bde according

i nclude, but are not Iimted to, plasticizers,
te Aacinvientive, syawheiisauens, deseréher clrein oinda triehree reompound whose

4 l.zers.such _as nercaptans

“Petto @u@san&j@\igﬁéug%?{z%aﬁ@g%% abl écygfel’ RaSSEHEE Fely gy bus
apdothérf vehidtesoMhsle not meant to be limiting by, it may be better understood by
reference to the following example compositions and Tables. The components
expected to be used and their commercial sources are outlined in Table 5, the
proposed experimental compositions in the Examples are in Table 6 in parts per
hundred rubber (phr), and the anticipated experimental properties relative to those
compositions to butyl rubber made by current commercial methods are summarized
in Table 7 wherein the results for compounds using commercial butyl rubber are

assigned a value of 100, and improvements are denoted by increase in values.

[000261]  The example compositions will be mixed by techniques common in the
art, the components and their relative amounts listed in Table 6. Particularly, the first
pass of components will be mixed at 80 rpm in a BANBURY™ size BR mixer at 40
psi RAM pressure with the temperature control unit set at about 66°C. The

elastomer will be added at time zero. Carbon black and resins will be added at about



pol ybut ene ai ds, naphthenic oils, aromatic oils,
waxes, resins, rosins, and the like. The aid is
WO y@boadoBy present from1l to 70 phr in one enbPdi/DE2005/020864
from3 to 60 phr in another_enbodi mrent, and from5 to
50 phr in yet another enbodfment. Some commercia
exanpl es of processing aids are SUNDEX(tn) (Sun
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conpositions used to nake the air barriers, or, in the
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sul fur, zinc oxide, and fatty acids. Peroxide cure
systens or resin cure systenmsmay al so be used. The

w@eowpoiess s, and ot her curatives, are typical | pCPUSReF1020864

fromO0.1 to 10 phr in the nposition. Heat or

radi ati on-i nduced crosslinking of polyners may be
used. [000227] GCenerally, polyner blends, for exanple,
those used to produ [ e. crosslinked thereby

i nprove the poIyner&gbkﬁLﬁgﬁﬁgiﬁhﬂé%perties. It is
known that the physical properties, perfornmance
characteristics, and durability of vul canized rubber
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2500C i n one enbodi ment, from 1500C to 200 OC in
anot her enbodi nent, for about 1 to 150 m nutes.

WO 0@®OARDP3 Sui t abl e el astoneri c conposi tions f oPCEHUSIN05/020864
articles as air barriers, %?d nore particularly tire
curing bladders, tire innerliners, tire innertubes,
air sleeves, and other industrial products including

askets and.ri.n trugiures b repared by usin
gonventiondr %rﬁ&r?gﬁﬁﬁVaU%§P¥ﬁﬂfggnﬁghe$or gxanplg
kneading, roller mlling, extruder m xing, interna
1xXing (such as with a Banbury(tm or Brabender(tm
he seqiuence of ,m xihg ard tenperaturies
gﬁ%@%&% §¥%5}e|| nown to he sk?lled ru[anger“a
[ being the dispdrsion of
D§V§lsca%ty| sat otY and Cl%altlpves i A09 he |p&Syhik
Qh@kﬁﬁﬂh excessive heat bujl dup. Ajuseful nixing
Pﬁ@meeroﬁypmh@u i ze$0& Banb@pyl10m)| mi %80 i VL0 the
lééﬁéﬁywbnﬁmuboer carbop black or filler |system and
prasfifsizer af-e—atdded—apd—the—ecepposition—mxedfor
es igﬂA$ me or to a particular tenpgrature tjo
ate dispersion of the ingredients
Altgﬁgﬁgpvelv t &Y% ubber 9ard0%a lpor £9®n af hddcar bon
bl ackMH | 1 er [e. gl00 onef t BP11d0t d t wbO0@ hi r[d9fS-119 ni xed
for aMihort t|jne (@ g.,| aB6dtlol {t o B0Gvi nut &$)110ol|l owed
by ftIk2 m&nmai nder ©§0 t he| caslao blackoollle@sqq@ qi |
M XT¢, in§n CON[ T NUEEH T 0T "abgijol [0 }M)ﬂl utogsyat 1hi gh
B T e L L S oy
%90 I A "6<Qf conponents are mxed in a second step on
POIRS or in-a nhur\/(t ) m xer during which
ﬂ?&al?'qg}? @y gg nt opt i ondiYadcel 9%t od s 9548
tm/eb’g?ﬁ“y‘lsand unt@orn y 85dpersed 380 relladPvidly || ow
t enpeYlde u f or exanple, about [8Q0C to about 1030C,
t 20080 dadluprsenpmt ur BDcur i ng96116he cohqdsi ti ©6-110
Vari auPeans in mxing will be readily apparent to |those
SkTdnsB€l MPa 100 95-110 100 95-110
Elongation, % 100 95-110 100 95-110
Aged Tensile,
72 Hrs @125°C
Hardness @25°C 100 95-110 100 95-110
100% Modulus, 100 95-110 100 95-110
MPa .
300% Modulus, 100 95-110 100 95-110
MPa
Tensile, MPa 100 95-110 100 95-110
Elongation, % 100 95-110 100 95-110
Die B Tear, N/mm 100 95-110 100 95-110
Die B Tear-Aged 100 95-110 100 95-110
72 Hrs @125°C
Mocon @ 60°C 100 95-110 200 200




in the art and the present inventionis not limted to

any specific mxing procedure. The mxing is perforned
W@ 2006083083 se al | conponents of the conpositi onPCT/US2005/020864

t horoughly and unifornly. @ 00236] An innerliner stock

is then prepared for exanpl’é by cal endering the

conpounded rubber conposition into sheet materi al

Savi rlg a thickness of roughly 30 to 80 m | gauge and
R _8; the sheet material into strips of appropriate

Wosksh ampge | ?é%gﬁthm(/&{tlohnig ecﬁé 'a fical |d£ %18 | #¥Ber made
I nnerliner stock may al so xtru at the
ac¢arding uo Itk mg'emtmemyn‘étcth %@QSGS}:rlﬁemeh@hmen estubbkr @impound

t.his sta uf act uri.n roc S as

s pabboRiD is e PhiPas Ghan B2 of s e Rprimeroineer
A dublE B, AcAR, Ank anseHMeRERIQf handling and cutting
operations associated with tire construction. [ 000238]
The innerliner is then ready for use as an elenent in

(08PN Ao RS ATRS b By ERRREC R

aBHhe rcoﬁlpbﬁ@es@nmh&helaﬂcé sidesnts ited heRble® Pasi Mg the first
el enents, an internedi ate carcass | ayer which

p@%ﬁﬁf@%@ﬂ@’twﬂlﬂ@rm@ﬁd Bl §0upeigrae BANBRERY Ty séze BR mixer at 40
RERIPY Bl Wi B e ffiond R B8 XEHERORE. Ohe

ela3toaidr Wik be hddedrat vithe ¢brol arlsun bladke dlatf and fe8ink Wik be added at
surface of the carcass |ayer. Tires are norrrally bui | t

aBputz3 O Sepends S mingge crndrail &idnigmpining mgesdisnisouidl hedded when
tlgcbf?%ﬁer rﬁ‘fxt Igﬁchteﬁ]% hBd J'f' b&utae°® egﬁhlgéﬁ lécgln%ﬁlaf Pﬁnnute(

uncure re i's placed in a
o amnxmg, e mncfef atikh lble esctaped dswha,pemdgwﬂl heldemped as dape 185°C.

hea vuI canj ' eratures by net hod
Gainies e Gt 4 ASH Bheh ook BR R g e 40 ps
FoevEhadshi WRNER tEhPEhRROMNtrPRACsd: FoP R nugP EMfing at about
30°C during a second mixing step by addition of the curatives to the masterbatch

from the first step of mixing.

[000265] The anticipated data in Table 9 is expected to show that the use of
bromobutyl rubber made by the present invention will afford equivalent or even
improved air barrier qualities compared to current commercial bromobutyl
rubbers as well as being expected to maintain the desirable cure, physical and
aged physical properties, while also being expected to maintain the desirable
processability as will be determined in the Mooney viscosity and scorch values.
The anticipated data in Table 9 is also expected to show that the use of polybutene
processing oil will improve the air barrier qualities of bromobutyl rubbers made
by the present invention as well as being expected to improve the aged properties,
while also being expected to maintain the desirable processability as will be
determined in the Mooney viscosity and scorch values. The data in Table 9 is also
expected to show that the use of plastomers will also improve the air barrier

qualities of bromobutyl rubbers made by the present invention as well as being



nore preferably from 1250C to 2000C, and tinmes may

range from about one m nute to several hours, nore
w@e@beoabd y from about 5 to 30 m nutes. Vul cani REL/USV09620864

the assenbled tire results _in vul canization of al

elements of the tire assenﬂ?y, for exanple, the

innerliner, the carcass and the outer tread/sidewall

d h dh bet we,
P BBE D ysiabin RSSO oh ot AV b5 AGRPBR bl he
MYbdely~i@¥gifpand {BRA3Auedhus, one aspect of the

invention i's a conposition suitable for an air barrier
conpri sing an elastoner conpr|S|ng C4 to C7 isool efm

hAe! Bt ireietaon; el To® B PoBB AT B DRt & el
ia?)ﬁiv@ﬁieﬁtselﬂidnvtﬁa }fbll@bht%ne pﬁeed@in%&hpmr/oﬂmgtaﬁmaarg 8RSt Yn
| ess than 5 g/cm’. Fur napht heni ¢ and

the errapastion wish theeobiners ahthe @rdsgntabentions r om t he
conposition in one enbodi nent. [000240] I n another
enbodi nent, the plastoner conprises ethylene derived
units and fromTableSYElRtoderid Comiposition® Cl a-ol efin
derived units. In yet another enbodi nent, the

pl ast omer conprises ethylene derived units and from 10

—t%to—30— w9 ofrunttssetectedFromi-butene;
1Compementpdirl - gct ehe derited|units. |In et janoBher 10

nlact ndnr ~cAMhri cnc + hyl an dari vad

anlflnnnli nmmnt t !na i orHet eorpr s—et-hyl-ene—der+ved
%QW&LWWHW1 WQn tlo 30 %W octene delrived -

ERits. The pl astjoner may HE%S ss a mel t19Ghdex dPO0f r pm100
BROMQ@BYUGYdg/ nin, and flrom 0.1 to 10|dg/min fin anot her

ECarbodBlekitN6400002410 | 068 emboddnent, 60he |pl a&d oner 60

CASLPOEDERIO I N tHe conpasitgon|from 2[{to 20 phr, -and -
PARRPOP™ 043P PNr i 01 anot ner §ﬁb§@TﬁﬁﬁT_§TﬁgE444j [ L
STR’GI\?DL@MHEMS f t»'ylc q U||p7.)bi f oth; tre CHNPOST t O™ 7
SP-1068” " 'F" " T+ 4 4 4 4 4 4
Stearic Acid 2 2 2 2 2 2
EXACT™ 8201 - - - - 4 8
Zinc Oxide 3 3 3 3 3 3
MBTS 1.5 1.5 1.5 1.5 1.5 1.5
Sulfur 0.5 0.5 0.5 0.5 0.5 0.5




processing oil. The oil is selected fromparaffinic
oi | s and pol ybutene processing oils, and m xtures

w0 b@seafo3d n one enbodi nent, and is a pol ybut eneCDUE20051020864
anot her enbodi ment. The praogessing oil is present from
2 to 20 phr in one enbodinent, and fromb5 to 18 phr in
anot her errbodl ment Rosi n oi I s rmy be present in

conposition t vent i to 5 phr in one
enbodi nent , 9f Eaﬁfg*’lzys’ccaf)@% r‘éﬁ‘f’d’f‘ﬁ%r

enbodi ment . DeS| rably, oils and processing aids
conpri singunsaturation conprise |less than 2 phr of the
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oL SEIC Bl Enel0th cby Goch Ot aatAh el 937007 W93 THL | 95110
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[ 9008stE@160PE el ast omer useful in thg presen{ inventfion

CIQdiI’ﬁﬁésS@2£Ct b C/00 sdolostniin ferio0ed ugbkIg0 fhes-$10 9 65-110

Wﬁbdﬁl&ef VETHINi [T 9511y De EOtGY{ 0005170 | 95-110
I sobugiplene, sobutene, 2-methyl -1-Rgutene, 3-nethyl|-

1_hiit ann 2 hnt anap

néﬁﬁ MQ/(}%L “;{ h]eorO ng\éﬁgﬁ /rnm Fi antsﬂﬂp& T%ﬁ%lo 95-110

hexe and
Tensile, MPa 100 95-110 100 95-110 95-110 95-110
Elongation, % 100 95-110 100 95-110 95-110 95-110
Aged Tensile,
72 Hrs @125°C

Hardness @25°C 100 95-110 100 95-110 | 95-110 | 95-110

100% Modulus, 100 95-110 100 95-110 | 95-110 | 95-110

MPa
300% Modulus, 100 95-110 100 95-110 | 95-110 | 95-110

MPa
Tensile, MPa 100 95-110 100 95-110 95-110 | 95-110
Elongation, % 100 95-110 100 95-110 | 95-110 | 95-110

Die B Tear, N/mm 100 95-110 100 95-110 | 95-110 | 95-110

Die B Tear-Aged 100 95-110 100 95-110 | 95-110 | 95-110
72 Hrs @125°C

Mocon @ 60°C 100 95-110 125 125-135 | 125-135 150




4- et hyl - 1-pentene. [000246] Further, the el astoner

al so conprises nmultiolefin derived units selected from
w0 s@proes3 but adi ene, 2,3 -dinmethyl- 1,3 -but aPCEN82005/020864

nmyr cene, 6, 6-di met hyl ful vene, hexadi ene,

cycl opent adi ene, and pipergﬁene i n anot her enbodi nent.

[000247] In yet another enbodi nent of a useful

astomer, the el astoner al so conprises styrenic
ékﬂq‘ units selected fromstyrene, chlorostyrene,

g@%fg?)ézlﬂsl%( }f’&@m in%’tﬁﬂ)% ﬁnl‘ﬂe y#gﬁ@fioﬂ &3t 015 } rubber made
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h | sq b
AR GORDR R i {OF e ErBORRUAE of B8 leoRpOde Froneer

at, HRcle BB, AR, Ak Yhdbihvevehigct ed from sul fur,
sul f ur- based compounds, netal oxides, netal oxide

conpl exes, fatty aC|ds per oxi des, dlanlnes and

' th he ition has
oty ond BESSL ok 0RRAhARE B SOTROSLLL SN0 o
art) flen@ngiopest mthetrhelaﬁ%r@m@mﬁts A5ted a8 TRHIOND PaRREBSY, the
val ue of less than - 4 0 OC. In another enbodi nen

firplepass o sempensats el be @ﬁ@deﬂt ROramdines Kranp 260@! ghixerewish

R oy e AR5 R SIPRATRDL S5 RERRSL L

s8t a:traiBelmﬁBE@n ”EheSQ&‘t(ahemwﬁﬁﬁ atledy# tin@ et d) ECarboroBId¢ el and
t he CQHDOSItIOﬂ has an Adhesion to Carcass val ue of

gt tall enadded ay AbRut [ Bhesesotls i emidrg odidt pidnandaFenprdning
ﬂi%g&ji dﬁt@ V\’Wlﬁéeetlcﬁl@éf WAL BR ruer ﬂﬁ)% fe%!:l?eg a ftérrggﬁngﬁﬁre of about léOOC

ment e article 1s selecte re curi
Aoftex chd edditionadil enilrlimeelf mixinpy the inixervill lbe Scrapaidevin, and will be

| eeyes u ca e made usi ng
@Wﬁ%a %‘aoahﬂf of- 3 eﬁ%ﬁg ’BWH ZRd %%’%‘%@ el gizer at 60
PRl AR 900 RAMGRQk e RS iR Gemperature control unit set for maximum
cooling at about 30°C during a second mixing step by addition of the curatives to the

masterbatch from the first step of mixing.

[000269]  The anticipated data in Table 11 is expected to show that the use of
bromobutyl rubber made by the present invention will afford equivalent or even
improved air barrier qualities compared to current commercial bromobutyl
rubbers as well as being expected to maintain the desirable cure, physical and
aged physical properties, while also being expected to maintain the desirable
processability as will be determined in the Mooney viscosity and scorch values.
The anticipated data in Table 11 is also expected to show that the use of polybutene
processing oil will improve the air barrier qualities of bromobutyl rubbers made
by the present invention as well as being expected to improve the aged properties,
while also being expected to maintain the desirable processability as will be
determined in the Mooney viscosity and scorch values. The data in Table 11 is also
expected to show that the use of nonoclays will also improve the air barrier

qualities of bromobutyl rubbers made by the present invention as well as being



and other articles disclosed in THE VANDERBI LT RUBBER
HANDBOOK 637-772 (R T. Vanderbilt Conpany, Inc. 1990).

