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PRI ORI TY CLAIM [0001] This application clains priority to and the benefit of
USSN 61/ 280,2600627241 ed on 5 Novenber 19, 2009. Fl ELD OFPTHESRNVEBSENON

[ 0002] The description relates to pneunatic innerliners for tires, and in
particular to isobutyl ene-based dynam cally vul canized alloy innerliners
and a process to prepare thenlfor belqg'forned into a co -oqpnt of atire.
10 BACKGROUND [ 0003MHEHOD O MAKINGA DI IIAEA T LRAAI R itical for the
overal | performance of the tires. Using materials that have |ower air
perneability allows for gauging down the innerliner, which in turn inproves
fuel effiRREDRITYKHweEMt echnol ogy using Dynamically Vul cani zed Al l oys

Lechnol og) 0t i coaliiin iy R Baln 2Ling Ent At Lo QAR Pan el g

eIastgneq«ggqupgym@gbastlc An exanple of this technology is described by
Tracey and Tsou in "Dynamically Vul canized Alloy Innerliners" in RUBBER
WORLD (Séﬂﬁ@ﬂbéﬂ7IHIZEQWENTHQPbrder to nmake the base material, from 10 to

20 perce me' tICI nust be .added..to e DVA. 20[ 0004

O O g L TR SRS A e R e e R
nost s ubsmeﬂ&nesma@ dfemio@kl NGcanided oy THiRrIMc@SAndCd Fiotess m@is&@alfélihérﬁ ot he
filmforning process, it bloons to the surface of DVA filmupon storage, it
coats thecigr ﬁ@ﬂb@@?bﬁ@mmommﬁ@ﬁ®U¥Me tire cure, and if it is not al

r enmoygd f4§§%§ﬂ§ rliner, it degrades the innerliner's ability to hold
pressure wou be useful is a nmethod for reducing or 25elimnating

t he pl ast[pedyer TheimrdMAsrdef pm@ntalﬁeyireer greuseidal for fior ovdrhié ptifoenant®00HSome
rel ated publicat.ions |nclu b&y 08- 0275187, US 20 7 0 06024; US

7. 226, 96 ATCUS BN FIEETALS ol (Y2 RIEETONE BT STRVA oo EerEngloadt thy
this d SGhAsAG, Whidh IPEHEImbRvEs TRl NHciBlc DT KR @&hﬁolﬁﬁﬁ%’sfﬂ%ﬁaﬁgcally

el astonmeric length for a pnetmatic inner conpri si ng prov
cont i nuouéuledmazstdondtioys (1IBW@’h canndloms iferg thas.pl RYA dbilaver fdmdisan terbamnmlmcr,

heating th t | t. ic | f t
t enperat JPEABE GHep 't AARILETE: v it Trtt bshd 6 b B0RIVHECPRESTFIBTRE 81 ¢ ne
pl asti ci Ztﬁérmo@[&ﬂtlgooAnngxérﬂlﬂd @mﬁlb tteghﬂowgrp & f&l@s”érfo%ﬂew eta&QNbAURYS in

el astoneric length having a | evel plast|C|zer | ess than the |evel of

pl asti ci Z&ynamigaHg %ldﬁammﬂoﬁﬁmellmbmm 0 RV@%MGIO@ZGBM@@MUSZ@Q@D%BBW

order to make the base material, from 10 to 20 percent by weight plasticizer must be added to

the DVA.

20 [0004] While the plasticizer is essential for forming the DVA, it presents a problem in
most subsequent steps for making a tire. The plasticizer smokes during the film forming
process, it blooms to the surface of DVA film upon storage, it coats the curing equipment
during the tire cure, and if it is not all removed from the innerliner, it degrades the
innerliner’s ability to hold pressure. What would be useful is a method for reducing or

25  ecliminating the plasticizer from DV As before they are used to form the tire.

[0005] Some related publications include US 2008-0275187; US 2007-0106024; US
7,226,962; US 5,407,627, and WO 2009-048472.

SUMMARY

[0006] One aspect of this disclosure is directed to a method of preparing a continuous

30  eclastomeric length for a pneumatic innerliner comprising providing a continuous elastomeric
length comprising a plasticizer and an elastomer; heating the continuous elastomeric length
for a residence time at a temperature no higher than 15 or 10 or 5 or 0°C above the flash point
of the plasticizer; and cooling the length to form a heat-treated continuous elastomeric length

having a level of plasticizer less than the level of plasticizer in the continuous elastomeric
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| ength. In certain enbodinents, the heat-treated continuous el astoneric

| ength or |l am nate conprising the heat-treated continuous |ength can be cut
to form awpreuwmsei2e i nnerliner unit, and splicing the pRreunsRelo/os3snerl i ner
unit to itself to forma pneunmatic innerliner, wherein a step of renoving
surface plasticizer is substantially absent. In yet other enbodi nents, the

5 heat-treated conti.nuoys el astogegic | ength qor lam nate conprising the
heat - t r ed R8N c SRCPTRIBFEN AL HBENS: i18e Bef-tEoRKH PRENYRNF RIS CP#N R IMERA of
a sl eeve, ohfyisHoh&hERGNIRE cBndiflIbGS hén:gﬁ{ cadl IREYE to ARA 4 MERARRAE FdcRghd: Rfit,
pneumatic 1 nnerliner sleeve into a tire. [0007] Desirably, the continuous
el ast onerand spkeigg thecprrpmiage snretlidee asit to itecl Etca®tmmepncuamtc innetlber,mwhegintahat

or all of the.elastonmers ar t. | east, parti.all ured prijor t he heating
Step i n NTCEF CHIN B BEHCREE oz SRR e A6 oEpItRE Ao By ainat o
vul cani zafchOfcateebriiBo R 1AstorhdiR: IBA SR B EAniRkte 2BmBAGL BRI HABtEASI FordfAdo her
conponents as described further below. [0008] Another aspect of this

di scl osurlength igicutetber dha engthrising th e forre wdra fieeva, tofarinnu ooeuredtgsinoertingtc
ength 1 of. 3 PAGYIRLAG. G ANGL L RO, EOMRLTBLNG. DL gyl dijpg @ conti nuous

el ast oner’i ¢ Pengtn (I:%rrprl |ﬁ§ 4 pef asticize anelast omer; cutti ng the
cont i nuoygo@ijast DrEiFdbly, lteNeintintiGusldastdh &l cpEtR EoRipiiSesi 48 MR drid@lastthdr, and
heating the pneumatic innerliner unit for a residence tinme at a tenperature
no hi gherfutthefmors that o1 all of ths chastamesra pis\aé laaptepartizkyrrusst pitor ¢ thedwating step in

pl astixci nindgh [,0g i ':Q.gg I 15t .

heat _1![0 r egct%Fe%1 npneuogiaﬂg%lggi %Iﬁgrgllu{?%{rﬁqgtg\?%ﬁ% Fstkal\b/&;?{’ gy Hép#lgs‘&l{:a?{zzg}rl&f’eag g THan

t he | evelbedh thd @sdenct @afan éngirichang ansin andaiser ebmpbosnes ascdck@tigidfurther bekxt. ai n
enbodi nen he heat-treated pneunptic .innerljner unit i.s spliced to itself
to form 103 _]pneéﬁﬁihieﬁaﬁpﬁ?fé}qltﬁlﬁé‘%ngO\ﬁH&l%ihﬁecéedstPeapm%thoﬁs gﬁﬁvp &HFERous

pl asti ci Z&JstdrRerRURREHR Th @hhé{?n?é%%ﬁerhﬁé} RUal! r@&%ﬁj’roﬁﬁﬁ%dd BRhSous dMtomeric
heat -treated pneumatic innerliner or [am n:fte nprising the heat-treated
pneunat i dengimeompnsng a plastiavérdad  antchestanmrecutiimethelwehtmgioun ctabenfeoc hengfth ®

sl eeve, d incorporating the .pneynatjc innerliner.sleeve into a tire,
[0009P1 n 18y ePCrRRCupERper G PR hERRTER APErer Sl Tor 4 TepidF BT 7
of the heatmpéanirt 8ahashet MahilBWRUS of ks DOOBbO the MAipdifit tthé BRSHCIAR; ald 30
or 50 or 100 or 200% | ower than the air perneability of the continuous

el ast omrerdogling thgt pneumgtic Hererlingy wlytogtppacs hert-trchteddingemetie inerlinge hpwpgla of
pl asti ci zer i he .heat -treat.ed cgnti nuous el astoneric | ength i.s,at .l east
oo 20 61! 98 PGB8 BbsschAT R g D PG BT TR SO G AR S 1Bt
pl asti ci z@ftainreritheliraomit itituidas-trehtas hasmhatic naadinb: unih® dptiogt o ARl oherm a
conpositions that make up the |l ength can 30 be descr.i bed, by numerous ot her
descrOpt iRpEURatke BNSTIes cYhwel # ien AEFenpaiRgsurfase PhystipiaCes i rSubtiantily Abppti ve
el enent s i . g 5 jn: i i er
descri pri'a PHREEHEALEARIRR. Kb R o Al o AR ot e
of the cdrpwstdttdpsuniannémerlner s provided thompetlsmbngeinginetht forer of asickve, and
processes to treat and make such descri bed herein; further, any upper

nuner i calN$qrAPLRting the pngymaticinnerlipeilecvpe 8 {4$-062724PCT/ US2010/ 053502

conbi ned G[MM] any, hyet tiEBIL&A thi Thien®bn kS HRE ! PeRRAbAiY Be st hde.

preferred enbodi nents. In this regard, the phrase "within the range from X

to Y25i s traatedredetinuays ichstontbeicwirntgth s at heast Iaorge) orh® orX00am@00%' lowat thes the

BRI EF DESCRI PTI ON. THE DRAW NGS 5[ 0011]Figure 1 is_.a schematic diagr.am of
A v A e B i R e b g T R
cont i nuougsdicney, the(IBhae¥r phistisi-@eMahe Réat-Bleael QERtidOUSBlaSORLic IIdhgfY &l 8 thast

t hrough whil e being heated. [0012]Figure 2 is a schematic diagramof a

mul ti - ovel® @mforti Jeeit400er Tther ¢ ercdkser 80 eleX¥r ilojeer ther Bicdevahé plapticizdian the
conti nuo . { I f el e rial. |s

b oupi W ERBASRRESk et O R R ASOTREY Gl e oot oo
pl acizng ad dryaibeabyanaichars offedr dedctiptiofadpbers deakibtd aathedbélewgth to form a

| am nat e. 50013] Figure 3 is a graphical depiction of the data in Table 1.
[0010] The various descriptive ¢lements and numerical ranges disclosed herein can be

of

combined with other descriptive elements and numerical ranges to describe preferred
embodiments of the compositions, innerliners, tires comprising innerliners and processes to

treat and make such described herein; further, any upper numerical limit of an element can be
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DETAI LED DESCRI PTI ON [ 0014] The present disclosure is directed to producing
el astoneric sheets or sleeves that 15 can be used as pneumatic innerliners,
especi al Iwof2ori/aeT2¢s. Desirably, the nmethod is such thatrcearst@onssveps of
cl eaning the surface of such sheets and sl eeves are absent, thus sinplying
and inproving tire production. The cl eaning steps, which can include

renmovi ng surface plasticizers and/qr process oils fromthe sheets or
sl eeves, QPR afth, aRedewey, npgicpigs] glmit; Hg tﬁfﬁé@-{r@ gemente & ¢lsseithek ARfRTSdnt o

an innerlJd : i ey : n i a nd
dnIdimd ¢ qh 8RR ﬂ%garﬁ, 1R @?a&&%ﬁﬂﬁ%@ RhelRomnsdes) gn g% Qnt%g?égigtoa

gases formng during the at1ng ages of tire formation, or
al | oned fiocludowehmchatemigerthe S¥1’ aed 1Y~ vdluehe el astonmeric sl eeves or sheets

to thenselye [ i campon 015] As used herein, the new

nunber i n?é@ﬁ%%%ﬁﬂ@&@g 0 i“‘u"%@l oups are as di sclosed in

HAWEY' S [GEINPENSERURHEM LAlneRkGT HENARY of J afii- WA &Y v8n S@BSdinlctor hPdcess25
016] A

Al'l nol ecul ar weights are wei ght average unl ess otherw se noted. [0O:

" pol ymer "deagtiped eretadwharcinethe contenueosrbqnatty (phees, or sdsut lyofeelgstomeiie npésiriphes s,
terpolyners, .etc. .Li i.se, .a.copolymer may refer to a polyner conprising
at Ieast(?ﬁ%dﬁ%ﬁggﬁ%éﬁg%%Pg8%%??y wi th other nononers. Wien a polyner is
referred [0018s ce?ard 9i R0a Jcli@nBitediagiahe oMN@IRI-oVvc PMmBsdERicni Bf the pRseyyTer
in the polynerized formof the npnomer or 30 in the derivative formthe
nonomer . dassiedrherdig, whersia the coptinaionh agtheshediros steevelopipelpspmeri¢ puterial is

( respacti Y. ; i is. used . . i i .

