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[ 0001] Thie RpPlheation clains the benefit of ProvisionglePp@dbEahian No.
60/ 579,617, filed June 15, 2004, the disclosure of whi Ch(I:S }ﬁncor po’rat ed by

‘reference, FIELD OF THE | NVENTI ON [ 0002] The invention relates to novel air
barriers nmade fromel astoneric conpositions. In particular, the invention
relates to novel air barriers such as innerliners, air sleeves, and

i nnertubes made fr OELAGSTEIMERIC COVMPOSITIGHE M IRRBARRIBRISymers with new
sequence distributions or that are substantially free of long chain

br anchi ng. BACKGROUNDANDABEICERSBH IR MAIUDEF SHEARMYHE are i sobut yl ene- based
copolyners of C4 to C7 isoolefins and a nultiolefins, are the polyners of
choice for best air-retention for air barriers in tires for passenger,

truck, bus GRUESREFERENCEROGESA TBDOAPPUICATIONEber , chl orobutyl rubber,
- ExxproTM pol yners (avaliable for ExxonMbil Chem cal Co., Baytown, TX), . and

hal ogenat ed star-branched butyl rubbers can be fornulated for such
applications dependi.ng op the desired propertiges for th nd. u

appl i cati orﬂ?OUI]OOOZﬂ“ﬁ'%@BEC%Wya@W gl?%gﬁr@%irujl Fﬁpvﬁf(@ﬁ;r‘gﬂﬁ}cﬁﬁ%ﬁbcati oni c
pol yner i zatgysno epy OBRIS e THE266, DA AHiLQiFe RP! WHERR BahicOponked B9PUL Y ene
and its copolyneri.zation with conononmers |1ke isoprene is nmechanistically
conpl ex. Seferenee.g., Organic Chem stry, SIXTH EDI TIQN, Morrison and Boyd,

Prentice-Hall, 1084-1085, Englewood Ciffs, New Jersey 1992, and K
Mat yj aszewski, ed, WD 2006/ 002033 PCTI US20051020864 2 Cationic

Po(l yImer i zatgrgns.oMefeei el kRSN I nc., New York, 1996. The catal yst

L

[0002] The invention relates to novel air barriers made from elastomeric
compositions. In particular, the invention relates to novel air barriers such as
innerliners, atr sleeves, and innertubes made from novel C; to C, iscolefin 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 C4 to
Cs 1soolefins and a multiolefins, are the polymers of choice for best air-retention
\_ for air barriers in tires for passenger, truck, bus and aircraft vehicles. Bromobutyt
rubber, chlorobutyl rubber, Exxpro™ polymers (avaliable for ExxonMobil
Chemical Co., Baytown, TX), and halogenated star-branched buty] rubbers can be
formulated for such applications depending on the desired properties for the end

use application.

10004] 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 EniTion, Morrison and Boyd, Prentice-Hall,
1084-1085, Englewood Cliffs, New Jersey 1992, and K. Matyjaszewski, ed,




systemis

typically conposed of two conponents: an initiator and a Lew s

acid. Exanples of Lews acids include A 1Cl3 and BF3. Exanpl es of

initiators include Bronsted acids such as NCI, RCOOH (wherein Ris an al kyI
group), wwwl2068@02033Duri ng the pol yneri zati on process,

referred t
acid/initi

t he propagation step These steps _ty

sol vent ..

0 as the initiation step, isobutylene reacts with the Lew s
ator pair to produce a car béni um i on. Fol | owi ng, additional
nononer units add to the fornmed carbeniumion in what is generally called

ically take place in_a diluent or
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methyl chloride at low temperatures, generally lower than -90°C, as the diluent for
the reaction mixture. Methyl chloride is employed for a variety of reasons,
including that it dissolves the monomers and alaminum chloride catalyst but not
the polymer product. Methy! chloride also has suitable freezing and boiling points
to permit, respectively, low temperature polymerization and effective separation
from the polymer and unreacted monomers. The slurry polymerization process in
methyl chlonide offers a number of additional advantages in that a polymer
concentration of approximately 26% to 37% by volume in the reaction mixiure
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. Shurry polymerization
processes in methyl chloride are used in the productidn 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.

Slurry poI erEI’I zation

| ecul ar

mers.
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.3 [0006] However, there are a nunber of problens associated with {he
polynerization in nethyl chloride, for exanple, the tendency of the pol yner
parti cl eswioobdieeact or to aggl omerate with each ot her pogusmosoigsect on
the reactor wall, heat transfer surfaces inpel ler(s), and the

“agltat or(s)/purrp(s) The rate of agglPoneration increases rapidly as
reaction tenperature rises. Agglonerated particles tend to adhere to and
grow and pl ate-out on all surfaces they contact such as reactor discharge
lines, as 084} as Bowevesathere amsf er n@qémp@énpmb@mt?g agpsithted ovitlenthee t he

th t _.of | h t t t
Feact | on CBRSRETAHEAIR e HATE: e BT ool ettt rePoEkEt brs
typically gﬁﬁelemﬂmelf@acw}% %Hﬁ@%éw%%a&?bﬂher MdBLonea the Rlac@reat er than

10 to 30 ITters in volume Wt high circulation rate provided by a punp
i npel | er. Wht, bt ymesfer atfes, dngellérés) purdthe oghiage(s¥pang(s).hdae raadf in or der

to keep the slurry cald, the reaction stem needs t.o have the ability to

remove the® g@gpera AR SRERTCE TBPIOS) AR Tﬁa%g?ﬁt TeFRRSTAANE) B¥6Sst ﬁ%@ﬁ“@rgﬁg react or
(" CFSTR") i n reference,
her ei naf t eijémc%grq éhéi {bt %ﬁlﬁﬁe g’géﬁgf‘%? grpffa;l%ggﬁg? Eﬂloérh?faout 3{8 ?ngaa%:étc %r In

t hese r eactkustsas rshater discharge lires) &t well bhamubdat trahssr eqmpmaﬂaien@(miednger by a

punp, while boiling eth | ene_on the shel] side rOV|des coolin the slurry
t enper at ur & rﬁ@?‘fﬁgtme@@t g gt pheolysmerizatont whickde ariiealpapuley t he
required heat Qtﬁ;ﬁHﬁ: %ﬁoncﬁﬁdﬂ%ﬁéﬁhlﬁ e‘?ﬁéxﬁ{aﬂféﬁe to heat transfer. On the
slurry side, R eat ‘exchanger sur aces progressively accunul ate pol yner,
inhibiting heat transfer, which would tend to cause the slurTy tenperature

to{rise. This often Ilmts the practical slurry concentration that can be
used i n moéW0Tleact Hrescammpicid reastery tRpstalliised o wrke theee mbbessisee wellal vol une

O e St Ueq GloLHENF rcP 1058 S S0 VIR TS LR RG Rl ) YT

accurrul ati on ressed I n severa at ent

2,534, 698, pbvided sy @ Hundpimpklled 8, Tht o J%&;zaﬁah%ﬂa tho puiBp Qﬂh%&&')rateHowever
these patents have unsati sfactorily addressed the nyriad of i_)lrobl ens

associ at ed hegli a4, gopiderto kesptthe IsBragepdnibe aeactiantsystemmpaediihtevegthg desi red

commer ci al abﬂft)(? %§Teove the heat. An example of such a continuous flow stirred tank
reactor ("CFSTR") 1s found in U.S. Patent No. 5,417,930, incorporated by

reference, hereinafter referred to in general as a "reactor” or "buty] 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

L ' surfaces progressively accumulate polymer, inhibiting heat transfer, which would
tend to cause the slwry 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 shurry, diluent, and unreacted monomers. The subject of

polymer accurnulation 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 destred comuercial

process.



WO 2006/ 002033 PCT/ US200i / 020864 4 [00081 U.S. Patent No. 2,534,698

di scloses, inter alia, a polynerization process conprising the steps in
conbi nati on of dispersing a m xture of isobutylene and a pol yol efi n havi ng
4 to 14 warwosoeossrs per nolecule, into a body of a fl Roriiseoosmwbesss t ut ed
al i phati c hydrocarbon containing nmaterial w thout substantial solution
therein, in the proportion of from oné- hal f part to 10 parts of fluorine
substituted aliphatic hydrocarbon having fromone to five carbon atons per
nol ecul e which is liquid at the meri zation tenperature and pol ymeri zi ng
the di spel®88 ni xVu¥-eP@eni dbpud, §£‘bﬁ¥:3 mlqﬁéﬁaymf@‘f nﬁahévp nEHEEiaty f ourt een

car bon ato er.mlecule at te erat e OC 2 4C. by the
applicati Fhe° F%E)I {og?%lsln%:rtﬁ%d%?gs rr]gf ?%m ?@? ‘%f\l\%i?-%er %gﬂ? ches t hat
the sui tabé&utﬂéﬂéomagbweﬁ@puaﬁng astal 14 tﬁkb@nmt@hagbsnw@hmmtm the °
nmononer, cononomer and catal yst bei ng substantially insol uble in the

y

f | uor ocar thody filai ﬂtyﬁnﬂﬁeﬂubsmmwd aliphfiic by drogaron oniainss otatarial \?\[1@100191 u. S.

Pat ent No. 3 cI ases,.inter alia cont 0 nmerjzation

b ocess. 1 Spoiien AP Hetor: e HorPbpr SPRCeruikPD in,FF piEot

cont | nuoushirife!|s¥itiBa alifhicNRIOREbARAIAR, HOAFLAL fo Ave Li®ARARST SLIng of
a mjor proportion of isobutyl’ene and a proportion isoprene; diluting
the mixt yeenwld¢cnld whivhlis ZAquidl airtke polyﬂrﬁrmaﬁun@mpafatmbrmﬂlp@a{mrmﬂg uori de;

| th t but b t t
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t hr oughoutthérbe enfriedel-Crafipl samalydtz atiioweveeaddd8oneaches 'thetSthice suituble t he uq’e gof
boron trifluoride and iits conplexes as the Lewis acid catal yst and {
1, 1- di f | udtusaeqsehnss soud seatan acrphanierBy siem WD thenmenemaL i CHEICReRSHr ovi des a

systemin rﬂﬂ%ﬁ{ r I | e and yet
still affoa\ﬂg %ﬁ&?ﬁﬁg‘ﬁ%@g#@o ble %?gl%eg?ﬁgfﬁ%%m%ggg tﬂtljerqlg'u e benefits
of reducedjlﬂﬁantagauhgnﬂsfaag;ryHomever boron trifluoride is not a preferred
commercial catalyst for butyl polynmers for a variety

{0009] U.S. Patent No. 2,548,415 discloses, infer alia, a continuous
polymerization process for the preparation of a copolymer, the steps comprising
continously delivering to a polymerization reactors a stream consisting of a
major proportion of isobutylene and a minor proportion isoprene; diluting the
mixture with from 1/2 volume to 10 volumes of e¢thylidene difluoride;
copolymerizing the mixiure of isobutylene isoprene by the continuous addition to
the reaction mixture of a liquid stream of previously prepared polymerization - 3

catalyst consisting of boron trifluoride in solution in ethylidene difluoride,

maintaining the temperature between -409C 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
msolubility to capture the benefits of reduced reactor fouling. However, boron
irifluoride is not a preferred commercial catalyst for buty! polymers for a variety

of reasons.

-

~z



.of reasons. WD 20061002033 PCTI US2005/ 020864 5 [00010] U.S. Patent No.
2,644,809 teaches, inter alia, a polynerization process conprising the

steps i n\gahicpidzen of m xing together a major proport iRy Eéesn288300! efin
having 4 to 8, inclusive, carbon atoms per nolecule, with a m nor

~proportion of a nmultiolefin having frédm4 to 14, inclusive, carbon atons per
nol ecul e, and polynerizing the resulting mxture with a dissol ved

Friedel -Crafts - catalyst, in the presence of froml to 10 vol unes (conputed
upon the nios@d] olERI Papnidfic.2,644800kesehegctied afinpnptlimegraiym @oeess st i ng of
di chl orodi fl uor onet hane, . di chl oronet hane, trichl orononof!| uor net hane,

di chl or ono AERPHBRSECHERRS, 1B @Imbipaios: & Ereg, esthss NS ProRoEQY e t her eof

- the nonool ef.i [ in. g I.SS ' Le 1iquid, . and carrying
out the poﬁ{?#g?lgglgth%hbafkogg’ p‘e}r‘%g‘tea? 3&’ gﬁbe%'%ggﬁ} %@é&%én\éﬂ?ﬁgn@gezi ng

poi nt of t Bpbiioui 6F a ' BAGcLBChAsES fiohe 4 tif i14] inchaives kheyoafl Aok gear bons at

- Mmaintaining ideal slurry characteristics and mnim zj ng react or fouling,
but tegche&oieulel pebpplymeriziog the resulingfmixtyre with p shissplvad Jriegel-Gualls addi t i on

of " chl orof | uor ocar bons ( CEC) . Cs,ar nown zone- depl eting
chenical s. © & r"ﬁTg[%T 8{&:(5?1&0 u?fa%%éaoﬁ%%@élﬁe‘g&cg’ﬁ? ﬁtﬁgc‘b“r?Pr@Fs‘m&ﬁ%

manuf act ur gjefingh Faquid st éc RbmEECofouprbhisind eRRcBlAM MRl smbMatd r act i ve
for comercial operation. [00011] Additionally, Thaler, WA., Buckley, Sr.,

D.|., Hi ghdivbloeométhane, Wi iktloreshopofluesmetheng.i ondichlostmomofoohethsnhut yl ene
and Conj ugat i enes, . 49(4) .Rubber em Technol ogy, . 96Q..(,1976),

di scl oses, }tﬁfog&e’g:&f%retpw, i%“iﬁl%\%fes gq?f??§qb%ﬁ}%|°%{%t g%‘%“i‘) tlé%’g%l yners of
i sobutyl en bt Bicd ek s r e i i adigne in
napt ane. | Qonuo] ERER AP oy aREPHIATOM R, BRIRBRGR AU o

dif uent s t ¢enopeezitie betvesenpdDytrend etirasaingymingrod thelaquidoB08 dissthsesthpar ti cl e

aggl onmer ati an_and/ educe the anount, of chl ori.nated hydrocarbons such as
met hyl chl Eﬂnﬂﬁ'e Ofisc?ﬁca%fémfaw@?ns/xaa i”t‘ﬁ“ﬁmul‘%/,lgﬁ? ndRRg aISyRe tag‘?associ at ed

with the afnﬂpﬂiﬁiﬂ rORRA foRIRCERSERHOHe] HrafibRBt dioldi® (1RrikdhrdneyNCT €asi ng
denand for el astoRer s&gn%l]?c?%’ ctnlhba .10 (fiehrene)
by the addition of chlorofluorocarbons (CFC). CFC's are known to be ozone- '
depleting chemicals. Governmental regulations, however, tightly controls the
manufacture and distribution of CFC's making these materials unatiractive for

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, iter alia, the cationic
\ slurry polymerization of copolymers of isobutylene with isoprene (butyl rubber)

and with cyclopentadiene in heptane.

[000121  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. Addittonally, 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.



al so provide for new end use applications. WO 2006/ 002033 PCT/U8200|/020864 .
6 [00013] Hydrofluorocarbons (HFC s) are of interest because they are -
chemcals that are currently used as environnentally friendly refrigerants
because Wle)ldM@AUS3 a very | ow (even zero) ozone depl et | BET/PBL08F1030864 Thei r

| ow ozone depletion potential is thought to be related to the |ack of -
chlorine. The HFC s also typically ave. low flammability particularly as
conpared to hydrocarbons and chl ori nat ed hydrocarbons The use of such

chemi cals in the aforenentlone%H% nerl ation ocggses IS |nportance

[00014] F8I &k anphdrofiugmecashons HF%E“IEHB ¥ S El?e‘il?&le Bhe

sol ution'y, opr ene
copol yners arec&ﬁ@ﬁwﬁ@%eﬁaalsg@gg@gﬁsr}tﬁg%ﬁe n@l ?nt% %89&1!& Eq{)lrvgnchl ng. The
degree ofa keryglove i@ien @T@ﬁﬁmﬂwdqﬂﬁtﬁﬁﬁbb&nﬁlﬂcr'@m%vﬂ ctzh)né h’epleaml of ~
I soprene in the_ copolymer. Because of the direct relationship between

br anchi ngpaiefttial @dbﬂ’é&h@ t¢ he &vlpied 40 therlack phedoning TheHFRsAlsyyeselBehavi or of

P gL OGRS HIE I Rt A3 SRS SORiRE1 © (P

i sobut y| engirb&@RiRNeTHORR! oMERth ZhkmAAK inane ARAeMenticied Yoladeideh a variety
of polynerizations conditions including different nononer feed rati os,

t enper at upressssesds af ygpartanghd sol vents or diluents. A number of these
systens have been described. See e.g, Cationic Polynerizations of O efins:
A Critical Inventory, J. P. Kennedy, (10-12 and 86-137) W/Iey- Interscience,

~.. New YRpigq) 1973y eﬁﬁlﬁ lgald?l %Tahpﬁﬂaﬁcﬂpﬁ’%ym&%ﬁ’éd PAuedecRhe S6MABAY. E
Mar echal ,” Wley-]nt erSC| ence, New Yor k 982. [00016] The copol ymeri zation

of isobut gniden‘MDalgﬂcaﬂ qoppaties hﬁandb:eaqscofmhuﬂy@dwhsqprml cepodymemdaren sl ur 'y}
Sol uti on rlzatlosoftene | .ori nat ed dr pcar bo or mxtures.
of hydrocg‘i‘%%[h BRESEht ’&hr ﬁ%{%‘atswd%%&?ﬁ‘an@a? m%rer\%‘ ‘%@ OPEnt forut he
nonomner s, I I e is ethyl
TororTve HEEL iy SSRACE SiAORENGE kRSBl ol

Because of the direct relatlonshlp between branching and isoprene incorporation,

matching the rheological behavior of isobutylene/isoprene copolymers with higher

amounts of isoprene to those with less may not be straightforward.

100015]  Furthermore, isobutylene/isoprene copolymerizations have been

conducted under a variety of polymerizations conditions including different

monomer feed ratios, temperatures, catalysts, and solvents or diluenis. A number

of these systems have been described. See e.g. Cationic Polymerizations of

QOlefins: 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.

R

[00016] The copolymerization of isobutyléne and isoprene has beeh conducted
in solution and in slurry. Solution polymerizations often employ chiorinated
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 copolymerizafion, a
chlorinated hydrocarbon, usually methyl chloride, is used as a solvent for the

monoiners and catalyst, but the copolymer produced is insoluble in the diluent.



-chl orinated hydrocarbon, usually nethyl chloride, is used as a solvent for
the nononmers and catal yst, but the copol ynmer produced is insoluble in the

di l uent. W® 200642082033 PCTI US20051020864 7 [00017] Thepeeqsemeazos64
distribution, characterization of the arrangenent of the nonomer units

“al ong polyner chain, of the prepared dhpolyners is influenced by the

1]

pol yneri zati on condl tions as well as the intrinsic reactivity of the
conononers enployed. The sequence distribution of a copolyner may be
expressed [980¥7r melheosequondsi datributien, othategesizetinn of ﬂl@cﬁl’[ﬂmﬁmmﬁ efstheFor

exanpl e, character.i uences 0 oner, units . ed di ads.
Three nmonofRH© H]r‘fﬂmlise 8%%@%@9“ ﬁal’&’a? t@ﬁpfetpf”é?g copplyly }el%lé qncgﬁi!by sequences
are called tﬁeeﬁdlﬁﬂgnﬁﬁén%&ﬂ]ﬁbﬁﬂs wélPROLY R8s PFRBRVIBHofiRE esmehéhasent
conditions wi'th the same conononmer incorporation may exhibit differences in
their sequemp&ayddstleﬁmaqmamns dasﬁrllanqonaﬁsaecbpobynarhrea}dbadx}(ressednmmimset c.)

fractions i opo . nce stri but an noner
i ncor por at Pgn e@nﬁ&“ﬁyggt"}diﬂﬂeﬁ/ SP'P ppts. ?fba?f’f?tpp eg;czp because
of the cong eh&%%f@@&%&oﬁer Eﬂﬁa&%%ml&?&la@é’ effrSe rﬂdﬁﬁﬁ‘l'ei/ it | théhct),lﬁn%efs Chis

copol yneri zation. A parameter that aids in the characteriza

rel at i onshiap ¢aletiheadseafomvinbyomert it sequentas are talldtetetradse amb ps tantit.s  of
honopropagati o (addi ng I i ke noner) Q Cros propagati on (addi ng an

unl i ke rmn Qmertdﬁﬁw%ﬁr@w e I S iSﬁ'@ErﬁBP%qur, but with
di fferent t '

or oper £1 s et ton S5 LB dAREnk I St YoBRER: SRMSRERY |

Koenig, W I]:gyﬂien'&iﬁds goentiad, My Yackons 1988e eupdlyadry okdin Secﬂbqﬂa&e

Det er mi nati on:. Carbon-13 NVR Method, J.C, Randal I, Academ ¢ Press, 1977. An
extrenme, b@ESUEPEIEy AR eompRsIRET| dNcORROTARGIEE | Beamtclly Jisksrc &y’

att ribut es gf £ AR0QANG. BLOBY GPRRL KIBESE00RMR] of Inel ShcHRRA" Rlehit Known

t hat conj ué’a enes are ess reactiv r'Sob yl éne I'n carbocationic

copol yner i 2atdlesn iayspelymerightidnher bm@mmlriﬂmards ig thej dhgeebedizati n@Xhisi sopr ene
is one of the nore reactive dienes in cqopolynerization wth isobutylene.
Thi s t endeielptiensiiy igdhe wartivivaae.iasetg obtherhie conps of Boapionazatios expr essed

in the seayeRfe, di fkeIRMI0 % LS BRsRSY GARRLY IR S mndhsn

Copolymers with the same comonomer incorporation, but with different sequence

distributions often exhibit different physical properties. See e.g. Chemical
Microstructure of Polymer Chains, J.I.. Koenig, Wiley-Interscience, New Yorlk,
1980, and Polymer Sequence Determination: Carbon-13 NMR Method, J.C.

Randall, Academic Press, 1977. An exireme, 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 1s one of the more reactive dienes in copolymerization
with 1sobutylene. This tendency towards lower reactivity of the conjugated diene
1s 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, BIl (B = isobutylene, I=
isoprene), [IB and III triad fractions are relatively low than compared to systems

with more reactive comonomers.



copol ymer conposition, isoprene units do not exhibit a tendency to follow
other isoprene units in the copolyner chain. Consequently, BlIl (B =

i sobutylene, I= isoprene), IIBand IIl triad fractions are relatively |ow

t han cofYyAr¥g/0pW3¥ystens with nore reactive conononer LCVIB2R2FIRI®B2033

PCT/ US2005/ 020864 8 [00019] Because.i sobutyl ene/i soprene copol yneri zation ™
are often conducted in chlorinated ﬁydrocar bons or m xtures of hydrocarbons
and chlorinated hydrocarbons, the degree to which the sequence distribution

P S Ao e s o

i sobut yl gpethisgRieae] I i~z at-b Sge P,
" Car boca’? I oni ¢ Pol ynéfq}gg‘{r?{éom;s'p;i %‘%‘?ﬁm op@%@ge%gonéo%%egﬂé@etﬁ%e and

Technol odwdrdgcdions, e A62e0 &rdHith 2t squpet0)istfibhnontdrele arBdris quikew York,
2003. Val ues for ety of

i soprene, reagtivity .ratios, rip, .under vayi
pol yner i AHpH ESRRroB i W, [oiatioR 3 o by oo @t@nna’fﬂwome of .
avai |l abl e..] j , Fd-QN L B. in the .
prepar ed?rg%épﬂongy/?ré&?t’sﬁﬁ?g@r&% f%’%f.sﬁ‘gu‘éfe%%’}l%@@‘C’%ﬁf’%ﬁ’eﬁ‘%%@n%re% %'\%%iijéh di f f er ent
concent r &t Ruskan ' Cadopsttorée Pelyinerigaidns! ad Ehtpdopedin cRRoktmeprSefpaced at a
gi ven conononer incorporation is desirable for ﬁgggarl ng copolyners -
ety

sui t abl e 80dr Tgahpologys A\PQK L0 M SO stUgP) I ileyni SepssiNe¥s and

f i - O 0%} St I i / p: .St
cggglt Iy(r)rgf*(%%g ?obﬁg hgeag‘? eg}?{ ksréh# t%c e@%ﬁﬁﬁggéﬁ%’e\r}g’r’ ﬁg{%}g %%¥%ﬁ§ﬁ zation

condi t i onsolymetizition Todlitfibas €0 bel6RNDAENdIcERE b alahi0%: rdn@BRE LIS,
catal ysts, and solvents or diluents. A nunber of these systens have been

descri bedsomsere eenjsreditria] fraghieps @I IBowsl Bl)i in thel prepased cPpdymeg2, January,
14; Z. Fodor. R _Faust.in J. Micr.onpl.. i, - Pur l.. Ch 1994, A31,(
1955: 1. O%“@’?&gfh ,1301%?“‘?&%&5‘&}?? g R%%ﬁ%%ﬁf‘?fe%&@?%%?a?‘mé YIS 905, 8.
255. 10002hterd @idd0BRtNOREEZBE bRParid 4iSHhiken! QigordMtk: inddpbtish Y§ ene has
been conducted in solution and in slurry. Solution polynerizations often

enpl oy cddsvalln deredrepguind cepobioners snitahlz tior the Bmulgepons artbuthistiemal chl ori nat ed
' crosslinking sites and functional groups. :

[00020] Simjlarly, isobutylene/p-methylstyrene copolymerizations have been
conducted undér a variety of polymerization conditions including different
monomer feed ratios, temperatures, catalysts, 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, 1.P. Kennedy, J. Phys. Org. g}
Chem. 1995, 8, 258.

[00021] The copolymerization of isobutylene and p-methylstyrene has been
conducted in solution and in slury. 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 chiorinated hydrocarbon, usnally methyl chioride, is used as a
solvent for the monomers and catalyst, but the copolymer produced is insoluble in
the diluent.



™

-hydrocarbons to serve as a solvent for the nononers, catalyst and the
prepared copolyners- A typical exanple is nethyl chloride/ hexane m xtures.

I n sl urrywoeap@hasi®r i zati on, a chlorinated hydrocarbon, pstgklossiRby !
chloride, is used as a solvent for the nononmers and catal yst, but the

"copol ymer produced is insoluble in thd diluent. WD 2006/ 002033

PCT/ US2005/ 020864 9 [00022] The sequence distribution, i.e.
characterization of the arrangenment of the nmonomer units al ong pol yner
chain, of {062%r ephestqueps! disteibstips, nmfdhmeantcaziatlobyoftﬂne apahgereentzdt i on

condi t lons_as well as.the int 5%' n5|‘g reaﬁl Vi t%,éoé cormnﬁrrers errpl oyed.
The sequen GWPE?IP?IHE’E“FS N8 POY BT EOROFBRTEF PR .
conbi nati oy fe fHe @ AeBition! CHEditbAd aﬁnb\r%ﬁ df%e SHBABL CreachIB) 3! B! zabl e
sequences 0 norrer units are called ads. Three nonorrer wunit
sequences a:omoneumhxademplbgeﬁs Howrsequemoeradistributiors efj e copalymer oy lbed t et r ads

and so forth. Copol yners par ed. und%r dgﬁlfferent condjtigns wt the sane
conmononer {HEWF rift {eEns giﬁ‘iﬁlﬂopstﬂ f% %Hﬁé@qt‘ﬂfa BIt$. K

di stributi %ﬁ&zac@ﬁz%)@&gﬁéﬁgs EW oﬂb{i’l@r &fifs da!ré LAl dRlds: )l"hHeqﬁ&ﬂ(Qﬂét in the
copol ynmer chain. nce di s tlons and cononomer i ncor.poration are

mat henat i cajnitys:elmemlsmare laallqsﬁ@hdhl Foty nwhames thi€ Sequecws aee cdlletiietraisnpet i ti ve
nat ur e of the chem cal events involved in copol yneri zation. A paraneter
that ai ds iandt gefethar Sopelymert prwarst weres ditferent copditions wathithe seEscti vity

ratio. a1 abdhel NS Al BoR SR N Ao ORARALLAN, o AdfbRLA | ke

m)norrer) t o Cross an un |ke non ners with

the same cagp ed bgotheotARI (Ut ukadg myffrwnhﬁ@ﬁﬁrthesawagm cl@kuﬁtrl buti ons
often exhibit different physical properties. See e.g. Cheni cal

M Gr ost r uctpauense disribytions @ndiqesnonprer ingspeTgtionarcesathameneiveligked New Yor k,

1980, d d J. C.
Randal ?n Acgd%@%b@?%agﬁﬁg%wta& %" £3 S @‘Tpoﬂwér |f1&%/€n%ée ]}%ga 8% s t he
conpari son 1@&01#&@111%?5@1@1%&@@ Ifbphﬁﬁxe@tr AR Mhaia@felflzsﬁmpd»ﬁfcﬁﬁr S.

[00023] It is generally known that p-alkyistyrenes are nore reactive than
i sobut y| endelationshitbis sl teastivityaepiel aFrtipiof she wie copstapine! homopiepagaivnn | i near

(adding a like monomer) to cross propagation {adding an unlike monomer).

Copolymers with the same comonomer incorporation, but with different sequence
distributions often exhibit different physical 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.

[ooo23} 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.



p- al kyl styrenes, p-nethylstyrene is the nost widely used in copolynerization.
with isobutylene. The tendency towards higher reactivity of the -
p-al kyl styrene is expressed in the sequence distribution of the prepared
copol ymews. 208¢/062033 ven copol yner conposition, p-nethyl pCysSp@s0zigss exhi bit
a tendency to follow other p-nethylstyrene units in the copolyner chain. -
Consequently, BSB (B = isobutylene,lg N p-methyl styrene) triads are present
at relatively lower concentrations than copol ynerization systens in which
the reactivity of the conmononers are nore simlar. W 2606/ 002033

PCT/ US2005/ 020864 10 [00024] Because i sobutyl ene/ p-net hyl styrene

copol yner | i on t. nduct Ln.chlorjna o] b or

m Xt ures g@%@/qrolgécﬁﬁg%sggﬂgﬁ%}}%%g?‘%@fsﬁaé qu%?h@ﬁb%g%@ S—h(eé?é(’jeégﬁ%e_ to which
the sequepg@iudied! fih buliloARate@NhidGocaBonsehrl snifitdirdse dii MyiRGarbbxpragisi on of ~
this limtation is found by exam nation of the known reactivity ratios of

p- et hy| seblognated divdtasathong, thaalegrosetphyhich yhe sequenep disjilstiopande See e. g.

H -C. Wang, .K, W _ Powers | nEl ast.omeri,cs,.199 .Januar 14:. Z. Fodor, R \
Faust | n Ttk inded. "ERpREaTBF Ui mnitton n PUARY obbiinfion sy agh, - A
Nagy, J. PiheleRdweeaclivit?MBios OF -mE§ByrdRO%r Bobdgfne/pligibdBnAene |

pol ynmeri zati on systemin which p-al kyl styrene centéred triad fractions (~I
can be pr eppolpnienbitivns afee dif ter@nWanpa k. Whddewvas ainl Blabemesicnd 9RBown

copol yneri zation cgndifiopns_is desirable. pol r at sse hi gher
concentr atTW=gf4§ gsg%‘ioéfﬁhlf?}‘ﬁ% M%%%%‘%H?ﬁpﬁ' ﬁ]‘F’IRdP 4aé§? oNs are
useful for tA t gLl trh t r@sskinki ng sites
and funct ilgﬁgﬁl'Qg%%%%#f%%%é%!ﬁrﬁg?ﬁdg? éT', P%¥%£%i€ﬁ%le%v§%é?’ §Lg'(éfr riers such
as i nner | iFimtisg agiolystrémties systandniwhiel pufilodstpmte centeradniviad lfra€donso C7 {

i sool efin based pol ynmers wi.th new sequence distributions, or that are  {
subst anti &Ry ¢ r BEDHEA,| Bibrhe rras ndfespmtnfRg 120sr avaHAbls tuRge kiewn  100026]

Q her backgraund iraidr %ﬁ@iﬁoh@Cfs”%@sﬁé@leqzbgﬁgl??ner%%/ DRSS higher
concentrations of isoolefin-p-alkylstyrene-isoolefin triad fractions are useful for

the preparation of materials that possess both crosslinking sites and functional

groups.

[00025] Therefore, producing novel air barriers such as innerliners, air sleeves,
and innertubes made from novel C4 to Cy isoolefin based polymers with new:
sequence distributions or that are substantially free of long chain branching is of

importance.

100026) 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.



WO 02/ 34794, WD 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
Publ i cat i@ Mes0e3$@3/ 187173, U.S. Patent Application Pubkiwadioenohies

2004/ 106735, U.S. Patent No. 6,710,1 16, U S. Patent No. 5,624,878, U. S
~Patent No. 5,527,870, and U.S. Patent!No. 3,470, 143. WD 20061002033

PCT/ US20051020864 11 SUMVARY OF THE | NVENTI ON [ 00027) The invention

provi des for _el-astonmeric conpositions for air barriers such as innerliners,
innertubes$U§@iﬁﬁY(ETEBEéﬁqﬁﬁH@Cﬁ¥on1novel pol ymers produced by new

pol ymeri zati on processes conprising diluents conprising hydrofluorocarbons.
a) In an aspect of the invention, the air barrier conprises a cured

el ast omer i mo@ANPOSTHY BRefIPHoSIdRS fBr BREMRRIcSedagioationalfby afrreri@ | ong
chai n branching or having no Iong chain branching. ( [00029] In particular,
t he invent Fagh ps ovietbisersoinngriubgsy dndr ﬂirei?le@@ﬁpmiagﬁ dtpra navgl gwiyherst oneri c
conposition_ co i,sing a cppol.yner of an isool efi.n ef erabl y . .i sobutyl ene,
and a nul tPEﬂ%élTr:? by r“g?’e Pﬁ@ﬁ&';“éaté%jp&%%%ea 8?%3%?‘“%‘?‘@“8&&’8?%‘3 W8 i soprene,
subst ant i all¥ofieRcboh©ng chain branching. Additionally, the invention
provides for an air barrier conprising a cured elastonmeric conposition
conprising a copolyner of an isoolefrn, preferably isobutylene, and a

multiolefin, preferahly a conjugated diene, nore preferably isoprene,

havi ng no | ong 8$1ai n %@Qn@ﬁ?ﬂg&fut%f’o‘%%]on# ﬁl’eaﬁ’cﬁtwégera%%ﬁrt‘se 2 fW&di nventi on,
the i nvention provi desslcileri8RofibbsitiBR kohffisiAeaRolHdGuBa ] fRleagt omer i ¢
conposi tion conprising a copolyner produced by the process conPrisine g
contactina g an i sooll@fgchapriefmbédy gyr havengnd whe obain dramehingol ef i n, preferably
a ctonjugated diene, nore preferably isoprene, one or nore Lewi s acid(s),
ong or nore initiator(s), and a diluent conprising one or nore

nyd of | vor geson () i i WIRGALS dhASacoRR) MR il 2l v ros

| ong ch ran ng or “’has no
cured elastomeric composition comprising a copolymer of an isoolefin, preferably

isobutylene, and a multiolefin, preferably a conjugated diene, more preferably
isoprene, substantially free of long chain branching. Additionally, the invention
provides for an air barrier comprising a cured elastomeric composition comprising
a copolymer of an isoolefin, preferably isobutylene, and a muitiolefin, preferably a

conjugated diene, more preferably isoprene, having no long chain branching.

[00029]  In another aspect of the invention, the invention provides for an air
bamrier 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 hydroflucrocarbon(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%.



[ 00030] In an enbodi nent, the multiolefin, or conjugated diene, or isoprene, .
when present, content is fromgreater than 0.5 nol % [00031] In an "
enbodi ment, the nultiolefin, or conjugated diene, or isoprene, when

present , Wi@pa0e/0208% from greater than 1.0 nol % WO 2006/rP@O2052805/620864

PCTI US2005/ 020964 12 [00032] In an enpbodi nent, the multiolefin, or

conj ugat ed di ene, or isoprene,. when gresent, content is fromgreater than
2.5 nmol % [00033] In an enbodinent, the nultiolefin, or conjugated diene, or

i soprene, when present, content is fromgreater than 5.0 nol% [00034] In

t he previous enbodi nents, the copolynmer may be hal ogenated to forma

hal ogenat pol i Q Vi ient Lt | ogenat ed
copolyner??ggﬁaloégﬁéfg%ggﬁﬁgﬁ’%ﬁf%@ﬁﬁ%ﬁgf0%%§Wﬁg%£gf%%%38f5$ﬁmgﬁy of the
previ ous ekadireRhpt, Sontehids fdbpgesee hhes mofsgreater  than 0.5 w % based .
upon the wei ght of the hal ogenated copol yner. [00037]. In any of the

previ ous enbodi nents, the hal ogen content is from0.5 w%to 3.0 w % based

upon t he ight of the hal,ogenated copolyrmer. [00038],.1n any of the previous-
enbodi msn\t,@, he E’bﬁ%l Flm%é@’ %1?5\}‘8“]_210 I P 6?& %}e’toﬁé“f?pﬁ?i’:eaoo. I

[ 00039] | Ryisdiypredent, REnRAEGY RS o RERPHARENS froldhe copol yner may have a Mw of
fromgreater than 100, 000. [00040] In any of the previous enmbodinents, the

copol ymer may have a Mwvw of from greater than 500, 000. [00041] In any of the
previ ous epbhodi ment t he. copol r y,have a Mv of .fro reater than
000, 000 D208} His,BF¥ioRe FBSSHOBNOIHE ERPolyme 3aRYAbg ngg?ﬂ?eﬁ” t he
previous gghAdifRRERated BGotRG ymer may have a MAD of from greater than 2
g

[00035)  Inthe previous embodiment, the halogenated copolymer is halogenated

with chlorine or bromine.

[00036]  In any of the previous embodiments, the halogen content is greater

than 0.5 wt% based upon the weight of the halogenated copolymer.

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

wi% to 3.0 wi% based upon the weight of the halogenated copolymer. -

f00038]  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]1  Inany 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.



.[00043] In any of the previous enbodi nents, the copol yner may have a MAD of
from2 to 6. [00044] In any of the previous enbodi nents, the copolynmer may

have a Npanewoskggosity of at least 20 5 (M. 1 + 8 at pkARG2065FEbsdd 1646) .

[ 00045] In any of the previous enbodi nents, the copolyner may have a Money
"viscosity of from20 * 5to 60 5 (M} + 8 at 125C, ASTM D 1646) [ 00046]
In any of the previous enbodi nents, the copolynmer may have a g'Y,;s. avg.
fromgreater than or equal to 0.978 as determned by triple detection SEC
(descrlbedWW@ﬁblnﬂnap@@ﬁﬂihmbﬂ0am@nbmﬁnhewpﬂ@umpabn@nnvwﬂmﬁﬁﬂ@ﬂ“ﬂhe

copol yner ﬂ Ls.avg. fromgreater than or equal to 0.980 as
deternlnedggﬁmPﬁgﬁﬁgﬂj@Rectlon SEC (descri bed hereln) [ 00048] In any of

t he previous enbodi nents, the copolynmer may have a g'vs.avg. fromgreater
than or equal to 0.990 as determned by triple detection SEC (described
herein). [PO@YY] IIn sapyfdie prowops embodimentshtinti cvpolymer iy leopeMWED may have
a g'vis.avb fromgreater than or equal to 0.995 as determned by triple
det ecti on 9%@?“%% ri bed herein). [00050] In any of the previous

enbodi nents, the copol yner may have no long chain branching. WO 2006/ 002033
PCT/U820051020564 14 b) In another aspect of the invention, the invention

provi des f@moomp ailh aparofithe mevipns mdanms etheet@mtanar iy clhaygosi ti on
conprising_a copolyner conprising an isqolefin preferabl i sobutyl ene, and
a mul ti ol Mqorey pisepdiyn8layleast Me]d“"@laéﬂ@ CreF S e 64 éb i sopr ene,

w th new sequence distributions. [00051] In an enbodi nent, the i nvention
provides for an air barrier conprising a cured elastoneric conposition

conpri sing Pmo&sq)pol ey C@”ﬂé'ﬁtﬂ@uﬁ%frﬂﬁ@ﬁh@ﬁm thepesiodyad malyShbut ¥l ene, and
afrultiolefin preferablfy a conjugated d o
{ Mooney viscosity of from 20+ 510 60 = 5 (ML 1 "+ 8 at 125°C, ASTM D 1646).

[00046) In any of the previous embodiments, the copolymer may have a g'vis ave.
from greater than or equal to 0.978 as determined by triple detection SEC
(described herein).

[00047] In any of the previous embodiments, the copolymer may have a g'vis.avg.
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'visavs.
\ from greater than or equal to 0.990 as determined by triple detectton SEC

(described herein).