WO 0®6AEDI3 Thus, the conpositions of the presenPCT/US2005/020864
i nvention can be describedgﬂlternately by any of the
enbodi nents di scl osed herei For exanpl e, an aspect
of the present invention nay be described as a

GSOROEL Kon i (ab).e Lor an ol bart e Ol Sing, g
M@A&gm&ggfﬂd%gfcﬁ%ﬁ@g butyl rubber; fromb5 to 25

phr hatural” rubber; and from5 to 25 phr of a
pl ast omer, wherein the plastoner is a copolyner of

hy der | t d f i ved
(DL " S P RE Rt i T CrnEsRT s siBedilp Sow
i pﬂ)bén@ﬁ@rw&n tBé gotybﬁteﬁ Ogm&stﬂ(%ocm Wbﬁﬂa@cﬁzla}é bRB&R$n

val ue of less than -41. 252] In anot
ten¢swepasiion, Wlﬁhm@ﬁe@@lvm@$ of tha pmentabve@tmr an air
barrier consists essentially of an el astomner
conprising Cto C7 isoolefmderived units; and a

pl ast orrer, \Aherralblblmezlm(aﬁéﬂasrﬂomlﬁ)smmpol yner of
et hyl ene derlved unitsand C3 to Cl1 a-olefin derived
unlts the plastoner havi ng a denS|ty of |l ess than

- 915—¢gfen—3——thi-sTenbodiment—other—mnor
canmoennts(phu):h as llosiin #21, culatl es 14nd 15 16
arcal rat Ar alcn ha nrac i v dialll vy from
MQJ QTIX FQZQZH‘! lep yet ot 1pr10(9nh bdinent | ]{hﬁ "
Eodmhosi tion suitlable for an air barrierl®bndi stl§0 100

BRQMRIBETYY of dan el asfoner conprisihg C4 td C7

(aslonl Back N0 ved whits; &6d a pbast pnewv) wher edth t he 60

Nnastapner is a dqopol yngr of efhylsgene|derived unuts and4

Q@ixﬂqg@@@og;olefln derived units, the plastgner having
G’AEWETM gm)l I egs tgram|o- %5 yi T8 and-@ potybgteme—
| hi & . .o adil-nent ht Ihay nor
I%“§§ Q Tﬁz4 ich las osilngil, Pué%LL- and _ 8
AgL‘[orQI Y algo e .res=nt7in Lvidualll y Ttrom 7
F-10680 5 phr. 4 4 4 4 4 4
Stearic Acid 2 2 2 2 2 2
Zinc Oxide 3 3 3 3 3 3
MBTS 1.5 1.5 1.5 1.5 1.5 1.5

Sulfur 0.5 0.5 0.5 0.5 0.5 0.5




[ 000253] The foll owi ng exanpl es refl ect enbodi nents of
the invention and are by no neans intended to be

wo 2eo002083 of t he scope of the invention. PROPHEIT/TS2005/020864
EXAMPLES Test Met hods [00028?4] Cure properties wll be
measured using a MDR 2000 at the indicated tenperature
and 0.5 degree arc. Test specinens will be cured at

the indica r at i, cal 6G)C, for a
time corre&%g?ﬁ?dfﬂpdf r&%waﬂﬁ B?P‘BP g9 d | ag.
When possi bl e, standard ASTMtests w il be used to
term ne the cured conpound physical properties.
' rqpertli esyf tensi ke stirength, |el atli o
gﬁhﬁgé{ﬁé El?Tli)‘QJIougﬁ?val uesl,z( en 3rg)}§t o |break) w | Icigg 16
t roomtenpgeraturelusing an Instron 4202
ey XketinesslUhs |med8br ed ato oom%ehiﬁe alut | y 95-110
@81 99C Atk | Dur onatli c. Thelerror (|2s) in freasuring
Mooy Modichu@ (s 1@ 11 MPAOun{ t st0& hd @6+1d0 ({28)-1100 [ 95-110
I36EUrlionmiel ohgation |is 13 Yo units.| [000255] The
values—MH—and—M-"—usedhef-e—andtthroughopt the
M%;t on refer to |{"maxi mum torqug” and "M ni num
Jﬂ%r%détﬁﬁ 1@0 bctjvely., The "M vgl Ue is the Mboney
sco™H-M&l ue, | t KO M[(1 489" al 109 i § Ohd INDOMRS110 | 95-110
vi scosiHy val pe. e grrdad0( R s)00 n oka1bat e95-110 | 95-110
measupgent T[S 145 65 Maopey| Vi grosT|TYs a0 5 051 | 95110
val ge% fin  TE P0r 0T S0pT TES TogT T USSR, | NIT0TY 95110
PARKDSY Pty by OO 00 ORi008 100 L TS (U RS
det E590% b ¥ gdlY p rné99| oh_cHlort 8erldBhy , 95ahld |h85-110
ﬂ%ﬁnﬁiéﬂscdlrﬂ-nunber aver age no| ecul ar [wei ght [ M)
chminn@d60ve a n error o f | 20% The techn|ques fqr
dédréness @239Ct he 100l equl ao0 we| ghtoo( M} esd 10 gm0 | 95-110
MO (Be Mcdule! Pht100 100 100 95-110 95-110 95-110
MPa
300% Modulus, 100 100 100 95-110 95-110 95-110
MPa |
Tensile, MPa 100 100 100 95-110 95-110 95-110
Elongation, % 100 100 100 95-110 95-110 | 95-110
Aged Tensile,
72 Hrs @125°C
Hardness @25°C 100 100 100 95-110 95-110 95-110
100% Modulus, 100 100 100 95-110 95-110 | 95-110
MPa
300% Modulus, 100 100 100 95-110 95-110 95-110
MPa
Tensile, MPa 100 100 100 95-110 95-110 95-110
Elongation, % 100 100 100 95-110 95-110 95-110
Die B Tear, N/mm 100 100 100 95-110 95-110 | 95-110
Die B Tear-Aged 100 100 100 95-110 95-110 95-110
72 Hrs @125°C
Mocon @ 60°C 100 110 125 95-110 120 150




di stribution (MAD) are generally described i n US
4,540,753 t o Cozewith et ah and references cited

W b@eed233 and i n Verstrate et al, 2 1 MACROMRECZURHS5/020864
3360 (1988). I n a typical eglr;[easuremant, a 3-colum set
I s operated a t 30C. The ution solvent used may b e
stabilized tetrahydrofuran (THF), or 1
2,4-trichl orobenzene (TCB). The colunmms are
Exgmpledt ed usi ng pol ystyrene standards o f precisely

ke nMpheoisal WRlGBhSs af SPIERIAL SR oRilatRRkIREMERDS -

retenti on vol une obtai ned .from t he standards, t o0 the
pagg-mathiy bty ras| rubker matle aérording tothe intvestivedyyiheticstepsiescribed

}%%\%ner | ecul ar %{vei ht. The. vi scos{ E’\yﬁfo f the . 5
ﬁtﬂ‘ﬂ’ﬁ’f’f WHRAY SHIPULSHORJS Birjadlgiiey usg a5 an mnerlmer
dTei&r ot Biegtla p§s,s|él|@'er OB TR, Broraflt, P2 Al otHS Wehikies.

nmeasur enent s w b e done at anbient tenperature o n
Instron Series | X Automated Materials Testing System

08, Mcro.tensile.s [{AENS. -bone shaped) .
Godtn o TSt RaRhe GRS TR kB R BRG R SRR ip he
drf) GReSonifdnbnts Bhd HRnOkhti{(d efveas ik it Tasd 19 IHartuRyrly, the
used. The thickness o f the specinens varied and w PII

fiystepase 5 gerponertsuill §e mixednat (30t 1yoine Kirvip ingerpal dnizer with

RBRREh B br B N IRFRATRAARE ik GRERLIREFotct upi
&t 4 aboutre6rC.) TRneladihaershillirsded atitmaiat@ Qarbbn blaek, clay and

recorded. The average stress/strain value o f at ..

Teghs (il hl?Ee@dgf‘ﬁeeﬁ AE 0 serandd raferpixing eangy pfr and geraginipg
g L REARUN SRR, ofer ot ALAER i ARigg .
AL Frraaradihided] 12hiteorfeniatngntre nniderwilliie soraped d@phe aod fwill be

B L A L N T
rpARNAL £ IR AN MR SAIERE! ier/n%é?fﬁ_r&&ti%@ﬁnﬁ 187} makhifum

units o f neasure are cc-ml - .
cooling at about 30°C during a second mixing step by addition of the curatives to the

masterbatch from the first step of mixing.

[000273]  The anticipated data in Table 13 is expected to show that the use of the
brominated-isobutylene-co-para-methylstyrene made by the present invention will
afford equivalent or even improved air barrier qualities compared to currently
produced brominated-isobutylene-co-para-methylstyrene rubbers as well as being
expected to maintain the desirable cure, physical and aged physical properties,
while also being expected to maintain the desirable processability as will be
determined in the Mooney viscosity and scorch values. The anticipated data in
Table 13 is also expected to show that the use of polybutene processing oil will
improve the air barrier qualities of bromobutyl rubbers made by the present
invention as well as being expected to improve the aged properties, while also
being expected to maintain the desirable processability as will be determined in
the Mooney viscosity and scorch values. The data in Table 13 is also expected to

show that the use of nonoclays will also improve the air barrier qualities of



day-mtHg. Cenerally, the nethod i s a s follows: flat
filmo r rubber sanples areclanped into diffusion
W@ 2006902083 ch are purged of resi dual oxygen usiPOI/ES2005/020864
oxygen free carrier gas. g carrier gas is routed to
a sensor until a stable zer’§ value is established.
Pure oxygen or air |s then introduced into the outside
di ffusion cells. The oxy

of t er o
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[000263] The present invention is the application of
br onobut yl rubber nade according to the inventive
W@ wbheBr steps described herein in a rubber PONPS90I020864
whose conposition is suitahle for use as an innerliner
of tires for bicycle, passenger car, truck, bus,
aircraft, farm and other vehicles. LOOOZGﬁ] The
onpositions will be m xed by techni ques
%ﬁ%ggﬁyﬁsﬁ ?Ee art, the conmponents and their relative
amounts listed in Table 8. Particularly, the first
ass of conponents wi |l be m xed at 80 rpmin a .
(tn) size BR m xer at 40 psi RAM pressure with

. . t 660C.. The
[(20‘627 35{ gg{% %ﬁ%ﬁn@ Bﬁ}%ﬁﬂdlgpf t@béﬁll?éﬁo?gorfob%%’%g?%beﬁ nyade @&cordmg
te Ithg/ imredtivee syriletici $tbpsbédesaribteld h&bmaﬁloutruﬁ&rsﬁﬁlﬁﬁﬂﬁd Gfhose
and remaining ingredients wll

m Xi n and. qil
e o Breihle FEBsens AT ket Bebigde pperee bick, bus
afd Qier HelHies aﬁtﬁ ta%ﬂa%lé ﬁgrg %&g\?mﬂﬂog% Jfﬂwﬁfféa? o™ C}{En lgg%% on,

the m xer will be scrape (
Tewasu twm%m@,m@ah‘pll teeslimiting blygeit hiagdlei beeter urfdletshﬁd by reference

BANBURY(.t si ze BR mi xer rpmand 40 psi RAM
t @Sggg‘rvéng}’faﬁlpﬁ%‘ém{l%@%ﬂff@%g‘éntroI unit set for
maxi mum cool i ng at about 300C during a second m xi ng

step by addition of the curatives to the nmasterbatch
[40P%5A1 t hEher Phasacterisips of the )bil‘ryg poly@@d 26ade Fhaccordance to the

. IS ex ect.ed .to showthat

1@%51!1(%{3%6‘ ogﬂﬁqg%egﬂfwe%ﬁ 15)81’ Bysuflg] glerj:pgg%qqga process

a.‘renMﬁlﬁliddCiﬁ Teblel14aThe boty® gulyual @Blde @8 REVER dlrﬂ%ﬁpgﬁiﬁylaﬁﬁc
barri er qual ities conmpar ed to current commerci

EE?P@I‘”FB%?Q/ thad shglaths higheynatolecylar B@lg@ 3(13151 pdighdyl lower isoprene
Hﬁ)b/lglttgéx{‘th% P%Bglr%?c%lélg?dt%éﬁé rgfe é]J.’lCX 83?%8 &r?&/ﬂe(‘tl 8Control)

m|wasawautmmdemer@bﬂectpgpae@“@stam lof ttMe admithdrbiabButyl 268
(M%En?er Psgg51tlyn4é - 56'§/bf?0ne%x\)/<gr?l€/lgl§1|l t(ﬁle?nrllgal S(g:o%lg:al;]lyv a"lfllljeets)’utyl
polymer made in R-134a was essentially free of long chain branching while the
conventional butyl polymer made in MeCl or hydrocarbon solvents all contained

long chain branching as measured by GPC-3D analysis.

Table 14. Butyl Rubber Characteristics

Mooney i ‘
Viscosity ‘ Mn Mw Isoprel;l;l(ll‘{ontent
(ML 1+8, (GPC) (GPC) 1&4 1 o/)
125°C) | ole 7o
Butyl - HFC 535 187,300 666,200 1.63
Buty! - MeCl 51.5 156,200 612,600 1.73

[000277)  The example butyl polymer innertube compositions are mixed by
techniques common in the art, the components and their relative amounts listed in
Table 15. Particularly, the first pass of components is mixed at 77 rpm in a
BANBURY™ size BR mixer (1.57 liter) using an 85% loading. The elastomer is



The anticipated data in Table 9 is al so expected to
show that the use of pol ybutene processing oil wll

WO P63z he air barrier qualities of bronobutBET/US2005/020864
rubbers made by the present invention as well as being
expected to inprove the agé‘& properties, while also
bei ng expected to naintain the desirable

BHSEBRS kot P oSS s IR o

kﬂéc‘komﬁxﬂﬁ&()ﬁ%ta?e §&h%w Jt'a%uttnﬁséé%ﬁdsosf B'n?ﬁ OpR' 31w +f* the

also inmprove the air barrier qualities of Brono

cathob erackppateffimc oih (éFlmesTgn&%L xeortNVayil Ghemiehll Campany) and
i.n pected. t i ntai.n the .desirable pcessabi | i

SRSt AR a5eacies s BBy ohENBEn e arceufong dfgpeonds or

Iﬁﬁ(ﬁfgc eV RleSs sdrBMAZRRin. TR Mixturk § AHAD al/ &IHES Al RE 300

t he conpositions are expected to show | nprovenents

setreds ahe agahpdatusnaopt deess ﬂifng Theaseddrot pask asnpomants are

iR B SR i 4 ANEGRTPSs RGN ez (S fhe it

a8 RRStefYaRASHARIE 8d eﬁlufe@aanﬁﬂ%f_%hfﬁﬂbe aiHedfd (sulfur, TMTD,
Progertl esExanpl e 3 [000267] The present invention is

MBd Shpisl added atdrmeozer@ RotreBiing Itemm@ere afed@eC. ao%fﬁ?rcﬁorﬁgcqnﬁs

heJnvntlvesnthtlcs SGI bedh in in
o el BT s G SR RARER S (B Pt a20

s%éonﬂ@ ahd@ wiﬂpeﬂs@t[re of atidutt €85 foor10RC.C Bﬁllnples ﬁl@m @foceed on
truck, bus, aircraft, farm and ot her vehi cl es.

qHu0si) bynwelgékwﬁmuté anhes rallse snilhimixing befgrohgeting out.
techni ques common in the art, the conmponents and their
relative amounts listed in Table 10. Particul arl y, the
[booesy pEss pbpeadsparentsurdd dsitpeanrODRI 2600 88ng prﬁ 0 degree

00 TS0 R P SBOHE L3 SPE TRy B b JRY Lol 003 ane

Qutr &p0 tghﬁ;ﬂ% r will be added at tinme
zerolﬁ%cg%bon bl ag‘f})r cl %y and eS| ns will be added at

and oi |

about 30 seconds of m xing,

Table 15. Elastomeric Compositions

and remai ni ng

Control 1 | Control2 | Control3 | Expt1 | Expt2 Expt3 Expt 4

Butyl 268 — MeCl 100 100 100 - - - -
Butyl 268 - HFC - - - 100 100 100 100
Carbon Black
N660 70 70 70 70 70 70 70
Paraffinic Oil -
Medium Viscosity 25 25 25 25 25 25 25
Stearic Acid 1 1 1 1 1 1 1
ZnO 5 5 5 5 5 5 5
Sulfur 2 2 2 2 2 2 2
TMTD 1 1 1 1 1 1 1
MBTS 0.5 0.5 0.5 0.5 0.5 0.5 0.5

[000279] The cure and physical property data in Table 16 show that the use of

butyl rubber produced in R-134a diluent (Experimental 1 - 4) according to the
present invention affords equivalent cure and physical properties to that of the
innertube compound made with the commercial Butyl 268 reference butyl

polymer produced in MeCl (Controls 1 - 3), while also maintaining the desirable



i ngredients

a tenperature of about
the m xer will
be dunped at about 1350C. Sanples w |

wWorRovane208s i
Wil |

W ||

Xi ng,

finalized in the Krupp int

psi
for

xI. mum coQl i ng_at
I?FP?ﬁsg%’ﬁéW@ﬁolEﬁW%ﬁd%ﬁ ter

about

Bgd tonihe

nal

be added when t he rubber
H O0C. After

m X

an addi ti onal
be scraped dpemPSENE020864

be

RAM pressure with the tenperature contr ol
C during a second
PRfeY\EEcopily walges and cure

r eaches
1

m xer at 60 rpm and 40

unit set

T@sksichatksfromthe first step of mxing. [000269]
The anticipated data in Table 11 is expected to show

that the use of bronobutyl

i nvention w
barrier qual

Tl 1B e Phyton P

r ubber

made by the present
even inproved air

Periisirer ci al

bronobutyl fjubbers gs wWel i [as being expegted to
mai ntai n t hd e@&ekapCantslz g, CPHYS cdixpbhd Eyed | Expt3 | Exptd
Polymer 1Y BisGARsT QPET 4 €S| Wi € [al 303 D8[ Mgy BXOeTHeEd 05,5 52.7
Polymermlm aln [.n- 0%?6 rc::l Fe;pr U_"355’3‘?‘P[' ly3;5alb W Ufu 3.5 35
ComPOHH&;‘m[ Tl IIB.U HIT UTTE IVJU!IBy VITSTOST ly dimud—SqgorCim—varo€s:
1+4@100hie anticipgtedogata igelahlesdd is ahs0 |expactpdsge | 478
Show that tfje USe o] polybytene prpcessiTg ort it
Cure PrégdRlcpVE The (@i T bar[ier qugitties pf brofobuty! _
ODR, Ar I chadg by thejpresentf inventTonas jwet—as—betng
30min. €xpected to |i nprove|the aged propefties, [while plso
bel ngvexpeatedsso Mpl Ny N Thesfes|Tahie| 513 51.4 51.4
Processgbhinlity @ W 1T 1Be qergrimnegd {1 1he, Yourey, ; 1.7
V! SCOﬁﬂde}/miLﬂ C! %?4)['(:] Vql‘ uey. LISI.QE gt 1:176 ITiTd .BB Ll'7:'1|b 74
arso expectgoto snpw tatTthe—userotr—ortocray ST
MDR, ARL/S®5 BFCY et e ar [ barrer—qualitiesoffbronoput-yt
30min T ubbers made by the| present| invent]on as|well ap
DeT NgRXPACHEd G0, Mo NTAlN UNe fesSTTap) & T OgESSADIE Y 105
as W i Dfin et aiym ned py Ui NDomey vl STOSTyy and 175 1.4
SCOoT Lilkcg\() LHEs: 5[.2{)00‘703.6-””: atfTerenty o v .' ge fsk..l]i‘ 590
the—conposttions—arg—expectred—to—Show +nproverehts
TensileP’xVi)b‘%Hiegi'c. potrybutenerprocessing—ottandf-of—ranoctay—are
Mardness, Shore A 53 53 53 51 52 51 52
100% Modulus, MPa 1.7 1.7 1.8 1.5 1.6 1.5 1.7
300% Modulus, MPa 5.5 5.5 5.7 5.0 5.1 5.0 5.6
Tensile Strength, MPa 10.6 11.0 11.2 112 11.5 11.1 11.8
Elongation, % 545 565 575 605 600 595 595

Example 6
[000280]

The present invention is the application of butyl rubber made according

to the inventive synthetic steps described herein in a rubber compound whose
composition is suitable for use as a curing bladder or envelope for use in preparing
cured tires for bicycle, passenger car, truck, bus and other vehicles, or for re-treading
tires and available from ExxonMobil Chemical Company, Houston, Texas.

