WD 2012/ 018440PCT/ US2011/ 040442 1 THERMOPLASTI C ELASTOVERI C COVPCSI TI ONS
CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains the
benefit oWoWofRo1Samwi al No. 12/851, 264, filed August 5, PeOAGR011/080442

di scl osure of which is fully incorporated herein by reference. FIELD OF THE
| NVENTI ON [ 0002] The present invention relates to thernoplastic elastoneric
conpositions. More particularly, the present invention is directed to a

t her nopl astic el ast [ ol m t hat reduces
reversion reactions ﬁ'@ft‘&c‘i %@Qﬁ%ﬁ@%ﬁéﬁi JLUﬁﬂ st - conpoundi ng
filmformng activities. BACKGROUND OF THE | NVENTI ON [ 0003] The present

i nventi orCRg)SS(-‘REFEBEME AL R@&@EED@%?%E@%WN@ conposi tions particularly

ot hervi saV 0t FRRAPPRhIEL eltlen MART SRR 8] LEBEn2fEliPhEEB:3; 650

Bl di scl axee, e Hawto@@ermabmdh 1wu1maeasfppﬂaa@ithe@elﬁlb§tsmfmee c conposition that
is excellent as an innerliner in pneumatic tires. This conposition

conpr i seFIELDRQFEHEBLY ENIYOMer nopl asti ¢ di spersed inalow perneability
r ubber. 9691 a e iat

t he smal ﬁﬁ)%&azr]tl cl Rg%fézbglgnt nggﬁt%%drse la%ergorqéi1 e%no;ﬁ% AS%IR& Q léos\?\t/gos |rrp8ff%t ant
to achi ear@aetept ald erauiaivbntion Q;f ditdveed &Swthblﬁhg)p(P&ﬁpCb?yastdrﬂéhc één ch,etlcgpal
of the thernoplastic elastoneric material in both references is a hl

i mper nealSORISIEr § £Nra pigpteny dkatt 1gduges JeesiaB| Tepqtipnyfthyf ¢anadegredeathg mhferlhfl gh
flexifili tain the desired characteristics
and plraop (ﬁ%{mggogt C% Oﬁggrhﬁg%ll f%&%gg%é&lgger particularly useful in

vul cani ZG;!AQKGRO@INIDUIUWHESINVENHO@MOWEH c conponent of the
thernoplastic elastoner is cured to at least a fifty percent cure state,
most prefl@P®Y| y Ahgouesmt jayesion surelasdatoe th thg%felasrmn@c‘a§9@ﬁe$ltwﬁ t he
therm)pl h of a
combi nat (G-l Tor ki, SROGHEL InbuAEECRRbLCHERRtor R BRE RO Ble”
such commbatesgdrdiafpermebility chsrattbesticsr € system or cure package Because
only curing of the el astorrer i s desired, the curlng agents and accel erators
used lare [Bg%d ubBn OFRAt 83% Bbndisplossnal g psemeabdlityy rmﬁela&tlc‘aset%meﬂc
absent t used
when cornonRar e S ol Ok AP ATRRLARKE B ERkAGe S his oo AsRin TR

el ast oneraslowsprealsilifpthtandplastis aldpefsed $n kilsw pesndibilitly eniebee OB ¢ 069 039 Al
conventlonal cure, sggtens include a primary cure agent. such as sulfur,

or ganoret $q qseswmi sEpositieh#ld tsaghss thas thersmal artiGlnsizs mbbeisdisppusediipghe

di oxi MES,¢ gﬁﬁ? %vahq{}l orty}g t%oécﬁ{egé%%d'e%?%ﬂ H&%gﬁ&%%é%ed' ?esaltl tﬁ%hﬂ)%ﬁtlgﬁs
Because t primary curing agent require cure

ti me 2@t CHR\@IQI oﬁnuhakheerhapthstmlammma igtctieinpeost mfasncelmtehlghllywﬂpeﬁﬁeabtban
200C, the curatjves are conventional|y used in conjunction wt

accel er atBterialiteasdres hmressesasHEY obe PG atddhs highdexdalipyeafdhe %lﬁ%%mart e
conpl exesmé(%]g T Rt B BlsGed RhiSctBistics and properties of a thermoplastic elastomer,

particularly useful in wvulcanized or cured products, the elastomeric component of the

thermoplastic elastomer is cured to at least a fifty percent cure state, most preferably a 100
25  percent cure state. Curing of the clastomer in the thermoplastic elastomer is generally
accomplished by the incorporation of a combination of curing agents and accelerators, with the
overall mixture of such components referred to as the cure system or cure package. Because
only curing of the elastomer is desired, the curing agents and accelerators used are based upon
what is conventionally used to cure the elastomer absent the presence of the thermoplastic resin;
30 i.e., the curatives used when compounding only an elastomeric compound.
[0006] For isoolefin based eclastomers, such as Cs to C; isoolefins like isobutylene
copolymer, conventional cure systems include a primary cure agent such as sulfur,

organometallic compounds, phenolic resins, radical initiators, quinine dioximes, peroxides, and



5 Zn, Ca, My, and Al), alone or in conmbination wth stearic acid or other
organic acids and either a sul fur conmpound or an al kyl or aryl peroxide
conpound WO 2di2zms4br ee radi cal initiators and accel er at @CT/USGIhOH0442
accelerators, known to those in the ekastomeric conpound art, include

am nes, guani di nes, thioureas, thiazoles, thiurans, sulfenam des,

sul feni m des, thiocarbamates, xanthates, Lewis acids, and the |ike.

10[ 0008] An qnaL sig, of the torgqye properties of a qonvention | el ast oner
versus tiMEACRINS BeCtustICHer SaUBEsT RIPAY O deeriiong BaviEy S lng Cult iy flos s
measur ed @yyéhtioBMi ASeHh&id BRMEE TPkt B Thchttaly a8 eh@as DO, the WS8R cd Arcd

t hernopl astic el astoner, this behavior can be undesirable as it indicates
t hat the cohentopillysseeinasonsnerarwigheaccdlerarsne t o under go addi ti onal

chemi cal tiops, including reversion gr, degradation of the cure, during
i gner -t JME o P BB G GRAT MR Rl SRR e PR R of
casti Bg ofn, CaeMigh@idop|adisideios it AstiRABA with stQRPatiabl b@sr GEaa¢ &fidd markitBaQC.

[ 0009] The need exists to determne a cure systemfor the thernoplastic

el ast onersslfutheempouad Hireapealkyif 61 @k peroxide eompourseoiefiage dive radical iipigatosy ak i on
of the ther | ast i¢, el astioner at high tenperatures that also provi.des, for
2 stabl e Ltneteher ST AR B RngMarSFInG! i UFtamolR ofniRpllaF jfdtee
article f@iift)y QRAIEAISONShioSkIMVARiIGRIKHE thiNVENT I OhhifRedcihe spIras@ies,
invention is directed to a thernoplastic elastoneric conposition having

i nproved telegiraemates.sapthgtealedvip peids. 9ud e Idsfown si mil ar conposi ti ons.

Speci.fi c the, present .i.nvention is directed to a,thernoplastic

o ast el AP RERR e 2h: roa e b S Ba RSB PEhE e «
non-r everddw theasintiRetotque! Sryleafsii€ st sy aemirel 9y Wondieth dIE riitdhicRy). aVvesh at
tenperatures greater than the cure tenperature or cure tine of the

t her mopl as¢h en glaatomsrisy usel 0o 21tharmeplestes elastomery 8ns befrvios can be andepirplple gs it
dynam cal.ly. v i I i T |l oy _cont aj | east 2 . .
2oput y1 e TR A6 dndpicBle MosBireP &P 00T, 8 RRL, FMjeng) shemiyl
30 cure sysdiem, Gacladiag irbergss entdelatistionl ofl the éude, 18urPRr higheratefipE@tury @rtRid
not nore than 0.1 phr of any cure accelerators. The el astoner is present in
t he dPl oyfomaatign depgalossdsyshazse ibn blpwing parcestogeal ithe Hhesvenlpsigoelastgpgisat of
t he therg&ﬂé&%&%ﬁé#éﬁgEhmlﬁﬂp 012/ 018440PCT/ US2011/ 040442 3 [0012] I n one
di scl osed aspec e 1nvention, the curative is selected fromthe group
consi sti rgoe] sulrheihecedeganasaicrithing aCcQFPYAES, for &l thialmdphisti¢ alagtosersathet
nmet al oxides; and in one enbodi nent, the pripmary curative is the sole.
conponentachieve pfigignteurs aft therplagippr guripgtfarmasion ¢ theethergnoplastie elastpragr at high
curative. . .a di s S spec I Qv 1.0, T he
cur o systAr RS (PaCREh afbvi gL RGBT theRhodte R Myind e} ol
perceot athperitird @8de fotmingldperitions. es, when cured and neasured at 220C. In
anot her aspect, the el astoner obtains a ninety percent cure in |less than 15

nm nut es, ARYCQFFHERNAENEION: 220C. In yet another aspect of the
inventio e e t r i . 1 -of . m X .eure
cond t1 on2010]° o185 PR, TRBHIOER: Hret€8R0 2 ABHERGE Mg, IRRLIEH

of the i rmaefilgi iaiprovtddechat@sdGA®Y oveRtpréviARBCkEMNE sing @ ofnpositib®y) PEsctfvatlycur e
to greater than seventy five gﬁfcent cure in less than five mnutes. One
skil'led ithe Pracr invertidn isghrestedaioe theamoplgstinplgsiamerde cppgositiom spapripias 2

t hesecur ' il ; e X '

the- Broocute M fMet s NEnEAUS - PR Bhon PSRN SR At Aok & o1
of the cunhaipulstedt ad teroffratuirgedgredfel ODid] tho eawnot teeipeaspecbr afurd heme naferdid on,
the i sobutyl ene containing elastoner further conprises al kyl styrene derived
units, CAhgrgopkatinflpstomcef i n derived units, or both al kyl styrene derived
units an to 4 i |0 odegi i . i t,

el ast orreﬁoﬁ:rrgv beﬁsﬁglpgaéé}ﬁtalt gﬁ{%ﬂt% ulreg%]g r{'&ej: ndloErlYQhé1 H*l%r@n%e.l&f“‘g‘%ﬁsa{@ 2 aTn%e?ﬁéoty
aspect ofcohtagnsi anvent drxnisotivtg ciidiesmmipingsddseniesatricdss osetheah@dadticansih end20
group consi sting of polyam des i mdes §$charbonates, pol yesters,

s, pol ,
pol ysli f SHERSYSan W%@l@_&@%ﬂ;@ﬂb@l%fcbg 4 80 phceis e YS 1l nimaaie S18-Gt phievle
resins, y, [
S yr one- Ay e e EBI P PALEPRERY bRy S C iy RO URREAET Bhase ot ymal
pol yket onasticletihyl congnwiul phaseed tiat thernaiphastie nesingi nyl  al cohol, and mi xt ures
t hereof 25[0016] Al so disclosed is a nethod of obtaining a dynam cally
vul cani zed al |l oy of any of




t he above conposition and el astoneric cure characteristics. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0017] The invention wll be described by way of
exanpl e awo0 20iAths44ef erence to the acconpanyi ng dr awi ngs PCH/Us201¢/02043DFI G 1
is a graph showing the elastic torque3 S', vs. cure tinmes of disclosed
conmpounds at an el evated tenperature; FIG 2 is a graph show ng extensi onal
viscosities of disclosed conpounds; and WD 2012/ 018440PCT/ US2011/ 040442 4