[00045] 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.



preferably isoprene, the copol yner having a copol yner sequence distribution .
(,) { defined by: F=m&/ (1-i-mA)Z wherein mis the copol yner sequence )
distribution paranmeter; Ais the nolar ratio of nultiolefin to isoolefin in
t he copowpmeoseoassd F is the isoolefin-multiolefin- nultprorakimsprisad )
fraction in the copolyner; wherein mis fromgreater than 1.5. 1000521 In

t he previ ous enbodi nent, m may be frdﬁ1greater than 2. 0. [00053] In the

previ ous enbodi ment, in may be fromgreater than 2.5. ( v 1 [000541 In the
previ ous enbodi pent, mmay be fromgreater than M [00055] I n another

enbodi ment, thé&)i nvémengheprsposidddhd siveriipnatle ipxentioaProvighpfaran®y a cured

el astoneri c conposi tion conprising a Gopolyner co .SLn an .l sool efin,
preferably isobutyl ﬁ%{efaﬁ%}l)“élsﬂﬁ ?icg{e@feﬁ?ﬁt&ﬁ?ré? g?%g{v%ﬁgn g8’ﬁ’j‘” g3edd  di ene,
even nore pref er abl YopSIQRIEL REmptibiRe CRPRbY] Hritd QS%EM{%d aequence -
di stribution defined %yg F=my FI?-%)%\)Z WO gg%’G}gkgll_ZO%S PCT/ U $2005/ 020864 15
wherein in is the copdtigiedn, spafreaide di somjigaied odicpar aneeepreferably t he nol ar
ratio of multiolefin to isopolefin in the copolynmer; and F is the N
i sool ef i n-nul ti ol ef MPPTYRR Wt&ngmqqqperqca ISFE?QQ{OP nin the copol ymer; wherein
inis from1l.1 0 to 1.25. [00056] In the previous enbodinment, in nmay be from
1.15 to 1.20. [00057] In the previous enbodinent, in nmay be from1l.15 to
1.25. [00@B3] | nltdreepbediinens tleninveitivanirpvides foranizé bdrdert cal@@isiggd0059] | n
anot her aspect (if ‘the,invention, the, invention provides for_an air barrier
conpr i si ng WA F1RHORBETIS PURRISIAOTL EINRTATIRG B RORVYFBFY SURRFISNE B B9 pr oduced
by the pr J S C tine. | S LY, pr y gid.s0but yl ene,

a multiol g’?ﬁﬁb re eHrTL1 lﬁ%’a%ﬁfu%g?é%’eﬁgf&év n anoc(r%éﬁ%rg{eélfderdénﬁy .

i soprene, posferably ipEnkewics camilgfis) haong orcopsymer sequacordisyibutiord a di uént

conpri si n%egggdgy_ mor e hydr of | uorocarbon(s) (HFC s); the copol yner havifgia

F=mA/(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.

[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)’



- copol ymer sequence distribution defined by: F=n& (1+mA)2 wherein mis the
“copol yner sequence distribution paraneter; Ais the nolar ratio of

mul ti ol efsm2dse/00m80l efin in the copolymer; and F is thePCT/US2005/020864
isoolefin-nultiolefin- nmultiolefin triad fraction in the copolyner; wherein
“inis fromgreater than 1.5 or mis Prom1.10 to 1.25. [ 00060] In the
previ ous enbodi nent, in may be fromgreater than 2.0. [00061]. In the

previ ous enbodi ment, in may be fromgreater than 2.5. . [.00062] In the

previ ous &ISEHR MR At theicopakinep scquenin GFlERiEen PREAetEIBA is EI@GB 11449 t he

revi ous I yinl g r 2 L
ReT Uesoo Sl ot ’F‘E’)‘gg%‘h?‘? e ‘?‘ﬂgé’hﬁ]g‘%\’/ el e égngjg\é}?(%égﬁl?ﬁﬁ%@&mg@n-be from
1.15 to 1.28tiolelidabiradtiontihehdécpuiyons; whbei mEnfonm N10RY1.HE mis about

1.20. [00066] In any of the previous enbodi nents, the copol yner nmay be
hal ogenated to form a hal ogenated copol yner. [00067] In any of the previous

: enbodi nment en sent.. th al ogepat ed Qpo r.hs hal ogenated w th
chl ori ne cﬁuogﬂhom' Hg{h%[péf)‘ﬁ%'gleﬁ??%gﬂﬁbﬁ%%b%ﬁgsﬁ Jo'zgsr?oe}f%@'di ments, when

present, the halogen content is greater than 0.5 w % based upon the wei ght

of the hal ogenated copolynmer. [000691 In any of the i)r evi ous enbodi nents,

when presdfios7t he Iintileqgerioeomipdiimentsmimaybe iomat.46 to1.35.0 wt % based upon the

wei ght of the hal ogenated copolynmer. [00070] In any of the previous

enbodi nents, the copol yner has a Mv of from greater than 50,000. [00071] In

any of thgowsavi 0y (RMOALIEESodihBR, £ORSY ¥EBRFIaRR Mv of from greater
t han 100, 000. T00072] "I n any of the previ'ous enbodi ments, the copolymer has

arfbMN of from greater than 500,000. [00073] In any of the previous
erbodi nment s t]he (iopol mer has Pthmn%nt{orn?rﬂae reat.er tha&sjfoooo,ooo.

( {00059 n another aspect o vention prov T an’ air
o 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, 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=mA/(l+mAy

wherein m is the copolymer sequence distribution parameter; A is the molar ratio
t of muitiolefin 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]  "Inthe previous embodiment, m may be from greater than 2.0,

[00061]  In the previous emibodiment, m may be from greater than 2.5.

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

100063] In the previous embodiment, m may be from 1.15 to 1.20.



[00074] In any of the previous enbodi nents, the copolyner has a MAD of from.
greater than 2. WD 2006/ 002033 PCT/ US2005/ 020864 17 [00075] In any of the
previ ous enbodi nents, the copolyner has a MAD of from2 to 6. [00076] In

any of tWwe weui2edss enbodi ments, the copol ynmer has a MoBREUSHHHetty of at
| east 2015 (M. | + 8 at 125C, ASTM D,4646). [00077] In any of the previous -
enbodi nents, the copol yner has a Mooney viscosity of from20 + 5 to 60 5
(M1 + S at 125C, ASTM D 1646). [00078] In any of the previous enbodi nents,
the nultiolefin, or conjugated diene, or isoprene, when present, content is
fromgreater than 0.5 nmol % [00079] In any of the previous enbodi nents, the
mul tiol ef fgaoss9r Clanhs!gRbREks efibeiErend) m negeehem 1WTE0 IZEsent, content is
fromgreater than 1.0 nol % [00080] In any of the previous enbodi nents, the
muitiolefin, or conjugated diene, or isoprene, when present, content is -

fromgrea ha 5 nmol/u. 10008 ILn any of. the previous enbodi ments, the
nul ti ol ef itﬁ?ﬁs r g&ﬁ}‘%g&ﬁ"&’d‘“m 8 ,Jl rminﬁ"’é/pr%elﬂé? a]?/ﬁ]lléﬁ‘ fesent, content is
fromgreater than 5.0 nol % c¢) In another aspect of the invention, the :
invention provides for an air barrier conprising a cured el astoneric

conposi ti eoednprissiany af tepekgmers corpdiméms, dee | @polymidrn mayr dfeer abl y

i sobutyl ene, and an _ al kyl styreng, preferably nethyl styrene, even nore

pr ef er abl ;@&?%teﬁtfméﬁﬁﬁéﬁﬁte%qmﬁmw sequence distributions. The
copolynmer may optionally be hal ogenated. [00082] In an enbodi nent, the
invention provides for an air barrier conprising a cured elastoneric

conposi t i e@vosQnprInsamyof tleoprehiowe rencendimernss,nyhan presea] did halogatitedn

al kyl styrene,. the copol ynmer having. a copol yner sequence distribution .
def i ned” byoPRAINSDHIS %@W@%ﬁb@é@@ﬂgm@ﬁ- 18 {

e

[00068]  In any of the previous embodiments, when present, the halogen content

is greater than 0.5 wt% based upon the weight of the halogenated copolymer.

[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,



F=1-(mA/ (1+mA)} wherein mis the copol yner sequence distribution paraneter;
Ais the nolar ratio of alkylstyrene to isoolefin in the copolyner; and F

is the al i sool efin-al kyl styrene triad fractio REosRRP! yrer;
wher ein |&Hﬁh¥{r}@pn?°,l ess than 38. 100083] In another errbog(lrwgﬁ% mﬁﬁ d

invention provides for an air barrier &onprising a cured elastonerlc
conposition conprising a copolynmer produced by (I; the process conprising
contacting an isoolefin, preferably isobutylene, an alkylstyrene, one or
more Lew s [@07d(s)In ame of thenpieeiounictritetiondsy, , thardpalymdi haeatM&dprfi si ng one
or nore hy?ﬁgﬁkuorocarbon(s) (RFC s); the copolynmer having a copolyner
sequence d Pi on defi ned by: F=1-(mA/ (1+mA)} wherein in is the

_copol yner sequence distribution paranmeter; Ais the-nolar ratio of

al kyl styrene to isoolefin in the copolyner; and F is the

al kyl st yr en@ovajool Bf any aifkjit @tewic&meerhbcbcaﬂaeﬁrsaﬂid ospalymérigasCo Mbymest ;

.wWherein mis from]|ess than { In reV|ous enbodi nents, the.

i sool ef j n EsFoBEY plasienst2ené (B(Hd f*f?eﬂt 13§@I%$ dof@y be ni et hyl styrene,

preferably. para-nethylstyrene, (00085] In any of the enbodi nents described
in this section, the alkylstyrene content is fromgreater than 0.5 nol %

[ 00086] In[@myﬂof Imanferﬁfqﬁe PRAiGus SmbodimesRe thed BopditBerahiyh Ny6esye cont ent
is fromgreater than 1.5 nol % WO 21106/ 002033 PCT(US2005/ 020864 19

[ 00087] | n vagepsity of fiem@Podineh s> MLt1 § at 27 CoASTMI® K4y st yrene cont ent
is fromgreater than 6.0 nol % [00088] In any of the enbodinents in this
section, the alkylstyrene content is fromgreater than 12.5 nol % [00089]

In any. of 6@7 mbogh fﬁﬁ?to‘f He$edvifRderhBodiftehtsS @ed hMidiE, CRPIERES nay be

hal’ ogenate to form hal ogenat ed copol yners,
( diene, or isoprene, when present, content is from greater than 0.5 mol%.

[000791  In any of the previous embodiments, the multiolefin, or conjugated

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

[00080) In any of the previous embodiments, the multiclefin, or conjugated

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

1000817  In any of the previous embodiments, the multiolefin, or conjugated

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

L ' €) 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 distribuiions. 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:



[00090] In the previous embodi ment, the hal ogenated copol ymer is hal ogenat ed.
with chlorine or bromne. [00091] In any of the enbodi nents described in ]
this section, when present, the halogen content is greater than 0.2 nol %

[ 00092] womwomsthe enbodi nents described in this secRCHHS20FHEWSHt esent ,

the hal ogen content is fromO0.2 nol%to 5.0 nol% preferably fromO. 2 mol %™
to 2.0 nol% [00093] In any of the evi ous enbodi nents, the copol yner has

a Mv of from greater than 50,000. [00094] In any. of the previous

enbodi nents, the copol yner has a Mv of from greater than 100, 000. [00095]

In any of the previous enbodi nents, the copolyner has a Mv of from greater-

t han 500, 000. [00096] In any eyl nbodi ments, the copol yner has
a Mv of from greater than 1F8%6 gﬁb‘ﬂ’% %&/ 002033 PCTI US2005/ 020864 20

[00097] In any of the previous enbodi nents, the copolymer has a MAD of from
| ess than 3. [00098] In any of the preV|ous enbodi nents, the copol yner has a
MAD of f MoRRELS is Hpown]ymer ssayense disvabyioapasimeterib iy hemeelar PH8 copol yner

has a Moo S it (M1 + 8 at 125C, ASTM D 1646) .-
[ 000100] Eﬁéhéwgt% %é%ﬁfg\l}lnaus ‘%ﬁ’%ﬁ%%‘%ds’ t he copol ynmer has a Mboney
viscosity of fFQM%M@&n%OO&MkﬁS@l&e&had—ﬁ@@mﬁﬁfﬁé Edpeifidr, [ 000101]
In any of the previous enbodinments, mis fromless than 38. [000102] In any
of the previ oushereioni indouslessthaa 38r om | ess than 36. [000103] In any of the

previ ous enbodi ments, mis fromless than 35. [000104] In any of the
previous enbodi nents, mis fromless than 30, [000105] In other enbodi nents,

m may be {gem 1- 38. arﬁother embodiment, the invention provides for an air barrier
comprising a cured elastomeric éomposition comprising a copolymer produced by ( | \
the process comprising contacting an isoolefin, preferably isobutylene, an L
alkylstyrene, 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=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. £ )

[00084] In the previous embodiments, the iscolefin may be isobuty.lene 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%.



-[000106] In other enbodinents, mmay be from 1-36. [000107] In other
~enbodi nrents, mmay be from 1-35. [000108] In other enbodi nents, m may be

from 1- 3¢o hoshtzedfnty of the previous enbodi ments a), b) pc8¥usoilozodshe cured
elastoneric conposition may further conprise a blend conprising a secondary

“rubber selected fromthe group consi sing of at |east one of natural
rubber, polyi soprene rubber, poly(styrene-co WO 2006/ 002033 PC

f US200i / 020864 21 but adi ene) rubber (SBR), pol ybutadi ene rubber (BR),

pol y(i sopi@ne? co- butmdoihe)emhuidiment¢ BR)1s ssttipnetie-dlkdpiyeme-cobigntit ene r ubber
(SIBR), ethyl ene-propyl ene rubber (EPR), ethyl ene-propyl ene-diene rubber
(EPDM , p&%‘éﬂeﬂeg 1an gI'[gg!%%‘yl ene/ cycl opent adi ene copol yner rubber,

i sobutyl ene/ met hyl cycl opent adi ene copol yner rubber, nitrile rubber,

propyl ene oxi de polyners, -star-branched butyl rubber and hal ogenated star-
branched lpotogs} r ubbety obibersnitaidédentstiy khis wbhimn, thehdlbylstyadnecohtehyis r ubber,
st ar-branched pol yi sobutyl ene rubber, star-branched brom nated butyl

(pol i sobtﬁ%ﬁ&?@?ﬂé@r@%ﬂ’@%ol ymer) rubber; poly(isobutylene-co

p-tethyl styrene) and hal ogenated pol y(isobutylene-co p-nethylstyrene),

hal ogenat ed pol y(i sobutyl ene-co-i soprene-co-p-nethyl styrene), .

pol y( i sobybgokgne- &0 ahp @Ptignembodigientedatribdibinganaédidn the copolymers

poi y(i sobutyl ene-co-i soprene-co-styrene), poly(isobutylene-co-

i sopr ene- dB2¥absrealagangted te fam krdersyaiedc@BOBBISY. i sobut yi ene- co-

i soprene-co-u-net hyl styrene), and m xtures thereof. DETAI LED DESCRI PTI ON

[ 000109] Various specific enbodi nents, versions and exanples of the

i nvention josdbdy NEMIRErEESE duftRdimemciddiaRgehited esgopEmend adiopaist and
définiti ons that are "adopted herein for purposes of understanding the
clai med i rwighelhilorine pobromine.

[00091] In any of the embodiments described in this section, when present, the

halogen content is greater than 0.2 mol%.

[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,



determ ning infringenment, the scope of the "invention" will refer to any one.
or nore of the appended clains, including their equivalents, and el enents

or limtations that are equivalent to those that are recited. [000110] As
used herwiQuooe/teo¥sew nunberi ng schenme for the Periodi ¢ FaEBIS200802u86$ ar e
used as in CHEM CAL AND ENG NEERI NG NEW, 63(5), 27 (1985). [0001311

Catal yst systemrefers to and includ any Lewi s acid(s) or other netal
conpl ex(es) (described herein) used to catalyze the polymerization of the
ol efinic WO 20061002033 PCT/ US200S/ 020864 22 nononers of the invention, as
vel | as atl00¥ast Bnaey af theapwvious rmbasiments thy copalymer fas gy Mo¥Pael st

conponent (ﬁsoér? g&g& 2] Diluent neans a diluting or dissolving agent. Dl uent
is specific } efined to include chem cals that can act as solvents for

the Lewis Acid, other netal conplexes as herein described, initiators, -
mononers or other_additives. In the practice of the invention, the diluent
does not &002H t hin gwnef de pevigve eibadieents.oibp nepalysesthasive #ri zation
medi um Iﬁ? tthg conponents of the catalyst system nononers, etc.

However, ilPP% &% dcognized that interactions between the diluent and
reactants may occur. In preferred enbodi nents, the diluent does not ( }

react wth the catal yst system conponents, nononers, etc. to any appreciable
ext ent. Adeliogdlonald wpy tofiehe grewidid embedimeotsy dies copolymee danfa Mioohelast two or

nore diluents., 00113] A.r or,is pner(s) in which a cheni cal
reaction JA¥APY ‘gfoﬁtg@é&%qlf5§S@fﬁf§@#@gét%§§%ﬁ§ﬁ’gof di | uent conprising
polyners that have precipitated fromthe diluent, nononers, Lewis acid, and

initiator. The slurry concentration is the volunme percent of the partially
or conpl et{edoyoopr edi piy atfettle petiyne embbdisedtsorihd hepdlpmat haplaukiponéy t he  { )

slurry. [0Q0115 | yner e u to_refer .t %po rs, copol yrrer{\s,'_.-
i nt er pol yri‘%ﬁcé‘,sm{ @F%@P%é‘f g?glégé.f’ @ﬁév’x’i dat 123 @0%5 rlgﬁégeref er to a

pol ymer conprising at |east two nonomers, optionally with other nononers.
[ 000116] When a polyner is referred to as conprising a nononer, the nononer

[000101)  In any of the previous embodiments, m is from less than 38.
[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.
(0001041  In any of the previous embodiments, m is from less tham 30.
[000105]  In other embodiments, m may be from 1-38. £ }
[000106] In other embodiments, m rriay be from 1-36.
[060107] 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-



-is present in the polynmer in the polynerized formof the nonomer or in the
‘derivative formthe nonomer. However, for case of reference the phrase

conpri si ngotlissdoh@spect i ve) mononer or the like is used gsybRniiagd.

Li kew se, when catal yst conponents are descri bed as conprising neutral

"stable forms of the conponents, it i8 well understood by one skilled in the
art, that the ionic formof the conponent is the formthat reacts with the
nononers to produce pol yners. WO 2006/ 002033 PCT/ US2005/ 020864 23 [0001171

| soolefin refers to aapdihef i nubeongSBRAVI polfbotdianest irtiblier on@RY)) the sane
carbon. [0001181 Multiolefin refers _to any nononger_ having two doubl e bonds.
In a preferred embo@Plyéiseprengreo-huledicne) efpbber s GRY).no AEBIE-1@HFIr si ng t wo

. conjugat ed doubl e boﬁﬂ&dﬁﬂgh reg @%ga&ﬁﬁﬁ%ﬁ@ﬂén‘%e rh&%?lrg%@%}: [(7)00119]

El ast omer as used. herern, refe y po conposi

pol ymers consi st ent gﬂfytenbkt@oﬁwtﬁé1@6 debbéi ti gRPDMIE te sulde, be used
sinterchangeably with the term"rubber(s)." 000130 El ast ojrsrcg?i C canposition

refers to any conposiwbutylensigyelopemiadiens capohgnenubbersisgbntyleagmetiode. A cured
el ast oneri c conposit s to a el ast oneri c ﬁ?rrpositiﬂon t hat has

ion refer. ]
undergone a curing p,cg@‘ggtgltgﬁgqeocppg rgRter il PO PropKIERT §Ri9F he use of

material s and proces$gRmeRsV atritpihed Mkthe Rbber ra@ﬁaﬁﬁl(%_ﬁatéﬁ ihe mechani sm
enpl oyed to cure the el'astoneric conposition. [000121] kyl refers to a

par af fi ni ¢ hydr ocar bbrenghed putphindfbensyotimattel butpidrubber iehboninatett dniyl by

droppi ng one or nore drogens. frgm,the_ fornmula, su as, for xanpl e, a

nmet hyl group (CH3), &P eFﬂﬁ?}PIaﬁa@E}p Rc@qg@l%l,en%t E“.Cb Booﬁﬁ%ﬂﬁva refers to

a hydrocarbon group HRghinkRiMBud] "(pPSidbhifdnlfiSpr&RaasdIfhkst hibhef;, aromatic

cofpounds such as, for e}?arrpl e?@becggghe, nap tlﬁglrene,c ﬁ%ﬁl@nlznt'%r ene,

ant hracene, etc., angolysobatylcyepopsesthyhtyreredat e dowdbl e blolciiengted

("unsaturation") wthip jts structure. ar group is thus a grqQup derived

from an aromatic colPﬁB’&Wagwfea?“éﬁ“ﬁl“‘ﬁahgﬁ@r%‘%mre hydroge@ogqngﬁ?ﬁt he

formul a such as, f o5 fRIPhIenPd6M0pren®co P Mbtylstyrene),

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

poly(isobutylene-co-isoprene-co-styrene), poly(iscbutylene-co-
'isoprene-co—a—methylstyrene) halogenated poly(isobutylene-co-

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

[000105]  Various specific embodiments, versions and examples of the invention
L 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 gystem refers to and includes any Lewis acid(s) or other metal

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



[ 000123] Substituted refers to at |east one hydrogen group by at |east one
substituent selected from for exanple, halogen (chlorine, brom ne,
fluorine, or ‘iodine), amno, nitro, sulfoxy (sulfonate or al kyl sulfonate),
t hi ol , alkeybkédsiootozs and WO 20061002033 PCTI US2005102086- tPCT2Us20954020864; al kyl ,
straight or branched chain having 1 tg 20 carbon atons which includes

nmet hyl, ethyl, propyl, tort-butyl, is%bropyl, i sobutyl, etc.; alkoxy,
straight or branched chain al koxy having 1 to 20 carbon atons, and

i ncl udes, for exanple,. methoxy, ethoxy, propoxy, isopropoxy butoxy,

i sobut oxy,MERUHETE&F fharinvenion, af avellj a3 1Rt ORG Mibiateryanghgptionalyathey | oxy,

hexyl oxy, Ve nonyl oxy, and decyl oxy; hal oal kyl, which
nmeans stréﬁgﬁiE%gggTa (&%m@ﬁaln al kyl having | to 20 carbon atons which is
substituted by at | east one hal ogen, and i ncl udes, for exanpl e, -
chl oronmet hyl, brononet hyl, fluoronethyl, |odonethyl - chloroet hyl,

2- br onoet HYMO112- f D;bnenbnwws a :éﬂuhmgwmdmpvmg agamt. orﬁlb}eubgﬁl spegificallyior opr opyI

4-chl or oeu hIoro o

di f 1 uor onec{]%J Fd 4% cg‘ﬂ%%gli‘ﬁﬁ}f‘ﬂs gﬂ‘% C&Pceﬁ éhﬁ?‘% f%’é%ée EEWHy‘%‘F]grrBTP@f hyl, 2,2-

di f I uor OEtrﬂé‘tlal ey ISHrélBHéEBHbed%n?ﬂéibﬁs' HRRBREAN othéh, a2l g obut v,

4,4- difluorobutyl, trichloromethyl, 4,4- di fl uor obutyl, trichi oronet hyl,

trifl uor ortbe tpydctice 2f zhez;mﬁnﬁdm(bha)éﬂlhﬁ}ﬂ dogs BoBalteritht gonesglr mavyde, of the

1122tetraf|uor - tetraf,l uoropr hus, .for exanpl e,
"subst i tGFERPOERLS O&n‘% pﬁh'“'t‘“mfa‘“%‘f g, 1 %%%?%P@%ﬂ&ﬁt\é 9. %F F’gfsgr ene, etc.

[000124] ﬁ& B "moRInGGE | AL, TRIWENES 1frﬁyreé%rﬁlfédeﬂqm R ainSBeriednzRe Excl usion

Chr omat ogr yY "usi ng a V\aters Al'Ti ance 90 separ atl ons nodul e equi pped _

with col urﬂllﬂmaaamlr Eaemadtsanaaabmus Mﬁrafeddcbemhodlaientsefheahhmnbﬂcms mbét ect or { }

Tet r ahydr of ur an, ﬂaﬁg sed as eluent (1 nil/mn. 35C) with a.set of f i
Wat er s St y"teé‘&e‘l"’“ % A5 FESIR SOIPONERIS0 TROPEBISTS, i 10185 aprgeqialip A por e

si ze. )!(t {tatA&Hﬁ1&%§$’g (BRI gf%tg%ﬁaeg ﬂnxt‘ﬁ?ésg:gtat RAsY &B%y gne

standar ds nerican pe used to ca culat'e nol ecul ar
wei ght s andilueditsst ri buti ons.

[000113] A reactor is any container(s) in which a chemical reaction occurs.

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

polymers based on the total volune of the shurry.

[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 (vespective) monomer or the like is used as shorthand. Likéwise,
when catalyst componenis are described as comprising neutral stable forms of the
components, it is well inderstood by one skilled in the art, that the ionic form of

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



-[000125] Pol ymer nol ecul ar wei ghts can be determ ned on other SEC
Tnstrunents using different calibration and run protocols. The nethodol ogy

of SEC (ﬁb%m%%lﬁm as GPC or gel perneation chromat ograpé:ny/ijsiﬁgi;&ﬂ%ﬁcteri ze
pol yner ol ecul af "'wei ghts has been reviewed in many publi€ations, e such

‘source is the review provided by L.H. 23Tung in Polyner Yearbook, H G Elias
WO 20061002033 PCT/ U52005J020864 25 and R A. Pethrick, Eds., Harwood
Academ ¢ Publishers, New York, 1984, pgs. 93-100. [000126] Cononormer

i ncorporation may be determned by 'H NVMR spectronmetry. NVR nmeasurenents
may be obtained at a field strength_corresponding to 400 MHz or_ 500 MHz.
'H NVR s pel®t1a7Innyisasdefinrebeord saangt olefip granoaisp dpuing two srbsitgiangon g ance NWVR
spectronet er es¢/s$§m using CDCl 3 solutions of the polyners. Al chem cal
shifts rrays%% ¥% enced to TMVE. 1000127] A variety of NMR net hods have been
used to characterize conononer incorporation and sequence distribution in
copol yners. Many of these nethods nmay be applicable to the polyners of this
i nvent i on. [0A018Inediltiobdar rdere tovwing nnomcemreﬁz,vim@ éwa plolubicabings. aVR
spectronmetry.to the.characterizatio f polynmers is H R .Kricheldorf in
Pol yrer | veBFHUH, pbodingt; (e Sawideleln ooy, aRonomeg CompESRE o VAcaden ¢
Publ 1 sher Scodieioioadoel s sl 2492k GRAMRALkEhoT> enbodi rent

directed to nmers of 1soolefins and nultiolefins, the presence or

absence of long chain branching in the polynmers may be determ ned using
triple detection C (size exc|usion chromatography). Triple, . detection SEC
may be per %8Pl i["ﬁa%¥$’%’f éf ¢ F‘f’egbcf?P%é%é‘E%ﬁgY%é‘) Oﬁ%'%l")%ﬁ?‘bﬁgt ogr aph
operated a Walalcle cASton Lok B i&%& Magsgchusetts)
PD2040 Iigh?ﬁglggsf?éeﬂrsl ng Jg%hgﬂjt%oé, a |sc§(;t8e l?(ﬁ%ughg& efﬁg‘s’) I\/Egel 150R
vi scomet r yimatkeatgesblandiathy\étrer'sulshief&et enti al refractive index detector

(integral with the 150C). The detectors nmay be connected in series with the
| ight scattering detector being first, the visconetry detector second, and

ng q gisf I ﬁLdBB‘fzb]a' EGLbAChE V@nfsn IREGS LR aly cbimodifibh WAy af My be
clastomer 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.

000121]  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 (CH;CHoy), 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, efc., and typically possess alternate double bonding
("unsaturation™) within its structure. An aryl group 1s thus a group derived from
an aromatic compound by dropping one or more hydrogens from the formula such

as, for example, phenyl, or CgHs.

[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, alkylthicl, and



eluent (0.5 mM/mn.) with a set of three Polyner Laboratories, Ltd.
(Shropshire, United Kingdom 10 m m xed-B/LS GPC col ums. The i nstrunent
may be calibrated against 16 narrow pol ystyrene standards (Pol yner

Labor at svpems/ebtods). Data nmay be acquired with Tri SEC mufrosmo®o28hiscot ek)
and inported into WaveMetric's lIgor_Pro program (Lake Gswego, OR) for

anal ysis. Linear pol yi sobut yl ene ma%ﬂ be used to establish the relationship
between the intrinsic W 20061002033 PCT/ US200i (020864 26 viscosity [11]i;-
near determ ned by the vi scorretry detector) and the nol ecular weight (My,

det er mi neiydirye il eftrighycert brenchsg ‘d@ﬂbé@‘@ﬂg t %80 rcatheni BewR| whiskt ween

h1] | i near. e thel\/a uat i Lrlllinear =
KMha [Ooﬂ%?esﬁg?tgaﬁgt B}y% HEBI%Pﬁ f%g[qﬂ’ﬁi] E)SQPW %}ﬂr%ﬁ‘f%% O%ngﬂl ogarithm-c
pl ot of igturimhbe cyalﬁ%g@@maﬁa N8 20MavborPatbfis ! 4R ﬁé@@& fdt dxBfpld)t ercept. .
Significant deviations fromthe relationship established for thé linear

st andar dsmethdiyg attboxhepropexss esopropdxyl, omoxsh aisobwipz ciecondarGansexyt, | v, .
pol ymer s 1ch xh|b|t re si n|f|0fmt dgw tion fromthe |inear .

rel at i onsFiEE 129?% rRSPE 1&g n#SOPEUROXY o niexy: ""‘3”<3h<};%f31?1t PBhc RGO YFhe scal i ng
factor ¢ @‘%‘%E,d fILh §

rel ati onshi % I’hglgda Embaﬁlggﬁl{'}%ear 4[%636%%‘? eﬁg%lt%%lﬁ%;k%'

defined tlavieg I as <20t brs&bomatoﬁmuwhwhasmubst&médgj}eatt East driealmelogerequdl to zero.
Wen g' is egual or nearI)ﬁBﬁqual iggone therﬁ Is ,considered to be
linear. \Vineldes, fosexgyie.riloipmeihyl.dyemOmeHys, DTPW@"Q’&HB@@“? vhéng chain
br anched. E ass$ . I e qPol ymer

Sci ence, ‘iﬁ&%e@yp ;FMEE'B% %ﬂugﬁ&g% J3 %%@é\ﬁnﬂ’ ! Fgrqwc’&@%%\érgamn Pr.ess,
New. Yorﬂu01a>91&§yl | - é]ﬂmbﬁynemeﬂtmmbu@lic diehl@romesindal @ﬂéhﬁh@ﬂeﬂlﬂ each daya
slice of the ehromatogra hic curve. A viscosity average e ' or 6 ] d p(VY:g

g gvl s. avéjfluprometndy| dileduestbyls 1 dighiqrpethib) ebdiddromengyldi 2ri but i on.
The scali cahgu t i ptyrinsic
Vi SCOSI ty&glyg’?oﬁng‘a rrp’?v-@c?ﬁ/og@ro‘%l, E,%-&lﬁﬁ&%piorp%‘ 4,&310@’0%193?1, Rl
difluorobutyl, trichloromethyl, 4,4-diflucrobutyl, trichloromethyl, trifluoromethyl,
2,2, 2-trifluoroethyl, 2,3,3-trifluoropropyl, 1,1,2,2-tetraflucroethyl, and 2.2,3,3-
tetrafluoropropyl. Thus, for example, a "substituted styrenic unit” includes p-

methylstyrene, p-ethylstyrene, etc.

[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 . f
Waters Styragelr HR 5p columns of 500, 1000, 2000, 10%, 10° and 1064& pore size.

e

A calibration based on narrow molecular weight polyisobutylene standards
{American Polymer Standards) may be used to calculate molecular weights and

distributions.

[0001251 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




g'vis.avg. = [71]1lve_/ (KMva) [000131] In certain enbodinents, a_ polyner
that is substantially free of long chain branching is defined to be a
pol ymer @t Mbd/gBo3 VS, avg. is determined to be greaterpéfaghgiongsrl to
0.978, alternatively, greater than or equal to 0.980, alternatively,
greater than or equal to 0.985, alter@datively, greater than or equal to
0.990, alternatively, greater than or equal to 0.995, alternatively, greater
than or WD 20061002033 PCT1US20051020864 27 equal to 0.998, alternatively,
greater thami Br Aeqediridko Fds.98Rrwarl deddenuic Fatilikhers, e orklelBds pgm SEC as
descri bed herein. For nore information, see International Application No.
PCTI US031483490. 10001321 I n sone other enmbodinents directed to copol yners of
-isoolefnms and nultiolefns, triad sequence distributions nay be obtained
from 13C NVR spectronetry using a Varian Unity spectroneter at a field
strength ofoodi26} 7 Ohlzon@ne: aidcenpetishur@apf H0CletBohiis®r byanpl-sd/Ray be
-di ssolved into CDC13 (containing 1.5%w./v. of chrom umI(I 1)
acet yl acet SppetreMglya rNMB ateawagam \mant bey dvneeht #aei Seldofstrength 8 wt . %

The free inducti be cte it h 90 3 econd
recycl e dngr;l; sgﬂﬁc%gg 38%@ I%o?‘fds djatt]g*cf{]ﬂflzs'i tﬁé‘%’i ﬁ%e.%tra %%L%E?cgrdsegténay

cons! st of r@)n@\tﬁﬁﬁerﬁ\ﬂuﬁ’é BnQf BARkeP Db ahke m&ge&%aacm&ﬁ ﬁﬁﬁ%imﬁ- All
chem cal shifts na%hbe referenced to tetranethyl sil ane. 0001331 Data

pr ocessi ng solationreoisgbe polymets. wAllichemicahshigPay Mereforsriced 1o TiBansf or m Sof t war e
from Acorn NM?., Inc. (Livernore, CA). The carbon- 13 free induction decays
may be Fourier transfornmed with 65K points and 1 Hz |ine broadening, and
the resul t idgi29PeCARRHERYMEVRNASREIIAR IREE LiddRoCRRFBRHSE corlfomer €as Of
thé ol efinic resonances may be measured by peak deconvol ution, rather than
mafual i nt égpomaramgn and seqiencet distwipttion e copdymesneiang of dicse ynetiodseak

profile of 85% Lorentzian_and 15% Si.an character e ass d for the
ol cul at | oM TR GERC (h RGP &1 OGRS Oly AHETGH TR0 SOFG n ¢ he
fit. [0003cdndlie dpREREACINIREIESARERE &5 (RRhRRIFBHANGDAGRESI O to

y C A P A i

information reporte Corno, "A. Pront, A Priola, and sca in

is H. R. Kricheldorf in Polymer Yearbook, H.-G. Elias and R. A. Pethrick, Eds.,
Harwood Academic Publishers, New York, 1984, pgs. 249-257.

[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,
L 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 mlAnin.) 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



Macr onol ecul es 1980, 13, 1092 and J. L. Wite, T. D. Shaffer, C J. .
Cross in Macronol ecul es 1995, 28, 3290. For each triad structure,™
a quaternary ~ carbon and a tertiary carbon resonance nmay be observed. The

and J. P.

BIT (B =W0 2Wp0¥Bene, | = isoprene) olefin triad fract iP6AUSIEAF0BE864

cal cul ated for each type of
the BlIl value for tertiary carbons
average of the Bll tertiary carbon integral and the IIB tertiary carbon

2006/ 00203 <P o0t Szt oy U8 Vit @mespRerton Frfie mESUBHHER on 1t ne

BIl triaddfa {eﬁ)ﬁlr@dﬁf)% qﬁé“%#%l? Q@aﬁ%ﬁgfﬁ?%@&ot}f L%Ei fe%%jo%}ﬁﬁ Whkedd

fractions

miy be cal culated eac

i soprene incorporated into the copolyner. A plot of the BlIl fracti

(expressed as a percentage of all

fraction)

d i bed he, . I di L but | [ d '
and my b@OLAREEE BN, T Moy Rl It ko the SR P T

par aneter,

di stributi

T bdaBhgt fbfr #OLMbT RRidaRst B&ViGRAR!

i sobutyl ene and i soprene in each diluent. For nore

[n]samplc = g' [T]]linear

[000130] The value of g' is defined to be less than or equal to one and greater
than or equal to zero. When g' is equal or nearly equal to one, the polymer is
considered to be linear. When g’ is significantly less than one, the sample is long

chain branched. See e.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'yisavg. 15 calculated across the
entire molecular weight distribution. The scaling factor g'visavg, is calculated from

the average intrinsic viscosity of the sample.

g‘vis.zwg. = [Tl]nvg./ (KMwu)

[000131] In certain embodiments, a pelymer that 1s substantially free of long
chain branching is defined to be a polymer for which g'yisave, 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 fo

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

carbon, guaternary and tertiary. For exanple,
nay be cal cul ated by dividing the

i ad

on t'ype, t llary® and quaternary, -

these val ¢k JRdbeE, avenegepresnd byshe Mak-Huryiak bqaitioni th the amount of

on

i soprene centered triads e.g. 100 x BE

( versus mol % i soprene Imar pFAEMEd into the copol yner may be
created. 1000135) In.certain enbodi nents, the relationship between the Bl
triad fradb0089] and Raransieisk rad sy WAk bembigipet Hewdthe sogbleHesx8pBiy ner may be
ed bel ow
rer araneter,
m FSrr = @idtibng fromh M)elafBRIS) cfabifshbl Fof BRONIR siaRBMUS Heficale S | bution
Ai1s the nolar ratio of 1soprene to iIsobutylene in the copol yner,
[1P]/[]B] preseuce BBrong chhim Blanching.ad Generelly,opolymerh evisalp eklplrdr mofed00136] The
on

best fit of this uat.i o ields the | ue .of for copol rizati _
P Sobut yl e SEHALHR B S Rnte tsERORSHE GOREH TISTE S BERG: Sty 13 NVR

Spect I OMet i MBnbRin ggequence

on equatlo%to obtain"a best fit. The best fit of tLls' equati on

yi el ds t heletengireddmesli statiohslip.on paranmeter, in, for copolynerization of

Ruf f,

b1



information, see International Application No. PCT/US03/40916. [000138] In
yet ot her enbodinments directed to copolyners of isoolefns and al kystyrenes,
t he BSB (ﬂ;(ﬁdg@;@@ujyl ene, S = p-net hyI styrene) triad fraeCras200a92086é
ogbtained from'H NWVR spectronetry at field strength of 400 or 500 MHz.

Pol ymer sanpl es may be dissolved into &DClS at 1-2 wv% The free induction
decays may be collected on the deuterated chloroformsolutions wwth a 45
pul se, WD 2406110 PCT/ USZ 051020864 29 1 ec recycl e del and a
3.96 second? 5% ég?g&l‘f%ﬁ%ﬁeyNgﬁ%‘ﬂe &4 E@H 8@% eﬁcﬂ?’é]?g%'ed to
tetranet hyltﬁplweem&@@%@%] de-g&?oeas}ﬁrélﬁ' ey hﬁ)’%@ﬂﬁ&’i&tﬂﬁés&elnﬁe?ﬁ ghed

according to information reported in J. R Ashbaugh, , T. D
-Shaffer J. Aunihyation 1Sci PCTAISBHOBAL . Chal n. 2000, 38, 1680. The percentage
of BSB triads in the copolynmer may be calculated fromthe 1H NVR spectrum
according to the follow ng equation % BSB = 100 (4A/ (A+B)) where: A =

tsintegral v f ﬁﬂé}ﬂ ances’
bet ween, 2 gb §ozﬁe ?’%Wa cgra?gtft%d E%@gﬂﬂgeféa&% eéﬁnﬁeﬁeéﬁqons hi p
bet ween t henﬁﬁBleﬁhs admdf rsaqicnos distdbtifiensmalado pe adﬂitmlnsd yireme [chadvpor at ed
into the copolynmer may be__described by the copgé]émer sequence di stribution

equati on dePestfosrrbesiesa Mpgian HRjtoweskepeler & W“ @90l Yo% sequence

equence. diRErF BIPORT bt or . PAUMEE RAEIR e K Bl Wﬁ@g%tsréﬁ@wp‘)' o

i sobutyl engehiaihlify £OPOWYAET of cHrBMRIh [(ITBlaceRthcefoRER ds% EtdMkaBSBabddtpd
fraction in the copolymer. [000141] The BSB and mol % p-met hyl styrene (p- M)

dat a obt ai raéd wcenﬂrahwmfs paots ohdd. r Yhenfipe hedifction ldgcistsemay be eoBedted i on of

thé copolyrrer S gen istripution atlon obtain a best fit. The best
fit of thisVEyd b eilygece recé’%'&d:g IZF]I%B %‘Hfb%ﬂ“éﬁ%% fmey  for

copol ymeri Zﬁatéhoﬁatﬁf sétSARY ¥bihg 8P %weep W1dth of 30,007 Hz and 30,000

scans/transients. All chemical shifts may be referenced to tetramethylsilane.

e-l-

[000133] Data processing may be performed with the NutsPro NMR Utility
Transform Software from Acormn 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.

