WD 2007/ 05580- 2 PCTI US20061036391 THERMOPLASTI C ELASTOVER COMPGSI TI ONS AND

METHODS FOR MAKI NG THE SAME FIELD OF THE | NVENTI ON [ 0001] This invention

relates to | owperneability thernoplastic conpositions wuseful for air

barriers, processes to produce the sanme, and their use in articles of

manuf act ur e. widAedse¥skND OF THE | NVENTI ON 10002] Ther nopp@giidocaiegdl NS

("TPO') are polynmer blends having a cbnbination of both elastic and

t hernopl astic properties. They exhibit sone of the properties of a cured

el astomer as well as the reprocessability of thernoplastic resins. The

el astonmeric characteristics may be _enh d if_ one conponent of the blend

is a vul cani zabl e el ast E%WMTF‘%ERE@%&}FE&C%@SQHB%T Scrosslinked. 100031 -

1 JS4130534 di scl oses el astoph AHTHOBPPOR MARNGSTEERAMESI Ng a blend of a

t hernopl astic crystalline polyolefin resin and a rubber which may be butyl

rubber, chl orobutyl rubber or bromobutyl rubber. US4639487 di scl oses a heat

shrinkabl e t her ppphast T8 @QVRRFIdN On of an ethyl ene copol ymer resin with a

dynam cal 'y vul cani zed hal ogenated butyl rubber. US6013727 discloses a blend

of thermopl ast | B0¥ldsi rlhis mvension slatesein dave termerbility thermerfastic mpositions

| somonool efin  aRf; gy RR1ERLK %( oSds¥es %&‘@nd&o@%@amy%&m el 26bIOSGS

t her mopl asti ¢ conposSition cohtalnin amde matrix resin and at | east

one pol yner havmnlglf@hsq)em fied tensile m)dul us. US4174358 di scl oses a

t her mopl asti ¢ CRAPRERI ? q%@ npPol yam de matrix resin and at |east

one polymer having a specifie ten5| rmdul us. [0005] The earliest work in

the curing of TR@ZonpOsimopiastc vwlsﬁlby (‘Cﬁ’;ﬂé) esre  polmpiaHleds , hayingh aas i n

Vil cani 2abl o e SSAERE B AEE hop GH Blb e, “Hek b IS " 5

glnd é he ﬁl ast onthe popertes qﬂawmed@kastbmemmllysﬂmxﬁpmgeaaﬁihtysﬁéamnopgsttche pol ymg
end. The resu rSi ‘ n uncure

matri x of resi n%)'l's%é %re%‘%ﬁ] ‘fg((?lh'w(g ﬁ%%%rﬁlagﬁﬁ%@%ézpo ° 'Bgsee%%fc%npom tions

conpri si ng pol bbnﬂayhemimhiealastmhtreﬂﬁckﬁewbﬁllyotpaftiallybdmshnka@z be, WO

20071055802 PCT{OH%%()OQ 94?1955%!; discloses elastoplastic compositions comprising a blend of

a thermoplastic crystallme polyolefin resin and a rubber which may be butyl

rubber, chlorobutyl rubber or bromobutyl rubber, US4639487 discloses a heat

shrinkable thermoplastic composition of an ethylene copolymer resin with a

dynamically vulcanized halogenated butyl rubber. US6013727 discloses a blend

of thermoplastic resin with a halogenated copolymer of a C, to C; isomonoolefin
and a para-alkylstyrene.

[0004] US4172859 discloses a thermoplastic composition coniaining a°
polyamide mafrix resin and at least one polymer having a specified tensile

modulus, US4174358 discloses a thermoplastic composition containing a

P

polyamide matrix resin and at least one polymer having a specified tensile
modulus.

[0605] The earliest work in the curing of TPO compositions was by Gessler
and Haslett, such as in US3037954, which teaches the concept of "dynamic”
curing,” wherein a vulcanizable clastomer is dispersed into a resinous
thermoplastic polymer and the elastomer cured while continuously mixing and
shearing the polymer blend. The result is a micro-gel dispersion of cured rubber in
an uncured matrix of resinous thermoplastic polymer. US3037954 discloses

compositions comprising polypmpylené and a rubber wherein the rubber may be,



2 butyl rubber, chlori'nated butyl rubber, polybutadi ene, polychloroprene and
polyi sobut ene. Conpositions of about 50 to 95 parts pol ypropyl ene and about
5,to 50 parts of rubber are disclosed. [0006] Dynam cally vul cani zed
t-her nopl astic conpositions conprising a polyam de and various types of

el astoners ar See, for exanple, US4173556; US4l . 7404,
H R hlPmaleet

US4297453; U S4348502; and U34419499. US42873 Iscloses a
dynam cal |y vul cani zed conposition conprising a blend of crystalline

pol yester and a cured epi chl orohydrin. US4226953 di scloses a dynamically
vul cani zed conposition conprising a blend of styrene-acrylonitrile resin
and a nitrile ribiggr rubbed 3GBraged ibstyl owbler,apolpmitadiant,d polpaillaopreneama! ext r usi on

Conttive hal bgonBy et o LERR sR80Y A OShRBIIARE PP o 4
composi L1 on ool il oAb aoasobar Lot Laver Ta- phewmmrie 111 es. The oo
Composi t1on compl0eds SoFREHHI vlnidl Hophgpactf CiHRtdifons) GERHHEE Tor bl ends
of I p?! gg?ﬁ?eféng?dww aad| Womhewiﬂmra]b'f |eildsilsmﬂetsb_hker]g?osmc:SeQZforberxgﬂiblaggiil
F?e%lat od US Pat eﬁgglﬁ%@alﬁ%ﬂé@%@gﬁﬁ% 4@61%@%%?3 @g%3&5553%§ZEP969039A1
(related US Pat enicsUBafilougte UBBRIHNdisclddSH b IGRBMcally USRBEIAM/Qnpbiitied t he

viscosity ratio between the thernoplastic matrix _and the ruybber dispersion
to achi eve phasecﬁﬁmﬁpﬁuPtVthOFHEFﬁﬁﬂpaE@WFWéﬁﬂdf?ﬂ@“ﬁuﬁﬂ@ﬂmnﬂW§$ersions.

EP969039A1 al so disaza69sE8isdidres & @lriinic@ANs iRl Weafbsithe cbMPiRe(s a Blbsper si ons
astic el astoner conposition. [00081 There is

and durability of  the therpopl ( (

still a need to PhphEpea rﬁgo“’g?l%ﬁ%ﬁ“% i8¢ HAIE UPRE aHG4TP 7 diselptet A |y

vul cani zed al | oy poly ahbid/NRYdiSE ald extk¥MaNIdntIdsili Q0 Pftbarkd _bgaﬁpmmmnmggrh found
that‘-a thernopl astic .engineering resin can be -conpatibilized with a

hal ogenat ed i sobﬁ?lﬁn@ﬁ%ieﬁ‘ﬁg%aﬁ%aﬁﬁeiﬁﬁw?@lﬁ? frciopplelgtomfiayi ng fine rubber

di spersion si zesogrt heppppbsmi Ged reldd@ UESR94950 83 b BNiGIRNS Jowan al | ow
the thernoplastic matrix to be toughened, softened, and elastified for

vari ous appl i cat PEHeaby therpeniastic claReras cgmposyion ugainlss rgsBErsTIgyer K gh
t oughness, and afd &cs! CTHeYoordélidd BRrsY a tEmERAGE vk saép ke al lylic

hal i de and benzylic | — ) .
*  polyamides or blends of polyamides, in which a low-permeability rubber, such as

brominated poly(isobuiylene-co-paramethylstyrene) (BIMS) is dispersed.
EP857761A1 (related US Patents include US5910544; US6062283; US6397912)
and EP969039A1 (related US Patents include US6359071; US6538066;
US6861470) limit the viscosity ratio between the thermoplastic matrix and the
rubber dispersion to achieve phase continuity in thermoplastic and fine rubber
dispersions. EP969039A1 also discusses the relationship bet\x}een the rubber
(' dispersions and durability of the thermoplastic elastomer composition.

[0008] There is still a need to improve the properties of uncured and of
dynamically vulcanized alloys. |
SUMMARY OF THE INVENTION

[0009] It has now been found that a thermoplastic enginéering resin can be
compatibilized with a halogenated isobutylene-based terpolymer to form a blend
having fine rubber dispersion sizes in thermoplastics. The fine rubber dispersions
can allow the thermoplastic mafrix to be toughened, softened, and elastified for
various applications that require materials of low permesbility, high toughness,

and good elasiicity. Additionally, the reactivity of the allylic halide and benzylic



WD 2007/ 055802 PCTI US20061036391 3 halide, and unsaturation in the
hal ogenat ed terpol yners can allow the usage of nany functional
conpati bili zers that react with both the teipolyner and the thernoplastic

matrix, thus ?{5@ sh© versatile vul cani zation syst emSPC’L‘IQ{%Z]OQJI J;ane
corrp05|t|ons can ave i nproved propertiges, such as higher ({ sof t eni ng

tenperature, |lower oil absorption, resistance to conpression set, and
retention of properties after heat aging. Mreover, these corrposi tions may
be stabilized to ultraviolet |ight exposure w thout adversely affecting
their properti esalideTind weanpotion inche hetegenzibd srpobimperd e allowuhedsage ofiynani cal |y

cured el ast omer sy (008G THGHRAARER LA NER AT B HESud NBATRE! 25t 1 ©

conposi tion conprisin I'c engineerin as a
pol yani des, pol yiesteplastic mplukﬁhwlbndhatt@mlsapbIvy]samz‘wnmsy,stemsl yacet al s,

polylactones ni tyile-but re5|n | ene oxi de,
pol yphenyl ene Q‘M Iﬂé S?/rcénf?gosé Pglcgnmh? é)noeve Spr«gpser Ot Wg %ﬁé\elél C

anhydri de resi nShcapaﬂwung d@q:;eraamrrmermﬂpbéonbmhmastandarto comprbdsiog setf her eof ;

and, a hal ogenat mar .CO oner ynits derived froma C4 to
C7 i somonool ef i ﬁ“ ‘E’r °é’31??ﬁsnagﬁb$aa{%’§ PERY P !Fi‘ﬁ?eecﬂnﬁomm’["éﬁlﬂi’ In some
enbodi menﬁﬂS) OIt hetablh@erdmfﬁmltraﬁlbnecl@gmpeﬁﬁvgmurzfelséraelpaiffechﬁg fheir p&iaetaéml de. In g
certain enbodi ts, the po e can be ny nylon 11, an
i xtur et her cofth RS RER ARG S SeEr o STy R e e Dol yan de
6166 copol yner. [dﬂ@ﬁlB] Thé) Hreseat eﬁb@ﬁbmpﬁosldest he tl'&ﬁﬁﬂplma@é ef:dnipo@iﬁéh be

| sobutyl ene, isobutene, 2-neth - but.ene,. 3- -1 -h

2- et hyl - 2- but e REPIFNgE fRepmeplasy ‘éﬁ’i‘%‘?’Fénn%‘ies%sR ?5 P‘?I}‘Fé‘?‘g‘?ﬁf p‘ﬁk"ﬁtmot her

embodi ment's, t h@olgéarionks ;m@ﬂmes q:aljra&&ls qabmaeta@es alrplbatiebiydiglyr ene, or
an aIkyIstyrene where | he ect ed

Cl to al kyI or '
branched chai n AVIGJF TeP% RO Y}an ?il &gy, e’(‘%ﬂmg‘?‘?ﬁt&?{‘%a‘}%&ﬁ unit can

be a para-al kyl %ﬁéeﬁﬁenéiﬁﬁlbwaﬁnhﬂﬁfcﬁ 18840 o BAnE) Qrdn@itic GeBlofes, of 0014] I'n
sone enbodi nents,, the nultiolefin can g‘grt gdymto Cl4. diene. In other

embodi ment's, t h@UHEEY T4t Ands o hpaesnat FuEHRRTISHE , MONOTISE WL hy| - 1, 3-

but adi ene, nyr c@Bgsed Gofadl,BLNKbmbddo AR, stybéamﬂmﬂﬁr afd Gn@ikeifadi ene,
met hyl cycl opent adi ene, _pi peryl ene, divi né benzene or njxtures thereof.

[0015] In some &WEAdi mhsame ¢mRodinanis, fhe ERIPFUE SOHEPEYR ASsitetra i h  br oni ne,
chlorine, or m gbyaiget Hecaaln editRiAlOBEHoBARIdREE BEHRAlS, MylbRYRd t O

nylen 11, and mixtures thereof. In other embodiments, the polyamide can be a
polyamide 6/66 copolymer.

[6013] In some embodiments, the isomonoolefin can be isobutylene,
-isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, 4-methyl-1-
pentene, or mixtures thereof. In other embodiments, the styrenic monomer can be
styrene, alpha-methylstyrene, or an alkylstyrene where the alkyl is selected from
any C; to C; alkyl or branched chain alkyl. In certain embodiments, the styrenic
monomer unit can be 2 para-alkylstyrene, such as para-methylstyrene for example.
[0014] In some embodiments, the multiolefin can be a C4 to Cy4 diene. In
other embodiments, the muitiolefin can be isoprene, butadiene, 2,3-dimethyl-1,3-
butadiene, myrcene, 6,6—diméthyl~ﬁ.11vene, hexadiene, cyclopentadiene,
methylcyclopentadiene, piperyiene, divinylbenzene or mixtures thereof.

[0015] In some embodiments, the terpolymer can be halogenated with
bromine, chlorine, or mixtures thereof, The halogen can be chemically bound to

the para-methylstyrene. In other embodiments, the isomonoolefin can be



) it it R
t he para-nethyl styrene. In other enbodi ments, the isononool efin can be WO
20071055802 PCTI US2006/ 036391 4 isobutylene, the multiolefin can be

i soprene, and the styrenic nononer can be para-nethylstyrene. [0016] The
conposition can include a filler, a rubber conpoundi ng additive, rubber
processi ng oi M) 20p1/E810t ci zers, and m xtures thereof. Thercubgowiosdsswin can be
a vul cani zed conposition, or can be a ndn-vul cani zed conposition. 100171 The
present invention also provides a process for preparing a thernoplastic
conposition including the steps of blending a thernoplastic engineering

i lected f . i sting of : | |
oo Sehect 20 TRAMALE, B8 RRSL A 1 e LA e RILNERLST

acryl oni tril e- bupadinethglstyshe/r ene resins, pol yphenyl ene oxi de, pol yphenyl ene

sul fide, styrene ylaogitrile.f resins, styrene-maleic anhydride resins,

pol yi i des, aro ﬁ%i pot yICaTBH ,n°ﬁﬁ8‘°ﬁ‘ﬂfﬁtf%lf3re§rﬁl?8’+%’8?p;°"%a‘fﬂ%"e’

unvul cani zed hal agesioeesing biRObIRIZeR OHB hiftinegtherd®h A CorYsiisn e@rbeved from
a ¢4 to C7 isonpno Ie]‘icﬂ; a styreni c nononer; a%gc, a.yultiolefin; and, a
vul cani zi ng agent V¥ &RZ640mRsiiqy Ahap fe f B PEHREERLOMPRTIR yer ;. and
masticating and mBeqri Nthet pischt Qinfidn \élél)c?l'ﬁi-fiﬂ@t aOpro6Rf dof ippdparidea  a tine
sufficient to pr&duce a, vul canj.zed therno ition, [00181 In sone

| astic_c 0S
enbodi ment s, t heFRIORBICC SHMRORIEPY, dacliias dhe gteps é’gn}'ﬁ t 2 BEmeRkEl from t he

group consi st i NQerinedinli rbdi® koleced At e GOTPQMESNEDT gﬂgﬂnid\é@ poBBflers,M Xt ur es
t hereof. In other enbodi nents, the nethod can .i ncl ude bl endi.n conponent

| a
selected fromt RO RBORE o ALY RES, B‘?lyq”&tblﬁel"’lﬂ?%@’%sﬁcWé‘méWes]%‘lgad’ﬁP?ist i ci zers,
and i xtur es theiiato robe] phlySRnIERCET hDEANRI S dheivRRIdREC
conposition of the present i1nvention conprises. _a blend of_ a thernoplastic
engi heer i ng resi WS fyrnempbTcy, pbyddte wsiny ralyimigey gromatic polvkeires o™i in, and a
styreni ¢ MONONEr mixhf& HeRBE MHAl a8t LiGukANRAS hilbRRaEB YerBSlydS coiipisigani zed
conposition, or may be stat i.cal | y vul cani zed, ave been subjected to

]

, or _may
dynani ¢ vul cani ZROREKT ulsdleiiiiosr gilafo Enliopenpalefinggshyaic mpyomepapd. or

properties and CANmRGEHLdaRS @%ﬁd&ﬂi@ﬁ%i t @bt 1 YdtelRric 1RgateAs used
herein, the new nunbering schene for the Periodic Table Goups is used as

set forth in CHEMPOKmerRI mAjEFamE pNiRmEg thegdend)at vilganization conditions for

a time sufficient to produce a vulcanized thermoplastic composition.

