WO 2005/ 044557 PCT/ US2004/ 028105 M CROLAYERED COMPCOSI TES AND PROCESSES FOR
MAKI NG THE SAME FIELD OF THE | NVENTI ON [0001] The present invention relates
to mcrola sites made from blends of el astomeri Qns and

hi gh-_barrié‘r%?rﬂq %pfastlc resins for wuse in air barrleré)% Sﬂuégﬁuiﬁbﬁ or tire
innerliners. The invention also provides for processes to manufacture the
m cr ol ayered conposites such as through the use of nicrol ayer coextrusion.

BACKGROUND [00021 The coextrusion of sheets and other articles wherein
i ndi vidual |ayer thicknesses are on the order of mcrons is known. For

exanpl e, Schrenk, WJ., AVMEBRPLAYERED CQMBOSETESANDpr operties of
Mul tilayered Filnms, 9 PO_ 93-99 (1969), and
‘U S. Pat. Nos. 3,557, 265, %@E%ﬁ?%%%ﬁ? 3,773,882,
3, 884, 606, 5,094,793, 5,094,788, and 5,389, 324 disclose devi ces and
processes to prepare conposites using coextruded thernoplastic polyneric
‘materi al s haWIELD QBRTHE INVENTI@Nor m | ayer thicknesses. M crol ayer
coextrusion is to be distinguished from Conventional multilayer coextrusion
that typically involves the production of |ess than about fifteen |ayers.
Such equi pmﬁmﬁ?{g Pr OCERS phayf i‘ﬂ%ﬂnéﬁ’%la&‘ﬂ t'{)nnﬁcrﬁpaﬁzbl%ﬁko?ﬁlpcﬁft@sa&aﬁéom

I a )

adhesives to . See, for exanpl e, 76, 6,379,791,
6, 630, 239, UfiSm Bhnds Af)plast@ﬁieﬁt @Q@@@Sﬁmﬂ\@l@@gbﬁﬁeﬂkmﬁh%@réﬂﬂﬂﬁ%? Al .

However, such devi d h t b lied to all
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BACKGROUND

[0002] The coextrusion of sheets and other articles wherein individual
layer thicknesses are on the order of microns is known. For example, Schrenk,
W.1., Alfrey, T., Jr., Some Physical Properties of Multilayered Films, 9 POLYMER
ENGINEERING AND SCIENCE, 393-99 (1969), and U.S. Pat. Nos. 3,557,265,
3,565,985, 3,687,589, 3,759,647, 3,773,882, 3,884,606, 5,094,793, 5,094,788, and
5,389,324 disclose devices and processes to prepare composites using coextruded
thermoplastic polymeric materials having substantially uniform Jayer thicknesses.
Microlayer coextrusion is to be distinguished from conventional multilayer
coextrusion that typically involves the production of less than about fifteen layers.
Such equipment and process have been applied in a variety of areas from
adhesives to films. See, for example, U.S. Pat. Nos. 3,711,176, 6,379,791,
6,630,239, U.S. Pat. App. 2002/0132925, WO 00/76765 Al, and WO 00/15067
Al. However, such devices and processes have yet been applied to all areas

where they may deliver desirable properties for their end use applications.

[0003] Other background references include U.S. Patent Nos. 4,874,568,
6,127,026, 6,586,354! U.S. Patent Application Publication Nos. 2002/187289 Al,
2003/031837 A1, WO 03/011917, and EP 0 857 761 A.



[ 0004] Therefore, the invention fulfills this need by providing

m cr ol ayered conposites nade from bl ends of el astoneric conpositions and
high barri : astic resins for use in air barriers j i OUS
enbodinentéﬁk}%gﬁm?ﬁgtntion provides for at |east one of dgg#agk%éﬂé?%ﬁ
perneability, thermal stability, ozone and weathering resistance, vibration
danpi ng, noisture resistance and/ or cherfical resistance. The invention al so
provi des for processes to manufacture the mcrolayered conposites nade from
bl ends of el astoneric conpositions and high barrier therpoplastic, resins.

SUMVARY 1000800fh an eRb@afosentthet peventiventftbilsor Bis daeed obya mrp¥Mingyer ed
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conposite conptising: .(a el ast Qner | 0 iLtion:  and a_hi barrier
t her nopl ast i ?%Qiax;gfc‘ié%%t%?ﬁﬁeﬁ%%&ﬁ“ bf@ﬁ%ﬁggl%flﬁe %?15 °8E§’8$ﬁ%’8ﬁ aP‘fllgfgh s
section, the paier GbRYRIAH: tAHRODY L INBYr SRR I8 iBlvaliBas mBodihiney, $he [ 00071
I n any of the enbodiments described in this section, the microlayered
conposi t e nmayinventjnni prevides fosas ieaginmel afydesiabl¢ @OUBImmenbilityy thdrmah etabitipdi ment s
described in this s&cti n,. the . m'crol.ar%’gre cog%:’)sit.e may c?ér‘})ri se at | east
800 | ayers. [WBOBSIEN WeaRirine EHEARH JHTAENR SAMEUE MBUSITH ISHITICHYYn, the
m crol ayer ed (oY HsRRY. TRIRIVeRorPAlsb BRNidd f6PBrdo et fo maRhEdrd fheAny of

t he enbodi nents described in this sectioh, the mcrolayered conposite nmay
conpri se at Im@stla@r&Dinmposaesmadd fbilblendsaof/elestotasc eninpdsittens andibiphr i bed
in this section, the j cr.ol ayered conposite may, conprise at |east 6,400

| ayers. WD 2(5’65‘7‘?54&?3‘?13 22/’604/ 028105 3 [0012] In any of the embodi ments
described in this section, the mcrolayered conposite may conprise a
plurality of layers, wherein the layers have a thickness of fromless than

24. SUMMARY

[0005] In an embodiment, the invention provides for a microlayered
composite comprising: (&) an elastomeric composition; and (b) a high barrier

thermoplastic resin.

[0006} In any of the embodiments described in this section, the

microlayered composite may comprise at least 25 Jayers.

[0007] In any of the embodiments described in this section, the

microlayered composite may comprise at least 400 layers.

{6008] In any of the embodiments described in this section, the

microlayered composite may comprise at least 800 layers.

[0009) In any of the embodiments described in this section, the

microlayered composite may comprise at least 1,600 layers,

[0010] In any of the embodiments described in this section, the

microlayered composite may comprise at least 3,200 layers.

[0011]  In any of the embodiments described in this section, the

microlayered composite may comprise at least 6,400 layers.
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10013] In any of the enbodi nents described in this section, the elastoneric
conposition conprises units selected fromisobutyl ene, isobutene, 2-

met hyl -1-b ﬁq o_aiget hyl - | - but ene, 2-net hyl - 2- but ene, 1‘%'1‘/8%04/(?2%%3 ene,
OB i

met hyl vi nyl i ndene, vinyltrinethylsilane, hexene,

4- et hyl -1 - pentene, isoprene, butadiene, 2,3-dinethyl-1,3-butadiene,
myrcene, 6, 6-di methyl-ful vene, hexadi en&, cyclopentadi ene, piperylene,
styrene, chlorostyrene, mnethoxystyrene, indene and indene derivatives,

a- met hyl styrene, o-nethylstyrene, m nethylstyrene, andp-nethylstyrene, and
p-tert-butylstyrene. [00141 In any of the enbodi nments described in this

section, the l.astoneric co sition co is .to,C7 isoolefin
- derived uni tsw'ﬁ[zg015] IR éﬂX/ngf "bﬁee‘@%\éﬁeﬁgmj Sﬂﬁ’fgfi”[’)eﬁu? nSEHPY gjéecti on,

the el asw”%ﬁil:fbﬂéé%ﬁ{%b‘ié&ﬁﬁ&ﬁe% € é%‘%% aa!mnlgﬂgﬁapimr ( ?d?%h%ﬁé%&-@fi n

derived units. I'n" any of” the nt's described 1n this section,
the el ast omhavea thockess of foom ey thenrPp | se al kyl styrene derived units. [00171
In any of the enbodinments described in this section, the elastoneric
conposition nmay conpri-se units derived froma terpolynmer. [0018] In any of

t he enbodi ne escri hed.,J IiBe S i h t E Sigt] on may
conprise uni mﬁsﬁagri vedqﬁrgﬁr#aé]fhg%yﬁgfr’%ﬁ%%pylﬂg%cgib%rauglgg{rlﬁ§v%e%5w44557
PCT/ US2004/ 02R¢tdmeri¢ doftipdSitioh Bompyisef udidseckoieddirom ritshutigleny, iifubiteng, 2-hi s

section, the elastoneric conposition nma con})l-(rgi se units selected fromthe
group consi stetityl-dfbutene, | dgBethygnlebutenet Fymedyird-biienso ndriwtene, 412{putensi ene,

and di cycl opent,adi . 0 n .Of | ents i Ln this
section, t hemegeqygs\%gﬁlrsrg F%gcgl%%ééi ‘f]jlﬂg%n%gyh #E S]raﬁ ggﬁg%éoﬁ%nbr‘lis?gﬁﬁgi]tﬂs%g%gf"’ect ed
from the groipprea@nbitadieny Ni-ddhethgidbs-tunlice, Miruémd, 6,6+8hesthyl-fableyiesopr ene
rubber, styrene-_ butadi ene rubber (SBR), polybutadi ene rubber,

i sopr ene- but heNadi¢aey cxslenentadgng, piperylene, styrene, chlorostyrene, methoxystyrene,

indene and indene derivatives, a-methylstyrene, o-methylstyrene, 'm-

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

[0014] In any of the embodiments described in this section, the

elastomeric composition may comprise C4 to C; isoolefin derived units.

[0015] In any of the embodiments described in this section, the

elastomeric composition may comprise halogenated C4 to C; isoolefin derived

units.

[0016] In any of the embodiments described in this section, the

elastomeric composition may comprise alkylstyrene derived units.

[0017] In any of the embodiments described in this section, the

elastomeric composition may comprise units derived from a terpolymer.

[0018} In any of the embodiments described in this section, the
elastomeric composition may comprise units derived from an ethylene-propylene

rubber.



styrene-i soprene-but adi ene rubber (SIBR), ethylene-propyl ene rubber,

et hyl ene- propyl ene-di ene rubber (EPDM, nal eated EPDM pol ysulfide, nitrile
rubber, propyl ene oxide polyners, poly(isobutylene-cop-nethylstyrene),

hal ogenat e¥O 208¥8435%obut y| ene- co- p- net hyl st yrene), PCT/US2004/628105

pol y(i sobutyl ene-co-cycl opent adi ene), hal ogenat ed

pol y(i sobutyl ene-co-cycl opent adi ene), pal y(i sobutyl ene-co-i soprene-

co- p- net hyl styrene), hal ogenat ed pol y(i sobutyl ene-co-i soprene-co- p-
nethylstyrene) pol y(i sobutyl ene-co-i soprene-co-styrene), hal ogenated

pol y(i sobut ypamg- co- i saprape-of otiwt ehfbddimens! Yiesritiedt \ih etifs CRciigprigne- co- a-
nethylstyrene) al ogenat ed, pol y(i sobutyl ene-co-i soprene-co-a-nethyl styrene),
and ni xt ur eslastapiesisfconmmBRIIN IAY a@rppme uris selasier frem We gaaprqopsigtingof hi s

et G e el RO ORLAST PSS i Shghal o (e

pol yl auryl | actam (nyl on-12), pol yhexarret hyl eneadi pam de (nyl on-6, 6)
pol yhexanet hyl eneazel am de (nylon- 6,9), polyhexanet hyl enesebacam de
(nyl on- 6, 10j0026bol yhelamennyp n&lﬁs@pibp&mtmw ddegaritiedn i, thisP)seatien,t the

condensati o roduct o am no decano ¢c acid (n nd m xtures
t her eof . I 0%2 ?mPﬁca?‘R’“B?s“t:‘L ; nci ?éfé%ecfl:nbtéd e?(???e[ah%@}rbé% Xt ﬁe

hi gh = bar r ' &fnsfshﬁg”BplaQSEh& 6§§|df Hﬁﬁraﬂ’eru%%x%ﬁfﬁlyisfo Fonk hﬁlb%zo%yx%ﬁéls' sting
of at |east one a pol yester, pol y(vi nyl a poly(vinylene
chl ori de), tnaliene patbea(EBR), Wbyhﬂ%ﬁﬂﬂm}:ﬁiﬁ? E@iﬁtdxﬁzlﬂmﬂﬁﬂﬁ&lvbber @BRR0231 In

any of the enbodinents des Iribe S n hi i er
t hgr mopl astﬁtHeP%éﬁQPr%nep‘é‘ft B¢ Ierl? r‘éﬂ‘l’}g}e “Bﬁ?’iﬁ?ﬁfﬂ&?y &Re ?‘ﬂg’c’él Ylﬁ?Ferl c
conposi ti Ogbrgg%lcr L2k Rl riftbef V(Embo%aléatk@ %PBM éﬂ BQy1£Ha0 y of the

enbodi nent in th s sectTon, the arrier t nDp astlc resin

may be sel qn-bpyiezﬂes ommtlhep@ymc;s, cmi;z@sibuty@emﬁ—ca{p—tr@lgﬂstymne) ofialogenated
poly(trans- o’ly(lso)éuty Qrﬁa)fgcl-gpnelgthyﬂgrgzge rans | ly% ury Qx?ex clo-ce:)pc opselrjlga(‘::lllcr1]183t &)

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

co-p-methylstyrene), halogenated poly(isobutylene-co-isoprene-co-p-
methylstyrene), poly(isobutylene-co-isoprene-co-styrene}, halogenated
poly(isobutylene-co-isoprene-co-styrene), poly(isobutylene-co-isoprene-co-o-

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

and mixtures thereof.

[0021] In any of the embodiments described in this section, the high
barrier thermoplastic resin may be selected from the group consisting of at least
one of polycaprolactam  (nylon-6), polylauryllactam  (nylon-12),
polyhexamethyleneadipamide (nylon-6,6) polyhexamethyleneazelamide (nylon-
6,9), polyhexamethylenesebacamide (nylon-6,10),
polyhexamethyleneisophthalamide (nylon-6, IP) and the condensation product of

11-amino-undecanoic acid (nylon-11), and mixtures thereof.

[0022] In any of the embodiments described in this section, the high
barrier thermoplastic resin may be selected from the group consisting of at least
one of a polyester, a poly(vinyl alcohol), a poly(vinylenc chloride), and a
polyamide.



poly (tfans-l , 4-cycl ohexyl ene adi pate),
pol y(cis-1,4-cycl ohexane-di - net hyl ene) oxl at e,

pol y-(ci s- - cyc| ohexane- di - net hyl ene) succi nate,

polyethylé&gﬁﬁﬁﬁﬁﬁéﬁ%late, pol yt et r anet hyl ene-t er epht hal af&/USA+028105

pol yt et r anet hyl ene-i sopht hal ate, and m xtures thereof. [0025] In other

enbodi nents, an air barrier nmay conprise the m crolayer conposites as
descri bed above. The air barrier may be an innerliner, an innertube, or an
air sleeve. Atire may conprise the air barrier of any of the previous
enbodi ment s.[0pBBR61 | nlny ehy asfothb eemissdiodntye describeé innthénseaionpthevhighs for an
air barrier conprisig% a, mcrolayered conposite onprisi;g: &g& an,

- el ast oner i ¢ hesRgothermeplasticarsginsNermeabilify Haad berbelave that R8¢ jelastomeris.
wherein the ri FLJ i barrier thernoplastic
resin are nfgbgﬁéggﬁéh%%%ggy?Egéﬁﬂﬁgu€$gﬁ%@éyﬁzqgg'nicrolayered conposite.

*[ 0027] The invention also provides for processes to produce any of the
previ ous enmbodi ments. In a particular enbodi nent, the invention provides for

a process 18024tanuf ackupmn@f dbe saphesimentsr deseribed drpibiss sergjorntheshighs of :
o l P €Ot e err] h . .

Lo Tor ma nPafi TR ERE M & oBed oo Ine Bl onbafhd BERCRAT 16 T he
bl end {0 1 oL be pobTRRSI 5ydchielienc)BoIAREALSY.IARE) 052004LAA8H05  ©

BRI EF DESCRI PTI ON TI LE FI RESPBQO 8] Figure 1 is a schematic of a
mi crol ayer pokxt(frans-bd-gyclobexdene pdpaty), madyices-D4reyclobexapeatiapataylens) of a

front view of f eedbl ock. 003Q] .. Flgure 3 .is a nepresentatign of a side
view of a fgéjti'g?’o_ck. mfﬂft@'@%ﬁ?‘%‘fﬁ%'ﬁﬁ&ﬁ?%ﬁ’?i ous spedyeeiete, _
embodi ment s poNRRjicterapihA%8P! €S OfolyiteranidipBhd-frephtildlatllow be dggcr i bed,
i ncludi ng exenpl ary enbodi ments and ~ definitions that are adopted herein for

pur poses of palytsramethylergyiseplthelpig apdimixtures thereof.

[0025] In other embodiments, an air barrier may comprise the microlayer
composites as described above. The air barrier may be an innerliner, an innertube,
or an air sleeve. A tire may comprise the air barrier of any of the previous

embodiments.

[0026] In yet another embodiment, the invention provides for an air barrier
comprising a microlayered composite comprising: (a) an elastomeric composition;
and (b) a high barrier thermoplastic resin; wherein the elastomeric composition
and the high barrier thermoplastic resin are microlayered coextruded to produce

the microlayered composite.

[0027] The invention also provides for processes to produce any of the
previous embodiments. In a particular embodiment, the invention provides for a
process for manufacturing a composite article comprising the steps of: blending an
elastomeric composition and a high barrier thermoplastic resin to form a blend;
melt-processing the blend; and microlayer coextruding the blend to form the

composite article.



i nvention. However, for purposes of determning infringenent, the scope of
the "invention" wll refer to the appended clains, including their

equi val ent s el enents or limtations that are equival t 0 t{%ri t hat
are recite .0%39%%5&%% to the "invention" may refer tlgé]%ﬂ%miw ‘ge, but

not necessarily all, of the inventions defined by the clains. References to
specific "enbodi nents" are intended to gorrespond to clains covering those
enbodi ments, but not necessarily to clains that cover nore than those
enbodi ments. [0032] The term "phr" is parts per hundred rubber, and is a

easur e CO”ﬁRTEiF”DﬁS?fRIFTMNWTIHPF‘I@URESS of a conposition are neasured

relative to a nmjor elastoner conponent, based upon 100 parts by wei ght of
the el astoner or elastoners or based upon 100 parts by weight of the

el astoner plus_ ghe secondary . rubber,. if included. [0033] As used herein, in
ref erence td‘)ﬂ@él odi c THBWE MEAS Quctoﬁénﬁgw?ayﬁﬂﬁﬁléﬁ“}?b‘lrb}??ﬁg?%‘ for the

Periodic Table G oups are used as in HAWLEY' S CONDENSED CHEM CAL DI CTI ONARY
852 (13th ed. 1997). WD 2005/ 044557 PCT/ US2004/ 028105 7 [00341 The term

"el ast oner (pO29y " el aRigureRiis acepreseniatiboof 5 fronteiewsfth febdbleck refers to any
pol ynmer or conposition of polyners consistent with the ASTM D1566
definition. The terns may be used interchangeably with the term "rubber",

d h ' 0035 j : : I t
parat ini e WYar bon PBFERE aacRaifl 4 SRV a el 0 T

droppi ng one or nore hydrogens fromthe formula, such as, for exanple, a

nmet hyl grou%(‘(éCHSL, or_an_et hﬁl &roup (CH3CH2), etc. 100361 As used herein,
the term " alDERNLERDESCRIPEHONhsat urated paraffinic hydrocarbon group

whi ch nmay be derived from an al kane by dropping. one or nore hydrogens from
the formula, such as, for exanple, an ethenyl group, CH2=CH, and a propenyl
group, or CHf3HCH, et &arious specific embodiments, versions and exampies of the

invention will now be described, including exemplary embodiments and
definitions that are adopted herein for purposes of understanding the claimed
invention. However, for purposes of determining infringement, the scope of the
“invention” will refer to the appended claims, including their equivalents, and
elements or limitations that are equivalent to those that are recited. Any reference
to the “invention” may refer to one or more, but not necessarily all, of the
inventions defined by the claims. References to specific “embodiments” are
intended to correspond to claims covering those embodiments, but not necessarily

to claims that cover more than those embodiments.

