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WD 2007/ 050071 PCT/ US2005/ 038824 - 1 THERMOPLASTIC
ELASTOVER COMPCSI TI ON AND PROCESS FOR PRODUCI NG SAME

WO-REZO50F THE | NVENTI ON 5 The present inventi oPCT/EE0&638824

to thernoplastic elastoner conpositions particularly
useful for tire and other industrial rubber
applications and to processes for producing such
conposi tions. 10 BACKGROUND Ok THE | NVENTI ON

Ther nopl astic el astoner conpositions are particularly
useful for tire and other industrial rubber
appHERHOPBAST I FoF LAKHMIRe CERPOS YPIOB FINIBPRACESIS0EEE a

I OWR@@U@QQI tity thernoplastic elastonmer conposition
that 15 is superior as a gas-barrier layer in

pneumatic tires. This thernoplastic el astoner
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phase was specified both as a function of the vol une
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sudPES R LGN geRRety %%ﬁfyé’tghi?lr%én?%%@ P lrﬁﬂbblﬁyée“e‘
or caWa0amebhHPPE: EAE). 66)In @ppol geThybéerel and EP 0 969

tergphthal ate 30d Y0 2004200 £1 FETLLER009] 03882t rix
and the dispersed rubber phase was specified both as a
function of the volume fraction ratio and, independently,
to be close to a value of one in order to produce a high
concentration of small particle size vulcanized rubber
particles dispersed in a thermoplastic phase. EP 0 969
039 Al further discloses that small particle size rubber
dispersed in a thermoplastic resin matrix was important
in order to achieve acceptable durability of the
resulting composition, particularly where such
compositions are intended to be used as innerliners in
pneumatic tires.

Compositions exhibiting low gas permeability
performance (i.e., functioning as a gas barrier) composed
of thermoplastic resin/thermoplastic resin-based blends
such as a high densityApolyethylene resin and nylon 6 or
nylon 66 (HDPE/PA6.66), a polyethylene terephthalate and
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2 aromatic nylon (PET/ MXD6), a pol yethyl ene
terephthal ate and vinyl al cohol-ethyl ene copol yner

W@ BlRTHENMOH) , where one thernopl astic resin i SPCHYS2008038824

over the other layer to formplural |ayers by
nol di ng, and processes for 5 producing the sanme, are
di scl osed, for exanple, by I. Hata, Kobunsh
(Polyners) 40 (4), 244 (1991), Further, an
appl i cation regarding the use of such a conposi tion as

the innerliner layer of a tire is disclosed in
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ti rﬁlm‘é“'a‘i@”hé%ié’”t&%&ée% thent 'tB@ H‘éédzﬁs sy face is

subj ect to appearance defects due to
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sSupgflicnidurabhl bl ¥dder is released at the end of the tire

vulcanization cycle, the tire inside surface is subject

to appearance defects due to the thermoplastic resin
sticking to or rubbing with the bladder.

Control of the viscosity difference between the
rubber and resin during mixing in order to reduce the
particle size of the dispersed rubber has been reported
by 8. Wu, Polym. Eng. Sci., 27(5), 1987. Wu reported
that the dispersed rubber particle size was reduced where
the ratio of melt viscosities of the rubber/resin is
brought close to 1, that is, no difference in
viscosities. However, it is reported in EP 0 969 039 Al
that, in attempting to fabricate a thermoplastic
elastomer composition having sufficient flexibility,

strength and elongation, as well as superior durability,
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becones the matrix and the conposition no | onger

exhibits thernoplasticity. 5 In Japanese Patent

Application Nos. 8-193545, 9- 175150, and 10-235386 it

is proposed that, in a lamnate structure in which

dynam c fatigue resistance is “required, such as tire

or a hose, when using a gas perneation preventive
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e s Leported in 5 t hat t
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JuspeIMQhkmqngHﬂayenmbberp{ﬁnqnﬁy'@fSNﬁenyl¢he0r N66~ nylon

i mpgations f Johe pQBEMéQ&JSt@RiHﬂ%%h%%lhfﬁeaﬁbé@ﬁ/id}g and
i nproved perfornmance of €f3|ra g ositions

con%?}%lYkFQP%ﬁﬁﬂIusﬁSEtFE?ef %ﬁ¥ﬁﬂ@bﬁ@Pa 36" tdomai n
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exhibitin ro ed fluid S O qui d barr
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i RVent 1 on.- Ofher " éf'er éfces
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further to bring the ratio of viscosities mMn/ng close to 1
to reduce the dispersed rubber particle size domain to
improve the durability. However, it is reported in EP 0
969 039 Al that the durability at low temperatures was
insufficient by just reducing the rubber particle size.

The limitations of the previous approaches to
achieving improved performance of the desirable
compositions comprising a small particle size rubber
domain dispersed in a thermoplastic matrix, the
composition exhibiting improved fluid (gas or liquid)
barrier properties and desirable levels of strength and
durability suitable for use in tires and hose
applications has been accomplished by use of the
processes of the present invention.

Other references of interest include: WO
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5,073,597, US 5,157,081, US 6,079, 465, US 6, 346, 571,
and US 6,538,066. 5 SUMVARY OF THE | NVENTI ON Thi s
invention relates to a thernoplastic el astoner
conmposition conprising (A) at Jeast one hal ogenated

i sobutyl ene-contai ni ng el astoner; and (B) at |east one

10 nylon resin havin nmel ting point of about 170 C
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conposition (D) caonprising a second
composition, said mixer having a characteristic residence

time, said composition comprising greater than about 60
volume % of dispersed particles of a total amount of at
least one halogenated isobutylene-containing elastomer,
said particles dispersed in a continuous thermoplastic
nylon resin matrix, said process comprising the steps of:
(1) mixing halogenated elastomer-containing composition
(A), said composition (A) comprising a first fraction of
the total amount of halogenated elastomer in said
thermoplastic elastomer composition and further
comprising a cure system for said first elastomer
fraction; and thermoplastic nylon resin (B) under
suitable dynamic vulcanization conditions of time,
temperature and shear to form composition (C); (2) mixing
composition (C) and halogenated elastomer-containing
composition (D), said composition (D) comprising a second

fraction of the total amount of halogenated elastomer in
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conprising a cure systemfor said second el astoner
fraction; under suitable dynam c vul cani zati on
conditions of tine, tenperature and shear to form
conposition (E); 5 (3) if the sumof said first and
second fractions of hal ogenatéd el astonmer is |ess
than the total amount of hal ogenated el astoner in
sai sk 1 dhetoplcadtise iel asd operer camposiition, and xfuig-her
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rder total amount of 20 hal ogenat ed
el a@@b%?nﬁl?ﬁ%eﬁldisltﬁ@?ﬁobpa%ﬂ% dieagoptgptic elastomer
CO”B@ﬁﬂ)béD@lora%dl\ﬁa&QhBrea@ﬁpﬁﬁéﬂlqj)énaﬂir@ system for said

vuI at on|t| ns_at _e t.ep.are s | Ci ent
gﬁ %t iaaszzlcuc?me glorﬁ’ S%m%e els}secc?r}?er dgr%l%fes of
t Veasanab@morso%nd@fclphé ot e dwr@egtaétléef@md sHiahr

el agt0fB Ly RSN 18 129 w;st efh arch WhefList cpabd Qyﬁ;ﬁﬁ&&ally

vul cani zation tinme peri ual to or | es

abolt L EARL EHRY aactféﬁalcgtlf’ealr%é?“d el iaReust ggl laafogenated
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a vie r t c | |
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Rl MBa13§eREIAN L&D HidER Pl %h&rﬁi@m@aaa;mplcl edbbOhter

of SIERRLEREOL, LONETLO0, i ELatoud s UIALIRE! 93 Linization
conditions at each step are sufficient to effect a cure
state in said elastomer particles of at least about 50%
of the maximum cure state for said elastomer and cure
system and wherein said dynamic vulcanization time period
is equal to or less than about the characteristic

residence time of said mixer.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a view of the microstructure according
the embodiment of Example 13, i.e., 20 microns x 20
microns AFM image, wherein the light phase: Nylon and
dark phase: BIMS.

DETAILED DESCRIPTION
Preferred applications of the present invention

relate to thermoplastic elastomer compositions for tire
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durability and inperneability to fluids such as air as
well as liquids. Preferred conpositional features are
5 directed to maxim zed content of dispersed

hal ogenated i sobutylene elastgners in the form of

vul cani zed particles dispersed in a pol yam de
thernopl astic matrix. Additionally, particularly

pr efErerdd negpectsbatrisie LilffentiPsf Perhteutarly to
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osi.t.i.gn capabl e of ber donal n
ot b g S e TR ST LRI M SR
ar evalls @ shilghfuy dext eﬁsemzermd:oelmsutmona];ufe&imm ere
they i nuantd o &naghggﬁéd pé&&ee%&e%ff e&sgewgaacwﬂagenated

pneumatic tires_and hoses using ove_ 1
conp¥tidRee ThespPBPEs rigy té1ea§f36ﬁ‘ePerH‘B?”PsZ€f%w
per];b‘ﬁiraﬁldljdsy ddR@eirsepr ef ex ghllyaamipel yhermsptdstaiss matrix.

hal t%%n%?gggxlc?gg oMY} A9, 8LasLOmRLS SN ne

parti cu erred are omn oners,
espERViliprhreRirhat éd rpm%ﬁfe&qwlfwypéﬁéu@bng sobut yl ene
20 ﬁﬁéﬂﬁﬂﬁﬁis&gbwglasﬁéﬁéﬁrédﬂ#dﬂ&%l@h°€§§§b¥é of providing

el astoners exhibitin con nt .of the cture

| TR e hafret Bl L e PR r B el b e
cormrecrmctdmalbmommbutaysoeﬂlwﬂcmep@en@nbbbeﬂd@ ¢ hrertdof.

Wi TR, O Qo 0T € 1af 1 hhenaf %mhld%eegﬁgateﬁw@ﬂ

el astonmers with one 25 another or w
pol HRRFUCing nrsegakérefhret R heRSREMBELPAGERR IRRRYS or
thecoﬁﬁwsiﬂidhsTabheereupérﬁédLﬂmaita&edlsghobfmbllbw—

CrEM Cal_, AND FNGNEERING NG, 63(5) 27 (1988, Al

nol MEIg S ar e Wwel g verage-unl ess ot GYMASG
notbdlOQﬁnémﬂdnaﬂmbutyﬂﬁeee¢nnWa;n§@@cﬁﬂaéﬁpmgﬁs and

i nchydi nanthe y r@E€§re&r6&é“Hf$mﬁﬁ%$BH|§§as rs
vari ati ons of the word, such yJJsﬁorrpr si ng:

" CORPRFSEEL LY ALOEPRTEE PHEARSE Hﬁ*fﬂo--ﬁ%?welsene
"I npdbugesran@IMycl pdefgriednde ramabudpd &hasteoigrs

reabzy xglaélgﬁg med SLEPS, £ 8l @@@%c%ﬁrerlmmﬂe%

s are essenti a but ot her steps,
el ehereEnaft amtherlion) s 2Rty bee dRd@rand P FOFppTRial

bromobutyl elastomers, or blends thereof with one or more
of the aforementioned brominated elastomers with one
another or with other polymers.

As used herein, the new numbering scheme for the
Periodic Table Groups is used as disclosed in CHEMICAL
AND ENGINEERING NEWS, 63(5), 27 (1985). All molecular
weights are weight average unless otherwise noted.

Throughout the entire specification, including the
claims, the word "comprise" and variations of the word,
such as "comprising” and "comprises," as well as "have,"
"having," "includes," "include" and "including," and
variations thereof, means that the named steps, elements
or materials to which it refers are essential, but other
steps, elements or materials may be added and still form

a construct with the scope of the claim oxr disclosure.



10

15

20

25

30

35

a construct with the scope of the claimor disclosure.
WD 2007/ 050071 PCT/ US2005/ 038824 7 Wien recited in

waele®enosdorng the invention and in a claim it PEENS2005/038824

that the invention and what is clained is considered
to what follows and potentially nore. These terns,
particularly when applied to clains, are inclusive 5

or open-ended and do not excl u]de additional, unrecited
el enents or nethods steps. I'n’‘the present context,
"consisting essentially of" 1is neant to exclude any
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or By CHSG 14T dy e " SRR adr A Cnsy (8 rEeLLee
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ag A N30 21960 eéf\:%l,ee}r[]e\ﬁt%ur Qﬂﬁ@sw&rﬂia’ afrdhenophasti gnd

conposi ti on hé rubber cure systemresuits
i n D@V EhRrABteH SHGH Sfe thRelNBRRE NGy 1TVl BY ¥aYe°T
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e R
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unlﬁ?‘%bl@hhgﬁw §§ el inghaoM EBmf)Sﬁ@ﬁ@tlé Qacﬂie%pﬁ(ill ti eingle
prop ert char |St|C Qr varil
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hoqggoﬁ%g? %hs b?? {?2‘%y§t%%eE88 YIE'Hh a cure time to

ter
achieve the necessary level of cure state in the rubber

that is substantially greater than the residence time of
the mixer used for conducting dynamic vulcanization would
be excluded.

For purposes of the present invention, unless
otherwise defined with respect to a specific property,
characteristic or variable, the term "substantially" as
applied to any criteria, such as a property,
characteristic or variable, means to meet the stated
criteria in such measure such that one skilled in the art
would understand that the benefit to be achieved, or the
condition or property value desired is met.

Polymer may be used to refer to homopolymers,
copolymers, interpolymers, terpolymers, etc. Likewise, a
copolymer may refer to a polymer comprising at least two

monomers, optionally with other monomers.



copolymer may refer to a polynmer conprising at | east
two nononers, optionally with other nononers. WO
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referred to as conprising a nononer, the nononmer is
present in the polymer in the polynerized formof the
nmonomer or in the derivative form the nononer.
However, for ease of reference the phrase 5
"conprising the (respective) nononer" or the like is
used as shorthand. Likew se, when catal yst conponents
are destrdrbedpadynenpts stafprredt tal ast abher foins aof

t h%n%r?&@on%tes mohgﬁlef‘ y\gelglretg%qﬁcr $H00d:bYo PN Skid lked

int e acti've form of the conponent is
t hePForATEG achdPTReaEt SNTHFRE RBndReFEe { Shitdde form
pol Mf@rnﬁ)norde&(lm gbiwBveef efsr taasanyfol-eFepen®otiy phrase

hav*n pﬁlﬁ%n Q%tltu%éoggtfgéfIM%n%ﬁ%?"cgEbgﬂedl'Eﬁ is used

Ml t79 efers ONer havin
bonas. ShqrﬁhqmdefeLné§W9ﬁ©cmﬂhﬁﬂﬂCat@ﬁ§SﬁuFP®B®%§@W$|3§e

anyge d&r {MNONERY c%QLBE'ib§h@%émﬂ0lmla%leo@§ms of the
pr ef er abl 0 aif $ub|e bog such fl Y th

Conf AN or TP 3t 8fter Spriled in the
el astiomertsataghusedtheeeform ref erhe tcompangnpol ynigre grorm

COMPOSL L ANAQ! AY HRL SnGANR S &Y pilokllce20ot e ASTM

Inition. errrsma be used
|nterché%i&%ﬁﬁ%}QMr?ﬁeFHet?e@?ﬁ"Q%ﬁQ%%'PQPomeﬁjh@Ylng two
r ef gfisst oo paralhi khe byee osardaan group which may be

derived fr Ikan b dro ' Qne o

hydrogeﬁ% #ﬁléﬁ o%ﬁﬁ §¥§1 H%brkgggﬁgltwo d%ﬁ?le
thymd@rOLin(d)ﬁ;ﬁfe@ﬁedne@@¢@ﬂm%ﬂt3uﬁh@CHBGFE?leEﬁQ:lS any

Ar Yhof &hEF Scénﬁaﬁsh_\ﬁ%r @csar @&Lﬁb:&! Wahdd)ab rkeerEL By rmg

structure charac% omati c conpog gs suc K

o Ot R b IpeRbBa . SWabha Gif6 CHRERAr SRR e L ke

anthsapeame etc. and typically possess alternate

doubl e 30; §§¥Eﬁéy3 ("%ﬁﬁgEHﬁéiécgg)uég&Iﬂe@elks refers to

structure. groug group defived from
an aﬂﬁnﬁ@lﬁm%rﬁibmpow a%pcpﬁ' erOJdﬁ‘@l’@r cRppéstent with

hydepgenstii r@m@d1%lé°f@hTiHhanSUCi‘he aSsrif<0magx Bapheed
or Cb to at l,east one

ﬁygggg%ﬁcg?%%% ly w % | Htegerefﬁr ber( ) .

Alkyl refers to a paraffinic hydrocarbon group which
may be derived from an alkane by dropping one or more
hydrogens from the formula, such as, for example, a
methyl group (CHs3), or an ethyl group (CH3CHz), etc.

Aryl refers to a hydrocarbon group that forms a ring
structure characteristic of aromatic compounds such as,
for example, benzene, naphthalene, phenanthrene,
anthracene, etc., and typically possess alternate double
bonding ("unsaturation") within its structure. An aryl
group is thus a group derived from an aromatic compound
by dropping one or more hydrogens from the formula such
as, for example, phenyl, or CeHs.

Substituted refers to at least one hydrogen group
being replaced by at least one substituent selected from,
for example, halogen (chlorine, bromine, fluorine, or

iodine), amino, nitro, sulfoxy (sulfonate or alkyl
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35 being replaced by at | east one substituent sel ected
from for exanple, hal ogen (chlorine, brom ne,

wo basoosael or iodine), amino, nitro, sulfoxy PCT/US2005/038824

(sul fonate or al kyl WD 2007/050071 PCT/ US2005/ 038824

- 9 sulfonate), thiol, alkylthiol, and hydroxy;

al kyl, straight or branched chain having 1 to 20
carbon atons which incl udes thhyl, et hyl , propyl,
tert-butyl, isopropyl, isobutyl, etc.; alkoxy,

strai ght or branched 5 chain alkoxy having 1 to 20
casbafoatves, @bl nallkydshiolpraekdmrimxyreahsyy,

et hox PHEOQPX}yraA&%Qf UARA Y, hapyﬁ@xjy td Szcbbléta‘%&ﬁn atoms

seconda t oxy, tertlaré but oxy, pentyl oxy,

i sopaRty Fasaifud%xgﬁw By oRGOP Bt VihEy Putyls
nori)glo@mspyandl@lmydﬂxy ,ethal;oal kyky, vdixch grears branched
str ht branch chai,n 9.4

car Sh a %%% Y%m%onfg %g agkﬁ%%§?ﬂ%%2 h%Foggﬁgu%%%
i ndowdegampbe, ex%nfri‘pﬂ@, e@ﬁpesb’onﬁrﬁmxyrbr@?@#@@wwr

fl%ﬁ&%&%thYE®bﬁ€6¥¥nﬁgéﬂomd%rycBh@é@@lrﬁéntlary butoxy,
2 br ono thé oroeth bﬁﬁs chi or

y|ls rr- B o Ylﬁx%hﬁg%’ott}ﬁtoﬁy' Rty loxy,
flmmmqh@kyb anld cdd @ lormet;hyla L odil by bnonetdty Imeans straight
d'&h“%&%ﬁ%&@%'ch§uﬂgg% t Bkring, 2- géQﬂﬁQﬁﬂﬁkﬂV%to%s which

di bronone oroeth [, 3, 3- dlchlor%p
3, Eﬁﬁtﬁﬂﬁéréﬁr%%®¢t qulWﬁLEHPBVOBﬁ?y+nCludeS' or example'
4, Lrgdidirowetabus yibx oridneatvar, o by bme #h vit di fddeareabytly| 2-

tri | Oronﬁgmyl t?ﬁ%h ﬂﬂyluoﬁg@ﬁpp¥£eth 1, %—chloropropyl
4_

tr| of oe -"trifluoro
1 13 @r@nmo@rpaﬂuo?mﬂmopr@mlz 2- shisorobutyl
t tetflafdxlé%hQQE.OPMichi@f&aei:fk@rl e&&ﬁ'@bﬁom@thﬁUbSt i tuted
styreni c uni yr, _
p- &Wwyw&ﬁaﬂr eiiﬂcw%%‘P 832 TR 202

compibseemnathlyeast, ZﬁmnfﬁuﬂnmyehaﬂedB 3-dichloropropyl,

L?ggg%%hﬁﬂ%gggg g%ging4r4ﬂg¥@hloIXEggﬁ%L¥%84{dlff%orobutyl
B Gt gmeCorh (br b1 b HOF oyt Dol GRst syl

her@&iﬁludﬁ@m@th?l”“ﬁ ¥ ad4-idfl uowbbenyl p 2 £33+ of about

75125 TP QP B T er Aty g Be A6 P o b= T 28 ¥ 3"

Hal ogersatledropubbgt - |STERﬁAIﬁ91 asaaptabber" $izka g vaed

| east, aboyt Q41 mpLefadalpgein,s4eh-bat ogereag)eatedne,

fronw%he gr oup

The present invention comprises at least one

halogenated isobutylene-containing rubber. Typically, it
is present in a composition with a thermoplastic
engineering resin (preferably nylon) as described herein,
in a volume ratio of rubber to resin of about 50/45 to
80/20; preferably about 60/40 to about 75/25; more
preferably about 65/35 to about 75/25. Halogenated
rubber is defined as a rubber having at least about 0.1
mole% halogen, such halogen selected from the group
consisting of bromine, chlorine and iodine. Preferred
halogenated rubbers useful in this invention include
halogenated isobutylene containing elastomers (also

referred to as halogenated isobutylene-based homopolymers



consi sting of bromne, chlorine and iodine. Preferred
35 hal ogenat ed rubbers useful in this invention
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(also referred to as hal ogenated isobutyl ene-based
hormopol ymers WD 2007/ 050071 PCT/ US2005/ 038824 - 10
or copol yners) These el astoners can be descri bed as
random copol ynmer of a C4 to Ct .J sononool efin derived
unit, such as isobutylene derived unit, and at |east
one other pol ynmeri zabl e unit. In one enbodlnent of
t heot nueovtlivererss t Bbehal opaiammedsi sebuby| enechizt as

COopgl YK débdiﬂ%@EYBf Lypge tukbes s@foryarehedderived unit,
butyl -type ru esp C|ah%¥ brom n teg ;er5|ons of,
t

t heSel 4t VAPTREF e | Ve eivare Par LB 50T
eucpor&mémmunhdkymmns anth oopamnmeriseot ofefha@simrention,
| sop), ﬁfﬂﬁ %t%tdh%oweﬁ xgén éa%e%i eﬁsﬁérsygtem&yl-

for the invention are own an are described .i'n
RUBBERE TEOINOL OcYP2o9cBed YWhthite®e MyPP8s, egspecially
Cha}Bﬁ&mI@aﬂ'da:l lvekQ95hs FHE: MANDERRBISE EnRWBBER (UHANDBOOK

105- 122 F Chm.ed, Vander nc.
oo A i DB Rty AEORRERLY kR and,
OTFW@'@EY\mgiEIﬂAf@S@EM@M_lGﬁE@SN@E@GWD%H ogmes of
(Jobny sViheYs &u3enRBie! R6r Hid Btkenk993) hreBWEYl known and

rubbers are t cal | repar ed e n1xture
of PEnoerS: (e I BORRER PP LAY ader oPd) PEE
C_lZMoB’O@dl edd n remMmen &omtuhem%s)ucITH@sVl‘AﬁDEBB;/LiErféJwR
wth ?éo&%a“l‘%'zef (RBoe ”@”%hn?%@on%mr Jgﬁderblltht(:o,

|soo s 1N range from?7 '99. 5 wt % by wej

of TRe-tH) - m%#ewaﬁﬁxﬁae%ge rﬁflfhéf énbdarent, 8
85 boH@EeR SEvd Yo1iorEpanodhecHEN Kl mErMNoIbeyrmBnJr%ef iTohn

conpo ent i resent the m xture from 30
nﬁ S|$andn§ élrcrgo :%E Bgﬁd from15 to 0.5
Wt%l n alﬁ@wﬂerr@ﬁ%@l AEAt typicnal,ﬂat raseRred bibbeReietg 2

fropm 8ctpe o@1ﬂ$n@ﬁ§:sthghenﬁf&%ﬁ¥e'Hé&ﬁ%beaksleast (1) a Ca
mul ti ol efin. The ispbolefinis Erefera

conpBune, 1ABALFT R tTHP EXaMBIBS ER" W tp igoputylefe
COHEQUhd$2Bu€hm&$nc§@ﬁmhylmnﬁcmesahmmem@ﬁtZ 30he isoolefin

rret ggl : g %aelgqenen O%E%Byko 59U ettﬁ,e%tl%}ﬁg SEPHLENE a1

ute viny ene
w nylpppmﬁétrhyﬁmsw%ﬁ@ Oﬁéx@?ﬁ]éOdJafh%P‘er echypo- Eop@ft eret? in

another embodiment. The multiolefin component is present
in the monomer mixture from 30 to 0.5 wt% in one
embodiment, and from 15 to 0.5 wt% in another embodiment.
In yet another embodiment, from 8 to 0.5 wt% of the
monomer mixture is multiolefin. The isoolefin is
preferably a C, to Cjz compound, non-limiting examples of
which are compounds such as isobutylene, isobutene, 2-
methyl-1l-butene, 3-methyl-l-butene, 2-methyl-2-butene, 1-
butene, 2-butene, methyl vinyl ether, indene,
vinyltrimethylsilane, hexene, and 4-methyl-l-pentene.

The multiolefin is a C4 to Cyjy multiolefin such as
isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, myrcene,
6, 6-dimethyl-fulvene, hexadiene, cyclopentadiene, and
piperylene, and other monomers such as disclosed in EP 0
279 456 and U.S. Patent Nos. 5,506,316 and 5,162,425.