[0018]  In some embodiments, the method can include blending a component
selected from i_he group consisting of a filler, a rubber compounding additive, and
mixtures thereof. In other embodiments, the mefhod can include blending a
 component selected from the group consisting of Tubber processing oils,

plasticizers, and mixtures thereof.
DETAILED DESCRIPTION

( [0019] The thermoplastic composition of the present invention comprises a
blend of a thermoplastic engineering resin, and terpolymer of a Cyg isoolefin, a
multiolefin, and a styrenic monomer. The'thermoplastic composition may be an
unvulcanized composition, or may be statically vulcanized, or may have been
subjected to dynamic vulcanization. The composition can have improved air
barrier properties and can be used as an innerliner or innertube.
[0020] As used herein, the new numbering scheme for the Periodic Table
Groups is used as set forth in CHEMICAL AND ENGINEERING NEWS, 63(5), 27
(1985). ‘



2t E e e e i

(1985). WO 20071055802 PCT/ US2006/ 036391 5 [ 00211 As used herein, "polyner"
may be used to refer to honopol yners, copolyners, interpolyners, '
terpolynmers, etc. Likew se, a copolynmer may refer to a polynmer conprising
at |east two nononers, optionally with other nononers. [0022] As used
herein, whenW®2§810%8% is referred to as conprising a hoHBIEW/3GMe nonomer
is present in the polyner in the pol ymérized formof the nmononer or in the
derivative formof the nononmer. Likew se, when catalyst conponents are
descri bed as conprising neutral stable fornms of the conponents, it is well
understood by o ki | | “ I i ORIl r conponent
Is the formt hiaﬁt@l?eac‘%_fqﬁd[h Y?I’e?ﬁe%r%glﬁgnem?&lsy %%&S?gﬂﬁ%;%o%?lﬁgrf’oozsl As
used herein, "ctopglvewess integnolymersaternolvirerse ete.o Fikowise, anepolymerapay refsr iny  pol yner

or conposition : : hMﬁﬁ{ G hstent with the
ASTM D1566 def i% ?lﬂgérﬁégﬁP lgsslﬁfg?{rre%rgﬂ?‘ﬁoclpu es?smeét_lggg I endpgﬂ eéﬁgg%{m;gﬁers such as
mel t mi xi ng andiod2] r eass wmsedbheseids whén popolymeersis Ffeered do s gempriping wsed

| nt er changeabl v, udh.. (e LER: i OB tnel BOAH i ihe HSIBLGDEK Bl or i * 1S

“parts per hundred T iober 1'sTa nmeas conmo e art erein
conponents of amownportin the derieative dsrur eflithe ehabinee Likewisd evheajcotalye ast oner or

pol ymer conponent. based 0 00 par.t.s b | aht. of e ol r(s),

el astoners) or ?03@88?%33)1'? Hﬁ%)ﬁg’féfs Cfﬁ'@“?%?%%@%&?mﬁlogﬁ pozﬁ%onﬁ%&t( herein to
denot e the bl enid vell undeestand byrwne skilled ér tive pit, alsat the ietigfone of hagonipeaemss,  t he

o “non- ol ast omelt) CPRAE ey U e SBRBEREOBFe P Bhnpos L on. Ot tonal Ly,
addi ti onal el aspsprs Asndedhercinffelagbaat’ onttdsomprid yoimositionyrefon to argl uded i n
the conposition_qf the present inyention 026 used herein

"i sobutyl ene bakk 3I°5§{)“6‘?1°§$°n #pu\r}f’%%sb‘g‘t‘c;'f‘laé&?g’n‘%’atlsfé’@symﬁﬁf%‘?ﬁwﬁrv@*her s to

el astoners or pik WSAMSDEIGepIefisitiory Elbstdnga Sdcludes mixXeé bleadsad pblymegpedt units
from i sobutyl ene. 027) As.used herein, .isononoqglefm refers to any olefin
nononer havi ng asa?‘%é‘éfégoaﬁg/ércéﬁaﬁ%hﬁ'é‘gi ?fgp(fﬁ%e%ugllé‘ﬁmsi%%g%r‘fs%hat car bon.
[00281 As used ineschbmpeablywith tehehttubbef’ers to any nonomer having two or
or e doubl e bonglg,, fOr LM, P s -2k el RutfE Hhed Hha PR SRhreCOMPT T 1 N0

common in the art wherein components of a composition are measured-telative to

the major elastomer or polymer component, based upon 100 parts by weight of the
polymer(s), elastorner(s) or rubber(s).

[0025] The term "polymer blend" is used herein to denote the blend of one or
more thermoplastic engineering resins, the elastomeric halogen-containing
copolymer and any other polymers (clastomer or non-elastorer) that may be a
component of the composition. Optionally, additional elastomers and/or non-
elastomeric polyniers may be included in the composition of the present invention.
[0026] As used herein, “isobutylene based elastomer” or “isobutylene based
polymer” refers to elastomers or polymers comprising at least ;70 mole percent
repeat umnits from isobutylene. ' _
[0027] As used herein, “isomonoolefin” refers to any olefin monomer having
at least one carbon having two substitutions on that carbon.

[0028] As used herein, “multiolefin” refers to any monomer having two or
more double bonds, for example, a multiolefin may be any monomer comprising

two conjugated double bonds such as a conjugated diene such as isoprene.



two conj ugat ed doubl e 'bonds such as a conjugated di ene such as isoprene. WO
2007(055802 PCTI US20061036391 6 [00291 As used herein, "solvent" refers to
any substance capabl e of dissolving another substance. Wien the term
solvent is used it. may refer to at | east one solvent or two or nore

sol vents unl egfo gbg@Ekdh €d. I n certain enbodi ments, the §&NGHsobRoP0!l Ar; in
ot her enbodi nents, the solvent is non pglar. [00301 As used hereln,

"solution" refers to a uniformy dispersed m xture at the nol ecul ar | evel
or ionic level, of one or nore substances (solute) in one or nore

subst ances (sol vm. 100311 As used herein, "hydrocarbon" refers to

nol ecul es or seg s ohs usshheeip) ‘selveny yelrsip Ay ybstense Fanpbla piidissglirgand car bon

atons. In some aokedLIRALS, WYY @6 MBORHRASS ubdiCh ﬁﬁ@%fégg 04903k gt ver sions

¢
of hydrocarbons and versions containing heteroatons. 321 e term
"dynani ¢ vul cani sdYenber twiosorserel splaendd wnless spasiigdt dn gertajiy bbosiments, e process

in which the engmo‘?eﬁﬁ%gﬁaéﬁeér rélﬁgodﬁnéﬁw @??%I@EiS%OEPQEE oner are vul cani zed

under conditions ares e vulcani zable el astoner is
si mul t aneously ci0838| i nkeused hereli Syobitiswtrefess toi uniforrlyidispesedohixiurd ai cro  gel "
wi thin the enginger] ' 1 [ ] ' i S
ef fected by m xi ﬁ]g Cﬁ%u%ﬁge&%icﬂqgﬁ‘ési%ﬁl’ gfod?}%iorrml;ﬁeﬁ?%%gtgﬂ c\%%u?sgﬁllteﬁgﬁ 31t%q%ljr above
t he curing tenpematesnisstanéesi(dodvent).ast oner in  equi pment such as roll mlls,

BanburyO m xers, tin 1 Xer Sy kN 5 - ] X1 extr s,-€.g.,
twin screw extr u!a?grﬂ . %H%rﬁlirﬂcfﬁegn’cﬁlgég%?%?li z?f?%tgg}“%i%cggs §r§5%qe§1gsl ?fy cured
conpositions is moktylesn@bnteibingt prdarilg hjrkeogemcéndt lvabot hgome| adb osmare conponent

may be fully cure the, c osi.tions .can, b rocessed. and.. reprocessed by
Convent i onal - ubBardlpBies SLFRGMR AR, Hidie? TuBheiste? YT ORL P WACRRSEL o
nol di ng, conpr essidomrsivns chintdpinglicteroaimwsap or flashing can be sal vaged and

reprocessed. 100 In t.he enbpdi ment of the jnventign in which it is
desired to obtai ﬁ]ﬂz&yna NS éﬁ“y %Wﬁn?’@%aalzgﬁlqnoﬁ ]tsfﬁ/}'eg tt?lew&?qt%fs are
general | 'y prepar edcdnizatidn pesvdssrig whinh elice@pineding easitand a @ulemgrahle elastomer esi n and
at | east one el astoner . curatives . .gnd f.illers under . cangit.ions of

dynami ¢ vul cani z&Fi ¥ E{a?’%\%})g‘?fr PRGNS OF P PH5E- Bi5e &PP dthayvﬁgﬁliu%ag’% y
vul cani zed conposiadtemer isdimiilfaeously crosslinked and dispersed as fine particles of a "micro
gel" within the engineering resin ‘matrix.
[0033] Dynamic vulcanization is effected by mixing the.‘ihgredicnts at a
temperature which is at or above the curing temperature of the elastomer in
equipment such as roll mills, Banbury® mixers, continuous mixers, kneaders or
mixing extruders, e.g., twin screw extruders. The unique characteristic of the
dynamically cured compbsitions is that, notwithstanding the fact that the
elastomer component may be fuily cured, the compositions can be processed and
("" o reprocessed by conventional rubber processing techniques such as extrusion,
ijection molding, compression molding, etc. Scrap or flashing can be salvaged
and reprocessed.
{0034} In the embodiment of the invention in which it is desired to obtain
| dynamically vuolcanized alloys (DVA's) the alloys are .generally prepared by
blending together at least one engineering resin and at least one elastomer with
curatives and fillers under conditions of dynamié vulcanization.
[00351 In preparing the preferred dynamically vulcanized composition of the
present invention, at least a portion of one thermoplastic engineering resin is

blended with the elastomeric halogen-containing copolymer.



present invention, at |east a portion of one thernoplastic engineering resin
is blended with the el astoneric hal ogen-contai ni ng copol yner. WO
2007/ 055802 PCT/ US20061036391 7 Thernopl asti c Engi neering Resin [0036] The

t her nopl ast i qwgﬂ}gj”&g%tii ng resins suitable for practice ‘BI:T/EJQ:%M/(B&?F?M

invention may be used singly or in conbination and are reésins containing
ni trogen, .oxygen, hal ogen, sulfur or other groups capable of interacting
with an aromatic bal oal kyl group. Suitable engineering resins include
resins selected from the group consisting of polyam des, polycarbonates,
pol yesters, pol Fhuinbplastic Engipesripg Beditones, pol yaeet al s,

lonitrile-b i . es| . : henyl _' PPO) ,
ol ypheny! ene stliffige chpaeidfihe Ratlediaf Shons, RRME BOMRIEGRKI (70
pol yi mi des, st ypesat imértion wap by dsed dnglyShly condrivation avad poteyiketarndsng ( PEEK,

PEK, and PEKK) and m xture hereqgf.. Preferred ther | astlc engi neering

resins are pol ymoaglspxxgp%ﬁlgfog% S‘a%ﬁ?éﬁﬁgegméqseca ‘\?’Feo igiera V}gowﬁb ' nylon

6/66., and nyl olmio_ilnhtic B i Saiuihﬁ @Eﬂéd’n‘*ﬁlnglralﬁfs iinchﬁ_@keﬁﬁﬁwisﬂ]&;ed(ﬂmyﬂl ons)

conprise crystalline or resingpus, ecul ar i ght soli ol ynmers

i ncl udi ng copol JiefeuR fepsising g nggshé’@ng’ﬁﬁg?“@@ﬁr&ﬁwgteﬁmpﬂ]gs“%ﬁﬁss wi thin

t he pol yrrFr Crabflylaﬂﬁﬂleﬁ,arr;ﬁpﬂﬁ&etalmy ab@lc?itﬁ]@%ﬁdieﬁ?‘gtﬁ@h@/n&ésfjﬁat (ﬁs),oz one gr

nore epsilon | acta uch .as _capro] actam ro one, lauryl|actam an

am noundecanoi cp?léé]{éﬁﬁfneﬁ’f‘g%ﬁ@’ paJé’P ,"36’18‘?6 g‘é{iﬁ%ﬁ%}? %FWB‘?’TE‘CG’I'IX‘BF sic acids

E)r(\d d: am nfs. B‘i:rfsﬁs ltSAm; %Jlﬁh]ﬁﬂeﬁl,gty@dﬁlé maleiy @L}lﬁmtdemc(dﬁ), l@j&rﬁgﬂncﬁf/}&tcﬁ:ﬁ tab: ;a :
anmpl es of such poly es_ar pol ycapr ol act am on-,6), polylauryllactam

(nylon-12), pof&iidka hﬂ‘%%@ﬁ@p JEEmIS Shpreste ?efen'ed wmmpk’?;tw

pol y- hexamet hy| efgaefharkide ae Pulyaided PhoferrddGloyamxRiei-MiRng selacan de

(nyl on-6, 10), pola%hexangt hgl enei sopht hal am de (nyl on-6, 1p) and the

condensati on prBIS1 p/ogyrand gom bl no- undecanoi ¢ aci d (nylon-11). Nylon 6/ 66

copol ymers are fyogfier r ggitabR th@iidSlastRRIFhIRAt Bylom) dopRkalry@Nabes of

satisfactory polyam des (especjally_ those having a softenjng point bel ow
275C.) are descFSBae: i Hekimalecelar fyeight solity Aebmspe diclrdie espalPEs @¥echnol ogy,

v. 10, page 919:3:3@*1%&@%% Bitide DalsWiRin BeipBRaRr s PeEhaRLogy, Vol .

10, pages 392-414. Commercially avail able thernoplastic¢ pol yam des naybe
advant ageousl y fneg dei myenaped l@f Belymerizatign of one or more epsilon lactams “such as

caprolactam, pyrrolidione, lanryilactam and aminoundecanoic lactam, or amino

acid, or by condensation of dibasic acids and diamines. Both fiber-forming and
molding grade nylons. are suifable. Examples of such polyamides are
polycaprolactam (nylon-6), polylauryllactam (nylon-12),
polyhexamethyleneadipamide (nylon-6,6), poly-hexamethyleneazelamide (nylon-
6,9), polyhexamethylenesebacamide : (nylon-6,10),
polyhexamethyleneisophthalamide (nylon-6,IP) and the condensation product of
11-amino-undecanoic acid (nylon-11). Nylon 6/66 copolymers are preferred in
other embodiments. Additional examples of satisfactory polyamides (especially
those having a sofiening point below 275°C.) are described in Kirk-Othmer,
BEncyclopedia of Chemical Technology, v. 10, page 919, and Encyclopedia of
Polymer Science and Technology, Vol. 10, pages 392-414. Commercially
available thermoplastic polyamides may be advautageously used in the practice of
this invention, with linear crystalline polyamides having a softening point or

melting point between 160 — 230°C being preferred.



thi.,s invention, with linear crystalline polyam des having a softening point
or nelting point between 160 - 230C being preferred. WO 20071055802
PCT/ US2006/ 036391 8 [0038] Suitable thernoplastic polyesters conprise

i near, crystallin high O nolecular weight solid pol s h Vi Ng
r.ecurring -C—%ﬁ’ gﬁ% O including --©0-OG group's vm%gﬁh§?qqgﬁﬁﬂlyner
chain. The term' Ilnear as used herein in respect to polyester neans a
polymer in which the recurring ester groups are within the polyner backbone
and not pendant fromthe polynmer backbone. [0039] Linear crystalline

pol yest ers havi ngo3s] sof3uétalie ghqpmoplistia polyesterb autnprieOlhear, corgalllisef agghory, w th
pol yesters having a softening point or nmelting point -above 100C being

preferred, with polyesters having a softening point o l I ti ng poi nt
between 160 - 26QG.A&i-NGeitR Soid" 6dI16h&E ] grs (free
of olefinic unsatu?aﬁron‘)ﬂgﬁalre pr %g%rregl vﬁgv\}ever unsaturat ed pofyesters may

be used provided that the q bber, if cross- Ilnked is cross-linked prior to
blending with t yesjerd or, prqyi ot e Y mcal |y
cross-1linked w tﬂﬁg&ﬁ%r 0ss- 11 nI?i ng%éggsﬁgn%ﬂg%p\tﬁﬂﬁe{ ﬁ%?] ;rlhég%I |@ge l'y induce
cross-1ink for nagsiusel liereirt ieespgnd foyeieser. ma@nosolymarirewhipiothy exweng edere

unsatisfactory for, tsha%? Q{ﬁ%} 'th% og)tngé 'Haékbohé“ix?d‘ﬁtoﬁsn{ﬂnft &HQ "r]lef ﬁ(ﬁﬁ’gér

cross-link fornefl erm resul ting
conposition is nerkioher nopl astl c. [0040] I\/any conmer ci aI I y aval | abl e

t her mopl astic i Cry); dvan enpl oyed
in the practice @?ﬁ he }‘l‘lnvenb ('ﬁlnmgrp% y)éﬁéé Ba 1§g b SO%M%%PO%‘{ g&%%;%%(f}#erl zation
of one or nore di€&rdosyikacoycwils polyestdtwhhwngessmnmgpemsorandmwmr nor e

di ol .- Exanpl es of S ctor al yeste cIu . .
poly(itrans-l 4- cyc %@x(?ll%am%p dx’(%é)r?beﬁeré ‘Bno%&/fc’f?a ngp%n&tc%ng%tmg

pol y(trans-1, 4- cyuiktbhissey Eﬁ@e-zﬁﬂeﬁ:bdmgmt)re@redemdlSa(ﬂmtaﬂmeér,p@lyegterb(ﬂmxyl ene
adi pat e),  pol. y(C|

trans- e ed| met ene) .2
al kanedi car boxy! %t %‘%{nm HiERt i“b’éoﬁ%???egei FEVE %rﬁé% g-’p(?&gﬁ%rf R &e) oxal at e
and poly-(cis 1,dsed @mid@@ﬂmﬁﬂ&mbbergaf ht;olssakilﬁc)ad sisiemisstiled ppal (Whdhgal kyl ene
t erepht hal at es) suc th e t hal. at e d
pol yt et r anet hyl e‘ﬁgh ?lgrpglarﬁ A4 gfog}' e%& é‘?‘&f@’%w 18 dmmm‘ﬂy cross-linked with 2

cross-linking agent that will not significantly induce cross-link formation in the

‘polyester. Cross-linked polyesters are umsatisfactory for the practice of this
invention, If significant cross-link formation of the polyester is permitted to occur,
the resulting composition is not thermoplastic. |
[6040] Many commercially - available thermoplastic linear -crystalline
polyesters may be advantageously employed in the practice of the invention or
they mady be prepared by polymerization of one or more dicarboxylic acids,
( A anhydrides or esters and one.or more diol. Examples of satisfactory polyesters
include poly(trans-1,4-cyclohexylene C,¢ alkane dicarboxylates) such as
polY(trans—l,4—cyclohexylene succinate) and  poly(irans-1,4-cyclohexylene
adipate), poly{cis or trans-1,4-cyclohexanedimethylene) Cq.2 alkanedicarboxylates
such as poly(cis 1,4-cyclohexane-di-methylene)oxalate and poly-(cis 1,4-
cyclohexane-di-methylene) succinate, poly(C,4 alkylene terephthalates) such as
polyethyleneterephthalate and  polytetramethylene-terephthatate, poly(Coa
alkylene  terephthalates) such  as  polyethyleneterephthaiate  and
polytetramethylene-terephthalate, poly(C,s4 alkylene isophthalates) .such as
polysthyleneisophthalate and polyte&amqthylene—isophthalate, poly(p-phenylene



al kyl ene terephthalatés) such as pol yet hyl enet er epht hal at e and
pol yt et ranet hyl ene-t erepht hal ate, pol y(C2.4 al kyl ene i sopht hal ates) such as
pol yet hyl enei sopht hal at e and pol yt et ranet hyl ene-i sopht hal at e,
pol yp- phenyl ene WD 2007/ 055802 PCT/ US20061036391 9 C1.3
al kanedi car boWQRYYEEPe2Isuch as pol y(p- phenyl ene gl ut ar at @CTARPOHHIEIN p-
phenyl ene adi pate), poly(p-xyl ene oxal ate), poly(oxyl ene oxal ate), poly(p-
phenyl enedi -C s al kyl ene terephthalates) such as pol y(p- phenyl enedi net hyl ene
terepht hal ate) and pol y(p-phenyl ene-di -1, 4- butyl ene terephthal ate,
poly-(Cz-w all gyl eﬂﬁanl?lgalﬁ;xgme @&lehogsv gf* ﬁﬂeﬂﬁazeoghme)saﬁh p&cp-

pol y(et hyl ene-1, 22 et hyl enedr ox enzoat es

pol y- (t et r anet hyshenykeng | adinately [pe ﬁ’cﬁm ﬂxalﬁie)dlpbbfm&n%)om), poly(p-
poty- (hexarmet hy | glg checsL Qﬁ!g%ﬁ?}&ép%ﬁ?éra% p)“sxféh 286 g@ a%en%elgea afritbel ©

al I cyl ene-4, 4- d| zoa nzoate),
pol y( hexaret hyl etcra;mlamedl b@npdatp@hamdbnpdi M@gtymwwp}mﬁatq gely-dChenzoat e),

(ot hylene- 2. 6 pARIERG] craaaneRacEla s ERAREY | ") of | SOuRIBR 21  al one

di car boxyl at es) ethytbngtidxy(4edibenzedtésy, eneoby- (ﬁstnampthylhwd Ehethgiendidgpiyd at es), and

poly-(C2-ro al ky}.ene | f onyl i ben oct anet hyl ene
sul fonyl - 4, 4-di t#é?‘?%ﬁfg pé’f’é’((g ﬁ‘“@?"f’%ﬂvﬂ?ﬂ&’ at zoat e.
Addi ti onal exanmpob$C:qé sﬂk}ﬂaéamt-@bqnzdaaltas)aarsu@nl yaestpcrls(pattzenaﬂme-nhed in

Encycl opedi a of Pol nce T ol 0 73 and
Kor shak & Vi nogrs %?’HFL’OP@%@? g&?‘%@%@’ﬁ”ﬁ ﬁga'gcéb@g?%ime gﬁ' tabl e

pol ycar bonat es aiil&nzoaie;; pobygOne raﬂky&é y,6a1apﬁtheﬁdmbed10aﬁmxyﬁm)t abh as pepreNnt ed

pol y(ether-co-p at.e age,, bbe rld Blue upr a.