[0032] The term "phr" is parts per hundred rubber, and is a measure
common in the art wherein components of a composition are measured relative to
a major elastomer component, based upon 100 parts By weight of the elastomer or
elastomers or based upon 100 parts by weight of the elastomer plus the secondary

rubber, if included.

[0033] As used herein, in reference to Periodic Table "Groups", the new
numbering scheme for the Periodic Table Groups are used as in HAWLEY'S

CONDENSED CHEMICAL DICTIONARY 852 (13th ed. 1997).



100371 As used herein, the term"ary)" refers to a hydrocarbon group that
fornms a ri ng structure characteristic of aromati c conpounds such as, for

exanpl e, pht hal ene, phenant hrene, ant hracene,
typically possess gft ernate doubl e bondi ng ("unsaturati on%?ﬁ{m%ﬂg’“. is

structure. An aryl group is thus a group derived froman aromatic conpound
by dropping one or nore hydrogens fromthe fornmul a such as, for exanple,
phenyl, or C6H5. [0038] By "substituted it is meant substitution of at | east
one hydrogen group by at |east one substituent selected from for exanple,
hal ogen (chlposgp, br gkt nerm felastbinee(s)'obr I"eldstnmpric aphpositiohfs)oas asdd oxy
(sul fonate or al yI sul fonat e thiol, alkylt |oI and hydroxy; al kyl,
-strai ght or Wereinciedersthadny R Fﬁ’@ QT eQMPOSitieTy Oh P wmcqm&swnt with thees’

Strar ght o by TRERBdss afiiafy Bl wiif RySIoA meoatetinbreat Bl o
‘i ncl udes, f ot 653"k @sed Bdrb@XY, €t hoxy, propoxy, |sopropoxy but oxy,

i sobut oxy, secondary butoxy, tertiary butoxy, pentyloxy, isopentyloxy,
hexyl oxy, heptryl oxy, octyloxy, nonyl oxy, and decyl oxy; hanaIkyI whi ch

means straigh r bran hed vikhg.l to 20 which is
subst i t ut edgmésﬁt | eas %8’:?/{%‘5 g?cyéc%ff{ygég@@aﬁ%ﬁ %yd?cﬁ%%&‘gen and
i ncl udes, %ﬁ)&lﬁma l% Ql'éﬂﬂ&i msin mbammmg hﬂépplﬁé Qe gfrﬁio?yhydrogé}éo met hyl ,
2- chl oroeth 2 brorme 2-fl uor oet hyl ch orogropy 3-" bronopr opyl ,

3-fl uoropr o;fpdm tHe ﬁdmmﬂzolsuclybﬁ, for C)liampbbalymﬂhﬂigmulm( Hel by by ethytl growponet hyI
di f1 uor onet héhﬁ ﬁ odorret hyl , 2, 2-dichloroethyl, 2,2- dibrononethyl,

2, 2-di fluord §: $1G%_ di chl oropropyl 3,3-difl uoropropyl , 4, 4-

di chl orobutyl, 4,4-difluorobutyl, trlchloronethyl, 4,4-di fluorobutyl,
trichl oronet hyl, trifluoronethyl, 2,2,2-trifluoroethyl,

2,3,3-trifl Lﬁnﬂiﬁgr opyl ,As mstd 2h@eingt thaf teror detideyyl’ aefers to an unsaturated

2,2,3,3-tetraf . Th f bst [
el Udos. - RERYRSIpREREISR SO MEBGH S8 Do feriVed el pnketedy Gapeng, © U
mol ecul ar W%Pg B ﬁt&@ H?@x%@ex?svﬁéﬁ%e TOHAEM! Rch 4PIA RaoY) en \éﬁxbﬁlﬁtgr&}i?r age

nol ecul ar we z-average nol ecul ar
CH,=CH, and a propenyl group, or CH;CH=CH, etc.

[0037] As used herein, the term "aryl" refers to a hydrocarbon group that
forms a ring structure characteristic of aromatic compounds such as, for example,
benzene, naphthalene, phenanthrene, anthracene, 'etc., and typically possess
alternate double bonding ("unsaturation") within its structure. An aryl group is
thus a group derived from an aromatic compound by dropping one or more

hydrogens from the formula such as, for example, phenyl, or C¢Hs.

{0038] By "substituted”, it is meant substitution of at least one hydrogen
group by at least one substituent selected from, for example, halogen (chiorine,
bromine, fluorine, or iodine), amino, nitro, sulfoxy (sulfonate or alkyl sulfonate),
thiol, alkylthiol, and hydroxy; alkyl, straight or branched chain having 1 to 20
carbon atoms which includes methyl, ethyl, propyl, tert-butyl, isopropyl, isobutyl,
etc.; alkoxy, straight or branched chain alkoxy having 1 to 20 carbon atoms, and
includes, for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
secondary butoxy, tertiary butoxy, pentyloxy, isopentyloxy, hexyloxy, heptryloxy,
octyloxy, nonyloxy, and decyloxy; haloalkyl, which means straight or branched

chain alkyl having 1 to 20 carbon atorns which is substituted by at least one



wei ght (Mz)) are reported in accordance to Size Exclusion Chromatography
using a Waters 150 Cel Perneation Chromatograph equi pped with a

differenti qgo sRkh3ki ve index detector and calibrated usi '%TH%':MFF(M&%QG
I ] a C

standards. Sanples are run in tetrahydrofuran (THF) at a tenperature of
45C. Mol ecul ar weights are reported in accordance to pol ystyrene-equival ent
nol ecul ar weights and are generally neasured in g/nol. [0040] As used
herein, aromatic content and ol efin content are nmeasured by 'H NWR as ,
measured directly fromthe 'H NVR spectrumfroma spectroneter wth a field

strength graaggen,hai SRAMZforadxambRah}esnie?oD Brbinohietiody Baeiomethyl,

equi valent). Aromatic content is the integration of aronmatic protons versus

the total riodbmethy], p2-cbloresthll e?-bromuetiydn Hiflusrasthi c3-shisrepropdnt 8nt i s
the integration of qglefipic prot.on rsus ,t h ot al number. .of pr.ot,ons.
100411 As u BWBPﬂ: E‘rﬁ]“c?f 3 re%'%@ﬁ%?@flt eﬁ'fﬁ%qrgt?@y#o cﬁﬂg}o? t rmade
froma plur giblomOhelt@y eF SHflGRRt,Y TicBomBaLl i 13 eohcHIgNRES1, t hAb. have

t hi cknesses%ilﬂrjllt‘%fﬁe gﬁér {7 om nanongt ers 1o m'ﬁiéyrons.’ WO 2005?@44557’

PCT/ US2004/ @@8ridihomethiy) 02,2}diflvonestig, ha B alichloroprapyl,b 3r3-ddhuordmeropypl 44+ i ¢
resin(s)" refers to. . ther |astics whose. perneahility is bel ow that of the
el ast omer oiGNQEQRIRY | ¢ 4@%%@“&% by g—u{ﬂicgpgjp 1l{= f r ofh! robutyl about
1000. DETAILEQ Bﬁﬁ‘ﬁa{h QN L@OET HMlnubleughast Lihi®lub htions

di scl osed heréin inc g{iecgl%ﬂ]ﬁég%t gfr?le i’% ast oner ﬂ?}% n czé)g’tgatﬁlue%@ﬁrlfent s,
the el ast omd(l,eetiafesroethyl,0 and 1,283 efrafluatepiopgld ufihtis. fothesample) yarers are
general | y honmopol yners or, ranpprrl .copolyners of C4 to C7 isoolefin derived
units. The Combsitetec SYERieRmld¥e I\sléscpmfﬁmlmwbeﬁw ePedftdr om

I sobutyl ene, isobutene, 2-nethyl-I|-butene, 3-nethyl- I-butene,

2- met hyl - 2- but ene, 1-butene, 2-butene, nethyl vinyl ether, indene,

vinyl trinmet go39]l ane, Aexmsed, hareid, odeiiby| wkightsn(immberFavdrigs mdlémilal ast oner
Y weight (Mn), weight average molecular weight (Mw), and z-average molecular
weight (Mz)) are reported in accordance to Size Exclusion Chromatography using
a Waters 150 Gel Permeation Chromatograph equipped with a differential
refractive index detector and calibrated using polystyrene standards. Samples are
run in tetrahydrofuran (THF) at a temperature of 45°C. Molecular weights are
reported in accordance to polystyrene-equivalent molecular weights and are

generally measured in g/mol.

[0040] As used herein, aromatic content and olefin content are measured
by 'H-NMR as measured directly from the '"H NMR spectrum from a spectrometer
with a field strength greater than 300 MHz, alternatively 400 MHz (frequency
equivalent). Aromatic content is the integration of aromatic protons versus the
total number of protons. Olefin proton or olefinic proton content is the integration

of olefinic protons versus the total number of protons.

[004}] As used herein, "microlayered composite” refers to any product
made from a plurality of layers, generally more than fifteen layers, that have

thicknesses in the order from nanometers to microns.



al so comprise nmultiolefin derived units selected fromisoprene, butadiene,
- 2,3- dinethyl -1, 3- but adi ene, nyrcene, 6, 6-di nethyl-ful vene, hexadi ene,

cycl opent adi ene,. and pi peryl ene. The el astoner nmay al so ¢ i ni c-
derived unwpslrag"é?"égfped fromstyrene and substituted styr eﬁfe@?éz%@‘r{- ?ldﬁfti ng
exanpl es of which include chlorostyrene, nethoxystyrene, indene and indene
.derivatives, a-methylstyrene, o-nethylgstyrene, mnethylstyrene, and p-

nmet hyl styrene, and p-tert-butyl styrene. The el astoner may al so be

hal ogenat ed. [00441 The el astoner nmay al so be a butyl-type rubber or

br anched b%%{szgftype P}ébgfeﬁ’ hér&ig! uﬁi&ﬁ%%@ﬁﬁaﬂ&b ?aﬁﬁ@rl%gﬁi&?" Gffekdase

el ast oners. ul  elastoners are sat ur at ed rubber's such as

- honopol yneitkeranglastios lwinse permufabiitets baowrthatsobthefdlastamer oniklnstoineficns, or
homopol ymers of pultiolefins, These and other types of elastomers suitable
for the | myemPPSHIORS BEacior RhBRM At ARebOHBL) hed i n RUBBER TECHNOLOGY

- 209-581 (Maurice Morton ed., Chapman & Hall 1995), THE VANDERBI LT RUBBER
HANDBOOK 105-122 (Robert F. Ohmed., R T. Vanderbilt Co., Inc. 1990), and
Edwar d Kr epETAILED DESGRIPTION Kl RK- OTHVER ENCYCLOPEDI A OF CHEM CAL
TECHNOLOGY 934-955 (John Wley & WD 2005/ 044557 PCT/ US2004/ 028105 10 Sons,
Inc. 4th ed. 1993). Non-limting exanples of unsaturated el astoners useful
in the nethod arl;;l(‘j3 conposition are poly(isobutyl ene-co-isoprene),

pol yi sopre As orybut adi ene, pol y(styrene-co-butadi ene), natural rubber,
star-branched butyl rubber, and m xtures thereof. Useful elastonmers nmay be

made by any suitable means known in the art, and the invention is not
herein |inl00d4d] by t helletlngemeric compusifiansgiischesed ihgrsin insludd Bdemsy oput v

rubbers ar repar by, react ] lhxt ure of nomer.s he. .m re having
ot Tonst (SPRGRR O Qi BEbf Rsno it HraBion SRERPSETC S Rt V) cne
with (2) ad¢rsed almfsi n, THEROPBIynesP&BEeREnerdNPi Réhbolyilss iGoekmfond is in a
range from 70 to 99.5 wt % by wei ght of the total nmononer nixture in one

enbodi ment copplivmess @loCodo Crvisoiefin dertedamitnbbeg frerie . Crmiseolgfintdetived i n

units may be selected from isobutylene, isobutene, 2-methyl-1-butene, 3*met}1yl-
1-butene, 2-methyl-2-butene, 1-butene, 2-butene, methyl vinyl ether, indene,
vinyltrimethylsilane, hexene, and 4-methyl-1-pentene. Further, the elastomer may
also comprise multiolefin derived units selected from isoprene, butadiene, 2,3-
dimethyl-1,3-butadiene, myrcene, 6,6-dirﬁethyl—ﬁﬂvcne; hexadiene,
cyclopentadiene, and piperylene. The elastomer may also comprise styrenic-
derived units selected from styrene and substituted styrenes, non-limiting
examples of which include chlorostyrene, methoxystyrene, indene and indene
derivatives, o-methylstyrene, o-methylstyrene, m-methylstyrene, and p-

methylstyrene, and p-tert-butylstyrene. The elastomer may also be halogenated.

[0044] The elastomer may also be a butyl-type rubber or branched butyl-
type rubber, including halogenated versions of these elastomers. Useful
elastomers are unsaturated butyl rubbers such as homopolymers and copolymers
of olefins or isoolefins and multiolefins, or homopolymers of multiolefins. These
and other types of elastomers suitable for the invention are well known and are
described in RUBBER TECHNOLOGY 209-581 (Maurice Morton ed., Chapman &
Hall 1995), THE VANDERBILT RUBBER HANDBOOK 105-122 (Robert F. Ohm ed.,
R.T. Vanderbiit Co., Inc. 1990), and Edward Kresge and H.C. Wang in 8 KIRK-
OTHMER ENCYCLOPEDIA OF CHEMiICAL TECHNOLOGY 934-955 (John Wiley &



conponent is present in the nmononer m xture from30 to 0.5 W%
alternatively 25 to 0.5 wt% alternatively 20 to 0.5 % alternatively 15
to 0.5 W% _alternatively 10 to 0.5 wt% and alternati vel g0k %0

[ 00461 The&’PSZStﬁ"é‘r‘?ﬁ is a C4 to C7 conpound, non-limti ng»eciféﬁrr%“gé&of whi ch
are conpounds such as isobutyl ene, isobutene, 2-nethyl-I-butene, 3-

net hyl -1 - but ene, 2-nethyl -2-butene, 1- but®ene, 2-butene, met hyl vinyl ether,

i ndene, vinyltrinmethylsilane, hexene, and 4-nethyl-I-pentene. The :
multiolefinis a C4 to Cl4 nultiolefrn such as jsoprene, butadiene,

2, 3- di met hyl SengInet4biedntdd3)moadiaing exampies ¢y unsaivrated slastomessipssie,

0575 ass. urste Rpthol B BBy BhVEHIARRELS Sith T ol BOPERET . "
MONONEr S SUCKoRButaliiene poBAsly fhelzbdsuRstisredn danadle rabise, Stirbediched Wutyl

honopol yner i za?l on or copolynerization in butyl rubbers. One enbodi nent of
the butyl r ubibber, podymmisturesthereolo bisefid ¢lasiorners onay deomade by Smysswikableof

i sobutylene with 0.5 to 8 wt % i ene, .alte tivel . %10,:5..0 . Wt %
i soprene. BuUR§FS K @ g’ﬁﬂé‘f’ﬁ@@é%@? }Srﬁogra}bedf}&l¥r8ﬁec§¥’% e i n
detail in, fgoigiarPheEeladtbmer.Pat. Nos. 2,356, 128, 3,968,076, 4,474,924,
4,068,051 " and 5,532,312. WD 2005/ 044557 PCT/ US2004/ 028105 11 [00471

Sui tabl e butyl rubbers are EXXON(r) BUTYL G ades of

pol y(i sobutyl ene-co-i sgpren havi ng a Mponey viscosity of 32 2 tg 51 5
(vt 378 st 0838 asTRPE TRbbeys Skt BUeming BUyLe S eoremeay e <
VI STANEXTM M%ﬁﬂsfé aNGedst PPeE AW Y i8odTRES GHbAGmYE bSRpboNdr: Goeh (¥
average of 0.9 -+ 0.15 x 106 to 2.11 0.23 x 106: (ExxonMobil Chem cal Co.,
Bayt own, TX)isoHubyd4ad withe(2h atryphitiplefine momamenkempoeent. bf ymcdiby ther iscolefin

"star-branched"” butyl. rupber .. Th rubbers_.are scribed in, far exanple, .
EP 0 678 5295 BA2 T4} .frorp%etﬁtg%ﬁ’f‘%wzg&gfﬁwdtogeeld?ar}(g&@.mwzsmsag one
enbodi nent , e, i5hakt: bihanghad 9815 o #bRRthér SBRbIdiintn? CRIP AL Of

butyl rubber, either halogenated or not, and a
component is present in the monomer mixture from 30 to 0.5 wt%, alternatively

25 to 0.5 wt%, alternatively 20 to 0.5 wt%, alternatively 15 to 0.5 wt%,
alternatively 10 to 0.5 wt% and alternatively 8 to 0.5 wt%.