(0001341 The isoprene ftriad resonances may be assigned according to
information reported by C. Como, 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, 26, 3290. For each triad structure, a quaternary
carbon and a tertiary carbon resonance may be observed. The BIl (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, BII,



met hyl styrene in each diluent. For nore information, see International
Application No. PCT/CT TS03/40852. WO 2006/ 002033 PCTI US200S/ 020864 30
Mononers and Pol ynmers [000142] Mononers which nay be pol ynerized by this
syst em i Nob ead6/082993 hydr ocar bon nononer that is pol ynmer iPEIWR0G2P%64t hi s
invention. Preferred nononers includg one or nore of olefins,

al pha-ol efins, disubstituted olefins, isoolefins, conjugated dienes,
non- conj ugat ed di enes, styrenes and/or substituted styrenics and vinyl

et hers. The,st iCc b ybstitu (on.the rin Wi al kyl, aryl,
hal i de or qiﬁs’k%ﬁﬁg{rquﬁu?y E?%Pﬁ?%bt%‘?/?ﬁf Hiﬁ”gﬁ(g}ggrmg%)rﬁq&atglegﬁﬁ 5“5% car bon
at oms, MoradBbe! OmRRIBYI RialGrRtiosY Ry HealcRladelhRBhoh Srbsh §peAeRiapy at ons.

Exanpl es of preferred ol efins include styrene, para-al kylstyrene,” para- ( )

met hyl st y rasdeuaterpg,- ietehydlusst mae he aveiiaged yhd esedefoe, codipageqr wighriht benzene,
i sobutyl ene, 2-nethyl-1-butene, 3- hyl -1 - but eng, . 2- hyl,- 2- pent ene,
i soprene, PRAWY i‘rzr'g MROPIERe INCATRRFR 1—“%?@-%%8%8 ‘E Ilggtp‘ir’ﬁ%‘ﬁéi,n %VF@% e,

6, 6- di et = , i i i e P TAr hyl vi nyl
i her ot RISt o P e R AR SO R R . B IR DO oot W norrer
may al so beranmlteistmese dikotparated intortheeopulyare nsy Wtoresed.c bl ock copol yners
may al so be used a nononers. Preferred bl ock copol yners include copol yners
of styrenics, such as styrene, para-nethylstyrene, al pha-nethylstyrene, and
C4 to C30 i fi e d : -aeli P

Parti cul ar 6yoq%]o efEI?P% ngrr?%?%%lﬁnéé’gsoﬁ@?eﬁ%%“Si%?{‘ﬁ?h‘?&%&‘eﬁ%ﬂf@%&ﬁ"‘gﬁ%‘%e and

par a- met hydndsthy he% Bdpreso inedypoeated and the ogpodyiger @ay bacdeserived berdpol ymers of
i sobutyl ene. \[000143] Additjionally, preferred nononers include those that .
are catiorfapalymer sedugAes i diaBibatian geutionp sgsaribedatrloy camb| paxr Peati on bf )
d efins, Y v | ' nt ersci ence, New York
1975. Mono h%dg&érfzﬁ%mg% ca%@Wnu%eﬁgn@%ﬁ?{%‘éﬁﬁgﬁg%aar%eg%f y pol ynerizabl e, such
as those nononers that are capable of stabilizing a cation or propagating
center because the nononer contains an electyon donating group. For a

detai | ed di scussion of cationi¥sm=mA/(1+mA)

where: m is the copolymer sequence distribution parameter,

A is the miolar ratio of isoprene to isobutylene in the copolymer, [IP/{IB]
and,

Fyys ts the BII triad fraction in the copolymer.

[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 CDCl; at 1-2 w/v%. The free induction

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



-catal ysis pl ease see Cationic Polynerization of Aefins, A Critical
“Inventory, Joseph Kennedy, W/l ey Interscience, New York 1975. WO

2006/ OOZ%QZEOC&Z;{OM ,»200i 1020864 31 [000144] The nmononer pii@ysBes@hgaent in
the polynerizatron nmediumin an anount ranging from75 w%to 0.01 wt%in

“one enbodi nent, alternatively 60 wt9%?%o0 0.1 wt% alternatively from40 w %
to 0.2 W% alternatively 30 to 0.5 w% alternatively 20wt % to 0.8 wm %
alternatively and from15 ft%to 1 w% in another enbodi ment. [0001451
Preferred bmbgmﬁrmcjdimﬂeﬂd? andropEb ysremsl afquisityonofime heArwhemimak shiffsst ed i n
thi's Section npl es of honppol yners incl ude pol yi sobutyl ene,

pol ypar a- n@@ﬁ@?ﬂfweéﬁﬁﬂ TOﬁﬁFW%ﬂ > pol ystyrene, polyal pha-nethyl styrene,

. polyvinyl ethers (such as pol ynet hyl vi nyl et her, pol yet hyl vi nyl et her).

[ 000146] Preferred polyners al so include copolyners of 1) isobutylene and an

al kyl styrepeoizand Re BSBmeaﬁlremmahﬂasdw g3tpnedl QQEGkdifk donindhienagishodi ment
. butyl polynmers are prepared by reactin conononer_ m xture, the mxture

havi ng at -'re@aﬁt:d (ny. B éﬁhbﬁilgbﬁc‘r JoBuEH | an'ﬂ@ﬁ%F-f Eolypormsht Asﬁéfi’"&s

The i sool el 300,38 Yadc e bhesBled CEBEhR0: By TChGRINER wal®orar

conmononer Balasﬁlwrea fioiy ﬂl@éHeNNﬂIlblf»&B{un dteotdin 8- the WMIGWiny anetibgr enbodi ment .

I'n yet another enmbodiment the isoolefinis in the range of 92 to 99.5 w%
The conjugated di ene conponent in one enbodinment is present in the

cononorer mxture from 30 to, odinment, and from1l5 to 0.5
wt% in another enbodi nent. XO?SP @ E“e”f’ﬂgﬁﬁﬁgl ment, from8 to 0.5 w % of
the cononomer mxture is conjugated diene. The C4 to C6 isoolefin may be

one or nore of isobutene, 2-methyl-1-butene, 3-nethyl-I-butene,
2-fret hyl - Zmﬂtﬂen&:——llaegral\lalmte@frtbtm&mmmt@timm%e multiolefin my be a C4 to

Cl4 conjugated dj € ch.as . isoprene, but
2, 3-dinethyl -1, BHE%#‘E e %éeiﬂ"ﬁ%‘ff’é% gnfléandgz 8PP net hyl - f ul vene,

hexadi ene, cycl opent adi ene and pi peryl ene. One enbodi nrent of the butyl
rubber polymer of the invention is obtained by reacting 85 to 99.5
[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.

Fpsp=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,
N [PMS)/[IB] and,

Frsg 1s the BSB triad fraction in the copolymer.

[000141] The BSB and mol!% p-methylstyrene (p-MS) data obtained by 'H-
NMBR 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.



wt % of 1sobutylene with 15 to 0.5 w % isoprene, or by reacting 95 to 99.5

W% isobutylene with 5.0 wt%to 0.5 w% i soprene in yet another enbodi ment. ~
The WO 2006/ 002033 PCTI US20051020564 32 following table illustrates how t he
above-r ef sremmedoans3 % woul d be expressed as nol % Tabl e PICTVWMS2005/0Q886p001 %
IC4 W %I1C5b Mol %1C5 70 73,9 .5 .4,.8587.3 5 4.2 92 93.3 86.7 95

95.9 15 12.7 99.5 99.6 30 26.1 a. 1 - isobutylene b. 1C5 - isoprene

[ 000148] In one enbodi nent, the relationship between the triad fraction of

an isoolefin and a ltiolefin and the nol % or nultiolefin incorporated

into the é‘é?)‘%ﬂ‘?%?ﬂﬁ"]d&%?i bed by the copol yner sequence distribution

equati on described below and is characterized by the copol yner sequence
distribution paraneter, in. F=mA/(1+md)2 fi~} where: mis the copol yner :
sequence dif@br42put MohoprFandicdr may bé podyrhdrgzedobwarthis agysiemoinchadet kgt efin to -
I soolefin in _the copolyner and,, Fis the isoolefin-nmultiolefin-multiolefin
triad fractiyéfpcarbonhmopemen yhatris pqipwenaaile msmg dys nysntign. + Riefemefiat i on

yields the f. Qi 3 f | LO f | '

it ol ef Ao e, Bhe SF RBYTED bR Rp bl Bt SRRRANT e ¢ o
greater thagooleffis, abijsnal HBEsy nofilcofugaice alides,! ARRnKs Gnd/ot bessiiatesel y, from
greater than 2.5; alternatively, fromgreater than 3.0; and alternatively,

from gr eat styremighand Binyigheso diwotoegic-maChe veonstd fum e 4ing3 3vith an -
alkyl, aryl, halide or alkoxide group. Preferably, the monomer contains 2 to 20
carbon atoms, more preferably 2 to 9, even more preferably 3 to 9 carbon atoms.

Examples of preferred olefins include styrene, para-alkylstyrene, para-

./'_"‘u;‘_'\\
I

methylstyrene, alpha-methyl styrene, divinylbenzene, diisopropenyltbenzene,
isobutylene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-pentene, isoprene,
butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-dimethyl-fulvene,
hexadiene, cyclopentadiene, piperylene, methyl vinyl ether, ethyl vinyl ether, and
1sobutyl vinyl ether and the like. Monomer may also be combinations of two or
more monomers. Styrenic block copolymers may also be used a monomers.
Preferred block copolymers include copolymers of styrenics, such as styrene,
para-methylstyrene, alpha-methylstyrene, and C4 to Cjp 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. : f ;

[000143]  Additionally, preferred monomers include those that are cationically
polymerizable as described in Cationic Polymerization of Olefins, A Critical
Inventory, Joseph Kermedy, Wiley Interscience, New York 1975. Monomers
include any monomer that 1s cationically polymerizable, such as those monomers
that are capable of stabilizing a cation or propagating center because the monomer
contains an eleciron domating group. For a detailed discussion of cationic
catalysis please see Cationic Polymerization of Olefins, A Critical Inventory,

Joseph Kennedy, Wiley Interscience, New York 1975.



-[000151] In other enbodinments, mis from1.10 to 1.25; alternatively, from
1.15 to 1.20; alternatively, from1.15 to 1.25; and alternatively, mis

about 1. 2Q.g 10086kH3] | n anot her enbodi ment, the rel ati ongfppshgiyagey t he
triad fraction of an isoolefin and aBE- al kyl styrene and the nol % of
0

"p-al kyl styrene incorporated into the pol ymer is described by the

copol yner sequence distribution equation described below and is
characterized by the copol yner sequence distribution paraneter, ni.

F=1- {mV ( 10680421 \fhermonomers mie beapedepher theepplpmedzaliont miediymi onapar amet er
Ais the nolar rati.o of p-alk twene ta isoolefin in the copol r and, F
is the p- a?@?%@?@ﬂ%%‘?@gse‘?’%} h?%ba@kwt%tly P@ﬁgﬂ{%ﬂ@%eﬁqr aligpgih efyng@rﬁe

- copol yner . whQ0Q15BkyIN aubastivéll tir@h 4008, 68Wat e, Yiehdivdlpsovalas of mfor
copol yneri zation of the isooléfin and p-al kyl styfrene in each diluent.

[ 000154] | mi%he elianativelyb2biviteti 8.8 withh,siltermativélp ssd fivan 1 38yt%alot lewibatinvel y, from
|l ess than 36; alternatively, fromless than 35; and alternatively, from

| ess than g@o_ther[egﬁ@ggge}nq n ot her enbodinments, mis from1-39; alternatively,
from1-36; alternatively, from1l 35, and alternatively from 1-30. [000156]
This invention further relates to terpolyners and tetrapolyners conprisi.ng
any conbi nggodrs} of Prefeeredomdymers inchite hoalupelymery of emyesf ther pohymerss  and
tetrapol ymers inclyde polymers canprisjing isobutylen opr.ene and

di vi nyl bengite, mpBus, Perlor o ipFararlay of Sumirnphangs 1B‘élﬂ1§é ali'ojiﬂls%lf‘wl@%

(preferabl a- ty [ 5 ISl Ng

cycl opent aé’?gﬁg‘%%%@%% ?ﬂ%é né@?ﬁgﬁe%g’r a]ztﬁi‘{/tﬁggef’y ﬁgegr%%a?g%g%r%h%ar a- net hyl
styrene), polyyimi sthefs (suchol yoblsngnkyleingledpe Hobetileyleinghahdrgopr ene, pol ymers
conpri sing cycl opent adi ene, W) 2006/ 002033 PCT/ US2005/ 020864 34

i sobutyl ene, and nethyl cycl opentadi ene, pol ynmers conprising isobutyl ene,

para- et hy5f vr eng ARda ST RBS MAYHERRe chfiyReRC) isobutylene and an
alkylstyrene; and 2) isobutylene and isoprene.

[000147] In one embodiment butyl polymers are prepared by reacting a
comonomer mixture, the mixture having at least (1) a Cy4 to Cg 1soolefin monomer
component such‘ as isobutene with (2) a multiolefin, or conjugated diene monomer
component. The isoolefin is in a range from 70 to 99.5 wit% by weight of the total
comonomer mixture i one embodiment, 85 to 99.5 wi% 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 vyet another embodiment, from 8§ to 0.5 wt% of the
comonomer mixture is conjugated diene. The Cs to Cg 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 C;4 conjugated diene such as
isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myicene, 6,6-
dimethyl—ﬁﬂvene, hexadiene, cyclopentadiene and piperylene. One embodiment
of the butyl rubber polymer of the invention is obiained by reacting 85 to 99.5
wit% of isobutylene with 15 1o 0.5 wi% isoprene, or by reacting 95 to 99.5 wi%
isobutylene with 5.0 wit% to 0.5 wi% Isoprene in yet another embodiment. The



[ 000157] The Lewis acid (also referred to as the co-initiator or catalyst) .
may be any Lew s acid based on netals from Goup 4, 5, 13, 14 and 15 of the-
Periodic Table of the Elenents, including boron, alumnum gallium indium
titani umwozes@onasm tin, vanadi um arsenic, antinony, mrgusienzokss One
skilled in the art will recognize that, sone elenents are better suited in

the practice of the invention. ('y I one enbodinent, the netals are

al um num boron and titanium wth alum num being desirable. Illustrative
exanpl es include ALC13, (al kyl)AlCl2, (C2H5) 2A1CL and. ( C2H5) 3A(£2013, BF3,
snd 4, TI delowmggahls dhlussigstiioghihel apove-gdpsngsd we “piipubbbe gypiessed avse usef ul
in cati oni}ﬁol%)ol ymeri zation of isobutyl ene copol yners including: alum num
trichloride, “alum numtribrom de, ethylaluniinmn dichloride, ethylalumnurn
sesqui chl ori de, dethyl al um num chl gaikldq, net hyl al um num di chl ori de,

met hyl al um num__sesqui chl oride, dinethylalum num chloride, boron
trifluoride,{ti i atdtr lo@ryicdie, |et G+ oMyiizret hyl } i chl ori de and
et hyl al um num ‘F.svggéq_lt}?%hl ari ?gab%illncgepref gvrtryeom&&d J%f ﬁ”yﬁbs‘sﬁg Lewi s aci ds.
such as mnet hyl al um noxane (I\/Aogﬁsand spteci fi cglly dési gned, weakl
coordi nating|Lew s'*aci ds |such B(C6H5) 3 are al so|suitable Lew s acids

W thin the cpntext_of th& i nventon. .UUUlb\ng AS ome SKitTed 1in the art will
recogni ze the af or&hent i oned 1958 ng of Lewi s aci Eis i s hét exhaustive and

i s provided for—tttustratjon—For—a ngre—nformationrregardimg Lew s aci ds
in polymerization $ ocessies, s¥B3 for |exanpl®, Infernat®.@nal Application
Nos. PCT/ USO$+468903—anra—HcH-USB3/40340—WD26061002033—PCcHUS2005/ 020864 35

Initiator [000161]94 nitiators g¢&keful i|n thigsinvention de¢ those initiators

whi ch -are caj le of beiing conplexedlin a suitable diluent with the ChOeé@ﬂ
Lewis acid t¢ yiebdsa conplexggi ch rapidl goreacts w thgtihe ol ef i n t herieby
formng a prgpagatin |l yner chain. llllustrativelexanples include Bronsted

aci ds such as H20, HC1,
a. iC4 - isobutylene
b. ICS - isoprene

[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=mA/(+mA) s
where: m is the copolymer sequence distribution parameter, _ '-fi N |
A is the molar ratio of multiolefin to 1soolefin in the copolymér and,

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

[0001491  The best fit of this equation yields the value of m for copolymerization

of the isoolefin and muliiolefin 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.



-RCOOH (wherein R is an al kyl group), and al kyl halides, such as (CH3)3CCl,
“C6H5C( CH3) 2C1 and (2-Chloro-2,4,4-trimethyl pentane). Mre recently,

transiti Qpq 2hRlodbess 0Pl exes, such as netal l ocenes and otg@nysuedoagueri al s
that can act as single site catalyst systens, such as when activated with

“weakly coordinating Lewis acids or L&his acid salts have been used to
initiate isobutylene polynerization. [000162] In an enbodi nent, the
initiator conprises one or nore of a hydrogen halide, a carboxylic acid, a
car boxyl i cloa@st hdhiotker embtwdishants, e acirem laH) Wl baholltemativpliefiem I.85tertiary

al kyl halide, ,a terti.ar ral k i de tertiary.alk ter, a tertiary
ar al kyl esEoglr?&zfﬁtFﬁﬁl?’%}¥y§%‘Pléyﬁ Cihe ,,angaﬁeé[pflﬁge}l};p Lﬁﬂ%ﬁ #l‘gﬁ‘ner, al kyl |
. halide, aryl halide, alkylaryl halide, or arylalkylacid halide. [000163] As
one skilled in the art will recognize the aforenentioned |isting of

i nitiator (Epo1sz) ndh ametiensmbedinamt, the rglaenstigdbdtercen tHeusiad tdction ofor a nore

:information regarding initiator(s) .i 0 ri zation processes, B see, for.
exanpl e,  FhisePlRERAY élP"éiﬁsﬂFW&%&ei%ﬁ tﬂ%@?%@ﬁ?@@d%@@@@“&ﬁ?@&%@sl 40340.

'dr of | uor gga a-fy[:g,r b d as

Id_liy | uent s iﬁl%t g ;H)ar e%r[e%?gésfé?\%%ntl OE\H,eI g@%ﬂgﬁ%ﬁ@@%@%ﬁg@%ﬁ s%htaﬂagt her

hydr of | uor dearibed Helow iand is aoifaractiized by thie cifodymel bag@ohee. distibuponposes of

this invention and the clains thereto, hydrofluorocarbons ("HFC s" or

"HFC') ar eP¥@melEdlt 0 be saturated or unsaturated compounds consisting

essentially of hydrogen, carbon and fluorine, WO 20061002033

PCTI US20071020864 36 provided that at | east one carbon, at |east one

hydrogen and at |east one flu@+ne {(npAd (brema)t. [000165] In certain

enbodi ments, the diluent conprises hydroflugrocarbons represented by the

fof mul a: C'HyFZwheee: @ i5 the pepodymenegigice distighationpgrageeter rom | to 30,

alternatively fr . e i f; . rnatively froml
to 6, alternat f&vfé}ﬂjﬁ/e #ﬁ%&ﬁ}?&}mﬁt&)ﬁzgﬂ%ﬁéﬁ?ﬁ? ilé\’?efgﬁflbéﬁn% %pt(’ gl"iegaﬂg’l ternatively
from3 to 6, npsts phef prafiblistyfenomodlefin-Balkyiigraid tadnfiadtioar én i thkegers and

at | east one.
copolymer.

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

of the isoolefin and p-alkylstyrene in each dilvent.

[000154]  In certain embodiments, m 1s from less than 38; alternatively, from less

than 36; alternatively, from less than 33; and altematively, from less than 30.

i [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 monemers 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,



66] Illustrative exanples include fluoronetbane; difluoromnethane;

uor onmet hane; fl uoroethane; 1,1-difluoroetlrane; 1,2-difluoroéuhane;

trifluoroethane; 1,1,2-trifluoroethaue; 1, 1, 1,2-tetrafl uoroethane;
wenrpeflessoet hane; 1,1, 1, 2, 2- pent af | uor oet hane; PAEAIEM65/62986pane;

opropane; 1, 1-difluoropropane;, 1, 2-di fl uor opropane;

| ucr opr opane; 2,2- difluoropropane; 1, 1, 1 -trlfluoropropane

i fl uoropropane; 1,1, 3 trifluoropropane 1,2,2-trifluoropropane;

d %&? B GR b cvalopenaBiend oS 0pwpas dsobutylene, pare-

3e3-tetrafl uoropropane;
et ra 1 H@ropro nepe&ti&if T , 2, 2- pent auor opr opane;

[
t &
t el
t _
, 3- pent af | uor opr opane; 1,1, 1 3, 3- pentafl uoropropane;
, 3-pent af | uor opr opane; 1,1,2,3,3-pentaf|uoropropane;

, 2, vFiéilﬁlﬁluoroproparre; ,J,1, 2, 3, 3- hexaf | uor opr opane;

oropropane; 1,1,1,2,2,3,3-heptafluoropropane; 1,1,1, 2, 3, 3, 3-

| uor opr opane; 1-fluorobutane; 2-fluorobutane; 1, 1-difluorobutane; 1, 2-

robyvensr) 1, Thedidwivaciaiuisaneferrdd 4o a4 fleworiahistare; cathlystylinky ber obut ane;
i fluorobutane; 1,1, 1-trif]uorobutane; 1,1,2-trifl uorobutaneg;

t ri fanyokowistaghkbased on metglsi ﬁqﬂl}dﬁT@HHt"aﬁe 13114 and 5 jof the Pepodigne ;

trif 1..3, 3- or obut ane; t.rif 1l uog ane 1, 1,
ot 1 af 1485 b iHemdn) Hoyldil bbithe AbART, Fuf, hrtuk AR
4- t efif i B WadiBom l arberfic ZnttRidid ht® bR One kkilled, i8the art

%Iuorobutane 1 1, 2, 4- tetrafluorobutane 1,1, 3,3-tetrafl uorobut ane;
 4- teillecbporothet sovee elmmmnm are: pedier switaddn dhriprapiéce of the invention.
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uorpéiﬂ @egiable. L IlustavdeR 1@%&@&%@1,@1@1 (4 Qjor obut ane;
/ 002033 PCT/ US2005/ 320864&6% "1, 2, 4-pent a%luozrggggth?%?

|
6
, 3, 3-peniCGHs Al BFac§nQly, TiCl3, 4 pent af | uor obut ane;
4
2,
|

, 4- pent af | uorobutane; 1, 1,2,2,33 -p entafl uorobutane;
4- pent af | uorobut ane; 1,1, 2,3, 3-pent afl uorobutane; 1,1, 2,4, 4-

uor ghsikgne; Addideli, 4-nR0 aTds URBP B BRe of 1thdse? udefdt BEMiaBbhidor obut ane;

polymerization of isobutylene copolymers including: aluminum trichloride,

TRRE
- -
SRR E
— - -

alominum tribromide, ethylaluminum dichloride, ethylaluminum sesquichloride,
diethylaluminum chloride, methylaluminum dichloride, methylaluminum
sesquichloride, dimethylaluminum chloride, boron frifluoride, titanium
tetrachloride, ete. with ethylaluminum dichloride and ethylaluminum

sesquichloride being preferred. . f

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

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 e;iample,
International Application Nos. PCT/US03/40903 and PCT/US03/40340.



3, 4-pent af | uorobutane; 1, 1, 1,2, 2, 3-hexafluorobutane; 1,1,1, 2,2, 4-
uorobutane; 1,1,1, 2,3, 3-hexafl| uor obut ane,

, 2, 3“,6 -06R %Ig,gor obutane; 1,1,1, 2,4, 4-hexaf| uor obut@es2005/020864

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

, 4,

< -

4- hexaf | uorobut ane; 1, 1,2, 2338, 3- hexaf | uor obut ahe;
, 4- hexaf |l uorobutane; 1,1, 2, 2,4, 4- hexafl uorobutane; 1,1, 2, 3, 3, 4-
o obg'g ane; 1,1, 2,3, 4, 4-hexafl uorobut ane;
,MMMaf | uor obut ane; 1,1,1,2,2,3, 3-heptafluorobutane;
, 4, 4- hept af | uorobutane; 1,1,1, 2, 2,3, 4- heptafl uorobut ane;
, 3, 4- hept af | uor obutane; 1,1,1, 2, 3,4, 4- hept afl uor obut ane;
: od’asgepqaﬁﬂ HRE QLRSS dventiod o7 thods ineRbANMAN Abtlapnse
, 3, oct af l uorobntane; 1,1, 3,4, 4- octafl uorobut ane;
, Gf Yeidg aotpldxedrin bxnslmab],e d]lhibnﬂ.v@ﬂﬁ]lé oﬂlosfbn b@mfdcubtoojmtchae
, 4,4, 4-oct.afl uorobnt ane; - nonafl uorobut ane;
ebmplax Mﬁarﬁp SEAsES AL fhe P\ZEBr’ge@bﬁeﬂoﬁwﬂ& B pRiARagating
| r
opgsEeERlY! BIe HipRRAG: chaiipy MHMOBRRAYIY AREM IO, HOL
ORE@H((Whumim rl@tlshmh atkvd gasve), dndl alkyBhhkdasafhakoao (CHsREOY! pr opane;
etrafl uoro 2 e

3
if
-ti
i f
3-
Ui 11 GoReg-ETnclone r@d@qf b hdtimethylneniang). sV tesenil trnsiion
f@r DD b 33‘553’ SRR el et ad R OMBIN I BHIRIAE can act as
-1
-1
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| uokiaglectinbudtalyer systains, Gt We ity habutedneith kvékdy fcbordiesingl obut ane;
rifluorocycl obutane; 1,1,3- trifluorocycl obutane;
- 3-trif Lawio@pisoput bewis 4cid’ salts. thaye aipfreaoPé%f&/ctposu%tﬁeisobutylene

e cl obutane; 1,1,2,2,'I-pentafluorocycl obutane;
, 2,3, bB@H H%g?r/ocycl obutane; 1,1, 2, 2, 3, 3-hexafl uorocycl obut ane;

t

3-

, 3, 4- hexafl uorocycl obutane; 1,1, 2,3, 3, 4-hexafl uorocycl obut ane;

, 3,3, 4- heptafluorocyclobutane and m xtures thereqf and including
res ofﬁoolﬁﬁ]sat]iﬂr%ﬁ@ﬁ pgfitest, @l@s@m%@rdcmrw OpR T IEF 8F R\LYFFAREBr red HFC s

i ncl ude or.o trifl e 1,1-

tri 1 uor octriste » CRUSRE el 2 et REE RO g dsitioni G Aok

2006/ 002033héHel| ¥Ve20685 ABOBRAIde38 tertiary aralkyl halide, a tertiary atkyl ester, a
tertiary aralkyl ester, a tertiary alkyl ether, a tertiary aralkyl ether, alkyl halide,

aryl halide, alkylaryl halide, or arylalkylacid halide.
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[000163]  As one skilled in the art will recognize the aforementioned listing of

initiator(s) 1s not exhaustive and is provided for illusiration. For a more
L information regarding initiator(s) in polymerization processes, see, for exampie,

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

Hydrofluorocarbons

[000164] Hydrofluorocarbons are preferably used as dilvents 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 compownds cousisting essentially of hydrogen, carbon and fluorine,



[ 000167] Illustrative exanples of unsaturated hydrofl uorocarbons include
vinyl fluoride; 1,1-difluoroethene; 1,2-difl uoroethene;

ri fluoroethene; | - fluoropropene, 1,1-difluoropropene;

| WP 3¢06p®3E; 1, 3-di fl uoropropene; 2, 3-di f | uor oHGPHEsTEY5/020864
uoropropene; 1,1,2-trifluoropropene; 1,1,3- trifluoropropene;

i fluoropropene; 1,3,3-trifluoropropene; 2,3,3- trifluoropropene;
iquOropropene I-quoro | - but ene; 2-fuoro- 1 but ene; 3

-butene;, .4-fluoro-I|-buytene;, 1, 1-difl uoro-

t
i f
i fl
, -tr
,3-tr
o] I
| uBFYE e%‘&%ﬁéeast Png caﬁ Pudr IGRY OpE Ay drggen aeﬂfaf If-‘@%mre Herringe,;
I u%fegpr}ae% yt ene; 2,4-di fl uoro- I butene 3, 3-di fl uoro-1 -but ene;

f
f
fl uor ut ene; 4,4-dif|uoro-|-butene; 1,1,2- g trifluoro-I-butene;
-t
0

0-
i
i
i

rifluoro-|-butene; 1, 1, 4- trifluoro | -butene; 1,2, 3-
uoro-| -butene; 1, 2, 4- trlfluoro- - but ene; 1, 3, 3- trlfluoro | - but ene;
-t r 1990166} o- N seitain cembodizentsy rﬂilﬁf \difyent comppspsehrlrofueyogarbess £ | yor o- |

n 4t i ten

- Pt Rl P RSBl Bl o W B 1 o
ri Bhudltepnativelit ®ma;1 tb.70, Aemitdletvfrbtior & 10, Att@Bevel} fbn?l 4o 6,
uot o- 1-butene; 1,1, 3, 3-tetrafl uoro- I-butene
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4- télltf#@ﬂllYﬁiY dim Butoe?b alternatively ﬁﬂﬂéﬁr?f 10y dterativsely efirem 3 1o 6,
3-
¥ S bl ol b 30 vterkinsy 44 EhETothBR 800 iREREe 1 5 4 4.

uor o- I-butene, 1,4,4,4-tetrafl uoro-1-butene;

4-tetrafluoro-1-butene; 2,3,4,4-tetrafluoro-I-butene; .
4- t $q0p¥ds) upolstraﬂwt emampes, Andudet dhforemetbane;  (iflspromethane; ()
4t :

fl t fI b ; 2,3, 4-i
LofghfongiighRae: HofbShanty 1 SubagBEMR | YA Bhuordghia’ 1 )-
PeRfasbUaRRE, | IlQHhﬁﬁSroeﬂ)ai\e?’ 414 NeRithdRerane DUt €nel - |
, 4- pent af | uor o- | “butene; 1,2,3,3,4 pent af | uor o- | - but ené;’

, 41gienituatdethane;: 1042, amgmaﬂugmﬂme; bénowiprepne;- 2- -flupropeorene;

4

soro B RS 1 TA o REkhtior o ostitigpropate; o 2,2 4
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3
3, 4, 4-hexaffuorfo-1-bltene; 1,2, 3, 4,4, 4-hexaf | Uoro- I - but éne;

4, ,tmﬂmalfdpam, Il&attsﬂeoropropaze 3, 31,&,34i41ﬂmmmcbpamcr o- h:lbl2ene;
3

3,4

i fl

, 4, taf |l uoro-J - 1,1,3,3,4,4 | uor o-1 - but ene;
té‘él AAEL or ool % tpﬁrﬁguorgpfppg%e},o 213&’22%1 %ém%“?ﬁ?r‘ %% 2- but ene;
uqres %-t@umw@plépﬁfed it fil 3195 QrAnReiRBSine! 13208 hdtki@h@rodropane;
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; 1,1,1,2,2,3,5-heptafluoropropane; 1,1,1,2.3,3,3- ’
heptafluoropropane; 1-fluorobutane; 2-fluorobutane; 1,1-difluorobutane; 1,2-
difluorobutane; 1,3-difluorobutane; 1,4-diflucrobutane; 2,2-diffuorobutane; 2,3-
diffuorcbutane; 1,1,1-irifluorobutane; 1,1,2-trifluorobutane; 1,1,3-triflucrobutane;
1,1,4-trifluvorobutane;  1,2,2-triflnorobutane; 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-
tetrafluorcbutane; 1,1,2,4-tetrafluorobutane; 1,1,3,3-tetrafluorobutane; 1,1,3,4~
tetrafluorobutane; 1,1,4,4-tetrafluorobuiane; 1,2.2,3-tetrafluorobutane; 1,2,2,4-
tetraflnorobutane; 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-pentaflucrcbutane;
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c

e; 1,4-difluoro-2-butene; 2,3-difluro-2-butene;
rnfluoro 2-but ene; WD 2006/ 002033 PCTI US20051020864 39

-t

-tri Weesngzoayt ene; 1,1, 3-trifl uoro-2-butene, p < ;
-trifluoro-2-butene; 1,2,3- trifluoro-2-butene; CT/US2005/020864
-1
I

rifluoro-2-butene; 1,1,1,2-tetsafluoro-2-butene; 1,1,1, 3-
uoro-2-butene; 1,1,1,4-tetrafl uoro-2-butene;

o -
J—_—

tetrafluoro-2-butene; 1,1,2,4-tetrafnoro-2-butene;

telrlaf,i,m@eﬂtaﬂu&%ﬁmﬁe 1 1, 1,21 3;ppatiaibaiohnait; butemg,,l A41,1,2, 4
uor o- 2- but ene; entafluoro 2-butene; 1,1,1

3-
4-
|
|uorpﬁn@aﬂm@wéanel 112 134 apg@ﬁaﬂaﬂmb@ﬁaae,z blui,éﬁev-pentaﬂuorobutane

4, 4- uor t 1,1y 142 2- byt

> o himStimptolbene: T 2nR Ryt 2 PR |
4 h

2,

® -
PRARPPRSSONPTNRRPRRT

— —+ -
I—‘AHNQJQJ(DNQJ AANHD
—h —h -

émmﬁm&ut eng;3, ?-4—’beﬁtaﬁuémﬁntahex af1l ygw-germﬂxﬁﬂ@oume
3,4, 4- hept af | uor o- 27puteéne; 1,1,1,2, E)e taf | uor o- 2- but ene; .and

m xt ures t haehi-nentfluprbudneg m xb L ds, %‘ﬁle@ﬂuﬂrdﬂé@e ( BFElsl ﬁé.ﬁtrl bed

above. [ 00016 e e d he: di | uent rfluorinated
conpounds Xaﬂfgmg’ﬂ%ﬂﬁm qul %gﬁ’gf?’x&@?? Iog Sifrat }ygqgmg) # ﬁ}ﬁf‘ ‘B’é?‘?lﬁ%&?m nat ed
conpounds  pgi 119 4 4DRS@ARGEBAEAS coml,ﬁsmql@afaﬂﬁ%ta@@n@nd fhgors ng. However,
i n anot her “efbodi ment, when the diiuent” conprises a bl'end, thé blend may

conpri se phmfdfhuorabn&me;i ¢ doipbdchexptiudrobualbhsy, i&é,&&ﬁdieysﬂuomlmnmr and
diluent a sent i.n a. si Iep r. the afo emention onents are
m sci bl e mﬁﬁkfﬁgﬁég%ahﬂ%rﬁpmﬁg =desc?q%%}2 4qu}{6$1%1?¥8 UgREaj | Egr?o *Tn anot her
ﬂgod' ment heﬁég@omb%%e MRy B4 29 IRhbRBuGAL.Or PHIADg qgﬁ&moté e, S), or

t hbse conpoun consi sting”of chlorine, flduoring, car bon 000169] In
anbt her eniddi,22183-heptefludrblhere; \A/ell,bhﬁ,?a%éﬂﬁgmﬂmwumhar 1,0di BB - (M)

(typically r, than 10, 00 r nore than 5 00 MN nor e
pr ef er abl yhgﬂi}f‘@“‘frﬂ}éwafﬁo 000 &M%?@ ﬂgé@t%@yc@ﬁﬂ%bl e di ]?JJSP% $*4rncl ude
hhdr of | uor g Wﬁﬁgl a diej 8qt3, hqﬁp gﬁ&ﬂ%ﬂ}roﬁftm&r eater { @qn_a, :J,Q gat - 35C,

pr ef er abl y eater than 15, norée’prefer greatef than 20, iore preferably
greater thaspiafivorbutengr ef er 4l 2203, hﬂ- onmrﬂeordblutaaﬁbodl melnt.$ 2\1&;&,#&94 ower

ol ecul ar el 418 Sufte! © 1Yy QUL 5D AR SRS, P e o P b g hen

octafluorobutane; 1,1,1,2,3,4 4 4-octafiuorobutane; 1,1,1,2,2,33.4,4-

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)prbpane; 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-
L methylpropane; 1,1,3,3-tetrafluoro-2-(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-
(fluoromethyl)propane;  fluorocyclobutane;  1,1-difluorocyclobutane;  1,2-
diftluorocyclobutane; 1,3-diflucrocyclobutane; 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-hexafluorocyciobutane; 1,1,2,2.3,4-
hexafluorocyclobutane; 1,1,2,3,3,4-hexafluorocyclobutane; 1,1,2,2,3,3 4-
heptafinorocyclobutane; and mixtures thereof and including mixtures of
unsaturated HFC's described below. Particularty preferred HFC's include
difluoromethane, trifluoromethane, 1,1-difluorcethane, 1,1.1- trifluoroethane,

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



Mv, nmore preferably less than 3,000 Mv) are desired the dielectric constant
may be less than 10, or by adding |arger anmounts of initiator or transfer
agent when the dielectric constant is above 10. The dielectric constant of
t he di | vetzotpoo2633V\0 20061002033 PCT/ US2005/ 020864 40 Hermsmoseosss om

measurenents of the capacitance of a par allel-plate capacitor imersed in
the diluent [nmeasured value CD], in a°reference fluid of known dielectric
constant sR [nmeasured value CR], and in air (FA=1) [nmeasured value CA]. 1In

each case the neasured capacitance CMis given by CM= sCc+Cs, where a is the
dielectric constant of the fluid in which the capacitor is inmersed, Cc is

t he cell it and ) It ' t

e g L S S T

(Ck-Cn))/ ﬁ@&]&?ﬁ) 1ALdigGARETRERE:Y | 1@-dxﬂuﬁmmen@u' l{1,2-Bsfhidio@bnesuch. as the

Br ookhaven I nstrunent Coé_&oratlon BIC-870 may be used to nmeasure dielectric

const ant @homipranene.s 1gl-di rqplowﬂéonbaﬁlﬂmiombpemme1&|-@Iﬂe1©mpr@€@©nst ants (s)
of afewil ted diluents,at,.-851C is rovﬂdi Tabl e af%eZDluentn
sat -85C %E‘ﬁliz‘f’r PRSP e %% i uoT8PEqRTR i T%Opefei di'‘#{°tior oet hane

29.33 1, hifludrbprbobiiry; 0et hé@etr%oﬂﬁ%répenég 1,123 Bﬁhﬂ%ﬂo?ﬁf;@ﬁé ;hang 8 25 1"
1,1,2,2- tetrafl uoroet hane 11.27 1,2, 2-'pent af | uor oét hane 11."83 [000170]

In ot her enfhaoprepers,; Sﬁqﬁmﬂumpmpbm bﬂmre-lubmdm re-Gooto-hrhtiieos; 34 t h
anot her di.l uen r di | yen abl e di.tional .diluents
el ude * RO LARts0Rs ot ek dluerahdtieg: JredBuRT bieiEod
hydrocar b?@s?xﬂggﬁ@ e"ﬁleJ Y4Qﬂ|il rbﬂaﬁl?c@né‘ﬁdj-ﬁﬁﬁ{o@@%xﬂé}fl bhediukRy-1Speci fic

exanpl es inc aré not limted to propane, 1sobutane, pentane, _
met hycycl bpentah-diftsabdxanene; 2;4- d1ﬂuoro 1-butene; 4,4~ dlﬂuoro—l-butene 1,1,2- { \,

(

trifluoro-1-butene;  1,1,3-triflucro-1-butene; 1,1, 4-triflucre-1-butene; 1,2,3-
trifluoro-1-butene; 1,2, 4-trifluoro-I-butene;  1,3,3-trifluoro-1-butene; 1,3,4-
triflnoro-1-butene;  1,4,4-trifluoro-1-butene;  2,3,3-trifluoro-1-butene; 2,3,4-
trifluoro-1-butene;  2,4,4-trifluoro-1-butene; 3,3, 4-trifluoro-1-butene;  3,4,4-
trifluoro-1-butene; 4,4,4-trifluoro-1-butene; 1,1,2,3-tetrafluoro-1-butene; 1,1,2,4~
teirafluoro-1-butene; 1,1,3,3-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;
2,3,4,4-tetraﬂuoro¥ 1-butene; 2.4,4,4-tetraflnoro-1-butene;  3,3,4,4-tetrafluoro-1-

e

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~bt1teﬁé; 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—l—butené; 3,3.4,4.4-
pentafiuoro-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;
1,23 +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-diflnoro-2-

butene; 1,4-difluoro-2-butene; 2,3-difluro-2-buiene; 1,1,1-trifluoro-2-butene;



-met hyl pent ane, 3-nmet hyl pentane, 2-nethyl butane, 2, 2-dinethyl butane, 2, 3-
di et hyl but ane, 2-net hyl hexane, 3-net hyl hexane, 3-ethyl pentane, 2,2 WO

20061002043 Red(dd540051020864 41 di met hyl pent ane, 2, 3-dj YdoBRsdsANe,
.2, 4-di et hyfpent ane, 3,3-dinmethyl pentane, 2-nethyl hept gﬁ@? dg-@ﬁ?y{]hexane,

2,5-di nethyl | i exane, 2,2,4,- trinzethyPpentane, octane, heptane, butane,

et hane, net hane, nonane, decane, dodecane, undecane, hexane, nethyl

cycl ohexane, cycl opropane, cycl obutane, cyclopentane, methyl cycl opentane,
1, 1- di et hylidrtrifhent-Aretenet 9 ,113-2rfldirmret-hytkos cl.bddriflaome;2-butene; 1,2,3-

trans-1, 2-di et hyl cycl opentang, trans-1,3-_dinethyl cygl opent ane,

et hyl cycl off Oé?ré,‘b‘%%E dls%gt'zﬁfr‘rﬁ?orﬁéth H‘FFE?}CH)&%@H@, uo%éig'gtﬁ’é? ﬂﬁ’lleﬁe‘ne,

. Xyl ene, or eti'r%f] sl ra | £ s e, } lnggeat.-ed

versi ons o% a ?%%1?? ;B Htgﬁgbo%g%j’ég%g?gra ?%/)ﬁfx%g&ch%g’? %n{gte u@gr"s?%ngé’of t he
above, nor ¢, 12, ¢fiettAloyo-2ibdtenen a2 K -warafiuons2-bhteat; 1,0, hpeatafiuero-Br om nat ed
:versions of the above are al so useful._ Specific exanples include, nethyl

chlori de, bu&asyl.ddel.thraailaao-Zsbmeneichi dsd. sroentatherso2-buires: abl.4gbt yi
chloride, chl r nd t [ 1 .an i ,

non-r eact i gntgﬁgérlghisrb ]%Fgrﬁ/e’beﬂﬁ’é? é"d&ggn%ﬁﬁ%éﬁ%éu%ﬁe’ cfc))’?r%fe{ﬁ | o%ﬂ{\}m%%ﬁ—HFC S.
Exanpl es i malege, byl 1@ B4-hekafliord-Deshténe; et hyl ENg 4-haxaflpydoshbuteasrd t he
i ke. [000172L I n one enbodi nent, the HFC is used in conbination with a
chl ori nat ed,l,hjdsbbewafoprosirbiicae; mashitdehheratiyero-Aduiengondbl. 281 ment s

i ncl ude usin he ~HEC in conbi ! i es_or methyl | o5 i1 de and
hexanes. | rpe qoﬁ%?'bugef%bdi merrﬂ;l ﬁ?%%ﬁ;}}ﬁ%p;tg}g}%géﬁgbéﬁe “h con@%inla?’!aélcn)‘{'w th one

or .mor e gaseftatiisiot2-bend; RdPRELMERE itEabbD And iedudisy GakRes 6f Satinded nitrogen,
hydrogen, argon, neon, helium krypton, zenon, and/or other inert gases
that are ptt8f@s descyibed dhoivel at entry to the reactor. Preferred gases include
carbon di oxi de and/or nitrogen. [00017] In another enbodinent the HFC s are
used in conmbination with one or nore nitrated al kanes, including Cl1 to C40

nitrated |ijReeds; CHE! bige Odmbdamehed theal Kidnes. cHhpfiekr ednidfhairgfiad kanes
include, but are not limted to, nitronethane,
compounds or the diluent is a non-perfluorinated diluent. Perfluorinated
compounds being those compounds consisting of carbon and fluorime. However,
in another embodiment, when the diluent comprises a blend, the blend may
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
weights (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 dilvent gp is



ni troet hane, nitropropane, nitrobutane, nitropentane, nitrohexane,
nitroheptane, nitrooctane, nitrodecane, nitrononane, nitrododecane,

ni t roundecane, " nitrocycl opropane, nitrocycl obutane, nitrocycl opentane,

ni t r ocycivoheotsme203M0 2006/ 002033 PCT/ US2005/ 020864 42 med1/oSied/ebsqat ane,
ni trocycl oocnane, nitrocycl odecane, nitrocycl ononane, nitrocyclododecane,
ni trocycl oundecane, nitrobenzene, and® he di- and tri- nitro versions. of
t he above. A preferred'enbodlnent is HFC s bl ended with nitromethane.

