WO 2012/ 018440PCT/ 1182011/ 040442 1 THERMOPLASTI C ELASTOMERI C COVPCSI Tl ONS
CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains the
benefit of U S. Serial No. 12/851, 264, filed August 5, 52010, the

di scl osure of WHAEW1$440 ful |y i ncor porated herein by ref ePEiERIIEE2D OF THE
| NVENTI ON [ 0002] The present invention rélates to thernoplastic el astoneric
conpositions. More particularly, the present invention is directed to a
t her nopl astic el astoneric conposition conprising a cure systemthat reduces
reversion reactions thalTHERYQRIgASHE EhaSHAVERIE CAOBMROSIRYPEDSt - conpoundi ng
filmformng activities. BACKGROUND OF THE | NVENTI ON [ 0003] The present

i nvention i s £ROMSRERERENMEE FOOREEATEDARRILIOEAIHONSconpositions particularly
useful for ti nd gt.her .industri r ubhe licati « ~keinforced .or
otnervi se. t nap fogu HETnHIPH Skt SHIET Lo AR 2Bl BT 7%2 a0
Bl di scl osgés 2010ohe phistioweatnfivihicy it foby mogbasted berelh &g tdrendec conposi tion that
is excellent I i [ pneumatic tires. This conposition
conprises a |€§?§g?§§§ﬁ¢k¥?§&?h rmopl astic dispersed in a | ow perneability
rubber. EP 0 @6@]039THAl preliestCinos@sn aclgbsiol tAgrmoplapio SildstoaRriancmpaavhes Mdaat

the small particle size rubber dispersed in the thernoplastic. was inportant
to achi eve ac%%%?gﬂVeéﬁd??ﬁﬂfPF?“ ‘%a@xF§§ﬁﬁﬁﬁﬁ@“@%ﬁﬁ8§F¥WBﬁW %ﬁ?ﬁgeﬂbal
of the thernophasiting actuds bprel ot FALEK| raberdich kadthns efaecandesadestha nbitghl y
inperneabl terial that hasf hgﬁgrocessability of a plastic and the high
flexibili @ o‘”?ﬁ@mﬁfggTwﬁ@Pglkb PFEOHSi n the desired characteristics
and properti eBAOKGROUED GIDTHEIINVENT@ONONMRr, particularly useful in

vul cani zed or red products, the elastoneric conponent of the .

t her nopl ast i c[o&ﬁést r PNt 1 Eh1 ¥ 1“atre*1‘tg§§? therpoplasfic glpuRrice Gerapasitight,
most pr ef er abjayticaladl 0 QsefdSoPeiccaa bieH mdustiatrebbeQpplit@ion, réilBrced asb@EMkisel N
the thernoplastic el astoner is generally acconplished by the incorporation
of a conbinaﬂﬁﬁﬁ“HFeEﬂﬁﬂﬁﬁmﬁﬁéﬁ?gwﬁﬁﬁwéccelerators, with the overal

m xture ofs syosgonmEments sof &r adebRsas loheetHEBilsy Sh@fophstUkRstPasKATE.
Because only curing of the elastoner is desired, the curing agents and
accel er at or s GE8erEHndhts axeacispon simering B sARAERtS Bival TS erresiion eurmisthe
el ast oner absell fohfeapiligs@ReRpREC G ctshe DBl ARG biBSBber3BP-08969 d3be |
curatives used when compoundi ng only an el astoneric conpound. [0006] For

i sool ef i N bas®yastBifEFATPAITER dRkiorshey Bt Tl oraricaie rbke dispsiset Pitkne
copol ymer, canyeesh@inalas GHp&tsY & RARvE BELHER: duRbiliBS Ve WsBitiAY ehthpaiteh. as
sul fur, organonetallic conpounds, phenolic resins, radlqalilnltlagors,

qui ni ne di%xiThega! emeXicea astnelestwrEonayT ol BhetiPelrrcnss 014 gD eyt al
oxi des. Becaugferlal@atReth@brdcALSRIP LI MRLNic GhY 1hD iR ISR BinArone 1R re a |ong
cure time at conventional elastoneric curing tenperatures, generally |ess
t han 200C, t H¥O08Lr atTP\Abinthe dewisd shtpdaiiatiosyand Peapeitips elomjthsreaniastc ptidmer,

accel er at or s.,.:009%] GaaveRt LABRlAGkeLBALRIK, NG UiBohBEA@losb@RRAbE the
conpl exes (e.g., the stearate salts of
thermoplastic elastomer is cured to at least a fifty percent cure state, most preferably a 100

25  percent curc state. Curing of the clastomer in the thermoplastic clastomer 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 ie, the curatives used when compounding only an elastomeric compound.

[0006] For isoolefin based elastomers, such as Cy 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
conmpound or diazo free radical initiators and accelerators. O her

accel erators, WhIW#3° t hose in the el astomeric conpoundP@rYS204 M tde

am nes, guani dines, th ioureas, thiazo”l es, thiurans, sul fenami des,
sul feni m des, thiocarbamates, xanthates, Lew s acids, and the |iKke.

10[ 0008] An anal ysis of the torque properties of a conventional elastoner
versus time shHeisoxles| Bogaisa dcans ef tﬁ%e PHREY GREfEegeS al¢nehequit asugeussttinfefanes s
measured by a ji: i r l.ast | in.a
theinDpIasticagﬁﬁngﬁgpsn%ﬁﬁgagg £§ﬁ§¥m%§h%%%Hﬂggggf%%b%gpgé%?ﬁﬂﬁﬁg?c%%es
t hat the ther pavpenaisnadlly usst sstonivegtionryth besclpriorse t o under go addi ti ona

chem cal T eaciiypis, COGhHSHD.LEMEESHAMHCASAAIAA O of IR SLHAE wiflUET NG
hi gher tenperature article 15¥6r mati on oper at 1 ons, uch as |In1Sﬁomnng or
casting of 3t héntCheVampl Abt dlancel asbohpstiontvith epereat ur ebergroeeit eridstandnitRPOC.
100091The neegﬂiﬁlxbcﬁlrl D ﬁcpordeﬁxt' .op%gff‘ &yLi8e %é/n?;;o%ﬂ& Broﬁiagohﬁeetlgglcrrqqﬁlia grg .84

el astoners that chieve sufficient cure of the el ast oner dhrlng
formati on of #chdertther ndtrastélaatelsaktopmen these hi giv tlemperiatcompsint hat inalugo
provi des for st abl t her mop! ast. | ast oer durd ng .l ater high,

20t enper at ur eggﬁ%bi clgga[ﬁ%&&%i ngﬁglgg‘g’at iﬁ%lﬁzélegsu %ﬁ” oF #ﬁ@g‘\lmwl%ﬁgﬁldeb’

[ 0010] The pr etb@ntrbimmpyantandntes, 9 cdisragids.@dd the lige.t her mopl astic el astoneric
conposi ti haxdang | Rproved aracteristics aver previqusly known simlar
conpositiggs.ﬁégicifggg BQFOfﬁg&ﬁlgggﬁgaFﬁbgﬁ[P8HBF§C%§93%¥BHWV5m§‘““a

t her nopl ast i cslet msitamer thetoopmPo 8hd dlatic gigss nsisngd ay a Rbviogidie rigysten What | s
stabl e and HOQEVQYQ&A’EMJWE h}Q %peﬁqppha§tlc elﬁzgonen IS W@r&@%‘qr
mani pul at ed att ShPETRT L G e hPSmPRE FROEL ME° PLRINT AP OF andmrabli & it i e
of the ther nopdiesdsi hatethasthaneplastit Oddktbhath enapr l@s gwohe ittvieddrdooAddittondi teaiicad t o
a dynam cal ly _vul cani zed alloy. The allo ntains at |east one L
isobutylene-68%1%?h3ﬁé88%égfgﬁﬁﬁ¥‘%@”@%ﬁgfgg‘%mfﬁépﬁﬁbkgﬁ?i%HW%§Wﬁfm§WH a
30 cure sist dmmeoos iopérativgs, esisient i fiinl Yowihg lor Ccattng 165 fabirtha@moglastit radstoer and
not nore thaqro.luﬁhf Q% n% %y%e accel erators. The elastoner is present in
the alloy as gn%?%18w§%‘fgﬁ &°5f small particles in a continuous phase of
t he thernopl g8a09¢ r &3 meed WB2Q1d2 {184 4 ARESTIyhIGR G3:1hO 4d4Acd a3t Oestatddrnthane

di scl osed aspect of .the invention, the curative i.s selected fromthe group
consi sting of ¥ ﬁ?m@fﬁﬁﬁgﬂﬁf%?@wgwggﬂ%gﬁﬁﬁ??OfiﬁﬂEQToH%?ﬁ?ﬁfﬁ?ﬁ?”%%ﬁ

met al oxi des;teragrchuirés GECSPOGUERIRE o $dD& Ald FRAYoPRANALILNENr Sdutile 59| Hgh
conponentﬂpf the,cure.gg tem with a nmetal oxide being a preferred
cur at i ve.“ 51 00STHHC YHOT REFMEPRE!S%%d aspect of the invention, due to the
cure system sthevelRasOPTEHE INVENIFEO®I | oy obtains at | east a seventy five
percent cure @ﬂ les%,than 15 mnutes, when cured and nmeasured at 220C. In
anot her asped??10f he T8F REBEHNVEHPRIH IS et yIssuPRIRNE Lfomerf CEESIERan 15