[0046} The isoolefin is a C4 to C; compound, non-limiting examples of
which are compounds such as isobutylene, isobutene, 2-methyl-1-butene, 3-
methyl-1-butene, 2-methyl-2-butene, 1-butene, 2-butene, methyl vinyl ether,
indene, vinyltrimethylsilane, hexene, and 4-methyl-1-pentene. The multiolefin is
a C4 to Cy4 multiolefin such as isoprene, butadiene, 2,3-dimethyl-1,2-butadiene,
myreene, 6,6-dimethyl-fulvene, hexadiene, cyclopentadiene, and piperylene, and
other monomers such as disclosed in EP 0 279 456, 1.S. Pat. Nos. 5,506,316 and
5,162,425, Other polymerizable monomers such as styrene and dichlorostyrene
are also suitable for homopolymerization or copolymerization in butyl rubbers.
One embodiment of the butyl rubber polymer may be obtained by reacting 95 to
99.5 wt% of isobutylene with 0.5 to 8 wt% isoprene, alternatively 0.5 wt% to 5.0
wit% isoprene. Butyl rubbers and methods of their production are described in

detail in, for example, U.S. Pat. Nos. 2,356,128, 3,968,076, 4,474,924, 4,068,051
and 5,532,312.



pol ydi ene or bl ock copol yner, either hal ogenated or not. The invention is
not limted by the nmethod of form ng the SBB. The pol ydi enes/ bl ock

copol ymer, or. branching agents (hereinafter "polydienes"), are typically
cati oni calVQ P8¥et¥%e and are present during the polyrreripﬂf‘ilsé?i”ég’“?ﬁe
butyl or hal ogenated butyl rubber, or can be blended with the butyl rubber
to formthe SBB. The branchi ng agent ar pol ydi ene can be any suitable
branchi ng agent, and the invention is ' not limted to the type of polydi ene
used to make the SBB. [00491 The SBB is typically a conposition of the butyl
or hal ogenated butyl rubber as described above and a copol ynmer of a

pol ydi ene{o84d] a par tSuitdble byl oybbers edrgpo EYIXERE s BUELYd Gadan tdfe group
-including styrene, polybutadieng, polyisoprene, polypi erﬂ}ll ene, natural
rubber, spoly@sebitylengragnisonrensiebavied AyiYiepsey. ﬁﬁml%mﬁ-}ﬂpénetq abbef (EPDV),

Sty ence i QO LrE e EREhSER RolelnorootinesifnE Bkt BR8Py B esent,
based on iter AR YéIYsollitfshe rublanhiidg WaYmoladlar Ratightelcdsitom 0.3 to 3
w% and alternatively 0.4 tqg 2.7 wt% 100501 One suitable SBB is SB Butyl

4266 ( Exxavehgsi bf Qe G55 x orpanyi, B33 swh) - TExxandMobih Chemissh&¢..vi scosi ty
(M. 1+8 at 125C, TM WD 2005/ 044557 PCT/ US2004/ 028105 12 D 1646, nodifi ed)
of 34 to OV Ly r, cure characteristics of SB Butyl 4266 are as follows:
MEis 69 6 dNm M is 11.5 4.5 dNm (ASTM D 2084). [0051] The el astonmer nmay
al so be hal ogenat ed. Hal ogenated butyl rubber is produced by the

hal ogenatjpé48jof t he Thetlyitylrubbrsmayr ddade albeanchbé @ dbterrbranchédl’ dybmhat i on can

b i ed, out d.the. h ti t limt
Che. | nverPoR: REEROAUET At OGRS o TBORBINERI? 828 oty bl mer s ar e
di scl ose ait\ﬁxt'}bé. shaieTys S 073;5@@%19%%5 fﬁgﬁmﬂﬁﬂﬂme“mﬂaﬁ@ﬁd bn81, 921,

4, 650, 83 384,072, 74,513,116."and 5, 681, 901. In one enbodi.ment, the butyl
rubber i sublsr{8BE"th 4 errhpositive o il busyitrublper etherhalegepeed ws inotyatd i ne ( Br 2)

ﬁ;s ghl Orpiopyedjérgéla b?gckt Qoeporl])?xl'lgrggﬂﬁetril%r]]oga %petd o;”}l%t.hallh%gi%{]rgrgt%% il:gu'r;[cklI rubber
limited by the method of forming the SBB. The polydienes/block copolymer, or
branching agents (hereinafter "polydienes”), are typically cationically reactive and
are present during the polymerization of the butyl or halogenated buty] rubber, or
can be blended with the buty] rubber to form the SBB. The branching agent or
polydiene can be any suitable branching agent, and the invention is not limited to

the type of polydiene used to make the SBB.

[0049] The SBB is typically a composition of the butyl or halogenated
butyl 1ubber as described above and a copolymer of a polydiene and a partially
hydrogenated polydiene selected from the group including styrene, polybutadiene,
polyisoprene, polypiperylene, natural rubber, styrene-butadiene rubber, ethylene-
propylene-diene rubber (EPDM), ethylene-propylene rubber (EPR), styrene-
butadiene-styrene énd styrene-isoprene-styrene block copolymers.  These
polydienes are present, based on the monomer wt%, greater than 0.3 wi%,

alternatively from 0.3 to 3 wi%, and alternatively 0.4 to 2.7 wt%.

[0050] One suitable SBB is SB Butyl 4266 (ExxonMobil Chemical
Company, Baytown, TX), having a Mooney viscosity (ML 1+8 at 125°C, ASTM



Mooney viscosity of 20 to 70 (M. 1+8 at 125C), alternatively from25 to 55.
The hal ogen wt%is fromO.1 to 10 vt % based in on the weight of the

hal ogenat | _rubber, alternatively 0.5 to 5 w% an rnatd.vely 1
to 2.5 vvt&%f%}ﬁé]‘s%e sui tabl e hal ogenated butyl rubber ?E?@EM‘W 2222
(ExxonMobi | Chem cal Conpany), having a Mooney viscosity is from27 to 37

(M. 1+8 at 125C, ASTM 1646, nodified) ;and a brom ne content from1l.8 to 2.2

w%relative to the Bronmobutyl 2222. Further, cure characteristics of
Bromobutyl 2222 are as follows: MHis from28 to 40 dNm M is from7 to 18

dNm ( AST j t h but yl
2255 (ExRorAniOGIR BESH (P Pdher Blrp RERALEHRA oY 57 BRB 068 28 PO o
51 (IVL 138fdlovi2 NEH ASHM DdNﬁﬁﬁMHrisdllfs=ed)5 dNieh @ ST E84Hnt ent from 1.8

to 2.2 w% Further, cure characteristics of Brompobutyl 2255 are as
follows: MHIis from34 to 48 dNm M is froml 1 to 21 dNm (ASTM D 2084).

[ 0053] Th st oner ranched of r-br Iogenated
butyl rub The hamgéﬁg? g}eag ’gor g%ﬁﬂ%%ﬂﬁuﬁﬁl%aﬁ ?Wb@bgg

conposi tign ﬂfduae@%;y&ha ﬂmbgénanantdfemefahﬂgﬁfb%pgrﬁucﬂ@bscrﬂ;@d gbolel ydi ene or
bl ock copo?yner ei t her ogenated or not. The hal ogenation process is

descri bedHa}Dgeuetlam ican e garged pat by enKoeans] apd4hoBEogSiative podcss 8086, 804,

5, 182, 333 and 228, 978. nis no limt t he .met hod of
form ng t%%tr}?'f&* & ALY MM@%&‘%@ Wé%%iﬁ%bg utylPAYRETS, - anched
but yl rub&@rmsm@e@qhyglsermérﬁlw PQ?MM”E.T @9936443r@515413m £EENH31,

(hereinafter "polydienes”), are typically cationicallTy reactive and are

present 4660831 Hé&é’o@%ﬂrﬁlﬁa]thﬁomd)ﬁ 6t8h,§0but1yxl oxgr emhd}dlgmattbd taylyl rubber,
or can be | en e WI th but enat r ubber formthe
hal ogenat ®P&t ﬁ;r %@W@Bﬂﬁ@? %t%ggr{gﬂﬁ g brore @ng‘?fl ydi ene
can be anéi}léﬂﬁé qbﬂxﬁ aéomnﬁé}bg&aaeﬁrugeman%& f}mdgamealtﬂﬂyv fubBef phi Ai-ted to

the type of polydiéne used to make the hal ogenate star branched butyl
rubber. [MNi0baty Miscosdy ofifatoe® SvAr 168 ahdREW b attgmativllpdrom 5t wppSkal |y a

The halogen wt% is from 0.1 to 10 wt% based in on the weight of the halogenated
butyl rubber, alternatively 0.5 to 5 wt%, and alternatively 1 to 2.5 wt%.

[0052] One suitable halogenated butyl rubber is Bromobutyl 2222
(ExxonMobil Chemical Company), having a Mooney viscosity is from 27 to 37
(ML 1+8 at 125°C, ASTM 1646, modified) and a bromine content from 1.8 to 2.2
wt% relative to the Bromobutyl 2222. Further, cure charactenstics of Bromobutyl
2222 are as follows: MH is from 28 to 40 dN'm, ML is from 7 to 18 dN-m (ASTM
D 2084). Another suitable halogenated butyl rubber is Bromoebutyl 2255
(ExxonMobil Chemical Company), having a Mooney Viscosity is from 41 to 51
(ML 1+8 at 125°C, ASTM D 1646, modified) and a bromine content from 1.8 to
2.2 wt%. Further, cure characteristics of Bromobutyl 2255 are as follows: MH is
from 34 to 48 dN-m, ML is from 11 to 21 dN'm (ASTM D 2084).

[0053] The elastomer may also be a branched or "star-branched"
halogenated butyl rubber. The halogenated star-branched butyl rubber may be a
composition of a butyl rubber, either halogenated or not, and a polydiene or block
copolymer, either halogenated or not. The halogenation process is described in
detail in U.S. Patent Nos. 4,074,035, 5,071,913, 5,286,804, 5,182,333 and
6,228,978. The invention is not limited by the method of forming the halogenated



conposition of the butyl or hal ogenated butyl rubber as described above and
a copolyner of a polydiene and a partially hydrogenated pol ydi ene sel ected

from the ' di ng styrene, pol ybutadi ene, polyiso
pol ypi pery@@rﬁ&ﬁﬁ%ﬁ#al rubber, styrene-butadiene rubber?éﬁﬂgmmmsms

et hyl ene- propyl ene- di ene rubber, styrene- butadi ene-styrene and
styrene-isoprene-styrene bl ock copol ypers. These polydienes are present
(based on the nononer wt9% in anopunts greater than 0.3 w% alternatively
0.3 to 3 wmM% and alternatively 0.4 to 2.7 wt% [0055] A suitable

hal d o ' | bi |
e cal - ey 0 RRGT REErChn BYS0Rae B0l AR on PoblB eI s 1606
- modi fi ed) Rleidfieo "Bélyandes)) bermtyiicARntaithically 2redcfi® dnf aref fhes@hative to

the hal ogenated star branched butyl rdbber. Further, cure characteristics
of Br onobduxyng éke podymerigatipn|dfdihs:bud ershalegamaied bwyBsukherngr ca bes from 6

- 16 dN ASTM D.2084) . [0 1 Th I I ' '
derived (PPRGRd Pt Bieycorep e aind R o B bR bR SRBER S s S g ca
to C7 i soglgERedieiiy GebbetNi The bedieRirdSadefiOBH ¥l AN el Y& dny Ruftable and

styrenic units sel écted fromstyrene™ and substituted styrenes such as, for
exanpl e, lmkhdriogtagestiend the mygstsinyiseme limiiedde tlze tpd of pddyderdensed4doi ves,

a- met hyl styrene,, o-net hyl styrene, | styrene, and p-nethyl styrene,
p- hal onetrﬁﬁ%ﬁgﬁl@ﬂ‘ég"(né%ﬁﬁfﬁ&%g%gﬁgfﬁ?@gh and net a- hal onet hyl styrene) and
p-tent-butyl styrene. In one enbodi nent, the WO 2005/ 044557 PCT/ US2004/ 028105

14 hal onet hyl styrene-derived unit is a p-hal onethyl styrene containing at
| east 80%0054) t er natliheelhplogendtedisstad Otatshedebghyl ofbbieheispaypicalpner. The

"hal 0" group can be ny hal ogen, for,exanple, chlorine or. bromne. The

hal ogenateRaSEer b AherhyoT of d8liesneted Bup] mubtes, o Jeseibed s ofiher s wher ei n
at | east BB fer 608 padiéne M§t§ia}ﬁlﬁl9th%d%g%ﬂ%dﬁio?§zﬁ e s8edib® fihy' ene
nmononer unfts contaln Bbenzylic hal ogen ~“or Some other tunctional group

descr i bedhé graureimchalingvstyf9@5 pdlyBuiatimhe, epalyiseprend, polypipérylenhanatutagr i zed as

terpol ymers contai ni ng
rubber, styrene-butadiene rubber, ethylene-propylene- diene rubber, styrene-

butadiene-styrene and styrene-isoprene-styrene block copolymers.  These
polydienes are present (based on the monomer Wt%) in amounts greater than 0.3

wi%, alternatively 0.3 to 3 wt%, and alternatively 0.4 to 2.7 wt%.

{0055} A suitable halogenated star branched butyl rubber is Bromobutyl
6222 (ExxonMobil Chemical Company), having a Mooney viscosity (ML 1+8 at
125°C, ASTM D 1646, modified) of 27 to 37 and a bromine content of 2.2 to 2.6
wt% relative to the halogenated star branched butyl rubber. Futther, cure
characteristics of Bromobutyl 6222 are as follows: MH is from 24 to 38 dN'm,
ML is from 6 to 16 dN-m (ASTM D 2084).

[0056] The elastomer may also comprise styrenic derived units. The
elastomer may also be a random copolymer comprising C4 to C; isoolefin derived
units, such as isobutylene derived units, and styrenic units selecte& from styrene
and substituted styrenes such as, for example, chlorostyrene, methoxystyrene,
indene and indene derivatives, a-methylstyrene, o-methylstyrene, m-
methylstyrene, and p-methylstyrene, p-halomethylstyrene (also including ortho
and meta-halomethylstyrene) and p-tert-butylstyrene. In one embodiment, the



C4 to C7 isoolefin derived units and the follow ng nononer units randomy
spaced along the polynmer chainn. HH ~GCH2-- nGCCHiw. | | RCGCHR x 2
| 2 wher ei are i ndependently hydrogen, |ower al | e,

C to C7 nﬁ???%ﬂgﬁg%brinary or secondary al kyl halides angmépyéﬂgﬂﬁéﬁ%?ional
group such as hal ogen. For exanple, R and R2 are each hydrogen. Up to 60
nol % of the para- substitutuJd styrenggpresent in the elastonmer structure may
be the f -aictionaiized structure above in one enbodi nent, and in anot her
enbodinent fromO0.1 to 5 nol% 100581 The functional group X may be hal ogen

or a conhj ' A, | ls Gr h whi ch
mmy be. | HeRPheBstert acicANah R, SORE A IRIrnl NobiARE SIBUPREVET NN ST
ot her gr Qupgatively aadea809WbYH weighaof g paeisomey. Takt"halc'aglooy yaebter s,

am des and i m des; hydroxy; al koxide; phengxide; thiolate; thioether;
xant hat e anyy@aHees; fogiexample, calarins errdyomine: uf 8% halogenatsd elagiemer may

funct i i zed, | y t hej t f f ] t hod
of funct Pla T IEr Sirel U RRl MBS el SerdF e, SR EEBE B Bl TS Vo
2005/ 04455stineehtd B3P RS GE thelstyRat efinoer ubitsd 6ntddibberafilic halogast i cul ar,

the functionalized am nes as descrjbed, above. 10059) One suitable

el ast omeor sempothet funsionali graep descpbed furthesbglogne) , or " XP-50" ( ExxonMbbi |
Chem cal Conpany). Another suitable elastoner is a terpolymer of

I sobutyl ene andp- et hyl styrene containing fromO0.5 to 20 nol %-

met hyl st gmfm?h whergidblPmherifl M8y Yo hataberiged ByierFUEﬁﬂéxﬁ WRhairGhOUPS
n e

pr esent benzyl ring contain a brom ne or chlorine atom such as a
bromi ne &% derCg soolefin derived units and the following monomer units randomly spaced
along the polymer chain:
{ i
mruC-——CHi\ﬂM wa-—-—-——CHQJW\..
Rl\———n r! ——X

wherein R' and R? are independently hydrogen, lower alkyl, for example, C,; to C;
alkyl and primary or secondary alkyl halides and X is a functional group such as
halogen. For example, R! and R? are each hydrogen. Up to 60 mol% of the para-
substituted styrene preseni in the elastomer structure may be ihe fuictionaiized
structure above in one embodiment, and in another embodiment from 0.1 to 5

moi%.

[0058] The functional group X may be halogen or a combination of a
halogen and some other functional group such which may be incorporated by
nucleophilic substitution of benzylic halogen with other groups such as carboxylic
acids; carboxy salts; carboxy esters, amides and imides; hydroxy; alkoxide;
phenoxide; thiolate; thioether; xanthate; cyanide; nitrile; amino and mixtures
thereof. These functionalized isoolefin copolymers, their method of preparation,

methods of functionalization, and cure are more particularly disclosed in U.S.



br ononet hyl styrene), as well as a conbination of p-brononethyl styrene and
ot her functional groups such as ester and ether. These hal ogenated

el ast oners . rcially avail abl e as EXXPROTM El ast oners xonMabi |
Cheni cal ﬁg@ﬁ@?&ind abbrevi ated as "BIMS". These isool'&?’ﬂggﬁﬂ&%}%r s,
their nethod of preparation and cure are nore particularly disclosed in
U.S. Pat. No. 5,162,445. These el astomtfs have a substantially honbgeneous
conpositional distribution such that at |east 95% by wei ght of the polyner -
has a p-al kyl styrene content w thin 10% of the average p-al kyl styrene
content of PaenpdNgnéyl62,Bds, amsbinepartiogat, ythe fenctiodalized anlvesarst descrbetl by a
nol ecul ar wei ght distribution (Mv Mh) of between 2 and 20 in one

-enbodi ment , 3BA¥F| ess than 10 in another enbodiment, and less than 5 in
anot her enbodi nent, and less than 2.5 in yet another enbodi nent, and
greater than 2 in yet another enbodi nent; an exenplary viscosity average

‘mol ecul ar wed@s®] i s i nOhéeuitabhgeavdm2OR, RN isabutyder-06p-ReMysndene), or

al ternativeldéPa nunber avera ol C¢J| ar weight in the range of 25,000 to
750, 000 as J8Petln hE¥Mef] %gészt'%PwaonépB@eép?Wt_ablfo PMERES A ast oner
may al so conpr]j i f ; r havi ng
i Ttoring nipRyact EaBRRHRI D a1 HEL flining B0 o SpRAINF

ol ecul ar  Wajegthfistshraiel wherdeirom toldtl moldi b dtid meihgt sublstithemn graimps beesemadn eved
by, for exanple, having a | ow nol ecul ar wei ght conponent_ in the el astoner.

Thi s can bethechenspl FSESOREIN BHyAPHE 9, CHEPBRGIAOR. (SHEh diSfa BIOSHAS HPM §81 yner s

t oget her, oy by i ' a l,endi N r ' ast onmer
has a | ow n%foé%?ﬂlg?@\kf\stg} le'iﬁ, %\E/vce{}l[’ céﬁfa g%vecglglgleﬁaﬁgﬁgiﬁuﬁ argr} B\f/\lieoggérg@)SISt&%glﬁp%lrﬁlent of

5,000 Mv t 0By ARftivnal gtoamesuelrao diteemid ethad ThemhhlhdateMuARRAO arc044557
PCT/ US2004/ 028105 | 16 to 60, 000 Mv_ i n anot her enbodi ment: the | ow nol ecul ar
wei ght conposremerciabypavaiiahly 25 oRXEXRROTH Klastogrers nebwwmbbahil i bhernisalone

erBos e coRtabA AR oSSR bl ot o
of preparation and cure are more particularly disclosed in U.S. Pat. No. 5,162,445.
These elastomers have a substantially homogeneous compositional distribution
such that at least 95% by weight of the polymer has a p-alkylstyrene content
within 10% of the average p-alkyistyrene content of the polymer. Desirable
sopolymers are also characterized by a molecular wéight distribution (Mw/Mn) of
between 2 and 20 in one embodiment, and less than 10 in another embodiment,
and less than 5 in another embodiment, and less than 2.5 in yet another
embodiment, and greater than 2 in yet another embodiment; an exemplary
viscosity average molecular weight is in the range of 200,000 up to 2,000,000 and
alternatively a number average molecular weight in the range of 25,000 to

750,000 as determined by gel permeation chromatography.