[ 0001741 The HFC is typically present at 1 to 100 vol une % based upon the
t ot al vol determoined rfmlmmmntemenw Dﬁrt}riampaeita;nctae@ﬁmemﬂehphteic@aVMMrre %

alternatively bet 100 v %. alternativel en 15 and 100
vol une % W@egdpl% ‘%‘ 8? P E@Oé{gr]d‘el VB fﬁ}w%llf%é‘? @F’y bet ween
25 and 10 V\gﬁf d

alternati 95%/8 : ing%[g@lal\%\gg%@ Se\ﬁar?}jhe?gdg VO ﬁﬁ%% 111 e?aﬁlgljteﬁ\?gllu;el/ bgt ween 40
and 100 v{h sach Cse ﬂﬁlmmsmﬂlmpécytabmtﬂﬁemgw& an ) FOC vl sumibeRfe ialtieer nat i vel y

bet ween 50_.and 100 vol u aI ternatively between 55 and 100 volume %
al't er nat i @&?P“B"e?ﬁ?@éﬁﬁit@g]s L iy 11@mhaah1&1h3ecmac%¢rtlérlwaﬁrﬁﬁéb %ct}éﬂhee%q%l 65 and 100

| % Ly, 00 b
Vol ure % bkl 10, RSAYEER, KD RMhA00r G B LGN YR ¥ betveen
al ternati wéten betisedomBiaane((ROCAY ek umﬁC?(qCDa]/((Q{—ﬂﬁ}l vei]yt-rhﬁtv@gem 90 and 100

volume % alternatively between 95 and 100 _volume % alter natlvely bet ween
97 and 1omumsenbﬁﬂwstamm@¢tﬁa@h geihy Brpelehgyem Iisgrument @emomonrﬁsl% Oand

| t t b t t th
FEC 1o bl S et gnedSu? Yesrae kAR of dipolal QnBLE) b SRR ey |
preferred tﬁ@@i@ﬁbﬁﬁr&on&ﬂaﬁtswa%ﬂ asfeﬁﬁie%ieﬂddﬁ\.feﬁﬁ‘att bgseC 1@&&9&3@@%' ng of \

di fl uoronet hane, trifluoronmethane, 1,1-difluoroethane, 1,1,
trifluoroéhane, and 1,1,1,2-tetrafl uoroet hane and m xtures thereof

[ 000175] In another enbodi nent the diluent or diluent mxture is selected
based wupon its solubility in the polyner. Certain diluents are soluble in

‘the polyner. Table 2

Diluent g at -85°C

Methyl chloride | 18.24

Difluoromethane | 36.29

1,1-difluoroethane 29.33

1,1,1-trifluoroethane 22.18

1,1,1,2-tetrafluoroethane 23.25 {_ )

| 1,1,2,2-tetrafluoroethane | 11.27 L

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, bhalogenated 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-



Preferred diluents have little to no solubility in the polynmer. Solubility
inthe polyner is neasured by forming the polynmer into a filmof "thickness
bet ween 5(io Aaglgob@$s M crons, then soaking it in diluent | ver the
film for 4 hours at -75C. The filmis renoved fromthef’g?@ﬁgﬁ?@&gﬁgosed to
Toomtenperature for 90 seconds to e¥hporate excess diluent fromthe
surface of the film and weighed. The mass uptake is defined as the
percentage increase in the filmweight after WD 20061002033

PCT/ US20054i32@88dnt#3, SOBBid@ethTientinb,uem4-gimthylpenineri X8 3rdimietythosen so
that the polyner has a mass uptake of |less than 4 wt% preferably | ess than
3 W% prepavansty Pesethylhepiame,w drethphexaseabl 3potdmethyBenane. w %2.40r e

- preferably le than 0.5, . wt % 00176] I n e I e di t he

di | uent ortrﬁ?ei%ﬁ‘gﬂ?lﬁﬁ?ex_t%‘?aener She&ygainthbg 18’53%8%%%1%&1?%’ 3??%5’? erBrB‘f:génebet ween the
measur ed gi@Rsare] afRleddne] hbRARE MASHYIE cdol®kand, NG cRPropRE, Whilbbiiags than 0.1
:wWt % of any diluent, unreacted nononers and additives is Wthin 15C of the

Tg of the puignestaneeasmedylceytlopentane,hasl, bénethyleysnpantang.o 1§ i | Mlof

t hi ckness het n 50 and 100 m ¢rons,, tha as, been soaked in_ di, uent
(enough togé‘%’ﬁ% P for f{raﬁg-ar?s—falgletthﬁ@'@_lépﬁﬂ@n@ ass tt“&ﬂ%'?éfon
tenperatur Qinﬁéhﬁ@}tc%ﬁ&u%@, Pﬁﬂmﬁllc&f@?é{ﬁhﬁ@' SRRMBLAME, C e 1BRAGNExERSC) -
Techniques ar€ viel " described in the Iiterature, for exanple, B.

Winder | i chbenz®ing Ndtenee xflend, hertid-agkendr aasi-xylene, amdta-xdemet endvi that i on by
Ther mal Anal ysis",, in_ Assi of the_dass, Transition, AST TP 1249, R
J. Seyl er, hglpgenajgderersions @%ﬂ%&be Bave, ﬂ@gwtﬂﬁ?l?n@?%%erqo‘éq@onﬁ% Sdel phi a,
1994, pp. sl moll fludriREER HeBGoRSof 4R ST 1hRCLhoIROVBrortRaled |
i nredi at el ygozﬁ'f g:rlo-[s?arﬁi?%h?nt omg DSCesacr)rplg pan, and 0mali ntgci' neg&at a

t eﬁrjper at ur gersiehsof H@GBountiel alsommeefiil aSpégifib etanmet meludSGnetimyhehlodent .
Preferably the. Tg val ues ar i.thin 12C of . each_ ot he ef erab wthin 11
C of each a%eﬂ@#f;nep?}@?ré&‘abq%ﬁvﬁ\ﬂlq’rﬂ#ﬁ ) IS PR }OrBfeefcﬁfoafrfpﬁnm thin 9C
of each OtQEJﬂle?ﬂ\%f erably within 8C of each other, preferably within 7C of
each other, preferably within 6C of each other, preferably within 5C of each

other, preferably within 4C of each other, preferably within 3C of each

other, preferably within SCdQJf each ot her, Iorefera |y 'thé.i'l 2C .of each
ot her [000171] ~In another embodiment, non-reactive olefins may be used as diluents in

combination with HFC’s. Examples include, but are not limited to, ethylene,

propylene, and the like.

[000172] In one embodiment, the HFC is used in combination with a chlorinated
hydrocarbon such as methyl chloride. Additional embodiments include using the
( ' HFC in combination with hexanes or methyl chloride and hexanes. In another
\ N embodiment the HFC's are used in combination with one or more gases inert to
the polymerization such as carbon digxide, 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 Cyp nitrated linear, cyclic or branched
alkanes. Preferred nitrated alkanes include, but are not limited to, nitromethane,
nitroethane, nitropropane, nitrobutane, nitropentane, nitrohexane, nitroheptane,
nitrooctane,  nitrodecane,  nifrononane, nitrododecane,  nitroundecane,

nitrocyclopropane, nitrocyclobutane, nitrocyclopentane, nitrocyclohexane,



preferably within 1C of each other. Pol ynerization Process [000177] The

I nvention may be practiced in continuous and batch processes. Further the

i nvention rmay be practiced in a plug flow reactor and/or stirred tank

react or sywol faodenbiscul ar this invention may be practi cedpcnusbubpbosseact ors. "
II'lustrative exanples include any reactor selected fromthe group consisting-
of a continuous flow stirred tank r&actor, a plug flow reactor, a hoving
belt or drum WO 2006/ 002033 PCT113S2005/ 020864 44 reactor, a jet or nozzle

reactor, a, tubular reactor, and an autorefrigerated bojli na- pool reactor.
[000173] PHrosxeleh@tangs peddirocyelgpctang bdulresysindgeang. usBItCYHRRMaPEanst er

sur faces, nit%%?ﬁg@éd&%ﬁ?/eﬁélﬁiﬁ’&yc?oﬁma E,Ol'iitr\‘}’ﬂ&{z%Pﬁeﬁagﬂl%g;Hi- E@de - A si de of

t he tube an I'zI’ng m Xture 1's on SI. may al so

be renovegeionseuphe atbong t e mefeyrar e@bbdinidnx tigr BIF(Sychlesdedmmitbe found in.
an autorefrigerated boiling pool type reactor, Another exanple, is a plug
flow reastsmsihance a portion of the polymerizing nmixture i s evaporated as
the m xture proceeds through the reactor. Another exanple is where heat is -
removed in a plug flow reactor through surface heat transfer using cool ant

on the ot w17l deTd Iﬂ?dwg%ypic%ngq)?és%ﬁt sul taqe0 ANehbey wxamapsh Ryl d be a
reactor where polynerizati on takes place on a noving belt or drum where the

di | uent / moteheoles afyte dilvants, ealiegnatiyshaybetivesnt § end WYl tvobmed4m and heat
is renoved, by evaporation of di luent, as, the reaction._proce . In
addi ti on ﬂg‘éﬁ%a’ﬁ’é@y E’E%Y@HD el E@G’@#W‘é%&t%ﬁegmﬁ _efysﬁ‘?tf"'ﬁ%lﬁeaé’ﬁ ﬁb&sﬂnsfer
(such as whgms ?@ﬁltﬁﬂ@%@l‘}i ‘gét%ve@ﬁ Qaeaga 190 voligné %'a%tﬁﬁiv&l?q%eﬁg&g@?r under

the belt and the poly produced on the other side o elt or .
drum - Anetd 00t yoheme %y elarnativelys batween X amb 180 evohene %y alteHhely eact orfs

have a short reside ti wher e the. mononer, dj|uent and. catglyst system
are. conbioREteeR Y Fal 1100 SHTHG Jo1 St ERe SRR Hel] 750 1100 GUBHF Yoas « he
m xture p%ﬁé&%g@é?ﬁ YeBleches &ﬁ%b@ valurik 9, a\ﬂ%!ngﬁfvt«:%y batweb D48 158l 16 ef erred
reactors include continuous ow stirred tank reactors,

volume %, alternatively between 55 and 100 volume %, alternatively between 60

and 100 volume %, alternatively between 65 and 100 volume %, alternatively

between 70 and 100 volume %, alternatively between 75 and 100 volume %,

alternatively between 80 and 100 volume %, alternatively between 85 and 100

volume %, alternatively between 90 and 100 volume %, alternatively between 95

and 100 volume %, alternatively between 97 and 100 volume %, alternatively

between 98 and 100 volume %, and aliernatively between 99 and 100 volume %.

In a preferred embodiment the HFC is blended with one or more chlorinated

hydrocarbons. In another preferred embodiment the HFC is selecied 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



~whet her operating in batch or continuous node, and whether operating in a
~“tank wth an agitator or in a tube type reactor. Preferred reactors al so

i ncl ude Rﬁ&ﬁ&%%ﬁmm¥here the polynerization occurs on ongggiE8aivdscieat
transfer surface and the coolant is present on the other side. An exanple
“is a reactor where tubes containing €olant run inside the reactor

pol yneri zati on zone. Another exanple would be where the polynerization
occurs inside a tube and the coolant is present on the outside of the tube
in a shel |scaMifg 2006 1002038 dHCTNUSZO06 10d8B6ms0 Bt [tBOPEIgoJer ks s miasvent i on may

catal yst ARSNGB PR PESLRON IEHAM bR pBieany S it SPtbeeds to
- compl et oyl R8s MlndURBE AL L RABKY TBNwEE_ then recover ed.

[ 604181] In certain odi nents, "'the 1nvention is practiced using a slurry
pol yneri zati on process. However, other polynerization nethods are

t | at ed h | yti I i zati .. Th I i zati.
processes B101Tdle ThdaelERsdagPosinet isrbpony et deboRe o sdessts.
00018 I ' , ' ' IS ' th
catalyst, TeRRTPGHGRE b MERRLER waf ol LhBn il WIS, Loty

the pol ymieipudimhenwith ess tHando.0 Uit nofaargodilidntiousrematd pminoarid @nd process in
which the catalyst, nononer(s), and diluent are present as _a single phase.

I'n slurry 20s8i¥esep iWIHER O, Ct Hethvohd wErthe pebtngrymeqsgyed afi i dws ibsedr (s) are
R RR A . , . ) \ . ) &
Dhase. - wht (R 08 s tHSkn @S bebodi3b A 1Y s S BB (kB 2 P00

from the din giRiht (dReagh abtyver theduUapfbror hi\as ROHYFET. Thweldsk B@nsition exhi bi't ed
as/ indicated by little or no Tg_ suppression of the polayrrer and/or little or
no{_di | uent tempstrtipisgaierninedby dirgntel seanpingsaionmatiy @lSehedmises he present

i nvention pravifdes f.pry hi | r 0 t pat, o..berha d at | ow
viscosity éﬁﬂelgg%sanﬁ%darn gIrgaIIrIg IeIIIg’ Oégﬁ%}é@g’ rﬁ'egg:@@re IlIcgUI ' rllegﬁ%II"g?TB eneous
pol yner i zathieQady af¢itibh and &8 \[RMéaieRiod by Thirsaluentysiseamt A@imniat be run
directly on the resulting poI]yrrer m xt ure. ) )

of the Glass Transition, ASTM STP 1249, R. J. Seyler, Ed., American Society for

Testing and Materials, Philadelphia, 1994, pp. 17-31. The sample is prepared as

described above, sealed immediately after soaking inte a DSC sample pan, and
maintained at a temperature below —80°C until immediately before the DSC
measurement. Preferably the Tg values are within 12°C of each other, preferably
within 11°C of each other, preferably within 10°C of each other, preferably within
9°C of each other, preferably within 8°C of each other, preferably within 7°C of
cach other, preferably within 6°C of each other, preferably within 5°C of each
( other, preferably within 4°C of each other, preferably withun 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."
Itustrative 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



[ 000183] The reacted nononers within the reactor formpart of a slurry. In .
one enbodi nent, the concentration of the solids in the slurry is equal to -
or greater-than 10 vol % In another enbodi nent, the concentration of solids
in the stgraaseozsszpresent in the reactor equal to or griEGEUES200316298685 vol %
In yet another enbodi nent, the conc L?tration of solids in the slurry is ;
| ess than or equal to 75 vol% Iny anot her enbodi nent, the concentration
of solids in slurry is present in the reactor froml to 70 vol% In yet
anot her enbodi ment, the concentration of soljds in urr resent in the
react or fIEBHPE &gt MOnEEloEeaFiRT, A TubYKE reastor @‘BBW@EF%G fééf’ﬁé 0S/ 020861
46 enbodi %eac he concentration of solids in slurry concentration is
present i reactor from10 to 70 vol% In yet another enbodinent, the
concentration of solids in slurry concentration is present in the reactor -
from15 to 70 vol % In yet another_ enbodi nent, the concentration of solids
in sl urry[oafziﬁ%ientlnawtberwetﬂrb@éﬁ@n be renaeyed by aise of heat diensfer swtares.vol % | n

yet anoth n f so ncentration
is pr esen Clhnarg?lﬁ H@Q‘Lﬁ'{r&?rﬁr om g‘% % cg‘%& ISIO% mfe leg??‘ﬁ ﬂhﬁl’eﬁeﬁ%odi ment ,

t he conceplyakligig Ohixt@lel #S oh Nths| dthéwy siENCBRES MdyOhlsbShe REMESA biyn t he
reactor from 30 to 70 vol % In yet another enbodinent, the concentration of

solids i ne‘@lpgramygcéhmemlﬁmen@m& smpiff'ggenwchn ag hanaveabs ofoundorn4@nt o 70
vol % [000 84 nt| nuous tirred tank- t eactor may be
used.  ThATP i‘&%ﬁe‘gg &@%Pﬁ? W fetagﬁ?lw‘gﬂ gﬁr SFFPRICe A 24 a{l?”gn means,
such as ardabiopHhefd ﬁ(gfrrtféh diRe bbth(e‘h)zmga,rﬁlx?lﬁ% §% BHMpopARSd hithel MBGE and/ or

i nternal cooling tub and/ or “coil s, ot her nmeans of renoving the heat of
pol yner i zptdcesdstimronglh theaeactor hnabei axempteaae\memwhaaememwdmaplmget meafis}

(such as i.nl et di Luent S mbi ned oy
separ at el b?‘," f?@ﬁ%ﬁﬁ&iﬂ&? Ef”‘?‘?gli‘%g ?fsus’%@c’ tgﬁ%/“é?/é ?gﬁ% or outfl ow
pi pe whic ng ot her
t hi ngs, tga%gf%o ‘\r% ﬁﬂ%t%ﬁn&géxanﬂié%gﬁﬂ}[da%&'reagtr%{é%@?ﬁ@ﬁolyﬂ@jﬁgﬁ{o@g%r i's purged

of air an;ilanmmtwmevn@'nbel‘s kx Idhnnl whert fie éﬂmenmﬂolnomdo:galyziemmtumels assenbl y

and operati on.
P sprayed onto ’&Je belt or drum and heat is removed by evaporation of the diluent as

the reaction proceeds. In addition heat may be removed in such reactors by
surface heat transfer (such as where the coolant is present on the inside of the
drum or under the belt and the polymer is produced on the other side of the belt or
drum). Another type of reactor is a jet or nozzle reactor. These reactors have a
short residence time where the monomer, diluent and catalyst system are
combined in the jet or nozzle and the polymerization occurs as the mixture passes

through the nozzle at high velocity. KA

[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 fubes
containing coolant run mside 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.



[000185] The reactors are preferably designed to deliver good m xing of the

- catal yst and nononers within the reactor, good turbul ence across or within

t he he%otzp(%%§££§ tubes or coils, and enough fluid fl ggrlieesapessy the
reaction volune o avoi d excessive polynmer accunul ati on or separation from

““the diluent. [000186] Qther reactors?that may be utilized in the practice of
the present invention include any conventional reactors and equival ents

t her eof capable of perform ng a continuous slurry process, such as

di scl osed{09018e). S.THEs 4ivendsn, mathalsei be ipnawicpdriat Baickbyeactifie vdrere thahe react or

punp i npeller can be of the up- i ng,variet r the down-p ing variety.
The react BPRGHFE: cglﬁ‘{eélisn aflr £RaPSht S0 BEREd 000058 PEIISGa 169bsed 47
anount s iAo EidhGubl 85BN LudrRiRRS kP18 hBmdr Y to

cat al yzeoéﬂg&eg%}%{/o% riéézeaeta%l?ngd(})%ﬁt he unorre?}n%%nt al E? ng Petepggg% rream such t hat
a suf fi ciwehrecavemgdt of pol ymer having desired characteristics is produced.
The feed-streamin one enbodi nent contains a total nononer concentration

greater than 5 wt% (based on the total weight of the nononers, diluent, and

cat al yst n, Eﬁ?r : t - 15 - W% < O WM%in
anot her e%@gﬁrrer&j. gf{n fe %ﬁg{“ﬁ%r&% lg%?}ﬁ%nng%{%?ggécgg%&gt%eam i Il contain
from5 w folymeti@atin’ prsoager Moweed] r athepn phbsedization henetleddal apei ght of
nononer,. diluent, an cat al Ys_t system, 0001371 |In_sone_enbodinments, the

f eed- st r eeRAteEPIIPYsSuLht 253 R | SplutioB eP4lywsTIZItI G BroceHt | dAE robdRIZao8 peci es. By

There s REBPESTRE I Bt BB EARl ANAIRE iR B issyit of (he monomers

of these silica cation producing species in the feed stream Typi cal
xanpl es of silica cation producing species are hal 0-al kyl silica conpounds
ﬁévi ng t hBosehulla RIRzREGHOGY, taeRPgiyxerization is\geeied wut pehare the al kyl and

" is a | ogen. The reaction conditions W, be _such, t hat, desirabl e
t enper at u?ge}%y&g _%%O&Feé’ glﬁfg%}lg%l}qaaéﬁrcbée%eflnén grselhg@ fPZ]é‘? |'v3) r?%rﬁ&?&f’ﬁ(ﬁgi n the
reacti on pEEieRzatiod RRarrldditk ¢h § bah@nans pbYnRriestiteepbbass geshiddhgol yners
having the desired characteristics. The nononer feed-streamis typically
subst ant i stakyst rsenasherialy apdplilventy aghipetsents as a single phase. In slurry
polymerization, the monomers, catalyst(s), and initiator(s) are all miscible in the

diluent or diluent mixture, i.e., constitute a single phase, while the polymer
precipitates from the diluent with 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 shurry 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 1o 75
vol%. In yet another embodiment, the concentration of solids in shury is present
in the reaﬁtor from 1 to 70 vol%. In yet another embodiment, the concentration of

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



adversely reactive with the catal yst under the polynerization conditions. )
For exanple, In sonme enbodi nents, the nononer feed preferably should be -
substantially free of bases (such as caustic), sulfur-containing conpounds
(such awo 1wa8p208X0S, and or gano- mer capt ans, e.q., net hCTAET2028%0+ et hyl
nmercaptan), nitrogen-containing basgs, oxygen containing bases such as

al cohols and the |ike. However nononer feed may be | ess pure, typically not
| ess than 95% based on total olefinic content, nore preferably not |ess

t han 98% not,. | ess.than 99%. ferred enbodi ment s the i rities are
present g{'ﬁgggr{hﬂ“aﬁ Cppe figy r‘r’f(sg{) HeFigHY Congan gnﬁ?%ﬂﬁ Ereﬁeégggttlﬁluat 500 ppm
pr ef er ablyadk@sgohhan 5@@% B:{?faieéxﬁhhéi ethBSEmbMa el 88hdeRiPtid 6f erably |ess
than 100 ppm WO 2006/ 002033 PCTI US2005/ 020864 48 [000188] As is nornally

t he case sohmmmy t:mnuemratmmsn:mta@ném the messtarriei dh to t'?ﬂeiol%atlunfet of t he .

reactants, and | ar -factors ter roduct rml ecul.ar . wei The
ol yrror | PTG BAUTIEDh A PLFHRIE 0iah VL IEh ePyreOurist I PrBR8Ed on t he

target p%X}E@fea&B} BoH A 10V ghis anglyL %o@i&%i‘%g%dﬁ&n@ethl?%ﬂé@ﬁzhﬁ&@ as wel |l as
standard process varl abl e and econo Cc consi at'i ons .g., rate,
t enper at wfeolidoin statry cetentrdiien iseprpeenaintte ravtort fremfl el valdd.i bn is | ess

t han 0C, preferabl bet ween -10C and, the freezing point of the slurry in
one embodich@Ast her, Gbpdit, (G SONGETIIRAOR GiSolid iRy UsEH{SGRFRERHO if yet

anot her ViR Z i to -100C,
and from®- %ﬂ:{ Eﬂ;%ﬁ{)%g ﬁ)&h @n%t@te?&gﬁnbe@pﬁé[%@n o 6@?8?%8& desirabl e
enbodi menfoncéri@tive ﬁiﬁ@cﬁlﬁisdﬁeldrr)l coricaimgiansis fpraaent-iB ke teactoim& 4@emsequent |y,
different_reaction conditions will produce products of different nolecul ar
wei ght s. 7§y‘fﬁ%e5|s of the desired reaction product nmay be achieved, ()
therefore, through nonitoring the course of the reaction by the examn nation
of sanples taken periodically during the reaction; a technique wdely

enpl oyed [oawigd)e @Ewﬂﬁw&&%dons Ao ehﬂed&mempedemm mayige peddyeri zat i on
tenperature is wt 10C above the freezing point of the diluent,

pr ef er abl Ille\me@ﬁphlsa;na@av ditiedevith ap effi¢ignipgiiation meens sarh aeAturber ef er abI y
W thin 6%11%9 %€ ih llgr(sﬁeéhn&teo'ﬂél%ooq{ngt _{?ﬂ%ket and/or internal cooling tubes

and/or coils, or other means of removing the heat of polymerization to maintain

the desired reaction temperature, inlet means (such as inlet pipes) for monomers,
diluents and catélysts (combined or separately), temperature sensing means, and
an effluent overflow or outflow pipe which withdraws polymer, diluent and
unreacied 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. ' kN

[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 continious 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



.diluent, preferably within 4C above the freezing point of the diluent,
‘preferably w thin 2C above the freezing point of the diluent, preferably
within 1 e freezing point of the diluent. For 5, of this
i nventi oﬁvgngy@%{%l aims thereto when the phrase "vvithi};néwggfg@ggfs"he
“freezing point of the diluent" is wus€d it neans the freezing point of the
diluent plus X C. For exanple if the freezing point of the diluent is
-98C, then 10C .above the freezing point of the diluent is -88C. [000190]
The react i amoptess tHeecandlyst shgefr eftha possenOiriventich Sfi@iikPao icatabyize thenbodi nent
(where OIcPall is.a total vacuunm), from7 kPa to 12,00 ﬁg% i n anot her

enbodi mentOlYREHEA00 wpther BOROHET IPRIAHNG feithereaghs t2 SYEEHIP00 KkPa to

" enbod mont AR OF FELEEBRAHE Bosirel AR Rs ek LbcE  KPLEB AR ¢ o 7
WO 20061003 8mBedifidhe @OmAa2 08 Gettal Athroadéa doacd@iisPazéaleatahh® rwiefbodi nment ,

.from20 kPa to 70 kPa in. another, enbodinment, from40Q kPa to 601lcPa in yet
anot her enib8erdnent thef jobah weight lebathe omonamenso dilpant, qnd neataizst el ment,  from

oai el SRR iR i O L 50 B E BBt B roroner

f eed- streaps; fatirk epibodiniddt] fHeOfeed-sBBhn dbililuediailByondas Wity msenetsgnbodi ment
to another. [000192] In another enbodinment, the initiator and Lewis acid are

pr e- cont acmedompy caisentigiiam datadepn j the tintl sugight off ravroman: dfluentaapdescri bed
anount of ti{fle rangi ng from0.01 second to 10 hours, and then is injected
into the coff ?’?ﬂ%ﬁk eactor through a catalyst nozzle or injection
apparatus. In yet another enbodinent, Lewis acid and the initiator are -
added to the reactor separately. In another enbodinent, the initiator is
bl ended wi (0RO flasdmewhdwdirsciiinfthe &edrgirsemi io substantialp free Ao silicdesi r abl vy,

th ' tacted wi th the. Lew id, the Lew s .acid
conbi ned. wHSORBFR TRPSY. BEFUPT T oLl oR PRRCFEARESR [ 000193]

I'n an enbogdi;fRRbniGhatlB&e iNNE Rior® hant00sNA% Bhe ANHe k@AW weighi sF1@ke al | owed
to pre-contact by mxing together in the selected diluent at tenperatures

monomers of these silica cation producing species in the feed stream. Typical

examples of silica cation producing species are halo-alkyl silica compounds
having the formula R;RoRsSiX or RjR,8iXs, 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

Y example, In some embodiments, the monomer feed preferably should be
substantially free of bases (such as caustic), sulfur-containing compounds (such as
HS, 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.



bet ween -40C and the freezing point tenperature of the diluent, with a
contact tinme between 0.01 seconds and several hours, and between 0.1
seconds and 5 ‘minutes, preferably less than 3 m nutes, preferably between
0. 2 secomwds 2@a@odo33 m nute before injection into the reaatcmusHEORL9A] | n
anot her enbodi nent of the invention, %he initiator and Lewis acid are
allowed to pre-contact by m xing toge her in the selected diluent at

t enperatures between 80 and -150C, typically between -40C and -98C. [000195]
The overall residence tine in the reactor,  can var dependi n e.g.,

R
catal yst dB3018AHt y Adris neERbhibe £85% Aeachien din (IBRRE é‘?ﬂ »&OPHTE ‘%&ﬁ? nj ecti on

t t ht,
and " goner Sy S eabERal B TRAR i o ARE BEReTR REDEY 7,0
typically ‘e g ?ﬁleﬂ@ﬁ&%re@&fd&&ﬁ}%ﬁtﬁ%&%méﬁeb@ﬁ weRrotediawiéd b8 thnd 60

m nutes. Variables influencing residence tine include the nonomer and _
di | uent f eteeget n?lmer Fiwleaassweight awethevaengmperrie et Ralymetizadeas weld@9196] The

catal yst ( acid ratio util t onvent i onal
Tnoh S arvta Bk LAY Ao, B at s ot B e R B ot et
of the invemtbbiic.t ke R for ¢S polyflerit@®icR #abdsahanviobd, 1%] Rk |y be
from 500 to 10000, and in the range of 2000 to 6500 in another enbodi nent.
In yet anoh:dweerddﬁf(iahdlﬂle@dmdlgmmtofttheslnamlmoné efnbodisnentiaddtfom Ai tiator is
from 0.5 1t0 10, or froamO0.75 t The overall concentratjon of the

initiator 43RG fe 1e¥& dp wtlee;rpp%lhpqhww?onhs Yeb 230thep pFeRdiment dhes0 ppm
The concentration .of the ni t taI Y. fee rreami s
typi cal |y FPORFEEIPS t%%g%%‘%ﬁ fﬁ tﬁbg@?ﬁ;ﬁ{l& t“ﬁﬁ? G)Cﬂ; Hescri be
the amountyQfanbibed bﬁ%&ﬁmieﬂtt E&?yéﬁ%tﬁér deSiride iehsboaFRe! tHeet'e kM@t O the ()
pol ymer . In one enbodinent, thére 1s fromO0.25 to 20 noles onrrer/rmId _.

i ni tiator,raagdis fram -G0%C to - 10°Go| Gonpedyemty/ Mfeeerrt weadt@paonditonamoll her

“enbodi nent 00019 actor, w tal nt a unts. of the
catal yst s@rgbwﬁmﬁ%%fe RS Srolotblar et eI e He N RRBPR vt § an of
Lgsi g”gg‘:ﬁﬁg&%ﬁdﬂ&‘&m%&%@ﬁe%@%ﬁﬂfgﬂ rﬁ&ﬁfonﬁg%ié Eéﬁk@&fth@'i@&é%n of pol ymer

by the examination of samples taken periodically during the reaction; a technique

widely employed in the art.

[000189) In a preferred embodiment, the polymerization temperature is within

10°C abo{fe the freezing point of the diluent, preferably within §°C above the

freezing 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 dilent, preferably

within 2°C above the freezing point of the diluent, preferably within 1°C above ! J
the freezing point of the diluent. For the purposes of this invention and the claims f
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.

[0001901  The reaction pressure will be from above 0 to 14,000 kPa in one
embodiment (;where 0 kPa is a total vacium), from 7 kPa to 12,000 kPan énother
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



characteristics is produced. The feed-streamin one enbodi nent contains a
total nononer concentration greater than 20 wt % (based on the total weight
of the 1 i luent, and catal yst system), greatef 2 % in

anot her %ﬁ@f@’éﬂ% I n yet another enbodi nent, the feed?g?/%gg?ﬁ%%i@ contain
from30 w%to 50 wt % nononer concent49ati on based on the total weight of
nononer, diluent, and catal yst system [000198] Catalyst efficiency (based
on Lewis acid) in the reactor is maintained between 10,000 pounds of

pol ymer perkPpownti0®fkPaainabisherafnbalhepquiicis 20 kPaoloy f@rkHaein posther of

catal yst and desirably in the range of 4000 pounds. of o] r. per pound of

ca]t al yst t chwdongsinem 4rkRsdp pRdPape eimgHer smbediman; OIlliﬂ) H[?Q: %l 1ing the
. i L.en i LNkt R S 020864 51
T000100; 1 145100 68 i Bfie? CohBhibist hom, RACRPEIR A0 tROTRL P RNRED 00T e

nononers ( saibdateROAndRéh 33000%Paqb 610000 Ph)H §BCardidy bgOpdigRatt o form butyl
.rubber) conprises several steps. First, a reactor having a punp inpeller.

capabl e, of up-punping or down-punping is provided. The punp inpeller is
typically iven an.electric,.notor with a ur abl e erage. The
react or tyﬁ&@éﬁﬁy i%e u i p@&{%ﬁlf’% ﬂ%’af‘ﬁ?“ﬁ’@er\fg% TEear F@‘Q@{gﬁdpﬁ%%%es Wi t hin
a jacket COMNANEMGY Wity FronE bV ERRlmERGOLAbAL: I Nt ernal vol une, incl uding

the tubes, is greater than 30 to 50 Iliters, thus capable of l|arge scale
vol une pol ynerization reactions. The reactor typically uses |iquid ethylene

LPurrs ThaoBiEh i erRuBlBREnatL bR RS S e 4 el
cat al yst Sywx%maﬁ@fbg%%@ﬁf&gg?lea@@aﬁa&t oy PHABANRE dRAGE bPRmE A

fee¢d-stream’of the cationic y polyneri zabt e nononer(s) (such as gl soprene
and i sobutfyérer®)] iseccadpiol K hetirk,usmnt thies ishayeged intet thet dvatineamstwagtot he

Lo onts Hrieh: 4 SHERR porier SCSiGhabPEA TS ST SRSy St am | s
then char geteyi;8tRid RRd theakhfor atré:‘edtd_a@é %{;y@& :@&g&gg@ﬂm&]&goﬁl \'?Vﬁétﬂﬁfér acid and

an initiator present 1n a nolar ratio o rom to 1 In the
react or, themfekdest theaimitcftome bbmded vatidthe feed monomers before injection to '

the reactor. Desirably, the monomer 1s not contacted with the Lewis acid, or the

Lewis acid combined with the tmitiator before the monomers enter the reactor.

[000193] In an embodiment of the invention, the initiator and Lewis acid are
allowed to pre-contact by mixing together in the selected diluent at temperatures
between ~4(0°C and the freezing point temperature of the diluent, with a contact
time between (.01 seconds and several hours, and between (.1 seconds and 5
L 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 invemntion, 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,
¢.g., catalyst activity and concentration, moenomer 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



catal yst systemare allowed to contact one another, the reaction thus
formng a slurry of polynmer (such as butyl rubber), wherein the.solids in
the slurry has a concentration of from20 vol%to 50 vol% Finally, the
thus forwecoppédgomr (such as butyl rubber) is allowed pormsidnsobmes eact or

t hrough an outlet or outflow Iline while sinultaneously allow ng the
feed-stream chargi ng to conti nue, thu constituti ng the continuous slurry
pol ymeri zation. Advant ageousl y, the present invention inproves this process

in a nunber of ways, by ulti rratelly reduci ng the ampunt of_ polyner
accurul at bejeen aberd We@mi 60 mianies, Visiables infieneinzgeyifencedime Hgiudet or s and/ or

| noonst st Bk Qg @it ol rfts S be RO R8T BTGl L ant

pol ymer from one enbodi mnent of the invention is a polyisobutyl ene/isoprene .
pol ymer (butyl rubber) that has a nolecular weight distribution of from
about 2 t 008196hndThm catalyat (hewisorrid) tf maonowdr 20066/ wiized 3viHCre 1theR005/ 020861

52 0.5 to 2.5 e 100 mnormer Thi s..product may be subj ected to.
subsequenf %&Pﬂ@%ﬁﬁa{%‘l gmrf 8?1%033 bEehmaHa ﬁ"’"reﬁ-‘ff’ﬁer E"%st oneri c
Conposi ti eﬂrﬁo%‘i&nﬁa@ﬂkﬁﬁvﬁmdnclﬂ?én{oﬁ&%oﬂd céfﬁﬁst%bbé%ﬁ er A ngﬁccor di ng

to the processes described above y be conbi ned nent s
convent i obalfrom S0Géo 46@00, ang umﬂlmnge bA30%har ﬁiﬂibmlmmﬂlet me@dnﬁ&m may

uItimateI?{befa I‘Iané‘nglnt us art|c££ exa ]&

el ast omer i Y&l ftde eé‘lt= & §ayg eWea% &t 1' i§ frgm [ 000202]
The pl ast h e el 153‘85‘ cribed as
pol yol ef i E@EE)OS(]) y‘?rltelrﬁ? g\??ﬁ%%a ns&t&iﬁg?é&é %Ef } 1%‘b§7 g{%sﬁ and a
nel t i ndexeachdr)is typicatiefroth 36 30QIpEA cddOrd @50 ppmriﬁmmhm:ﬁtmﬂnt pftﬁee usef(ul)

pl astomer (i,s a copol yner of et hyl ene derived,_ uni and at |east one of €3ito
C10 a- ol effPiHalgEA \}B‘H CEWWE eqdhgrf@ﬂbé‘-’r {rical ]Ha@'Png‘i tﬂe?’r?QPtEPmﬁnt‘Pﬂ? range of

| ess than m%oggréep?/e ;Agﬁ[he;r Pﬁy?ﬁﬂg&}nbgtthéﬁ%%r@ﬂmﬁg% Hl@ Vdegz)q?lgls?gfef |

derived traits astonmer ranges \ wt% in one
enbodi nmenfits aggvaint redatik to the polymer In one embodiment, there is from 0.25 to 20

moles polymer/mole initiator, and from 0.5 to 12 mole polymer/mole initiator in

another embodiment.