Cat al ot Yo tRIOREL hEbehRen b Snb R AR AN e SRR 1
conponentd anothet mateehl oruthd deattoactdiyngine fokinlal le@inare.t he art, that the

active for f the copponent is the formthat reacts with the nononers to
or oduce 10 iter s IR Donaokie) SapetRbYs 0rednI65<0017) I ool ef i n” refers
to any olgkTRIMRHYRSCRIPIION WO substitutions on the sane carbon. An

"i sobutyl ene-based” polynmer 1s a polynmer conprising at |east 20 W% by
wei ght of[00 pollheprescfdiscbain | dervetedvn pratusing] dG1@herd dstiorestceres that

el astQners as used herein, .refers to an | ynmer _or. conpesi tion .of

Dol yrigr o OB G SEEH PigrAcE i RER YRS RAaRT Hier1 BiRvirsiah 0y MR is vy bR ¢ o
a par af f i aitginhygk O¢ alch@iig HOMBfanb b EducHBNcdRLarligyl dvedark a@senanh @ KAPE/itdYand

dr oppi ng one or nore hydrogens fromthe fornula, such as, for exanple, a
met hyl griBwpevVingCHBy , profluciienet hilic gleawipg (stam2cHByh eanc incfwig20imoning "surfageer s
to a hydrgcarbon aroun 1088 JhOETE fiehfds 3t SUEIAT S SARAGLELL St Go 0, 1O
aronaticI%onpoun S su as, for exanpl e Benzenei nap PhaFené?

phenant hrsae&s @ntlo&as eweskableC into adid ineplinal | Thpossatse atimevaatie draekeof
bondi ng ("unsaturation") within jts structure. ryl .group is thus a

An a
gr oupOderungedrapicormnaeks and girsasi ferminasiyiing thyheating plaags Hritc dermasios. Mg adens
from the jormyleg, ﬁfd?%lg&ﬁﬂfenireﬁf st g{épé§1@¢%%eﬁco§leévg§ 9P sheets to themselves or

[0021]"SJBstitute unction unctional group” refers to at
| east oneotids thy dsrop@rengr oup on a hydrocarbon noiety replaced by at |east
brom ne,

one subst i nt selected from for exanple, halogen (chlorjne,

f1 uori e, [0BFS odi élf?& Bisfeito ey Bumegt LoEpeipE P DR AEOYE %bﬁey@?%?ﬁ Bt e)
thiol, alkydiddi el Haandy yeEn@tises Caybic S IBRT@NARTIMHARARE R SHAI thchdyg7)g 1
to 20 carbon atons which includes nethyl, ethyl, propyl, tert-butyl,

i sopr2bpylAll meddsutay weightscare valighdrysragt wrdésglothcowisbmatwdhed chai n al koxy havi ng
1to 20 n atons, and incl udes, fo 0, exanpl e, net hox et hoxy,

o opoxy, TPRHT optePe iRy T GRaieAs er BobdHOmTy ot sy s P ATy ey,
pent yl oXterpoBRRENT &t OKkewR8X ) | @YYlynle Phayl LF 100§ toly@Xt, oKX Yt 1cafttiwo

decyl oxy; hal oal kyl, which neans straight or branched chain alkyl having 1
to 20 carborrrarseptianglbhwits ofigpstonpmeed Wieme pobasr inracte Ogsrromphiging a

i ncl udes, £ .or XA Son& P QIR Mthe pB AP TEHEYb1yrdrB08 ATRE Bihe rloRHRTBLNY!

etc.
30 in the derivative form the monomer. However, for ease of reference the phrase "comprising

the (respective) monomer" or the like is used as shorthand. Likewise, when catalyst
components are described as comprising neutral stable forms of the components, it is well
understood by one skilled in the art, that the active form of the component is the form that

reacts with the monomers to produce polymers.
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25[ 0022] The primary nmethod of renoving plasticizer fromthe el astoneric
mat eri al s described herein is by exposure to heat to flash, evaporate,
subl i me, woabaroeewidi ze the plasticizer fromat |east treTASRdI008350f t he
el astoneric material to be used in an innerliner. Thus, disclosed in one
aspect is a nethod of preparing a continuous elastoneric |ength for a

pneumati c | nnerI i.ner conprising prov ding a continuous elastoneric |length
conpri si 1§0%130 pisa%IF 1R} 53PS Ay P lefin StpRaer ﬁ‘élagitW@ HITEURHS; Pl BiFssame
el ast oner e t 15
or 10 or dSaPOc?Irn' 8%{2 o@gylt@%erﬁaf% elﬁg oiEllnlt fq}{rﬁgcg) Stsl %E%ramgr}gg};gggl&a Htthe
| engt h t(fotlmerpnlgmhleaf1sbblaateednmnmier$uous el astoneric |l ength having a | evel
of plastigjzer | t han, t he | evel l.ast.i ci zer, in the continuous

ol abt omer DL ATengEREsPRRE SUgSEIT sRora ABCT uebon 0/ Ox B8Bo R4 Epgpsion of

embodismerdolyrdrs oM@ REthSHE Waa®1 of sEhcfifAgs.h i s heated, and all surfaces
are heated in a nore partl cul ar enbodi nent. [0023] The conti nuous

el ast oner[0819]] enghky!’cesficrp go @fpaeaff}nldés'dr@bﬂ@n@@mmwﬁlgchamaw bodatisedc fiomsan
Ilnear flat el pngat ed tubul er.ed d c |nat|ons t.her eof
y"5 ™ cortl iR S PORRAE One btshyacd RSHS T u Ty, P s PRSP BT G

an el ast gitelip -0HR@hewtthi/Bgro @d}gcm;ﬁ@ﬁh that it can be conveyed over or
t hrough a heati ncr;jéneanS and then cool ed, whereas a part of the length is

bei ng hedP8lwhi 44" priesite adygroseshonczrper thabforms ayans sredsr sharagigrstioof
fort t he e rii In
cortafn oRplER SR aRcR, R cGABE. BEhAs Rlbhudlent doRATRont i icene.
"sl eeve" ., md:@rptdahja@ugeésﬂal&mﬂmé dodblabbydihg tunsdte@tion’Arwiekanplseuatirea An
conti nuous el ast oneric | en 20 inch w de sheet Imin average

t hi cknesYhgipup ds ﬁelstaog@@ é&veqig g i ﬁr%@we?ﬂa%%rhy 8%019 m&l%{?t‘lfn@Preof
the 'engt%&%e%frbﬁ%ﬁéfd?ﬂﬁﬂa!ﬁ'chﬁs%fé&méﬁé‘gg&ﬂfle& Eguits fullest extent in

anot her ment, nmeaning that it Is t'0 t he statethat it will be
cured at [@A2Y i ntHulpotuatdEdor ﬁﬁmctaorpthecd’fabn éﬁtnlcnmallgroqér tedens terrtiowastemes

th t I t I th Kk
Fangd St JIRSBETDR SF S BHTSFABG" Proy oS BHSID SegROPIY BBt S ey
The cont ifgHekksn ¢, a8ldeR (élﬁoﬂl&ngidmlﬁ@rﬂ&emé errmain@y Ao, Silid, auht&yr(@@fbﬁhateand

in certain enbodi ments is forned a castin bl owi n process,

pr ef er abloy %mlsmrwge)pthmle@lkylﬂpob 22141 hpidioay t fsllgﬂ éfmj@l@n Qfém@hefﬂ ﬁhalathamaslt
one Surf%C%Ochar torﬂe gn?sn%v élu laSttBn-ler% 20 l %rthbut ﬂgate 1sobu I, etc.;
terrperature no her™ t ove X rrp03| ron~ or

el ting) adeixyt s’@zilghth@r bﬂagdst&:at chd&c elipos lhavlﬁ@ 1t ﬁfTD@rcaﬂbldﬁ Qlt(ﬁrﬁs’ el ihtlngdds, for
conponent in the length. In a nore particular enbodinent, the at |east one
surf #0e GRS, craﬁhvmoﬂ%om ATOPOET | [EONTRPRIY hug)%a@(&&ltha, FeeapeT JEioKE. of
| ess tha 7 6 y a
A S S L ot T T

el ast orrerdeCylbey;glndioalEylhmncéldntmsw;ttalrghn drﬁﬁaﬁcaa@ehﬁmcmkﬁﬂla@m@o t@ 120 1obaor
120C to 160 or Cé(s)l 180 185 or S?]g or 20 20_or 250C. si r abl y
these t erfs¥Pabit s S esTfhbeed by BK1ops P hRlogen.Eng incledcsafd cx i Es RS e
tenper at U -§m@fnetnhe ﬁbf@ﬁ&ﬂﬁr%doﬁgﬁgp%&l or noving, surrounding the |ength,
preferably wthin'a foot of a surface of the length. [0025]1n certain
enbodibner0822]t he The quasay canthbe eh armaatieg iptesticlayr tﬁtmm eth@mlﬂstqrmerwh neher3is
plasticizr i.s removed fromthe continuoys. el asto en

Brbod et 0B o BRBsHRo o Byt H TR R R e sblaC R BIGA: the
el ast omergigsticBBOEBm & Bist RASIrfakl oPrth?Blafom3tc Matddhl ab beQised i @n Ainefn@r 80
or 90% | ower than the |level of plasticizer in the continuous el astoneric

| engt h. 'Thuandstiescdaniopdiapieat is samethpd ofpeaparing ¢ continuess glaatomerig denegh for a

R

cont i30uoysasticast aftedn dadt@ngl heatih@RSGdoeiBus R ystorh b1 loREtHEGL 4 Q@ld@ﬁ@‘ft{m@ hent
of the heat-treated continuous el ast oneric length and/or the i nnerl i ners is

| ess t harf l§oPefatusg nghighgr tan imkg 0 @y or 0nC ghethide flaehpeiat ofehe plastidzer, and

heat-tre u S r e e

per neabi | a(%ot‘S gn%oef }I g?leﬁ)t f‘dlr% %2@% t’% téd %38 lg&%%lgﬁ ora%:ﬁ{l@%‘qgé Sdof.%géloda
cc. nmiln?. pdayicrmtdess [t0QR The Tdvel mﬁtﬁimﬂlsmdesm rthebedntl'umoei; relaseoymdrier telneth. cdmpr i se
cutting the heat-treated continuous elastonmeric |length or |am nate
conprising the heat-treated continuous length to forma pneunmatic
innerliner unit, and splicing the pneumgtic innerliner unit to itself to
forma 10 pneumatic innerliner, wherein a step of renoving surface
plasticizer is substantially absent. \Wile such a step, perforned after
heat| ng to renove pl astl CI zer, may be convenl ent, |n certal n enbodl ment s

_____________ o ey o L,



15[ 0028] I n certain enbodinents, a lamnate is forned conprising the

heat -treat ed conti nuous el astoneric |ength and sonme other material such as
a t her nopvaviige2ehast oner, adhesive, or conbination theceafs2010/083502
particul ar enbodinent a lamnate is fornmed fromthe heat-treated

el astoneric length and at | east one |ayer of an adhesive material. The

| am nate nmay be forned from an already existing film of terjal, or can be
f or med bwagw?%ﬁﬂipgg@e%r%é@é@w agoffhe g@k@@ﬁ@?%ﬂé@ﬁﬁﬁ@%@ﬁ&é@&d
form ng g,lay&e »9fticiBt 8hbadindhf €ctly upon the heat-treated I ength. An

adhesi ve may conprise any pol ar-functionalized polynmer, and in a particul ar
enbodi nernf02) sellke cedirfucosrekabtemgrio Engtrisiasthieny anfy desyaten geornatpo hydvérs,,
epoxi di zed styrenic gopol ymers,  i.spbutyl ene-based copol yners oxi di zed
Bobuit yi SHER ety i exiein PR e e Bo BT yBTOT R dbreel 5
'SObUBy|e@&mﬂﬁ%ﬁg’QHQQLMﬁﬁ&ﬁsﬂ%5ﬂéﬂ&nﬁﬁ6Phﬁﬁ%h98&n¢ﬁ§ﬁ§96eﬁ@bﬁkrﬂnoughmn
functionalities add a degree of polarity to the polyner to which they are
bound ands ithe |ferte swabi el @ sar be lforeeyed gveman thiqugh tagbating mpahs andsthen cooled,
phosphat e hydr oxi car boxyl at es, . epgxides, acryl at.es.. .acetates

Tl oat o5 grgra gl RSP aEhEds SRS o B AR TR AER b rERpgled.
excl ude haldogefosth, HRORQkIhend tedledpofivmb ibethet it 60Md SunLISIcaE@AS! ANedert@in

| engt h can be,accoqglished‘by any 30 desirabl e heating means capabl e of

t r ansf er ranpRpdHBeftS. tthe dengtle s in Bigefosir 9fat sontimioup aBro o[ 'leaygr 104 deePntigHoYhe

| engtyh s - Ssubl| / I, 6l ARt a
portﬂ?n gﬁﬁgagwggé%#%§?§é#%?F%H§QF?gﬁﬁagﬁgggﬁggﬁgé?ggé%%é@hg¥g?gqggLerated
duri ng heatétngoo tuypiic avbipganhiokicdathanris @Oo@U6E featoed ils chicasnbddimentt fhe
continuous elastaoneric |ength for further treatnment ar gﬁgﬁosal. The

pr oduct togacri Gf hmdenedh B o leatorEially Witk 2B cared Qs extent in another
2011/ 062 724RGTH4P2ALHiAP ARP % 9RFRAUS tRULRKL thhf RMilihe heat inghdhRtoGaride

R
drawn t hrough hoods andgother negative pressure neans to be treated, stored
and/ or diisipos @dewhatac tier dimgéyain lembodmbeits therivoulimmens s]astoneercolength oy san

el astqQneric length is ated b ontact with one_or nore he d endar
ol 193 caioBEr NBaRERY IERdA Ebafion [ el &9 40 R of b aop 2GS0 Pogol o
ul tra-vi Jrefoorasli ahé eBatidubhs alnbtbfheHt AighE ENbe BEmad 6PARY B@tdbRNMERR! 8&f in
[ 0030] Desirabl'y, the continuous el astoneric |ength is exposed to oxygen
during t trerthidacmbedimeais. is| feramepdrt aceastng ewblddivmgnprocasse pneferabbug Wewing
substantialk% continuous current of gas such as air, nitrogen/oxygen
. process. ; - ; ;
mi xture, Tor Gther gas with an oxidizer, is blown over the continuous

el ast oner[0624]ength cwidih enttediigenigahedt Ickeohe slidfarg dfathe coptimeris fdddstdneric
residence 10 tine suitable for rennving the desired portion of plasticizer
q

f r om20he lprgilyisheated te aterapaatarpyidhigasittian her Yoy Jufte abpethedegompepitiqnoy
at | east . OF . r ] .0 JIor i G

2roba et e R PR or OB e achfhodRall My AR AR,
10 or 15 leigtR0 br a3thoor péfdicumanwdnelsodihOt31hd tat ilsasd esicr sfaec tdfathe wdntinaous

heating the | ength, npecking, saggi ng and_other stress- 15 us
def or mat i%%go"af‘éﬂgca}\f;%t_ﬁéﬂﬁew ‘ot £PR a&ﬁﬁ@éfﬁ%%,%mr?éo RE3DT ﬁb??%er 185 or
contl ”UOUl%Oe&aﬁ(PBg;%@"d.erl/ﬁt%t PmbRNPAPBUIA cfbOdcRE Sat LIBAR onc QuAicd of HRY

3.0o0r 20 0r 1.0 0.5 g/cmum (normalized to the average sheet thickness
i n mi2ér orventnwus ickastpmienicd ergthl isoreatedego cothin theoasgeeiras t60ref0or [ 18Agr A2@%E fot i s

heated. 1n.parti.cul e di ts he nsj i s W.thin the ran from
005 or 0oRErITBES 18D o T8 s THO 5% 3pd 5P 33 EBF 28 crmaditgBly s tdRtuisk oF,
certain ahfiBiired@ @MAAOE BRADSE, AMdtAr@§pottd ) BétteinPRGIuBNef thb BtrEABhér8 UdSant
el astoneric length may be fully supported such as by a flat conveyor that

i s subst anmeHing sweeynddre the langths pppeeblytnighingifepitof efsutfaee afdhgylengthi n a

parti cul odj : t i f the | ength. bel IS
suppor t ez[,ho%’:ﬁol eiﬁ%}n egéﬁ%%&g’r &g ﬁp dcgc;e“ngaql[ %ncshlaaaﬁc.terfzﬁ(g%ﬁ]t%héetﬂﬁlgg? ?%@90%ans
t hat 30s ys&gicizer Reahotdiefre@anhd toidsory Esdtemerd knk@ndhbne @mbbeintént, 2be &Y
form In one enbodinent, the portion of the elastaoneric length that is

heat ed i ©fpiastieidct inrtheBent-disaisd sAntingoss eapppcrc daguieEtat 3solfert, 20070 <fi 4ty

uni f orm heagd 39 dob04ahguBo A FPRAEWREHdnNtheSRELI 8P§1asﬁia angt P%r cm]l*hhb&s“' ar
enbodi nent, where calendar rolls are also present o Used excl Usive y, the
cal endar dotdmserar lengér flaraabtdr embadinewt, Gxrygermealsilint diethe diehtdireaed tantpasss
through and allow the face of the sheet against the cal endar to be exposed
to the oxygen. 30 [0033] In certain enbodinents, after heating the sheet is
desirably allowed to cool to bel ow 200 Sg 180 or 160 or 140 or 120 or 100
or 80C, wherein the heat-treated continuous el astoneric | ength can be
rolled for transport, storage, or can be conveyed to the same or different
heati ng nmeans and the heating step repeated. The heating step can be only

o o o, B . o, .