[000281]  The example butyl polymer bladder compositions are mixed by
techniques common in the art, the components and their relative amounts listed in
Table 17. Particularly, the first pass of components is mixed at 77 rpm in a
BANBURY™ sjze BR mixer (1.57 liter) using an 80% loading. The elastomers



the conposition with the polyners of the present

i nvention. Table 10. El astoneric ConpositionsTable 11.
w@0e/0008B3/si cal and Aged PropertiesExanpl e 4 [PODRFDP5/020864

The present invention is the application of

br om nat ed-i sobut yl ene- copﬁ? a- nethyl styrene rubber

made according to the inventive synthetic steps

descri hed_herein_in a rubbeJ onpound whose .

WNenpposi Vi BRPerg de AN areopddad at Be 7o hASRtEEimpprature

o , r ’ ..
oGP PLANFE o BBREOBRL sl g tmiving,
18xdofthe carbomp bickj @ster vil khd BB-16#X exdinb{chanettadyy It are added

0 nin the art, the conmpanents and their relative .
ofrolhesono it Qe 1Al &5 PO P oD PP gt HipiaE B giber i
s{ &Fwif OMROBAIS isWHﬁIhpé?Patn& X8R MouBI5T RIS s@okISURR a

Internal mxer with internmeshing rotor blades at 40

tqusperdRARapowsidrte 160°Ch Thesecandpessatammpnens ereohixed it 4Ggpm

. C | ast. i|1.b d i
i5 & PASCRUREOR Sige SO SRARTOPb bpsiGE o PF T Pasnsa gt
ndRRH andSRERRS afratieXhgigdiemd dsudiul, TVIUD! BIBUS)i dddadded at

ingredients w |l be added when the rubber mx reaches
tianer zerep Rastatting igmpetsbise ofiabowictS a0 dviten §8sedopdnef mixing,

m nut e. of _m_xiyN e mxer. wll
of i e 0% T8 dhinag s ZERERFRLAR 20 B
ahdl B adrhFesuiervftabeut0ope 114TCe rSaalpladiaxefuribr Hracdspsth @ngl2 4611
psi RAM pressure with the tenperature control unit set
il by FEIRE FXAFQSOIts Al st rodlp eﬁm@m@gﬂbﬁfpwgh%ﬁ@é e8hd
m xing step by addition of the curatives to the
masterbatch fromthe first step of m xing. [000273]
[oozs2ant Colepabpeticate menstizblwink3an ©DR( Pt esing @ 3shdegree
that the use of .the ) o )
o6 gl S Lot Wb BrinyiFEnelsh sResFRenTet Ryl e hR0 frader Byime
| JOVL B - Q) M LEord equival ent or even
°F%§SF’§§§§§2‘? rrrcgg)ar %%?ﬂaélﬁéaﬁo%@gg conpared to currently
produced brom nat ed-i sobutyl ene-co- par a-net hyl styrene

rubbers as well, as peing. o Compositions

Control 4 | Control5 | Control6 | Expt5 Expt 6 Expt 7 Expt8

Butyl 268 — MeCl 100 100 100
Butyl 268 — HFC 100 100 100 100
Chloroprene
Rubber 5 5 5 5 5 5 5
Carbon Black
N330 50 50 50 50 50 50 50
Castor Oil 5 5 5 5 5 5 5
SP1045 10 10 10 10 10 10 10
ZnO 5 5 5 5 5 5 5

[000283] The cure and physical property data in Table 18 show that the use of

butyl rubber made by the present invention (Experiments 5 — 8) affords equivalent
cure and physical properties to the commercial butyl rubber (Controls 4 - 6), while
also maintaining or improving upon the desirable processability properties as

determined in the Mooney viscosity values and cure Ts2 scorch values.



expected to maintain the desirable cure, physical and
aged physical properties, while also being expected to

woraoanenoss t he desirabl e processability as w | | P@BUS2005/020864

determined in the Money vi ﬁcosity and scorch val ues.
The anticipated data in Table 13 is al so expected to
show that the use of pol ybutene processing oil wll

ubber < LQSeah’ng«ﬁ@ @g%aﬁh&é@%ﬁ%ngéi’e@ﬁgﬂ "as bei ng

EXpected tof[inprovey the a properties, (white | so
bei ng expect é%ﬂ'“'tr?)‘ APt tq‘ﬁ’étrﬂ‘é& Eapi%e | Expt6 | Expt7 | Expt8
Raw Polylid®dASSaDi 1 [Ty as W1 T be geterm ngd T yhe VOofiey
1+8@1230 scosity amd scorch \salsueg. The dat su.d n|Tahle [1351.3 52.7
Raw Polyahet MEAXpect ¢d B@ shiow $hat [t hguse| of; snofock ays| wsl4 3.5
Compourd @OIB) VT OVE the aif barrigr quallifies ofbronobutyl
1+4@10acubber s nmade¢ by7.1 hel pr@sent i muent| om.&as [weld as being 74.1
expected to|maintain the desirabl e processabilify as
Cure Ch¥Valibrisa® det ér m ned py the Kboney Vj Scosiiy and Bcorch
ODR, ANl BER°CO0VZ74] The air retention valrues for the
60min. conpositiong are expected to show | nprovenments when
t he paliybuh énesqy oclessing i [ s@nd/jor sg@ndclsay af €533 587
presenty iy | Ne 3g0MpPST §3 0N [W Gy The BRI yer5;70f [ Thg 36
preseftoo MYENUADE. Tabhg 12 B ASTOMEI{C | 447 45.0 43.6
bUleUbI tToms Tabt e 13: Cur €, l‘llybl cat—and /-\gEU
MDR, ArEq./y(pplpsoug;p'"fvPLEo Exanpte 51060275 —The—present
60min | NVENtion 1$ the applicati¢n of bukyl rubber nmade
acCOTHTEA P T iEs TTVENElVE [SYM Tt T15f EPS ©8SCI T B | 123
IIBI el ”stllglﬁl lu'giqel LUIIPQUII( v 3(.656 bUIMéUbI ItIAJ.J]I ] 4.8 4.8
.51 2 o IS A M A Y 2 A AT . BT
Physeal B e L o e L et ol v e ool
TN ”n@;”éjﬁu e hetl of - dAdor bt SHi 500
149% Modplus, MPa b t @3t hel fg 2 owilng ’)gynmp_l_é'_c_o_mhn%ofi nd-9%ang 20
30p%ylodulus, MPa 7.8 7.5 50 1770 6.6 6.7
Tensile Strength, MPa 14.6 15.2 15.3 14.4 14.6 14.5 14.7
Elongation, % 570 625 615 640 590 600 625
Example 7

[000284]  The present invention is the application of bromobutyl rubber made
according to the inventive synthetic steps described herein in a rubber compound
whose composition is suitable for use as an innerliner of tires for bicycle, passenger
car, truck, bus, aircraft, farm"and other vehicles and available from ExxonMobil

Chemical Company, Houston, Texas.

[000285]  Bromination of Butyl-MeCl and Butyl-HFC polymers (Table 14) was
carried out in standard round bottomed flasks using 5 wt% butyl polymer solution
in cyclohexane. In order to minimize free radical bromination, the reactor was
completely shielded from light and a small amount (about 200 ppm based on
polymer charge) of BHT free radical inhibitor was added in the polymer solution.
A 10 wt% bromine solution in cyclohexane was prepared and transferred into a

graduated addition funnel attached to the reactor. Desired amount of the bromine




[000276] The characteristics of the butyl polynmer nmade
i n accordance to the invention as well as the
wOo edoenedx butyl pol yner made using the conmerBCHIUS2005/020864

process are outlined in Tagle 14. The butyl pol yner
made in R-134a dil uent (Butyl HFC, Experinental) had
slightly hlgher nol ecul ar wei ght and slightly | owner

prene conte t han t.he.co rcial Butyl K 268, .
SPE’IﬂQPeWE% theg ;a SEQRVISG, IR che %WBIS})}/‘%WH w&k yigprous

t f I
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SERArNBRL furdbl sc&eR Fhed Iftférlﬁo&m'téa Mt?ﬁﬁ&l&ﬁ@r a»%s isolated by
measured by GPC- 3D anal ysi s. le 174." Butyl %
sclvantapregipitgtion ¢n [nMMEV]andﬁbereﬂamblm viactuyrh qyeh yemHnoderate
t|nnerttube conﬁ03|t|ons are m xed by techni ques comon
PRPE RS ?vﬂmﬁ € conponents and their relative anounts
listed in Table 15. Particularly, the first pass of
conponents is mxed at 77 rpmin a BANBURY(tm size BR
[pAosgst  ( The pxample bromehusg rahbegs%qrmucﬁglposm@s@ramm%by

e rature of
RBERE bbb TP o aphh i B TR € o e i
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mipgpgethe emxer i sq;a}fedrd,o“ml\agm,n, and the mixture dumped at 240 seconds at
a temperature of about 145 to 155°C. Samples are finalized in a second pass at 40
rpm in a BRABENDER™ PLASTI-CORDER mixer with the temperature control
unit set at about 40°C. The first pass masterbatch mixture and all cure ingredients
are added at time zero. After an additional 60 seconds of mixing, the mixer is
scraped down and the mixture dumped at 150 seconds at a maximum temperature of

about 110°C. Samples are further processed on a 2-roll mill by using six crosscuts

and six rolls of mill mixing before sheeting out.



MBTS) are added at tinme zero at a starting tenperature
of 500C. After 60 seconds of mxing, the mxer is
wa@eraped3ziown. The mixture is dunped at a ti nePOf/USID0O%020864

120 seconds and a tenperature of about 105 to H QOC.

Sanpl es are further processgéd on a 2-roll mll by

using six crosscuts and six rolls of mll m xing
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Table 17. Particularly, the first pass of conponents
is mxed at 77 rpmin a BANBURY(tnm) size BR m xer
W@ 2006/60d083 er) using an 80% | oadi ng. The PCT/US2005/020864
el ast omer s( Neoprene W DuPgnt de Nenours) are added at

time zero at a starting te(r)?gerature of about 650C.
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Example 8

[000288]  The present invention is the application of bromobutyl rubber made
according to the inventive synthetic steps described herein in a rubber compound
whose composition is suitable for use as an innerliner of tires for bicycle, passenger
car, truck, bus, aircraft, farm and other vehicles and available from ExxonMobil

Chemical Company, Houston, Texas.

[000289]  The example bromobutyl rubber compositions containing a nanoclay are
mixed by techniques common in the art, the components and their relative amounts
listed in Table 21. Particularly, the first pass of components are mixed at 60 rpm in a
BRABENDER™ PLASTI-CORDER mixer (0.05 liter) with the temperature control
unit set at about 140°C. The elastomer and Struktol 40MS resin are added at time

zero. 3/4 of the carbon black and the nanoclay are added at about 30 seconds of



[000284] The present invention is the application of
br onobut yl rubber nade according to the inventive
W@ wbhexsdx st eps described herein in a rubber PONPS290020864
whose conposition is suitahble for use as an innerliner
of tires for bicycle, passenger car, truck, bus,
aircraft, farm' and other vehicles and avail able from

ExxonMabi | em Conpany, . Houst on, Texas. [000285
TR, A1 PGB SSERE OLRiN TR YA DS SRR, and the
rérhaiBing dfonVBIaclC I ARISRUD6E Reshii ARARIIEY. r AL kR 60

flasks using 5 wt % butyl polymer solution in
seqaids hEsavieg, themminedisrscrapedriloivmiagain fimdthe maigfucadumped at 240

STk SR ibectulf of BRERYS PETo T Buimars dadg=E i o sSibh
a8y 3t A8 fipre s BRABHNIBER™ PEASTRAOREIER Riikd? iviifh th¥R$nperature

added in the polymer solution. A 10 w % brom ne
coBirQlt poh sqt rpt @?@Woﬁb Can&hevdisst mags mestgrbatell mixans faad rabldcure

Y a . j11o At t to the. .
L8efs 00 SRS OBt LSRR SU S bAe e
rhitenisastebgdd coamnhse tHeNindctlird edupglell N 1159 0debdridenat i bfaximum
Vi gor ous a%i tation. The bropmination reaction was

tefoRsBHERAPPH R e omplesaputther mapaseqdam 2250l be gsing
s &rBlsclid ?mcpﬁ%%lﬂ%f?ﬂﬁl Hﬂdﬁg befdr: s‘foé{Hl'g%hﬁd- The excess
rall zeu po

caustic 1n the neu ynmer Sol ution was then
washed with fresh water in separatory funnel several

times. The brom nated hutyl polynmer was isol ated by
sol vent preci pﬁlﬁg?qgnﬁ#t%@?ﬁﬁ MPROSHI®Sen dried in

vacuurm ovenfat noder ate tengperaturg _over i ght

[000286] The ‘@Rtplgl pCoitedhfiopiroldupberird fher [Expey | Expt 10

B&&%P@éé%OﬂS arlgo m XEGI’QB}/'A[ echni que_s comon rnt ne

o £

anhoan s St o p el AF v A e ad
art, LTIT  CUUI PUIICIIL SO AaAltu UT1gT 1 AL (LA L L "AY T

BromobyixksiMeCig | particlularl y, It hé%% i rist ﬁ%q of

Brooeiptyhetis are nmi xed at 60 [rpmin j|a BRABENDER(¢IM 100

SLASTIoMSORDER ny xer| (0.705 lfitey) wth $he tenperature;

caftSIBER! N6so 60 - 60 60 60 60 60
Nanoclay, Closite 20A 5 5 5
SP-1068 4 4 4 4 4 4
Processing Qil, Calsol
810 8 8 8 8 8 8
Stearic acid 1 1 1 1 1 1
Zinc Oxide, Kadox 911 1 1 1 1 1 1
Sulfur 0.5 0.5 0.5 0.5 0.5 0.5
MBTS 1.25 1.25 1.25 1.25 1.25 1.25

[000290]  The data in Table 22 show that the use of bromobutyl rubber made by
the present invention containing a nanoclay (Experiment 10) can afford equivalent
or even improved air barrier qualities compared to current commercial
Bromobutyl 2255 (ExxonMobil Chemical, Mooney Viscosity 41 -51) containing a
nanoclay (Control 9) or the bromobutyl rubber made with MeCl diluent
containing a nanoclay (Control 10) as well as maintaining the desirable physical
properties. Additionally, the cure properties of Experimental 10 are equivalent

compared to the bromobutyl rubber made with MeCl diluent (Control 10).
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Example 9
[000291]

The present invention is the application of bromobutyl rubber made

according to the inventive synthetic steps described herein in a rubber compound

whose composition is suitable for use as an innerliner of tires for bicycle, passenger

car, truck, bus, aircraft, farm and other vehicles and available from ExxonMobil

Chemical Company, Houston, Texas.

[000292]

The example bromobutyl rubber compositions containing a polybutene

processing aid are mixed by techniques common in the art, the components and their

relative amounts listed in Table 23. Particularly, the first pass of components are
mixed at 60 rpm in a BRABENDER™ PLASTI-CORDER mixer (0.05 liter) with
the temperature control unit set at about 140°C. The elastomer and Struktol 40MS

resin are added at time zero. 3/4 of the carbon black is added at about 30 seconds of
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§eqf Bl raising hsfpre

crosscuts—ang—sixrotHs—ofmitt—mxingbefore—sheeting
out. Table 2] .Cfgvélsﬁ o‘ﬁ@ﬁﬂoblllcpﬁ??@@l& i Eﬁvlgtr{)loengogpt The Expt1t
B&%%@g}&%ggl kyétf??:” We; b. : 'l lnl\e'egfb'eo :.I CSLSLLng_aUL A
Bromoheid MFCl Exper i nent| 10) can af¥®rd|equi®¥al ent _or_even
Bromgdpgh-@FCai r jbarrier| qualitiles conpared to currient 100
GRRpERnekal Brionoput v 22,\55 (Exx_en_l\/b bi | ghemcal ; 7
CarbohBIaek, Nb6o COFT 10" 4 ~93d Cqmtagfmmy—a- 60 60
SP-1068 4 4 4 4 4 4
Processing Oil, Calsol 810 8 8 8
Polybutene, Parapol 2400 8 8 8
Stearic acid 1 1 1 1 1 1
Zinc Oxide, Kadox 911 1 1 1 1 1 1
Sulfur 0.5 0.5 0.5 0.5 0.5 0.5
MBTS 1.25 1.25 1.25 1.25 125 1.25

[000293]  The data in Table 24 show that the use of bromobutyl rubber made by

the present invention when used with a polybutene processing aid (Experiment
11) can afford equivalent or even improved air barrier qualities compared to
current commercial Bromobutyl 2255 with a polybutene processing aid (Control
11) or the bromobutyl rubber made with MeCl diluent and containing a
polybutene processing aid (Control 12). Use of the polybutene processing aid in
place of the oil improved air barrier qualities, Compare Controls 11 and 12 and

Experiment 11, to Controls 7 and 8 and Experiment 9, respectively. Additionally,
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Example 10

[000294]

The present invention is the application of bromobutyl rubber made

according to the inventive synthetic steps described herein in a rubber compound

whose composition is suitable for use as an innerliner of tires for bicycle, passenger

car, truck, bus, aircraft, farm and other vehicles and available from ExxonMobil

Chemical Company, Houston, Texas.

