- 1 - EFFICIENT M Xl NG PROCESS FOR PRODUCI NG THERMOPLASTI C ELASTOVER
COVPGSI TI ON - 5FI ELD OF THE | NVENTI ON [ 0001] The present invention

rel ates towbhge.mmm-;gstl c el ast oner corrp05| tions parti cub@aibssosrnelué
for tire and other industrial rubber applications and particularly to
processes for producing such conpositions. 10 BACKGROUND OF THE

| NVENTI ON [ 0002] EP 722 850 Bl discloses a {ow perneability

thernopl astic el astomer conposition that is superior as a gas-barrier
llayer in pneumatic tires. This therm)l astic 15e| astoner co| posi tion
conprises a | ow perHe 35 EOR CIJG R
or a blend of polyam des, in whi CELHSIT@MER@OMB%MI@M a
| ow- perneability rubber, such as brom nated

pol y(i sobutyl eneco- paranet hyl styrene), typically referred to as BINS.
In 20 EP 857 761 Al and EP 969 039 Al, the viscosity ratio of the

t her nopl ast? ¢ maFEERIC ®d THReINWERFEOP8ed rubber phase was specified

both as a functi @@o@lf] theTM@IM@eBEagmémlbat k@léayé tbngl@@ﬁ%‘iatsjci/c
to be close to a

of
Concant 1ot on.of *SRHIeS55aPTI LI SBF SeRARF Fod i aohdr Rl
di spersed in a therepirdseieighasebe ERMEY cO8oN andr phetidlilselpses
that small parti f}_-@cégsé@, E@p@od@bsﬁgrm kBmBod Narmapl astic resin
mat ri x was, sefu in order to achieve acceptable durability of the
resul ting corrp05| tion, 30particularly where such conpositions are
i ntended to be ugwcﬁ"@mﬁn@?l?%ﬁgvﬁwﬁi\bumti c tires. Further
i mprovements in tdn@ozt]echngboga/z fs@t) PI Qgiieilnget mrlrmpgaﬁﬁé@olag@gt orrﬁr
conposi tions use st C I esc ed by e
Cnvent or - 3sher of i KA Ry o o RS P T R Bt opipe ot al
2006/ 0223941 andg‘?%TG’P/rGGS%JBWerl ABOPPOIRIEE REFein BYLPetharEweéastic 2
- [0003] Conposi t &Dans: ek borhpdtgtllew easoieeneabl dv-tpy rpesd arirgnce
(i.e., functionipg A%a a ase rr%ﬁr)s&%%ssglﬂam &%e%@Q'&%%dCof

resi n/ther nopl astic resin énds such”as den
pol yet hyl ene r esP?ll%dﬁﬁr ot 6" FR5RYR T 16‘6%%%%6/ bA66) ,  a
pol yet hyl ene t er pphtdwdliat ey andreromateic asy boon{REEIVEDEY (ispbutylene-

pol yet hyl ene ter . I e
(PET/ EVGH), - wher Egléi;%g;‘iﬁ;m rPL By LR Cor ATVt ek
r

| ayer to ot m pl GF & W%Pd?ﬁ% 03fnh@l, the viscosity ratio of

the thermoplastic matrix and the dispersed rubber phase

e ll- . e l.‘

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

25 particle size wvulcanized rubber particles dispersed in a
thermoplastic phase. EP 969 039 Al further discloses
that small particle size rubber dispersed in a
thermeplastic resin matrix was useful in order to achieve
acceptable durability of the resulting composition,

30 particularly where such compositions are intended to be
used as innerliners in pneumatic tires. PFurther
improvements in the technology for producing
thermoplastic elastomer compositions useful for
industrial applications are described by the inventors

35 herein and others in US Published Applications
2006/02239%41 and 2007/0060684, incorporated herein by

reference.



10processes for producing the same, are disclosed, for exanple, by I.
Hat a, Kobunshi (Polyners), 40 (4), 244 (1991). Further, an
appl i cati oworre@avagi7mg t he use of such a conposition as pdEUSHERBLITIOEr

| ayer of a tire is disclosed in Japanese Patent Application No.
7-55929 15(i.e., JP-A-7-55929). However, since these materials are
thernopl astic resin/thernoplastic resin blgnds, while they are
superior in gas barrier performance, they lack flexibility, and

t herefore, such f are sub ect. to ilure if they are used.in a
vhi ol o thre wni ehOTD Sosgfeiivend: shrrkeny Lt cbs RRE e

[ 0004] Furt her, thereomeacal $b.exafphetiofinghesuzsegasf barther nopastéed
el ast oner cormossfl HerdobliRbEL mla/tt@ h@ﬁté crers%LBat&t Bl%.%d@s
an innerliner or a tlr% Eg nese ient Ilca

8-183683 25(i.e. SU"Ip-R & é%%a’%n t PPHYSGENSPAT T &R bli‘% OrPat effal
of the typeddi schmh@d GehdHBP B Rivid PR&GG) N m@&&tmledlﬁ abremwﬁagel ow
heat resi stance. Mmtgkd%akm@rﬁgmﬂnaq@E@/@*mgtoaepolgaﬂmglanghernnplastlc

resin having a | ti ipt les Icanlza ion
30tenperature as a Ha rlagagwhen tﬁé’ﬁll ?feco\?lﬁﬁcsgh ﬁOB? afdder is

rel eased at the ¢RETAFOHhe Vheke mlecéh@zrwpiléﬁtéyclr@mt he tayersdnsvee
surface i s subj eehe txmRppeayancd dekachisudue1hgetderyt Rl Ao asiniac

Lot St LN (Bl A0 sgslastthe, wileonl ol on bladles,

resin during m xPRYRYF-oPdef - t%?ﬁaedﬁeﬁﬁtﬁﬂé paPtyRe%s)si 48 of) 1 #81
di spersed rubber (heglheemuiepart @t appBicathynSredikdibel yne rg.ofSci .

27(5), 1987. Wi ES&?ré %%m%@é‘itfltd%e adl §ng3§’lq1%rﬁ_¥9g]ﬁ tb§'§ Shze;yas

reduced where the ratio scosities o bber/Tesin is
brought close todisckised 8 IRAEESChERFEVS @@8%%???%9“aﬁ8 5&TRA %2
However, i15is repostedp-aA-ERSD06%)039HMevdrat sinde ateeaphatgritads are

fabricate a ther gmplashisgeel aslanmiyeomRaslh o DAl RAoRULS Lelient

flexibility, stren t ongat.i on rior durab |I|ty,

upe
by i ncreasing t heRFVIFFEr SEBﬁFe?ﬁ maﬁas H%lﬁﬁ ?‘Fﬁéfct%ta%eoft]??é’l rack
10vi scosi ti es of fidreibvidblber / ambitheabidret machubbbrs Beeomrisiddie to

continuous matri xagmesq@htﬁ@ym tﬂs@asl&%mf@hﬂbm paulcani ged o ubber

no | onger h|b|t ther Iastl apanese Patent
Appllcatlogé n%% bgﬁ} EF%ﬁ) §§5§§§{
JP- A- 8- 193545, J IPUO!Q‘Q]- 151‘75’&% aharg Ry P@SQ3®%®leﬁe9§e@t€t wekypf

it is proposed thatheiddpaaband nale csheHCIdMBskd MiLhhudypan kati gue

resi stance is reg ired %%ch as. |nfgrt|re Qr.a Qgigﬂ’mhen u5|n% a gas

per nmeati on preven |Jg)lﬁernnp ast] ¢ 6l A%t Givef conp05|F|on°conposed of
rubber/resin di spe¥sedethef@paiiesz0Petent |Grpkcebliabigi-néalb%ince
between thesfl exibi4it ywrandsgossqes) yeatt om peayeat, e fpeapsrdy by

mking use of a plengt of of! el BNl s Bl 250YL0D AT, LDE,SUPer o
g superior durability has low heat resistance. With a

thermoplastic elastomer using a thermoplastic resin
having a melting point iess than the tire wvulcanization

30 temperature as a matrix, when the tire wvulcanization
bladder is released at the end of the tire wvulcanization
cycle, the tire inside surface is subject to appearance
defects due to the thermoplastic resin sticking tc or
rubbing against the wulcanization bladder.

35 [0005] Control of the viscesity difference between the
rubber and resin during mixing in order to reduce the
particle size of the dispersed rubber has been reported



perneation preventive property of N6- or N66-nylon. Further, it was
proposed to define volune fraction and 25nmelt viscosity using the
fol |l ow ng a@uabd@gyzdefi ned as al pha: (0d/4)m x (rbirlghr koo 81116
wherein the volunme fractions of the continuous or nmatrix phase
conponent and di spersed phase conponent in the 30t hernopl astic

el astomer conposition are (I). and $d respgctively, and the nelt
viscosities of the matrix and di spersed phase conponents are i mand
idrespectively, and further to bring the ratio of viscosities infid
close to 1 to reblce t'He &PEWRr £&F-rabber Wdrti ¥ 7si zBUdBfRAL SPn
350rder to inproveat heheddrapetdddy rubosevmrrticliei sizeepest eekiiaerdERhOGD

039 Al that the dygahidii t}éfaﬁleltOWﬁ@gPﬁfl%tsu'b?sthe “rbeWASesin is
i nsufficient by %ust redﬁ0|n bber particle size. 0007]Thus

the limtations BICYHE § PB?'EbdroﬁgﬂEslﬁ()WEEHf@%FﬁgVFﬁﬁ DeFs are
per formances of t heualesi HabkeeSCarposi temmLedonprisiasg a3 mel Ithat, in

particle size ruppeimgtamal Ro dfa%ﬁ@’c%%@ ) rth%r'(rnﬁgj(m&%&h&&?éﬂ' X, the
conposition exhlbltl arrier pro ertl%s and

n oV e ’
Gostrabl & Tevel sobtPLtheutb: R Eme She by Her T te 7 o TR Than e
and hose 10appl i edei@is oguggesteltlhas strgmorsdarauitittui iy needas brg

i nprovenents, aStH@Vﬁnﬂancaﬁwffpl Eﬁ@e@eéﬁin§5€h@fre¢th% PEORESses of

the presen i nvent ENTI 008 dur abl e
f1exible, #%per mea Jttﬁegfa’rr%gzltahs(?t ¢ BT dstoner ® orfp05| tl%)@’ef 5 P5F88tR ed

using a dynami c Vg c‘%ﬁﬂtzétlp’éﬁ rwt@éés@n%cﬁr\@@cﬁ@ap@wtaogau @%rmaennmer
capabl e of appl yitigcshean tebipol YWieloSQPeRaNb st alhceheydded city.

temperature for psoduci ng.g Lheriopl asil . 206l ASLONR \EOMROSILEQD,

sai d conposition conprising dispersed F es 0 one
el ast oner conpri &7 4?9%0@@%&“%&3ﬁ§%6u«yF%neJBCﬁn%ﬂhﬁﬁﬁ65ehﬁ%ﬁoﬁer and
di spersed particiesisf, ahdl enst-1gre3seenndeebast oraly)havi ng atrobessd

one functional group, Gapable,ladceacting, 25uht by ald Gratiinate.a

pol yami de, said particles o Sald east one first
second eIastonerEE%H%ﬁﬁ§F§eﬂs|¥?Q¥168ﬂtﬁﬁﬁﬁh§stﬁ%r%nﬁﬂr§sPFcﬁrﬂﬂﬁﬁm V&R n
mat ri x conpri si ngsiktg lsegst peenapali.ganpderesselieet gt rfiopie s tisc grladpomer

consi sting of nW;&HbJE%QBH' é’&ﬁfo%’edagg R /306 PP Y X PRE Sed SHePein,
process coq§r|5|ng %lsteps g
nown to obta n’a balance between the flexibility
and gas permeation preventive property by making use of a
blend of flexible N1l- or Nl2-nylon and the superior gas
permeation preventive property of N6- or Né6-nylon.
Further, it was proposed to define volume fraction and
25 melt viscosity using the following equation, defined as

alpha:
(Pa/ On) X (Nu/MNa) <1.0

wherein the volume fractions of the continuous or matrix
phase compcnent and dispersed phase component in the

30 thermoplastic elasteomer composition are . and ¢a
respectively, and the melt viscosities of the matrix and
dispersed phase components are T, and 1gq respectively, and
further to bring the ratio of viscosities Mu/Ma close to 1
to reduce the dispersed rubber particle size domain in

35 order to improve the durability. However, it is reported
in EP 69 039 Al that the durability at low temperatures



di spersing, in said hal ogenated el astoner, at |east one curing agent
or cure systemsuitable for crosslinking said hal ogenated el ast oner
t o obt ai n woperaenpounded hal ogenat ed el ast onmer conpospdT/OsLORISOG 6
shear conditions, 35mxing tinme and a tenperature sufficient to
substantially uniformy disperse said curing agent or cure system
but insufficient to cause substantial crosglinking of said - 5 -

el astoner that would prevent its subsequent flow and di spersi on when
added to nyl on under,coq%itlons of,elevated_tenFerat e and shear;
(2) introducing $aF d"H eSS oY AYPbrE HELaBt %ﬁdﬂﬂ&eétp?% Sone
nyl on thermal 5stabelizer or oxidative stabilizer or |ight

st ab! | ' zers or copppnati opnEf tEem:nk PLO: Al deMerpand §1919$d/aidms to
suf ficient shear nijGE heat .t o cau

e t?e Q%{on o, nmelt and %?Id
optional stabili2&PF0"He *UPEPErSEF I A EHIET ﬁ%lEﬁ?eﬁ FF8PnTa nyl on
m xture; (3} introdeeditgoas temwtisdne d0mdldnpplrabtlccisier rwbkary
amount suffi ci enboh®i € St bEI VIS GOShE MR 8218 My Qx, Mexsure to
substantially match th .v%scogh;%fof sgid‘pre-co 0 deg_galagpnated
el astoner at the“t&dperatur & and under the sh&ar Tonditons present
in said mxer; (BYopPsnttricsuelragdiesirabispleredsnpdupidesidtdl sagénat ed
el astonmer into saifawiner andcapRl ¥ongudeain ?m9e§5&&f noBesuf fi ci ent
quantity to. init . c can [ . Sa . te
elastoner;Q%nd (%?5?H%%§%§%i%%aéﬁﬁdkégéon I%Iégt%ﬁggﬁ%ﬁgﬁggﬁF%ﬁhFﬁﬁ
the heating and 3RRERVHHGNES. skbdicaift Past R CoPordi SRt &Y sardesd&d6nd
el astonmer and subpsbedddcal by cerpiekensaim-«ynani ¢ vul cani zation of
sai d hal ogenated el astoner; and delivering said dynam cally
vul cani zed thernopl astic el astoner conposition fromsaid mxer. In a
preferred embodi B @Fi AHEoHhERHIBH wi t h 25pr e- compoundi ng, the
pr e- conpounfled habogEnat ed ehastlonerlesiiged,| enpeatkaned thermedlaatsc
are cool ed for Cgﬂé(&!un?e&cggg% %ﬁegtornohgegréo%%@angsm N ynamic

pr e- conpounded m Xt ure. dynami c vul ¢cani zatjion_process is

preferably condu¥tEeRTifadiPRi NEETEW MR FrG dexPr tidBt tardermixer
30control | ed condep&loles odf aheayirandhshearo wotlhmeactrigionehes at

el ast omer (s) ande%{naegeop%mﬁaﬁm&e%o& her LU & %ﬂn@}aﬁ%@f@d into
t he extrudgé at g35|élons al ong, t he extr%der screw to all ow for

opti mum r eat i onahd- FeFpEPTPBT TP N8 tDHFBRERLE T FRET Ayt Th
matri x. The 35fi dsspetsest ppetiokes gifbet leasyr efier Bbfst iedas bolrsed
after plasticizabbRPrafinghea DY LEAMPOARIY(1SheaBEh halHANE elastomer

i nt roducti on of thg gecond glasto r _or rqPQer. The - 6 - process
g an ispersed. aﬁﬁlc es of a Sast one .second ASTOmMEr
efficiently produces @ dynam Tal 'y vul cani zéd conposi'tion having a

preferred nor phokhagynd md ddpply FtaBrectsordll Ipare i ededblef of utesmriized
el ast omer . 2DETAI LEDh DESCREFETEON; to a polyamide, said particles of said

at least one first and at least one second elastomers
dispersed in a continuocus thermoplastic nylon resin
matrix comprising at least one polyamide selected from
the group consisting of nylon homopolymers, and nyleon

30 copolymers, said process comprising the steps of: (1)
dispersing, in said halogenated elastomer, at least cne
curing agent or cure system suitable for crosslinking
said halogenated elastomer to cobtain a pre-compounded
halocgenated elastomer composition using shear conditions,

35 mixing time and a temperature sufficient to substantially
uniformly disperse said curing agent or cure system, but

insufficient to cause substantial crosslinking of said



5[ 0010] Preferred applications of the present invention relate to a

t her nopl astic el astonmer conpositions for tire innerliner and barrier
films, norwoomodiessarkarly to thernoplastic el astoner conpEsuiz@nRiiies
exhi biting excellent durability and inperneability to fluids such as
air, as 10well as to liquids. Preferred conpositional features are
directed to enhanced or nmaxim zed content ef_di spersed hal ogenat ed,
preferably brom nated, isobutylene elastoners in the form of

vul cani zed particles di s sed in a continyous po

t her mopl asti ¢ na?#?? @ﬁ%&gé?FiY) dl§re¥ﬁﬂﬁl¥fﬁl3P?§€%ﬂeéfef+%ﬂi%ﬁ§pects
of the inventiondiepsitsdonovwkés iagidedt toi ey pndeessesiisubtabife for

produci ng a ther gpgbastd Qeﬁfo@]sé%r aﬁ@nme%irtl Q8 cgfh&qfahﬁc p;a%i dt ng
1 e SUucC I NS

a rubber domain onp risin rti cIe
are also highly ;8 t WS CB‘V@O%nad] ngf?'galll’fuﬂ:h $3Hor @"et B Cirh\?gﬂf‘i“%
i ncl udes pr @cessé§a¢3dr12}§|ﬂ-’odnc¢wgia¢neanatah}luzeesolaridghoseisahﬂnrzgrs he

above conpositiops. cMn@&@&@rdﬁih@}naSiﬁmrsaeahrhmetrs ahavaperyeabi ity
and is preferabl §0I such as haI

e
i sobut yl ene- contalnln G%%eﬁas oners %qg)c 8%P5€1¢y6?8f§?ﬂﬁﬁta?%d
br oni nat ed eIastéﬂ%@éﬁﬁé§ﬁéél%ﬂ49¢lbﬁ©ﬁﬂﬁa¢@ddlspersed in said nylon
Ear arrEt hy: st Iyr eneng of&@but ¥ efne ek yaey S(3)GSQQ%@ldﬁhgpé@fﬂJ&do%e
romobut yl ; gl ast n t, ructure
|IIustrated here?gF§ é%k?&{é&@ 3’95 gﬁﬂﬁgfé?gél e % comrer P&l
br onobut yl el astBh%ﬁ‘%SltdrOBI s nwher éblfxwr?ht®n~°é1hﬁtaﬁﬁit@13df mafeh
af orenent i oned btnmnvmﬁbedzeyasﬁQﬁﬁﬁSpyw{dbm@aen@ﬂmuﬁﬁbg@ﬁawudI1 ot her
polymers. [0011] 45, ispdl Nt oLl NS DEWNUIRAT LA, STREME Q! L he
em ca and

Periodic Table G oups are as sed 1n ngi neering
News, 63(5), 27 FI¥&HLonA Pr%%ﬂ%capa?a%m@ﬁ% ak® WergRtuser &géd
ynless_othtﬁ\m seprmﬁqnmpopﬁﬂé&]mﬁnogagkmnﬁ eflhetendét rietspegid indakirofind
including -7-. 6‘%' Hgattzhﬁa fsﬂlegpwmuff%meééﬂﬂ# gg%g;t e

i ndi cat ed neanin g% @ﬁ%lse or conprisLn
and vari ations o iﬁﬁ?tﬁo nae Wuéga“{%ﬁﬁﬁopsPﬁgsaﬁﬂq&alogenated

elastomer; and (3) introducing said second elastomer and

onprise”

continuing the heating and shearing to substantially

20 disperse said second elastomer and substantially complete
said dynamic vulcanization of said halogenated elastomer;
and delivering said dynamically vulcanized thermoplastic
elastomer composition from said mixer.

In a preferred embodiment and in connecticn with

25 pre-compounding, the pre-compounded halogenated elastomer
is pelletized and the pellets are cooled for convenience
of controlled feeding of the pre-compounded mixture.
[0009] The dynamic vulcanization process is preferably
conducted in a twin-screw mixing extruder under

30 controlled conditions of heat and shear with each of the
elastomer (s) and other components of the composition
introduced into the extruder at positions along the
extruder screw to allew for optimum reaction and
dispersion of the components in the nylon matrix. The

35 first elastomer or rubber is preferably introduced after
plasticization of the nylon component{s) and before
introduction of the second elastomer or rubber. The



5"conprises,” as well as "have,"” "having," "includes,” "include" and
"including,"” and variations thereof, nmeans that the nanmed process

st eps, componemniiss4’el enents or materials to which it reaef@Erss2007@81116
essential, but other steps, conponents, elenents or nmaterials may be
added and 10still forma construct within the scope of the claimor
di scl osure. Wen recited in describing theinvention and in a claim
it nmeans that the invention and V\/nat is cI ai rred is consi dered to be
what foll ows and Potentl ﬂl%. re. t&lcul Ex] ‘é*e‘ﬁ
applied to clai fB:°THIr & netUE l\)’ep{)? %‘begn e do"hot® exclude
addi tional, unr e@tpmwléeﬁpoh%m@, aepm@n@domm%%ﬂ gncrdimst hods
steps. For purposes:ef, émguaéaix&ric@a&em vhawahiiged @NELLEAMPY i Sing” is

to be consi dered nSY97y % ﬂlj} E\Ihe term "incl udi ng.
FarfPde!