m nutes, whemaGhs efhranRd JiBagEEs dler BROGusly And@l siANA RHoAERLRCISpeifidae,
invention, the elastonmer requires at |east 3 m nutes of m xing under cure

condi ti ons tgﬁbﬁ?ﬁthémF@ﬂ‘Si@“ﬁ@ﬁ@éﬁ@mgﬁwgmﬁid??ﬁ@?”Fﬁ”?%$ﬁ%h%PH§¥m&§pect
of the i mgentin@nystéenaelsagdb@NBId, notre\drtAd Qhes WeheBRBRst el DMhRP isPESE&NS: Ccure
to greater than seventy five percent cure in less than five mnutes. One

skilled in t ARkl # CARpRBESatEEhdiens G AIgHERPEHRENg CofpEmat er &,
these cure tinmaopMstit clBgom@duced; however, the step-wise cure profile of
the present invention, as opposed to a gradual cure after a fast initiation
of the cure, [Yd1k¢ | iThe gispeaf fegntionss goadqd A saheniserbaygerizedpllohe Thngbnt i on,
the isobutyl efR.icONY@LIUNE%hoBiRASEQETR aidiM LIS MIRL{IES RIS YiER&dEr | ved
units, C4 to Cl4 nmultiolefin derived units, or both al kyl styrene derived
uni ts and®C4cHe SN FRIPSNE CHRHLetilied [0mhe of a quintiingndeins seraes 0.1 phieof

el ast omer may;,pg.Hal QRRRRE et hiloREATHREPn Hal.5) B€a dlsPAIR] Jn3s B8R
aspect of the invention, the thernoplastic resinis selected fromthe 70
group consi sP#HYCOR 2sentpantspaase o Bicyhicanerdastic psinycar bonat es, pol yesters,

pol ysul f ones, pol ytactones, polyacetals, acrylonitrile-butadi ene-styrene
resins, polyphenyteneoxi de, polyphenyl ene sulfide, polystyrene,
styrene-acrylonitrite resins, styrene maleic anhydride resins, aromatic

pol yket ones, ethyl ene vinyl acetate, ethylene vinyl alcohol, and m xtures

t hereof. 25100161Al so di sclosed is a nmethod of obtaining a dynamcally

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 descri bed by way of
exanpl e and w ference to the acconpanyi ng drawi ngs in whic OFIG 1
is a graph sh b”tlﬁ*éo elastic torque, S, vs. cure ti neECTdVSZBI’il‘é’&“‘b’sed
conpounds at an el evated tenperature; FIG 2 is a graph show ng extensional
viscosities of disclosed conpounds; and WD 2012/ 018440PCT/ US2011/ 040442 4
FIG 3 is a graph showing the elastic torque, S, vs. cure tines of

di scl osed conf¥d#ds Hrons disgloseds wsngse pathg iRy en T AF ICERI DESCREAT] RN TIHE

| NVENTI ON [ 00d83kiTfag RTsRRE8MrgdnBMERNTL Qtnposndd] fEEH Btialof, én&rn&.gl%%ka%ﬁd f one

el astomeric conposition 5 conprising a cure systemthat is stable an

non- r ever t i ngSWRENarhéheterTropiast & thesplaseoprapntios thagrk sxptar. withninpud! atide at
hi gh tenperat yies, g hafocessi ng and fabrication operations. The
presently disclosed thernoplastic elastomeric conposition is nore stable at
hi gh tenpetat WPEH dukniangrheri dl&ﬁomdcf\ﬂp%goféh@m@aem rige opiéy atrt oystarhde gasewicous| y
known si i | armqgmgzlotb}msa S fhsRae AR RNQGUES | %nmmyf Qe cfibd m
useful for various I cations, ncl ud alr i npernmeab

appl i cation, eldcm‘aagect atrZéO(iCnﬁearhqtlwemecfhbeeladt(ayeroetamandlrbtyax&wemt cugryie tess
[0019] Vari ous a f he | vent| on
wi |l now be dtelglgr%ﬂt? g&sl ncﬁ%L ngﬁcﬁ?}ee\égl%(?ggﬁr%o{i}%ﬁg&t%[sﬁ%éﬁﬁec Ofl i Vle%hoél t hat
are adopt ed hiée elasfoimor repuirgy a6 émstof mimtke rog trairid nlgdetrhzelec¢oadm® tombem agm
Wiile thejl I

parti cul arq t y&§%0¥1@%/umkﬁdﬁ g(ggaﬁﬂ%gggbitg%%g%gtojfs%rlﬁxboﬁgg%t Clalg Om& I%%.T(ll Sﬁgrcw |1
be apparent tgycafidmdcarpchentraadDd lgycatraden !Wcrtthﬁscepcswnt ¢1E<leI1CbStmle ﬁac 'tnnwtdshout
departing fr fothe.i nvent |

i nfri ngenent Ogﬁehbﬂﬁlcﬁﬂ{ tEu% Eu? &l ag)%?egir%ge é}?] tlfocgll]ugher quing éaigng?rattuaes afﬁcsc SW& M %Hr e of
t he appended &l milyrsd; |frwdcu@1 rlng stehevise @gelpxodileeott the arbdcnelue/l%mtmns a&)bpﬁobem foat i ons
that are equiyal ent to these e recit 20Definitions

[ 00201Def i ni tf %Jrlfg app 1%6” i ml%ld 10tnt?2{herc‘él§elﬁftlﬁpo esclzasl bed invention are as
descri bedldel [604] | Ooﬁh]mditﬁ’nl agpaet Of maymlaetmse‘(é nk@urym‘nercomtanmgmmpmhwrﬁrr&er

COpOlVITer s b SROLKIEL R S PLNIZE o oL e MRS SRR o e
nononers. V\heienaedpm[tym’eirm ts Chﬁﬁﬂhas lefth dvivasudenpr ingicngodim2hy, MoRENBHer hiye
nononer is present {gdwhtg I%m%c i.n t he pol ynerized form of the nononer or
in the pol yneris e s wigp (FIC{} 3t'"e fromthe nononer (i.e., a nononeric
unit). Howevdngisfor Iﬁea&&h@faspsdef ef adevehiie, [kr BsenoP KRS iesih NP sdifteed from the

(respectiy e) nononer. or ke is ulsed as s rhhancj. i kew se, w&gﬂn
cat al yst co%%@nf%“sﬁ?%g d’ s%oﬁaﬁlé%q 28O SPRGHRYUGHF PO EIBT ePHBRHRIS t he
conmponent s, ipblylastons] | polpsterast oadylbyitriaeutadibdel @deren khis, apblyphidigndokRe, oni ¢

30form of the Eokrl'g)onent h|(J.§$uthgltormthat reacts. with the nonopers t%
produce pol yH8PE Y502 54 “ RatBErY et BYENT BT o Yier 8P BitSEs 1 Biloof
pol ymer s consésaisenomwlid PolyiteeondS EMyRKS Gyt @édtdid, totiBMene "vahylnaleskidl adndt HaturdsS
capabl e of reﬁ:overi ng froml arge deformations,
thereof.
25 10016) 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 cxample 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



and can be, or already is, nodified to a state in which it is essentially

i nsol uble, if vulcanized, WD 2012/018440PCT/US2011/040442 5 (but can
swell) in a s&vovent/ Rubbers are often also referred to_as el astoner t he
term el ast omer’ WAV Y& *\ised herein int er ghangeabl y wi th t%CeT"t’séPH{Oi”ﬁ‘bzber
[0023] The term "phr" is parts per hundred rubber or "parts", and is a
measure common in the art wherein conponents of a conposition are neasured
relative to a total of all of the 5 elastomer conponents. The total phr or
parts for all rubl8t- cotpbrmbsshowtnet Herelustie, o, S't if-egire dimayotfedisilgstér ent

r ubber corrpongd;ﬁ[%uﬁgs%t pg&@@mpeg&ﬁma given recipe is normally defined as 100
phr. Al other non-rub onents are ratioed against the 100 parts of

rubber and arBEér%%EQé@fqmpﬁ N OfhTHEJRY EQHdONan easily conpare, for

exanpl e, the |gygl s pfe MLl 'u}é%%noﬂr isTdidcL @€Y ¢ +%a@lbﬂag, fastR! ClagtorR&ite osifion
di fferent conpositions based on the sane relative proportion 100 ber
Wi t hout the nexsebrisigs pewalstdnathet ipeiplde mdapescfcmgexhen 911C¢1mn1pmﬂ®rqt: claftomer is