[000295]

The example bromobutyl rubber compositions containing a polybutene

processing aid and a nanoclay are mixed by techniques common in the art, the

components and their relative amounts listed in Table 25. Particularly, the first pass
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Table 25. Elastomeric Compositions

Control 7 | Control 13 | Control 8 | Control 14 Expt 9 Expt 12
Bromobutyl 2255 100 100
Bromobutyl - MeCl 100 100
Bromobutyl - HFC 100 100
Struktol 40MS 7 7 7 7 7 7
Carbon Black, N660 60 60 60 60 60 45
Nanoclay, Closite 20A 5 5 5
SP-1068 4 4 4 4 4 4
Processing Oil, Calsol 810 8 8 8
Polybutene, Parapol 2400 8 8 8
Stearic acid 1 1 1 1 1 1
Zinc Oxide, Kadox 911 1 1 1 1 1 1
Sulfur 0.5 0.5 0.5 0.5 0.5 0.5
MBTS 1.25 1.25 1.25 1.25 1.25 1.25
[000296] The data in Table 26 show that the use of bromobutyl rubber made by

the present invention (Experiment 12) when used with a polybutene processing
aid and a nanoclay afford equivalent or even improved air barrier qualities

compared to current commercial Bromobutyl 2255 (Control 13) or the bromobutyl
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[000297] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to many different variations not
illustrated herein. For these reasons, then, reference should be made solely to the
appended claims for purposes of determining the true scope of the present

invention.

[000208]  All priority documents are herein fully incorporated by reference for

all jurisdictions in which such incorporation is permitted. Further, all documents




[ 000297] While the present invention has been
described and illustrated by reference to particul ar
wepdvemiaoent s, those of ordinary skill in the ar€T/vb1005/020864
appreciate that the invention lends itself to many
different variations not il'flUstrated herein. For these
reasons, then, reference should be nmade solely to the
appended cl ai ns for .purposes of determnjpng the true
%@ap eIgi, tlﬂéuﬁ‘f‘gs@ﬁtﬂng PIRRENSE, 310 ]fuﬁm ingorpegatady by
ERFHTE Rl BB sd18t s I Wkl dhsubiD ﬁ%@%ﬁa@foﬁ% péfm{iﬁécﬁr ence
for all jurisdictions in which such i ncorporation is
permtted. Further, all documentscited herein,
i ncluding testing procedures, are herein fully
i ncorporated by reference for all jurisdictions in
whi ch such incorporation is permtted. CLAIMS What is
claimed is: 1. A cured elastoneric composition
conprising a copolynmer conprising an isoolefmand a
mul ti ol efm the copol yner being substantially free of
| ong chain branching. 2. The cured el astoneric
conmposition of claiml1l, wherein the nultiolefmis a
conj ugat ed di ene, preferably isoprene. 3. The cured
el astoneric conposition of claim1l or 2, wherein the
multiolefmcontent is fromgreater than 0.5 nol % 4.
The cured el astoneric conposition of claim1l or 2,
wherein the multiolefmcontent is fromgreater than
1.0 mol % 5. The cured el astoneric conposition of
claim1 or 2, wherein the nmultiolefin content is from
greater than 2.5 nol% 6. The cured el astoneric
conposition of claiml or 2, wherein the nmultiolefin



content is fromgreater than 5.0 mol % 7. A cured
el astoneri c conposition conprising a copol yner
W@ 0opi0d28hg i sobutyl ene and i soprene, the copoPgnEg2005/020864
bei ng substantially free of [ong chain branching. 8.
The cured el astoneric coan%ition of claim7, wherein
the isoprene content is fromgreater than 0.5 nol % 9.
The cured el astomeric conposition of claim7, wherein
the isoprene content is ¢ 6HW§reater than 1.0 nol % 10.
The cured el astonmeric conposition of claim7, wherein
the isoprene content is fromgreater than 2.5 nol %
WHat isT¢leingadried el ast oneri c conposition of claim?7,
wherein the isoprene content is fromgreater than 5.0
nol % 12. The cured el astoneric conposition of any of
t he [ ' [ : i Lo
Ll ogeaat e ps el ool nten i ekTERe Symorfing an
cur edsopledint ander noltiobafing et ¢opolynier bemigraub@antvallyrfederoftlheg
halo%ﬁna ed ﬁggolyner is hal ogenated with chlorine or
br om“f¥ 1 PIHCIH e cured el ast oneri c conposition of
claim 12 or 13, wherein the hal ogen content is greater
than 0.5 wt % based upon the wei ght of the hal ogenated
2¢c opolTeenredefastonmsicoaompgsision of olaemile whorepothie migholgfin is a
claiml12 or EiBh V\,hefrei)gl t he hal ogen content is from
0.5 WPHIEHCRIGheMEIRbLSOMENE t he wei ght of t he
hal ogenat ed copol yner. 16. The cured el astoneric

conposition of any of the preceding clains,. i
3. The cured elastomeric composition of claim 1 or 2, wherein the multiolefin

content is from greater than 0.5 mol%.

4. The cured elastomeric composition of claim 1 or 2, wherein the multiolefin

content is from greater than 1.0 mol%.

5. The cured elastomeric composition of claim 1 or 2, wherein the multiolefin

content is from greater than 2.5 mol%.

6. The cured elastomeric composition of claim 1 or 2, wherein the multiolefin

content is from greater than 5.0 mol%.

7. A cured elastomeric composition comprising a copolymer comprising
isobutylene and isoprene, the copolymer being substantially free of long

chain branching.

8. The cured elastomeric composition of claim 7, wherein the isoprene

content is from greater than 0.5 mol%.

9. The cured elastomeric composition of claim 7, wherein the isoprene

content is from greater than 1.0 mol%.



wherein the copolynmer has a Mv of fromgreater than
50, 000. 17. The cured el astoneric conposition of any
w@Roobhe20ps ecedi ng cl ai ns, wherein the copol ynePCTIES2085/020864

Mv of from greater than 109 000. 18. The cured

el astoneric conposition of‘gny of the preceding

clains, wherein the copolyner has a Mv of from greater

t han 500, 000. 19. The cured el astomeric conposition of
any of the preceding clains, wherein the copol ynmer has

19, Mvek £ J5eah&lc E&ﬁﬁ?s}ti&p%fgcggin?-eh Wh&ein Ui disoprene

el astoneric conposition of any of the preceding

cl ai eentewhis fimimgichter thap3dl5ymel’o.has a MAD of from
greater than 2 . 21. The cured el astoneric conposition
of any of the preceding clainms, wherein the copol ynmer

1has apWBed diedmeid ofipostidon becisit € WhasihOMRN {séprene
conposition of any of the preceding clains, wherein

t he copighiisdronhgrsatgr eoAdymoi’scosity of at |east 20 5
(M1 + 8 at 125 0C, ASTM D 1646). 23. The cured
el astoneri c conposition of any of the preceding

10l ai Mihe ¥ived eélnstbieric QRAIPYEEON NelS ay MIORRY prdcediasi Eliims,
of from20 5to 60 5 (M 1 + 8 at 125 0C, ASTM D
1646)whepein thergopelymes ISehaé@eaﬁtéﬁi tefosmrrpdegenaiad sppadyiypchf
the preceding clains, wherein the copol yner has a

g'Vj S.avg. fromgreater than or equal to 0.978 as

18et erThenagedylastoiplie colapesitioroaf &l 125 whéiken theriatbgenated
el astoneric conposition of any of the preceding

cl ai PEPORASE &5 h%q%@teﬁw&hymmﬁagb%?r@nm s.avg. fr o
greater than or equal to 0.980 as determned by triple
detecti on SEC

14.  The cured elastomeric composition of claim 12 or 13, wherein the halogen

content is greater than 0.5 wt% based upon the weight of the halogenated

copolymer.

15.  The cured elastomeric composition of claim 12 or 13, wherein the halogen
content is from 0.5 wt% to 3.0 wt% based upon the weight of the

halogenated copolymer.

16.  The cured elastomeric composition of any of the preceding claims,

wherein the copolymer has a Mw of from greater than 50,000.

17.  The cured elastomeric composition of any of the preceding claims,

wherein the copolymer has a Mw of from greater than 100,000.

18.  The cured elastomeric composition of any of the preceding claims,

wherein the copolymer has a Mw of from greater than 500,000.

19.  The cured elastomeric composition of any of the preceding claims,

wherein the copolymer has a Mw of from greater than 1,000,000.



26. The cured el astoneric conposition of any of the

precedi ng clains, wherein the copolyner has a
wW@206600293). fromgreater than or equal to 0.99PCHES2005/020864

determined by triple detecﬁ'on SEC. 27. The cured

el astoneri c conposition of “any of the preceding

clai ns, wherein the copolyner has a g' Vi S.avg. from

greater than or equal to 0.995 as determned by triple

detection SEC. 28. The cured el astoneric conposition of

t . e !
RNY Ofnel REreRr 816&HMBEC Céo%ﬂ%gltm%@‘ %hy egﬂq Z’i‘f\ gjggéﬁgarﬁggdaﬁﬁs,

no | ong chai n branchi ng. . e cu
conpozharéiothofopmtyymerthas b d1Wibeelddom greztaitihes, 2.wher ei n
the cured el astomeric conposition further conprises a
bl end conprising at | east one of natural rubber,

10! YiIERPLaRE EMABRErc PInos#ivhePe agy but K §REkdmYOPEIms,
(SBR), pol ybutadi ene rubber (BRE

pol y(Wiasgindagcapolymardds e MWD 2(th BR) ,
styrene-isoprene-but adi ene rubber (SIBR),

et hyl ene- propyl ene rubber (EPR)

2t hyI'BfRee cifeadPylhgibpeiie nenipobiion (ERRY) of B Yeatelindeclaims,
i sobut yl ene/ cycl opent adi ene copol ynmer rubbér

i sobuvBareindhaeenejymenhas e deenssivassesisopiontyast 20 gobeyiL 1 +
nitri r e r ne oxi de pol yners,

star- %gggﬁgd&%ﬂg§$q¥% ber and hal ogenat ed
star-branched butyl rubber, brom nated butyl rubber,

chl orinated butyl rubber, star-branched ) )
Bol yi o s eplastprsne rcomuogition aplc iBY o $ha Pagceding yelpims,

(Pol izsabityd enRiHRaRLER g( ’ 50 + n
pol y(i sobut y% eﬂg{%o- p-anem S y‘%ﬁlEéEﬁ)reS: ygg?aﬁg%%gesn%)t%()d >
pol y (Mo bt §ateRSUQ-ASTMED hgd&t yr ene) , hal ogenat ed

pol y(i sobutyl ene-co-i soprene-co- pnet hyl styrene),

pol y(i sobutyl ene-co-i soprene-co-styrene), hal ogenated
24.  The cured elastomeric composition of any of the preceding claims,

wherein the copolymer has a g'yis avg. from greater than or equal to 0.978 as

determined by triple detection SEC.

25.  The cured elastomeric composition of any of the preceding claims,
wherein the copolymer has a g'vis avg. from greater than or equal to 0.980 as

determined by triple detection SEC.

26.  The cured elastomeric composition of any of the preceding claims,
wherein the copolymer has a g'vis avg, from greater than or equal to 0.990 as

determined by triple detection SEC.

27.  The cured elastomeric composition of any of the preceding claims,
wherein the copolymer has a g'yis ave, from greater than or equal to 0.995 as

determined by triple detection SEC.



pol y(i sobutyl ene-co-i soprene-co-styrene),

pol y(i sobutyl ene-co-i sopreneco- a-nethyl styrene)
whadoene0as ed pol y(i sobutyl ene-co-i soprene-co- BET/US2005/020864

met hyl styrene), or m xtures thereof. 30. The cured

el astoneric conposition ofl%hy of the preceding

clains, wherein the cured el astoneric conposition

further conprises a.filler..31. The cured el astoneric
Bonpodiet %rggo?la%w&m FOMRAFIECR; pf @B 9 thee Precsiipei slains,

carb ; Iddr 89s G il i cates,
car bgﬂ}ae?éelg?%cﬁog)gg)ég?ﬁﬁat eg%g?g?g&g@{& treated with
organi ¢ nol ecul es, or mxtures thereof. 32. The cured

| astgneric.c osition of any of the preceding. ,
B a vC Girer eﬁgﬁ?lﬁe&l%ecoew Ob 5 eiert O Shessding BlAimS,
CONPIIR&8n XhB! QR ES R SonpdsitforC Wirdithr &l ARIREEH Blend
conmposition of claim 32, wherein the processing aid Is
a m reenglrisiog| .at 34eastThenec wfe chasirals trobiear cpdpispirsig i orbber,

f claim32, wherein t ' ' i

pol yBatHe epp deauEihyel o gs AL "oy BuS PR vl o)
CONPQi(isoprefé-c6ibatadicdd) WhBEE (BR)PrRG8ASI0PreabBuladicle
pl astoner. 36. The cured el astomeric conposition of

cl ai BT (HBRA mthyiracpirenstence ruibeniEPBAS cltylyncanepylenc-

derivgd ' d % W%, of .
ol i aabTvla oD 5 AR, b kel hsithdicne

conmpaspblyair edbbet, dbdbuBienc/ehgl &ycldiRnPliReE @BBSlymer rubber,
conprises ethylene derived units and from 10 w%¢to 30
wt % dfitrilhrubbes direpstlens oxidenpelymisrse miar-branched hutyl sebber and

L ocengifE e i TR CSFLAPOTHAF ove
chlorinated butyl rubber, star-branched polyisobutylene rubber, star-
branched brominated butyl (polyisobutylene/isoprene copolymer) rubber;
poly(isobutylene-co-p-methylstyrene) and halogenated poly(isobutylene-
co-p-methylstyrene), halogenated poly(isobutylene-co-isoprene-co-p-
methylstyrene), poly(isobutylene-co-isoprene-co-styrene), halogenated
poly(isobutylene-co-isoprene-co-styrene), poly(isobutylene-co-isoprene-
co-a-methylstyrene)  halogenated  poly(isobutylene-co-isoprene-co-o-

methylstyrene), or mixtures thereof.

30. The cured elastomeric composition of any of the preceding claims,

wherein the cured elastomeric composition further comprises a filler.

31.  The cured elastomeric composition of claim 30, wherein the filler
comprises carbon black, modified carbon black, silicates, carbonates, clay,

exfoliated clay, clay treated with organic molecules, or mixtures thereof.

32.  The cured elastomeric composition of any of the preceding claims,

wherein in the cured elastomeric composition comprises a processing aid.



conprises ethylene derived units and from 10 w%to 30
wt % of octene derived units. 39. The cured el astoneric
W@ o09p0sios3 on of claim35, wherein the pl ast onePCTIEHS2085/020864

melt index of fromO.1 to 10 dg/mn. 40. The cured

el astoneri c conposition of €l ai m 35, wherein the

pl astoner is present in the cured el astoneric
conpasition from2 to 20 phr. 41, The cured . .
38 astldwenred cdastasagictGoBPositiop oA rim 32, wWhwew;the prpgessing aid
pl ast; . esent in the cured elastoneric
comggsjlgrﬁl%éﬁglfoggm 5 to 15 phr.42. The cured el astoneric
conmposition of claim 32, wherein the processing aid is

el egted fromthe group consistjn f paraffmc oils, .
3éo| y e &HERd sastamacsy ﬁ@nﬁaoa@fm& glafit seuBeebs Brsssing aid
The ¢y gis@slagﬁ}tl HeGr6QIRAS hig on of any of any of the

g cl ai

pr ecedi , Where the cured el astoneric
conposition is cured with a curative selected from

| fur, sulfur-based conpounds, .net oxi des, metal .
331 el e GReSRLom s FyRBRTH, PG tediert ipEe ing;aid
M Xt ys gplakfaglegof . 44. A process to produce the cured

el astoneric conposition of any of the preceding
clainms. 45. The use of the cured el astoneric

onpoesi tion,of any .of clains 1- in.an_air.nmenbrane.
o, anea it Plas @B ofid e o P aPnoiauf T b Emer
conp%h%h@és dhylendydepived uaitdBndlfrdd. 104Wt% 180 andd s 1BfCyo
claim4 wherein the article is an air nmenbrane. 48.

The arelefindemyedamifbm 47 wherein the air nenbrane is
sel ected fromthe

37.  The cured elastomeric composition of claim 35, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wi% of units

selected from 1-butene, 1-hexene and 1-octene derived units.

38.  The cured elastomeric composition of claim 35, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of octene

derived units.

39.  The cured elastomeric composition of claim 35, wherein the plastomer has

a melt index of from 0.1 to 10 dg/min.

40.  The cured elastomeric composition of claim 35, wherein the plastomer is

present in the cured elastomeric composition from 2 to 20 phr.