20[ 0014] Consi st i ng essen In the present context,
"consi sting essen®?Hlll y oPrefarnedanpriicabiorader difye erepemt igwention
conbi nati on of ek@mam &oag ¥8d drc@S 2 8Yc aAM$Abmet camooellemm R tire

conbi nati on of el J%e thgrgdv%?aurqueg% ms,hﬁopgyﬁarft%@glggl\(

characteristics O I hventl on not
by way of |inmi ta‘élil%l’rWOPéatsﬁé‘? FOPFISASTRE @H&@@éﬁ%@n%cﬁ?ﬁ@wf% e&rcséla%%*a
usi ng a process fhedbidiidynatd i pletdezisynai eoval wiadd zathods i, dabe

xcl uded. 19O15] pubstantial|yisFor PUCAASER Blnb0 LBSEFecyzas are

30i nvention, unless otherws ed wth respect to a_s
property, charac‘fbelf?%tteidctare%q%ﬂl gr Ifar’?’émtlé?% A Eanf i FH9RPESEE
applied to any chaI@jarateSucﬂsreaierabpycmmmya,ateharm:rbelty%me: or

variabl e, neans tp.deel. . Lh & hsthat
one ki ed 1 BT et wohl O undet of At TR Boneti] Totget

achi eved, or thelRchdiPiTGRUGTS Fropart ¢ VAISTECRLRT e "PE bt .
[ 0016] Pol yher nexddeivgedlyo paefrécutarhorpdeyned sispect8 of the

copol ymers, int eimxwx%srei%oqloyg?f&l&;tc mlkill'@vﬂx%peesgeé:(lﬁﬁltEQEé
may refer toaﬁg?%msr co r|S|n tionally

as,
with other nono pﬁoéib‘f IBBP%%? ?mgﬁ %“Perre&c’f“BO jgtlon
conpri sing a Snonaparle toﬁepn@rﬂmg f srprheye Apmiahn tdenppdBimersniad 1t he

pol yneri zed for mspied Qﬁrrmap@@rwhqnel sudhescden hyaidoeiker mde,
mononer . Hoyever . f of e3¢ 0f Telerence, the phkase HeOMRILaiNg the
(respective q\ermn% m tﬁe 17 'S used as Short hand: LT kew se,
when cat al yst coh@@h&ﬂsspa@‘éeqs(ﬁfe@ﬁlb@tﬂuﬁnéommﬁtﬁﬁ hetrs @ndst abl e

forms of the conpesentisingt ths amlvb vaflessstraads by mfeepskfé:headi in the
Wi th the ronomer S 6 BraaCe oty el oo {OBLATF Sbol'sl i Fof SFEtd dny
ol efi n monomer hEQJrYIE‘fIl§PﬁB %%B@tlloﬂ@{“?‘éﬁ% isR Phél%réoééﬁb‘blﬁ‘g
[ 0019] Mul t2®l ef | alaefdtes st an@maripaobler 1 hPreigriew are brominated
elastomers, especially brominated paramethylstyrene-co-
isobutylene polymers; especlally preferred are bromobutyl
elastomers exhibiting high content of the structure
illustrated hereinafter below; and also preferred are
30 commercial bromobutyl elastomers, or blends thereof with
one or more of the aforementioned breminated elastomers
with one another or with other polymers.
[0011] As used herein, the new numbering scheme for
the Periodic Table Groups are as disclosed in Chemical
35 and Engineering News, 63(5), 27 (1985). All moleculax
welghts are weight average unless otherwise noted.
[0012] Throughout the entire specification, including



doubl e bonds. In a preferred enbodiment, the nultiolefin is any
nmononer conprising two conjugated doubl e bonds such as a conjugated
di ene |i kewiosomrasgz 20[ 0020] El ast oner or el ast oners aspgiSesodv@ieig,
refers to any polyner or conposition of polyners consistent with the
ASTM D1566 definition. The terns may be used interchangeably with the
term"rubber(s)." [0021] Alkyl refers to a paraffinic hydrocarbon
group 25whi ch may be derived fron1an al kane by droppi ng one or nore

hydr ogens fromt e fornula suc for_ exa neth | grou
(G) - or an et hyt Hutnd 6500 a0 4t TuPerte fgcRted

hydr ocar bon groupe@mamwforns a rlng structure characteristic of

aromati ¢ conmpoundgosich 308spr{y o%xea?@eﬁelha@nzeﬂee WeRht A Engen
phenant hr ene, anthracene etc.

cal | ossess al terpat
doubl e bondi ng (*liAsEtdrat PR St \ﬁhFhW%PCi!l’t s3u§¥r%%t FTEP AR ylangr oup
is thus a gvoup d@@mmmaﬁeﬁrbn@%uwedﬂoﬁaiThﬁv@oﬁpbhﬁuuby"dF@p@ﬁuﬁysohe or

more hydrogens fromthe-f aﬁauhaues._leamnéﬁasendf eerﬁewaeleeth@f@wl me@ﬁs
CoH5. [0023] Subs %tut d rg&ers to at east one %m]oge gﬁo%p % at

| east one substifient" sePec?e&n¥?§ﬁf ForPs . CMROTSIs 0g&

(chl orine, brom Retefialsr faevhigh |l(§difﬁ@i)rs éﬁﬁn%sswttllaé; it fQi)kl?r
(sul fonate or al kyépsuldoppah&)ts,t Rilehentd kyl hbt &biaiandalysd @ed and

el Leat RO PO 9L p B0Shed {}?g\{}g'ra@vgﬂgiyﬁ% ttgeZQeogbr%%ntﬁeb&fa Lo

i ncl udes hyI
etc.; al koxy, stijh? Suefre br é&ce:haqlrimaldeészylw ﬁ@ell%‘@%oéa?%n
atons, and inclutless dlerimexatieansmehiioXihe ehhoxyiorPbOpOMYat is

i sopropoxy, but Oéyalee%glagte e{eleeoggngﬁwe wgexyente%f LagYy, @ee%%ﬁxuy

10pentyl oxy, isopenty xy, ept.yl oxy, yl oxy,” non
and decyl oxy; haiﬂ%%?kle eﬁﬁuW%aﬁ%‘—’%ﬁ%%ﬁv Yﬁli’efbraé’ﬁ’&ﬁ%@ Eh& ﬁlafkyl
having 1 t1S 20 cardomcdense whi clipensesddas tandutiedhdyy eatll:@ast one

hal ogen, and inclygesionher @%fggyﬂ%d gg%ﬁyﬂ%%%ghyéleﬂgﬂ%gDHFtﬁﬁgemlals,
fluoromet hyl , 15i odonet hyl, " 2- chl or oet br onoe

o uor oet byl | 30 EHINERoBYIES 3. BPOABHRIYE . OB A1 IGRYPFBAACERS. Lo
chl orobut yl 4- f tverohot yeomel ichilngr opettiylbe dobsolmmet hyhgnymous with
di f1 uoronet hyl , gﬁéqggﬂptbyélué@ﬁ%-ndichloroethyl 2, 2-di br ononet hyl ,

2, 2-di fluogoet hyl 3- 2Qdi chl.aropro quor ropyl,
 4-di chl o%éc))buty#?mff’,h-di 8?%%50%%?3%}‘1 ey he iy the Present
, 4- di f | uor obut yFontesitehl"eposvetthiylg, e§$$ﬁﬂu@dﬂ®n@irnms meant to exclude
2

4,4
4,4 _ _
2,2,2-trifl uoroe&ﬂylele&eat%f rddmdpd 60 P60 [y elements as well as an
1,1,2,2-tetrafl uor feth%%,a tetrafl uoro Eor
exa

I
ut &d S¥ ele’men% gr ombin Ejd%sprfogx lﬁerll s[%’ha

renic unt t*neta - e yrene, p-
would alter the basic and novel characterlstlcs of the

xanmpl e, a 25"su

25 invention. Thus, by way of example and not by way of
limitation, a thermoplastic elastomer composition
produced using a process that did not include dynamic
vulcanization would be excluded.
{0015] Substantially: For purposes of the present

30 invention, unless ctherwise defined with respect to a
specific property, characteristic or variable, the term
"substantially™ as applied to any criteria, such as a
property, characteristic or wvariable, means to meet the
stated criteria in such measure such that one skilled in

35 the art would understand that the benefit to be achieved,
¢r the condition or property value desired is met.
[0016] Polymer may be used to refer to homopolymers,



et hyl styrene, etc. [0024] The present invention conprises at |east one
hal ogenat ed i sobutyl ene-contai ni ng rubber. Typically, it is present
in a conpowiotzav4si7th a t her nopl astic resin 30descri bededwusnmnstay,
in a weight ratio of rubber to resin of about 55/45 to 80/ 20;
preferably about 60/40 to about 75/25; nore preferably about 65/35 to
about 75/25. Hal ogenated rubber is definedgas a rubber having at

| east about 0.1 nol e% hal ogen such hal ogen sel ected fromthe 35group
consi sting of brom ne rine an i odi r]tﬁ. P ferred haI ogle](nat ed
rubbers useful iR*¥%i me’rﬁ\’/eﬁtﬂferﬁo [él?ﬁ%l’e ea?PSS%‘H%‘i ad © ewise, a
i sobut yl ene- base@ohohtssl paereseier to 4eclweporymurisinFhes el qolty rep s
can be descri bednasonicx3JoBpeoRRAINMNELifF A HA ﬁ@n&;?exissormnool efin

derived unit, i sobutyl ene derlved u d at | east. ane

ot her pol yneri zaEFeﬁam E‘Fnﬁlong e%odllrﬁenﬁer}gft?%% ﬁveﬁ?m%rls%fghg
hal ogenat ed® i soble§PRate- Eége‘épr&ﬁﬁél YREPreseng but e poypeey ugbéneor
branched butyl -t ypeydidtiber, resped aht Ymchfcﬁfélrnafceﬂ’x welks Heasvafiviehesen
el astoners. ( USG{,H& n‘rli[?u%%tew atf?o‘%«et?zfé'i:y' £ Wb ﬁ”cige%%nce ”ﬁ?o'ﬁﬁ@%%%

and copol yners o I'ns or 1500l &fing an
10el ast oner s sui t aWIRFiEgRIt Hee | (ReeRer bR Ar @%‘I“?r'krﬂ?v\nﬁhanhl@ és used
descri bed i n Rubbersrkeahaat 0gy.i2@9i581 wHduhel My tcﬁmpeﬁlentscmgrran &

Hal | 1995),, Th é\?gjg I 985 0 r

ed., RT. )%/andgrgl rb%ld, 5? nc. %réég?&dp I%:}i gt%g]%r (est%g $fd 113 ng
in 8 Kirk- 15Q hﬁ%‘PPCE?‘?WéPon’é&SaWS d‘Fé?’ﬁré&PO%JBYnﬂﬂeo@Fé%@ 95]5tP90hn
Wl ey & Sons, |nertAtthaedthd33R)iye [FOORSBuhyl comhbens asecHeypgoeal |y

prepared by reactjog I%a@tgtw,f'.{ﬁl e MROQIRLS tbhsréﬂageuEslméyg at
|l east (1) a C4 tmo i sool efj n nmonoper conmponent suc

201 Sobut yl ene i LA0(D) a AEPTIORE PREHoNGERY COMReRPiontp having
isoolefinils in awe angetitomot® o 98 Ssame%chbybawi ght of the total

”Dngoger mtXtEIJ'Le '[dT'ClJt@”!e epﬁ@ﬂﬁl fétfn_na?gfé%é tQ gggﬁndﬁ\ﬁorééknh%(}{gh%o

enbodi men e i ol efin canponent _is present, in

m xture from 30 ‘?%J) §n\%'?%| SnBI%Jﬁ%‘BiﬁpC{T@ﬁJPO Jaf??d’tfrB}Pr?f%’u t&Oé Ein
W% in anot her ekbodivmERnonen apePrasdtd ervoe wbolingrsd, dbvioke &ands0. 5
%])cof Llhe mnomcﬁnast tar @oﬂljs.lgrmleal @i&ié rllk‘éh@sémeefl n Is o

preferably,a o nd,..ngn-1imtin exa S, are

conpounds such ai(? c}but en(La!C 25 8 sobu Enemess sle% ?]en $es8Ls

3-net hyl - 1- but enE® Y pethyax erbGP@H@Slw-O@uPén@l&Z&eﬁat @ﬁ@‘-"lsrmnﬁywlth

vinyl ether, indeme asmnyh$sd neichyl sibdmne rhhexents mpdbe used

4- et hyl -1 pent eng. . J ﬂ% gﬂ%{gﬂﬁ% q,fl%pl {:],Z - a A Lo G4 (rgl)ll tiiolefin such as

i soprene, butadiene but adi ene,
[00211 ' Alkyl refers to a parafflnlc hydrocarbon group
25 which may be derived from an alkane by dropping one or

more hydrogens from the formula, such as, for example, a
methyl group (CHi), or an ethyl group (CHsCH;), etc.
[0022] Aryl refers to a hydrocarbon group that forms a
ring structure characteristic of aromatic compounds such
30 as, for example, benzene, naphthalene, phenanthrene,
anthracene, eteg., and typically possess alternate double
bonding (M™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
35 as, for example, phenyl, or CgHs.
[0023] Substituted refers to at least one hydrogen
group by at least cne substituent selected from, for



35nyrcene, 6, 6-dinmethyl-ful vene, hexadi ene, cycl opentadi ene, and

pi peryl ene, and other nononmers such as disclosed in EP 0 279 456 and
U. S. Pat enwoNoes/048652506, 316 and 5, 162, 425. O her pol ynepeczedloerosii1e
nononers such as styrene and dichl orostyrene are al so suitable for
honopol yneri zati on or copol ynerization in butyl rubbers. One

enbodi ment of the butyl rubber polynmer useful in the 5invention is
obtai ned by reacting 95 to 99.5 wt % of isobutylene mﬁth 0.5to0 8 %

i soprene, or from0.5 w isoprene.in yet another

0
enbodi nent . But yl SFUbber’s égnag%‘ét %%gré?et HE P BF o dUtOr SRS ar &
described in det apfiing),, Boinexanplire, subfoxRatient fNese 27r3856KWR28,
103, 968, 076, 4, 444183kt4, 0681851 ;and1bnn33, 344- n lF@i nat ed

butyl rubber odu d enatlon of . t ubbe

product descri begE %ec oﬁa]ijra]necnha{%llJ 8% SEA DS Eat rvd c? oﬁ aa%?ms
means, and ®he i HbéﬂlwlPéeﬁdﬁeWﬂel Athyly Pedohy, tﬂ@efthéhb:gbnatl on
15process Met hogiscefodial, ogesiaitiyg aebyn&rlsco&ychs@%l@wtybrp@ayﬁ%a

are discl osed in , 4. 4 288,575, 4,554,3
4,632, 963, 4,681 13132]% aikggé @%%”94 333 %@farﬂbgl%ﬁ"ffﬁ ahd 5 B8t 501
I'n one embodi menfor tHETBRey| "R PENMEI 0FEARPEY IFORERBORY di | uent
at from 204 to 60 asi,Nngsbrotine SBedhddry mltekynete(xelakya&ﬂdi@

hal ogenat i agept . t % 0 be
uaed as di Bl osnd {0y 5%%%&%%’1%% NALALBU AL PHBRET SRl
typically has a N/B%Yfé%?‘y‘(f &g s‘ilﬁﬂyl%yab%lto%yﬂ-o ‘ﬁﬁd@t medn§ METRLGh AL
125C); for 25 emanplanchalioctaidb aléyabioatingd i o aotdaebos ndagismenich

The hal ogen cont egtg 1S+l I b %_has he
wei ght of the haI§fgienatte)é]gﬂt%&l ﬂ@’a% Qg%sé) O(])nr 35(%9%/}4 oagg Egcﬂ&fts f%r

wt % al ternativeP¥y  iSout™ bo%glqe&hﬂﬁou?r‘?“og‘%% figricsemaph el about 1
to about 213t % ﬁoqhavettlh@flllla2+q,hJ®(J‘rpleEhEl.ré’dbfrommtjfylhamgiammm@d:hbmtyI

rubber contains g HigceeBbent ﬁ%rgmspééwlowﬂsﬂglmo%% ?
structure, mhereﬁéhrr%%rﬁ fntzf herhglg%cern an 1okl @ i cul arly
preferred enbodi € ha dtztjlélr? P8y mng AF e tlrvel y the
hal ogen is chl or fiiferomanetyl, GHfﬁ.PQromethy@IﬂZdCL@HIT@Eﬁyl, 2,2-
dichloroethyl, 2,2-dibromomethyl, 2,2-difluoroethyl, 3,3~
20 dichloropropyl, 3,3-difluocropropyl, 4,4-dichlorobutyl,
4,4-difluorobutyl, trichloromethyl, 4,4-difluorobutyl,
trichloromethyl, trifluoromethyl, 2,2,2-trifluorcethyl,
2,3,3-trifluoropropyl, 1,1,2,2-tetrafluoroethyl, and
2,2,3,3~tetrafluorcprepyl. Thus, for example, a
25 "substituted styrenic unit" includes p-methylstyrene, p-
ethylstyrene, etc.
[0024] The present invention comprises at least one
halogenated iscbutylene-containing rubber. Typically, it
is present in a composition with a thermoplastic resin
30 described hereinbelow, in a weight ratio of rubber to
resin of about 55/45 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
35 group consisting of bromine, chlorine and iodine.
Preferred halogenated rubbers useful in this invention
include halogenated isobutylene-based homopolymers or



[ 0027] A commerci al enbodi nent of a hal ogenated butyl rubber useful in
t he present invention is Bronobutyl 2222 (ExxonMbil Chem cal
Conpany) . wbodvmasey Viscosity is btypically about 27 trc13d5200vi081118
at 125C, ASTM 1646, nodified), and its brom ne content is about 1.8
to 2.2 % relative to the Bronobutyl 2222. Furthernore, the cure
characteristics of Bromobutyl 2222 as provipded by the manufacturer
are as follows: MR about 28 to 40 dN m 10M is about 7 to 18 dN m
(ASTM D2084) . Anot her commer odi nent of t 5 enat ed buty
rubber useful in°t®EY5FéSent eﬁ‘\?eﬁ? 5% “BPoRDb S)?Irl 3‘35‘3 Bashkobi |
Chemi cal Conpany}opdltvgekbohey Ovi sedsi @yom@l%@mnﬂeﬁwemu(mﬂ_r Brghat
125C, ASTM D16463$ AbukySedO 1T B8 €O, eRhdi st akeut dnd dthez. 2 Wt %
Furthernore, its re _ch cterlstl s as di c(ljosegNt()% E#}f mv tion
manuf act urer are % VSRR N Gits ?om%? 848 rom 11
to 21 dN m%ASTmmmpge@mrl@pQPtY%@tﬂnb?ﬁéﬁeCWlWﬁ@Fsl%lrae butyl-
described in det @i/ﬂae yapBeN. o MehBinclie®. biial-t9pe anbb2@A. Espdsian,ly

"Commerci al | sobg %‘Zlen?r PoI nsi%ro%s" Ognﬁygsleo%%gg@m%fs%l )(ggéflﬁm ence
o & by

and Technol ogy, ons,” 1 ncor porated herein
r ef er ence. [oozezywrozrﬁéedu%%m raRBoEF e 8f IP%?Q?Q%HQ%%I Hit yl

rubber is hal ogesgt&dmebeane Ak rans" st arsdanafchedndutybr 25 mdsber.
These rubbgys ar gﬁ%%lrgegu 1O o £ XA dl%veEE’lQn 6.8 §§91 Blpowhd §nd

5,182, 333 and 5, eac I'ncorporated herein erence. In
one enbodi ment, &R %Gtsél‘—’lﬁ?‘énjdhé@bﬁﬁ%ﬂecr}ﬁ’%@gy(Q@Bé's)l (dayrice
conposi ti on conprbstdrg cdut yEhapuzipers Ball a 996l y diene’aodebbbltk Rubber

30copol yner . ForHQH&%%%%PQHM‘@(RB%S%“& 'di%eQ&' O .t e AR hod +0fs .,
formng the SBB I's not

tion |enes bl ock capoly
or branching agehts- (HéPer nadq drévagg| ?ﬂ“i”%%e@”? Hofe "8 ¢RI Y Jplrk'
cationically - 8hmer acytvepatich afeClpereisenit Tdarialgpoyh@34-955 (John
pol ymeri zation of;;{ &g blé'b}{g ofnalegepat eid_;gt_a,qugyl rubber, or can be
bl ended with the _but ber. to E?ormth SBB fpg br anchl c%hagent or
pol ydi ene can be!l QWyélsw tﬁBF%lb‘?ﬁ’ 8ﬁ?n§reagté’ﬁ’ cabhf REEFRVehtion i s
not linmted to theattyipe ef mpotuymd @ﬁemmom@nchhﬁgma@‘@ﬁ'@ heedha @tmake
the SBB. [0029]!I meé)@@ @r}bgdtmat clzt E@a@f&ﬂrﬁman&@émmbba@n@fsmt %k

or hal ogenat ed but cri be e and Q f a
pol ydi ege Z@ ¥]Wta*ﬁ1€nehy§§b a?elaujﬁljtblpg \fé'h ene ng)e% p{g %p Tr cl)j% t he
group consi sti ngbe-' stoprlefen ipi)lﬂylb@t aéﬂ%éroﬂoﬁ%%&%ﬁe“’ by weight
pol ypi peryl ene, B@-ttﬁ@-'td%ﬁh)h@cﬁnonﬁatryFn@ﬂﬁuﬁltlaldbﬁéeerﬁhm&ént, and 85 to
ethy ene-propylegg glane; UQQgthe(rEggy&glféﬁy' eRfs RLORYLEDE; § ubber

£F

(EPM, styrene-bdfadi ene- Styrene an rene-i soprene- styr ene
component is present in monomer mixture Trom 30 to

25 0.5 wt% in one embodiment, and from 15 to 0.5 wt% in
ancther embodiment. In yet another embodiment, from & to
0.5 wt% of the monomer mixture is multioclefin. The
isoolefin is preferably a Cs to Ci; compound, non-limiting
examples of which are compounds such as iscbutylene,

30 isobutene, 2-methyl-l-butene, 3-methyl-l-butene, 2-
methyl-2-butene, l-butene, 2-butene, methyl vinyl ether,
indene, vinyltrimethylsilane, hexene, and 4-methyl-1-
pentene. The multiolefin is a Cy to iy multiolefin such
as isoprene, butadiene, 2,3-dimethyl-1,3-butadiene,

35 myrcene, 6,6-dimethyl-fulvene, hexadiene,
cyclopentadiene, and piperylene, and other moncmers such
as disclosed in EP 0 279 456 and U.S. Patent Nos.