aroll that is unrolled through an oven so that at |east a portion of at

| east one surface of the 5sheet is heated for a residence tine, the heated
porti on oVotzhe/dseT2dt conti nuous substantially flat sheeCThsa1loa53I502
conveyed out of the oven to cool and be rolled. [0035]1n any case, the
continuous el astoneric length is not substantially contacted with a sol vent
in desirabl e enbodlnFnts at any steg or_at any tine in between the s} eps
from naki‘fi%jtqrﬁf‘élcc% hm}dgaSéﬂ%gf et eor Yhert O awR /%@Wspth@aéleq PRyMspbility

bl owi ng the tire is forned. By "substantially",
what is ggg%%&?%n?ﬁ%F%Fﬁgggkﬁg%%g'contact wi th solvent other than for m nor
reasons, [8024] asDesrablgeahe @esmailtibnsxwiffMt of tlnehhedtelwgted dooﬁnmaaiethgenct to

a lead f I1i,n he. contlnuou t thr oven

2ol vent  (endy Al b o Sne BB ket B Caph el 8 U SSRUrAgeY.hef "andther
pl ast isCi Ze%{boﬁﬁﬁ&ltaﬁle ﬁéa&-t@mar%ﬁnn@ﬁ@t&mom&m% thWat@dr thetiRadfhers MRERENOI
di met hyl f or mam de, tetrahydrofuran, sulfol ane, toluene benzepe,

di oxane, mhhoartmlﬂtarcn?ffwwmhsslleq&iéh@hl @QQ o1l 5%her & Hifbr 8§ hessmmiar-daf mmiEe.

sol vent t d .room t.enper at ur e t
Foom t e 2 Aflur o TooRnph stEHbEF offeit HBRSEHTRE G aditind T nebfbld
descri bedohghigiug, el@tonh@&sm@chmrlhmﬁﬁt@éormblesupg it hoat-aedted SofittilME tenkftofd an

el astonmeric conposition in sheet, tube or other formthat will be used an
i nner | | ndPrm 2@NPgPatsanpIliacT Yt aag ﬂdwngethﬁ@a@%ﬁt@nn%rhéermn&stp sl & for a

g; egqgﬁ kﬁgﬁl}ﬂgn&ﬂ&%%lo g(%e‘r?&?? S %? o‘?ﬂ% %*Ble&&h'%gyfsasﬂgﬁ Aila g‘ajoﬁél{t

contlnuod@hﬂéa&ﬂoaeﬁqg;kabghhiaﬁﬁmhenmgaoheﬁmwbqﬂaMedenon@Jbu&nﬁvmnmn in
el astoneric Jength.conprises |ess than 10 or or or, 2 or 1 or 0.5
Wt % pl astqeeﬁlzleﬁﬂ% "?&mcogfmv% Hesigmegricelep fPf&hP‘? ﬁ%@rét dheastip papyrpatic

' engt h. %ﬁlﬂeﬁ%&] {Hﬁ?s GEREA NHORFmEhERHRIRG! nduBRGE NinnWHRERET THisd BRad @l Ol a

sl eeve or eet, conprises (or consists essentially of) at |east one
|sobutylqm@umasemmeﬂmsmannﬂxmﬂmhmubgemmmmmemsmbumyIene based elastoner and

LIS L oL OB b O 7SR bRl T Bl Pled "

hal ogenat@d:inmeusi Pitdri@iceRhgthamd Meyoﬂﬁwﬁfate@ﬁpsmlsasosi t1R4MB 1a§tmmawﬂte$ to
the extent that 30 they do not alter the final cured properties. In certain

enbodi neridbesivher epmbinghien thescopr &s e merticklay cebagiowint p dmipkicts formiedrfraspithest | | c

descri be elly elom/ we t ti0,.0f e astaner to . th pliast i
55745 1 o 07 oo C S @l Ruy Pl IeLEphe 185 SLAT RIS ol b JRR BRR O
WO 2011/ Gha7 B4 RErMddS20m0405I380% dx0iag] filsoblinateeing- daa@adaeefoaﬁlte@ e zﬁlycahexbe

descri bed as random copol yner of a C4 to C7 isoolefin _derived unit, such as
i sobdly| eneceapichald yrfinteXUapian patneaNPcesh TaMR R 1361 §Fraricpiabdicectiiiupos theh as

2 Ut 1 ORhLReukd A0, SRRAGHIRN mat EnBALOGENANEAN BNV PPFTRASE in o

copol ymer 1s a astone st one
especi al Igartﬁ:ubarroamh@dleﬂnues; Sictagedofrotnh else geblqstoomastmg Uﬁeﬁtyﬂenmnsqiohyra&reﬁ

i sobutyl ene-based el astomers such s omgpol yners and copo Ieflns
or i sool EPPREIZGAGSBIRET CORPERCTSS 1 agflme&é d opalymery o@pomiznﬁ ﬁw@

el ast onery r , r

[0039] The *fsbaap merd Ml LA o G B R EaaR O

t ot al25norodeombinatiors threeedfn Rﬂh@ fantioialeert addamdegBe tod p991r15y va %ei polamot teer

enbodi nment mul ioI fin. c onent is present int

From 30 toiigh Bcvs PhEwhin CingBP aitesie b oar be! fplgf 10" RBRE, rhstHss.
enbodi mertydrdxid4etarBBRHNGS, GRS RN lateh ! Q¥tBest PdleadesMalidl Qe liRE NBNQMRIN
mxture is nultiolefin. The isoolefin is preferably a C4 to Cl12 conpound,

non- | i m tanthpdaneniplpelar dinofipnadiicaexcledmipdessds such as i sobutyl ene,
| sobut ene[()gg%mst ITX& stJ <no ﬁﬁ?al?lﬁ%ﬁﬁei ¢0n? Hgﬁshéfé é&mgryc &h&n c%r | rre?%n}p%sﬁ l%rngﬂy

1- but ene ut ene ene, Vi

hexernse, ai@dlratﬂmtewig hxemme@able th@aﬂwdrhhgﬂh%ilﬁ [ atsleast%et Shrﬁﬂ;él; dtﬂsirﬁblsﬂaﬁlfl n
such as isoprene, butadiene, 2,3-dinethyl-1, 3-butadi ene, nyrce
6, 6- di metsHyfRedh WEM Ionathatiich s to dash.opdiimes ceerate sad/ar ﬁémee%@ay #nlgaBther

nononer s rt r z U ene,
Subst | t ution’ Aé?gﬁvglﬁe gt S5k o Cgr1 %@t%}’?@ne %ri‘% EPI LR RS ?@}I&Sh&h}‘@
homopol yppicalat bo Dxldatlmopnjdgamg rvitdelt isodraivn fioorh ythe ebmtgtuone ekistomeric length for

further treatment or disposal. The product may be in the form of smoke or some other
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[ 0040] An exanple of an isobutyl ene-based el astonmer is so called butyl
rubber, or butyl elastonmer conprising isobutylene nononers and i soprene
nononer s.whabhogeseated butyl el astonmer is produced by thecChaisogensisonn of
t he butyl elastonmer. Hal ogenation can be carried out by any nmeans and is
not herein limted by the hal ogenation process. In one 25 enbodi ment, the

butyl elastomer is hal ogenat ed L hexarae diluent at fro 4 to 60C using
bromi ne (S80S SrtpEh{Tem; the heating)thaican Re dpyty ingRdLgERtherdsgRgYcgIsuTe
enbodi marﬁléangfto BeN@LRAENAEH RHLY ldlS?b?C%lt QB ot Vdel’n é@f&l@%ﬁb@&lﬁleh{sn‘tﬁeed
to, Bronobutyl 2222 and Bronobutyl 2255 (ExxonM Chem cal Conpany]) .
[ 0041] Anoiohenuqms eflastongarivoldngtb s heaitecﬂmbrmg»enat wu:thmntewr rebadtoetvdrcalemdar rolls,
hal ogenat ed, hed,or "star-branched" but ast omer. .ln one
orbod merfPividige JEaT T oot BN TaRGS et tspa oy SIES riciihue it red
conpr issi ngdidy lor &lcasbRaBén 8ReLoR POl ydi ene or bl ock copol yner. The
polydlenes bl ock copol ynmer, or branching agents (hereinafter

" pol ydi er{@@3()] aPesiraphy, ctéblqwn@am%rﬁlaﬁmm«;ﬂ‘lcr th wecxpdedite opyeseduriefthong
bl ended Wietie HeP ol s PhaFuSt bibe st s AR Saps o AL AR o urRlo®
2011/ 062724 RGIH LS2R1HItBp&H02y gthenixtiascol ftBicra@snit fan pfidigire BELIGHR dier aiy

sui t abl e branchi 2@&; agent. Preferably the branched or "star-branched" butyl
el ast omercongBipUs efastangric lgagt gulkte @fang hﬁat%eTéﬁtbéenngewkeS plaee Fral okpsidlanesd

star-ra e ( l.5.el her
hal ogllea na'?[ gﬁgglru%r%%/ %r te ﬁ%w‘gf hfdﬁiée_s‘ﬁggc?)o rtgq %gt%% 3} %éﬁ{ tglgtlﬁﬁﬂgh ocgegﬂﬁglt ed
or not . ?ﬂﬁxﬁnpﬁh%dh@ﬂﬂhbﬂﬁﬁkn@mmahyaﬁﬂatﬁmmbﬁamc&umgmagﬁauﬁ5«hd@enmmﬁ£ﬁr
"pol ydi ene are typj cal cationically reactive and re prese during
the pol yn?élfi %atqr%ﬁarafﬁulﬁh@n@filmen%rmﬂav Jyenagetion EOWC@} O JrfirZ OTor MiKChe
bl ended W%%hnﬁb? Qggybogf3@g}g@§ﬁﬁh&p butyl elastoner to formthe HSBB. A
comerci a i ment of HSBB 1s Bronobutyl 6222 (ExxonMobil Chemi cal
Conpany) .[00®[]004E] ﬁhﬂ@sm@dﬁomayl whiéds besmg tht dstgdnercckmy, sdggmg acl utdier stress-
functionalized,inter nmer s erein at. le st SO the al k stituent
grou pr r i 8 Pn I ch
3 bR B B Rhicelor St i B Fgie i SRR
as brom nidse&IVERRNE, Pienbion B Mdhe satts |56 af¢0%rgr(pmo o®'1.(BH00. B &Y cm - um
functional group descri bed further below Desirable styreni c nononmers in
t he i sool(epimlicepist theeaverage shers thicknasna nmrpmytegi)yas éwentalam on dlag Gandinpous
met hoxyst i ndene 15 ene..deriva conbi.nat.jons ther eof
o o par e i RERR 0 POl " RS YRR RSy AR SRR SR e e
i nt er pol y®@h moxbelroatrm:om 6l5ast DO®ITIN0 6OPRON cyrmeos)r@fo @/ctuin0 Ia7certain other
i sompnool efins, such as i sobutyl ene and a par a-al kyl styrene conononer, such
as paPameRad gngitenwith cIntahARtntFngeny 8&39013@1(1)@11%1{8@0&}6{1&1%%&1@@ bet fillyast
90% by f t
nt er pol ygpe b B A SRy BN thaP R BB My FILAS) o ROBPRE VERH of
groups prths derigth.n i hqyasﬁgtﬂan@nmdmam atl maststheqjmmmobdrezgehgm eah g0 etted iis
sone ot her functl r These may be referred to as functionalized
pol y(i sobUPRATES w%1é@VF@ﬁEanmﬁFNG?WmlhaV|ng functional groups as
descri beqopsrei r‘Th& QQﬁ #lrﬂeaﬁg%alf'?srus@ﬁrﬁpﬁléamtoonﬁﬁ'&ds'Ha%foﬂ%lrﬁéq&{ otiB¥h Rof
randon1e|astoner|c copol'ymer of ethylene or a C3 C6 a-olefin and a
par a-2al kydngtfgrmendn ongromboediment tlchparsopaf the Q@stwmcﬂwlesgbhrtbms @oattt@nmpasgedat
| east 809% ernati vel t | east.90% by weight the |so r
opt 1 onal | Rl AL JReitibBrisp o trameh by i Hhoah dewPE RraREEH shaosd
nore of thatidd kattiosd) DBt ddoURR HartuRY RMbBYERAN twidie EAlendk Y618 B e %ISB%@JenMdSH ts
contain benzylic hal ogen or sone ot her funct’i onal group. Exenpl a
mat er i al $spdgxPesietnrthe calengadobs alierﬁeéfop’fm?(i/tﬁe@l@% @m@nmrr@hqrr%lélzﬁrltgmam

nonomnmer | n

2011/ 062 g@&@rﬁ‘%@%@%%ﬁ@%@d‘hghﬁg }}%t Al r%gﬁe g’f é%gon ?%e)“

hydr ggen,[00381er &l k@fdtam U dasends, @ftet @eﬁﬁlgaihkyéheanld desiratiy Wllowes &6 @ooliatoy
al kyl halides and X is a funct i onal group such as halggen. In a particular

enmbodi merkelovr28ar ﬂzﬁO ar £6Qag M%%%-%Pg@nlo oF 30364 ahareanBisdicattieaied sy Nt
of functi d 0 t %
5[0044]Tﬁ%%?h%%gigﬁgﬁq%%gﬁbr %a1%FEL&%ghoaéﬁ%%r&§§ﬁig%% ?uﬁgpr%%ﬁfzaﬁoup
whi ch mwlﬁaenwﬁmatlp@mamlamiytha beidtemgphdpl mpeam;tbsjfhethﬁatmmstep chebrzqﬂlyonhaﬂep,gen
wi th ot her oup such. as car boxylic acids; carbo sagt car boxy esters,
ani des arfi ! reCHRf PRk v @F%E%’&S Stﬁﬂ%eﬁ&ﬁ Haém i ?@me{“h ithfetginuous
xant hat e; cyanlde cyanate; am no and nm%tures t hereof These functionalized
i sononool efin copol yners, their nmethod of preparation, nethods of