41.  The cured elastomeric composition of claim 35, wherein the plastomer is

present in the cured elastomeric coﬁaposition from 5 to 15 phr.



group consisting of a bladder, an innerliner, an

i nnertube, and an air sleeve. 49. A process to produce
wo bweao20sx| e of any of clains 46-48. 50. A curkdI/US2005/020864

el astoneric conposition cogprising a copol ymer

conprising an isoolefin an % mul tiol efi n, the

copol ynmer having a copolyner sequence distribution

defined by: F=mA/ (1 # rrA)ZV\hereln mis

4opol Wirerrededniomeicrostnosision os flagasanwheren tAe pgocmélg aid

mol argr 0 I e

copol yrr%?éc{éd fg[ E}J thd tcgwe ﬂl ggg%let?égg%lf étrlg%‘ %f r(r)rqrng’l £l glb&err%]e

tri agprbeeagibg ards,lamdtnhmtm@pthémnﬁr, wherein mis from

greater than 1.5. 51. The cured el astoneric

conposi tion of claim 50, wherein n1is fron1greater

4ghan ﬁe%ur&?elaé[&%eﬁ&&&gl?c%ﬁtﬁﬁlt %ﬂe@&ilﬁg claims,

cl ai m 50, wherein mis fromgrea ertan2 ﬁ

cur edvleratteoreed elastompos cormpoesitof islcaiath ﬁﬂh awleatioe rse]m:ted

is fr ar er t 54. The cured stoner .
compdSith LS SRR epaontdss Seglh Fudty. Tl Coxide
mul t 'c@hﬁﬂéx%s Iﬁufa&@@bMng GABRSs, P bk @FARhdteof.

i soprene. he cured el astoneric conposition of any

of clains 50 54, vvherel n the nmultiolefin content |s
from reat er .t han mol %, 56. cured.el as
BonpdSiIFPEH® ?Pé%‘%}‘c% %F&‘ieﬁse?%%‘“%ﬁ“‘: Srapaiition ﬁt Yo tne
mul t iptRbing damsent is fromgreater than 1.0 nol % 57.
The cured el astomeric conposition of any of clains
50-54, wherein the

45.  The use of the cured elastomeric composition of any of claims 1-43 in an
air membrane.

46.  An article comprising the cured elastomeric composition of any of claims
1-43.

47, The article of claim 46, wherein the article is an air membrane.

48. The article of claim 47, wherein the air membrane is selected from the
group consisting of a bladder, an innerliner, an innertube, and an air

sleeve.

49. A process to produce the article of any of claims 46-48.

50. A cured elastomeric composition comprising a copolymer comprising an
isoolefin and a multiolefin, the copolymer having a copolymer sequence

distribution defined by:

F=mA/(1+mA)



multiolefin content is fromgreater than 2.5 nol % 58.

The cured el astoneric conposition of any of clains
wWG0640200herein the nultiolefin content is froPCUSRDE020864

than 5.0 nmol % 59. The curg? el astonmeri c conposition

of any of the preceding cl 'ms, wherein the cured

el astoneric conposition further conprises a blend

compri sing at |east one of .natural rubber, . .
‘ﬁ‘bﬁ%"f%& SOPIBHS ?e%lsmﬁ(d:eftyhéﬁw PATBIEIRH A iethe mlggatio
. | : u . . . .
e A e R raer, g B s e ijqglfinmultilefin

muljipksfis tiigbpreivn-ib theapelyamer;aliseein SisBR)m greater than 1.5.

et hyl ene- propyl ene rubber (EPR)

et hyl ene- propyl enedi ene rubber (EPDM, polysulfide,

915 ObUhel RRKY GG RERIE RS BN GPBRIM B8 wheteRER is from greater
i sobut yl ene/ met hyl cycl opent adi ene copol yrmer rubber,

ni t ritha& 2.0bber, propyl ene oxi de pol yners,
star-branched butyl rubber and hal ogenat ed
star-branched butyl rubber, brom nated butyl rubber,

3eh! orTheahuesd diaktotheriddvd@iositdhdf cREABONMHerein m is from greater
pol yi sobutyl ene rubber, starbranched brom nated butyl

(poIﬁh@b%étylene/isoprene copol ynmer) rubber;

pol y(i sobutyl ene-co-/?-nethyl styrene) and hal ogenat ed
pol y(i sobutyl eneco-/>- methyl styrene), hal ogenat ed

3ol y (Thechtddydlanmmeai- doaapsieiog of olapB0 hwhekirmnelom greater
pol y(j sobutyl ene-co-i soprene-co-styrene), hal ogenated
pon@L@b%ﬁtylene-co-isoprene-co-styrene),

pol y(i sobutyl ene-co-i sopreneco- a-nethyl styrene)

hal ogenat ed pol y(i sobutyl ene-co-i soprene-co- a-

et hyllhstcyredreddstonparicndoxtposition ol enyeof claig®. 5075k whisredtlthe

el astoneri ¢ conposition.of any of the preceding

cl ai g% IWﬁgPésl %qurﬂ%gaé#‘gﬁ‘leeplé? ‘?%W%rl?oc?r‘g’ﬁrrposi tion
further conprises a filler

55.  The cured elastomeric composition of any of claims 50-54, wherein the

multiolefin content is from greater than 0.5 mol%.

56.  The cured elastomeric composition of any of claims 50-54, wherein the

multiolefin content is from greater than 1.0 mol%.

57.  The cured elastomeric composition of any of claims 50-54, wherein the

multiolefin content is from greater than 2.5 mol%.

58.  The cured elastomeric composition of any of claims 50-54, wherein the

multiolefin content is from greater than 5.0 mol%.

59. The cured elastomeric composition of any of the preceding claims,
wherein the cured elastomeric composition further comprises a blend
comprising at least one of natural rubber, polyisoprene rubber,

poly(styrene-co-butadiene) rubber (SBR), polybutadiene rubber (BR),



61. The cured el astoneric conposition of claim60,
wherein the filler conprises carbon black, nodified

w@ 2006002083 ack, silicates, carbonates, clay, exPOlI/Us1008020864
clay, clay treated with organi c nol ecul es, or m xtures
thereof. 62. The cured el astbmeric conposi tion of any
of the preceding clains, wherein in the cured
el astoneri c conpgsitjon_ conprises_a processing aid.

63. THRY(EsoPEECEPDUHAIRDE) cTYORh odPR) o nstenefsaprang Putadiene

wher el h C Fng Al d gl l-ne oi . :
cur ed B ofBRY SRH1AR bR LR BB HERRY et e fiene
pr ocedisieng rableer co(EPDIHs  apopysuifinlel ensolpripleas/syaiepentadiene
ai d. 65. The c red.elaston9rgéwggg505|tlon of claim 62,

wher eEOPARMYSF SERDSE; Pty IEns methy hpyrdenshiafieng sopatiet phber,
el astGHRL kHERRONIEACAL polyhdh O HRRIEH Dubiubber apd

pl ast omer conpri ses et hyl ene"deri'ved units an rom
W % tlml@@nateds star-B@intledClbuylol mebber, deromiratedinbutyl  Gibber,

Th d el.ast ' it f claim65, [
the PIEBiRd DUipmbbys wrrgreshed aBphaRilens srubfer. star-
f r om gt emBdtemt BeAf (PR u@fe!tngﬂo?genfefr%gbchﬁ'} flb®er;

1-hexene and 1-octene derived uni ur ed
el astrogsobutylsnposiningthylstyrenedi andsBaloggnatedi polytisobutylene-

| ast [ t hyl derived ,units and from 10
b o6 19 BRI chldesReg oaPhi T tyste-EsoblPEd -
el astaemylstree)P osdly (i¥butfierel @LBdkone- Y18 Rind), t r"l;ﬁalc_>tc:tenated

g/ mn.

pl astoner has_a nelt index of fromO0.1 to 10 dg/n
70. TRedy(isgbegleap-getepaencccocHyisae) t | Ry @obelylgngrcgssoprene-

wher eéona-hféﬁly@tﬁ‘éflé}ne rhaik?gena‘ced poly(isobutylene-co-isoprene-co-o.-

methylstyrene), or mixtures thereof.

60.  The cured elastomeric composition of any of the preceding claims,

wherein the cured elastomeric composition further comprises a filler.

61.  The cured elastomeric composition of claim 60, wherein the filler
comprises carbon black, modified carbon black, silicates, carbonates, clay,

exfoliated clay, clay treated with organic molecules, or mixtures thereof.

62.  The cured elastomeric composition of any of the preceding claims,

wherein in the cured elastomeric composition comprises a processing aid.

63.  The cured elastomeric composition of claim 62, wherein the processing aid

is a mineral oil.

64.  The cured elastomeric composition of claim 62, wherein the processing aid

comprises a polybutene processing aid.



present in the cured el astoneric conposition from2 to

20 phr. 71. The cured el astoneric conposition of claim
W@ 206beBEi N t he plastoner is present in the cRCBUS2005/020864

el astoneric conposition fr?515 to 15 phr. 72. The

cured el astoneric conposition of claim62, wherein the

processing aid is selected fromthe gr oup consi sting

f ff il I
R R P B0l e s

CO”DQ§£hh9Bnﬁ$ any of any of the preceding clainmns,
where the cured el astomeric conposition is cured vvlth

a curati ve sel ect ed fromsul fur, sulfur- based

onp n oxi des, t al i de | exes

ot ha Mo Flaomett i ieBTion,ofb it e Wb pRstoler
proc %%ﬁlphgesoé‘ﬂ?ﬂé&{éedetrﬁ@d %Hﬁ@&’nd?fré%t VR o 56 WsdftGPtG Cio
of any of clai'ns 50-73. 75. The use of the cured

el astooolefin detadpwatst i on of any of clainms 50-73 in an
air menbrane. 76. An article conprising the cured
el astoneric conposition of any of clains 50-73. 77.

ohhe arel i€l efasohRtitN cobapodltion dMcIhiAe 631 theteth ife BRs@ier
nmenbrane. 78. The artlcle of claim77, wherein the air

menbreangrises efbyleee éarwqdothh@ber@npleyﬁ% & BRgViGh of units
bl addefem?grf‘r Bl 05" ]tiex%ﬂe LIIPIE Sder?v%ﬁ s 2l !

sl eeve process uce the article of any of
clainms 76-78. 80 A cured el astomeric conposition

conprl sing a copolynmer conpri si q I sobut Iene and ,
68s o pridigecuredh glagiopstiy reormmesifion gelaclaigp Py Miered dife Rlagtomer

comprises ethylene derived units and from 10 wt% to 30 wi% of octene

derived units.

69.  The cured elastomeric composition of claim 65, wherein the plastomer has

a melt index of from 0.1 to 10 dg/min.

70.  The cured elastomeric composition of claim 65, wherein the plastomer is

present in the cured elastomeric composition from 2 to 20 phr.

71.  The cured elastomeric composition of claim 65, wherein the plastomer is

present in the cured elastomeric composition from 5 to 15 phr.

72.  The cured elastomeric composition of claim 62, wherein the processing aid
is selected from the group consisting of paraffinic oils, polybutene

processing aids, and mixtures thereof.

73.  The cured elastomeric composition of any of any of the preceding claims,
where the cured elastomeric composition is cured with a curative selected
from sulfur, sulfur-based compounds, metal oxides, metal oxide

complexes, fatty acids, peroxides, diamines, or mixtures thereof.



di stribution defined by: F=mA/ (1 + mA)2 wherein m
is the copol yner sequence distribution paraneter; Ais
W b@oedodas rati o of isoprene to isobutyl ene i NnPETTES2005/020864

copolyner; and F is the is&@utylene i soprenei soprene

triad fraction in the copo wherein mis from

greater than 1.5. 81. The cured el astoneric

conmposition of claim80, wherein mis fromgreater

than 2.0. 82. The cured el astoneric conposition of

74! ai " gfb beihc@thé clrk@ DHRRER o h%%em%n%f afty of Ens

cure sto ric conposition of clal wherein m

is fri0i3greater than 3.5. 84. The cured el astoneric

conposition of any of clainms 80-83, wherein the

i soprene content is fromgreater than 0.5 nol % 85.

7§he Othe&fe BF ﬁﬁtcﬂ%rélé‘st&ﬁéﬁto&rﬁﬁ&mdﬂfof%ﬂ? 0®Ll1afth@50%3 in an
80-83, wherein the isoprene content is fromgreater

t han air.m@embia®6. 86. The cured el astoneric conposition

of any of clains 80-83, wherein the isoprene content

is fromgreater than 2.5 nol % 87. The cured

78l astoiBhick @AMfRREI theRuRl elddyonidricCdohptiitda-c33ny of claims

wherein the isoprene content is fromgreater than 5.0

mol %5088. The cured el astomeric conmposition of any of

the preceding clains, wherein the cured el astoneric

conposition further conprises a bl end conprising at

HreastTieneticé oNehin 26, whibdig the foitly isapiienenbuiber

pol y(styrene-co-butadi ene) rubber (SBR), polybutadiene

rubber (BR),

78. The article of claim 77, wherein the air membrane is selected from the
group consisting of a bladder, an innerliner, an innertube, and an air

sleeve.

79. A process to produce the article of any of claims 76-78.

80. A cured elastomeric composition comprising a copolymer comprising
isobutylene and isoprene, the copolymer having a copolymer sequence
distribution defined by:

F=mA/(1+mA)*

wherein m is the copolymer sequence distribution parameter; A is the molar ratio

of isoprene to isobutylene in the copolymer; and F is the isobutylene-isoprene-

isoprene triad fraction in the copolymer; wherein m is from greater than 1.5.

81.  The cured elastomeric composition of claim 80, wherein m is from greater

than 2.0.



pol y(i sopr ene- co- but adi ene) rubber (IBR),
styrene-i soprene-but adi ene rubber (SIBR)

we@edvgloe0s3 pr opyl ene rubber (EPR), PCT/US2005/020864
et hyl ene- propyl enedi ene rubber (EPDM, polysulfide,
isobutylene/cyclopentadien@lcopolyner r ubber,
i sobut yl ene/ net hyl cycl opent adi ene copol yner rubber,
nitrile rubber, propylene_pxige pol yners, . i
82t ar - e sHEHSIPSTRSFIC GomIveition of clagn §éewla%rél@ m is from greater
star -pranehed butyl rubber, brom nated butyl rubber,
chl orinated butyl rubber, star-branched
pol yi sobut yl ene rubber, starbranched brom nated butyl

pol yi. sobutyl ene/i sopr ene, copal yoer) rubber; .

o y (e GHiRAASHRIRE &mw g@? F%Haﬁbaw TRIR T8 d i egeater
polyghﬁpﬁy;yleneco- j 2-met hyl styrene), hal ogenat ed
pol y(1 sobut yl ene-co-i soprene- co- pnet hyl styrene),
pol yOsobut yl ene- co-i soprene-co-styrene), hal ogenat ed

| y*sobut yl -CO: | - CQ- St e), .
o1y (HESHATERESais o a0 LIPS afpayeim the
hal ogepatRdoRRhYfsifFRR bieee RN ©05 dPRr ene- co-  a-
met hyl styrene), or m xtures thereof. 89. The cured

el astoneric conposition of any of the preceding

| ai ., wherein the cured..el astoneri.c. ¢ i.tion

ar e Beslnety qmiRsrongd S s EE it e
CoNpasiphémetotfentisdidi BRatewitRndimblee. filler conprises
carbon bl ack, nodified carbon bl ack, silicates,

carbonates, clay, exfoliated clay, clay treated with
8%{. ganht c'ﬁpédee%éltoqﬁerico onﬁio)é#tf&'h%? a{#] 8{ ﬁglfms $s83 .-u;h%re%' 'Elfed
el astomeric conmposition of any e precedi ng

cl ai rsopravecsotient isrfrdohgreater ddine. sibtider i ¢ conposition
conprises a processing aid. 92. The cured el astoneric

conposi tion of claim?91, wherein the processing aid is
&. M NR{eAurdd dlastomeric composition of any of claims 80-83, wherein the

isoprene content is from greater than 5.0 mol%.

88.  The cured elastomeric composition of any of the preceding claims,
wherein the cured elastomeric composition further comprises a blend
comprising at least one of natural rubber, polyisoprene rubber,
poly(styrene-co-butadiene) rubber (SBR), polybutadiene rubber (BR),
poly(isoprene-co-butadiene) rubber (IBR), styrene-isoprene-butadiene
rubber (SIBR), ethylene-propylene rubber (EPR), ethylene-propylene-
diene rubber (EPDM), polysulfide, isobutylene/cyclopentadiene
copolymer rubber, isobutylene/methyl cyclopentadiene copolymer rubber,
nitrile rubber, propylene oxide polymers, star-branched butyl rubber and
halogenated star-branched butyl rubber, brominated butyl rubber,
chlorinated butyl rubber, star-branched polyisobutylene rubber, star-
branched brominated butyl (polyisobutylene/isoprene copolymer) rubber;
poly(isobutylene-co-p-methylstyrene) and halogenated poly(isobutylene-

co-p-methylstyrene), halogenated poly(isobutylene-co-isoprene-co-p-



93. The cured el astoneric conposition of claim91,

wherein the processing aid conprises a pol ybutene
w@e@eoedsng ai d. 94. The cured el astomeri c conpOBU$10051020864

of claim91, where the proi ssing aid is a plastoner.

95. The cured el astoneric gﬁposition of claim 94,

wherein the plastoner conprises ethylene derived units

and from10 wt%to 3 % of C3 to C10 a-ol efi

der i Jeﬁglnlﬁﬁ.‘/f@.e),g@olxg@wgwﬁw-@rﬁgnrqu-ewﬁaﬁ%ogl?al?&?ﬂated

of clgy JRIF , r ' ! -
deri vp’et‘)|1 usﬁié?tgy%}ﬁ ocf 8f1 %bgr&nal%o&l-v&ﬁ %?%5?3 A)Og u rr1l igtcg Mg(ﬁﬂ&le
sel ecoednfetlyhstirehelt erfelogendted enpolyfisotikydeteeceisdprene-ed-o-
units. 97.. The cured el astoneric conposition of claim
94, dﬂgg%$ﬁq?ﬁ§($PH§P5ﬁéﬁﬂ' npri ses ethyl ene derived

units and from10 % to 30 wt % of octene derived

units. 98. The cured el astoneric conposition of claim
894, Whher eimedt ¢lestpimare crompopidionacheny ¢fhdex pofceflingnelpinis,

to 10 da/.m.n. 99, .The cured el asto i c _conmposi tij,on of
1 ai B ik e e Gt Eltn SO - her o fTRES FiS
cured el astoneric conposition from2 to 20 phr. 100.