FIG 3 i raph show the elastjc.torque,. .S S. .cure tipes of

di scl osed Bhipou M atisatet SreeidPaitraiobuaepalipiciisid BRGR: greur

| NVENTI ONoh§i0H5} JihgulfRf, @8RRbmbRANREbinBulds, AUc8IChRErS aAd hReM BRREASHE & one

el astoneric conposition 5 conprising a cure systemthat is stable and.

non- r everanbegingnérihe pematyequrasiyk asthe golelcaspomst of theworekerstemy withi mpethlaaxedt at
high te eraturQP gfed<gn processi ng and fabrication operations. The
presentramgﬁ§@F8§g t'H&Yopl astic el astonmeric conposition is nore stable at
hi gh tengeoesur esn shbthdr@ideldsta RIpRY¥ dTah@ i ch@S, 08 tPRR cald SRtch AL ALgyhausly
known simlar conpositions. This enables one to produce an inproved film
useful fon tharllguebtaipplat tast ospyentyOivechaneingguigiin lessgeambabiihutesy when cured
application, such.a Lre . nnerliners, haose |aye and bl adder, | ayers.
(o101 vartO il AP P0-E gb aPRE SRLTe e RBRer R Sl Anind BER DR HUB  on
wi |1 now tha desshitbeekheh Ratcddindndak@bent ezhoeradicmemdtteranpecdef tHaiihi@miont hat
are adopted herein for pur poses of understanding t he cl ai ned i nvention.

Whi | e t heth¢ elagtones trpquares rb deshré nmiutes el MEcipe @ndefesise icheditigns to obtain a ten
particul arit it ol under st ood t hat ,vari ous her nmodifications wll
be. g far distdclboh alah odn SBEGTTY s Bl ¥ RisBHER T S PR R E 200 e Rou
depart i ngyok§ @hi B8 psRehit dur@ftders&ePBabeviche fivivigsttdn® burci@lesd Etaarfivicthingtes.

infringenent, the scope of the "invention® wll refer to any one or nore of
t he apperforsuskelles) ipghe arppill apmeciatadhat ferdughaiicoring teagraseprahdsg core times will
limtatiqns, that, are equj,val.ent .to t t,.are recited. 2 .l ti.ons
[ 00207 Defiorietiass M s it s bl el PGk g b ol iona i BB haB A8

descr i bed;rhlabvire (8824 fasHaltiaien of tRYuls idksgicbbtanéef er to honopol yners,
copol yners, interpolyners, terpolyners, etc. Likew se, a copol yner ma

ref erl5t o (8011 y it ae@her asppeiplathe lewation.wibe nembufdens, cantiniog gllasjorpgrt fartemher
nonomners. ; I rod farred, t i.Sl:n .25 [
oo MIFSE PN - F LR Pt P HuPOTED 0% DGy MARRO S,

in the paleyired igigtarldal Moaf,, andigdleMmatérivedfun@s thenyn@nisusdicitl the.clastonid Mdyer i ¢
unit). However, for ease of reference the phrase conprising the
(r espect ibgdplagspypd ithbremimeor gblofige.ysed as shorthand. Li kewi se, when

cat al yst one ri . : i .Sk .ral_.st I t he
conponenﬂggﬂﬁt ig{a%ﬁpgh%§§$§#g%glﬁéﬂﬁﬁgpéfﬂ%%%gﬂﬁﬁhf%gmgfggégﬁ%?ﬁgﬁé%%hnic
30 f @om giroliecod@RpanNestt polyaiitesf poimhiat, HeBehomattd) bblgecd@BOMBIySulfehes,
produce polynmers. [0022] "Rubber" refers to any pol yner or conﬁosition.of
pol yner s nobrastenssnt paliveeetalpe acrylonitrile-butadiene-styrene = resins, polyphenyleneoxide,

polyphenylene sulfide, polystyrene, styrene-acrylonitrile resins, styrene maleic anhydride
resins, aromatic polyketones, ethylene vinyl acetate, ethylene vinyl alcohol, and mixtures
thereof.

25  [0016] Also disclosed is a method of obtaining a dynamically vulcanized alloy of any of
the above composition and elastomeric cure characteristics.
BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The invention will be described by way of example and with reference to the
accompanying drawings in which:

30 FIG. 1 is a graph showing the elastic torque, S’, vs. cure times of disclosed
compounds at an elevated temperature;

FIG. 2 is a graph showing extensional viscosities of disclosed compounds; and



ASTM D1566 definition: "a material that is capable of recovering fromlarge
deformations, and can be, or already is, nodified to a state in which it is
essent i alwQ 20resaBubl e, if vul cani zed, WO 2012/ 018440PCPLCUSROM1O®UIN42 5
(but can swell) in a solvent”. Rubbers$ are often also referred to as

el astoners; the termel astoner may be used herein interchangeably wth the
termrubber. [0023] The term"phr" is parts per hundred rubber or "parts",
and is a nmeas nmon in,the art erei.n conponents of a_.conpgsition are
measured reradiie {04 ebbh Nopank BEFE EREROST DRy SasnpERae iR
total phreogfpoRads & afc@fe @hpefaitkfer conponents, whether one, two, three, or
nore different rubber conponents are present in a given recipe is normally

defi ned BETAILERDESCRIBIHON QBTHEINVENBHMNnents are rati oed agai nst the

100 part rubber and are expressed | hr., This ne can easily.
corpar e, WEISIcanft TORRE RafPL FSRiceld Bt angoplaf Bt S bgion
bet wegn diohfpisRBla GLEPREIN HRPE sBAKEEh DL RGHAFTRHER KRS th¥E@ndpl ARE klak@met & Of
rubber without the need to recal cul ate percentages for every conponent

af ter adjwerkphgr mepaiudatet abolilch) tompcraipresmise in prpgeniegh erfd jabrication operations.

0024] "1 sgol ef i n, ref Lefi havi. |
havi g 1o Pissmubl BEloSed WMonGiRE Pu TR coPBrupt T opBRS bpBRGa( Hat"

nononer hamp&gtuk0 d@indBi® BRWhE ah@NGStind BpéerafbeftRin ebvedsRBAkA®RA , sither
multiolefin is any nononer conprising two 15conjugated doubl e bonds such as

a conj ugaogwogitiene Thikenitdepensrie predoe s impityed jilmnescivhis yadpesanphiestions,
pol yTgr 1{1?1{81 1%11(55 a}iroin(%%e%{xsjl%%qg{ ng%?iﬁgtm THD oS QD {I{nse{rlﬂlgrsatholsee%Ez%lgggtllcﬁrﬁ!ﬁ%ger

repeat uni omiIs "Réver sion” means any
reaction |hjaa§. occurs post curing that inpacts the final properties of the
t hernopl astic el astoner. 20 El astoner [0027] Useful el astoneric conpositions

for this [0t i Yarieengcrds enbrdinents vEsionsn andk exrmplpreoinihy iyeatipg Wil gos
| east (1 1o C7.i | ef,i Wi th, (2 | tiql efi
ronores SRl SARE o BASEE g TR Hpisik Dl o Dol p 23 o8, o

of the t qiudhost® OO IR sthitliOf ehcedthiattidBRntioaNdwBhe tie HdstbatiWe onibddan@itd géive
enbodi nent. The 25 nmultiolefin conponent is present in anpbunts in the range
of frlém Juer desribad wathpaskioslary ot evib sodidaisiaod dhat arigw athet modifatipms will
anot her I ol | MR gr . . %

nononer ﬁgggﬁ?%ﬁ?%EWSF?¥§%é%?@&qﬁ%ﬁ?ﬁ?ﬁﬁgﬂﬁgggfé#@%&?g%%ogﬁi?gﬁeﬁq%gﬁg%hnd,
non- | i m tépiiQ) a@d 36acas thd inbhtidh. afce deambmdm ishemeas theabpt vl tide‘invention”

i sobutene, 2-nmethyl-1 -butene, 3-nethyl-I|-butene, 2-nethyl- 30 2-butene,

1- but ene, Wit Fitreife anyrongyer Iors of dheya@pperdgd ed@imsy iinglyding Heinpagiveigpts, and
hexene, - E -1 2 epe. T ' fLn.ts;a C4 to Cl4

mul ti ol efaeer %n%l&%ﬁﬂgrgxétlsoésrﬂgagg}e %ﬁ%vg}f? g%oefg{ Léel tg%lteaélé ﬂe\gt (31/'1- 1, 3- but adi ene,
nyrcene, Meffiridomet hyl - f ul vene, hexadi ene, cycl opent adi ene, and WO

2012/ 018440PCT/ US2Q11/ 040442 6 piperylene. O her polynerizabl e nononers,
such as 90RUne Bshnigioahiriisably ﬁ%ﬁ@,pr%ﬁﬁ@thaﬂ@ssﬂ%%ﬂ inygytonsapg as described below.

homopol yrm()iﬁat i 015101911}1619’0191941 %'geﬁsie& %ir%r itg Igﬂ{o%lolfrﬁg?& ed’oiolyrners, interpolymers,
terpolymers, etc. Likewise, a copolymer may refer to a polymer comprising at least two
monomers, optionally with other monomers. When a polymer is referred to as comprising a
25  monomer, the monomer is present in the polymer in the polymerized form of the monomer or
in the polymerized form of a derivative from the monomer (i.c., a monomeric unit).
However, for case of reference the phrase comprising the (respective) monomer or the like is
used as shorthand. Likewise, when catalyst components are described as comprising neutral
stable forms of the components, it is well understood by one skilled in the art, that the ionic

30  form of the component is the form that reacts with the monomers to produce polymers.
[0022] "Rubber" refers to any polymer or composition of polymers consistent with the
ASTM D1566 definition: “a material that is capable of recovering from large deformations,

and can be, or already is, modified to a state in which it is essentially insoluble, if vulcanized,



[ 0029] Preferred el astoners useful in the practice of this invention include
i sobutyl ene- based copol yners. As stated above, an isobutyl ene based

el ast omerwonor/psd4gner refers to an 5 el astonmer or a polPgraIS2@oMPI4itsi Ng at
| east 70 nol % repeat units fromisobufyl ene and at | east one other

pol ymeri zabl e unit. The isobutyl ene-based copol yner may or nmay not be

hal ogenat ed. [0030] I n one enbodi nent of the invention, the elastoner is a

but yl -t bb . branch tyl -t b ially hal d
vor 2i onan e Pitoskelinch SAEPE” deinbeis' B Sullloistas SRETE Bheleistedhonio
r ubber s saqwslfbrﬂ@fIﬁgpwﬁ/s@&héreﬁ{mf&r@fah%@abwwhﬁm @fhAsobend nmul tiol efins.