[0060] The elastomer may also comprise a composition of one or more of
the same elastomer having differing molecular weights to yield a composition
having a bimodal molecular weight distribution. This bimodal distribution can be
achieved by, for example, having a low molecular weight component in the
elastomer. This can be accomplished by physically blending two different Mw
polymers together, or by in situ reactor blending. In one embodiment, the
elastomer has a low molecular weight (weight average molecular weight)

component of 5,000 Mw to 80,000 Mw in one embodiment, and from 10,000 Mw



react or form polar bonds with functional groups present in the matrix
polyner, for exanple, acid, am no or hydroxyl functional groups, when the

pol ymer cQ ts _are mxed at high tenperatures. 100621p f31end
rré’%%l"é&‘ é-»? ﬁ")ﬁ%ﬁﬁﬁ’i

Bl MS. pol y prepared by a slurry polynerization of the nonomner

m xture using a Lews acid catalyst, followed by hal ogenation, such as
brom nation, in solution in the presenge of halogen and a radical initiator
such as heat and/or l.ight and/or a chemcal initiator and, optionally,

foll owed by electrophilic substitution of bromne with a different

functiona i(ﬁ)toy 6 ner s .ar r.onLnat e YNeI.S t

gener al | yéocggrqt al nM‘%(r)iglm @L{En@’%%@% gfe Or‘grrxgér%{{ﬁ% g’t‘*&?’gﬁg&d’r%‘égg relative
to the tot@hpAsRgTtoRfs tomanetmiof died ¢otsbsitivsl i dnd ekibedREMNY @I frét 8Y nat i vel y
0.2 to 3.0 nol% alternatively 0.3 to 2.8 nol% alternatively 0.4 to 2.5

nol % andtoal@ vit¥rerfthe Fgmpositiop i agother spbodimentei n a desirabl e range may be
any conbi nation of any upper limt with any lower limt. Expressed another
way, copolyners contain fromO0.2 to 10 w% of brom ne, based on the wei ght

of the pojgyge]. al t ghnal eMtlodident, tik ﬁm@ﬁ%aﬁt%i& QERael VsakY tRatbitl @ad. 6 W %

and are substantially free (less than 0.10 wt of ring halogen or hal ogen
in the pakegoteor fravkpolae bohds withTimctibma tgyoups prasentiins thepmataix pelyoieyrer of C4

to C7 isopolefin derived units r J sononool.efin -nmet hyl styrene derived

ni Lo andop-RaTIEL A AFRise of dbURT eLona sy i e Pofiner

hal onet hyéogﬁeﬁﬁrf‘cﬁ% #BiSe@LE Q&ﬁgérahﬂeihe interpolymer fromO0.4 to 3.0 nol %
f%lihmet

based on t total nunber o yl styrene, and wherein the
par a- net hyl styrene derived units are present from3 to 15 wt % based on the

t ot al ight_of th , al tively 4 to, 10 wt % | th
enbodi merB062he o AREoErsy it BEYE® peliFests b kg s, RuB50s/ 044557
PCT/ US20 %%%x%@ﬁ%ion@f theRdhomeaptiaR Ring Qie%liﬁﬁéi@@ﬁ{al}isﬂ%ﬂgﬁeé' opol yner

or terpoly and conprises unit selected fromisobutyl ene, isobtene,
2- met hy| Haldgenetien, Sicheshlydomination, in solution in the presence of halogen and a

radical initiator such as heat and/or light and/or a chemical initiator and,

optionally, followed by electrophilic substitution of bromine with a different

functional moiety.

[0063] BIMS polymers are brominated polymers that generally contain
from 0.1 to 5 mole% of bromomethylstyrene groups relative to the total amount of
monomer derived units in the polymer, altematively 0.2 to 3.0 mol%, alternatively
0.3 to 2.8 mol%, alternatively 0.4 to 2.5 mol%, and alternatively 0.3 to 2.0 mol%,
wherein a desirable range may be any combination of any upper limit with any
lower limit. Expressed another way, copolymers contain from 0.2 to 10 wt% of
bromine, based on the weight of the polymer, altern_atively 04 to 6 wt%,
alternatively 0.6 to 5.6 wt% and are substantially free (less than 0.10 wi%6) of ring
halogen or halogen in the polymer backbone chain. The elastomer may also be a
copolymer of Cy4 to C, isoolefin derived units (or isomonoolefin), p-methylstyrene
derived units  and p-halomethylstyrene derived units, wherein the p-
halomethylstyrene units are present in the interpolymer from 0.4 to 3.0 mol%
based on the total number of p-methylstyrene, and wherein the para-methylstyrene
derived units are present from 3 to 15 wt% based on the total weight of the
polymer, alternatively 4 to 10 wt%. In .another embodiment, the p-

halomethylstyrene is p-bromomethylstyrene.



1- but ene, 2-nethyl-2-butene, 1-butene, 2-butene, nethyl vinyl ether, indene,
vinyltrinmethylsilane, hexene, 4-nethyl-I|-pentene, isoprene, butadiene, 2, 3-
di et hyl - 1, 3- but adi ene, nyrcene, 6, 6-di nmethyl -ful vene, hexadi ene,

cycl opent MPEAE/04455er yl ene, styrene, chlorostyrene, met hB&TASH046E103 ndene
and indene derivatives, a-nethylstyrene, o-nethylstyrene, mnethylstyrene,
and p- nethylstyrene, and p-tert-butylst¥fene. The copol yner or terpolyner
may al so be hal ogenated. [0065] In other enbodi nents, the el astoner

i ncl udes rubbers of ethylene elastoners. For exanple, ethylene elastoners

i ncl ude rubbers of ethylene and propylene derived units such as EPR and

EPDM Exanpl suitable .co agners i n.making EPDM are et hylidene

. nor bor nene, @,ﬁﬁﬁexadi mple 5@@‘1‘*3‘%@%&%#@8‘?3 g§°9ﬂ)gli;'ﬂme’é§r (g"trﬂélﬁ'gl.er?ﬂ%se
rubbers are gﬂ?ﬁ o &%&gﬁh@e j Le

et hyl ene- pr opy enéggﬁ%ﬂb%r] IS cor:mer ci al I’Oglgg‘%gﬁ’gb g&i&?@%ﬂé@rr%r_%lihrrétﬁﬂ

( Exxonhbbi | Gheteneal2-Methpdsdybuteddp ubtatend, X -butanea methplo dinyé nethemaindericed EPDM

is used in the practice of the invention. Secondary Rubber nponent [ 0066]
A secondary Y’ﬁﬂﬁ‘éﬁnegyﬁrﬁéﬂ%’@nt&’?ﬂﬁetﬁﬁ?@@y -G TRERIERE tlaopo{gn%giwé% me, g’Bbose
rubbers," a iry €les nit e pres L | ast i:

conposi ti oner,é mtteﬁgjlcici?rp%%/d?%legrti 2‘[‘%@?‘{“"gnd tﬁlﬁ?ﬁ%thg' fjufgge ng’rti c?lggéc!l&lghese
rubbers maycyeppeheadia, pypeaylgns wityreht, echiverastgrent t imethosyehmat oindenoand

el astoneric  conpagsi.tion. These rubbers include, but are not limted to,
natural . ruldpdene dem¥atiNese§rd ﬂ%ﬁ%,o-msﬂvf%w%n@ﬂassﬂwtﬁma%n@)d Pubber

(R PO BhghsBene ARIer R Bl 1R B0 O R AR By gRPEE (5.

et hyl ene- pr qawgensateddi ene rubber (EPDM), polysulfide, nitrile rubber,
propyl ene oxi de pol yners, star WD 20051034557 PCT/ US2004(028105 1|s branched

butyl rubber and hal ogenated star-branched butyl rubber, brom nated
[0065] In other embodiments, the elastomer includes rubbers of ethylene

elastomers. For example, ethylene elastomers include rubbers of ethylene and
propylene derived units such as EPR and EPDM. 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 (1995). A suitable e'ﬂlylene—propylene rubber is
commercially available as VISTALON™ (ExxonMobil Chemical Company,

Houston TX). In an embodiment, maleated EPDM is used in the practice of the

invention.
Secondary Rubber Component

[0066] A secondary rubber component, sometimes referred to as "general
purpose rubbers,” and their derived units may be present in the elastomeric
compositions, the composite articles, and their end use articles . These rubbers
may be blended by any suitable means with the elastomer or elastomeric
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-



butyl rubber, chlorinated butyl rubber, star-branched polyi sobutyl ene
rubber, star- branched brom nated bury] (polyisobutylene/isoprene copol yner)
rubber; pol y(jsobutyl ene-co-p-nethyl styrene) and hal ogen 1028105
pon(isode?%&h@yéﬁgp- net hyl styrene), such as, for exanp?g?ﬂggggg yners of
i sobutyl ene derived units, p- nmethylstyrene derived units, and

p- br ononet hyl styrene derived units,

pol y(i sobut yl ene-co-i soprene-co-p-net hyl styrene), hal ogenat ed

pol y(i sobutyl ene- co:isoprene-cq-p-nethyl.styrene), .

pol y(i sobut yI BABHE -P%’gr&} T 88-83{)"’;/‘?8&% d 51%&‘?’6’@‘%4_ jedt gy rubber, brominated

pol Y(i sobut y1 gRer &S QRIcEREred bub %%%sta:p&'aﬁéﬂeﬁgﬁll‘i/i}%ﬁﬁ?feﬁe'rubber, star-

I soprene-co-a-net hyl styrene) hal ogenat ed pol y(i sobutyl ene-co-i soprene-co-a-
met hyl st yr enejranchied nbrominsted t betydof(poly3obityldnatisupadner ubdysigmer)e mhbber;i bed

in detail by Subranl aniamin RUBBER TECH 179-208 (l\ayrice Morton,
ed., Chapman mlxﬁaaqbupggm-sfo-a{%#ﬁ){%é@rer@ FJ'P:@ ﬁﬁg&?%edr Mé@%otb‘-}%]leﬂ%o?-
Mal aysi an rub S %: , WMRE% and
m xt ures ther"g%‘)fﬁ%ﬁgﬁl@f %%%teur,a EF Le%@?’?%%a?/fﬁma%gﬁggngl scogsl’?’ y at

100C (M. 1+4)mehylstrege 13erval t eningt i amel ypibromodfetiylsthizne Tdeainddo nedits,
viscosity test referred to herein is in_accordance with ASTM D-1 646. In an

enbodi nent , taedy(isabuiyiene-¢misaprepecpipcmathylstyrent)e halogpraied ipoly (isobuiyieneo 40
phr, alternatj vel 1o 2 alter by Lo 20 phr, wherein the
natural  rubS&*° ?%égé’n@eﬁ%g’r’@%% |imptra’?§c(%sr?§lu“)ri’le%“gvﬁ°t 'ﬁ°%‘}$§eT"8m§/§§r}eﬁ Folimit
described hefpRigBnatk@06 &bl ity lendiRngofBN-c6- ybheie)] S pARLREbuythtabl e

secondary rubber. The Mooney viscosity of the pol ybutadi ene rubber as
nmeasured at igpenemo-cqnahylsyenehndwlegenpteds palysobuldenaycedsonsenes®-¢o 60.

Some conmerci al, exa s. J0f. usef ul nt hetic rubbers are NATSYNTM ( Goodyear
Chem cal Conﬁ%ﬁ%% ,Stygér%l&i %Iﬁﬁ%%ﬁ@*l‘or BR 1207 (Goodyear Chem cal
Conpany). An exanple is high cis-pol ybutadiene (cis-BR). By

"cis-pol ybutadi ene” or "high cis- polybutadiene”, it is meant that 1,4-cis
pol ybut adi end0065}used, Mpuraribberseare dpssatbed i detad] by cmivrrsariarsineRUBRERSt  95%

An exanpl e OfTEE‘LIﬁBLS&‘? ]99@6% ‘ﬁvPaﬂ'n‘éQ ﬁ/lcj)r?on, %H?%ﬂ%g&anjggall 1995). Examples
of the natural rubbers include Malaysian rubber such as SMR CV, SMR 5, SMR
10, SMR 20, and SMR 50 and mixtures thereof, wherein the natural rubbers have
a Mdoney viscosity at 100°C (ML 1+4) of 30 to 120, alternatively from 40 to 65.
The Mooney viscosity test referred to herein is in accordance with ASTM D-1646.
In an embodiment, the natural rubBer is present in the composition from 5 to 40
phr, alternatively 5 to 25 phr, and alternatively 10 to 20 phr, wherein the natural

rubber may be any upper phr limit combined with any lower phr limit described

herein.

[0068] Polybutadiene (BR) rubber is another suitable secondary rubber.
The Mooney viscosity of the polybutadiene rubber as measured at 100°C (ML
14+4) may range from 35 to 70, 40 to 65, or 45 to 60. Some commercial examples
of useful synthetic rubbers are NATSYN™ (Goodyear Chemical Company), and
BUDENE™ 1207 or BR 1207 (Goodyear Chemical Company). An example is
high cis-polybutadiene (cis-BR). By "cis-polybutadiene” or "high cis-
polybutadiene”, it is meant that 1,4-cis polybutadiene is used, wherein the amount
of cis component is at least 95%. An example of high cis-polybutadiene is

BUDENE™ 1207.



WO 2005/ 044557 PCT/ US2004/ 028105 19 [0069] In certain enbodi nents, rubbers
of ethylene and propyl ene derived wunits such as EPR and EPDM are al so
sui tabl e as secondary rubbers. Exanples of suitable comongnmers in naking
EPDM are eVARMUEAETor bomene, 1, 4- hexadi ene,  di cycl opentPSHVEHRINZEI0Se| | as
ot hers. These rubbers are described in RUBBER TECHNOLOGY 260-283 (1995). A
sui t abl e et hyl ene-propyl ene rubber is cd@dmercially available as VI STALON(r)
(ExxonMobi | Chemi cal Conpany). [0070] The secondary rubber may al so be a
hal ogenat ed rubber as part of the elastomeric conposition. The hal ogenated
butyl rubber may be a brom nated butyl rubber or a chlorinated butyl

rubber. General properties and prqocessing of ' ha enat ed butyl rubbers are
. descri bed i n(()%ﬁgp VANDE&BICEWHIQ@E%E%%B&&@S g@‘l‘ilg?e P—Féglﬁ’é?l’c'ytl%‘.e C8d.

R T. Vander bjl; s a5 HIR M #8494l BER 3 a.xt%é 995) .

But yl rubbePg%ﬁsha ggaesrggéke utyl rublasgr%sﬂ,_?ygnd gfic-agr- ra%%éd%u ?esgot%bbers

. are descr i beshitapleEchwassbntere fgealking BRODA aréethylider® nofboitted HVERENGYE, OPEDI A

OF CHEM CAL TECHNOLOGY 934- 955%\]0 n Wley & Sons, Inc. 4th ed, 1993).
[0071] The sdeyrlareRtadignhaas Welhpd Rhars-nalhsse dnblegs apr deparibesh in RYBBER ¢ o,

at | east on r f . O¢H butyl .t r ] & r.ubber,
star- brancﬁlébg{ po yclﬁ?gb%ﬁ engq%% ber,ﬂsflg{ré{ggereaﬁgﬁg%é)%%l%gﬁ gxgbg%ftyl

(pol yi sobuty é, ﬁ@ﬁ Y : ashaL L Sobut yl ene-co
p- net hyl styéroggr}lrg fé%[}rc agggggryge?é)ﬁp e,k?{exppo ﬁlers olﬁgll gg%&yﬁéne derived
units, p- nethylstyrene derived units, andp-brononethyl styrene derived

units, and the like halonethylated aromatic interpolyners as in U S. Pat.
Nos. 5,162, 48870)4, 074, 888 secoadary r8ols:Er308) alse be gekrdoganatesbpibbaraspatt of

hal ogenat ed j soput yl ene_copal ymer. ol ychl,oroprene, and.the |ike nd
ni xt ures of "hﬁﬁp"ﬁ#&?‘ﬂg cé’_ﬁ'b‘g’él.t?ég‘o r@e l@ﬁ?ﬁ%?%%ugﬁﬂ&f%én%%j‘e%fﬁwt?ibber
conponent arfndl pBbéelesicd thedndted buSl riter. AWSral $rofftdtiéPdn@Rfbcds R opP63. WO
2005/ 044557 PCT/ US2004/ 028105 ) .
halogenated butyl rubbers are described in THE VANDERBILT RUBBER HANDBOOK -
105-122 (Robert F. Ohm ed., R.T. Vanderbilt Co., Inc. 1990), and in RUBBER
TECHNOLOGY 311-321 (1995). Butyl rubbers, halogenated butyl rubbers, and star-
branched butyl rubbers are described by Edward Kresge and H.C. Wang in' 8
KIRK-OTHMER ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY 934-955 (John Wiley

& Sons, Inc. 4th ed. 1993).

[0071] The secondary rubber component may include, but is not limited
1o, at Jeast one or more of brominated butyl rubber, chlorinated buty! rubber, star-
branched  polyisobutylene  rubber, star-branched  brominsied buty!
(polyisobutylene/isoprene copolymer) rubber; halogenated poly(isobutylene-co-p-
methylstyrene), such as, for example, terpolymers of isobutylene derived units, p-
methylstyrene derived units, and p-bromomethylstyrene derived units, and the like
halomethylated aromatic interpolymers as in U.S. Pat. Nos. 5,162,443; 4,074,035;
an 4,395,506; halogenated isoprene and halogenated isobutylene copolymers,
polychloroprene, and the like, and mixtures of any of the above. Some

embodiments of the halogenated rubber component are also described in U.S. Pat.