Pol yl act ones sugﬁtgﬁ ;fo'?séaé’iﬁ?jﬁ’ﬁeactdb“ﬁ’g’ QﬂR?Let S‘Satfﬁ3 YgEesleney Pﬁé‘“ﬁfea%ti ce of:
the invention. dli?raﬂ)bﬁgﬂ‘lit&gl adl yelg@tﬁfaﬁlemi;leﬁdﬁaﬁmmhﬁmlme ndiuitxgekd)y edd f rom
aromatic dicar 3’§ éﬁ) a %87 ; %\%ﬁnﬁgwo%%ﬁoy alic_a |ds Mor e
preferred poly af? y t a %“E)W‘S

pol yt et r ani et Ihylsemmﬂ-zt &Jﬂﬁvﬁﬂiﬁobtaj ata&d | %I%(d&m}fdmbypﬁﬂfeﬁ}lawaﬁbdﬂﬁatw?ad f Ir om .
two or nore gly Wo_or re alicg, acids, or two nor.e .gl ycol s an
two or nore pht hﬁﬁidft’(?n cF’éf’énfg??ci?f 558‘{‘33?‘9'( g3y @ACYIE o5 gﬁsﬁﬂ?ﬂal tes).

[00411 Opti onal IBacyolipbs of IPelyiRp ISaishdeCanp Of epiildgy, FUCN1APagpoby-0b @hdn resins

may be included ﬁo?s : h%z R/?mygrn%ovabk’glggsierss %rhgaggn ljrgsrs, ga)égs {-%4. Pé?utalg_llgp E, LDPE,

polycarbonates are. also commercially available. For suitable segmented

poly(ether-co-phthalates) see page 46, Rubber World Blue Book, supra.
Polylactones such as polycaprolactone are satisfactory in the practice of the
invention. Preferred polyesters of the invention are derived from aromatic
dicarboxylic acids such as paphthalenic or phthalic acids. More preferred
polyesters are poly(alkylene terephthalates) especially polytetramethylene
terephthalate), or mixed polyphthalates derived from two or more glycols, two or
more phthalic acids, or two or more glycols and two or more phthalic acids such
as poly(alkylene terecoisophthalates).

[0041] Optionally, other thermoplastic polymers, such as polyolefin resins
may be included in the polymer blend, such as, for example, PP, HDPE, LDPE,
LLDPE, EVA, EMA, etc.

Halogenated Terpolymer Elastomer

[0042] The composition of the present invention includes a terpolymer

comprising Cy4 to C; isomonoolefin derived units, The-isomonoolefin can be a C,



LLDPE, EVA, EMA, etc. Hal ogenated Terpol ymer El astoner [00421 The
conposition of the present invention includes a terpolyner conprising C4 to
'C7 isononool efin derived units. The isononool efin can be a C4 WO

2007/ 05580"' 1. 10 PCT/ US2006/ 036391 to C7 conpound, in one enbodi nent

_sel ect ed frofPi?4BH%B%4 ene, i sobut ene, 2- net hyl - 1- but erf&T/U52006/036391

3-net hyl -1, - but ene, 2-nethy|-2-butene} and 4-nethyl -1 -pentene. The
terpol ymer may al so include other nonomer derived units. In one enbodinent,
the terpolynmer includes at | east one styrenic nononer, which may be any

substituted st ypanecompo@iehn it émbciitterd Q8lkdiaidlrym i iSobfileas,t isehuich Mm-St yr ene,
a-net hyl styrene or .an allcyl styrene (ortho, neta, ars), the al kyl

sel ected from Weyicbufege.mefhylyirbutrne, - mabHeabutens; %ﬁéﬁmﬁﬁh}?’l-lﬂ?ﬁnﬁﬂ?jesi rabl e

embodi nent, therheswogmeﬁ AR IR indifiePotiBt Akhdhiey ' RAGed hbitdNOtegpeembodi ment ,
the terpolymer includes at |east gone nultiolefin, which my be'a C4 to Cl4

di ene, conj ugat@epogiment; e, terpolyviseranendss at leash enedyeric sUmemeRRiSh Sregne,

but adi ene, 2, 3-gi ﬁ?’tsh%_{ifuted%tyr&b'%ﬁbﬁéﬁuﬁt%d%ﬂﬁblﬁs SeléthdiB Y biydeld vene,

hexadi ene, cycl opent adi ene, = net hyl cycl opent adi ene, and pi getrqél ene. (00431
in one enbodi memethylgrene piyl isistyreaedPiiite Metnon peodho dlkdiselectabfivmed  unit, a
mul tiolefin d.erdng%*', 6L aicdNg 1Rarnshed a{;uncaﬂ@r 'M?addééﬁ%iﬁle e Bdt%ﬁ!fl%e’ ,

i sobutyl ene base t_erpoﬁy rs i ncluding styrenic and nultiolefin derived
units can be pYopus swnomedh pasethyjstyrpre. pnowethee embpsiraing, cthe daspblymer US 3948868,
US 4779657, a : r N P :
u520030220454A?9?1M% gored §§§§ﬁ‘3§?@’3 aEbaiA R ?)oé_:_l]é bl 3 B enat ed
terpol ymer of tied jor emeembodinent ntleated. i@ OideptenenbabenenBddiimethyl;1.%| ast oneri ¢
random t er pol y . i I > 13- ; hy crene, I ene can
contain fromO. 5'9%0 ﬁlgﬁgﬁ%eredgiﬁ%mg%; gﬂ}%n%t hi;} st%%é.nec, \Aﬁeél'rtaglgﬁg’up to 60
nmol e percent ofmethdeyspenfidievaland piperslene.gr oups present on the benzyl ring

t ai br oni nlorj :
o 2t B St IFSE)  Shofl LRGP IS A AR b
par a( br omonet hydnstt yr snigplefim dened emitf and tai gprshic gledvgdswstic Foasxesler and

ether L O NSLaSIROgLIERLan k% UG ARG 14 A BRLGGRRREUCH that It

can react or fonn onal groups present 1h the matrix
pol ymer, for exanptmred, such dy byatht pmcesseshay discleydd if UISAOHER68] UGHBTROST, when t he
pol ymer  componentSy@bh1/021672 (and corresponding EP1228106; US20030220454A1), and

s{lbsequently halogenated to formx the halogenated terpolymer of the present

invention.

[0044) In one embodiment, elastomeric random terpolymers of isobutylene,
para-methylstyrene, and isoprene can contain from 0.5 to 20 mole percent para-
methylstyrene, wherein up to 60 mole percent of the methyl substituent groups

present on the benzyl ring contain a bromine or chlorine atom, preferably a

TN

bromine atom (para(bromomethylstyrene)), as well as a combination of
para(bromomethylstyrene) and other functional groups such as ester and ether. In
other embodiments, the functionality can be selected such that it can react or form
polar bonds with functional groups present in the matrix polymer, for example,
acid, amino or hydroxyl functional groups, when the polymer components are
mixed at high temperatures. Flesh out based on prior art patents.

[0045) These finctionalized terpolymers have a substantially homogeneous
compositional distribution such that at least 95% by weight of the polymer has a
para-alkylstyrene content within 10% of the average para-alkylstyrene content of



m xed at high terrperat'ures. Fl esh out based on prior art patents. [00451
These functionalized terpol yners have a substantially honbgeneous
conpositional distribution such that at |east 95% by wei ght of the pol yner
has a para-al kyl styrene content within 10% of the average para-al kyl styrene
content of WWQRW7PHEHB802 PCT/ US2006/ 036391 11 t he t er BETAPROPO/O3EIEL| r abl e
interpolyners are also characterized byla narrow nol ecul ar wei ght
distribution (MWM') of less than 5, nore preferably less than 3, a
preferred viscosity average nol ecul ar weight in the range of from 200, 000 up

to 2,000,000 angh gRicie redireoas R0 Bre " C QA RleriVA Lo he range
of from 25,000 to 50’?%00 asudet er nﬁnﬁgygﬁ by éel ;:per neg?%{%nﬂgﬁurngﬂn%t ogr aphy.
m -

[ 00461 Various ralersls weight distititienMidMprofdnse anarepigfstaplydess then 3,
| somonool ef m mﬁ'I}réf%é?:lfx!ié&gsi%{}?erg%rﬁoﬁuﬁygﬁigﬂﬁiﬁﬂié-r fé o E‘]&rﬁ-%d?qo; 3& .

pol ynerization- I's carried ont1 nuou in a typical con
pol ymeri zati on psW0£H98 andss prgferred hymfbet avgrage molecylprewsigh ot the renge oBflomni t h an

efficient agitat, | el ler, and draft
t ube, external cigg)ﬁ)%aﬁ@%ggg%{a%ﬁ% ?‘fﬁyteg%{ @nﬁgggﬁ?&%ﬁ&g%%ﬁ& or ot her means of
renovi ng t he hed0046f Vpdusnexctiods i oay, benlwed plopesedharr therolempons;s @it al ysts

and diluents, tepperature sensi.ng _neans an gffluent,  overf.low to a
hol di ng drum or 1%5‘8?4%%&%{%@ act 6%11%’?59 %ﬂ?rgfégmg’fy’ (Eﬂerpo 1288 st ure and
charged wi th dryis cymied dut eshtinaduslgt a fypical contituonsepobyinesiedtion ptasegpusiog at o

R e
pol ymeri zati on maaatdrgiropellerp eatldra® titee exiasalreedlingt jacken bydniatetnab vodliapl e f or use
in the process of..the present invention. Th | yner j.zat.i,on tenperature nay
ange from abouttoli fLSBEEEe SIIETOvIRG firshoA b OV ERLPAHI PPEe

Bbout mi nus
40 to about m nusorBMmérs, A5l ankhéihpritgCrRmpaatufeosensiti® cheaisngndt dveeffieenpol yner s

can be carried out .in the form, of a slur 0 ol ymer for in the

G T uent o et oy derngh & b0 e hadalndl i, Tosh e 2utt e shdal of
slurry process insoistive\aed eliargef rnethalty, @drifial so0@nt o atthidture €fa®Rents pd@Ito Vi SCOSi ty
m xtures are praqduced in the re ctolr and slurry concentration of up to 40
wt percent of pdfYAPEFRGPEIPELERCEAYTD0491 The terpol ymers of

i sononool ef i ns, [ooAlt Redoefrs Riichadiel typidatly alsédy s binfe Aidbernpolyrh@izitondareed by

m Xxi n he i nqQol ef i h ltiolefin, and th ra-
ad g the S%rggerﬁ Y s%italﬂé fctar I%errnlf atpo?yxgenjzationaregztign %o gr%dl?ce the desired

- terpolymers suitable for use in the process of the present invention. The
polymerization temperature may range from about minus 35°C to about minus
100°C, preferably from about minus 40 to about minus 95°C.

{0048] The processes for producing the terpolymers can be camried out in the form
of a slurry of polymer formed in the diluents employed, or as a homogeneous
solution process. The use of a slurry process is, however, preferred, since in that
case, lower viscosity mixtures are produced in the reactor and slurry concentration
of up to 40 wt percent of polymer are possible.

[0049] The terpolymers of isomonoolefins, multiolefins, and para-alkylstyrene
may be produced by admixing the isomonoolefin, the multiolefin, and the para-
alkylstyrene in a polymerization reactor under polymerization conditions in the
presence of a diluent and a Lewis acid catalyst.

[0050] Typical examples of the diluents which may be used alone or in a mixture
include propane, butane, pentane, cyclopentane, hexane, toluene, heptane,

isooctane, etc., and various halohydrocarbon solvents which are particularly



al kyl styrene in a polynerization reactor under polynerization conditions in
the presence of a diluent and a Lewis acid catal yst. [00501 Typi cal

exanpl es of the diluents which nmay be used alone or in a mxture include
propane, butane, pentane, cyclopentane, hexane, toluene, heptane,

i.sooct ane, et (‘,“f(’,zogl‘ﬂﬁs“\‘)érl ous hal ohydr oc& rbon sol vents whPCHUSHWOMIN i cul ar |y
WO 2001/ 055802 PCTI US2006/ 036391 12 adVant ageous herein, including

nmet hyl ene chl oride, chloroform carbon tetrachloride, nethyl chloride, with
met hyl chloride being particularly preferred. [0051) An inportant el enent

in producing theadv@ﬁt@giebwersus t]ﬁ&lcﬁigchﬁ@chﬂéhwfchlohﬂ@urchfot&&xﬁ r ebdnne
pol ymeri zation reactor, Lppurities whic present w il result

in catalyst poi s Bhpshiprigs, n@ﬂﬁf’é%@?’%‘@ WP@@W@W"V@ ltfﬁ%gpé@ﬁla Kpraferred
conpl exi ng w th fdgsy cat aﬁy&ﬂamoaelﬁe;@% wsaﬁdlzgameqepwyiner tshe IeRQIRGOGH €7 1 NS,

mul tiol efins, or the para-al kyl styrene, which intarn will prevent one from
efficiently prodimusigesfien rmhm}enéaﬂoprrwemwueléﬂgmumwwhprfmsm&e of the
present inventi it & | gL al yst

poi soni ng materi gfh TMEEHCEQ{%I : %gs?ﬁlggm {EL%&’ I’?‘DI st ur% vg%%}h?ﬁéﬂég%ﬁg@and ot her
copol ymeri zabl e paverderings Withsthe heatedyst bbmomlﬂﬁqﬂzeloﬂnm’fh the Kgdmpmgglefines and t he
| i ke. These inpu u N

produci ng the te%]![‘)1 Oﬁﬁné%u&g@% pre&?ﬁr%éh"h%&at t mg(ralgbvaeﬁzgﬁséhﬁene be at
| east 95.0 wt pepfﬁ@mﬂymm@cmgrﬂeﬁ@mmfwd@ wiefid én therprachien &f thavprssentor ef er abl y
99.5 w percent per cent
pure, preferabl ?R %1{}1%% WB&?Q‘E%W}&S%&M%&%EM%&% é‘ﬂ%%%vgme%ﬁ%ﬁ cent
pure. It is prefwhpgdortenatple,meoistere mmehlga‘and ofer edpolysmstabBIudnomersper cent
pure, preferably v L r ent s

enpl Q)yed be at Iglgétas ﬁ%w%‘m ’glg’rlg%t%\%k& gtgl%gél egfrkg?%hgs ]&%Em%e@%lé%ﬁc{%gg 8 wm
percent pg_re.hI 10@‘3136_11’{-55@1&3!@ preferred Levm S JaCI d catalysts are et';ﬂhyl g

al um num di chl or [ oride
with diethyl al i Eza%ﬂgmd%&%t%é%?%ﬂ&&%ﬁéfe ds?ﬁ%ﬁwe 3%“5}‘ @%}gﬂee(r%p oyed wil |
depend on the dem@domlpemwhtamre,mfe@biy %’rﬁjwtpmcedelsure,enbshplbﬁmblyaw Swei ght

di stribution of L e rangefrom
about 20 ppmto W\ﬂa%perc%ﬁtmgn %Ferﬁlg{gg%#yg? rag'.r%ag {) %ce? p%r

percent, based upeferdbled1.pivdl pearentupire,ahiost pefiostdy 506 \btepqmalnypmej Zedk

preferred that the isomonoolefin be at least 99.5 wt percent pure, preferably at

least 99.8 wi percent pure, and that the diluents employed be at least 99 wt percent
pure, and preferably at least 99.8 wt percent pure.
[0053] The most preferred Lewis acid catalysts are ethyl aluminum dichloride and -
j)referably mixtures of ethyl aluminum dichloride with diethy! aluminum chloride.
The amount of such catalysts employed will depend on the desired molecular
( weight and the desired molecular weight distribution of the copolymer being
produced, but will generally range from about 20 ppm to 1 wt percent and
preferably from about 0.01 to 0.2 wt percent, based wpon the total amount of
monormer to be polymerized.
{0054] The terpolymers can be prepared by reacting a monomer mixture, the
mixture having at least (1) a C4 to C; isomonoolefin monomer component such as
isobutylene with (2) a multiolefin, or conjugated diene, monomer component, and
(3) a styrenic monomer component. The isomonoolefin is in a range from 70 to
99.5 weight percent by weight of the total comonomer mixture in one

embodiment, and 85 to 99.5 weight percent in another embodiment. The



10054) The terpol yner s can be prepared by reacting a nononer m xture, the
m xture having at least (1) a C4 to O isononool efin nononer conponent such
as isobutylene with (2) a nultiolefin, or conjugated di ene, nononer
conponent, and (3) a styrenic nononer conponent. The isononoolefinis in a
range from 70 WQ2000G5802 wei ght percent by wei ght of the tBEHUSHeEEher

m xture in one enbodinent, and 85 to 9%)’.5 wei ght percent in another

enbodi ment. The WD 2007/ 055802 PCTI US2006/ 036391 13 conj ugat ed di ene
conponent in one enbodinent is present in the nononer mXxture from 30 to

0.5 wei ght perce@&n}ﬁ%ﬂteﬂrﬁen@r@agl?bﬂéﬁf‘% o bk i st in MG HorBET cOt. 1 1

anot her enbodi nent et anot her enbodi nent, from o] 5 vvelgt per cent
of the nonomer nﬂk’@tﬂrﬁeﬁ%m:@rﬁiugmgéﬁpﬂp‘@hél mewﬂlwwﬁﬁdﬁmﬂénferofconponent

[ one embod MeNtycight SR by LG FRRRTE i SntofBin, Hut £1sBP ol ght

per cent i n one enbodinent roml t percent In anothe
enbodi nent. | n yeeighhperbest of o dionemer, nﬁmmxazomma@d%@m gtHhe piyrendnt of t he

MONOMer m Xture |, shy's gxﬂta&,leﬁ‘{‘?ﬁ'é?ﬂ?énaboé%?eﬁﬂ pga_l.;'e?rl% Pﬁg{%{f&% ?Eﬂﬁ%}lﬁé%ﬁpe a G4 to