adj usting | evgls.Ph: AMiYuIQRE 186n {sg{p@mm Q%Pé%i“ﬁﬂ&&%)n 4919%4&1%@091%&5

refers to any ol efin nohoner east o car bon hav
subst i t ut i onsTlen prebeatly cdischoed ﬂl*mhml@hefqlastmﬁerogmmmmylsnnncmsuablhawl Inigh t wo
or nore doubl @-RARdRs dulnd b ANELHE do8 RO Eriof METMLELALLEER SinfY.
nmonomer conprising two 1 onj ugat ed dou Shonds suc onj ugat ed di ene
li ke isopreneconpod2ls: Molsuibydsenetorasede ol wmrﬁlmnsqﬁdlfmnbusmﬁmasomo
el ast oner g ori, gl GORIR, epRbidi 38k L0 H2hHERoRL HILLS, [y
i sobut yl ene. flgg %f]gg{h rsi oﬁlﬁ&ng%nslanny ‘Undesira fl)he re%)c ne ﬁéitbgaéighrs
post curi ng tlgys.i npacts the final properties of the therm)pl astic
el ast oner . ﬁgilSt Ovm?lrou{ 3)%@1?17 ?%ggcpmerﬁ gllbiOHb antf eﬁa%rrp %%Eﬂqu\§en{1oq w1tllh
i nvention co having a (1) a
C4 to C7 i sooicedeseribrbinodheding piefroné rimbedimbnig 29d dx:fmuiom; diacﬁnemdopmmbmn for
conmponent. T ol.ef | resent | , 19 58,995 W o
t ot al rmnomsnglréoﬁgog unherswndi it AE T %@n{m hge 2 SFll“‘tflalvr?oe'tnrﬁ’(gf‘i H%g“a. msnt
The 25 nmft |@bleﬂetsmlwdnpmr[entwiastyprt&sﬁrbe uidersovd uindt S/dtlld'llstOﬁEI' mamgeatmﬁs #ilom 30
to about O. 5 %10 from1 ano%g
enbodi nent . a%/)]?eatm %lﬁ P QC CQF[} mac{]%yft }%Oﬁ?ns%l?ctd " E)h g NVWV\% &P R RS AR
m xture is mjibtrlt @dlcbﬂ‘cbp’c Of[ﬂ@.ﬂﬁﬂ:]nﬂfhle s dokcedining irdrigcdntf e @bpcoﬁqhetjmbnuon”
nonllmtlngea s of which ar ¢ .conpoun uch as, i, sobut
i sobut ene, 2- r%]%i%i ABNCBRET 2 50f 10N d‘ipeB e‘ﬁ%‘ms mﬁlé‘fhﬁ%Ithy §%i“‘2‘1%‘m aife,
1- but ene, 2 muanene or himttéiohs shatryd cqivalng to itodethe, aravictiyedt r i met hyl si | ane,
hexene, Asb et g/l 1 -pentene. The nultiolefinis a C4 to (4
nul ti ol efl n SUEAMUES i soprene, butadiene, 2,3- dinethyl-1,3-butadi ene,
nmyrcene, 6, 6-626t hyefifiitibvenglicabie xathd benaily ayeribaperhadh 206 deadiBed WRw.
2012/ 018440Pﬂl{2:][]] SZQll'eglgeA'rQAﬁﬁa% b6g used to refer to homopolymers, copolymers, interpolymers,
terpolymers, etc. Likewise, a copolymer may refer to a polymer comprising at least two
monomcts, 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.e., a monomeric unit).
However, for ease of reference the phrase comprising the (respective) monomer or the like is
used as shorthand. Likewise, when catalyst components are described as comprising neutral
stable forms of the components, it is well understood by one skilled in the art, that the ionic
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,



pi peryl ene. O her polynerizable nononers, such as styrene and

di chl orostyrene, are also suitable for honopol ynerization or

copol yrmeri zation in butyl rubbers. [0029] Preferred el astomers useful in the
practice of t RO PN i on i ncl ude i sobytyl ene- based coffol Y81 Bs stated
above, an isobutyl ene based el astoner of a pol ymer refers to an 5

el astonmer or a polyner conprising at |east 70 nol % repeat units from

i sobutyl ene and at |east one other polynerizable unit. The

i sobut yl ene- beseerncoysdd Jive ol oP\U&ﬁ? ool e rdgedapey . cl4HO080] e tome
enmbodi ment  of el&%dr%?@@ LLa he&ﬁ‘?ntgxlcﬁa%%&@g/rw1'thsth@-tepﬂp%toeli ype rubber or
branched butyl -type rubber, espeC|aI hal ogenated ver si ons of these

el ast oners. Ué)@?% Tily tesinn St rie partsaree hundeedt rublar ed MUYy bndr inlplyedasirs peshmers
copol yners of mQheM RBeOh cbﬁp&!eﬁtfs LR c@rﬁﬂ)sﬁ%ﬁ tafcﬁhceagd DB re1NO0! 4 {Flaf LGy (ﬁ?‘t@em) les
of unsaturated el astonmers usef Int met hod and conposition o

pr esent |n@en??ﬁﬂmaﬁ@mmU¢V€l§bbmﬁ?mén51@6bﬁE@bﬁ@ﬁ@Q“mnnhvmsamﬁémemetwo

pol ybut adi en o) [ ubber,
star-branche?hcg(hXhﬁggﬁ%%kﬁﬂgb Qg&%ﬁ%%gd% é?%gfpy%gg# ?%Pﬁstogagkﬁﬁﬁpth
pr esent |nvenbﬂ@ﬁp@anﬂb@hwamermﬁbyﬂmanGM*tabheﬁneanstkmbMMMﬁMOﬁmmbmﬁmd and

t he |nvent|oql i

el ast oner . 1055 TR Ao o o A BT TP Bhar o S 1l s

i nvention i s wlitlai leedndbycte.ebatt¢anglifiBent cor9@hsBiont Basaf on tho baneylckties pbpditigh 5 t 0
8 Wt % isopfe €. nother..enpodi ment .
20[ 0032] E as?gﬁg@#égégﬁ%ggim%gﬁgr%:M@ﬁgtﬁggégg?f?ﬁggﬁilgﬁ %ﬁ@ggtwgﬂgg rise
at | east one mﬁmﬁﬁnnb@p@bynam,Ummpnﬂ$@hg a C4 to C7 isononool efins, such as
i sobutyl ene, tvrene co qner h. as paras met h

cont ai ni ng atlﬁ{ﬁé 34 h?m%%“aﬁo e ma)te T've n;t?m%]i frusy 653(?} W arb%g ? ﬁyng e
para-i somer aanbbtloplbnmaﬂhhtwarmcl u/ﬂmdlafmcrtﬁcmnalamzmdnqnm éaypod gmmrsmnhédmim at

| east one or .nore of the.al kyl bstjtuen roups present in 25
styrene m)norPerdsunlq?s 54 r%?lgne beol(rﬁlllznil/njl[cH Lﬁtl(gnfonor“ é”P me ot Her C(fnﬁfﬁés{“igoﬁvéﬂ

group. InthnGDMan@hhmubhmnbpmmheap@tmﬁ&ddmay1hﬁu@mmandon1eIastoneric
copol yner of Q nd an alk Istyr ne noner

par a- met hyl st[@? 54 e c%ﬁ?mﬁﬁ?“ngdsﬁ? TR Qﬁf}%o Hite Pf%lf i ve?rromﬁcrﬁ géé’f)g'%mwt %
of the para wsmpnmn@mdmmgbmamahﬁymnmﬁﬁﬂdﬁubumgkn@nal|zed i nt erpol yners
wherei n at ﬂét ong,or nore of the é substlguents roups p esent in
the 30 styr honoREF S 2oy i ' HS JRFeny té)(j‘éﬁs 15t EYE ot hapacts
functional gnmummlﬁxﬁmmkafymmmﬁ@@ﬂa&semamnae characterized as pol yners
containiw% foll owi ng nonomer units randomy spaced al ong the pol yner
chai n: BIMYa40PCT/ US2011/ 040442 7 wherein R and Rl are

i ndependent | yodrydr OgEé‘ful lcow@med kppossitah @5 this GhvdnBoTootdpliyd aamekt@e (mary

or secondary al kyl lides and X is a functional oup such as hal oge

an embodi ment™o™ ﬂ*gﬁdﬁw’%%ﬁ%wtﬁva Gyhs ”ﬁ‘tﬁ’l%r(l} fﬁlf@ﬁ%ewmtpﬁ%emwg @)

par a- subst i t utred:ig8én; eBtom® c@ﬂh@@n@ﬁ\ﬁ ThB idobRfiR @r}ﬂ@mtp@hyﬁgé r5ir70Gs 09 8 WRRY be
t he functlonahlzed structure above i n one and i n anot her

enbodi ment  f PHRE Al RYFOBCTR %C Cl“i‘POQ@fC“hﬁ’Eﬁ frefo 98r§b‘6%(i’ ‘r?eat‘it)thcrt Hbodimsint Thsf

functi onabi zediitslduGhbripench2) pieSent MOMAANR it Be 3anF®bMroh 80 B3Hvbhe £ wmm anal
group X nmay be cﬁlo en or sonme other functional group which may
i ncor por at ed “BYPRUST @BHAPM © Qubs#i it r‘lﬂf’ﬁh%femﬁ%ﬁ%‘l'tl c,I” &) BGRRT W'for‘il'%ﬁt“ﬁer

groups such LGass 6arshexydiike Beloder medlBuISatAS; carboxy esters, ami des,
and imdes; h droxy al koxi.de; phenoxi de; thiolate; thioether; xanthate

cyani de; cyaH8t#! alhhéoolsfiey iriaxtuke s tREPREE. TRrSBithgnepaisalf pddch arc
i somonool ef i BokRRAIYIIBE S isdtl§idhe TRIDREL, 2fm&Kk @R @kt ONmcMBL NOHSHOP-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 C 4 multiolefin such as isoprene, butadiene, 2,3-