The multiolefinis a C4 to Cl4 multiolefin such as
i soprene, butadiene, 2,3-dinethyl-1, 3-butadi ene,

worpeoceswy1l 35 6, 6- di net hyl - ful vene, hexadi ene, PCT/US2005/038824
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cycl opent adi ene, and pi peryl ene, and ot her nononers
such as disclosed in EP 0 279 456 and U.S. Patent

Nos. 5,506,316 and 5, 162, 425. WD 2007/ 050071

PCT/ US2005/ 038824 - 11 Clheﬁlpglynerizable NONONer s
such as styrene and dichlorostyrene are also suitable
for honopol ynmeri zation or copolynerization in butyl

r ubderer rodererbedbienrorndmensheUsht §F fupbere pidmer

useér&hldkotﬁ%rleﬁgeeké 0 iS sslleémlenQQrbMoﬁ@@&Iyrﬁbgu%tlon
to 99.5 wt % of .i sobut le

i sopF e?P@Olé’rmeF’rl&ﬁrtE)O% W o8 rolbﬁf% .ﬁr&r&r&%%w’c of
anot e rowgndiodivisert:. pBnyydar rtuimfelrls ianghenkbhoadsiof is

LR bl ALY 90.8%EndoosT{PAD 1) gget 8|5 LBoacfBtnc wicn

4, 4@45 gy 8 mtéessesrelaﬁd'csr 5erg 5 5 M&roaenét%d“bm yl

r ubbecrpﬁ@@rleﬁl_ﬂ,eed ahythbe el dgenat.i oBuoflt hebisetts/land
el POt 330 080 A0 e HRIB0TNBL) OR. SEMLAC in
car'FT e But® y any he Fon i's Rot !
her 8on ¢xatittled By St hBaham’@gl%?ﬁat iZo5P5 1gPocésdcs Me?fhods
gf mf'ﬂrmgmrl ng e, mg@@n@um@(slggmgﬂ pol yggrg7gre

| SCI 0Se (1 , ,
4, 554, 3261 %%‘?ge%éugxleé 134P6‘€6‘h§§§, By
4, 3B4] OFhath Bl D1 tBeahdt §} ersmo@cn produghedesbotierkribove.
theﬂgg%géf;&%gﬁr anS Eal:s? £nad edd Wer@neeghguemd ahe

from C using ronrne 2) or chlorine
(O 2ypvertigmne lsrnarro&geﬁaeren Hyerftd bfyoH’et pajpegration
hal pgepaéed bduHodsr vlibaslegenatisy helyseds asch as butyl

di sclosed in US 4, 288, 575, f I nate u
rubB%?yTﬁﬁ § 9y agoge E%ép%gvgééﬁﬁ'%ggéfgéggg é%%
to abdus, 5705,(M45f>|483§16 125@@ 9Gor 42§8éx8%be4r6?1@r831

about 32p, éﬂzaQPQﬁjﬁﬁl%naﬁaogh@glQﬂh9d|ﬁﬁnbne dhBodiment,
preferred hal ogen cqnt i'S t%%%Jﬁh about
I

70" o6 BASER GiPHo Mergheugrs Fénat B btBbert Trom
f0r4 exaep @Inﬁhmﬂ&w@mﬁnéo Brajt %r ahferna¢i vely, aabobe

 Spbloqfiftof Suatet bopsxamle, ool sieut, 2

arl'y pre enated
but yubbebbeam %Jeﬁﬁ Fensisgdni gh ebitkanehfing He ol Powe hy

hal ggeral eflalogenated butyl rubber typically has a Mooney
Viscosity of about 20 to about 70 (ML 1+8 at 125(C); for
example, and about 25 to about 55 in another embodiment.
The preferred halogen content is typically about 0.1 to
10 wt% based on the weight of the halogenated rubber; for
example, about 0.5 to 5 wt$%; alternatively, about 0.8 to
about 2.5 wt%; for example, about 1 to about 2 wt%. A
particularly preferred form of halogenated butyl rubber
contains a high content of the following halogenated
structure (preferably 60 to 95% as measured by NMR) ,
where X represents the halogen and, in a particularly
preferred embodiment, the halogen is bromine;

alternatively the halogen is chlorine:



10

15

20

25

30

structure (preferably 60 to 95% as neasured by NVR)
where X represents the hal ogen and, in a particularly

wee@feswed enbodi ment, the hal ogen i s brom ne; PGBUS2005/038824

alternatively the halogen is chlorine: WD 2007/ 050071
PCT/ US2005/038824 - 12 | | CH2 -(-CH2-CG i HCH2- X
A conmrerci al enbodi nent of a hal ogenated butyl rubber
useful in the present |nvent|95 i s Bromobutyl 2222 5
( ExxonMbbi | Chemical Conpany).:“Its Money Viscosity is
typically about 27 to 37 (M. 1+8 at 125(C, ASTM 1646,
nodi fied), and its broni né€CBpntent is about 1.8 to 2.2
wt%relative to the Bronnqptyl 2222. Furthernore, the

cure characteri st+gs-Off, Biorou#gi,2222 as provided by
10 the manufacturer are as fdlloms IVH about 28 to 40

dN'm M is about 7 to 18 dN m (ASTM D2084). Anot her
commerci al enbodi ment of the hal ogenated butyl rubber
useful in the pre ent ﬁﬁentlon i s Bronmohuty

( ExxonMBbFPRFe BAPF. °F 13 R&%ﬁ%§?a6'3c§§.§§ i s

15 rabbet: Aief@15miﬁﬂkzi&&saht125ﬁéht¥6ﬂTﬂdIBi¢&Pbuamﬂ 2222
't%E Qgﬁﬂbﬂflcéﬁgﬁﬁgaﬂ o g 1. 8I{§)M%é%éy(%iscos1ty is

Furthernmore, its cure c erlstlcs as “di scl osed” by
t hé YRARAE Akt BPRYL & e COasSf dMiLoG\éB MH 1% fromSIHN t164ﬁ8
danulwhed$ f a0 dtds tromd hedNont éASTIM B2O84) 1.8 to 2.2

Co rei . S but en ol re in
GoriEe BT E RE RN PRRORIEL T 29,20 © HERHURERC) Nene
" Comrer @haraFEWM@]@fP@Irymebgtyl E?n?c%/calSoWéf@Nad@ﬂ by
golahrée fnaggfgegﬁr@p ch kel ngqufSZOQ@H ablch{]mtz\ﬁf gy 4&f dll\l m,
ons, .i ncor erejn re ot her usefu
enbBuiFeAPO g aT%QQ%é?%&‘BéF géggébbeﬁkigh
halcegeratedl enbodimhtoot’ shar hbi agetetdd buttyll rubber

u ... Thes r: b X e,

B I i L

|nc@ﬁﬁ&?pypéélh%?%W#F%ﬁ/qqgﬂ@@éﬁce IH s ¥eRneshiVddicRsaty is
t hepostranibeanshedubutad atubberc( " &BB1)pisi@, and its

OB Lo BSOS 1% UYL WPt LT
i nwems eharghberistics as disclosed by the manufacturer are
as follows: MH is from 34 to 48 dN m, ML is from 11 to
21 dN m (ASTM D2084). Commercial isobutylene polymers
are described in detail by R.N. Webb, T.D. Shaffer and

A.H. Tsou, "Commercial Isobutylene Polymers,"
Encyclopedia of Polymer Science and Technology, 2002,
John Wiley & Sons, incorporated herein by reference.
Another useful embodiment of halogenated butyl
rubber is halogenated, branched or "star-branched” butyl
rubber. These rubbers are described in, for example, EP
0 678 529 B1l, U.S. 5,182,333 and 5,071,913, each
incorporated herein by reference. In one embodiment, the
star-branched butyl rubber ("SBB") is a composition
comprising butyl rubber and a polydiene or block
copolymer. For purposes of the present invention, the
method of forming the SBB is not a limitation. The
polydienes, block copolymer, or branching agents

(hereinafter "polydienes"), are typically cationically
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w@ beresmaf t er " pol ydi enes"),

nmet hod of formng the SBBis not a limtation. The
pol ydi enes, bl ock copol yner, or branching agents
are typically catpPoOnusabi/g383824
WD 2007/ 050071 PCT/ US2005/ 038824 - 13 reactive and

are present during the polynerization of the butyl or
hal ogenat ed butyl rubber, or can be blended with the
butyl rubber to formthe SBB.,JThe branchi ng agent or

pol ydi ene can be any suitable %ranchlng agent, and the

5 invention is not limted to the type of polydi ene or

br aneht hye agehtanss go-etsenimilerime 8BB. pdlymewézation of the

embadi, rept héi@gémaoﬁ pALGONPRShd i, orbLOfcak?lU'blél bl@ﬁded with

halogenated butyl rubber as_describe
copbFyRBEY fr%P?ﬁHQ%%éﬁgmaﬁae PRt 3’ S&ﬁ@n%@%&F or

10pﬁmyydeﬁeecsmlmﬁnaﬁy'@m@ﬂabhe @wanmﬁua@nagghmnganﬁ the
b I
mgﬁtl glby rgs@dlﬁﬂ%edp%yg PLEDE. %ﬂog&i@»degax ghe,

fene-buta
etﬁyaéﬁblpgo@g¢@%enﬁﬂiéﬁemﬁ&%béhe(%ﬁﬁma
ethy'en@npéﬁ@yéﬁﬁﬁﬁiﬂéﬂQeftﬁEPBQB is a composition of butyl

st yr ene- but adj s rene. and st rene-i Spprene-styrene
15 Bl 3&°€8B%%?ﬁgpé JPgiggﬁénes ca%c%émirekgﬁi Bésgd
on cophéymetrabf norewerdicost ent & npaw@/bal%bplfwﬂnogenated

9r%@ﬁ§ﬁl%ﬁé”se£@é&éﬁq@rdﬁ %ﬁénakbgﬁlabnéﬂgﬂﬁhgoo3 Eerene,
about wt% or about 0.4 wt % Pref erabl Te

br Qﬁ’&ﬁ@&téfile%?arp%]rWé&“ebuW]rypﬁQ)eW}t%]@r' ae&l”
herebbeirs balogesdtethdileneonebeabpdktieritgne-tchepylene

hal ’
Corpr ot iRt F o e hePPar Soshat ot o et
an@tyaep@rydteﬁée@@ %ﬂXﬁﬁ@ecéBél§ﬁ%¥en%ﬂ¥%ﬂﬁfene styrene

halb%%ﬁtatc@go@ 5/mefl§|t plegyéﬁ%g@g epah | ]8%5@{&2&250 %)‘ilsgcfson
et al in
86 804" RS 149333 Bni-bs 635 odh SFRESL than

préS@thlmvemteonatsweﬁM lalowiuted - 3bVOt¢hpuﬁﬂ3uNi’ofor

for@ogg ththe HSBB. 5 ﬁﬁ9>polyd|ene/block copolyner or
br anch i ng agents (herelnafter 'pol ydi enes"),

typlcalPﬁeéSF?BﬁYc%W¢yb§QQﬁﬁ?ﬁv8r Hta€KP¥ﬁQ§qﬁq§ Ryl
durﬁdbgaetrhasaal MGEéiIZaid ofrlekenhecbut yin asne halegenahed

L T

br armdmmge&génbubyl pbmwren@lééﬁrbbahﬁg'e%’ﬁchkﬂre not, and
a polydiene or block copolymer, either halogenated or
not. The halogenation process is described in detail in
Us 4,074,035, US 5,071,913, US 5,286,804, US 5,182,333
and US 6,228,978. The present invention is not limited
by the method of forming the HSBB. The polydiene/block
copolymer, or branching agents (hereinafter
"polydienes"), are typically cationically reactive and
are present during the polymerization of the butyl or
halogenated butyl rubber, or can be blended with the
butyl or halogenated butyl rubber to form the HSBB. The
branching agent or polydiene can be any suitable
branching agent, and the invention is not limited by the
type of polydiene used to make the HSBB.

In one embodiment, the HSBB is typically a

composition comprising halogenated butyl rubber as



branchi ng agent, and the invention is not |imted by
the 35 type of pol ydiene used to nake the HSBB. In one

werodswent, the HSBB is typically a conposi t PONUS2005/038824
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conpri sing hal ogenated butyl rubber as WO 2007/ 050071
PCT/ US2005/ 038824 - 14 descri bed above and a

copol ynmer of a polydiene and a partially hydrogenated
pol ydi ene sel ected fromthe group consisting of

styrene, pol ybutadi ene, polyisoprene, polypiperylene,
nat ural rubber, styrene-butadi ene rubber, 5

et hyd enaproppbeacand enecopiherer sfyeepel pikat: emal a
E)to?/gg/a & ang %%&%Sasnét?@&”ﬁ il reea@be&& £000 SHEB S oup

I enes ca ent ased on the total nonomer

comt@rigtingt of ﬁwr%w YPYretedieRan BBHYS PR 0%
a|t Iyﬁﬂ@éﬁyleaEQUha@uﬁhl(kﬁbbﬁf% sﬁ&réﬂ@ﬂ%ufhdhdﬁb Zubber,

t _of th
pr. e%%?’\‘fleﬁwevgggfxi%% eflg ‘%]’o%brg‘fb ernggl?%%xon ©
Chesii wedne @@ndpamyyenhawcmgr@mnféynv §é@§¥t<yomwnﬁ®

at Q—@ﬁf&lé%%EMcaQ]-QQG rOfcAPOW- 24 ba Be avEaB ISUHIIE

conte of .about wt % urther

o ekasth oo B8 ot Ei ZabEn oty t D' ALy SR8 vy
thearm&mﬁaﬂMMﬁM§rabane as3 fol3 ow, WH BQOﬁtoﬁwQ4t¢623@

m, . M is from6 to 16 dNm (ASTM D2084). Preferred
|sooFeT|n/para al kyl styrene copol yners 20 _usef ul
herei n iharrercaadoreoporsierast domr PSPAYL alTa 1%
Cr bﬁé@%ﬁﬁlﬂhvéﬂﬂibnaislBﬁbﬂ&&ﬁﬁ¥&562&@d(HxxonMobll Chemical
hal onet hyl st yrene. The hal onget hyl st
ortﬁ@mpa?%ﬁQahaWﬁngpﬁrgoaPR¥lv% b yUtgg g? r%ﬁefg?ﬁ: ASTH
onenlembpdymeﬂ&nnine halBﬁEtmwdSiynem&nescanpeQS of about
haI ne c ng.af §E§E 9
pre g¥ Vﬁéastgg%ghgk e ht CﬁgéagggEss%ﬁer
TheBrhlacial@utsglr cﬁﬂ@%aﬁSbélaﬁyoﬁ%g d@ér?hedé@rlrléawurerr are as

chl @ph DEys OF »lmqrg Feoml D@ €8PS Ydeim, My, aks@rbrckute 16
functlonallzed Q %rpolyners wherein at |east sone of
t he §0mal “'tuent groups present on the styrene

- nmononer Prm&éﬁradnn&modeﬁéniy&r@—¢kﬂxkyﬂyn§meaﬁgpﬁévmers

funeti 9pf'he£€fﬁﬂiﬂ¥¥ﬁa” Qggdgﬁré£5glﬁﬁaf§NcoEB%§§lng a Cq4 to
|nterpo yners are
C, isoolefin, such as isobutylene, and a

halomethylstyrene. The halomethylstyrene may be an
ortho-, meta—, or para-alkyl-substituted styrene. In one
embodiment, the halomethylstyrene is a p-
halomethylstyrene containing at least 80%, more
preferably at least 90% by weight of the para-isomer.
The "halo" group can be any halogen, desirably chlorine
or bromine. The copolymer may also include
functionalized interpolymers wherein at least some of the
alkyl substituent groups present on the styrene monomer
units contain benzylic halogen or another functional
group described further below. These interpolymers are
herein referred to as "isoolefin copolymers comprising a
halomethylstyrene" or simply "isoolefin copolymer."
Preferred isocolefin copolymers can include monomers
selected from the group consisting of isobutylene or
isobutene, 2-methyl-l-butene, 3-methyl-l-butene, 2-
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herein referred to as "isool efin copol yners conpri sing
a hal onethyl styrene" or sinply "isool efin copolyner."

w@200Pnsdoer red i sool efin copol yners can i ncl udeP@mns2v8s/638824

sel ected fromthe group consisting of isobutylene or

i sobut ene, 2-nethyl-I|-butene, 3-nethyl-I-butene, 2 WO
2007/ 050071 PCT/ US2005/ 038824 - 15 nethyl - 2-but ene,
1-butene; 2-butene, methyl vinpyl _ether, indene,

vinyl trinmethylsilane, hexene, “and 4- nethyl-l- pent ene.
Preferred isool efin copolymers may al so further

comatinye obuitenef i hkuiansfeabljene CAneghydiainyl ether,

W|£ﬂdd8rﬁef Ih R}llayiuebm@&ymarael@e hBYtAE] eN®s 4-methyl-1-
I, met

5 Sty Faf e Sinren CoS il ane mawidte, fankne
pi pemdmEse, nastiolébinswromdesablgha @s tdi €] osdd iodefin
EP 279456 andyUshe, 506: 3L and 2U§ d?mé@%yfzﬁ 3 putadiene,

Desirabl e styfenic nmonomers in the isoole
copBILATEE i Re PudEm R et L vedeny hekgriere,
chlgrdsipenendi enapt &ioX tsitparenenei, ndedeodnstk indemers such

deréﬁ %H 835N, ﬁ?%él?%é Lo bBe eobe, ﬂé*f d e

i SO0 n-copol y arac ér z'ed
i ntrifd ;ﬁﬁérs Q@ﬁ%ﬁ@W%gS’ftYﬁf@mé’l mémpmgrmnon@re uisioegefin

15 dapuigmey SRacede aONGd)e reehyTBEy 688 N ch]-lor%stlylrgne,

wC-
et eary S %%éagﬁ&sn??;?lﬁ%%eg%n =N er
alkymtnpﬁén@nabtyeiQOfo Cr alkyl and primary or
Seconda@%e%%%XEd ng&ﬁQﬁQ?%ﬂ@%@g%ek§ Raf URCtdPNAl terized

group such hal ogen Desira | ogens are
chl%ﬁ|%ﬂ¥erﬁP&NWﬁéso?oQﬁﬁﬁﬂ%ﬂ%|t8ﬁsf°%ﬁ%V%Rﬂ YWY APy S
br oramam1Rr eberabl y1 hanthRbakeeceachaitydr ogen. The

- CRR1H gnd - CRR1X groups canj,be substituted on the
styrene fing &n either the ortho,gneta or para 25
positions, preferably the para pogition. Up to 60 nol e
% of the pgg'bsfl?ﬁ¥ed styrene pireseht™ T n the
|nterpolynep//

=
_ ) )
R—C—H R—C——X
R R,

wherein R and R! are independently hydrogen, lower alkyl,
preferably C; to C; alkyl and primary or secondary alkyl
halides and X is a functional group such as halogen..
Desirable halogens are chlorine, bromine or combinations
thereof, preferably bromine. Preferably R and R! are each
hydrogen. The -CRR;H and -CRRiX groups can be substituted
on the styrene ring in either the ortho, meta, or para
positions, preferably the para position. Up to 60 mole %
of the p-substituted styrene present in the interpolymer
structure may be the functionalized structure (2) above
in one embodiment, and in another embodiment from 0.1 to
5 mol%. In yet another embodiment, the amount of

functionalized structure (2) is from 0.4 to 1 mol%. The
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structure may be the functionalized structure (2)
above in one enbodi nent, and in another enbodi nent

wo e@wmofnolito 5 nol% In yet another enbodi meneCT/UR®05/038824

amount of 30 functionalized structure (2) is fromO0.4

to 1 nmol % The WO 2007/ 050071 PCT/ US2005/ 038824 - 16

functional group X may be hal ogen or sone ot her

functional group which may be_incorporated by

nucl eophilic substitution of %@n’zyl ic hal ogen with

ot her groups such as carboxylic acids; carboxy salts;

carhaxyidn&steraup arin@des bandal ogelesyr yheoxyther

al koxi de; enoxj de: . thiqlate;.thi r, nt hat e;

cylgfhllé g?o%ggn%%&é%p Z'Jr%lr% hgkdgﬁi %(r%%%?tetgrde)g . These

f unerionahi ee surioiedtien AL koporliferaloges Wikt AbRET

of JRLERAr 3héWNas MRIMREs 10t atunst | @nald:-aatdaQit sandaeboey

ar e mor e particul arA y. 10 di_sgl 8§e}g jnalq(s 3ql82, 445, de;

Pafti-EHF ar PRI ofiiSieR B8PDY Sers SF 0Bty PERSS

andhpoiret by shivarear eanfibsteeony i ifiarg dvegmter. Bnipo

20 oml £1 % Rz OBUYL Sty enenwher ehictiblD 6 dRlse¥on8blefin

t he met hyl substifuent groups ?resent,on t he benz¥% 15
a

ri FGPEOHIEF A at b UG Ofl BFPRRT A, Frefersh

br aninge i ahabi £ bsononetdulestyeeneye mwrivieldlaad yaci d

or . £, _functional ersions thereof wherein the
haldégzétrl}gsg{jpgnﬁhﬂég %’elee’?]ﬁgllél\sépil aced by mal ei ¢ anhydri de

or by afpytieularlymidrderly(oifc SHEP dCPRMEMGiTaldt y.
Thesepurt,eepel yners-wirnetiyeenedardatpganai®daining from

[ y(i I - £0- p- t.hyl st ) "b ' o
o1 2800PyFEnS. b7 Bie RO PEEY P aag e Tty dro o0 Hetes
commertbieahkyhal astiadt Eusrdegrohps Pa@EeIEXXPROTM benzyl
|E|t %%%gﬁtggﬁxgnﬁﬁ%inf&m&QBr@@%, gloustam1 X

I s ‘understood that the use of the terns

S .
" hRTGYE RSt 88°Mof PBF AR S S CAFENRLL 3% n“feijéd %% e °F
metdn@ offuhakogeaai ted wirdibescapekyotryhdmdinrehel palogen

descriptive, of the e j :
oty raferder: Uoad TR BY piletl SRR SRS &y porytic
unias neihdcriiéip- Aol dniutniisneddfe - deFhee thigpolypers

These flglbonahh ggenPody MRS, (Bsebat abbye-hayeoa

subst antial |y hopo en‘e]gus CO _eosi E' onal gitst ibeu_t ioo_n_

sud??thtyljra?ttyﬁtenfegas L9595 ghP g?’(fﬁ% LEJOYJ; F a8 a

p- methylstyrene)", and are commercially available under the
name EXXPRO™ Elastomers (ExxonMobil Chemical Company,
Houston TX). It is understood that the use of the terms
"halogenated" or "brominated" are not limited to the
method of halogenation of the copolymer, but merely
descriptive of the copolymer which comprises the
isobutylene derived units, the p-methylstyrene derived
units, and the p-halomethylstyrene derived units.

These functionalized polymers preferably have a
substantially homogeneous compositional distribution such
that at least 95% by weight of the polymer has a p-
alkylstyrene content within 10% of the average p-
alkylstyrene content of the polymer as measured by gel
permeation chromatography (as shown in US 5,162,445).
More preferred polymers are also characterized by a

narrow molecular weight distribution (Mw/Mn) of less than
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al kyl styrene content within 10% of the average p-
al kyl styrene content of the polyner as neasured by gel

w@200peseoent i on chr omat ogr aphy (as shown in US PCT/US2005/038824

5,162,445). More preferred polyners are al so
characterized by a narrow nol ecul ar wei ght
distribution (Mv M) of |ess than WO 2007/ 050071

PCT/ US2005/ 038824 - 17 5,_n€ re preferably less than
2.5, a preferred viscosity average nol ecul ar wei ght

in the range of about 200,000 to about 2,000,000 and
a éveﬂer%eﬁr¢iﬁﬁﬁﬁiyad@ﬁag§hﬁnléc@Aa?‘anﬁegﬁﬁdlﬁlﬁﬁ@Slty

r aager%e azb@wcx&%ro%%ﬂgﬁ;cabﬁuiew? 5 fo&s adodet oo nesl to
cnr omat ogr a referred

nAPOGEFaE ol bl S0t PF EUEL Lol FuThA e gy LecuLaT

polgirghs ametir amm@t ed pbbyhe?s, W div appenér d6Dy000 as

;oagﬂépm££§§?6§xﬁgl %e%m%gtﬁgﬁu&hé%ﬁﬁﬁ?d?%gheronDnEthyl

anount of
br omm?ﬁ9fe@¥%ﬁ?%0§eﬁﬁasﬁ BODY { LS ABHULL epe5 Copys
aﬁé@ﬁ?@ﬁt@ﬁ&ﬁ@)grpdﬂ@%,erm afrer be?tnigmm@/ @amgzm@egt ﬁhi]cl;]
5 rom,ne as op the
geﬁfra?§¥h%piﬁ)lqngéomwgge é}gferébﬁbo 5 % 8 ?o
ab@mpmomeEBYlmﬁxpuﬁﬂaro#mn@etaﬁdot#Qﬁwﬁwﬁ§KhﬁBmébI9h¢ree

of ahbnd+18f h@f&gﬁ&t@{ylh@r@ggg B9 dhwudal ywren baekbones
chain. In one (gbodlnent of the jnvention, _the

i niEPpol HHRFET LS RGPSy HBY 1 oP T RS 1T CF FRINBRESI 8P in
deribved Onﬂbstogabqnﬁ:ﬁyBsmyﬂe%eoﬂebI@thQMNHHSedndn the

P- %@lgﬂ%tﬁ¥|§ﬂyrﬁg¥§nmgerh%§g HEéféraﬂ{yaéﬂdﬁtt%el to about
p- hal orret hyl st yren uni'ts are present in th

i ntleRBoligher ® R e difourtnd. 2reosapdtAnt ey %regsed BhrY
th&a&@b@hD@kYﬂ&iogdﬂ1j&n&haeboegb@ﬂlmﬁﬁﬁbond|aha1n In one

p- hal onet hy| st yr ne.is brono th ne.
ooREgaeeber? s oS s R aR AR s  rern st 230
to coa;b@umesooiwbsnéy Gni tsenepdlgfanotaer vedrbuditento-
Ehe o6l ?@gtwéﬂé pd@ﬂw&ﬁr&ntlm% ahfl ﬁdha(icﬁﬁaﬂrgns@;yr@ﬁe

i sool efin and a p- aIkyIst rene_ and the nol % o
p- SSEHVEEy HBRES i HEHSIrates Prke et RopdivAsee paits are
desarisbad by the opaipowtiezequencabouwh 1.4 st ebphut 1

EQ%%ioog ggécgﬁb@§Ek§%ﬂ% p%ﬂ&me§ SOI§r§Hé¥§é¥we%%gd9%ent

opo yner sequence distribufion paraneter
the p-halomethylstyrene is p- bromomethylstyrene The

Mooney Viscosity (148, 125°C, ASTM D1646) is about 30 to
about 60 Mooney units.