Non-limting exanpl es of unsaturated elastomers useful in the nmethod and
conposi t i[8027f t Rbe pres'aht” ismagspcohurgdred pobyy osGlags il aadas & sndagwprcema)on
pol yi sopr.en ol,ybut adi ene, . p i sobutyl ene, pol y(styrene-co-butadi ene),
Pat ur ai B SR BoRRRas R ST R er e i YRS Brepanpt AT O

el ast gMeregastddri®niPoRSRNL ThEVSBE pIbrGRMts F6r AMBEARDLED coMpeRYtsS Winkfbt BndTBROS
known in the art, and the invention is not herein limted by t he met hod of
pr oduci nghteReorengrst dfferent fubberiqonrwnent @il prssant of a hnboeipe isrngsmety dofigader

of the invention i t ai ned react i 95.t0 99. 5 W% i.sobutyl ene wth
0.5 1o & o rgGprTER NP B O BTER B bR el in ) B SRR

enbodi menire exXAELOB2] FhiaSTIEE®aly Gone QAR @&dilyl @RS, foNekaRTpesS e lehaly @R hRvERY
al so conprise at | east one random copol ynmer conprising a ¢4 to C7

i somonoolffilies loagings, efe.. bewisen ifenent campositions haped oy tmwmeortiizpBroPosiRth as
par a- et Il SUXLDSo R ALDH N0 Bl LigRs]. B0, ote  ald srnabi el plgl sast 90
wt % of’ the para-1soner and optichally Fnclude” functional tzed i'nterpolyrers
wher ei n dtvdleatdnlPoee, OF nivdE, @olbohdi(spl Kyl substituents groups present in

the 25 styrene mpnomer units contain benzylic hal ogen or some ot her
f unct i ond002tloup Ispelchmoraiers tegnp @latEnmonemer ryingrelr lepgiynp cahopdrgaiy two

el ast onerj opal .y 0 . a- in.a Kyl st yr (o) nmer,
such as pupL BRIy s oMb Bkl Al Pp e Bl Lo RO
90 Wt % ofponbe PRI & pEGIRId amBodpidngnale! shultigdfidas falﬁFlCﬁlioﬁdSkﬁbﬂ Ze@prising two

i nterpolyners wherein at | east one or nore of the al kyl substituents groups
presdat igntugateddoully bends syshane coningated dierg ikniserrans/l i ¢ hal ogen or sone

her f i | w : i al h '
pol yrrer 5 bai i Ao R P h Bk he PO AT Y Paraar Gt Plgerine

pol yner cdaaiphising\401cd0t 12 3184 APRETNUS 2Ol 1sO¥A ¢ Be. 7 RCHR-CXI| RL
wherein R and R are independently hydrogen, |ower alkyl, such as a G to
C7 al kyl [80Rlpri nideveroen”saesyday yundpiiablchigpetimsthaheiconrs Bosh coiiie thiab HapPackr oup

such as h[ﬁé ﬁgﬁ%roéeﬂ%éastnolf‘t?ﬁ%@gﬁg”?p%sﬁc%lagﬂ)gneﬁl are each hydrogen. Up to 60

nol % of the para- S yrene present in the random pol yner

st ruQpur eElasynfee t he functionalized structure (2) above in one enbodi nent,
and in anot her enbodinent fromO.1 to 5 nol % In yet another enbodi nent

t he anourl®0¥ f uklsefubrrddstoreerics ccopppsifiany Apr jthisf ryR@m coBPBisero WIXWO3S] The

i
groups suchultiolefin, monomer component. The isoolefin is present in a range from 70 to 99.5 wt%
of the total monomers in one embodiment, and 85 to 99.5 wt% in another embodiment. The
25  multiolefin component is present in amounts in the range of from 30 to about 0.5 wt% in one
embodiment and from 15 to 0.5 wt% in another embodiment. In yet another embodiment,
from 8 to 0.5 wt% of the monomer mixture is multiolefin.
[0028] The isoolefin is a C4 to C; compound, non-limiting examples of which are
compounds such as isobutylene, isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-
30  2-butene, 1-butene, 2-butene, methyl vinyl ether, indene, vinyltrimethylsilane, hexene, and 4-

methyl-1-pentene. The multiolefin is a C4 to C14 multiolefin such as isoprene, butadiene, 2,3-

dimethyl-1,3-butadiene, myrcene, 6,6-dimethyl-fulvene, hexadiene, cyclopentadiene, and



10as carboxylic acids; carboxy salts; carboxy esters, am des, and i m des;
hydr oxy; al koxi de; phenoxi de; thiolate; thioether; xanthate; cyanide;
cyanat e; woi2orz/01843d m xtures thereof. These functional i ret/tissamonaat ef i n
copolynmers, their method of preparatiéon, nethods of functionalization, and
cure, are nore particularly disclosed in U 'S. Patent No. 5,162, 445.
[0034] I n an enbodi nent, the el astoner conprises random pol yners of

i sobut yl ene and 1 .5 t0o 20 | % ara nmet hy rene er | %
of the” ety TS0 PR MsPaLE, S s SEn gt Aty YRnt Card HilE
functi onajitzigle foM %ﬁ@ohﬂﬂ&ﬁ@ﬂbrﬁé@bpa@n&h@m&ﬁn%@ Hsyekgne
(para(brononet hyl styrene)), an acid, or an ester. [0035]1n another

ermbodi ner®02%lhe Pmﬁ@rddoﬁaswmyrsuee@é lire Sreenragtissofi thistinventioaringlede tsobutykeoe-m
pol ar bonds th functlona n .t mat ri x pol

el o BRrdEond R 08 ST U g R G TRbY SRR b e
conpoRientgastirierdrXe foFnchicomptiSiAp &k atadf 6 m&l@@?@kbtnulﬁfiefr@fﬁﬁ%umﬁgﬁe and at
brom nat ed pol y(iso utylene co- p- nethylstyrene) "Bl MSM' pol yners general |y
cont ai n fleastooc pthes rolymedrizeble wiionbhetisephigednecdyeenohemeremay iovenayonathe
total a %i}eo&ﬁgnnoner derived units in the copolyner. In another

embodi ment’, °&h 5 anount of brononethyl groups is fromO0.2 to 3.0 nol%

and fromige|t o B SndnYddimdtetofaimet ideentRmb el ea@tbmearisi af b@M-Bpé fuBbe- &
mol % i n yet another enbodi nent, and fromO0.3 t

2012/ 01844arbFd LbSdeeomdﬁpmz @pQCl@l}I’rbIﬂ%W@t@;det’efalﬁm I‘?érth@ﬁtﬁi@ﬁtmﬁ’@ Updnkei n
a de |rable ran Y atlon of an t w.th Iomer
0 RS Sal e B R P 35 PR FERE R ol iRy, R

wt % of brrﬁunmaleﬁnbam mlttﬂgeemlgw oPlindangafeal Fdmerk RefuD it tihed r&thﬁfd%nd
bronine i n anot her enbodi nent, and fromO0.6 to 5.6 W% in anot her
enbodi merfompgpidios ok thet prasang| inyertioge agst mﬂﬂ@oh@V@QWOGWpﬁ@ebg@ﬁl}’ilsﬁpteﬁé
pol ymer h bone. ch i d I
SRl T R i
par a- met Iyt trbRMeardemniveds itrdos, (BRI REsBMAIDMe PRyt mrvan@)n darjeviagde
units, wherein the para-(hal onethyl styrene) units are present in the
pol yriér  fiyoryousable mpans kisivos Babe artgridithe mventian i grblgreigflimited by the method
par a- net hy r rein the para-nethylstyrene 10 derived units are
pr esent P¥ %&ﬁl gﬂggghggﬁggsed on the total weight of the polymer in one

enbodi nernpo3gnd OherembddemdA dﬂﬁfbllfhtyﬁln@lbb@f pameﬂlbmfet invehti@N @ bBtained by
enbodi ment, the p ara.éhalonethylst yrene) gara- (bronmonet hyl styrene).

[ 0037] Ot Hegctieg BdodP-3 w6l aipebuisderia wih &rﬁ to 2 OHYeaiSonTRRE. OF A2 RErte SUMKRbI e
for use i L i ncl ude terpolynmers conprising the
|soolef|n&§%§1ee wdﬁﬁgﬂ%P%?e dnﬂ erein 15 the multiolefins have different
backlzone [9032]ct UEEStopidri@ rcoh@ombweﬂ’ tha idseit. inGition tredypsiby s@nsridens ll¢agdeomot h
bl ock and random terpolynmers of C4 to C8 isoolefin derived units, C4 to Cl4
mul ti ol effRdcierGopelymshicomprigig &lleyfos (G rispreorpalefingd sueli es Isobybsthenice B 4prer s
may be f I I ekgesab

ot hyl st o Snay RS TS, St o ARRGARL O] ehBtEE TR, (LR Sl P

from i sohilcitatingy aytrhapehtvawi EtffetheapdiaZ@)nwrka&idsbyﬁi@faﬂymﬂmﬁerﬁmctﬁuﬁhzed
terpol yners are obt ai ned under cationic polynerijzation conditions.