C7 conpound such as 1 so I'SO ene
3- net hyl - | - but end( ta. M1gbtlpeﬂemun arembadichent; amte?tohrylitbmﬁemigm@ercmm

mul tiolefin can he a CA4,t 4. con atedd |so ene

but adi ene, 2, 3-di r%l%eﬁyﬁ‘lb%ﬂ%u{naﬁtgﬁgh WPO %’ -4 ne‘tsr‘?'f { eir??gthe

cycl opent adi ene, oﬁﬁxaﬂnmmﬂnfemsmﬂydmmmmeme enbodi nent of the terpolyner
of the |nvent|on al ned reacting 80 1.0 99 weigh ercent, of

i sobutyl ene Hfogs]q‘ﬁ}e 15%“%8? i’%é‘n‘?“ g’ {;blg%rﬂ%ouﬁ g %‘ % gb“féel\ﬁiei ght
percent para- rreisb}ydt@teyaenﬁ;yl bbuﬂemcﬁmegzym}bttme%z -methgl2-bytetec el Hsobut yl ene
with fromO0.5 to erc i sopren ht percent
par a- met hyl st yr eﬁlgé‘y lp% a ﬁm&’ﬁﬂ h’éﬁ?z“?‘t gﬁﬁ@j‘]u %dg‘?'i'ﬁrl‘ Sdlglﬂﬁst ed - ¢

t erpol ymer can bisommdmmﬂerteyz,ﬂmnéthﬂagﬁam;tdmm Mfrcénbes, GIdaﬁ@WIWﬁefneﬁescrl bed
above. Hal ogenati g and entl on is

d
not herein lini tgﬁ?%ﬁﬁ?‘ﬂeégh}gﬁ%‘ %’%5?198}1’3?%8&?3 WE?‘WB?T% °81the ﬁ@f’ hat i ng
pol yners such as obthb)iﬂlvemidnyiﬁrﬁbﬁmai By edasitdgofetd SOnwdifht Peroakit o@&@butymna)gg 644,

£ 5% 320 4001 gpny 4, G0 A0 s YR gy SeRL el I one
di scussed in, f OfnethyBIVENE, or Reabixer 90T 9N g1 Yerdént 28ButPi8R: itk Bom. 0.5 B one
| 5.0 weight percent isoprene and 0.5 to 9.5 weight percent para-methylstyrene in
yet another embodiment.
[0056] The halogenated terpolymer can be produced by the halogenation of the
terpolymer described above. Halogenation can be carried out by any means, and
the invention is not herein limited by the halogenation process. Methods of
* halogenating polymers such as butyl polymers are disclosed in US 2,631,984,
3,099,644, 4,554,326, 4,681,921, 4,650,831, 4,384,072, 4,513,116 and 5,681,901.
In one embodiment, the halogen is in the so called II and II structures as
discussed in, for example, Rubber Technology at 298-299 (1995). In one
embodiment, the terpolymer is halogenated in hexane diluent at from 40 to 60°C
using bromine {Bry) or chlorine (Cl;) as the halogenation agent. The halogenated
terpolymer can have a Mooney Viscosity of from 20 to 70 (ML 1+8 at 125°C) in
one embodiment, and from 25 to 55 in another embodiment. - The halogen content
can be from 0.1 to 10 weight percent based on the weight of the halogenated butyl

rubber in one embodiment, and from 0.5 to 5 weight percent in another



enbodi ment, the terpolyner is hal ogenated in hexane diluent at from40 to
60C wusing bromne (Br2) or chlorine (Cl2) as the hal ogenation agent. The
hal ogenat ed terpolyner can have a Money Viscosity of from20 to 70 (M. 1+8
at 125C) in one enbodinent, and from 25 to 55 in anot her_enbodi nent. The
hal ogen cont eNP2%0¥853%e from 0.1 to loﬂ%ei ght percent bISEFSWALHEIwei ght of
t he hal ogenated butyl rubber in one enbodinent, and fromO0.5 to 5 wei ght
percent in another WO 2007/055802 PCT/ US2006/ 036391 14 enbodinent. In yet
anot her enbodi nent, the hal ogen wei ght percent of the hal ogenated butyl

rubber i's from kmbbdided, Wai @vtanaﬁércamodm{eﬁﬁﬁﬂelhﬂageﬁn@éxmr eREos Ent , the
hal ogenat ed ter ut yl r- branched but yl rubber

0 an b
hal ogenat ed sucﬁl {Dg%’t’ﬁte %ty}rfﬁ%bﬁ f"ilotf"'lzzsW LREF®y allylic in nature. This

is typically achigyeth Mth&%ibomﬁﬁmsmamﬁg@ﬁea &ﬂie%&zﬁer@&rﬂfé‘dﬁiﬂ@f‘stﬁ{ free
radi cal chlori nat| on 8(tybbsuc S. as secondary treatnent of

el ect rophi | i cal Ibyangka ?fl}alﬁ’ﬂﬁ’é'feé Su‘%‘tﬂ%‘ﬁ theshalgeepatign ispyimanly #lyliber, to

formthe allyl 'ﬁnaalm&mst cdl famheva@gyﬁfcﬁt;ne%aa@%@fsdﬁ J& mibl 3& Cormon

met hods of formng the allylic ha ogenat ed ynmer are osed by Gardner

et al. in US 4Bg2radigd; cilsmptigngor] b3; supls metgm @0 Feconis tretatmeoh@f enbodi ment

of the inventi h al ogenat ed
Qotrd i p?}{ ﬁ’ﬂ%ﬁar @Jtﬁﬁ—;?}é}sy hucrxlép BGhed g%%bﬁep% é&\%ﬁ Etnb

multiolefin wunits ate units, erein the

primary allylic allmlﬂal@ﬁnmﬁ ovyliegd peekranrhed butyk mb@@stcomm@hqﬂerﬁéent

(relative to the, oYele n;

enbodi nent, and aﬁlﬁ% eastaa'l’lgjk)!:r| ﬁalfgen%ég?é:oent %eeglgﬁ'ggé?utbw%a%{ep}tn%nmoﬁﬁh
arrangenment can 48286%cUBbaeHMl 8t S #303,004 Adus,sinr onet embodimpgseradithe X is a

hal ogen, desira =0l ar (Xe) per cent
baséd on the to?‘lgfé 1g‘nll’g{se o?gﬁ{aﬁb ﬁl ?%b%ﬁgg%%oﬂlﬁl men Igg%ﬁétﬁi %ngﬁggxgst 30 nol e
percent in anot heits ermmmrﬁﬂyh&aﬂm!ogmamd a8itnoind wearderike pom@9 allylite per cent
in yet another g in one
enbodi nent of t%ga? %&eﬁﬁ?hy@%ﬁ éo Lt?%gt ﬁ‘?%é}?énﬁgameﬁ gw%g{tﬁ%%{gﬁo a .7

i sool ef i n (such habgémtsb unyilidef@) in anp ambedimedty yids ttylesh 80 nmi@mer(t preferably
Do e pIPERBNEAAE, Syl e o W BB YA BVl g7 00% OY

wei ght of the para-r1soner
structure, wherein X is a halogen, desirably chlorine or bromine, and q is at least -

20 mole percent based on the total moles of halogen in one embodiment, and at
least 30 mole percent in another embodiment, and from 25 mole percent to 90

mole percent in yet another embodiment:

7

q

[0058] The halogenated terpolymers in one embodiment of the invention are
random elastomeric terpolymers of a Cy7 iscolefin (such as isobutylene), a para-
alkylstyrene monomer (preferably para-methylstyrene containing at least 80%,
more preferably at least 90% by weight of the para-isomer), and a Csas
multiolefin (such as isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, myrcene,
6,6-djmethyl-ﬁ11\}ene, hexadiene, cyclopentadiene, methylcyclopentadiene, and



mul tiolefin (such as isoprene, butadiene, 2,3-dinethyl-1,3-butadiene,

nmyrcene, 6, 6-di net hyl -ful vene, hexadi ene, cycl opent adi ene,

met hyl eycl opent adi ene, and WD 2007/ 055802 PCTN52006/ 036391 |s piperylene).

The terpolymer may be characterized as containing the follow ng nononer

uni ts randonm WOo20e¥@eTeal ong t he pol yner chain: H H |'C CT/¥R@AM1 RL; | H

i X RI1 R1 wherein RRO and R | are iWdependently hydrogen, |ower alkyl,

preferably  to C7 alkyl and primary or secondary al kyl halides and X is a

functional group such as halogen. Preferably R10-and RI | are hydrogen. Up

to 60 nol e percep h I 8k ﬁﬁﬁ? [ ]

i nter pol yner strg%?ﬁ%gghggmgg&§ggﬁpﬁﬁ%E?%%%§&?¥%§&§?9Ect @ef@¥&§§%ve in one

enbodi ment, and meneegs ki Tardendiispaged along the pelgmer chaing nol e percent. In yet

anot her enbodi nment, thgﬁannunt of functionalized strygture (5) is fromO0.4
: i

to 1 nole percent. 10051 The functional group X may hal ogen or a

conbi nation of a hal oge and, sone other functional oup such which may be
i ncorporated by nucl®dfhrTTEHERESt i tution of benzyMCa-6FBA Mt h ot her
groups such as carboxyl|c acids; carboxy salts; carboky esters, am des and
i mdes; hydroxy; allwxis phenoxi de; thiol ate; thiogkher; xanthate;
cyanide; nitrile; ang m xtures thereof. [0060 he al ogenat ed

t er pol ymer conponent gsent in the blend of the tion from10 to 90
phr in one enbodi nenl 20 to 80 phr in another fdi ment, and from 30
to 70 phr in yet anotF enbodi nent, wherein a desim™apke range may be any
conbi nation of any uppef pbr limt with any | ower phi
PCT/ 1752006/ 036391 , 16 | Secondary Rubber Conponent_ 100

or "general purposlﬁlgrubﬁer—“'—ddrrponent may _be RM—Cc——x

Rl ‘ Rl

wherein R10 and R11 are independently hydrogen, lower alkyl, preferably Cl to
C7 alkyl and primary or secondary alky! halides and X is a fimctional grotp such
as halogen. Preferably R10 and R11 are hydrogen. Up to 60 mole percent of the
pai‘a—substiiuted styrene present in the interpolymer structure may be the
. functionalized structure (5) above in one embodiment, and in another embodiment
from 0.1 to 5 mole percent. In yet another embodiment, the amount of
functionalized structure (5) is from 0.4 to 1 mole percent.
[0059) The functional group X may be halogen or a combination of a halogen
and, some other functional group such which may- be incorporated by nucleophilic
substitution of benzylic halogen with other groups such as carboxylic acids;
carboxy salfs; carboxy esters, amides and imides; hydroxy; alkoxide; phenoxide;
thiolate; thioether; xanthate; cyanide; nitrile; amino and mixtures thereof.

- [0060] The halogenated terpolymer component is present in the blend of the
invention from 10 to 90 phr in one embodiment, from 20 to 80 phr in another
embodiment, and from 30 to 70 phr in yet another embodiment, wherein a

- desirable range may be any combination of any upper phr limit with any lower phr
limit,



present in conpositions and end use articles of the present invention. These
rubbers include, but are not limted to, natural rubbers, polyisoprene
rubber, pol y(styrene-co-butadi ene) rubber (SBR), polybutadiene rubber (BR),
pol y(i soprene-co- but adi ene) rubber (IBR), styrene-isoprene-butadi ene rubber
(SI BR), ethyl eweopreset ene rubber (EPM, et hyl ene- propyl ecwesdbmnssssiubber
(EPDM), polysulfide, nitrile rubber, prwmpyl ene oxide polyners, star-branched
butyl rubber- and hal ogenated star-branched butyl rubber, brom nated butyl
rubber, chlorinated butyl rubber, star-branched polyi sobutyl ene rubber,

star-branched - bgom’ Eatﬁ’g{h%ﬁ%&% ?g ol yi sobutyl ene/ i soprene copol yner) rubber;
RohER

pol y(i sobut yl ene®*€B e) and hal ogenat ed

pol y(i sobut yl enefooer A NeédaArs RN QY , "g&ifdd puise hidber® X@iRbsont thefyPed ymers of
i sobutyl ene derived units, p-nethylstyrene derived units, and

p- br omonet hyl st yPEat e Pemrositions 3ud engd e prtictes of dhe preseabuventione Jfhege desirabl e

embodi ment of t hg;ps&e GRMAEY bt URD bt GRS Hatubd] G88YREs, ip%lyisB%EjﬂH abéubber .
Nat ural rubbers are described in detail bé Subr apani am i n bber Technol ogy

179- 208 ( Maur i cePNBEtvesHe-cehiphien) & rver (SBRR) . rolybviadienee rbhiodBfonts of the
nat ural rubbers : 853 s o DV | e sE ] : I I an rubber
Cich as SR o, npfaBell BRE Rl SRl IR Bl R i R Moot
wher ei n t he nat uf¥BR), upbdeue-miepyiena vbe e (ERM)s cdtuilang-prapyleaodiene ¢wiberl +4) of

from30 to 120, r 110 ‘ dJhs: j i{y test:
referred to her elmnﬁlﬂ\éI ’i]ﬁfyg@g%gf é%%eﬂ%ﬁé%hﬁﬁgﬁ%feDﬁgﬁggﬁ%’&% %%P;;ﬁ/ &Ut adi ene
(BR) rubber is aheyhubberanihalbtnated stanbraachyd buiyliyehber, rogfingtedibutyl twbbaronposi ti on
of the invention : Yol SCQSI . Lepne. . as
measur ed at 1OOCCI21§-{&§T+4 nar?“‘?ez’n%?‘ﬁ‘b"?n&’s?&?‘ 301)3@,1%9?1&1 %’4%&%@§%t 65 in
anotsher embodi mehtomizated biskyb (polyobwyled:/isaprape cophimenenbbegHobyfisshatitene Sone
commer ci al exanples. LGl ful ! " r nt
i nvention are M#‘%@ﬂ%iw%s@g%g{%ﬁp{a@%ﬁﬁ%gﬁ%ﬂ%gﬁ%gnyE ch‘gn ’Ié%%@ﬁ@fﬁﬁzm or BR
1207 (CGoodyear Ch® fircaimpls tappoiyniers ¢f ishbutiylenbhdaaived witits p-metbylbtyighe derived
ci s- pol ybut adi ene_.{ cl 5-.F H el s- pol. i . chigh cis-
pol ybut adi ene", ﬁuﬁsf %ﬁr?e%a@r’] 0%#%1%?%?@#}3/&3‘%?%Sﬁ{lglgfug%é{h%%s&used, wherein the
amount WO 2007/ OBESQZA!%ﬁﬂab}SMGdiﬁ@ﬁB&lﬂw etopdary nberormpgoaet piesenatis | east
95 on examl e gl g b0 L5 PRLIRNLRG:ERG: o LT S Bl Blitf e huitpd 11 the

Technology 179-208 (Maurice Morton, Chapman & Hall 1995). Desirable

embodiments of the natural rubbers of the present invention are sclected from

Malaysian rubber such as SMR CV, SMR 5, SMR 10, SMR 20, and SMR 50 and

mixtures thereof, wherein the natural rubbers have a Mooney viscosity at 1000C

(ML 1+4) of from 30 to 120, more preferably from 40 to 65. The Mooney

viscosity test referred to herein is in accordance with ASTM D-1646.

[0063] Polybutadiene (BR) rubber is another desirable secondary rubber

useful in the composition of the invention. The Mooney viscosity of the
pélybutadiene rubber as measured at 100°C (ML 1+4) may range from 35 to 70,
from 40 to about 65 in another embodiment, and from 45 to 60 in yet another
embodiment. Some commercial examples of these synthetic rubbers useful in the
present invenition are NATSYN™ (Goodyear Chemical Company), and
BUDENE™ 1207 or BR 1207 (Goodyear Chemical Company). A desirable
rubber is high cis-polybﬁtadiene (cis-BR). By "cis-polybutadiene” or "high cis-

polybutadiene", it is meant that 1,4-cis polybutadiene is-used, wherein the amount



[ 0064] Rubbers of ethylene and propyl ene derived units such as EPM and EPDM -
are al so suitable as secondary rubbers. Exanples of suitable conononers in
maki ng EPDM are et hyl i dene norbornene, 1, 4-hexadi ene, dicycl opentadi ene, as
wel | as ot her syoTdwesmsa:ubbers are descri bed i n Rubber Tediomaismgso3gdo- 283
(1995). A suitable ethyl ene-propyl ene rabber is commercially available as
VI STALONTM ( ExxonMobi | Chem cal Conpany, Houston TX). [0065] I n anot her
enbodi ment, the secondary rubber is a hal ogenat ed rubber as part of the

t er pol yner corrp05|t| on. The hal pge but bh t ed butyl
rubber, and in arsot$fePoRmBaEY ﬁ% Qaéﬁl ﬁ’ﬁf'@ge %ﬁ?ﬁg%rﬂ @P’ “ta%llfé‘ﬁer al
propert| es and prwmmahm@iah&ﬂﬁgﬁaaﬁmﬂmﬁoﬁMBIH)BD@FSZO’JS described in The
Vander bi |t Rubber ndbgok, 105- ert V, ilt Co.,
Inc. 1.990), and {P@ahu &Q‘Fb efn%?é(% PPyl %@‘@g)““ﬁ%ﬁ‘f%l as @ﬁg

hal ogenat ed but y|EHDM @RIafso sﬁfh@le%h@éco bwls tExahbles ufcsaﬁatﬁeaﬁ@n&aaﬁrl bed by
Edward Kresge and H C. \VAan Kirk-CQt hmer Encycl ope |a of Chem cal

Technol ogy 934- 955&@%&&1’9& %@eﬂayhé@wsmrhowne Aérhegpplienggipyrlopeniadisne, avhe

secondary rubber \GINRORBAS. Glfheﬁehﬁblﬁhrr@%x%”&eséﬂb\é@@ﬁ IRQBbdr NCchideszy dBding3i s not
limted to at | east one or nore of brom nated butyl rubber, chI ori nated

butyl rubber,. St¥)brantiede ﬁ@?ﬂ%%mlﬁeeﬂ@b?ruﬁb@mm%@%}y- ByalpRle a8

brom nat ed butyl W@ghmw%ﬁéﬂmg@hgﬁmﬁgpqioﬁwfxy ubber; hal ogenat ed
pol y(i sobutyl ene-co-p- net yrene), such for exanpl e, tergolyrrers of

i sobutyl ene” der i V&¥5luni tI%amﬁler ﬁ%‘éqm%,ﬁ%ﬁféowl%‘@&f@rﬁhﬂog%@

p- br ononet hyl Styra@"ﬁ?andﬁf't?{ee r%@n&e? écﬁﬁﬂoﬁl\@ Tl?en‘ﬂalB atbd KRryIahougetiBy| at ed
aromatic interpolyners as in 162,445; US 4,0 035; and US 4, 395, 506;

hal ogenat ed i sopriEsanaiedbyidirathen sodin aneti eytodivent @@p@nw@m rubber.
pol ychl oroprene, @igat ip érhéﬁ%d%%eéghétdfrh% &Iate@@dty@frubbél’é‘ iARQShed ;PO

enbodi nents of the hal ogenat ed rubber n'?onent are also described in US

4,703,091 and US Thedpdeagh Rupbnyéfp]ldhoqué @nﬂ?@h‘?ﬁr’ér@hlbﬁdtﬂg Vagdshilton, a so
call ed sem -cryst@| | .pe r t ary
"rubber™ corrponenctaﬂl %grﬁgggg%gg a |ne co OIﬁe%lg%g?g&%@Zcrggﬂzﬁﬁw

W00/ 69966. Generhgloggnated H@n@@@beg, and sp d buty! anlibgisesre dgscripedopyl ene

der i ved o LS Anchdwafl Rk SR HYEY é&%'lfnfss K&&%M&@%&éfé Opeafi0t Chemical

PCT/ US2006/ 036391 18 ct rom4 to 1 n atons I n one
enbodi nent, and iTiechnologyi834-955 (JohnWﬂey&Sons Inc. 4th ed. 1993).