In another embodiment, the relationship between the
triad fraction of an isoolefin and a p-alkylstyrene and
the mol% of p-alkylstyrene incorporated into the
copolymer is described by the copolymer sequence
distribution equation described below and is
characterized by the copolymer sequence distribution

parameter, m.

F=1-{mA/ (1 + mA)}
where: m is the copolymer sequence
distribution parameter,
A is the molar ratio of p-alkylstyrene to

isoolefin in the copolymer and,



F=1- {mA/ (1 +m) ) where: mis the copol yner
sequence 35 distribution paraneter, Ais the nolar

WO 200705071 p- al Kyl styrene to isoolefin in the POPUS200E038824
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and, WD 2007/ 050071 PCT/ US2005/038824 - 18 F is the
p- al kyl styrene-isool efin-p- al kyl styrene tri ad
fraction in the copolyner. The best fit of this
equation yields the value of. mgfar 5 copol ynmeri zation
of the isoolefin and p-al kyl styrene in a particular
diluent. In certain enbodinments, mis from |ess than
38; alternativel yF iFobit gx@ st asenesf seetativary,
fr omuyass irkae 32iaandrattiierman vekycopobpmet £ss than
30. In other enbodinments, mis from1-38; 10
alternatively, from1-36; alternativel from 1-35;
andfh%lhe@rtnétlltvelfytflit@m?qu%ﬂoncofaélly‘ﬁegée hawl ¥y &fu@h for

chagged ﬂéﬂﬂé%%l@heo@|§Eé(ﬁﬁﬂ$ﬂéflwfhggo 05§§§ﬁsﬁyﬁédg31n a
2004058 In not nbodltnent 5#? g |sool ef i ng%r

15 ARyt %ﬁl 888 P Y s CARPRATEY P ¢ 6B rom

I ongess:rtalam Bﬁanehtagnat:meltme fpormpdses dbhanhds:
'nvﬁgiﬁ{btﬁfelgzo ¥HBh EQQ% ﬂk§ar§%@5t %ﬂh' ahkazrﬁ&@ﬁr@lfy, from

nching 1 s defined

| on aln
g?lss'g e @y, L8 OHE?%r‘?ﬁ‘%“t@Gtﬁe ﬁ‘r it €1¥°Th]ar§80r
equmtéﬁﬁl%&y,Z@raMt erRat ialedernagrieatlgy fhan Df35; and

equairg an Q ﬁ'o%nean%'v‘%%@t %%%eaawég ggd@qua'

rnati vel an or e
0. gg@aracdietrétrsﬁa{qsmrry dg?@a@%&d tiFaCor 0840aP820 TDHIW
altgﬂj@@dgglgejy greater than or equal to 0.998, 25
alternatj vel r eat er t han or._.eq as
det er ni n&Yy adi}/)trh% o8 8&”8%??’% h§ i_gogiafag?gﬁi‘a—
chr ehky bgirame (CSEC)Lyasrdés csutirmniidledwy Sueh pbl yomer s
arecphap shaehosed | BVO-R00408AZD and HE:2004050855, o

I n anot nment, the rel ationshi p bet ween t he
30 PPIEERY (A Gif GHPRRAREHRYBY i fFS5n@Ta lABAL FORERI n
andptiechimd % ofdgRihkidok ef ba ar);&ﬂlrym@rxatfed Rt oht §1Byi avg. 1S

hal ggenated. rbher GRRRLYMBL.A % Se8fhbed BYshHe

cop TP sequence
alternatlvely, greater than or equal to 0.980,

alternatively, greater than or equal to 0.985,

alternatively, greater than or equal to 0.990,
alternatively, greater than or equal to 0.995,
alternatively, greater than or equal to 0.998,

alternatively, greater than or equal to 0.999, as
determined by triple detection size exclusion
chromatography (SEC) as described below. Such polymers
are also disclosed in WO 2004058825 and WO 2004058835.
In another embodiment, the relationship between the
triad fraction of an isoolefin and a multiolefin and the
mol% of multiolefin incorporated into the halogenated
rubber copolymer 1s described by the copolymer sequence
distribution equation below and is characterized by the

copolymer sequence distribution parameter, m.

F=mAa / (1L + mA)?

where: m is the copolymer sequence distribution
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di stribution WD 2007/ 050071 PCT/ US2005/ 038824 19
paranmeter, Ais the nolar ratio of nultiolefin to

i soolefin in the copolynmer and, F is the

i soolefin-nultiolefin-nultiolefin 5 triad fraction in
t he copol yner. Measurenent of triad fraction of an
isoolefin and a multiolefin and the nol % of

mul paodneftiar,i ncorporated into the copolyner is

descri bed belyow, {Pg 19??53: ffgth,f g 149 egEat i+Qn
yields the value o or copolynerization of the

i sob¥FLef dnd  miPEi SPTé‘PJrW“‘?Ih h diluent. In certain
enbodi nent s, mniisstheons@s Bat wr-ntdlanolebin-multiolefin

al terna [ ealc)élo%\ om g%ga of 2.0; alternatively,
from~greater than 2 ernatlvely, from greater

than 3.0; 15 and alternatively, fromgreater than 3.5.
I'n M@$§ﬁreﬁﬂﬂ%ﬂﬁfnﬁﬂﬁ§d rast{d:0mMl ak0ik6olebn and a

|t t I f
D uETBlateh ani The udha, T it e thn ot ¥ dep te oo
Hal ‘oige nadredl ymelsbéss dehatlbmmltdweseTbhabaét efistolcshis
ar €q oéﬁ &?%}iél@sV@h@%@é@S@é %@%@pM@gﬁQQﬂm

I n an nbodi nent, t he_ ha] ogenat e er
subglfl%nﬁ%ﬂlfe;flfnr gadorlil bhglehtt nhERs hPRGECRDr TR
pur Qéﬁﬁislmfemﬂ’ucﬁMemtentmoﬂs Brgolgmertetrhabansl. 5;

subs;ggti Iye]{g eqerg;n bgggtg,ﬁaeﬂwfza%chgﬁeek aéfééwed from

VI S. av et ermned
to béeagerleaiﬂearn t2h§rf| éﬂ-téauatl‘ffblso mm greaffat Pt 30/

greéhﬁral$§ﬁﬂhﬂmﬁeg@vakrbﬁ %réﬁ%brfﬁﬂaﬁrBaEIVEEM other
greater tha to ternativel
gr eSFRY4 Jtrﬁ%f% Hbc}%a reg Lol 9]Lt)(j rr?gﬂt;cl ve ¥ively’ from

greateb tdah. Zﬂ, edialrntbife D95, fleﬂn aiu tler fat ﬂvéby and
greQ&@érﬁ%E%&éﬂ equals 5809t99820 ah&ﬁk@@hb%@Byrubbers that

greater t or ‘equal’ to 0.999, as determ ned %(
tri bP@ed@%ﬁl%ﬁr@EéeéésFéFPo%e Gpglosed in WO 2004058825

and WO 2004058835.

In another embodiment, the halogenated rubber is
substantially free of long chain branching. For the
purposes of this invention, a polymer that is
substantially free of long chain branching is defined to
be a polymer for which g'yis.avg. 15 determined to be
greater than or equal to 0.978, alternatively, greater
than or equal to 0.980, alternatively, greater than or
equal to 0.985, alternatively, greater than or equal to
0.990, alternatively, greater than or equal to 0.995,
alternatively, greater than or equal to 0.998,
alternatively, greater than or equal to 0.999, as
determined by triple detection SEC as follows. The
presence or absence of long chain branching in the
polymers is determined using triple detection SEC.

Triple detection SEC is performed on a Waters (Milford,

Massachusetts) 150C chromatograph operated at 40°C

equipped a Precision Detectors (Bellingham,
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(MIlford, Massachusetts) 150C chronat ograph oper ated
at 40C equi pped a Precision Detectors (Bellingham WO
2007/ 050071 PCT/ US2005/038824 - 20 WMassachusetts)
PD2040 |ight scattering detgc%grL a Viscotek

(Houst on, Texas) Model 150R vi'sconetry detector and a
Waters differential refractive index detector

(i nteegrahusiethst heDAGHT)L1gTHe s¢etberbrg delecaiormedt ed

| N B RRJES (WhhbBebhe +é>9£t sk el bbE Qﬁés&ﬁ@arw@evagctor

first t he V|sconetr etector second. a

di 1976} niiRE 51 6FFBRTEVE Aindes “aGELtt oJrn‘i“FFf r%etector
Tet riatydirefiuvaphi shesesbClas tthe dbhentoté)ékaﬂddnmecﬁed in

W t&ﬂ SSeRNl%EL EH%eg %ﬁ%yﬁ?&{ telrgpl%r éte@é&@ér qia; flrst

(Shropshire, Uni cron 10 m xe
GPC o IVirmesme T ﬁﬁ%@@mrﬁeq%ldcap%%?e@lf%%%@ 16

Eagféwatt%xz%t yheee aé@éw@ﬁd&h(ﬂ?@l ymétr&ﬁ@@fc&ﬁﬁdrﬁ&s used
t IS a ft r

g&)# \Fglvét PP S%Oree PG ymer
prd@ﬁbundﬂqﬂmsscs%ego $N§Oﬁ&h1r@nawystsd Kimedem)15.0 micron
pol yi sohut flepscl souasds t 0 Bt ablskishnthe 16l atianshida

between the intrinsic viscosity k@ g | inear determ ned
by 3%feinsl Qéoﬁ@efryma%wo&mer%& RE2KEF e L0P B Siei ght
( My, abdleitermiiered Ly . § he matghtlsscaaiquenceugwﬂ’em it TFEC,

The ofé%énl %@%@b@tgg ngﬁg #iég eak aRdyv My %f c's Igor

expr esse equat I on.
| i neee PﬂquWPaﬂLéﬂfét gpeego aiRla f@rreaaatlaﬁhéd fliﬂd}ﬁatqwe

doubb 8, Lt iagaknthiCupb @t t Ofe JHRADIIIRSI Eh¥i 5§p§ticynshlp
against MV a is the slope, K the |nterce
Si grR PRIt tifeVRAELBRECT YERROT e rla) a:tnpaanéﬁ}f%rmlned by the

est-abldshed f Aletlhe ok nead ’tﬂtélmtd:afedﬁllah:ndbﬁzgh’e tine

pre ence of n hai n ancl o neral Ly | es
A %W%ﬁ %}’%Fé%?éﬂ%. ¢an %ﬁ%‘ew%ﬁ%n bi o?nﬂF
I [ ngalatmﬁhmﬁéitpeeomm] Nudaprand ngmsfemsde{m@y the

ch nchi aling factor g° also indicates
desﬁ%fgdﬁglJfg%fiug%ééﬁernined linear relationship.

[n] linear = KMwa

Parameters K and o are obtained from the double-

logarithmic plot of intrinsic viscosity against My, o is
the slope, K the intercept. Significant deviations from
the relationship established for the linear standards
indicate the presence of long chain branching.
Generally, samples which exhibit more significant
deviation from the linear relationship contain more
significant long chain branching. The scaling factor g'
also indicates deviations from the determined linear

relationship.

['r]]sample = g' [N]iinear
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35 [11 Jsanple = 9" [71 ]linear WD 2007/050071
PCT/ US2005/ 038824 - 21 The value of g is defined to

wheoo7es®7t han or equal to one and greater thaPCDUS2005/038824

equal to zero. Wien g' is equal or nearly equal to

one, the polynmer is considered to be I|inear. Wen ¢

is significantly less than one, the 5 sanple is |ong
chain branched. See e.g. E F._Casassa and G C. Berry
in "Conprehensive Pol ymner SC|%%ce " Vol. 2, (71-120)

G Alen and J.C. Bevington, Ed., Perganon Press, New
Yorrke ¥888e 4 47 iip eledenedt tonbéSE@;sa ani ®r equal to
caladl ahgda ol sadh, data agugf 00 2418, ChipEal gor 8pNEGuat

curve VI scosity aver or g'vis. av%
ca|0@unaﬁéé|y DS LA I‘Péleenit?liaep%l’%%ljasr RBiSg rered to be
di stinkbut i oMhed he' isCaligRgriasholy gledss @@ ohs, the

Cagcuéﬁgegsf OT%H:%H%Y E% chf%girégglé a' %&th¥ g%%sa

VIS
pr@ﬁérﬁe@ h%¢bgbnaté&kémagh@nétge0P0¥Xmﬂﬁaﬁ§lﬁﬁ§EuHeVol-
halxogenat egloj sebut yilenema- BEENYBSH Mitar, sz@pr eR8rgamon

copol ymer__as described in_WD 01/216 .
|S$Eﬁ?§keﬂﬁwc%ﬁﬁ¥ﬂlﬂ % ‘el &8t biePs® Léé%?? g%%, ag' is
t herioplased cfet astdnelateosposet o Hrishaisefndnagegirkphdc
pefé{ﬁ%%' ONaPEEYS tﬁﬁév@f%eaa dgscyibed hereid, By beq
t he same or ferent

as hal ogen contai ni’hg el ast oners
pr @SERES] ﬁh%t%?ureamlse%lflafh@eam ity ion-  The

manishachyr edetForgexampl eid fedlhelbkutds pen meead idrerage

| ay.e trlHFlgrﬁ§§n£Sls adire |hﬂ$££ayer then the ot her
Iay rs-of ™t ite;” particurarty those in contact

with the innerlayer may also contain the same

i sobutyl ene- cont g el ast rs. Likew se, the
halogengféﬁiﬁb 2@3?@1éﬁe%§%ﬁp§|nlng el ast oner usef ul

in the air perneation prevention |layer and the
elQ&%@&Eer§$£Héd|Hbfbgédd%ehaﬁﬁést@ﬂ@ﬁ§l&ﬁJhﬂ&%&s include

r carcass e _sa r eren
j?t %P?t?ﬁ bsn'a%é?@r‘?rbed'peW%gBVgﬁﬁi’re?%els%ﬁe&&enat ed
|sahmmﬂWmae eendlas o ek lias tionéi /ptesamt. in 35 the air
per meat ixga ESHS@§1&{E1<§§ﬁ%ralﬁnggt Qﬁaﬁaﬁémsedprlﬁsgﬂe

in the tie [ayer dhesi ve | ayer,  and/ or carcass are
{ hehEFROPARESE Bt as 1M GIoRBP SekboRT MaTR L uk gy TApad

permeation prevention layer as described herein may be
the same or different as halogen containing elastomers
present in other layers of the article being
manufactured. For example if the fluid permeation layer
is present as a tire innerlayer, then the other layers of
the tire, particularly those in contact with the
innerlayer may also contain the same isobutylene-
containing elastomers. Likewise, the halogenated
isobutylene containing elastomer useful in the air
permeation prevention layer and the elastomer useful in a
tie layer, adhesive layer, and/or carcass may be the same
or different elastomer. In a preferred embodiment, the
halogenated isobutylene containing elastomer present in
the air permeation prevention layer and the elastomer
present in the tie layer, adhesive layer, and/cr carcass

are the same elastomer. In another embodiment, they are
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WO 2007/ 050071 PCT/ US2005/038824 - 22 different. By
same is neant that the el astoners have conmononer and

whadoegsm’content within 2 weight % of each ot PEF/S2005/038824

respectively. By different is neant that the

el astoners conprise different hal ogens or conononers
or 5 that the el astoners have conononer or hal ogen
contents that are not within wei ght % of each

ot her. For exanple a BIM co% Iymar having 3 weight %
para-nmet hyl styrene (PM5) and 5 weight % bromne is
codsifflerent . diBY ereamnt ifr vaeat BINVE ddpolalmsitonavs niggve

“ebgggndgg¥mﬁﬁé)H§¥$g§n“@bghéngﬁ$ﬁﬁHﬂﬂ“2 wbﬁgﬁtpﬁeéﬁrééﬁh

I ment _glastoner present in the air
pePHBSET oFS PR ERetGlon | AYef 1 LT e brichittaléd TRBhof Yrer
of ellaebuhyteneomgnd spada firet byt ha;lq,qee‘me candotrheomers or

hakgg%ngﬁsd i sabytyl £eRg,608 ﬂww@r g EnPESSENt s
| e

ayer, heS|ve ay er I carcass
i sthhe §éﬁen@’¢ val‘fdufnf ér é’ﬁﬁ-gb?— ofi %t%"’d:h cﬂfﬁ?@lryrreFOBf

I sgauhﬁheng ands &afpanweayhasmg emeﬂejqult asn@hlﬁal’—methyl
|rrent l}%% sstoe rgsgn(t) in th Al o,
perS 5E76n (P \/e%ﬂ on "Fag8 2B O nat (51 E8B5ES mer
of diifsebany| Enen and IpeEr aonet‘tszrslnwm ldndetippt ¥ PMS

hal,agesaledq120 i%ﬂmeenezﬁoataf@f@ﬂr@d ASiRBhent, the
present in ? he tie adhesi ve | aye and/ o

care&a§§om§rap5%%ﬁ%&tne hebam PP BT CTUGERI I BVRD 1aver
Conposi bronsnaestradyed vinerebn akslout ey izsel @ara-methyl

th st ] [ r'

ny PEPePRoEhE, Pl AMPIMURRELRD EEShE: 1 AR a8 0na
t helpséssar PRveMMt om the témgilaBeri n@dfree%ﬂivr? (ares:
caldned oancaengs nesy ivne §aﬁ%r69pha§if£éféﬁﬁlbromlaated

"t h | t H H " t h t

CLGECTRES! LE LESANn Bl Spg HRELTRELAS Lfrurene. 3o

t hmpleasembopbheymter ‘theogdkpiremeor e @ et lidyeesfr
éﬂe%e@ttxgi'ingrévm%ryia%r@%eatB@&nﬁ@@cé@%o@)@‘iymer of

ferab % an air perneation coefficient of |ess than
60 heopyty2epe Rt drRr SECtOMHG traen 8Py |, thfhdialogenated
pr efseialhy eneacort dimichpeilatstofieabpusdrd i@ ttheahdut

C §?0I %gggén QHta.%Uo Iggkggséoisqp%nQ&uggEgd
butyl rubber

Useful DVA compositions described herein also
comprise a thermoplastic or engineering resin ( such as
nylon) in addition to the elastomer.

For purposes of the present invention, an
engineering resin (also called an "engineering
thermoplastic resin, " a "thermoplastic resin," or a
"thermoplastic engineering resin") is defined to be any
thermoplastic polymer, copolymer or mixture thereof
having a Young's modulus of more than 500 MPa and,

preferably, an air permeation coefficient of less than

60 x 10°* cc cm/cm? sec cm Hg (at 30 °C), and, preferably,
a melting point of about 170 °C to about 230 °C,
including, but not limited to, one or more of the

following:
a) polyamide resins: nylon 6 (N6), nylon 66 (N66),
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a) polyam de resins: nylon 6 (N6), nylon 66 (N66), WO
2007/ 050071 PCT/ US2005/038824 - 23 nylon 46 (N46),

wogioen05@011 (N 1), nylon 12 (N12), nylon 610 (NBQDYS2005/038824

nylon 612 (N612), nylon 6/66 copolynmer (N6/66), nylon
6/ 66/ 610 (N6/66/610), nylon MXD6 (MXD6), nylon 6T
(N6T), nylon 6/6T copolyner, 5 nylon 66/ PP copol yner,
nyl on 66/ PPS copol ynmer; b) polyester resins:

pol ybut yl ene terephthal ate “(PBT), polyethyl ene
terepht hal ate (PET), polyethylene isophthalate (PEl),
PET/ PEl ngbpol yérery46)poinyacnylat eNTPAR)hyIpel bbut(yiene

napht hahg&‘ﬁe(é’ﬁw N613) ), F}hgnc i’§tﬂll6f§3)|)/% 1%% 6/66

pol yoxa diim aci d g Jogra
t er epht ﬁSP@iL-‘ém%JépGF@/rﬁaGr rafdloBt hé {Ng/66/610), nylon
pol yest BKS5 CYXIPO) ,yrﬁ_\tlrdnl &Tr eS6NE, Wig&awwm@b{obuyﬁer,

(PAN) , r trlle cry |Ie rene
5 ooy Rl sE b A ey T 60 p 8RS e A
copol yners, mlh@@?%ﬂi offistipisf: epgiyb@tmlm a?dar@@éthalate
copol ym&zisgm d) @Pyéﬁ!'f%ﬁl'@x‘ér ¥E§E§h£§§l£t3e palyet hyl

th th I
T Hb S r Dae LB ENb LS, (D) B R bponmer,
acet at ep@EyAb;xyp@teyvdHAH ;apodhbltyl&A\)naptitillate (PBN),

al chohoh/ I p I | |
chl ori de ?EM ?Pﬁs y\%&rt};yl%St Eib%jlyo%ﬁ d;llé}bél deRTae

pol yvi nylllﬁséﬁywhx)w%?éecéséﬁyhﬂélflal@%e FSIRALYRPE aBfle
chl ori detrekhagsydede m@@ls}jtafes f) cellul ose resins:
cel lul osg acet Ley | ose_.acetate t yr.at,

fluori ne?r espng polflilvel r{:y St aenep? %ﬁﬁ] tﬁ\%&) q}?AN
pol yvi npblingbhidey Y eRrileQ ggryéﬁmbtmlwweqeml ene

E E?; EE) COEBQWQH uemet %t%@%&?ibﬁi@f‘fl&%ﬁé‘ﬁ%r

i) pol ygerppaﬁ@%zs )mepfa{%éf PaiErile sswf%g %?&%33%&@
copolymers;
d) polymethacrylate resins: polymethyl
methacrylate, polyethylacrylate;
e) polyvinyl resins (for illustration, not
limitation: vinyl acetate (EVA), polyvinyl alcohol
(PVA), vinyl alchohol/ethylene copolymer (EVOA),
polyvinylidene chloride (PVDC), polyvinyl chloride
(PVC), polyvinyl/polyvinylidene copolymer,
polyvinylidene chloride/methacrylate copolymer;
£) cellulose resins: cellulose acetate, cellulose
acetate butyrate;
g) fluorine resins: polyvinylidene fluoride
(PVDF), polyvinyl fluoride (PVF),
polychlorofluoroethylene (PCTFE),
tetrafluoroethylene/ethylene copolymer (ETFE);

h) polyimide resins: aromatic polyimides);
i) polysulfones;

3) polyacetals;

k) polyactones;

1)

polyphenylene oxide and polyphenylene sulfide;
m) styrene-maleic anhydride;
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1) pol yphenyl ene oxi de and pol yphenyl ene sul fide; m
styrene-nmal ei ¢ anhydri de; WO 2007/ 050071

wEONASPO05/ 038824 - 24 n) aronmati c pol yket oPEEPS2NH038824

o) mxtures of any and all of a) through n) inclusive
as well as mxtures of any of the illustrative or
exenplified engineering resins 5 within each of a)

t hrough n) inclusive. For pyrggsgs of the present
invention, this definition of engineering resin

excl udes polyners of olefins, such as pol yethyl ene
and pol $pr opyr@wrticPreflykecdnedyi #@ri ng resins

I nclt _udelopo: Yﬁmtq_?res]-%fr @ayn_ananglw} a@éé %)e%lhtrﬁagﬁofﬁé/ |
parti cul ar referre resins, inclu 0 on
5766 CopOFYNRITS N G L4155 T REHEAD. E iyt S616hNy1 on
612 andifthestritierdsr cAenpildfhgdtengmestiagnatsyes

preferrﬁ@tﬁfﬁ)o | rente af) %ggouaﬁeﬁﬁr‘_{nc@ﬂl\é@ ion, the

t her nopl astic el astoner conposition may be |
f or nul afed RSTRRFESE tHeth8pPESERRL r BT 1B Sheft
whelegibheidy|l o0 dregintecafgoReBini Sx€NMYd $ed ymBykoar 11

or l.on 12 nd nyl gn _6/66 copol yner-.in a ratio of
cor?gégilflls()ns‘f%t?so Oa‘yve\:gihg(fite?eo?nab%%]typf@lp@f&etng "about
90/ 10; preferadd \eraiower3nn70esbnaborrl BB Polysnifea
§|O ﬂelg,@ggo ahasﬁi&@ﬂ&st&@&ﬁoeg ng&ﬁi&@{hﬁﬁﬁ %d:el(f@rred
ended resins can provide._a r astic el astone
CorpeLre SRR g B er N Caurabh oap i, RYLSH™Ls,
appgdoante, Bybon @f0,tMNylocubed suvdfarelofbolantisre
'n%%%Bkﬁﬁﬁga§om§A|ﬁfﬁéf% RELLO reféfré@téﬁﬂd ent of the

properties, as well as denonstrating a good 25 bal ance

of HIseSELpLopertidy. s ithsarPylasgthere raadrs or

el ash@IRLsi6AMmPE WS &b rmun atedabupahd on Middhdh@stic resin
hal ogenat e iﬁg@gt%iene- contai.ni ng el ast.oner. ﬁggsgg

optiORal St ubbef conﬁ%ﬁl&Pn el udes ?ﬁ%ﬁ?%ﬂ%gngor ers

anditlesi A lhpdrayken Hi.geng0ngilenebéont eanolvmstyeis arratio

el a3 QRS s2L 8oRl ponti€f &y edibAt) ast i@ omeBoEBsutL

rubber. It is typically & _rubhe conpri Si typically

at 90400 BEeRBFEbhE GPRTOF0/ 16150 BhEre fbomer Juch

t ypireahlop lakth easlasthmer GdmpbketY%oh Obasdbbuin X0@nded

mlr%%)inrgo'rc npfféx?:[(?eblay t%terlm%%ﬁtas%?guélg&%re c%‘hposition
having superior durability and appearance, e.g., of the
cured surface of a tire innerliner as well as superior
air retention properties, as well as demonstrating a good
balance of these properties.