[ooo197]  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 polynier having desired
characteristics is produced. The feed-stream in one embodiment contains a total
monomer concentration greater than 20 wi% (based on the total weight of the f J
monomers, diluent, and catalyst system), greater than 25 wi% in another
embodiment. In yet another embodiment, the feed-stream will contain from 30
wi% to 50 wi% monomer concentration based on the fotal 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,



W%to 30 W% in another enbodinment, and from15 wt%to 25 W% in yet

~anot her enbodi nent, and from20 wt%to 30 wt% in yet another enbodi nent.

[ 000203] mer useful in the invention has a nmelgq 4 of

bet ween %B%ﬁ&lé@g&go dg/nin (ASTM D 1238; 190C, 2.1 kg) 'f%‘l’gﬁ%&ef%ai ment
“and firom 0,2 to 10 dghnin in anot hefl enbodi nent, and fromO0.3 to 8 dg/mn
in yet another enbodinent. The average nol ecul ar wei ght of useful

pl astonmers ranges from 10,000 to 800, 000 in one enbodi nent, and from 20, 000
t o 700, 000[cowisenotinesne anhwiiinemnthe Jdigmefitaieoartt cafibrixaltyapolynduizalde (ASTM D
790) of useful plastoners ranges frogm] 0 MPa té) 150 MPa i.n one ?nbodi ment ,
and from 2B1ODRIPETS; (Fugly@s NivdymerizaHee i risehiplancrend  isengencn i ok dupilast omer

Chat | . bt th ant i . e
‘L enper at ur LR o RREREl! SREs ot E PR Y Bb kit BplBE! 09
(second nebf upgalgpihd) of ﬂ@mﬁiﬁhﬁﬂﬁmﬁmv&lﬁ. f Thenpbipt ienp206r (f typidallgel t peak)
.and from7Q to 80C (second nelt peak) in another enbodi nment. WO 2006/ 002033

PCT/ US2005A02e) Bisan ekgtricopeipo#itha meryrble anperes. The reastositieaily Snvention

are netall n .al vz co -5 Qf, et ne.deri ved unit d hi gher
a-ol efin dglﬁlﬁ]&éﬁf %&&’t éarglge e TEC% %%%%;8/? EH%S% %h%ﬁ%ﬁ%?mﬁ{%“eﬁ@ & l}%@ﬁl -oct ene,
and whi ch egpleakh TBRALGD iMérmANDIRhe, IRBINAIRS the BERS, & PrEma®an 90itd S0t 0 yield a

density between 0.860 and 0.900 g/cnB8 in one_ enbodinent. The nol ecul ar
wei ght di stitdrgthins pagabie sharast scalesyalaibe polyphersrtioe reactionigedhe reaet® to 5 in

commer oy a R S Tefioh b R BT e TR AR g R oty ene

and 1- hexemm e fokmeX SRgrydeThy N el BRIbEG 2 WBnddRME dfostady W % of the
pl@st oner an(I:JII1 havi ng a dengit o?%%?g/cnﬁﬁgn% M of 3.5 dg‘%?nyn

(Eigxoanbi kiil@hﬁntﬁalbfstaymanyn! Haugattech moTEnersafuouEKATT re8208, tubesc opol ymer  of
e LA 6 SN s s 1%
dg/ m n (ExxQmiRiide) Ghem widdr SOIRANY, cH#ust @io h) reattBO0dR5FeeiRuemg@ aspect . of

the invention, "a pol ybut'ene processing oil nmay be
containing less than 0.0005 wi% of cation producing silica compounds, and

typically free of aromatic monomers. The catalyst system is then charged into the

reactor, the catalyst system having a Lewis acid and an initiator present in a molar

ratio of from 0.50 to 10.0. Within the reactor, the feed-streain of monomers and

catalyst system are allowed to contact one another, the reaction thus forming a

slurry of polymer (such as butyl rubber), wherein the solids in the shury has a
concentration of from 20 vol% to 50 vol%. TFinally, the thus formed polymer

(such as butyl rubber) is allowed to exit the reactor through an outlet or outflow

\ line while simuftanecusly allowing the feed-stream charging to continue, thus
“ constituting the continuous shurry 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 impeller(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
imvention is a polyisobutylene/isoprene polymer (butyl rubber) that has a

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



present in air barrier conpositions. In one enbodi nent of the invention, the
pol ybut ene processing oil is a | ow nol ecular weight (less than 15,6000 M) -
honopol ynmer .or -copol ynmer of olefin derived units having from3 to 8 carbon

at ons i nvameooentpost nent, preferably from4 to 6 carbon @Cangs2oe/aessther

enbodi ment. In yet another enbodi nent, the pol ybutene is a honopol yner or
copolyner of a C4 raffinate. An enbod?nent of such | ow nol ecul ar wei ght

pol ymers ternmed "pol ybutene" polyners is described in, for exanple, _
SYNTHETI C = LUBRI CANTS AND HI GH PERFORMANCE_ FUNCTI ONAL FLUI DS 357-392 (Leslie
R Rudni &S & Rénapte per KRumRlenof awnomenr Jdis perdvet meydep) subjested af t er

"pol ybut e gcessin il" " " 206] I n one enbodi nent of
the i nven'zg ﬁgﬁgﬁ?ﬁgla%g?%flé%%ﬁéﬁdoﬁéégeﬁ]é%gﬁuﬁlg{l ‘gn%?'copol ynmer of at |east

i sobutyl ene derived units, 1-butene derived units, and 2- butene derived .
units. In one enbodi nent, the pol ybutene is a honopol yner, copolyner, or

t er pol ynerElaftomeréc Compesitienstand Eﬂ%ﬂ%ﬂ Artidles | sobutyl ene derived units are
from40 to 100 wt % of the copol yner, the 1-butene derived units are fromO
to WD 2006/ 002033 PCT/ US2005/ 020864 . 54 40 wt % of the copol yner, and the
2-butene qefhyued yhé gy’élﬁﬁés Ik SAcEd tRcAindt #6 fe prlobEssEOBOAYIFRYE -abbile @not her
enbodi nent’, thée pol ybut'ene i's a copol yner or terpolyner of The three units,
wher ei n t heay debuimtisade withr dthed campteerds eofivantiondl iro theg artwioYpukluche

copol yner, .the | -butene, derjved unjts are from?2 to 40 wt % of, t he
copol yner ClaarifeComRnstions tl&?ér’ﬁ;yeﬂit]tﬁ?ﬂt‘?alfbﬁrfég?‘?a&?ﬁ e Gn@néls%\ﬁ%"iﬁs' t he
copol yner .gor 'eﬁa\;%@%, ﬁ@%faﬁ@heﬁ@%@ﬁip%%ns %n'ﬁ? \c/:glgtlaﬁ%{tl@a@?oﬁ 18sthgep0! ymer of the

three units, rern the 1sobutylene der ts are Trom40 to 96 w % of
the copolyner, the 1-butene derived units are from2 to 40 wt%of the { )

copol yner, and th%gz-l%utene erived units are from?2 to 20wt % of the |
copol yrer .[99030%) ot The GRlastemensy Bt ndRt uselile 11 Mo poesst {0Yentiqh, ($8BoYS/ mer or -

copol yner ' o A ' i j t e derived
units are c%rgc(:)ljirpl% Q%E tt.%i@ V\a‘%tbg/:)ogyﬁ# Eggﬁﬁg(ﬁo‘%@gﬁy‘n@?ﬁgﬁl %ggéél) ?#@?Q@ﬁg t he
1- but ene dewli v edituintiéss (Wi e bétwesn @.10 add 30t 4g/afin.t He @epabyodiment, the

useful plastomer is a copolymer of ethylene derived units and at least one of Cs to

C¢ o~olefin derived units, the copolymer having a density in the range of less than
0.915 g/em’. The amount of comenomer (Ca to Ciq a-olefin derived units) present
in the plastomer ranges from 2 wi% to 35 wi% in one embodument, and from 5
wit% to 30 wit% in another embodiment, and from 15 wt% to 25 wi% in yet

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

[0002033  The plastomer useful in the invention has a melt index (M1) of between R
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 meling 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 (secound

melt peak) in another embodiment.



[ 000207] pol ybutene processing oils useful in the invention typically have a

“nunber average nol ecul ar weight (M) of |ess than 10,000 in one enbodi nent,
less th ' not her enbodi nent, and | ess than 600pq4 k her

_enbodingﬁ¥§£@%mgﬁgaenbodinent, t he pol ybutene oil has apﬁtﬂ%g@dgggggge

“nol ecul ar wei ght of greater than 400,53and greater than 700 in another

enbodi nent, and greater than 900 in yet another enbodi nent. A preferred

enbodi nent can be a conbi nati on of any |ower nolecular weight limt with any

ti pper nolecular weight limt herein. For exanple, in one enbodinment of the

pol ybutene of the_jnvention, the polybutene has a nunti)er averfﬁ e nol ecul ar
wei ght of 9334 40Blaglomess Berdul Bntherrrgtent ovySRBOBABOMER ARECHEHE B di ment ,

. and from 3 ' . i.ren . : ties of the -
ol ybut end e saBrCPEHn nd Her 98P LR oRY BUNEF B ptr TEH P KERERRIAS o7 1000
in one ephosileRNt bussi@, 1+heRer@aridol -6688k:, el vétichl O&Eaih knangh soneesrbodi nment

- and is greater than 35 cSt at 100C in yet another enbodinent, and greater
than 100 d@spre of thespgomppoyes uidisde réld asasiiynesiveer 0860 er] 088Mhekne| al

exanpl es of ch I QCess| Llyare & PARAPOYL T, ry f. R{ocessing
o IS ( Bxx it iy, %%%‘b‘gﬁ?ﬁkﬁﬁ%pg ﬁ‘%“%u@%@?ﬁ Se0EBl02033
PCTI US20034A2036¢ rarffes RABG0 EV6R c:fBGin@A0 and 30 224004 a1 dn@BR0.  The
comercially avail able PARAPOLTM Series of pol ybutene processi % oils are

synt het i ¢ ambpdimentpoEyamples ¥, a aouhnargiglly i ayadible arlasidmaensome BRARG a certain

nmol ecul ar haht |1 fer ati o of which.can be,used in the.canposition
of the | milpPbserctiaer b PBYIGRE ARd el i 1 AR Rt it PR T om 490
M. ( PARAPGLTVGASR) to 220wk QT 1 plaEORRP&hd Maaﬁg\%) dersitel of 81895 neEn el

pérneation  chronatography. The MAD of the PARAPOL oils range from1l.8 to

3{in one MhbbdiSndgimin denkonMunbil2ChamizalgCompanyo tthrarstoa DB anelnkE> 0209]
Bel ow, Ta 3 sho SO of the properties of the PARAPOLTM oils useful in
enbodi rrentbiZ%&fa ?‘Hﬂé’\f%?%fsﬂgf?fhﬁ?fveﬂﬁ#ﬁa%&%éffee]i'ﬂctt"ﬂ%g?ﬁ‘?gﬁﬁ%w W% "Fdet er ni ned
as per AST¥HB4630 26-wdpef HRSHIARNBEY bR h¥RhE BideRdtydst 0.987 BRAP 1288 MI

of 1.0 dg/min (ExxonMobil Chemical Company, Houston, TX).

(000205 In one aspect of the invention, a polybutene processing oil may be
present in air bamier 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 ¢ carbon atoms in another
embodiment. In yet another embodiment, the polybutene is a homopolymer or
L copolymer of a C,4 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 umits, and 2-
butene derived units. In one embodiment, the polybutene is a homopolymer,
copolymer, or terpolymer of the three vnits, wherein the isobutylene derived units

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



chromat ography. Table 3. Properties of individual PARAPOLTM G ades G ade M.
Viscosity @ 100C,cSt 450 420 10.6 700 700 78 950 950 230 1300 1300 630 -
2400 2350 3200 2500 2700 4400 [000210] O her properties of PARAPOLTM
processiwg 20ddim2@se as follows: the density (glrL) of PACHBEWIMIGCesSi ng
oils varies fromabout 0.85 (PARAPO_IM 450) to 0.91 (PARAPCLTM 2500). The
brom ne nunber (CG@ G for PARAPOLTM 0Oils ranges from40 for the 450 M
processing oil, to 8 for the 2700 M processing oil. [000211 ) The

el astoneric ¢ osition of the invention may includg one o re . types of
pol ybut en‘!'é&%[%g&ﬁﬁ%(? Y @ng’&rbég‘ftﬁ’é? Hﬁl“f%rm’tﬁé aé%lﬁ’P]E“iqu ‘{Oo”q%ﬁé)fel astoner,

Or Wi LN e SRRRARET . LT 0P UboRRACIBN pblnlfend is HlBEABLY orlh. etc.)

of the p rocessing oll mxture can varied It I S manner.

Thus, WO 28y 0a263Re BEdd WSR) 0htR208R4sothby IBARMGled Mnd5 Brecfaom 4O tused when -
| ow viscosity is desired in the conposition of the invention, while
PARAPOLT" 99 8 60ridhs corolymer thinkhuteng dgresd witsg fiop £ do 48 adve eljtheor

conposi ti r e ' . : [ Y wei ght. -
o s, ooy B 0 A8 T Ohiaonk 3637 it B wgRo BN

control | eth yébamtiarémbsdiaehty thd belybhreasds o' Repolbutens iy deesshiig oil ", or
"pol ybut ene processi ng} oil" include a si nfcl” e ol or a conposition of two or

nore oi | Whemsiythe ssobpbvigns deriyed paitsoae fprp0 P vitlont tasapetynesy thet her
t ' , specified i.scl in. [000212
e’ pol Yl Rme v BpREaE g2 G MR A IE TR IR A olner o )

derived units are from 2 to 20-wit% of the copolymer. In yet another embodiment,

the polybutene is a homopolymer or copolymer of isobutylene and 1-butene, ()
wherein the isobutylene derived units are from 65 to 100 wit% of the
homopolymer or copolymer, and the 1-butene derived units are from 0 to 35 wi%

of the copolymer.

[000207]  Polybutene processing oils useful in the invention typically have a
number average molecular weight (Mn) of less than 10,000 in one embodiment,
less than 8000 in another embodiment, and less 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 {5
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 1o 10,000, and from 700 to 8000 in another embodiment, and
from 900 to 3000 in yet another embodiment.  Useful viscositiés of the
polybutené processing oil ranges from 10 to 6000 cSt (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.

fo00208) Commercial examples of such a processing oil are the PARAPOL™

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



~conposition of the invention from1 to 60 phr in one enbodi ment, and fiom 2
“to 40 phr in another enbodiment, from4 to 35 phr in another enbodi nent, and
from 5t n yet another enbodi nent, and from 2 by yet
anot her \g(ﬁégmaﬁtk, and from5 to 25 phr in yet anot herﬁtgf 03%%9 and
“from2 to 20 phr in yet another enbo#f nent, wherein a desirable range of
pol ybutene may be any upper phr Iimt conbined with any Iower phr limt
descri bed herein. Preferably, the pol ybutene processing oil does not

cont ai n ar BARAPOIFMoAREs 760, 93300 2400omd J5000 i8] cotimeersiadiy taymidatile

conpositio j le. to produce,air barriers nmay al so i.pnclude a,secondar
rugBer_, prﬁ‘i&gﬂmﬁ pﬁﬁ”ﬁég Qgr BRBRYeng o RISSHISHIE nﬁt} (o255 BY‘E*E‘?H& d];q}lnd Y
. conposi ti }ef%ﬁgné?spgacﬂﬁsﬁdﬁﬁ% ag ISP mitid RaRh € S Sk tain MBS LR Weﬂ_@gsﬁl rubbers

‘may be ble y any suita means with the el astoner or elastoner
conposi t i ofermilatiens wibddcls camdleusied inuthe asvenpeitiohi ofi thedintentionat Thal rubbers,

. pol yi soprene, rupber, pol y(styrene-co-bytadiene) ruhb SBR)., . pol ybut adi ene
rubber (BRYOleS ag,me%%%ge &%‘Qﬁ’%ﬁ?%ﬁ §WJEBB&2@H‘EP§]?A§$ 18458 pr ene-
but adi ene [ ubpaiy (B éfggp% ene ylen P .
et hyl ene- pgoopyl gneﬁndr?epne rubber (2 %E/)ésepgﬁtéﬂgﬁpﬁ dié'l,jE %)e{rlj‘)?%neraﬂ%er,
propyl ene chtbahatogedphyeThe MUAD of icePARAFPAIUMydilsrabdrefromnlds e B dgenat ed
star-branched butyl rubber, brom nated butyl rubber, chlorinated butyl
rubber, st &hbefimsEhand fom2 kobdiypraikereghodimendt ar - branched br oni nat ed

butyl (polyisobutyl ene/isoprene copol yner) rubber;
pol y(i sobutyl ene-cop- net hyl styrene) and hal ogenat ed pol y(i sobutyl ene-co-p WO

2006100203003 USRNOR 162618 84howrd somt Y kisd propar€ips of thelPABAPODI™ @Kanpl e,
t ef pol yners of isobutylene derived units, p- nmethylstyrene derived units,
angd p- br onBydielhin smbodiveenderafyde Dresen inyeriiony Whygas thenhxiseesily 990214] A

desirabl e gubodi ment _of ar b prese L nat ur al
ubber.  Nepararnn i pf AR BRIl e RGlec R RGIER by oL RE AP "R e
TECHNOLOGY cHréfratid@aphbBur i ce Morton, ed., Chapnan & Hall 1995). Desirable
enbodi nents of the natural rubbers of the present invention are sel ected

Table 3. Properties of individual PARAPOL™ Grades

: ' Viscosity @
Grade Mn 100°C, ¢St
450 420 10.6
700 700 78
950 950 230
1300 1300 630
2400 2350 3200
( | 2500 2700 4400

10002101  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,



from Mal aysi an rubber such as SMR Cv, SMR 5, SMR 10, SMR 20, and SMR 50 and
m xtures thereof, wherein the natural rubbers have a Mooney viscosity at -
100C (ML 1+4) of from 30 to 120, nore preferably from40 to 65. The Mooney

Vi scosi t wa mmb/00203erred to herein is in accordance w t hraSMM2B>08d6 | n a
desirabl e enbodi ment of the invention, natural rubber is present in the
conposition from5 to 25 phr. [000215f]6 Pol ybut adi ene (BR) rubber is another
desi rabl e secondary rubber useful in the conmposition of the invention. The
Mooney vi scosity of the gol ybut adi ene .t ubber as,  nmeasured at . 100C_ (M. 1+4)
may range R&%rﬁ%’éﬂ&ﬁe?n ¢ Pesh wizeny lgwasResite b desirgt bt the comppsiBeneht . and

fromd45 t . yet 0 r @E@p' MGl of these
synt het i C?l}eggxg’gﬁtégnus% li}i P?%\%Phe p?ge(gﬂgﬁ%n P%\?‘g% i&gl%rfeﬁkﬁ%ﬁ‘éwgy? odyear
Cheni cal Qesla)or, conisbsitBUPEMNEEM 12 @dhiove Bhind 20er(Geasditeasr fbRbilan! -
Conpany). A desirable rubber is high cis-polybutadiene (cis-BR). By

"ci s- pol ybueighfi ede thisr mannem the Phypisaly biansttissnef the wcomposiiantcaphbe 1, 4-ci s

| ybut adi ' __wher.ein,th of , Ci yat | '95% -
Ao axanpt ¢ogpolin” Heee ABFIGIR T el PRt Peb Bitaf CRRCRS s 8l F t he
conposi ti opoBYREHNEFM kel gfrllﬂﬁﬁﬂiﬁ@]a RePRSiBo10f c_&anMéliﬁBﬁ ofREb BF ARy ene |

derived units such"as EPR and EPDM are also suitable as secondary rubbers.
Exanpl es dfilssised &bbletapoemynaseassy of motekilargveEpbMoarohertingpariye desireds bor nene,

1, 4- hexadi ene, .di cycl opent adi ene,,.as . well as others. These rubbers are
descri bed 3SPel ‘l?ﬁ%%ﬁ%é&‘:’%d!“é% WD 2006/ 002033 PCT/ US20051020864 58
(1995). A suitable ethyl ene-propyl ene rubber is comercially avail able as

VI STALONTM ( ExxonMobi | Chemni cal Conpany, Houston TX). [000217] In another
enbodi- mentpozig sdbensdybnteshirecessmgaoihat eijlermat euesenbbethe asstpaetic of t hg )

Fiober e RARBOH SR BRBTHATEAR | B GhPBE b HE DTS abboP 2 bneral
anbere L OB R PR o 2F H95FY L FEpR gty RO iR e 10 THE

5 to 30 phr in yet another embodiment, and from 2 to 10 phr in yet another

embodiment, and from 5 to 25 phr in yet another embodiment, and from 2 to 20
phr in yet another embodiment, wherein a desirable range of polybutene may be
any upper phr limit combined with any lower phr limit described herein.
Preferably, the polybutene processing oil does not contain aromatic groups or

unsataration.

[000213]1 The elastomeric compositions suitable to produce air barriers may also

include a secondary rubber, or "general purpose rubber" component may be LA
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-



]

Vanderbilt Co., Inc. 1990), and in RUBBER TECHNOLOGY 311-321 (1995). Butyl

‘rubbers, hal ogenated butyl rubbers, and star-branched butyl rubbers are

described f~ by Edward Kresge and H. C. Wang in 8 Kl RK- OTHVER ENCYCLOPEDI A
OF CHEM Eal20TdA8RINGLOGY 934- 955 (John Wl ey & Sons, | nc.Pdr/hsmas/iozhsas) .

[ 000218] The secondary rubber corrponeSI] of the present invention includes,

but is not limted to at | east one or’'nore of brom nated butyl rubber,
chl orinated butyl rubber, star-branched polyi sobutyl ene rubber,

star-branched brom nat ed but yl i sqQbut yl enell pre ol ynmer) rubber;
hal ogenat e E'HBISHECaS) SRS %Snﬁﬂceéaﬁpﬂwéﬂ’@l”@fﬁr@dé‘) u"@?&#ﬁg’eggﬁﬂzé&aml e,

t er pol ymer t % i units,
and p-br omﬁ)ﬂng{yhét?tgpgr%éﬁg\}%ge(raigi\rtléédgﬁdmﬁg} Orrﬁgkg?wgngg{lﬁe I‘%&g’ i

+ hal onet hyl &hﬁﬁharﬂ@eﬁraibﬁ c interpolynmers as in US 5,162, 445; US 4,074,035; and

US 4, 395, 506; hal ogenated i soprene and hal ogenated i sobutyl ene copol yners,
pol ychl or opr ene, and the like, and m xtures of any of the above. Sone

%70, 001 WPk o B REEARFGBRO o E SURAREN PR BRASPURIRERER: o The

el ast onmer ﬁ@tﬁliﬁﬁsﬂulbbékn MRt rubbees aid deftribell aigeethll b)Y WRbED MR i n one
enbodi nent, fromup to 50 phr in another enbodinment, fromup to 40 phr in

anot her en%tEiBﬁ%ﬁfECHHﬁdOtﬁY dﬁﬁtﬁ@St@/I@mwe;M@rtm gtbt Chaseane Balod@9%%nt . I n yet

th t f t 2 phr,
2nd. 1 om abkay o GG et A Ao PERER pvebPh e e8RS by
yet anot et phostRRRtubiRAdudy AR ¢eASURLS) SVIR TONSYER 20, AQUIMR sebodi ment

A desirabl e enbodi'ment may i ncl ude any conbination of WO 2006/ 002033
PCT/ US2005/20@ 083#ires thezgnf, whpesin i nétoral trublpeds daye koMeonghyisbostyt at For

Suln as, 1 AP OE Eakal 53 oo Fi i pREaRbaTmAols oo BeiMpmesne

enbod rent wiRBE Eéam&eﬁed 39 H@Farm Ii§ @%&manceewhﬁdm?m D-PéuE. 1 amal0 to 25
phr in yet another enbodinent, and from5 to 25 phr 1 n yet another

enbodi ment desirabld ronbdibnent] &f pther imveniien, ambtdlenuidheboidi pessent imhdreei n a

desirabl e rczélr_}1 e %Im%lomn?}/opsepany conbi nation of any upper phr limt

[000215]  Polybutadiene (BR) rubber is another desirable secondary rubber
useful in the composition of the invention. The 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
L 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 uwsed, wherein the amount
of cis component is at least 95%. An examplé 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

i



with any lower phr limt. [0002201 The el astoneric conposition may have one
or nore filler conponents such as, for exanple, calciumcarbonate, silica, -
clay and other- silicates which may or may not be exfoliated, talc, titanium
di oxi de,wangpbdgn bl ack. In one enbodinent, the fillperiszosotes bl ack or
nodi fi ed carbon bl ack, and conbinations of any of these. In another

enbodi nent, the filler is a blend of 38carbon bl ack and silica. The preferred
filler for such articles as tire treads and sidewalls is reinforcing grade
carbon bl ack present at a level of from 10 to 100 phr of the blend, nore

pr ef er abl 1995 bm B0 stitabdd gtihyilerierprapyiehe rudrroti remmercalty faveilablstst o 80 phr

In yet an dinent.. fiil grades of_carb | ack, as described in
RUBBER TEM% K%@}MPgﬁébem RPAY 190688 1 hbr e desirably, :
enbodi ments of the carbon black useful in, for exanple, tire treads are .
N229, N351, N339, N220,  N234 and N110 provided in ASTM (173037, D1510, and
03765) . Eubexd7nerihsanother kenbodintan, the aedondasf fubber 13,2 haogemadpiubbersi dewal | s

in tires, are N330, N351, N550, N650, N66Q, and N762, Carbon blacks suitable
for inner S éFis SAndeotaelysiey demnostios. | nthe delagsnaied NoEpl ™gmD, 15N762, N99O

an Regal . n_Gl.ay r : 1] ' e a

swel | abl ebc éggtlg%%éﬁé]m%%ga&@n@nat@&ﬁgieg‘%gﬁ%?&grl Qﬁ%(l)h%%%d Bg{yé%elp'at ed using
an exfol i @eherg] papeitics adgrbabling of anlopeifed dhey] sibbcadle degtribddempur poses of
this invention include natural or synthetic phyllosilicates, %algt icularly

snecti c clHEsVANPERBIET nBHBBAR HANWOOK, 108d72r (Rebast hehat 1adie

| k koi ' torit | ' ' jte, k ite,
ctevens ¢ SaabRRE0: i, 1986 Jad b RUBERE TebBivob @ ATk o3) GBI Wbl nate
oxi des, hﬁﬂ:{b@isahﬂbg&la@éﬂjbﬁ bbés, anfnescoran@ei g abRys agenge@dty WO [ )
2006/ 002033 PCT/ US2005/ 020864 60 conprise particles containing a plurality

of silicaby Biewdl éresgeavhddgié. t Wougnos§ KIRK-QTHMER ENGYESPERIM (Fxchangeabl e

{00222~ P Tkt o s SEh BT B B i MG AR T T organi e

[000218]  The secondary rubber component of the present invention includes, but

is not limited to at least one or more of brominated butyl rubber, chlorinated buty?

rubber, star-branched polyisobutylene rubber, star-branched brominated butyl
(polyisobutylené/isoprene copolymer) rubber; halogenated poly(isobutylene-co-p--
methylstyréne), such as, for example, terpolymers of isobutylene derived mﬁts, 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 ;,.f B,
copolymers, ponchloroprene, 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.

(0002191  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



nol ecul es (swelling or exfoliating "agents" or "additives") capable of
~under goi ng ion exchange reactions with the cations present at the
interl aygio sidkhéess of the layered silicate. Suitable ﬁé%ﬁk&ﬁ&%?ﬁﬁ gents

i nclude cationic surfactants such as amoni um al kyl am nes or al kyl anmoni um
“(primary, secondary, tertiary and quéternary), phosphoni um or sulfonium
derivatives of aliphatic, aromatic or arylaliphatic am nes, phosphines and
sul fides. Desirable am ne conpounds (or the correspondi ng ammoni umion) are
those wit hm?' h@pet ph diintit endRARBRAN: phhtingi. nForR%ampBR, tantcbiddaty eulBer,t o C30

al kyl's or al kenes .in_one enbodinent, Cl to C20 al kyls _or_al kenes in another
enbodi nenteithghingdivigually b ashe blendeolorubberst sichras, famexsmwle HbodA®Et , the

exfoliating agent isSs.a.sa~call-ed.|lon hain terdti i ‘ ein at
Censt Rz (HeaAcm pfa] iy if Gt SRRl B T SYn AT i MOHE [
present 'ré\ﬁ?d&)ﬁhﬁéht,”&ﬁﬂdﬂaﬁnqmto25%1%9eﬂatﬂt}&§bh%o&iﬁihﬁﬁ,andfﬁlfm6&6%' e, from
about 0.000 1 mto about 100.im™ As uUsed herein, silicais neant to refer

to any typéror ygaupihet enbpdimest, land dromn S4nddhdy in yet anotheaembodianant,at i ve, or

silicic acjd, processed b tio rogeni c.or the like hods and

avi i ng o iR GRS Tangh TR Sl FA PR g ot AT i B 0

crystalli %ﬁ%ﬂ}jﬁ%rﬁglm.dal silica, alumnum or calciumsilicates, filnmed
silica, and the Iike. [000224] One or nore crosslinlcing agents are
preferably used in the elastoneric conpositions of the present invention,
especially when silica is the E}rpi ma.rr\( filler, or is esent in conbination
wi th anot HAWEY| | dhe SRspmcKE SpmPABIEYH mayhass ¢ i Jrora Rt cRpeTsats,

bi functio ﬁﬂ%h}' hiakkng1age T.0F ' rossl i nki ng
agent" is%ghgg%? ane ?%g?lgﬁﬂfﬁr{;@?it%%a%?a? g@{s]?tlhgll %?ﬁ%ééa%%?gg% r and/ or
si(l ane reimf magimy wgedblikirdweld,otitahimae dsdeiidd, ethd parbbwe tdadk. i dolamti ng, but

not limted to, vinyl i et hoxysil ane, e

vinyl-tri rnsimgente Exgﬁg?ﬂndiyf?i’f’%n?ﬁwknﬁ h&erifiedy (cprbepy Makaet™oxy si | ane,
ganma- am NouRkARYhs kglfg%*b%{ !aﬂfaﬁoﬁﬂérdem&%@( e R /b'le%ﬁ?&%! 020864
61 comercially as by Wtico), ganmma- nercaptopropyl tri nmet hoxysil ane

(Al 89 by Warlmm) blatidatdhsilica. k Ehe greferfed tfillee doit Hiehenficled as dne treadscidnrent |

bis-(3- trieth i I t | .fide | d i all "Si69") i
elms)| f)y ed. rsligewa s)llss ;e;n%grrcgl%ygrzl eecarﬂ?osnubla(lzk ﬁ'egesn? at afégdmgef‘rfgdrg 10¥0 ?&0 phrl ) 1s

of the biend, more preferably from 30 to 80 phr in another embodiment, and from

50 to 80 phr in vet another embodiment. Useful grades of carbon black, as
described in RUBBER TECHNOLOGY, 59-85, range from N110 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

L 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 asg verniiculite, halloysite, |

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



[ 000225] Ot her processing aids nmay al so be present in the conpositions
the invention. Processing aids include, but are not limted to,

pl astici zers, tackifiers, extenders, chem cal conditioners, honbgeni zing
agents argoB@RihbZBesS such as nercaptans, petrol eum and ptilygseoiZe2dsedeget abl e
' oils, paraffinic oils, -polybutene aids, naphthenic oils, .
waxes, resins, rosins,%nd the like. The aid is typically
present from1 to 70 phr. in one enbodinent, from3 to 60 phr in another

oils, mneral
aromatic oils,

enbodiment, and from5 to 50 phr in yet another enbodi nent. Some commerci al
exanpl es oforpprizegesticles aintsniag @ HuNDEXTsiliSGun plEtedets bating a thickmaplfheni ¢

processi ng, Qi

l,, PARAPCLTmM ( ExxonMbbi.l Chem c npany) , pol ybut ene
processi ngs'éigi‘s‘s H%F?@m&%ﬁ%a@?éﬁ‘&% %F@%gia;f%@\ei hf’ré\?g?r?f W0 to

bil Chem cal Conpany), a paraffinic petroleum

3000, and

oil. I n one enbodi

aromatic oils
deli berately

la ex(
nt o

_ T The invention, paraffinic, naphthenic and
are substantially absent, neaning, they have not been
added to the conpositions used to nake the air barriers,

i n, the 'al t 8p§aR) velhej swellphle oty maave benexfolizted dmt tigptmemt owith \@reame t he

Composi t1 oReUBREE (R e Piififle a2PhG! B "ol S 3aRNs SRAGREE ©

subst ant i ajgnYe:@ReiR! realPRIRRGE Se EARAP peSe att 18 ShteHifdr UtEfacdsst thexanpl e,

FLEXON oi |l s (which-tontain sonme aromatic noieties) and CALSCL
napht heni clayetejl siliqto 2 Saitabih exiobiajieg gensn inchidsdestiodici swrizctzoiscmok @swi t h t he
present invention typjcally coptain other conponents .and additives

bust onar | | St Ay lggnes % alloTamentay @rpes: fFedRDaEeat Biher
nondi scol opedeRRA) NBRAGIRERLA! iR GulfoRRES Slefgativisds aBbRIRN SomaATCRrerators, ).
crosslinking and Curing nmaterials, antioxidants, antiozonants. General { -

oils (

of

or,

cl asses of apidipheticrinsj poispbinenand ssifids.amesesble auiasictinpesds @irour eas,

t hi azol es,

t.es,. xant hat es,

t hi ,..sul f enani d f eni i hi
and the 1| B R OREHI AT O 00 Py PAOIE TRnsEe PCB ok MERIR oxi do

and fatty

are typi cabt ylkpnassioranother embodiment, which may be the same or different. In one

embodiment, the exfoliating agent is a so called long chain tertiary amine, wherein

at least Rz-,is a Cya to Cy alkyl or alkene.

[0005223] The fillers of the present invention may be any size and typicaily range,
for example, from about 0.0001 pum to about 100 pm. As used herein, silica is meant
to refer to any type or particle size silica or another silicic acid denvative, 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

R8I /S andRF Qi OP1oOWY, ATISHSECARRE i 85 Bmbddifiead ¢, 90T, 3061002033
PCTI US2005/ 020864 62 nay al so be used. The conponents, and ot her curat Lves,

S,

-



fromO0.1 to 10 phr in the conposition. Heat or radiation-induced
~crosslinking of polynmers nmay be used. [000227] Cenerally, polyner bl ends,

for exar‘rw(?zoﬂ%}a%:)used to produce tires, are crossli n{f,ﬁ.&‘lﬂ}sg WD%‘FJ‘ nprove

‘the pol ynmer s nechani cal properties. It is known that € physica
“properties, perfornmance characteristi@s, and durability of vul canized
rubber conpounds are directly related to the nunber (crosslink density) and
type of erasslinks fornmed during the vul canization reaction. (See, e.g.,

Helt et aloomnléeiall9Shs Nl @AM alvites), Séﬁ%&&ﬂe@éeip%brﬁﬁﬂﬁh‘&th&kﬁ#ﬁfém WORLD,

18-23 (1991)). [000228] Sulfur is the nost common ‘chiem cal vul cani zi ng agent
for di ene-(AdéfAthyi Witeg) sndathiediker and inixtenes thezeafs Ia ombemitiodiBemigimb€3- ring or in

anor phous , .pol yneric farns. e, sul fur vul cani zation system.al so consists of
t he accel etpg&B%ySl 3’8"‘%’3@‘5’?‘@%?\@“ ‘fqﬂﬁ?l?mhﬁyfét g\@&o’ﬁ € - retarder to
hel p control the rate of vulcanization. Accelerators serve to control the

onset of and rate of vul canization, and the nunber and type of sulfur
crossl i nkgothzs; adhéropmedtsing édsanfynalsorte pespt @ thel gmrpgdsitmat of diee i n

determ ning the performance properties of the vul cani zate. [0Q0229]
Act i vat or s‘n‘éﬁ’f@"@hg}ﬁ@% ﬂqétmq?‘ﬂﬁeev gﬁ%@'etnf?étl%fe@ i5¢ S‘ﬁ‘é I EHP A BHShy

reacting fJ it 3 . o] el.-4S xes whi ch
t hen reac%}&%mht?w’tpig gbgﬁl 1?0 S)irﬁgi![txgﬁfr%,r %@%ﬁﬁ%ﬂgﬁ%g@ﬁt géﬁ{ %I[%ar iepr:)‘lésemay be
used to deheapthhs peitoleivdl andnaddanikd eegetatile oils, deinetad ollb, lpawufaibikfoilg] ent tine
to process the unvul canized rubber. [000230] Hal ogen-containing el astoners
such as hardyanenecaids maphthenip eHe gromaioils Wekes reshisorasHs @reﬂtbetlgqe- r ubber,

hl ori nat b -b . ] | .
e o Ryl IR Bk 3R S8 s MR i 3 o 0
pol y(i sobuinydnefifr embRdiming Y ndtde e, S00sH e Heo bRha@nbrRidegh | Syngs ul f onat ed
potyet hyl ene may be crosslinked by their reaction with netal oxides. The

nmetal  oxi ehspercish crgplasool paeessinigt #Hdh areo GAANBESIYs(Sup - Chamigaglsy reer t o
produce an

prodhce o e SRR DR B SR el E L <
Ir Iegg [ ;af) ﬁd Ay Bt ROBERE olithviry SRINYIRS aksragd nldcaka it bf o 80U s -
© to 3000, and FLEXON™ (ExxonMobil Chemical Company), a paraffinic
petroleum oil.  In one embodiment of the invention, paraffinic, naphthenic and
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 wit% 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 inciude, for
N example, FLEXON oils (which contain some aromatic moieties) and CALSOL

oils (a naphthenic oil).

f000226] 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



[ 000231] GCenerally, polyner blends nmay be crosslinlced by adding. curative
nol ecul es, for exanple sulfur, nmetal oxides, organonetallic conpounds,
radical initiators, etc., followed by heating- In particular, the follow ng
met al oxi@9Ges@h®33 comon curatives that will function irctbs20ps/Es86x
invention: ZnO, CaO, MO  A1203, G (B8, FeO Fe203, and Ni O These netal

oxi des can be used alone or in conjﬁ%ction with the correspondi ng netal
fatty acid conplex (e.g., zinc stearate, calciumstearate, etc.), or with
the organic and fatty acids added al one, such as stearic¢ _acid, and

opt i onal Igapekerbecusesk | The compRnenss, sands othen £rEatiyes, fagg BEANYUPrEsenhn

ol o by TR T B &BE n fhec O Sis. FEal Sl R roiStibing B er ot o
of NBR Moigsef@iaySeaised. RUBBER WORLD 25-30 (1993)). This nmethod of curing .

el astonmers nmay be accelerated and is often used for the vul cani zati on of
el astoner bl ends. [000232] The acceleration of the cure process is

o T RIS R Bl PR BB R o BrRTRRE on 7
accel er at GO B AARERRY BB AU Aler SURDSR0ioRBkHERes SOTRhEWD it er act | ons

bet ween the curative, el erator; activators ners. ldeally, all of

t he avai | thblphysivalapriopatiess pedfosuamed characteeisticsy aad idorebdity efffeddanized crossi ni ks
whi ch join_iogether two pol r, chai and enhancge.the .overall strength of
the pol yn%ﬁbﬁwmpﬁm#mﬁﬁgeé@ele@ﬂépé SRETBT AT RTONETAMPEREd | ncl ude,
but are ihkd: : _ OWWt 20, arg I i.phemyl pguani di ne
(DPG , t([:e}ti:ggrs(lslnzetoftl;[;?/‘};(%l I&}?ﬁ%ﬁg&? gﬁ#@%%ﬂ?%} ,(S%’ %&Jl’gﬁhﬂ#g@’l %Arg ol i ne
(DTDN), Vevadhuby Stdbilizodon B SR ih RimpEl BYORLD, h8+23q1¥01azy| disul fide ( MBTS);,

hexarnet hyl ene- |, 5-bisthiosul fate disodiumsalt dihydrate (sold comercially
as DURALI NKTM HTS by Fl exsys), 2-norpholinothio benzotlriazole (MBS or

w)e’rt IerG(/agoEg @r - %—hgfel%z'\@? ?gg%%gc@%ﬁagﬁg%g?QMgng g%%?tl@gxdée |eét hyl ene

t hi ocar bagotitaibingxsiskiemb| Bnexisilak anahardbic( R Ember ritighor 2 ahfoyphdagxanoat e
(ZEH), and "thioureas WD 20061002033 PCT1US20051020864 64 [000233] The
mat er i al sPRHBETE dermiss Tha suliiy videanizagion sypamaglso pensisiee! bempealeratosns

to activate the sulfur, an activator, and a retarder to help control the rate of

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 f )
react with the sulfur to form sulfurating agents. Retarders may be used to delay
the initial onset of cure in order to allow suffictent 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 m xed by conventional nmeans known to those skilled in the at, in a
~single step or in stages. In one enbodi nent, the carbon black is added in a
di fferenty$iRgM 20%;{ om zi nc oxide and other cure activat 9&%[%%%%94 erators.
In anot her 4 en%o I ment, antioxidants, antiozonants and processing materials
“are added in a stage after the carbaa bl ack has been processed with the

el astorneric conposition, and zinc oxide is added at a final stage to

maxi m ze conpound nodul us. Thus, a two to three (or nobre) stage processing
sequence iigeRhdiRE Atlch AREH téRRANIHIAAS Srodity ¢t -CarboACk@@ENEaL addi tions
of filler and processing oils. [000234] 'The conpositions may be vul cani zed
by subj ecthahde ishibaratrsi asg: heptodoet anddtiicatds @an anevioratilyst foothasieadimvent i onal

. vul cani zation process, Typically, the wvulcanization is conducted at a
tenperature rangi ng fromabout 100C to about 250C in one enbodi ment, from
150C to 2 N a by T8 ds f 0 i pu vel000235]
Sui t abl e g@%%lgneglg%ggg’ 0S tFons %rﬂéuta:% gfrotS flk‘ﬂ{g(g %g%g??rngbgl?%vgrs, and

mor e part inelbaaldsy fbr exngle isnlfub lnasaesddest iotganbmarlblici oemsountis,r mdicainer t ubes,

air sleeves, and other ipdustrial products including gaskets and ring

st r uct ur edMUARLS, K- igﬁ%‘ﬁ%{jr gﬂs}lﬁ‘? S ﬁbP@'Bﬁ‘%}éfmﬂileoﬁ’iP“’H%(Fﬁﬁl g iSues

i ncl udi ng, e , i 0l;l 1] bing: —ex d hXi#g, 1nternal
m Xi ng (SL(I:(? 2 %ﬁﬁweg mﬁmﬁ%%“o@ @F%%%QHF rﬁnker?&&ﬁé%l%@’sequence of
m xi ng andAlk@yER0st Be@Fe, OnpindyiD. aTheswembtak ogides tan b asakalbheor imubber

conpounder, the_ objective being  the dispersion of fillers, activators and
cur at i ves opiunetionywith the cauespoRding e fatty psik somplen dag., ARY sdegsete.A usef ul

m xi ng pr il i.zes..a.Banbui yTM mi i ' h - r rubber,
Carbon bl ASENgh Spter 6 £ BRIl B ok fdg oGl R BPRRAEL 0P E o
méxed for delle dheSoptheially BEhedl crftivis DALk | SULiAfur dreapmtiat Wompbondcdal eve -
adequat e di spersion of the ingredients. Alternativel the rubber and a
portion ofalisteeresde sompruadkdimincs or detvivesthereohier g, PRAK msodusisseld) is i xed

for a shor i e.&.., about 1.to 3-.m.nute foll ) ¢ .1 he,n i nder of
t he carbon bbalg'gr}tf‘i I@eeer algongyodmu.zmﬁpx’? ?fbg”i é”%g%ﬂlﬁ ucg'gﬁ'?%r%é %‘é{@?{?o 10
m nut es atjsixed B Sel ORUSHIREW ofUb RBBOWNOEY). t Thie nidiRddXREing IRRARAL S reach a

tenperature of WO 2006/ 002033 PCT/ US2005/ 020861
may be accelerated and is often used for the vulcanization of elastomer blends.