The cured el astoneric conposition of claim94, wherein
Pne phhes coiedr clagiopers eepmpasitioie of u¢laien % swberein ¢he filler
conpo . .

C B LA ol st PR cordgodl GHEHEE Lappores, cly
pr oc exsiliag:dadlal, chysehediveth drgadit iftdecledufr oiangesStherof.

of paraffinic oils, polybutene processing aids, and

m xtures thereof. 102. The cured el astoneric

FONMPOFe! QR4 OL1a@Bhed &%ogiftioh hge Rh§ cediypg p?éc@ili'ﬁg ' claims,

wherein in the cured elastomeric composition comprises a processing aid.

92.  The cured elastomeric composition of claim 91, wherein the processing aid

1s a mineral oil.

93.  The cured elastomeric composition of claim 91, wherein the processing aid

comprises a polybutene processing aid.

94.  The cured elastomeric composition of claim 91, where the processing aid

is a plastomer.

95.  The cured elastomeric composition of claim 94, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of C5 to Cyo

a-olefin derived units.

96.  The cured elastomeric composition of claim 94, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of units

selected from 1-butene, 1-hexene and 1-octene derived units.



where the cured el astonerie conposition is cured with
a curative selected fromsulfur, sulfur-based
w@ovpods, netal oxides, netal oxide conpl exeBCT/U81005020864
aci ds, peroxides, diam nes, or mxtures thereof. 103.
A process to produce the caped el astonmeri c conposition
of any of clains 80-102. 104. The use of the cured

| astgneric,c osition of.any of clajnms 80-102 in an
i 1 iR CBgeria FOmRASIoR RloaiR dringvieran dbs plisiomer
el astRfprists &apRAS !d&ﬂi\%ra witsamy Bém Cload 5 té%lolw% o Q®Btene

The article of claim 105, wherein the article 1's an
ai r rdsnwedmeitsl07. The article of claim 106, wherein
the air nenbrane is selected fromthe group consisting
of a bladder, an innerliner, an innertube, and an air

98| eeVihe chitddl eldstRhQEESnp RitIAHEEm IUe whbtdif 1R Mt has
of clains 105-1 07. 109. A cured el astoneric

conpasinelf ey ofping. hip B égpeh.ymer conpri sing an
isoolefin and a nultiolefm the copolynmer having a
copol ynmer sequence distribution defined by: wherein m

99s t MEheCip@l YABOMEAEIYENGESIEHEHT Elbkt DANwWREERBE YlastodndrSs
the nolar ratio of nultiolefmto isoolefin in the
copolByespt indhejcured glastpmerie semnpesitipmipmi2op 0 phr.
nmultiolefin triad fraction in the copol yner; wherein
mis from1.10 to 1.25. 110. The cured el astoneric
100npictdunetl elbistoinartiencdifiPositidieoeelainiod swherein the Bhastdiner is
1.20. 1 1 1. The cured el astoneric conposition of

cl ai 498! indherErhelastpmetis gomposition from'S to 15 phr.

101.  The cured elastomeric composition of claim 91, wherein the processing aid
is selected from the group consisting of paraffinic oils, polybutene

processing aids, and mixtures thereof.

102.  The cured elastomeric composition of any of any of the preceding claims,
where the cured elastomeric composition is cured with a curative selected
from sulfur, sulfur-based compounds, metal oxides, metal oxide

complexes, fatty acids, peroxides, diamines, or mixtures thereof.

103. A process to produce the cured elastomeric composition of any of claims

80-102.

104. The use of the cured elastomeric composition of any of claims 80-102 in

an air membrane.

105. An article comprising the cured elastomeric composition of any of claims
80-102.

106.  The article of claim 105, wherein the article is an air membrane.



to 1.25. 112. The cured el astoneric conposition of

claim 109, wherein mis about 1.20. 113. The cured
we@bk@svaoes i c conposition of any of clainms 109-PAWRS2005/020864

wherein the multiolefmis ﬁﬁconjugated di ene,

preferably isoprene. 114. e cured elastoneric

conposition of any of clains 109-113, wherein the

multiolefin content is fromgreater than 0.5 nol % 115.

The cured el astomeric conposition of any of clains

1599~ ik it %&‘%ﬂzﬂmt f(% @Hekhﬂ’ Rl MM GRBSRe {sSseldcRA from the

greater than 1. . The cured elastoneric

CONP @Soup oonsm‘tmgan afbladchar,nm 10@rlinet,3 an viheeraibe, eid an air

nultl | efin content is fromgreater than 2.5 nol %

117. ¥-cured el astoneric conposition of any of

claims 109-1 13, wherein the nultiolefin content is

fromgreater than 5.0 nol % 118. The cured el astomeric

108 mpds process toprasiuye tfe artiade pf anyefickegme 185487 wher ei n

the cured el astoneric conposition further conprises a

bl end conprising at | east one of natural rubber,

109! Vi effe@@astdh&Ify corfdsit{ont whgmnfgoa Rupiginen ec)m;smlige Bn

(SBR), | ybut adi ene r ubber
pol y(1$0s>gqf sl emdmlsﬁn,eﬂﬂé)cop%@@r hayipgp, copolymer sequence

styre r adi ene rubber (SIBR),
et hyldgsﬁgﬁ%?oglp% glﬁ(g&% ‘ubber (EPR),

et hyl ene- propyl enedi ene rubber (EPDM, polysulfide,
|sobutylene/cyclopentadlene copol mer rubber,

i sobut yl ene/ met hyl c¥cT Bpanth copol yner rubber,
nitrile rubber, propylene OXIde pol ymers,

st ar - branched butyl rubber and hal ogenat ed

velieddin lnl anthb edpddytogt sa’qubtlrmrdistﬁbmmmadetbuw is thelolodar, ratio

Ogd? Flg %}ft&lbqfégtl}rh er fngqrr,a’ﬁlgﬂ E‘ tge isoolefin-multiolefin-

multiolefin triad fraction in the copolymer, wherein m is from 1.10 to 1.25.

110.  The cured elastomeric composition of claim 109, wherein m is from 1.15

to 1.20.

111.  The cured elastomeric composition of claim 109, wherein m is from 1.15

to 1.25.
112.  The cured elastomeric composition of claim 109, wherein m is about 1.20.

113.  The cured elastomeric composition of any of claims 109-112, wherein the

multiolefin is a conjugated diene, preferably isoprene.

114.  The cured elastomeric composition of any of claims 109-113, wherein the

multiolefin content is from greater than 0.5 mol%.



brom nated butyl (polyisobutyl ene/isoprene copol yner)

rubber; pory(isobutyl ene-co->-nethyl styrene) and
whadoene0as ed pol y(i sobutyl eneco- j 7-met hyl st yrBCEVS2005/020864

hal ogenat ed

poly(isobutylene-co-isopreh@-co-pnethylstyrene),

pol y(i sobutyl ene-co-i soprene-co-styrene), hal ogenated

pal y(i sobutyl ene-co-i sopr ene- o-stﬁéene),

1381 y (ibs sutrdyAlastrandris. ougesition o anyohdainy 1Py 1dnwherein the
hal o is pmﬁg [ bene-co- a-
nethgﬁgﬁ§§gﬁg€@¥%?§§?¥{%%ég t e?é@?a/§19. The cured

el astomeri c conposition of any of the preceding
clains, wherein the cured. el astonegic. conposition .
1 t re ETHSARRETE FPHIOSIICR 9 anyT et | iol Dol s M (e
CO”DQ§MEFEﬂn@8m£Hﬁhﬁbﬁﬂ@fﬂ%@@ﬁﬁbﬁIBGB@fi||er conpri ses

car bon ack, nodified carbon black, silicates, clay,
exfoliated clay, clay treated with organic nol ecul es,
121.. The .cure

m xture her eof . . el ast ric
QG p e ORI R QLN NI e anBPerin Pk
the GHiGEIeRhBHOAES HontORReSihkh 80 HOWRS | Ses a o
processing aid. 122. Thé cured el astoneric conposition

of claim 121, wherein the processing aid is a mnera

il . -123. The .cured.el astoneric conposd tion of .cl aj
351, Wkerurd RIOFPiE DBiuRERah ol 4P T e et Ubdhns
procegigrdll Mk durdd 4lasingeriu t@tp@iiast Girtier Ccon@iiRes iat blend
of claim 121, where the processing aid is a plastoner.
125. cphwrisingedt eleast omer if dGHBYs PR, opolypisaprgne pmbber,

e L )
uni t spoly(isoprene-co-butadiene) rubber (IBR), styrene-isoprene-butadiene
rubber (SIBR), ethylene-propylene rubber (EPR), ethylene-propylene-
diene rubber (EPDM), polysulfide, isobutylene/cyclopentadiene
copolymer rubber, isobutylene/methyl cyclopentadiene copolymer rubber,
nitrile rubber, propylene oxide polymers, star-branched butyl rubber and
halogenated star-branched butyl rubber, brominated butyl rubber,
chlorinated butyl rubber, star-branched polyisobutylene rubber, star-
branched brominated butyl (polyisobutylene/isoprene copolymer) rubber;
poly(isobutylene-co-p-methylstyrene) and halogenated poly(isobutylene-
co-p-methylstyrene), halogenated poly(isobutylene-co-isoprene-co-p-
methylstyrene), poly(isobutylene-co-isoprene-co-styrene), halogenated
poly(isobutylene-co-isoprene-co-styrene), — poly(isobutylene-co-isoprene-
co-a-methylstyrene)  halogenated  poly(isobutylene-co-isoprene-co-a-

methylstyrene), or mixtures thereof.

119. The cured elastomeric composition of any of the preceding claims,

wherein the cured elastomeric composition further comprises a filler.



126. The cured el astoneric conposition of claim 124,
wherein the plastoner conprises ethylene derived units
w@naweNo83 10 Wt %to 30 wt % of units sel ected fPONMUS2005/020864

1- butene, 1-hexene and 1-octene derived units. 127.

The cured el astoneric conpégﬁtion of claim 124,

wherein the plastoner conprises ethylene derived units
and from 10 wt% to 30 wt % of. oct ene _derived units,

199g. ﬁh?ecl%@?ie@la%m%]ﬂ‘br@mwswﬁp%g ictaign 169, wheie the filler
wher ej [ X 0 :

10" g aeeii, Birag QB HARIRI Thbbn IR sBlartd B edplifted
cl ai mldy?4laywheatediwitht drgarpt asieanies, oranjxnessethtredbfl t he
cured el astomeric conposition from2 to 20 phr. 130.
The cured el astoneric conposition of claim 124,

er ej p i NEf 10t I : :
mher et LhedPLiashRrEE doﬁ%ﬂb"sﬁ&ﬁ bt aﬂg giﬁrtgi fg%edl{_lﬁeclalms,

el astomeric conposition fromb5 to 1

cur edvisdreistio therdqucedosdaspasérid mmbitohaiompligss,a mhesssing aid.
the processing aid is selected fromthe group
consisting of paraffmc oils, polybutene processing

BRds, TIRNGrE ¥labtb8Srit RERPOSitiod 32 claih € 26 UivRekef] B2t R0E ki
conposi tion of any of any of the preceding clains,

wher eaid isea wineed o8l ast oneric conposition is cured with

a curative selected fromsul fur, sulfur-based
compounds, netal oxides, netal oxide conplexes, fatty

1281 dSThep@ir€K SIS meflt @BINPBSitio® b Blakh UNE S whbRIE MHe- prd&3sing
A process to produce the cured el astoneric conposition
of arfjd epmplises gpolyhoteng procesng afhe use of the cured

el astomeric conposition of any of clains 109-132 in an
ai r menbrane.

124.  The cured elastomeric composition of claim 121, where the processing aid

is a plastomer.

125.  The cured elastomeric composition of claim 124, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of Cs to Cyo

o-olefin derived units.

126. The cured elastomeric composition of claim 124, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of units

selected from 1-butene, 1-hexene and 1-octene derived units.

127. The cured elastomeric composition of claim 124, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of octene

derived units.

128. The cured elastomeric composition of claim 124, wherein the plastomer

has a melt index of from 0.1 to 10 dg/min.



135. An article conprising the cured el astoneric

conposition of any of clains 109-132. 136. The article
w@booelanoss 135, wherein the article is an air nRODDS2V05/020864

137. The article of claim 136, wherein the air

menbrane is sel ected from tHe group consisting of a

bl adder, an innerliner, an innertube, and an air

sl eeve. 138. A process to produce the article of any .

lgP- cl 16@@3@@51@#@1%9@995&1%% 1B rathetei Bipgiasianeis

COMPIhSefiindnc OREY PERbuEATDE Sl f6RU gl A and

i soprene, the copolymer having a copolyner sequence

di stribution defined by: F=mA/ (I + mA)2 wherein m

is t copo] yner sequence.distributjon paraneter; A s
ol RO SOpRSHEn S daBbli PR eiistomerSs
copolyERht indRdclted 8laktbBetis @&Hbé@it%}?frbﬁ%@ﬁﬂﬁo prene
triad fraction in the copolyner; wherein mis from

1.10 to 1.25. 140. The cured el astoneric conposition
cl-aim13 erein mis.fro .1 0 .1.20..141, The

Bhr oot SERDHaHP B85 Rpdbp o SEFR A2y Yau e Ererine

i's fraidl sdiectb® flon? Fhe %A%p conSisting @ RtFRhRNGIY Holybutene

conposi tion of claim 139, wherein mis about 1.20.

143. proesgng aidscnd snighees thereofposi ti on of any of

clains 139-142, wherein the isoprene content is from

greater than 0.5 nol % 144. The cured el astomeric

180NP ORtietdugdtl €hstemyriOtorBpaitith Aty lA2ny Wiekephcddug claims,
i soprene content is fromgreater than 1.0 nol %
where the cured elastomeric composition is cured with a curative selected
from sulfur, sulfur-based compounds, metal oxides, metal oxide

complexes, fatty acids, peroxides, diamines, or mixtures thereof.

133. A process to produce the cured elastomeric composition of any of claims

109-132.

134.  The use of the cured elastomeric composition of any of claims 109-132 in

an air membrane.

135. An article comprising the cured elastomeric composition of any of claims

109-132.

136.  The article of claim 135, wherein the article is an air membrane.

137. The article of claim 136, wherein the air membrane is selected from the
group consisting of a bladder, an innerliner, an innertube, and an air

sleeve,

138. A process to produce the article of any of claims 135-137.



145. The cured el astoneric conposition of any of
clains 139-142, wherein the isoprene content is from
w@e@ane033 han 2.5 nol % 146. The cured el ast onRCT/US2005/020864
conposition of any of clain& 139- 142, wherein the
i soprene content is fron1g#eater than 5.0 nol % 147.
The cured el astoneric conposition of any of the
recedin | ai wherei n.the copol.ymer is hal ogenat.ed
BT b e TSI B o GOmBSH P EP RSN T coBely @y Comprising
el astigsBRiky16ncC SR §dpkdre 11l cédoBfRrlHAsingVaet o rhd¥Ssequence
hal ogenat’ed copol ynmer 1 s halogenated with chl'ori ne or
br o digiributzg defined byr ed el ast oneri ¢ conposition of
clai m 147 or 148, wherein the hal ogen content is
greater than 0.5 wt % based upon the weight of the
hal ogenat ed copol ynem = 4bQ./ (irman)?r ed el astoneric
conmposition of claim 147 or 148, wherein the hal ogen
content is from0.5 wt%to 3.0 wm % based upon the

drd énng{ tlhtg Qggﬁl,g%n%? ?({l@lte&% cﬁ&ﬁ@hﬁ’cﬂ? ﬁ%a&igt%r AT I? etr% Lfrrloqgr ratio

elras n of any 0 e precedi

ofl isdprene whoRitplehd én GapedppiBiicrhasd & MyhefisdbusRmriseiréte-
than 50, 000. ' 152. The cured el astoneric conposition of
igepyenstiriagh Efaﬁﬂféblédh%QOMW%Wh%@rféilﬁffPWel-k%ng’d 3%ver has
a Mv of fromgreater than 100, 000. 153. The cured

el astomeri c conposition of any of the preceding

el0ai riEhe onesl edastorhéric coopadsitivarof oksmad 3Mwhdreinmis fomat By
t han 500, 000. 154. The cured el astoneric conposition
of aﬁ9 ‘the preceding clains, wherein the copol yner
has a Mv of from greater than 1,000, 000. 155. The
cured el astoneric conposition of any of the preceding
Idlai méhe cured elastomeric composition of claim 139, wherein m is from 1.15

to 1.25.
142. The cured elastomeric composition of claim 139, wherein m is about 1.20.

143.  The cured elastomeric composition of any of claims 139-142, wherein the

isoprene content is from greater than 0.5 mol%.

144. The cured elastomeric composition of any of claims 139-142, wherein the

isoprene content is from greater than 1.0 mol%.

145. The cured elastomeric composition of any of claims 139-142, wherein the

isoprene content is from greater than 2.5 mol%.

146. The cured elastomeric composition of any of claims 139-142, wherein the

isoprene content is from greater than 5.0 mol%.