Optionally, other rubbers or elastomers can be used
in combination with the halogenated isobutylene-
containing elastomer. Such an optional rubber component
includes high diene rubbers and their hydrates. High
diene content rubbers or elastomers are also referred to
as high diene monomer rubber. It is typically a rubber
comprising typically at least 50 mole % of a Cq4 - Cp
diene monomer, typically at least about 60 mole % to
about 100 mole%; more preferably at least about 70 mole 3%
to about 100 mole %; more preferably at least about 80

mole % to about 100 mole %. Useful high diene monomer

rubbers include homopolymers and copolymers of olefins or
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35 to about 100 nole nore preferably at | east about 80
nmole % to about 100 nole % Useful high di ene nononer

w0 aibes®7i ncl ude honopol yners and copol yners oPCDUST0051638824

or WD 2007/050071 PCT/US2005/038824 - 25 isoolefins
and nultiolefins, or honopol yners of nultiolefins.

These are well known and are described in RUBBER
TECHNOLOGY, 179-374 (Maurice Mrton ed., Chapnan &

Hal | 1995), and THE VANDERBT L%° RUBBER HANDBOOK 22-80 5
(Robert F. Omed., RT. Vanderbilt Co., Inc. 1990).
Cepnebel éyinotdred nmtcilalr_nalfmsxbbﬁ shansgfallymetr st be

present vent i i_nclu r u rs
(hﬁﬁfg Ol%é#ene 5 eraf?FgeIgb%§ ate?’%g%uﬁg%c£ﬂag?lﬂ
ruBB@BERsTQGQﬂﬂioqﬁUtéd@eﬁé4réMﬁkﬁlC $BRton ed., Chapman &

poly byt @9'9@;’1; a[ﬂtbﬁ@{E Iz{ﬁﬁb%ﬂc@m rmIthmgaglmD@bogl $2BR
OW CI S , N ri r er

hngBIa%ﬁBt%d %)BIQ %ydﬁoﬁeni %e’%%?%t St % IF%%%

(f eenexalpy g, otgtdry logrié oprdpyhieper 5 uldreis l@lhbbuﬂI@Eﬁnt

bOt.LHvFEP%Qng%glPMe, Rl %szaﬁgig mgaledrub%wyl 8¢,

propyl ene rubbers , but ru
i SBBAPYEBACT @R ar t'| @pmﬁ fﬂ %%%ﬁ& .r, styrene
comwtméﬁe aakyydd c(IBRhbepsl {HOM didronamdicer dBREr

al,oge ontalnln ru , I iene
B e L e R T
pokyébhyléﬁ@% ((hyﬂrogﬂmaéﬁﬁnﬁﬁ%d hoisegaatede SBReVpLefin
ZOr%Io@trg aebd- é@@acIIgJ_eed e%ﬁ&@éh@%ﬁ&b@ﬂr#&@db@&@s

il b I l,
b ABT RaOBETE EAHarhy FEUTT | BARLT oy aoa . £18
metehylypkesybyopylensidubbens (MbBRrE) ,butyl rubber (IIR),
suly flé'bu%9ﬂ%ﬁénéﬂ@ 4 ecrl% (7&95,1 gfaarpér?e Reloyeyl fide

r ubb uoro for” 25 exanpl e, V|nyI|dene
fl @@Ppéémﬁﬁﬁbe?@ryJFI%dﬁqbﬁéréoM\%th NP AIRA

etm@uogéﬁedoﬁﬂgtﬁiﬁg ﬁuﬂb@aglmﬁbﬁeéhympn@ mptoptene

r ubb I e- ontal SSi e
flﬁg%%ﬁgs égggrnh e Bhosp agen ?% ers%ig%)%gi%ga et
el astlymthylefiop é&%bffr)pl ehlorypahedcept e Hingnes (CM),

el asheRr $c130nmohefidy %rﬁ%&@ﬁﬁ&éd §§1§étk%}l%ﬁie@TE(MSCM
ur et hane el astoners

U CLAE ol o Ot o) T PaYa S, £l 2ol QTP Sy 30

nonaide rsybbemnsthyhcd Lidegpe! yubbpreneaneipol Adharadivéng 1

rqu i’cone rubbers), sulfur-containing rubbers (for
example, polysulfide rubbers), fluoro rubbers ' (for
example, vinylidene fluoride rubbers, fluorine-containing
vinyl ether-based rubbers, tetrafluoroethylene-propylene
rubbers, fluorine-containing silicone rubbers,
fluorine-containing phosphagen rubbers), thermoplastic
elastomers (for example, styrene-containing elastomers,
olefin elastomers, ester elastomers, urethane elastomers,
or polyamide elastomers), and their mixtures.

Preferred examples of high diene monomer rubbers
include polyisoprene, polybutadiene rubber,
styrene-butadiene rubber, natural rubber, chloroprene
rubber, acrylonitrile-butadiene rubber and the like,
which may be used alone or in combination and mixtures.

Since the thermoplastic engineering resin and the
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styrene- but adi ene rubber, natural rubber, chloroprene
35 rubber, acrylonitrile-butadi ene rubber and the

wo pdog/os00mhi ch may be used al one or i n conbi nat POIUS2005/038824

m xtures. Since the thernoplastic engineering resin
and the WD 2007/ 050071 PCT/ US2005/ 038824 - 26

hal ogenat ed i sobut yl ene-cont ai ni ng rubber differ
significantly in solubility, further optiona

conpati bilizing ingredient nay be useful for the
purposes of enhancing conpatibility of these
pohydegsnatek h S rudvpaniebicPP et sing ciuihe redhfifeni cal | y

Un?@bﬂ%@l@ﬁntmtfﬂ |Rr1e@ni ugal ed gienebasedhiagh
satura

| bb NBR
o orEr PR bR Y BRI SRBRT. TRyS Jf"reuf%%o?fér 588, purposes
r ublfeeshandimy xtampes ithénegf of Coapatadliviiezer.s &neh
t h%&ﬁ&ﬂeﬁm&fé %ckmd@ogkﬁﬁ@glcmﬁ%ﬁ%wrg%ar

red u0|ng t he, surface tensjion between ber and
r eSithréoRpoHRHI%Ee tad ﬁé@n@oﬁﬁaﬁibm%érastu aﬁaoadéopolymer
copabyperES (BURK) assddxgdethavhagutde sivheotsur(@nNeh , BBRH

or hydzifl uc{xﬁ‘k?e !‘er @S}la%bﬁe%séz@d %@cﬁd&%@%h@%‘ X?‘”

hav an epoxy
15 C@@P%hwlﬁ?%% a%lt@@éﬁhﬁr éepfuraqéﬁﬂrfél @ryoaﬁdlfylnq, in
mb@&ﬂ:@@ulgfOtlébluc@f@z,o'tlh%esgﬁ:@b!@e M@w HHadRn €he.
capagke of rgggilﬁg) J % Qe% astkg r33|nro
r uBBEP Spof et SS 1SR r?&i? e saFact ea"“i?aasé-&’ péR the
t ypecdfideheope hgramplsasthi esr ébpae pokyimer tdred sitabbgpnre of

po%%ggrogofﬁg %@éﬂk%qguﬂﬁ&klgggiglr&Qﬂphﬁﬁﬁ&%bber polymer
t

st PreRePEFHGT@TR- %%t%xl%ﬁ’é’/lé’f“?ifeh%"bn%ﬁ@ ety RepPuPs
(SEESbongmdgrbﬁpIﬁﬂaﬂdgeac@doﬂpdlémfmbfgﬁdﬁp ERBMbated

YR BRErePine fig Mo RYRRBHY L L Sull Hee CUIBLKTE of
acu@a@éeagymth tk@dxhar@opéaghéﬂoms%memﬁmb@gru golymer.

r eﬁ‘h'éaseaﬁlg t Bei Sedodddy Qﬁlseﬁhﬁpoﬂn@l@é‘ttﬁfe td¥e the
atlblalzer bl ended i.s not E rticul arl I|n1te

but BSEES TSHiTANYTFE FBOUTP PBsE t°1
pamt:scebly bﬂtgmeftbhsc&d:qjmnrioeypamslsb)an@@@t ef gt hea
pol e %9@999?@$e Bd%f%éﬁﬁysggkgﬁe LG o e&hﬁsﬁgs

t herrmopl asti ¢ engi neerin ol yner an r
polapse i tswWoe ke i ef & share %l@ﬁlefaéqﬂyn%l?wa%ﬁ%@/styrener or

el astoMyeksylonitrile graft copolymer and their maleic acid-
modified forms; styrene/maleic acid copolymer; reactive
phenoxy thermoplastic resin; and their mixtures. The
amount of the compatibilizer blended is not particularly
limited, but, when used, typilcally is about 0.5 to about
10 parts by weight, based upon 100 parts by weight of the
polymer component, in other words, the total of the
thermoplastic engineering resin polymer and rubber
polymer.

With reference to the polymers and/or elastomers
referred to herein, the terms "cured," "vulcanized," or
"crosslinked" refer to the chemical reaction comprising
forming bonds as, for example, during chain extension, or
crosslinks between polymer chains comprising the polymer

or elastomer to the extent that the elastomer undergoing
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referred to herein, the terns "cured," "wvul cani zed, "
or "crosslinked" refer to the chem cal reaction

we@eempos®rng 35 form ng bonds as, for exanple, PUI/USZP05/038824

chain extension, or crosslinks between pol yner chains
conprising the polyner or elastonmer to the extent
that the el astoner undergoi ng WO 2007/ 050071

PCT/ US2005/ 038824 27 such_a, process can provide the
necessary functional propertTes resulting fromthe
curing reaction when the tire is put to use. For
puspohes pfotdms prees pmbvidavene i mrcessssyl duectional

g%g&k@ﬂegfréwﬂlw IFRGm" @H&t é@mg‘i r'e%cﬁ’:@bnr gL Bk
e elastoner-containin OSI%
coﬁéirﬁeﬁédpu’%u‘i%dlse "vEPEaR %@ ct?ﬁsarieﬁﬁéa "
Foinexaopbe, éMHoxmﬂ@p@sasleflbneo@r&unHNCWrnm@nte@uti@ns

on 5y FETRFELNELR kA REE LIEE oM Pl AATAS Y Bnppe fion
théotbﬁeCQOS€¢e¥ﬂﬁ(ﬂ@Wrﬁdv" "V@bﬁ?mﬁﬁﬁﬁ" ﬁ&g"@gopﬁélnked "

ne@‘%&Sakagiéﬂugr pﬁﬁ@@lsfegcatl @Hetpéﬁés?exﬂyrﬂn%n@mdn, a
af%er manuf acturin sat |sfact

SEgmeRtbartie B APerEher e Ry R SRRt PploFEeE on
sathsfacEeenty;nvanﬁuhncnenshﬁfacl@m&kﬂzﬂnneﬂ Wpeoukle, tire
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Cr ossl or “vulc zation i s acconplishe
i n@@rfé@paﬁnt@hyo@r ciHdstgnagents anbedr EEkeEndrz&CopPs;

t he. ro@werakkdmXénrenoft isuchangpat subei i dey piveal by
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dumamsbﬂumksf 25 vul cani zed rubber conpounds are
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and types crosslinks formed durin
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metal O0X%,deSrsystem.” It is known that the physical
properties, performance characteristics, and durability of
vulcanized rubber compounds are directly related to the
number (crosslink density) and types of crosslinks formed
during the vulcanization reaction. (See, e.g., Helt et
al., The Post Vulcanization Stabilization for NR, RUBBER
WORLD 18-23 (1991). Curing agents include those components
described above that facilitate or influence the cure of
elastomers, and generally include metals, metal oxides,
accelerators, sulfur, peroxides, and other agents common in
the art, and as described above. Crosslinking or curing
agents include at least one of, e.g., sulfur, zinc oxide,
and fatty acids and mixtures thereof. Peroxide-
containing cure systems may also be used. Generally,

polymer compositions may be crosslinked by adding curative
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accel erators, sulfur, peroxides, and other agents
common in the art, and as descri bed above.
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m xtures thereof. Peroxide- containing cure systens

may al so be used. Generally, polyner conpositions nay

be crosslinked by adding curatjve WO 2007/050071

PCT/ US2005/ 038824 - 28 agents, for exanple sul fur,

metal oxides (i.e., zinc oxide, ZnO, organonetallic
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conposition Is , hotwthstanding 25 the fact that
t hecwn}@tseftemgeéwéﬁe tHe TEEEEPEF 0n? kAR HPT FRETEs $BE
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addition is altered
vulcanized or cured composition is that, notwithstanding
the fact that the rubber is cured the composition can be
processed and reprocessed by conventional thermoplastic
processing techniques such as extrusion, injection
molding, compression molding, etc. Scrap and or flashing
can also be salvaged and reprocessed. In a typical
dynamic vulcanization process, curative addition is altered
so as to substantially simultaneously mix and vulcanize, or
crosslink, at least one of the vulcanizable components in a
composition comprising at least one vulcanizable rubber,
elastomer or polymer and at least one polymer or resin not
vulcanizable using the vulcanizing agent(s) for the at
least one vulcanizable component. (See, e.g., US 6,079,465

and the references cited therein.) However, in the present
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at | east one vul cani zabl e rubber, elastoner or

pol yner and at | east one polynmer or resin not 35

vul cani zabl e using the vul cani zi ng agent(s) for the at
| east one vul cani zabl e conpon%g (See, e.g., US
6,079,465 and the references “Cited therein. ) However,
in the present WO 2007/050071 PCT/ US2005/038824 - 29
| nviamtdrgriony heheyearg ov vhid aanzatiion process is further

furthiers; DALl gdsca3,depeibhedibel our kB Qrdalvd Ghe
achieve the particular advantgges resul ti n%(i_lf rom suc

rmomlffeﬁﬁlaﬁ aﬁ*ﬁ%ﬂwqweﬁals% o UEHr &
can functieorfolbowing heregpreesanh ctmwaa:rﬂvie(snchnQ;axCamnctlon

Ngq %O%regegg’ d‘ﬁﬁe%t105620§n?al’@ad\ll %?OThﬁfgqh, &%3, FeO,

oxides ca conj unction Wi

cor Fefponditdiifet aﬂhgﬁ%av%ﬁaé esipeaxcan ey useghgn

Ste@é@ﬁdhdﬁﬂohswﬂfhzﬁhe @%mr@@poﬁwﬂthﬁbtansﬂb&fbte complex
Ste rc a

th d
al k ?p%‘r’oﬁih&e g%ﬁﬁ%{%dfgl(:ée % &aﬂo r?uulng’t'll Z?111‘3)Des°|r yith
andst@uricngcChar acd eritdteircs @ﬁlNBR dMmpesnflopr Swal s,
RUBBER, MBI 48523 dukP3) -(sde Lh& Clﬁd%ﬁ'uygtilgﬁ%és%)gn and

there ‘are often added accel erators f
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t he
conliﬂ%%%?% Of MipE fhRmtieRecarnd e RS rpactive elastomer
par t cubed., tﬂmetpéeﬁ@m DéAapsecess piddantesn2bnt hn

staged, addi tion of u a .
n‘%%e%(? s) SP\/\ﬁéFJél n eéer%ﬁgﬁér W? E{%Q%gsdyﬁgrﬁ%a G5 ety
vuI that zdte amepeadied ¢h WEre cuast sYsiemp@re aAgpted to the

Fur LRI ADNEroddssl S0 ARLESIRY Yohhatidld f thBeihtdPefon can
added in a sta be cured before the rubbergsg in, the

nexPesfabe %%&aaéau 13 cHhS peesent DVA proc utilizes

the staged addition of the vulcanizable rubber component (s)
wherein the rubber(s) to be dynamically vulcanized are
added in at least two portions. Furthermore, it is
necessary that all of the rubber added in a stage be cured
before the rubber(s) in the next stage are added, such time
period being characterized or measured by the mixer
residence time. Typically the first, or if there are more
than two stages of rubber addition, then in a preceding
stage, rubber(s) are cured to a level of about 50% of the
maximum cure which the particular rubber(s) and cure system
are capable of reaching at the temperature of cure if
measured independently of the dynamic vulcanization process

in a time period that is less than about the mixer
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precedi ng stage, rubber(s) are cured to a |evel of
about 50% of the maximum cure which the particul ar
rubber(s) and cure system 35 are capabl e of reaching
at the tenperature of cure if ; measured independently
of the dynam c vul cani zation process in a tine period
that is I ess than about the m xer WO 2007/050071
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Anestcaim Sgopetryiénrandiest r:mgsahmk\/me@rsaabfstoswtmiari@e the
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e teste or
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di sBegiy rsoifeteripest Standand pedM R4détail in
Arremmﬁa@reeyy tios akestliengtaddconyrieid abs, bSt asdardd for
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cure pref er ynam ca ani ze t

fi rsdemrlmeebem r«ﬂgtgﬁégeﬂ rRAsyeirqas) S@Géééif’t gorthesting and
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t he degree cure of such rubbgbd%sf) El 15 (Ig
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greater 90 % a % t o ,about
abotibe 859599 Absyreosfoguch mrhsdes) 853<V03F6e%15%%tf1§§f‘ the
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equ| }:/gzlii?enzg %TPanat?a outt gg E?SI (:“ur]r.CG‘BSt i%rr%o about 95 %; about
70 % to about 95 %; about 75 % to greater than about

90 %; about 80 % to about 98 %; about 85 % to about 95 %;
and about 85 % to about 99 % in a time period less than
or substantially equivalent to about the residence time
of the mixer used for dynamic vulcanization. Subsequent
additions of rubber(s) to the dynamically vulcanizable
mixture are similarly cured before further additions of
rubber(s), if any. Consequently, at the conclusion of
the dynamic vulcanization process, the vulcanizable
rubbers added to the composition are sufficiently cured
to achieve the desired properties of the thermoplastic
composition of which they are a part, e.g., a fluid (air

or liquid) retention barrier such as a innerliner for a
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of the m xer used for dynam c vul cani zati on.
Subsequent 30 additions of rubber(s) to the
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before further additions of rubber(s), if any.
Consequently, at the conclusion of the dynamc

vul cani zati on process, the vul cani zable rubbers added
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achi eve the desired properties of the thernoplastic
conposition of which they are a part, e.g., a fluid
(aitdreor Foyubwpasetse i | shebmresert suvterdgoa, such state

I:%g%%r LLREr cdorpd MR 2004 Q8094 1 BG4 ida003A %%ﬁ%ﬂy -

t|re For purposes of the present inven such
st &%&°%f cure can be referred to as "substantially
fully curetll! Bd apddedietadpteset atled tdiatantir@ble rubbers

Vulwﬁgﬂl gabLe Ly eI | '5096?%@ ﬂaqﬁ%w 835k 5090

e maxi num s cure o
caﬁal@peoﬁa@éacl@nth%e aéiSPr eappblenpased my a‘“ﬁ?@ Sure system,
teEﬁ&babﬂaeteﬁ@@&éﬁuﬂéﬁﬂddﬂ tipecsinf e wfe Gitbec0bs sUEH of

rubber s d 50% Xi n1cure I f the e
C Beehorthhee UERE Sl ol kTR G et " RS
cum@detstatele@sﬁuabouﬂxﬁﬂ@@oﬁddﬁélxnrnn@rﬁnﬂgeuﬁresnot

powr%heteogt di sper %%Jtu Bher cpathd oF efstionoalies g8
into er size particles gart|cularly dur i

m ﬁoﬁjl By eF of | ShPe TR A PSP ennBREF Talfi % ¢ %&9&3 §§ mto
|t Mnrgehes1despafﬂﬂdﬂdsq eure ithéar Lpbdsripay tihel maxuog

éigégokge %?e so d%%ﬁ%gb?%exr$§ﬁ€%%£@1 hlkhﬁay be

rub er is caE
medsgiedbleo Oe&mlfehe BprobesuRgE 5L pbRful s, Le5ts tthen the

r Ubrté&&m@&”'@@ﬁﬁét of Scte dSwihtiahl ehe | eveded Cﬂs tda@able so

e conposition is to be
g??% thﬁe?@?ﬁg? gﬁ”ﬁosg 8ﬁgﬁt £%@(fﬁrgéﬁﬁeﬁyly,
|t Yrayobe degulableoidﬂcnnnkbbrthems@%ﬁmi igf atcar sudtable
thelévléqb%%s);hgsgx%i&é he GamRasthl obodbda lgsss thane

or ual to about 95% of .t he nmaxi prum degree of cure
clf-Bheydab er e afabi e ings HésEPF%e%P%HRﬂﬁ? ‘For
[nﬂqﬁﬁﬁﬁﬁu@htdypaﬂtCmayﬂhﬁmﬁesa&bbmelﬁot&ﬁnmmfseﬂﬁEstEEe of

f hl
0 caunreen t%?rl ngbéle(s% n &seo{ q[nmt feoéo %é:]%ldn aCo 'b% "¥ss

i nper meabl ayer conven curative
systhan whi @huﬁé b@p@‘m@ 0?5Wl9lfc§hﬁzmwgl@ﬁﬁ Festa of cure

of which they are capable, as described above.

For purposes of dynamic vulcanization in the presence
of an engineering resin to form, for example, a highly
impermeable layer or film, any conventional curative
system which 1s capable of vulcanizing saturated or
unsaturated halogenated polymers may be used to vulcanize
at least the elastomeric halogenated copolymer of a C; to
Cq; isomonoolefin and a para-alkylstyrene, except that
peroxide curatives are specifically excluded from the
practice of this invention when there is present one or
more thermoplastic engineering resins such that peroxide
would cause such resins themselves to crosslink. In that
circumstance, if the engineering resin would itself
vulcanize or crosslink, it would result in an excessively

cured, non-thermoplastic composition. Suitable curative
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nmedS@céd 2By PﬁelF%mCd‘”er?é}?ltr'n@axbm%‘h%t%ﬁ%ucﬁg Cdllé\?u gader
It dh% &bﬁ@elﬁ&ﬁ&ﬁéadﬁcyndﬂ:@d)]sU&E the pﬁ@mlﬁef@l’:teofchbmext

cure s stem 0_a such es
T Lo N
kncwmtth@ mhésegsﬂwicw i tisi 9lapt nagels ey Wﬂdhéﬁt the

desqideed tiBndgkaihe aNOMEL s B18m, tBYadisLe® 1@ a suitable

result. The methods by which this can be achieved are
generally known to those skilled in this art and are
further described in detail above, e.g., by use of the
method set forth in ASTM D2084.

Curative accelerators include amines, guanidines,
thioureas, thiazoles, thiurams, sulfenamides,
sulfenimides, thiocarbamates, xanthates, and the like.
Acceleration of the cure process may be accomplished by
adding to the composition an amount of the accelerant. The
mechanism for accelerated vulcanization of rubber involves
complex interactions between the curative, accelerator,
activators and polymers. Ideally all of the available
curative is consumed in the formation of effective

crosslinks which join individual polymer chains to one
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is commonly referred to as "accelerating" the rubber
composition. Alternatively, the rubber composition can be
accelerated in a stage of a mixing extruder prior to
carrying out dynamic vulcanization. It is particularly
preferred that the cure system be dispersed in the rubber
phase, or in a rubber composition also optionally including
one or more fillers, extenders and other common ingredients
for the intended end-use application, prior to the addition
of the rubber to the thermoplastic resin(s) in the mixing
equipment in which it is intended to carry out dynamic
vulcanization.