[0066] The secondary rubber component of the present invention includes, but
is not limited to at least one or more of brofninated butyl rubber, chlorinated butyl
rubber, . stav-branched polyisobutylene rubber, star-branched brominated butyl
(polyisobutylene/isoprene copolymer) rubber; halogenated poly(isobutylene-co-p-
methylstyrene), such as, for example, terpolymers of isobutylene derived units,_p-
methylstyrene derived units, and p-bromomethylstyrene derived units (BrIBMS),
and the like halomethylated aromatic interpolymers as in US 5,162,445; US
4,074,035; and US 4,395,506; halogenated isoprene and halogengted isobutylene
copolymers, polychloroprene, and the like, and mixtures of any of the above.
Some embodiments of the halogenated rubber component are also described in US
4,703,091 and US 4,632,963.

[0067] I one en;bodiment of the invention, a so called semi-crystalline
copolymer ("SCC") is present as the secondary "rubber" component. Semi-
crystalline copolymers are described in WOO00/69966. Generally, the SCC is a

copolymer of ethylene or propylene derived units and o-olefin derived units, the



enbodi nent the SCC is a copol ynmer of ethylene derived units and a-ol efm
derived units, the a-olefin having from4 to 10 carbon atons, wherein the
SCC has sone degree of crystallinity. In a further enbodinent, the SCCis a
copolymer of | -butene derived units and another a-olefin derived unit, the
ot her a-ol efi woraamoaggo2 from 5 to 16 carbon at ons, wher ei reis008@63al so has
sone degree of crystallinity. The SCC Ban al so be a copol yner of ethyl ene
and styrene. [00681 The secondary rubber conponent of the el astoner
conposition may be present in a range fromup to 90 phi in one enbodinent,
fromup to 50 phr anot om U 0,.40 ot her
enbodi nent, and %?ISI?HB%”‘{ %ﬁ%‘iaﬁewimﬁ Emémﬂ}tnaé‘ﬂtmaﬁl Yet anot her
enbodi nent, the saecdinday mersrmbeg a dopolmasem&thﬂemaived Qaisd alih alarefmand from
at least 5 phrnec{%[anot her e gﬁll ment, and Ero at | east | h yet

5
anot her enbodi ived s, fhe h‘%’é‘gl&oﬁl@’tﬁﬂ CRTRo Aloms, % i@?‘ﬁ %F%]Ef’dl ment .

desirable enbOdlmafde%&’oﬂcﬂ%{auﬁ’Jﬂyaﬂﬁ iﬁﬂl’i@bﬂﬁédx@&t%e S@(DYS mp&mmw limt and
any lower phr limt or exanple, the secondary rub i ndividually

or as a' bl end of -Puitnsdedved yeits and anqthar oeolelindedvedrang ik eEﬂ@T 9511 B’é‘mgr esent
from5 pllr to 9npbis lﬁrbaﬂﬁﬁaﬁﬁ@%eMeS@Gg.lsf)hﬁkrﬁoﬁﬁ@d%@eeagcﬂ@t%ﬂ anot her

enbodi nent, and from 30 to 70 ph| I n yet another nment,” and from 40 to
60 phr in yet andeeC erblseibhesmpolymapietbylnsamdstysmephr in yet anot her

enbodi ment, and fhge8M S e sé’cgnc&wmbﬁew@ﬂlpoﬁ&%b% eﬁﬁi@ﬁ&'c’&ﬁﬂ&mtwﬁ'?ﬁ’ayfb%om 20 to

60 pbr in yet anot er enbodi nent, and from 2 I n yet "anot her
embodi ment,  t hePTeRssa s Teras S En to %p@r}alon@emmn@ mgpﬁ@ ehdnuse

appl i cation of (e AFBRReh, B ubhd AR in B! BT A w1 | ves

[ 0069] The conposition o thé T nv nt| n may al so I nclude one or nore filler
" caofiponents sudhr alsyeé@m&eu@mwnmmberet asptygr emphodinent theisecandamdrubberi cat es,

talc; tltanlum I faller is
car bon bl ack 1§| ? %Efaéﬁéﬁﬂﬁ'an@ﬁ&ﬁ_‘% lgisgﬁg%%n%g@ﬂ% ﬁﬁé’ﬁnneﬁthﬁd
sem -rei nforci ngf“glil aﬁba%érnbom y&5| anethersmbodimenta andh frpm\aé leagf L0 pho it Y8 t o 150

Car bon bl ack as BS0e ThedriE kO TR Rk cg Pl s ShRmeBRAe? O 110

to N990. More desyupps phr linitrbubinydews pbrf limite Forexpoplehaskondsefrubbei,n, f or
exanpl e, tire tre@dSndiBudlgdyas ekt findaa8fh 87 HarBRULAHTR mal®

be present fiom 5 phr to 90 phr in one embodiment, and from 10 to 80 phr in
another embodiment, and from 30 to 70 phr in yet another embodiment, and from
40 to 60 phr in yet another enibodiment, and from 5 to 50 phr in yet another
embodiment, and from 5 to 40 phr in yet another embodiment, and from 20 to 60
phr in yet another embodiment, and from 20 to 50 phr in yet another embodiment,
the chosen embodiment depending upon the desired end use application of the
4 composition.
Fillers, Curatives and Other Additives
[0069] The composition of the invention may also include one or more filler
components such as calcium carbonate, clay, mica, silica and silicates, talc,
titanium dioxide, and carbon black. In one embodiment, the filler is carbon black
or modified carbon black. The preferred filler is semi-reinforcing grade carbon
black present at a level of from 10 to 150 phr of the blend, more preferably from
30 to 120 phr. Useful grades of carbon black as described in RUBBER
TECHNOLOGY 59-85 (1995) range from N110 to N990. More desirably,

embodiments of the carbon black useful in, for example, tire treads are N229,



N351, N339, N220, N234 and N110 provided in ASTM (D3037, D1510, and D3765).
Enbodi nents of the carbon bl ack useful in, for exanple, sidewalls in tires,
are N330, N351, N550, N650, N660, and N762. Enbodi nents of the carbon bl ack
useful in, fory@¥RMNs@s i Nnerliners for tires are N550, MEpRsiohaBEho N762,

and N990. 100701 The conposition of thigeinvention may optionally include
curative systens which are capable of curing the functionalized el astoneric
copol ymer conponent of the blend to provide vul cani zabl e conposi ti ons.
Suitabl e curative_systens for the elastoneric cggﬁéiner conponent of the

present i nvent i oABShdNiie N23 it cand dY1dQirarsdded Zn i(B3037n Dddtbiartht i on with
Zinc stearate or g | EnSLhedVh he ARk nIOHELP BRI By | 1 | 0W ng

accel erators or vulcani zing agents: Pernal ux - uani di ne salt

of dicatechol bOIﬂa?tSeﬂfel‘TWANQ51(M55Q3Mﬁ9I1\I§6@,aDd§ %I@nbndu:eqntsoﬂbmabm(z 4, 6-
Lo orCapto- S iRk, DRkl ﬁfayésamh e

di t hi ocar banmat es, trone nt a- ene I uram éxasu’l
Vul tac-5 (al kyl atamUN%ﬁenol di sul fide), SP1045 (phenol formal dehyde resin),

SP1086 (br o nat gl i@ Usaglsd 8RN L85! dBhona PRrudb aliEny

phenyl ene di amn sal i cyc ("0- hydr ox wood rosin
(abietic acid), aysttbm‘El\ﬂlﬁSl @taedapai:ﬂmbhgﬂnng hhmﬁlamodalsanﬂ felagtedneticn copolymier nat i on

with sul fur. Thecg S%_eqﬂ%yto rov% vucc%a agf% mpﬂsgnolﬁ%t §m¥a'b(§eln%}ngvl ! ght or
I

el ectron |rrad|at|%?1 NS 0
contai n ot her comrystmnisifartad elasanhmhtmwmynmmcdmmemlyé&spm@mmmpnmnm@m dants,
heat and | i ght st abilizer.

t.h t
nown 1 the art Prertt PapRs s Ut b BBt i B et B papOadiR
desi gnati ons depeptibnally, ame onhedrsesf ménefmlofmig aacalbmt&mer Grhhaﬁzmg ageatsaf f i ni c,

napht heni c or ar .0C ils... The type of ce tilized will
be t hat customar? a:!]’é(eg‘g" ﬁtﬁgiqjﬁc'i aﬁ t”ﬁ Sxfﬁgchg{]aa&a?eﬁ g% " The
skill ed rubber clpﬁemy&he mhialehﬁﬂs)gﬂism (m/rai, Gmlﬁmwptofs flakine)sOBDA (hﬁc utilized
with a particular,.ru ant rocess oi tilized is
based on the tot g}e&;ﬁl%@wc%rgmagﬂ e’éaﬂ{hﬁj E@*‘%ﬁed ‘%‘3‘1? Fdélﬁefﬁ& by
}/vei ght, bof proc /ea&t}@iehe 'tlﬂurhh&;ek&khh’ﬂé), ]E‘ﬁilltichﬁ (anq:mb aﬁpmdnalndlsﬁ[ﬂdes, sHEo4D C ;an vary
rom about 0.3 about t . 1.2/1,
more preferably j@’ﬁ’b‘i}l %96 Y“f gﬂgtﬁ% ggﬁ?ﬁﬁ MIEgLe 38?418 ﬂﬂf":mgqﬁmgg#%ﬁ eum based
Oil's such as oil gestf) RGOV / @h&O2 phaIlchSEAGRLY) 3B Pclic acid (o-hydroxy benzoic

acid), wood rosin (abietic acid), and TMTDS (tetramethyl thiuram disulfide) in

combination with sulfur. The composition may also be cured using ultraviolet

—_C

light or electron irradiation.

{0071] The compositions of the invention may also contain other conventional
additives such as dyes, pigments, antioxidants, heat and light stabilizers,

* plasticizers, oils and other ingredients as known in the art.

[0072) Rubber process oils have particular ASTM designations depending on
whether they fall inio the class of paraffinic, naphthenic or aromatic process oils. 7
The type of process oil utilized will be that customarily used in conjunction with
the rubber component. The skilled rubber chemist will recognize which type of oil
should be utilized with a particular rubber. The quantity of rubber process oil
utilized is based on the total rubber content, and can be defined as the ratio, by
weight, of process 0il to the rubber in the composition. This ratio can vary from
about 0.3/1 to about 1.3/1; preferably about 0.5/1 to about 1.2/1; more preferably
about 0.8/1 to about 1.1/1. Oils other than petrolenm based oils such as oils



20 derived fromcoal tar and pine tar can also be utilized. In addition to
the petroleum derived rubber process oils, organic esters and ot her
synthetic plasticizers can be used. As used herein, the term"process oil"
means both the petrol eum derived process oils and synthetic plasticizers.
[.0073] The pr¥O28/0582 nay be i ncluded in the conpositi acTius2domese t hat the
conposition has good flow properties. T™e quantity of oil utilized wll
depend in part on the anmount of polynmer blend and filler used as well as,
to some extent, the type of cure systemutilized. Generally, the process

oi |, when |ncIu ed t of, t.h o osition.
Larger amount s %Flﬁflga}e{lscgﬁgﬁ% lgﬁagg&ua%gg Y\{llhzeg&‘g% C|°t“t%§1 ﬁ)atl? uced
physi cal st r engtdarivefl @bbéd prévetd @ils] atgaticsestens/andethet B}hlﬂ‘mﬁdpiaﬂlcizhlﬁ canb@posi tion of
this invention to nha further the i oved erties of the

el ast oneric copdlf%éfélse Wﬁbﬁ%%%%prﬁéggﬁe@%W%m%B?@%“ 11t"f)’{)pr ot ect

t he engi neeri ng ped@sds bils andRgnthefiaplabtididerl anti oxi dant utilized w |l depend on
t he rubbers and @Iasti%ﬁ utilized argd, H’Er‘gt an _one %ﬁpe ma be reqU| red.
Their proper sell 2tli on PEPIRESSF ORRK PR I iz thy comppsifigphtoyL that i st .

Anti oxi dants Wi lcbmBeRARE Abd ool Aoty prapeftict. Mhe GlidGity ol Wiligdl willl depdp @ €Ct Ors or
physi cal protectants.  Physical protect ants are use% where there s to be

little novenent %0’9%"’*‘5‘3‘1@ of ppbyeer hiead, ruddlisr B p3 ¥ Bhl SeBRFEEIH DN, These

are generally WaeYofMGuk<L EjsRInSutihded NGdndRAY,t the prd2bR Ol wien til@uddll hage of the
rubber part and forma protective cogating or shi el d the part from oxygen,

ozone, etc. (O00PSAPTisE é‘b% B¢ RFreRnt 9f B coMBosHIoR bR FrpuHs O’f PiPE5se Bit ee

chem cal groups cm&ﬂﬁ%ﬂ@@yﬁﬁmeﬁ@§eduwa%ﬁhéagﬁxeﬁm phosphites. Illustrative,.
non-limting exanpl es @%3/ pes of antioxidants useful in the practice of
thid invention 4¥@4hi ndefeddanisesydresutiliged nohe pemSsiEon Bl SioEirmTen &

al kyl di ami nes, aphdRg maems%bmed RERE YiohSitieLbCthe I\@Ja{osﬁala icBgbifasTP! es of
these and ot her types of antioxidants are styrenated phenol;

2,2' - met hyl ene- SPEPquEntfithy Pregeny invihtiop| 4R d grofect thegngigpering gegigpr The

o- di met hyl am no; th@ﬁlﬁsaﬁhomd}ﬁmtﬁﬁbﬂ Wil %%ﬁ%ﬂﬂms%ﬁ%[astu@%ﬁﬂeﬁtaﬂ&i di phenyl
am ne, phenyl - beta napht hl yl am ne; NP phenyl et hyl ene di am ne;

al dol - al pha- napFHENtEBeTetE may bRITﬂqHFe%WE%WmRPI pesHgn s eellovithin theskilbt ¢, The

physical —anti oxd@nhthet E]ﬁln&b@%ﬂ??o%i@&’ntp%hd&h&wﬁ? BERS 14 sk BF Gepfday st al | i ne
waxes. [0076] Blending of the fillers t1ves, and/or curative conponents

may be carri ed peigciasyordticah petpotahe. Riweival orptestis orearsed Wherd thepris to
nanoconposi te Ofbe‘ﬁlﬂfe movement in the part to be manufactured from the composition. These are

generally wexy materials which impart a "bloom" to the surface of the rubber part
and form a protective coating or shield the part from oxygen, ozone, etc.
[0075] The chemical protectors generally fall into three chemical groups:

secondary amines, phenolics and phosphites. Ilustrative, non-limiting examples

./"1\

of types of antioxidants useful in the practice of this invention are hindered
phenols, amino phenols, hydroquinones, alkyldiamines, amine condensation
products, etc. Nonlimiting examples of these and other types of antioxidants are
styrenated phenol; 2,2'-methylene-bis-(4-methyl-6-1, butylphenol); 2,6-di-t-butyl-
o-dimethylamino-p-cresol; hydroguinone monobenzyl ether, octylated diphenyl
arnine, phenyl-beta-naphthlylamine; N,N'-diphenylethylene diamine; aldol-alpha-
naphthylamiine; N,N'-di-phenyl-p-phenylene diamine, etc. The physical
antioxidants include mixed petroleum waxes and microcrystalline waxes.