15bl ock copol yners. Pol ydi enes can be present, based on the total
nononer content in w% typically greater than 0.3 w%

al t er nat i veloyzoosdaedre 0.3 to about 3 wt % or about 0.4 tecRuszovt@aiie
[ 0030] Preferably the branched or "star-branched" 20butyl rubber used
herein is hal ogenated. In one enbodi nent, the hal ogenated
star-branched butyl rubber ("HSBB") conpri;ses a butyl rubber, either
hal ogenated or not, and a pol ydi ene or bl ock copol yner, either

hal ogenat ed or not hal og i process is.25described in detail
in US 4,074, 035,g5‘f’%‘% 1§?85,§5‘§'g62,'38§1; DS 5357t 76038 gRFAFS T he
present inventioAufl aFmotstivirane exhdyicheormstthodnefaforisngstiimigBBor
The pol ydi ene/ bl a6kosORRLYIBEL 1B o aBsd Weradepisn (hebat paftifhers.
"pol ydi enes"), are ty 'o%&lllnl %{tcattlt%nl a Ifl Sg)rrbeactl ve and afeirpreggnt
during the pol ymsrT Zation or - tHe Bt JIEor HRCEGSAAEE bUEYH T dBo&PS
or can be bPendednvgrth-orhesbektdired hal wrpavdned?butoy 99 Bbber afo form
L he HEBB. The braa@ﬂsum%ea_gemtm_ro Bokydg ex&l gaapbﬁaegnbrﬁm%rgbj & wes
ranchi ng agent, _an Jnvention.is not limte .t he, 35t

pol ydi ene used tggrrgkdte wt%ﬁel%%%ifne[ 083X’ E'nangﬁg]eﬁrr%%b HERET - ¢ h)eéougégB i's
typically a conp&¥Pksih 2@8npeiiidsgchal &reduptityyl arabdescmided. ing
- described aboveeeditk dangopot yareimpok, au ! wdi-ene @ a,pestial,ly

hydr ogenat gd pol gdgggp’%—,%gl @’c‘g@p’ 9f2r49nht ,ngs‘iUQn§°ﬂ St 53% of styrene,
pol ybut adi ene, pof$/| soprene, polypi pef%\bﬁne nat ur‘al”"f ubber ,

styr ene- but adi ené0%%fber , I8LPIRNERE. BYBply I"ehES8i Bhetrdspes by the
st yrene- but adi enbalsigraenen antl t3icy behet i opeengradydtedes bt okl above.

copol ymers. Pol ygé%a%@@nb&rprb%SQEEIHi%ggﬁg g93§ m%ggg't Ampoaer

content in W% tgplca,lly‘greater t han. ab % ernatively
about 0.3 to 3 wHB¥SUr - 8bout Y- 4°E61D. FHGRCoPY [ B3 FPACSRAEE al
enbodi nentidf HSBBowssef.ul Methddre ofr bsbrderiatvient palyres sBs oot Pt P22

( ExxonMbbi | Cheﬁs nds@MR2BYJ1s NB%ERT: @ MRONBYs Y] sfasSi bYoddMg44+8 at
125C, ASTM D1646

ut 27 t 7, and rom ne content ‘of about
1555 to 5 6 ot ol ARONS 2 otk Sehar ok el o B 20 2305
as disclosed by #h&4véTaf a¢tarerlloased ds 483, Pols: IvHons émpmifdnto 38
dN.m M is fromge tynclf isbdp GASIM £2084kq [Q033]Recehieii&d at from

i sool efi n/gar a- al kyl stogr ene 20copol yners include random copol yners
conprising® 04 fotCAPT SOt RroBiieh E2) hehyPeie &rhe) 5 the
hal onet hyl st yr enkalddeeahaboneidmyl.st yo ene meayebchallvgenhbhed ,butgtla- , or

paraal kyl - substi tutied Shyreng Jnuebg, efbedibrentqq tiheus 4,288, 575.
hal onet hyl styrene i s a p-hal onet hyl styrene contalning at 25| east 80%

hal

more preferably ate E28LeBB85DY T ghtPRFT KB para. P€8nBrteonfy " hal o"

group can be anyvhadqger, oflesicabby thlyduezor olor avsngt: 1¥st); for

preferably,brom pe,, e GoROL WP oMY@l 39 LRcLids, fuaghl onalizedyy,
halogen content is typically about 0.1 to 10 wi% based on
the weight of the halogenated butyl rubber; for example,
about 0.5 to 5 wt%; alternatively, about 0.8 to about 2.5
wi%; for example, about 1 to about 2 wt%. A particularly

30 preferred form of halogenated butyl rubber contains a

high content of the following halogenated structure,
where X represents the halogen and, in a particularly
preferred embodiment, the halogen is bromine;
alternatively the halogen is chlorine:



i nterpolynmers wherein at | east some of the al kyl 30substituent groups
present on the styrene nononer units contain benzylic hal ogen or

anot her fuwotzemas47gr oup descri bed further bel ow. Theserd¢Tivsopuisyrrer s
are herein referred to as "isool efin copol yners conprising a

hal onet hyl styrene™ or sinply "isoolefin copolyner."” 35[0034] Preferred
i sool efin copolyners can include nononers ;selected fromthe group
consi sting of isobutylene or isobutene, 2-nethyl-1-butene,

3-nmethyl-1- - 15 - butene, 2-nethyl-2-butene, 1-butene, 2-butene,
met hyl vinyl ether, indene, vinyltrimeth I%zllane hexene, and 4-
met hyl -1 -pentene. Preferred isoolefin cod | ymers may al so further

conprise nultiolefins, preferabty—atGl,to€Cidi-5ntilitirotefin such as
i soprene, butadiene, 2,3-dinethyl- 1,3-butadlene, nyrcene,
6, 6- di net hyl - ful vene, hexadi ene, cyclopentadxene and pi peryl ene, and

ot her nononers s s disclosed i.n.EP 279456 _an 5 506 6. and
o eD. hon Tonei T LR S o B S SR Rat Sh ot SRR BR S e
i ncl ude styrene, rugtdy luseyrene tdiel prostna éngenetthdey Styrangyli Adehe

and indene deri VQEk:V&mob@mdcﬁ&m rlat:b@@aw)her eef . M(:[CQQ§51/E§@$ﬁrtryeG|.s
i sool efin copol yners may haracterized as interpolyners

cont ai ni ng t he fBY?%ﬁﬂnﬁy igﬂﬁndﬁbFouﬁFtQﬂr&ﬁ80ﬁ¥yu§b§céds d/§°t he
pol yner chain: 1r@difieddMiesaednitR amdmie arcatentdepersdent| ¥ . hiydr ¢gen,

| ower al kyl, pfe{qsialté%t%ewo %eahshsxﬂnoanq,lprzbaﬁry E%taeenapanehal kyl

20hal i des and X 1s a functional grou suc | o Desi E
hal ogens are chI8F¥?u§haﬁﬁﬁﬁ??ﬁfqﬁssc8 FQRQQBﬁgl Sﬁ.pﬁ?¥ﬁ Fy R
and Rl - are eachthydwogeactiher -2r€RRE| foldrnas: CRRLGgGURS tanbeN m,

substitutegdoon the siyhgne 7iag ﬂsndnlaheqsxtnmzaé&ho An%tca@ror para
positions, 25 preferably | e. % the

p- substi t ut ed st§?¥ﬁﬁ?ﬁ&?&s%ﬁ?‘? EOOFnE 5ﬁﬁgﬁﬁ?a§¥%g%Fﬁ}e

t he functional i zede&ty det dhe ¥Bsealboyrvéntioneis- BnﬂmobUGNﬁodEﬁént, and
in anot her enbodipREndHM Ondnid15cambIy).N YEs @naldiericehodiyest ,
t he anount of functionalized )
about 41 to 51 (ML 148 at 125°C, ASTM D1646), and its
15 bromine content is about 1.8 to 2.2 wt%. Furthermore, its
cure characteristics 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 isocbutylene polymers
are described in detail by R.N. Webb, T.D. Shaffer and
20 A H. Tsou, "Commercial Iscbutylene Polymers,™
Encyclopedia OF Polymer Science and Technology, 2002,
John Wiley & Sons, incorporated herein by reference.
[0028] Another useful embodiment of halcgenated butyl
rubker is halogenated, branched or "star-branched" butyl
25 rubber. These rubbers are described in, for example, EP
0 678 529 B1, U.S. 5,182,333 and 5,071,913, each
incorpcrated herein by reference. In one embodiment, the
star-branched butyl rubber ("SBB") is & composition
comprising butyl rubber and a polydiene or blcck
30 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 typilcally caticnically



structure (2) is fromO0.4 to 1 mol% The functional group X nay be
hal ogen or sone ot her functional group 5which may be incorporated by
nucl eophi | wo malasdi7eut i on of benzylic hal ogen wi t h ot hepcguszopssueh
as carboxylic acids; carboxy salts; carboxy esters, am des and
i m des; hydroxy; al koxi de; phenoxide; thiolate; thioether; xanthate;
cyani de; cyanate; amno and m xtures theregaf - 10These functionalized
i sononool efin copol yners, their nmethod of prepar ation, nethods of
functionalization_ and cure . are nore Q? %I cu a%g discl osed in

0

5,162, 445. [ 0036} MBSt Us&ftl 't PEGER"EopHIyTer s oL EERaFS e © fnahe
p- met hyl st yrene &revi H@séaé@@ﬂ%tmdnguwbml@bsrt oo arsiel klapded with

p- met hyl styrene wsh@rkﬁjﬂyluaub@eﬁ(wmbe%@{e tslag ety lbraubsing URRht or
gr oups present on ihc%_ %n% rin con e ar atom

t n I oy |
preferably a bro %r orrgrreilh%b ey%‘”’éﬁ%%]n s & \%SPF as’ c{;%iha or
ester funct?onal Fﬁ\é%rlﬁﬁé’r“sﬂén%oﬁ Héﬂlééﬁdvﬂffértélﬁntm HalPodedienomr20has
been di spl aced byramdiding agaydnisda o6 dykeachyl BEB.OI’ met hacrylic acid

functional ity. Thgss, nteggoéry@%ozme&te,[%g 52109608 ks i on of

pol y(i sobut yl ene-co- p- net
pol y(i sobut yl eneP8e¥lp %Pﬁi?%%%t@ﬁe Uty f¥oReE %%rﬁ?éﬂéﬂﬁ?‘li;ﬂbé\‘f&l Fadl e
under the name EXXRROIym25EbASE @myslérEe(mﬂlVbbpérﬂmﬂycaydeﬁaﬁw

Houston TXjg |t bél}lrﬁl%%rSEQPéjc%ar@tfr&ngt r%&p %@}% %rtgﬁ On%gcgﬁ%ed"

or "brom nated" arge not limt oge
copol yner, but nﬁ?JeYliPtd’é%@P?'ptf?‘\}é(lé?f”f?f?'cﬁﬁémﬁrxﬂvﬁ%h Qﬂﬂ’&rallses
t he isobutyl ene devhearnd sBuema-Puthbtepe netdvplst greiendepraed.cuni t s,

and the p- hal ongtfwd %B@Pe(ﬁﬁﬁfbvegtm%h LQI??l?elnEh%%sb (EPM)

functionalized po| %/rrers gre er ab have a substanti al ormgeneous
conposi ti onal di &t PORASLRIE tS dreat Q%§FY§%@%WO%?%TSWF99%
pol yner hak>a p-bB&at kopbelyners cénleditensst hen dO%rekehhe lmserdage p-

al kyl styrene con&@@tt&falt B@n&@ﬂ’@%ﬁteﬁ@rﬁq pief %%ﬁ%a@@ y@ﬁasce%r en&h so
characteri zed by ytion

nNar,r.ow uI a
(Mv/ M) of |ess Ot F%?r’]c?r ﬁébli}"?“&sg\'\?h‘g% aé“’%t é‘bfr f 8Fr ed
vi scosity aver agabwsi Scdl 5P el gifs.-in the range of about 200,000 to

about 2, 000, 000 @Mb(ﬂ prebesrOANyTbeE Hvelkage solecuk-aprNRimght 5in
' gren;gpggn&g hfgo 70 rindet us%%%ere%) 209,38, 884N ned fye 9¢!
embodlment, the halogenated star-branched butyl rubber
("HSBB") comprises a butyl rubber, either halogenated or
not, and a polydiene or block copolymer, either
halogenated or not. The halogenation process is
25 described in detail in US 4,074,035, 5,071,913,
5,286,804, 5,182,333 and 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
30 reactive and are present during the polymerization of the
butyl or halecgenated butyl rubber, or can be blended with
the butyl or halogenated butyl rubber to form the HSBRB.
The branching agent or polydiene can be any suitable
branching agent, and the invention is not limited by the
35 type of polydiene used to make the ESEB.
[0031] In one embodiment, the HSBR is typically a
composition comprising halogenated butyl rubber as



[ 0038] Pref erred hal ogenat ed pol y(i sobutyl ene-co-p- nethyl styrene)

pol ymers are brom nated pol ymers which generally contain from about
0.1 to abowo 2Bowva8470f 10br ononet hyl groups. In yet anotPE¥/US2007/081116
enbodi ment, the anmount of brononethyl groups is about 0.2 to about
2.5 W% Expressed another way, preferred copol ynmers contain about
0.05 to about 2.5 nol e% of brom ne, basedian-the wei ght of the

pol ymer, nore preferably about 0.1 15to about 1.25 nol e% brom ne, and

are substanti al I?g g‘;érel%e%f {,) ag gg {;I 'y rnr(;al 8?%&;&9’ he pol yner
backbone chain. I'n” 6ne € |nen e ventid hée "1’ nterpol yner
is a copol ymer oPa{)"ZPétJdYO?WEW&@%P‘PW%PPV@@PW% frpon the group

V\rrﬁt hyl st yLene ﬂefzbwﬁﬂsﬁi:mlgt 8 £ agithy fenbal pﬁ@ﬂmba&yﬁ@n®ﬁ®debpy@¢ units,
t
erein the p agé?{’%% 39@ %&XE% /0 4l % egfr Ieglfég{er{ b%@ﬁdi%ee%%%gfr

from about ase
enbodi nent , 5t he Bt%h]r%}?e@ﬁwg%%ﬂ@eﬁéei‘% W%mﬁﬁ?ﬁﬂ%ﬂ?éﬁ’e‘en%e
Mooney Vi scositystirtdhe BABCst ASHNM-Di 646 navadivkerd)bliwk2bapalymns3B .t 0

about 60 ooney up i e 3089} 1. anaLber anhad! pRnine (et chald.guohip

between the triad ion of an‘isool efin and St yrene and
the mol % of p- al RYPsAVr éfle™F e drpdrat &y Q%ﬁ%‘efh@%ﬁ&%ﬁe 3 g5,

descri bed by theatopolamieelgesiuence . 30dd sT mithut dorekeguadi. dontdesdri bed
bel ow and g cha{;,gg:teri zed by the copol ymer sequence distribution
parameter, m F = 1- 1mA /

%&%’ r,rAztl : _ Wher e
mis the copol ymeP? %z?équenée A TS FAF aftet'EEE useful in the
A is the nol ar rategerof mvahkwrstiy‘sr &nentmtiydo6ke? i fExxenthlel kojieiny et

and, - 18 - . o
p- al kyl styrene- i $30 rﬁ)ri har yrgﬁgﬁt\;llsac St e Ton EnFne?> Cr AST™

copol ymer. [ 0040P¥h#5)best aPPP%/o?‘r’ tRi 87 ecitigt PoRTYTEISNRERY LTUEPEPE m
for copol yneri zaki pn.of2 .tthett soclwefhar anthye- chatiytstiytrens ¢h a

particul ar dilueﬁEoméﬂhﬁyir%Qkf, as disclosed by the manufacturer, are as

follows: MH is from 24 to 38 dN-m, ML is from 6 to 16
dN-m (ASTM D2084) .
[0033] Preferred isoclefin/para-alkylstyrene

20 copolymers include random copeolymers comprising a Cs to C
isoolefin, such as isobutylene, and a halomethylstyrene.
The halomethylstyrene may be an ortho-, meta-, or para-
alkyl-substituted styrene. In one embediment, the
halomethylstyvrene is a p-halomethylstyrene containing at

25 least 80%, more preferably at least S80% by weight of the
para-iscmer. The "halo™ group can be any halogen,
desirably chlorine or bromine, most preferzbly bromine.
The copolymer may alsco include functionalized
interpolymers wherein at least some of the alkyl

30 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 "“iscolefin copolymer.™

35 [0034] Preferred iscclefin copolymers can include
monomers selected from the group consisting of

isobutylene or iscobutene, Z2-methyl-l-butene, 3-methyl-1-



enbodi nents, mis fromless than 38; alternatively, fromless than
36; alternatively, fromless than 35; and alternatively, fromless

t han 30. | woodobwmessembodi nents, mis from 1-38; alternat peeluyo0daseis
1-36; alternatively, 10from 1-35; and alternatively from 1-30.

Copol yners havi ng such characteristics are disclosed in W 2004058825
and WO 2004058835. [0041] I n anot her enbodiqgent, the isool efin/para-

al kyl styrene copolyner IS substantially free of Iong 15chai n

br anchi For t t hat
ubstant (al 1y 1r 85 B1o1 GnGoERY 1t TOARBRI g =88 | Al EBoba e yrmer

for which givis. 7§yl setdetrer kivdek t gibel griewtéyls hbaneor hegemd, tapd 4-

0.978, alternati Ml@i:Myl-gLr—%heéné ha@r@ﬁ‘fe@ﬂé@'J.sto@leJ.grSonp%Qymers may
alternatively, 8atgéjthan or alter greater
to )

than or equal APt eF A ﬁvel??9t §§Pstﬂgﬁ3 éé q4t° €14
0. 995, aIte?natlW@i?lobm%atévchhﬁhléppéqualkWéaGl©g8 2aBtéHmﬁﬂu@ely,
great er Itha_n or eqsle%uttagmane%nyza;fen%del@Jdnmagaéb%f%weﬂbg ﬂeﬁia@ﬁ}éh@ﬂ
size exclusion ¢ r a SGri be ow. _Such po rs
are al so dlscloseggfﬁpéﬁ% gg%%ﬁB%%%%pl 500405 = TPROAT RXQE
anot her enbodlneﬁ?,d%%ﬁ%QﬁéPa%?dﬁ%ﬁﬂ845@ﬁﬁébﬁ'5he5t5QQy§1ﬁré@@ion of an
i sool efin and a sulé2,0i2efi noantka30khet pEddhcotoftihd i Olief kAe isoolefin

| ncor por at ggl 1 nt 8ol hieial egenaled ubhel LAROAFPIS dRSCIARRALRY,

t he copol yner sequence distri ut i on equation / _
characterized by™theGFIrGRer %Rgfﬁéné%@cﬁ%ﬂ?PPbﬁ?#%ﬁ@tﬁHPénfﬂ%ﬁ, m F
= mA/ (1 + mA) 2oB5iveeriensnthesrddie copol yner sequence distribution

paraneter, Ais t[b@agﬁol ar pkakd o of 1gybiiﬂnefcbaomners 1y pdsool efin
in the copolyner

and
i sool efin-nui ti oFE???FHﬁEFFFSI%ﬁ|ﬁ?tPFP%£WWQQ§CPPBFP%W%WQhéh%ofRﬂ%ﬁWéPg
[ 0043] Meast? enenmondmer vadt $ raotdcoyofpared sdoheftihe pah@gmar chain:
multiolefin and §{he nmol % of multiolefin incorporated into the
copol yner is described below The best fit of this equation yields
the value of mfor copol yierization of the isoolefin d nultiolefin
in each diluent. In certain enbodinments, mis fromgrgater than 10
1.5; alternatively, fremgreatigr~than 2.0; alternas SHy-CRrom

; and
’“nts, mis from
ively, from

alternatively, fromagre
1.10 to 1.25; alternati
1.15 to 1.25; and

wherein R and R' are independently hydrogen, lower alkyl,
preferably Ci tc Cy alkyl and primary or secondary alkyl

20 halides and X is a functional group such as halogen.
Desirable halogens are chleorine, bromine or combinations
thereof. Preferably R and R' are each hydrogen. The -
CRR:1E and -CRR1X groups can be substituted on the styrene
ring in either the ortho, meta, or para positions,

25 preferably the para position. Up to 60 mole % of the p-
substituted styrene present in the interpolymer structure
may be the functicnalized structure (2) above in one



15 alternatively, mis about 1.20. Hal ogenated rubbers that have

t hese characteristics are disclosed in NO 2004058825 and NO
2004058835w0[20344447n anot her enbodi nent, the hal ogenat erCT/ud2heEr081136
substantially free of |Iong chain branching. For the 20purposes of
this invention, a polyner that is substantially free of |long chain
branching is defined to be a polynmer for- wiich g'",s.avg. is
determ ned to be greater than or equal to 0.978, alternatively

greater than or equa 98 alte natlv re o
25equal to 0.985°5 ﬁ%‘?‘:{l&eﬁ%tﬁn& Sr% 8%{1%%“ eafha @hf\g: 99E’0mojL
alternatively, gil@a&t@é:r aphéhebreﬂ@ﬁdamemb G-hgggmoyth é)rfnﬁtli’l‘?i@#%ﬂalglzéét er

than or equal tosP-288realiterinatrirval iy, 4 gioeat 614 harmrner f@ﬁm&nlorm
0.999, as determ.ned hy tri et ectl on SEC

30presence or ab%encpelg{ofnai”o}ﬁ % Clal N by an(?ﬁneng%l%%r l?éﬁm%\é/s?na s S

det er mi ned wsi nngtlw?pIH@Ydé?equéﬁOSE@d T ﬁPélﬁ@?@cltlFoﬁU@GﬁUéﬁlon of
perforned on a VMéeraicMhbiogeh wiBBsaciutsetrbaps 160G eabr oarbwgilaph

ted at 40C P II
ggﬁggsgchﬁsetts)e%@%ﬁ reC'lsc' oncg%&geg%e@e ﬁl@,g@aﬂd imides;

Scatfefin
(Houst on, Texas) ¥Rty lﬁég@%%oﬁﬁ??%% eEPEPLRI éhv\ﬁ?‘él?es‘-’
differential ref ractiate ;i pdexidet eghosite; a@ne afd ntiegtuaks widreblie

150C) . The, det e%ﬁ@ebgglru%c%g&%%%q woﬁ&{ao%f%t&gﬁ%mgwhttheu

scatteri ng det ect or VI SC try detector second and
the differential m?‘“e}f?da@tfl %eﬁ’ﬁ‘ﬁfé%oaet%%ttwst ﬁfrﬁuneitétof“ﬁﬁ%/ﬂ?tdfoﬁ’r 4R9i s
used 5as the el uenmte (xebmnté partlicwidhl v detlobed himedSPD) yeard4s.

Laboratories, Lt hr op nit gg dg A8 k0N i x8d=BLLS
GPO col unms. The(ﬁ?%é(itsjr ums%?éfglsga:ﬂl ?atggld&g a?ir)ljé%% : ¢

pol ystyrene stand@f d¥ “(el’-"’BP’%WreLn&bBF%tU?‘?S@s OEF%IlTBm%EFBm @%&ﬁ’uﬁped
with Tri SEG 10sofiblare p-viestplsekjreandvhensdnt ed tnt@ waledetf itdes | gor

Pro program ( Lakﬁewgs%s@uér&r g2PEbY Hreseht n@@rtr@owhwmtﬂﬁlgene i's
used to establish the relgtlons ip be]JLween the int rr{% ﬁ Vi S 05|t

pi] linear deter RPRet by PRE"I% EEnEPT Y- dt 8608 )P4t ?]aynabl hnlla?
wei ght (M " 15determi (redbrbpordtdilisgihirendat er agl et @cLeryr cpier

rel ationship bet f@mj[orﬂalh&@@afe@aenéd theixseo@xml@ﬁ@ied th¥ héiBgen atom
Mar k.' Houw ?[5( equg een gpiac edarby mﬁé J f]i?fliff‘éearcr}%t Egrsagrilnl% %rar e

obtai ned fromthe
methacrylic acid functionality. These interpolymers are

termed "halogenated poly(isobutylene-co-p-methylstyrene)"
or "brominated poly({isobutylene-co-p-methylstyrene)”™, and
are commercially available under the name EXXPRO™

25 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 copclymer, but merely descriptive of
the copelymer which comprises the isobutylene derived

30 units, the p-methylstyrene derived units, and the p-
halomethylstyrene derived units.
[0C37] These functionalized polymers preferably have a
substantially homogenecous compositional distribution such
that at least 95% by weight of the polymer has a p-

35 alkylstyrene content within 10% of the average p-
alkylstyrene content of the polymer. More preferred

polymers are also characterized by & narrow molecular



20doubl e-l ogarithmc plot of intrinsic viscosity against M| a is the
slope, Kthe intercept. Significant deviations fromthe relationship
est abl i shewd mpy/i4eer2| | near standards indicate the presepceuSinel/&itis
chai n branching. Cenerally, sanples which exhibit nore significant
25devi ation fromthe linear relationship contain nore significant

| ong chain branching. The scaling factor_g'7 also i ndi cates devi ations
fromthe determned |inear relationship. [1] sanple = g DU |inear

30[ 0046] The val ue_of fined to he le t han or equal to one
and greater than"or %%L%Ssctrég]itéjrodl (Wéﬁn)g'oﬁsieéau AP nBEFty equal
to one, the pol ypeef¢wsitlondrderdin @-be 4 imederrihensgosisy average
significantly | essiéhamn0reighhesanpl fahge l@NgL&hipohHaaCHE dposee