In one embodiment of the invention, at least one

curing agent is typically present at about 0.1 to about
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particularly preferred that the cure system be

di spersed in the rubber 30 phase, or in a rubber
conposition also optionally including one or nore
fillers, extenders and other_ oNn i ngredients for
the i ntended end-use application, prior to the
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t hefedFaimiich S&@@ﬁpg%sh %l%ed:hétor@pyrevev Bf amoiher
halogen donor and an alkylphenol resin and mixtures
thereof. Such agents can be used at a level of about
1 phr to about 20 phr. Alternatively, other useful
curing agents, cure modifiers and useful levels include
zinc oxide and/or zinc stearate (about 0.05 phr to about
5 phr), stearic acid (about 0.1 phr to about 5 phr),
magnesium oxide (about 0.5 phr to about 4 phr), lyserge
(10 to 20 phr or so), p-quinonedioxime, p-
dibenzoylquinonedioxime, tetrachloro-p-benzoquinone,
poly-p-dinitrosobenzene (about 0.5 phr to about 10 phr),
methylenedianiline (about 0.05 phr to about 10 phr), and
mixtures thereof. Further, if desired or necessary, one
or more of a vulcanization accelerator may be added in
combination with the vulcanization agent, including for

example, an aldehyde-ammonia, guanidine, thiazole,
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phr to about 5 phr), stearic acid (about 0.1 phr to
about 5 phr), nagnesium oxi de (about 0.5 phr to about
4 phr), lyserge 30 (10 to 20 phr or so),
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invention comprise the rubber compconent(s) as a
dispersed, substantially fully cured, phase of small
particle size in a continuous matrix of thermoplastic.
Without wishing to be bound by theory, it is
believed that the fine rubber dispersions thus obtained
in the compositions of the present invention are the
result, in part, of the chemical reaction between, e.g.,
benzylic bromine present in BIMS, or allylic halogen in
halogenated butyl, and terminal amines in polyamides at
. the phase boundary between the dispersed rubber particles
and the thermoplastic formed during mixing. The presence
of such interfacial reactions during blending and
simultaneous reaction of two immiscible polymers avoids
coalescence of the small particle size dispersed rubber

phase, thereby leading to particularly fine dispersions
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di spersed, substantially fully cured, phase of snal
25 particle size in a continuous matrix of
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it is believed that the fine rubber dispersions thus

obtained in the conpositions of the present invention
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SUQ&%&% %EBXlggﬁel@BﬁgléﬁgSantoprene® Advanced Elastomer
Systems), as a consequence of causing a higher
concentration, lower viscosity EPDM component to be the
dispersed phase by vulcanizing the EPDM during mixing of
the polypropylene and EPDM in a mixer. Even in the
absence of reactive compatibilization, vulcanization
leads to the most significant increase in viscosity; in
other words, the viscosity of a vulcanized component is
effectively infinite and the thermoplastic phase can
become the continuous phase. By imposing what amounts to
phase inversion, the maximum rubber content of EPDM
rubber in such systems can be increased to greater than
70 volume percent of rubbers.

Furthermore, while again not wishing to be bound by

theory, it is believed that according to packing theory,
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commerci alized, (such as Santoprene(r), Advanced
El astoner Systens), as a consequence of causing a

wWhe@nes0026 concentration, |ower viscosity EPDMCT/US2005/038824

conponent to be the dispersed phase by vul cani zi ng
the EPDM during m xing of the pol ypropyl ene and EPDM
in a mxer. Even in the absence of reactive

conpati bilization, vulcanizati-on_ |eads to the nost
significant increase in viscosity; in 30 other words,
the viscosity of a vulcanized conponent is
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conposi tions “of the present
invention as a consequence of further packing of rubber

particles through multi-stage mixing, provided that the
previously occluded rubbers are substantially fully
stable and cannot coalesce into larger sized domains.
This can be achieved by causing all rubber(s)
incorporated in a given stage of mixing to be
sufficiently cured, in other words, reaching at least
about 50% of maximum cure, (preferably at least about
60%, preferably at least about 70 %, preferably at least
about 80%) before the next gquantity of rubber is added,
also referred to as the next stage of rubber addition.
The preferred halogenated isobutylene elastomer content,
typically present in the composition in the form of
particles, is greater than about 60 volume %, most
preferably greater than about 70 volume %. For example,

the elastomer particles are present in an amount selected
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substantially fully 25 stable and cannot coal esce into
| arger sized domains. This can be achi eved by causing
all rubber(s) incorporat ed in a given stage of m xing
to be sufficiently cured, ot her words, reaching at
| east about 50% of maxi mum c (prefer abI y at | east
about 30 60% preferably at Ieast about 70 %
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to the extent necessary to maintain their stability,
i.e., to avoid coalescence of such particles prior to or
during the addition of the next stage of rubber addition
or completion of mixing of the composition. A suitable
range of dynamic vulcanization temperatures is typically
from about the melting temperature of the resin(s) to
about 300 °C; for example, the temperature may range from
about the melting temperature of the matrix resin(s) to
about 275 °C. Preferably dynamic vulcanization is carried
out at a temperature range from about 10 °C to about 50 °C
above the melting temperature of the matrix resin. More

preferably the mixing temperature is about 20 °C to about

40 °C above the melting temperature of the polyamide or
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i ntermeshing screw. As described above, mxing is
general |y conducted under such tinme and tenperature
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desired, . the apmount 15 o st em present

oM o5 LERELF bhberoasin S PHR: Frb o Renoes 4° Rave
desir eghpefrteattyetq. pagrieatigr rernct| essertidegitegmoplastic
ﬁ;t e(%nnklngagge éf‘%%f@huﬁ & w@k%ﬁﬁ i rad@ibhi §r

t he crosslinking agent does stantlall¥
reattosfiltinking phbbet  rTavom -dod¥ripeRaRES 20Fqrol he

OpReFddiiikihg E@féla’@id Yestteadt ol thosfEidiieigred aski C
elastomer component is more readily achieved.
Consequently, the compositions of the present invention
exhibit improved properties.

One process for producing of the thermoplastic
elastomer composition can be performed by the following
procedure. First, a mixing device such as a Banbury
mixer, two-roll rubber mill, etc. is used to pre-mix the
elastomer component and predetermined amount of
crosslinking agent until a substantially uniform
dispersion is obtained. At this time, the elastomer
component may have added thereto suitable amounts of
optional fillers such as carbon black or modified carbon
black, clay or modified clay oil and/or plasticizer.

During this phase of mixing the temperature has to be
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resin to cause either nolecul ar wei ght degradation or
crosslinking of the resin. Furthernore, control of the

w@emsssionki ng rate and extent of crosslinking BPET/UR®05/038824

el astonmer conponent is nore readily achi eved. 25
Consequently, the conpositions of the present
invention exhibit inproved properties. One process
for producing of the thernnplg tic elastoner
conposition can be perforned @ the foll ow ng
procedure. First, a m xing device such as a Banbury 30
m xentrohbedodt a ulsberenoupbh, level for used feotprelat x

the1.6l83LPE) SOMmRanentnand, pEedel & Hesh amoupt of
crosslinking agent until a substantially uniform

di 8FELELBA PE Ot £FHEd SYALSThi §° 13 TR tHE™@asConrer
conpoBeninkiyg hewectaddadsthaees 0 sAidsdihvd aropetstote
35 opti fil] h bon bl ack di
caPBOPODF LR, ML P o SRodrPi Ba LT3 A" ARgay 120
pl asti cfzer desDued regndulits ofhiise ofosg Ximrkg righe

t t ; 0 1038
_eggsh@-%ﬁt?f%ﬁ%t&gs\é@m@ Zé&,ﬁ&?gﬂt ﬁﬁ[!(#%t%%gér@é 84

contro ( | ow enoug evel
paittEcBF afeterasr e (8 ts 8F eBY R affeF H'h( YoRgiedBr §E pH7PLY

of chhegeactihvbty ofid-hereur aisysyemtinieavairdother mixing
premature _cr.osslinki f. th astaoners. .A u

e et aPurabo R (1 h e TR Tab BBl VE e Bal38h e
abognti2dled caheidewis.ed Thgounbbof ¢drerragdslisnkpdg to

ageRhareBLal Pi Ago£l BstioNehicempenest iidhushPrRnar fdxang of
t he predeterm ned anoun%h%fFa%lon resi

n(s) are :
pr &éPEr APy (Ehat YesP 15t ﬁtg%?ﬁm??éggqﬁfte§9r3a§Perse
or ast hedippxiragd thateyi Cemedpablie Ufie effleot inegidywhntl

vuleani.zatLop, Hpdgr., £eRLLQl B%d?lQQPFJ;FionS- The rubber
de t i cal ly

conponent 1s nmade to ynam cal ly crosslink, while

ef f ect i AHTEREBT nEVRTHAYE FETEPUREHBI r 2SO the e &t1gB
tEezuqlcaglti@aE&oﬁOﬂ@@fﬂemh tmaltyOb@i speegeto ashad iispersetn or
phase omai n) _in the .on resin which. 15 for .he.
A TS B D S E AR et
compefedihdeagenmsx oty ithadvapgechefeze itdre syeansgc

may, €-3498d1 bR LH8 NYIOR HeKliAgORev EASIUEIfor the
conmponent during the above m xin

pr &P&ABRE YT KT i 2 ARELOB et br o1 & dpngarén and
elastomer component is not particularly limited,
including for example, a screw extruder, kneader, Banbury
mixer, twin-screw mixing extruder, and the like. Among
these, a twin-screw mixing extruder is preferably used
for dynamic vulcanization. Alternatively, two or more
types of mixers may be used in successive mixing
operations. As the conditions for the dynamic
vulcanization step involving melt mixing of the resin(s),
the temperature should be at least the temperature at
which the predetermined nylon resin melts, but preferably
above the melting temperature as described above.
Furthermore, the shear rate at the time of mixing is

typically greater than about 500 sec™

; preferably about
500 to about 7500 sec™}; alternatively, about 1000 to
about 7500 sec™; for example about 2000 to about

7500 sec™ . The overall time of mixing during each stage
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20 vul cani zation step. The m xi ng device used for the
carrying out dynam c vul cani zation of the nylon resin

w@em7/08loast oner conponent is not particul arly PCHUSHO5/038824

including for exanple, a screw extruder, kneader,
Banbury mxer, twi n-screw m xing extruder, and the

i ke. Anbng 25 these, a twin-screw m xing extruder is
preferably used for dynamc | cani zati on.
Alternatively, two or nore types of nixers may be
used in successive mxing operations. As the

condi tyoasid orultdeaichpianncis vedekaiiakdtyi elrostep0 seconds

i nyal vi o9 Med toAdag of the resin(s), 30 the
tenperature should be at | east the tenperature at
whi Ch tFEIER SR STTRE ASI ORE resTSF el e enbpn involves

pr ef:et abt yge abdise: itdre ofelkhe ngubleep eratpwmenas tdesbei bed

above. rthe re, \t h t Nl of
NS e S IR il b s e el

pr &1écablyedbyid BEBOGetocabduPnTH0(se@bpye dynamic

al ,9npahi ¥&¢ Yon Y iE0Q@ptatcabutn 2500 c38€- dhef 6F more

exanpl. e, about 2000 to t 7500 sec-1. The overal
AR RS RSty EachCsf Bt S tisr ety ih el tne
PCEOUS20855 038824 rublglt d@fsiQ?ﬁaiﬁl cthaulfdawilz &hromopbastic
Pref.apabhlyi 4ol 39,:386ANAS coh e RO 1 10 tHiRULEScess will

Since the process of the present i nvention involyves ,
MuRETeL B e dBHIYTEh O Hihe SFABBRr Ronpotieht CoPHETSS 1n
resioresihen tesi () giagespr evyoustlyralyndivgal fyve ox
vulean zed aud: A epermed 8l Astenel, . raR0e dvpagtc
vul'Cant za ion step is repeated With at |east one or
noretraddced obal ot t9tews 6Nt he Yabird, coinyasieti 6Re
untddt atth@moti@t abr aHYr el shbhein dasd regkda 1t kenbbsation

thernoplasti¢c 10 conposi tion is achjeved. -
Cor?sseqaﬁgﬁFVﬁ,g hi *gheprcooc’%scsléls\hoﬁ of, %iﬂgﬁﬁg DR of
t wopstragesns bahd cansiieabdrdawbedti of rmrteent Han inwoduced

su e g ree, hVeqody 1 as -
g N T T

. r ]
i ntsiggueed PhoBaEH EiaRerCERthetvarPRY: Wt dhcuddPete
15 datoalsiameant of rubber desired in the overall

Che m xia “BEERaT B it 25 eUr Fab A oF “Fubber

i s daitriogdcéd strnuetictedtwgd Sbeaslastendy aaanopent

desided ngmal hiRabht Lh€us phase dispersed as a dispersion
phase (domain) in a matrix of the nylon resin which forms
a continuous phase. As a consequence of dynamic
vulcanization, the composition remains thermoplastic and
a film, layer or sheet-like structure of the composition
can be formed using ordinary molding, extrusion or
calendering. This result is illustrated in Figure 1
which is a view of the microstructure shown by an atomic
force microscope tapping phase micrograph (20 by 20
micron area) of the thermoplastic elastomer composition
obtained according to the embodiment of Example 13
described below. The figure shows a high concentration
of small particulate or globular areas of vulcanized
brominated isqbutylene paramethyl styrene elastomer

dispersed in a continuous polyamide matrix, the
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si ze and hi gh volunme percent of rubber in the final 20
conposition. The thernoplastic el astoner conposition

W@ bao3/05mbt ai ned is structured with the el ast onRCT/US2005/038824

conmponent form ng a discontinuous phase di spersed as
a di spersion phase (domain) in a matrix of the nylon
resin which forns 25 a conti nuous phase. As a
consequence of dynam c vul capization, the conposition
remai ns thernoplastic and a film |ayer or sheet-Ilike
structure of the conposition can be formed using

or éPpAtyuARS didlg i ¥ekeiBpohhoraRREERIET /§. aThighter

resd ‘iohssuirfélﬁ{dlalge@hbndf’sgﬂéﬁe 1o 130 tfriegh ph&t@cl/é§w
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n1croscg%% TP HY 1R Ssﬁfﬁ? 3 ph (20 By “26° KR €T oA
ar ea) motet hel Y deramploasnis ehaltaneralcumposhrbonate,

Obhﬁbgedm§@§0r§£ﬂﬂiat%nﬁhglﬁﬂpggéémﬂﬂaﬂg @&%Eﬁh§m1§lox1de,
descri bed bel ow.” The f gure shows a concen ration

35 56RTShaf M par e ErE 6r T bBTP ucl Gk “gpa TLO8E, Fha
vubaabbaeﬁla&mcnnsuﬂnmﬁlesﬁbmngtemmx¢rnaﬁmehh¢ﬂuﬂéyc&wbpn

EhS o007 cEboyE et beabls) oaueE A are ARt
mabrlegkhadFagy 1 ere &dﬁé‘/&vaﬁé@PolPl%lc}Fn grcefiedegpshon black
Susiedndkngit hes discrete oel éﬁl@ﬁ@rcdﬂﬂfdd Jae®on Bheck

conp05|t|on descri bed herei.n one e
£ TRERCE R R nehs Sutw ge B Ir ym CarBonire. 2 o2p afh:
m dacospbbirehedntesiin bat gsfetrahce) t idrahitm dﬂé%lde

St@%ﬁﬂf@?glﬂéhgfa&gEBQPHanbh58k31§L§¥bfg%ﬁ@@od rhQUEitier
and carbon uitable fill mat eri al s i ncl ude

cafBdn 2 1BPatRCEh Hdeth&RABECHFERK, OF IHacEiBracRing
thammaklbhackucmcﬁiyhsﬂeablamky,lamrcbhaabxbmndtéuedalc,

Carb nn? %Célo dQQﬁQi Sh& ga t ﬁ@lfﬁhfg‘ ﬂb&'g@ esent
(Jbecribea, | FE

coate car bon or exarrp
Pateénte Neves, 9i6f19~3m0 tioneeppér AP el FRe rlpyDyfelght of the

refﬁ%%@gebreaeﬂttﬂe ﬂHé‘%omFBQthL@ﬁm ng gr ade car bon
d.. The fi.ller SO |n ﬂde ot her

bl ack is % ? {
r ei nf or &FgTo ﬁ%h *Qﬁ%ﬁqgﬁéFﬁﬁ 1%r %ﬁ?%ﬁ:s EH5a8aY
sildhsm belayeseatcuunﬁmambmpasetloalc Thed¢ adiaym, also

q)%f%% gdtbhss "ﬁboc-ﬁ.@%sﬁ" | Ler neyy %CRJ@S%% tAbid
eve f romoO out “30 percent cg
identity, methods of preparation and blen ing w1th

polymers is disclosed in, for example, JP 2000109635, JP
2000109605, JP 11310643; DE 19726278; W098/53000; and
U.S. Patent Nos. 5,091,462, 4,431,755, 4,472,538, and
5,910,523. Swellable layered clay materials suitable for
the purposes of the present invention include natural or
synthetic phyllosilicates, particularly smectic clays
such as montmorillonite, nontronite, beidellite,
volkonskoite, laponite, hectorite, saponite, sauconite,
magadite, kenyaite, stevensite and the like, as well as
vermiculite, halloysite, aluminate oxides, hydrotalcite
and the like. These layered clays generally comprise
particles containing a plurality of silicate platelets
having a thickness typically about 4 to about 20A in one
embodiment, and about 8 to about 12A in another

embodiment, bound together and containing exchangeable
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rubber present in the conposition. Exfoliated,
intercal ated, or dispersed clays nmay 20 al so be

w@e@3mesit7i n t he conposition. These clays, al sSoPCT/US2005/038824

referred to as "nanocl ays", are well known, and their
identity, nmethods of preparation and bl ending with
polyners is disclosed in, for exanple, JP 2000109635,
JP 2000109605, JP 11310643; 19726278; W98/ 53000;
and 25 U.S. Patent Nos. 5,091;262, 4,431, 755,
4,472,538, and 5,910,523. Swel |l able | ayered cl ay
nmatetiahs swih ad &l pr caPheKpunpdisds rofesemé preseat

i ny gg£9€ ipclude natural or synthetic

phyll osi Ycates, particulatlg snectic clays such as
mont nor FRY®¥FE Sl o MBYoRPt &R TBEF Y1154 éa,n%@Xthated by
volkenskent eyitapyjadngc heckonlé®, (sadadinge agents)

sauconite, .nmagadite, kenyai evensj.t. nd.the
D REBALE ot | PR B TP B B P e B e
oxicdgs onpypretelitiate thendnthel Ry, sHHeEsEeS gfefby layered

cl aysigener al &yi RS isSR11PAGT 4§4©8Ss CiTH1aIdAl REtAonic
pl ural.it o% silicate platelets ﬁé ﬁava%ba t hi ckness
t yFRCARFYARbDUED T {20 P ord S di ment, and
abalky8atwonbaout (H2Aany,asethedarenbozirenty, abdund

2 d
R T e A T e e T

or AVEPPaBiEseRFOBRTIhOT PRYARLAHRT L EUrTHASS, PRySPRipes
cl apdnmeylbedéat er ol saitretlandmexé otomp@chdyy (o eatnent

W t%rgégagkgigglgﬁﬁgﬁ%%nﬂﬁ%ﬁhlEPQ EﬁE%%SQ'é% GaRakk e, 0f ;re
undergoi hg T on° exchange reactions wi he' cations
pr &sBritsNat whageimtr | Byerarslifhaees ©f toh&3 alévég or

si Iaifl%lhést wHitabhs, wlﬂﬂengaﬁgeiaﬁ scliifr@ém catrinoBhe

sur ctants sucC as nLum a am nes or

o PR 87 St ABEnaaryY Thr Sy akted done
quatherinaty )yt iphpsatiors umheresul fbnlemstdeti vat aves 0 Coo

al iphati ¢, afeppLtic or arylaliphatic anmnes,
phospHines and sulfides. Desirable am ne conpounds

(or theAnesPrEspbEt MY aMidhiith PER)Car ¥ ¢ Hiske thepR which
t he-=5t Hecture1eRIRZR3Mdarhereithe Rint &21 a pad 3 farcesCl

e ven SRR AR PR UL TRGER e e o

is whey@-@alﬁedthgngﬁme or different at each occurrence and
is selected from alkyl, alkoxy or oxysilane and R? is an
organic radical compatible with the matrix polymer of the
composite. Other suitable swelling agents include
protonated amino acids and salts thereof containing 2-30
carbon atoms such as l2-aminododecanoic acid, epsilon-
caprolactam and like materials. Suitable swelling agents
and processes for intercalating layered silicates are
disclosed in US 4,472,538, 4,810,734, 4,889,885 and
W092/02582.

In a preferred embodiment of the invention, the
exfoliating or swelling agent is combined with a
halogenated polymer. In one embodiment, the agent
includes all primary, secondary and tertiary amines and
phosphines; alkyl and aryl sulfides and thiols; and their

polyfunctional versions. Desirable additives include:
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chain tertiary amne, wherein at least RL is a Cl2 to
C20 al kyl or al kene. Another class of swelling agents

w0 po7osi®7t hose which 20 can be coval ently bonPEUUSI05/038824

the interlayer surfaces. These include polysilanes of
the structure -Si(R)2R2 where R is the sane or

di fferent at each occurrence and is selected from

al kyl, al koxy or oxysil ane ang R2 is an organic

radi cal conpatible with the na%rlx pol ymer of the 25
conposite. Qther suitable swelling agents include

pr dpoparbdian e igsivdemandssarel 2hel.dbfdisenbailni ng
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poIlm@&bveanlﬁmﬁr@m@mmpema@bagem i35 ddhdlerdasbal the
rinar sSe ar te a e

phosﬁh neEOE%’F 5 e/l aryl sﬁf’% dge%&én rﬂ%xalmethgl%ne

t héils ( spdrtymumm%ﬂéat\@ér §ﬁdnbe>@e%¢ma1kﬂr@ addi tives

:n@l@q%my\gngp@g}{%on PCT/ US2005/ 038824 - 44

ong-chain tertiar h as_N, N-di net hyl

oct adec3r7F 8n?ﬂ%‘,lmi\l, ’Q}Jéﬁéézéér PRERT HA bre br dispersed

d| h;lduyogenatpdramd owalthyl crephylantmeliardtdorelahickeyith
it g]l%mlﬂ@;ﬁh@%l o;?% ed, RAhet gagw&pé %‘ deRgoghahn

fate comnmpoun suc
he%&\?étoﬁﬁméﬂ*é é@d‘mﬁnmetqlﬂa@é&?#atoéop%t%ﬁfﬁot%ﬂoarrler

entadiperit cof of hehd nepidsam.ioni n'é[@vetjensml%r ReRlreABEh or
|nperneablllt ekmea(i l%yed Qﬁoun% l%y can be from
poI‘ES?Tr r?ctyl Shal “clr st ves suc ﬁex}é%e?ah

bi s{esedi Gmbt b osledatle) wirkd mes@aﬁeemlwémemto or about 1

bi s{ippareh gehygde)n a%k@@%%o@im@%{ olds %‘i‘)out 1 to

intercalated, or dispers d y .i.ncor parate
corRRsSitt PoWEF nTRc¥DT H“gofiﬁ]i“‘%n)?hsﬁﬁ r?nl §

anqujﬁynsalrf tbatent ¢ tdea/eicmpoamtlonpr ORsemerHs e 1tr1h§arts
ﬁ_;p 'r{h dr%oE’S}%%PS tCif %@&Ul%%t%g P{OPSIdd 18T O, bhe

e stren
dispersed clay may be present at about 1 to about 30 phr

in one embodiment, and about 3 to about 20 phr in another
embodiment. In one embodiment, the exfoliating clay is
an alkylamine-exfoliating clay.

As used herein, the term "process oil" means both
the petroleum derived process oils and synthetic
plasticizers. A process or plasticizer oil may be
present in air barrier compositions. Such oils are
primarily used to improve the processing of the
composition during preparation of the layer, e.g.,
mixing, calendering, etc. Suitable plasticizer oils
include aliphatic acid esters or hydrocarbon plasticizer
oils such as paraffinic or naphthenic petroleum oils.
The preferred plasticizer oil for use in standard,
non~DVA, non-engineering resin-containing innerliner

compositions is a paraffinic petroleum cil; suitable
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wdadz2oovos@mbobut 10 wt % i n anot her enbodi nent,

ai r/ oxygen perneability. Amounts typically can be from
about 0.5 to about 15 wt% in one enbodi nent, or about

to about 5 W% in yet another enbodi nent, based on
the 20 polyner content of the conposition. Expressed
in parts per hundred rubber, the exfoliated,

intercal ated, or dispersed clay nay be present at
about 1 to about 30 phr i n~ ofre "enbodi ment, and about
3 to about 20 phr in another enbodinent. In one
enhodiseatbor el exfielizatki aglel ayr i133@25.na|$uch innerliners
alk I ne e [ I the term
i ST e st M
peré§§Cb¢¥sS%Wﬁﬁsynthetlc pl asticizers. A process or
plasticizer oil may be present in air barrier

andPEbU81003/038824
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estB¥astorbdiydrocar bor339-480i ci Zer oBfP8 suchl as 700
par efdemiairor naErht(héBi—ZBbeiO)ol eum 48 £C)35 [The (371 °C)
pr eéferter) °pl ast)i ¢i zer oil for use in standard,

nomp IMA, p 1Q43- ergilnee3d g resi n-icont a@bng i nnerl i n&r
coﬂrml tions is & ppagatfing C°,(,ﬁét rol(eyyno@)I Sui t@ll ec)

ﬂf\‘l‘l Dl

WO R286+-65060+—PEHUS20605/-6386824——45—hydrocarbon
plasticizer oils for use in such innerliners include
oi IGenkaeilhy, t hee fotdapsisngidenayabe shbad@ebrem cs.