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



funetionalization, and cure, are nore particularly disclosed in U S. Patent
No. 5,162,445. [00341lln an enbodi nent, the el astoner conprises random

pol ymers of i ci)%%(hgﬂg and 15 0.5 to 20 nol % par a- net h{y}l styrene wherein
up to 60 mol % e nethyl substituent groups present oh"VHE'BENSA ring
is functionalized with a hal ogen such as brom ne or chlorine

(par a( brononet hyl styrene)), an acid, or an ester. 10035]1n anot her

enbodi ment, the functionality is sel ected such that it can react or form
pol ar bonds wPPAYEOhcORshaPIYBrFGEES penegisht such ab hersarrd dichisrogireane, droplso
exanpl e, aci dhulﬁm’e'ﬁﬂhg@oﬁﬂyrﬂéfgﬁt@ﬁ)@rCi@ﬂé%dﬂ?&ﬂ@h D5 RURSbehen the pol ymer
conmponents are m xed at hi eratures. 1003611'n one enbodi nent,

br oni nat ed pol‘&p@?sobﬂﬁﬂ‘éﬁémﬁmﬁs HEsEHy N dheynreatieg of BisNENNtigvinghyds sobpsriencal | y
contain from Qasdd {RoBuidRt %Qfate@ﬁ@&@%h@ﬁh@teﬁé BikEd QEQMJ?& oFQLathﬁek% b Be

t ot al armunt of nononer derived units in the copo ynme

enbodi ment 3t HeSIBERS #noGRCT [SpHRTIS: wpdsgr%m%lr@eﬁtrmdmm tsebu@l@ermi % and
from0.3 to 2 &tra;ﬁé%ﬁ@ SlyH&lzaRD Ah i Fri€ TR FE M usc 2 | %
in yet anot here enbod |1n§3}nty anZd fromO.3 tol% iZ%lﬁgb%*%bgg%%f%%MZ
8 2.0 not % i nhajegendeibt her enbodi nent, wher ei n a desr rabl e range may be any
conbi nati on ofpedflY URPEE dhdtulni th gan: p other
exenpl ary copg)l gtnners cor?t é’:‘n ‘0 B k% MV&% A) ([)%St%glrlg%r%l ‘%Z’ﬁ@ﬁ%& ber Of"l

wei ght of t hebrpeshgdriptyl- ttypfbmb(bem esmC@lM%m@tnd Iversions aﬁdterﬁer:lasemb@dr rtenﬁul and
fromO0.6 i® 5@1&6%00/9 !u@ ﬁ%&@tﬁ& b Q\%Ibgr? r&xc go 0@ %ll’éb(ﬁi &Ens%lrhyongcﬁese al

ring hal ogen or hal ogen I n ymer bac al n one e nent ,

t he random pomylﬁelpﬁlrss EO@blp\dlﬂgrre&ﬁmpiftb Qﬂumb@tue’icdl @@@In@m nscflérin viedmuathod snd or

i sonmonool efin t e riyed

par a- ( hal omet hyl" g?{@eﬁg)éﬂ%e&r %b\é}etdﬂﬁﬁﬁg) S, e g&eqlsog?wr%ge co-soprene), - polyisoprene,

par a- ( hal onmetiojbstagiceqn elolyivebtisleag. equsr(@mm cd- lputetdlmepoiaym@rrubtre@mt& bdrartchecB 0
ol % based on t ere

par a- met hyl s?b 3}lr}le?$:uebtb9 8]11(1 awgsdth%ﬁof%g@gg 8 %‘Jéméhi/ %r Bm?t fnv }gnv\f’a/b%g & on
t he t ot al lweilyttny efitableengae knoen in the ant emérﬂaomsrenmm,s natrigrefrr lonited by oheliBetidP i n
anot her enbo r enbodi nent, the para-(hal onethylstyrene) is
par a- (brononngEH{aL%m eng)g%’?%%?lcx her C4 to C7 isoolefin derived unit

cont ai ni ng ella%lld)nel(hlesamuoainleet ﬁbrhetbsxe/limbbteh@olpmaseﬁwthcilmeemd Brotitaiedduge
terpolyners ¢ solefln an b oeflns whe 15 the
nul tiol efi ns ave %3 Erggegtrsg‘n) £3 eRBEe ‘?”r uc urggtf)’rlf’og o’ 5&“5/%?‘? 28t1%n.
Such ter pol yrepsng, nn:yfudeotlntmteimbb)dlmerk and randomterpol ymers of C4 to C8

i sool efi nyderg rived units

al kyl st yrene [dﬁ(3 ﬁfive&” ldsg)h}em C%“u%“%‘f’%‘;%] “y%“regt %?%B‘ém%?h%&mr%ﬁrt cast one

i sobut yl ene, rasiopr ereLynﬂndoraﬁrKngsi Y, eneq; p;bmf)mo&lﬁlny dueit raytlfobyﬂyen@ and an
nonomers. AnQ suitable ter ynmer m o yneri.zed fromisgbputyl enc,
cycl opent adi eﬁleﬁ{yr fd Z0R"RYs %éﬁ‘é %ﬁﬁ@r@y 8frc AOVUPIBYI 3 nE?ss 8:9/5 BBtai ned
under cat i oniatterpalvylyesti Izatlsmnm%rtm thé q;la&-1s6l’iitﬁeraiiﬁpd>[a@ﬁa1@ melsid AIROSH]ikar

pur poses of tn {)Jlr esent, i nvern t| on, . a ther a1 ti CH?(,Sal ternati velé/ referred
to as ther moplaEYYESS SAICHH fgloast Phse ?rn‘BBIIe aE}S‘r%‘r‘ JUCH(S EHPY pEsent g the

m xt ure ther e@fenhamhditgeram25co\6mﬁngen8yllmﬁllﬂgbksorQicorrﬁQ)IﬂQ:r fdmarbn&()@owamahotﬁaC
The resin shougd have a :{Hg, t enpe re of. abo EC to about_260C
preferably | SR8OFREN tﬂ% RSt g‘f ologjegic F‘é‘? ”Eeﬁa G ts wdefes angy

convent i onal aﬁleilkmtf/ﬂc@m Coa.lo'hdﬂﬁd&mmt}ﬁsisl GafasnahyBytietdodtainesi At tiBat &oft ens
when heat is @%’E’B el gg original properties upon _cooling

[ 0039] Such t R&THOF és EaSF m%% é’alﬁéweéudﬁﬁl%w%?a‘r el RERITBHAN d
general |y 3ttapiljy@én wfhbﬁefnozgeéhst @d%}/(gﬁﬂorc haliRgaRry! sabktifdhits cRIup®HREInt G HdPS
capabl e g{)] i nteractl nrgcfvvlth an hatl cC or ar functi onal groups such

ona
as hal ogeh of VBT BTG GhiFcon &y eaar léht‘lﬁéer“r%ﬁw&%t’&ﬁf frediopd sraye) Faeneyi ns

sel ected fromaiches g’ﬁeQU[Dc th@r%bt&ﬁicﬂgasobo pAkY atBndesng PR! YIRS monomer units
pot ycar bonat es, “&bl é% pol ysul f anes, pol yl act ones, polyacctals,

acryl onitri| gndo @%ﬁ%ﬁfﬁ@?‘?@@@ll/ 040442 9



but adi ene-styrene resins (ABS), pol yphenyl eneoxi de (PPO, pol yphenyl ene

sul fide (PPS), polystyrene, styrene-acrylonitrile resins (SAN), styrene
mal ei ¢ anhydr i de (SMA), aromatic pol yket ones (PEEK, PED, and PEKK),
et hyl ene copohg)O:ﬁH%Q€ns (EVA or EVOH), and mixtures t hESBEROL040442
5100401Sui t abl e pol yam des (nyl ons) conprlse crystalline or resinous, high
nol ecul ar wei ght solid polyners including copolyners and terpolyners having
recurring amde units within the polyner chain. Polyam des nay be prepared
by pol ynerization of on ])or nore epsilon | agsams, such as caprol actam
pyrrolidione, lauryllactam apd am noundecanoi ¢ hactam or amno acid, or
by condensation of dibasic agids,and di am nes. Mﬁ@th}Lkger form ng 10and
nol di ng grade nylons are suitlable. Exanples of s ch pol yanmi des are

pol ycaprol actam (nylon-6), taurol actam (n -12),

pol yhexanet hyl eneadi pam de on- 66) pol yhexa | eneazel am de

(nyl on-69), pol yhexanet hyl etresebacam de (nyl on= ,

pol yhexanet hyl enei sopht hal ani|de (nylon-6, 1 P), aphd the condensati on product
of 1 t-am noundecanoi e aci®d—{myton-11). Copol yrets—are particularly
desirabl e, exanple is one nade 15 froma nlxturelof t he mononers for 6 and
66 = nyl on-6/66. Another exaﬁble |s a copolyner kade froma mixture of the
mononers for 6 and 12 = nylon-6 rcially avail abl e pol yam des may

be advantagedﬁ@?@nﬁ%eﬂi$anH%mBW§@FW6§d6E@%HP%GW%%MéﬁPﬂbﬁ*a 1ttey O jaHerhpnd

crystalline palivapofesohay) Mltyeh$a¢d £l RYs ROkALiR4! d?&lpt 4uldg ap(ﬂbleéenbefnv@{an
160 C and 260C bei ng preferred. 20[0041] Suitable Eg gesters whi ch may be

enpl oyed, i nciRedinicRie Ropid e pashdbiignen ppdued 086 obths nera-swbttiatest starene