Sel'ence Vol - 22 QTSGR SRt ang raur%re%gg?%%feoﬁgﬁcu%r wegght
Per ganon Press, Rewhorienggoss. abaytt Rppl@0 det ebenion/503BCY asg' is
cal cul ated for eaéheﬂﬁlrﬁadsbyC@eDfpe&h@a@fdrOmtragémE@hQUl'Ve A

viscosity average \ cal g uI At e? he ent_l re
nol ecul ar wei ght %?%]t ri bu%%%%&%gazg %?isol Vi-g ¥

cal cul ated from PREVBVEYE§RS ! MILASTE @Jr%é:éf@rnf-yamd tﬂ@émanfﬁ)l‘@m@
vgs . avg. = [1lyemsnllly cKM@)n )irbR04F3 @ hen psefwnired hed agenat ed

el ast oner s, gr ruBEﬁW%ﬁ%ﬁﬁghugﬁmgﬂi09?9ﬁ%§%’anotherrembodaeent,

i sobut yl ene-p-neth ne- opre §eFibaf in wO
01/ 21672A1. The AP HYerrdt BECPUMIEYS G5IRA 1|SnaP%t f4-% gop&pertat i on
prevention |ayerznawtie tReosandbndiiéenayt . pré048hFaspaimraeses of

the present inveptiOnn %bl-:!§€fél|05t *E%VIQBQ&@‘S} '50m8]{e£0:&' B@SM&Q rb%%' gis

defined to be any 15thernoplastic po copol ynmer or _m xt

t her eof havi ng ag}‘%(otiﬂ‘?g""?l butudhse P r%ert'hﬁlﬁrﬁo@rwaahﬂ Sbout 0.1
pref erabl yl5an ate gmrureat kdomaledf bronem, ehdl ess stdbamaﬁﬂlaal.’l;,o ft2ecc

cm cn2 sec cm Hgofag;lr:a_,ohm @fmd)r Pi'é@i)t?éﬁqlryth@ g&d\}nlqubgemgneofchg?{?ut
170 C to about Zfo otle 2e0 11%1jerltn%f the J{]nqxftentlon the 1’nt(e)?eolorm rJEDE.e of
the fol | owi ng: ' potymer is a
copolymer of C4 to C; isomonoolefin derived units, p-
methylstyrene derived units and p-halomethylstyrene
20 derived units, wherein the p-halomethylstyrene units are
present in the interpolymer from about 0.4 to about
1 mol% based on the interpolymer. In another embodiment,
the p-halomethylstyrene is p-bromomethylstyrene. The
Mooney Viscosity (148, 125°C, ASTM D1646, modified) is
25 about 30 to about 60 Mooney units.
[0039] 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
30 distribution equation described below and is
characterized by the copolymer segquence distribution
parameter, m.
F=1-{mAaA / (1 + ma)}
where: m is the copolymer sequence
35 distribution parameter,
A is the molar ratio of p-alkylstyrene to
isoclefin in the copolymer and,



a) polyam de resins: nylon 6 (N6), nylon 66 (N66), nylon 46 (N46),
nylon 11 (N11), nylon 12 (N12), nylon 610 (N610), nylon 612 (N612),
nyl on 6/ 66woapwloyswer (N6166), 25nyl on 6/ 66/ 610 ( N6/ 66/ FLXYYS2007/081116
MXB6 (MXD6), nylon 6T (N6T), nylon 6/6T copolyner, nylon 66/ PP
copol ymer, nyl on 66/ PPS copol yner; b) pol yester resins:

pol ybutyl ene terephthal ate (PBT), pol yethykene terephthal ate (PET),
pol yet hyl ene 30i sopht hal ate (PElI), PET/PEl copol yner, polyacrylate
(PAR), pol ybutyl ene naphthal ate .(PBN), |iquid crystal | yester,
pol yoxal kyl ene” di i mi de di aci d/ES&r@yE‘E%ypr gte Y?%F%rp rtehalﬁa{%e)e%lo“p& yImer
and ot her aromat dtkpaityasperig;iad fracigdorpdinyhbe redrelya@stns:
p0|Y?CrYLOU:t’1 L@Odiﬁ%N), QEENHéé&EEﬁécéﬂwﬂﬂiﬁtéhﬁétiqn yi?lds the value
acrylonitrile-s ene._copo rs. rylonitrile-styrene
copol ymers, - 2é£-m E\rqr‘:é)trh 8?%?%“?% rgi_’1 ;eql}stomjrir gﬁg-%%ﬁog&féﬁeg%% ol yners;
d) pol ynet hacryl atlevsdgirase Polay RerhyTulmst Haergitat e In certain

pol yet hyl acryl at gnbodimente) mpalsy\Firbyl 1¢esithan(E®r diltkusttatdlon, fAoh

5limtation: vinyl_acetat inyl VANV

al chohol / et hyl en%é%%g%la%rrg?’( (%@EX?QQ%%%WYF?%"%{% ct&%){'ra‘%%'eval(r_%{/m) ,
pol yvi nyl chi ori #EPFE} Ve pol ﬁﬁowﬁ¢%%l%}\ﬁnn§f3'r defie AE8ps| Fstement s,
pol yvi nyl i dene chl 1y ifdemmet bacrajlatrea copdly merom 10f36c ek L oseivesivns:

cel | ul ose et at I_l.ul. 0 PR i.ne
resins: polyvi ny?ircc)fgﬁle 3?[’ U%I?cli eGE %@%ﬁﬁ?&g?ﬁﬁ% ug%?%iel}h%gsﬂ,

pol ychl or of | uor oB¥Rii% FE P PEES FeT 58 PR bt RAcENE! eyl ene
copol ynmer (ETFE)200405882R) apdlwd @0de0s&sins: aromati ¢ pol yi m des);

i) polysulfones; gg417 1) tROA¥ASELALShodiment, Kind Ol N¥REEONEAsara-
alkylstyrene copeclymer is substantially free of long
15 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'vis.avg. 18
determined to be greater than or egual to 0.978,

alternatively, greater than or equal to C.9%80,
20 alternatively, greater than or equal to 0.985,
alternatively, greater than or egual to 0.990,
alternatively, greater than or egual to 0.995,
alternatively, greater than or egual to 0.998,

alternatively, greater than or equal to 0.99%9, as

25 determined by triple detection size exclusicn
chromatography (SEC) as described below. Such polymers
are also disclosed in WO 2004058825 and WO 2004058835.
[0042] In another embodiment, the relationship between
the triad fraction of an isoolefin and a multiolefin and

30 the mol% of multiolefin incorporated into the halcgenated
rubber copclymer is described by the copolymer sequence
distribution equation below and is characterized by the
copclymer seqguence distribution parameter, m.

F=ma/ (1 +ma)?

35 where: m is the copolymer sequence distributicn

parameter,
A is the molar ratio of multiolefin to



201) pol yphenyl ene oxi de and pol yphenyl ene sul fi de;

styrene-mal ei ¢ anhydri de; n) aromatic pol yketones; and 0)
m xt ures owawgvessdrzal | of a) through n) inclusive as wettrugmorosiiie
m xtures of any of the illustrative 25or exenplified engineering

resins within each of a) through n) inclusive. [0049] For purposes of
the present invention, this definition of gngineering resin excludes
pol ymers of ol efins, such as pol yet hyl ene and pol ypropyl ene.

30[ 0050] Pr ef erreqsgggi iener.inn? resins include polyam de resins and

m xtures t her eof - >BAFT1cular FH° oF&°e¥F&H #%%i ns i ncl ude Nyl on 6,

Nyl on 6/ 66 copol ymer, Nyl dniglthe\yilsonlePinfiylonobdDin-Nyllonobd2irand
their blends. Aceeiding-dc@ian ah tiglnabhyedy.ef erred enbodi ment of bt he
35present inventi he thernopl astic¢c el asfaqner, conmpasition may be
formul ated using [gﬁlg?]]ter rm%ﬁg?tl? cmernzcsfj% E%Jrﬁ)%%éﬁ?tmroé fhe* tRASH 12
resin conpofent @8fp?imdgioleddn andylkba mAloofNghbridl2zfiand Nyl on

6/ 66 copol %mer i Iil;laoflcaiﬂa(tfeﬁf i SEOFROS Eb@@l)/(n{e&t £ @ét;sd/ﬁibgﬁ; B;ePJw.abEHE
10/90 to about 9 ;d e y. about 30/ 70 to, about 85/15._ Such a
t her mopl astic el gg%grr%l&r %5 £§Jg% tﬁ%%%ﬁggeﬁle&r?sb%é%d"ea U8 88i hstFan

provi de a t her nofPAStYRETEFast It EBApdRIAticdAnhand nplddpéefior in each
durability and appeag@nceinecgrtaiof ehbedtisred, surfageorf gAedddre than

i nnerlinerigs wehlsas ;superior ﬂ;,[}gﬁ:%e Ja‘%%gpﬁ?gnerlztoi[ogggi?%gﬁ%gkfg??y

a
denonstrating a good bal ance o se operties:

ot her rubbers or TEPAHGRERS ERAT e ddsettsmatdiplnatizen ar¢dtathghan
hal ogenat ed i sobdt§} enecahtarmtnigetlast o greSueh aanopt sonaln bubber

conponent incl udggpbiighndeng fubhers, a hei 5 hydr, . H.gh diene
content rubbers ?rl?ellastnog%rs laslrje g s%) irﬂtgftteor ?é%s’t oaqf%ggm‘@%lq’di gﬁcém
115 :

nononer rubber . &9 ypral TV APPEBBRYY c drpRi §i iy Ty b 83 13ndat
| east 50 nmbye % siterrEtively2 ndiienebownadnen, tyalamnkyeat rimast aheut

60 nole %to abodivd QG caR! 8% preferahl wiat, s%%sana@&goo%%sg}%
% to about 100 nol e 9 r ferably at | east about 80 20nvle to
: AL CE Rty :

about 100 nole %™ ‘ene nonomer rubbers incl ude
honopol yners and[e&ifdl yneis afotdlesf emscdimeingpotied ined ogadated rubber

mul tiol efins, oribosmpebyoess Ofcraul &k Ollcﬁ{?i REaid NESGCRE By Welds kpgun
and are deggcri beg N Igtébggrt'l'.eschngfl 0Q) 139-3%g%(rl\/a rice Morton ed.,
Chapnan &%@Hall 995" and hﬁhel{}aﬁla‘g%/%}’lt RObYET ﬁgﬁabb%k 22- 80
(Robert F. Ohm edvbsRrtiaVhnderssi Pf Bong dhaén WeR@hinGenerddfliyedotdier
optional rubber sbeisefosl yinbr tfier RRESENG ' | NYENtisORe i i6liwda, +§0se exanpl e
R e e ey
than or equal to 0.980, "alternatively, greater than or
25 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
30 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,
35 Massachusetts) PD2040 light scattering detector, a
Viscotek (Houston, Texas) Model 150R viscometry detector

and a Waters differential refractive index detector



(including high cis BR and low cis BR), nitrile butadi ene rubber
(NBR), hydrogenated NBR, hydrogenated SBR, ol efin rubbers (for
exanpl e, aydgbm@aesspr opyl ene rubbers (includi ng bot h EPDKtTarsdoiZRadi)e
mal ei ¢ aci d- nodi fi ed 35et hyl ene propyl ene rubbers (M EPM, butyl
rubber (11R), isobutylene and aromatic vinyl or diene nononer

copol yners, acrylic rubbers (ACM, iononers,-other - 24 -

hal ogen- cont ai ni ng rubbers (for exanple, chloroprene rubbers (OR),

hydrin rubbers (CHR), | or fo nes CS .
chl orinated pol yé]tr}ﬁﬁgéﬁg t%l\/)lh ngg(é(rg) g}"é %‘r%%ﬁ? eto ‘g (';Qqnﬁlgfgﬁd =
pol yet hyl enes ( Ms&BN)es, w5’sh|trcsodeght|b$ﬂeart§eq-‘ﬁ-og @){t@r@ﬁpé bm%yfllwhyl
silicone rubbersy,digTREBybe S} ldet@BEoF URROME, azﬁ@HMé' phenytangigh

silicone rubbers sul fur co tai,ning_ru a

pol ysul fide r ubb%ef%':)aCtWﬁojrrb é?‘gtcﬁ on?‘ exa etraﬁ §P+Fudran is used
fluori de rubber sas fihgorilneat ot él AL A Qv WA YR %tsﬁér DEa*é@éPﬁ* o Emer
tetrafl uoroet hyI E&lﬁfﬁ%@EYé@ﬁe;trdubbslﬁﬁopé‘Hl&@; I mermnt{ah@dm@ Si0l intonen

rubbers, fluorine- C‘:‘T‘r'g?azhgs QSQ agen, ! rUng‘f entth%@%l%ﬁ:taltgd

el astoners (for & F efie- cont ai nin orrers
el astoners, estergaingst éﬁe‘fl%rrq}:’r é?ﬁéﬁ@@nﬁsﬁbﬁ%@%rdsor@‘ilsﬁ&ﬂﬁlam de
el ast oner s) andLéma&omggprm ) [. 00He] Prief eetetkeXatrph eBridEchi gh

di ene nonoyrer rubb RS AL ?eurgﬁyg§§p{r§£§tﬁp%yéwfw%%ﬁ@@rw@b%or

st yr ene- but adi ene” er or opr.ene rubber
acrylonitrile- bu?mmﬁérﬁmbﬁeﬁk%ﬁaw% 19 e FODGRitG K fray Beqiged
alone or in conbp@mﬂs@@uapﬂemﬁ Xtsunesd t[c0%3]abstmethteheemﬁermtsmhasti c
resin and the h enate i sobut Iene cont.a rub

significantly i n ﬁ?ylm_ar %Fhejrscoopstll 3n ]I] gfg[_'%%lgze?f Gy the
i ngredi ent may bertmfemfﬁ@@tetﬁ@rybuﬁp@s@? EQé?CWaﬁF@FﬁGt My,

conpatibiliiy of sthesfneal yeitse 1EGht hedamkeini ddieutonm Shlﬂn@ to be
bound by theory, the fine, rubber dli ersions optained in t

conposi tions of FREAPCESEBHP PHVERTI O sy BES ‘bllsegzﬁ??esseﬁ BEr Ee of
chenical reacti ongsh-Hetweknequtgop.benzylic brom ne 30present in
BIMS, or allylic halo @@n in h%pgenat ed butyl, and termnal amnes in
pol yarmi des at the phase '$gtndary between the di spersed rubber
particles and t he€024Er nopPastnarefrer Feandwr iepg ehsdimgcafdopotiential ly

by modi fyipg, ingpastd-aubati fiIgduciige dhersuihace +iersk oty dgdielwern
the rubber and resin conponents.. The occurrence, of mterfgm al

reactions during®blerdien§Laner i et AREBRREA eactt BH LR T HREENBI e
pol yners can hel pré® #axordlatidbhipcoatasicehed Ofr tithve $dmbérparticle

size di spersed r%@?ﬁf& %@aﬁﬁ 1 &8 %lax Leading b8 Pald iceuharbyaddiiag.

di spersions of t ase he occurrence of suchfllnterfam al
reactions has be@ﬁ“?@léfyreaa‘f‘%leésw LERCPFAPLL more significa
25 deviation from the linear relationship contain more

significant long chain branching. The scaling factor g'
also indicates deviations from the determined linear

relationship.
{THSample = g‘ [Tl]linear
30 [0046] The value of g' is defined to be less than or

equal to cne and greater than or equal to zero. When g'
is equal or nearly equal to one, the polymer Iis
considered to be linear. When g' is significantly less
than one, the sample is long chain branched. See e.g.
35 E.F. Casassa and G.C. Berry in "Comprehensive Polymer
Science,” Vol. 2, (71-120) G. Allen and J.C. Bevington,



5conpati bilization"” and is described, e.g., in US. Patent Nos.
5,571,864 and 6, 469, 087, incorporated herein by reference. At the
sanme time, wiemaves4nf the interfacial stability in thesecreasbi ¥l
conpati bilized inm scible systens, phase inversion of the higher
concentration, 10l ower viscosity polynmer blend conponent, the rubber
phase, is inhibited as a consequence of thg stabilizing effect of
interfacial conpatibilization. [0054]Furthernnre utilizing a

secondary rubber fcﬂorrp onent |P secon d@ Li%%? di fferent fromthe
first 15(hal ogenated)  FibBer Bomp o’ngﬁf" ?r ve) 1 HEEPie Fpstion
efficient in redﬁ@lfngalg)wltseﬁ@b@@taheé frodwdash thaa BIiME oantipe

advant ageous f or chephOvddr@phow &erRer ahu&@sd@gﬁft9r£@ék%§e05rt&_e gOuver_al I

conposi tion. Prefer he segond r ubber heeava
fUIr’lTBtI onal i zed ri bggisé/ tt ‘ﬁl B 19Ty %F% le{:s‘?smf’i%‘glfaﬁ 8’ﬁlght

tenperatures, Tg dlﬁ’F@?@r@ﬁ’Py | B35 Stcﬁéhng S@C@OrTQé«uL ow. T cehtnldnddes
to reduced nDdulWSo@rtGQE@QES@eQﬁmﬁﬁﬁsﬁeﬁﬂﬁﬁ@éytﬁuﬂbQ&eaEaﬁﬁﬂiat'ng

or use tenperatures of product? font |n|ng such rubbers, for exanple,
tire innerliners, of Asute- 20 1 H 5(8%s)) suitabl e functlonallty

i ncl udes nal eic eﬁﬁhﬂfd}rl deOtaeylpJ@cfEanﬁddTaJmigbeased hﬂiasd:amefsaadi |y

react with am nerfupetd qfiﬁ@ht&é/ r@rl%%enatw ﬁ%}ﬁ@m&l?eip ﬁ SIRARE- of
chem cal ly 6eact| ve fur%}ctC in_such r ers furt zg]n
reactive conpatiBrTPZalN oﬁp%e?(}%'er‘?st HeSsed déP %Wﬁﬂ)é? d The®

pol yan de | eadi njategsradad| rulpeansi gbefgl Ze dhspélmd)@e@meaﬂme)rr ubber
in the pol yam depp@driviont h]@yé)ﬁl’rrtalbe@St@(maﬁlet bR HF-Q4RF age partl cle
size of about 1 g}{%éjn or Iess rg]‘ser%th}¥ | ess t han about O.
m cron. The use stich a" SedBHERPY r Ubbd P§eﬁ?%tclldlé’88t?‘?f’ %”Serl
PCT/ US2006/ 011002Re¥iqrd@ sivhe ctt 249120061 rehdei it o potedt egd har dienaby
rﬁf e][ ence. #E]‘he lSEIﬁ:@mh’jﬂ)astﬂ@Qﬁj’LymdlrSD&Eg&ﬂ@mleg éh@nﬁ&b!@nl}ﬁjelerer@t” X in
the formof sna i.C ot ed, . can .aptjona

f’l ‘plal{gt 8§m? 31 du%% a Imo’re t 5%8 M%i né_?j full y,

cured, crossl i nked or’ vul éan par anti a
as described wi t FF¥&FErCdYt o2 r?elrha%wra{o@dceefglqv&nél aétbmr thsach

crosslinking cansbex a@c@n@&lmzl ed he ﬁgopgtsgoofc)dl gggr%%@egggly’
secondary rubber in the polyam de matrix Dby using the sane nam c

vul cani zati on mef HH- T3P PRt &%t ReOWal Wenatied 28pPust Dkl ccorrponent

| f dynanmi c2/ul camatdiog, i sutused, lihitsd absoonecRssary &0 whesperse a
suitabl e curing ggend,iQf.curing systemin the 10secondary rubber in
order to effect vul canl zation during mxing and di sperS| on of the
rubber. Alternativel ¥/ ifPehE@S8eoRTP T Ei‘b’ﬂa%‘i‘ & s(NbscRPEIDICE (W66) .
t hermal crosslinikilmg, 4iet (848 beyiaohcani @iad) bynghen applwcat,i egieh 610

sufficient thernmalcner gy &l tdier ((u13Ng JThxh n@/@d"%opolyrﬂer (N6/66),
25 nylon 6/66/610 (N6/66/610), nylon MXD6é (MXD6), nylon 6T
(N6T), nylon 6/6T copolymer, nylon 66/PP copolymer, nylon
66/PPS copolymer;
b} polyester resins: polybutylene terephthalate
(PBT), polyethylene terephthalate (PET), polyethylene
30 isophthalate (PEI), PET/PEI copolymer, polyacrylate
(PAR), polybutylene naphthalate (PBN), liquid crystal
polyester, polyoxalkylene diimide diacid/polybutyrate
terephthalate copolymer and other aromatic polyesters;
C) polynitrile resins: polyacrylonitrile (PAN),
35 polymethacrylonitrile, acrylonitrile-styrene copolymers
(AS), methacrylonitrile-styrene copolymers,



15di spersion in a manner corresponding to dynam c vul cani zation, or
after it is dispersed in the formof small particles by providing
suf fi ci entwbheromeda7energy to acconpli sh such crossl i nkiRr@y/eH2005(081116
di spersion. In any event, it is preferred that the secondary rubber
be 20di spersed in the polyanmide matrix in the formof small particles
havi ng an average particle size of about @z1-mcron to about 1

m cron; for exanple about 0.1 mcron to about 0.75 mcron or about
0.1 micron to about 0.5 2 0055 Sec ndary t hat
function as corrp‘&?ﬁlﬁclrﬁﬁ?%t?gﬁ g%f?ﬂlee é’t% J tehi cceﬁ%?) unsatur at ed
nitril e-conjugated didgne- bfabﬁe@tﬂmaghyt%{ftmrr&ﬁmﬁ d??ddﬂ‘?ﬁ%ylrubbers
(HNBR), epoxyl at gg-at nglceyl.gm%@hg,ﬂ\@ylaNBR hydrin rubbers, acryl
rubbers and mxturesﬁé ereo (i):res m%atl bﬂrdsétq:r%lbf?dz’r&e

copol ymers such as t fidse RAWHGYh& st Huctire o th-or' one of the
t her mopl astdc r e‘smﬂaﬁdorlub‘bmylpéwmte OEVA) st PeietviirglofLlePdpdFVirkr
having an epoxy gi@up.a1eabheNdtrgleny, cdiallggen gy, aclpe.rgradpne
o O ohP: AR IRANP moYILOKY FRBLOUO . (iRE, capable of

reacting with th Heriro i‘cre | yér . . The
secondary rubberpelyisyl4epbetiay1pased (HRen YRAE %é"’&fly%h‘ée“e
t her nopl asti ¢ reshlorideZdfethfOtyRE ansbiukler pol ymer to be ni xed.

Useful secondary rub rs c 0 ¢QRsi st¢ding1ek
mal ei c anh%rl de graf % emFSS%sEgﬁmg%rs n@gltlglﬁ%&%ér)l%&grl de’ grafted eABS

(acrylonitrile- ba?%‘%ﬁf@n@ﬂﬂfﬁ%e) EPDM 5( et hyl ene- propyl ene- di ene
rubber), SEBS (styrenﬁ etthybene/ hlasan&enmlstrynghe:)enearﬁduohﬁedd i ke and

mal eat ed et hyl en el {ubbens §y&:@ ghal eat ed et hyl ene-
propyl ene (EPM, ? % g‘ﬂt%&gle O % en%%hsrzene et hyl ene- oct ene,
Otfi

et hyl ene- decene, P%thﬁiﬂ]é’ﬁé? F%’b%téWée” &) (EPDM) , et hyl ene- vi nyl
acetate, ethyl enEeﬂﬁﬂy;Ioraetlyjrmrea/ eehhyém@oephymelacmﬁ’ﬁﬁ e,

ethyl ene-acrylic acid,, angd,ip ﬁnldek%eémsma&bmaeasctﬁ@rﬁﬁﬁdeﬂ 50
potentially useful rubbers ncl.ude EPDM styrene, EPDM acrylonitrile

graft copol ymer and thei r PRAY BT °%EPd- nodi fi ed for ms;
15styrene/ nal ei ¢ aci dilcoppbymeestalsacti ve phenoxy ther nopl astic
resin; and their m xtyresyol PSGIF%ampl es of useful, preferred

functional _groups present the econdar r.uhb I 0 S
conpri si ng2§ car bonylf)bonB gﬁ%lﬁe ds “Car b6 |a€ga§5:ldt'§&’ce %gg?%r&rém?fmg’
carboxylic acids, acim anﬁ?&lr?@%ﬁﬂaleﬂce@twl%al ts, am des, and

i mdes. Aromatic Vinyd) cog&@m&dﬁc deygketyzadhl endansat urated sil ane
conpounds, saturated h)al og&n% b%d gang‘P%;’l apd; unsaturat gd

hal ogenat ed hydrocar bons may a [es of particul arl
inclusive as well as mixtures of any of the illustrative

25 or exemplified engineering resins within each of a)
through n) inclusive.

[0049] For purposes of the present invention, this
definition of engineering resin excludes polymers of
olefinsg, such as polyethylene and polypropylene.