Ther mop! dBiermolyees whaspn gt tepst pug pbswse of tha élkfzilr e&eﬂtuenﬁq VERENsopreseat in the
thermapl agt|.¢. &%Iw&ﬁ&“lﬁms c%h il Eén%ﬂ@ﬂalb @§r§ Eﬁo%aI gx%hg) Iﬁ(%n@ther

t her mopl ast 1 ¢ pol yner copo nmer, ” or FureX ereof avi ng 5 Youn
nmodul us afmbudireerththo pﬂ,\@ﬂleMH&yaie a2@@donh I@fasfoﬁﬁdrll’(’t cdpolyhdr bt e:4 & Oebitaletin and
tenperature of about 170C to about 260C, preferably |ess than 260C, and
nost pr efdr AHNSYEES EPEANURIut SuBhoes B@raé%fﬁmélﬁttyreeﬁawoaéfnﬂnﬁ tatoncasy 80%,

t her nopl S hed i ok t d-e

rogaine. (i SyPar KO8 Fuob 3 fhe Bl R B TAlE el MRG0
resi ns neytehwlysad wshangh yat deast one orrarato mlm: alkgll genatuahts ord@somtsinn in the
ni trqogen, oxygen, hal ogen, sul fur, ot her groups capable of interacting
wi t h 3Bn STRHAMPROEST WS FaRtam penaiks E@Iagengqro%aﬁge ahrfuncdiona) Hgen Bremplp ¢

groups. Syktall ®may be characterized as polymers containing the following monomer units

randomly spaced along the polymer chain:



thernopl astic resins include resins selected fromthe group consisting or
pol yam des, polyi m des, polycarbonates, polyesters, polysulfones,

pol yl act omep12paB4sacet al s, acrylonitrile- W 2012/ 018420PTRL0IS20WL1Z 040442
9 but adi ene-styrene resins (ABS), pol §phenyl eneoxi de (PPO, pol yphenyl ene
sul fide (PPS), polystyrene, styrene-acrylonitrile resins (SAN), styrene

mal ei ¢ anhydride resins (SMA), aromatic pol yketones (PEEK, PED, and PEKK)
et hyl ene copol ymer resins (EVA or EVOH), and m xtures thereof

5[ 0040] Sui t abl e pol vy, mldes (nylons) conpri@g crystalline or resinous, high
nmol ecul ar wei ght SO|I pol¥ymers incl udi ng copoH?ners and terpolyners having
recurring amde units mr&ﬁ?n &pgmpolyner chain, Pq5¥@g!des may be prepared
by pol ynerization of one of nore epsi |l on | act ang 5, such as caprol actam
pyrrolidione, |auryllactag~and am noundecanoi g
by condensation of dibas aci ds and di am nes
nol di ng grade nylons are abl e. Exanples @
pol ycaprol actam (nyl on-6),T pol yl aur ol act am (ny
polyhexanethyleneadipaq% (nyl on-66) pol yhexa
(nyl on-69), pol yhexanet y!@ne§ébacanlde (nyﬁ%n-

actam or amno acid, or

h fiber-forning 10 and

h pol yam des are
bn- 12),
et hyl eneazel am de

pol yhexanet hyl enei sopht hal am de (nylon-6, 1P), and ihe condensati on product
of 11-am noundecanoi ¢ acid (nylon-11). Copol yners are particularly

d bl e l e, i de, 15 f t
56 = nyl GHIEFBAY AR HEF TESERTBHE Y haressBo Pt TRt & b ot he
nmononer s fiBfar® AN cdridlary AklyPMaBdckZandC/RMERS Ghithibialadlip aBEL aQ@ﬂabﬁ%@ﬂ deg fRY

be advant ageously used |n the practice of this invention, wth [i near
cryst al | inebadohgrani ded R'aarc regcta hgdiogeni bip tpdi(htnot% afght¢ pag-spbstriittet) styweren

160 C_and 260C bein ref rred. 20[ 00411 Suj bl e sters ich na be
enpl oged,PTHE! GBS FREOBIYHaF 0 OB b B PR e b A Ve Mg o o
of ali pha&ﬂ%dﬁﬁe@r%ﬁw eﬁloeehéﬁ%@%ﬁk oA ds £RbELS 1RfycMME e danchtone
or a mxture of diols. Exanples of satisfactory po Iyesters i ncl ude poly’

(trans- 1th@@mcwnhéiwk@nmﬂczdSﬁanwadé)ddhmmﬁdﬁyBan@%@ such as

b pat o 1oLy ¢ 4 eretbpngon &€ g ) kil S e oS Ryt erdiy Wi
al kanedi qaar;b@mcaitpe%te@bgﬁﬂua &Eﬂid/s(u%bt%uﬁmf"of sar&&gérﬁaqag&%rfﬁbmér s Qxdmat e

and pol y-(cis-1, 4-cycl ohexane | ene) succihnate; poly (C2_4 aI erne
t er eghit haﬂsaladwcyhs @cllds,aearb@iyymlthytfehexw r:@gm #raidas eangnighides; hydroxy, alkOXIde

pol ytetr l,enet rep at e ene .i so haI h as
Pol yet hy TERRTUEEnEIa: Ao oy Palel ety B GEHERaral aaie M

mat eri al spheb¥ ehRiioRsARa! YERERIoerR Bof@yhMEdthklromtBEd AroFrebdratidH, Qﬁétpwsydm c
aci ds, such as naphthalenic or phthalic acids and C2 to diol's, such as

pol yet hyl fern@tlomeh@plhnmd@mee arempis| pplfiaudrsrdsdescd phbh% Patoat Npr & 61441

| t |t th f 0C to..260C. WO
o157 o15AM8Pr) LSS sPeB et Tu® BadhmrPettite Ay isRbrer ot ISR R s
whi chsmay be o %l%%a@&ﬁ@ﬂ@?ﬁﬁﬁn&%&elﬁﬁ td 61/ 811, th@Bthye .Lllbsjtifﬂl@ﬁmgroups

commercially available nmatérials produced by the oxidative coupling
pol ymeri mcseohomfheévlekwl rlslgbsfuntcurn@@Z%wrtblashaldglqeyudr@ tyemencair|chloring éeara-
anDrphou (yne %>hav a(g%ass transrtlon tenperature in the range of
190C to @?% 8z§?ﬁ ﬂb? é”@BS%FQner resins, useful in the invention,
i ncl ude qomly el ath@ tetotientd thl fmaﬁartﬁﬁsedleesédeguah @fat tQMB refcabP M | C
acids as wel| as the carboxylic acids per se. In particular, copolyners of
et hyl ene pmlqrrbomdmwltacfenettoea groapfkplresqtt iy thet @etrixf polymsta dgn XampiL, layid, amnyal ate
and hyl | at e ese et hyl ene copol yners. t
comrlas %nsiogy 1 ERaTE SO o BimyengoSiarer S PSRRL I motd SuoRian o
ethylenet@ﬁ?&em;g pr ef erabl y about 75 to about 90 wt % et hyl ene. The
expression "ethyl ene copol ynmer resin" as used herein neans, generaINy,
copol ynmer[803f] et hypeﬁnem dlmemnsbmrmmarGémoatseb@ybﬁer@mme@mtyre@)”BI SM"
nonocarbox lic aC|d acr lic a
ot or o, apy APl i 4 S SRR S e BB bt el B

" EVOH', wbrap hnfoah€ bf oty | RAY ANitaGRTAE eodeﬁiey e Sanoditd dnf®diment, the
hydrolyzed counterpart ethyl ene-vinyl alcoho 15 Thernopl astic

El ast%mran@@bﬁﬁbmmqmﬁhrlwnmw fr@aéﬁ tmé Odrlol%wndffrctmé) oy Bplsinyel s
and at |east one n t he Q stlcs are blende f a
cynam carrpinstrnatiinBRY af s aRds e WORATR S el Syt cBibo el dSn 4B
herein to connote a vulcanlzatlon process |n mhlch t he vulcanlzable
el astonmer is vulcanized in the presence of a thernoplastic under conditions
of high shear and 20 el evated tenperature. As a result, the vul cani zabl e
elastoner |s srnultaneously crossllnked and preferably becones dlspersed as

o - o,



which is sufficiently high to cure the elastonmer to a high degree within
the residence tine of the DVA manufacturing equi pnent and al so above the
melt tenpeoabiwmEsad t he t hernopl astic conponent, in equiPpFAISR0130¢0342S 1 Ol
mlls, BanburyTM m xers, continuous nBxers, kneaders or m xing extruders,
e.g., twin screw extruders. Typical DVA m xing tenperatures are in the 30
range of 200C to 270C, or higher depending on the material conponents. The

uni que ¢ acteristic of th nam cal ly cured conpositions is that.

ot v ¢ hetahdiohg st faber ot R Bupth ER-EEHE STER et B Supifitonef
conposi t i MRsippaNikR vamoaSI6Rer f. EXPFRGRSHBthcPWag XRIPlArP Bdpoly ek KBRSt i C
processi ng techni ques such as extrusion, injection nolding,

2012/ 018410rPO17 Ws20 M40 bsoming, basap roasidic oveigh afi thg pobirecr, 8emap4de ¢ Md¥%hi ng
can al so .be sal vaged, and 1 eprocessed; those skill in the art, wll

o ot SR, e A SR SRARRE 3R b B gy Rk <oy o Mer nkbatiehing are
el ast gmersupQhtiy Sfre€ JMNAg hedded Yor DRISLRRAT mca&ggilgﬂiée HabkBdA8 EHa@sS-Thi did Ng

characteristics of the vulcanized polymer. 5 ] The t hernopl astic may be
present iombediragrbuthc jeademylymemsabeorolimer of 68 tatCs baslslinglsrivhe uptis yorer

bl end, al. [ h | gsti g is. [ i t,hi.
one of ¢ HestpARGIatAY paty i GEOIRE, S5, 5%, 7 e eRPBlRlend) 060 e

el ast oneruniywh@cir@s @bia-(halobitehyt@yRas) driknird Prederiveh @Y palimbinfromb®s esl 3N
t he thernopl astic/el astoner blend, of up to 90 wt% i n one enbodi nent, up to

70 wt % i rmalto bereel ivarthe seldiumther of ppratractBplsivronci andaybensay the Persdmatmistyretied up
to 49on %0ey Ghis ARt AL EIRAM IPM widdrh el o OHfieh S TRAl TRHSyoBRY: ff ol N
may be conbi ned W any of "the above WBX|nun1me|jht d%rcen a%eg, t he

el ast onerenitRyiriéntPERERBI 4 o A0 WeAS arbtiér¥%emididitheast 1d Anyvhde ¢MbaNBEMNE the
enbodi nent, and at |east 20 wt % in yet another enbodi ment, and at |east 35
W % i n ydtaratheianesthd pisesar his pera-bsproomehylstysenepar i ng t he DVA, ot her

mat eri al be P { t el e i

bt or et H20EHast SMSF 8 sty el dfie o RALAIE HaRhb e B AT b,
added t o grb@ntrinxeiticUihtinge te@poldntBrcotpeisingahdypbrsihiagd 2w nallaskanewhhae

al ready been introduced to each other. These other materials nmay be added
to adsi stthév multigfedpsr hayorliderent dagkhonsr strectyepvpdd despolzdmerfioncal Such
properti . X [ [ i

limted 5%{1’%&5462 }H\?}e@? b?%‘ﬁ@é’?? %Hi féz}@?’lsn X %ﬂﬁ%f"g %Q‘atﬁ 8&?@“&?&%?3@5@?.%1 h
ref er enceCfto @ henudtiasfiodaivdahits @ ddilstdtasad denvedniniton Such/ ey 28 dhaydie
"cured" refers to the chem cal reaction that fornms bonds or cross-links
bet ween tiRENEbIHesobHEICAS isePrente A pdlpdtheicne.| poleoyhin drtiHeyenasmepipers.
pol ymer i n i e i .25 t i | t to
avoi d anf%ggggsgﬁgh%?%gxﬁ?ﬁghéﬁ¥ﬁ%?%%%ﬁ%é%%%ﬂngﬁﬁ?&gﬁg% é@#ﬁ%“%gkgénl es
in the 2%0BVAyrcperaandrersur 8tieth/ @&peolykizdsvard @beadtsie unddr otution s polyhitkizatghn
are typically avoided. [0050]1n accordance with the present invention, not
onl'y shoui°8diiRBY-nopl astic cross-1inking curatives be avoi ded, due to
possi bl e i h e post-DVA manufacturing operations, the cure
systen1céﬂ%%ﬁg%@£@§ﬁgﬁﬁé al so be selected to avoi d undesired chem ca
reaction,[0038]] udFoagpwpodek bl dicl roseat invheticy b ehdradplastn(abternatidds ircfalrt @ to as
reversion during t he post DVA-manufacturing 30 operations. As already

di scussedheropistic savehis »ribsrmopiaste PobmEr SeRALLECT, (O MEXHI&L theteof Gaving a

typi ezl | j j t I red C n i i ng
Ubber soara | PR B AR BRI YR R U Rl TR ol R
near el i nemptratine of alidne 1 20°Celoatbant 260°0, piréerahly éesp alcdali®°C narcionbit padfeablywd t h
goi;/bgag %{%%qul} %g%sﬂe)&g B&gceon(\:flejlll’t?o'&llalvgéﬁn?t?oqf%rtﬁgrngo%lasyi\?is a synthetic resin that

softens when heat is applied and regains its original properties upon cooling.