10 functionalization, and cure are nore particularly disclosed in US
5,162, 445, incorporated herein by reference. |In another enbodi nent, the
functi onawOt291lVs2Rel ect ed such that it can react or for®Cpalsasio/osssds wit h
functional groups present in the matrix polynmer of a desirable conposition,
for exanple, acid, am no or hydroxyl functional groups, when the polyner

corrponent are ed at  high tenperat In a particular enbodi nent
el ast omer® frsgor&@w ﬁéagtagéﬁaﬁéal Hatm%reﬁ%f 9@1 dinlgast 3-neriien A ihgt%@r%g)secféﬁwf n a

more par el 6RPARkRetc 1eh§th9§ Raat ed _
pol y(i sobut yl ene-co- p-neth yrene) ("BIMS"). [0045]1n certain
enbodl mern0834]f unbt a patrabmlzednlvmilmentatlg canenwiua stlotantinity flairsthochis mt the pahyofer s
i sobut and | styrene contalnln fro o 20 | %.par a-
et hy ot vt TR naRa of STRuEbeT BYErS B BUCEY “Tori Sh dcshand ity of th
subst ist ueRbetdt AuRSd 28 PrERRALe Afel hR RaRdYWortid8f 8RR SorRinRERMubStalially
chlorine atom such as a brom ne aton1(para(bronnnet(glstyrene)) as well
as aci d dratekgcgthen haiconedyicd et ofehe Dtﬁnstotchelr@dfbeERb@ ssed anot her way, the
funct onabhd ORISR TG ST ) i g e
el ast onmersolvcBO A6 HbdIrabRY élﬁbdi’dlﬁiéb@d bRy Stept dr€atCanit tlﬂfdoﬂrlsbeﬁ‘i’vaéii cigesteps Fremgt h
conprises, or consists 25essent|all of , the isobutyl ene-based elastoner
and a t heP#HpRe HIStcOBNyYNY claptopsric mﬂaﬁuchi a byrragiing ardewingror iogier yneany: ptil

e T

el ast onerotlg@nipasfor noior'redsong spelr 44 towlaar aambb dinfaretgf t]hehEngﬂhast atraehingridto a

t hermopl gstj ¢ are dynami cal ly vul cani zed, resulting in a DVA Asusedln
this conﬁe%ﬁt for pplng s sopgneasdagty firguadran oxeRnand; Hak trieleshs sy cpgpound

i ncl udes I I r

i nor e ane! ﬂs?ﬁgtﬁh%k’%ﬁ OB, (RGBTl 88 RPRAARpIeE g8l ot er
[ 0047] Usefattr, tcthenolp phetistniot cbmemmg“onmﬂn,gtetrelsrdnoﬁltdmoselfdzlmnémiolamm, seztne,

i nt er.changeabl s defi ne 0 th at [ copol ymer or
o USh e GRREY et eulle ZHBR ube PRRuRRopS a0 be SORRnY Thot
pref er abliymitdl welitiidg RGbdh Rhpd@fre! ButZi80L]iquidc hiugiond ,terﬁlbhtratﬂ&t (doea tigdh t o,

one or nore of the follow ng: a) pol yam de resins: Nylo 10 (N6), Nyl on
66 (N66) pamwuéﬁﬁen@o By, Nyl on 11 (N11), Nylon 12 (N12) NyI on 610 (N610),

W1 on 6120(4012) o, W a1 B2 canal e, (RLEB) oo ot L GRLRA0. (NBLESI410)

copol ymerfrorilgh Q[asﬁﬁddPESeom@ﬂtmm shde}, t’@‘@é yesther fohﬁ&hzﬁsmllpw Vsoditay ligieliner.
terepht hal ate (PBT), polyet hyI ene terephthal ate (PET), yet hyl ene

i sopAPhal axréxerpélea in’ qoptripEnbadipentyrBe plaskigeds prea@é 111@@(@&?2)1“0%&1%%]{1%%%
napht hal g S 0 |5k yg! i o,

di aci d/ po I%ﬂut yr al%teh t%qﬁ&ﬁglggeopg%%%féﬁg&wan ot (ﬁglr %r%@t%gcdrggﬁgte/s’tbgr S;
c) pol yniweighteofr tasicostinypok ;eaaastoyﬂlaml Heﬁgthgw@ﬁé\l‘ﬂ)c hmthemtihanﬁymcmsldlarstdmerlc
acrylonltrlle styr.ene copol cryI n|tr|Ie St

copol ymerlSIethEpRBLIG I 6¥ithan o %59% é“sgg Wbdl%l??é‘%ﬁy 5)/ weight of the

pol ymet haghylahi& ERSinlsus e%&'téfﬂé‘ric‘”!%ﬁ%tﬂ'?t hacr yI at e, polyethylacrylate; e)

polyvinyl resins 20(e.g., vinyl acetate (EVA), polyvinyl alchohol (PVA),

vi nyl25al dA8&AI / el hvlcenenmp(ﬂlgsmer(ﬁﬂ'@yh vri@ltl;emlnythe deme ofhd eleede of I@h@@) :
ol yvinyl chlori vi nyl i dene. co

Dol v nyIaRRRL T v snebratiyardBRb i Gt RS- oE SR opbplggenatcd

cel | ul osgsafuBfladcchase®Icladtopse aﬁeﬁ qﬂanbaémattﬁls @ntéﬂtu%dnﬂﬁtlﬁ§%hd%ﬁtlally of”

pol yvi nyl i dene fluoride (PVDF), polyvinyl fluoride i;p@

pol ychl orr@wnacsh%éh%wnéﬂvecczspr@msaﬁe onbt elastpumer. dee Wb’étﬁ fgddediestemsprodty mer
ETFE r tal

§)OI yaz: t one 0% %}E& rs{%ﬁ etﬁ%/r eﬁ giﬁ% Q#%erﬁg}rol}é ?11!1110}11%9 ot‘r{e} c&%bgr?e%?s t% tﬁ%e;l((t)ent that

styr goe- rtﬁd:ﬁd@ n@trdlbéd lthedienal RYired OO fids. gﬁlcyitahmﬁ@dmaeiﬁs e Ehstdbmees ppéscany
and all of a) through n) inclusive as well as m xtures of any of the

i |1 ust r atin pecoppogikieRpYiis ¢ By rmapRfpHisedaseiPeddsrain bafornitha avight 6tiogf ¢lpstoigh n)
I nclusi ve, tﬁ&’inq‘i}‘tHsHQ%‘%ssds% ft&‘%o%ez)?é?}raﬁ@ ?(5@@"[957‘57 . thélles ng%fréhﬂﬁ 5043 R>f
engi neering resrn excludes pol yne? I ns suc ’as p yet ene and

pol ypr opyl5éite. Preferred engi neering resins include polyam de resins and

m xtures thereof; particularly preferred resins include Nylon 6, Nylon 6/66
copolymer, Nylon 11, Nylon 12, Nylon 610, Nylon 612 and their bl ends.
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WO 2011/ 062724PCT/ US2010/ 053502 [ 0048] Ot her el astoners (or "secondary

el astoner"”) can be used in conbination with the hal ogenated

i sobut yl emno-2bussel72e¢l ast omer. General ly, the secondary elpastusaeo®sisseful in
the continuous el astoneric | engths include, for exanple natural elastoner
(NR), high diene elastoners, isoprene el astorrer (IR, epoxyl ated natural

el ast oner styrene buiqndr ene 5 el astoner, (SBR), pol ybutadi ene el ast aner

(BR) (i ndP0¥filng Hohwiyleng- bBWdaﬂ%ISt‘PTBWSéiag @F@escrrhefirqsrrén sapy@erPhashior
(NBR), hy@y qg&atat&%ﬁ@& Mtdra R”Qst ao neOIdgthféa %hﬁstaﬁ&r%s 1e<a§t0 on€XGHwl e

et hyl ene propyl ene el ast oner s | ncl u EPDM and EPM), naleic
aci d- modigfolgderetahlel wnesyshopyd mrubloédfastlmrma s:n(bkv’tiiﬁﬂdw thblhtlkdgG@@htSOhlﬁMG(ld:—l R),
i sobut yl di ene oner

LT oot oy BSod R B & M v e oG G Brehsd RP e e e ae P S sPegially

exanplse, ‘tﬁ&'nﬁfa%r €§i0R! B8 HIRIBISas{dadrs. DYl PnsBhAsit @ TRIbatyiEdDased clastomers
chl or osul f onat ed pol yet hyl enes (CSM, chlorinated pol yethyl enes (CV,

mal ei ¢ aciugh m;wmi)miymhltsamd wap@lmmptsl qfalﬁytseﬂe@%@ﬂt@r\a}ld odfick insnef elasiomsrrer s
(for exa tgb n% { o, tp% :%éntl ous e alst(égtl[c]relg ?e gat[ aqg()vs 11 kctjllg\%%t sso)lﬁtﬂef Sf wh R are (ri,'es%rlbed

el ast omer” nylvi ny I"ast Ur YESAEA]
el ast omer}&re(uflor exanpl e, polysulfide elastoners), fluoro el astoners (for 15

exanpl e, vinylidene fluaoride elastonmers, fluorine-containin V|n¥
et her - bad883%Y| asiBerisoslelings ime [rargicd@myI0ASIpy wpy| enecightef Badetal monomer

f I uorjpne Iﬁ?{'ﬂ}r? iflloRd ¢ ?Aﬂo‘dﬁﬁ&ﬁ 51284 9reh ?fvv[} ‘{Rra!nB cf 8&%8‘!11%‘39 AROSANALSH

el astomers hernoplastic €l astonmers (for exanp yrene-contal ni ng
el ast onmercompohetitiin p&lsaﬁtmrdﬂaerr m,onemtnemmhmsft@ﬁélostp (LL’r ett%ameoneleaﬁ:todrmasm arqir

I id I dth t 20[.0049] A d
(i st Sed™ 18 KB OGHEY hBIELIS STHRRFISE: 1 VErBOIST RRBPGI FopR) (1 Lpaes g
not ed, CacHT %hbﬁ@@%nbéfm%‘%s ﬁﬁttﬁﬁeﬁ&rﬂﬁkb&ﬁ gj' fgfﬁ%g@b&%&'m@% :péuﬂd/ non-

subst ant i ly or ly, as describ he 1 sobutyl ene-based
el ast onerlingiting aﬁtxcagt@rlmt efd whsdb atey kempeals e&:llcle | &S tsohlﬁylen&rshbmﬁlms sl-imekiyidr can

pol yam ag T ey G Rl Bl n SrsaC AP RERT SRt REREE wBei e

to the halipgenadipdsi®ins ther@ic, GaaPanryl-1{peReRd. O ey nanatih bkld zer so icl ude
copol ynmers such as those havi ng t he structure of both or one of the

t her nopl avtliielefiasiuph gfdsopranst butadicns | yrdmaeshyld, %but@rhﬁlm, anygeeng, eSpompethl-

havi ng a rbo r hal 9gen u am ne. qrou mal.eat ed
group, o;fggvgtll ﬁleegg@%ﬁep Cy% roi(%/le%rou&)plpe{y ’capa At |ir%6(9v\‘/’\}|1trllﬁﬂtehe

t her nopl ast iI0khdrg®ilym&izaBR rﬁdnﬁﬁlt@marchmlsyyfem sittlsyau&ac ﬁ@ﬂa@éyalﬁi dishlorBtyredn be
sel ect ed based upon the type of the thernmpplastic resin pol yner and
el ast28n"erar?)@)1ﬁ?ﬁ‘ﬂ teofor)éomprz@trmewélparor §%mam§ﬂtlena%bwb¢1§st%me85er ect ed

fromt he p cQ@ns

mal ei ¢ a i deggréx?&g%g A%Iél @lﬁ %%érjrlrg{;%éﬁl e- Eo grg gﬁgalgeltdqﬁltene) B§%P%§)th%
(et hyl en&lasmrmlydoemmtsdtgemebtﬁb@ﬁé anatomerSERBSE i{foptoncemenomers. Halogenated butyl

et hyl ene/ but adi ene- st yrene) the ik n .

2011/ 062 rseﬁruszm%mgrs}aoﬁwﬁ%q%%&%taorépﬁﬁf‘egetyrotfét%r Hplogenition £a8 R as
mel eat ed iy &P EQ)IDYI{&H§ ahERMhot LM ﬁﬁ]ﬁe@%eﬂﬂ@ ha%ﬁ%ﬂétﬁﬁé%ﬂa@é%@nem one

et hyl ene-oct ene, €t hyl ene-decene, ethyl ene-propyl enedi'ene

et hyI2éne-e\mbwlimattethatke1ty1@tl¢mre¢res rtetdgytlatact myhextaps dgtént| aerfwrreﬂhyl 6086rqsl@ e,
et hyl ene- acr Ci d and e.a m xtures t her eof tentially
sef ul ol BEPHiRe R Dot shuatrel i G SRR SR R r bF BT npRaFEn of 4
copol yrrerhamg@nztteel Eutynalemsfbn@sfl frcfRidi fyuedark OhG linsitadr esleBi@hEhiyl2aeRd2 and
copol yner; reactive 5phenoxy t her m)pl astic resin; and their m xtures.
Brornobutyl 2255 (ExxonMobil Chemical Company).
[0041] Another useful embodiment of halogenated butyl elastomer is halogenated,
30  branched or "star-branched" butyl elastomer. In one embodiment, the star-branched butyl
clastomer ("SBB") is a composition comprising butyl elastomer and a polydiene or block
copolymer. The polydienes, block copolymer, or branching agents (hereinafter "polydienes"),

are typically cationically reactive and are present during the polymerization of the butyl or

halogenated butyl elastomer, or can be blended with the butyl elastomer to form the SBB.
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[ 0051] When present, the anmount of the secondary el astomer-functionalized or
not-is typically less than 20 ww% preferably |less than 10 w %
gener al | ywO.281vi6%6280 20 Wt % for 10 exanple 5 Wt % to 15ParS260omsas 7.5
wo%to 12.5 wt % [0052] The conpositions descri bed herein nmay have one or
nore filler conponents such as cal cium carbonate, clay, mca, silica and

silicates, talc, titaniumdioxjde, starch and other organic fillers such as
wood f1 oukhe BHBCRIRE HERLPLERIYSHF 4B R PRy PefabiaOsrchng 51 udacEEPbo e

bl ack su el ] r T , t ack,
amp. br ack et DR br ek o AT g RS ne e FRloathAGl IR
coat ed cahbbalopémmodd, starddandhed bukye claReinmeft (HESBIY" )groageiscas buaty! blastoker, sither
preferred. , The filler may alsp inclu ther reinforcing or nqgn-reinfarcing
P er | ol bR g Forcit €afy iR ot nrk Aftsbiriie ebél Bognali it e
and the IjokRlientNBod kb debiRh @8N lag@ts AhéBMBleOfpdIi@RA Y QrdQynedigent
by wei ghtIj Q}?lﬁnhe %I ast@ﬁlrr}g?a%resent iﬁg]t %e ?:grrposi t.ieonl? {Q’OLOO 3] I%x?}cl)lﬁi a!t:y:d,

i nt er cal aetonicdly waster gudarg| pgsenivdyring e pydympersation of the hetyt orrpalopenas