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



20 El astoneric Conposition [0072] The el astoneric conpositions of the
I nvention may be prepared by using conventional m xing or blending

techni quesy hehdlglisee, for exanple, kneading, roller mll ipgensQudsforsiar
m xi ng, i ?&vgpﬁa'l r?ﬁ%l ng (such as with a BanburyTM or Brabender TM m xer)

etc. The sequence of m xing and tenperatuj.es enployed are well known to the
skill ed rubber conpounder, the objective being the dispersion of fillers,
activators and curatives in the polyner matri x without excessive heat

bui | dup. A uzﬁ%ﬁl m xiﬁgﬁ@ro edure utilizes a BanburyTM mi xer in which the
el astomer, s anee ST bon bl ack, non-black fillers, and

pl asticizer are added and the conposition mxed for the desirea tinme or to a
particular tenperature to achieve adequate dispersion of the ingredients in
the blend. p0@R4nati vells elastememszompaitibna of dhret inventioh minebe ardparediiyack
(e.g., one-third to tw thirds) is mxed for .a.short tie (g.9., ahout | to
3 mnutes) fBPN8WSAPKSALCRR TIXIRG e?lwlllgwetegg’r‘%ﬁ WP%’@P%nﬁ’raF@m xing is
continued fo 0 N RSlefltm il ) N | time

t he m xed corr(rnponen ’s}?meégc ém@i errpergit’;‘urpieyl%} gg%rgél %ﬁ%%g E%H‘oi%i \r?gﬂggol i ng,

t he conponenBanbury™ior &tabender™smoomlest dhewegaence o atixing|and aemperatares

BanburyTM m xer during ich the curin, agent and optional accel erators,
are t hor ought§PEYEdATE el nkgovam é‘béﬁ‘%éﬁ’%ﬁg rgli’e@réf’WQP@deF’thcg’ﬂﬁféWﬁt G1€, for

exanpl e, abo 05G; ' gt ' :
c)énpngsi tion. H%a@?ﬁ?ﬁsg’ﬁg‘g}?ﬁﬂ?#k ?ﬁévaf,tﬁslaﬁ}@g&}rgg{?d‘.l% Ini?/1 Mé?ﬁ)%&r{[&g 3 ﬂ(;&[ %Jic}g%mski |1 ed
in the art. §R4sd)e hbat wiildap.orensefal miging pesedird utilzkas BapbBiity®™ e@iRgORi t i ons
from10 to 100 phr in one enbodi pent, and from 20 to 80 phr in another
enbodi ment, Whish fhe glastorne. FGCWALE}M“&PSFT’ a576PeTe blacky anthizek fillers. fandm 40 to
60 phr i : | ks [ th

phr 1n ygﬁlagt?é?%}e&e %ﬂ%@ﬂ Re c}ﬁﬂ@:bﬁggn jﬁlﬁa' fof‘%ee dQQfeaLrﬁHﬂf?g EH at N€

el ast omer i stany Upper Imt com any | ower p
descri bed hepgtitulal Aéigdrailine te echivder ydequikedisposipo nénhe dhgrebiens! asthener

conposition may be present .in ran fromup.to 9 hr iin one enbodi nent,
fr an up to gdeg%r A}te?natively, the ru%ber. agg a portion (F))f the ca.robog black (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 and aid. Mixing is continued for about 1 1o 10
minutes at high rotor speed during which time the mixed components reach a |
temperature of about 140°C. Following cooling, the components are mixed in a
second step on a rubber mill or in a BanburyT‘M mixer during which the curing
agent and optional accelerators, are thoroughly and uniformly dispersed at
relatively low temperature, for example, about 80°C to about 105°C, to avoid
premature curing of the composition. Variations in mixing will be readily

apparent 10 those skilled in the art.

[0073] The elastomer may be present in elastomeric compositions from 10
to 100 phr in one embodiment, and from 20 to 80 phr in another embodiment, and
from 30 to 70 phr in yet another embodiment, and from 40 to 60 phr in yet another
embodiment, wherein a desirable phr range for the elastomer is any upper phr

limit combined with any lower phr limit described herein.

[0074] 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



I n anot her enbodi ment, fromup to 40 phr in another enbodinent, and from up

to WD 21105/ 044557 PCT/ US2004/ 028105 21 30 phr in yet another enbodi nent.

In yet another. enbodi ment, the secondary rubber is prese m st 2

phr, and f ¥t 5 phr in another  enbodi ment, and ﬁ%{%ﬁgﬁmf}@gbﬁ% phr

I n yet another enbodi nent, and fromat least 10 phr in yet another

enbodi nent. O her ranges al so i nclude anyZtonbi nati on of any upper phr

limt and any lower phr limt. For exanple, the secondary rubber, either

i ndividually or as a blend of rubbers such as, for exanple NR nmay be

present from 30 phr inoyet @npther ieminsementbolti petranothgn @mibodimeitt the3@cphdary n
and

anot her enbodi gent.,, and from 10, to 25 phr in. yet anot her .enbodi nen
from5 to 25 “%’Egr i ngenénﬁ?ﬁ‘erat R r?gﬁt and, Jiom 48 east; 3 B Hhianloﬂ'lesr,elt
anot her enbod] ; Ldin et Besi af b hgpat i on
of any upper ‘!f) r&lillmrﬁn\tﬂ%\?ﬁ%‘(ﬁnaﬁy Iog\gpJL ghjr;é:aig?nht .erﬂﬁg %Ig? %?cgﬁxq’f\%?@mpl astic
Resi ns (0075]10 phrcer yetianotheb edibodimhent. IQthér fangasiabso indlederapy esmbinaties iofis
refers to thernopl ag&lj\_ﬁ:_s whose gsrmaabi I iti¥ 'gs bel o %Eat of therfg ast oner
or el ast oner i@ AP ‘FHha%‘iaﬁ Querophrdimit.r A e, 3h¢ gecondany B

Typi cal high rri:ef: p tyl Iﬂﬁqiﬁ d 1e | i to
pol yest er (su%ﬂle;as]ﬁ vf@raﬁg’rgz:i}v%i??a IF%J g?om %géldtﬁ %ﬁ%‘%\e{:\%%@%: “E)ggfg Vi nyl
al cohol ), polptésenngioamé phehb d0i ste)in and eptodmkndemd (fromh 8ns )30 pHIGRGhother t abl e
pol yam des (nylons) conprise crystalline or resinous,. nol ecul ar _ wei ght

hi gh
sol i d pol ynmerémbaement. 3gd dome10rer% phsdn et WWWOW“ggandr@%@rﬁ InéP ani de
units wthin ﬁﬁ‘? Rl ﬂ@ﬁer@i‘%@din@ﬂ},yﬁ@fg&ﬁ s 5 l?ﬁg&ain%% ¥mbodiment,
pol yneri zat i JiT ot “She or - nor e epsi ’on I'act ans Ssuch as capro adt am
pyrrol i di one,whdraitry désimbintaagd odNVR aydbe amoc@nbiagionnof 1y appephadingt or by
condensation of dibasic_ acids and diam nes. Both fiber-formng and nol di ng
grade nyl ons ‘ﬁlﬂban)élﬂ"’t’eéli’lhéhnEkarrpl es of such pol yam des are pol ycaprol actam
(nylon-6), polylauryllactam (nylon-12), polyhexanethyl eneadi pam de
(nyl on- 6, 6)

High Barrier Thermoplastic Resins

{0075] In certain embodiments, high barrier thermoplastic resins refers to
thermoplastics whose permeability is below that of the elastomer or elastomeric
composition by a factor of from about 3 to about 1000. Typical high barrier
thermoplastic resins inciude but are not limited to polyester (such as Mylar,
available from Dupont, Hopewell, VA), poly(vinyl alcohol), poly(vinylene

chloride) and polyamides (nylons).

[0076] ' Suitable polyamides (nylons) comprise crystalline or resinous, high
molecular weight solid polymers including copolymers and terpolymers having
recurring amide units within the polymer chain. Polyamides may be prepared by
polymerization of one or more epsilon lactams such as caprolactam, pyrrolidione,
lauryllactam and aminoundecanoic lactam, or amino acid, or by condensation of
dibasic acids and diamines. Both fiber-forming and molding grade nylons are
suitable.  Examples of such polyamides are polycaprolactam (nylon-6),
polylauryllactam (nylon-12),  polyhexamethyleneadipamide (nylon-6,6)
polyhexamethyleneazelamide (nylon-6,9), polyhexamethylenesebacamide (nylon-
6,10), polyhexamethyleneisophthalamide (nylon-6, IP) and the condensation

product of 1l-amino-undecanoic acid (nylon-11). Additional examples of



pol yhexanet hyl eneazel am de (nyl on-6,9), pol yhexanet hyl enesebacam de (nyl on-
6, 10), pol yhexanet hyl enei sopht hal am de (nylon-6, IP) and the condensati on

product of hjoaghdgsydecanoic acid (nylon-11). Additional 65402?/ %Oy\o
20051044557 PCT/ US2004/ 028105 22 satisfactory pol yam des (‘espect Py those

having a softening point below 275C) arey,fdescribed in Kirk-Qhner,
ENCYCLOPEDI A OF CHEM CAL TECHNOLOGY 406-435 (1982), 16 ENCYCL OPEDI A G:
CHEM CAL TECHNOLOGY 1-105 (1968), CONCI SE ENCYCLCPEDI A OF POLYMER SCI ENCE -

TEGHNOLOGY 30RO By Kess BT e e et B e
t her mopl ast i caRol¥abdesn Kay-(mesels iENdvireopEDIat bE@fﬁM]CHL STHOMW@RIOGIN,
with linear crystalline polyam des having a softening point or nelting

poi nt bet ween4 3§n(d9§$)9(1 EDoveRorspia @BI@H@‘GH%STWQHQ@YU&eIQSh@WDyner

o hvenr boryt + LoNEisH, RS cPlrerfta ThE Bofadte ZaNE WSrP REBING 20876, o
Exanpl es of sg %@%WIO’EIP@WL%QIA'SOF pol ¥idier B@imr%‘rﬁbméoﬁdﬂ abexpilhene) ,

C2.6 al kane di carboxyl ates such as poly(trans-1, 4- cycl ohexyl ene succi nate)
and poly (trafi$6%) QJodu;nchbje@ISené a@mpateec):albpavgtlabln thenmnoplastic polyamxdes
trans-1, 4-cycl oh xanegl met h | ene ﬁl kanedi car boxgl ates sucﬂ @ is-1,
cycl ohexane- cl‘im’1 hyied B the F"&f‘@ Qh s drxenpeR.s With Jinegr pIxia D’a‘ﬁi‘i"ﬁyl ene)

succi nat e, Je
pol yet hyl enet er ep%ﬁ#ﬁ@ﬁgﬁgoéﬁﬁﬁ%w&g{&%ﬁ%ﬁgﬁQtngr%gght ‘hal ate, poly (C2.4

al kyl ene i sopht hal ates such as pol yet hyl enei sopht hal ate and

pol yt etranet hyl ene-i sopht hal at e, and 1.i terlals Pol y esters al so
i ncl ude thoseﬁéﬁgﬁ ved fg %J Bﬁlé’FﬁtErsdPéH% q Enél'c’ieégu%flﬁ‘l? H&ts of HBRORal eni ¢

or phthalic afifipner Giipafic dt AbAkfle pBHELHARyROLYEL I&é’t'e&”@ii‘ ol 5apt Bagate

and pol ybutyl ene terepht ate. n ce odi nment's ters will
have a nelti rtgxepmmimxmretdfeimlang“ﬁaﬂfple‘saﬂ’@ausfaQGQCpoljzéﬂéi@)dehﬁe polgltriasri er

t her nopl astic resi suitable for practice of fhe sent invention may be
used singly op# ﬁﬁc@g??ﬁ’hl?{‘é?=i ofr2-6 THkanEs | %@Péyﬁﬂ‘-’éseﬁ%c nas poly(trans-1,4-

cyclohexylene succinate) and poly (trans-1,4-cyclohexylene adipate); poly (cis or
trans-1,4-cyciohexanedimethylene) alkanedicarboxylates such as poly(cis-1,4-
cyclohexane-di-methylene) oxlate and poly-(cis-1,4-cyclohexane-di-methylene)
succinate, poly (Caos alkylene terephthalates) such as polyethyleneterephthalate
and polytetramethylene- terephthalate, poly (C;4 alkylene isophthalates such as
polyethyleneisophthalate and polytetramethylene-isophthalate and like materials..
Polyesters also include those derived from aromatic dicarboxylic acids such as
naphthalenic or phthalic acids and C; to C, diols, such as polyethylene
terephthalate and polybutylene terephthalate. In certain embodiments, polyesters

will have a melting point in the range of 160°C to 260°C.

[0078] The high barrier thermoplastic resins suitable for practice of the
present invention may be used singly or inn combination. The resins are present in
the blends from 30 to 90 wt% of the blends in one embodiment, and from 40 to 80
wt% in another embodiment, and from 50 to 70 wt% in yet another embodiment.
In yet another embodiment, the resin is present at a level of greater than 40 wt%

of the blends, and greater than 60 wt% in another embodiment.



the blends from30 to 90 wt % of the blends in one enbodinment, and from40 to
80 W% in another enbodinent, and from50 to 70 wt% in yet another

enbodi ment. I n_yet another enbodinment, the resin is pres lﬂst a Iﬁ\{'gl of
greater th¥P 28584H57 of the bl ends, and greater than 60 ol 2 AHB SR
enbodi nent. WO 2005/ 044557 PCT/ US2004/0 28 1 05 23 Processing Aid [00791 A
processing aid may be used in the practi & of the present invention. The
processing aid may be selected fromparaffinic oils, aromatic oils,

napht henic oils, and pol ybutenes. In one enbodi nent, the pol ybutene
processing ®Rrdcassing Aidyv nol ecul ar wei ght (1 ess than 15,000 M) honopol yner
or copolyner of olefin derived units having from3 to 8 carbon atons,
.alternatively 4 to 6 carbon atons. In yet another enbodi nent, the

pol ybut ene i onopol ; I An.akfid I ment
of such | ow P?%@Tm ar V\)éi Ofegsb%%:%r%éfgﬁ On%ga"lgg%bh{dgggé q}gorﬁy%ng%g&#s
.descri bed i ninventiorx dilpIpeoceSMhg TGy be WBREIEARDS: pdvBIThii Gl 1R EREGRMADITE
FUNCTI ONAL FLUILDS 357-392 ! (Llesl ie R. Rudnick, & Ronal d, L. Shubkin,, ed.,
Mar cel DekkeRaphsbemyic oiles andRaly Ritensso | lpinne smbodspet theinoly bitene pgpcessing

"pol ybut ene" )., .[ QO I C i [ C r of
| sobut yl ene- 21l(‘:-i‘el% %VIS%J fjn-rg’:j'{%l Pﬁﬁ%g@g@@e‘ssgié% gggédquﬁlln?sh gn{%lgﬁ%u re%@%’éﬁved
units. The pef ylefirederivethynid aving fomormpd yakon @oms| yv@hatively Wetops! ymer

of the three units, wherein the isobutylene derived units are from40 to
100 wt % of t basbenmseApHeln Yehenotherngmbofimgts thecpplybiitere Hr @ hpmepplymes 010 wt %

of the copol yne and -t - e ,deriyv uni ke from.Q t,0 40.wt % of
t he copol ynee’{qpoﬁwng%o{hag;t“éﬁg?)ﬁcﬁﬁ%en@ %bg%%ﬁgl}_y%fﬁf%r}?elq ) Igglblg 9/”60_ or
terpol yner ofolyiers fer@ed Upblybutenbepslymetdie desdrivel b YioeBRadlplel BefiTHIAIES are
from40 to 99 W% of the copolyner, the 1-butene derived units are from2
to 40 wt % of LUBRICANES [ANRe HIGRFERE PRMENGR FENETI@SAL VBYIDY AT S93r@-eslioih.0 to 30

1401 L1e PRI pobfghe s IBRHIES, FIRGIDRERl: ohE bR g

processing aid" or "polybutene").

[0080] The polybutene processing aid may be a copolymer of isobutylene-
derived units, 1-butene derived units, and 2-butene derived units. The polybutene
may also be a homopolymer, copolymer, or terpolymer of the three units, wherein
the isobutylene derived units are from 40 to 100 wt% of the copolymer, the 1-
butene derived units are from 0 to 40 wt% of the copolymer, and the 2-butene
derived units are from 0 to 40 wt% of the copolymer. In another embodiment, the
polybutene is a copolymer or terpolymer of the three units, wherein the
isobutylene derived units are from 40 to 99 wt% of the copolymer, the 1-butene
derived units are from 2 to 40 wit% of the copolymer, and the 2-butene derived
units are from 0 to 30 wt% of the copolymer. In yet another embodiment, the
polybutene is a terpolymer of the three units, wherein the isobutylene derived
units are from 40 to 96 wt% of the copolymer, the 1-butene derived units are from
2 to 40 wt% of 'the copolymer, and the 2-butene 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 wt% of the homopolymer or copolymer, and the i

1-butene derived units are from 0 to 35 wit% of the copolymer.



units are from40 to 96 w % of the copolyner, the | -butene derived units
are from 2 to 40 wt % of the copolyner, and the 2-butene derived units are

from2 to 20, oWie@hsthe copolyner. In yet another enbodinent. the
pol ybut ene |02/ a 'ﬁ@'r'r%%olyrrer or copol yner of isobutyl ene antCHUE2A041928105

wherein the isobutylene derived units are from65 to 100 wt % of the

honopol ymer or copol ymer, and the 1-butetfe derived units are from0 to 35
wt % of the copol yner. WD 2005/ 044557 PCT/ US2004/ 028105 24 [0081] Pol ybut ene
processi ng aids tf/pi cal |y have a nunber average nol ecul ar weji ght (M) of

| ess than 15, B9811 al t er Rabvibvieng peosessing rridy gppicallyg haye nat pymbsr |avesagehan

13000, alt t | I t 00, .alt ' l. h 11
alter na’?i VZIr S%Pg\égf%h‘g%%ﬁb(%g g%1%%% ﬁlgar"l 3r3r y If\e/agdgx}aﬂggll%ﬁﬁg?thgpt ggﬁg?’l vel y
l'ess than 800ftenadtivelyniatd theh Y3068 allchfivéR0Rss Blah @ROGY, ia¥RhativesSletd8fhn6000,

alternatively |l ess than 5000, alternatively |ess than 4000, alfernatively
| ess than 300®00aakeraativeindessvibry 104606, eHemativelp lessrthan &08fpaliemetivelyt he

| ybut i d m . | i ght . of ter t 400,
Dt S nat 1 ve yiet it SOOI AiterBY VERP fest tnihy 0. el Vet S Bt ' 860,
al ternativel y1gneavely lebathad%boo %lt&ﬁ%ﬂ@él%‘s’}%s?’rgﬂﬁ D! altdtafi R ’leﬁnﬂ};mny

alternatively greatef than 900. Enbodi nen ‘may be conbinations of "a
| ower nol ecul H00yend)hlterhatively Wsstham 200@pdn onendmebadimentwhe polybutdre didr ei n.

For exanple, .in one non-limti nbodj pent of . the ybut ene,  the
pol ybut ene h&?sé IRYRRSE BVERAEs &b‘ggﬁﬁ?reﬁ’ﬁﬁggf o&g{%pﬁr tg‘?‘“ %@d} e&gmailggbfogr,eagﬁd from
700 to 8000 i ANd)Chy SRRAITE pleated thel 8000 OdrfatiRP piRaMEL i OFdRe

enbodi ment. I'n sone’e usef viscosities of” the pol ybutene”’
processi ng aiateamtvey gataer thanr80§r end eftetnativeldpreder than XVO0C, Embbdimerits vel y
greater than 100 cSt at 100C, _such as 10 Ho g%oo cSt (centi Stokes) at 100C,
and al t er nat@eb§ eXnbigatignsoof |uy,lowgsomolgyiagoYveigBhBni | WIth 3B IRFST of

i e _ OB ciedmiERE | Wiihes?
(Boxontobi |- Chassadw ket hiaf by I SR I SrehoR TR SR FuBR1 80 050

1300, 2400, akdpAybbienclitlee polybutene has a number average molecular weight of 400 to

10,000, and from 700 to 8000 in another embodiment, and from 900 to 3000 in yet
another embodiment. In some embodiments, useful viscosities of the polybutene
processing aid are greater than greater than 35 ¢St at 100°C, alternatively greater
than 100 ¢St at 100°C, such as 10 to 6000 cSt (centiStokes) at 100°C, and
alternatively 35 to 5000 cSt at 100°C.