{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
L crasslinks 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), 44-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
(IBBS), and N-oxydiethylene thiocarbamyl-N-oxydiethylene sulfonamide (OTOS),

zinc 2-ethyl hexanoate (ZEH), and "thioureas”.



65 about 140-160C. Foll owi ng cooling, the conponents are mxed in a second
step on a rubber mll or in a BanburyTM m xer during which the curing agent -
and optional accelerators, are thoroughly and uniformy dispersed at

rel ati vewy Joagmozigper ature, for exanple, about 80C to abgnis:dldesssko avoid
premature curing of the conposition. Variations in mxing will be readily ~

apparent to those skilled in the artfand the present invention is not
limted to any specific m xing procedure. The mxing is performed to

di sperse all conponents of the conposition thoroughly acid unifornly.

[ 000236) AWot3sher Thaaratstatscinciuded bire thepaie parieth drot aie kaimsk soippositibander i ng t he
conpounded rubber, conposjtion into sheet. material having a thjckness of
roughl y étﬁwegéyrﬁqnvagwgel %ﬁ‘i‘i‘séﬁ‘f)f‘?”ﬁa those S@J@&t‘n ﬁ’ﬁt% g’h? S’inﬁieog':@:t rips of
-appropri at,g s\M.fih fQF 1hE A& raJ ol Y | ONBfrertiesthaner | i ner .
st ock maytogl sg ggs e%??ﬂ%g@%&alﬁggdut%l atglblt0 g@%@g%ﬁlﬂﬁg} ngizﬁfn%rcﬂlﬁ%egw[ooozw]
The sheet feimockinat otide sasl agesrotutehactienok astdiracegleptasesslni anathet i cky,

uncured mass and is therefore subject tq deformation_ and te%ri ng as a .
cons equen&&bogrneantioxiianifa AURZONARS GpE MapesHBE JRAeila argadded g r e

cetbogimy 2B o slepgieddodniare
The: const PRe G G tutbob kP ebl Bloct g VAR AR BN chic REu ARl € 3Tor o

|l ayered | aftaicoxidofsddsd Ak AnalQtdgerio swkimize cofipolind Arlduties Tihe, 4 read and
sidewal | elenments,”"an internediate carcass |ayer which conprises a nunber
of plies doatiaithicndor moes) stagr Pregessing sequseesis grefegred. rAddihionabsiagest er, nyl on

or netal fjhers). enbedded . . Iy r trix and.,an innerliner |ayer which
i s | anm nated ]sz’ltvﬁémfrﬁrﬁgga]sqgifiﬁg)@g o%%ﬂe%’ ?{gﬁl{{gﬁ?e@g{gg Oflﬁ‘yer. Tires are nornally
built on a tire forming drumusing the |ayers described above. After the).

uncured tire ‘has been built on the drum the uncured tire is placed in;a:
heat ed noI[@PORIN| ndhamgoinpbditensbnay b velcahiagd by siiecithgrihen ushngpeeat or and heat

it to vulcanization tenperatures b t hods. wel |l known in the art.

VUl cani 22t PG AOEF PR Be RS O I BRR ABOTES 10DBAYABRt 250G,

nore pref apadiniafibP R daRfucled #Q0empRithik HBSnEHorm abe& {0000 @bt one

m nute to several hours, nore preferably fromabout 5 to 30 m nutes. .
250°C in one embodiment, from 150°C to 200°C in another embodiment, for about

1 1o 150 minutes,

{000235]  Suitable elastomeric compositions for such articles as air barriers, and

more paniéularly 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 techmiques inchuding, for example,

kneading, roller milling, extruder mixing, internal mixing (such as with a A
Banbury™ or Brabender™ mixer) etc. The sequence of mixing and teinperatures
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 compenents reach a temperature of



WD 20061002033 PCTJUS2005/ 020864 66 Vul cani zation of the assenbled tire
- results in vulcanization of all elenents of the tire assenbly, for exanple,

the inngrline e carcass and the outer tread/sidewa nd
S pnltlapbe e BN RioSod

enhance i on between these elenents, resulting in a cured, unitary

“tire fromthe nmulti-layers. [000239]65Thus, one aspect of the invention is a

conposition suitable for an air barrier conprising an el astonmer conprising
C4 to C7 isoolefin derived units; and a plastoner, wherein the, plastoner
i's a copoihoien4®f 66hyFemeyvide cbMagd, tel dosnpnentEare indxedlifl asseobsef dtep der i ved
units, the plastoner_having a density of less than 0.915 -g/cn8. Further,
napht heni en arigbberonill icx inid BauhusySUps¥ardurang yhighsbet cwringmgereant onposi ti on

i n one enbadi nent . 0240] ..l n _anot her e i_men the pkas [._conprises’
ethyl ene %@%@EB"“&%&%&S’ &N ﬂ?orr%liﬁ?‘gyo aw[ %ﬁﬁ%”@éﬁﬁﬁa‘?&]&@%@%&é@ olefin
derived uRkdperathrd, &@texaﬁlg&t, Bdut SOROE aBRic. 1067E, B sﬁ@i@ﬁﬁhaﬁﬁ%ﬁﬁﬁ%s et hyl ene
derived units and from1 w%to 30 wt% of units selected from 1-butene,

| - hexene afilie comppsitiond dfarietens inmixipg Wil beaeaditivapparens ih duwiserekitled t he
pl ast orer. conpri ses, et hyl ene deri.ved wunit and fr.am 10. % tq 30 w % of
botene delt YEAT R £ PRI B SRS Poripe oot BN i tsedR. t om 0. 1 1o
20 dg/ mi npangfis om0 pdifsfekO (slohdfoRel A1l 2ROBEente IO RBinnai@99241] 1 n one
enbodi nent, the plastoner is present in the conposition from2 to 20 phr,
and from #@roughlsbaphmifomninot her enbodi nent. [ 000242] | n anot her aspect of
t he conposition, the conposition also conprises a -processing oil. The oil
is selected fromparaffinic oils and pol ybutene processing oils, and
m xt ures A-Yo] Y im-m': i Dyt i e ot her -

fbodi nentob&{f'ﬁlg pélgcessﬁng ol rﬁgﬁ%nr sg?lllteaffr&(.)%%ﬁw?% %@%ﬁl‘rxdﬁrﬁﬁgﬂg
e'(r‘rbodi nentompanded nusbeb cormpdsdtiqrhinid sheainnathrial lerviigda theeknessRsdbwghty | s may be

present in. conpositions of the invention fromO0.1 to 5 phr in one
ebodi mend0 A i BHES, 3 quging BRshesh RS RO SR PR OPTIBiSS TR y, oils

and proceggi NooM £ inRMRhd ShPcAhS 88 iANGHRG RG Mag W PARRGed

and cut at the tire building machine.

[000237)  The sheet stock at this stage of the manufacturing process is a sticky,
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 pnewmatic tire. The pneumatic tire 1s composed of a layered laminate
h 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 1t 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.



67 unsaturation conprise less than 2 phr of the conpositions of the
invention in one enbodinent. [000243] The conposition may al so‘include a
filler selected fromcarbon black, nodified carbon black, silicates, clay,
exf ol i algfhdab/ddposand mi xtures thereof. (000244) |n anetiarszeirswacisaent, the
conposition also conprises a secondar rubber selected from natural '
rubbers, polyisoprene rubber, styren®-butadiene rubber (SBR), pol ybutadi ene
rubber, i soprene-butadi ene rubber (IBR), styrene isoprene-butadi ene rubber
(SIBR), ethylene-propyl ene rubber, ethylene- propyl ene-di ene rubber (EPOV,
pol ysul f i\Gdcanigation o€ treudsisembleg tisp yesubie To Xilgenizgssin efealk clements of the
pol y(i sobutyl ene: cap- net hyl rene), | ogenat e ol yv.(i sobut.yl ene- -
co- p- met Elsy? é%sf'ﬁng e?‘,% W‘?iﬁ%ﬁ?’?ﬁ%&r}s 9%)9%5185188ﬁﬁ%ﬂﬁ%ﬁ%ﬁbﬁﬂ%‘%@gnat ed
pol y(i sohifer e zAmEYE HRPSING0h beWeerPidsd EIEnRS rédifiR0M: a kiire@not her -
enbodi nent”, the conposition also conprises from5 to 30 phr . of a natural
rubber. upDeGALE frofihtheehultitloyars. useful in the present invention conprises
C4. to C7 isoolefin derived units. The C4 to C7 isoolefin derived units nay
be sel ected from isobutyl ene, isobutene, 2-nethyl-I|-butene, '
3- et hyl - en et ol 2= . dr;% vi nyl
et her, i%g%)%? v?m/’teé{lgr?g%lﬁ;t/%zﬁgaﬁ@?n‘%%égg%,kﬁgﬁ%l&f%%ﬁ? -pg‘%\ﬂ[‘ ene.
[ 000246] Hanmidrivempriting afl chstanarcoalsizinpotipto Gesoulsiin dotiedd wideaid/£d units
selected _fromisoprene, bhutadiene, 2,3-dinrethyl-I, 3-butadi ene, nryrcene,
6, 6- di netn%womeruwgﬁm thealastnrasrds a@p@pbﬁ@ﬁ@&rﬁ@ dgﬁd@%% WhBe in anot her
embodi men ¢, LOAIAA Thrilly s, AACHRRIGIIRAMIEA eRlinPot RE{ Wanth 3p4 OTEr . the
el astoner ardo conprises styrenirc derive rts s€l ected tromstyrene,
chl or ost wen®, Furthémhaxylsthytienad droeate oiledré solsantialy i 2badnt \iesm the ()
a- et hyl styrene, o-nethylstyrene, nrnethylstyrene, andp-nethylstyrene,. °
andp- t er tSOBROIten i aneemigdimgns/ 002033 PCTI US2005/ 020864 68 [ 000248] The
conposition of the invention may al so be cured using a curative. In one
enbodi ment, the conposition also conprises a curative selected from

(000240] In another embodiment, the plastomer comprises ethylene derived

units and from 10 wi% to 30 wi% of C; 10 Cyp a-olefin derived units. In yet
another embodiment, the plastomer comprises ethylene derived units and from 10
wi% to 30 wt% of units selected from 1-butene, 1-hexene and 1-octene derived
units. In yet another embodiment, the plastomer comprises 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 éomprises 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 presént 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



sul fur,. sulfur-based conpounds, netal oxides, netal oxide conplexes, fatty
“acids, peroxides, diamnes, and m xtures thereof. [000249] The cured
conposi ti irabl e properties as an air barrier. £, in one
”enbodinegﬁwgﬂﬁﬁgggiosition has a brittleness val ue of lgE?ﬁ%%gﬁ%ﬁﬁk .0 C In
“anot her enbodi nent, the conposition s a Shore A Hardness at 25C of |ess
than 55.. In yet another enbodi nent, the conposition has an air

permeability at 65C of less than 3.50 x 10$ cnB-cnicnZ-sec-atm And in yet (
) anot her vesdtoditior Rbmptibe lazo iAo phrarf thasoraposiiibresifahe inveflaomcassneval ue of
greater than 4 NNmm [000250] The conposition can be used to nmake any
nunber of S&F @4 In one enbodiment, the article is selected fromtire
curing bladders,. innerliners, tire innertubes, and air sleeves. O her
useful goods that can be nade using conpositions of the invention include
hoses, seabmz4370! o cgaposiiot ablyaldomsiuig a filkndeietive fron tirbbedladkscl osed in
THE VANDERBI LT RUBBER HANDBOOK 637-772 . (R T. Vanderbilt_ Conpany, Inc.

1990) . , [ ooupEfisd wrhen blagk, dinstssseley.ertolistedighey, prdgurirasibasenl on” can be
déscribed ) alternately by any of the enbodi nents discl osed herein. For
exanpl e, an aspect of the present invention may be described as a

conposi ti qoosa4)t alph endtBEr 8Rbediment)akd b@ﬁl%:&ﬁﬁ&ﬁ bEbNOn{piiRem & skordaryphr

pol ybut ene processing oil; hal ogenated star- branched butyl rubbér; from5
to 25 phr I“th?ﬁtlr sdleqtecb doom materaf mabhess, t polgisoprane ghibker, Styaencobhadiensher ei n t he

pl astoner is. a I of,. et hyl.ene. derived. units d tg CLO a-olefin
deri ved uﬁ?ﬁg‘?r @%u p%’gs’&’gr?g}enﬁéﬁ’%’ goa{gﬁlg-ﬁnwﬂbeﬁwlrél eI @ﬁ}o&@‘fgﬁ“ g/ en8; and
the conposidiree-ha%diese a rifitet t [(SIBRE \e@hiéneOfrobfRAe t RaBber L e@fplent000252] I'n
arfot her enmbodi nent, the conposition suitabl e for an air barriér consists
egsent i al Ipropylesmdiehasubberr (RIS polygullde.t oitdle rdbet.epiopyldee i arade units;

d | ast ., Wh int | ast i I t hyl derived
ni s Yo RS0 00Y (RerruiEEBe PosamRrEYTa HaEsITY aRly GOBVRRE der | ved
uni ts, t hesoph RRATRYAeY, ngm@1ﬁ€se§ﬁtsaenefcol@%p&ﬂa&_e?& 915 jglogBlhted N thi's

enbodi nent, ‘ot her nor’ co nents Such as‘rosin oil,
poly(isobutylene-co-cyclopentadiene), and mixtures thereof. In another

embodiment, the composition also comprises from 5 to 30 phr of a natural rubber.

[000245] .The elastomer useful in the present invention comprises C4 to Cy
isoolefin dex;ived units. The C4to C; isoolefin derived units may be selected from
isobutylene, 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 demived units selected from styrene, chlorostyrene,
methoxystyrene, indene and indene derivatives, a-methylstyrene, o-methylstyrene,

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



curatives and accelerators nmay al so be present, individually, from0.1 to 5
phr. And in yet another enbodi nent, the conposition suitable for an air -
barrier <consists essentially of an elastoner conprising C4 to C7 isoolefin
derived wwdb@is/o0msl a pl astonmer, wherein the plastoner iFRCTUIS20002996@ Of

et hyl ene derived units and C3 to CIO a-olefin derived units, the plastomer
having a density of less than 0.915 63/crr8; and a pol ybutene processing oil.
I'n this enbodi ment, other minor conponents such as rosin oil, curatlves and
accel erators may aI so be present, individually, fromO0.1 to 5 phr. (.
[000253] TH248] | i egmppsition of theinvesioremss dilseshr eured USTHE a WWaiike on and are
by no rrea |nte to,bg limti of, the_scope of the i PROPHETI C
EXAVPLES B R& 1ho 2‘?1‘]‘1"@5}8’ s SEPETRES & gt SOEEH i ng a MR
2000 at tfﬁlmﬂ%%ﬂs@eaksﬁ@sﬁ@d&hﬁmmx@s &naﬁpéﬁaeaé leX8s fathpRsdgens Wi ll
be cured at the indicated temperature, typically at E6OC for a tine

cor r espondpargxities, Fis@tnes, appmopnieatkeresfol d | ag. When possi bl e, standard ASTM
tests will be used to determne the cured conpound physical properties. v
Stress/strai n properties (tensile strength, elongation at break, nodul us

val ues, - engpgot 0 1ealdd Whbodtfor BASHLEHIB briolfs ACAPRE Bt YN0 an
Instron 42 hore A hard was. nmeasur ed room tenperature by using a
Zwi ck Dur ommme il bae embodin{edajhei compwaision ihng alﬁﬂﬂbneﬁﬂmhlhejef fess thAn 31 MPa

units; the erg (2G_.in nmeasuring elongation is ¢ 13 nits. _1000255] The
val ues " vHH 9 hh&“""hf‘s‘@&“h?@%%e‘&n e@ﬁ%ﬁ@ﬁ%bﬁ%@ et a{ﬁﬁ\eﬁ?\a 215 er to

"I U g ue” pandss B Srbd BRRSC Y oottt MY aabtie 15 Lhe
Fhel® L £RAH 4 S

Mooney scorch va e s the ey viscosity value. WO

200610020313e11?ﬁmn1(§29105$°0265‘fe4s thed 7. Be 210 Demf 2a)/cinh-sédient. atderd e ur erren_uf “i s

E 0.65 Nboney viscosity units. The values of "Te" are cure tines in
m nut es, appthergmbodiment,thp comppsition has an Adhesmn to Carcass value of greater |

than 4 N/mm.

[000250] The composition can be used to make any number of arficles. In one
embodiment, the article is selectéd from tire curing bladders, innerliners, tire
inneriubes, and air sleeves. Other useful goods that can be made using
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 Kt _..} '
alternately by any of the embodiments disclosed herein. For example, an aspect
of the present invention may be described as a composition suitaBIe 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 umnits and Cs
to Cyp g-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 Cy to Cy isoclefin derived units;

and a plastomer, wherein the plastomer is a copolymer of ethylene derived units



(000256] Mbl ecul ar wei ght of the PARAPOLTM pol ybut ene processing oil wll

be determined by gel permeation chromatography, and the val ues of nunber
aver age nmplgesgdkadoyei ght (M) obtained have an error of f p@P{Ra0b882ds8chNni ques
for determning the nol ecul ar weight (M and My and nol ecul ar wei ght
distribution (MAD) are generally descré®bed in US 4,540,753 to Cozewith et
al. and references cited therein, and in Verstrate et al., 21 '
MACROVOLECULES 3360 (1988). In a typical nmeasurenent, a 3-colum set is

oper at ed atand@@3.toThg ceblefih @arived anity ehd plasietherbyvihg asdembity bf s than
tetrabydrofuranJTlglF) or 1,2,4-trichlorohenzene (TCB). The co] unps are

cal i brat ed WZingepdi vt e gmbedinab: oEeh IR e BRINEILS FHS RS IS BC OMlar

.Wweights. A / i on AR t] : ohtain romthe
st andar ds, Ctﬁgdrt{vﬁéegédegecr?ﬁr%tﬁgvo &r%liss‘%o?e E)ﬁetg&gbin@%eﬁrﬁ? éteocriﬁ)?ile Odgq)h%he pol yrner
nol ecul ar veid Qi .yel hQothes cadiotin&dt, e cHARMNIGT Shititdt blitangir REBeessi ng oi |

~W || be determ ned as per ASTM D445-97. [000257] Tensile neasurenments wl |
be done at centiftesscntiahhe phawy clasomarroIBIsingder ity iseokitrodaiived uiser i al s

Testing System 6.03.08. .M cro tensile eci nens od-hone shaped) w dth of
0.08 i nchef_ﬂ?@. éﬁsqgwr’mr%{n%é%aﬁﬁm&ﬂ Ss.pic %@Wé‘%‘-’ %ﬁ?@yﬁeﬁf%ﬁéﬂ W_n%sbet ween
two tabs) wiphlChbe @gedelcfilQictited lﬁﬂﬁé%h@?lab@ﬁe? RECIhER Genkily bf 1063fhad and wi ||
be neasured manual Ly by Mtutoyo Digimatic |Indicator connected to the system

conput er. Thel sglen nemka wilybuisse pubdessingivila lorbissemebadimpute dthet migor

i ncheshni n. ggé crﬂm’ﬂi) and thF stress/strain data w || b?n recorded. The

average st{CHEOPERS SPeH 98 oY Sl AU And CCEediiE A, 8lsP b BSSihed. The

error (2a) jhvi®asy dom tBagW gFents is f 0.47 MPa units. (000258] Oxygen
I of '

pe(rr'eabi lity w e nmeasured using a MOCON OxTran Model 2/61 operating

under the principle of dynam c neasurenent of oxygen transport through a

thin filmas_ publigshe R A. Pasternak e |, 1n JOURNAL POLYMER

SCl ENCE: PAﬁ?PQ%?Jz iﬂ?%ﬁ%’#@% -.exﬁﬂﬁgfea AFYeCt BWE’H@H?&F%"%PE IRENHPR ARE T8 ay - nrHg.

General ly, i BWS J r sanples are WO
léhga C_ﬁé?%’%%%ﬁg% & teQirhiging ofﬁle%%ﬁe! éf'ﬁl@%ﬁ%\f;e#m‘pusi-

20061110203 020864 717 cl anped 1 nto on cells which are
-purged of residual oxygen using an oxygen

PROPHETIC EXAMPLES

Test Methods

[0co254]  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;QO + appropriate
mold lag. When possible, standard ASTM tests will be used to deternine the
L cured compound physical properties. Siress/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 (26) in measuring 100%
Modulus is + 0.11 MPa units; the error (2¢) 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 Moouney viscosity value.



free carrier gas. The carrier gas is routed to a sensor until a stable zero
value is established. Pure oxygen or air is then introduced into the -
outside of the chanber of the diffusion cells. The oxygen diffusing through
t he fil nwioobdamze33si de chanber is conveyed to a sensorrahiistoomezses es t he
oxygen di ffusion rate. [0002591 Air ?érrreabi lity will be tested by the

foll ow ng nmethod. Thin, vulcanized st specinens fromthe sanple
conpositions will be nounted in diffusion cells and conditioned in an oil
bath at 65C. The time required for air to perneate through a given specinen
i s recor ddEe eBo e rinithe latersmef g es B @-ﬁg PMOOnEY SYISCOSHE Uih s gf%ﬁl | be
circular plateswith 12. 7-cm di anet er QR:38-nun. 1,hi ckness. The error

(2c) in %}E%frq%nadcaﬂﬁ%7%5%}qm&%sa&g%4§%?f®8ﬁm%nits. Q her test

nmet hods are described in Table 4_ Exanple 1 [0002601 The present invention .

is the application of butyl rubber nmade according to the inventive
synt het i cio§t2fls ddslecilpeweight of the BARARMLRY pelyhiens groskesng oid ottBosi tion is

suitable for, use.a n i pnertube in bicycle, pas er.car,. truck, bus and =
ot her 'veh{’%ldégemw |€Y #5t PAESTHHOT o %fﬂf%gfﬁpﬁﬁg aﬁéﬁﬂgt"% be™ BBt er :
under st Oogvé?Xge ﬂl@]‘e@ﬁlﬁf‘%gigihg@gﬁ?oﬁtﬁiéab@%i?&m%ﬁﬁpbﬁi 9993.30'?1&& ﬂe&ﬂﬁg@é&d Tabl es.

The conponents expecte e used and their commercial sourcés are
outlined for Jabineinhg thee mohecofrosedighk ddin medt Mw)c engpasplecaas waighthe Exanpl es

in Tahl e.6 in:p; hundr.ed r ubb , d the anticipated .
cxper | mendiitpBRdRTES e sl Aevrhetar U AnaLiTos L FEmBREy LT ubber made
by our 1 eNbn & QURAGIAncThARES o IABRN FEsh, I IMIRNGB] pebiaieldRg! he [esul ts

f or conpounds usi ng conmercl a er dre ~assigned a value of 100,
and i rr_p{ qum_t?llﬂgﬁi@bﬂﬁ_ e%@ebrhqmj mh&-pemsm den isvapersad ﬁ]mazaga]s ei]ﬂrt]'mnexarrpl g’ t)
conpositions w e m xed by techniques cq in the . art, e conponent's
and t hei r Spl¥enitysed mayobsmptabiliz E‘ﬂr@ﬁ&?ﬁﬁ% (ﬁ'ho“‘ga?rt bLédrtgichlprohengene; r st pass
of conpon Wi 10X . —' ize ier at 40
psi RN preSlir el FRind e bl Bibg I b o et ' e

el ast oner kinbwh meleadldedweiphisi MeA zevreelatidar bd npdllystgtenanditontionnsolviel be added

at about WO 20061002033 PCT/ US2Q05/ 020864 _ 72 .
obtained from the standards, to the retention volume of the polymer tested yields

the polymer molecular weight. The viscosity of the PARAPOL™ polybutene
processing oil will be determined as per ASTM D445-97.

[000257] Tensile measurements will be done at ambient temperature on Instron
Sernies 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 A
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 (2¢) in tensile

measurements is £ 0.47 MPa units.

[000258] Oxygen permeability will be measored 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.A. Pasternak ef al, in § 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



30 seconds of mxing, and oil and remaining ingredients will be added when
- the robber mx reached a tenperature of about 110C. After an additional 1

m nut e e the mxer will be scraped down, and pydis/06s3esRed at
about 13@‘&25@6@%’%{’% will be finalized on a mll by addiSey e

“curatives to the masterbatch fromtHe first step of m xing. [000262] The
anticipated data in Table 7 will show that the use of butyl rubber made by
the present invention is expected to afford equival ent or even inproved air
barrier quahpdd s diffpRnadllt ohtbirate ptrged miessihal ofygey lusinglhexygas wel | as
being expected to maintain the desirable cure, physical and aged physical
propert i €€ Cagien gasa| B SRETIAIGRAE-p Eetied 1q 8 speionbBlih2 shblegets valyF as

processabj| kt:\i. &S pM ] | Ml ' scorch
Vel o, - HRGHid il len SRS BB RO B clnOE 01

pol ybut ensf theogigfSiongcells. Viihe! oxyaps aiiffuéihe tBidughbierfiles t6uat iihsies of butyl
rubbers made by the present invention as well as the expected inprovenents
in aged prepder isconveyedte agrrser whichgnesspres tleaioxygendiffissianyatet he desirabl e
processability as determined in the Money viscosity and scorch values. WD
2006/ 0021133 PCT/ US2005/ 020864 73 Table 4. Test Methods Paraneter Units

Test  Moopeussdfi SOasi permeMaligTonl Bé- 1t b32866. fodwiST Mubhd46 Thipodi fi ed)
Air perneoﬂgbi I?{ty cmécrﬂ cm -sec-at m See tixt- Brittl ene]s's C ASTM D 746

G een St redguhized] Bot/spedubes froPStheASTINDID abbposiions eyillvbe coairttsd (wonmpound)
Lo 100 C M) ASTY D IRGS pMocney Sl IE LS, 1280 gyt o= ASTW D
_ permeate through a given specimen is recorded to determine its air permeability. "
E Test specimens Will' be circular plates with 12.7-cm diameter and 0.38-mm
thickness. The error (20} in mea_suring air permeability is % (.245 (x10%) units.

Other test méthods are described in Table 4.

Example 1
[000260]  The present mvention is the application of butyl rubber made according
to the inventive synthetic steps desciibed herein in a rubber compound whose
composition is suitable for use as an innertube in bicycle, passenger car, truck, bus
and other veﬁicles. ‘While not meant to be luniting by, it may be better understood by
reference fo the following example compositions and Tablés. 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.

[c00261]  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
pst RAM pressure with the femperature control unit set at about 66°C. The

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



WMH dNewton.m Ts2 mnute Tc90 mnute Cure rate dN nm m nute ASTM D 2084
Physi cal Properties press cured Tc 90+2 Amin @ 160C Hardness Shere A ASTM D
2240 Modul us -100% MPa ASTM D 412 die C Tensile Strength MPa El ongati on at
Br eak 10widofood020380i ng, 72 hrs. @ 125C ASTM D 573 Har dpesastivanymsedo Tensi |l e
Change /a Elongation Change % Wight Change | Tear Strength N nmm ASTM™® -
624 Die B ( WD 2006/ 002033 PCT/ US2005/ 020864 74 Table S.. Conponents and
Commerci al Sources Conponent  Brief Description Commercial Source BUTYL 268
Pol y(i sobutyl ene-co-i soprene) ExxxonMobil Chem cal Conpany (Houston, TX)
BROVOBUTYBO Beeswidn of anixingt gnd pil spé remaipingringedisniowill bonddgdowhen 222 Mooney

Vi it : te T XXP 3-1 10 %.PNS,, 0, 8 | % |
Bxonnbb] PROERRL P R e pPRR NG aeCon Rt onE Belk oy 355w
(1+8, 125~ Giixigh OlrS! HEEMARAbDisEabday b Ak PVAITRN b @O Ut BBS @52, Products -

Samples will be finalized on a mill by addition of the curatives to the masterbatch

from the first step of mixing.

[000262] “The anticipated data in Table 7 will show that the use of butyl ruibbef
made by the present invention is expected to aiford equivalent or even improved
~ air batrier gualities compared to current commercial butyl 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 data in Table 7 is
expected to aiso show that the use of polybutene processing oil will improve the air
barrier qualities of butyl rubbers made by the present invention as well as the
expected improvements in aged properties, while also being expected to maintain
the desirable pfocessability as determined in the Mooney viscosity and scorch

values.



chl oride nodified (Gonzal ez,

TX) nmontnorillonite clay i

SP-1068 Al kyl

~ Phenol Formal dehyde Schenectady Int. Resin (Schenectady, NY) CALSOLTM 810

[

Conposi tion of aliphatic-

ASTM Type 103 ( Tr ent oplzrADdeda0dAXTM
KADOXTM 930 High Purity French

of Anerica Process Zinc @kide (Mnaca, Pa) PARAPOLTM C4

Napht henyg sshdinoss: Carroll, Inc

2- mer capt obenzot hi azole . R T. Vanderbilt
"~ Zinc Corp.

raf fi nate ExxonMobil Chem cal

St r ukt ol

Conpany ( Houst on,

Co.

resins (Stow, GChio) Stearic atable@riesalybethods g.

LA)

Sul f ur -

Cure agent e.g., RE

Tetranet hyl t hi uram di sul fi de e.g.,

2006100203
Conponent s
Car bon Bl a
Zinc xide

Carrol |
R T. Vanderbilt

X)
of America MS aromatic-naphthenic
C. K Wtco Corp.
(Trenton,

STRUKTCLTM 40

(Taft,
NJ) TMID -
(Norwal k; CT) WO

8—PE1S526651+020864 —FSJ-'FrbI e—6—Erastorenic—Conpositton
(phr) 1 PaGnketerBUTYL 268} 100 - Woi& - BXPT BUTYLXest 100 - 1100
e NEGO—F0—FB-—F0—F0—CALBELF MG 2525 Wl .
Wopniy \EsqaRBelRED 2400 - | - a5 5120 &MU | AS 64
{modified)
Air permeability cm’-cim/em’-sec-atm | See text
Brittleness °C ASTM D 746
Green Strength (100% Modulus) PSI ASTM D412
Mooney Viscosity (compound) ML1+4, 100°C MU | ASTM D 1646
Mooney Scorch Time | Tg5, 125°C, minutes | ASTM D 1646
Moving Die Rheometer (MDR) @
160° C, & 0.5%arc
ML deciNewton.meter
MH dNewton.m
Tg2 minute
Tcgo minute
dN.m/minute ASTM D 2084
Cure rate .
Physical Properties press cured Tc
60+2 min @ 160°C
Hardness Shore A ASTM D 2240
Modulos 100% MPa ASTM D 412die C
Tensile Strength MPa
Elongation at Break %
Hot Air Aging, 72 brs. @ 125°C ASTM D 573
Hardness Change %
Tensile Change %
Elongation Change %
Weight Change Y
Tear Strength N/mm ASTM D 624
Die B

1



Sul f ur

Aged Properties

2222 CAPTAXTMO0.5 0.5 0.50-5 TMID1 I | 1
204.5 204.5 WO 20061002033 PCT/ US2005/ 020864 76 Table 7. Cure,

TOTAL 204.5 204.5
Physi cal
Conmponents (phr) 1 2 3 4 Mooney viscosity 100 95-110 100

and-

95-110 @006 dds3+4) Mooney Scorch @100 95-110 100 95pdi/@s20886%6864T10, i n

1R

M. 100 95-110 100 95-110 Ts2, min 10& 95-110 100 95-110 Tc50, min 100

95-110 100 95-110 Tc90, mn 100 95-110 100 95-110 Tensile,
@60C Hardness @5T 100 95-110 100 95-110 100% Modul us,
95-110 MPa 300% Modidhle 5. M0OmPencHid and C odmendial $Parcdensi | e,
95-110 100 95-110 " El ongati on,

Cure
100 95-110 100
MPPa 100
% 100 95-110 100 95-110 Aged Tensil e,

Component Brief Description Commercial Source
BUTYL 268 Poly(isobutylene-co-isoprene) ExxonMobil Chemicai
. Company (Houston, TX)
' BROMOBUTYL Brominated butyl rubber, 27-37 | ExxonMobil Chemical
2222 Mooney Viscosity Company (Houston, TX)
10 wt% PMS, 0.85 mol% ExxonMobil Chemical

EXXPRO™ (3-1

BrPMS, Mooney viscosity of
35+5 MU (148, 125°C)

Company (Houston, TX)

(Norwalk; CT)

CLOISITE™-20A Dimethylditallowammonium Southemn Clay Products
chloride modified (Gonzalez, TX}
montmorillonite clay

SP-1068 Alkyl Phenol Formaldehyde Schenectady Int.

_ Resin (Schenectady, NY)

CALSOL™ 810 Naphthenic Oil R.E. Carroll, Inc

. ASTM Type 103 (Trenton, NI}
CAPTAX™ 2-mercaptobenzothiazole . R.T. Vanderbilt
KADOX™ 930 High Purity French Zine Corp. of America

_ Process Zince Oxide (Monaca, Pa)
PARAPOL™ C, raffinate ExxonMcahil Chemical
Company (Houston, TX)

STRUKTOL™ 40 Composition of aliphatic- Struktol Co. of America

MS aromatic-naphthenic resins (Stow, Ohio)

Stearic acid Cure agent e.g., CK. Witco Corp. (Taft,

LA) :

Sulfur Cure agent e.g., R.E. Carroll {Trenton,

NJ)
T™TD Tetramethylthiuram disulfide e.g., R.T. Vanderbilt

8 m ns

0.5 Are. @160C M4+ M. 100 95-110 100 95-110 MH 100 95-110 100 95-110



72 Hs @25C Hardness @5' C 100 95-110 100 95-110 100% Modul us,
100 95-110 100 95-110 MPa Tensil e,
% 100 95-110 100 95-110

Die B Tear-Aged 100 95-110 100 95-110

100 95-110 MPa 300% Mbdul us,

95-110 1

o0 110 10800 dGess

El ongat

i on,

Regy

100 95-110
"MPa 100

520-5%95&?9\” mm 100

Hrs 5C Mocon

@60' C 100 95-110 200 200 WD 2006/ 002033 PCTI US200- 91020864 77 Exanple 2

[000263] T

he present

invention is the application of bronobutyl

rubber nade

according to the inventive synthetic steps described herein in a rubber
conpound whose conposi ti dlalke 6SBldstdtheérid Compositansan i nnerliner of tires

for bicycle, passenger car, truck, bus, aircraft, farm and other vehicles.
[ 000264] The exanpl e conp05|t|ons mAII be m xed by techni ques common in the
.art, the c etr—+etagttve—afroupts—tsteg—+n—Tabl e 8.
Parti cul ar| Yontgmehisphr) pass lof dqonpoRents| wi |l B be |ri xedl at |80 rpmin a
BANBURYTM si ze BR m xer aﬁ 40 psi| RAM presgure with[ the tenperature control
unit set al—about—66€—The—etastgmer—wtt+—pe—added—@at—time—zero. Carbon
bl ack, clay amUT¥$i26€ willl Hdé€0added at abput 180 sefconds of ini xi ng, and oi
and r emai nfRg—+hgredi-enrts+wiH—bejaddedwhep—the+upber—+i- reached a
tenperaturg OEXBP®UTYLOC| After gn adddtiopal 1 minutel0®f mixing, the
m xer wllibe scraped down, and willl be dunped at abbut 135C Sanmples wi ||
be finali zngaﬂb@nglgckBﬁlggglﬁQYTl\/y@i zd BRyy xer|at |9 rpm angh 404 psi RAM
pressure w.th the tenpera ure contirol unit Set for naxinun1c%oling at about
30C during acﬁﬁggﬂﬂﬂmkﬁjng step by ad%ktion of the cpuratives|to the
mast er bat ch _ -
¢ Stearic Acid 1 1 1 1
(-- Zinc Oxide 5 5 5 5
PARAPOLT™ 2400 - ' 25 25
Sulfur 2 2 2 2
CAPTAX™ 0.5 0.5 0.5 0.5
TMTD 1 1 1 1
TOTAL 204.5 204.5 204.5 204.5




fromthe .first step of mxing. [000265] The anticipated data in Table 9 is
expected to show that the use of bronobutyl rubber nade by the present
invention will- afford equi val ent or even inproved air barrier qualities
conmpar edwifrob t commercial bromobutyl rubbers as wpkxRsSoRRbidgs expect ed
to maintain t e esirable cure, physical and aged physical properties, )
whil e al so bei ng expected to nmaintairféthe desirable processability as wll
be determined in the Money viscosity and scorch values. The anticipated
data in Table 9 is al so expected to show that the use of pol ybutene
processing oil wll iTgsieveCuhg Phiysichband Aged Pabpérties of broni obutyl rubbers
made by the present invention as well as bei ng expected to inprove the aged
properties, while al so bei ng expected to naintain the desirable

H—pe—determhred—+n—the—Moenreyviseostty and scorch
e 91s al to éxpected Bo shpw that the use of
pl gzt oner .\M Il "al so i nprove the air barrier qual ities of tg(r)gggggggls
rubbers n ent {HgTventT 3 TTgE Ry 21
PCTI US200 dé%é tse erct%% to ngsﬁltjiz)l n theﬁgey - abl & pr icessabi lity as
will be dw Moghey--H-scasi-ty—and._s i\.Ath-uj s. [000266) The
air reten ‘FEW g L thl:ofr:orrp?si ions are pec e%stt1 sﬂ&ow i nprovenent s
when t he Héﬁﬁ)lﬂ]@nﬁﬂ%ro,esm ng oik and/or plastoneriare present in the
conposi tipn WMDRWE polyners of The presefit—Tnventjom—Tabtie 8. Rl astoneric
Conposi ti 033 m $ﬂ50 phr) 5 6 % 8 9 10 | BROMOBUTYL 2222 100 - 100 - - -
EXPT - 10p—£06 -BROMOBUTFY—Car-han—Black - N6B0-60-650460 60 60 60
CALSOLT"" i _ 005" 41 9%t T T™ 40M8 7.7 7
7 7 7 MH 100 95-110 100 95-110 O
ML 100 95-110 100 95.110 -
- Ts2, min 100 05-110 100 95-110 ‘
Te50, min 100 95-110 100 95-110
Te90, min 100 95-110 100 95-110
Tensile, Cure -
8 mins @160°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
Aged Tensile,
72 Hrs @125°C
Hardness @25°C 100 95-110 100 95-110 )
100% Modulus, 100 95-110 100 95-110 (v
MPa . o
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




SP-1068 4 4 4 4 4 4 Stearic Acid 2 2 2 2 2 2 EXACT 8201 - - - - 48 Zinc
“"xide 333333 MBIS1.51.51.51.51.51.5 Sulfur0505050505
0.5 WO 2 PCT/ US2005/ 020864 79 Table 9. Cure, Aged
Propertlggg%@(rarég%é%ts (phr) 56 7 8 9 10 Money vi sc05|ty 8@6}%@}%0 100

"95-110 95-110 95-110 @L00C M.( 1- 4- 4)77Mboney Scorch @ 100 95-110 100 95-110
95-110 95-110 135C, T10, nin MDR, 0.5 Are @160C MR-M. 100 95-110 100
95-110 95-110 95-110 MH 100 95-110 100 95-110 95-110 95-110 M. 100 95-110
100 95- 11GQ5ad1d® 95-110 Ts2, min 100 95-110 100 95-110 95-110 95-110 1c50,
mn 100 95-110 100 95-110 95-110 95-110 Tc90, min 100 95-110 100 95-110
05- 110 95-[a00853] Teilbe | presequ mven@m &1 the @pbiogiadaeil hegsobdd Gublpm ®@8ede110 100
95-110 95-110.95- 1ég 100% l\/bd 1oo 95. 1&% 100. 95- o 95-110 95-110 MP4
3009%vbdul GEEOTIBE 1§58 {RveRtEe 8 flgirrided Ppgpm in ér?QF‘PB“n a 100

95-110 10QuRe %&ngéﬁéﬂ-g s%ﬁabléfbr use as an innerliner of tires for bicycle, passenger

. car, truck, bus, aircraft, farm and other vehicles.