These cl | so referred .0 ".napQqcl ays” re | kngwn. I|d_abl.e
Fayered dihy iidnar S Uil ale AR DB Br s BbSl mu Tt ome Gk o
i ncl ude nasBBAlA @omeyitibeémbodimyehi 65 HSBBalsESronfddityl G2 EyxohMBsHill Ch&hiayis
such as nontnorillonite, nontronite, beidellite, vol konskoite, |aponite,
hect ori tec,o@la%ﬁéjhi te, sauconite, nmagadite, kenyaite, stevensite and the 25
i ke,jpas as I 3 [t.€ I i I I . i.te
and tlr(1)e I[pﬁ{‘ai.] Thg}s{g lﬁ[gggg}rléél eocaféz}g!gla%éﬁlee% %ﬁyﬁlg%ln%ﬁ%eﬁég@gf%g%%h@ ﬁ?l}sng a
pl ural it ywladreigiat ileat onpd af teedllsyl babstitgena giduips nesst dry ficcsyreie hohomz2Ourditd n
one enbodi nent ang g to 12 i n_ anat her enbodi ent , bouaglg tolget her and
cont ai ni rfgMBRE AeirgEaBriosehrehas BipaHnajed frency ppomingtod alkyINBToRY SpWseth at
the I nt erhayF fifoRGe Sroud JQOTNA AURIP DAY PRt WIAICAoAbALrARe ihe
exfoliated by treatnen th organic nol ecul es (swellihg agents) capabl e of
under goi ngpdlefm exmthamereinckide tstyoerss, widthy1stheenc aclilomstypae s ewthoaystyteee, indene

ot dde” cagiing ETy et i DU HRaE LsEBhS I Pat Ry e ASUmSRY AR LT Rimgini urm
(primary,is g 8geadainterpoNPc20Thé QhapeRRict MdSR LA Q8 eR%ohRIit icdpiyRBE of a C,4

quat ernary), phosphoni um or sul fonium derivatives of aliphatic, aromatic or
aryl al i pHatG-dsameneetefinghwshias ireSutatric sud pindesalkyloosaicwemenpmes eneh as prsa-
amount _of, Gx{ O &L e it 1. ALAYGH, Blc SR SR GLAY o AP ARG Rk e
conposi ti'0nSY A&Ser1 bed Nerer moT's an "anpint suf Ty i ent "t o deveFop ah

i mpr ovenddmérnidnsptiziginatichalk fhaenlizcdSinRepdianhérs 8rhdpEio Pe ldasesncObr be: of
conpasition, for exanple tensile strength or air/oxygen perneability.
Amourtls  tthppriky] pypsetugnts &reuns Aresest ngthe styggne, menesps Wb saNtaENkenzylic halpgem o

Ww%in a i , d %4 t : i sed
on the poryage SRR e hekOmay et by AR R RABRRN By RETT
"process widikylppmns) (EIVISTheayes fuolceoml gerupy esddgeabesliserdi@. oi | s and
synthetic plasticizers. A process or plasticizer oil be present in air
barrier dafili %ﬁ?ﬁh%&abéesm@té?@#rpﬁﬂmer Payded ¢ hepgeBergopolymer
processi ngy &Byl%ﬂé? of ARASHot C‘Q_rh-gléﬁh”&ld%%é-%lldy%@y@ﬁe tBRoh&Er 1suf:19rasel¥eﬁ'5r-p| e,
m xi ng, cal endering, etc. Suitable plasticizer oils, particularly for the

el ast2dmermetbytsiyrast ¢omjaining cit Uckst &0V rdtcinatindy cht dsase 198%o by hyelglicalr thenpara-

pl asticizer oils such as.paraffinic or naphthenic petroleumoils. The

bt of er r ed pmaerRenafy Bl typiodelied BRARGS e R CR SRS ng
r esi n- conh@hldyNSubstifihts i ghGlps GRERASINt thORErdne MomaAh & iniitdicentaRt E&l&ﬂ%ﬂb%én
sui tabl e hydrocarbon plasticizer oils for use in such innerliners include
oi | s haviaigomketheifiesiiony sewer Bkeraplaryamateripls maysbe ¢haosryizahay aitdrpolymees

Process Ociolnta%?fg t&lee Fo?llogz%gegm{l&%@ Bﬁ{saJaLEi&hﬁl éf)ialcéd? al%trlé) R f)glyl%iell Thain (1) and
30 (2):
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napht henic oils, and pol ybutene oils. Polybutene process oil is a |ow
nol ecul ar wei ght (less 20 than 15,000 M) honopol ynmer or copol yner of
ol ef i n- dewpDwved/uspi2ts having from 3 to 8 carbon atons, mpCE/yse@bassbty 4 to

6 carbon atons. In another enbodi nent, the pol ybutene oil is a honopol yner
or copolymer of a C4 raffinate. Rubber process oils also have ASTM
desi gnati ons dependi ng on whether they fall into the class of paraffinic,

napht heni ¢ or aromati c hydrocarbonaceous process oils. The type of process
oil utilized will U@)tha%{ZS customarily @$ed in conjunction with a type of
el astomer conponent and a skilled el astomer chem st will recognize which
type of oil should be utid+zadww th a parti ecel@—alsast oner in a particul ar
application. For a thernoplastic el astonmer conposition the oil my be
present at a | evel of .5 or 1 w%to 40 wt % of the total

conposi tion; preferabl is not included der to maxi m ze

i nperneability of the coapesition. 30[ 0058] M zing the viscosity
differential between the gl astomer conponent and engi neering resin during

m xi ng and/ or processinig-@nhances uni form mxihg apd fine bl end norphol ogy,
in other words small, dispersed particles of vplcanized el astoner, that
significantly enhance googl bl end nechani cal asgwell as desired perneability
properti agherdiavre\iad R 'agre anEPREGGHUSNSRIreten! hevdr| vyl agitchvatd on @, ghgaind

t hi nni ng characteristic %%Eical‘o WO 2011/ 062724PCT/ US2010/ 053502 sone

el ast omer$imary & gagopdary Hdkyl gigdides jagé oSiis ya EYncHpia groupisyph s elogent &8 aand
t enper at j.f. M it il o] I | ect, I

or dor 0 Ty epo 3R, 1 o8 R aFe Meh 3SR Pl ch ol FE bt
| ow nol eduh@ionaktedhtrugtued@) Nyfkr@nd. havl.4e | om&molescosity or Nylons in
conbinatign with_plasticizer, or._a conbjnation of both Sapproaches, for
further Jﬁ%ﬂsi tgﬁ? P%Jng.romé%g]awnbec@?%ﬁnnoremp%h @}Ctlan%%{gw oy s
conbi ned Wil . IRGHERQHDY hENEIRARELEERBEP BB BPH: hNEEIPRIRBtHE oRIupRLnch

Sui t abl e ppéstiC| ers&?ﬁ%ludelghose sol d unde$ 8a$iou tradengrﬁsu?nc %ding
Sunmi de TMs(@drngliCherds,c edrbdxydsadtsr yarGoxy ckitd, pmaded dddi iRedShfydwoixgpalkoxide;
Chem cal ). Such material.s pi cal] |y have a nol ecul.ar ight of le han
20, 000 16RO b Bl g b HEhS AN gBCr BT EGHURO AFGRERUID e300 Y
17,000 Daphanrsapid hptforfobRFA REpHL et et ndIRdH 250 Grefibdtichl eMeddds of
tenperatures of less than -20C, and softening tenperature of iess than bout
180C.10[ o080gtrnekizationpprd cusedralmorgvparatudarty disclaedd it Usnd d€3.4éX hineerporpted
viscosity at. 200C.of |e t han 15.Pascal - seconds (a-.s);, al ternatively 0.05
Vo° 15" pacheltin AR e ey IR AR sk S RETRIA BB, Shtlefeh SRR T
comer Ci atd ofYerhl pdihebdnay @rithmnéthaf glolipd pagait af theingt s bblyafer ab@esirable

i ncl udi ng: Sunm de products exhibiting viscosities ranging fromaO0.25 Pa-s
to 0.60 PRMPOFEAEUFEFEEMPIHGC, AN o hydraxyl duncgiopyl- groppasue@dthstPRODE:  as
wel | as [ r.ad 61%- eqgl.f] - ' j

havi ng akgkgﬁﬁéTgﬁﬂ%ﬁﬁT%f%%SégﬁémgﬁggéﬁagPﬁ%ﬁghb¥?tgékﬁgh%?“3@%g§§838%§6e
2653 15avihatpganated posiikybunflene-bg-pahdthyiegsunel hndtin 2006rc 20ti¢N6dhbdmoml & y

pl asticizers.can be se|lected fromthe group consjsting of phthalate

pl asti ci ﬁg?@}na%{“dipﬁgf(égoia‘ﬂté{ PEPLemst YEH’(S%‘FS?& By astici zer s, glycolate

pl astici 2gpgs5) Sulf onaEi Ao RBhERS 2 §liotiohlliZ¥R! nhdi@idls PAr@StlabbARFiE &Rom

pol ynmeric plasticizers, particularly | ow nolecular weight Nylons. Preferred
pl ast i ci Zetcgpodyrecrs eif estbety |dneamdt fhea-gredypstyons catthingoforp it had 20 enol% para-

pl asti ci zer adi pat | astjcjzer ang sul fonapyi d | asti.cizers. Exanples
b “sui ¢ agrergsThrRayFePai o HEFhaR e 10 BT aeE Sahu Sy B

pht halyat gyredhedihle RN 2ndtBntath 4 5RAAEY br ENSMA /58, sdhBMrbmBRtAGH ¥ La-

di (2-ethyl hexyl) phthal ate, di phenyl phthal ate, diundecyl phthalate, m xed
di al kyl phromdragteylstyrang)), bewziliaspistchel ester, fubetinnplizgshydisipag Biereof. Expressed

di (2-et hyl hexyl ) agdi . mi.xed di al adi pat e, tributoxyethyl . sphat e,
tr 1 butyl “RGepiar etternaioadld s Be AEh PR Bt iR LA Wy Rl

di phenyl fesiegphatee 6 td-9airnylones vk 18ophEnyds, P osiphabethe 3Rsiosrdecyl di phenyl
phosphate, butyl phthalyl butyl glycolate, nmethyl phthalyl ethyl glycolate
and mi xed0846lyl {1 pern pohedimentsy therranfipnous|clasiangrisdprgth SOBRTisas. gy kYSisEy
aryl ~gul f 1 I | f .Gl for . -

po! yan e B RS e e i A oBle SR b, i an

N- cycl ohdxask pprtiatlpl cuerdecampdsitivamm @he compiiatbu efielsw bfastoart ded thermoplastic is

N- et hyl o, p-tol uenesul f onam de and N-et hyl - o-tol uenesul fonam de. I n anot her
enbodi nent, process WO 2011/062724PCT/U§?010/053502 oils such as

napht heni ¢, aromatic or paraffinic extender oils may be present at 1 to 5
phr. In still another enbodi nent, naphthenic, aliphatic, paraffinic and
other aromatic oils are substantially absent fromthe conposition. By

a4 = I . N N - Y Y L




15 I engths described herein are at |east partially, if not fully,
crosslinked prior to being heated to renove the plasticizer and prior to
bei ng asswobbadeemto a tire. Crosslinking or vul cani zat ipom/tsgoaossnpl i shed
by incorporation of curing agents and/or accelerators; the overall mxture
of such agents being typically referred to as a cure "system" Curing

agents inc]ude those conponents descri bed above that facjljtate or
i nf | uence@fteRCBURS In?s &It w&@ clapfamge FRIPRASI P o I ﬁ@ﬁlﬁl&éfa g?‘i%@eﬁ%tﬂ%ﬂ

oxi des, %&%&ér%&&ﬁem%yiaﬁﬁtf arc Ry 5%&9@@1@5&92&2 P&ﬁnﬁg%ﬁ%@gmmswﬁ &
art. Crosslinking or curing agents 1 nclude at [east one of, for exanple,
sul fur, zonexgXicdesistengdeshatttally adi’ dscaandhatith¢ womposiher emdfludes only the claimed

Per oxi de- cont ai ni cur st eps,.may, al so be used. neral l.y,. pol r
commos: © IR & G5 JRo B Sk B giohr Aoy GG 8Rts soq iy B aot

sul fus, refedd itOxiréesrobérti®s., zi nc oxide), organonetal lic conpounds, radical
initiators, etc. and 25heating the conposition or mxture. [0063] Generally,
t he ter mO8/Han YUselul dwnngplastenor dngingseek reindeéhescdemmsvart saed maercangprdres s
| n_whi ch g LhCLIBRLASL] Bo 8l ondl REREING £ SRR And 2l L BAstrane, vl eanizabl e
el ast oner g?e r(ri'ix u cfe? oAt PORS O %Og}'h dRdaraha el eva E&gtenﬁ%rga ure
in the prAsANGE oOfméreCliin FOOANKPA] afd, Préfdrilgy sy siheltinf ojoilithef eest asex70sy, As
a result, the elastomer is simultaneously 30 crosslinked and dispersed as
parti cl esnclpdiagepytnaf limitadnto, o8¢ or gporg Orﬁyth@ diawingj phpalyarpide resny Mrpe 19

for a i i N St | i | t as
Ot Oy GG TREE), Kvighes (EEINGIE 1§ PPN A iWlon B1d PSefthy |

i s ef f ectdedobylli a1g),t Nelonn@t€ diopaolymecat(Na/aoenNgtoat 666/6w 1 (NG/6(26 HY), diylabove
th i t f th | .ast \ d at b th | ti

{ emper at UMSTET DIRDOhaSyAn ATofHEh e okt ke Noo GagsF coponymer, Kylon
2011/ 0627t/ .0 1) |.Sq; i Nip ]

kneader 5,676or m'cyﬁﬁ ﬂ%ﬁ(’t Jréﬁg)gr?yse {sdgﬂngiﬁ@w%ﬁ%ﬁ}v&fé@? ?lgﬁemwt%%eﬁﬁ Ige
curing agemrplithilate RIE o rpolydthdenc tisvphthektof(PEY), |IBASPEbrepelymet,epaltyacrylaics
often_referred to,in, the a ing. system! for the el astoner, (s A
our o3y ot BART ptSbiPisug susbthaBls o) ebig T ar Sfes Sy PriRUSREhifae
enpl oyed Ji&ﬁd/?@l@%ﬂyﬁdt@'ter@%ﬁtﬁﬂﬁt%, cdR&GUARI bihehgdiBate PbIEUES; @{] pBiyakrith ene
el astomer and a | eSs reactive elastonmer is used. Furthernore, the

propert i @ssipf: pohackilgnetridy/ ¥, pakynisthagadgniede, tasrylenstrig-siyrmesepelegsrsdd Dhat
the conditi pns, @hiila des adocontd nHoHs ol ARLATErLoc Lenglie Gan e red,