30 [0050] Preferred engineering resins include polyamide
resins and mixtures thereof; particularly preferred
resins include Nylon 6, Nylon 6/66 copolymer, Nylon 11,
Nylon 12, Nylon 610, Nylon 612 and their blends.
According to an alternative preferred embodiment of the

35 present invention, the thermoplastic elastomer
composition may be formulated using a thermoplastic resin

component where the nylon resin component comprises



25preferred functional groups include, but are not |limted, to nmaleic
anhydride, citraconic anhydride, 2-nmethyl mal eic anhydride,

2- chl or omaiva mogmBydr i de, 2, 3- di met hyl mal ei ¢ anhydr i depcT/us2007/081116

bi cycl o[ 2, 2, 1] - 5- hept ene- 2, 3- di carboxylic anhydride, and

4- et hyl - 4- cycl ohexene- 1, 2- 30di car boxyl i ¢ anhydride, acrylic acid,
met hacrylic acid, nmaleic acid, fumaric acixg _i taconic acid,
citraconic acid, nesaconic acid, crotonic acid, bicyclo(2.2.2)oct-5-

ene- 2, 3-di carboxyl i c i d_aphydride, 1 ,4,5,8,9,10- , )
oct ahydr onapht ha?ég%%g 211%3_0& @%?%Q%I’i éngﬁéoéln%g?i‘a%’f’lﬂ“er in & ratio
350xa- 1, 3- di ket 0Spi ¢oRPsAfAON- (ragrie, bhi i) 202, d)dwepl 0820 to about
?n?-zh?’adi Cﬁ[ b?Wbi’E%ﬂ@r{éf@BQM&F ia@%utg?(bﬁﬂpiécﬂﬁgébgu@?gh&. Such a .
et rahydrophtalic, an ri de r hor n- 5- ene- - - - di carboxylic
aci d anhydri de, %%%f%@vpgﬁﬁgaﬁ %’g"’}sqr%‘?ﬁy?mr?é’oﬁ%l%h%%@%f‘?ﬁdgedx
anhydri de, et hykFefimi caanhydridie 2 shermoplastic elastomer composition
?- met ?yl - Fi cyc i O(ﬁvz?ngl)s?@@ﬁ:igr e;nﬁa(%;@it}diaqﬁ{] e?gsy%i'aho@qi d .%nme:fr iee
XVMNA) . 5[ 0057] | r rr ient., the polyner, .to be .
functionalized i gu%?(gfsﬁlé:%a\‘fmgt%Pnr?é%éfgeﬁ%%eyr&rlflag %% THe ARl BReTior

anhydride is covalenisiprdéAbcRr Rerthes baskbshe poldanensehaliimof ghed
pol ymer. The anhydrie fofnehéonaroby-giaft ed onto the pol yner may

remin as g 10 aphyr deo iRy A9 OXLAZed bk e, a6 dibUDshLanal,
groups, and/or may be furtﬁ,er r,eagt',ed y processes known In the art
to introduce ot hB?eq udtPBRAPAGGUPETR UdE & laafreried arpPheiylene-

al cohol s, and t heott&igning06583tRaleyner Ssucuidnabbei drtalmakiBber component

functionalized 15p0] yqer ﬁigﬁe&itgneh%%%ge%%gpﬁeﬂ *w_dggﬁe@?' WIeLs and

propyl ene pol yners. Particularly pre pol ymer s “i ncl ude_ pol'yners
of ethyl ene copofyTRf iIPEGERF tHFERES oF T S tORShT GRA ehe° HrAwEEd to
pent ene, h&xane, ahepi@Eneicoetrmnmenenonérerdec@&heis ungecehey adadebene,
met hyl 20acryl at gor@tihqaciyl 3hey Butdaackyl Al Pert ylcacrylate,
hexyl acryl ate, gc%ﬁll acrr\{ll ate, acr iIC acid, nethacrylic acid,
ethacrylic acid, “btit® SOFYI"PE diFdc? y\ﬁtn;FaEEeTbaquéc. °Br BP&F &bl such
et hyl ene pol yner gbeitte h¥ddingl e wiorh pred irabagi dt oreaswl ebcutaryydpiee?
Anot her 25cl ass g fndd ebbafdle R eherd ¢ RALYPES Sid NehydeRokYBBr S

of propyle copol ymeri zed wt ne or nore o thyl ene, butene
pent ene, h%gane,m%%pt"er?é), a%%?%ggfa ﬁ%ﬁ%n"e‘-d@é%%‘éﬁ hdﬁbi’egéﬁ%‘? MPE§8REne,
met hyl acryl at e, & tpis aseyidg domppeyymexsr phat eorpeomeys @trollediias or
hexyl acrylate, osdylef3Qachydatrriatéyiis; aei Homdpliactyldc acid,

ethacrylic aci d, . buli AEYLLC. Aty OFe VM| REGLALG FLelerably sueh
propyl ene polyners are nodified wt el ei ¢ acrd or faf ei' e an ygrlde.
[ 0059] Anot her c| g3t TeaReetadvar Ly pt &k dMevdiaspingaer adinéhgaean &

pol ymers of5a 04541l QB9Espodef iThe( Bamede As licSRbbbat enalbespalyeri zed
w th one or mreé}?ébe!rscogr.e@ﬁn dSobytyl %&de?ﬁﬁi@rﬁphyx%’?gwm. .
i sobutylene - 29 - polyners are nodified wth malei'c acidor rfaleic
anhydri de. Parti SN Ypr @F G eationih iORRPF S S YFoty b r thendrggent

mal eat ed copol ynernenfions dhetudeenéoanskampapr eaey ramlr-eabed @mpol yners
of isobutylene af%ﬁ%rn@mfﬁwéxﬁ(y_['ﬂ],e’epoxylated natural rubber, styrene
30 butadiene rubber (SBR)}, polybutadiene rubber (BR)
{including high cis BR and low cis BR), nitrile butadiene
rubber (NBR), hydrogenated NBR, hydrogenated SBR, olefin
rubbers (for example, ethylene propylene rubbers
{including koth EPDM and EPM), maleic acid-modified
35 ethylene propylene rubbers (M-EPM), butyl rubber (IIR),
iscbutylene and aromatic vinyl or diene monomer

copolymers, acrylic rubbers (ACM), ionomers, other



5mal eat ed hal obutyl type copolyners, mal eated SBB type copol yners and
mal eated BI M5 type copol yners. Various nmethods are known in the art
that may bwous®g4$40r functionalizing pol yners. These i nulmd2p079at11ér e
not limted to, selective oxidation, free radical grafting,

10ozonol ysi s, epoxidation, and the |ike. [0060]Preferably, the
functionalized pol yner conprises mal ei c .aphydri de present at a
concentration seI ect ed from t he group consisting of |ess than about:
50 % 45 wt % wt .0 % _ 25 Wt % % s 10
W% 9wt % 8 wtO/h 170‘-1/\@1”%008 %/%“95 3% s ‘W(O&’/ S “\‘/ﬁ]g %hégﬁépvﬁ%érml ei c
anhydride. Al so pvrifassadFi{) t Héfdfé@eru}éﬁen?al(éﬁ@ arﬂﬁﬂ&fpééliq’%@)teidn t he
pol ynmer - g- MA maypbeyihgatbaes t em) abeniodnhreti%oprafgiahéy gneat er

t han about 0.5 vvt(VQ al tergat e(#bfl%heg}tl i tn%%ggaﬁgw g\rl\tgr(%gah\plcﬁ )’

20anhydride. In a pre &riéd ¢ [ rren zed pol
may comprise aboBilizopet subbexs (FOTuETATRLCe @e’é}PWﬂﬂYéleSlJp%%r abI y
about 0.25 to abeubbdrsyt %.mé‘fﬂfﬂ phefeseblyvabosl kthytl phabwiutinglwt %)

still mre preferably about, 0, s gela?ptg?n%a:znwec% uch, as:about 1.5

25t 0 about 2. 5 elc a ride ar1 Qus gues nmay be
used to charact e?i‘%@lt%epf’bh%‘ﬂfdﬁﬁl FYRRPLSAI y ABRSEC SOWE 96? ffich are
described in "Steudaipliee Chaybidearel zatdorie FhabbSes emieoandeJeoitadhogy

of El ast ongg s, " Eiwfll relﬁ%r -Bald o, ubég@&'eree%rgkféér&e%@le@%%%%né

by G Ver rate i's incorporated by reference, ncti. onal
group content of r’t@i‘?’ﬁwaﬁ%@ﬂ“ﬁtﬂ"fﬁﬁah‘h“;flgoéléié?%?‘?nrd@ﬁeﬁﬁ F&FeT
Transform | nfrar ednfdiHiRpy shesthagsoopybipased ohexmardlaisbiat ¢ ors tamehs

st andar ds Mhose EE%”éﬂ&% &angﬂﬁygﬁg géﬁ%&ldagﬁt@ﬂgséﬁﬁ%rgee$ﬂefln
35det er m ned. 6%%11%‘ haV| ng another rubber, ;Ehe overal |l rubber

content, countl ng’ BENEST UbbEr AR HS /| SASEP e © asgﬁmerss'eé’tfndary
rubber, cab5be incleasie@d ehashendiser nepd ddieilic eiastxseer conposition

whi | e mai ntai ni ngo&sglesi r@@éﬁemdpegmﬂyeé Rl nggnséml }no@@uiéﬂ cle
si ze dispersion of t he r.ubber cog&onen tr|x The

i
5increase in maxi MERR TUBBEF E0 Mot S B 15 ngﬁ’lgtea pal‘;t F%lﬁ arly in
vi ew of the restpteret-boabeserncebbert HBBERS pabhdel 651HRTETR t he

presenlcle of aﬂ | PAbISSH, b|a%r§ﬁ61@imrl)é bumﬁregeFuﬁbM e chbylike, |
contro 1 ng.the nt the S C r tr i OW
g? aﬂbéh ma . Seﬁs 51 98 %} %%&bgéggéd% aﬁ& &%}éﬂ%e@

m nor evel "as des ove,
to cure or vul canP@e3k he §é6%d3ﬁythabwlﬁsﬁlérﬁ%$”t (§m§u5§? antially
avoi d or prevent nhlsgdrealkascense yltheschsqiaihycubissdry di EGer si nce t he

secondary rubber i $,78actiYg {0 JNEoRIESENGE (@l AN WlhiBaLe
pol yam de and
compatibilizing ingredient may be useful for the purposes

25 of enhancing compatibility of these polymers,
Furthermore, without wishing to be bound by theory, the
fine rubber dispersions obtained in the compositions of
the present invention may be the result, in part, of
chemical reaction(s) between, e.g., benzylic bromine

30 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 and potentially by
modifying, in particular reducing, the surface tension

35 between the rubber and resin components.. The occurrence
of interfacial reactions during klending and simultaneous

reacticn of two immiscible polymers can help to avoid



15beconmes substantially i mmbilized. Wthout the need to add
curatives to the secondary rubber it is then unnecessary to pre-mxX
or to pre-wvamooxngiiet wWith curatives (although curativescwaseoo7/osiiie
optionally be added and the secondary rubber dynam cally vul cani zed
usi ng the 20sane technology as for BINS), and direct addition of the
secondary rubber to the extruder m xer is Jzeasible during extrusion
m xi ng; the secondary rubber preferably is provided in pellet form

Furth t f I ubher h | eat
ci nyl ene. 25copol HEICT B8 & ANl PGl CHHVAR: B rde e FLoberer

are fairly perneabdes, |tth9¢§bﬂe]5ﬁardamget@ cpa@epuwﬂelsse?e@ﬁdm%qmbbeﬁ

concentration | ows ’EI'YEDir%bEY ﬁm . heRe ahQul- rdlc o Msubh el B altlayial
about 1 wt %to about On& %S % ref?heéc rablé about 1 wt%to about
t tota f

10 Wt %or |ess, ~30DaS THE GVEr al |
conposi tion? Thecafﬁmﬁfi{bléﬁzﬁh@@'e@@ﬁdaﬁ’ ﬁesrcemé@@orﬁalq Zedn U.S. Patent
conpati bilizer rubbers,E7ended s tsypbepddn, lLassrpdraireabadteidD ppt %

preferably | ess % n | | 0 wt %.t o abou
20 wt% for exa EFg‘g@;@g"t?:ti)%outllg %/Aiﬁl%msegg o"?et %’gg‘g %/l% ngu% a%nta rfa i
W % to about 12. 5twﬁ%lt[¥oeezﬁtw5t% rﬁéF’é%%(?@mPét%lPﬂellﬁ@ﬂyh@F%s%@dﬁor -

31 - elastoners Egﬁ‘ﬁé’nfsedph@sé’lei’rﬁileﬁ,SJ.bheoﬁ @h@Bhl gh e GoncéNttLARNzed,
or "crossljgked" 15@ £y %ogﬂ? %gélbfe%%cfcbfago&mwﬁ% %(ﬁ %brm ng

bonds as, for exarrp al n extension, Or Cross et ween
pol ymer chains SREMRi §|Sn§;r”9 56 pie? GNSSRESROTEL et Hethhdighna
that the el ast oneffemtderfgonngr Suchlacpmeaedsltant jpravi de the

necessary functi gpgd,pr OpﬁﬁH}?eSrn{o‘%%U' aﬁﬂqmaenﬁw&&%&g%&a&t ion
when the tire is gwg to use. pur oses of resen |nvent|on

absol ut e conpl et FIPBESudh: %u'r |ang?ef CFHPERs & ST6P Er SHUT rdG foFst
t he el ast ob®r - conthalgteng tedhpositteironcthmereatc oasy derBsts) ctinad,i's more

"vul cani zed" or e@f&sﬁnttnkﬁdred&q&lger@me% em{uf&lm@%ﬁs OJhatnhgms
pr esent invention tI re %31(_‘)%% | nnerl | er co osition

based on the proShdd A0SR oM the I Bt he L o
of which it is areoiporane @és@'@s ovheaecogpas yt moduérespadiliv, cabé on

tests during ands@é&ﬂar@awﬁ@@ u_rsl BgsANbPeLhor Bn8atiaf agiydsl y when
used on a cg:hlcl Furt.her t he._conpQsi ti nls atlsfaﬁctorlly,

sufficientf§ or 205UbSt gﬁt?gwl%/lassrgﬁan lé)an FEF ST "Eérdssi9nked when
the tire can be pwmfdmblgeleyernhah agdliCi.ontlte Qi Ag témeibouesd to

produce additionalgdRsabhikss J:0Q8315aneal Lye %%%E%Cﬂmsﬂ %'cons

e.g., those used to produce tires, are crosslinked in the finis
tire 25product. €& PEKPRgAST CPIPR BRI EST BR PR SnHPT gy ngy such
i ncorporation of retkdmg @gendsarane) otincdeneral s, bieawymes akb °c or

mxture ofpsuch agent s petngd yfcew%@kwﬁhecfe%s@ée% B81& rhazice,

"system"” Tt is known that 't
charact eri sti cs, 2and-afiPRbi ‘P?t%ﬁh@FSSBW @é‘ﬁl ’z’%%ldll']dblﬁéﬁ‘c%dmidhﬁ&é“%r e

directly relatedfmmnﬂﬂmaallty present in polyamides. The presence of

chemically reactive functionality in such rubbers further
promotes reactive compatibilization between the secondary

30 rubber and polyamide leading to a small particle size
dispersion of the rubber in the pcolyamide matrix, the
particles exhibiting an average particle size of about
1 micron or less; preferably less than about 0.5 micron.
The use of such a secondary rubber is disclosed in

35 PCT/US2006/011002, filed March 24, 2006 and incorporated
herein by reference. The secondary rubber, dispersed in

the polyamide matrix in the form of small particles, as



nunber (crosslink density) and types of crosslinks formed during the
vul cani zation reaction. (See, e.g., Belt et al., The Post

Vul cani zatworee®@bi7ki zati on for NR, Rubber World 18-23 KQ9G%2p47/08Ui6 ng
agents include those conponents 35descri bed above that facilitate or

i nfluence the cure of elastoners, and generally include netals, netal
oxi des, accelerators, sulfur, peroxides,- agd-other agents conmon in

- 32 - the art, and as descri bed above. Crosslinking or curing agents
i ncl ude at | east oQ an o;lg%ionatillf UL, gl %%'o&ggs]tﬁr}gdfg}ty aci ds
and ni xtures ther&of ero contar ni ng may al so be
used. General I Y, vgb@ary#@ri, cB@ﬁﬁ@ﬂltlﬁon@WflﬁéaHbs@l ifkeéd: B3P addi ng
curative agents, céotriedThl eh Stddaud, toetdl hexbgesatdd er, Bmisic oxi de,

Zn0), jor ganomet ali L g SaIROURdS, SRdLeali il Laal oL Sty A Neathoo

the conposition o en The nethod Kno dynam c
vul cani zat i dn" 19%%%&:# d%ﬁ@eliﬁlé’éie§§eo?recdi“éiﬁéiis?ﬁﬁ’etrhé“cﬁi‘% system
| s nodified as dgswarhmda hateet aiyl ubenginaf tseme Genarial byl cdrhieatenm

dynani ¢ vul can zaLLon sk Useth (RedaDRLEA ! CAN AL oD ARERS [N

whi ch a thernoplastic S engl neering resin an east one
vul cani zabl e rubBbrOYSEKE HF KGRI HFAGEFT cthdieFonks ofS Ri-gR SPRAS3ENdTC
el evat ed t enper atugesige theuprasencerbdhg agenti g @gemy epsioen iimgthe

system for ghe rubberdsk ASpé rl%sut_»aertthﬁ erf'f@Q@rval%a%wyﬂan%mghg
crosslinked and dis ersed as articl esngpre erab t he for.m of

mi crogel, w thi n™the*$ &8N OGRS B TEGRET nuobd"i:eﬁﬁ?ﬂ‘kelyrhéf
resul ting corrposithé osedogidkenpwubbert he swecegpsiblé dynaimecably

v]y:cca{ll éeg al l oyer Qéiﬂ\(&m&ygi@%ltanybtedmtadnnngalt@@m%hagp ﬂléa3t1t0n of
effected by mixin e ingre s at a tenperature which is or
above the curing gﬁ#ﬂp‘ﬁreélttu?jé ”2’95331‘ P HEYY ueblbtg@ ?Hla“}ﬁ m&?”%%o%aat he

mel ting tehper at diepefsicheinesimnngs| agr egpopaent sucdhynasieol | mills,

Banbury(r) m xergy1&atiRUeHS 4B %@tsr kineadefi§pePiedriini BPe ef@ﬂnud;ers
(such as twin scre The uni gue chIL racteristic

G o TR Bl Pl pTDe oA SN RELEY bR ey <
not wi t hst andi ng eheofrldsht hagh tcﬁ@sﬁébﬁb*nq SIEaredl IRESéBRpOSI B9 can
be processed andet&pf0Gessedphyreaarvethionale thesmplyastibbeprmcessi ng

techni ques,such gg §as%%5'19“thé oAbk ofe TR0, AMPERSRI OB JBhdI ng.

etc. Scrap and/ or g can vaged and reprocesse
a typical dynani EavbiE@si 2avioh 35 gvesage (ﬁfr‘—’étlFQr% HFF O ofPTYE al t er ed
so as to substanbi alhjcrennubt anecus! yioton afdrvekagiliezepoot - 33 -

crosslink, at legst one Qf tghgoaﬂ{l gankzahl.e, copponentsgi i & cron to

conposi tion conprising at | east one vilcanizable rubber el astoner or
pol ymer and at | 888¥t dhe PdFYMer or resin not vul cani zabl e using the
vul cani zi ngsagenti(8}35F or theomiarhl gpasymere thalcanicmElineasonponent .

(See, e.g., US GCQKSEéggilizers can include ethylenically unsaturated
nitrile-conjugated diene-based high saturation copolymer
rubbers (HNBR), epoxylated natural rubbers (ENR), NBR,
hydrin rubbers, acryl rubbers and mixtures thercof.

30 Other compatibilizers include copolymers such as those
having the structure of both or one of the thermoplastic
resin and rubber polymer cor a structure of a copolymer
having an epoxy group, carbenyl group, halogen group,
amine group, maleated group, oxazcline group, hydroxy

35 group, etc. capable of reacting with the thermoplastic
resin or rubber polymer. The seccndary rubber can be
selected based upon the type of the thermoplastic resin



and the references cited therein.) However, in the present invention,
t he dynam c vul cani zation process is further nodified, as described
bel ow, i n woedsdses7achi eve the particul ar advant ages r esei/tis2007/dstam
such nodi fication. 10[ 0065] The followi ng are conmon curatives that
can function in the present invention: ZnQ CaO MO A 203, C 03,
FeO Fe203, and Ni O These netal oxides cag® bhe used in conjunction
with the correspondi ng nmetal stearate conplex (e. g the stearate
salts of Zn, 15o0r th sterlc ac ng i t her

sul fur corrpound 8P %rPle Ial?él %)'é]?%%ﬁ 38%0% Té’éee aI ol ?Jgrsrﬁﬂcﬁfi%ﬁ
Desi gn and Curi nguicherrsactrer $8t¢ctedoff rNBR I ﬁégwmorgeartsng Rublyedeic
World 25-30 (199§)1hya_ﬂdeh@r§ﬂiéﬂifﬁ%b@@@"ﬁl(c‘h) atshﬁépel&f %nﬁf/&ﬁtleadded
accel erators for thf Y IA% ni zatllon gf fe toner 20 5t| The
curing agent(s), FOrER { AU PRE™ s D25t eas 3 on% actel erator,
is often re$erredet@h%erﬁéowle%daeé%riq@e’rﬁyﬁ@ﬁ (fs(gyr@mee-

el astoner(s). A @umﬁle&wbeﬂhasemdyb@ﬁ@us%ntczy@iz@allllm ﬁﬁﬁanélhﬁﬂe@ne
curing agent is ﬁg%( n%dcggélbrgnefl gb | eJJc%cts mEplarttle%u g.n env(%/here a
25m xture of hig ene ru ess reactive &l asto 'S used.
Furthernore, thePpPRpés é5FHX, t%%@ﬁ%‘@—%ﬁém e isEeabaptt to the
M xi ng process sethyBdnet- betéﬂé\,dldﬂhﬁ_}mﬁn@-f-dddé@el, NY e et - 6 8dp R et .