[0039] Such thermoplastic resins may be used singly or in combination and generally
30  contain nitrogen, oxygen, halogen, sulfur, or other groups capable of interacting with an

aliphatic or aromatic functional groups such as halogen or acidic groups. Suitable

thermoplastic resins include resins selected from the group consisting or polyamides,

polyimides, polycarbonates, polyesters, polysulfones, polylactones, polyacetals, acrylonitrile-



12 conventional amounts actually used in commercial practice, yields the
desired stable conposition. [0051] Suitable curatives include sulfur,

or ganonmetwDI2o2/asapounds, phenolic resins, radical initipararss)liandinet a

oxi des. Exenplary netal oxides are zifc oxide, CaO MO, Al 203, C03, 5
FeO, Fe203, and NiO. A preferred curative is netal oxide and in particular,
zinc oxide, and is present in the conposition in anobunts of at least 0.5 to

10 phr, hased on.the weigh rcent . of the tot ffective, i.e

or oo | i AREREErer B FRI HBER SRRt BP0 OIS herSpg ki, P Ve
curat i ve gobyspfrese NtyreRe-hi9loaANROSdstis OB ANY), et nfic larfBylRddl Qedpky (SNIAY, 5
to 10 phr; in yet another enbodi nent, the curative is present in the
conposi t iasematic patpkatenss GPEEKEPER, s1dofE KK rethyileneycepolymea rsinsd EVéntrdeV ot |
t he cur atai e iitslr%rtﬁsrenft; in amounts of 2 to 8 phr. [0052]1n one enbodi nent,
the cure BYER Cont'aPhs no cure accel erants and only the curative

di scugsedqogdmve Baitdh€pBRlanidest (§10HE) CompHie Brys@llineh rPaREous, MigRNAdlBEallar
enbodi nent, the amount of any one cure accelerator in the conposition is
not nore whght ©lid petymeradeduong chpolyeicishandpiernodymersthaying reeisbog apmda eits

t her mopl aaiic £ ASLATELR,N ROLNGL, STOQIIENL. {0GARACGRLEIALRY of Sore
present in-an anBunt cof "Hidt HorE T Han-0.208 PRI CY PX PREFE EREN One e €
accel er atepkildis 140t88ENuchNad BEHERORASI fyr@MRlionth ey i tdrol ahd ambRindeéanolr €
accelerator is not nore than about 0.1 to 0.2 phr. [0053] Suitable cure
accel er atlegtam; eicangige asidegr by cepicasayion i diblasis el aneé diorpise iash fiseigforminge
st earlﬁt € & lritlosld{)nf ngde C@bns s%ﬂgbél )I% a%l %% lilnof:(e)lrrr@&eg%tré 201 V\'gltrglagt %ari ¢
aci d ‘or other oré&%lc acidsiandei ther | sulfuf onpotnd BPYGiER28 T ee
radi cal i(ailoha)Or Spal§laastehan at gigonIler nogrkanahlktcddiiamidé o (HAsL66HN
the el astoneric conpound art include am nes, guani di nes, thioureas,

t hi azol eolyhexumethleneazeevidmi dewon-69).f epelheramethyiinsseheprmge es(nylannd ),
i ds, : ike. 41 i . of , t
o IR e 0Pl P38, 20 RO PRl G B ot

t her nopl agide@ndRn®did (nflbe-1apdiCopelyn@hs hRepatiédhily dssiabit, ttRempRngenat i
profile of the conponents are adjusted to ensure the correct norphology is
develldpedrontguaixtur¢ of the meongmersier ojapfl &6 7 Kyloryo&0adwthes ckpaplsieh SPRALYBH of
t he DVA, t] i e i t [ &l .

el ast orrerr%la o%%hiaasﬁ%(glll ng pdrqggg)ggﬁgrsgﬁ% E gpa%gtalpve?@i,onf /éf'cﬁggt%gaﬁggv%g%gedded
j ust  bef gotydntidesehast berexlvanabdobsly ninati aist the p@stice af ehioinbemim, ovitle@sar
after the 30 thernoplastic has nelted and been mxed with the rubber.

Al t hough dys¥tiee polypmmiss hpepg pcplcnpg pPRBI 65 Incltin P UHRIHERHULO L HerrbPORSL i ¢
matrix i rred norphol ogy, the invention is not limted to only
this mrgﬁ%ﬁéﬁggfegljﬁ% may al so i ncl ude norphol ogi es where both the WD
2012/2018440AFT/ USRddblé Galed2rs] SwhichAsiayete angpldyle, tifedide pheapblyinedr action
continuous. Sub-inclusions of the thernpplastic inside the rubber particles
may al so Medysteafeeqtc orAperictaf snaxtas s shiehatys groasmpicoaplRearbeiliEccids palpryel

enpl oyed -0t Lffer i ubi | i St i ns
and of astgddts i ol g HRERE of ATk ity OF shitfachork PERRICRE e 1B,
modi fyi nqtrasatldiayciohetsilend @r ¢ raticiei digarbdtydatsy)rsuale es tppib@trans-bdtoyehetHence
rubber and thernopl asti ¢ conponents of the conposition, Suitable

conpat i biFEB#e) i AR udelet KiFRnsnl 28y Flgheryiae ur RAHRi thelY e{&idnjUgalidt-1.4-

di enezba LIRSl ALION copplY, 555@& (HNBRY, epoyxy! ated; ur 2l
rubberss (SC%%IS?E agglﬁeat}gé r bber, gn%%rﬁr?(t reés?t hereotf, as év%y/el I :@%K()Q%(L)ﬁl’yrrers
havi ng t hychaomntdisicthudént) exbife hink pdlyecizpld-agtlolexaasiimethylchbesiekcmatcomely c
polymer, or a . structure of a _copqlynmer having an _epoxy group, carbonyl
group, hdCegedstsy fﬁre@ﬁh%e@r w& aw@ﬁa’é’éen&%wthag%&%lza@m P@Y@%‘E}Bt,%yépe'
hydroxyl (gr 1§ R SAGIR0 Wb RS, LAGT TRPHASHLGIch SRRk nd
el ast oner. e?ﬁ@%@ﬁ'?@ gr’r@%ﬁt g(? corﬁosgi)lit1 E?Héz’er gleh; ty @?atw;? agoﬂt}t (5a%5 to
about 10 poéytetsarhgthylengsbphthalate, and like materials. Preferred polyesters are derived from
30  aromatic dicarboxylic acids, such as naphthalenic or phthalic acids and C; to C,4 diols, such as
polyethylene terephthalate and polybutylene terephthalate. Preferred polyesters will have a
melting point in the range of 160°C to 260°C.



preferably about 3 to about 8 parts by weight, based upon 100 parts by

wei ght of the total of the 15el astoner. [0057] Conponents previously used to
conpat i biwpDze12the44vi scosity between the el astonmer and t ReTmspdiasi4g2
conponents al so include | ow nol ecul ariowei ght pol yam des, mnal ei ¢ anhydri des
grafted pol yners, methacrylate copolyners, tiertiary am nes, and secondary
di am nes. Exanpl es include nal ei c anhydride-grafted ethyl ene-ethyl acrylate

| i | abl f i - DUP ) AR-201), .and ) .
Corol barindd] |+ oEa AR Vient Rt ER e r OB WAL VB JBR i Btardanss Mg thishe
use of Sblﬁ{?bn@i@ﬂ,i hfev%llalfrﬁ)vxftﬂréoﬂﬁﬁergﬂaﬁS? USSBsb1E maensds r}ﬁo&&ed\g@l !tlfeabi'(i@ﬁ,‘tive

12/ 548,797, filed August 29, 2009. These conpounds may act to increase the
' ef f ect | veuplarmpelymefizatisarafoyptyd stbstityted ehé¢rmlls. i hayhase generally linear, amorphous
el astonerj ¢/t hermopl astic conmpound. The ampunt of jtjve s selected to
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acrylates. It is also meant to include both "EVA" and "EVOH", which refer to ethylene-

vinylacetate copolymers, and their hydrolyzed counterpart ethylene-vinyl alcohols.

15  Thermoplastic Elastomeric Composition
[0044] At least one of any of the above elastomers and at least one of any of the above
thermoplastics are blended to form a dynamically vulcanized alloy. The term "dynamic
vulcanization" is used herein to connote a vulcanization process in which the vulcanizable
elastomer is vulcanized in the presence of a thermoplastic under conditions of high shear and

20  clevated temperature. As a result, the vulcanizable elastomer is simultaneously crosslinked
and preferably becomes dispersed as fine sub micron size particles of a "micro gel” within the
thermoplastic. The elastomer has a small particle size where the number average equivalent
domain diameter ranges from 0.1 to 1 micron. The resulting material is often referred to as a
dynamically vulcanized alloy (“DVA”).

25  [0045] Dynamic vulcanization is effected by mixing the ingredients at a temperature
which is sufficiently high to cure the elastomer to a high degree within the residence time of
the DVA manufacturing equipment and also above the melt temperature of the thermoplastic
component, in equipment such as roll mills, Banbury™ mixers, continuous mixers, kneaders
or mixing extruders, e.g., twin screw extruders. Typical DVA mixing temperatures are in the

30 range of 200°C to 270°C, or higher depending on the material components. The unique
characteristic of the dynamically cured compositions is that, notwithstanding the fact that the
clastomer component may be cured, the compositions can be processed and reprocessed by

conventional thermoplastic processing techniques such as extrusion, injection molding,
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[0047] The elastomer may be present in the composition in a weight arnount, based on
the thermoplastic/elastomer blend, of up to 90 wt% in one embodiment, up to 70 wt% in

10 another embodiment, up to 60 wt% in another embodiment, and up to 40 wt% in yet another
embodiment. In yet other embodiments, any of which may be combined with any of the
above maximum weight percentages, the elastomer may be present in at least 2 wt%, at least
10 wt% in another embodiment, and at least 20 wt% in yet another embodiment, and at least
35 wt% in yet another embodiment.