For exanpl €, THOdET & M He RE é’ure’respoﬁge of t e par'f1| cular°8P s orrer”( s)
present igolgnebi@@sict tdfhs: thoBnediadt momealis)at@npblgethHladilasy Sé)epolginybecsins
conmbi ned by neans known to those skilled in the art, for ex r{?pl e, on a

k d
t wo- 281 | (ﬁ%ém vingapstaty (RYRer Pl visyk pleholalt (PYefos vinyl saéqh@h@l/%ﬁy THe CORaLYPTe,

often ref to he: 1accel .ed" nd, . cu -yunder tic
condi ti on(gvrdsa%éh a@oﬁmﬁﬁh%ﬂ%or mag?n(gedt hi((n shg’et LP??}EIV&]IBE rmPﬂglilﬁgt i(sp%@’
subj ect edholyrilndgbolyaud, lidews sopaymiar, apglyessliddanphlesdacthaeryiae edopolgired, X hi n

sheets, cured for progr ively longer, times and/ qr at higher, tenperatures,
15 are t fEHIpsS Bimor cdihase s it nC?JP@%@rtaiC%t@tearra%wt%rggsﬂmnedewgﬁnﬁy to

det er m neygf Le Afos P@qlﬁs)cr' VN Bekae! (POF Ve rofr&divl
Testing and tndkRhe S?O%%é;ﬁ(dard ’Asbr?f%ﬂ%z). [%%eé]&?ﬁ’ﬁa%% ot Sy
accel2ér at(@6TEGwp ceiredluornsthydeneadtydenel eopdymee @ TFENr ) usiomptian polyonidesit ing

di sc cure rhe ter., test escribed in detail in ri can Socie for
Testing. SR SSBORi b papecd iRl aphastn chopalybRornERe g TREGSHPLPRIFG f e
and t enpejaidét /) QfyrdRemal¥Ramhedridd, aRnbARtE POIyREBEES SnE 8 mb&urdsl b Pisdyeshdsl

t hat the vul cani zabl e el astoners present in the conposition are '

suf fici erfifl 9 Gueuell poingtisiveves WMol ahesiixtars prfoper of dke dlustriéva pecxerpplaliad c
conposi tign. which they. are.a f . i r.or fl.uj

Fotonti ot Gk, VRS RRAGR AT Inrolf oPIATRRe, el L ¢ pripgn
appr 80i atgeidsnas, thize dvfihiciani gfabhgin@riagt aykr cxélodeseyalyilcss tofieolbfihy)gaidAt £

i sobutyl ene el astoner such as FIMS or BIMS (or a mxture of such .

el ast omerk®fycthylene 3¢ ralyrsapxlencat Prefosie angnesing Frsingais pdmp ey apide gesipupnd (a
"partial" j (P i nd

t enper at ur?g(,wrgn%l 9{69}3@8% lu%/afrly{;ﬁ%féfg? g? éeSﬁlg? ﬁ%ﬁ%eﬁg]f&ggme%@?gﬁ@%&ﬂ’ g%c eed
50% of maidi, Mytoncl®, &lyldsi dlde Nyl Gl@cnddhet blstdsrer can al so conprise a

vul cani zabl e 30 el astonmer, where such second el astoner is vul canized, for
exanpl e according to dynam c
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vul cani zation technol ogy as described herein, it too typically will be
cured to at least 50% of the maxinum state of cure of which it is capable
based on wWootwmwat2Zive or cure system and the tine and tecparsainssat whi ch
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GescrPbed 38rferdhidEspRPade ¢heomiodBinreaom il Fb! EREREH (Yot ne
form of disaRios®ahylBRLpropylbde @lasforlely RidriBELcotilg PRICOAL bRStohRrs2 fluorine-
continuous matri x of engineering resin. [0069] By nol di n% or bl ow nol di ng
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conposition are suitabl or uses with fluids other than gasses, for
exanm@be, vilgunizdgosmethod spplatdeo thhyadogmmhicd ctastontr comadmeent\O

2011/ 0627[56&)?/ UB%?G%OC/OIQIl%%gQi%ZGTS include copolymers such as those having the structure of
both or one of the thermoplastic resin and elastomer polymer or a structure of a copolymer
having an epoxy group, carbonyl group, halogen group, amine group, maleated group,
oxazoline group, hydroxy group, etc., capable of reacting with the thermoplastic resin or

30  eclastomer polymer. The secondary elastomer can be selected based upon the type of the
thermoplastic resin polymer and elastomer polymer to be mixed. Useful secondary
clastomers are selected from the group consisting of maleic anhydride grafted elastomers
such as maleic anhydride grafted ABS (acrylonitrile-butadiene-styrene), EPDM (ethylene-
propylene-diene elastomer), SEBS (styrene- ethylene/butadiene-styrene), and the like and
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fluid, heat transfer fluid, etc., provided that the layer in direct contact
with the fluid has suitable resistance to the fluid being handl ed. EXAMPLES
[0071] A fwo=b11ge2720f experinments was carried out using PhE/USedlooFsNY

materials and 5 procedures, the data for which is sumarized in Table 1 and
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clastomer present in the composition.

20 [0053] Exfoliated, intercalated, or dispersed clays may also be present in the composition.
These clays, also referred to as "nanoclays", are well known. Swellable layered clay
materials suitable for the purposes of the present disclosure include natural or synthetic
phyllosilicates, particularly smectic clays such as montmorillonite, nontronite, beidellite,
volkonskoite, laponite, hectorite, saponite, sauconite, magadite, kenyaite, stevensite and the

25  like, as well as vermiculite, halloysite, aluminate oxides, hydrotalcite and the like. These
layered clays generally comprise particles containing a plurality of silicate platelets having a
thickness typically 4 to 20 A in one embodiment, and 8 to 12 A in another embodiment,
bound together and containing exchangeable cations such as Na', Ca™, K or Mg present at
the interlayer surfaces.

30  [0054] Layered clay may be intercalated and exfoliated by treatment with organic
molecules (swelling agents) capable of undergoing ion exchange reactions with the cations
present at the interlayer surfaces of the layered silicate. Suitable swelling agents include

cationic surfactants such as ammonium, alkylamines or alkylammonium (primary, secondary,
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eri ment s rSetpizer Glesuciampaziffite en nTphtheid@ petroleurn oils. The preferred plasticizer oil
15  for use in standard, non-DVA, non-engineering resin-containing innerliner compositions is a
paraffinic petroleum oil; suitable hydrocarbon plasticizer oils for use in such innerliners

include oils having the following general characteristics.
[0057] Generally, the process oil may be selected from paraffinic oils, aromatic oils,
naphthenic oils, and polybutene oils. Polybutene process oil is a low molecular weight (less

20 than 15,000 Mn) homopolymer or copolymer of olefin-derived units having from 3 to §
carbon atoms, more preferably 4 to 6 carbon atoms. In another embodiment, the polybutene
oil is a homopolymer or copolymer of a C4 raffinate. Rubber process oils also have ASTM
designations depending on whether they fall into the class of paraffinic, naphthenic or
aromatic hydrocarbonaceous process oils. The type of process oil utilized will be that

25  customarily used in conjunction with a type of elastomer component and a skilled elastomer
chemist will recognize which type of oil should be utilized with a particular elastomer in a
particular application. For a thermoplastic elastomer composition the oil may be present at a
level of 0 or 0.5 or 1 wt% to 20 or 40 wt% of the total composition; preferably oil is not
included in order to maximize impermeability of the composition.

30 [0058] Minimizing the viscosity differential between the elastomer component and
engineering resin during mixing and/or processing enhances uniform mixing and fine blend
morphology, in other words small, dispersed particles of wvulcanized eclastomer, that
significantly enhance good blend mechanical as well as desired permeability properties.

However, as a consequence of the flow activation and shear thinning characteristic typical of
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some eclastomers. In view of the lower viscosity of FIMS at high shear rates and
temperatures, if viscosity of the Nylon component is to be selected in order to be similar to
that of the elastomer, it is necessary to use either low molecular weight grade Nylons having
lower viscosity or Nylons in combination with plasticizer, or a combination of both
approaches, for further viscosity reduction.

[0059] In certain embodiments, a plasticizer is combined with the isobutylene-based
clastomer and thermoplastic blend. Suitable plasticizers include those sold under various
trademarks including Sunmide™ (Sanwa Chemical Industry Co., Ltd.) and Uni-Rez™
(Arizona Chemical). Such materials typically have a molecular weight of less than 20,000
Daltons; such as 1,000 to 18,000 Daltons; preferably 3,000 to 17,000 Daltons and have flash
points greater than 250°C, brittleness temperatures of less than -20°C, and softening
temperature of less than bout 180°C.

[0060] Furthermore, useful low molecular weight amides exhibit a viscosity at 200°C of
less than 15 Pascal-seconds (Pa-s); alternatively 0.05 to 12 Pa-s; preferably 0.2 to 10 Pa-s.
Suitable products are commercially available covering the full range of viscosities above,
including: Sunmide products exhibiting viscosities ranging from 0.25 Pa-s to 0.60 Pa-s
measured at 190°C; and 0.4 Pa-s to 15 Pa-s measured at 200°C; as well as Uni-Rez grades
2611-2722 and specifically including grades 2614 having a viscosity of 1.1, grade 2633
having a viscosity of 4.3 and grade 2653 having a viscosity of 7.5, all measured at 200°C.
[0061] Exemplary plasticizers can be selected from the group consisting of phthalate
plasticizers, adipate plasticizers, phosphate plasticizers, glycolate plasticizers, sulfonamide
plasticizers, trimellitate plasticizers and polymeric plasticizers, particularly low molecular
weight Nylons. Preferred plasticizers are selected from the group consisting of phthalate
plasticizers, adipate plasticizers, and sulfonamide plasticizers. Examples of suitable
plasticizers include dibutyl phthalate, dicyclohexyl phthalate, diethyl phthalate, diisodecyl
phthalate, dimethyl phthalate, di(2-ethylhexyl) phthalate, diphenyl phthalate, diundecyl
phthalate, mixed dialkyl phthalate, butyl benzyl phthalate, benzyl phthalate, di(2-cthylhexyl)
adipate, mixed dialkyl adipate, tributoxyethyl phosphate, tributyl phosphate, tricresyl
phosphate, triphenyl phosphate, cresyl diphenyl phosphate, 2-ethylhexyl diphenyl phosphate,
isodecyl diphenyl phosphate, butyl phthalyl butyl glycolate, methyl phthalyl ethyl glycolate
and mixed alkyl trimellitate. Sulfonamide plasticizers, such as alkyl or aryl sulfonamides,
comprise a preferred class of plasticizers for polyamides, including for example, N-butyl
benzyl sulfonamide, N-cyclohexyl-p- toluene sulfonamide, o,p-toluenesulfonamide, N-ethyl-

o,p-toluenesulfonamide and N-ethyl-o-toluenesulfonamide. In another embodiment, process
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oils such as naphthenic, aromatic or paraffinic extender oils may be present at 1 to 5 phr. In
still another embodiment, naphthenic, aliphatic, paraffinic and other aromatic oils are
substantially absent from the composition. By "substantially absent”, it is meant that
naphthenic, aliphatic, paraffinic, mineral and other aromatic oils may be present, if at all, to
5 an extent no greater than 2 phr in the composition. In any case, the plasticizers may be
present with the elastomer in the continuous elastomeric length within the range of 0.5 or 1 or
2or3or4or5to 10 or 15 or 20 wt%, by weight of the composition in which it is blended, or
by weight of the continuous elastomeric length.
[0062] With reference to the eclastomers referred to herein, the terms "cured,"
10 "vulcanized," or "crosslinked" refer to the chemical reaction comprising forming bonds as,
for example, during chain extension, or crosslinks between polymer chains comprising the
polymer or elastomer to the extent that the elastomer undergoing such a process can provide
the necessary functional properties resulting from the curing reaction when the tire is put to
use. Generally, the elastomeric compositions used to produce the continuous elastomeric
15  lengths described herein are at least partially, if not fully, crosslinked prior to being heated to
remove the plasticizer and prior to being assembled into a tire. Crosslinking or vulcanization
is accomplished by incorporation of curing agents and/or accelerators; the overall mixture of
such agents being typically referred to as a cure "system." Curing agents include those
components described above that facilitate or influence the cure of elastomers, and generally
20  include metals, metal oxides, accelerators, sulfur, peroxides, and other agents common in the
art. Crosslinking or curing agents include at least one of, for example, sulfur, zinc oxide, and
fatty acids and mixtures thercof. Peroxide-containing cure systems may also be used.
Generally, polymer compositions may be crosslinked by adding curative agents, for example
sulfur, metal oxides (i.e., zinc oxide), organometallic compounds, radical initiators, etc. and
25  heating the composition or mixture.
[0063] Generally, the term "dynamic vulcanization" is used to denote a vulcanization
process in which a thermoplastic or engineering resin and at least one vulcanizable elastomer
are mixed under conditions of high shear and elevated temperature in the presence of a curing
agent or curing system for the clastomer(s). As a result, the elastomer is simultancously
30  crosslinked and dispersed as particles, preferably in the form of a microgel, within the resin
which forms a continuous matrix. The resulting composition is known in the art as a
"dynamically vulcanized alloy"” or DVA. Typically, dynamic vulcanization is effected by
mixing the ingredients at a temperature which is at or above the curing temperature of the

clastomer, and at or above the melting temperature of the resin, using equipment such as roll
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mills, Banbury™ mixers, continuous mixers, kneaders, or mixing extruders (such as twin
screw extruders).

[0064] The curing agent(s), with or without the use of at least one accelerator, is often
referred to in the art as a curing "system" for the elastomer(s). A cure system is used because
typically more than one curing agent is employed for beneficial effects, particularly where a
mixture of high diene elastomer and a less reactive elastomer is used. Furthermore, the
properties of the cure system can be adapted to the mixing process so that the conditions of
the desired continuous elastomeric lengths can be met. For example, to determine the cure
response of the particular elastomer(s) present in a composition, the elastomer(s) and cure
system can be combined by means known to those skilled in the art, for example, on a two-
roll mill, Banbury mixer or mixing extruder. A sample of the mixture, often referred to as the
"accelerated” compound, can be cured under static conditions, such as in the form of a thin
sheet using a mold that is subjected to heat and pressure in a press. Samples of the
accelerated, thin sheets, cured for progressively longer times and/or at higher temperatures,
are then tested for stress strain properties and/or crosslink density to determine the state of
cure (described in detail in American Society for Testing and Materials, Standard ASTM
D412).

[0065] Alternatively, the accelerated compound can be tested for state of cure using an
oscillating disc cure rheometer test (described in detail in American Society for Testing and
Materials, Standard ASTM D2084). Thereafter the overall time and temperature of the
dynamic vulcanization process can be adjusted so that the vulcanizable elastomers present in
the composition are sufficiently cured to achieve the desired properties of the thermoplastic
composition of which they are a part, for example, an air or fluid retention barrier such as an
innerliner for a tire.