m xture ofs al jrpRatih theQhind@mQYPFBIleE stRR Lﬁ‘&ﬁﬁybﬁl%(t}’llz 'ﬁﬁlc@&iaﬁlb%d%%&n{@ (Bfabahy gﬁé des
and one or a nlxture of diols. Exanples of satlsfactory pol yesters i ncl ude

poly (trans- qmbodimepic P’th’é‘WP@ﬁfe@‘@éIWkgﬁé Ocli o2 Bely| it ¥e6 ancdfigs gmbediment,
pol y(trans- 11ﬂc&Mﬁhp&ﬂﬁMhﬁﬁﬁz&Hﬁﬁ&&%gﬁmbﬁ&ﬁo@QBXn&%%ans 1, 4-cycl ohexyl ene
adi pate) ; poli cis or trans-i, 4- cl ohexanedi net hyt ene)
al kanedi car hdQ0a3kt esThe durchonad epwp Y el bz halogeny e wimsxakes dimreipn) lgemve)whish | at e
and pol y- (ci sagl. it 1%%0ngcgﬁﬁlmsu§§@uoﬁ%@Q&n!%?ﬁcenalo%% Yith Ghefe Bl XL GNE
terephthalates) such as pol yet hyl enet erepht hal ate an
pol yt et r alfet Hylcakendic agisHarbare silisobabgzsigrsaprifke nad inidphtiidbat atoxslach as
pol yet hyl enei gaphtdalialife angh.aoL y&%&@ﬂ@m éi eRemh S ORRMLDALA ?umgfag' a'léb
materials. Preferred polyesters are derived from 30 aromatic dicarboxylic
acids, such é@ﬁﬁaﬁh@ﬁﬁﬂéﬁﬂ@ﬂemﬂ%ﬁﬁheﬁm@Wa@bdﬁwaﬁuﬁmzi@bmﬁmndwolswmsmch?as
polyethylene a tih r d
Dol yest ers vl Ravg ar aalt e E b B e P 1BbR NS o
2012/018440P¢Wﬁ@520b1ﬂ0@0%ﬁ@ﬂqmtmﬂﬂmﬂIPEWy@pWeﬂymemeDeWHeRXWOPPEybn@ewns
whi ch may;she r b n
cormer o1 2y Cavai T Abl RAL ATRAR AL Bt o L HERL £ i hEeNP b ARt foups
pol ymeri zat i oresoft or bk pknzybityse i funceehalyted rm1h9 hafpigeysuah es lgemar at ¢hjorineripaa-,
anor phous pol ition tenperature in the range of
190C to 235CG%&%&%%gﬂg%%%»ﬁy?gﬁ§§%%%a¥§ner resins, useful in the invention,
i ncl ude copoﬂ@ﬁéks bfmeﬂhyhdﬂenmnmhmuhsamUMHtedcb@t@mshdhth@memwnarﬁmmyl|c
acids as wel i d rticul ar, copolyners of
et hyl ene mﬁth V|ny gé@ Igé%Pﬁéfﬁﬁlﬂggg etnﬂn¥gggnmr9 5| SRRy kaggPylate
and ethyBOacpyHaﬁemybémmbeweprmyedWthe@ep@ymy1enmpmmm@lyae&emﬂymiﬁ@&ly
conpri se abo%%ﬂ%%“ L9 about 99 w % et hyl ene, preferably about 70 to 95 wm %
et hyl ene, nore preferably about 75 to about 90 wt % et hyl ene. The
expressi on " éWR¢l ent ovpolbpdiernt; esintitataispolis Bbungereidn - neahgsty gen e BalikyL"
copol ynmers o eth | ene Wit nsat

nnnocarboxychy%%¥ gmgﬁC?%gnaC|dy{%ﬁﬁmoés%@gmn%nﬁkﬁmeg?@$P%”é%%éct%ﬁﬁyl
est ers, or atolwIma)untyd)famemmdrtdensedahme 1fTEthfltc0[§cﬂ)yrnemC| mdeohhet bmbdMASntame

" EVOH" ich refe b0 El | enevi.n Iac I thei :

hydr ol yz\gg‘d cOun nePpar fnonlf%l¥ f‘érﬁlépb\}fﬁ # ﬁg GW é*ﬁhfré?‘ﬂr?gﬁ tﬁsztéqﬁ“’@/[’éfbi’%neri c
Conposi tion ﬁ@ﬂ&ﬂ&lﬂbodlrﬁaﬁ_tanﬁlﬁl@noﬁ 4 any.s afol% h@yﬁbﬁMﬁur&iﬂ&SﬂlﬁﬁEﬂ: sndafaéh af3 theast
one of any of the above thernoplastics are blended to forma dynam cally
vul cani zed alloy. The term "dynam c vul cani zation" is used herein to
connote a vul cani zati on process in which the vul cani zabl e el astomer is
vul cani zed in the presence of a thernoplastic under conditions of high
shear and 70 elevated tenperature. As a result, the vul cani zabl e el astoner
is simultaneously crosslinked and preferably becones dispersed as fine sub
m cron size particles of a "mcro gel"™ within the thernoplastic. The
el astoner has a small particle size where the nunber average equi val ent
domai n dlaneter ranges fron10 1 to 1 nlcron The resulting material is

Y Y v o




conpression nolding, etc. Scrap or flashing can al so be sal vaged and
reprocessed; those skilled in the art wll appreciate that conventi onal
el astoneric t crap, conprising only elastonmer polyners, cann
readily be reg&a ﬁEe)z'"“‘dgdue to the crosslinking characte?qupﬁgmdﬁ*&he
vul cani zed pol yner. 5[0046] The thernopl astic may be present in an anount
rangi ng from about 10 to 98 wt % based on the polyner blend, alternatively,
t he thernDpIastrc I's present in an amount w thin any one of the ranges of
20 to 95 wt % 280746 iy getnothergimbadinest. hcrangy depipb e apiEs enay] bysinp eERbingipn 196
present in thencpRamhil i@ alyNoRe B0 NixpAIRY Qﬁothé?%?dexgrﬂplﬁrlg'f%opolymem contain
t her nopl astici el astomer blend, of up to 90 wt% in one enbodinent, up to 70
W% in 10 anoffidr0-2ibriernt bramne basd ant th Wﬁ‘géh@fi themolrmsodiomet to ndt%p t o
40 W% in yet bl%ﬂl%hﬁran%fﬁgpgh%entl FhaY 85m O 5165 5%”@9@'1%9&%& @ﬁ%dm\enw &h
may be conbined wth any of the above maxi mum wei ght percent ages,
el ast oner faysubaansialy dse dfnring: halegestorphajpesy imtthd ealsmer] Daokbotei shamnofihenc
enbodi nent,  anghAtmdi€ase rAdodM% Y€l %E‘?r f 35
wt%in yet anothefnghbo fne% P th6618Ca%)prepa??ﬁgq%E%Q%$HQQgVﬁ$U&%q%¥
mat eri al s rrayls‘kfeOf@Peﬁd)ed’dwmﬁhléWﬂqeq deteedelraist ek mar(hl Wectbjheynmpl dsived,
before the el gt ogRs.i2nd nLiDSEIRR, A5 Gitdh I llengder, or
added to the m xer gﬂrrn iy % gﬁfﬂﬁ %ﬁ & 3?#% g%?ﬁgﬁgﬁg@n% %d%?gﬁgv
al ready been mﬁ@rb@dt@dm?@ﬁeaembehﬁ@warmﬁ@eewemmemiwhﬂenﬂansﬁwayhﬁeyﬁdded
to assist g th.RELRAk A QAR A
propertres to Fhe DVS E%@@h 0 §ﬁ%¥§m9%§%%gﬁgﬁ%§%ggg%%h%ﬁqhﬁegﬁhmgﬁﬁ%
limted to, cimbmtlinees dnd:frrma‘t iObiq Wwemsanogkt emblatimsntanih gpbthst ¢rciodlenat, th t h
reference to [ReelasHoN vention, "vulcanized" or
"cured" refer%it% Oﬁé gﬂghﬁdﬂgp&p g%%ﬁ&t &9~#§rns bonds or cross-1inks
bet ween t he d@ﬂﬁ%er(bhaﬂh§06$n@hbﬁ@ﬂ®3®®n®rami@048¢Mhemwshma@¢&sMenmﬂh@
pol ymer is bl enc e - the.curative cted to
avoid any cr Org‘%gﬁ II'II VXIHrl]& ﬁgl&?ehtre% m%isb ﬁlg g%{ﬁle ébé)lole efin \elr\r,},'c?twounéuléﬁcﬁefs ng w%grcm
in the ZSENAthpendﬁwdébchm&tdﬁ@smtlhddwmcumudwusdxnylmnpowmeeamDmkrSgdr are
typically av [ ] cordance mrth t he nt | tio not
only shoul d ?Hg&%%m?dggf%t@#@%%%f?ﬁﬁ?Eomim~% ?Qégf 8 BOIQy “V“P%n
possi bl e hi giCitte Kfpemdtmzlﬁ%l oistd DA, dmdrallr&acfmmc Idelgvedpeﬂtﬁtﬁuoln&:rpolﬂmmlmrﬁ}ebe
syst em conpo 0 so.be sel ect d to desjr d cheni ca
reacti on, |ngﬁg¥ ng c%ﬁﬁuﬁﬂgffg mn$€?ﬁ Xh?ngééggﬁgﬁ‘%?hﬂhﬁﬁgiPEHP@“S
reversion, duhwdgrBMewp0$nmﬁm%mnnmdkamﬂwmxmgiﬁaﬁmeﬂemambpq&km@meMmeady
di scussed, &ﬁ(£ cgnven&*&ge urklglrm nper at u é ge %gratr(g .
typrcally %o O8N PRIKE el erSht SPYEMHE it SORTH gt FEOTE nRYEBS 2 iuci ng
r ubber scorchmmmMmm Applrcants have determ ned that conplete renoval or
near elrnlnaLhwrm I Stlhelaccelerants in the cure package in conbination with
a substantial THCTEASS YH "t he curative, conpared to WD
2012/018440P@RB8520P&/@#@ﬁé&ﬁlﬂ:@ﬁ%ﬂﬁﬁﬁhﬂmﬁhtﬁﬁmumhﬁwaﬂkﬂahhﬁy&&ﬁédhﬂ%
conmmer ci al pqactr ds tpe defrred st abl e ﬁpnp05|tlon 2%%Suitable
curatives |nc¥ﬁ8@3§ﬂffﬁwﬁ’6?9&98W@a§‘1ﬁéwﬁﬁhﬁ L FnERST AFsiiiging 2
radi cal i29i t iYaung’s, , maints gt @adre axardesd MbeenpbrCy rre& acl:suDXIhdﬂrﬁS h@le€a ZhdNfhg
oxi de, Fe20 referred curatrve
mnmmom%%%@gﬂﬁﬁﬁﬁmﬁ%§W%ﬁﬁz éWWWWr%Y
conposi tion ildds aamubius 200°CatBy @asénti@nd dtOnidéh, Iahlﬁe,rmbrﬁszﬁd 190 syl tivWedsGhhat
per cent of the,tot? effecth , J.e., crass-linking, rubber in the
thernnplastrd’gph?’%H?P”‘NWlgﬁﬂﬁHFﬁﬁﬁﬂ%OH@ﬁepdﬁrﬁ?rW@ncgoﬁ%esent in the