For exanpl to e S e I
rubber (8) Hesentl e A aoubrodIEseeopRRT BBt abod AMALEY e, o,
can be conbi ned B§*YEts E%Wrteo othyd 2 SHilted ‘?Wi’tlﬁéea??ryle‘cga‘?l‘én
a two-roll mll, aBantie yikexetd arixuxengecepideralsd panphei dfiyt he
m xture, often rﬁ%é‘f&leq:ume% frl?ﬁudécﬁ%n?/sacgégn%c%mv%fyf&ﬂhQ?Ele

cured under static conditions, such as In form_o
sheet using a m?ﬂaf$§tcpf’%yr§%jaé’(?t &Betb At Cantl Hresd iied i P Spr ess.
Sanpl es of 1% he astetmragimedieit maidskepdsymenur edatioiveprbgnessi vel y

llonger tines and{QL @lp1ast38 redliighghqat @IS RLLEES s are then tested
for stress stralg ;E)%égpertles d/or Ccro I|nk ens%y to detern ne

the state of cur scri BEY"R Sdé’FaFFe ' AREF T SSOEMBEYP o, 9Toups
Testing and Mat epressit Snahieree STV DATDberSAh¢rdratciomebynds he

accel erat ed conpe&ﬁ@rl%%gbs &£135&(§71f 96n<§tsﬁ1tc% 9& wb%xgiwga@ims,
oscillating. di sc cure r t.est escrlﬁ n! g%all in Arrerlcan

Soci ety fo;%JO Test Fhg and I\/ﬁ?er?xa}’il ¢ &Fanhtart THer&&f Per
the overal |l tinmesahis t empéeat s éhigae. dy\rxézﬁﬁ’él@uﬁl@a’m ZAMPPMAsr ocess
10can be adj ust edy@ityrabl é hensdtgankd abl e neubbessirfise s satutdtekhe

conmposi tion are ﬁ%’iége‘%{a%”&'?( §28d %@PE\QA%?C{ VﬁséPﬁradc%%' he o<§’ern%%%”' €S

of the thernoplastic co osi{ion 0
air or fluid ret Bh@fwr@ww&w fléR Bs la??dl nn qifi‘Rilé%ﬁ Pérpﬁr%%artbr
pur poses 15of thﬁr@feﬁ&@:ﬂt fhﬂ&‘ﬁfﬁr‘la(lngr&mﬁ”l iscat@e Ofbiubee Cadt h8mited,

referred 1o as ' eyiRhAl! ahiyadalel Y cBUERGn 1l Q%ft%ﬂldeﬁ blodig 1

appreci ated that the vul cani typrca e first rubber
for exanple the ‘H%&‘?)kfeﬁ‘&?éﬁ”%b@t‘ﬂléﬂ’é@@%&?oﬁgﬁ Rras' BIMS (or a
20m xture of suchimatiyems)eimiddhyiBeidery eddyelal2]Ezagt-5508ptene-2, 3-

dicarboxylic anhydride, and 4-methyl-4-cyclohexene-1,2-
30 dicarboxylic anhydride, acrylic acid, methacrylic acid,
maleic acid, fumaric acid, itaconic acid, citraconic
acid, mesaconic acid, crotonic acid, bicyclo{z2.Z2.2)oct-5-
ene-2, 3-dicarboxylic acid anhydride, 1,2,3,4,5,8,9,10-
octahydronaphthalene-2, 3-dicarboxylic acid anhydride, 2-
35 cxa-1l, 3~diketospiro(4.4)non-7-ene, bicyclo{2.2.1)hept-5-
ene-2, 3-dicarboxylic acid anhydride, maleopimaric acid,
tetrahydrophtalic anhydride, norborn-5-ene-2,3-



of the maxi mum state of cure of which it is capable based on the cure
system tine and tenperature, and typically, the state of cure of
such rubbewownddosswrzeed 50% of maxi num cure. Since the REZEMWOVISHDEr
can al so conprise 25a vul cani zabl e rubber, where such second rubber
is vul cani zed, for exanple according to dynam c vul cani zati on

technol ogy as described herein, it too typigcally will be cured to at

| east 50% of the naxinun1state of cure of which it is capable based

on its SOCuratlvg ar 02' SySt%ﬁ1 yd%lﬁ%}lngglg &u%ﬁ?géatﬁgéﬁfy

which it is procésse erhati ve di'scussed “herérh

second rubber caﬁa@l%@nﬂ?@dm%d &dmit| aneirife/ oretdsdobi Al @ FINIVERithe
pol yam de resin, amtﬁn@mhm;myclbhg 2SH mefpteBr@id g3~ 80cd hadxyilt s
state of cure 35| ﬁqgﬂp |I P provided that it is sufficiently
di spersed in a sha € size so as to provide the

properties ¥desir @03 or thénu%éﬂteéem%hewlmen% Lhe pBAPBRT thiR%w | |
be put. Conver sehfymcﬂalonramyz@@ degiraabée Wiahcubkbeihanhybbede par tthel es

to less than the ppumgbaie dls Sr8 8lcithbolddicd bbotadsiapadl e

so that the flexi | S nmeasure %
5modul us, of thep?hﬂ‘k?e‘r BB e ihEs PO ¥kt - aTE%ﬁ%{B’I Fi@vel for the

end- use to whi chfthe: icoRPOsy tdgxiTties dotdhehpubolendy mag témaEin as an

i nnerliner,@r hogﬁh nemgy @%ﬁayggﬁ'ma Ec{@YfJﬁ%tg§§éi alRiphko
control the state cure e%ﬁjeuse in 05|t|%n to

be | ess 10t han of‘n%/cﬁFalmatYo %b%{ﬁthﬁg‘yr%? % ﬁa???ﬁﬁﬁsﬁég}”é‘é BHFCHPE of
whi ch they are capabie inasodescrithed &lvove.onp00GTUEGr Spuhpmemldt’s,

dynam c vul cani zghi Qi @lggﬁzogr e%@lecghgfll% engi neering resin to
form for exanpl hi g erneabl e

convent i onal 15c$9%§§]ve s‘ﬁéjrg?r“%) |58ﬁt?%lecd%a8f“5@ o%ur\?ﬁll%ﬂ%zﬁ?g
saturated b9 unsaplymwrsduhafogdrated potiutesr sthalense pgdgdetd and

vul cani ze at | eagtopherel @519@@1 c baleogaenated sepalenr pofyme4 to

C7 i sononool efin,an a kyl except t hat per xi de
curatives are spadfty d?a%loyy@& e 15’528%5? F5m Oﬁg Brdcele " Chne ot

i nvention when there dfs Pﬁpégbﬂ?ﬂeroﬁ’étéﬁenﬂ?@tﬁﬁ@r MAH2RSY | belét'r‘@eneerl ng
resin such that petfsd decherld Htuse 5Mekbern@$| B@déd&i@éﬁeh&ﬂsy]to

crosslink. [l)n tth ﬂatceug%@nf acrnyI.aEFd S uI ul d

itself wvul canl ze Or"cros r?’zgexc ssively
cured, non-ther nBpFakttce BBMPbATIYIATE SIRTABI é@émaartei vécsyktemsifor
the el astoneric hatiegenatedacopoletnrergdipaned; oft theyptesenitd, or

itnventi on igcl ug@lg%fcac@&%gg I .00 gbgﬂ%'s%fh%wyféagcpamé@g oy
stearic aci an modified w1tg mafélcogcggrgi(%alelc anhydride. Another

25 class of particularly preferred polymers include polymers
of propylene copolymerized with one or mcre of ethylene,
butene, pentene, hexane, heptene, octane, nonene-decene,
undecene, dodecene, methyl acrylate, ethyl acrylate,
butyl acrylate, pentyl acrylate, hexyl acrylate, octyl

30 acrylate, acrylic acid, methacrylic acid, ethacrylic
acid, but acrylic acid, or vinyl acetate. Preferably
such propylene polymers are medified with maleic acid or
maleic anhydride.

[0059] Another class of particularly preferred

35 polymers include polymers of a C4 to C7 isoolefin (such
as iscbutylene) copolymerized with one or more of
isoprene, Lscbutylene. Preferably such isobutylene



30accel erators or vul cani zing agents: Permal ux, the di-

ortho-tol yl guani dine salt of dicatechol borate; HVA-2, nphenylene bis
mal ei m de; wd Hoiss472, 4, 6-trimercapto-5- triazi ne; ZDEDGcEtuS@oMiseiihy!
di t hi ocarbamate and al so i ncluding for the purposes of the present

i nvention, 35other dithiocarbamates; Tetrone A, dipentanethyl ene

t hi uram hexasul fide; Vultac 5, al kyl ated. phenol disulfide, SP1045,
phenol for nal dehyde resin; SP1056, - 36 - brom nated al kyl phenol

f or mal dehyde resi DPPD, di phenyl phenyl ene di am ne; salicylic acid,
or t ho- hydr oxy beﬁ%i"l’:el’éscﬁéie W%%‘s?“ﬁt dRELFcAST #F BAYSTMIDS,
tetramet hyl thi uranydiiisid.fi Heytiusddrip wonismatii tumatibhabszed wolymer

[ 0068] Curative aQH@iﬁ@%ﬁéaké@'d&%%l?ka‘@%f ggeﬂﬁ%%@ aﬁ@'pstafp%@ﬁe,
t hi azol es, thi ura su) f ena feni m.des i ocar banat €s,

xant hat es, and tﬂ@ 3 CRER 5nl%‘?b‘ﬁ¥éeeﬁr@%P@E@@Etwtﬁé”e'
acconpl i shesdl by m@ad@hewg htabolbthtaflcarypesmpczirymmsanmmateﬁ BB type

accel erant. The B’Sﬁme%@ ERK r@é?l.(‘e%Lt@fiaﬁﬁ@}S \é%@a@éﬁcﬂt)ﬂm%l@smc vaihhes
| nVOl ves Coerl ex |1 aCtl (0] etV\B t r tl ve, aCCG er at or,
Lt Tvat or s and pBPYIEIG 2P ORITTY LTafhe oT7k FO<hy BT 45 GORr S ve i s
consunmed in the f@mmqr@ﬁléin@fﬁ@weve Bhegeosativdes BAL cdrg gion

i ndi vi dual pol yr@ﬁmﬁf&i RS, t@eﬁlﬁl%@obﬁﬁcﬂa@.% e@b@%dﬁhﬁl%ﬂﬁhhg,
strength o{othe B matrix.. rrerous cf‘cc%el r]gtors are known in

the art and incl uéogo e oar P%Y l%nfe Fol | owi ng: stearic

aci d, di phenyl glh&@l%ﬂl ne €Dﬁ>tsrabtle(trréh%thtthahxﬁe@o@pémmﬁ de
(TMID), 4,4’ -di t bomstinysphel éne a(nlawmde tetdsabut v thicohasheh sulohi de

(TBTD), 2,2 bené@%l 2 frgxllnf;l{ g %U%I\@Of@lst {1gdo$I lc?ss than about:

hexanet hyI ene-1 I OSU dium'sa

2- (nor phol i not hi &Y ‘bié’ﬁnz&ﬁh?”ézol‘]é) “vBS B WBR) 3oc‘ﬁﬁfﬁpo§|5t WB‘F\G ¥ "66%
MOR and 10% MBTS16 MaR,9Qp, wiNs, 2bitert 8 awybutyy £ 2; benzet hbawod e 4 wes

sul fenam de (TB§ thanqm%f 2 le%ﬁgxge%);dy géar bﬂﬁg Rly-e%yacﬂhy ngene

sul f onam de (OT( exanoate HZ
t hiourea. Curati %/%‘éel étfcé‘?é?h"t @r”é’yéﬁéld? h@“‘duﬁ-@ Pé’ﬁl%’“‘%? %@cﬁ‘aﬂfh]%‘?/
are a part that areatuseftbbnwitdutofielort Bpeedbealnsslgrakabt eclpol pheuis

are well-known ip ¢he..a r%lteir@é%@%@@e%@ t%)éﬁt%&ari hes Qﬁasll%ﬁrsed in
a suitabl e_concent I‘)?AI on into the rubber conponent, the _rubber

conponent opt i ondPPYGH ai h? r?g p&ﬁéeBFeW@"fiH“‘F%? té’)?t EH%%trloé’ﬁ&%?d
pl astici zer by, eohymenrmimeyngenthe seubbent dhd tGSa}DChJe: ddr et s ystiedc

conponents in a Qﬁ}ﬁ)ﬁcﬁﬁ%eStﬁPefHﬂa@ﬂ t go@ekdid.ign: 9f2de 5 wts; more

r ubber -contai ning_c ition t |l asfic using any m xing
equi pment common ﬁe?ég’iﬁnabou%% 5 gﬁehl? r%gr ? mFst(lﬁ;]z g?ﬁ such
pur pose, e.dg., apW\berra@Ilhf aloked .(APl Fo @BANBUb ywii;xenchaasriabiomg 1.5

extruder apsl thechidgutSuch m%id}gmbgeg@m%yw@fe%@@oﬁg t@%hniques

"accel erating” the rubber COoImas S|t rn t| ve th e 5rubber
conposi tion can %eyaccéjlsgf'ia%e ggijaze t% %’Sl ?I’LPCP(LEiYYmSFI br

to carrying out agmﬁuﬁﬂ3whlch are descrlbed ln “Structure
Characterization, The Science and Technology of
Elastomers,™ F. Eirich, editor, Academic Press 1978,

30 Chapter 3 by G. Ver Strate, which is incorporated by
reference. The functional group content of the grafted
polymer may be determined by Fourier Transform Infrared
(FTIR) spectroscopy based on a calibration with standards
whose absolute functional group content has been

35 determined.

[0061] By having another rubber, the overall rubber
content, counting both BIMS rubber and at least one



vul cani zation, although this is difficult to control in a conmmercial,
practical, integrated process and is |less desirable. It is

parti cul arWy) Hepkensed that the cure 10system be di sperg@eghus200%08€116
rubber phase, or in a rubber conposition also optionally including
one or nore fillers, extenders and other comon ingredients for the
i nt ended end- use appl ication, prior to thggaddition of the rubber to
the thernoplastic resin(s) in the m xing equi prrent in which 15it is

intended to carr% out dynami c vul canj zati on. t?l& 8{% thpgﬁfs _
preconpounded r uBBET CSHPELPRFon C@Snb%el"rfélel‘”‘é? zJéB r Lot t&Fent
and effective feetisigpres thepabiramrncvwiulcaniinbéinmequipaemyle
preferably a m X!n@ﬂp}?dﬂo'igg}d%cllﬁﬁn@e§1‘E£1P%r‘@%9¥\’ si5Q Q04PN e s
enbodi nent of the i nvention, eas e gent i.s typically
present at about “0° 1r1fb8)95b8%‘[‘p°f‘§n§ﬁrmaq't elpﬁ’ga %Jecfley”%réﬁ()utﬂl? 5to
about 10 phv. [007d}ddsef ah monipivmatibper gfontarat¢arede capbizasdifiers

and accel er at or spgaR: B8 aich | Usd rﬁte%doﬁstﬁéﬂrle@‘ﬁ@lcﬁﬁi &c22ee8st onzul@b@r
vul cani zati on ag

ur Vv canlzatlon ent red
v o zanlon R0RRhs g Ss R Gre bl SheRehte Tl S0 RS o
sul fur. insol ubl eesendany, rubbry phdlic negimapef i Hg, ContrOllmg the amount
al kyl phenol di sul £ dgne %@@oﬂaﬁyrmbbbeé&qfent§ae£br3%tc@wm@urwl§ nfmysrbe

used 1 an, ATouny of, SH0UL. OB ANE b9 ADAUL AoBIL. (RATLS. By, 4

per 100 partis by Wwe astonert co onen erna vely,
where the use of n@%ﬁioa CHHE e? ¥ alulicgnt easihs éeFﬁn%@wr@PbBifhjé? BERYmer
and resin conponeatsulyt@sensl B Loganbe mefextdecSnuslleanezad i Omhis

t, b I d d
agen enzoy pe£§X%§¥%ld%é%PH%%%Q% Egggéqﬁ{ gecondary rubber is

2, 4- dlchlorobenzo er oxi
d| met hy1- 2, 5-di (F@%‘Eﬁ]yjlepéflo?(% Hsegrece 0% @ﬁﬁ%h@l%&ﬁéyamld%@nd
2, 5-di (permxyl behzoaise) suaadarm:)ewllyemmdsmrleafed Wiethivsedthsucded to

t b b 20 ph
curatives can be, Q&eéﬁr&ttlg%satg eno r,g%:}ﬁt ?]QQ_I {0 ;@bopt pnhr.

O her useful curatives i1 nclude cani zat i on ents such
as a bronide of Hﬂ“%‘"anIréihE‘ﬁcﬁ’rer é‘%?‘noﬁrtoapﬁrex‘éﬁf“]%ﬁud’éisllitnﬂ’r‘%g agent
syst em cont ai ni ngusdtanreudatthoarghdeprehl grsopeeneptigmaidngt heradigkioged

donor and an al k%é’h@él;%'ndé%'fm%& awsﬂc%algh@ﬁf@fimzéacbs agents can

be used at | evel of a
of

tivel
ot her usef 1005???&%&88&%‘33’ A JOHDEW‘?L&er §n§nﬂl{?scé:f lﬁlﬁ gi‘/%lf sOfyzthe
i ncl ude zinc oxi decamilror rebber dteedhat exi{ratseut mOxd5 iphfeedialogiring

phr), stearic aCthf@&%t m@xﬂ-ntj)hrthteos ary Phbder rm@me%ym o4 de
(abOUt 0.5 phr tO QQP 1 hril e gedgl%hegmggapghngg %

p- qui nonedi oxi meP P I5dirBehzo qU| none ’

t et rachl or o- p- beﬁz@@ﬂmqm@ﬁé;ed rubbers, such as maleated ethylene

25 copolymer rubbers and maleic anhydride grafted rubbers,
are fairly permeable, it 1s desirable to keep the
secondary rubber concentration low, typically less than
about 20 wt %; preferably about 1 wt % to about 20 wt %;
more preferably sbout 1 wt% to about 10 wt % or less,

30 based on the total weight of the cverall composition.
The amcunt of the secondary, functionalized
compatibilizer rubber blended is typically less than
about 20 wt%; preferably less than about 10 wt%;
generally about 0.5 wt% to about 20 wt%; for example

35 about 5 wt% to abcout 15 wt%; such as akout 7.5 wt% to
about 12.5 wt%.

[0062] With reference to the polymers and/or



pol y- p-di ni trosobenzene (about 0.5 phr to about 10 phr),
met hyl enedi ani l i ne (about 0.05 phr to about 10 phr), and m xtures

thereof . Fuiotdieessi7h desired or necessary, one or nore @iT/8s2007/081116
vul cani zati on accel erator may be added in 20conbination with the

vul cani zation agent, including for exanple, an al dehyde-ammoni a,
guani di ne, thiazole, sulfenam de, thiuram,,dithio acid salt, thiurea,
and m xtures thereof, for exanple, in an am)unts of about 0.1 phr to
about 5 phr or nore. 25[0072%The preferred pol ymer conponents

conpri se hal ogen&t 8 TEEBUF§H eI 6t BE TRy EBPOFSATSr s CHESY he

vul cani zabl e conpenkrH(ized, &. g ,"craksgenatdd rbGey | tcsubh asemical

chlorinated butyl.c9t ORLRASE eyl at
i sobut yl ene- p- HEF:E%J?% n eneﬁ(:%é’:e}u ¥ mzﬁ]%@mgg%g &4 exanépand during

t her nopl astic po E’Hsb%n'nﬁ ﬁr‘é? J&’Iﬁseﬁﬂg%?gr\/ép BUSET rﬁﬂadﬁ's
polyners. 1% is pampriculngr tle prodfverr edr tdiatstbher dymairecektgnt that
vul cani zed COWD%hé'&L’b%t@fne% hﬁh&é&%@?ﬂ& sl,che@t %P&é?s%mé%hs +d8e the
hal ogenat ed rubber co E J)sor?é‘ formo tp ?

substantial |y 35 FGFT ré(u BYCHGRE pﬁ%‘?%tﬁeésr?ﬁuja WG FALdRE FREFT
of thernopl asti credtieicdy Mash claid yiveal camutedohasogeatredurrdsiser of
conmponent is pretgs qﬂe\éeeltswe%&dohn éﬁ%ﬁQbyéﬂﬂ]ﬁ&tmn?’@f smlt E:bhﬂ:@
theformo srrall qitdn%lgshv g a:{j,_;tltceS|zne,(t

0.1 micron ?o abbou mocion I e a SORFEr on adméBgut
0.75 mcron; or BOFRAS i 1PN F @ risn Cpésa@ﬁﬁﬁd G.Csrﬁﬁi F ovvlparidad eosi ze
can be 5 deternmi nefbmlméhods Pl bx&kfoMd) ifBrt Ber@desand tHciprdiagt

tappi ng phase at rce mcro as_d scrlb d |n
publ i shed pat ent 9151%%? [ %at’l BInUS %ﬁ@yh%’f o N el g
i ncor por at ed her @?W%%?trléﬂe‘?%?%je on[ B@qa%ﬁ“bu%%w@éoﬁf ig he present

i nvention, 1% he BbMyildeanponenied shéh Stha efieer efl wicasia 10w grafting

ef f1 ci ency. el ast ogpto@nd Lhe, SeoRRdALY TUheLsoars Leberpach Layas

hi gh-grafting ef I Cl ency I n eac tance ting refers
to grafting ontotthe ;’S’GII&H%%@( §)ft?ﬁa‘f‘aré’rfélcﬁldéé%taqdnp?ﬁ%oms
conposi tion. Thi sallfsfticsbihly ivdreni nsed farciseneyiarel t Fertmddvatef othe

measuring the pe&&@&@@qsnoisté}%le@ga{@myar suﬁﬁﬁ&relnhzﬁg ur ther
bel ow. [0074] The conposi.tions descri bed erel n %/%? ave one or nore

filler conpbnent &Y d8!tal BGhy c&?b%ﬁ?& 2Bt RFS LA e "epi E5% and
silicates, talc, tir¢ aminuibeddwuxitdepsst ewrach idnddat tiemadr ganirg ftillkker s

such as wood floeéular@qoaae@%dalt@skal SUidsabkgxfiller materials
i ncl ude carbon b @f&ésuch as c Znnel Iack fur ngce bl ack, ther nal

bl ack, acetyl ene | SR T AE K, PHOACE | CTROShOT Yl Ack - 258K¢h as
silica treated ovs#i Itocaredateetiives bemebtardclideserirbéte figrisbgdnplwe,

in US. Pagent l\procﬁj,&w @ﬁﬂs,sluﬂzmgo@&a{;@mmrz@trblbmsr gé&snﬁmghedaaw
the like. RelnforC| dec rbon. erred hefllt may

is
al so include ot her“s n? it 8urlr?6”na?%nﬁ 6’11” ?ﬁﬁ HOTaPE % Sith as
silica, clay, caPE@%lca%W@t ef sughc agenaiedny di Bxicdéla e feklieed i tice.

The filler may bgsm@sleat'-@stamlevedt af £fem Qnke u"ﬂaaogh S{kzpercent by

wei ght of the rupdp% rQr g§e 9] rfor&anececggggg ttelr(:)LQtli égh%gr%lﬂl%lgy 'of

i ntercal at ed, I'Sp ersed cl'a ays

30 vulcanlzed rubber compounds are directly related to the

number (crosslink density) and types of crosslinks formed

during the wulcanization reaction. (See, e.g., Helt et

al., The Post Vulcanization Stabilization for NR, Rubber

World 18-23 (1991). Curing agents include those components

35 described above that facilitate or influence the cure of
elastomers, and generally include metals, metal oxides,

accelerators, sulfur, peroxides, and cther agents common in



35 may al so be present in the conposition. These clays, also referred
to as "nanocl ays", are well known, and their identity, nethods of

pr epar at i oWwoanehhsendi ng with - 40 - polyners is di sclasedsioevosins
exanpl e, JP 2000109635, JP 2000109605, JP 11310643; DE 19726278;

W98/ 53000; and U.S. Patent Nos. 5,091, 462, 4,431,755, 4,472,538, and
5,910,523. Swellable layered clay material;s suitable for 5the

pur poses of the present invention include natural or synthetic

phyll osilicates, particularly snectjc clays such as ntnorillonite,
Rontroni te, bei GERFiA; Gof KBhEROTTESY ABOH 1 o CPRACLOP e, 6 apbriPbe.

sauconi te, nagadipentkemgaide, atstlerehsene cdndet e, |skéuraszivel loxagde,

10verm culite, hahhoysiteqcahiMfahexxAeenehygF Ot alchkegand the
| i ke. These | ayered cl ays general ly co “aﬁfe pﬁrtl cles gont ai.ning a
g"H thit€k

plurality of silfRAt%&E PGt &Fet SHAVMR RIFFYpi EEI Y laBout 4
to about 20A in pakyrerbodiperittioasndraabbgt ci®asd inbedtbyl 24ding awetheye

15enbodi ment, boupshisQgebhesaApde CONtRLNI ARG LXchangeahl.e. caliRnsxsagch
as Na4, Ca+2, le or, 42 l[?resi_ie?LtCL.at t he interlg er s.ur.fageosr.s o

[ 0076] Layer ed cl &Y° ey “B&"7 af a1 EE AL exF Fat ed' by S treHt TRt

wi th organi ¢ nol ecdlhestisgetid sgmperiition 20dHFabre- of under goi ng ion
exchange reactionsoadt h t RBek AlH-ORSLIMESEBIn s t"ROnddERhAYSiization”
surfaces of jthe Layered ghé' GG s 4 td%%% svel 1.0, age Ekr&—rérm'sufje
cationic surfactants suc as anmoni um” a yﬁa nes or a amroni um
(primary, second&p¥ifiesr &f aispscantied Sigudeer MampreiphodsFhonFeta L1y,

sul foni um deri vathyeseraf "akhphiad iveil can Diediiod " of s algd@lbpbatdie: am nes,
phosphi nes and s i Desir i . u :

correspondi ng am%%‘%%sziégﬁéha%éﬁ%ﬁgggﬁrﬁh%@%eggﬁn& tlﬁr ggﬁlol'«;:ZRBN,
wherein R, R2, SALIPrairg tesib andoahlIGAsE 6Pe30adeeR&sPhhi bRy be
t he sane orsdi f f ereniixeldnuoner erdradi iemd o1 hegexfloddrabnigebhgeniedi S a
so-cal led | ong chajfet8rtbary @ Bee WA &1 jak, ) 835 LRLI S &El2gt 0
020 al kyl or al klg%{el&’{agt&f?? Anot er?J class o g\/\e\lliﬁﬂg;&ggge%ts i ncl ude

| r

those 35whi ch cafYDeERd\al ERE I S 56AdRY: t &%t Re TFAtET rehgtades.
These i ncl ude pobysuilamesuelytdmssiliokediragd dSEP&EIIRR2swhereiRes) s

the same or diffgrenl Al LN nOCGURT EPCE MRS S6):84E 8dchd ABsahkyl ,

al koxy  or which forms a continuous matrix. The resulting
composition is known in the art as a "dynamically
vulcanized alloy" or DVA. Typically, dynamic
vulcanization is effected by mixing the ingredients at a
temperature which is at or azbowve the curing temperature