[0082] Commercial examples of such processing aids are the
PARAPOI ™ series of processing aids (ExxonMobil Chemical Company,
Houston TX), such as PARAPOL™ 450, 700, 950, 1300, 2400, and 2500. The
PARAPOL™ series of polybutene processing aids are typically synthetic liquid
polybutenes, each individual formulation having a certain molecular weight, all
formulations of which can be used in the composition. The molecular weights of
the PARAPOL™ aids are from 420 Mn (PARAPOL™ 450) to 2700 Mn
(PARAPOL™ 2500). The MWD of the PARAPOL™ aids range from 1.8 to 3,
alternatively 2 to 2.8. The density (g/ml) of PARAPOL™ processing aids varies
from about 0.85 (PARAPOL™ 450) to 0.91 (PARAPOL™ 2500). The bromine
number (CG/G) for PARAPOL™ aids ranges from 40 for the 450 Mn processing
aid, to 8 for the 2700 Mn processing aid.



PARAPOLTM seri es of pol ybutene processing aids are typically synthetic

| iquid polybutenes, each individual formulation having a certain nol ecul ar
wei ght, all fornulations of which can be used in the comgsition. The

mol ecul ar WEQGHB4HETE7 t he PARAPOLTM ai ds are from 420 Mh ( HABE50) to
2700 Mh (PARAPCLTM 2500). The MAD of the PARAPOLTM aids range from1.8 to
3, alternatively 2 to 2.8. The density (3§/ m) of PARAPOLTM processi ng ai ds
varies from about 0.85 (PARAPOLTM 450) to 0.91 ( PARAPOLTM 2500). The

brom ne nunber (CG G for PARAPCLTM ai ds ranges from 40 for the 450 M
processing ajod83}t o 8 f @mother seitalie strigsrafqrecisAigs Alds argvtize APCEMedsS o

PCT/ US2004/ 028105 ., 25 [ 00831 Anot her suj tabl.e.series. of processi.n ids are
the TPCTM seriF@ESe 33 fbég'gé? g CQfyRerc YéYF“%PgC %%’H%"%F QF?QSQVHF‘%%& e from
Texas Petrocheni &0; | trplpira lseg 1p4C CTM
150, 175, 11&@@%@%‘%%' SRk Shafipic] Tnglate 20 of holupth end L#%ﬁg@f. ng

ai ds are typil286] yThy rERE™M seridsi ofupalypatndbptoenssing eils hare rigpicaliiu aynthetic

formul ati on havi ng certain | ecul.ar ight, al]l .formul ations of which
can be used iHv%he BPFHG%‘?SH%”B E’G‘@B&‘iﬁl Bﬁ@g\;‘t‘?ﬁb}‘%‘”ﬁg shoRfEtaty Feolgeulgh e
properties of_f J ‘ﬂﬁ’g’ﬁ I k ﬁ&)%j :the viscosity was
det er m ned asw%glsr&’ %@%é@&s a Iéﬁ%& ro%‘gl’ru?lﬂlgs 0 isﬁl(?lhw dual TPCTM G ades
Grade M Viscosity @ 100C, eSt 150 500 13 175750 85 1105 1000 220 1160

1600 662 1285 2900 3250 100851 The_ el astonerjc conpositigon nmay include one
or more typedf®¥4] pol ybBelene kebleal mhowe seme nidhaaaorsrtiaep! g SPCHY aidi ti on

to the el ast YeE:ib2h h\é’i'ethlf', wherein the viscosity was determined as per ASTM D445,

Table 1. Properties of individual TPC™ Grades

Grade Mn ‘;‘gg;’étis@:?
150 500 13
175 750 85
1105 1000 220
1160 1600 662
1285 2900 3250
[0085} The elastomeric composition 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 aid mixture can be varied in this manner. Thus, TPC™
150 can be used when low viscosity is desired in the composition, while TPC™
1285 can be used when a higher viscosity is desired, or compositions thereof to
achieve some other viscosity or molecular weight. In this manner, the physical
properties of the composition can be controlled. As used herein process aid make

include a single aid or a composition of two or more aids used to obtain any



the el astoner. The anount and identity (e.g., viscosity, M, etc.) of the
pol ybut ene processing aid m xture can be varied in this manner. Thus, TPCTM
150 can be | ow viscosity is desired in the conmpogtiji yRidse
TPCTM -128§H€§ﬂﬁﬁgggged when a higher viscosity is desiregﬁwﬁygﬁgﬁpositions
thereof to achieve some other viscosity or nolecular weight. In this
manner, the physical properties of the conposition can be controlled. As
used herein process aid make include a single aid or a conposition of two

or nore aids used to obtain any. 005/ 044557 PCT/ US2004/ 0281 .2

viscosity or VHSPED(I%% mpdseyls ‘%ﬂ%o%‘ﬁe?%? %@W%‘s{? efF, SEEEIet £1%d in

t he ranges'\f@%‘ggﬁﬁ?g@gh@%ﬁh [ 0086] Ot her suitable processing aids include
S of Tards

t he SUNDEXT 1 es avai l abl e from Sunoco, Inc., particularly
SUNDEXTM 750T, 790, 790T, 8125, and 8600T and the CALSOLTM series of aids

available fromR E. Carrall,  particularly CALSOLTM 510 120, 5550, 804,
806, and 810[0086}pert i ¢Qthsr spitade Progegsing Aids) dnglude thei AUNGERM e :

MATERI ALS, ' S, ER
(bubl i hed b el Ao SHe Wk > par AT S OKTE R 0, T90L, B8 1667
West Mar ket Ghd ,8680Toand Qe O ADBDION kéries 0f asiporaahaierfeom RIE.r €heslgnce.

10087) The processing aid or aids are %\%nerall resent in the el astoneric
conposi ti on paogularlydCADSEHR™ il 81 2htTS98) $04. &, and §1Q.0 Pronerties| afdhesst i vel y

from4 to 35,phr | £ ernpat ivel ) r i 5to
25 phr, al t%lflﬁa???\;%l {9%58% T%% ﬂ%‘ﬁ%@%&t T eﬁ%‘g‘%t go%BﬁgﬁﬁérﬁﬁgﬁW%M}g% to
14, al t er natiMeHWHRYORND 2ERVICEO FORRUBBER €piliiishe@ by Hut®er Wdrl hegdite, awher ei n
a range of processing aid may  be any upper phi I'imt conbined with any
lower phr | | kippinseticds Beto heblisetion, A7 West Mpdws St Peom| @biobmwhich is
conposi tion .rraé%al %o have on‘gf or. more filler conponents such as, for

exanpl e, cal '‘UFemRL ?QSW&?SYI AP, cl ay and other silicates which may or
may not be exfoliated, talc, titaniumdioxide, and carbon

[0087] The processing aid or aids are generaily present in the elastomeric
composition from 1 to 60 phr, alternatively from 2 to 40 phr, alternatively from 4
to 35 phr, alternatively from 5 to 30 phr, alternatively from 5 to 25 phr,
alternatively 5 to 15, alternatively 6 to 14, alternatively 8 to 14, alternatively from
2 to 20 phr, alternatively from 2 to 10 phr, wherein a range of processing aid may

be any upper phr limit combined with any lower phr limit described herein.

Additives

[0088] The elastomeric composition may also have one or more filler
components such as, for example, calcium carbonate, silica, clay and other
silicates which may or may not be exfoliated, talc, titanium dioxide, and carbon
black. In one embodiment, the filler is carbon black or modified carbon black,
and combinations thereof. The filler may also be a blend of carbon black and
silica. An exemplary filler for such articles as tire treads and sidewalls is
reinforcing grade carbon black present from 10 to 100 phr, alternatively 20 to 90
phr, alternatively 30 to 80 phr, altematively 40 to 80 phr, and alternatively 50 to
80 phr, wherein a range of carbon black may be any upper phr limit combined
with any lower phr limit described herein. Useful grades of carbon black, as

described in RUBBER TECHNOLOGY, 59-85, range from N110 to N990. More



bl ack. In one enbodinent, the filler is carbon black or nodified carbon
bl ack, and conbi nations thereof. The filler may al so be a blend of carbon

bllack and \sbllb68s, &n, exenplary filler for such articles %]t/p%z%%%%gﬁs and

sidewalts is ‘rel nf"b‘rm ng grade carbon bl ack present from

alternatively 20 to 90 phi, alternatively 30 to 80 phi, alternatively 40 to
80 pier, and alternatively 50 to 80 phi, wherein a range of carbon bl ack
may be any upper phi limt conbined wth any Iovver phi limt described

herei n. Usef de f..carhb n NOL OGY,
59- 8:5 rangeH?singi:% )Nlés gocy g’gtﬁl\%?%dr\/@s%g‘g%f %@?P%Sgﬁe&{ gibs 27
desirably, eNbodi KFHIS N3Ol NeaGautnaky {ak 0ysieiided irﬂASfI‘M (SB 3eypI®Is1to,r e
‘treads are N229, N351, N339, N220, N234 and NI 10 provi ded in ASTM (D3037,

D1510, and @BYBS)65EntFuborimexts of thehearben bb!ﬁk blséfuklnuﬁtsqulamﬂaie sidewallxanpl e,

ol acke. sui ¢ o st 3t RASrT He PP 0oo0 ool PO or <R Btk SRR Neso,

N650, N762m¢?9&1%6615%%th§%ﬂ ﬂa@r@&%hné@h@é‘l\%lﬁgﬁ\lﬁﬂ Wﬁ%eNt%QSN@% hﬁcﬁ er, it

may be a s able clay 1n one enbodinent, h may or may not

exfoliated dRegedr85.al |y exfoliated using an exfollatlng agent . SU|tabIe
swellable clay materials include natural or synthetic phyllosihicates,
particularly smectic clays such as nontnorilionite, nontronite, beidellite,

ook o, G0gBapon] & WHEFLAT i FresARAY fiffer ?@fﬁﬁ)ﬁﬂ}:taegwémgl%dﬂ%fm ofi€nyai te,

stevensite e |like as vermculite [oysite um nat e

oxi des, hydremhbodirent,ambick eyl drlasay déteiseexfolittedbbt pamhhym@(ha&ﬂaising @onpri se
partlcl es contajning a pluraljty of silicate platelets having a thickness of

8-12 A ancpxé‘@hatwaqa%%ha?n@@%%ve gbleotay smptenals nqiude ragural Ox syRihetigy+2
present at ﬂ[}ﬁrnokﬁf&{ésa aticaldb %’?&ncT&E%s THYh %E%H AfhotHb Lﬁ&eaﬁ&ﬁﬁt‘éd (or

nodi fied) w |nterca ant surfactants mat eri a s such as amoni um
sal ts. [009Qeideibites weblkahileite] dypcrmge, bhecamf]tal, i Mpedné)y shmmtta;enhagudﬁﬂa organi c
nmol ecul es (swelljng or exfoli ath' qq( " ent? or "additi v? . capabl e of
under goi ng kenyaite, “stevensite and the Iike, a II as vermuculite, ha loysnc aluminate

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

particles containing a plurality of silicate platelets having a thickness of 8-12 A,

and contain exchangeable cations such as Na”, Ca™, K* or Mg™ present at the

interlayer surfaces. They may also be surface treated (or modified) with

intercalant surfactants or materials such as alkyl, ammonium salts.

[6090] The swellable clay may be exfoliated by treatment with organic
molecules (swelling or exfoliating "agents" or "additives") capable of undergoing
ion exchange reactions with the cations present at the interiayer surfaces of the
layered silicate. Suitable exfoliating agents include cationic surfactants such as
ammonium, alkylamines or alkylammonium (primary, secondary, tertiary and
quaternary), phosphonium or sulfonium derivatives of aliphatic, aromatic or
arylaliphatic amines, phosphines and sulfides. Desirable amine compounds (or
the corresponding ammonium jon) are those with the structure R*R’R*N, wherein
Rz, R’ , and Rare C; to Csp alkyls or alkenes in one embodiment, C; to Cyq alkyls
or alkenes in another 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 R?isa Cjs to Csp alkyl or alkene.



I on exchange reactions with the cations present at the interlayer surfaces
of the |layered silicate. Suitable exfoliating agents include cationic

sur f act ant s wapigdsas4ssammoni um  al kyl am nes or al kyl ammoni urgdpiid 484048105
secondary, tertiary and quaternary), phosphoni um or sulfonium derivatives
of aliphatic, aromatic or arylaliphatic2am nes, phosphines and sul fi des.
Desi rabl e am ne conpounds (or the correspondi ng ammoni umion) are those
with the structure RRR3R4AN, wherein R2, R3, and R4 are C, to C30 al kyls or

al kenes in onggeppodi Nenthe ffliers Baf-de ﬁﬁ;%}ﬂesandofypﬁhﬁf?&%cj for & from

enmbodi ment, which may be the sane or different. In one™ enbodi nt, the
exfoliating apent 0i0D04 180 tealhdubdid gny Akaised heein, aliga asineent toirefeeite anat

least R2 is a Cl4 to C20 . al g}ll or kesgl?ﬁ&cV\O 2dg05/ 044557..RCT/ US2004/ 028105
28 [00911 ThdYF§ PT BREICE:SZesdica o aaoiher sthipic pfideryatrey arpiloic reid, BsesrsPe, 1 rom
about 0.0001 i8R0 %&%Pﬁ\hepﬁkélﬁ% 8 fldhaviid b CRrtase TRANG hefer to
any type or g%dtﬂ:ac?g’ i:sbfrg silica or anototrz:lerﬁsdi]ilé}v?illi hamdéfleerl %‘%‘%‘ve,gor
silicic acidunpeasedspredipitityd sitita) tciyemllingysilbee oolioidal silfva, Alutdmne oh calsivand
having a surface area, including .untreated, precipitated silica,
crystal i ne sSilictes, ﬁEE‘FQ%‘F‘-‘&a@d ¢k, al uni numor calcium silicates, fumed
silica, and the like. [0092) In sone enbodi nents, one or nore crosslinking
agents are used in the elastoneric conpositions, especially when silica is
the primary f@092r, or [Ssonfy @bbodimentsConebmbtOErovdlinkingaieRey ark istd®in
Alternatively, the coupling agent may _be a bifunctional organosilane
crossl i nki ngtheyslastomeric' eprapesBiins apapeeial svherk silicy is b primary filey, ot ksne
coupled filler and/{o .0ssl 1 nki Evat o ngr sjhlane ;.reinforcing
agent known P&es{iﬂto?eé%%lf]%éod’ \Q’ﬁh gﬁ%‘ﬁ% t’ﬂi&nc‘lﬁ‘ﬁgwg ’?elguﬁ'e_%@%lp]ll?grﬁe may
vinyl triet hpxyshifigmionyli dghndsilarke- drossiimkiiit speny e AROYYFlokdi®, crossiinking
net hacr yl oyl propxl trinmethoxysil ane, ganmma-am no-propyl triethoxysilane (sold
commer ci al | yagentALsogbilanet eaypledg il and/oe owsbirkingl eqtivetarhand/en sidane (Al 89
by Wtco) and.the lik ] Xt M hereof, |n. e | ment:. ..bis-(3
triethoxysil {/66? 6§1P?t%e'rlagngqv¥ﬂ g’e F g%?%lhg%ﬁﬁ?ré?% F‘gl]ﬁé}%%lggglgggn%tyﬁlﬁgﬁﬁig’a) S
vinyl triethoxysilane, vinyl-tris-(beta-methoxyethoxy)silane,
methacryloylpropyltrimethoxysilane, gamma-amino-propyl triethoxysilane (sold
comrmercially as A1100 by Witco), gamma-mercaptopropyltrimethoxysilane
(A189 by Witco) and the like, and mixtures thereof. In one embodiment, bis-(3~
triethoxysilypropyl)tetrasulfide (sold commercially as Si69 by Degussa) is

employed.

[0093] Other additives may also be present in the composition. Other
additives include, but are not limited to, plasticizers, tackifiers, extenders,
chemical conditioners, homogenizing agents and peptizers such as mercaptans,

waxes, resins, rosins, and the like.

[0094] The compositions 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



enpl oyed. [00931 Ot her additives may al so be present in the conposition.
QO her additives include, but are not limted to, plasticizers, tackifiers,

extenders, gpHeskpaks£onditioners, honogenizing agents and Pﬁms‘z&ﬁhisxﬁ“(zh as
nmercaptans, waxes, resins, rosins, and the Iike. 10094] The conpositions

typically contain other conponent s and aggltlves customarily used in rubber
m xes, such as effective anounts of other” nondi scol ored and nondi scol ori ng
processing aids, pignents, accelerators crossllnklng and curing naterials,

anti oxi dants, antiozonants er cl asses of | er at | u am nes,
di ani nes, guANFERRSEAY ARODE 8%\ ﬂ% § &9BIPRRENtE I oul ﬁ Ehfy ﬁy

sul f eni m des,  18j0G3HDRTRS €6 hf(ﬁ%@@@lﬁﬁmlg&g the I i ke. Crossl i nking and
‘curing agentsp I'nclude sulfur, zinc oxide, and fatty acids. Peroxide cure WD

2005/ 044557 PCT/ US2004/ 028105 29 systens may al so be used. The conponents,
and ot her curatiyves, cal | ese fromO0.1 to 1 in the
‘composi ti on. [4¢RFH5] Gen@F%%/ ﬁb’ pﬁlgﬁ'&;ﬁ@{enﬁq;,gt%gxmq;ge, té@?ﬁrﬁﬁ? t Prﬁg’é‘@ HERd to
produce tires S 4 3,9_11;%3 ties
per for mance arrgs(rzsfﬁglr%%ds)t?cés%%%tgh g%%l | t@ g%ﬁ oo | ze EERJE (gél%ggé’rpounds
are directly aﬁ@ldafabﬂltymft\hﬂacammibembbef cbn@shmdslerdelmcﬂyy)elaaﬁ td yhtEmﬂflber
crosslinks fornmed duri ng@t vuI canl zat op reacti,on. (See .g., Helt et

al ., The post(crwhelaﬁieae sesRf| srosshpkniorged drring, ﬂmeeamzavmmch% 23
(1991)). Ge“gﬁ ? mﬁghg%&ﬁ@ ubirﬁé"%sz”%zc? zﬁﬁaéswbmﬁsﬁmpf?ﬁﬂﬂé g R&Hgﬁ‘t ive

nol ecul es met al organonetal I'i ¢ conpounds
radical initiwpéabs.1862x (19911 | Geneshilyy pbigaict Ibgendi Mmayetiet ¢crostliaked bhaddiag | ow ng
metal oxides are common useful curatives: 7ZnO,  CaO MO Al1203, C 3, FeQ
Fe208, and Nicwativermedecuigs; 40r exapmiss Selfiy, H@‘%s‘é‘éﬂeéi emémemetaﬂwcmmds, on with
t he correspong N & [ . ci um

o apuur@ét@ll[s etE; %ch%u%ﬁ b h%Q atih e;% aéa‘[?n&ﬂ ?811%‘8@%?3&8 oxfiak

st ear at e, or gan one, such as

stearic aci dare&;ﬂﬂxnﬂﬁiﬁmﬁ.ﬂ|df§en®é§1€£n@lﬂﬂbll\4g® sz; GﬁO;, Bedf Eg,09rand NI, f ur

conpound, an al kyl peroxi de conmpound, diam nes or derivatives
These metal oxides can be used alone or in conjunction with the corresponding metal

fatty acid complex (e.g., zinc stearate, calcium stearate, efc.), or with the organic and
fatty ‘acids added alone, such as stearic acid, and optionally other curatives such .as
sulfur or a sulfur compound, an alkylperoxide compound, diamines or derivatives
thereof (e.g., DIAK products sold by DuPont). (See also, Formulation Design and
Curing Characteristics of NBR Mixes for Seals, RUBBER WORLD 25-30 (1993)).
This method of curing elastomers may be accelerated and is often used for the

vulcanization of elastomer blends.