conposi tion [003DUBLh @ErmbpQsticoredils PRAY bOfusdd HndlP od G BiHibindtidn RY ganelier
enbodrneah the curative is present in the conposrtron i n_amounts of 5to
8 phr; i ROt ﬂf@&%t%wnehﬂa%ﬁnné%fm QHENE FRHPS FaPaPL of iatsEasting WitArBunt s

of 2 to 8 phérpl@@@@]dmﬂn@féeﬁﬁm& bs sthe dQUfaQO&V%?eJHdQQ%FO‘%lbOS SQtabMdI €
accel erants and only the curative discussed above is present in the cure
system At t HE"FRESIC i'iinBEHET reiotfiSTisAt oM HBC AHPnEoeBlingn YT PRk aRifice
accel erat or Iﬁ(ﬂyffnh&s%'m@r%bﬁdt@n dlsestd@t pdmﬁgoﬁeb%l}@acaen&hFolpﬁ%@Q '«Q:?yl&[h@rl i ght
percent of the rubber in the t%ernnpiastrc el ast oner n anot

enbodi nent, the 15 accelerator is present in an anount of not nDre t han
0.05 phr. If nore than one cure accelerator is present in the conpositions,
then the total anmount of cure accelerator is not nore than about 0.1 to 0.2
phr. [0053] Suitable cure accelerators include stearic acid or netal
stearate conplexes (e.g., the



Stearate salts of Zn, Ca, My, and Al), alone or in conbination with stearic
acid or other organic 20 acids and either a sul fur conmpound or diazo free
radical initigrors as accelerators. Qther accelerators known to those i

the el astoneric conpound art include amynes, guani di nes, "tHY BUHEHE?

t hi azol es, thiurans, sulfenam des, sulfenimdes, thiocarbarnates, Lew s

aci ds, xant hates, and the Iike. [0054] I n an enbodi nent of the DVA, due to

t he goal of the el ast oner bei nq}ﬁresent as 25 discrete particles in a

t her nopl ast i c PU¥HEICRY S cHdiA T OnPATPiemdensprids (RPER. priphemdenceiffisic aPBbe
profile of thgl g@mmam@easﬁloﬁgﬂug%@& EABNSHERC thBeiC ARk RFHe TRERN@NMQY 1S

devel oped. Thus, here are nultiple mxi n% stages in the preparatlon of
the DVA, the élefnateq RPéykﬁsﬁzpeStSBETaf@cP@d? dn# PRy hahegnq qOé@lY@@rarg@nwEé%eqrrE\wfé)

el astoner al opg higwkgimMeopr epared. Al ternatively, the curative may be added
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I n accordance with the present invention in conparison to already known DVA
conposi tions. \Wen possible, standard ASTMtests were used to determ ne the

DVA physi cal operties. 5100591The conponents used in the sanples are
identified in a’@fzém#ﬁ%el ow. TABLE | Copgponent Bri ef Des%CrTi"]SS[Z?]d/deﬂTmer ci al

Sour ce BI MSM Brom nat ed par a- net hyl st yrenei sobutyl ene copol yner Pol yam de
copol yner Nyl on 6/ 66 random copol yner; 85 w% nylon 6 and 15 wt % nyl on 66
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VP AdNano ZnQyg{h&dhavald208.sCtRkiteh &afpRkGire in the range of 190°C to 235°C.

5  [0043] Ethylenc copolymer resins, useful in the invention, include copolymers of
ethylene with unsaturated esters of lower carboxylic acids as well as the carboxylic acids per
se. In particular, copolymers of ethylene with vinylacetate or alkyl acrylates, for example,
methyl acrylate and ethyl acrylate, can be employed. These ethylene copolymers typically
comprise about 60 to about 99 wt% ethylene, preferably about 70 to 95 wt% ethylene, more

10 preferably about 75 to about 90 wt% cthylene. The expression "cthylene copolymer resin” as
uscd herein mcans, generally, copolymers of ethylene with unsaturated csters of lower (C -
C4) monocarboxylic acids and the acids themselves; e.g., acrylic acid, vinyl esters, or alkyl
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 simultancously 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 | 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 clastomer 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 curcd 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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cmbodiment. 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 clastomer 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 opcrations. As alrcady 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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conventional amounts actually used in commercial practice, yields the desired stable
composition.
[0051] Suitable curatives include sulfur, organometallic compounds, phenolic resins, radical
initiators, and metal oxides. Exemplary metal oxides are zinc oxide, CaO, MgO, Al,O;, CrOs,
5 FeO, Fe;0s, 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, L.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
10 another embodiment, the curative is present in amounts of 2 to § phr.
[0052] In onc cmbodiment, the curc system contains no curc 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
15 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 curc accelerator is not more than about
0.1t0 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
20  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,
thioureas, 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
25  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 earlier stage wherein the elastomer alone is being prepared. Alternatively, the curative may be
added just before the elastomer and thermoplastic resin are combined or even after the
30  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 morphologics where both the
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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 arc 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 cpoxy group, carbonyl group, halogen group, amine group, malcated group, oxazoline
group, or hydroxyl group capable of rcacting with the thermoplastic resin or the clastomer.
10056] 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.



29, 000 40,000 377,000 [0063]The noving die rheonmeter curves (torque versus
tinme) of the elastoneric plus curatives portion of the four conpounds at an
el evated tenp 240C are illustrated in FIG 1; the torque was
measured at eﬁ‘ye"s}ﬁ{éﬂgs*? enperatures to defermne the respo%%TéU%?“gH’éulo
conpounds during post form ng operations such as filmblow ng or casting
which typically occurs at tenperatures equal or greater than the

el astoneric cure te erature reached when nmi xi ng the conpounds. [0064] Wien
the cure is a& $d by doubling or tripling the curing package of the
control (et a[0038q| deE)Eélrth% DR s SR AaRed A0 HorfInGfid e 8GE Thp GRITIAYR smonb
exenplified in Conpound B, although the cure is desirably conp ete

t he DVA exi tsmtaﬁ@f@@?ﬂjtﬂ‘efrhe PECHRE! HIRIIAD iTofompprop fardready l‘W@}é{gllPrVe"elCCblg/pOﬁlltlensbound
nylon is reduggd, \ f VA is
al so negati ve?@gag&gg{eg% nh%ﬁlA&?%%ﬁﬁkwe%S{dqéHﬁgﬂgﬁ%{tl %ﬁvh@g&pal P {Og%ét 1ened
(see curved of I9F%  1Fhctcgmpengats ugpdaf the sgmples 4 @ritificpin Tabhclebotarr.e starts, it
proceeds very fast in a step cure fashlqoﬁfhﬂé)lfull cure; this in contrast to
the sl ow gradual [cure of the 20~ Controt— DVA (see tfie curves of FG 1).
Thus, upon exit frorffRectxt ryder, Birtpeundiot is "ful fymmed éebrees indi cat ed
by the flat rheofBheMTor que abf@finaRd bdrdRethy@&R] DT the residence jtine of
t he extruder, approxi mately 4| gbhmteascopbignerConmpound C, the percent |of bound
nyl on WO 2012/ OLBAAGRET/ US201 104 04dk2ndbfa colyaleS0 | UBE easad fameUBERe
Control conpound @,@9 Lhe | ow t ghpératouvend etwigue i sClgmgai ficantly ijnproved.
It should be not that altho 1o G¢cr eased grafting generally inprgves | ow