Pr openty; B ef srrgd aMcﬁHami@ Maxk mums p e if@\Willg , abnd
15-30 10 35 60 5 C) Fi ash Poi nt .. 330- 430 300
70@01@85%%@%%5 P??zy EF SPE4BTCF T30S Reth¥d) F
(C)md?@:ld:mlacm ntight 30ldss €£3@n- 35, 600 i) Hoppdlogmetr CF

(- 37 %%% Gk o?egﬁf%kﬂhb%d EH?thQ§§§ﬁb(¥ﬂonﬁﬁ%oQ€ 3 to

sele rom inic orls, aromatic ol
nagﬁﬁwénﬁccgrpgn Hffns, more preferably about 4 to about 6

carbon atoms. In another embodiment, the polybutene oil
is a homopolymer or copolymer of a C4 raffinate. Low
molecular weight "polybutene" polymers is described in,
for example, SYNTHETIC LUBRICANTS AND HIGH-PERFORMANCE
FUNCTIONAL FLUIDS 357-392 (Leslie R. Rudnick & Ronald L.
Shubkin, ed., Marcel Dekker 1999) (hereinafter
"polybutene processing oil" or "polybutene"). Useful
examples of polybutene oils are the PARAPOL™ series of
processing oils (previously available form ExxonMobil
Chemical Company, Houston TX, now available from Infineum
International Limited, Milton Hill, England under the
"INFINEUM ¢, d, f or g tradename), including grades
previously identified as PARAPOL™ 450, 700, 950, 1300,
2400, and 2500. Additionally preferred polybutene oils
are SUNTEX™ polybutene oils available from Sun Chemicals.
Preferred polybutene processing oils are typically
synthetic liquid polybutenes having a certain molecular
weight, preferably from about 420 Mn to about 2700 Mn.
The molecular weight distribution -Mw/Mn- ("MWD") of
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pol ybutene oils. Pol ybutene process oil is a | ow
nmol ecul ar wei ght (less than 15,000 M) honopol yner or

waocoporynmer of ol efin-derived units having fPONUSIPO038824

3 to about 8 carbon atons, nore preferably about 4 to
about 6 carbon atons. In another enbodi nent, the

pol ybutene oil is a honopolynmer or copolyner of a C4
raffinate. Low nolecular weight_"pol ybutene" polyners
is described in, 15 for exanple, SYNTHETI C LUBRI CANTS
AND HI GH PERFORVMANCE FUNCTI ONAL FLUI DS 357-392
(Leskfer Red Rudinisic c&eRomnak dis . tysSiadkivn abedt, fvpmcki8 to
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Cowea% {&e%egngwxaté cfilfé'(l@ g%f' @%HH‘ about 40

Interna |onal under

" | KPFNEUM €20 din fersesg st paéen*é?rea}boqtn& ditnghgr ades Mn
pr @¢ibedskyoidentified as PARAPOLTM 450, 700, 950,

1300, Zg égfoo ande 250Q. é%?} ti onal I %fe%rlr ggtlons
pol ybut SRBP ST IR-CHE SONT ﬁﬁ’poﬁ1 ene oi s
avaiepabfénd rom Bat Iehrerheal §all Plcl@f@r’frl‘@d qelspbatene

pr %%%%%Eﬂglel | SaHedniRi 62l b¥omsyd ng;dx%dalr%haceous
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pr EFEFEBPY°HBm ttyfﬁooﬁhpmc%%’bﬁﬂzﬁdl%ﬁedsfﬁl%
noltéattl ansvwenghtlwistad But conjuMiMr (ITAR' typk WO

20%3619\5.882} Eﬁé&%@@%@%‘%ﬁb ax WPl R] AT 8ainary

utene oils is typicall roml about
3 s&rléfle@abwea%mmzllt GeRBETE 7. %hlq*hetsmeefoér péd should

densd wlwémﬂ)wﬂih uasqfaﬂtlmlmbut:ﬁme:pmc%sspaﬁglautmr
Varl e tm abou O 85 t%ea oHter cCom OSthlO q: %ll lS
nuIifbeé) lga?ﬁﬁlG) bt eferred"pol § %LR dhe o11s T ranges
frdlnpabeudiy49re$mt tah:e 43@veh pE o@eis@ gidut 25 alboat 8

for ﬁe*f%r%mg) MiouPr 96859 k. sRybbeke pa&&qS%oqﬁbglew@
have ASTM desi gnati ons _ dep endi nglﬁon whet her t fall

i ntf®% e CAPRRSP LS HEF ﬁé@asftPF‘ﬁFc ROt et & oM ndy be
ar gmisetthydr acasbonacke@uso pboaess0 oit sk o‘ﬁhe;MeypetaL

Process Qil uti| kéfdravw he ;thal. cusiamard iy wsad.i o
conj UIPCI I on vvft ? fo ellast oner corrponent an a
r ub@eﬂmﬁ@nﬂgpeéme@hmm ypf the composition.

In addition, plasticizers such as organic esters and
other synthetic plasticizers can be used. A particularly
preferred plasticizer for use in a DVA composition is
N-butylsulfonamide or other plasticizers suitable for
polyamides. In another embodiment, rubber process oils
such as naphthenic, aromatic or paraffinic extender oils
may be present at about 1 to about 5 phr. In still another
embodiment, naphthenic, aliphatic, paraffinic and other
aromatic oils are substantially absent from the
composition. By "subgtantially absent", it is meant that
naphthenic, aliphatic, paraffinic and other aromatic oils
may be present, if at all, to an extent no greater than 2
phr in the composition.

The degree of cure of the vulcanized rubber can be

described in terms of gel content, cross-link density,
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skill in the art will recognize which type of oi
should 15 be utilized with a particular rubber in a

w@a0ovioserar  application. For an innerliner coP@DES1008088824

the oil is typically present at a level of 0 to about
25w % preferably about 5 to 20 wt % of the total
conposition. For a thernoplastic el astoner

conposition the oil may be 20 Jpresent at a | evel of O
to about 20 wt % of the total conposi tion; preferably
oil is not included in order to maxim ze

i néenembiht t9f ofxtilaetabémposhpeenty praddi chonbe based

pl ast 'tﬁleZ§E§t§L53ﬂ7 é%freo'i:ﬁ@ﬂ| @osﬁa%é M ev@ldh@h the rubber
be used rtlcularly 25

synt heti ¢ §§t|0|ze E 5&

oY BEaEr b P At I CIFE Lo RaeEPPRNGE o MEBBGSEET o P
N- butybdal f onarmdemrseatthénvphason ciizeris swietfablredf tnat
pPolyam,des ﬁﬁﬂt@c{‘%ﬂ%%rtoﬁm@ogbﬁ?@%e éh&&ﬁersopftgc%éu@ b5

sucn as na enic, aromatic_ or para I ni c extender
oi 0§ IHAY BErprRA%af O&t tABoGLAITPBERMRAR S5 FRr mepgured,
stiel.ly. anpyheen 301 endrodinght ornaphidertie osaliiiphat hg, disc

paraf L ”e%er esQé h@xsma'bo%%' 4¢ Q%ér?u%&ff 1%%%5?4]%%58' EYr

absent from t osition
ab&eupber Propgrmémlqamatzatmphvﬁem &S@Jhl@ﬁapchlsk Cure
pai@ktki-pic and other aromatic oils may be present, if

st o e e 10 geater (han 2 30 mhe e,
r ublbenicad lDHto desorddied filAm, epnstofe g irgpat Bntheeting

T, L fﬂ!éa ngﬂ@'é:}’ 2 Q@QQZ%P&T&@%@%&@SSM

extractabl e conponents or it can
be l@éé@&loanm?h%l%q zﬁyéwré&ﬁé fhat Sotd Fhéhschreved 2
i n dikgledgbeew sefLiddr,t @rbbycuaednd@r:tr@, ahserceoekible

the resin,. For exal he re ven
o SR e S AR A b LSS A e Rt L e
abdutyeﬁO eegabotit BB%rlgmefryl PLcar pno@sdd orfitdgeand as a

el asBenRehr SEa @3S MRASUNRAe, 8tH. ﬁh@tﬁﬁgyﬂd%lastlc
strength or using the osci]l tlng di sc . cur

t ot AAGTRF D STBYS - ol P PERBE RO - b By
Pr apsieny upulieani gatdrois Usiceg Qetilktateag ek molded B

NERE%%I EYSQR%génQCI{Feégﬁ?ug@y %ﬁ2£0%§'€§§‘¥3¥1y used for

conposition tain into sheet I ube
usitfFid-T- sheeti ng

The sheet or tubular molded article thus obtained
can be effectively used for an innerliner layer of a
pneumatic tire or the hose tube or hose cover of a low
gas permeable hose. Furthermore, the low permeability
characteristics of the composition are suitable for uses
with fluids other than gasses, e.g., liguids such as
water, hydraulic fluid, brake fluid, heat transfer fluid,
etc., provided that the layer in direct contact with the
fluid has suitable resistance to the fluid being handled.

Any range of numbers recited in the specification
hereinabove or in the paragraphs and claims hereinafter,
referring to various aspects of the invention, such as
that representing a particular set of properties,‘units
of measure, conditions, physical states or percentages,

is intended to literally incorporate expressly herein by
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di e, straight or crosshead structure tubing die,
inflation nolding cylindrical die, etc. at the end of

W@200185®7ngl e- screw extruder, or by cal enderi nBCT/U82005038824

possible to use the conposition as the air perneation
preventive layer, e.g., an innerliner, of a pneumatic
tire and as a conponent or |ayer of a hose, etc. The
t hernopl astic el ast oner corrpggmtl ons of the present
invention may be 20 taken up 1nto strands once,

pell etized, then nolded by wusing a single-screw
extelepenthatr ot heypiical | nusednias falddng. wihbisheegh

0][ frgH ul a{n@m&g@f &k %hssyauclsf qmnaﬂleri%d orC?BnQSs subsumed
e eclve use or an L nneriliner a r O

pn¥HFRLT 2 ¥¥ reeTHIe SR TRESES ubg%ﬁtﬁ?&ﬁf@ &wé? geﬁm ow
gasapeuttalihen hosel aBunt hedinbie; fidis lcawipecoeabntiign
char agt eglé!#Ca%dls ol & -aepp 9§é{1@rblarc%n%m@hl §sf9ﬁtended

uses With er t an gasses, e.d. I qu

suéh &8nvewtieghat W’&Wérﬁiu¥%1ng%?'a@afqaﬁt&rlﬁéétzs and
g rapsfiecibhai djlscﬁi_(bﬁ%tdc hergmvaﬂ@otflehanoﬂehanuayeatl n
irect,conta with the, fluid has i.t.abl e
OPERELF T 0 bEl hg RaRdEedh ST dlad B et L whe
r eeirtedsing t hemppredivricsat fcemeﬁer%@rmbﬁ\r@t@pnﬁn gheunts,

paradeanhs, angricdpidEaesei pabb&Fftied eﬁw iaRg pta@tlcle
vari ous asgects of th u&?{vgntl on,

r epréSenfrhbP e ptd c ] 1IEy’pr%ﬁe r't i é’ﬁ% ahi tguB?lde
rreaﬁutee cangk to0nsL £ fghrpsicarostatesngre perlcent ages,

i co e ein

by 5007 BRI B OSB00E hateny. T ayTRALYalelC
or veltlﬁéflwg@r IR RIRSEOTRA FPRECHF AT S o SAGRTLSIng
i nglr*]cucibagtaaye sithgett yafeneuabat 8101 nd aFIges cidhs uABdat

in,a r cited.,Furt hermore tetr

E)L & ﬁ%en used’ glsaszc m)ﬁuf”t abl Por use; nfg)onj %nc?l oh
5 w Pheumavaci bbfe oxlhasgct eri 88| @ blfrétdtﬁmetrll@@eirs
I nteRgedrst 0 convey that the nunmbers, ranges,
characteristics and conditions dlsclosed herein are
f 1 SHeIFe L ARU R Rt LT ¥ BF 2 HhEP 1T ¥R GV ¥R FoRSed
by fidios@eskbipetenis tdxlogetl tsi tige t Brmerlatsur es,
tinmes, concentrations, ampbunts, 10 contents, carbon.
nunbers,. properties such as particle size, surface
area, |Ridbedensity,|keecrinti®n are outside

Components
BIIR Bromobutyl™ 2222 (brominated
isobutylene isoprene copolymer, 2%
Br, ExxonMobil Chemical Company,
Houston Texas)

BIMS-2 Exxpro™ 96~1 (brominated
isobutylene p-methyl styrene
copolymer, 0.5% Br, 5% PMS,
ExxonMobil Chemical Company Houston
Texas)

BIMS-1 Exxpro™ 89-4 (brominated
isobutylene p-methyl styrene
copolymer, 0.75% Br, 5% PMS,
ExxonMobil Chemical)

NR SMR-20 natural rubber (Standard
Malaysian Rubber)
SBR Copo™-1502 (styrene-butadiene

rubber, 23.5% bound styrene, DSM
Copolymer, Netherlands)




of the range or different froma single value, wll
achieve the desired result, nanely, an dynamcally
wao ehocasiozed, hi gh el ast onmer-cont ent conposi ti oPCT/US2005/038824
conprising 15 at | east one isobutyl ene-containing
el astonmer and at |east one thernoplastic suitable for
use, for exanple, in a pneumatic tire or hose, or as
a tire innerliner. EXAVPLES gge_fol | owi ng
commerci ally avail abl e produc were used 20 for the
conmponents enployed in the Exanples Rubber Description
Conponehire BlylsReBr opobut yl TM 2222 (br om nat ed
i sobut|Wemenentpr ene copol yner, 2% Br, ExxonMbbi l
Chem candConpany, |Holsd askibexas FubBkMsy 2t & xqunpdet- 1
(br omijmai-edid sobut ydenerp- neiily - styéesestgopol yner,
0.5% Br, 5% PM5, Bxxemdkidt Chem cal Conpany Houston
Texas)| G- T EXXpriod M 8% dProrupatl 8ds &k ORMIDIRNE
p- met hyd—styrene COQQIﬂQ@r 98 5 em 2BiBhient

ExxonM emnmicat od At HEak  FUODeT
(St andardrrl\/m ayS|a Sto g i) =
(styrene-but adi ene (Iijg 5% bound styrgne DSM
Copol y —Netherta 56
PCT/ US2005/ 038824 m?%ho‘ﬁé{ ﬁi g]é%ggn lth 3~ zno
Zinc oxide - cure sy Jt l@/rrqo acld Eétearlc

1 PSR S A V] %g}'\ ;In&p Zine, ot At olro

aCI d = ySc blll 1T A\ AR A>3 Z_T T J o U L0 A" Il B 3
syst em%onent g‘ﬂﬂf{ odif dl?ffe‘zs%'éf%‘ﬁ?% ent

imethyl hydrogehated rapeseed (Cyg
- Cp2) tertiary amine, Akzo Nobel

Additive

Components

Struktol Compound compatibilizer (mixture of

40MS dark aromatic hydrocarbon resins,
Struktol Company)

Calsol 810 naphthenic processing oil (Calumet
Lubricants)

Flectol Flectol TMQ antioxidant
(polymerized 1,2-dihydro-2,2,4-
trimethylgquinoline, Flexsys
America)

N660 Carbon black {(semi-reinforcing
grade)

N3952 Silica coated carbon black

T1 SP1068 (tackifier 1 - alkyl phenol
formaldehyde resin, Schenectady
International)

T2 G100 (tackifier 2 - synthetic

polyterpene resin {Quintone brand,
Nippon Zeon Chemicals)

T3 Sylvalite RE100L (tackifier 3 -
pentaerythritol ester of rosin,
Arizona Chemical)

Engineering

Resin

Component

N1l Nylon 11 available as Rilsan BMN O
from Arkema

N6/66-1 Nylon 6/66 copolymer available as
Ube 5033B from Ube

N6/66-2 Nylon 6/66 copolymer available as

Ube 5034B from Ube
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MBTS sul fur-containing cure system
accel erator 2, 2' -benzothiazyl disulfide C Cure

woreai7Oswri , 6PPD, N-(1, 3- dinethyl butyl)-N - phetlUS105/038824

phenyl enedi am ne C2 Cure nodifier 2, Arneen DVHR
di met hyl hydrogenated rapeseed (C20 - C22) tertiary
am ne, Akzo Nobel Additive Conponents Struktol
Compound conpatibilizer (m xture of 40MS dark
aromati ¢ hydrocarbon resins; rukt ol Conpany) Cal sol
810 napht heni ¢ processing oil (Calunet Lubricants)
Fl ect oiveFlbeeBol TMPNanbonoXi/ dantogphimyaerdvagdable as
1, 2-dilhydro- 2, 2, 4- |toMetetEg] quaihbdlh e, fddreXoysy
Amer i ¢apddNe&9eCar bgn black (sem -reinforcing grade)
N39S2 | Sckibeacg@at ed carbon bl ack Ti SP1068 (tackifier
1 - alfleyT phenol Tflanneidehyde, resi h,n-Schenect ady
International) T2 GHQ(kackbhhgiag - synthetic
pol yt erpene Tesi N ([QE P8R8 PE 208, ARY PPOMARGRed EVA
Cheni ¢al s) T3 Syl valdde 1RRIO0bubbackifigl 3 -
SERCRESAL T T T

; Nt o ; [ :
as Rillsan BW 0 frlom )%gﬁaTﬁBN%JGI-Ml/ él\l{yl?onp%\é& odifle
copol yrer—avattabte $tabilizer 2, package includes
Irgafos 168; (tris(2,4-di-(tert)-
butylphenyl)phosphite) (Ciba
Specialty Chemicals)

In accordance to formulations listed in Table 1, where
compositions are expressed as parts per hundred of rubber
or phr (unless otherwise noted), examples 1 to 4 were

prepared using a dynamic vulcanization process carried

out in a twin-screw extruder at 230 °C. Specifically, the
DVA's were prepared according to the procedure described
in EP 0 969 039, with specific reference to the section
entitled "Production of Thermoplastic Elastomer
Composition." The elastomer component and vulcanization

system were charged into a kneader, mixed for

approximately 3.5 minutes, and dumped out at about 90 °C
to prepare an elastomer component with a vulcanization
system. The mixture was then pelletized by a rubber
pelletizer. ©Next, the elastomer component and resin
components were charged into a twin screw mixing extruder
and dynamically vulcanized to prepare a thermoplastic
elastomer composition. BIMS content was steadily
increased until phase inversion was observed, i.e., until
the BIMS phase became continuous. BIMS content was
increased in Table 1 from Example 1 to Example 4 by
raising the elastomer component feed to the extruder
according to the formulations specified in Table 1. As
shown in Table 1, poor dispersion resulted at 62.5 %

rubber content and phase inversion, when the BIMS rubber
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Ube 5033B from Ube N6/66-2 Nyl on 6/ 66 copol yrmer
avai l abl e as Ube 5034B from Ube WO 2007/ 050071

wEQNASPO05/ 038824 - 50 N6/66-3 Nyl on 6/ 66 cPEDUSI085/038824

avai | abl e as CMBO01FS avail able from Toray Additive
Conponent P Plasticizer, BW, N butylsul fonamde C
Conpati bilizer, AR201, nmal eated EVA -copol yner

DuPont-M tsui S1 Stabili zer_lEil package i ncl udes

I rganox, Tinuvin, and Copper Todide (Cul) S2

Stabilizer 2, package includes Irgafos 168; (tris (2,

4- ghase (becdane -cduitiyluoheny by phosgshiate)’ 0( & babber content.
Spesbal &y Qnenicalsh iy agoprdance dna el abkopy a
listed in Table 1, whefe Co osHC{o s are expressed ,
asSParts pErrafrmdned “oRsEaBbertt ﬁﬁ.ﬂ“keﬁmres as obtained
ot bel w Ser ndie ogmperednploas &f texatnpierse 15 apdepar ed shown
usi;ng.g, fynam c vul cani zation process carried out in

a tw n-screw extruder at 230 C. Specifically, the

DVA's were prepared according to the procedure

described in EP 0 969 039, ramithispecific reference to

t he—seettonr—entifled—Produgton—of—Therrpprastie—;
El&§ﬁﬁ£§? 10—Compggttion——Thg etastoneiggonp T
VUFgT Zat TOm  SYS{sETT WeT € Giigg ged [Tt 0y asKneader, 5,15
M Xe€-alc0d pproxiémiely 3. o.00 nut @s, andodunpled ouieo
at [abaut 90 [C to.jrepate an.gd ast gner _ecsaponegnt wot3v
a y¥lani zatlion 4%ystem ThdOm xturne wa¥-Ehen 28.4
pel Net6ozbd by a Plibher 15 pelltbtizer Nexf th 19.5

:
el jagl_oxpe,p@qncponé% 5 and|resit> componentsiuere
i n ﬁ At N or \Ql. ';71 A\ . r\\lior'?lg\lr\r and (il':?nlnvvi ~
CT (<A NAY]
I
i

A
Fay /1 Ngd |
U gIMﬁ %Té‘i |% > pwy | \,\gl7'5| NT Iry‘ 'C/\LTGquJ | e,zy-lg H T Ul
vul - e athergpptasti c g AStONET  $hase
I e
|

.1 . ’
composi tion.| RIMS content was steadily increasednverted

unt vbo phase | nveraron was observed, .e5,8untl NM
Elongation 370 340 320 NM
(%)
Fatigue 1.5 M 2.5 M 2.3 M NM

{(cycles)
M50: 50% modulus at room temperature measured according
to ASTM D412-92;

Elongation: elongation to break at room temperature
measured according to ASTM D412-92;

Fatigue: samples tested at 40% strain amplitude in
tensile mode running at 6.67 Hz and at room temperature;
fatigue resistance expressed in cycles to failure.

M means million.

NM means cannot be measured

According to the phase continuity criterion, raising the
RIMS rubber viscosity could further extend the rubber
content. In examples 5 - 9, 20 phr of silica coated
carbon black filler was added to the rubber composition
to increase the viscosity of the rubber composition. The
elastomer components, BIMS rubber and its viscosity

modifier of silica coated carbon black, were mixed in a

Banbury mixer for 3 to 5 minutes and dumped at 120 °C.
Subsequently, the rubber-carbon black mixes were

accelerated with the curatives in a kneader and dumped at

about 90 °C. These elastomer mixtures were then
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20 the RI M5 phase becane continuous. RIMS content was
increased in Table 1 from Exanple 1 to Exanple 4 by

WO 2003/05197t he el ast omer conponent feed to the eRCT/UN®N5/038824

according to the fornulations specified in Table 1. As
shown in Table 1, poor dispersion resulted at 62.5 %
25 rubber content and phase inversion, when the BI NS
rubber WD 2007/ 050071 PCT/ USZ%)S/ 038824 - 51 phase
became continuous, occurred at“70 % rubber content.
Good extrudate quality, typically characterized by a
snmpef hesiizéddey andubbrst ari lest iz atidamstesr aswabe
Obtegéggﬁmefméé{?%&{e tth%e%egp@gftw@%vmn l@&%%ﬂ;@%t%u§%
Bl R T00L 30 RS0 2200 A L2 B 697 5 1 A5 P gamoonents
Stw@@bdm@téfb&)ﬁﬂ)élﬂﬁanSGQewZ@iir&hiﬂh @u&@rOrﬁﬁn@n@Oat
Ni |l _44,6 40,2 3 28.4 N6/ 130 7.,24.9 19.
P 2695°9.37% .05 TR, g5 08 %6%2% Bl%a%%l %
5715v6@s62n5351n1(@nﬂdﬂr¢dceod7ﬁxmmﬂﬁm®r-@ﬁasabbaverted

(0% & éueg%°€ %&éiéiﬁlexgkgrggﬁ'ﬂ) 6%@%5%@& %@Qh“@%bber

(cycl es) .
m)@@ln%n Up olftn @%erp icaiiite ® ﬂea%%‘f%‘be%cd%‘rt&gﬁﬁ r?élStance

ASTHY R4i2c92bod bEONgalIer: cehbagain®dn dymaieakudtanized
room.te r ured according, t: D412- 92;
Fa?o&ggngg 2%#%%1? Cﬁﬁgxé?rd%% ghﬁll%%de in
temgm@@smbden$unn|ng at 6.67 Hz and at room

tenperature; fatigue resistance expressed in cycles
to failure.

Table 2
Example 5 6 7 8 9
BIMS-2 100 100 100 100 100
N39S52 20 20 20 20 20
Zn0 0.15 0.15 0.15 0.15 0.15
St-acid 0.60 0.60 0.60 0.60 0.60
ZnSt 0.30 0.30 0.30 0.30 0.30
N11 49.1 44.3 39.9 35.8 28.7
N6/66-1 33.8 30.5 27.4 24.6 19.7
P 11.6 10.5 9.4 8.5 6.8
S1 0.96 0.87 0.78 0.69 0.56
BIMS vol % 57.5 60 62.5 65 70
Quality Good Good Good Poor Phase
inverted

M50 (MPa) 7.8 7.0 6.3 5.6 NM
Elongation 300 340 360 370 NM
(%)

Fatigue 1.0M 0.6 M 0.7 M 0.7 M NM

M50: 50% modulus at room temperature measured according
to ASTM D412-92;

Elongation: elongation to break at room temperature
measured according to ASTM D412-92;

Fatigue: samples tested at 40% strain amplitude in
tensile mode running at 6.67 Hz and at room temperature;
fatigue resistance expressed in cycles to failure.

M means million.