15 [0048] In preparing the DVA, other materials may be blended with either the elastomer
or the thermoplastic, before the elastomer and the thermoplastic are combined in the blender
or added to the mixer during, or after the thermoplastic and elastomer have already been
introduced to each other. These other materials may be added to assist with preparation of
the DVA or to provide desired physical properties to the DVA. Such additional materials

20  include, but are not limited to, curatives, compatibilizers, extenders, and plasticizers. With
reference to the clastomers of the disclosed invention, “vulcanized” or “cured” refers to the
chemical reaction that forms bonds or cross-links between the polymer chains of the elastomer.
[0049] When the elastomeric polymer is blended with a thermoplastic resin, the curative is
selected to avoid any cross-linking of the thermoplastic resin; when using polyamides in the

25  DVA, peroxide curatives — known to cause nylon cross-linking — are typically avoided.

[0050] In accordance with the present invention, not only should thermoplastic cross-linking
curatives be avoided, due to possible high temperature post-DVA manufacturing operations, the
cure system components should also be selected to avoid undesired chemical reaction, including
continuation of the cure reaction or undesirable reversion, during the post DVA-manufacturing

30  operations. As already discussed, under conventional curing temperatures, the curative is
typically combined with accelerants to reduce curing time, thereby reducing rubber scorch time.
Applicants have determined that complete removal or near elimination of the accelerants in the

cure package in combination with a substantial increase in the curative, compared to
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[0051] Suitable curatives include sulfur, organometallic compounds, phenolic resins, radical

initiators, and metal oxides. Exemplary metal oxides are zinc oxide, CaO, MgO, Al;Os, CrOs,
FeO, Fe,0;, and NiO. A preferred curative is metal oxide and in particular, zinc oxide, and is
present in the composition in amounts of at least 0.5 to 10 phr, based on the weight percent of the
total effective, i.e., cross-linking, rubber in the thermoplastic elastomer. In embodiments, the
curative is present in the composition in amounts of 1.0 to 10 phr or 1.5 to 10 phr; in yet another
embodiment, the curative is present in the composition in amounts of 1.5 to 8 phr; and in yet
another embodiment, the curative is present in amounts of 2 to 8 phr.

[0052] In one embodiment, the cure system contains no cure accelerants and only the
curative discussed above is present in the cure system. At the most, in another embodiment, the
amount of any one cure accelerator in the composition is not more than 0.1 phr based on the
weight percent of the rubber in the thermoplastic elastomer. In another embodiment, the
accelerator is present in an amount of not more than 0.05 phr. If more than one cure accelerator
is present in the compositions, then the total amount of cure accelerator is not more than about
0.1 to 0.2 phr.

[0053] Suitable cure accelerators include stearic acid or metal stearate complexes (e.g., the
stearate salts of Zn, Ca, Mg, and Al), alone or in combination with stearic acid or other organic
acids and either a sulfur compound or diazo free radical initiators as accelerators. Other
accelerators known to those in the elastomeric compound art include amines, guanidines,
thiourecas, thiazoles, thiurams, sulfenamides, sulfenimides, thiocarbamates, Lewis acids,
xanthates, and the like.

[0054] In an embodiment of the DVA, due to the goal of the elastomer being present as
discrete particles in a thermoplastic domain, the addition of the curatives and the temperature
profile of the components are adjusted to ensure the correct morphology is developed. Thus, if
there are multiple mixing stages in the preparation of the DVA, the curative may be added during
an carlier stage wherein the elastomer alone is being prepared. Alternatively, the curative may be
added just before the clastomer and thermoplastic resin are combined or even after the
thermoplastic has melted and been mixed with the rubber. Although discrete rubber particle
morphology in a continuous thermoplastic matrix is the preferred morphology, the invention is

not limited to only this morphology and may also include morphologies where both the

i's



27.04 27.04 27.04 27.04 Conpatibilizer 10.05 10.05 10.05 10.05 Anti oxi dants
0.33 0.33 0.33 0.33 Zinc Oxide 1 0.15 0.30 0.45 2.0 Zinc Stearate 0.30 --

0.9 -- Stweroir/osdsd 0.7 0.05 2.1 PCT/US2011/040442
13

elastomer and the thermoplastic are continuous. Sub-inclusions of the thermoplastic inside the
rubber particles may also be present.
Additional Components
[0055] Compatibilizers may be employed due to the difference in solubility of the
5  thermoplastic resins and elastomers in the DVA. Such compatilizers are thought to function by
modifying, and in particular reducing, the surface tension between the rubber and thermoplastic
components of the composition. Suitable compatibilizers include ethylenically unsaturated
nitrile-conjugated diene-based high saturation copolymer rubbers (HNBR), epoxylated natural
rubbers (ENR), acrylate rubber, and mixtures thereof, as well as copolymers having the same
10  structure of the thermoplastic resin or the elastomeric polymer, or a structure of a copolymer
having an epoxy group, carbonyl group, halogen group, amine group, maleated group, oxazoline
group, or hydroxyl group capable of reacting with the thermoplastic resin or the elastomer.
[0056] The amount of compatibilizer is typically about 0.5 to about 10 parts by weight;
preferably about 3 to about 8 parts by weight, based upon 100 parts by weight of the total of the
15  clastomer.
[0057] Components previously used to compatibilize the viscosity between the elastomer
and thermoplastic components also include low molecular weight polyamides, maleic
anhydrides grafted polymers, methacrylate copolymers, tiertiary amines, and secondary
diamines. Examples include maleic anhydride-grafted ethylene-ethyl acrylate copolymers
20  (available from Mitsui-DuPont as AR-201), and butylbenzylsulfonamide (BBSA) and
polyisobutylene succinic anhydride; the use of such additives are further discussed in pending
US Application 12/548,797, filed August 29, 2009. These compounds may act to increase
the ‘effective’ amount of thermoplastic material in the elastomeric/thermoplastic compound.
The amount of additive is selected to achieve the desired viscosity comparison without
25  negatively affecting the characteristics of the DVA. If too much compatibilizer is present,
impermeability may be decreased. If not enough compatibilizer is present, the elastomer may

not invert phases to become the dispersed phase in the thermoplastic resin matrix.
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proceeds very fast in a step cure fashhBhEtlo full cure; this in contrast to
the slow gradual C&ngo%eﬁ{f the Brief Description Commercial Source
BIMSM Brominated para-methylstyrene-
isobutylene copolymer
Polyamide Nylon 6/66 random copolymer; UBE 5033B, from UBE
conolvmer 85 wt% nylon 6 and 15 wt% Chemical
potym nylon 66
Plasticizer N-butylbenzene sulfonamide Uniplex 214; Unitex
Chemical Corp
Compatibilizer Maleated ethylene ethyl acrylate | AR-2001, from Mitsui-
copolymer (mEEA) DuPont Co., Ltd.
Zinc Oxide 1 Standard Zinc oxide (St. ZnQO) Kadox 911; Zinc Corp
Zinc Oxide 2 Nano Zinc oxide (Z805) VP AdNano Z805 51-
50565
Zinc Oxide 3 Nano Zinc oxide (ZnO 20) VP AdNano ZnO 20 51-
50568
Zinc Stearate
Stearic Acid
Talc SG2000; Nippon

[0060] Four different DVA compositions were prepared, with the DVA’s different in
regards to the cure system used in each DVA. The compositions are set forth below in Table
10 2; the values provided are in terms of parts per hundred rubber based on the rubber weight.
For each compound, the percent bound nylon and the fatigue life at -35°C is determined.
[0061] The percent bound nylon, also referred to as percent insoluble nylon, is the
amount of nylon that has reacted with the rubber to form a graft copolymer which is insoluble
in a solvent such as trifluoroethanol. The percent bound nylon was determined
15  gravimetrically after twenty-four hour Sox let extraction of the DVA with trifluoroethanol
solvent to remove the soluble nylon, followed by forty-eight hours drying of the solid residue
in vacuum at 80°C. The bound or insoluble nylon is calculated by subtraction of the soluble
fraction from the total nylon in the DVA composition.
[0062] The fatigue life for each sample is determined as follows: specimens are cut out

20  using a JIS #3 die and from 1 mm thick extruded cast film of the DVA, with a total of ten
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is also increased over the Control compound and the low temperature fatigue is significantly
improved. It should be noted that although increased grafting generally improves low
temperature fatigue, it is also critical to have a high degree of cure in the product when it
exits the manufacturing line and preferably a “full” cure. So, for example, although
5 Compound A has a protracted induction time which increases the bound nylon, its low
temperature fatigue is poor, because the cure state of this material when it exits the
manufacturing line (residence time about 4 minutes) is also poor. In the present invention,
obtaining these goals is achieved with the step-wise cure profile of the present invention,
following a suitable induction time, as exemplified in Compound C, as opposed to a gradual
10 cure after a fast initiation of the cure as seen with the Control DVA.
[0065] To determine the qualities of the compounds when used to form blown films, the
Control compound and Compounds B and C were blown into films and examined to
determine film quality. The Control compound film had an uneven surface appearance and
gelled in localized spots; the gelling is attributable to a breakdown in microstructure of the
15 DVA potentially caused by lack of full cure of the eclastomeric portion of the DVA.
Compound B film was very good — showing an even surface appearance and good film
forming; however, as noted above, the low temperature fatigue characteristics are below the
values desired for cold temperature operations of the film. For some use applications, this is
not a deterrent to use of the Compound if the application does not require use or operation of
20  the article at cold temperatures. Compound C film was excellent, with no surface distortions
and consistent film forming during the blowing operation.
[0066] Extensional viscosities of the Control compound and one sample of Compound C
were also determined, and are shown in FIG. 2. The extensional viscositics were measured
using the SER Universal Testing Platform developed by XPANSION Instruments, LLC, (see
25  Woebsite: http://www .xinst.com). The SER is a miniature detachable fixture that can convert
a conventional constant shear rheometer (CSR) or constant rotational rheometer (CRR)
system into a single universal test station. SER Technology translates the precision rotational
motion and torque sensing capabilities of a commercial rotational rheometer into precision
linear motions and loads. By utilizing counter rotating windup drums, linear deformations
30  can be precisely controlled in a fixed plane of orientation which can be viewed at all times
during the material deformation process. Samples for testing were prepared by extrusion
casting strips of approximately 1 mm thick using a Haake rtheometer. The test samples were

then died out from this sheet in the transverse or cross flow direction. Stress growth was
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measured and transient extensional viscosity at three Hencky strain rates (0.1, 1, and 10 s-1)
at a temperature of 220°C was calculated using standard rheology equations. Extensional
rheology is the science associated with flow and deformations involving the elongation, or
stretching, of materials.