[0066] It will be appreciated that the vulcanizable elastomer, for example the halogenated
isobutylene elastomer such as FIMS or BIMS (or a mixture of such elastomers), will be cured
to at least 50% of the maximum state of cure (a “partial” cure) of which it is capable based on
the cure system, time and temperature, and typically, the state of cure of such elastomer will
exceed 50% of maximum cure. Since the second elastomer can also comprise a vulcanizable
clastomer, where such second elastomer is vulcanized, for example according to dynamic
vulcanization technology as described herein, it too typically will be cured to at least 50% of
the maximum state of cure of which it is capable based on its curative or cure system and the
time and temperature at which it is processed. The two elastomers may be differentially

vulcanized as well. In any case, an elastomer is only partially cured if the cure state is less
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than 90 or 80 or 70 or 60 or 50%. Alternatively, as discussed herein, such second elastomer
can also be grafted, linked and/or associated with the polyamide resin, with or without the use
of curatives, so that its state of cure is not a limitation, provided that it is sufficiently
dispersed in a small enough particle size so as to provide the properties desired for the use to
5 which the composition will be put.
[0067] The cure system can be dispersed in a suitable concentration into the elastomer
component, the elastomer component optionally containing one or more filler, extender
and/or plasticizer by, for example, mixing the elastomer and the cure system components in a
process step prior to addition of the elastomer-containing composition to the thermoplastic

10  using any mixing equipment commonly used in the elastomer industry for such purpose, for
example, a two-roll elastomer mill, a Banbury mixer, a mixing extruder and the like. Such
mixing is commonly referred to as "accelerating” the eclastomer composition. In one
embodiment, at least one curing agent is typically present at 0.1 to 15 phr; alternatively at 0.5
to 10 phr. Curatives and accelerators can be combined as is well known in the art.

15  [0068] The preferred polymer components comprise halogenated isobutylene-containing
copolymers as the vulcanizable component(s), for example, halogenated butyl such as
chlorinated butyl or brominated butyl, and brominated poly(isobutylene-co-p-methylstyrene)
(BIMS copolymer), and a thermoplastic polymer such as Nylon or a blend of various Nylon
polymers. It is particularly preferred that the dynamically vulcanized compositions described

20 herein comprise the halogenated elastomer component(s) in the form of dispersed, partially or
fully cured, small particles in a continuous matrix of engineering resin.

[0069] By molding or blow molding the thermoplastic elastomer composition obtained
into a sheet, film, or tube (continuous elastomeric length) using a T-sheeting die, straight or
crosshead structure tubing die, inflation molding cylindrical die, etc., at the end of a single-

25  screw extruder, or by calendering, it is possible to use the composition as the air permeation
preventive layer, for example, an innerliner, of a pneumatic tire and as a component or layer
of a hose, etc. The thermoplastic elastomer compositions described herein may be taken up
into strands once, pelletized, then molded by using a single-screw extruder that is typically
used for resin.

30  [0070] The sheet or tubular molded article thus obtained can be effectively used for an
innerliner layer of a pneumatic tire or the hose tube or hose cover of a low gas permeable
hose. Furthermore, the low permeability characteristics of the composition are suitable for

uses with fluids other than gasses, for example, liquids such as water, hydraulic fluid, brake
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fluid, heat transfer fluid, etc., provided that the layer in direct contact with the fluid has
suitable resistance to the fluid being handled.
EXAMPLES
[0071] A first set of experiments was carried out using the following materials and
5  procedures, the data for which is summarized in Table 1 and Figure 3. The continuous
clastomeric length of elastomeric material used in this example was a continuous
substantially flat sheet of a DVA of 63 phr Nylon 6/66 (UBE 5033B) and 100 phr brominated
poly(isobutylene-co-p-methylstyrene) (0.75 mol% Br, 5 wt% paramethylstyrene in the
copolymer) with 27 phr butyl-benzylsulfonamide (“BBSA”), with 10 phr maleated ethylene-
10  ethyl acrylate, 2.5 phr SG2000 talc and less than 1 phr each of Irganox™ 1098, Tinuvin™
622D, copper iodide, zinc oxide, zinc stearate, and stearic acid.
[0072] A 60 foot oven was used and kept at 180°C, the width of the continuous sheet was
20 inches (510 mm), and the average thickness was 217 um. More particularly, the following
procedure was used to heat the continuous sheet of DVA:
15 1. Set up the oven set points to 180°C. The oven is 60 ft long, hot air floating oven, top

and bottom. So, there are six set points.

2. Use a leader to thread up the line through idlers, oven, and then to rewind station.
3. Put the DVA roll on the unwind station.
4. Wipe the end of the DVA sheet surface with acetone, splice and staple the leader onto

20  the DVA sheet.

5. Run the DVA sheet at the indicated speed in Table 1.
Rewind the DVA sheet at less than 1 pounds/inch tension.
Slab sample off the top of the roll at the rewind station.

o N

Results recorded in Table 1.

25 Table 1
Sample Speed (fpm) Residence Time (mins)  Residual BBSA (wt%)

1 - 0 13
3 24 2.5 4
4 20 3 4
5 12 5 1
6 10 0
2 15 0
7 4 15 0

20



TD 2435 2940 2780 2707 El ongation at Break, % MD 435 350 337 314 TD 507
389 365 353 Per neance Coefficient cc,i(nR.clarmmHg) | |

10

15

20

25

30

WO 2011/062724 PCT/US2010/053502

[0073] Measurement of residual BBSA was determined with confocal Raman
microscopy. All spectra were acquired with a 785 nm laser and a 40x, 0.6 NA Plan Fluor air
objective. A film sample was placed beneath the objective and the surface was in focus when
the interference pattern of the laser produced a minimum spot size. The apparent focus was
lowered approximately 10 pm beneath the surface for spectral acquisition. One hundred
spectra were acquired, each spaced one micron apart laterally. For each recorded spectrum,
two 5 second acquisitions were obtained and averaged so that cosmic rays could be removed
from the data. After collection, a second-order polynomial was subtracted from each
spectrum to remove the offset and flatten the baseline. Spectra with levels of fluorescence
that obscure data are not included in the average value. This is assumed to be a valid step
because none of the four components mentioned above exhibit significant fluorescence. Pure
component spectra of brominated poly(isobutylene-co-p-methylstyrene), Nylon 6/66, AR201
(maleated ethylene-ethyl acrylate), and BBSA were also obtained under similar conditions;
only a single spectrum was obtained with a shorter acquisition and the depth into the material
was not important. A linear least-squares routine within the Witec™ Project software was
used to fit the pure component spectra to each of the 100 film spectra (each film spectrum
was independently fit). The portion of the spectrum used for the least-squares analysis was
between 680-1800 cm™. The output from the least-squares analysis in the software was
converted into concentration percent by summing the 4 output values from the software and
dividing each individual value by the summed total. The result was a set of four data outputs,
cach being a concentration percent of a specific component at each of the 100 data points.
These 100 data points are averaged and that result was reported.
[0074] A second set of experiments was carried out using a continuous elastomeric length
having the same composition as above, and run through an oven as depicted in Figure 1.
Three samples, samples A, B and C, were run under the following conditions, in order, and
summarized in Table 2, a “control” being a film prior to heat treating:
Condition 1:

e Samples were died out of the film using a 3.5 in round die, run at 160°C.

e Very little neck-in sample 1 (5 mm).

e About 3-4% BBSA remained in the film.

e Film does have some self-tack.

Condition 2:

e Raising Temp to 180 °C
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e Slight reduction in tension
e BBSA is only about 7%
¢ Film B appears darker, and stronger than A

Condition 3:

5 e Same as Condition 2 at 4 fpm.
Table 2: Second set of Experiments
Sample Oven Temp Oven Temp Oven Temp Line Speed Oven Original

71 72 73 [ft/min] Res Gauge pm
[°Cl [°C] [°Cl Time [min]

A 160 160 160 2 30 285

B 180 180 180 2 30 285

C 180 180 180 4 15 285

Table 2 (continued): Second set of Experiments

Sample = Original Original Pieces for  Final Final Final Est,
Layflat, Mass Mass Gauge Layflat Mass BBSA
mm (3.5 Die) fpm] [mm] [g] Loss
[zl
A 545 1.801 15 222 540 1.262 10%
B 545 1.801 15 222 536 1.305 7%
C 545 1.801 15 201 536 1.176 8%

10 [0075] Various properties of the samples A, B and C, with respect to the Control, were
measured and are summarized in Tables 3 and 4.

Table 3. Properties of the lengths in second set of experiments.

Property Control A B C
Density [g/cc] - - 1.024 1.021 1.0235
1% Secant [psi] MD 6015 12526 15393 16602
TD 6516 11942 14550 14256
Tensile Strength [psi] MD 2657 3121 3105 3245
TD 2435 2940 2780 2707
Elongation at Break, % MD 435 350 337 314
TD 507 389 365 353
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[0076] When possible, standard ASTM tests were used to determine the DVA physical
properties (see Table 1). Stress/strain properties (tensile strength, clongation at break,
modulus values, energy to break) were measured at room temperature using an Instron’
4204. Tensile measurements were done at ambient temperature on specimens (dog-bone
shaped) width of 0.16 inches (0.41 cm) and a length of 0.75 inches (1.91 cm) length (between
two tabs) were used. The thickness of the specimens varied and was measured manually by a
Mahr Federal Inc. thickness guage. The specimens were pulled at a crosshead speed of 20
inches/min. (51 cm/min.) and the stress/strain data was recorded. The average stress/strain
value of at least three specimens is reported. Shore A hardness was measured at room
temperature by using a Zwick Durometer after 15 seconds indentation. LCR viscosity was
measured with a Dynisco'™ capillary rheometer at 30/1 L/D (length/diameter) at 220°C at
1200 I/s. The melting point was measured by differential scanning calorimetry at 10°/minute.
[0077] Permeability testing proceeded according to the following description. All
examples were compression molded with slow cooling to provide defect free pads. A
compression and curing press was used for clastomer samples. Typical thickness of a
compression molded pad is around 0.38 mm using an Arbor press, 2 inch diameter disks were
then punched out from molded pads for permeability testing. These disks were conditioned
in a vacuum oven at 60°C overnight prior to the measurement. The oxygen permeation
measurements were done using a Mocon OX-TRAN 2/61 permeability tester at 40°C under
the principle of R. A. Pasternak et. al. in 8§ JOURNAL OF POLYMER SCIENCE: PART A-2 467
(1970). Disks thus prepared were mounted on a template and sealed with a vacuum grease.
A steady flow of oxygen at 10 mL/min was maintained on one side of the disk, while a steady
flow of nitrogen at 10 mL/min was maintained on the other side of the disk. Using the
oxygen sensor on the nitrogen side, increase in oxygen concentration on the nitrogen side
with time could be monitored. The time required for oxygen to permeate through the disk, or
for oxygen concentration on the nitrogen side to reach a constant value, is recorded and used
to determine the oxygen gas permeability.

[0078] Having described the elastomeric lengths and the method of treating them, as well
as the methods of forming a pneumatic innerliner and tire, described herein in numbered
embodiments is:

1. A method of preparing a continuous elastomeric length for a pneumatic innerliner

comprising:

providing a continuous elastomeric length comprising a plasticizer and an elastomer;
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el astonmeric length for a pneumatic innerliner conprising: providing a
cont iZfuous el ast one§ere ERGLEEC-conpri sing a pl asticizer and an el ast oner;

WO 2011/ 0627240 %éth&?%%éé%ﬁﬁﬁ@ 2 continuous elastomeric length for a pneumatic innerliner

comprising:
providing a continuous elastomeric length comprising a plasticizer and an elastomer;
cutting the continuous elastomeric length to form a pneumatic innerliner unit;
25 heating the pneumatic innerliner unit for a residence time at a temperature no higher
than 15 or 10 or 5 or 0°C above the flash point of the plasticizer; and
cooling the pneumatic innerliner unit to form a heat-treated pneumatic innerliner
having a level of plasticizer less than the level of plasticizer in the continuous
clastomeric length.
30 6. A method of making a pneumatic tire comprising the method of embodiment 5,
further comprising:
splicing the heat-treated pneumatic innerliner unit to itself to form a pneumatic
innerliner, wherein a step of removing surface plasticizer is substantially

absent.
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20 or innerliner is less than 60 or 50 or 40 cc:mm/m?*-day, or wherein the permeability
coefficient is less than 1.000 or 0.500 or 0.100 or 0.080 cc-mm/m*day-mmHg.
12. The method of any of the previous numbered embodiments, wherein the continuous
clastomeric length is exposed to oxygen during the heating step.
13.  The method of any of the previous numbered embodiments, wherein a product is
25 generated during heating which is drawn from the continuous elastomeric length for
further treatment or disposal.
14.  The method of any of the previous numbered embodiments, wherein the continuous
clastomeric length comprises an isobutylene-based elastomer.
15.  The method of any of the previous numbered embodiments, wherein the continuous
30 clastomeric length comprises (or consists essentially of) a dynamically vulcanized
alloy of an engineering resin and a functionalized poly(isobutylene-co-alkylstyrene).
16.  The method of any of the previous numbered embodiments, a continuous or

substantially continuous current of gas is blown over the continuous elastomeric

length while being heated.
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24.  The method of any of the previous numbered embodiments, wherein the residence
time is a time within the range from 30 seconds or 1 or 2 or 5 minutes to 8 or 10 or 15
or 20 or 30 or 60 minutes.
25 25. A pneumatic innerliner made by the method of the method of any of the previous

numbered embodiments.

26. A pneumatic tire made by the method of any of the previous numbered embodiments.
27. A method of preparing a continuous eclastomeric sheet for a pneumatic innerliner
comprising:
30 providing a continuous substantially flat sheet with an average thickness within the

range from 10 or 20 or 40 or 50 um to 200 or 250 or 300 or 400 or 500 yum and
comprising (or consisting essentially of) a dynamically vulcanized alloy of an

engineering resin and a functionalized poly(isobutylene-co-alkylstyrene) and
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pl asticizer is present in the continuous elastoneric length within the
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sheet for a pneuwkigioff 4 foastidn Fedud GHAP iy ESnBBtcddUPiG \hestinpg agdd cont | nuous
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or 20 or 40 orcoshng fh centiryouy shessgo dfermop hepted gonigruogg upstantjallyndat sheet
conprinsi ng (or consj st {2k 1 Ayl cang of
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and WO 2011/ 062724R0FAnIENQ ¥t Qxdb02 at | east 10 wt % by wei ght of the
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at |east 30 seconds at a bStenperature within the range from60C to 190 or
185 or 180 or 14 #0therfotBOf aroll that is unrolled through an oven so that at least a portion of at
15 least one surface of the sheet is heated for a residence time, the heated portion of the
first continuous substantially flat sheet then being conveyed out of the oven to cool
and be rolled.
30. A method of making a pneumatic tire comprising the method of embodiments 27-29,
and further comprising;:
20 cutting the heated continuous substantially flat sheet to form a pneumatic innerliner

unit, and splicing the pneumatic innerliner unit to itself to form the pneumatic

innerliner, wherein a step of removing surface plasticizer is substantially

absent.
31. A pneumatic tire comprising a pneumatic innerliner consisting essentially of a
25 dynamically wvulcanized alloy of an engineering resin and a functionalized

poly(isobutylene-co-alkylstyrene) and from less than 10 or 8 or 6 or4 or 2 or 1 or 0.5
wt%, by weight of the innerliner, of a alkyl or aryl sulfonamides plasticizer.