NM means cannot be measured

Examples 10 to 14 were prepared using a ZSK-30 co-
rotating intermeshing twin screw extruder with 29 length
to diameter (L/D) screw and a residence time of about 1
minute at 100 RPM. As indicated in Table 3, example 10

with long cure time, greater than 60 minutes, encountered
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rubber 20 content. In exanples 5 - 9, 20 phr of silica
coated carbon black filler was added to the rubber
conposition to increase the viscosity of the rubber
conposi tion. The elastoner_cggponents BI M5 rubber

and its viscosity nodifier of silica coated carbon

bl ack, were mxed in a 25 Banbury mxer for 3 to 5

m mites dndedshpeddatirkP@h€. fisgbsefrienttl anch€2 are the

r UQ%r %%bf&Bdeé&i‘s rﬂr%%m\ﬁgﬁgtléﬁcﬁiﬁﬁ agedMdin ikBe and
curatives in kneader and nped at about 90 C

Thé?éeelaééPéﬁ@ij Tﬁ’xlf{ﬁ‘@éiev\érléfﬁﬁéﬂtv@l%otﬁl%%somfurat”es
PCWelé%Z@&éLG?nS]Baésed £2 sIpil rebbzedubina a (Hrydury

pel elizan ARdHSEd Afmd R 8l AelioNets CoMmaNeler el ure
fornt W N~ SCrew ex sion mxing wth nyl ons.

nyla mmd °el as@maanmn@onemmnmwm@b@@ F@mﬁoﬁwqun
Scr§g¥ %&t u%ﬂ%ﬂeQ#%%? JéMHH %9g§5nu§a€§9 5}f6¥jﬁﬂ b@i@g fed

rpm hase |nverS|on stil

ocdift rtéja3 ﬁtlx?egvéﬁﬁﬁ‘éd%of e SEPRovGetIE e 11 1S
quaélltg\htmyxmagh@antb@n o&ﬁalmgddwntb tilbest Contetirudpr
to 62,5 .volume % [ S| fq
caratqu’f Bradk sty | 1r&F con? & i ﬁ‘gwgggﬁgrﬁn §§%éllqigﬁéz)e %%d
pohyawudB/BMthbkéﬁd@ux%‘%@Mpﬂ@nﬂ@éé thaphkgeinute, aS

CONpOsSI td@@am&@@selz Exapl 8 2pfab18 OxtBhdor? cﬂtﬁ@.lty
100 100 100 10 N39S2 20 2

20
0. T5L iR fslgél fEbrer_ GRS qé?)%ﬁ 8Bt61%%gol%
0. 3030 0.30 0.30 0.30 NI 49.1 44.3 39.9 35.8 28 7

NG/ 06 1 i3 Boifh 3n2fath &4 £ ok B, BnllnBudfur Sudodk S
6.8 Si 0.78 69 0.56  BIMS vol %57.5 6
62. oy achievable by the one-stage mixing, even with the

increase in rubber viscosity, is 62.5 %. Table 3 deals

with two stage mixing.

Table 3

Example 10 11 12 13 14
BIMS-1 100 100 100 100 100
ZnO 0 1.0 0.5 0.5 0.5
St. acid 0 1.5 0.5 0.5 0.5
Ccl 1 0 1 1 1
Cc2 0.5 0.5 0.5 0 0
N6/66-2 120 0 0 0 0
N6/66-3 0 78 78 78 49
52 0.6 0.4 0.4 0.4 0.25
Cure time > 60 1.09 0.79 0.70 0.70
First Mix** 55/45 55/45 55/45 55/45 55/45
Rubber particle NM 0.18 0.29 0.20 0.20
size

Second Mix** NM 80/20 80/20 80/20 70/30
Final rubber vol % - 62 62 62 73
Rubber particle NM NM 0.17 0.22 0.24
size

Observation Phase Phase Good Good Good

' inverted | inverted
M50 (MPa) NM NM 16 21 8.5

Cure Time is cure time in minutes measured based on time
required to reach 50% cure at 230 °C using MDR curemeter
(ASTM D2084-923);

Rubber particle size: number average rubber dispersion
diameter in microns measured by tapping phase atomic
force microscope and image processing;
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Qual ity Good Good Good Poor Phase inverted MO (MPa)
7.8 7.0 6.3 5.6 NM El ongation 300 340 360 370 NM (%

wo-20079570L. 0 M 0.6 MO0.7 M0.7 MNM MO0: 50% Poriub2085/038824

at room tenperature neasured according 15 to ASTM
D412-92; Elongation: elongation to break at room
tenperature neasured according to ASTM D412-92;

Fatigue: sanples tested at 40% strain anplitude in

tensil e node running at 6.67 and at room

tenperature; 20 fatigue resistance expressed in

cytiMes tanfati e encaMurednssimde i Wmsa\Ninvearss ocanast be
neasuvedt&xadpl es 10 to 14 were prepared using a

ZSK580 cBO25nsdilatd G irobar hespe e yns irsesewsdxbcooeting
wi tb 29TMebgtih-92 0 dianeter (L/ D) screw and a

r egt dencei i hes Hf4 abedhsladdi blve @t SEOWtRRMNyAsn and 45
i nghi-cat edpprodale13; sexanpl ) 1fubwéd.h | ong cure tine,

gr gatendthan 60 90 /B0 @sanenaadnt esed INB 2@RZLE5007deight
PCEEUSRO051 §3882% compdsiphasepluw X ipartdubiynget gt of
firgbbBrx. G and C2 are the two cure nodifiers in
corichali vhx W I 523 B abinki 2ediansh oer® adjrist 8¢ teight
pr ¢ deediffoF et QHPsiiesn SUEAt3Vemrideg weight of
pr evwdbspersed in Bl M5 rubber using a Banbury 5

internal mxer running at 60 RPMwith a dunmp .

te rature of 100 C. Curatives-containing, Bl

F UBBGE EORERSTEY O ORERE (PR per TR IEd (Uhgugtores were
gr alsbamesspredrvith beiengofiédwing témultixi mpléxviadesity
The . c t L me of | e [ ' i gher. than
thé& g?lsdeéncaen ilég%gngghe%éfeguﬁ%%é %Béalaé/nu, C?ﬁl%tlﬁlgn?

| edlongaphasereewesadiontduiteagerhe second i xi ng. Wen
the cure tine is |ess than dygicnute, as that of

exanples 12 - . ) S - '
hi gh rubber | EEHPERERL cof I I LEH R SROF 1LY 1l

Nyl

m xi ng. 15 xgREANB8 P 1d Tahl es 1 land 2, £9% maximim
rubber cont¥Ar%achi evable by the one-s$@&@e mixing,
even with t h&ic/66-2 600

N6/66-3 150

Nil 200

First Mix 200

Thus, the viscosity ratio of the resin to the rubber
during the first mix is 0.6 and the viscosity ratio of
the first mix to the rubber during the second mix is 0.8.
Furthermore, since the viscosity of a mixture of the
rubber plus cure system in the absence of crosslinking
would be substantially the same as that of the rubber, a

similar ratio would be obtained.

All documents described herein are incorporated by
reference herein, including any priority documents and/or
testing procedures to the extent they are not
inconsistent with this text.. The principles, preferred
embodiments, and modes of operation of the present
invention have been described in the foregoing

specification. Although the invention herein has been
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i ncrease in rubber viscosity, is 62.5 % Table 3 deals
wWth two stage m xing. Table 3 Exanple 10 11 12 13 14

W®LME0300100 100 100 100 100 ZnO 0 1.0 0.5 0. 5POr/6S208%/038824

acid 01.50.50.50.5 d 10111 C0.50.50.50

0O N6/66-2 120 0 0 0 0 N6/66-3 0 78 78 78 49 S2 0.6
0.4 0.4 0.40.25 Curetime >60 1.09 0.79 0.70 0.70
First Mx** 55/45 55/ 45 55/ 45_55/ 45 55/ 45 Rubber
particle NMO0.18 0.29 0.20 O. 3 size second_ M x** NM
80/ 20 80/20 80/20 70/30 Final rubber vol %--- 62 62
62 degcrRppBeyiPartafarent® My pan7igrler erpedigepgs, it is
_OO%@rfsat h@ﬂefmﬁcﬁj %@&N&tﬁ&@% &@1@@621 Sﬁmﬁcsoia&\éemégrely _

I NV e re 1l S
P LB i (e REASHT Bhe B aXah AR oPaqaT B

t opreaeht 5@1%’@ulne>rat 2301€ uBengfMWBR touenenderstASTMhat

DZQ%ﬁe%é\% , m&yppféaﬂ%rnfsl GhG Bk Zﬁad@wecrhea\iqu@gerauve
ber di spersion diameter in mcrons neasured by

t aﬁﬁPﬁ@‘lEﬁaE% MbAE 25 HEr BT R I T T d bﬁnéﬁiélsed
pr adensiingde MO 2007 /f05R0 T he PEFL LIS 005 038524 of- thé
t red, i. | n
nCCAPRe ARSI sTuRER BYRDE | IMRER cfftns.
|rTé*aé<GWééleacE]®€F di &R "tC@mAs¢ﬁ/er121@2ccslaﬂ1 edVsyrenymous

55kA%nmeansstagdi ti i fing® Whr%Nybposeandt 4ostwhi1¥%n law.
(approxi mately 50 vol.% rubber. Second M x ** 80/ 20
means addition of 80 parts by wei ght

Various aspects or embodiments of the present invention

are set forth in the following enumerated paragraphs:
This invention relates to:
1. A thermoplastic elastomer composition comprising
(A) at least one halogenated isobutylene-containing
elastomer; and

(B) at least one nylon resin having a melting point

of about 170 °C to about 230 °C; wherein:

(1) said at least one elastomer is present as a
dispersed phase of small vulcanized particles in a
continuous phase of said nylon;

(2) said elastomer particles have been formed by
dynamic vulcanization; and

(3) said elastomer particles comprising greater

than about 60 volume % of the volume of said

elastomer and said resin.

2. The composition according to paragraph 1 wherein
said elastomer particles are present in an amount
selected from the group consisting of greater than about
60 volume % to about 80 volume %; about 62 volume % to
about 78 volume %; about 65 volume % to about 75

volume %; about 68 volume % to about 75 volume %; about
70 volume % to about 78 volume %; about 71 volume % to
about 80 volume %; and about 72 volume & to about 79

o

volume %.
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of the first mx conposition plus 20 parts by wei ght
of rubber. 10 Second M x ** 70/ 30 neans addition of

w(Q Qoopastost by wei ght of the first mx conposi t PONUSL005038824

30 parts by weight of rubber. Melt viscosity
properties of conponents and m xtures were 15 al so
nmeasured with the followng results (nelt viscosity

at 230 C and 1216 sec-1 shear_rate neasured using a
Monsant o processability teste %" Tabl e 4 Conponent or
m xture Viscosity (Pa-s) Exxpro 89-4 250 N6/66-1 600
N6/ 66-2 600 N6/66-3 150 Nl 200 First Mx 200 20

Thys, thge #&%f’tﬁ.oﬁagbeo:@élﬂ%‘%g el haphhe | Hbbern

during the first mx . is 0.6 and the viscoSity ratio of

t héa#gr%%a%ﬁ%n% R BB eF OB ¥y gtﬂr?@@é(:&ﬁann?}imﬂ% 65
0. 8olukéeirs hernore, since the viscosity of a m xture of
the rubber plus cure systemin the absence of
crosslinking 25 would be substantially the sane as

t hdt of Thpecomptreition asrarfing ried iRRYAE®hhe wherein

obkak gedi a M bmdo GParmNLI edes6hip PRSE NfRitR r@kBan about 62
|nco§$oraged by Treference herein, iIncluding any

pri'8ri't§ Bocunments and/or 30 testing procedures to
the extent they are not inconsistent with this text.

The pri E‘Eépl? oﬂﬁfo%r %%gor&mgd&mﬁg@% odes i

oper ation o pr esent i nvention have Deen

de§éﬂ?b@8a?ﬁo$?ﬁaH%ﬁﬁ%ﬁ%ﬁﬁgcogﬁﬁ%$?|%9ﬁ9§3@2 ﬂP#HBﬁgﬁ to
t hapbayensi eoldes ei.n has been WO 2007/ 050071

PCT/ US2005/ 038824 - 55 described with reference to
particul ar enbodi nents, it is to be understood that

t hése efbedempe sl tbon @@pepr?lnglws@%ﬁqwhofl herein

pr IsAelPLes s 88 AR HiGRlIeBNScRbri fe apesa vionweat & oo
efoie to, be understood that 5 nunerous

S thﬁr
no& Pial Pole WEY be nmade to the illustrative

7. The composition according to paragraph 1 wherein the
degree of cure of said elastomer pérticles is at least
about 50 % of the maximum degree of cure that said
elastomer is capable of reaching based on the composition

and conditions under which said elastomer is vulcanized.

8. The composition according to paragraph 7 wherein
said degree of cure is selected from the group consisting
of about 60 % to greater than about 95 %; about 65 % to
about 95 %; about 70 % to about 95 %; about 75 % to
greater than about 90 %; about 80 % to about 98 %; about
85 % to about 95 %; and about 85 % to about 99 %.

9. The composition according to paragraph 7 wherein

said degree of cure is at least about 80 %.

10. The composition according to paragraph 1 further
comprising at least one component selected from the group

consisting of fillers and plasticizers.
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enbodi nents and that other arrangenents nay be devi sed
W t hout departing fromthe spirit and scope of the

Li kewi se, the term "conprising"” is considered
synonynous 10 with the term "incl udi ng" for purposes
of Australian law. Various aspects or enbodi nents of
the present invention are set; ., forth in the follow ng
enuner at ed paragraphs: This i’dvention relates to: 15
1. A thernoplastic el astoner conposition conprising
(Alkt |IHastcoopeshalogematadlingobot phengrepnt hiviangin

el astonely1 ANde6BL abm §§sgés QneiR¥hes kesin hl%)’icﬂ’g 1@ or
t o about 230 wher ei n:

meltin p0|nt of .abou %/%

20 T s did &9 dast Bﬁ%o%l ONEPOLY™BFesBht s a

di sqepsed tilaseaofosoal (1vilidaniizedbpatt L8/ 28 ta apout
cong ﬁ#pus phase of said nylon; (2) said el astoner
particles have been fornmed by dynam c vul cani zati on;
and 25 (3) said elastonmer particles conprising greater
t hatp abotHe &dmypRlsufeofo Qécéﬂ‘ﬁd@oh@ﬂ@aeﬁgsabﬂ 11 wherein

| ast d d LLi '
o TAT BT 1 Wi EEho 0 <0 ras LanBPOBAr 1T ol bee

areamwwséﬁbqﬁh an amount selected fromthe group
consisting of greater than about 60 volune %to about

80 volu % about, 62 volune %t about 78 v me 9%
Sbolt B8R BRI CALGHEO T Vol g SHRTEBB 64 ere

vol said %t d eataduton25he bbgemat9éd dizobrit y38ng0cyot arme ridh

9 b 7 9 t,80
volﬁﬁé?%gg V%g%%ﬁeé%ﬁa 5 Jﬁéﬁybtggh oé%kglsggg Jﬁg %

WO babyg @m m@vﬂusgbbsmdfa%lwenﬁéedslsvﬁéefln para-

Compﬁylsme&&?ecwo@omgmta@ Ped Bgfeapitell wherein said
el ast particle eat er than Tbout 65

r
vol Ui @ﬁy%ﬁg@ PTW-%SXngggr??%ﬁ$%f ¢or'di g oY PaEF agr aph
1 whelejenatsal dmingbednkrt phrtildiess acgnprilseegaeed er
thagtéﬁmﬁ4aﬁg%ed butyl rubber.

14. The composition according to paragraph 13 wherein
said halogenated butyl rubber halogenated butyl rubber
comprises a high content of the following halogenated

structure, where X represents a halogen:

CH,

—f—CHz—C—CfH—CHZ—9—
X

15. The composition according to paragraph 13 or
paragraph 14 wherein the halogen is selected from the

group consisting of bromine and chlorine.

16. The composition according to paragraph 13 wherein
said halogenated isoolefin/para-alkylstyrene copolymer

copolymers comprises a C4 to C; isocolefin.
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volume % 10 5. The conposition according to paragraph
1 wherein said elastoner particles conprise about 62

WO o00ans009 t 0 about 78 volunme % 6. The conposPCT/U82005/038824

according to paragraph 1 wherein 15 said el astomer
particles conprise about 62 volunme %to about 76
volume % 7. The conposition according to paragraph 1
wherein the degree of cure_o% sai d el ast oner
particles is at |east 20 about 50 % of the maxi mum
degree of cure that said elastoner is capable of

r eddhi nfhbasenpari ttilve ecrposing ore waTRremdi flbonserein
undgk gWhh €Hg St 1tk £1:a%lQRRE nl/ a Vall £BA} 128G ren8. cIB81ymer
conposi tion accordi ng to paragraph wherei n 25 said
deGPBBTOFER LT 7 géaé’i%@ egoayg?ﬁ&ﬁ%tﬁredﬁﬁc&iﬁs'i sting
of mebhbyl s60rénd)o gedtyerert han about 95 % about 65 %
to about 95 % about 70 %to about 95 % about 75 %
to_ greater than about 90 % about 80 % to about 98 %
abddt 8Beos PP ALY F CRP T aARY abR R TEI W0 1dbBheredn
% s3@d9nhalbgefoi®asidriol.accordi ng to paragraph 7
wherein said degree of cure is at |east about 80 %
10. The conposition according to paragraph 1 further
35 1@onphi shagnatid ddste orapcoapodiem gl asragatiom t he

gr veh@RSESL A (gaﬂ.ﬂﬂsgﬁg angh Ohast 1 L4 ©1aWomer
2007/ 050071 PCT/ US2005/038824 - 57 . 11. The
coMPBEPEEERCRACR T U NG % GOpRPAGPEPR” 1" wherein  sai d

nylon resin conprises a mxture of (i) nylon 11 or

nylgn 12; ,a0d (L 'n%/il(n%] /a?i/t?)@rﬁglgf%)y% 13 her

conposition ratio ot I's” about 10/90 to about
5 GOMPOSiERon THECTTHFSE IO BATAEERR Y hg? Y ¢ paragitapRc11
whersiet ofakdheeapasid mererakiio of (i)/(ii) is about
30/70 to about 85/15. 10 13. The conposition
according to paragraph 1 wherein said at |east one
hal2dgenat edorsodputgidrdesoinabnpngtakel agtioieey fog
sel acied iH50M e PR 1GeNeh 8L Ble Bf composition, said
mixer having a characteristic residence time, said
composition comprising greater than about 60 volume % of
dispersed particles of a total amount of at least one
halogenated isobutylene-containing elastomer, said
particles dispersed in a continuous thermoplastic nylon
resin matrix, said process comprising the steps of:
(1) mixing halogenated elastomer-containing
composition (A), said composition (A) comprising a
first fraction of the total amount of halogenated
elastomer in said thermoplastic elastomer
composition and further comprising a cure system for
said first elastomer fraction; and thermoplastic
nylon resin (B) under suitable dynamic wvulcanization
conditions of time, temperature and shear to form
composition (C);
(2) mixing composition (C) and halogenated
elastomer-containing composition (D), said
composition (D) comprising a second fraction of the

total amount of halogenated elastomer in said
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hal ogenat ed butyl rubber, hal ogenated isool efin/para
15 al kyl styrene copol yner, hal ogenated

WO s@buosoprene- p- met hyl st yrene-i soprene copol ynePCT/US2005/038824

hal ogenat ed branched butyl rubber and hal ogenat ed
star-branched butyl rubber. 20 14. The conposition
according to paragraph 13 wherein said hal ogenat ed
butyl rubber hal ogenated butyg rubber conprises a

hi gh content of the follow ng %alogenated structure,
where X represents a halogen: TH2 CI -(-CH2-C |
H CH2_ thernonBastiive edapponet i ovmrraidrigdinngndofurther

pafagfa@@mﬂéﬁé&ng-%ﬂ%@géaabsﬂémwkﬁﬁfadld|§écB@H°§EQst§mer
selecteg fromthe rou %; of brom ne

chl ori nET2%p A%’ crd’u&é?apézaglon
paragraphndBtﬂWmﬂeyﬁwtlgabdthmpemﬁmHMQuﬁnd shear to form

|sooIefhgﬁgggf%fg$¥9ﬁtyrene copol ymer copol yners
conpri ses i'sool efin, WD 2007/ 050071

PCT/ US208k/ 03Bghe sumsgf s2idThir gormtsisaconalEarti oie
t 0 par agraphl dfendieiceien assamndr has openatiethin the total

|soolef|n/§a{a glgxk%%%r%ng cggg%g%g¥tﬁ$_%gﬁ%}ses a

halogena? po y(iso VI 6nesco- p- yrene)
copol ynehergonBastiwe eé@ﬁﬁ@@en @‘ﬁmmfé:ldirldifhg Htleilng
par agr apBmdds Whesei (k) saudnhabegesds éMa‘Hﬂdﬂl%r—a;Snté\lnlng

t
o cvont FOBEP RV SoRIri SRR SOTHRR RO st SSTRELBIRT 2

conposi thondatcardiang ofo tpar gtapharourt).ofAtadsgenated
conpri Sleﬁgseo&@frm@dﬁﬁt theehBS] QUEIc LOIRARIL on

according to paragra as at” least one 15 | ayer of
a hose Feﬁéoﬁéi%ﬁﬁzﬂnd-ffrtﬂeﬁrBQ%EEl%HHﬁ&bFEEelﬁyﬁtem for
sui t abl gaRxerif@rel Profue Ngaatiber mplastdsdtable

elaSton%rnaml éiiééﬂkzé%%gg conditions of time,
temperature and shear to form composition (G);
wherein the step of dynamically vulcanizing a
fractional additional amount of halogenated
elastomer in the presence of the dynamically
vulcanized composition of the preceding step is
repeated as many times as necessary in order to
obtain the total amount of halogenated elastomer in
said thermoplastic elastomer composition; and
wherein each said dynamic vulcanization conditions
at each step are sufficient to effect a cure state
in said elastomer particles of at least about 50% of
the maximum cure state for said elastomer and cure
system and wherein said dynamic vulcanization time
period is equal to or less than about the

characteristic residence time of said mixer.

22. The process according to paragraph 21 comprising two

fractional additions of said halogenated elastomer.

23. The process according to paragraph 21 comprising at

least three fractional additions of said halogenated
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m xer having a characteristic residence tine, said 20
conposition conprising greater than about 60 volune %

wo@Roo7as®per sed particles of a total anpunt of BECT/USME$/038824

one hal ogenat ed i sobutyl ene-contai ni ng el ast oner,
said particles dispersed in a continuous
thernoplastic nylon resin matrix, said process
conprising the steps of: 25 ( m xi ng hal ogenat ed

el ast oner - cont ai ning conposition (A), said
conposition (A) conprising a first fraction of the

t otdbsaomamt of hal ogenated elastoner in said

t hernopl astic el astomer conposition and further
conprising a cure systemfor 30 said first el astoner
fraéti obe R¥P AT REFPELLTE t%ﬂaotﬁgrréé’PnZ&BYh‘aﬁﬁﬂefe saild
suenabt&n@hymtqdwscamezptémt ciandirt iaepsnef séiaeted

te erature and shear. Lo, for LN )
S?L%pl é:r?n(se;)c, I%Icen A &tn gs agg)lt ééz
eIasl@MQrectwn&hQNtnéoc@ﬁbégﬁtﬁ(wﬁHQQt 6gaivglume % to about
CORROSHT bR £ D)aitRITPiisS lvegmae S@W%H&u&CUBO E}omﬁmé he;
total anpunt of ha Igg gted ast onmer %8 §$) lume %
2007PBE00Y 1V PEHIUD 38824 VOB friop Bi e ;
el ast anent cohpaslivricors ;antohitir Therolwmmndy itsl agoatcdPe
sy%@g,}néw 921 01,58600818h St 08B rapdiaciy OB uiadet ana

suita nam c cani zation conditions of tine,
teﬁﬁ@ﬁﬁtﬂ?eV%Hﬂméﬁéép £8°P6r B B 8Hpdsition (E); (3)

if the sumof said flrst and second fractions of

haI genat ed_el ast oner tggg a n
alog%%a?edc a§¥%ﬁ%}ln g%l #g%% %PagthQEH baid

eIa@aehemecomﬁmERQIQﬂwCOWP%ﬂﬁg 9@6%%ﬁﬁxﬁhﬂﬂ GHoLE) 6and

hal,ggenat ed el astoner-containing conposition (F),

said conposition (F) conprising a third fraction of

the total anount of hal ogenated elastoner in said
themnopmastpcoeéastanuarddugpboiparmgzﬁuhfahWMM§mein said

CONRPLls ﬁgrﬁggy{fcﬁ¥§gﬁghj3%e dpes@id L dRh@stoner

fraction; er suita ynam ¢ vul cani zati on
coV@ilmens - of time, tenperature and shear to form
conposition (Q;

27. The process according to paragraph 21 wherein said

o]

elastomer particles comprise about 62 volume % to about

(o3

78 volume 3.

28. The process according to paragraph 21 wherein said
elastomer particles comprise about 62 volume % to about

Q

76 volume %.

29. The process according to paragraph 21 wherein said
degree of cure is selected from the group consisting of
about 60 $ to greater than about 95 %; about 65 % to
about 95 %; about 70 % to about 95 %; about 75 % to
greater than about 90 %; about 80 % to about 98 %; about
85 % to about 95 %; and about 85 % to about 99 %.

¢

30. The process according to paragraph 21 wherein said

degree of cure is at least about 80 %.
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wherein the step of dynam cally vul canizing a
fractional additional anmount of hal ogenated 20

web@spser in the presence of the dynam cal |y PCT/US2005/038824

vul cani zed conposition of the preceding step is
repeated as many tinmes as necessary in order to

obtain the total anmount of hal ogenated el astoner in
sai d thernopl astic el ast oner nposi tion; and 25
wherei n each said dynam c vul Cani zati on conditions at
each step are sufficient to effect a cure state in
said elastoner particles of at |east about 50% of the

MaXiINUMTEHT Sr&¢ad £ fordang ebasheipra@N®iCuhe re$yStend
and vvhgr ein said dynam c vul c?nl za£| otﬁétl ne 30,perio

i s S8GGEPTED SP7Y Th&TEB5ut  the e haradiBFrsrre @

r ediedencenti cenoinegdi deaiexeed 22om ThHee mrmygegssonsisting of

accqrgisng Legkaragraph 2L conprising two fractional
addi tions of g%[d hlal ogenat ed el astonmer. 35 23. The

process according to paragraph 21 conprising at | east
t hree frastpodedsaddiddraisgotosps dadiadigeiatveed rWOn said

Zog&ﬁggogggigcgén QQ%!%3%§§%uré ﬁg &ﬁl 14181 o§4nylon
The“process according to paragraph 21 ‘wherein saic
el dgtoRed pait ity /6 prevenyneh, andf APsiééPad

5 fremot Be gf pupi consd e b /goead edpddamoghout 60
vol ume % to about 80 volunme % about 62 volune %to

about 78 volume % about 65 volume %to about 75
vol3dne %he pbouts$HSamndgimodstbopabagtantd 3olwWweredn said

ab%&npggi\églanFai%o tor a(tlgg’t(i?& ygl %1%3 t1:o7¥bout

volume % to about 80 10 volune % about 72 volune %to
ab& 179 volume % and about 71 vol ume %to about 80
volume % 25. The process according to paragraph 21

LD SR BeoShAST IR L) BR,EOPRA SR hSEE o

t 0 Paregrsaphn2 Ihakegeriateshiigobuk s eoere¢opaririigideglastomer

CONRY i53Q cgheat efork hate Ay €2nsYotun® 3% 20 ogenated
butyl rubber, halogenated isocolefin/para-alkylstyrene
copolymer, halogenated
isobutylene-p-methylstyrene-isoprene copolymer,
halogenated branched butyl rubber and halogenated

star-branched butyl rubberzr.