25 of the rubber, and at or above the melting temperature of
the resin, using equipment such as roll mills, Banbury®
mixers, continuous mixers, kneaders, or mixing extruders
{such as twin screw extruders). The unique
characteristic of the dynamically wvulcanized or cured

30 composition is that, notwithstanding the fact that the
rubber is cured the composition can be processed and
reprocessed by conventional thermoplastic processing
technigues such as extrusion, injection melding,
compression molding, etc. Scrap and/or flashing can also

35 be salvaged and reprocessed. In a typical dynamic
vulcanization process, curative addition is altered so as

to substantially simultaneocusly mix and wvulcanize, or



oxysilane and R2 is an organic radical conpatible with the matrix

pol yner of the conposite. O her suitable swelling agents include

pr ot onat edwandonp4akds and salts thereof 5containing 2-g®reao®PaRiiie
atons such as 12-am nododecanoi ¢ acid, epsilon-caprolactamand |ike
materials. Suitable swelling agents and processes for intercalating

| ayered silicates are disclosed in US 4,4%3, 538, 4,810,734, 4,889,885
and W92/ 02582. 10[0078]In a preferred enbodl ment of t he |nvent| on,
the exfoliating or SVf}é‘%l ng ﬂ%ent i s combj ned with a _hal ogenat ed

pol ymer. I n one efbdtfirenht , ¥t hE2gherit® OhcFuieSIERP L AR RaFYTPYEESAAHT P
and tertiary am ne@caaidtlphmrmegqg altkyeasnenar yhlsulitpdbes rabter,

thiols; and thei g lapaleyf gflq;dlc}a@k é’rﬁf%hoﬂéastD%ﬁérﬁélﬁme@dgﬁ W88 not
i ncl ude: | ong- chaljg terthgr am nes su

N, N-di et hyl oct adé HoIRE B CHABEG 2t RGP Re for the at
di hydr Ogena$ ed téedlm\@mhyvukﬁanhyhlaln mengoakitthe |(Bke, epd, US 6,079,465

am ne-term nat edaﬂ@laﬂee&émc@fs%md ltﬁ@gelqmu Nuddd-Rlr, 208N present
t hi osul fate conpound S, .such as hexanet h Qdi um t hi osul ffa e
¥ *&5} ur her

anot her enbodi neht"of-the FIvEXEFBH PRt _RIPSY net
i mper meabi ity iBodicHiedyeds l’f&ﬁstcheb%@eéﬁ‘ﬂp@lfybmﬁer|ﬁmabh€¢,1~r%ttmes

such as hexanet hyéﬁm@umbﬁ(mnumgéilix@%uh{ﬁi@)framdsﬁlﬁmqaaihﬁ/da@asn
25bi s( ci nngyral dehé(éi&) unt of exf ol i at ed J %ercal at ed,

]Egyiow% are n curative
or di spersed cl ay i ncor pora corrp05| | GREF R REc 6P dancs vvlth

this invention i §u%ﬁ¢lé’ﬁoafﬁltt%91f?%¢f€ntlntf@>n@@ﬁél ofP@n GeRpri¥afe mdAtOsi n
the mechani cal pceperFe@s reo30bAs NN PrERRs Enb&él afxzildhe eonpeshitédn,

D e ot SR RIS QXYReN PRLNEARI I Yy ArInLeLupcal Ty

can be from abou out Yo n 0 t. - or about 1
to about 10 wt % FHRTEt H@rgenﬁbﬂl?@ﬂrataniﬁ%oeﬁ 304 Geab¥in aS‘dth%n n
yet anot her5 enbodi nenth, sbased 3bod, tdhe potharer sontwentombpodrie or an
conposition. Exp r hu rubb .exfoli.ate
i ntercal at ed, orgﬁ&sl%%ﬁfgglcp@ ctoﬁp&%d QQ%%%elnlé at%lé%%t%?l%ﬁ(t%séggu%%o
- 42 - phr in ong® oEPﬁﬁﬂteraﬁal%&ﬁ BR (1 285060 K3aphr FuPPERoTHEHD
enbodi nent. | n oRe-HnodPment Tot tiee exfretiat iaggntkaly theranare often

al kyl am ne- exf ol b@&édﬁgceéﬁé’rado%%ﬁ%es@&é&% %E'loﬁ? he LeldPormREoCess
oi | " means_b5both the petrol eum deri ved gr ocess ol | d synthetic

an
pl astici zetS. A f)?r%Dé’?% 1875 pl 48F1 128 PTGy + b é’§ve Hitatie use
barri er conpositebrs. 1Sagh widl sceglerptpnarid pfusedraferiraprioveént hies

processing of thgrcQmpasdiory dHi}éM"pEspaﬁf}@ 'eQE'sQ;metrhg)la-Mﬂ@rcurg g.,
10 m xi ng, cal enderl Ng. etc ;u itab Séf |l ast.icizer bg(gartl cul ar |

for the el astomer? CohpoRent (ST rHe (a8 & 'phaPre t B4 grace
hydr ocar bon pl ast$ cinpéeved | rsheme s ipareffdatse partigphehinivbere a

petroleummi | s. dhepeebernen phasd i@bBeF Hid af DEsdISRaEPi-wd @andatéher

non- DVA, is used. Furthermore, the properties of the cure system
can be adapted to the mixing process so that the conditions
of the invention can be met. For example, to determine the
cure response of the particular rubber(s) present in a

30 composition, the rubber(s) and cure system can be combined
by means known to those skilled in the art, e.g., on a two-
roll mill, Banbury mixer or mixing extruder. A sample of
the mixture, often referred to as the "accelerated"
compound, can be cured under static conditions, such as in

35 the form of a thin sheet using a mold that is subjected to
heat and pressure in a press. Samples of the accelerated,

thin sheets, cured for progressively longer times and/or at



15non-engi neering resin-containing innerliner conmpositions is a
paraffinic petroleumoil; suitable hydrocarbon plasticizer oils for
use in sucwoizolarsdrmers i nclude oils having the foll ow mgr/genevmaiiie
characteristics. Property Preferred M ni mum Maxi nrum APl gravity at 60
F 15-30 10 35 (15.50 Fl ash Poi nt, (open 330-450 300 700 cup
met hod) F(C) (165-232 00) (14800) (371C) Payr_Point,F(C) 30 to +30 -35
60 (-34to -10
higher temperatures, are then tested for stress strain
properties and/or crosslink density to determine the state
of cure (described in detail in American Society for
Testing and Materials, Standard ASTM D412).
5 Alternatively, the accelerated compound can be tested for
state of cure using an oscillating disc cure rhecmeter test
(described in detail in American Society for Testing and
Materials, Standard ASTM D2084). Thereafter the overail
time and temperature of the dynamic vulcanization process
10 can be adjusted so that the vulcanizeble rubbers present
in the composition are sufficiently cured to achieve the
desired properties of the thermoplastic composition cf
which they are a part, e.g., an air or fluid retention
barrier such as an innerliner for a tire. For purposes
15 of the present invention, such state of cure can be
referred to as "substantially fully cured.”
[0066] It will be appreciated that the vulcanizable
rubber, typically the first rubber, for example the
halogenated iscbutylene elastomer such as BIMS (or a
20 mixture of such rubbers), will be cured to at least 50%
of the maximum state of cure of which it is capable based
on the cure system, time and temperature, and typically,
the state of cure of such rubber will exceed 50% of
maximum cure. Since the second rubber can alsc comprise
25 a vulcanizeble rubber, where such second rubber is
vulcanized, for example according to dynamic
vulcanization technology as described herein, it too
typically will be cured to at least 50% of the maximum
state of cure of which it is capable based on its
30 curative or cure system and the time and temperature at
which it is processed. Alternatively, as discussed
herein, such second rubber can also be grafted, linked
and/or associated with the polyamide resin, with or
without the use of curatives, so that its state of cure
35 is not a limitation, provided that it is sufficiently
dispersed in a small enough particle size so as to
provide the properties desired for the use to which the



(-37C) (15C) SSU_.',1)100F(38C) 100-7,000 50 20,000 20 o

[ 0081] General ly, the process oil may be selected fromparaffinic

oi | s, ar on®O WoYI48$72 napht henic oils, and pol ybut ene oi peT/UEDYIRYiENE
process oil is a | ow nolecular weight (less than 15,000 M)

honmopol ymer or 25copol yner of ol efin-derived units having from about

3 to about 8 carbon atons, nore preferably;sahout 4 to about 6 carbon

atons. I n anot her enbodi nent, the poI ybutene oil is a honopol ymer or

copol yner of a i.nate. cul ar Ve bu en

pol ymers is des%?@é%éltlonswkf% S&Mpre, %‘ﬂ?’rﬁrﬁgt@?’b |yc Rt S HrghLe
Hi gh- Per f or mance to- cuge _they sebhen ala il ol efs f@BZESQZtT(a_res;heem&irmdm ck
& Ronal d L. Shubkkate esk ,cuh{ar@elwmlﬁkeﬁe 118&%)er( B@r@a;%ﬁ%eéo that the

ol ybut ene proc Qi " te £s of
pgl y%utene oils g?%{% lﬁKRA?’ﬁ_rg FI es PO e%‘ﬁ?‘%@%ssk?yngog}?‘?
( ExxonMbbi | ® Chenf'@arLeomednyhe m@p@ncmonqnﬁdsvdmgatglaadestable
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synthetic liquid of énes avi ng a cer arn ght. The
10nol ecul ar wei gﬁP%s‘iﬂuetq’féYPAmFﬂm e detirakle to omnabout tb@osuvﬁe of
(PARAPOLTh 450) torabsfuttha700ebdr (sPARSMRDLNI tBéO@t)mpoBlQlﬁ'ﬁ|1§911:leaﬂ.ess

wei ght dis{gibutigp, (c!\é/\@qugi %cpeab':‘d%‘ %l'tcgf g% T&éﬁgﬁryﬁhég%é X tagggé

from1.8 to about _3, preferably about
(g/ M) of PARAPCETrHES GB8¥siiRy GPRELYardeseFFbiRathaleve: 85
(PARAPOLTmM 450) to0&hout GoflpurRARAPGLTRIyAS00) vulbentwaarbneimuraer

(CE G for PARAPELIIBRE! 8¢ aNA8S: ALAM3DPML: 4Qf 88 - D& 450 M 1e, a

highly impermeable layer or film, any conventional

15 curative system which is capable of vulcanizing saturated
or unsaturated halecgenated polymers may be used to
vulcanize at least the elastomeric halogenated copolymer
of a C; to C; isomonoolefin and a para-alkylstyrene,
except that peroxide curatives are specifically excluded

20 from the practice of this invention when there is present
one or more thermoplastic engineering resin 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

25 excessively cured, non-thermoplastic composition.
Suitable curative systems for the elastomeric halogenated
copolymer component of the present invention include zinc
oxide in combination with zinc stearate or stearic acid
and, optionally, one or more of the following

30 accelerators or vulcanizing agents: Permalux, the di-
crtho-tolylguanidine salt of dicatechol borate; EVA-2, m-
phenylene bis maleimide; Zisnet, 2,4,6-trimercapto-5-
triazine; ZDEDC, zinc diethyl dithiocarbamate and also
including for the purposes of the present invention,

35 other dithiocarbamates; Tetrone A, dipentamethylene
thiuram hexasulfide; Vvultac 5, alkylated phenol
disulfide, SP1045, phenol formaldehyde resin; SP1056,



process oil, to about 8 for the 2700 M1 process oil. [0082] Rubber
process oils also have ASTM desi gnati ons 20dependi ng on whet her they
fall into wbeomlasg2 of paraffinic, naphthenic or aronmathCI/US2007/081116
hydr ocar bonaceous process oils. The type of process oil utilized wll
be that customarily used in conjunction with a type of el astoner
conponent and a skilled rubber chem st w Isk 25recogni ze which type of
oil should be utilized vm'th a particular rubber in a particular

orbsent ar a | ovRrobeG Shor BEH Brogs, e SETRSY Sisff; deernt o0 P
preferably oil |§l?f€ﬁnylnéh@@@eﬁﬁendé?fﬂbﬁert Fa3orBxt miagad n?)]”etrr}?ela“bf @237
of the conpositiBéuzdiR083] ) deth:Bgllﬁh%m.leﬁﬁZGS&dM :diah & eTerid, al

bet ween t he rubbgrtrame%lhl\@ %ﬁ)r{}}%ﬁeggsgfﬁ& Egglﬁtc ?ﬁaﬁ)’drp@ith

conponents during m Xl processing enhances “uni f or m m xi ng
and fine bland ndrphsi ogy, in other words 35small, dispersed
particles of vul camégzied rubbetivet hatelerabrs $n«grudei eahtéy, enhance

good bl end mechaﬁﬁggl qigS e # ﬁa% ggs%@g%qggeapﬁld )ﬁs rgp@fetﬂaﬁgdes,

However, as a consequence o ow activation an ear tgélnnl ng
characteristic t?blrjé%ﬂm@fieBl I\@lﬁ’(‘}laﬁﬁﬁ?%tesr'ed‘ée*éﬁatﬁﬁ séBgl t8F vdiGes of
BI NS pol yners atathelechevat ed teapenat preseandaghearaacatpsished by

encount er e, duri Q@dmgf“teg?ﬁé %oEFSQaneaQVQMﬁ%Céé EH@@CEQf‘erant The
reductions in viscosity o he

her no asil C .co Qr/]ﬁt V\% 2
BI M5 pol yner is BEERied™ ﬁ%?ccﬁﬁe%t&ﬁ SPLEaE PG6wet i SL8ETT mi’@ Y©
BI M5 at hi gh sheaomplatednasmhdténperiztuees, thd cuiretosit ycgﬁleMOﬁyl on

conponent is to beysgliecteshd @o@pﬂ@fs torhexsiyr bar 4o thBakvafiabhe

rubber, it is necessa to use ei ow rml uI ar h r ade
Nyl ons having | o%?a%‘écb§l ‘E%PS&)JP@%M CRati & \gﬁlf\%l Ifjrfge

15pl asti ci ¥&er, orressldmbEnetiadnjofn mvaﬁmba}@ﬁaf@?r fdeingrihene
viscosity reduct Eﬁ&héia\éhageﬁﬂé%cblytw Fash1l phasegih &ﬁfoshéypcrm&rféla or
approach that of the, Bl :\/E ‘ﬁ% oF‘%‘g ase cgan allrréprove t tg%s &r

particle size anf®oVeta yham ca cani zed
and 20Nyl on bl endsclwisohbys Emes@P‘ésJe?dﬂlitﬁdEP%SﬂlﬁlﬁalladeEP%‘WEQQl

However, dependi agi@n dibgenpt Wianobiddaopey) fiaatneotisytthesean
al ternat i ves may .resyl s i nyfdesi rgblcﬁrtgﬁggﬁmrﬁ?% (%)p(%&bmes for

exanpl e, a§”a conseéquence of tHe (s ower ar wel
nyl ons, 25and/ or tﬁF@?@rtYééFh‘é‘%ﬂﬂi AieylHglea ("E%?@eqae%cé’eé‘fchhjeaﬂée of a
t ypi cal nyl on pl askiTiizer (MBEDENdeAgnah vl hee-anmubt s anich sty petefdisodium

pl asticizer usedsalt dihydrate, 2-(morpholinothio) benzothiazole (MBS ox
MOR), compositicns of 90% MOR and 10% MBTS (MOR 90), N-

25 tertiarybutyl-2-benzothiazole sulfenamide (TBBS), and N-
oxydiethylene thiocarbamyl-N-oxydiethylene sulfonamide
(OTOS), zinc 2-ethyl hexanoate (ZEH), N, N'-diethyl
thiourea. Curatives, accelerators and the cure systems of
which they are a part that are useful with one or more

30 crosslinkable polymers are well-known in the art.

[0069] The cure system can be dispersed in a suitable
concentration into the rubbker component, the rubber
component optionally containing one or more filler,
extender and/or plasticizer by, e.g., mixing the rubber and

35 the cure system components in a process step prior to
addition of the rubber-containing composition to the
thermoplastic using any mixing equipment commonly used in



[ 0084] An al ternative approach to |owering the viscosity of the Nylon
phase, described in NO 2007050076, 30published May 3, 2007,

i ncor por at we Joevms412by reference, is based on the use ofCl/O82007/081116
nol ecul ar wei ght pol yam de polyners as plasticizers. In this way, it
is possible to use nmedi um and hi gh nol ecul ar wei ght Nyl ons and thus
mai nt ai n mechani cal properties of the resuyting 35vul cani zed BI NS and
Nyl on dynam cal |y vul cani zed bl ends and furthernore, since |ow

nol ecul ar wei ght _pol des exhibit relatively | ow perneabilit t he
resulting - 25 -E Qr@%‘eca S\yuP’c%Ch Zsélﬁkb?‘érr%?do 1ot Rave’ tﬁ%?r
permeability pr oB’é‘Pfﬁre@léigrﬁ fReghnty yﬂlﬁééuc%mlxwgt%zmr@dpr asd cheers
i(gcl udec';]hose iSO{Ldkémd%ﬁcM&ﬁiﬁ%§ ts 8@%5 dh%f :.ieg%wé'&ﬂg) §unm' de"
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Such materials ty%igc; ek a etglen‘lﬁ%]%%eul a?m%\eSltﬁf) A‘t\flé:sejsm lve éfboﬁfe)
20, 000 Dal t®ns; g,‘r@kpﬁragzoagwtlpnog@ s éB@%llteIﬁgegO@ Bakbtass; Of a
preferably about mBx 1P elkOradupridy GQ0 cBalk{:anis candihiavecs | ash poi nts

greater than aboyl 250 Ces AODTALLLEAPSS LeMPERIEUCER. o Lopsbnan o

about -20 C, and nin erature o ess out
Fur t her nor e, useF‘Emeelré’\?vaﬂmlMé?a%\mJg‘ﬁ?gé?ﬁ%ie§r@§@ﬁsolaﬂdal%l§@és| ty
at 200 C of | essd¢harrrabout1tlssPasealcuseedpdsoFPars) ,thattefﬁmaiuwel y

about 0.05,40 abQﬁf‘ételr?bgad:?spe]r%QPeL?rt@lgl @&a §h9562 9 ahoyt. Hopa- s.

Sui tabl e products are commerci al é aval vering t range
of viscosities aBFRESHEHET RSPy PSLATIA ch?ftfe§rl‘50r%5?l€léer%2
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exhi bi ting viscoghdigs LaPoig:dQf B@.%@bewtﬁ% %édﬁam% e ab&%bgepocc?

Pa-s neasured at 190 C, and ahout Pa-s neasure
at 200 C as wel Fi%d T@ﬁwowtgfaa%%l%ill@ﬁf E‘hﬁl%%(?@PFP‘E%ﬂtl yn which
i ncl udi ng y¥ adesiR6isA ihgwndry dovegcosiony dfnabioutullcahizgtage 2683so
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such as organic 8%
A particul arly pegfariceduptasizitigrreduapnerte pmedeNAy30cohpegi tion

is N-butylsul fonagidgiee! 9 hetscplBsd iziizfr s

20 [6070] In one embodiment of the invention, at least one
curing agent is typically present at about 0.1 to about
15 phr; alternatively at about 0.5 fo about 10 phr.
[00711 Useful combinations of curatives, cure modifiers
and accelerators can be illustrated as follows: As a

25 general rubber wvulcanization agent, e.g., a sulfur
vulcanization agent, powdered sulfur, precipitated
sulfur, high dispersion sulfur, surface~treated sulfur,
insoluble sulfur, dimorpholinedisulfide,
alkylphenoldisulfide, and mixtures thereof. Such

30 compounds may be used in an amount of about 0.5 phr to
about 4 phr (parts by weight per 100 parts by weight of
the elastomer component). Alternatively, where the use
of such a material is feasible in view of other polymer
and resin compcnents present an organic peroxide

35 vulcanization agent, benzoylperoxide, t-
butylhydroperoxide, 2,4-dichlcrobenzoylperoxide, 2,5-
dimethyl-2,5-di (t-butylperoxy)hexane, 2,5-dimethylhexane-



suitabl e for polyam des. Nylon plasticizers include, but are not
limted to, |actanms such as caprolactamand |auryl |actam and

sul f onam dwe,20®uake7as o, p-tol uene sul fonam de, n-ethyl BCIEI200A8NEG6
sul fonam de, 35trinellitates, phthal ates, adi pates, phosphates, and
gl ycol ates. Qther plasticizers include those disclosed - 46 - in
US. 4,197,379, incorporated herein by refsgrence. Exenplary

pl asticizers can be selected fromthe group consi sting of phthal ate
pl astici zers, adipate astl izers osphat.e Iast|C|zes col ate
5pl asti ci zers, sal % BHEECET S b & IPO{]rmll% T Y e prast |Vg1|e¥]ers
and pol yneric pl a§$<i1r0|521@hscmp%ﬁlt‘ﬁe@upaﬁlk§ﬁ Irowsaol etfulzatevigl ght alpbens.
Preferred plasticiger s;oaésoaelzeptpae f romhdhesereureensiss i g 10ke

pht hal ate pl astig Zels re%l pat £ apllasy Ci 1zers, o agudchs%sf onam

10pl asti ci zers. a es Of suitable™p astiCi Zer's 1 15l tde c]ﬁjlblee OIf an
pht hal ate, i cycﬁbh@ﬁhen}@ﬁtﬁ%ﬁa‘{ ©r diet¥sA cpRehbiEtieg é%%‘bd“é’@y?m
pht hal at e, di net byhtgihihal ateanddis( 2nedbiyddrexyl » pigfemleat ex athm@myl

pht hal ate, di undﬁgﬂ e%htdBﬁ!)é‘ g rglnxggkglr(h%%%ldk%ﬁyl but yl

benzyl 15phthal a benz I"at e a{q ate "ni xed
C7-C9 dial kyl adfpe¥eet. trﬁBff—}B @WﬁyFa%H&b’ﬁaﬁe""t t5 |18Ht3§f|°%t?&§’b1ﬁate
tricresyl phosphatghr ta ahe@ylzqomsphax:a;emesyélﬂl phany| ugpdmgphat e,

2-eth Ihex di at i e h |
2 OphtKaI o %utypbs%ﬁgogg%?g rf 28 gav%rsd [Nl @%’éflﬁ 9@9@9& %&%&

pht % @yco ate an Lm xe
C7-Cs al kyl tri nBFP§ toatiele smiff%éﬁflaesmaa@ﬁecﬂa & G fitp about
preferred cl ass 6fpmptlastsiceazir sadicr (podyard deshrmrmlalbdungsfrmr),

exanpl e, N'bUtylné@%@@éu%”h&f@@“ﬂéﬁ%ut O 5 phr to about 4 phr), lyserge
N- cycl ohexyl - p- to#genesul f onam de, 25 toI uenesul f onam de,

N- et hyl - 0, p-t ol uénBstl FOnBAT d&F &0 7 N‘Pe‘iI ongat ¥ i%edul f onami de. I n
anot her enbodi medtberagyieriprosissioe} stsueishasrogphehendeinareomat i ¢

or paraffinic expg dqmﬁraaabebaeaéewwutab ghenit tla ggoacbow p'érphr
In still another e g]r mé %{{) nlcO Fatlc fflqlca
ot her aromatic oi'f aBkt |ala JUBpEent PPF onf ta}l‘vgu i oﬁm
"substantially abseftres |the¥%0ﬁmaﬁvrth%vtr népﬁ?hemd:,orameaﬁaqawl one

paraffinic and othefoar @@agi@umdrﬁzaayo@%due%ea&or infayabeaackded @nan

extent no géeat er r%gf‘n”atl Bhr |hn tthgevg g OSI 1 5&()0891: deglroge
of cure of “the vifCanize er can esCT in terms

content, cross- Iﬁﬁkm%sﬁﬂyalcﬂ%d@nﬁ{ﬁﬁ?mfﬁr @%ﬁfla‘é%%?al éhééﬁ%]fﬁrents or
it can be based sulfehamide, thiuram, dithio acid salt, thiurea, and

mixtures thereof, for example, in an amounts of about
0.1 phr to about 5 phr or more.