5  10067] For each series of measurements, Compound C showed the best strain hardening
(positive deviation from the linear viscoelasticity envelope), correlating with the blowing
film capability and the quality was excellent. The Control compound showed less strain
hardening, again correlating with the blown film results discussed above.

[0068] To determine if the type of zinc oxide employed in the composition has an effect
10 on the torque-vs-time MDR at 220°C curve, different zinc oxides cure systems were added to
a base BIMSM clastomer. The different zinc oxides containing clastomers were also
compared to a conventional three component cure system in the same base BIMSM
clastomer. The compounds and some of the physical cure characteristics of the elastomers

are set forth in Table 3 below and the resulting MDR@ 220°C curves are shown in FIG. 3.

15 TABLE 3
Control D E F G H
BIMSM 100.0 100.0 100.0 100.0 100.0 100.0
Zinc Oxide 1 0.15 2
Zinc Oxide 2 ! 2
Zinc Oxide 3 1 2
Zinc Stearate 0.30 B B B B B
. . 0.7 -- -- -- -- --
Stearic Acid
Test Results
, . 10.2 12.3 13.0 12.7 13.6 12.4
S’ max, in Ib
S’ min, in Ib 0.9 0.9 1.0 1.0 1.0 0.9
Scorch Time (TS2), 1.6 6.1 6.2 6.3 4.9 5.7
min
TC10, min @ 220°C 1.3 5.8 6.2 6.2 4.7 5.4
TC50, min @ 220°C 4.0 7.0 7.0 7.0 5.6 6.4
TC90, min @ 220°C 23.1 11.1 12.0 10.6 11.3 9.9

[0069] Scorch time, as measured in the rheometer, is the time it takes for a compound to
rise a 2 1b-in after the sample has obtained a minimum torque.
[0070] The above data shows that the different types of zinc oxide used in the compound

20  are comparable; although the nano-type zinc oxide grades provided for a slight decrease in



S max, inlb 10.2 12.3 13.0 12.7 13.6 12.4 S mn, inlb 0.9 0.9 1.0 1.0
1.0 0.9 Scorch Time (T52), mMmm 1.6 6.1 6.2 6.3 4.9 5.7 TC10, nmm @20C 1.3
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cure times. It is speculated that this is likely due to greater effectiveness of the oxide in the
compound due to its nano-size.
[0071] The cure times of the elastomeric component in the compounds, TC10 (time to
10% cure) to TCI0 (time to 90% cure), evidence that the Control compound achieve 10%
5  clastomeric cure significantly faster than compounds D to H, this is expected due to the
presence of the cure accelerators. However, Compounds D to H, which contain no
accelerators, achieved 90% eclastomeric cure significantly faster than the Control compound.
By achieving a higher cure percent in less time, the compounds of the present invention are
more stable and reversion resistant at higher temperature post extrusion operations, such as
10 film blowing or casting. This stability and reversion resistance improves the film blowing
and casting operations by eliminating or substantially eliminating any gelling.
[0072] In accordance with the present invention, at 220°C, the compound obtains at least
a 75% clastomeric cure in less than 15 minutes in one embodiment, or in not more than 10
minutes in another embodiment. In another embodiment, the compound achieves a 90%
15  elastomeric cure in less than 15 minutes. In another embodiment, the compound achieves a
90% elastomeric cure in less than 12 minutes. In another embodiment, the compounds
require at least 3 minutes to obtain 10% cure. In other embodiments, the compounds require
at least 4.5 minutes, at least 5 minutes, or at least 6 minutes to obtain 10% cure. In another
embodiment, the compounds require at least 3 minutes to obtain 10% elastomer cure and
20  achieve at least 75% clastomeric cure in less than 15 minutes.
[0073] All of the above cure times are based on measurements by a low shear moving die
rheometer set at 1 degree arc and 100 cycles per minute (cpm) (~10.4 rad/s) using test
method ASTM D 5289-95 (2001). The cure times set forth above are determined at 220°C as
was done for the data set forth in Table 3 and FIG. 3. In the manufacture of DV As, curing is
25  done under high shear and high elongation preferably in a twin screw mixer, obtaining a
higher degree of cure in a faster time as illustrated in earlier FIG. 1 where the curing was
done at 240°C. While not wishing to be bound by theory, it is believed that the higher levels of
zinc oxide serve a multitude of purposes; namely that of curative, acid scavenger for hydrogen
halide e.g., hydrogen bromide and in-service as a UV resistance aid.
30  [0074] The present disclosure thus provided for the following embodiments:
A. A dynamically wvulcanized alloy comprising at least one isobutylene-containing
clastomer; at least one thermoplastic resin, and a cure system consisting essentially of

1.0 to 10 phr of a curative and not more than 0.1 phr of any cure accelerators, wherein
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D. The alloy of any one or any combination of embodiments A to C, wherein the cure
system consists of only a curative.

10 E. The alloy of any one or any combination of embodiments A to D, wherein the
curative in the cure system is present in an amount of 1.0 to 10 phr, 1.5 to 10 phr, 1.5
to 8 phr, 2 to 10 phr, or 2 to 8 phr.

F. The alloy of any one or any combination of embodiments A to E, wherein the
clastomer in the alloy obtains a ninety percent cure in less than 15 minutes at a cure

15 temperature anywhere in the range of 200°C to 270°C, and in particular at a cure
temperature of 220°C.

G. The alloy of any one or any combination of embodiments A to F, wherein the
clastomer in the alloy has achieved at least ninety percent cure in the range of 200°C
to 270°C, and in particular at a cure temperature of 220°C.

20 H. The alloy of any one or any combination of embodiments A to G, wherein said
clastomer further comprises alkylstyrene derived units and/or C4 to Cy4 multiolefin
derived units.

L. The alloy of any one or any combination of embodiments A to H, wherein the
thermoplastic resin is selected from the group consisting of polyamides, polyimides,

25 polycarbonates, polyesters, polysulfones, polylactones, polyacetals, acrylonitrile-
butadiene-styrene resins, polyphenylencoxide, polyphenylene sulfide, polystyrene,
styrene-acrylonitrile resins, styrene maleic anhydride resins, aromatic polyketones,
ethylene vinyl acetates, ethylene vinyl alcohols, and mixtures thereof.

J. The alloy of any one or any combination of embodiments A to I, wherein the

30 clastomer is present in the alloy in a weight percent based on the weight of the
clastomer and the thermoplastic resin in an amount in the range of 2 to 90, 10 to 90,
20 to 90, 35 to 90, 2 to 70, 10 to 70, 20 to 70, 35 to 70, 2 to 60, 10 to 60, 20 to 60, 35
to 60, 2 to 40, 10 to 40, 20 to 40, or 20 to 35.



and casting operations by elimnating or substantially elimnating any
gelling. [0072] 1 n accordance with the present invention, at 220C, the
conmpound wbtaizmEsad | east a 75% el astoneric cure in | eseCrhsro1lB40dnut es i n
one enbodi nent, or in not nore than 1M m nutes in another enbodinent. In
anot her enbodi nent, the conpound achieves a 90% 15 el astoneric cure in | ess
than 15 mnutes. In another enbodi nent, the conpound achi eves a 90%

el astoneric cure in less than 12 mnut.es. |n. another e di ment , . the
compounadr equt ety Fodyt o5 ot sslia s & SPRRERS 20 0 "GP BE cure
enbodi ment's, theclsArR N PdSent BO4H drfowdl of BatShord tRan0.081pRS, at |east 5
mnutes, or at least 6 mnutes to obtain 10% cure. In another enbodi ment,

t he conpdunds 4 eepthadeofapreparan argelpitamene thesmoplastian thotsdiod sooweising unigingnd
20achi eve at I? st 75%etl)qsltorreri C. cu;@i i n Iestsl trt1an ﬁ? m nutes. . 0073] Al
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cure in a fastiedst fdviBtydsvel fekdent @t@d in earlier FIG 1 where the curing was
done at 240C. Wiile not wishing to be bound by theory, it is believed that
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thernmopl astic resin. B.The alloy of enbodi nent A wherein the curative is
sel edfed from!®Rerhgrotep Odtvisirst torkgPlsf sul fur, organonetal |ic conpounds,

radi cal igiti r al  oxi . - C. T I odi . r B,
wher ei n tlﬂhe cﬁlﬁ% ;ﬁlstélgﬁgofgﬁ#eé% &oigﬁggorggﬂng%?neg?fe ﬁg%aheglﬁsgrﬁgqépgtgﬁg%% |tﬁr)leg of
zi nc oxi de, natethdrCinaké denantiadlly MildaniARRy &y tHeedktrude2B3t @3 nikcd-
D. The all oy of any one or any conbination of enbodinents Ato C, wherein
the cure systd®W€8haieds of only a curative. 10 E. The alloy of any one or

any conbigati (o] ogh el n et i ye, | q
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phr, 22 to 10 pdtastondr id the d@ngphicallyFhileardkddoyllogf requyescadeast 3aninutemipian &iakon
of enbodi ments A to E, wherein the el astoner in the alloy obtains a
ni nety per cent®<RiBuleh of @& deash Qrimingtay; HfunBdng tnger e 09@13%%%6&12% a ten
anywhere in tt'b%ggpaﬁ of 200C to 270C, and in particular at a cure

t enper at ure of 550C. 6 The al | oy of any one or any conbination of

enbodi mreR.s A Tle hcthoblesfeiny éreeor any combination of embodiments L to Q, wherein the

clastomer is present in the alloy in a weight percent based on the weight of the
25 clastomer and the thermoplastic resin in an amount in the range of 2 to 90, 10 to 90,
20 to 90, 35 to 90, 2 to 70, 10 to 70, 20 to 70, 35 to 70, 2 to 60, 10 to 60, 20 to 60, 35
to 60, 2 to 40, 10 to 40, 20 to 40, or 20 to 35.
S. The method of any one or any combination of embodiments L to R, wherein the cure
accelerator is present in an amount of not more than 0.05 phr.
30 T. The method any one or any combination of embodiments L to S, wherein the
clastomer further comprises either alkylstyrene derived units and/or C; to Ci4

multiolefin derived units.