[000264]  The example compositions will be mixed by techniques common in the

art, the compbllieﬁts and their relative amounts listed in Table 8. 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, clay and resins will be added at
about 30 seconds of mixing, and oil and remaining ingredients will be added when

the rubber mix reached a temperature of about 110°C. After an additional 1 minute

of mixing, the mixer wili be scraped down, and will be dumped at about 135°C.‘

Samples will be finalized in the BANBURY™ size BR mixer at 60 rpm and 40 psi

RAM pressure with the temperature 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.

[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
s improved air barpier 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



El ongati on, % 100 95-110 100 95-110 95-110 95-110 Aged Tensile, 72 Ms
@25C Hardness @5' C 100 95-110 100 95-110 95-110 95-110 { 100% Mbdul us,

100 95-110 100+95-110 95-110 95-110 MPa 300% Modul us, 100 95-110 100 95-110
95- 110 9% 1®6/003933 Tensil e, MPa 100 95-110 100 95- 110 93RCHT0S208/(20854

El ongati on, % 100 95-110 100 95-110 95-110 95-110 Die B Tear, Nlnm 100 95-110"
100 95-110 95-110 95-110 D e B Tear-?&ged 100 95-110 100 95-110 95-110

95-110 72 Hrs @25C Mocon @60C 100 95-110 125 125-135 125-135 150 WO

2006/ 002033 PCT1US200Q5/ 020864 80 Exanple.3 [000267] The present invention
is the appRPedsd h mmnigioHspdrsyrble jBessSahiy asapelb g drderringdhY ithent i ve

synt hetic ﬁ&&&g@&%& -Qlftgséb?(?heérﬁuésn a rubber conpound whose conposition is
suitable for use as an innerliner of tires for bicycle, passenger car,

truck, bus, aircraft, farm and other vehicles. [000268]} The exanple -
conpositions will be m xed by techniques common in the art, the conponents
and thei r [P®P%Ei vdbarmumtentiqnsydues forhe|compositipas tre gkpactsg, tot BOW £ i r st pass
of conponents w.ll . be m romin a Kru internal mxer wth -
it o nosn e LS oM pgtide R hripd of GHPRr e end S 8 L e

control  Unhk coki@isitin ARRke S8 Gmers UTehehrasPiiventtbs.| be added at time zero.
Carbon black, clay and resins will be added at about 30 seconds of m xing,
and oil and remaining ingredients will be added when the rubber m x reaches
a tenperature of about 11 er an .additional 1 mnute of mxing, the

m xer will be scraped domﬁ%%ﬁ?ﬁtpmﬁﬁ‘c%@?%s about 135C. Sanples will
be finalized in the Krupp internal m xer at 60 :

Component (phr) 5 6 | 7 8 9 10 l..({
BROMOBUTYL 2222 | 100 - 100 - - -
EXPT - 100 100 100 100
BROMOBUTYL | |
Carbon Black, N660 60 60 60 60 60 60
CAL.SOL™ 810 8 3 - - - -
PARAPOL™ 2400 - - g S 1 -
STRUKTOL™ 40MS 7 7 ~7 7 7 7
SP-1063 - 4 4 ) 4 4 4
Stearic Acid 2 2 2 2 2 2
EXACT™ 83201 - - - - 4 3
Zinc Oxide 3 3 3 3 3 3
MBTS 15 15 15 15 135 1.5
Sulfur 0.5 05 0.5 0.5 0.5 05




rpmand 40 psi RAM pressure with the tenperature control unit set for

“maxi mum cool i ng at about 30C during a second mixing step by addition of the
curatlveswg)o2 smasterbatch.fromthe first step of M giPRs2h9PRN3EP] The
antici pate 3ata |n Table 11 is expected to show that the use of bronobutyl
Tubber nade by the present invention WI| afford equival ent or even

I nproved air barrier qualities conpared to current commercial bronobutyl
rubbers as well as being expected to maintain the desirable cure, physical
and aged physical propsilk9ecursfitysical s Bged Prepqreies ed to maintain the |
desirabl e processability as will be determned in the Money viscosity and
scorch values. The anticipated data in Table 11 is also expect ed to show

t hat the uge-—of—polybutene prjessiﬁg oH—witH—irprove—the—a—bar+rier

qualities dfmhpmmﬁm(nhr) ublfers jmadé by th2 presedt inven®ion|asldel || as
bei ng expetted to inprove the aged propertles while al so be|1g expected to
~Mmaintaint I %' LR ERPTOC AR \nl—g PSUﬂlﬁel ngljqufol liﬁll Money

e

viscosity p 6 V@ bes, h ata i M i's al expecte tq show
that the u 5w ior__glalitieg of

br onobut yI Yaps¥Rs0 by 18k pr &3eit if nvéBl i op “asl Mel|l 92d e n%?‘l/@
2006100203313|5‘&€r/1]@29me/070864 1 expected to nmintainlthe desfrable

processabi | be—determned—bytte—Mpney—virgcostty—and—scorich
val ues. [Ozﬂ% 3&9‘1 retentijon valug¢s for the conpgsitions;are exﬁect ed
.to show i 10 bn_t he eme processing-oill and/lot._nanocl ay are

present in théVI‘IoMBosM onl@ t b 95! 19l ymdfS of BnB%hreferdd0i hsniithd.
Tabl e 10.. El ast ovii ¢ Conpodld i ond5¢11Conpoheht | AP)101] $3-118 1H51561016

BROVOBUTYL {2222 §f0 100 [00i60 - | 9BXAD0 { - 160 100 G50D6L00955ReM far bon
Bl ack, N66(~80-QG G 00 P08 N | - 1067 | 95-110 | 95-110 | 95-110
~ 1¢50, min 100 95-110 100 95-110 | 95-110 | 95-110
Tc90, min 100 95-110 100 95-110 | 95-110 | 95-110
Tensile, Cure - ' '
8 mins @160°C

Hardness @25°C 100 95-110 100 95-110 | 95-110 | 95-110
100% Modulus, 100 55-110 100 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
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 B5-110 | 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 | 93-110 | 95-110
72 Hrs @125°C |
Mocon @ 60°C 100 95-110 125 | 125135 | 125-135 | 150




CLOSI TETM 20A CALSOLTM 810 8 8 - 8 8 - PARAPOLTM 2400 - - 8 - - 8

STRUKTOLTM 40M5 7 7 7 7 7 7 SP-1068 4 4 4 4 4 4 Stearic Acid 2 222 22
Zinc Oxide 3333333 MBIS1.51.51.51.51.51.5 Sulfur 0.5 0.50.50.5
0.5 0.5 w286Hi36¥32033 PCT/ US200S/ 020864 82 Table 11. #urmsudhymsenl and
Aged Properties Conponents (phr) 11 12 13 14 15 16 Mboney viscosity 100 100
100 95-110 95-110 95-110 @00C M.(1$4) Money Scorch @100 100 100 95-110
95-110 95-110, 135C, T10, rain MDR, 0.5 Are @160C M+ M. 100 100 100 95-110
95-110 95-110 MH 100 100 100 95-110 95-110 95-110 ( 7 M 100 100 100 95-110
95-110 95Exampis®, nin 100 100 100 95-110 95-110 95-110 Tc50, min 100 100

100 95-110 975- 110,.95-1]0 .ch%gi, n &100 100 10Q. 95- 1%0 ES- 10 95-110

Tensil e, COPETT 3 HhS BregghédeyqnaPa e b @pBkeatign ofohromeBush MbIsT 984910 95- 110 -

100% Modubysraidd & %}%Oin@aﬁivgéyﬂtﬁgﬁcgétéﬁslges%fébédlﬂemm in a rubber compound '
whose composition is suitable for use as an innerliner of tires for bicycle, passenger

. car, truck, bus, afrcraft, farm and other vehicles.

[000268)  The example compositions will be mixed by techniques common in the

art, the coml;onénts and their relative amounts listed in Table 10. Particularly, the

first pass of components will be mixed at 80 rpm in a Krupp internal mixer with
intermeshing rotor blades at 40 psi RAM pressure with the temperature control unit h (0
set at about 66°C. The elastomer will be added at time zero. Carbon black, clay and |
resins will be added at about 30 seconds of mixing, and oil and remaining
ingredients will be added when the rubber mix reaclies a temperature of about 110°C.

After an additional 1 mimate of mixing, the mixer will be scraped down, and will be

dumped at about 135°C. Samples will be finalized in the Krupp internal mixer at 60

rpm and 40 psi RAM pressure with the temperature 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 cwrent commercial Eromobutyl |
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 valies. 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



MPa 300% Mbdul us, 100 100 100 95-110 95-110 95-110 MPa Tensile, MPa 100 100
100 95-110 95-110 95-1 00 Elongation, 0/a 100 100 100 95-110 95-110 95-110
Aged Tensy . S @25C Hardness @5C 100 100 100 95- n 5- 110
100% o020 BB 5 o0 Cobn 10 05 110 95-110 Mpa 3007k AhuTi R RB0 170
100 95-110 95-110 95-110 MPa Tensile$l MPa 100 100 . 100 95-110 95-110 95-110
El ongati on, % 100 100 100 95-110 95-110 95-110 Die B Tear, N nm 100 100 700
95-110 95-110 95-110 Die B Tear-Aged 100 100 100 95-110 95-110 95-110 72
Hs @25C o8d @ GRFnkAD thel Besidble YrodekOablRy A5 INDBe2@REIONRDBB the
PCT(US200S1020864 83 Exanple 4 [000271] The present invention is the
appl i cat i oMoeReLyiseasHyendsssdbalydsene- co- para- met hyl styrene rubber nade
according to the inventive synthetic steps described herein in a rubber
conpound whose conposition is suitable for use as an innerliner of tires
for bi CyC[r[ﬁEtozl@lﬂSSEI’Pﬁezﬁr G@tntidd Vallies Rd#Sthe alobfgoditions faaé Bk pddekdothsiowehi cl es.
- [000272] The exanple conpositions will be m xed by techni ques comon in the
art, the ciompovemenss when theepolybusénet proeesaing ik and/orsnandclan atapesent an
Particularly, the..firs P‘rﬁass] of cq%ggonentn?.vmllc. be m xed at 80 rpmin a
Krupp i nt el R&PTRPREPE RS POy IR SHeShr e SU6M B ades at 40 psi RAM
pressure with the tenperature control unit set at about 66C. The el astoner
w |l be added at tie zero. Carbon black, clay and

' Table 10. Elastomeric Compositions

C Component {phr) 11 12 13 14 15 16

( BROMOBUTYL 2222 | 100 | 100 | 100 : : :
EXPT - - - 100 100 100
BROMOBUTYL
Carbon Black, N660 60 60 60 60 60 60
Nanoclay, - 4 4 - 4 4
CLOSITE™ 20A
CALSOL™ 810 8 8 - 8 3 -
PARAPOL™ 2400 - - 3 - - 8
STRUKTOL™ 40MS 7 7 7 7 7 7
SP-1068 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




resins will be added at about 30 seconds of m xing, and oil and remaining

i ngredients will be added when the rubber m x reaches a tenperature of about
110C. After an additional 1 mnute of mxing, the mxer will be scraped
down, andwyidbe/degoszdunped at about 135C. Sanples wi || bepéTmstdozehssn t he
Krupp internal mxer at 60 rpmand 40 psi RAM pressure with the tenperature -
control unit set for maxi mum cooling3t about 30C during a second m xi ng
step by addition of the curatives to the masterbatch fromthe first step of

m xi ng. [000273] The anticipated data in Table 13 is expected to show t hat
the use of the broni Rablkedl. €oivetBhysival and pged Prepestiest yr ene nmade by the
present invention will afford equivalent or even inproved air barrier
qualities conpared to currently produced
br om nat ed=iSobut yi"ene-To- para- ety Styrene TUbbers ag wel t—as bei Ny -
expect ed t&WW)H/'FSI{Pbﬁb dgélratl e rey pAFsi dal Hhd ggedSphylsi cbé
properties, while also [pbeing eXpected o maintjain thejdesirabje
processabi T MopnésvidddsityDE 1@t erfmned Th tire VOOREY] 10 $COSTIY Pg-F@or|ch
val ues. The@qg(gmiq data in| Table 13 is aljso expe¢ted to jshow that the
use of polpbuten ?'—FWT'F—W—'—' rrp"“»'e_tkg_ aigf b“'_"ézp gratithes of
brom)butylxlg %’i &dﬁg by e Freég‘?ﬂ I n ntlor? a@ wél?ggl bie;@ﬁg]@xpect ed
to irrprove1 & Properties, |while al so beijng expe¢ted to jmmintain the
desirabl e [procegpadi 11ty as_w I} be detprm ned {im— the[vboney irscosriy and
scorch val u&goA}'_@f@d@: in Tabl ¢ 13 is plso exgected t¢ show that thd use
of nonocl ays—vwﬁf a-So—HApraye—trheRi+—parfi-er q"g! s -0EW0-20061002033
PCTI | JS2005102 ML 24 o o ut vl Jp%p s 1 de h§ tHO j)r%'i-;m | Rk, n as
wel | as bding edHcted tlo Y8 nilai A% hel deti® adl @5phifcés8%Bi0 ik WSakl0wi|l | (ba
determ ned by tHéLMboney| Vilfcogit y0@nd| scdiich [v&buldd. |[ 2BOPT AL 9Bk Gailr {
retention val ugg tan the camposilti ops al e ‘opedt ed-fi0 $NosvT 1 NPHEVERENt S
when the pO‘T‘YbEE@_ [ THPT OCESSigY 9T T 1gfd Pr iy ogt @%@ TPeET Tt 1081307
conposi t i gr—w= gtRe—pet e of ”.i*&‘ Bt 301er i "glg:%n %%Fg, 1’?.5_11l0
El ast onerile (‘l;[‘rgﬂpi?gp'}nl aonsl ( p 0 1l 1 95-110
Tensile, Cure- =~
8 mins @160°C
Hardness @25°C 100 100 100 95-110 | 95-110 | 95-110
100% Modulus, 100 100 100 05-110 | 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 Lo
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 05-110 | 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 85-110 120 150




Conponent phr) 17 18 19 20 21 22 EXXPRO 03-1 100 100 100 - - - EXPT - - -
100 100 100 BROM NATED | SOBUTYLENE- CO- PARA METI | YLSTYRENE Car bon Bl ack,

N660 60 60BRnRES 60 Nanoclay, - 4 4 - 4 4 CLOSITE %Qﬁ,@ﬁomz'ﬁ%ﬁlo 8 8
- 8 8 - PARAPOLTM 2400 - - 8 - - S STRUKTOLTMA40MS 7 7 7 7 7 7 SP-1068 4 4

4 4 44 Stearic Acid222222 Zigk xide 333333 NBTS 1.51.5 1.5
1.5 1.51.5 Sulfur 0.5 0.5 0.5 0.5 0.5 0.5 W 20061002033 PCT/ US2005/ 020864
85 Table 13. Cure, Physical and Aged Properties Conponents (phr) 11 12 13 14
15 16 MooREgympils4osity 100 100 100 95-110 95-110 95-110 @O00C M (1+q.)
Mooney Scorch @100 100 100 95-110 95-11Q 95-110 135C, T10, mn MDR, 0.5
Are @ 160COMINL 186 mewnh gryegion sothgsappheation of igomipatefigerbppdensate-95- 110

~ 95-110 95- Eﬁgrg-memylstyrene 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.

[000272]  The exaraple compositions will be mixed by techniques common in the
art, the comﬁbhénts and their relative amounts listed in Table 12. Particunlarly, the
first pass of components will be mixed at 80 rpm in a Krupp internal mixer with
intermeshing rotor blades 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, clay and
resins will be added at about 30 seconds of mixing, and oil and remaining
ingredients will be added when the rubber mix reaches a temperature of about 110°C.
After an additional 1 minute of mixing, the mixer will be scraped down, and will be
dumped at about 135°C. Samples will be finalized in the Krupp internal mixer at 60
rpm and 40 psi RAM pressure with the temperature 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.

[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
L afford equivalent or even improved air bamier 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 o

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



M. 100 100 100 95-110 95-110 95-110 Ts2, mn 100 100 100 95-110 95-110

95-110 WO, mn 100 100 100 95-110 95-110 95-110 Tc90, m n 100 100 100

95-110 95-110 95-110 - Tensil e,
95-110 SFeohdf /@233 0 100% Modul us,

300% Modul us,
95-110 95-110 95-110 Elongation,

Tensi |l e,
Mbdul us,

Cure

—_

8 ruins @60C Hardness @5C 100 100 100
100 100 100 95-110 &Sr/udtheDb20840 MPa

100 100 100 95-110 95-110 95-110 MPa Tensil e,
% $60 100 100 95-110 95-110 95-110 Aged

MPa 100 100 100°

72 H.rs @25C Hardness @5C 100 100 100 95-110 95-110 95-110 100%

100 100 100 95-110 95-110 95-110 MPa 300% Modul us,

100 100 100

95-110 95brpnebogd rabbery/BrRdE dystiht @resvPaimesianas well @peingexgmceteddo9s- 110
El ongati on, % 100,10Q 10
95-110.95¥TE6m§5ﬂT1§kmﬁ§i§

Hr s @;25chggﬁ9§agagggbﬂqgué;o 125 95-110 120 150 WO 2
PCTI US200-/ 020864 86 EXANPLES Exanpl e 5

[000274]

95-110 95: 110
BOPRSPORGE 45

1081 15

O, De B

odetepriged

N:nun 100 100 100

ear
ﬁ%b“&éﬁT%ﬁm§5-1lo 72
0061002033

The air retention values for the éompositions are expected to show

improvements when the polybutene processing oil and/or nanoclay are present in

the composition with the polymers of the present invention.

Table 12. Elastomeric Compositions

Component (phr)

17

18

19

20

21

22

EXXPRO™ 03-1

100

100

100 -

EXPT
BROMINATED-

| ISOBUTYLENE-CO-

PARA-
METHYLSTYRENE

100

100

100

Carbon Black, N660

60

60

60

Nanoclay,
CLOSITE™ 20A

.

=3

CALSOL™ §10

o0

(=]

o0

PARAPOL™ 2400

STRUKTOL™ 40MS

SP-1068

Stearic Acid

LS J I N T - A, )

G Bl v oo

[ N ] I SR o - =] I

LUR] [ 2] QAN R |

Zinc Oxide

Wt | =24

MBTS

1.5

1.5

“uﬂé.n\:
in ool

Sulfur

0.5

0.5

0.5

0.5

0.5

0.5




[ 000275] The present

-accor di ng

I nvention is the application of butyl '
to the inventive synthetic steps described herein in a rubber

conmpound Wboﬁ)‘ﬁ

rub

ber nmade

osition is suitable for use as an in <4 cycl e,
passenger car, l?%ﬁ%ﬁ bus and ot her vehicles and avallaﬁﬁﬁmsgﬁﬂ$ﬁ§§%n%bb
‘Cheni cal Cbnpany, Houst on, Texas. Wisse not neant to be limting by,
be better understood by reference to the foll owi ng exanpl e conpositions and
Tabl es. [0002761 The characteristics of the butyl polymer nade in accordance
to the invention as wable B Chiie, Plefsaia® AR@ AR ropedtier made using the
commerci al process are outlined in Table 14 The butyl polymer made in
R-134a diluent (Butyl-HFC, Experinmental) had slightly higher nolecular
wei ght and-sk-ghtytower—-seprene—econtent—thanthe-cormereci-af—But -
reference m;npmemq;a] yp M€l ({Cort? ol aad s Wl jw tilsi n themro
speci ficat on of the COHTerciaI Butyl 268 (Nbdney V'scosity 46 - 56)

.- ExxonMbbi | ' Ay e e BagR— T polyrer i34 WRSTTG
essenti al | g’?oneq&é&% y hed% raﬁ@ﬂi ngpm’ﬁq e tr??ﬁg lvg‘?ﬁ[?gnal Bhlttgll
pol yner ma hydr ocartbon_solYents alll contailned. | ohg chai
br anchi ng RdoensiSerel @y| GPEBD [and0)si 5. bl o £2-118ut yP5RIBbRH5-110
CharacterlﬁﬂﬁﬁéT1Wbmmey V‘sc05|ty M My IsopreHe Contemt (M. [L+8, (Cﬁkj
(GPO) (FTI R—RR5a—Mot+erYoButyt HFE-53—5—184300—666200—1—B3—Butyl -
Mect 51.5 [ %ﬁﬁggzgié ‘g) 1.73 |[0002771 The exanpl e buytyl polyner innertube
conpositio LK techni ques commmn in the ar t he cbnponentis and
their relative MAoMhts |{stt¥ in 7881 e| 15100artt i9%ul 1k I|y9541Re | i%stibdss of
conponents|is mkad at 7y rpfin alOBANBURVID s|i 25-BR m 284d101| 35-11 er)
us{ng an 85% Ioagfng. The elgist anenghs YO 26 U%Uﬁ@ FC35 Wpg 0 gl_i,ugﬂp 4 87
ad@ed at t HLrﬁz’umﬂ!ud a a%ﬂjo.‘i {Tﬁﬂ‘p aiwo: | %UIJ-[(OL pﬂgllﬁ% ongg_ﬂﬁc he
carbon Te30, min 700 100 100 | 95-130 | 95-110 | 95-110
Te90, min 100 100 100 95-110 | 95-110- { 95-110
Tensile, Cure -
8 mins @160°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
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 05-110 | 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




bl ack an
the car

Conpany)
addi tion

dunped ajyoaobdsBoaabout 300
second pass components are

d 7ZincoxT oA Yo [0 V1 SRS O]

E-Xo[o [JO Q-1 conds of mxi'ng, and 1/3rd of
bon bl ack, paraffinic oil (FlexonTM 876, ExxonMobil Chem cal
and stearic acid are added after 90 seconds of mxing. After an
al 90 seconds of mxing, the mxer is scraped down. The m xture is
seconds and a tenperature apgmusish5ore6456C. The,
m xed at 55 rpmin a BANBI JRYTM si ze BR m xer

using a 75% 1| oadi ng. The first- pass asterbatch mixture and all remaini ng

curative
starting

scraped dBWAMFPhESni xture is dunped at a tine of about 120 seconds and a
tenperature of about 105 to 110C. Sanples are fiuther processed on
using six crosscuts and six rolls of mll mxing before sheeting out

mll by

ingredients (sulfur, TMID, MBTS) are added at tine zero

at a

temperature of 50C. After 60 seconds of mixing, the mxer is

a 2-roll

[000278] Eqammphe9perties are nmeasured using an ODR 2000 using a 3.0 degree
arc at 180C for 60 mnutes. Test specinmens are cured at 180C, for
cor r espon{fiopaysi o Thegpresens ppentpon wtihe appligatiayof Mipl wbhe. m@leaancortig c

Conposi t

atinme

i Control 1 tral 2.Co 3. Expt | t 2 Ex Expt 4
oot Sp65t0 T pneney THghsotens aRbif hegin ppe bl cogptibh vhes Lo (

Car bon_ B siposicorNSSitdle £ 20 o2 Bibllnd T b9618! fdsRinge ik, mflbdbpm Vi scosi ty
d11 1 11 I’'*ZnO05 55 5555 Sulfur
2 2 2 2 2and pthelMalicles 2nd atailable FromVBHSMdIOCEeMicsl Oompanys Hhuston, 5 1000279]

of butyl

25 25 25

The cure
r ubber
pr esent
t he

25 25 25 25 Stearic Aci

.data jin.Table 16 show t t he. use

d i cal t h
o R R A A P
' Q(Y&@%MEMC @%yﬁﬁﬁ@t&g%@e@nd physi cal properties to thfat of

(000276]  The characteristics of the butyl polymer made in accordance to the
invention as well as the reference buty! polymer made using the commercial process
are outlined in Table 14. The butyl polymer made in R-134a difuent (Butyl-HFC,
Experimental) had slightly higher molecular weight and slightly lower isoprene
content than the commercial Butyl 268 reference pelymer made in MeCl (Control)
and was well within the product specification of the commercial Butyl 268
{(Mooney Viscosity 46 — 56) from ExxonMobil Chemical Company. The buty!

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

o the

Mooney
Viscosity Mn Mw lsopre;;&ontem
* (ML 148, (GPC) (GPC) ]fq ]e‘,}
125°C) , ole %
Butyl - HFC 53.5 187,300 666,200 1.63
Butyl - 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 pm in a
BANBURY™ size BR mixer (1.57 liter) using an 85% loading. The elastomer is

{

i
i

j

i

-



|

I nnertube conpound made with the conmmercial Butyl 268 reference butyl

pol ymer produced in McCl (Controls | - 3), while also nmaintaining the

desi rabl e WO 2006/ 002033 PCTI US2005/ 020864 88 processability properties as
det er m nedyéh Rodsgeponey viscosity values and cure Ts2 ¢qnedroosalzb®s, Tabl e
16. Cure and Physical Properties Control | Control 2 Control 3 Expt | Expt 2
Expt 3 Expt 4 Polymer M. 1+8@25C 51. 8 50.8 513 51 4 52.4 52.2 52.7

Polymer NM 3.6 3.7 3.7-3.5 3.5 3.5 3.5 Conmpound M. 1+4@00C 49.0 48.6 49.4
47.4 47.3 48.1 47.8 Cure Properties ODE., Arc+/- 3, 180C X. 30 min. M,

dN. m 53. 9 Safided abtife Hroladnila Btaﬁihgélteﬁﬂaemmrﬂ' &2 abontre01C.8 2131 of e darorl. 7 1.7
1.7 Tc9o0, mq(8477827675. MDR, Arc+/ - .%,&SQCXSOmn
MJ, dN. m 11blackyandyzing oxidecarg addedzat ghagt i‘@ SSCOBﬁwf gy 2 1d pidh 1 1 4

“Shor e’ A 53 PR afpfle BTy 16 Hotplond ORpl T ghy) gy 1105
300% Nbdul UsearRRidwbadied dhe9BsdboRisloffniiny, GARdFansilitoflioongidads ¥Pa_ 10 6

~11.0 11.2 11,2 11,5 11.1 11.8 Elongation, % 545 565 575 605 600 595 595
Exanpl e: 6 mixing, the mixer is scraped down. The mixture is dumped at a time about 300

seconds and a temperature about 145 to 156°C. The second pass components are
mixed at 55 rpm in a BANBURY™ size BR mixer using a 75% loading. The firsi-
pass masterbatch mixture and all remaining curative ingredients (sulfur, TMTD,
MBTS) are added at time zero at a starting temperature of 50°C.  After 60 seconds
( of mixing, the mixer is scraped down. The mixture is dumped at a time of about 120
L. seconds and a temperature of about 105 to 110°C. Samples are further processed on

a 2-roll mill by using six crosscuts and six rolls of mill mixing before sheeting out.
[000278] Cure properties are measured using an ODR 2000 using a 3.0 degree
arc at 180°C for 60 minutes. Test specimens are cured at 180°C, for a time

corresponding to T.90 + appropriate mold lag.

Table 15. Elastomeric Compositions

Control1 | Control2 { Control3 | Expt1 | Expt2 | Expt3 | Exptd

Buty] 268 — Me(C 100 100 100 - - - -

Butyl 268 - HFC - - - 100 100 100 100

(. Carbon Black

L No66h ' 70 - 70 70 70 70 70 70 J

Pavaifinic Ofl - )
Medivm Viscosity 25 25 25 23 25 25 25
Stearic Acid 1 1 ] 1 1 1 1
ZnO 5 5 5 5 5 5 5
Sulfur 2 : 2 2 2 2 2 2
T™MTD 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
mnertube compound made with the commercial Butyl 268 reference butyl

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



[ 0002601 The present 1nvention i1 s the application of butyl rubber made
according to the inventive synthetic steps described herein in a rubber
conmpound whose conposition is suitable for use as a curing bl adder or
envel ope for use in preparing cured tires for bicycle, passenger car, .
truck, bugoapsh:qbsgr vehicles, or for re-treading tirespendsavsotable from
ExxonMobi | Chem cal Conpany, Houston, Texas. [0002811 The exanpl e butyl

pol ynmer bl adder conpositions are nmi xed8by techniques common in the art, the
conponents and their relative anounts listed in Table 17. Particularly, the
first pass of conmponents is mxed at. 77 rpmin a BANBURYTM size BR m xer
(1.57 |itepjocussabiity prd@Rfhids aadiengmirkideinetha Momey sviskOsizg @609 308 Sure

PCTI US20051020864 89 (Neoprene W DuPont de Nenours) are added at tinme zero
at a startilAgSeuHpENBEUre of about 65C. 2/3rd of the carbon black is added
at about 30 seconds of m xing, and 1/3rd of the carbon bl ack, castor oi
and SP- 1045 resin (Schenectady Int.) are added after 90 seconds of m xing. -

After an additional 90 sSgegieds. @ﬁrerﬂ'ﬁdpgysiédlerﬁi,mresi s scraped down. The
mxture i s dunped at a_tine about 450 to 510 seconds_and a  tenperature
about| 174 to 180C. The |sgGapd P@Smrdt 2 TREORG £ Ape N P‘%ﬂpét AR B e &
BANBURY' M si ze BR mi.xen using a 70%1ading. The firlst-pass mastelhatch
m Xt UrRelyaed MBI 1+-8@&2660 nilngSkbdr at i V8.8 ndrediént § (584l fiur 324 M{D,52RBTE) 5afe
added mlymek MR zero at |a Stéart| ngiFenger adur e| of3.9bout 345 o HOC. | Afxier |60
secondGongiowm MLNg, the mxer |s scragefdown The m xturels EFumPed at ja
time of-4@benit 120 seconds49.@and; a 48enpgr atsite bf 4@aBout 409 4o 4814C 8aaplles

are flurther processed gn a 2-rpll  mljl by using sixj cross¢uts anfl six rlolls
of mi |l ¢wrePrdpagiebef ore gheetingfout. [J00282] Cure prlopertiés are ‘reasuré?
usi ng| GOR,@RR/-ZA080°0% nd a 3.0 flegree Jarc at I80C for 60 m|nutes. | Test | !
speci |m®nsnare cured at {180C, for a ti HE corré¢spondijng to T90 + aBpropri ate
nmol d {ag. Tabl e MH, dNGhdst oneri £ Gagoosi tisens Comsbnol | 45Contr od1.45 Control| 6

Expt © EXpt 6 EXpisz/mi{pt 1& Bptyh;268 - MO | 1007 100 360 Butyk 268 r7HHAC
100 1007T00 100 Tcop, min | 8.4 77 8.2 76 75 71 74
VDR, Arot/- 0.5°, 180°C X
30 min ‘
MH, dNam | 112 11.0 113 104 | 103 105 10.8
T2, min || 14 14 1.4 14 14 14 i4
Tc90, min | 5.8 56 548 5.8 57 57 5.9

- Tensile Properties .
Hardness, Shore A 53 53 53 51 52 51 52

100% Modulus, MPa 1.7 1.7 1.8 1.5 16 1.5 1.7
300% Mochilus, MPa 5.8 55 5.7 5.0 5.1 5.0 5.6
Tensile Strength, MPa 10.6 1.0 11.2 11.2 11.5 11.1 11.8
Elongation, % | 545 565 575 | 605 600 595 595 177y
Ly
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 polymér bladder compositions are mixed by
techniques comrmon 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™ gize BR mixer (1.57 liter) using an 80% loading. The elastomers



Chl oroprene Rubber 555 5 5 5 5 Carbon Black N330 50 50 50 50 50 50 50
.Castor Gl 5555555 SPI045 10 10 10 10 10 10 10 ZmO5 55555 5

[ 0002831 The cure and physical property data in Table 18 show that the use
of but ywo nigaenzesnrde by the present invention (Experi negtrausaoes/oz2dgesaf f or ds
-equi val ent cure and physi cal propertles to the commercial butyl rubber
(Controls 4 - 6), while also naintai®fling or inproving upon the desirable
processability properties as -determned in the Money viscosity val ues and
cure Ts2 scorch val ues. WO 20061002033 PCT/ US2005/ 020864 90 Table 18. Cure
and Physi ¢deorperspdy DuBent@sri¥erngurs) a@mnddedlat@nmqmaﬂmgﬁe@@mm 6 Expt 7

v, TGRS B IPSIG el P00 gt ek il
7.9 71, 6 1739& %ff'h% Ghbofh bk LcasH o (N RPRRIEI b \(SchefddtdyAh +a{re aéded180 C X 60
mnM—l 60.4 61.1 59,7 563 57.2 583 58.7 1s2, mn 3.8 8 3.7 3.8 3.7
3.6 3.6 'Eﬁ@JQQO sacondbdof@nikingd ABeranagidBiosdl 90 A&Dﬁdsélﬁ ISJXHMDR;& mm:ﬂ& 0.5, 180
TCX60m rzlscr'\a/l;ed go 3 26 r%lxjfure 1s ]ﬂzumpe&' 2at 511 t%ge about 450 to 5%0 seconds and a
temperature about 174 to 180°C. The second pass components are mixed at 40 rpm
in a BANBURY™ size BR mixer using a 70% loading. The first-pass masterbatch
mixture and all remaining curative ingredients (sulfur, TMTD, MBTS) are added at
time zero at a starting temperature of about 45 to 50°C.  After 60 seconds of mixing,
- the mixer s scraped down. The.nﬁxmre is dumped at a time of about 120 seconds
{ and a temperature of about 109 to 114°C. Samples are further processed on a 2-roll
mill by using six crosscuts and six rolls of mill mixing before sheeting out.
[000282] Cure propertics are Imeasured using an ODR 2000 using a 3.0 degree
arc at 180°C for 60 minutes. Test specimens are cured at 180°C, for a time

corresponding to T.90 + appropriate mold lag.

Table 17. Elastomeric Compositions

Control 4 | Control5 | Controlé | Expt5S [ Expt6 | Expt7 | Expt8
Buty! 268 — MeCl 100 100 100
. - | Butyl 268 — HFC 100 100 100 100
( Chloroprene
L Rubber § 5 5 5 5 5 -5
Carbon Black
N330 50 50 50 50 50 50 50
Castor Qii 5 5 5 5 5 5 5
SP1045 10 10 10 10 10 10 10
Zn0 5 5 ) 5 5 3 3
[000283] The cure and physical property data in Table 18 show that the use of

butyl rubber made by the present invention (Experimenis 5 — 8) affords equivalent
cure and physical properties to the commercial buty! 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.



Ts2, min 5149504947 4.8 4.8 Tc90,mn 35.3 38.7 37.1 35.0 34.0 35.0

34.0 Physi cal
60.0 100% Mbdul us,

Properties Hardness,

Shore A 62.0 62.0 61.0 59.0 62.0 60.0
MPa.2.3 2.2 2.2 1.7 2,01.9 2.0 JOO% Mdul us,

VE 7's

7,5 7-4%oQdi2336 6.7 Tensile Strength, MPa 14.6 15. pcibsmoddaofedd. 6 14.5

14. 7 El ongati on,

present invention is the application?®f brompbutyl rubber made
the inventive.synthetic steps described herein in a rubber conpound whose
conposition is suitable for use as an innerliner of tires for bicycle,

% 570 625 615 640 590 600 625 Exanple 7 {000284] The

according to

passenger car, truck, Tahe 18i Corednd Physiealdhdpertiesr vehi cl es and avail abl e
fro | -cal-Copany—Houst-oh+ %as—100028p1—Brem-rati-en of
But {1 - MeCL and But y! - HEGtpol || ntinso(T hithatra4)| wapt 5 ¢akxted] dsptd 1| Exgsdar d
rou sksl-usi-ng—g—wt-%-but-yl —pol - sollutien—1+n-cyglehexane. In
or defPY ROiMze free v qrc hat L.on, ctar, WRS .. corpl | y
ohi GLFBI2E o Lont ' chd A i~ {abo b oritiasbe i Ipotie
chal B2y Palym i;”;;ﬁi%m | S nlthed po yiiet goldeioh A
10 ?“9 W@B)%Putipn ,}r} CY agg tra ferreﬂ i nnLo a
gr a¢idrs -t nnelPatt : - H—zﬁ.vg.tﬁﬁgle
br oi_ne WD 2006/ 002033 PCT/ US ' waslthen gdded
dr opfiuseeChiapgeteristies ol yner _sol \gi t atibn. The bronination
r ea¢ OP8n Aias 3qedheRed| wi t h excessive{causticl solutlion 2-b ninutles aftér the
br ofif8®iMaddi t i on was onpletdd The éxcess lcausti¢ in the neutrlal i zed
pol ymer _sol ut i FL¥e | het®4wadhed!hi th_f#%5h Mab®t iln S7Sephr 48-6r y_f.Shihel
seveéral tines. Thaodrpm Bt ed buidl pol yiier was.8i sl ad.2d by 3.6o0ljvedtt |
precipi tation iTeotyethpnotd.8and t Hen dii edb.i n vacl®im|ovan at wbderjat4s.6 | °
tenperature overni ght} - i
{ MDR, Arct+/~0.5%, 180°C X N
60 min
MH, dN.m 12.8 13.6 12.9 12.1 12.5 12.7 12.8
Ts2, min 5.1 4.9 5.0 4.9 47 4.8 48
Tc90, min 353 38.7 37.1 35.0 34.0 35.0 34.0
Physical Properties
Hardness, Shore A 62.0 62.0 61.0 59.0 62.0 60.0 60.0
100% Modulus, MPa 2.3 2.2 22 1.7 2.0 19 2.0
300% Modulus, MPa 78 7.5 74 5.9 7.0 6.6 6.7
Tensile Strength, MPa 14.6 15.2 15.3 14.4 14.6 14.5 147
Elongation, % 570 623 615 640 590 600 625

Example 7
1000284}

according to the inventive synthetic steps described herein in a rubber compound

whose composition is suitable for use as an mnerliner of tires for bicycle, passenger

The present invention is the application of bromobutyl rubber made

car, truck, bus, aircraft, farm and other vehicles and available from ExxonMobil

Chemical Company, Houston, Texas.