[0076] Blending of the fillers, additives, and/or curative components may be .

carried out by combining the desired components and the nanocomposite of the



WD 2007/ 055802 PCTI US20061036391 21 present invention in any suitable

m Xxi ng device such as a BanburyTM m xer, BrabenderrM m xer or preferably a
m xer/ extruder and m xing at tenperatures in the range of 120C up to 300C
under conditi ogg ,efnslgar sufficient to allow the corrpo%z&og,og onme
uni formy di sperseéll wthin the polynmer tg formthe nanoconposite. Bl end
Processing 100771 The conposition of the present invention can be forned by
a polymer nelt blending process. Blending. of the conmponents can be carried
out by conbining the polynmer conponents in any suitable m xing device such
as a BanburyTM rpresent  inBntdre ird enyTvitablx enixipg dovied enchbisya Banhupdt!/ mixer, uder and
m xi ng at tenpen o 0 ErAlee) f . i ;iﬂ | tions of
shear suffici entﬁ%ﬁo&a | ow tg,ﬂ% I:!t’]'nerpo?’?lirrnlja‘\]%gr?%o eggérae]ﬁ%%%fag% %ra@?ésgg}érsed
within the pl astheraegegifri@eia upgter306iCundpO0@Reitionkhd shenpdiditit tmallsiv thee present
i nvention can al sg_be forned S.Q ion bl endi.ng., In .certaip_enpodi nents,
the conposition i ?’}?ﬁtgctggbeﬁ eam"ﬁ) o@eglgpe%%aﬁp%ﬂgg%e nggcﬁ E’&n Fution A
conprising a sol wemicompdgite. sing a hydrocarbon and at | east one terpol yner
with Solution B %S%B\r}; sing a solvent and at |east one engineering resin,
and renoving the EHEE™E om t he cont act product of Solution A and
Solution B to forgrrhe quepasicsition 308 PlesehhRivartion oal B fonedibytaljoymeavent i on
may be extruded, c? ression nolded, bl ow nolded or injecti.o gded into
Var i ous Shaped  amfac PN, BrOgeRF n Plepdings b they pqupRonenis, it Y C&TISh gt 8Y such as

aut onoti ve parts,co@pialnigafi€ @olyRks chgfonent€ & ShiTBitable GGl SdeviRaGlichghs'g and t he
like. The resulting articles exgrifdbiTE‘ hoth hi %rl‘ i npact, strength and | ow
vapor perneapmt%ﬂg?% FRPET SrACERCer't X SRBBET I A MXFE OB FEKEE N | s
useful for air baf tdnflefanisiCi BS ridbade2FC @ 00O WBAdr \eBndifidnd Gf WHEaRg t 1 uck,
commerci al and/ orH%asse’nger) or aircraft innerliners and innertubes. [0080]

In the conpositi SALICISRE tonallasy theelsipolymph ft berome: Wikfomply igppisers PR ©Rgi neeri ng
resin(s) may sui tpaRliyerRBe $&m in an anount ranging fromabout 10 to 98
wei ght percent, preferably trom about 20 to 95 wei ght' percent, the

el astoneri ¢ hal od®i8lcontt8f FPmBositingorhy the rPresentainvendion oAb glserhenfommet BY par a-

solution blending. In certain embodiments, the composition is produced by a

C

process comprising countacting Solution A comprising a solvent comprising a
hydrocarbon and at least one terpolymer with Solution B comprising a solvent and
. at least one engineering resin, and removing the solvents from the contact product
of Solution A and Solution B to form the composite.
[0079] The composition of this invention may be extruded, compression
molded, blow molded or injection molded into various shaped articles including
fibers, films, indusirial parts such as automotive paris, appliance housings,
consumer products, packaging and the like. The resulting articles exhibit both
high impact strength and low vapor permeability. In particular, the composition
described herein is useful for air barriers such as bladders, and automotive
(including truck, commercial and/or passenger) or aircraft inmerliners and
innertubes.
[0080] ~ In the compositions of the present invention, the thermoplastic
engineering resin(s) may suitably be present in an amount ranging from about 10
to 98 weight percent, preferably from about 20 to 95 weight percent, the
elastomeric halogen-containing copolymer of an isomonoolefin and a para-

alkylstyrene may be present in an amount ranging from about 2 to 90 weight



al kyl styrene may be present in an anmount ranging fromabout 2 to 90 wei ght
WO 2007/ 055802 PCT/ US2006/ 036391 22 percent, preferably front about 5 to 80
wei ght percent, based on the polyner blend. [00811 The secant fl exural
nodul us of the thernoplastic conpositions may range from about 100 kg/cnR
to about 400, SEVPRYFEAR, preferably frog;t about 200 kg/ cRETPRIUNHE! 100, 000
kg/ en2 nmeasured according to ASTM D790 1% strain. 100821 The pol yner

bl end may conpri se about 25 to about 98 wt percent of the overall
conposition. In addition to its pol yner conmponents, the conposition of the
present inventi oferfgAY prcrembly SFom abdueBSto BNFeiRddickdeMC Bail Gl BS p@PhboXi dant s,
stabilizers, rubber processing oils lubricants (e.g., ol eam de),

anti bl ocki ng age - waxes, foam ng agents, flanme retardants, pignments,

coupling agents fo@g1t herd Lk Nex@ROnQfuhRlor RELESSRIpRSIAEHS kiR A0 t he
rubber conpounding art. Metal oxi can be i'ncluded’to act as

_ ges, e.qg., MO,
aci d acceptors. TR finrgakavt 10 it P@ﬂ@qawo_k&’@ﬁpﬁ@ahlﬂpﬁw@ameO per cent
of the total CoMpos bR AEshMYCACHYTREA (SRS ATV Ry es.

Preferably, the plgnents a ers conprise about 1 out

percent based onl00$% cohropnlinienblendiies cpmprise abdit 5 &b ahput 98 wopatratief 20

wei ght percent o . L I i o .he scope of
this invention tf)he}OR%%I?%‘g{r@c{s{ém%qggg@ﬁ%ia@;hsﬁ B:g;%? %?Jdﬁézoll} %@%\ﬂ}%&]@?&ﬁ%

conbi nati on wi t hobthelprrsemi turbdtipn vply camprise dillewdsdradditiveshsach ssanfiosdanison. Thi s

can be acconplis . I nNg. as.: . d_rubher a..r ich
cannot be vul can%}%%yﬁi%hg%%ﬁgggﬁﬁgé nﬂgn%%{é#'gﬁg%%%’ gﬁ?bgc#ﬁggéaéqégst omeric
hal ogenat ed copoigreerforoinp egrtst flafe tehelaps.gagmnts, pwpling agenietiirdie filers to be
dynamical ly vul cany addi e napi cal Ly vul i (

t her Wmopl astic co%p{@yoétiﬁ ipgéﬁcg% agt?s }{}%‘g&\%}'ﬂ%arﬁﬁ}z&ét% %ﬁ&gg%%ta&ha:s Lé“ggﬁ‘f rilly
colnsurrpd, ﬁ rub:ag.;MmLc@nﬁesinﬁhudedmiczaamdcéidolgeptdnemwxgmm' 'tzand?tersag@nh t used to
vul cani ze the el astoperic hal ggenat mer.. copponent, of t resent
(vention.  For SRIREaR fdf TREAGREer SRR TmediRe b Sl paiEar of T he
pr ezent i nvenL i ommlsbmenmlbl\(lnﬁgﬂdﬁtﬁds.\Bﬁf&ralﬂy,dhflr]ﬁ'gmgtﬂs et fillerscdormposgebbeds  zi nc
oxi de, any other, r ‘_ i ch.requires sulf.ur or anpther.curati,ve to

vul cani 2671 ¢ or TRAPEH 3D & RGPS bisBOM B St e PRERTASH SR PR bber <

i ncl ude et hyl ene2pweiphtipercentpdthy oedral copipPidign. et hyl ene propyl.-ene-di ene

pol ymers ( EPDM , [08%'] yi Sﬂ?sm%"eﬁl%’ nat

al. . L.
scope oy t'ims invention to incorporate a secondary or an

- uncured rubber in combination with a dynamically vulcanized rubber in the
composition. This can be accomplished by selecting as the uncured rubber a
rubber which cannot be vulcanized by the vulcanizing agent used to cure the
elastomeric halogenated copolymer componeﬁt of the present invention which is
to be dynamically vuléanized or by adding to the dynamically vulcanized

{ thermoplastic composition, after the vulcanization agent has been fully consmed,
a rubber which is vulcanizable by the vuleanization agent used to vulcanize the
elastomeric halogenated copolymer component of the present invention, For
example, when the elastomeric halogenated component of the present invention is
vulcanized with a cure system which comprises zinc oxide, any other rubber
which requires sulfur or another curative fo vulcanize it or which is not
vulcanizable can be included. Such rubbers include ethylene-propylene polymers
(EPM), ethylene-propylene-diene polymers (EPDM), polyisobutylene, natural
rubber, etc. Alternatively, the DVA can be prepared first from the resin and

vulcanizable elastomer by dynamic vulcanization and subsequently, an nncured



rubber, etc. Alternatively, the DVA can be prepared first fromthe resin and
vul cani zabl e el astoner by dynam c vul cani zati on and subsequently, an uncured
WO 2007/ 055802 PCTI US20061036391 23 rubber can be blended into the DVA at a
tenperature above the nelting point of the thernoplastic resin. In the
enbodi nent i nrwohowhssaee uncured rubber is incorporated irCTiUsecosyaszm cal |y
vul cani zed conposition, the uncured rub®er may be present in an anount
rangi ng from above zero to about 25, preferably from about 5 to about 20
wei ght percent of the total rubber (i.e., elastoner) content of . the

conposi tion. e e canj.zed .composi tion,
amr/rp convent i ona’%‘ﬂl%:eﬁ?ante?ebeenge M%ata %‘5%;{5116 ag%vfe%%wg H‘gg?lﬂtgqgaturat ed
hal ogenat ed pol yﬂherthenmaplashe mmdlnt theverhimdinene imtwhichast uhdf'l:@e(Ehﬂ)BérOﬁErl c

hal ogenated ter p.0| r |som) ool ef.j a nult fm and a
para- al kyl styr e‘H ﬁtﬁ‘gﬁt&t ‘%f‘m}?@lfy ‘ﬁ‘ﬁ‘zﬁ ?031130?}{%%‘" Hhedmgye ‘LT"#’ ?fé‘i‘ﬁyy excl uded
fromthe pract llseepxes‘enﬁlhlaﬁ A Sy Yo ﬂ»ﬁﬁ&bb&bezetmermlmwefer@mﬁﬁ@erl ng '
resins chosen as ent r uc g&g (ﬁtﬁi V\qul d cause t hese

t her nopl asti ¢ re%bl0 gggtm;ce@p ¢ fopk T (f Freienteen) cortentefr at i ve

whi ch woul d causmeggj@omga,{tl cuI ar engineering resin being used to crosslink

under the proceSS| n condi tions heing used to prepare the dynamcally
vul cani zed al | oyl®®bul dVB& Hejk|detied for arAdiese ac HeAYZod coypPERTUSsEY. Suitabl e

curative systembeohPdntibh® cuediRet IR Gvili@ QPenpivtd dreiRelniBl wempanent of
the present invention include zinc oxide in combination wth zinc stearate

or stearic acid karEenas: pelimass ymayhs vyed igprelcaizet feleg) fhswplagomsisel er at or s

or vul cani zi ng edﬂeﬁ;u%%f(ﬂmwbbeam&woxehﬁueﬂfuﬁiotbensa{dta phra-di cat echol
borate), HVA-2 (mphenylene his maleimde), Zs

(2,4,6.-trimer caﬁ}ibésteereef ExeEpintayt pezceebccwwatalausewﬂﬁallﬂ iex¢indse frmnfhgt e) and

ot her di t hi ocar bah Rl 88 this! B ERBR vfheﬁ ‘i’lﬁaoéﬁ H%c@ﬁ%ﬁ@&m’g%éﬁ?s%ﬂ%ﬁe‘ﬁaa%m fide),
Vul tac-5 (all.ylated phenol disulfide), 45 (phe formal dehyde resin),

SP1056 (br om nat @ pandais| arprﬁlﬁlblthﬁtoww%wy@ié pagisg; Hipse @wmp(l@tnpﬁesﬁvl
phenyl ene di at “'dﬂaﬁsdv%@'tb Cc,\‘&sLlhﬂ‘c %hﬁenéaereh%{?& QidtiRe gllidaause"vﬁﬁd rosin

(abietic acid), and S (tetranet hyl t hiuram di sul |de i n conbi nation
with sulfur. Th@%l%a?ﬁ%%ﬁ%ﬂe@anb% aeatld tre toeagslimk El@ﬂﬁtht ¢ ameressigvul cani ze

ggplolesfr:a n parti al {ofditiof i Sk Yo forkpkié: t a§ndintR9 SRRLALEARY QBRE %
excluded from the curative system used. Suitable curative systems for the
elastomeric halogenated terpolymer component of the present invention include
- zinc oxide in combination with zinc stearate or stearic acid and, optionally, one or
more of the following accelerators or vulcanizing agents: Permalux (di-ortho-
tolylguanidine salt of dicatechol borate), HVA-2 (mu-phenylene bis maleimide),
Zisnet (2,4,6-trimercapto-5-triazine), ZDEDC (zinc diethyl dithiocarbamate) and
other dithiocarbamates, Tetrone A (dipenta-methylene thiuram hexasulfide),
Vultac-5 (alkylated phenol disulfide), SP1045 (phenol formaldehyde resim),
SP1056 (brominated alkyl phenol formaldehyde resin), DPPD (diphenyl
phenylene dismnine), salicyclic acid (o-hydroxy benzoic acid), wood rosin (abietic
acid), and TMTDS (tetramethyl thiuram disulfide) in combination with sulfur.
The vulcanization can be conducted at conditions to vulcanize at least partially,
preferably fully, the halogenated elastomeric copolytuer,
[0085] In the practice of this invention, the engineering resin, the elastomeric
terpolymer and optional other polymefs can be mixed together at a temperature

. sufficient to soften the resin or, more commonly, at a temperature above its



100851 In the practice of this invention, the engineering resin, the

el astoneric terpolyner and optional other polyners can be m xed together at
a tenperature sufficient to soften the resin or, nore comonly, at a
tenperature above its WO 2007/ 055802 PCT/ US2006/ 036391 24 nelti n%; poi nt
when the resi WAXRVE5588% al |ine at roomtenperature. |f t hRCTHYSHEOPNS to  be
dynam cal |y vul cani zed, after the resi n**and ot her pol ynmers have been
intimately m xed, the curative or curatives are added. Heating and
masticating at vulcanization tenperatures are generally adequate to _
conpl ete vul cani %ﬁﬁihgﬂoihtr\vheﬁlﬂﬁ%silﬂs S5t AADA Ydor LmPirivieC the TRl ANI zat i on
time can be reduced by el evating the tenperature of vulcanization. A

sui tabl e range ob® AynaErAllyaviemized nifier dheiressn ja8d gl rolBRAN beYre bRRRI ting

poi nt of the mat fhidafefShiked, rediMbe AONCivIDSE ad bl BBlilg/and hfdfcdtifgREr L Ur e
may range from about the nelting point of the matrix resin to about 275C.
Preferably the vuemizetan iemnerptyreg aver geaerall adeguate; tor eomppdate veapizetiogim  from
about the flux t £4 at, ; TR %Q%@QQH t he
softening or nel %gé'?gyﬁ%g?tgptﬁgﬁ%’ﬁ he %’%hﬁg%lgg?%q%g% t |1§g preferred
that the nixing fedomsshiecioieiirationl Asvitible tahge efayicardzhtion empkraigfes is

vul cani zation | S seamRL el Yith GRRleaRI:PRshSo BERTHOFELLA ROk e af ter
m xi ng has stopped, e conpo I'on nmay not Dbe reprocessable ds a

thernopl astic. Heviewsrture meydyngarfioo sheut teimatingoprint and theematek mesgdtoout i n
stages. For exanpl I i.zation .can _he comenc in tW N screw
extruder and pel eo'? tsz?%ghgrape%aﬁg tlth%é'ulwaﬁ% ariar gl{ljﬁ:ga tgﬁlp?f\é%{aer Nater

pel |l eti zer .t her efymcphewtdhe flgx temperaturel efain palymerblédfto rabout 207G alwymtlieet ed. |t
can pe conpl et edsa}{?m% I]a&w&?ttierree é{”g%g g%narpésc vul cani zati on conditions.
Those skilled i n®FHE8 % PGS CRATHEE S e "PRE Tl by opriate quantities, types
of curatives and[003d] ent itaf prefexred) that ihaenixieg) pracesd be @onttided yntid vite deleed

vul cani zation of ., the_.rubber. Were ne sary. the.rubber .al ong can be

vul cani zed usi ng'% r°§i"%§a“é%@n]f‘ & Iaﬁfgﬁéﬁ?‘@éz U9 FERLF ecp"go °[°ﬁ§“u86£f’rrrum cure
systemto be uti hixeshardpidghagmipogitiorniey i be repainekisibleoma thamaglhstieve a ful |
cure. [0087] Wiile it is.preferred that all canponents be_present in the
i prior to caPPyri SO PR HRRER A bR atDR PO PEBeES GRTPRi s
invention, this indcaéhtieh caf e esdmenced Oingliviih edtew kofudex@idPetets formeder

enbodi nent, the ela mer to be cured ,can be dynam.ally vul.canized in the
presence of a poﬁ’ﬁ E’&%orm il Jping g “é‘fl@”%geWﬂ%‘z?reg}eﬁLyT‘Fﬁegcthgeﬁ@ can then
be et down i nt ovickiizatinbdfore Migis Re@pleted. Tt can be completed at a later time under

dynaxﬁic vulcanization conditions. Those skilled in the art wﬂl appreciate the
appropriate quantities, types of curatives and extent of mixing time required to
carry ouf the vulcanization of the rubber. Where necessary the rubber alone can be
vulcanized using varying amounts of curative to determine the optimum cure
( system to be utilized and the appropriate cure conditions to achieve a fill cure.
[0087] While it is preferred that all components be present in the mix prior to
catrying out the dynamic vulcanization process of this invention, this is not a
necessary condition, For example, in one embodiment, the elastomer to be cured
can be dynamically vulcanized ‘in the presence of a portion or all of the
engineering vesin. This blend can then be let down into additional engineering
resin. Simila:rly, it is not necessary to add all of the fillers and oil prior to dynamic -
vulcanization. A portion or all of the additives, fillers and oil can be added during
or after the vulcanization is completed. Certain ingredients, such as stabilizers and

process aids fimction more effectively if they are added after curing.



resin. Simlarly, it Is not necessary to add all of the fillers and oi

prior to dynami c vulcanization. A portion or all of the additives, fillers
and oil can be added during or after the vulcanization is conpleted.
Certain ingredients, such as stabilizers and process aids function nore

ef fectivel y wio fobvwagssar e added after curing. WO 2007/ 055B0R0$205/68SP006/ 036391
25 100881 The term "fully vul cani zed" #s used herein with respect to the
dynam cal |y vul cani zed rubber conponents of this invention neans that the
rubber conponents to be vul cani zed have been cured to a state in which the

physi cal propert] of .f he rubber are .deyel oped to.i rt el ast ric

properties to HggﬁrubE%? %eé’é‘ne‘g‘gﬁ‘?‘g"s%‘%%’ciaét sﬁgv&eﬁnt &’Fﬁ?ﬁfﬁi% % their

conventional | y dylagdvally etlcasizalt smbbéfh@ngeghacod thic iventivh mbws kit dhdi zed

rubber can be de ﬁri bed in terns qf %g%]havgqgtent art?)conver.selgé extractabl e
& u

conponents. Al t SPR: FARPeyents 9-be;yjran cgh cpig @ WD M & % terns of

cross-1n k densphysical RE2Aks YHiRE enbbérardlRlaopad iéini AR eRbtofXlid Gisfedits@s IS an
appropri ate neasure of ct:rgﬁyéState of cure, the inproved thernop]astic

el astoneri c conpudtiehgracrallyassoniatnd yith fherybRer ‘Béliﬁ‘[;pﬁﬁ‘ﬁn‘clﬁ’é e yessized ¢ ubber

conponent s of tBtﬁte.bflﬁﬁﬂ@reé@f&:?@oﬁh@ﬁ[&nizédﬁ@ﬁbeﬁE‘a@ﬂbe@@é&ﬁ@éﬂﬂn%ﬁ@ﬁ%@lthan about
four percent by weight of the cured rubber conponents extractable at room

t enperat ure by SOHBK 0k RIMVAIEELY sxEcible| comgonenls. Allgpively, Hiidesenriecyht ended to
be vul cani zed, gatheRkAEQEAR tdnds B &DR-1BKUAREy.t hat the conposition contains

| ess than two percent by weight extractable. In general, the |ower the
extractabl es of [P0B8 cufegrerthy Belprminshiproplorriractabiesds peaprserrinirengsrspefti es;  and
still nore pref@fably @ Qi OB Otdptdvod SherBOMAistiS | dM1oRRAE HolrBbdittonP Q& Xt F act abl e
rubber fromthe cured rubber phase (less than 0.5 weight percent). Cel
content report ewdeeed pivelemizingdhe gabipaiehernrareneneys of therendaitortee At h

conpri ses det er ManinBg o né AR haPibob SR pHRlef BPHUBRof e RRakidgr the
speci men for 48 hours in organic solvent ‘at roomtenperature and weighing
the dried resi doeupasentsrakrasbls At tregs dempemsire &Y isosvévenwhigh dpemveriibed edge of
the conpositi on Bl SHich Ak G b 98 Liahized ' I itgg]%,&@ tai ned by
subtracting frofnut%g- .ih}?lﬁti af‘ }\}\ﬁagtﬁ %%ﬁuz\/\é%ﬁ){e{)&?&b%\@l ub encﬂ(i)lgrrt}:}g%ent S,

other than the resiion gotuingdgsschan twe @eroeni b weighbwiteapfalle. Inigperal, the ast i ci zers
and conponents j b j L Y/ el l  as
that of any rub erePE%%@%@?s%??{%chﬁhg%%ﬁ %/d?%%{éggﬂkl% %?Lrttﬁghﬁ%znyv\gﬁi ch is not
i ntended to be eud @il mppaypréfersblly ate empbayiinms tcemprising espentialit mo, extragtabls ubt r act ed
from

rubber from the cured rubber phase (less than 0.5 weight percent). Gel content
reporfed as percent gel is defermined by a procedure which comprises determining
the amount of insoluble polymer by soaking the specimen for 48 hours in organic
solvent at room temperature and.weighing the dried residue and making suitable
corrections based upon knowledge of the composition, Thus, corrected initial and
final weights are obtained by subtracting from the initial weight, the weight of
soluble components, other than the rubber to be vulcanized, such as extender oils,
plasticizers and components of the composition soluble in organic solvent as well
as that of any rubber component, if opﬁonaliy present, of the DVA which is not
intended to be cured. Any insoluble pigments, fillers, etc., are subiracted from
both the initial and final weights.