tenperature fati glﬂetw@e i s al sY-bewlbeizenbulfosatidve a| Wigfer Wégiees of dure in
t he product when exits the ?i“emibelf(eﬂhhl y_a "full"

| papufacturing line a
cure. So, for exa(ﬁ‘bl?pé“b”&fnt houghales e% lggryipigs aAi)Ppr{lr%ﬂf‘tMH*“i ndycti on

tl me Whl Ch | ncr eases quII C()Rpllqu m A~) o\t enr\'\ I‘Ir Laue I S poor,
because t he cure%fm (gm le £ hi 5> HRPEAS PSR AD  exi tR0F HE HBT Bt dr i ng
i ne (residence t4meOadsdut 4 niNmetZes pxils(Z&l5s0 poor.VImdeneZmS&ent
invention, obtaijpning these gopls is achieved with 13865t ep-w se cure

profile of the préadhtdeidnvent | o ZingPXeZag2A sui t B! ad¥anelde® 2oY- ti|ne, as
exermplified in Gogpound G as| opposed to a gradual[P8ure after a flast

initiation of thez‘&(ﬁ“eé‘ta&s seen with the Control DVA. [00651To detenm ne the
qualities of the serfpadnds when used to formblowny films, the Contyol
conmpound and Conpgpntds—B—and were—btown—into—HHns @obuNlma... red—t o
determne filmquality. The Control conpound filmih (% Uheven sufface
appear ance and gelled in localized spots; the gelling is attributable to a
br eakdown in g [ OSELUC o} 15 .DVA pot ent | a ,b. ack. of
full cure of | eI tzli:s\lﬂ érleﬁr?r:%%t 6})/%% FOEROBFOT Wé)rb\%?p NE n‘ﬁ%}bﬁl u%egﬁ %(‘1 W8t Pery
good - show m@dais tcethenursws&carcﬁscapp@am BRN@e ]&mdoxgpx@dmhs hansétdsati ugw omaeleer |
as noted gbove, th ow L enper at ur e atigu erlstlcs a bel ow t he
val ues de@l redthf Va&solfrawfi Enperature dpet gffﬁlb‘ﬁ rC f“%f’?{eba? th“iZBﬁ%bcsrcW’?‘éghuse
appl i cati ons Fot dacls cangponnd, tte pdet@pantnytan auselc(ﬁtlgntheGomﬁtrumdieicﬁmhétE

a Iication o] uire use or eratlo of 20t he artl

tgfrper atures. %o ottglﬁ%l %C?mebr%u{}\‘gélw@%c%fq e(ﬁ” it K ?leéceghf‘T*%Bglcd}y orl‘t h(Sns
and consi st elaltmnfmtIof’rmyc @ thitrhgs dudttdgitit the ridbevb Rgmapeifadopeimel WREIET Bxbrpsi onal
vi scosities of ntr C oun e sa Ie of ,Conpound were al so
det er m ned, and g?elvgghi)t\ﬁﬁ n %Q mc%“mg}he Wt BHETON qun@l%yrc{(g%ivﬁs g@‘tw*@
measur ed 16si pgvinteeicSERa i twertg-adur Tost SMGP‘f‘@Uétﬁfnmdeé/ elvapedh lﬁw%%ﬁ{%@\l

| nstrunment s, ee 25 Si Xi nst e Ris a

m ni ature det’0 ceﬁﬁaﬁ)lr%m?\’ei%%sroﬁy%}iﬁ e & O?fg‘héye ftyﬁg% W&@Y‘Bhaﬁ h%%fﬁ‘gtr%ﬁ*ﬁubs hear
r heonet er CﬁR)ac(Mm aomS’Carl’me fb@lirﬂtdrmalhblé heoret @lculkERBy sshrti®mdf McQorRbISI NGl €
uni ver sal teg ﬁ@ gE Pnﬁ&ggémt ransl ates the precision rotational
nmotion and t ?Cﬂ]‘ﬁ‘e 0fty "¥QPpAY UG commerci al rotational rheoneter
into precisi@o6t|i nede mgueqms farraehl Qagr. is Biteritcli a2 I1BwS O4pBiRENY Ot atid H

Wi ndup dr,blms | i nelgr#3dcef or mat i ons

ising a 1e and from [ mm thick extruded cast film of the DVA, with a total of ten




30 can be precisely controlled in a fixed plane of orientation which can be

vi ewed at al
testing were

thi ck using awﬁgzgl?@?g*ﬁ

in the transverse or cross f

thi s sheet

times during the nmateri al

P

eoneter. The

t est

TOM/direction

def ormati on process.
y extrusion casting strips of approximtely 1 nmm
;sanpl es were thert 'd8Y "8t r om
Stress growth was

Sanpl es for

)

2012/ 018440PCT/ US2011/ 040442 17 neasured and transi ent extensional

viscosity at thre

t enper at ur e ofPCIDIGES {RLS

e I—iencké%1

strain rates (

0.1, 1, and 10 s-1) at a
Peaieditedousich srrat arsdas s pHew o y-oad Rap|esmaent /

Ext ensi onal r&eeh a@MeleSTERE ﬁ&iu@é@ﬁ@edaﬁﬁ%slﬁﬁﬁd%éﬂampi) @y andssdef glymatrons
0 nateril al s.

series of neaStfeiEntid 2 ErPsUAE e sHdledot deh messimestthasracimgr deexeres the

involving the elo

ngation, or stret

chi ng,

5[ 00671For

each

(positive devialiQmblioRtdhand lReakmhacOelatd ShdiMeRn¥a)QRg) . correl ating
with the blowing filmcapability and the quality was excellent. The Contro
compound showed | ess strain hardening, TadHifnl correlating with the bl own
filmresults disqussed above. [0068]‘T&ddat ertine if3the type pf zinc oxide
enpl oyed in the c%gmgfition has an efobect] 1@o.on|theod of quexwstti me MDR at
220C curve, different zincoxides curg systens wergsadted;to base BI VsM
el astonmer. The diffflerent zinc oxides contlaininglel astopers were al so
conpared to a conventidnayihr ee conpdhent %Qufe|sydtem i *the| same base
Bl MSM el ast oner. | Fhg.gpnpounds and suwe of ke physical cuve
characteristics of The efastomers argset] febi |1 Mo dablegyPel ow and the
resul ting MDR(ci 2088k ves—are showa—iln FEG—3—45HBLE 3 Control D E F
G H BI MSM 100. 0 10@i.@dd60. 0 _100. 0 106.”0 100.‘%7 Zinc Oxi de 1°0.015 2

- 0.15 0.30 0.45 2.0

Zinc Oxide |

Zingc Stearate 0.30 B 0.9

Steatic Acid 0.7 0.05 21 0.1

Test Results

% bound polyamidc 6 7 4 8

Fatigue life at -35°C. cyclos 178,000 | 29.000 | 40,000 | 377.000

[0063]

The moving die rheometer curves (torque versus time) of the elastomeric plus

curatives portion of the four compounds at an elevated temperature of 240°C are illustrated in

FIG. 1; the torque was measured at elevated temperatures to determine the response of the

compounds during post forming operations such as film blowing or casting which typically

occurs at temperatures equal or greater than the elastomeric cure temperature reached when

the compounds.

When the cure is accelerated by doubling or tripling the curing package of the

control (mctal oxide plus zinc stcarate and stearic acid) compound, excmplificd in Compound

B, although the cure is desirably complete when the DVA exits the extruder, the amount of

grafting as measured by the bound nylon is reduced and the low temperature fatigue

properties of the DVA is also negatively affected. In Compound C, the induction time is

lengthened (see curve of FIG. 1) to favor grafting initially but once cure starts, it proceeds

very fast in a step cure fashion to full cure; this in contrast to the slow gradual cure of the

10
mixing
[0064]
15
20

Control DVA (scc the curves of FIG. 1). Thus, upon ¢xit from the extruder, Compound C is

“fully” curcd as indicated by the flat rhcometer torque after a time typical of the residence

time of the extruder, approximately 4 minutes. For Compound C, the percent of bound nylon
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i3 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
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
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 uncven surface appcarance and
gelled in localized spots; the gelling is attributable to a breakdown in microstructure of the
DVA potentially caused by lack of full cure of the clastomeric 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 temperaturc operations of the film. For some usc applications, this is
not a deterrent to usc of the Compound if the application does not require usc or operation of
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 viscosities were measured
using the SER Universal Testing Platform developed by XPANSION Instruments, LLC, (see
Website: 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
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 rheometer. 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.

[0067] 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
on the torque-vs-time MDR at 220°C curve, different zinc oxides cure systems were added to
a basc BIMSM clastomer. The different zinc oxides containing elastomers 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.