32.  The pneumatic tire of embodiment 31, wherein the innerliner has an average thickness
within the range from 10 or 20 or 40 or 50 um to 200 or 250 or 300 or 400 or 500 um.

30  33.  The pneumatic tire of embodiment 31, wherein the engineering resin is Nylon.

34.  The pneumatic tire of embodiment 31, wherein the functionalized poly(isobutylene-
co-alkylstyrene) is brominated poly(isobutylene-co-p-methylstyrene).

[0079] Also described herein is the use of a pneumatic innerliner for making a tire, the

pneumatic innerliner comprising, or consisting essentially of, a dynamically vulcanized alloy
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180 or 200 or 220 or 250C while the continuous elastoneric Iength is under
a tension of fromless than 5.0 or 4.0 or 3.0 or 2.0 or 1.0 or 0.5
g/cm pm woasiwg2m2if a reaction product that is generat edTdiseémgsiseat i ng;
and cooling the continuous sheet to forma heated continuous
substantially flat sheet 10having a | evel of plasticizer |less than the

| evel of plasticizer in the continugus substantially f|at sheet. 28. The
met hod ofof@RFBginseRRe pin et BinRtQ Z%@@vaf%buw‘é%ﬁee@-ﬂlsﬁﬁmena? ﬁn%frﬁ%leﬁ on.
29. The f j ' '

subst ant 101 3 £l & ohger T n! R Sr B Taryih of o EACECLM 1] Yimlugn
an oven solfomranidet plaséisizea pbiret compadengst of She | iepgtingnears bef Acthenfdesdribedheet
is heated for. a.residen time, the.heat ortion of the first continuous
substantilﬁ?l}l%i/mgIltétmeékﬂ)éie‘ffeptr%(t’rqﬁﬁ%iaﬁghsc‘fglﬁ?/‘ggggmout of the oven to cool and be
rol | eg. 3{@08(9 e AR QEritERIKIAENn 3s BRAWERIf iaCcohtif €ouS UIREISrRAch 8 O MARM g
enbodi nents 27-29, and further conprising: 20cutting the heated continuous
subst ant itakd the fength edepnising of genpidingrestentiellycof, arnpinirelly wnicenizehallaypdfi an ng
the pneunatic i.nnerliner unit to itself to formthe pneunati.c.inn i per,
wner o1 - akrEg B R Rl e RSy LB T G BT AP 5
A pneumathyCwtigh€ofCBoNEHgh, 1T adalRYIESHERY] sulfonf@ides PRItiELNRS I il ddgnRases bif ald Yy
of a 25dynami cal ly vul cani zed al | OY of an engi neeri n% resin and a

f unct i onapigteFapatsy furthsheyeriied. dsluding litst spbeqqupntahept ftregmend sandt pANg.0a%r 8
or 6q@r 4054 17 or 0.5 % by weight of the innerliner, of a al kyl or
aryl 1gul ?dé%zlion%%ccijgérehasti cizer. 32. The pneunmatic tire of enbodi nent 31,
wherein the innerliner has an average thickness within the range from 10 or
20 or 40 or 50 [tmto 200 or 250 or 300 or 400 or 500 pm 30 33.The
pneumatic tire of enmbodi nent 31, wherein the engineering resin is Nylon.

34. The pneumatic tire of enbodi nent 31, wherein the functionalized

pol y(i sobutyl ene- co-al kyl styrene) is brom nated

pol y(i sobutyl ene-co- p-net hyl styrene). [0079] Al so descri bed herein is the
use of a pneumatic innerliner for making a tire, the pneunatic innerliner
conprising, or consisting essentially of, a dynamcally vul cani zed al |l oy WO
2011/ 062724PCT/ US2010/ 053502 of an engineering resin and a functionalized
pol y(i sobutyl ene-co-al kyl styrene) and fromless than 10 or 8 or 6 or 4 or 2
or 1 or 0.5 W% by weight of the innerliner, of a alkyl or aryl

sul fonam des pl asticizer. The conponents of the innerliner can be further
described, including its nethod of production, as disclosed herein.

5[ 0080] Al so described herein is the use of a continuous elastoneric |length
for making a
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tire, the length conprising, or consisting essentially of, a dynamcally
vul cani zed all oy of an engineering resin and a functionalized

pol y(i sobwmoyebams2e- al kyl styrene) and at |east 10 wt % pgTWS2glnsish2 t he

| ength, of a alkyl or aryl sulfonam des plasticizer. The conponents of the
| ength can be further described, including its subsequent heat treatnent
and cutti nE, as. 10di scl osed herein. CLAIMS 1. A nethod of preparing a
cont i nuodsE-A ISt oreric | ength for a pneunmatic innerliner conprising:

provi ding a continuous elastoneric length conprising a plasticizer and an
el astoner; heating the continuous elastoneric length for a residence tine
at a tenpler at wk engtbochofjipeapatih@n daGnadoveasttreetfi¢é dsigthpGirnt pofunidtie innerliner

pl asticizer; and cooling the length to forma heat-treated conti nuous

el astoneric | EMGPRS&vi ng a | evel of plasticizer less than the |evel of

pl astisci zer i Mr&iBingQAMHonNHRHS cBIsRPIPRBENLEh baRBlSng ApBENLS 2Rl afRIGkideheR
pneunmatic tire conprising the nethod of <¢laiml, %urt her conpri sing:
cutting the héweting dwt exhtivoens ¢lasoscrd dengtnar ¢ rdselegechtione at aricngceature no
conpri sing the heat-treated . cantinuous l.ength form.a pneumati c
innerliner unit, anhdghseﬁ?I?agﬁr?getahgveptﬁgzlﬁ%{ P(gmi Onftr%ger @%técrlzeﬁhﬁmt% toitself to
form a pneumatdoglih@tiRribndieto foMhes Bdantrdatsl epntifuot e BlaMbmgris WnizaCieavi s tavell zer
is substantially absent. The nethod of claim1 or 2, wherein the |evel of
pl asticizer in the Hedtsticizenicsy thaanthe Aol of dlasscieier te| wagrppus clasfomericst
10% ligwer than the lgﬁﬁl of plasticizer in the continuous el astoneric

| ength. A nethod of ing a pneumatic tire conprising the nmethod of any
one of clai ms A rhahdd ofimhking thgrcumatipirs icogpricing tthaigndthel beataimr Bafuetler
continuous el astoneric length or |am nate conprising the heat-treated
conti nuous | eGPt ™e | ength being in the formof a sleeve, to forma
pneumati c inn f stee i I i L '&ﬁn&{- o

sl eeve into aec':uih% .{h'le'hﬂé&?rét%%tggqg? {I%Sgﬁiﬁ%r?&% ggiﬁ%%w?p? %m%l',afev\ﬁbﬁer eiérllﬁ%]%{ee
conti nuous el ast onmBrairéaeytconiisuoun lehghf tr domd aa poeurnhitnu ousrlsics ewst, oanda
continuous substantially flat sheet. The nethod apy one of clains.1l to
SO WHar o the. o r SBOPAEAR ProugRgE st Jhi P dnf bi e Sasdmate R £

length is at |east Ji%ihawelp dfhafobing saifdccRdsieiab ik stdstkiallgbeant i nuous
el astoneric | ength. The nethod of any one of clains 1 to 6, wherein the

cont i nuous el aBicomsthiod ofeplginh i or éxpowecintthe dexRyert Riasticivgr tindhh daettptak ep.
The method of any, a0 ALl TE dn {0 Teqsl MR Shlef M, SR AUPHRBLAS O T ©
| engt h conpri sés an |soabutr1§/€1rene-goase &last Sner o b

2011/ 062724 PCldobfoibl0/cB5@aR2icYengilhe met hod of any one of clains 1 to 8,
wherein the continuous_ el astoneric | ength conprises a dynamcally

vul cafli zell al 1o yhodsef BN @MWyt icreommisie the drsthathel anggone of claims 1

pol y(i sobutyl - ). 10. The nmethod of any one of clains 1 to
9, wherein thgggb%ﬁﬁ#gﬁs&ﬁ%@@' ric length is

cutting the heat-treated continuous elastomeric length or laminate comprising the
heat-treated continuous length, the length being in the form of a sleeve, to
form a pneumatic innerliner sleeve, and incorporating the pneumatic innerliner
25 sleeve into a tire.
5. The method of any one of claims 1 to 4, wherein the continuous elastomeric length is
in the form of a continuous sleeve or a continuous substantially flat sheet.
6. The method of any one of claims 1 to 5, wherein the air permeability of the heat-
treated continuous elastomeric length is at least 10% lower than the air permeability
30 of the continuous elastomeric length.
7. The method of any one of claims 1 to 6, wherein the continuous elastomeric length is
exposed to oxygen during the heating step.
8. The method of any one of claims 1 to 7, wherein the continuous elastomeric length

comprises an isobutylene-based elastomer.
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Sheated by contact wth one or nore heated cal endar rolls, convective heat,
heated air strean(s), mcrowave radiation, ultra-violet radiation,

i nfra-redwoadilatwemn, or a conbination thereof. 11. The merhisdoiofszny one of
clainms 1 to 10, wherein a tension of fromless than 5.0 g/cm[Lmis

mai nt ai ned on the continuous elastoneric length as it is heated. 10 12. The
nmet hod of any ogne of clains 1t 1, wherein the plasticizer is selected
from al kyl: or We@ﬂg Pgﬁamoa%g? C?%ﬂwl t8r8: ayhprein thhegniingaus glpyigmeng ?e&g
phosphat s, adifglies: o BueRLAlSRcMARLAly Of bn RAIAETh i ShnpRIALLLNI C
oils, and conbion ti ona}s@}% her eof . 1C??. T g n%t hondet%?d anygor?e of cl g?t?ras 11 to
12, wherein t hwlyisabutybhzep-allgylgyresent in t he continuous el astonmeric |length

withint range fr 1.to 30 %. by jght of .the 15cont| nuous. .

6l it oner . oG HERGRO ¥Rt tiimSY! By eI GRATREU cleRiTie st i
the cgnti nuouscBlcaHyUBREACE Wit AL Br Inford AbateP BAIBSd@ oIV, EHnRER! N&Atheatkd i
pneumatic i nnerlinef made by the nethod of any one of clainms 1 to 14. 16. A

pneumat i c tir sticamfm.i shingvwavpnedibionc ultereioldt neadiationsiisfiraneg esdiatmarn, abl & of
a 20dynam cal | l’n\qillll 1%Iqitze%dofal | oy of an engineering resin and a
functional i zed poly(l sokbu?yl ene-co-al kyl styrene) and fromless than 10 or 8

or 6 or 410r Zrermithed of.abyWwn¥ofllaivii gid 10f whéreinl D e@kiohndr frordflednthad syl or
aryl sulfonam de plasticizer. 17. A nethod of preparing a_continhuous

el astomeri c sHEER Hbis RipEEGARRitke faHBrOUSHéstarptisriPrgthgs itaskeagad di ng a

cont iypuo su hakl S - WM t hi i1t hi e
rangellaf r(L)Il%' 10%6@8%8%%%%3&180%@%@@ ng%aquﬁég%reggﬁey& %‘/% cﬁgﬁ?szégé&;%(?g%&of
an engi neeri nallyd o arydrd fenainidest hiphdd aedpipidytes, atiyli by highphasphatkk wdiphies.ene)

and at least 1 % by wejght of the continuous substantially flat sheet,
of an al kyl orgqé%g@z%t%%a?{%%ae@ﬁl i B IOt R iR oR st @lence of
a Tl owi ng3at MARNGERE MY YRS RANERN 1J12) SASEINONE PIAEEECR Absdnlh the

continuous substantially frat sheet for at 1east 30 seconds at a
t enper at ur e widohiimudul eclasamggeict length 60iGhin thQ BOEe Wvink é tb 3 wdat bynweight of the

el astqQneric length is yunder a.tension fromless than 5.0 g/cmpm draw ng
of f a}%reacti oﬁogﬁ%lm}(%teyatqwgierﬁcée‘@herat ed during heating; and WO

2011/ 062724 PCTHdI2Q A6 c@PQl4ing 1 k€3, GA¢iR URUSNSHRERTs dBtdnRirid Iendigat ed
continuous substantially flat sheet having a | evel of plasticizer |ess than

the | evel of ploasentestokwithy sphentconti nuous substantially flat sheet. 18. The

met hod of, .l ai 17. wher ej t he e is,.heat.ed by hot .air, .conpvection. 5
T e et hodt BduyatShgislind R e iRl B Al BIRLeTT LT £ e

sheet is len the freuMaté tder @rhpridhal al fndimiadicl B@ctlined wghsighgo&Bnisdlyt bata at
| east_a portion of at |east one surface of the sheet is heated for a_.
resi ddnce ti melynpmicagatslgayaed i dloyofolt pe engiageripgnresiuotiyd subepetinalrgd,

L, sheet RS GBI i Sy D 4 9601 @ sk o0y 0
clainms 17 to b9t dydvdighttdiehic imoepiners bfigt alkyl or aryl sulfonamide plasticizer.
17. A method of preparing a continuous eclastomeric sheet for a pneumatic innerliner
comprising:

25 providing a continuous substantially flat sheet with an average thickness within the
range from 10 to 500 um and comprising a dynamically vulcanized alloy of an
engineering resin and a functionalized poly(isobutylene-co-alkylstyrene) and
at least 10 wt%, by weight of the continuous substantially flat sheet, of an
alkyl or aryl sulfonamide plasticizer;

30 heating, in the presence of a flowing atmosphere comprising oxygen, at least one
surface of the continuous substantially flat sheet for at least 30 seconds at a
temperature within the range from 60°C to 250°C while the continuous

clastomeric length is under a tension from less than 5.0 g/cm-um;

drawing off a reaction product that is generated during heating; and
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cutting the heated continuous substantially flat sheet to forma pneumatic
i nnerliner unit, and splicing the pneumatic innerliner unit to itself to
form t he woeanwte24i nnerli ner, wherein a step of renovi RGTASRG1AOE3502

pl asticizer is substantially 15absent.

cooling the continuous sheet to form a heated continuous substantially flat sheet
having a level of plasticizer less than the level of plasticizer in the continuous
substantially flat sheet.
18. The method of claim 17, wherein the sheet is heated by hot air convection.

5 19.  The method of claim 17 or 18, wherein the continuous substantially flat sheet is in the
form of a roll that is unrolled through an oven so that at least a portion of at least one
surface of the sheet is heated for a residence time, the heated portion of the first
continuous substantially flat sheet then being conveyed out of the oven to cool and be
rolled.

10 20. A method of making a pneumatic tire comprising the method of any one of claims 17
to 19, and further comprising:

cutting the heated continuous substantially flat sheet to form a pneumatic innerliner

unit, and splicing the pneumatic innerliner unit to itself to form the pneumatic

innerliner, wherein a step of removing surface plasticizer is substantially

15 absent.
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