[0090] To employ cross-link density as the measure of the state of cure which
characterizes the improved thermoplastic elastomeric compositions, the blends are
vulcanized to the extent which corresponds to vulcanizing the same rubber as in

the blend statically cured under pressure in a mold.with such amounts of the same



both the initial and final wei ghts. 100901 To enploy cross-link density as
thé neasure of the state of cure which characterizes the inproved

t her nopl astic el astoneric conpositions, the blends are vulcanized to the
extent which corresponds to vul cani zing the sane rubber as in the blend

statically cug8dogdéas, pressure in a nold.with such anoyghfsbsdsbH same WO
2007/ 055802 PCT/ US2006/ 036391 26 curatzsves as in the blend and under such

conditions of tine and tenperature to give an effective cross-link density
greater than about 3x10-5 noles per mlliliter of rubber and preferably
greater than about 5x10"5 or even nore preferably 1x10-4 noles per

mlliliter of rGBtyes ayifbthsblad apd W%éﬁ““&fﬁ%‘?ﬁ‘%“é%quimvmnééﬂme%ﬂﬁ%er

similar conditi Qig apetBetivh eroSafk @Hﬁtgrg;rea&t tHak Bdut $@1 P38 86k P nfiliBeef UDDET
content of the blend as was require or the.rubber alon€e. The cdgoss-l i nk

density so det &f Hbhesandarpfomblst smepier dhsg abayt 6198 95 aven tere pisierablydahd of
vul cani zat i on vmcgéa pel infiBfitef Bﬁrdbgﬁg ?Nfﬂe&dm@rtﬁ@pdyﬁ oIy vﬁﬂ\‘iﬁ&?ﬁ%deft shoul d

not be asslmed, fromthe fact e anmount "of curative I's based on the
rubber content @éimilaheonditiontiwiilntheisame athernt efwative hkged lan giewalsbet pratantibber al one
t he aforesaid cr - 14 A C t : t wth the
resin or that tﬁgﬁ% i|31§"I1H(n%‘()d rﬁfgi(!g%ql)ig% E)Z%ﬂ\}éegﬁbetrh%&réég}{ﬁ cf&%ﬁ%ﬂ?ﬁ@gm@f .%:Ther e may
be highly signi fdeteamitedrrezgche memdddres @l messird of the impintiof edcanizatienybicHowever ,
the assunption t ] I { e ! | provi des
a useful appr oxigﬁrr%% fhtgﬁ%%r?’{'%ﬁ%&&%@%&%gﬁ\%‘é%ﬁg ?40@ d;rﬁ)qtb gé‘“‘“ﬂ%@?ﬁ%&ﬁ%st iC

el ast oneri ¢ conpos ihiai the smomt odavsitiyt éritasediob lhet iakbet hartemd pf ths blend arndrioperti es

and with the fa t | ar roportion.af . .F esip.can .pbe,r ved from
t he conpositi on%%a&%%ﬁ%%ugﬁ‘ ergsa 5?@8%1"0 o\?%ﬂjte ag)%gr%gé; D|‘°“?5fr]1n,]k ‘\%nflﬁ" g‘ﬁﬁg%pr opriate
sol yent for the cntverdobenat geatisweith the 868 b} thftibere isomgedctiokbatiestaitheyrestf t he

rubber is determn b uilibrium. sol vent swelli.ng,usi,n e.Fl ory- Renner
equation, as sho%mﬁq?us)ﬁe%ﬁ HBGEr ecﬁél?'}?’ 51%1;%@%.5% c.Orffd,r’%&e%é?gfjﬁllﬂ‘éte%pprop'ri ate
Huggi ns sol ubi | iekigntp dHomwetre s fasmumptidybarat o lcvmsslinkpdénsigy uWisedningd bhe

calculation ver Seaha RIELALLRT B5YL IS bk R ERRRD T B o' o
vul cani zed r ubbehermepldstivy, cldstoniesic emPssititny it Gondsert heiflc ahe eeimapsté Bueche
v o1 L1 il T P S Bl LR85k L) B BB R T, 1 e
in the absence dfom the.conposition by high temperature solvent extraction, with an appropriate
solvent for the resin being used. : .
[0091] The cross-link density of the rubber is determined by equilibrium
solvent swelling using the Flory-Rehner equation, as shown in J, Rubber Chem.
and Tech. 30, p. 929. The appropriate Huggins solubility parameters for rubber
solvent pairs used i the caloulation were obtained from the review article by
{ Sheehan and Bisio, J. Rubber Chem. & Tech. 39, 149, If the extracted gel content
of the vulcanized rubber is low, it is necessary to use the correction of Bueche
wherein the term v is nultiplied by the gél fraction (% gel/100). The cross-link
density is half the effective network chain density v determined in the absence of
resin. The cross-link density of the MGmﬁzed blends will, therefors, be
hereinafier understood to refer to the value determined on the same rubber as in
the blend in the manner described. Still more preferred compositions meet both of
the aforedescribed measures of state of cure, namely, by estimation of cross-link

density and percent of rubber extractable.



resin. The cross-link density of the vul canized blends will, therefore, be
herei nafter understood to refer to the val ue determ ned on the sane rubber

as in the blend in the manner described. Still nore preferred corrpositions
nmeet bot h of gdescri bed measures of state of cuyg o by
estimation of ‘%@%}gg&%{onk density and pegycent of rubber extract ab%a !

2007/ 055802 PCT[ US2006/ 036391 27 [0092] A preferred conposition of th| S
invention conprises nylon as the thernoplastic engineering resin, and a
bronlinated terpol yner of isobutylene, isoprene, and a_para-net hyI styrene.
[ 0093] For certa|[099}]ur| Adprefererh sompastiion ofethis sSmntiom somprisen nylom 28l tho provi de

for the follow pg

t her nopl astic engin %prsllsﬁ% Jri%m ngés?{seé?le%gpgr}g%lnt eg%rﬁag%éﬂcgfn{sglgg{tﬁﬁn& of
pol yam des, pol yespens ﬁnwayaalabtbyismees pol ysul f ones, pol yacetal s,
polylactones ni t ene oxi de,
pol yphenyl ene sullqﬁbﬁ ?éljfrg%aﬁem gdr@ %{n g%tge‘gﬁ%fﬁ@ﬁve“ag‘# %ai%gj-? %ﬁlleeflgg

anhydri de resins. theri’o]ﬂ@wmg.des, aromati ¢ pol yketones, and m xtures thereof;
and at |east partially dispersed therein a hal ogenated terpolynmer conprising
nmononer units derived froma C4 to C7 isononoolefin; a styrenic nononer;
and, a nultiol efiin. Rtheﬁh@lasmmﬁjoﬁiﬁmmfpﬁﬁihgi m 1 wheréin the ther mopl astic

engineering resin is amde. 3. The c OSLti of claim.2 erein the
poLyan i de’i 5 sel ect ctiTPPGRARLPge oA SFBUFR OB o F1oBR <ab3igs Bh 6. 6
nylon 11, and m xtur epol}tahﬁdee,ofpoiy‘bsteﬁhepawmﬂtbd opolyEulfdha MpelysvetaB, V\/ner ein

t he polyamdelsap mde osi.tion,pof any one
of claims 1 to 4 vvher aclt‘ﬁ‘gs i M&%E?%ﬁ“?%ym}esr%’ﬁﬁ §P %ﬂﬂf’nﬁo‘mffene
2- met hyl - 1- but ene, 3- mydylelne bellfde, s@ref®t Biloditrild UteSiNs, styrene-maleic C

4- hyl -1 - pent en r
nmet hy pent ene, narﬁie ‘#351%2 pto ylmﬁies aromatic polyketones, and mixtures thereof;

and
at least partially dispersed therein a halogenated terpolymer comprising
monomer units derived from
a C, to C; isomonoolefin;
a styrenic monomer; and,
a multiolefin, .
2, The composition of claim 1 wherein the thexmoplaétic engineering resin‘is
a polyamide. |
3. The composition of claim 2 wherein the polyamide is selected from the

group consisting of nylon 6, nylon 6,6, nylon 11, and mixtures thereof.

4. The composition of claim 2 or 3 wherein the polyamide is a polyamide -
6/66 copolymer.
5. The composition of aiiy one of claims 1 to 4 wherein the isomoncolefin is

isobutylene, isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-
butene, 4-methyl-1-pentene, or mixtures thereof. '

6. The composition of any one of claims 1 to 4 wherein the isomonoolefin is
isobutylene.
7. The composition of any one of claims 1 to 6 wherein the styrenic

monomer is styrene, alpha-methyistyrene, or an a]kylstyrene where the
alkyl is selected from any C, to Cs alkyl or branched chain alkyl.



6. The conposition of any one of clains 1 to 4 wherein the isononoolefinis
i sobutyl ene. 7. The conposition of any one of clains 1 to 6 wherein the
styrenic nononer is styrene, al pha-nethylstyrene, or an al kyl styrene where
the alkyl is selected fromany C1 to C5 alkyl or branched chain al kyl. WO
2007/ 055802 PEP2M20HEE/ 036391 28 8. The conposition of PAEPSYREI6Iicl ai ns 1
to 6 wherein the styrenic nononer unit®is a para-al kyl styrene. 9. The
conposition of claim8 wherein the para-al kyl styrene is para- nethyl styrene.
10. The conposition of any one of clains 1 to 9 wherein the nultiolefinis a

C4 to Cl4 dieneg 11. TIh@oGMmRSIdi A9 Qe SMaiC] Qb & WAL the! Qyrdnivherein the
multiolefinis selected fromthe gioup consisting of isoprene, butadiene,
2,3, -di net hyl - 1, 3- bwoaehesHait ismprreafkylstygene- di met hyl - f ul vene, hexadi ene,

cycl opent adi ene,g met Byl Gyg t 3dLeHe s RinbshY he _gicvkoxl b e and

m xtures thereof. 12.Mérhe t%ﬂn%gs?{tj%g%?of anynonengfag}(g%grr% 16%%) 1 wherein
the terpolyner is hakthyletyened with bromine, chlorine, or mxtures thereof.

r
13. The cOMPOSI tjooN gf, A QRG: &anf LAl BPadut @ 148 REEHDohiiideaqupnoo ef i n

is isobutylene, the nmultio I SOprene, an L yreni c nonomer is
para- net hyl styrene C4to Gihéiereonpositi on of claim 13 wherein the halogen is

chem cal ly bound,to he par.a-nmet hyl styr.ene. .o 1he co Skt .0f any one
of clains 1 to cljl& co%ef 2 pr‘?al%%ln 8{) oor?gr?tf cpalsf%ﬁégq %a&fa’l’re%ln%g?ﬁneuhﬁ)lrle%dsconsi sting
of a filler, a rubbeselemigountie gepup adokiding ef iseprenenbutadieres?2,B hdimethfi- 16. The
conposition of any o ,oé'clains 1 to 15 c tising.a conpopent. sel ected
fromthe group consi z’ﬁibﬁ dlS?e’rubﬁ@f‘mﬁF’ocesg’lg%ﬁmcsﬁ‘}fl%flve&e’asti ?’?é‘?%e,’ and

m Xt ures thereof .  17cycKpentadisnpomethyloyelopbntadighep piperglend; |diviimpbethzene add wher ei n
thegﬁonposition is a .vulc niégd conposition.

mxiures there

12.  The composition of any one of claims 1 to 11 wherein the terpolymer is
halogenated with bromine, chlorine, or mixtures thereof.

13.  The composition of any one of claims 1 to 12 wherein the isomonoolefin is
isobutylene, the multiolefin is isoprene, and thé styrenic monomer is para-
methylstyrene

14.  The composition of claim 13 wherein the halogen is chemically bound to
the para-methylstyrene. _ | _

15.  The composition of any one of claims 1 to 14 comprising a component
selected from the group consisting of a filler, a rubber compounding

- additive, and mixtures thereof, '
" 16.  The composition of any one of claims 1 to 15 comprising & component
{ selected from the group consisting of rubber processing oils, plasticizers,
and mixtures thereof. ;

17.  The composition of any one of claims 1 to 16 wherein the composition is a
vulcanized composition.

18.  The composition of anty one of claims 1 to 16 wherein the composition is a
non-vulcanized composition.

19. A method for preparing the thermoplastic composition of claim 17,
comprising blending:
the thermoplastic engineering resin;

the halogenated terpolymer; and,



18. The conposition of any one of clainms 1 to 16 wherein the conposition is
a non-vul cani zed conposition. 19. A nethod for preparing the thernoplastic
conposition of claim17, conprising blending: the thernoplastic engineering
resin; the halPRenRlgy terpolyner; and, WO 2007/055802 P%r 52?06/ 036391
29 a vul cani zi ng agent for the hal ogenajed terpol ymer; ahd"HES¥®%3t ng and
shearing the blend at vul cani zation COHC?I tions for a tine sufficient to
produce a vul cani zed thernopl astic conmposition. 20. The nethod of claim19
conprising bl ending a conponent selected from the group consisting of a
filler, a rubber conpuUedizing agediirithedalogmated torpolmeesanther eof . 21, The met hod
of cIa|m19 or 20 co n ndln C eIe fromthe group
consi sting of rubberrr%’rb‘g"?:d glr“?l)g o1 T @e en&)?@‘gﬁ‘%g{rz%ton co’tlf&ﬁ?ﬂs f‘fruar ené‘ethereof
Pernmeability Testi ngsuﬂ”ﬁlﬂéhdfo pEﬁﬂuceauﬂcaoizedmmﬂoplaktmwnmgosﬁimrrpl es, the

conposi tions fo rti ng the

fol | owi ng met hod n%é‘?’[’%?‘ﬂa%% n@ ﬁ‘gg ?‘}E‘?"‘Zl %qj‘épar edin a
Br abender (1) i xer aﬂlea;roﬂpemeiemguwadmezmﬁmaadc@ﬁpoﬁ@dlﬁg)rmd@«e Bnd M NUt es.

Nyl on was added first, wt | ast oner being added 1 minute after. The

resul ting bl ends wer BiRLy ¥ on nol ded at 220C. Al specimens were

conpressi on nol ged V\Tﬁé’m&h&iﬂbﬂ-‘&ﬁ&nl 9Gr Q@co@r@iﬂgd:%ndﬁﬁ@.%m 6&ﬁ‘t ®REted Typi cal
t hi ckness of a conpr SSIOI’] nol ded pad is _around 0. .4 rimusing an

Arbor press, 2" di anBmrtheise %@F@r@r@’ﬁub‘tﬁw@@m@uf*ﬂ% P@i‘ﬁ‘i‘%?sdéﬂd pads f or
perneabi lity testingmixhhesgergifsks were conditioned in a vacuum oven at 60C
overnight prior to the neasurenent. The oxygen perneation neasurenents were
done using a Moconrm OX- TRAN 2/ 61 perneability tester at 60C under the
principle of R pimedaftyereqale et. al. in 8 JOURNAL OF POLYMER SCI ENCE: PART
A-2 467 (1970). Disks thus prepared were nounted on a tenplate and seal ed
with a vacuum gi®8de: Feness |°fr‘r‘i1€t follgwing \aamplese fie Wpﬁﬁﬁo@r%@eéqufﬁe di sk,

wher eas the ot hefal$iedl GoMBEmbibilS | propertRe Rsint/Shd Golfoifhg method. In certain

embodiments, polymer blends were prepared in a Brabender® mixer at a

temperature of 220°C and at 60 rpm for 5 minutes. Nylon was added first, with
elastomer being added 1 minute after. The resulting blends were compression
molded at 220°C. All specimens were compression molded with slow cooling to
provide defect free pads. Typical thickness of a compression molded pad is
around 0.3 to 0.4 mm using an Arbor press, 2" diameter disks were then punched
out from molded pads for permeability testing. These disks were conditioned in a
vacuum oven at 60°C overnight prior to the measurement. The oxygen
permeation measurements were done using a Mocon™ OX-TRAN 2/61
permeability tester at 60°C under the principle of R. A. Pasternak et. al. in 8
JOURNAL OF POLYMER SCIENCE: PART A-2 467 (1970). Disks thus prepared were

~ mounted on a template and sealed with a vacuum grease. Ten psi nitrogen was
kept on one side of the disk, whereas the other side was 10 psi oxygen. Using the
oxygen sensor on the nitrogen side, increase in oxygen concentration on the
nitrogen side with time was monitored. The time required for oxygen to permeate
through the disk or for the oxygen concentration on the nitrogen side to reach a
constant value was recorded and used to determine the oxygen permeability.
Permeability was measured as oxygen transmission rate on a Mocon™ WX-
TRAN 2/61 at 60°C.



oxygen sensor on the nitrogen side, increase in oxygen concentration on the
nitrogen side with tine was nonitored. The tine required for oxygen to
perneate through the disk or for the oxygen concentration on the nitrogen
side to reach a_ constant val ue was recorded and used to_determ ne the
oxygen per meab? P P{%/%5%%Ber neabi 1 ity was geasured as oxygeRCTVAHLHPE on rate
on a MboconTm WK- TRAN 2/61 at 60C. WD 20071055802 PCT/ US2006/ 036391 30
EXAMPLE [0095] Conparative Exanple 1 is a blend of Nylon 6/66 (Ube 5033B; a
nylon 6/66 copol ymer having approxi mately 25% nylon 66 and a tensile
strength of abo®EXAPI¥a) with a copol ymer of isobutyl ene and

par a- net hyl styrene (XP5Q, -10 i ght . percent a- et hyl ene;. not

br om nat ed). Cong%?rgét i vngR%‘iﬁ‘B’Ieg‘?%ﬁf’% l%@?@ﬁé%knﬁ%ﬁgg%ké £pdo%033B)

with a brom nat ed/gsiepba®T hading dpfRRial e a@mnmr@dr@tehmesm;i@ef ( EXXPROTM
89-4; -0.75 nole percent_ . _brom ne 1|2ercent par a- met hyl st yrene) .