[0096] The acceleration of the cure process may be accomplished 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
the available curative is consumed in the formation of effective crosslinks that 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 (DPQG), tetramethylthiuram disulfide
(TMTD), 4,4'-dithiodimorpholine (DTDM), tetrabutylthiuram disulfide (TBTD),
benzothiazy! disulfide (MBTS), hexamethylene-1,6-bisthiosulfate disodium salt
dihydrate (sold commercially as DURALINK™ HTS by Flexsys), 2-



thereof (e.g., DI AK products sold by DuPont). (See al so, Formul ation Design
and Curing Characteristics of NBR M xes for Seals, RUBBER WORLD 25- 30
(1993)). hSodERLh of curing elastoners nay be accel era i ten
used for t-rge}b vdtjzﬁ)é‘é%?zati on of elastoner blends. [00961 Thtg%gﬁ@g&é'}rog?li%én of
the cure process may be acconplished by adding to the conposition an anount
of an accelerant, often an organi c conpotihd. The nechanism for accel erated
vul cani zati on of natural rubber involves conplex interactions between the
curative, accelerator, activators and polyners. |deally, a t he avail abl e
ofszole QR %

| I
curative is (msABbokepthiq) beee (MBS or Ayl birady o690 MR ansk 1% n

t oget her t NNy %rfcm?@- ] . ol yrer

matrix. Nu %@%@@P’aﬁo@@ are r?o&ﬁﬁilbn ?%‘gé %P{fe%%ﬁ?%g?l}}g; %tbpare not

limted to, dybiethpleh®whibgarbahdaNioxydietitilent phoyamige AOTHS)e AdPGethyl

tetranmethyl thiuramdisul fide , (TMID), 4,4'-dithiodinorpholine (DTDV,

t et rabut yl t Hieyaneate (46}, aad "thipgned5’-  benzot hi azyl di sul fi de (MBTS),

hexanet hyl ene-1, 6- bi st hi osul fate di sodiumsalt dihydrate (sold conmercially

as DURALI NKTM HTS by Fl exsys), 2 WO 2005/ 044557 PCT/ US2004/ 028105 30

(ror phol i nothhe)y benzotrh agaksalé MBS niikedBY) collepliBfialohe SRYRAINR andhck@% MBTS

(MOR 90), N-tertiarybutyl-2-benzothiazole sulfenam de (TBBS), and N

oxydi et hyl emkilledi o thelarinih -a\singlg diten hy lierséagesl florenti eebedimes), the icabor- et hy|

hexanoat e ( .. angd, “thioupeas’. [0Q97] The materials are mxed b

convent i onal%? §d%ﬁ80% atcgff?ﬁ%g@mgg%qn}‘ i ﬂ%ﬁ@ngr tﬁeri Wr%agt?vr?gqrg%ggep or

in stages. Lp.9aetGE0qH MBiHer ehitRddaAEMO AntiBkRGkts]) anticidRahtt Bnd fHbdds@hgnt

stage from zinc oxide and other cure activators and accelerators. In

anot her enbmtttenals aranddedxindastegs, afdgrtthe zankont blagh dapbesneprocenged wathehe al s are

added in a ng e after the.car b%n bl ack .has been Pr_ot:gaﬁs?d with the

el ast oneri ¢ €€ %’6’6‘??‘{ Composifion, aAd ang Gxide (18 adge @t 4 1Al s fidae W mayunize

maxi m ze cea;g] BOAd FRAULS In kA eAtboliRaSH HBMo todhiedQot ﬁo}é)rsﬁgle(p%qegﬁﬁg) stage
S

processi ng uence i s enployed. Additional stages may involve increnental
addi ti ons okequence is employed. Additional stages may involve incremental additions of

filler and processing aids.

[0098] The compositions may be vulcanized by subjecting them using heat
or radiation according to any conventional vulcanization process. Typically, the
vulcanization is conducted at a temperature ranging from about 100°C to about

250°C in one embodiment, from 150°C to 200°C in another embodiment, for about

1 to 150 minutes.
Microlayered Composite

[0099] The microlayered composites and articles of the present invention
may be manufactured by any means known in the art such as lamination, coating,

bonding, adhesion, and coextrusion.

[00100] For example, the microlayered composites and articles may be
manufactured using coextrusion. Such methods and devices are known in the art.
For example, Schrenk, W.J., Alfrey, T., Jr., Some Physical Properties of
Multilayered Films, 9 POLYMER ENGINEERING AND SCIENCE, 393-99 (1969), and
U.S. Pat. Nos. 3,557,265, 3,565,985, 3,687,589, 3,759,647, 3,773,882, 3,884,606,



filler and processing aids. [0098] The conpositions may be vul cani zed by

.subj ecting themusing heat or radiation according to any conventi onal

vul cani zati on process. Typically, the vulcanization is cgg%t ed at g
t enper at ur WOrZRYHE r om about 100C to about 250C in one OO
150C to 200C i n anot her enbodi nent, for about | to 150 m nutes.

M crol ayered Conposite [0099] The mcrol &ered conposites and articles of
the present invention may be nmanufactured by any neans known in the art
such as | am nation, coating, bonding, adhesion, and coextrusion. [00100]
For exanpl e, 4,068,185¢ 509ayEB3e & ,A8nTRE; i dneds5.489132¢4 discioes demigeband masaeksest ur ed
usi ng coextrusion. Such nmethods and devices are known in the art, Fqr
exanpl e, Schywtakle \{o prepare r gQextided ; F‘?‘}h‘%ﬁﬁ’@d PROEPesTCS PARH eTHGrRlaY B

Mul til ayered, Fi 9 ' , , and
U's. par. NoeomnSes Rl BT IAT DS REN 3 199108 4 1D

3, 884, 606, Vx20059 0045 Pat. App. R620Q4 50935 08B0 001764695mdIWB), 0051 S8, AD.3,

5,094, 788, and 5, 389, 324 di scl ose devices and processes, suitable to
prepare coextruded nultilayered conposites and m crol ayered conposites .
See al so for ral principl . U S, . o Dt 6,379, 79

5. 630, 230, UOBTORLT Aﬁ%.ﬂnz‘%ﬁ%@z\é&b@ %@?%%é%%*ﬁ@%ﬁf?ﬁ%&% .
[00101) In %ﬁmdﬁﬁ@r@hﬂgwaﬁagmn@h&mh@rt e PEBX i bf ASRANEC fnOagn
extrusion die outlet and joined together in proximty of the outlet. In an
enbodi nent, embndimiept,i ¢ aniltplightion dieiplesypdeyedusichass thee muitipliqative adie on di e
desi gned by Schre AL frey,..rhe eci se extruder.,.,will ,vary. depepdi ng on
the end us eﬁ‘pgﬁfa&%’éﬁlcgﬁe%na&‘%i%@?el’g%? PSHSF 5%%_&%”?&{}'0‘1?%&@% ItB‘EI in the
art: A nunhgy @fe bSsiidatiof st URe s8ledtibn KBQ\B?aréﬁ‘tdtd B¢ YKiflediiOMe ANd AW n
screw extruders, batch-off extruders, and the |ike. Conventional extruders
are conmer aivaibey of aisefub| extfuders are aticovy apfl inshuier singiac andgwin aserd®er | yn
Extruders

from

extruders, batch-off extruders, and the like. Conventional extruders -are
commercially available from a variety of vendors such as from Berlyn Extruders
(Worcester, Mass.), Bonnot Manufacturing (Uniontown, Ohio), Killion Extruders
(Cedar Grove, N.J.) and Leistritz Corp. (Sommerville, N.J.). However, a process
that produces composites having multiple stratified layers with hundreds and
sometimes thousands of alternating layers in certain embodiments is useful. In
some embodiments, the layers may have a thickness from a few microns, such as
3u, 4p, or 5, to less than 1p. In other embodiments, the microlayered composite
may have a plurality of layers of from 15nm to 2, alternatively from 10nm to 2p,
and alternatively from 1nm to 2p. The layer thicknesses may either be uniform or

variable in thickness depending on the desired properties for end use applications.

[00102] The microlayered composites and articles of the present invention
may comprise a plurality of layers. The layers may comprise a single material or
blends of materials as well as multiple layers of different materials in any single
layer. The layers may also comprise different materials in the overall form of the

microlayered composite and the article.

[00103] For example, in certain embodiments, the microlayered composites
and articles may comprise repeating layers of an AB structure. In another

example, the microlayered composites and articles may comprise repeating layers



(Worcester, Mss.), Bonnot Manufacturing (Uniontown, Ohio), Killion
Extruders (Cedar Gove, N J.) and Leistritz Corp. (Sommerville, N.J.).
However, awanQoeseysdshat produces conposites having nul ti ppersptiolibhisied

| ayer.s with hundreds and sonetinmes thousands of alternating layers in
certain enbodi ments is useful. In some enbodi nents, the |ayers may have a
t hi ckness froma few m crons, such as 3‘,324, or 5 toless than | . In other
enbodi ments, the mcrol ayered conposite nmay have a plurality of |ayers of
froml1l5nmto 2, alternatively froml Ommto 2,0 and alternatively fromlnm

to 2. The | ayefan AB&stvetse. Pt examplse the priiolaysred cpmmosBesandatipleskness
d di th ired 4 f i } 00102] Th
i br ol ayar od 1A SOHriE tRiRBE bt Pl o Efl s AISCARP OB CRRCRL o e ee

a plurality of layers. The layers nmay conprise a single material or blends

of materials as well as nultiple layers of different materials in any single
| ayer. The | 400184hny allpoyst orifpsriexampiess dreemicnolayereda¢ampositehandvashieles f or m

of the mcrol ayered conposij.e-and the, article. [001Q3 I le,..in
certain enbod?‘?réﬁ?gfpr{sﬁg‘nécﬁ)&ro e ot {Dégéer 8?1;%“%‘} Eﬁ&‘? §§%y Witlori se
repeating | ayefs: of adyofB 18} dryisd HE 6utehﬂo§']£}?é?§(e.g.,e€$@9}3|ﬁ?,(BkgeB,rBrf(M_/),?)YerEd
conposites and articles may conprise repeat’ing |layers WO 2005/°04455

PCT/ US2004/ 03hddding3Butafot imikB® (B AYBA end ACBEWEBE)XAnpl es, the

m crol ayered conposites and articles nmy conprise repeating unit patterns
such as ABCABC or ABCBABCB. [001041 In yet other exanples, the mcrolayered

conposites a icles JarcTo i 11520 RNt eger
gﬂggﬁ%o Th@%\&mgaeiméﬂ 6Pt}ié'}n{cﬁ§2qéer{=@56ﬁa eGhay Contdin®h, Bt

of fromb50 t 0, with Ither A and/or ayers as tHe outernbps

| ayers (e.qg.,C cARoreAaydrBAn 'aly prapoftiti) 4s) dictatedchy thergddsired applidationt eHot o
A(BA)" BA and ACBC(ACBC)" A,.[001051 .The conposition of the m crol ayered
conposi te mafXg t“ai%\f:lr H,%e @f‘ﬂ“‘%‘@rm%}lée’] %WE‘EEU?Y}? where H%H{?Feﬂ%f‘%‘ée Mt at ed
by their desi d 8841 Q8sticki9! frofXAHbRE ¢+ 5 0%, tLdiiath 1d inResd i ner
applicati ons&lli erlgsptahe }%glrﬁlstgcﬁg, %@e Ioi[/vq3 rri)%m %?ea% hiajghh efdgoéf}ttir]c?dtjy, from
about | * 10PaPst $#1%50P4ists siitableo ‘Hloubmpositidiisthat deliver 2 low modulus and

high elasticity will be easily recognized by those skilled in the art to contain low

volume fractions of the high barrier thermoplastic. Another example may contain
less than 20% of the high barrier thermoplastic phase. Other examples include
compositions containing less than about 10% of the high barrier thermoplastic
phase. And yet other examples include those containing about 5% of the high

barrier thermoplastic phase.

[00106] An additional consideration for a microlayered composite used
within a tire innerliner is the order of the individual layers. In an embodiment, the
layer structure should be such that the outermost layer has the greatest interaction
with the inside of the tire. In general, this will mean that the outermost layer in
the composite will be the elastomer phase or an additional optional bonding phase.
For example, an outer-most elastomer phase will be a composition comprising a
halogenated poly(isobutylene-co-isoprene) or a brominated poly(isobutylene-co-

4-methylstyrene).



Pa at 50% strain is suitable. The conpositions that deliver a | ow nodul us
and high elasticity will be easily recognized by those skilled in the art
to contai nWwewesHelsdae fractions of the high barrier ther peal@shdsfozsyot her
exanpl e may contain |ess than 20% of the high barrier thernoplastic phase.
O her exanpl es include conpositions cong ining |less than about 10% of the
hi gh barrier thernoplastic phase. And y ot her exanpl es include those
cont ai ni ng about 5% of the high barrier thernoplastic phase. [001061 An
addi tional cqnsideration.for a mcrolayered conposite used within atire

i nnerliner | SNONSTRRNGAPPUSATIORe i ndi vi dual |ayers. In an enbodiment, the

| ayer structure should be such that the outernpst |ayer has the greatest
"interaction wth the inside of the tire. In general, this will mean that

t he outernostjodEYdr in Theeicolpesd cempokitedhand hrtickHsadttberprespitaseemiomnn

addi tional optional bonding phase. _For exanple, an outer-nopst el astoner
‘phase will bdird @Qﬁiﬁfd&aﬁ’?’éﬁtyc‘%?ﬂfr aéilﬁgapﬁ?lcﬁfgg%%%‘igtaédm one embodiment, the

pol y(i sobutyl - 60z ): : roni d v (9 u - E0-
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Appl i cation [QN& bullhe notdinditedlytoriedes; @enles mcmtsameblded goddss gasketsheingr esent
invention find util i%ﬂi n a variety of air barrier applications such as, in
one enbodi meRTUCTHFRS, q dousing and «hesdarticdes idisclosed nir JHE| YHDERBES, and

air sleeves. j oo pnelyde, b | Théed to hoses,
seal s, nount 385%%%&@%3%%%0&45, Qaszk%{tr}g',yﬁdﬁgylﬁts(?éxﬁgw’é%éj 'T%éa e housing, and
other articles disclosed in THE VANDERBI LT RUBBER HANDBOOK 637-772 (R T.
Vanderbi |t Conpany, Inc. 1990). PROPHETI C Exanpl e Prophetic Exanple to
Prepare M crol ayered Conposites HROPHBEPH: Hxagiple ayers [001081 To make
sanples with a feedbl ock that produces a structure with 24 alternating

| ayers of el agtoner. and high barrier thermoplastic resin the follow ng
procedur e may HPUEEY ESAE a ; : A A e8NS

[00108] To make samples with a feedblock that produces a structure with
24 alternating layers of elastomer and high barrier thermoplastic resin the
following procedure may be performed. The primary coextrusion line may cons‘ist
of a 30 mm diameter, 24:1 length-to-diameter ratio (L/D) éingle screw extruder
for the elasltomer and a 19 mm diameter, 24:1 L/D single screw extruder for the
high barrier thermoplastic resin. These extruders may be attached to a feedblock
that is designed to produce the desired microlayer structure consisting of a 10%
high barrier thermoplastic resin and 30% elastomer layer. For a typical run, the
voextrusion line will proceed for a speciiied time, such as 2 minuawn of thiny
minutes, to ensure that steady-state conditions have been reached. A normal
extrusion rate is approximately 3 kg/hr. The coextruded structures may be

extruded at approximately 200°C.

[00109] A schematic diagram of an arrangemeﬁt of a feedblock and
extruders is provided in Figure 1. In particular, Figure 1 shows a first extruder 1
and a second extruder 3 with a feedblock 5 along with variable depth
thermocouples 7. By increasing the number of layers, the impact of imperfections

in each layer of the two-layered structure will be minimized.



of a 30 mmdianmeter, 24:1 length-to-dianeter ratio (L/D) single screw
extruder for the elastoner and a 19 nun dianeter, 24:1 L/D single screw

extruder f@qipJob€os48k-0h barrier thernoplastic resin. These mXqiudsdflicsdRy be
attached to a feedblock that is designed to produce the desired mcrol ayer

structure consisting of a 10% high barr§'4er t hernopl astic resin and 90%
el astoner layer. For a typical run, the “eoextrusion line will proceed for a
specified tine, such as ~ mMmiini.e:wn of thirty mnutes, to ensure that

o e R B ROhe e PRy B G
Foedbl ook anieayrs HopLie IALE STk thel AR Phyidf pRIANT TR gPhe e 1
shows a firsichienedublerdesigningce feedblook dhatxdanupredude wotkinadefiestrlishweskwith al ong
the i mpact  ofSq APEPeERE TBITE. A SSHaretc 4)mast of ae e P& BBk I r o i ||
nor easi ng. (HESEGRLY BECREY 17 B ARACH FRRIS a0 DRclg, R e

of mechani cadhoada it vidiw of afesdbloek. 5 Withrayinflow a¢hindvadflow deBigyr g a
f eedbl ock that can produce _ coextruded structures wth 256 alternating

| ayers. A scihewmsta sideivigy ahp deedblpeksy ith aohirst indimy dékandsespcend iflaytlize thi s
t t i i.ded | [ 3.l i I Fi 2 h
LTt e SRS VA AR B BB i R B O 2 D e

a side view of a feedblock 5 with a first inflow 13 and a second inflow 15
along with an outflow 17. Al layers are fairly uniformand parallel.
[00111] One [PObbi)t ant ©OBsampartairobservatien Eahe 2y 6rlaver yarchire is that bamme sone

| ayer defects are introduced due,tp thinping of e layers but the erall
contributi orla&r aﬁfefﬁdf’{ﬁ ﬁ}ﬁqcpulcﬁ@e‘ﬁmt go B‘Eﬂnﬁg}ﬁce()fit ?‘egr@geﬁ P ?ﬁﬁen‘i)‘ﬁeé%i./
Structures cphirfbulfoRaifem imbpadukl 08%r 8 bermnaick 18 dréstBr minliizdde Phagueed by
simlar methodol ogy and equi pnent.

with greafer than 4,096 alternating layers may be produced by similar

methodology and equipment.