147. The cured elastomeric composition of any of the preceding claims,

wherein the copolymer is halogenated to form a halogenated copolymer.



wherein the copolynmer has a MAD of from greater than
2. 156. The cured el astoneric conposition of any of
w0 b@epowardi ng cl ai ms, wherein the copol ymer hBST/EHSI0E020864

of from2 to 6.157. The cured el astoneric conposition

of any of the preceding clépns, wherei n the copol ynmer

has a Mooney viscosity of at least 20 5 (M. 1 + 8 at
1250C, ASTM D 1646). 158. The cured el astoneric
conposition of any of the preceding clains, wherein

e ¢ AVA |t f
U SRR A, BB SRR M i G
el astoopelyiner cdmpugsndtedwithfchbmipne of btdméin@r ecedi ng

cl aims, wherein the cured el astoneric conposition
further conprises a blend conprising at | east one of

128t Urile £BP astdrié SORp &N WPRENim 147 or 148, wherein the
pol y(styrene-co-but adi ene) rubber (SBR), pol ybutadi ene

r ubbénrlqgBiR)contsot i gaier dhar 00- Wytftoalkised epon tbdb aveighit BR) the
styrﬁgﬁ;isqg ene- but adi ene rubber (SIBR),

et hy IT&fP8ep? ‘{J%Pé’}yém’rrubber (EPR) ,

et hyl ene- propyl enedi ene rubber (EPDM, polysulfide,

| sobut yl ene/ cycl opent adi ene_copol ynmer rubber,

1i580bukhel eured redastopierioy coropesiticad 0€ véaimo pl wirelt8; idisesin the

nitrile rubber.. .pr.o ne,,oXi el yners .

ot ar BRoaE R IR R e TSP BERaT gy e weight of the
st ar -Halopesdiedicdpslptherr ubber, bromi nated butyl rubber

chl orinated butyl rubber, star-branched

pol yi sobut yl ene rubber, starbranched brom nated butyl

| W I ' I : . .
10 YUSCREY QRSP NGRR3R o, s

pol y (wiseeitithd @peborer hase My b frginedredter thad 6@60@t ed
pol y(i sobutyl ene-co-i soprene-co- pnet hyl styrene),

152. The cured elastomeric composition of any of the preceding claims,

wherein the copolymer has a Mw of from greater than 100,000.

153. The cured elastomeric composition of any of the preceding claims,

wherein the copolymer has a Mw of from greater than 500,000.

154. The cured elastomeric composition of any of the preceding claims,

wherein the copolymer has a Mw of from greater than 1,000,000.

155. The cured elastomeric composition of any of the preceding claims,

wherein the copolymer has a MWD of from greater than 2.

156. The cured elastomeric composition of any of the preceding claims,

wherein the copolymer has a MWD of from 2 to 6.



pol y(i sobutyl ene-co-i soprene-co-styrene), hal ogenated
pol y*sobut yl ene-co-i soprene-co-styrene),
w@iogpi®abut yl ene- co-i sopreneco- a- net hyl st yr ePel/us2005/020864
hal ogenat ed pol y(i sobutyl ene-co-i soprene-co- a-
met hyl styrene), or nmi xt ur e¥% hereof . 160. The cured
el astoneric conposition of any of the preceding
clai ms, wherein the cured elastoperic conpositi.on .
16dr t Hde ewspr¢lasemeriq joopppsiiign  ofrigay cofr dif ressdisgeslpions,

i ti- i ’ ; . i .
oL AP S ] T
exf ol8 @tles° G 1A8TM® #§46)r eated Wi th organi c nol ecul es,

or m xtures thereof. 162. The cured el astoneric
conposition of any of the preceding clains, wherein in

158€ Ciedy Rl ;’i@%&g&g&ﬁ& c%ﬁfﬁ%%b%i gqﬂggfw it&efore%edingi claims,

processing a 3. The cure onmeri c conposi tion
of clvehamid G codobmedrrhas heéMpommyessionty af oms2G+rh toetlal: 5

oil. 4, The cused ic conposition of claim
162, (me}éﬁt{:attlég é%ﬁgﬁ ng"él d conprises a pol ybutene
processing aid. 165. The cured el astoneric conposition

of claim 162, where the processing aid is a plastoner.
1566. Thee cungd eclagbraetio meomposigionpelsiany oof dfe preseding 68laims,

wher ei.n t.he.pl ast r. comprises ethyl.ene derived unjts
and. PHRTITCinGe G RO of B GUer OB et
uni t SomkRiding Thie fdakte ol aFt QERAAIC rGBFEROSHALYiRBprehe Chban,
165, wherein the pl astoner coqgrlses et hyl ene deri ved

uni t odietyrenerrpdutagions) guBoerwiSBRE polybwadience aulkher f (R,
1-b utp%ﬁ]ﬁiso%fegg-)ég-%ﬁtaa{ége)l' RBb&" e(Igﬁ'j,i Vs?ﬂeﬁ'@lsgﬁrene-butadiene
rubber (SIBR), ethylene-propylene rubber (EPR), ethylene-propylene-
diene rubber (EPDM), polysulfide, isobutylene/cyclopentadiene
copolymer rubber, isobutylene/methyl cyclopentadiene copolymer rubber,
nitrile rubber, propylene oxide polymers, star-branched butyl rubber and
halogenated star-branched butyl rubber, brominated butyl rubber,
chlorinated butyl rubber, star-branched polyisobutylene rubber, star-
branched brominated butyl (polyisobutylene/isoprene copolymer) rubber;
poly(isobutylene-co-p-methylstyrene) and halogenated poly(isobutylene-
co-p-methylstyrene), halogenated poly(isobutylene-co-isoprene-co-p-
methylstyrene), poly(isobutylene-co-isoprene-co-styrene), halogenated
poly(isobutylene-co-isoprene-co-styrene),  poly(isobutylene-co-isoprene-
co-a-methylstyrene)  halogenated  poly(isobutylene-co-isoprene-co-o-

methylstyrene), or mixtures thereof.

160. The cured elastomeric composition of any of the preceding claims,

wherein the cured elastomeric composition further comprises a filler.



168. The cured el astoneric conposition of claim 165,
wherein the plastoner conprises ethylene derived units
w@naweNo83 10 Wt %to 30 wt % of octene derived uPCT/BES2005/020864
169. The cured el astoneric qonposition of claim 165,
wherein the plastonmer has ¥'melt index of from0.1 to

10 dg/mn.170. The cured el astoneric conposition of

cl ai m, 165, rein the plastoner_is, present in the
18y ed e Sedn néaﬁt@nwgsppflsanmfo ajing ig%owbmem ey file
The cHrpds& &F}S&ﬁﬁl&&l@ R QERAS Edrb oD bRkk Céiﬁéaﬂ%slgﬁy, exfoliated

wherein the plastoner is present in the cureé
el astchiyeclay treanp wsthtdrganid motechles,@r hixpines thdré@f. The
cured el astoneric conposition of claim 162, wherein
the processing aid is selected fromthe group

169NS Ikl &E’re_&’felﬁ’s%lﬁ&fié rHoﬁlp%i'tién d?fO'aM?Uéfe"t}% Prdeeding! O%ms,
aids, and m xtures thereof. 173. The cured el astoneric
conpodierdinim the cared eddfsteamayicaontposition eomgiisay agirad¢assing aid.
where the cured el astoneric conposition is cured with
a curative selected from sul fur, sulfur-based

169 AR dtredBh&bmerit d6BipodiBIAbT O%indlQ 68 OWRERKLHe pPrédeksing
aci ds, peroxides, diamnes, or mxtures thereof. 174.

A pr aibisg migersl educe the cured el astoneric conposition
of any of clains 139-173. 175. The use of the cured
el astomeric conposition of any of clains 139-173 in an

184  MhgtiugdtEelastdMeriddompdditidie of clai 182 Nghédk e reekessing
el astoneri c_conposition of any of clains 139-173. 177.
The &4 ¢UPRIISH 2 PPlPHiCITBrocoisEEelith the article is an
ai r nmenbr ane.

165. The cured elastomeric composition of claim 162, where the processing aid

is a plastomer.

166. The cured elastomeric composition of claim 165, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of Cs to Cyg

a~olefin derived units.

167. The cured elastomeric composition of claim 165, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of units

selected from 1-butene, 1-hexene and 1-octene derived units.

168. The cured elastomeric composition of claim 165, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of octene

derived units.

169. The cured elastomeric composition of claim 165, wherein the plastomer

has a melt index of from 0.1 to 10 dg/min.



178. The article of claim 177, wherein the air

menbrane is selected fromthe group consisting of a
whb@daea033 an i nnerliner, an innertube, and an BECT/US2005/020864

sl eeve. 179. A process to pyoduce the article of any

of clains 176-178.180. A cured el astoneric conposition

conprising a copolyner conprising an isoolefin and an

kylstyrene he copol r havin copol r .
1? é'qugr?ﬂl et sql?sﬁ%?rfcogonﬁiogﬁwg&’ 6§FJI%FI%§ 9re¥r}r1r’?%ﬁ\ plasgqmer is
MA) } pydieritgh fhe@uirsd 10Q0GEROEIABIsItRRAUEA 280 B0 Sh.I but i on
paraneter; Ais the nolar ratio of alkylstyrene to

isoolefin in the copolymer; and F is the

kyl ' Lefin-al kvl 5 iiad f [ in.
O SRR Mo B SR LB

The oruserdt i tigsduesbelagoraeripashpdstionators I5ab ms 18P,
wherein mis fromless than 35. 183. The cured
el astoneri c conposition of claim 180, wherein mis

0 . The ¢ L el ast [icC .
L pant s Atcieric Oppd it A 185" PBGE s groceyine
The aidr ssdseddczest fronr ile goopashiistony of patadinit 186, polybutene
wherein mis .from 1-35. 186. The cured el astoneric
conpBYICETHE BS: And xS thefpfr ein mis from 1-30. 187.
The cured el astoneric conposition of any of clains

180- 186, wherein the isoolefin is isobutylene and the
183 ky [T&e pured eldstonmeichoongtogitionef apy ef enyabf the preceding claims,
r- met h)él Stb rene. 1?8. The cured el astqneric _
conpOLFts BR cBied £lastareris somposiiep i gured Wty & paratipgselected

from sulfur, sulfur-based compounds, metal oxides, metal oxide

complexes, fatty acids, peroxides, diamines, or mixtures thereof.

174. A process to produce the cured elastomeric composition of any of claims

139-173.

175.  The use of the cured elastomeric composition of any of claims 139-173 in

an air membrane.

176.  An article comprising the cured elastomeric composition of any of claims

139-173.

177.  The article of claim 176, wherein the article is an air membrane.

178. The article of claim 177, wherein the air membrane is selected from the
group consisting of a bladder, an innerliner, an innertube, and an air

sleeve.

179. A process to produce the article of any of claims 176-178.



al kyl styrene content is fromgreater than 0.5 nol %
189. The cured el astoneric conposition of any of
W@ b@isne20380- 187, wherein the al kyl styrene contBCI/UBR05/020864
fromgreater than 1.5 nol % 190. The cured el astoneric
conposition of any of clai 180- 187, wherein the
al kyl styrene content is fromgreater than 6.0 nol %
](JggI 1. The cured el astomeri ¢ conposition of any of .
ai f CHESE- SIEFIOMEGH FUPPPSIRD SAIRTISING # SAROIYBIRT £pHIPTIENG an

from; Bhndt 2 TR&;
ol st aea B ind AR T oot oper RRIGLE Fihplymer sequence
wher dlistribiteoncdsioed ber i s hal ogenated to form a

hal ogenat ed copol yner. 193. The cured el astoneric
conmposition of claim192, wherein the hal ogenated

copol ymer i s hal ogegnatiedmial fyjahjpani ne or bromi ne.
194. The cured el astomeric conposition of claim 192 or

193, wherein the hal ogen content is greater than 0.2

| % 195, The .cured el ast ic composition of claim,.
WeEsiB M 15 %e cqpoly et SRS AT B Rt Lo A 15 DRRlar Tatio
dmllgﬁgtﬁeée@imléﬁn B¢ s ert fign 0. 2 mol % to 2.0
mol % 196. The cured el astoneric CO%OSIH on of any of

t he df Bdbeialkylserenensoolelirenlkylstyrens toiapErstinayinascapolmer;
of T ramgh§2lSlod 80 5400 197 The cured

el astonmeri ¢ conpositiron-of any of the preceding

cl ai ms, wherein the copolynmer has a Mv of from greater
t han 100, 000. 198. The cured el astoneric conposition
188 ankhestradplaspmariciomposition e clajp d 8 Qi whereia ne éplaem Aess
has gaMwpf fromgreater than 500,000. 199. The cured
el astoneric conposition of any of the preceding

cl ai ns,

183.  The cured elastomeric composition of claim 180, wherein m is from less
than 30.

184.  The cured elastomeric composition of claim 180, wherein m is from 1-38.

185.  The cured elastomeric composition of claim 180, wherein m is from 1-35.

186.  The cured elastomeric composition of claim 180, wherein m is from 1-30.

187. The cured elastomeric composition of any of claims 180-186, wherein the
isoolefin is isobutylene and the alkylstyrene is methylstyrene, preferably,

para-methylstyrene.

188.  The cured elastomeric composition of any of claims 180-187, wherein the

alkylstyrene content is from greater than 0.5 mol%.

189. The cured elastomeric composition of any of claims 180-187, wherein the

alkylstyrene content is from greater than 1.5 mol%.



wherein the copolynmer has a Mv of fromgreater than

1, 000, 000. 200. The cured el astoneric conposition of
w@eyenb208he precedi ng cl ai ms, wherein the copoPgIES2005620864

a MAD of fromless than 3. .201. The cured el astoneric

conposition of any of the preceding clains, wherein

t he copol yner has a MAD of from2 to 5. 202. The cured

el astomeri c conposition of any of the preceding

cl ai ms, wherein the copolynmer has a Money viscosity

190. atTHeamsdd @fstorRer{dordpatitfonadt ala?ﬁﬂ?éiahﬁ%ﬁf%-@s#%ﬁérﬁig the

203. The cured el astonmeric conpoSition of any of t

pr ec ddhgYEnarerient idemigieattidhavpbinyotr has a Mooney
viscosity of from20 5 to 60 5 (M 1 + 8 at 1250C
ASTM D 1646). 204. The cured el astoneric conposition
161. arfheafirddndaspiBeRiongpostRINGE,anWE RIS 1 86189 Whkrein the
el ast ric conmposition further conprises a bl'end
conpraﬁ%}" fhgrens conées is fiora eatateidhany B3-S mobber |

pol yi soprene rubber, poly(styrene-co-butadi ene) rubber
(SBR), pol ybutadi ene rubber (BR),

IB?I y (Tihs @predméamnégic: @gﬁrﬁﬂiﬁ)onrdg gbh? fof g}ag% 180-191, wherein the
styrene-i soprenge-bu i ene rubber

ot hy CERRIYBFGS FRRRE S dprip mbipgenated copolymer.

et hyl ene- pr opyl enedi ene rubber (EPDM, polysulfide,

i sobut yl ene/ cycl opent adi ene copol ynmer rubber,

1P3.0b Ty Icored  efastdnydricoypaiposition adickie 19apahyreRy the bblogEnated

nitrile. rubbe ropyl ene oxi.de pol yners,

st ar SBRANEREY %ﬁwgwa?%u‘ﬁ’g]% Fﬁﬁﬂﬁe PIogERat ed
star-branched butyl rubber, brom nated butyl rubber,

chl ori nated butyl rubber, star-branched

191 yiTsemursd elsiomgtiberommosisiobr einclagd BRoot Aas,edhbusiny the

(pol X&l%g?nuééﬁlte%? 1es/ girga&grrtﬁerl]ne 05 %Qc(ﬂl%y mer) rubber;

195.  The cured elastomeric composition of claim 192 or 193, wherein the
halogen content is from 0.2 mol% to 5.0 mol%, preferably from 0.2 mol%

to 2.0 mol%.

196. The cured elastomeric composition of any of the preceding claims,

wherein the copolymer has a Mw of from greater than 50,000.

197. The cured elastomeric composition of any of the preceding claims,

wherein the copolymer has a Mw of from greater than 100,000.

198.  The cured elastomeric composition of any of the preceding claims,

wherein the copolymer has a Mw of from greater than 500,000.