. -5 wei ght
[0096] A terpol yideeut 8 MEsy miithya "@H‘é‘)’mff‘rs‘f\%gogﬁwlﬁ S prag-metbhrlehtme (X¥Whe was
synt hesi zed in t heg abRpRicoR had Bkt IRRERUER blohidki-a) Cqb ety ERRgIO; r adi cal s.

The polymerization was conducted at -90C i n met hyF] chl’ori de solvent

contai ning 12 wig@nblashef Nylas 660 Theobi3eB) &fith a Doropinated ofopelymer ahd 10 wt %
para- met hyl styr eagyand s Adhe e U 6 £ 0l
hydrochl ori de cat all§st .é‘g é?ri on&ﬁgs_ i nse(gn et hyl al"urfi num d?{(z)LI g?rléege to
hydrochl ori de cateming ~5 weightpeentparp-meiipdstyrensyi t i ng pol ymer was preci pi t at ed
usi ng net hanol , r[@@ﬁyergdtgrpg{)}rﬂne?%f‘?ﬂbmgll Célrié%fgféhé%h‘@% B fMGlplIGX@NE where

the polyner was brom nate ree ra rom nation. The resulting
pol ymer had a nufpakesiaedin fipdahepteas andqubsegrentinbrominated by ohotamadedals. S 000, a

wel gt average TabemiAod fidlhaled AIRFCK HBHA) ickae G0 oafifhi 1P| eCul ar

wei ght distributi 4.4. Proton- conposition anal ysis I ndficated the
terpol ymer had 0v4% motaneye(3femi®i isopitdens, 2 wi%sdsapping denwt% para-

- met hyl st ' Wl . . ant
B ot but o e goRRie) bid 6 WA Ao an Hlalbngy T FraBBLEEEL |
mol e percent br ositalistediufien prvérpan Fhiabpmuvedichlestichia] hydunblonde catalysb| yner
was bl'ended wi th bl #gt:)]l@/e 'ﬁ% x%gf?%\ﬁsl%ﬁ@r wal BfbeipfatGPIRA Hdnkil, FIRaLat | ve

Exanples 1 and 2 In
and dried, and re-dissolved in cyclohexane where the polymer was brominated by

free radical bromination. The resulting polymer had a number average molecular
- weight of approximately 57,000, a weight average _inolecﬁlar _weight of
approximately 252,000, and a molecular weight distribution of 4.4. Proton-NMR
composition analysis indicated the terpolymer had 0.48 mole percent isoprene,
4.56 niole percent para-methylstyrene, and a final bromine content of 0.5 mole
percent, distributed among 0.3 mole percent brominated para-methylstyrene and
g 0.2 mole percent b_rominatecl isoprene. The synthesized halogenated terpolymer
was blended with Nylon 6/66 (Ube 5033B), and is compared to Comparative
Examples 1 and 2 in Table 1 below.
[0097)  Rach of the polymer blends of Table 1 were prepared by mixing the
respective components in a Brabender™ mixer at 220C at 60 rpm for 5 minutes.
The blended polymer compositions had the resulting morphology and propetties

as listed in Table 1.



[ 0097] Each of the polyner blends of Table 1 were prepared by m xi ng the
respective conponents in a Brabendefm m xer at 220C at 60 rpmfor 5 m nutes.
The bl ended pol ynmer conpositions had the resulting norphol ogy and properties
as listed in Table7bsssddD 2007/ 055802 PCT/ US2006/ 036391 %T:‘i%%o?maéim
Permeation results for Exanples 1 - 12. z;Conparative Conparative Exanple 1
Exanpl e 1 Exanple 2 Conposition wt Nylon 6/66 60 60 60 XP-50 40 0 0 Ero
89-4 IM5 0 40 0 Br -1IP-PM5 0 0 40 Morphol ogy Tappi ng AFM Poor Excel | ent
(fine) Excellent fine. Properties -G (-2000) MPa NMF 413 296 G O0C a Nwr
405 289 G 20C MPa) Nwlabdslo8ermentionmgmgistor Exowpiewl 0.1824 0. 045 Loss
Tangent OC NMr 0.017 0.023 Loss Tangent 20C NMF 0.018 0. 022 Perneability
NV 251 240 mcc/ne-da -kPa * NM fComphrative asCumaliivadye Lo fhe poor bl end
nor phol ogy, the sanpl e _cannot be  infixetesit 1j nt Sxapwlgdod quarity ffi | mfor
mechani cal and per meabi$opssitopd¥idtlr enent s [0098] Egbodinents of the
conposition of the pr ,senlffyl BS08nt i-6n age u:ef&!ﬁé’as a-—Barrilers, such as
used in producing inn-qx'rg 8'_4(‘13%) rot-of —vehtel o paQtiLC' | ar, the
nanoconposi tes are usertg ERpRNET! 1T MepS and—Tryrertybes yor articles  such
as truck tires, bus t{TeSyufiasgcnder autonpbi e, moyorcycie tjires, and the
like. [0099] Wile the TupseaM I NYENbicdN NBsGell Git) JEsellenie) and il ustrat ed

Y

by reference to parti{cul @rpegigbodi rents, those of ondinary skill in the art
will _ G’ (-20°C) (MPa) NM* 413 296 :
G’ (0°C) (MPa) NM* 405 289
G’ (20°C) (MPa) NM* 395 283
Loss Tangent (-20°C) NM* 0,024 0.045
Loss Tangent (0°C) NM* 0.017 0023
Loss Tangent (20°C) INM* 0.018 0.022
Permeability NM* 251 240
(pm-cc/m’-day-kPa) :

* NM = not measured; due to the poor blend morphology, the sample cannot be

molded into a good quality film for mechanical and permeability measurements.

[0098] Embodiments of the compositioﬂ of the present inve;1tion are useful as
air barriers, such as used in producing inmerliners for motor vehicles. In
particular, the nanocomposites are useful in innerliners and innertubes for arficles
such as truck tires, bus tires, passenger automobile, motorcycle tires, and the Tike.

[0099] | While the present invention has been described and illusirated by
reference to particular embodiments, those of ordinary skill' in the art will
appreciate that the invention lends itself to many different variations not
illusirated herein. For these reasons, then, reference should be made solely to the
appended claims for purposes of determining the true scope of the present
invention. )

[00100]  All priority documents are herein fully incorporated by reference for
all jurisdictions in which such incorporation is permitted. Further, all documents
cited herein, including testing procedures, are herein fully incorporated by

reference for all jurisdictions in which such incorporation is permitted.



appreciate that the invention lends itself to many different variations not
illustrated herein. For these reasons, then, reference should be nmade solely
to the appended clains for purposes of determ ning the true scope of the
present invention. [00100] Al priority docunents are herein fully

i ncorporated by reference for all jurisdictions in which such incorporation
is permtted. Further, all docunents c%%ed herein, including testing
procedures, are herein fully incorporat by reference for al

jurisdictions in which such incorporation is permtted. 32 CLAIMS 1. A
dynam cal | ycpNiMgni zed t her nopl astic conposition conprising: a thernoplastic
engi neering resin selected fromthe group consisting of pol yam des,

pol yesters, polycarbonates, polysul fones, polyacetals, polylactones,

acrylonitrile-but adi enesstyrene resins ol yphenyl ene oxi de, pol yphenyl ene
sul fide, st 'reng\ W%?Hytwcﬁ%lz?i@le%‘fphgﬁ% QS%"&"EIPEWUH de resins,

pol yi mi des, ar @nilidr@oplasiick @hsiesinga iekinT gledtee s fioe RO groa deonbistiga Sif
partially dispersed therein a hal ggenated terpol yner conprising nononer

units derived fmPelpmidss. peyeters, ebathoneespolyguldeones cpplyaceistio pelvlaciangs. a

multiolefin. 2. COTPAR:di b R0 l?e!-fﬁ‘sl ' e L:her j

engi neeri ng resia%-]t}iﬁ}sn(&g1 poﬁ}%l%%g%n% € c%gri%%lg#ﬂ?%ez %}%ﬂ% g}&%g&%@;ei n the
pol yam de i s selselfidedstremeradrilentrileupsing atyséretmalgic ahhydrldenesins, pylyanideés, 6,
nylon 11, and m xtures thereof. 4. The ﬁlorrpgsz‘%'i on of claim2 wherein the
pol yanide is a ﬁHWVﬁWWB_k8FE§¥w@BﬁW¢Vﬁ§ 8% Mfie conposition of claim1
wherein the i sonpReqpsiialy Hﬁ;gb@&ﬂﬂi&ﬁéiﬂeﬂ?&logeﬁﬂm‘fcﬁﬂﬁymer%bﬂﬁﬁﬁﬁé mbnBMELNe,
3-met hyl -1 -butene, 2-nethyl-2-butene, 4-nethyl-|-pentene,  or mxtures

t hereof . 6. The vodniasivedifiom of claim 1 wherein the isonmonoolefmis

i sobutyl ene. 7. 1POS| t i of claim1l wherein the styrenic nononer is
styrene, al pha- arré‘ﬁ'ﬂy% O%Ogﬁél,gp%r an al kyl styrene where the alkyl is

sel ect ed from anwtydnit frobmer; and,

a multiolefin.

2. The composition of claim 1 wherein the thermoplastic engineering resin is a
polyamide.

3. The composition of claim 2 wherein the polyamide is selected from the group

consisting of nylon 6, nylon 6,6, nylon 11, and mixtures thereof,

4, The composition of claim 2 wherein the polyamide is a polyamide 6/66
copolymer.
5. The composition of claim 1 wherein the isomonoolefin is isobutylene, isobutene,

2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, 4-methyl-1-pentene,

or mixtures thereof,

6. The composition of claim 1 wherein the isomonoolefin is isobutylene.

7. The composition of claim 1 wherein the styrenic monomer is styrene, alpha-
methylstyrene, or an alkylstyrene where the alkyl is selected from any C; to Cs
alkyl or branched chain alkyl.



al kyl or branched chain alkyl. 33 8. The conposition of claim1l wherein the
styrenic nononer unit is a para- alkylstyrene. 9. The conposition of claim8
wherein the para-al kyl styrene is para-nethylstyrene. 10. The conposition of
claiml1l wherein the multiolefinis a C4 to Cl4 diene. 11. The conposition of
claim1 wherein the multiolefinis selected fromthe group consisting of

i soprene, butadiene, 2,3,-dinethyl- 3 t adi ene, nyrcene, 6, 6-

di met hyl - f ul vene, hexadi ene, cyclopenta ene, nethyl cycl opent adi ene,

pi peryl ene, divinyl benzene and m xtures thereof. 12. The conposition of
claim 1 whegei n faecsRERRNAES ciadmNBlAMPRATRE Wrbdle BhGHENE, uniCN 9T jdig. OF

m xtures thereof. 13. "The conposition of claim'l wherein the i1somonool efin

i s isobutylene, akpdstynemd.tiolefin is isoprene, and the styrenic nonomer is
para-nethylstyrene 14. The conposition of clain113 wherein the hal ogen is
chem cally oun to the f $§%? ne. The con§95|t n of claiml
conpri si ng r?@H‘P(’%‘B g ‘E;?‘Hﬁﬁ OREISE PG REAsY ooy | a
rubber conpoundlng additive, and m xtures thereof 16. The conposition of
claiml conpyi S'mc%nftbem%‘@mlalﬁﬂ %&@ﬁtﬁmmtfomnqgwgme Lt 1 Ng of rubber
processing oils, plasticizers, and m xtures thereof he conposition of
claim1 wherein the dynam cally vul cani zed thernopl astic conposition has a
st orage nodlil. us,THe gongtositidf of, claddn hmhelrei]r thetrindticl2fiB is eelsdtal figm thegsadpus, G,

at 0 C of not nore than 289. 18. t hog f a therno

conposi tion, corfPHEE© ‘%ﬁﬁ?ﬁgb“? eﬁﬁrgﬁ ﬁ@?ﬁpgqg%@F%B@FiﬂBWFQE?ﬁféelected
fromthe group cpmeth§lfubene] ROlaMREEdeScycRRLMESERL, S, MAhyRHIONARIRSe,

pol ysul fones, pol yacetal s, ponIactones 34 acrylonltrlle ut adi ene-'styrene

resins, poIyphenyweﬁemeﬂﬂ@@ﬂb%ﬁﬂvﬁméWVM@#éﬂMﬁﬁﬁ?|de styrene acrylonitrile
resins, styrene-nmaleic anhydride resins, polylnldes aromatic polyketones,

o X bR B e O e RRRE TR R eRBRL 1

and, chlorine, or mixtures thereof.

13.  The composition of claim 1 wherein the isomonoolefin is isobutylene, the

multiolefin is isoprene, and the styrenic monomer is para-methylstyrene.

14,  The composition of claim 13 wherein the halogen is chemically bound to the

para-methylstyrene.

15.  The composition of claim 1 comprising a component selected from the group

consisting of a filler, a rubber compounding additive, and mixtures thereof.

16.  The composition of claim 1 comprising a component selected from the group

consisting of rubber processing oils, plasticizers, and mixtures thereof.

17.  The composition of claim 1 wherein the dynamically vulcanized thermoplastic
composition has a storage modulus, G’, at -20° C, of not more than 296, a storage

modulus, G’, at 0° C of not more than 289,

18. A method for preparing a thermoplastic composition, comprising blending:
a thermoplastic engineering resin selected from the group consisting of

polyamides, polyesters, polycarbonates, polysulfones, polyacetals, polylactones,



a multiolefm and, a vul canizing agent for the el astoneric hal ogenated
terpol ynmer; and masticating and shearing the blend at vul cani zati on
conditions for a tine sufficient to produce a dynam cally vul cani zed

t hernopl astic conmposition. 19. The nethod, of claim 18 wherein the

t hernopl astic engineering resin is a polyamde. 20. The nethod of claim19
wherein the polyam de is sel ected fromst he group consisting of nylon 6,
nylon 6,6, nylon 11, and m xtures thereof. 21. The nethod of claim 19
wherein the polyam de is a polyam de 6/ 66 copol yner. 22. The nethod of

cl ai m 18 wher ei iR IR bbbl SeeligOD IS QRtien

nmet hyl -1 - but : eng?ry%-ﬁlnt%?hyl - ?éﬁlgﬁ%%hg Sr%l-nrﬁneégt E)&}S@%@@bﬁdgn%e?ng?lﬁéﬁnﬂeggm ene,
or mxtures thewlBdd, styzghe Fimdompily oekinsf styteas-malde whtgdeide resins, pelyimpdesol ef i n
i s isobutylene. 24. .Thelty ethod f cknuai nt}(]18 f{g\hecLei n the styrenic nmononer is
Styrene,  al pha. “REEHS PEYTENE: aif T WORE 8 ne where the al kyl 1

sel ected from anywGlulda@ize® halagdtiited drpbliymBEEREbris iR Morftntey hinit?&erivid Gofiet hod of
claim 18 wherein the styrenic¢c nononer unit is a para-al kyl styrene. 26. The
met hod of cl ai n?5% tkelsamAnedemyar a- al kyl styrene is para-nethyl styrene. 27.
The met hod of CF ' n%am%tﬁﬁ&iéhdt he multiolefn. is a C4 to Cl4 diene. 35 28.
The nmethod of clarm 18 erein the nultiolefmis selected fromthe group
consi sting of i samitiolefin;lbnd,adi ene, 2, 3, -di net hyl -1, 3- but adi ene, nyrcene,

6, 6- di met hyl -ful vene,. hexadi.ene, cycl opentadi en t hyl cycl opent adi ene,

o eyl ore Y i B oE RE i e ISR TSRO s A o of ol ol 18
wherein the terppladiBAg | hdNMAERNARE DI Bt RuRAhBRtion COARAIMRCfor0k fithkt Ur €S

t hereof. 30. The nethod of claim 18 wherein the isonmonoolefin is

i sobutyl ene, t hauffpient tolpeddupe a dxnanyerdlyamibeanizedithemeopdasiie eomposititorer i s

par a- net hyl styrene. 31. The nethod of claim 30 wherein the halogen is

chem cal | y ,Qound, t o_t he. par a-. hyl styrene., 32. .The net.hod of claim 18
conpri si ng1 1engpﬁdn%{ﬂ%dor?go%@mwﬁge%&?}é]d%er Wﬂ%las rSIﬁﬁSne@gﬂgirg?lflnﬁ f a
filler, a rubbepo19gma@undi ng additive, and m xtures thereof. 33. The nethod
of claim 18 conprising blending a conponent selected fromthe

20.  The method of claim 19 wherein the polyamide is selected from the group

consisting of nylon 6, nylon 6,6, nylon 11, and mixtures thereof.
21.  The method of claim 19 wherein the polyamide is a polyamide 6/66 copolymer.

22. The method of claim 18 wherein the isomonoolefin is isobutylene, isobutene, 2-
methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, 4-methyl-1-pentene, or

mixtures thereof.
23.  The method of claim 18 wherein the isomonoolefin is isobutylene.

24. The method of claim 18 wherein the styrenic monomer is styrene, alpha-
methylstyrene, or an alkylstyrene where the alkyl is selected from any C, to Cs
alkyl or branched chain alkyl.

25.  The method of claim 18 wherein the styrenic monomer unit is a para-alkylstyrene.
26.  The method of claim 25 wherein the para-alkylstyrene is para-methylstyrene.

27.  The method of claim 18 wherein the multiolefin is a C4 to Cy4 dicne.



group consi sting of rubber processing oils, plasticizers, and m xtures
thereof. 34. The nethod of claim 18, wherein the dynam cally vul cani zed

t hernopl astic conposition has a storage nodulus, G, at -20 C, of not nore
than 296, a storage nodulus, G, at 0 C of not nore than 289.

35

28.  The method of claim 18 wherein the multiolefin is selected from the group
consisting of isoprene, butadiene, 2,3,-dimethyl-1,3-butadiene, myrcene, 6,6-
dimethyl-fulvene,  hexadiene, cyclopentadiene,  methylcyclopentadiene,

piperylene, divinylbenzene and mixtures thereof.

29.  The method of claim 18 wherein the terpolymer is halogenated with bromine,

chlorine, or mixtures thereof.

30.  The method of claim 18 wherein the isomonoolefin is isobutylene, the multiolefin

is isoprene, and the styrenic monomer is para-methylstyrene.

31.  The method of claim 30 wherein the halogen is chemically bound to the para-
methylstyrene.

32.  The method of claim 18 comprising blending a component selected from the

group consisting of a filler, a rubber compounding additive, and mixtures thereof.

33.  The method of claim 18 comprising blending a component selected from the

group consisting of rubber processing oils, plasticizers, and mixtures thereof.

34, The method of claim 18, wherein the dynamically vulcanized thermoplastic
composition has a storage modulus, G°, at -20° C, of not more than 296, a storage

modulus, G, at 0° C of not more than 289.