35. The process according to paragraph 34 wherein said
halogenated butyl rubber halogenated butyl rubber
comprises a high content of the following halogenated

structure, where X represents a halogen:

CH,

—E—CHZ—C—(IZH— CHy,——
X
36. The process according to paragraph 34 or paragraph

35 wherein the halogen i1s selected from the group

consisting of bromine and chlorine.



27. The process according to paragraph 21 wherein said

el astoner particles conprise about 62 volunme %to
W@bwans0078 vol ume % 25 28. The process accor dP@yUSI05/038824

par agraph 21 wherein said elastonmer particles

conprise about 62 volume %to about 76 volunme % 29.

The process according to paragraph 21 wherein said 30

degree of cure is selected fr the group consi sting

of about 60 %to greater tha Bout 95 % about 65 %

to about 95 % about 70 %to about 95 % about 75 %

to greater than about 90 % about 80 %to about 98 %

ab%l’yt %ﬁe?{%Lgcé@so%cc%Q {%ga@g ﬁ@%r% %t %h@?@'ﬁl 99i4d

rocess accor aragr aph
wh&PAPACRATAS TRAf R \o1 PauPaet LY b T EHe LRGeS 56

WO 2R0T4HRB06 7domiEi/d452R0 %), 088824 iseobdfiBl. The

process according to paragraph 21 wherein said

el ast omer contai ni ng conposition further conprises at

| ed$t- ofbecprpotEhtacssirdénadtpr ar2 HeaRJY GUp “Eensiist Fadd

of hafiofgbhheég mmﬁsltﬂp@lraeraiky@gtyirme Flfd@ﬁ'ﬁ%/&er
accordlng agﬁg r§$: mﬁereln 2 fL co on resin
corpFPSeses i Xt trEBod POdyI6RCTI 6ot 16h P 12; and
(ihkthﬂ@hyﬁéﬁé copwlymerr,. and a conp03|t|on 10 ratio
of (i)/(ii) is about 10/90 to about 90/ 10. 33 The
process accordi ng to paragraph 32 wherein sai

comosi £PEnPFAERT FCTAT L] jﬂo gaﬁ%{ﬁp%o%%vhﬁaeésoa?ld
85/mk8ogkh 34. bAheipr.ocess according to paragraph 21
wherein said at |east one hal ogenated

i sobutyl ene-contai ning elastoner is selected fromthe
group consisting of hal ogenated butyl rubber,

hal ogenat ed i sool ef i n/ par a- al kyl styrene 20 copol yner,
hal ogenated i sobutyl ene-p-nethyl styrene-isoprene
copol yrmer, hal ogenat ed branched butyl rubber and

hal ogenated star-branched butyl rubber. 25 35. The
process according to paragraph 34 wherein said



10

15

20

25

30

35

hal ogenat ed butyl rubber hal ogenated butyl rubber
conprises a high content of the foll ow ng hal ogenat ed

waeoaoswre, where X represents a hal ogen: CH2 PET/US2005/038824

CH2-CG i H CH2-)- 30 X 36. The process according to
par agr aph 34 or paragraph 35 wherein the halogen is
sel ected fromthe group consisting of brom ne and
chl orine. WO 2007/ 050071 PCT/ US2005/ 038824 - 62 37.
The process according to paragraph 34 wherein said
hal ogenat ed i sool ef i n/ par a- al kyl st yrene copol yner
cofoPyMBrs conprises a C4 to C7 isoolefin. 5 38. The

ﬁr lqcs es SA?E%@fﬁ&ﬁ‘%%ﬁcf%ﬁ@@E@ﬁEr ?J?Mk?é'iaﬂ'irbns @:oﬁhprising
a ogenz ed i sool efin/para-a styrene copal ymer L
; ) 815 ‘o) L ?%%Bﬂ¥ égéﬁp e-containing

conpri sé§’) a Pal byEHatte§ porge yt o]

met hyl styashejecopold/mer. 10 39. The process accordi ng
to para ph whar e ' H LOWLAE; .
A Ll e Y s e
t her nopbdstbeukel Bkt fherocanposizibriCeonpersimg (A) at

| east OQQ)haEQQ§Qﬁ¥%%éé%OBHEyhgﬂéﬁéﬂﬁﬂéﬂ'“ ng ,
el astoner; and. 5 QBE at | east one nylon resin having a

mel ti nglEBPREY IS HBIR D8I L B BB FBPIES Hhef &i A
(1) sai diapetesastpioree hdl esgehat edlcanized or partially

i sobuty - i.0j l.ast r_j a .
A R e e i e e I P
vul cani pgdoparticles in a continuous phase of said

nyl on; ((2) sahfdhadogemated isebutylene-cont-ainingg
el ast one rticles have b%en for med Qy q¥nanic :
VU|Cani?gF$gﬁ?eﬁd%artlc és have been formed by dynamic

vulcanization; and
(3) said halogenated isobutylene-containing
elastomer particles comprising greater than about 60

volume % of the volume of said elastomer and said

resin.

2. The composition according to claim 1 wherein said
elastomer particles are present in an amount of greater

than 60 volume % to 80 volume %.

3. The composition according to claim 1 wherein said
elastomer particles comprise greater than about 65

o

volume % of the volume of said elastomer and said resin.

4. The composition according to claim 1 wherein said
elastomer particles comprise greater than about 62

[0

volume % of the volume of salid elastomer and said resin.

5. The composition according to claim 1 wherein said
elastomer particles comprise about 62 volume % to about

78 volume % of the volume of said elastomer and said

resin.

6. The composition according to claim 1 wherein said
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15 (3) said hal ogenated i sobutyl ene-contai ni ng
el astoner particles conprising greater than about 60

wo ed0a08009 of the vol une of said el astoner and BEI/TS2005/038824

resin. 20 2. The conposition according to claim1
wherein said elastoner particles are present in an
anount of greater than 60 volune %to 80 volune % 3.
The conposition according to ¢laim1 wherein said 25

el astoner particles conprise é?eater t han about 65

vol ume % of the volunme of said el astonmer and said

I esilastoder TiherCoripes idompmiaecapdiingd orcdlvgiemslto about
nharelBiaat dy &t ASIOMRN JPR' bleCLESq COMRI e 0GR! €hia

t han about 62 30 une % of -t he vol ume of sa

el &§cdRer and sald resin. 5. The conposition

according to claim1 wherein said elastomer particles
conpri se, about 62, volune % 1.0_abput Q 0
Chavor ThBGheeR Ml B cKEHEnR Y an/ T’ TR0 %0 ¢ |
con@@glertnohhec@wmﬁmgbﬁ sugkeaPin 32 iwes &l 5t i p@@tlcles is
20Q4 Q%Q@%laﬁgﬂ U2 0003882 4ax1imbd d&fq:ﬂﬁet Q:rfercure that
partlclei cgnﬁrlse about .62 vol une 96 g
volS@te §-8F TPhRe” vl ifP s%d%f"%@% °§‘a

r esiompo5i¥ioifhand onpusittiions acder dvimgch csan:y edfastbaensis
1 tQ6awhepein the degree of cure of said elastoner
particles is at |east about 50 % of the maxi mum

degree of cure that said elastoner is capable of

reachi nghbaseflposithe ermpasnyi o6 ahsiwohditdreds said -
CodRlo Ml 60 8010 S APl 8 cL0aNHLCod 2ed. 8, The
conp 4i%Ci On §ccor 10 clai’m erein said degree

of cure is about 60 @6to about 99 0. 15 9. The

conposi t%%”c@ﬁf@éﬂt{&u t-Q iy 7 twher gim saitredegkaed
of cure is _at [east ut Oaé %OB The conposition
acc8i%STg °foCaRG bf T 64§ SPufther conprising

at | east one conponent selected from 20 the group

ConﬁjSt%%% egm%5£l€{§nQngﬂkﬁ%% Ebzgﬁ§ oﬂjcleéﬂ% 1 to 9

osition ac |ngto an cl al ns
withegaicamay i oHny ezt rﬂ-a@oﬁ%pprleeeoap%l%%r%lcﬁctﬁd) from

nylﬁnb group consisting of fillers and plasticizers.

11. The composition according to any of claims 1 to 10
wherein said nylon resin comprises a mixture of (i) nylon
11 or nylon 12; and (ii) nylon 6/66 copolymer, and a
composition ratio of (i)/(ii) is about 10/90 to about
90/10.

12. The composition according to claim 11 wherein said
composition ratio of (i)/(ii) is about 30/70 to about
85/15.

13. The composition according to any of claims 1 to 12
wherein said at least one halogenated
isobutylene-containing elastomer is selected from the
group consisting of halogenated butyl rubber, halogenated
isoolefin/para—alkylstyrene copolymer, halogenated

isobutylene-p-methylstyrene-isoprene copolymer,



11 or nylon 12; and (ii) nylon 6/66 copolyner, and a
25 conposition ratio of (i)/(ii) is about 10/90 to

wW@bwans0090/ 10. 12. The conposition accordi ng tPCTUSI0NF/038824
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11 wherein said conposition ratio of (i)/(ii) is
about 30/70 to about 30 85/15. 13. The conposition
according to any of clains 1 to 12 wherein said at

| east one hal ogenat ed isobqg%hgqg-containing

el astonmer is selected fromthe 35 group consisting of
hal ogenat ed butyl rubber, hal ogenated

i sookbdGerigtachbaikkyghstybenel copgdiemand hal ogenat &d

| sobuf ylieng: iyl st yheperi soprene copol yner, WO
2007/ 050071 PCT/ US2005/038824 - 65 hal ogenat ed
branched butyl rubber and hal ogenated star-branched

but y&. r uhbercorpbsithencaoposidinpraciadd hf tvioerdai maid
13 ' ' h |

el B e Ut B har ey aurteqidted MIERE pubber o

t heCPBPT b3t Hdi0bgenatedt of ritha icd loWRBeehxlogenated
repeesedtsra, haleeger: réptsents GHaraGogenkt CH2-- X 10
15. The conposition according to claim 13 or paragraph
14 wherein the halogen is selected fromthe group

consi sting of brom ne and 20rine. 15 16. The
conposition according to clijfaim 13 wherein said

hal ogenat ed i sool eft-rRlqE@araCatRyHIHFeRe copol yner
copol yners conprises a C4 to €7 isoolefin. 17. The
conposition according to clai® 16 wherein said 20
hal ogenat ed i sool ef i n/ par a- al kyl styrene copol yner

co i ses, a hal ogenat ed_pol y(i sohut yl.ene-cq- p-
ot ROt ot Ph e er Boa Pt KilE B8 R paragrapn
accoddvingrein dlhai mmaldgwhetiei sebaitted Zxomalkbgearpgp

br opLAg; sd8hg APREURRLECLLT En £OMHd Sing an air
permeation TPpreventive |ayer conprising a
t her nopl asti c el ast oner

16. The composition according to claim 13 wherein said
halogenated isoolefin/para-alkylstyrene copolymer

copolymers comprises a Csq to C; isocolefin.

17. The composition according to claim 16 wherein said
halogenated isoolefin/para-alkylstyrene copolymer
comprises a halogenated poly(isobutylene-co-p-

methylstyrene) copolymer.

18. The composition according to claim 17 wherein said

halogen is bromine.

19. A pneumatic tire comprising an air permeation
preventive layer comprising a thermoplastic elastomer
composition according to the composition of any of claim
1 to 18.

20. A hose comprising a thermoplastic elastomer
composition according to any of claims 1 to 18 as at

least one layer of a hose tube material.



conposition according to the conposition of any of
claim 30 1 to 18. 20. A hose conprising a

wWao b@roasprasti c el astomer conposition accor di NBCT/USANY 038824
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of clains 1 to 18 as at |east one |layer of a hose
tube material. WO 2007/050071 PCT/ US2005/ 038824 66
21. A process conducted in a mxer for producing a

t her nopl astic el astoner conposition, said m xer having
a characteristic residence ti%%e said conposition 5
conprising greater than about 60 vol ume % of dispersed
particles of a total anmount of at |east one

hal pgenal gd ce%gb%%é& £ al B:0geEpst fr&;iucﬁfa%

par cl es n a cont | nuous t astic
nymnenrwwstn@t plzstapsw %W@léﬁwp??é‘ﬁ rf@”fehre hevdpg 2

of : cﬂ@ra(clt)eﬂnwlagraam@@é@t@dneel astianebmpesiaidt ng
cO OSIt

Ao o5 Ehet Tt A Hiiodit "orRe) Boehatapersed
el asa onerldsn ofardtoheat n@rprmastt iaf eltaseonbr orenpogigangted

and; £ 45 there LORNLE gk Agn& &}gsecosa@t erpfigr allél@pésﬁ
first elastorrer fraction; and therno Ias?

r estHERB)SSthder asGPPEbW‘%O‘b‘ilr?ﬁ}ﬁré“qP&laéﬁﬁFz%ﬂ%lﬁ 1&n
con:daftrnn,s safid tpm‘epesen@@nlatmmgarmhesbmpst@ff orm

compoSi {100 (0 n62ha M 410G SO R0k 2Nhing

hal ogena ed Fast o r-cont al ni rlg nposi tion (D),
said corpesititéan( B} copptd sTHPos éeancﬂAfr%@f%rﬁlélrg a

the totatiamuacefchabogenates £l asboner of hsBbgknated
therrmpl%aatl c el ast omer , 01?% 0si t. on ang further

conpri si fig o Wie 10y SR st Hor SR P dCond e 38t omer 25
fracti ongonprdeirt isni eabl éudyimeirni @n\wﬂl@angzat feope system for

condi ti Ogél@ffffs%eelsgepﬁéﬁtﬂfaec@% sla%ar tizl@rmsmstlc
conposition (E); (3)_if the sumof said first

second fR\ERT drrsingfl Bhall%@%ﬁa‘f%bta@]ﬁs%ﬁ@?‘l%w?ﬂ%?lZatlon
t han t hecéodiadic3® affoumhine pf t depageanatednel astonetro i fform .
said thernopl.astic gastorrer conposi tion, mXxing

%é) and

Cconposi t| For fogenat ed el ast oner-cont ai ni ng
2) mixing composition (C) and halogenated

elastomer—contalnlng composition (D), said
composition (D) comprising a second fraction of the
total amount of halogenated elastomer in said
thermoplastic elastomer composition and further
comprising a cure system for said second elastomer
fraction; under suitable dynamic vulcanization
conditions of time, temperature and shear to form
composition (E);

(3) if the sum of said first and second fractions
of halogenated elastomer is less than the total
amount of halogenated elastomer in said
thermoplastic elastomer composition, mixing
composition (E) and halogenated elastomer-containing
composition (F), said composition (F) comprising a
third fraction of the total amount of halogenated
elastomer in said thermoplastic elastomer
composition and further comprising a cure system for

said third elastomer fraction; under suitable



conposition (F), said conposition (F) conprising a
third fraction of the total anmount of hal ogenated 35

web@spsoer in said thernoplastic elastoner coP@QDES1005088824
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and further conprising a cure systemfor said third
el astoner fraction; under suitable WO 2007/050071
PCT/ US2005/ 038824 - 67 dynam ¢ vul cani zation
conditions of time, tenperatuyre and shear to form
conposition (Q; wherein the step of dynam cally

vul cani zing a fractional additional anount of

hal ogenaiwthrg celvagdrentraton heonglidsonseobf tihe,

dynam caldppe rdthGaNEZQAs CONPOS] tm ebmbbe:iPi&cedt)ng
step is repeated as man%%tl nes .as _neces ar%,ln or der

Lo | obt aTTFHHE FEaRtaRoHRI BT HAPdgen TPLa- Rt 5oRD for
i n sai d fihermnopladsbibdi el asd brerowadanpds hiil ogenated 10

wher ei n eack sl ;fynAgt 6 vl fanizathanqgondi Lions - at
each step are sufficient to effect a cure state 71n
sai d el a‘élt]d??é‘rlzﬁélr £PEPegibiomto]] ¢St PABEAEIBYWEIP Hhe
ma)(;i V\nrzm ﬁéﬂ@‘@cﬁfag ﬁﬁysailﬁel£|a1$tr@&f'ssaﬂ9‘ @ﬂr@rd@ysiogm
an erei,n .sai nam c_vul canizati.on ti 15 ri o .
s equal G 0r e OPRAN IO Fna s (OHAPAETar AT Erer in
resi denceaid rdregiopdpdt bt xekasZmerTivompreébsen; and
accor di Nghd,Q iG] lah24a CQNBYASHNY R anfik86LbRN&bnditions
addi ti ons of said hal ogega %gc el ast oner..

a

20 23. The
process HAccGU P03t hpicsthgeat 21 gakt state
t hree fractiznrbleladtibheonsaoficlasd dfakogénasedabout 50% of
ol ast Oty A BE-BT OCESS ALCUAN,L0:6hal Ml cure
22 or 23 wherein  said el astonmer particles are present
in an anbiHteHRRNAgNEEREN t P £hBWRN160 VitdFaREezabiqn time
about 80paldiTe Heqddl Theoprroassnaecapdubgthe claim
21, 22 or, 23 vxt,her.e' n. 30_s articles

. chara erlsEic I 51$%d eh%?%?%%r§ 1? Xer .,
conpri se grea(i of A abolt~85 vélume Fsof The“ Vol ume
of said elastoner and said resin. 26. The process

accopdi Nhd ¢ SN Blco2difd &3 WehebA 8abHising two
el astoner particles conprise, greater than about 62 35

vol GhBCHEtt REVSIGRE BF $%Y M a9comerdafd? SapeerT -

resin.
23. The process according to claim 21 comprising at
least three fractional additions of said halogenated

elastomer.

24. The process according to claim 21, 22 or 23 wherein
said elastomer particles are present in an amount of

greater than about 60 volume % to about 80 volume %.

25. The process according to claim 21, 22 or 23 wherein
said elastomer particles ccmprise greater than about 65

volume % of the volume of said elastomer and said resin.

26. The process according to claim 21, 22 or 23 wherein
said elastomer particles comprise greater than about 62

=)

volume % of the volume of said elastomer and said resin.

27. The process according to claim 21, 22 or 23 wherein



27. The process according to claim?21, 22 or 23
wher ei n WO 2007/ 050071 PCT/ US2005/ 038824 - 68 said

web@snser particles conprise about 62 vol ume PET/US2005/038824
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about 78 volune % of the volunme of said el astoner and
said resin. 5 28. The process according to claim 21,
22 or 23 wherein said elastoner particles conprise
about 62 volume %to about 76 _volune % of the vol une
of said elastoner and said T&in. 10 29. The process
according to any of clains 21 to 28 wherein said
degraial gflactoaerspabbutldd dbrporigboabod® 88 v@DumeTle to

pr A QL hﬂg Looﬁ”@héﬁvéydﬂengfzéaig é@%sﬂﬁﬁafﬂé%d
said degree of cure Is at |east about 80 % 15 31. The

pr otEst TESddrding to any of claims 21 to 30 wherein
sai d el astoner contai ni ng conposition further

e
Theﬁﬂ%@éﬁt@@@ér 9%51%6%@@1@%@!?@@16% ov@hume s to

whegidut Sal &rdlyih@nsr 881 Ph& OPRRinee S ra sBk Yt 81 £s@mdrl)and
nonn 11 ar_nylon 12; and (ii) nylon 6/66 copol yner,

and® &< doipdsi tion ratio of (i)/(ii) is about 10/90 to
about 25 90/10. 33. The process according to claim 32

whes@i n gal %ro“c%'é‘@oébébP@lr{c?tﬂoo @k Ole) Elhids |51 akouty
30/ 70 to about The rocess accordlng to

any %ﬁfrecllrhlsr?sldzfe%eés"fmﬁé"reellﬁ ?5%0& aPll Bakt iyt 29 3-
halogenated i sobutyl ene-contai ning el astoner is

E Elt§ S%r{)er %Poo%%ogg%g{ﬁ%ﬁg@%oﬁa'n@g ¥ chalpgenatied og

i so@m@f@w el deryest 9F efier & ool rasharegenat b d -

i sobut yl ene- p- nethylstyrene i soprene copolyner

hal ggenat.ed branched but bber and h enat ed

50091 0500 BBCTRO8o 0687 batRb o ango ot S2n28E"AE &% 03
wherein said elastomer containing composition further
comprises at least one component selected from the group

consisting of fillers and plasticizers.

32. The process according to any of claims 21 to 31
wherein said nylon resin comprises a mixture of (i) nylon
11 or nylon 12; and (ii) nylon 6/66 copolymer, and a
composition ratio of (i)/(ii) is about 10/90 to about
90/10. ‘

33. The process according to claim 32 wherein said
composition ratio of (i)/(ii) is about 30/70 to about
85/15.

34. The process according to any of claims 21 to 33
wherein said at least one halogenated
isobutylene-containing elastomer is selected from the
group consisting of halogenated butyl rubber, halogenated
isoolefin/para—-alkylstyrene copolymer, halogenated
isobutylene-p-methylstyrene-isoprene copolymer,

halogenated branched butyl rubber and halogenated



star-branched butyl rubber. 35. The process according
to claim 34 wherein said hal ogenated butyl rubber

whadoogsmat ed butyl rubber 5 conprises a high ceer/Es1009638824
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the followi ng hal ogenated structure, where X
represents a halogen: 1H2 C-(_CH2-C i HCH2-+ X
10 36. The process according to claim34 or claim35
wherein the hal ogen is selected fromthe group

consi sting of brom ne and chi%tine. 37. The process
according to claim 34 wherein said 15 hal ogenated

I sostef+v pashaedalbkylyat yueier copol yner  copol yners
conprises a C4 to C7 isoolefin. 38. The process
according to claim37 wherein said_ hal ogenated

i sod? ef i I aIRCaIsky PSEGF @RI dopsilpaey 3420Pebapr i Sl a
hal @gl E@@ér%jcsegp IbsTa%g;&o Rubyée ﬂﬁzlc‘c@-eﬁld_afféﬁh)éhﬁlﬁ/yr eagk)éer
copol yner . o T rocess accardi to.cla
wnor ST 555 @ Rd0gER TS brom S 25 g0 A halddenated
t hes hopttastd c veleast Sneepcospusi ta drrlogesisting
essentially of a dynam cally vul cani zed m xture of:
(A) brom nated isobutyl ene-p-net hyl styrene el astoner;
and 30 (B) nylon 6/66 copo r resin; wherein said

el astoner is present as a His ersed phase of small,
dynami cal |y vul cantfzedhpartictls Gh—acont i nuous
phase of said nylon and said gl astoner particles
conpri se about 73 volume % of“*t he vol une WO

2007/ 050071 PCT/ US2005/ 038824 - 70 of said el astoner

andsgai dresi;cARd phergi Ny (49 S3iidh d¥nam e1aim 35
vul cani zatign is _conducted in two stages in a twn

scr BWPEER U Nedwiong asrestefeiie £ hgf 93BBRt cqnsisting
m nofebrdmi) disl rplsatideel astomer in which a cure
systemis :
37. The process according to claim 34 wherein said
halogenated isoolefin/para-alkylstyrene copolymer

copolymers comprises a C4 to C; isoolefin.

38. The process according to claim 37 wherein said
halogenated isoolefin/para-alkylstyrene copolymer
comprises a halogenated poly(isobutylene-co-p-

methylstyrene) copolymer.

39. The process according to claim 38 wherein said

halogen is bromine.

40. A thermoplastic elastomer composition consisting
essentially of a dynamically vulcanized mixture of:
(A) brominated isobutylene-p-methylstyrene
elastomer; and
(B) nylon 6/66 copolymer resin;
wherein sald elastomer is present as a dispersed
phase of small, dynamically vulcanized particles in
a continuous phase of said nylon and said elastomer

[+)

particles comprise about 73 volume % of the volume



previ ously dispersed, said cure systemexhibiting a
cure tinme to at | east 50% of maxi num cure of the

webkaspsoer of | ess than said residence time of PETES2005/038824
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15

extruder; 10 (c) during the first stage of which a

m xture of 55 weight percent Nylon and 45 wei ght
percent elastonmer are dynam cally vul canized and
during the second stage of prﬁp_jo parts by wei ght of
the m xture produced in the first stage is further

dynam cally 15 vulcanized with 30 parts by weight of
el ast onerf said elastomer and saild resin; and wherein

(1) said dynamic vulcanization is conducted in two
stages in a twin screw extruder having a residence
time of about 1 minute;

(2) using said elastomer in which a cure system is
previously dispersed, said cure system exhibiting a
cure time to at least 50% of maximum cure of the
elastomer of less than said residence time of the
extruder;

(c) during the first stage of which a mixture of 55
weight percent Nylon and 45 weight percent elastomer
are dynamically vulcanized and during the second
stage of which 70 parts by weight of the mixture
produced in the first stage is further dynamically

vulcanized with 30 parts by weight of elastomer.