199.  The cured elastomeric composition of any of the preceding claims,

wherein the copolymer has a Mw of from greater than 1,000,000.



pol y(i sobutyl ene-co-/?-nethyl styrene) and hal ogenat ed
pol y(i sobutyl eneco- j?-nethyl styrene), hal ogenated
w@iogpi®abut yl ene- co-i soprene-co- pnet hyl st yr enegT/US2005/020864
pol y(i sobutyl ene-co-i soprene-co-styrene), hal ogenated
pol y(i sobutyl ene-co-i sopr erne-co-styrene),
pol y(i sobutyl ene-co-i sopreneco- a-nethyl styrene)
| ogenat ed .pol y(i sqbut yl ene- co- | soprene-co- a-. .
2r@t h Wr@ﬂg?l?g/té?leﬁﬁ: x‘?coé’rpéﬁt‘f’ﬁe? Shy 20f therppseceding gclaims,

el ast‘%@ghqh@@?g by Wii’_‘ﬁ mi edi ng
cl ai ns, V\l,her el fﬁﬁfé&élggf]%%ie aés(ftfgnmer%gﬂ%%?cﬁosi tion
further conprises a filler. 206. The cured el astomeric

ition.of, claim 205, whereipn the filler cqonprises
A Dol e IS e FoRRoBRR P kY & [t reseding. clairs,

car bapwk&8 thecdiblynsorhas b RIWD & Bym 26h38y treated with
organi ¢ nol ecul'es, or m xtures thereof. 207. The cured

el astoneric conposition of any of the preceding

ai wherei.n in the cured el astoneric conpositian,
o ice SUEh oo BrBeti pofitaSiiog s $RE i PERs LR
conpagheidi thddopolydhdN a0 4 MykRY Qidtotileo 49626 30 % @itd 1 +
is a mneral oil. 209. The cured el astoneric _
conpSsHLe . d¥S VD h64607, wherein the processing aid
conpri ses a pol ybutene processing aid. 210. The cured
el astomeri c conposition of claim 207, where the

2080cii ogredi eladtomarip| cdgiposEibn @2@ny The tiel pRsteding claims,
el astoner.i c. conposition of claim 210, wherein the

pl ast"HIESID dsprnodunerdian w Meaneyeyiscasty whifiom afd § twhf $05
Wt 9% 1 L39+V§%’dl%°(%§ﬂ/[@?64ﬂ%°| efin derived units.
C

221. "The cured el dstoneric nmposition of claim 210,
wherei n the pl astomer

204. The cured elastomeric composition of any of the preceding claims,
wherein the cured elastomeric composition further comprises a blend
comprising at least one of natural rubber, polyisoprene rubber,
poly(styrene-co-butadiene) rubber (SBR), polybutadiene rubber (BR),
poly(isoprene-co-butadiene) rubber (IBR), styrene-isoprene-butadiene
rubber (SIBR), ethylene-propylene rubber (EPR), ethylene-propylene-
diene rubber (EPDM), polysulfide, isobutylene/cyclopentadiene
copolymer rubber, isobutylene/methyl cyclopentadiene copolymer rubber,
nitrile rubber, propylene oxide polymers, star-branched butyl rubber and
halogenated star-branched butyl rubber, brominated butyl rubber,
chlorinated butyl rubber, star-branched polyisobutylene rubber, star-
branched brominated butyl (polyisobutylene/isoprene copolymer) rubber;
poly(isobutylene-co-p-methylstyrene) and halogenated poly(isobutylene-
co-p-methylstyrene), halogenated  poly(isobutylene-co-isoprene-co-p-
methylstyrene), poly(isobutylene-co-isoprene-co-styrene), halogenated
poly(isobutylene-co-isoprene-co-styrene),  poly(isobutylene-co-isoprene-
co-o-methylstyrene)  halogenated  poly(isobutylene-co-isoprene-co-a-

methylstyrene), or mixtures thereof.



conprises ethylene derived units and from 10 w%to 30
wt % of units selected from 1-butene, 1-hexene and

wda2mene083 deri ved units. 222. The cured el ast oP&r/U82005/020864
conposition of claim 210, wherein the pl astoner
conprises ethyl ene derived@nits and from 10 wt%to 30
wt % of octene derived units.223. The cured el astoneric
conmposition of claim?210, wherein the plastonmer has a
melt index of fromO0.1 to 10 dg/mn. 224. The cured
%FaStﬂfgeEﬁrEd CARRaSLA¢ YdnHosiBbRl 57 24P of VRS ?H&e&ilﬂg claims,
plastomer is present in the cured elastomeric

conpodietdin thef quoerd dastomle gimposim. fuithe compeides a filler.

el astoneri c conposition of claim 210, wherein the

pl astomer is present in the cured elastoneric

W8P Oet bged f ST Redi® chmpBbifion 2840 clail€203IT §flerein the filler
el astomeri c conposition of claim 207, wherein the

pr oc essiprigesadachansblack!, emidefbdf qadront theckg sibiogies sadiosatenglay,
o b G BB piy sB3te M BE SEREE Sy B freAiEreor.

conmposition of any of any of the preceding clains,
where the cured el astoneric conposition is cured with
287curliei gwed etletomerid reompositipnr of uy fefr theapeageding claims,
conpQ . | t d at
R T R
A process to produce the cured el astoneric conposition
of any of clainms 180-227. 229. The use of the cured
@ﬁastﬁﬁecmd elasipweiie competitio of elping 28Y nivhargm the progessng
air neyRraRfer£3d. An article conprising the cured

el astoneric conposition of any of clains

209. The cured elastomeric composition of claim 207, wherein the processing

aid comprises a polybutene processing aid.

210. The cured elastomeric composition of claim 207, where the processing aid

is a plastomer.

220. The cured elastomeric composition of claim 210, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of Cs to Cyp

a-olefin derived units.

221. The cured elastomeric composition of claim 210, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of units

selected from 1-butene, 1-hexene and 1-octene derived units.

222. The cured elastomeric composition of claim 210, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of octene

derived units.



180-227. 231. The article of claim230, wherein the

article is an air nenbrane. 232. The article of claim
WQ@3ms/oodees ei n the air nmenbrane is sel ected froPCT/082005/020864

group consisting of a bladder, an innerliner, an

i nnertube, and an air sleev®. 233. A process to produce

the article of any of clains 230-232. 234. A cured

el ast omeri c_conposition conprising a functiagnalized or

23t ogewatueR elpemeHe CoRPPIan of (cma2 b yuieysta the plastomer

con‘prﬂa%rﬁ%l n: S d i 90l 1?fli Rief erably isobutyl ene,
and an alkyl styrene, preterably nethylstyrene, nore

preferably ra-nethyl styrene, represented by the

far a: wherein each Rl and are_j ndependent |y )
28 o hEPUF TR HBCTT CRIBPASHHY gtz‘ikﬂ@l 0. Wpareeny e Pdgomer i
al ky'pre&nﬁh'tﬁ@&ifec!‘é‘l‘a&@hﬂéﬁb coxﬁBQsif'i‘or?ﬁ&ﬁ@dt%r _ﬂ?ﬁ’.‘ oal kyl ;

t he copol yner having a copol ymer sequence di'stribution
defined by: F=1- {mA/ (1 + md)} wherein mis the

pol.ymer sequence.di stributi ar ter; .Ajis.the .
To0 ar el PTamRA CpRston o S8BT I pheteip eplastomer is
COpO'}:)fé@ﬁﬁ inaRdcdred SladtbBeric composition from 5 to 15 phr., _
al kyl'styrene-i sool ef n-al kyl styrene triad fraction in

the copolynmer; wherein mis fromless than 38. 235.

8, LB R oS TIROLLE B AR s
el astades kele@d iR the @rd_li_lE &dndistih@ 3, padTBhiei dllsMpbE/butene

fromless than 30. 237. e cured elastoneric
conpdsPeesHng aifls.cngd inpikees thogset ein mis from 1-38.

227. The cured elastomeric composition of any of any of the preceding claims,
where the cured elastomeric composition is cured with a curative selected
from sulfur, sulfur-based compounds, metal oxides, metal oxide

complexes, fatty acids, peroxides, diamines, or mixtures thereof.

228. A process to produce the cured elastomeric composition of any of claims

180-227.

229. The use of the cured elastomeric composition of any of claims 180-227 in

an air membrane.

230. An article comprising the cured elastomeric composition of any of claims
180-227.

231. The article of claim 230, wherein the article is an air membrane.
232. The article of claim 231, wherein the air membrane is selected from the

group consisting of a bladder, an innerliner, an innertube, and an air

sleeve.



238. The cured el astoneric conposition of claim 234,
wherein mis from 1-35. 239. The cured el astoneric
W@ 0vposiosd on of claim 234, wherein mis from 1PGODUSRMH020864

The cured el astomeric conposition of any of clains
234-239, wherein the al kyl %%8yrene content is from
greater than 0.5 nol % 241. The cured el astoneric
conposition of any of clainms 234-239, wherein the
al kyl styrene content is fromgreater than 1.5 nol %

2. N I : I 4:1 fH,3ny of
B A PBE R IR P AT R85 et 1 s
fromgreater than 6.0 nol % 243. The cured el astomeric
2ggnpo it oa oI?éan of clains 234-239, wherein the,

kyl‘st yP&fe © iCSPPHHPYr SHTBHSIPEaA fonctiopglized or
244. phhge 4 Skdd f : }
ol ai G SR L TR B o (ol @ CC
al kylisaojefeme paaferaplye sisohutyland, hend ool yalkeylstyrenamopefesably
such that, the isoolefin is from apo 70.0 Wt % to 99.
ot 56 SRS B0 P e e B g A RS et Teeri) by the
aboutfod@ul@ WM % to 0.5 wt % of the copol ymer (based upon
t he wei ght of the copolyner). 245. The cured
el astoneri c conposition of any of clains 234-243,
wherein the isoolefin and the al kyl styrene are present
in the copolyner in anmounts such that the isoolefin is
fromabout 10.0 wt% to 98.&5—wi%-of the copol yner and
the al kyl styrene is fromapbout 90.0 wt%to 0.5 w % of
t he copol ynmer . (based upg# e wei ght of the
copol yrmer). 246. The curé€ ast omeri ¢ conposition of
any of the preceding cl aNgs, wherein the cured
el astoneric conposition further conprises a blend
conprising at |east ongl_of-natural rubber,
pol yi soprene rubber,

RZ
wherein each R' and R? are independently selected from the group consisting of
hydrogen, an alkyl, a primary haloalkyl, and a secondary haloalkyl; the copolymer

having a copolymer sequence distribution defined by:
F=1-{mA/(1+mA)}

wherein m is the copolymer sequence distribution parameter; A is the molar ratio
of alkylstyrene to isoolefin in the copolymer; and
F is the alkylstyrene-isoolefin-alkylstyrene triad fraction in the copolymer;

wherein m is from less than 38.

235.  The cured elastomeric composition of claim 234, wherein m is from less

than 35.



pol y(styrene-co-butadi ene) rubber (SBR), polybutadiene

rubber (BR), poly(isoprene-co-butadiene) rubber (IBR)
W@ 2006002833 sopr ene- but adi ene rubber (SIBR), PCT/US2005/020864

et hyl ene- propyl ene rubber (EPR)

et hyl ene- propyl enedi ene rubBer (EPDM, polysulfide,

i sobut yl ene/ cycl opent adi ene copol yner rubber,

i sobut yl ene/ met hyl cycl opent adi ene copol yrmer rubber,
236+ r iThe quifshelpstomedp gompesiting eleclgin YAk, wherein m is from less
star-%&gﬂfhed butyl rubber and hal ogenat ed
star-branched butyl rubber, brom nated butyl rubber,
chl ori nated butyl rubber, star-branched

ol yi_sobut yl ene rubber, starbranch br om nat ed_ but y|
25£~’)o| ﬁ’g&ﬁ{ﬁdﬁ HIGEHIEREten 96 Fi}%ﬁ?“m%@ﬂ;m Is from 1-58.
pol y(i sobutyl ene-co- p-net hyl styrene) and hal ogenat ed
pol y(i sobutyl enec~ p-net hyl styrene), hal ogenat ed
288! y (Ilsahradyd] st @ e- dosgsition-of olapma8 hywisdrginen &) from 1-35.
pol y(i sobutyl ene-co-i soprene-co-styrene). hal ogenat ed
pol y(i sobutyl ene-co-i soprene-co-styrene),
289!y (112 QR K88 &R doXRIRERIBR € tlafin 7BE hWhGEM e Retom 1-30.
hal ogenat ed pol y(i sobutyl ene-co-i soprene-co- a-

met hyl styrene), or m xtures thereof. 247. The cured

astgneri c, conposi.tion of. any. of the.pr [ .
05T HRE e SRR iR G S P E 2 Pyperin te
f ur t h@Ey1 @ pRRE teRentds frbhl g@éaterdidh 0.5eolgdir ed el ast oneric
conposition of claim?247, wherein the filler conprises

carbon bl ack, nodified carbon bl ack, silicates,

r bopat ' ; X e
B3R SRR 8 B or S BB
el astalliyistiene oomeasiid from gdéataiarol.Sted%pr ecedi ng
clains, wherein in the cured el astoneric conposition
conprises a processing aid. ‘

242. The cured elastomeric composition of any of claims 234-239, wherein the

alkylstyrene content is from greater than 6.0 mol%.

243. The cured elastomeric composition of any of claims 234-239, wherein the

alkylstyrene content is from greater than 12.5 mol%.

244. The cured elastomeric composition of any of claims 234-243, wherein the
isoolefin and the alkylstyrene are present in the copolymer in amounts
such that the isoolefin is from about 70.0 wt% to 99.5 wt% of the
copolymer and the alkylstyrene is from about 30.0 wt% to 0.5 wt% of the
copolymer (based upon the weight of the copolymer).

245. The cured elastomeric composition of any of claims 234-243, wherein the
isoolefin and the alkylstyrene are present in the copolymer in amounts
such that the isoolefin is from about 10.0 wt% to 99.5 wi% of the
copolymer and the alkylstyrene is from about 90.0 wt% to 0.5 wt% of the
copolymer (based upon the weight of the copolymer).



250. The cured el astoneric conposition of claim 249,
wherein the processing aid is a mneral oil.251. The
w@e eedo®Bast oneri ¢ conposition of claimz249, wWhEr/E52905/020864
the processing aid conprisqi)a pol ybut ene processing
aid. 252. The cured el astoneric conposition of claim
249, where the processing aid is a plastoner. 253. The
cured el astoneric conposition of .claim 252, wherein
the plastoner conprises ethylene derived units and
F460M T Whtédt 6ladBmékidd &mifestRnChP AyObeithd HELied claims,
units. 254. The cured el astoneric conposition of clalm
252, Wikseiai et eured| dhastaomasic compesities fetthey| emeprites iav bénd

units . from.1 %t o % ,of its selected from
1- butcé)%@, lsﬁl-gheaie(r?leea\g%an%nel-%(c)t_ lga]der?lggeerd aﬁlpr{sgpre%&rub%er,
The qiolgstyednasdoditridieney OBB&T (SBR), 0holgbataMerd Zubber (BR),
wherein the plastomer conprises ethylene derived units

and fRobyisporsRe s thutagiieng) osubbeioc€IBRe, deylenedsoprane-dutadiene

256. c el ' it f ¢laim252
wher & abery KBRS BRIGHTRELSISRTRANC B0y FipHipfaepe
10 dgfierien. rAbber Th@mam,eld Rl aatffer | ﬁolﬁﬂﬁl@?@’by‘dl%&n&ﬁiene
claim 252, wherein the plastoner is present in e

cur ePOBPRYEIEH MERNCE 18MMbAsI nehYF exsipentagieng cppelymesibber,
The ¢y t i i g i

aher SHER B AIRILS: SSIRRANHIED AL GLAL $t rtter o
el asthogenated onpobiantioad fiuvyh Subleerl Sbiphtinat@b 9butfherubber,

cured, el as ricc osition of claim?249 wherein

the” gPEEEEEAnGuaf FIPEs it A oyl HEbEYbap Tabber star-

consitgirched BrorRRERH Hulh (pSiylsdbuthRhYRSHRAE copolymer) rubber;
poly(isobutylene-co-p-methylstyrene) and halogenated poly(isobutylene-

co-p-methylstyrene),  halogenated  poly(isobutylene-co-isoprene-co-p-
methylstyrene), poly(isobutylene-co-isoprene-co-styrene), halogenated
poly(isobutylene-co-isoprene-co-styrene),  poly(isobutylene-co-isoprene-
co-a-methylstyrene)  halogenated  poly(isobutylene-co-isoprene-co-o-

methylstyrene), or mixtures thereof.

247. The cured elastomeric composition of any of the preceding claims,

wherein the cured elastomeric composition further comprises a filler.

248. The cured elastomeric composition of claim 247, wherein the filler
comprises carbon black, modified carbon black, silicates, carbonates, clay,

exfoliated clay, clay treated with organic molecules, or mixtures thereof.

249. The cured elastomeric composition of any of the preceding claims,

wherein in the cured elastomeric composition comprises a processing aid.

250.  The cured elastomeric composition of claim 249, wherein the processing

aid is a mineral oil.



processing aids, and m xtures thereof.260. The cured

el astoneric conposition of any of any of the preceding
w@b@sne033here the cured el astomeric conposi tiPCI/US2005/020864

cured with a curative seleﬁged from sul fur,

sul fur - based conpounds, oxi des, netal oxi de

conpl exes, fatty acids, peroxides, dianines, or

m xtures thereof. 261. A process to produce the cured

el astoneri c conposition of any of clains 234-260. 262.

JBhe upR Qfred BRsoHIEE BhpetiRsE %f%la%mgs %R’,ﬁh e é{esgﬂhg

clains 234-260 in an aif nenbrane

conpréié rergptises agohdbutenk pxicessing aidconposi ti on of any of
clains 234-260. 264. The article of claim?263, wherein
the article is an air nenbrane. 265. The article of

Iskai Mhdbdhred\é184t61inBrid PeinSdsitioEdTIARE2 495 whelaht f)ﬂ)c&sﬂ% aid
the group consisting of a bladder, an'innerliner, a

i nnert APESORMA. an air sl eeve. 266. A process to
produce the article of any of clainms 263-265.

253.  The cured elastomeric composition of claim 252, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of C; to Cyo

a-olefin derived units.

254.  The cured elastomeric composition of claim 252, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of units

selected from 1-butene, 1-hexene and 1-octene derived units.

255.  The cured elastomeric composition of claim 252, wherein the plastomer
comprises ethylene derived units and from 10 wt% to 30 wt% of octene

derived units.

256.  The cured elastomeric composition of claim 252, wherein the plastomer

has a melt index of from 0.1 to 10 dg/min.

257.  The cured elastomeric composition of claim 252, wherein the plastomer is

present in the cured elastomeric composition from 2 to 20 phr.

258.  The cured elastomeric composition of claim 252, wherein the plastomer is

present in the cured elastomeric composition from 5 to 15 phr.

259.  The cured elastomeric composition of claim 249, wherein the processing
aid is selected from the group consisting of paraffinic oils, polybutene

processing aids, and mixtures thereof.
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260. The cured elastomeric composition of any of any of the preceding claims,
where the cured elastomeric composition is cured with a curative selected
from sulfur, sulfur-based compounds, metal oxides, metal oxide

complexes, fatty acids, peroxides, diamines, or mixtures thereof.

261. A process to produce the cured elastomeric composition of any of claims

234-260.

262. The use of the cured elastomeric composition of any of claims 234-260 in

an air membrane.

263. An article comprising the cured elastomeric composition of any of claims

234-260.

264. The article of claim 263, wherein the article is an air membrane.

265. The article of claim 264, wherein the air membrane is selected from the
group consisting of a bladder, an innerliner, an innertube, and an air

sleeve.

266. A process to produce the article of any of claims 263-265.