[00112] The table below illustrates particular combinations of elastomeric
compositions and high barrier thermoplastic resins along with their barrier
performance. Such combinations would be suitable in the practice of the
invention. Other combinations are also suitable and apparent to one skilled in the

art.



[00112] The table belowillustrates particular conbinati ons of el astoneric
conpositions and high barrier thernoplastic resins along with their barrier
per f or manc Qubi nati ons woul d be suitable in the pr ' e

i nventi on. 8'8 %ebrgmé%’ i nations are also suitable and appar eﬁf‘tfﬂt’%ﬁ%ﬁ%s@si 'l ed
in the art. WO 2005/044557 PCT/ US2004/ 028105 35 Table 2. Barrier
Performance 10 Vol % Barrier Mcrolayer 5-Vol % Barrier Mcrolayer *107"8 *|
OAS [cmt3][cm/[cm2)[s)[atm [cm3)[cm/[cm2)[s][atm Butyl Rubber/ Nyl on
0.39 0.56 Butyl Rubber/ Ml ar % ﬁ]9 0. 56 ,Bui,xl Rubber/PVOH 0. 13 0.23 Butyl
Rubber/ PVC12 0.07 0.12 EPDM NyJahle@- shanriepPedpripmgs ar 0.57 1. 09 EPDM PVOH
0.15 0.29 EPDMPVC 2 0.07 0.14 SBR*/Nylon Q.53 0.52 SBR Mylar 0.53 0.52

"SBR/ PVOH 0. 14 0.14 SBR PVC12 (.10Yokk B)ai’riermﬁcmfﬁfﬂl\lyl on OVeBtBardd NR[ Myl ar
0.58 1.13 NR/ PVCH 0.15 0.30 NK PVC12* 8’.‘807 0.14 BR**Nin’g?g’ebr. 0.58 1.11
]
[em”3][ecm)/{cm”2]{s}[atm] | [cm”3][cm]/[cm”2][s][atm]

Butyl Rubber/Nylon 0.3 _ 0.56
Butyl Rubber/Mylar 0.39 0.56
Butyl Rubber/PVOH 0.13 .23
Butyl Rubber/PVCL2 0.07 ‘ 0.12
EPDM/Nylon 0.57 1.09
EPDM/Mylar 0.57 : 1.09
EPDM/PVOH 0.15 ‘ 0.29
EPDM/PVC]2 0.07 0.14
SBR*/Nylon 0.53 0.52
SBR/Mylar 0.53 0.52
SBR/PVOH 0.14 0.14
SBR/PVCI2 0.07 0.07
NR**/Nylon 0.58 1.13
NR/Myiar 0.58 1.13
NR/PVOH 0.15 0.30
NR/PVCI2 0.07 0.14
BR***/Nylon 0.58 1.1
BR/Mylar 0.58 1.11
BR/PVOH 0.15 0.29
BR/PVCIL2 0.07 0.14

=*SBR/ctyrene butadiene rubber), **NR{natura: miber), ***BER{ruivbutadiene
rubber)

[00113] All patents and patent applications, test procedures (such as ASTM

methods), and other documents cited herein are fully incorporated by reference to

the extent such disclosure is not inconsistent with this invention and for all

jurisdictions in which such incorporation is permitted.

[00114] When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.



BR' Mylar 0.58 1.11 BR/PVOH 0.15 0.29 BR/ PVC12 0.07 0.14 *SBR(S'+yrene
but adi ene ni hber). **N (nah;*ai 771h 0 , **=BP(n. iybutadi ene rubber)
[00113) Al nd patent applications, test procedur h STM
met hods) , gﬁgigﬁﬁ%ésgocunents cited herein are fully incorg§¥éﬁg@*%%amﬁ
reference to the extent such disclosure is not inconsistent with this
invention and for all jurisdictions in wich such incorporation is
permtted. [00114] When nunerical lower limts and nunerical upper limts
are listed herein, ranges_fronxany [ower limt to any upper limt are

cont enpl at ed.[06?/n11¢3352905/ 04¥b3y W{lmzuw/e@ﬂcﬁﬂwems@f[@glm@m have theen
par 1 cul ar 1 ¢ fenioes Wgerrare 4 a0 P 168 eridBE Rl Frodbteions i1

be apparent tgjandappirebe s aadichy boRERIRYMbEOBS thédel $i8Hed M tHrear Withdut hout
departing fromthe sg%rlt and scope of the invention. Accordingly, it is not

i nt ended t haddepareingctpm dhe tspagitcangdi saopapfetidethvartian. o Aecardinglyedt tip nohe

exanpl es and descrj.ptipons set rth. herein.b rat her. t.hat the cl ai,ns be
construed as TGS 4% Sodof kit ppsBagy hesefi E ih{E 1o 1BF egmmRieR
reside in th%mﬂ”@e%@ﬂ?tiohﬂs%ﬂfbﬂﬁhe&éiﬁ'tHﬁ"ﬁﬁ;éi" thaf 8¢ WAmsHE CRn¥Ridd abe
treated as equivalents thereof by those skilled in the art to which the

i nventi on peeheimpassiig alllthe MBatures oA patentableapevaty whughossiside inothprpresenty: (a)

an el astoneric cqnpositiQn ¢ ri sing. to, G7 isoolefin.derived units; and
(b) “a"hi g bifieRBPh e HHIPE A0 FEUES SHETSBP RIS B iR GRS DRrBHaTSe | ng
of at least gngeQkilRdAAHERHTE whithRBE Hivehtio patdiol) . a



pol y(vinyl ene chloride), and a polyam de. 2. The mcrol ayered conposite of
claim1, wherein the mcrolayered conposite conprises at |east 1,600

| ayers. 3. The mcrol ayered conposite of claim1, wherein the mcrol ayered
conposite conprises a plurality of layers, wherein the |ayers have a
thickness of fromless than 2p. 4. The mgrol ayered conposite of claiml,
wherein the elastoneric conposition conprises units selected from

i sobutyl ene, isobutene, 2- nethyl-1-butene, 3-nethyl-I-butene,
2-met hyl - 2- butene, 1.-butene, 2- butene, nethyl vinyl ether, indene,

vinyl trinethyl silane, hexene, 4-nethyl- 1-pentene, isoprene, butadi ene,

2, 3-di met hyl -1, 3-but adi ene, nyrcene, 6, 6¢rNve hyl -ful vene, hexadi ene,

cycl opent adi ene, piperylene, styrene, chlorostyrene, nethoxystyrene, indene
and i ndene derivatives, o- nethylatyrene, o-nethylstyrene, ni-nethylstyrene,
and p-nethyl styrene, and p-tert-butylstyrene. 5. The m crol ayered conposite
of claim1, wherein the elastoneric conposition conprises hal ogenated C4 to
Ci isoolefin derivadmidnidysced compdsite eringrishgyer ed conposite of claim 1,

wherein the el astoneric onposi tion conprises._ alkyl styren erived units.
18 7. The nicrol a&Sr eo“"céi‘?%%ﬁ”f’éoﬁp°sgf°§ict‘?f“f?s%gﬁ? ?r’ )t(‘r‘ﬁg‘eé‘l" g%‘?v greri c
conposi tion conprises ugi&Snderived froma terpolynmer. 8. The microl ayered
conposite of claim1, wherein the elastoneric, k6 conposition conprises units
derived from an et Bl ere-ligtofiprish ethpimeplastic gesipiglegted r Bemy te 8WBrposi te of
claim1l, wherein the e'&ﬁ.ﬁi&?ﬁgréf(‘m 1GRRSftd ERFP pAAGGinyNafeshodehect ed from
the group consisting of at ast one of et in_dene nor bonene,
1, 4- hexadi ene, and di cymildpiapleeaiihdande), a8l a piigemidesr ol ayer ed conposite of
claim1l1, wherein the elastoneric conposition further conprises units
selected fromthe group consisting of

2, The microlayered composite of claim 1, wherein the microlayered

composite comprises at least 1,600 layers.

3. The microlayered composite of claim 1, wherein the microlayered
composite comprises a plurality of layers, wherein the layers have a

thickness of from less than 2.

4, The microlayered composite of claim 1, wherein the eclastomeric
composition comprises units selected from isobutylene, isobutense, 2-
methyl-i-butene, 3-methyl-1-butene, 2-methyl-2-butene, 1-butene, 2-
butene, methy! vinyl ether, indene, vinyltrimethylsilane, hexene, 4-methy!-
1-pentene, isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, myrcene, 6,6-
dimethyl-fulvene, hexadiene, cyclopentadiene, piperylene, styrene,
chlorostyrene, methoxystyrene, indene and indene derivatives, o-
methylstyrene, o-methylstyrene, m-methylstyrene, and p-methylstyrene,
and p-tert-butylstyrene,

s. The microlayered composite of claim 1, wherein the elastomeric

composition comprises halogenated Cy to C5 isoolefin derived units.

6. The microlayered composite of claim 1, wherein the elastomeric

composition comprises alkylstyrene derived units.



at | east one of natural rubbers, polyisoprene rubber, styrene-butadi ene
rubber (SBR), pol ybutadi ene rubber, isoprene-butadi ene rubber (1BR)
styrene-i soprene-but adi eng rubber (SIBR), ethylene-propyl ene rubber,

et hyl ene- propyl ene-di ene rubber (EPDM, nal eated EPDM pol ysul fde, nitrile
rubber, propyl ene oxide pol yners, poly(izobutylene-co p- nethyl styrene),

hal ogenat ed pol y(i sobutyl ene-co p-net hyl %yrene),

pol y(i sobut yl ene-co-cycl opent adi ene), hal ogenat ed pol y(i sobutyl ene-co-

cycl opent adi ene), pol y(isobutyl ene-co-i soprene-co-p-nethyl styrcne),

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

pol y(i sobutyl ene-co-i soprene-co-styrene), hal ogenated pol y(i sobutyl ene-

co-i soprene-co-styrene), poly(isobutylene-co-isoprene-co-c- nethyl styrene)
hal ogenat ed p@l y( i Bebmiyolpged ocoimpogitce nf- dunc-1, nehdisin sther elagipmeritnd i xt ures
thereof. 11. The mcrol.ayered .conposit. | aj wherein the high barrier
t hernopl astic resi'i‘?“}pgmgl %D(':’}Pgaesglﬁgsr#e{lﬁ%@%?'ﬁﬁ?@gﬁg?ﬂsti ng of at |east one of
pol ycaprol actam (nyl on-6), polylauryllactam (nylon-12),

pol yhexanet byl eneadi pam de (nyl on-6,6) pol yhexanet hyl eneazel am de
(nyl on-6, 9), ol yh@l@ar’i‘ﬁt“'ﬁW‘?ﬁ%s@B‘&&%{‘iﬁ 4 “(1%9’1 dn-‘ﬁ%‘%é?, ngge!asmmenc

pol yhexanet hyl enei gaipbiifié @fpeices uRitd @AVES fréfhn &Rfedddfo @ikbel i on  product
of 11-am no-undecanoi ¢ acid (Pnyl on-11), and m xtures thereof. 12. The

m crol ayered conposite of efatm 1, wherein the elastoneric conposition
romat i o o150 naphEnenmeRyaFl g OFl dhim 30WHguR e BAAT ered
conposite of cl ai momPesitinesomipniseshoitbsedested o be guwmsomsistingpf Mdewpl i ses 2- 20
Wherei n the el ast aeeT Ehslgsithocioal CLALAMEIELAQERARAGIAE C1 01 Tt eoti ng
aid. 15. The mcrol ayered conposite of claim1, wherein the elastoneric
10.  The microlayered composite of claim 1, wherein the elastomeric
composition forther comprises units selected from the group consisting of
at least one of natural rubbers, polyisoprene rubber, styrene-butadiene
rubber (SBR), polybutadiene rubber, isoprene-butadiene rubber (IBR),
styrene-isoprene-butadiene rubber (SIBR), ethylene-propylene rtubber,
ethylene-propylene-diens rubber (EPDM), maleated EPDM, polysulfide,
nitrile tubber, propylene oxide polymers, poly(isobutylene-co-p-
mcthylstyrene),  halogenated  poly{isobutylene-co-p-methylstyrene),
poly(isobutylene-co-cyclopentadiene), halogenated poly(isobutylene-co-
cyclopentadiene), poly(isobutylene-co-isoprene-co-p-methylstyrene),
halogenated poly(isobutylene-co-isoprene-co-p-methylstyrene),
poly(isobutylene-co-isoprene-co-styrene), halogenated poly(isobutylene-
co-isaprene-co-styrene), pely(isobutylene-co-isoprene-co-c-
methylstyrene) halogenated poly(isobutylene-co-isoprene-co-a-

methylstyrene), and mixtures thereof.

11.  The microlayered composite of claim 1, wherein the high barrier
thermoplastic resin is selected from the group consisting of at least one of
polycaprolactam (nylon-6), polylauryllactam (nylon-12),
polyhexamethyleneadipamide (nylon-6,6) polyhexamethyleneazelamide

(nylon-6,9), polyhexamethylenesebacamide (nylon-6,10),



conposition conprises a filler selected fromthe group consisting of at

| east one of carbon bl ack, nodified carbon black, silicates, exfoliated
clay, partially exfoliated clay, nodified exfoliated clay, nodified
partially exfoliated clay, and m xtures thereof. 1.6. The mcrol ayered
conposite of claim1l1, wherein the elastoqﬁric conposition conprises a
curing agent selected fromthe group consi'sting of at |east one of sulfur,
sul fur-based conpounds, netal oxides, netal oxide conplexes, fatty acids,
per oxi des, diam nes, and m xtures thereof. 17. The m crol ayered conposite of
claim1l, wherein the high barrier thernoplastic resinis selected fromthe

group consi sting OPOI fexh@aRilei@pithaladi@k Vil oalss -1t) 4né Yt Oleadstsang) .

pol y(trans-1, 4-cyclohexyl ene succinate), poly &trans;1,4-cyclohexylene
adi pate), pol y(ci sppducteft]-ahiagandecaioic m&yloeﬂ ) eedcaixiyres thereof.

pol y-(ci s-1, 4-cycl ohexane-di - net hyl ene) succi nate,

pol yet hyl enet er epht hal ate, pol ytetramet hyl ene-terephthal ate, and

pol yt et r anet hyléeneThs opltrdiaieste corapuditeri oft whios {.hevlerin O clds®met ai r

barrier conprising a mcrolayer.ed conposite.accordj to an f the
precedi ng clains, GHERBHGN HREPEFSS? 8%‘?*‘8%%%%5‘??4 g’ﬂmaﬁtd%?%e‘)?‘ﬁiogfh barri er
ther nopl asti ¢ resi Baraffiaicdilewdmateroas nasifidnicialehnt @olpbstehese the microl ayered

conposite, 19. A process for manufacturing a conposite article froma
m crol ayered conposite conprising the steps of. - bl ending an el astoneric

coNposi tion CORPr i §hiGnferhtdyRre® cdraReke fof NIRRT 1146 dyhektih { e 2l icindiicgh barrier
thernopl astic resin selected fromthe group consisting of at |east one of a
pol yester, a pol y( vémigasitiah eehirisps 2-30 pyf hewrenpssingeidhl ori de), and a

pol yam de to forma blend; nelt-processing the blend; and m crol ayer
coextruding the blend to formthe conposite article. 20. The process of
claim 19 furtHdr c@hprinisiatayeredr compositee of| <Jaigh 13, wherein the elastomeric

composition comprises 5-15 phr of the processing aid.

15. The microlayered composite of claim 1, wherein the elastomeric
composition comprises a filler selected from the group consisting of at
least one of carbon black, modified carban black, silicates, exfoliated clay,
partially exfoliated clay, modified exfoliated clay, modified partially

exfoliated clay, and mixtures thereof.

16. The microlayered composite of claim 1, wherein the elastomeric
compogsition comprises a curing agent selected from the group consisting
of at least one of sulfur, sulfur-based compounds, meta! oxides, metal

oxide complexes, fatty acids, peroxides, diamines, and mixtrcs thereof.

17.  The microlayered composite of claim 1, wherein the high barrier
thermoplastic resin is selected from the group consisting of at least one of
poly(trans-1,4-cyclohexylene), poly(trans-1,4-cyclohexylene succinate),
poly (trans-1,4-cyclohexylene adipate), poly(cis-1,4-cyclohexane-di-
methylene) oxalate, poly-(cis-1,4-cyclohexane-di-methylene) succinate,
polyethylencterephthalate, polytetramethylene-terephthalate, and
polytetramethylene-isophthalate, and mixtures thereof.



21. The process of claim 20, wherein curing conprises applying a curing
agent selected fromthe group consisting of at |east one of sulfu
sul fur-based conpounds, netal oxides, netal oxide conplexes, fatty acids,
per oxi des, diamnes, and m xtures thereof. 22. The process of cla
wherein the high barrier thernoplastic reginis selected fromthe

consi sting of at

| east one of poly(trans-1,4- cycl ohexyiene),

r,

im 19,
group

poly(trans-1I, 4-cycl ohexyl ene succinate), poly (trans-1,4- cycl ohexyl ene

adi pate), poly(cis-1.,4-cyclohexane-di-nethyl ene) oxal ate,

pol y-(ci s-1, 4-cycl ohexane-di - net hyl ene) succi nate,

pol yet hyl enet ClraephtAhmaimbﬁmrDﬂimphemg ansicijdyered compasith hbmbding to anycf

pol ytetranet hyl ene-i sopht hal nd m xt res thereof, 23. At
%’E 1@1"’0‘?’ lth #la

an air barrier co
clains 1 to 17.

15.

20.

21

22,

23

%“*FP&?E‘F tcampogitiqn, d the

barrier thcrmnpla.shc resin are microlayered coextruded to produce the

microlayered composite.

A process for manufacturing a composite article from a microlayered
compaosite comprising the steps of:

blending an elastomeric composition comprising Cs to Cy iscolefin derived
units and a high barrier thermoplastic resin selected from the group
consisting of at least one of a polyester, a poly(vinyl alcohol), a
poly(vinylene chloride), and a polyamide to form a blend;

melt-processing the blend; and

microtayer coextruding the blend to form the composite article.
The process of claim 19 further comprising curing the blend.

The process of claim 20, wherein curing comprises applying a curing agent
sclected from the group consisting of at least one of sulfur, sulfur-based
compounds, metal oxides, metal oxide complexes, fatly acids, peroxides,

diamines, and mixiures thereof.

The process of claim 19, wherein the high barrier thermoplastic resin is
selected from the group consisting of at least one of poly(trans-1,4-
cyclohexylene), poly(trans-1,4-cyclohexylene succinate), poly (trans-1,4-
cyclohexylene adipate), poly(cis-1,4-cyclohexane-di-methylene) oxalate,
poly-(cis-1,4-cyclohexane-di-methylene) succinate,
polyethyleneterephthalate, polytetramethylene-terephthalate, and

polytetramethylene-isophthalate, and mixtures thereof,

A tire comprising an air barrier comprising a microlayered composite

according to any one of claims 1 to 17.

corrpri si ng
ny one of