[000285]

Bromination of Butyl-MeCl and Buiyl-HFC polymers (Table 14) was

carried out in standard round bottomed flasks using 5 wi% buty! 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 fumnel attached to the reactor. Desired amount of the bromine



[ 000286] The exanpl e bronobutyl i abber innerliner conpositions are m xed by
techni ques comon in the aft, the conponents and their relative anounts
listed in {._ Table 19, Particularly, the first pass of conponents are

m xed at @ Jobed0::2 BRABENDERTM PLASTI - CORDER mi xer (0. PerigkimEhzoaks h the
fenperature control wunit set at about 140C. The el astoner and Struktol 40MS
resin are added at tinme zero. 314 of ®he carbon black is added at about 30
seconds of mixing. After an additional 60 seconds of mxing, the mxer is
scraped down, and the remaining carbon black, oil and SP-1068 resin are
added. Aft soludon aslal tlheanalidddi0 depedsed sutof thenpoliyngr soheion xéth Wizosmsaped down
again, and the m xture dunped, at 240 seconds at _a tenperature of, about 145
to 155C. SaBAtoR. ar ellfe heamupaipy geastieR cuRY GysRehedt Wb eXcsRiyeh CAUSBIRABENDERTM

- PLASTI - CORDER: 1, %€ it h the t &];- }g 0Nt T it..set t 40C. The’
first pass ms%ﬁgt%hﬁsx%erreﬁgﬁﬁaa %%(?lg&ltl r}g‘JirSe |e#)11{atsea{ g?i é é}g ed at tine
zero. Aftecamficdfddhd han@llizé@gﬁlqmdsluﬂbn Wasi hen walleedvitR frdsB waer mped down

~and the m xture dunped at 150 seconds-at  a maxi mum tenperature of about .
110C. Sanpbexuaipy fumnehseverst geess ddediorinated butyhpolymsy wasiisglaiebycr osscut s

peTi Usz00520358eRci5eAbit TaoeB] Go¥ JR8) 0% GRER B Pars control 8
Expt9 Bro rmg@@‘éméﬁ)p Bromobutyl - MCl 100 Bromobutyl - HFC 100
Struktol 40 Resin.7 777 Carbon Bl ack, N660 60 60 60 SP-1068 Resin 4 4 4
Processing G|, Calsol 810 8 8 8 Stearic acid 1 3 1 Zinc Oxide, Kadox 911 1
11 sulf ur{0082856] ( MF% example bromobutyl rubber innerliner compositions are mixed by
( ~ techniques common in the art, the components and their relative amounts listed in
{ Table 19. 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 mixing. After an
additional 60 seconds of mixing, the mixer is scraped down, and the remaining
carbon black, oil and SP-1068 resin are added. After an additional 60 seconds of
nuxing, thé mixer is scraped down again, and the mixture dumped at 240 seconds at
a teﬁaperature 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
L 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 1.25 1.25 1.25 [000287] The data in Table 20 show that the use of

br onmobut yl - rubber nmade by - the present invention (Experinment 9) affords

i nproved air barrier qualities conpared to current commercial Bronobutyl
2255 (Control ). or the brompobutyl rubber made with M iLuent (Control
8). The & %{Wﬁ hy5| cal properties of Experinent 9 a?é@%ﬁ‘ﬁ?ﬁé@%@ to the -
brom)butyl rubber made with McCl dilugnt (Control 8). WO 2006/ 002033

PCT/ 11S20051020864 93 Tabl e 20. Cure and Physical Properties Control ?
Control 8 Expt.9 Conpound M. 1+4@.00C 63.1 63.8 778 Money Scorch (r)135C,
T5 11.26 4.10 2.69 Cure [ act §1- 0.5 160C X 30 min M,
dN.m 1.85 1.91 2.33 M, Iﬁ??nﬁg@ %{nfi&?:é@p él%gn mn 4.10 1.09 0.96 Tc50,
mn 3.77 0.P5 0.88 10O, mn 930 1,87 trﬁ sbcg%(;Pglgpe i1 es |Hardness,

Shore A 46 146 46 20% Mbdul us, MPa 0. 442°8 . 080b uI us, MPa
0.871 0-99Q 1. 280 @Qmﬂgs VPa 3.1250108. 749 5. 789 fensile, |MPa 9.556

10. 130 10. 950—FEtongatom, — 6123 F66—66t—FEmerdy—to—bredk—N-mm9. 417 12. 052
11743 Al r|Per mpabPramoy “Ml cormmd (o ' - day- dntg)%h. 746009339 0. 7048
Bromobutyl HEC ' 100
Struktol 40MS Resin 7 7 7
Carbon Black, N660 60 60 60
SP-1068 Resin 4 4 4
Processing Oil, Calsol §10 8 8 8
... Stearic acid . ! 1 1
_ Zinc Oxide, Kadox 911 I 1 1 )
Sulfur 0.5 0.5 0.5 !
MBTS 1.25 1.25 125 v

{000287)  The data in Table 20 show that the use of bromobutyl rubber made by
the present invention (Experiment 9) affords improved air barrier qualities
compared to current commercial Bromobutyl 2255 (Control 7) or the bromobutﬂ
rubber made with MeCl diluent (Control 8). The cure and physical properties of
Experiment 9 are comparable to the bromobutyl rubber made with MeCl diluent
(Contro} 8).



Exanpl e 8 [000288] The present invention is the application of bronobutyl

I ubber nmade according to the inventive synthetic steps described herein in
a ribber conmpound whose conposition is suitable for use as an innerliner of
tires forwpi2e8ai0ay3spassenger car, truck, bus, aircraft,PCEPRBFER8Eher
vehicl es and avail abl e from ExxonMobi |,, Chem cal Conpany, Houston, Texas.

[ 000289] The exanpl e bronobutyl rubber” conpositions containing a nanoclay
are mxed by techniques conmon in the art, the conponents and their

rel ative amounts |isted_|

bl rtjcularl the first pass of
conponents are nixed at gﬁ&‘"&@r pﬁ‘rﬁa”% @Eﬁﬁ%ﬂﬂeéﬁﬁSﬂ - CORDER mi xer (0.05

liter) with thetenperature controt  Umt—_Set about—i#0C—The) el ast oner
and Strul ct gl 40MS resin are added at ti neoninby o] C@MP‘@f t B&PParpon bl ack
~and t he nand ars js g,;c about 30 :;ec@gqs—vf—‘mﬁﬁwm?,?ﬁ? PCTf US200,
020864 94 un & addi-tienal—6 cﬁ?‘:é‘.ﬂé%%. “x|-ng,—theqm xer is
scraped dowi M@na’&cmh@léﬁﬁﬂ’ﬁl ng carbon bl 4 .ol |l 4AHY. BP-326%3 rfesin are
“added. After| ciupe eBl#hdtérdn@al 60 seconds of mixing, the mker is s¢raped down
again and th 12,8 @E}teﬂ3 240 seg¢onds at p tenper Ture of |about 145
to 155C. Sa i\dﬁ)&?ycfegl—r :J!an TLC%EHL]IEFI a-seceht—passrat—40—r E‘rrl RABENDERTM
PLASTI - CORDER nixer with the temp¥ef e contro *?’3atht 40C. The
first pass ilnasterbatch mi xture avH, @l jcur¥® i npgreslients ass4adged at tine
zero. After jan additional 60 secon@lsgﬂgjjl m Xxd.xg, | hejpgn xXer pggScrhaped down
and the m xtgredunped at—156secorms at—a ymxi mpnT oremperatyre of about
110C. Sanpl ds—arefurther- nmfnﬂiﬁgd ghlig 2-rall 'L?'—giy é silx crosscuts
and six rollls of nill mxing befofe0gnagt i outy ThBle _1 18¥ asdoneri ¢
Copposi tionsy Control 7 Control 9 Controll 8 Contrpl 10 Expt 9 Expt 10
nobut yl 22 y%&ﬁ,epggggomﬁ)ufyl - MECli 100 T00f Bronmobuiyl - TTHEC 100 100
St rukt ol 4A0MS—F—~F—F—+F—1—F a6
Hardness, Shore A 46 46
20% Modulus, MPa | 0442 0.471 0.496
100% Modulus, Mpa | 0-87] 0.990 1.280
300% Modulus, MPa | 3:230 3.749 5.788
Tensile, MPa | 7956 10.130 10.950
Elongation, % | 723 766 661
Energy to break, N/mm 9417 12.052 11.743
Air Permeability
MOCON ce*mm/(m>-day-mmHg) | 0.7260 0.7339 0.7048
Example 8
_ [000288] The present invention is the application of bromobutyl rubber made
(

according to the inventive synthetic steps described herein in a mbber 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 Compeany, 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 &
BRABENDER™ PLASTI-CORDER mixer {0.05 liter) with the temperaiure conirol
unit set at about 140°C. The elastomer and Strukiol 40MS resin are added at time

zero. 3/4 of the carbon black and the nanoclay are added at about 30 seconds of



Car bon Bl ack, N660 60 60 60 60 60 60 Nanoclay, Closite 20A5 5 5 SP-1068 4
4 4 4 44 Processing Gl, Calsol 810 8 8 8 8 88 Stearicacid1 11111 -~
r Zinc Oxide,"Kadox 911 111 1 11 Sulfur 0.50.50.50,50.50.5 MTS

1.25 1. 28y aodmindzosd 1.25 1.25 [000290] The data in TablpgrAk5ix@iseddaat the
use of bronmobutyl rubber nmade by the present invention containing a

nanocl ay (Experinment 10) can afford €$uivalent or even inproved air barrier
qualities conpared to current commercial Bronobutyl 2255 (ExxonMobi l
Chem cal, Mooney Viscosity 41 -51) containing a nanoclay (Control 9) or the

br onobut y ImixidghAftersceidiionkl dsEbordis Ioﬁaﬁnting,cthmﬂtem issgraped dows) @ thCont r ol 10)
as well as maintaining the desi I I cal roperties. Additionally, the
cure propdPRAEREqFartenyRiackyel %’I“l{ gﬁ 1§ﬁ€ éﬁ%l%? Ag@ﬁﬁ-ﬁraélé] togal; @e

br onobut yl

PCTI 118205?‘?@?’8@@1‘%8% @a&%%%r%ﬁggggﬁéggﬁym caei&@tm \eﬁqpﬁ) gﬁ%?g? 7

Cont rol 9 seinds al a BnGriitielof HBodbEs t9 16X S@npl@ﬂfﬁdﬁﬂﬁzéﬂ-mh*%ﬂﬁc 63.1
68.1 63.8 63.9 77.8 77.8 NboneﬁAScorch 35C. T5 11.26 10.73 4.10 4.38 2. 69,
2.78 Cur daghdlapain 8 BRAPRIRERAY PLASTIC GRDEBguixkr wish thei tamperatisy. m 1. 85

1.95 1.91 1 02 Ts2, mn

310 3 73 nBe it it ool dore. Tanh s Resy oy Briferd gl off G oo

ingredients are added at time zero. After an additional 60 seconds of mixing, the

O

mixer is scréped 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 rolis of mill mixing before sheeting out.

Table 21. Elastomeric Compositions

“Control 7 | Control? | Control§ | Control 10 Expt ¢ Expt 10
Bromobutyl 2255 100 100
" Bromobuty] - MeCl 100 100
Bromobuty! - HFC 100 100
Struktol 40MS 7 7 7 T 7 7
Carbon Black, N660 60 - 60 60 60 60 60
Nanoclay, Closite 20A 5 5
SP-1068 4 4 4 4 4 4
Processing Qil, Calsol
810 8 g 8 8 8 8
Stearic acid 1 ! 1 1 I 1 ¢
Zine Oxide, Kadox 911 ] 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 1.23
{000200] 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 fo current comumercial

Bromobutyl 2255 (ExxonMobil Chemical, Mooney Viscosity 41 -51) containing a

nanoclay (Conirol 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).



TOO, mn 930 8.77 1.87 2.68 127 1.47

"46 48 46 46 46 47 20% Modul us,

100% Mod

3: 250

"10. 950 10.930 Elongati on,
9.417 11.480 12.052 11.709 11.743 10.168 Air

ooy

3.5

P

hysi cal

Properti es Hardness,

Shore A

MPa 0.442 0.493 0.471 0.456 0.496 0. 526

871 0.941 0.990 0.982 1.280 1.519
. 755 5.788 6.936 Tensile,
% 723 760 ¥66 748 661 546 Energy to break,
Perneability

MPa 90. 556

MOCON

RARIR A 1015

N mm

cc*mm (m-day mHg) 0.7260 0.7175 0.7339 0.7172 0.7048 0.7058 Exanple 9
[000291] The present i nyubid 2 Cuyezh@d MipicalPipeptied br onobutyl rubber nmade

whose composition is suitable for use as an innertliner of tires for bicycle, passenger

car, truck, bus, aircraft, farmn and other vehicles and available from ExxonMobil

Chemical Compény, Houston, Texas.

[000292]°

The example bromobutyl rubber compositions containing a polybuiene

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 a8 BRABENDER™ PLASTI-CORDER mixer (0.03 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

( according to the inventive sy steps_described herein in a | ubhber
conpolind whose conposi t} @5ht+o$7 ~rlﬂohﬁ=9|9e t@:{trdiﬁé ésmeRNio NNekpdioner xRpt oi 1 es
. for bicycle, passenger ck, bus! aircraft, farm and otHer vehijc¢les
and ayaohguhée Miroa@issean| V|6Gbl] Cheni cal GBdnpdny, 63t4oust on77.8Texas 778000292]
The eX7ibles SR ATEPREYTs T UDRES: CONPRSAT 1 Pns; gont[al Nj g a] poh ghut[ena g
- pr OCGrETII ar o are-nrxedbytechmiquestonmmonm i the—ar{5—the-conponent s. and
their Tagteristies, nr o listed iln Tablel 23 parlticularlt the fiirst pags of
conpo 1%1‘%‘? 03 QEX %t | 60 rpm|in a BRABENDERTM PLASTI I CORDER [ni xer (0. 05
liter ) ™ith-the tenperature control unft—set—dt-—about A@Cfible_eJ-asJ-j mer
and Struktol 40VsMlydNim| arle8Saddeddl tinel-Herd. 312 of |t ha3karibor-3l aEk is
added|at about 30ngeammis of46WO|206&2 00R03R11PCT/ USLHO5/ 020864 (96 anizXi MQ.
Af ter [an acrdltlona@gnéecg S 5 gnﬂa ng M*be i xehll S ‘ECF@Q@C 9}’(&4 and the
remal MHAg—ecarboe—bBratKs—ptr—06fF guutc ProceEeSsSHg—at o e TOOoo~F¢€SI N
are added _After T #HH| ¢ iHHal $bcohds®® ni xi hf} t he 085 ar] i 090cr ) ped
down again and t HEO0TmiH ur@.&ﬁunredaat 240 B&conds 268 a 1erméir atlur a.46f about
145 t ¢ PhyARAL Properties '
L- Hardness, Shore A 46 43 46 46 46 47
20% Modulus, MPa 0.442 0493 0.471 0.456 (.496 0.526
100% Modulus, MPa 0.871 - 0.941 0.99G 0.982 1.280 1.519
300% Modulus, MPa 3:250 3.554 3.749 3.755 5.788 6.936
Tensile, MPa 90.556 2984 10.130 10.134 10.950 10.930
Elongation, % 723 760 766 748 661 546
Energy to break, N/mm 9.417 11.430 12.052 11.709 11.743 10.168
Air Permeability
MOCON cc*mm/i(m*-day-
mmHg) (.7260 0.7175 0.7339 0.7172 0.7048 0.7058
Example 9
(0002911  The present invention is the application of bromobuty] rubber made
{ according to the inventive synthetic steps described herein in a rubber compound



Sanples are finalized in a second pass at 40 rpmin a BRABENDERTM PLASTI -
CORDER m xer with the tenperature control unit set at about 40C.' The first
pass masterbatch m xture and all cure ingredients are added at tine zero.
After aryoagidighipal 60 seconds of m xing, the mxer ispEgugRegodeyn and the
m xt ure dunpe at 150 seconds at a maxi num tenperature of about 110C '
Sanpl es are further processed on a 2roll mll by using six crosscuts and
six rolls of mll mxing before sheeting out. Table 23. El astoneric
Conpositions Control? Control.ll Control8 Control 12 EXPO EXPt 11 Bronobutyl
2255 100 pandrageen by bdditionaV6Chechs HARixBIpothebniky is scrijed dud, 26tDthe '
Struktol 40Ms 7 7 7 7 7 7 Carbon Bl ack, No60 60 60 60 60 60 60 SP-1068 4 4 4
4 4 4  Prisowssnshgadpn blakl ed| orguayigigesppetsyibgitaith and PE-HAS) resinomes 8 8

St i jd.l | 1 L i xi.d Kad 911 1414 1 1 1.1 Sulf. 0.5 0.5 .
o 0 & ooy ahermradditionsf B Gecapus Bt st g itners sPrBRB g Rl arn i
Tabl e 24 sROWeiRtut Bempksa: 080 BEQRRDY! ylhpibhtre PGS tHasTCESEN!

i nventi on when used wi a pol ybutene processing aid (Experinment 11) can

af ford egbampleeate foralisabm & sprond edssitrdtgm irer BRABENDEROPRHAREH t o

current c | al. Bropobutyl 2255 with a .polybuten ocessing aid (Control
11 or ¢ HEOBLEL B HRLBE A AUE S HONERE SSHAT et 10nd SO R g a |
pol ybut en C LRl dhd( %ggc% te r,acessing aid
in pl aceﬁa(e)lg[élltzPj @ﬁzf?“ | npa?&gv%geg{er ar %ef]tesk&guégdﬁ ?Sﬁ@%ér 5els%grsiltﬁr ols 11 and

12 and Exhktionakb6d scbdnds of riigitgy e sniferain deiBpaitbvixarertheranitui@, dungedect i vel y.

Addi ti onal | VWO 200611102033 PCT/ US2005/ 0211864
at YSO seconds at a max%nmn temperature of a%)out 10°C. Samples are further

processed on a 2-roll mill by using six crosscuts and six rolls of mill mixing before
sheeting out.

Table 23. Elastomeric Compositions

[000293]

The data in Table 24 show that the use of bromobutyl rubber made by

Conirol 7 | Control 11 | Control8 | Conirol12 | Expt9 Expt 11
Bromobutyl 2255 100 100
Bromobuty! - MeCl 100 100
" Bromnobutyl - HFC 100 100
Struktol 40MS 7 7 7 7 7 7
Carbon Black, Né60 60 60 60 60 a0 60
SP-1068 4 4 4 4
Processing Oil, Calsol 810 8
Polybuiene, Parapol 2400 8 8 8
Stearic acid 1 1 ] 1 1 i -
Zinc Oxide, Kadox 911 I 1 1 1 1 ! -
Sulfur 0.5 0.5 0.5 05 0.5 0.5 |
MBTS 1.25 1.25 1.25 1.25 125 1.25

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 conmtaining a
polybutene processing aid (Control 12). Use of the polybutene processing aid in
place of the oil improved air barrier qualities, Compare Controls 11 aﬁd 12 and

Experimcnt 11, to Controls 7 and 8 and Experiment 9, respectively, Additionally,



97 the cure and physical properties of Experinental 11 are equival ent when
“conpared to the bromobutyl rubber made with McC diluent (Control  12). Table

24. Cure l.¢al Properties Control 7 Control 11 rol 12
Expt 9 Ex‘?f?qﬁdf’w%’g’%pound M. 1+4(r)100C 63.1 65.3 63.8 ST B GRRy Mboney
Scorch @35C, TS 11.26 11.40 4.10 6.8% 2.69 5.11 Cure Characteristics MR
Arc +/- 0.5,160C X 30 min M., dNNm1.85 2.03 1.91 2.06 2.33 2.34 M, dN.m
5.46 5.95 5.11 5.24 5.54 5.31 Ts2, mn 4.10 5.74 1.09 2.27 0.96 1.94 Tc50,
mn 3.77 §165cRe Indl p29sin8Brobefifts I WipehRnl 30 ble Wuialoht 3wl 1. 27 2. 52
Physi cal Properties rdness, "Shore A 45 50 46 48 46 49 20%bdul us, MPa

0. 442 0. 5&¢nfhatediito@hsRRnRbYYS nthtsdhadd 00 NMedidibent (Rati®] 821 1. 160 0. 990

. 1.047 1.280 1.447 300% Modul us, MPa 3.250 4.238 3.749 3.361 5.788 6.284

-~ 12.316 Ar Perneability

Tensile, MPa 90.556 11.604 10.130 10.003 10.950 11.492 Elongation, % 723 773

766 749 661 632 E”ergyﬂ%@hre% %ﬁ%@;ﬁ% 12.052 11.010 11.743

cc*nnn/ 0. 7260 0.5548 0. 7339

0.5352 0.7048 0. 5415 ﬁﬂiﬁ.}mh@ Q:OL@@%%OJJ&% Pré&R&ae! PVEQLHON kfpbibe
appl ilcati on of- bronobut)yl "rubber nmadé
Compound ML
1+4@100°C 63.1 65.3 63.8 62.8 77.8 | 741
Mooney Scorch @135C,
T5 11.26 11.40 4.10 6.89 2.69 511
Cure Characteristics
MDR, Arc +- 0.5, 160C X
- 30 min
{ . ML, dN.m 1.85 2.03 1.91 2.06 233 2.34
MH, dN.m 546 5,95 5.11 524 5.54 531
Ts2, min 410 5.74 1.09 - 2.27 0.96 1.94
Te50, min 377 3.63 0.95 1.94 - 0.88 1.66
Tco0, min 2.30 o1ne 1.87 3.86 127 - 2.52
Physical Properties ' :
Hardness, Shore A 46 50 46 48 46 49
20% Modulus, MPa 0.442 0.584 0.41 0.522 0.496 0.547
100% Modulus, MPa 0.871 1.160 0.990 1.047 1.280 1.447
300% Modulus, MPa 3.250 4238 3.749 3.361 5.788 6.284
Tensile, MPa | 90.556 11.604 10.130 10.003 10.950 11.492
. Elongation, % 723 773 766 749 661 632
Energy to break, N/mm 9.417 13.569 12.052 11.010 11.743 12.316
Air Permeability
MOCON cc*mm/{m™day-
{ l\ mmHg) I 0.7260 0.5548 0.7339 0.5352 0.704% 0.5415

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, fanm and other vehicles and available from EsxxonMobil

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



according, to the inventive synthetic steps described herein in a rubber
conpound whose conposition is suitable for use as an innerliner of tires
for bicycle, passenger car, truck, bus, aircraft, faun and other vehicles
and avai wabme/He2058 ExxonMobi |  Cheni cal Conpany, Houst orCTABS2605/02§5390295]
The exanpl e br.onobutyl rubber conpositions containing a pol ybutene

processing aid and a nanoclay are m &d by techni ques conmon in the art, the
conponents and their relative amounts listed in Table 25. Particularly, the
first pass WO 2006/ 002033 PCTI US2005/ 020864 _98 of conponents are mnixed at
60 rpm i nohcEBRAINBENDERTIMeRENGT IpnOORDBRAREMPER T PDASIT-CEIBDER rhixehe

t enper at ur, trol. unit set at about .140C. .Th t r..and Struktol 40MS
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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.

- Table 25. Elastomeric Compositions

Conirol 7 | Control 13 | Control 8 | Control 14 | Expt 9 Expt 12
Bromaobutyl 2255 100 100
Bromobityl - MeCl 100 100
Bromobutyl - HFC 100 100
Struktol 40MS 7 7 7 7 7 7 — .
Carbon Black, N660 _ 60 60 60 60 60 s |
Nanoclay, Closite 20A 5 5 '
SP-1068 4 4 4 4
Processing 0il, Calsol §10 8 8
Polybutene, Parapol 2400 8 8 8
Stearic acid 1 1 3 1 1 1
Zinc Oxide, Kadox 911 1 1 1 1 1 1
Suifur 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



Nanoclay, Cosite 20A 5 5 5 SP-1068 4 4 4 4 4 4 Processing G, Calsol 810
8 8 8 Pol ybutene, Parapol 2400 8 8 8 Stearic acid 1l 1 11 1 1 Zinc Xide,
Kadox 911wh shodookoss 1 Sul fur 0.5 0.5 0,5 0,5 0.5 0.5 MNBpSrsZisdrotes 1. 25
1.25 1.25 1.25 [000296] The data in Table 26 show that the use of
bronmobutyl rubber made by the present®®inventi on (Experinent 12) when used
with a pol ybutene processing aid and a nanoclay afford equival ent or even
i nproved air barrier qualities conpared to current comercial Bronobutyl
2255 ( Cont rwhbeil Bjademwitthislelil ditodnit{@ont 12D0BHhE 0@ 3nd RETSiLI2R0EIH0H04 99 _
rubber made with McCl _diluent (Control 14). The cure and_physical_properties
of Experi respeamental J2oateqpriapaiphle to othe %OWBPWJ)BHP‘W' PadE e Mith MCl
~di luent ( I Tabl e 26. Cure and Physical Properties Control 7

Cont r ol 1ga%%’$r(gﬁ’ﬁ%“1c%ﬂtro| 14 Expt 9 Expt 12 Conpound M. 1+4rr 100C 63.1
63.4 63.8 64.7 77.8 73.8 Mooney Scorch @35C, T5 11.26 11.46 4.10 7.07 2.69
+4.98 Cure Characteristics MDR Arc +/- 0.5, 160C X 30 mn M, dN.m1. 85
2.00 1.91 2.08 2.33 2. 33Tale26g6nrs sndiBhysical Proparties 74 5. 54 5.38 Ts2, nin

4.10 6. }5-4-09—2-366-96—3198—Fec{6,—+tn 5606952260883
Tc90, min 9.30 11,76 1.87 bCPeird747TCR6H3 |Fenntiobth| Chrtopas { Bem 9 | Expt 12
Compound ML 1+4@100°C 631 634 63.8 64.7 77.8 73.8
Mooney Scorch @135C, T5 11.26 11.46 4.10 7.07 2.69 498
Cure Characteristics : '
MDR, Arc +/- 0.5, 160C X 30
(,_ min
L ML, dN.m 1.85 2.00 1.91 2.08 233 233
b MH, dN.m 5.46 574 5.11 5.74 5.54 5.38
Ts2, min | 4.10 6.15 1.09 2.36 0.96 1.98
Te¢50, min 3.77 5.76 0.95 220 0.88 172
Te20, min 5.30 - 11.76 1.87 5.75 1.27 2.65
Physical Properties
Hardness, Shore A 46 50 46 48 . 46 48
20% Modulus, MPa 0.442 0.577 0.471 0.561 0.496 0.578
100% Modulus, MPa 0.871 1.162 0.990 1.087 1.280 1.573
300% Modulus, MPa 3250 4.332 3.749 3.530 5.788 6.771
Tensile, MPa 90.556 11.813 | 10.130 10.291 10.950 | 11.968
Elongation, % 723 442 766 768 661 630
Energy to break, N/mm | 9.417 13.748 12,052 12.015 | 11.743 | 12483
} | Air Permeability
( MOCON cc*mm/{m--day-
L mmHg) 0.7260 0.5601 0.7339 0.5372 0.7048 | 0.5245

[000207] 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
iltustrated 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.

{000298)  All priority documents are herein fully incorporated by reference for

all jurisdictions in which such incorporation is permitted. Further, all documents



Har dness, Shore A 46 50 46 48 46 48 20% Modul us, MPa 0.442 0.577 0.471
0. 5451 0.496 0.578 100% Modul us; MPa 0,871 1.162 0.990 1.087 1.280 1,573
300% Modul us; ‘MPa 3350 4.332 3.749 3.530 5.788 6.771 Tensile, MPa 90.556
11. 813 10vVQ23®6/0020391 10.950 11.968 Elongation, % 723 4FLT/6RGEE8EH. 630
Energy to break, N mm 9.417 13. 748 12{852 12.015 11.743 12,483 Air
Permeabi l ity MOCON cc%mi ( nr-day nnfgs 0.7260 0.5601 0.7339 0.5372 0.7048
0.5245 [000297] While the present invention has been descri bed and
illustrated hy. reference t articul ar enbodj nent t hose of ardinary skil
1 the ar e PereBppinliings tehaE . PREigmtE oheFBhdu oerporis By

di 1 er ent Jepiqllfonal ibisdictibh MRS SudiinBiorafigh if pagdrdasons, then,
reference should be nade solely to the appended clains for purposes of
determning the true scope of the present invention. [000298] Al priority
docunents are herein fully incorporated by reference for all jurisdictions
in which such incorporation is permtted. Further, all docunents WO

2006/ 002033 PCTI US2005/ 020864 100 cited herein, including testing
procedures, are herein fully incorporated by reference for al
jurisdictions in which such incorporation is permtted. 101 Cainms A cured
el astoneri c conposition conprising: a copolynmer conprising an isoolefin and
a multiolefin, the copolyner having a g',~afromgreater than or equal to
0.978 as determined by triple detection size exclusion chromatography,
wherein the polyner is prepared by a process conprising contacting an
isoolefin, a nultiolefin, one or nore Lewi s acid(s), one or nore
initiator(s),

-



and a diluent conprising one or nore hydrofluorocarbon(s). 2. A cured

el astoneri c conposition conprising: a copolyner conprising an isoolefin and
a multiolefin, the copolyner having a copol yner sequence distribution
defined by: F=rnA/(1+mA)Z wherein mis the copol yner sequence distribution
paraneter; Ais the nolar ratio of nyjgtiolefin to isoolefn in the
copolyner; and 1T is the isoolefin- nmultiolefin-nmultiolefin triad fraction
in the copolymer; wherein inis greater than 1.5, wherein the polyner is
prepared by a process conprising coptacting an isoolefin, a nultiolefin,
one or nore Lewis acid(s), one or Bn?nitiator(s), and a dil uent
conprising one or nore hydrofluorocarbon(s). 3. A cured elastoneric
conposition conprising: a copolyner conprising an isoolefin and a

mul ti dl.ef i nA coted ebspiwhigriceroniTmsition comptisipgl yner sequence di stribution defined

by: F=in A! (1 + tnAXx wherein mi he copogl.) sequence distribution
parameter; A is Ei‘i"fg’.otl% té:Pmpi“ﬁNg@“d?mjﬁﬁ‘W’E‘I%e‘F‘Ph%q’sool efinin the

copol yner; and i i ' 02 [ ' A i '
fraction in t heﬁg%;cgﬁpeﬁgée%@éei%nérﬁ*f“"n?lr)%ngeﬁdigh% Otié%{ggf mqué‘{aﬁq% he
copol yner is pr ejetgradndilbiatrplodetssion@igerckslsign chrnaddgraghyan i sool efin, a

multiolefm one or nore Lew s acid(s), one or nore initiator(s), and a
di | uent conpri siwgren&earolymetds pegrist by 6 PorcasSTOMPEping ontHgAlr ed

el astoneri c conpositd on. Qf..an f e nr i |_al i he

copol yner has nolg)cfocl)énﬂgn’ & ﬁ%l%{ﬁ%%%gﬁkgﬁop%ﬁ&ﬁgga%ﬁggé gflggwc])ﬁ%ﬁog(s%onposi tion
of any of the prédadilagnteomipfising\Whe bebrd hdroffotdchdbefm i s a conj ugat ed
diene. 6. The cured el astoneric conposjtion of any of the preceding clains,
wher eid t heA CHigdElasIOReric aanoSHIoncOTyFEeer than 0.5 nol % based on the total

moles of said copolymer comprising an isoolefin and a multiolefin, the copolymer having

a copolymer sequence distribution defined by:
F=mA/(+mA)

wherein m is the copolymer sequence distribution parameter; A is the malar
ratio of multiolefin to isoolefin in the copolymer; and F is the isoolefin-
multiolefin-multiolefin triad fraction in the copolymer; wherein m is pgreater
fhan 1.5, '
wherein the polymer is prepared by a process comprising contacting an
isoolefin, a multiolefin, one or more Lewis acid(s), one or more initiator(s),
and a diluent comprising one or more hydrofluorocarbon(s).

3. A cured elastomeric composition comprising:
a copolymer comprising an isoclefin and a multiclefin, 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

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



isoolefin and said nultiolefin in the copolymer. 7. The cured el astoneric
conposition of any preceding claimwherein the isoolefin conprises

i sobutyl ene. 8. The cured el astoneric conposition of any of the preceding
clainms, wherein the copolyner is halogenated to form a hal ogenat ed

i copolynmer. 9. The cured el astoneric conposition of claim@8, wherein the

hal ogenat ed copol yner is hal ogenateth2m th chlorine or brom ne. 10. The
cured el astoneric conposition of claim8 or 9, wherein the hal ogen content
is greater than 0.5 wt % based upon the wei ght of the hal ogenated copol yner.

aherein Che copoby B maR o R e eiort M sorlSmbh i b i i

conposi tion conpri $ffpgi28 copol ymer conprising an isoolefin and an

al kyl styrene, the copolymer having a copol ymer sequence distribution
defined by: F=1-vheeinithenappolymer isi mepargdsby lBeorecspo Fympiising gutrtiag an

di stribution para AL | ar ti £l r to isoolefmin
t he copol yner; anlgg ‘ggiﬁ% atrﬁ{élﬁf)%g% (ge%oﬁ-m%ljf’aﬁ'flkygst c'cil)crlde(%é%i{é ?%%'Sfeglﬁ}nﬁ%tr @S’ ad
fraction in the caiddd §inrhg cohipisingfoae et tore higlréfemsodalt@n(s38, wherein the

copol ynmer is_prepared by a process. conprisi contacting an _isoolefin, a
mul tiol &fin, g?]é‘”&ii fﬁfﬁ?ﬁéﬂ%ﬁ%ﬂ@éitﬁe ,mwn@n ¢ preredingrlfimss yhesin thegng o

di | uent C0W%@%ﬂ%@%r%?n@fofng‘grxﬁnIBY&%@BE.UWOcar bon(s). 13. The cured

el astoneric tion o aim 12, Wherein the isoolefin is isobutylene
and t he5al kyThe¢ yured eelastonmeichgdnsiogitienenf @y, ofTthe renedohgedlaistspmbeiemn thenpositi on

O o oL T Sl feLhe ol lylstyrene content 1 grcater han
in the gopol YR® tured BlasidiferkUEREpRIRA SR 6 SRR ng0aitts, ¥MYreRf the! ai ms
12- 14, wherein the copolynmer i's halogenated to form'a hal ogenat ed
copol yner. multiolefin content is greater than (.5 mol% based on the total moles of said
isoolefin and said multiolefin in the copolymer.
7. The cured elastomeric composition of any preceding claim wherein the isoolefin
comprises isobutylene.
8. The cured clastomeric composition of any of the preceding claims, wherein the
copolymer is halogenated to form a halogenated copolymer.
9. The cured elastomeric composition of claim 8, wherein the halogenated copolymer
is halogenated with chlorine or bromine.
10.  The cured elastomeric composition of claim 8 or 9, wherein the halogen content is
greater than 0.5 wt% based upon the weight of the halogenated copolymer.
11.  The cured elastomeric composition of any of the preceding claims, wherein the
copolymer has a MWD greater than 2.
12. A cured elastomeric composition comprising:
a copolymer comprising an isoolefin and an alkylstyrene, the copolymer

having a copolymer sequence distribution defined by:
F=1-{mA/(1+mA)}

wherein m 1s the copolymer sequence distribution parameter; A is the molar
ratio of alkylstyrene to isoolefin in the copolymer; and

F is the isoolefin- alkylstyrene - isoolefin triad fraction in the copolymer;



16. The cured el astoneric conposition of claim15, wherein the hal ogenated
copolynmer is halogenated with chlorine or bromne. 17. The cured

el astoneric conposition of claim15 or 16, wherein the hal ogen content is
greater than 0.5 wt % based upon the wei ght of the hal ogenated copol yner. 18.
* The cured el astoneric conposition of any one of the clainms 12-17, wherein
the copolyner has a MAD | ess than 31039. The cured el astoneric conposition
of any of the preceding clainms, wherein the copolynmer has a Mv greater than
50, 000. 20. The cured el astomeric conposition of any of the preceding

cl aims, wherein th%_ co Ql%ne%khg§ a Mooney viscosity at least 20 5 (M 1 +
8 at 125C, ASTM DWReEHEY 1S ¥4 thghad.cyred el ast omeric conposition of any of

the precedi ng cl aiEBrein e LEidlyhiSs p %@b?h??&c@w&@rﬁﬂ%@ﬁtﬁ&thﬁ%fu”her

conprises a blend conprising at |east one of natural rubber, polyisoprene
rubber, pol y(styr ieelefio-punbidlefmeinerarivipee Le@BRYid(s)parieyds mogelindtiptor(sybber ( BR) ,

pol y(i soprene-co-bu a@i en rubber IB@ ‘Styrene- isoprene-butadi ene rubber
(SIBR), ethylene- ﬁ?‘i}% héeﬁgz?rﬂ%hsé’fg ?‘%r—% ,Oy%ﬁﬁ?ti%oégcaﬁ?o 1 ene- di ene rubber
(EPDV , 1Bol y qut tinde elab@afRHt ¥bopsvitacdiapant 12divanein HORObAR fis iseiuggEne

i sobut yl ene/ net hyl cl opent adj ene copol ynmer rubber, nitrile rubber,

C .
propyl ene oxmﬂ'ﬁ@lk}’ sne §iatpytssened butyl rubber and hal ogenated star-

br anched ,but i . . i ubber,
ot o 1044 br e PR ElaseoRARABHER N rkhy O 12612 SENE! B alldlolired P00
(pol yi sobut ylkettetiis greaen thaa Aoyt based winlike totgd akoléd sfodaidt iybadeter axl-gpid

nmet hyl st yrene nd hal ogenat ed pol y(i sobutyl ene-cop-net hyl styrene),
hal ogenat ed E‘@FF%B ey‘foé'ﬁgf%-i sopr ene- co- p- met hyl st yrene),

pol y(i sqlut y H§Ren A i3 ERonp8siaby bEAR) of IMAMIONAL GMlerein the copolymer
pol y(i sobutyl ene-co-i soprene-co-styrene),

pol y(i sobut ylishdegroated tpfoene-helpgeanatet dopblytaer.ene) hal ogenat ed
The Cur a8 of I8¢ Sl 2l BREEEP PP S Rar St PGS L e B e M Giner i n
the cured eligsll@mRitee wa@FRARSINE bPProfiiid, her conprises a filler, wherein the
filler The cured elastomeric composition of claim 15 or 16, wherein the halogen content

is greater than 0.5 wt% based upon the weight of the halogenated copolymer.

18,  The cured elastomeric composition of any one of the claims 12-17, wherein the
copolymer has a MWD less than 3.

19.  The cured elastomeric composition of any of the preceding claims, wherein the
copolymer has a Mw greater than 50,000.

20.  The cured elastomeric composition of any of the preceding claims, wherein the
copolymer has a Mooney viscosity at least 20 + 5 (ML 1 + 8 at 125°C, ASTM D
1646).

21.  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-



conprises carbon black, nodified carbon bl ack, silicates, carbonates, clay,
~exfoliated clay, clay treated with organic nol ecules, or mxtures thereof.

~ 23. The cured el astoneric conposition of any of the preceding clains,
wherein in the cured elastoneric conposition conprises a processing aid.

- 24. The cured el astoneric conposition of claim 23, wherein the processing
aidis selected froma group consistidng of a mneral oil, a pol ybutene
processing aid, a plastoner, paraffinic oils, and m xtures thereof, wherein
the pl astoner conprises ethylene derived units and from10 wt%to 30 wt % of

C3 to CIO a-ol efin derive nits based on the I ght _of the plastonmer. 25.
The cured el y&p e | cpq;}ﬁ'ﬁ‘g%’éﬁ?‘?eon Bf%?’ﬁliﬁi rﬁtaf‘ﬁ’,mﬁ%cgei Arompigatsd ot er has a
melt index [RNGIRGLIdRMdprehet O J&Ragfn@})n- 28bbethe  CHS19dsdbuidnRIBL-C
conposition of 'claim?25, wherein the plastoner is presént in the cured

el ast oner i ¢ wethybgireried and halggngtedpolp(Bolhwylte-php-mehyistTisae)s halegenetedst oneri ¢
conposition o

el astoneric E‘E}Hﬁ%ﬁ’?ﬁ’?%ﬁﬂ¥§g‘%ﬁ%}g§°€é‘f‘%§§’k@8@’?{,g’?&%@{tﬁa‘w%@ﬁ{gﬁr&fgur :
sul fur- basego-g9raaeynds, nefladengd des, RilsobrEee-60MBbRNES0-sfyddne), aci ds,
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comprises carbon black, modified carbon black, silicates, carbonates, clay,
exfoliated clay, clay freated with organic molecules, or mixtures thereof.
23.  The cured elastomeric composition of any of the preceding claims, wherein in the
cured elastomeric composition comprises a processing aid.
24.  The cured elastomeric composition of claim 23, wherein the processing aid is
selected from a group consisting of a mineral oil, a polybutene processing aid, a
plastomer, paraffinic oils, and mixtures thereof, wherein the plastomer comprises
ethylene derived units and from 10 wi% to 30 wi% of C; to Cyg a-olefin dertved
units based on the weight of the plastomer.
25.  The cured elastomeric composition of claim 24, wherein the plastomer has a melt
index ranging from 0.1 to 10 dg/min.
26.  The cured elastomeric composition of claim 25, wherein the plastomer is present in
the cured elastomeric composition ranging from 2 to 20 phr.
27.  The cured elastomeric composition of any of any of the preceding claims, where the
cured elasfomeric composition is cured with a curative selected from sulfur, sulfur-
based compounds, metal oxides, metal oxide complexes, fatty acids, peroxides,
diamines, or mixtures thereof.
28. A process to produce the cured elastomeric composition of any of the preceding
claims.
29.  The use of the cured elastomeric composition of any of claims 1-27 in an air
membrane.

30.  An article comprising the cured elastomeric composition of any of claims 1-27.
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31,  The article of claim 30, wherein the article is an air membrane.

32.  Aprocess to produce the article of any of claims 30-31.