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 ! 2
Zing Stearate 0.30 B B B B B
Stearic Acid 0.7 B B B B B
Test Results
S max. in Ib 10.2 12.3 13.0 12.7 13.6 12.4
S’ min, in Ib 0.9 0.9 1.0 1.0 1.0 0.9
iﬁg”“h Time (T82), 1.6 6.1 6.2 6.3 49 5.7
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 [b-in after the sample has obtained a minimum torque.
[0070] The above data shows that the different types of zine oxide used in the compound

are comparable; although the nano-type zinc oxide grades provided for a slight decrease in
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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 TCIO (time to 90% cure), evidence that the Control compound achieve 10%
5  elastomeric 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% elastomeric 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% elastomeric 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% clastomeric cure in lcss than 12 minutes. In another cmbodiment, the compounds
require at lcast 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.
[0673] 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 clongation 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 vulcanized alloy comprising at lecast onc isobutylenc-containing
clastomer; at lcast one thermoplastic resin, and a curc system consisting cssentially 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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enbodi ments: A d Xndam cally vul cani zed all oy conprising at |east one

cr Uurl
i sobut yl ene- cont ai hi ng & astoner; at |east one thernoplastic resin, and a
cure system donsi $id nifpyesSant ol dnyanyf calbhation HO epbodidbnta AC wr HLIW&ErC&ﬂdlenOt
nmore than 0.1 phr of apy.cure.acceler. at o
2012/ 018440PCT/ USSOTEPBN AN POERET BPadbofayy foé“lﬁtr‘%gso\e{f\g?OI%“g“%e‘df?%@i@éd
phase of 2snal | papsdlyo@ibemmn ralyeant| poiguisfophagelytitohie fohatamgl aﬁj'zlbm‘itrncea n.
B. The alloy of e

mb ddl A, wher ei he cur el ec mthe
group consi sting %"? é&FﬂW ”cfi‘”d%fné’ﬂ@?%‘inp' CB”OéglrprﬁﬁQ}’scny f%d?”i@j |pﬁ tY5tor s,
and netal oxi des. styrene-acrylonitrile resins, styrene maleic anhydride resins, aromatic polyketones,
cthylene 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.
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accel erators. N HH&"nethod of enmbodinent L or M wherein the cure system
consi sts of @®&aly @he method of any one or 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
elastomer further comprises either alkylstyrene derived units and/or C; to Cyy

multiolefin derived units.



curative. 0.The nethod of any one or any conbination of enbodinments L to N,
wherein the curative in the cure systemis present i n an anount
of 1.0 to 10 r .5 to 10 phr, 1.5 15to 8 phr, 2 to 10 or to 8
phr. P. The n@FH@H”B?“%ny one or any coppbination of enboﬁﬁ%@ﬁ?%mﬂ”fb 0,
wherein the elastonmer in the dynanlcally vul cani zed alloy exiting the
extruder is at least ninety percent cured. Q The nethod of any one or any
conbi nati on of enbodinents L to P. wherein the elastonmer in the dynamcally
vul cani zed al Moy réquilpeer methadeafgny gnomrray egmivnatign of enlgyingns AinTitesror  at
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wherein 5the alloy is mxed at a tenperature in the range of 200C to 270C.
[ 0075] The i nventive conpositions can be used to nake any nunber of
articles. In one enbodinent, the article is selected fromtire curing

bl adders, tire innerliners, tire innertubes, and air sleeves. In another
enbodi ment, the article is a hose or a hose conponent in nultilayer hoses,
such as those that contain pol yam de and especially polyam de 12 as one of
10 the conponent |ayers. O her useful goods that can be nmade using
conpositions of the invention include air spring bladders, seals, nolded
goods, cable housing, and other articles. 22



CLAIMS What is clainmed is: 1. A dynamcally vul canized alloy conprising: a)
at | east one isobutylene-containing elastoner; b) at |east one
thernoplastic resin; and c¢) a cure systemconsisting of 1.0 to 10 phr of a
netal oxide and not nore than 0.1 phr of any cure accelerators, wherein the
el astonmer is present as a dispersed phase of small particles in a

conti nuous phase of the thernoplastic re®&n, and wherein the el astoner, at
a 220 C calaAIMSquires at least 3 mnutes of m xing under cure conditions
to obtain a ten percent cure and then goes fromthe ten percent cure to
greater thanatidchaanky five percent cure in less than five mnutes. 2.The
alloy of claim1, wherein the netal oxide is selected fromthe group

consi sting of ZAiRGaRihlieyulbANREbNsy QM HERIngCa0, MO, Al 203, Cr03, FeQ

Fe203, and NiO 3.The alloy of clain11,_mﬁerein the cure system consists of
only the metal o détleast quedsehufydgpespniginiigglastonyiier ei n the cure systemis
present in an any n%l&%t%nﬁh&ﬂmﬁh&ﬂﬂeﬁ?w&ﬁe alloy of claim1, wherein the
el astonmer in the alloy obtalns ninety percent cure in less than 15

m nut es, from i nichi aturersysém consstingtof d.0cturl® rhe b emztalosideand het maregbarn. 1
200C to 270C. 6'TﬂFm%%|%Xmﬁﬁce&akﬁ?l’ wherein the elastoner in the alloy
has achi eved at [P€aSt Hinety percent cure at a cure tenperature range of
200C to 270C. wherbia thd blaytombr Glpaesantlas amhigpeesed phasedo fednadit miulesf iwrd dw@tinuous

conprises al kyl styrene derived. units, to Cl4 nultiolefip derived units,
or "hot hal Kyl R HERE R LR e o b TE PR TATE b 2D G Tt .
8. The al | oy of legd dinfhiftes ¥hBIx@gindad dhirEtRItRABTO dbkaiRa bR R Rire SRIMAEL SdRI

i sobutyl ene derived units, alkylstyrene derived units, and C4 . to Cl4

mul tiol efin delfPRdbe tim Regcent garedo grapter4hanny sgfenty Bysrparceniyrdrceimnleghiban five
thernopl astic gsidd IS selected fromthe group consisting of polyam des,
pol yi m des, polycarbonates, polyesters, polysul fones, polylactones,

pol yacetal s, acrylonitrile-butadi ene-styrene resins, polyphenyl eneoxi de,
pol yphenyj ene | fii.de yst S - ACr vk oni i ' yrepe
mal ei ¢ anhydr iE’J{aé Jrllé)gidrfsoﬁ)aq%r%rr‘ﬁe?égg% @E%Fgﬁgtéag éeétlei%;i}ildei}r;léed’l 3*.‘%%@"‘@3’8?53{%5?0@

et hyl ene vi nylzial ealeohanpziandkidd, KeOr EgOt AkOg 6105, FEO, Feh@;, ahd WiD.of cl aim 1,
wherein the elastonmer is present in the alloy in an anount in the range of
20 to 70 weight percent. 11. A nethod of preparing an el astoneric

t her nopl ast i ¢, THeh@loyref ¢lgich ToMREdIS tHa3Gurd Sybtaig cahsisteaBdnlPihe metal oxide.

i sobutyl ene-containing elastoner, at |east one thernoplastic resin, and a
cure system conprising not nore than 0.1 phr of any cure accelerators in an
extruder 40 fofHOaRod¥N@hE Al 30kZSdedlid f¥senViemintbuhhér I8 i dighroccur s
for a tinme of not nore than 15 mnutes at a tenperature range of 200C to
270C and the elastoner in the dynamcally vul canized alloy exiting the
extruder 4 s at t Y. ki r i 1. %] at
2200, the ol act Sriayy oREMERIWHR RELREDCC B A ML & e IR Lk 0
condi ti ons t o ledsttlzinnl Saminetes pleors emitiatoour . cufie2 at T hee hetreoddurefin theangeldf,200°C
wherein the CQ5§7§¥§ten1consists essentially of 1.0 to 10 phr of a
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6. The alloy of claim 1, wherein the elastomer in the alloy has achieved at least ninety

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

7. The alloy of claim 1, wherein said elastomer further comprises alkylstyrene derived units,
C4 to Cy4 multiolefin derived units, or both alkylstyrene derived units and C4 to Cyy4

multiolefin derived units.

8. The alloy of claim 7, wherein said elastomer is a terpolymer comprising isobutylene

derived units, alkylstyrene derived units, and Cy to Ci4 multiolefin derived units.



13. The method of claim 11, wherein the cure systemconsists of only a
curative. 14. The method of claim 11, wherein the elastoner in the
dynam cal ly vul cani zed alloy exiting the extruder is at |east ninety
percent cured. 15. The nethod of claim 11, wherein said elastoner further
conprises al kyl styrene derived units, C4 to Cl4 nmultiolefin derived units,
or both al kyl styrene derived units and @Bto Cl4 nultiolefin derived units.
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Cr 03, FeQ FEZG&Slsaﬂgl blf Q)olyamldes polylmldes, 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.

10. The alloy of claim 1, wherein the elastomer is present in the alloy in an amount in the

range of 20 to 70 weight percent.

11. A method of preparing an elastomeric thermoplastic, the method comprising mixing at
least one isobutylene-containing elastomer, at least one thermoplastic resin, and a cure
system comprising not more than 0.1 phr of any cure accelerators 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 and wherein,
when mixing at 220°C, the elastomer requires at least 3 minutes of mixing under cure

conditions to obtain a ten percent cure.

12. The method of claim 11, wherein the cure system consists essentially of 1.0 to 10 phr of a
curative.

13. The method of claim 11, wherein the cure system consists of only a curative.

14. The method of claim 11, wherein the elastomer in the dynamically vulcanized alloy

exiting the extruder is at least ninety percent cured.

15. The method of claim 11, wherein said elastomer further comprises alkylstyrene derived
units, C4 to Cj4 multiolefin derived units, or both alkylstyrene derived units and C4 to Cj4

multiolefin derived units.

16. The method of claim 11, wherein the curative is a metal oxide selected from the group

consisting of zinc oxide, nanozinc oxide, CaO, MgO, Al,O;, CrO;, FeO, Fe,0s, and NiO.