el astoner in the alloy has achieved at |east ninety percent cure in the
range of 200C to 270C, and in particular at a cure tenperature of 220C. 20
H. The al Iw9 20f2/|@84a00ne or any conbi nati on of enbodi nent SCAUSROIE404ART €i N
said el astomer further conprises al kyfistyrene derived units and/or C4 to
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of enbodi nents Ato H, wherein the thernoplastic resinis selected fromthe
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styrene-acrylonitrile resins, styrene maleic anhydride resins, aromatic
pol yket ones, evhgd &?@0% ty27Eet at es, et hyl ene vinyl al cohols, and mi xtures

t hereof J, The,al | of any, one or any canbinat.ion.of. epbodi ts Ata.l,
wher ei n the soRRat % slom N fda et bpk SORPAGHOTRr SRR SRSty
on thg weight thé amcgﬁs%@@d AnEematdtir& i thb ednFeRIF 2809CCtor2®P@. I N an anount in
the range of 2 to 90, 10 to 90, 20 to 90, 35 to 90, 2 to 70, 10 to 70, 20
to 70, 3400T170, The inyegve ¢@npasitgms cao be aisgbto @8ke anpaymbertaf agiiclesi ol ene40,
20 to 40, _gr .20 t0,35... WO 2012/ 018440PCT/ US2011/ 040442 20 K. .The all,oy of
any. one. SPURITRITT ALHSIOR SIEEITEAT feh e Tatar o RE pefimeis v fafi
accel er atpe 4if sREESENIn iafoter JABYBIM@E, MetarfBeeisthadsOoPa k. cdmpofeheinnod
of preparing an el astoneric thernoplastic, the nmethod conprising m xing at
| east onenplebiyat hasensuelomt s that eintadn pekypmidgrand egraciadlyeol Haride pl as oneof
resing and B ofll 9. 00 L0 AR EASINIGY 19, berma dynameahlioyul eani zed
al I oy,” wherein Phe" mi i ig occurs For 3 ti e of “hot “Trore ¢ HanT 15 A ndt €8 at
a tenper ahwneion inc2@RGit Pria6dladase, (B, Moakt@uBds, ciblé heusiyand ekt Mrticles.

vul cani zed alloy exiting the extruder is at |east seventy five percent
cured. M The nethod of enbodi nent L, wherein the cure system consists
essentially of 1.0 to 1010 phr of a curative and not nore than 0.1 phr of
any cure accelerators. N. The nethod of enbodinent L or M wherein the cure
system consists of only a curative. 0.The nethod of any one or any

conbi nation of enbodinents L to N, wherein the curative in the cure system
is present in an anount of 1.0 to 10 phr, 1.5 to 10 phr, 1.5 15to0 8 phr, 2
to 10 phr, or 2 to 8 phr. PThe nethod of any one or any conbi nation of
enbodi nents L to O, wherein the elastonmer in the dynam cally vul cani zed
alloy exiting the extruder is at |east ninety percent cured. Q The nethod
of any one or any conbi nation of enbodinments L to P, wherein the

20el astoner in the dynam cally vul canized alloy requires at |east 3 mnutes
or at least 4.5 mnutes or at least 6 mnutes of m xing under cure
conditions to obtain a ten percent cure. R The nethod of any one or any
conbi nati on of enbodinents L to Q wherein the elastoner is present in the
alloy in a weight percent based on the weight of the 25 elastoner and the

t hermopl astic resin in an anount in the range of 2 to 90, 10 to 90, 20 to
90, 35to 90, 2to 70, 10 to 70, 20 to 70, 35 to 70, 2 to 60, 10 to 60, 20
to 60, 35 to 60, 2 to 40, 10 to 40, 20 to 40, or 20 to 35. S. The nethod of
any one or any conbi nation of enbodinments L to R, wherein the cure
accelerator is present in an amobunt of not nore than 0.05 phr.



30 TThe net hod any one or any conbination of enbodinents L to S, wherein
the el astonmer further conprises either al kylstyrene derived units and/or C4
to Cl4 mwoOi2oizfis4a0deri ved units. WO 2012/ 018440PCT/ USPOTAISOI0A403421 U.
The alloy or nethod of any one or any22conbi nati on of enbodinents Ato T,
wherein the cure times for the elastoner in the alloy are determned at a
tenperature in the range of 200C to 270C. V. The alloy or nethod of any one
or any conbi nati on of enbodi ments A %gbg‘Mﬁlnerei n 5the alloy is mxed at a
tenperature in the range of 200C to 0075] The inventive conpositions
can be used to rmake any nunber of articles. In one enbodinent, the article
i s sel ect'Whatfip lini¢di8: curing bl adders, tire innerliners, tire innertubes,
and air sleeves. In another enbodlnent the article is a hose or a hose
corrpoﬁentl in rmkiyildmiyétyhdsaeﬁzedsadlohcamptiﬁoge t hat contain pol yan de and
especially polyam 12 as .one he copmponent |ayers. O her useful
goods that can bd) r‘?g&@smeﬁ@o ﬁr?ﬂ?s‘f YHEE GESPRET nvent i on i ncl ude air

spring bl addersc_lfea@ Sist (;Hgltg&gm%gg&esﬁla%@ housi ng, and other articles.
WD 2012/ 018440P /USZOll/ 040442 AIMS What is claimed is: A

dynami cal |y vul cahizeude a;l'stamy cwmngsmgtlall}ac)f laf td Edplir afrecurative and not more

i sobut yl ene-con';ﬁqiEl n]Ig 0ELSt OoneEr ; | east one thernoplastic resin; and
c) a cure systent R8s R Qn%gléréﬁf? ?TF‘S?TSOf 1.0 to 10 phr of a curative and
not mpre than WheleiRhtheObla@ber Y§ Ei)r@s%ﬁﬁlaﬁ’r@t(ﬁ’ip%rse@l}hﬁ{a@é oft BRalelasd QRN 15
present as a dispersed phase of small particles in a continuous phase of

t he t her nopl asongnyaaisiphascT¢hathcoyopddsticiresiiom 1, wherein the curative is

sel ected fromthe group consisting of sulfur, organonetallic conpounds,
radical initiators, and netal oxides. The alloy of claim1 or 2, wherein
the curatjive imheaal t@ﬁcl% @ewﬁ@ﬂeﬁpﬂ@dcufrét% ik RBIcB@ YRk RS bivup r&anmtm?gl e
oxi de, nanozi nc oxi Cr03, FeO, Fe203, and N O

al l oy of any mu@ulof)rg@ﬂl(amtdhqcttmp@ndm@@dmlmdws,md@lewgtﬂém consi st s of only
a curstlve The alloy of any one of clains 1 to 4, wherein the elastoner in
t he a} | oy obtains a ninety percent cure in |ess than 15 mnutes, from

initiation of TH Bloyddf Saienill€ort BMPRErahUhe cuihtivbBes hanael otid2Q0ectt® idbhY the
group consisting of zinc oxide, nanozinc oxide, CaO, MgO, Al,Os, CrOs, FeO, Fe,0s,

and NiO.
20 4. The alloy of any one of claims 1 to 3, wherein the cure system consists of only a
curative.
5. The alloy of any one of claims 1 to 4, wherein the elastomer in the alloy obtains a

ninety percent cure in less than 15 minutes, from initiation of cure, at a cure

25 temperature in the range of 200°C to 270°C.

6. The alloy of any one of claims 1 to 5, wherein the elastomer in the alloy has achieved

at least ninety percent cure at a cure temperature range of 200°C to 270°C.

30 7. The alloy of claim 1, wherein said elastomer further comprises alkylstyrene derived
units, Cy4 to Ci4 multiolefin derived units, or both alkylstyrene derived units and Cy4

to C4 multiolefin derived units.



The alloy of any one of clains 1 to 5, wherein the elastoner in the alloy
has achi eved at |east ninety percent cure at a cure tenperature range of
200C t o 2¥00p12fthesdal | oy of claim 1, wherein said el ast omer/udSaoiiliogrs42
conprises al kyl styrene derived units,23C4 to Cl4 nultiolefin derived units,
or both al kyl styrene derived units and C4 to Cl4 nmultiolefin derived units.
WO 2012/ 018440PCT/ US2011/ 040442 23 8. The alloy of claim7, wherein said

el astoner, i s t er,pol r. C ri sing.,sobutyl.ene derived units, .
Sl ot e RS o™ TR Y SRS F R RS oty pqrutyiens
The all oy of aRyivedenief alkhRiyFencldd@cBunih)er®Ctd O rhll86IFBRIdBSVdui®SI N 1S

sel ected fromthe group consisting of polyam des, polyimdes,
pol ycar bonat es, pol yesters, polysul fones, polylactones, polyacetals,

acrylonityil e-Qutadi ene-styrene .resin al enyl eneoxi.de, . pol enyl ene
20 71 de. Shol yotbr ik SPEY i 8 GubioR R DS MG MO E RS Hofh
anhydsi de resiths, g@upMBddskting! yket pcn?@mid@ﬁ,h}bb@ﬂﬁidég,n;sbly@@@bﬁét@@, p&liybstérene
vinyl al cohols, and m xtures thereof The alloy of any one of clains 1 to 9,
wherein the elnebisolencs s pphybaséanes.i npaliecctaly, oyacrlonifiilebyiadicnpntyrene r epsge, of
20 to 70 wt % A,nethad of .preparjng,an elastoneric thernoplastic..the
rethod compr | St i PREEhE% SRR, FE et R R PR is o
| east one t herdiphashdléicr &ydridandsias, Cifothatiy ShEkdtohed] celidnéd eyt aick@re) a
dynam cal |y vul cani zed all oy, wherein the m xing occurs for a tinme of not
more than 15 rethdenssvimy! alcohplspendemitercs hetpefof 200C to 270C and t he
eIasH%ner in the dynamcally vul cani zed alloy exiting the extruder is at

| east "seventy five percent cured. The nethod of claim 11, wherein the cure
system consi stFheeg®grifiaal bie of cldints 1 @ 40vEinahe dagitmet isyeeAtinnht al®y
than 0.1 phr of any cure accelerators. The nethod of claim11l or 12,
wher ei n t he cunemapst e s7sr of 30 & 7OWE%- a curative. The method of any one
of clainms 11 to 13, wherein the elastoner in the dynam cally vul cani zed
alloy exiting the extruder is at |east ninety percent cured. The met hod of
any one offl. cl aA mEetlod &Opréfaringh@t elastoinbeic Eleambplastic, ithe mbthod yoaiprisiak|ixing
vul cani zed alloy requires at |east 3 m nutes of m xing under cure.

condildi ons to a@tyy@aét ﬂnealsp@ﬁybgqa-@@ﬁ@m&gr @lastomer, at least one thermoplastic resin, and a

cure system in an extruder to form a dynamically vulcanized alloy, wherein the
mixing occurs for a time of not more than 15 minutes at a temperature range of 200°C
to 270°C and the elastomer in the dynamically vulcanized alloy exiting the extruder is

at least seventy five percent cured.

20
12.  The method of claim 11, wherein the cure system consists essentially of 1.0 to 10 phr
of a curative and not more than 0.1 phr of any cure accelerators.
13.  The method of claim 11 or 12, wherein the cure system consists of only a curative.
25
14.  The method of any one of claims 11 to 13, wherein the elastomer in the dynamically
vulcanized alloy exiting the extruder is at least ninety percent cured.
15.  The method of any one of claims 11 to 14, wherein the elastomer in the dynamically
30 vulcanized alloy requires at least 3 minutes of mixing under cure conditions to obtain

a ten percent cure.