25 [0072] The preferred polymer components comprise
halogenated isobutylene-containing copolymers as the
vulcanizable component(s), e.g., halogenated butyl such
as chlorinated butyl or brominated butyl, and brominated
isobutylene-p-methylstyrene copolymer (BIMS copolymer),

30 and z thermeoplastic polymer such as nylon or a blend of
various nylon polymers. It is particularly preferred
that the dynamically vulcanized ccmpositions of the
present invention comprise the halogenated rubber
component (s) in the form of dispersed, substantially

35 fully cured, small particles in a continuous matrix of
thermoplastic. The dynamically wvulcanized halogenated

rubber component is preferably dispersed in the polyamide



on the state of cure that would be achieved in the rubber were it to
be cured in the absence of the resin. For exanple, in the present

i nventi on, wiotzo0wo4ps7ef erred that the hal ogenat ed el ast ongarr/e§khR06€116
about 50 to about 85% 5o0f full cure based on the el astonmer per se as
nmeasured, e.g., by tensile strength or using the oscillating disc
cure neter test (ASTM D 2084, Standard Tesfy Met hod for Rubber
Property-Vul cani zation Using Gscillating Disk Cure Meter).

10[ 0087] Havi ng descrj bed each_of the conPonent_s useful in the

t her nopl astic el 4&tbiterit tg‘ﬁnﬁ%@i o™ Rt (e tprERR A Vit AT e i BIT 2FRe
foll owi ng paragr aphsidescriebect dogtf D ¢l entcrandtockeutnet hiodsorf;ofor

produci ng such ceapRsid i:888: ¢51 GRZSLPYARMouYUb CANIERLLAN LSanBeL

carried out in varjous types af co rcjal equipnent. generall

avai l abl e in thegrtjbr[‘)]ecrr ngop‘%é%utti gTsTEi AUty F%&Hfdienélﬁ%m?ﬁi{)?ﬁ)

i nternal m Xers, depdinimedkeby, metiihdsi Xehy lyawnuderthe Axpr efiérimeduding
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xing is generally caonduct.ed under _such tinme an r

condi tions t hat tlﬂep%cf?lslﬁ’glg bSifS 8F’pp1a?&ﬁlcqneg,g %Orete/g?g%g%fy%[cﬁe >

first rubber conpgbhent inkarpgeradedersbbltyreferevitt-ai ni ng el ast oner,

are dispersed andoowsed argfopudgisesast wid briben25pekyamsde e bhes

extent necegsary La SRt QLN TNETL SLaDY 1L Yy - £y L0cav0ld

coal escence of such particles a e conpl®etToh of mixing the

conposi tion. A s&ffbbie®crvapyesioimedyaadi Be wecandast itgRbedsareat ur es

i sI t ypi Cﬂ.| |y Lr o Bdnondd E:beaﬂ'ﬂ'ljtdhnlgrhefmﬁj’ atrgh ei@fcyt Rapbesd N(Ih ]Ee@ch

30l ess than about ; %?m} t I range from

about the nelti n%ntgg%ﬁgr’a g%fe 0 tﬁgeﬁéé?creq f&_rqggl{n ls%n%tog?%%out 275 G,

preferably about P20 Ededsabbhat 265 presgitedRatie c1qFPoabbiar 2350Est o

about 260 T suchiasirahdoh 240QittdecabpundGle Gretflard exanmasurahgut

230 C 35to0 about i y ﬂ_}f[)l@'%‘. L i be

carried out at at%%%e&fg%%ﬁé%‘%ﬂg\eéﬁ r%% about gi%%%?%%%ﬂ&t%%gout

50 C above the nBfti'rg tenperature of the matrix resin; nore

preferably about [207Q t o @heutorf®sCtaby eldsieeiped tHargih emqoertatver enof

the pol yam de oromxsd pohyam deRehopl RSt L BRI cAnrdag

ext ruder 5%%p| cal L%/ i's ,corrpmf.ed of mul| t,|c%l‘§e barrel sections, each of
whi ch can t enpet &t &3¢ oft 1619 84 att 145¢ Funt?in toF 2&Eth CaK oy
varied, for exanptarclagnd pelear segbndn, fililerngssgctasonpodobidurg and
sect! on, rreIL Si@éﬂ&{b blqra@;é.f@ﬁﬁ%@@tJgﬂletrhﬁ?{;@mgrsaaﬂateudéﬁ c%%_%tgn
section can be ontrolle ef fec e nost _appr.optiat.e conditions
for - nelting, mgg?ér}{g,Suﬁil“sf)sércsqrfaﬁjéjegn%l%%r’i %rB?C ﬁ’elaggf’rpgheerﬁ[la t hat
are fed upstreanPbrchn Blsenyeersh eeki ohameFdd aekampicd fiednpartatnubéschk n
Uplst ream W%BE 53@@&&1@@% @am%@@h@e@ti@ae@& Lﬂl&bdeéo%&opbaﬂpéﬁ dieati ng,
nmel t1ng an I Sl. of -the _polyam ge , 4an olL.ya

stabilizers and E‘?%%%ﬁl%:%gérgoﬂhel%ﬁp%?'e nyéf‘%él ?/tef%dl[\]%éhn%’ﬁ%%’ig%f
section(s) of the"&BARFAERT Ireiaxanprefsnsoge) 3ndCthg 1ike.

Reinforcing grade carbon black is preferred. The filler

may also include other reinforcing or non-reinforecing

30 materials such as silica, clay, calcium carbonate, talc,
titanium dioxide and the like. The filler may be present
at a level of from O to about 30 percent by weight of the
rubber present in the composition.
[0075] Exfoliated, intercalated, or dispersed clays

35 may also be present in the composition. These clays,
also referred to as "nanoclays", are well known, and
their identity, methods of preparation and blending with



about 250 C. This can be followed by tenperatures appropriate for

m xi ng, dispersion and dynam c 20vul cani zati on of the BI M5 contai ning
conponent , wiomooenatpl € about 200 C to about 230 00, andp¢rresxeefdseric
tenperatures appropriate for m xing and di spersion of the second

el astoner and for delivery of the m xed conposition fromthe m xing
extruder, for exanple about 25190 C to abqut -220 C. These
tenperatures are for purposes of exerrpl ificati on onI y since specific
val ues can be sel e t ed base art' cul ar y and
orade(s) - the paPb] UL Lau b Sy et s G ayRaT e FROOITER 26

the BI M5, or ot héP HHlld§eatbed/BOilsébBat 1 difel8dneal & M@98é@ﬁﬁﬁheﬁﬂdas
wel |l as the specijfgc Eta\t@@tom§e03)rm@1rmbioer4, azigr@et iavighy, angl, whet her

it is dynanlcalléo%gi%ﬁglzegwe la l rsed(¥%%aﬁrmatéélagévgu%Iaﬁ%e Fﬂr

vul cani zati on T one™ e esent
35necessary2or sth¢ abl@oardunt 1‘619 cpég%qifimmﬂﬁgnég@htl(nfr)lu@? rfgal or
systemis disper S?ﬁ}tﬁe“tlfch9h§iﬁﬁ1%ét@@mﬂbﬁﬁarm smecdDc -c18y%i NQg

t he crosslinking cagent ﬁl%g%%dlﬂonﬁtgss% Orgl & heD %oggr

conponent ( Ss) whi h-ar€ desire e VU canlze |spersed
phase, into the BPREIUHROLtEonkIRIHE At NRCIBWLE PRRISEAEe BRIELACYr e,
insufficient to hsgbsttant kahlyiwgt isvatendihe euaerisysties, psiviit as

contacting;fhe thus, COAR ?H“dﬁ 1QJys%8e'§fLﬁr¥l%9 '&?fo%@erhgéﬁm%ﬁ%%és)
with the reS| n conponent e_purpose of carr nam c
vul cani zati on of 23Pfe A %tlﬁ?e W*hﬂ%y?@%qﬂ%aﬁﬁeg%‘?%gﬁnﬁ?wléﬁent

does not substanpaatiq&es tOneanting Bhplieritgber , sildrcadeeslatelrzave an
opportunity to partial Ly E@@Eﬁeé@ Rt ber theppppl astd %bwé%'@oﬁ QrCRHse

ei t her nol ecul ar vvel t degradation or crosslinking of the resin.

Furt hermore, confto? Jtﬁ"l'er’ltheé”%‘?1 FRAENR By dRevE AAd Jéktaé‘HFh%’F
crosslinki hg of eheodinesteonerumbmpgrentr ia:dlSnoteiriead ekyhanddadied.

Consequent |y, th@a@m%lut:h%@ o, t@?‘PrI@S@PtMé+HVﬁHée9@ sxhihit
i nproved properties. r exanple, a nixing device such as a

Banbury@ ni xer, tHhoF Ierrﬁ ‘B “SH'11, etc., is used to pre-mx or
pr e- conpound t he [ &Esl orreLaE@rmbr@‘éﬁN WY b ipredetl@tadnedd 20t cof

crosslinking agegy @feat&aéﬁtemw H}%ahﬁétr@ﬂerc%ﬁ@értmlmna ents)
nultl-conp9 ent m xt ratlvesiogartlcu ar | &31 %tlon

of crosslifiking &3 ankf acce EEPor O SAEH9° U ﬁtlgngu% |aI ly
uni f or m di sper si éﬁti@sowaﬁﬁfé@.a’CAtth?hiLgtﬁlilr?efert ﬁ‘é‘—”@%t @ﬁe\‘ahe layered
25conponent may bay&a’otiédedstbmteoswbilﬂﬁﬁia@@dtsSﬂdl@@becaﬂmmcs of

optional filler ss§yf S]Fgagg?kg el g%ogiungls)giﬂ(%f%n rban bl ack, clay

or nodified clay sticlzer ove, durlng this
phase of mixing ?%ﬂtaéfﬁ*ﬁ’élla?ufgﬁ@rﬁon%?‘ﬁ?qdééyatt%’-”qJ@WYeﬂB@gh | evel
for 30t he particyhaterlaash pneidPhosehrcdedraddni fiv clndivdet adéd @It

aliphatic, aromatic or arylaliphatic amines, phosphines
and sulfides. Desirable amine compounds {or the
corresponding ammonium ion) are those with the structure
RiR3RsN, wherein R;, R, and Rs; are C; to Ciyo alkyls or
30 alkenes which may be the same or different. 1In one
embodiment, the exfoliating agent is a so-called long
chain tertiary amine, wherein at least R:; is a Ciz to Casg
alkyl or alkene.
[0077] Another class of swelling agents include those
35 which can be covalently bonded to the interlayer
surfaces. These include polysilanes of the structure -
Si(R'),R* where R' is the same or different at each



of the activity of the cure system to effectively disperse the
rubber phase conponents and to avoid premature crosslinking of the
el ast onmer sWOROMB®ER4R t enperature during the m xi ng st eppd'DUS2007/081116
di spersing the 35curatives or cure systemcan be | ess than about 120
C. [0091] Havi ng several conmponents present in the thernoplastic

el astomer conposition, including one or --415Q - nore pol yam des,

vul cani zabl e BI M5 el astoner, and at | east one secondary rubber, it

woul d ordinarily be.negessany 10 JAekude MUl Lple, moxing, steps or
stages in the overa’ll. process In order to provi. Nins c?’_en]i _

5di stributed and°8¥3pEs ¢8dnRxilfigaasoimENt casadharanicempai iddsi Fath ore
Typi cal | y the Bl Mstfitbher yinsr ps£-teenpousskeic e t btigal atuli Y851 dlSwed 18hg

i nternal m xer Sgg&@s’s B BARbYL Y@L 8y T %ram%éu aﬁ%%gg%%%éleemf

pelletized. Int %rl_l or art_process each i ndi vi . .
conponent i3 10pFelRXEdWAT BC fladdercREers aghstabidjafépededdasgoac
twi n- screw extruaded, aardipehteipddct&hnald ke hestprrdatenrpaindes 18l VS

rubber pellets, emﬁ&%ggnggl%gﬁ}pgtsc@%ése&%r fﬁpeéég%a%gggg §r¥ed

rubber pellets are nmetered or f 0O a twin-screw extru
extrusi on ni xi ng3ahtCAESdy AGRI ESANCEEAT T2t ¢ Sacte drulft B1et 6 i xi ng
and internmedi at e4c®®$,188p and pEid/@bgkng steps are costly, subject to

producti onygrrorgoangh | eadnt 9 gﬁe&%&%&a&&bdd&mm Of¥ i RY&ETITRA, Ak fe
stages during pr odgct,l on. [0092]In.contrast, nam ¢

. the d
vul cani zati on pr 68635366 Phe® Breédht 295iVerti SR SbdiFRr &t from
that of the typisaloganadedapel weocessin land kebpdprantedtpe onesges of
the prestent i nvemg&gﬁaétsh%m ﬁ)ﬁn@&‘,’!{ ﬁséoxﬁaalr&d?ﬁal%}ﬂi@rgghﬁnimgs‘o%dof
m xi ng steps requjred .to produce a ther stic e ONEer .
Conbosi &1 on. havi Hao SRUREE LG Ghar iy 1 s 5p I S TORS dfch THgLT
tire innerl® nersrahdgiwidiépng hdigstsiicab - apisicablenzsddisiings baralivee :
films. In parti Cmbﬁcﬁ—rc}ﬁim: Bgfﬁaﬁfyeéabhé’s Whichi Z8SN IWdIng R ML ext rusi on
m xi ng processes, particularly a one-step tw n screw.nxing process,
to produce a the?ﬁg%ﬁieéjsytq‘ﬁ@l%%’eIl\gg?%%r%?t%cge \gsp??hp%lat?égsd on bl ends of
pol yam des with fekrdioagengbapatdlsiorpzedl wieadvdppie andchueliigenl ms2

el astoner and segantaryerabast ool ytasrdestbifbesh ADeg-chein thiol
partioularsy preled ol danersl ShodtlRas Y SIS AR DGy ¢

vul cani zatTon process i nvol ves sequenti al 35conponent addition, Wwith
one or nore pol yA s IFérPng HodEGLPRF sStyiEenbi HattiPeninieH iche| r

appropri at e st abihpzergds inaathbqlyaeti thgef(abilify any achodétanesd hyeone
- 51 - use of polyfunctiocnal curatives such as hexamethylene
bis(sodium thiosulfate) and hexamethylene
25 bis (cinnamaldehyde) .
[C0T79] The amount of exfoliated, intercalated, or
dispersed clay incorporated in the compositicn in
accordance with this invention is an amount sufficient to
develop an improvement in the mechanical properties or
30 barrier properties of the composition, e.g. tensile
strength or air/oxygen permeability. Amcunts typically
can be from about 0.5 tc about 15 wt% in one embodiment,
¢r about 1 to about 10 wt% in another embodiment,.and
about 1 to about 5 wt% in vet another embodiment, based
35 on the polymer content of the composition. Expressed in
parts per hundred rubber, the exfoliated, intercalated,
or dispersed clay may be present at about 1 to about 30



or nore lowgrafting-efficiency elastonmer (such as BI M5 containing
its curing or crosslinking agent(s) and in pelletized form, and

t her eaf t erworz8098684idr e hi ghgrafti ng-effici ency el ast oneRCEBS24ENSHAGT y
el astomer as 5descri bed above) being added | ast. M xing and
processing efficiencies are achieved by spacing the addition of the
conpositional elenents along the tw n-screw extruder barrel length
using multiple feed ports. In particular, the spacing between feed
ports for the | ou0ral bhadedOflficcientyy and.di gherakliingo et Ghency
el astonmers is selected to provide suitable opportunity for reaction
with the pol yani 8@<)eT AOBPaEreto obfaftt &ABCSTENIN i FEcac¥tRiiating
particle size el asdpner adi spleylsed neReafcldnttingotkaypol yam de matri x.

In one embodi menfogyph a BeSWda intredd, AGRORBLESHEGAYSPAc ng.hbe
feed ports for the elastonmers at L/D (ratio of the length of the
extruder sctew t BOthe i BRET YWY d?ﬁé"%@(tprrﬁﬁﬁfss@rle?\m)angr eEtEerthan
about 6 from oneramotinereablond threckengith pdbsthei =z rademaparer el . The
length, L, typicgldyedietigrsitadhect! taigadihengt h Qfent Be12056rew, in
ot her words, the |length of the screw portion that contains flights.
The di aneter of PREECLEWPER &rS E70He TASPAENT 39 dih °0f “the screw i n
its flighted portemmsiitiocot $reringo pdspabrriensof ewnd |liagkts ar®e. .present,
since extrugler sgiems;,!yRieadddiMaversectdansndl yaastingzLoWidh
dependi ng on the futn.ct |lonlof a I‘tl;u“_f’;ll‘ Jbortion of (t Ee screw e.g.,
transport, di spePatorf iRty nr meitt PngS tWEAt FRIPONESH Bhg, 1ETEE 1
flights are presehirtmtichackdreapers ar poidriogarivpn chiagsésipen oils
enC_oung gr Ej /he COB@@rﬁll ent @a@éffﬁeicc@&pﬁ@r_tﬂm&c _§e’@1_ioldet1;nhlebﬂpﬁ|h agtieC
resin 30and/ or el astoner., . portion is not in ed.in the

det er mi nati on of plé%eerv%%fl eﬁg%?ﬁtlo(gzﬁfagrzé et??r_lll%g %:Iglst:%tflngﬁxc@)h oF LD s
the sane f&? a t WI-HEHERCEXRS VS NaReN i35 NBAGedn i 1GAE T oFOTHRS 1\eNS
screws since eachstypistalfEynhaspddielsanmeidi;apet esblantybieagitton _
35[0093] In the PLacessas afolhe dregents] venli ol Mkl 00; And. £YBafL ¢
vul cani zation is prefer abl y°con jucted in _a tw n-screw m xing
extruder, comrer BFal"%exafpFeslorno. 9gperal\whaRa gk isdddsty avail abl e
and well-known in the art. Shear rate at the tine of mxing is

typically greatert ti@“bﬁéﬂéEEySOo sgc= L PLEf ST ab yM%HﬂHEnSQODE&iﬁHHUt
7500 sec-1; alternativet apout 1000 tgrabput—7H00 SEC- +; 5fur35
exanpl e about 2(%%) t%fgﬁégta\g% léec-l. gucﬁ extfuders need only be
equi pped to all Qe oyl t] ple feed ports corresponding toithe
various componeff53dt FoHatovErRAN donposPefoh and t hé'¥est i cti’8Rs
described in det/GiP MRheOh 1E6F) Firtihebri%e “Ct he 48 n§) s¢r ddd! nédd
10onl y be adapt eBotn Bwiowi d& f@6€) a [m x3°n§Oretfi on| f ol FéWi ng |eachtbf
the feed ports and an appropriate lledndthtd ol 6% hg (13t r6duct i 6 6¢)
all of the ingredsendsimorhais dgngm ¢00ul c@dl zat i on Xan be ca@ri®Ed
out and compl eted to the extent desired using the polyneric

conponents and 138M§ vul g érza'{lrlqhagg%t&&resgugﬁ ?ﬂ %g][ %Qi&&t %df%’ﬂm

Such features are readily determne y one ski i ne art W
limted experi neRtSR T 0R iHasel ofOREtt e ftiHiSngBaNerRAHC Aft2r 7RG vel vy,
m xi ng and dynanbelyilteari 2ats on Foapbbescopducted din dsyaslow abl e
m X1 ng equ'pnentmbfbcular weight (less than 15,000 Mn) homopolymer or

25 copolymer of clefin-derived units having from about 3 to

about 8 carbon atoms, more preferably about 4 to about &
carbon atoms. In another embediment, the polybutene oil
is a hcomopolymer or copolymer of a C; raffinate. Low
molecular weight "polybutene" pclymers is described in,

30 for example, Synthetic Lubricants and High-Performance



20 which the various conponents can be introduced and m xed and in
whi ch dynam c vul cani zati on can be conducted. For exanple, a

Banbur y(r) wiomer@sd72n xer can be used to receive each obct/bsoo7/081116
conponents or m xtures of conponents so that they can be m xed and

di spersed and such a m xi ng devi ce 25can be used to carry out dynamc
vul cani zation at el evated tenperature. Forgzcanveni ence and effi cient
processing it is preferred to use an extruder, nDre preferably a

twin-screw, co-ratating i FES{&TE fiesql eciélétﬁgngr iq%. En

sui tabl e feed, m Xi hg, coo vVery zohes
t he teachings heﬁé‘iﬂhklnr[ @GM]M#%%P@H&?# P o xipryrsiagdente t he

pol yanm de conponepd{&utdnBeprosdainki aﬂ's o&ndpaiﬂﬁlﬂ@ezﬂ S wRiFube
i ntroduced into #streamfeed orts of he extruder: hgﬁe conmponent s

need not be pre- TX&;Gr Opr &S §88. OBESFFi EPRnfAHAERGL h SEFORY She
screw shoul @ be pr@wmdlgt oid$ | EwxboHobhe duiexingl aluﬂrpdnspeircsiwnnof

the stabilizer a@g) plﬁglhghiz‘g[ﬁfé%eg@ Dol yfqgrgdgs ) a%r M >§1| ?g 700,

variations - 53 - are avai , Suth a8 a izer(§) wi'th
the nylon or dispebsilniylst abP0i zeud( 8500 t rThehéAmlIPCdﬂ“ piaseiscozer (if

the latter is usggiymn@dgw&%l%xw@ Fel %yﬁpééllzye@?n%é&c liquid
nec ssary a

pl asticizer toth:L Itoerrrlea%a its 5m%<| ? ]x%gn

cool i ng zone can®Be Brovaed® Y HDAdEF 13 RIS aCextedEi TR hedting of

t he pol yani@le supblé¢dadtar wsightscaesi tie Errames™undesi anaeblgto}noabchﬁj‘ are
it is m'xedvvith h 1 her ., fo
efficient m xing ;’angﬁ?hslﬁgersgg 011_'O Oﬁg g(i’;@w&ﬁ?ﬁ%ﬁ%g‘ Ogjé,' ifh?s
preferred that theleculiascesiglyt afisthebypolopanide) and tlhtaSPBR}aiﬁlF’i‘ Zens
and p| asticizer, a?@%ﬁlﬁlfﬂ?daﬂ&ﬁ %P&Q‘ti Vse%oaggor{ lSJ e §etf§%kil about

pI asticizers, if_any, be approximtely t sane (subs
"mat ched”) at thé ¢ mPoUkat- %he;?hﬁr@e?‘ﬁi%efd (g8t PloFaRARSE Her and

dynam ¢ vuigani zgﬁ@%ﬁ%gl Bi1d atedesAB-HeSEHLPES. @q\éﬁRAi’(E@“Bé‘gﬁ

rubber is typically pre-conpounded with curatives, also referr
as "accel erat ed, 2P} By %An (PARAGRA! 2nCRer sUeh %@man%mﬁy@%ﬁ/‘-ﬁ

rubber mill and, r§oregaserof oﬂ_ggdfam;e%r fg&a%d@ﬁ bt £ AOHRI 684 I, 1S
pelletized. As di scussed . ?bove Epgﬁ tﬁl Ezg{jd be controlled in
order to avoid tBo oW & tenterklife® atitf (& " RGORTHh Yitscosity
of the polyners h@&3Zires Bndbetherooasomitlsnelpovierve a§lirdreghations
Simlarly,24 00 hu@éb@lh@mﬁr@twh%rw%}d fa3ubhtd n:h%5%)_£§§§5df/e| y low

viscosity, particul atrgl){u 1 %t% am erm x;é f\é“ Cgr g ésr bl e
degradation as wWel1-as poor tXing w th THEBI NS EoMeEPTIBITOUA
useful tenperat uP?éOCr%ﬁg@lﬂé al:?"dl@t t280 ¢ tryoabssto25@teliprdfEiibby
not | ower than abgu o&k@o@a@ﬂflhﬁﬁal’ll’é hevhsabedioR Atk a type of
30[0095]EDMMStregfgégomeQecg%$$ %egnémgtsﬂin 8 r&%ber chemist will
25 recognize which type of 0il should be utilized with a
particular rubber in a particular application. For a
thermoplastic elastomer composition the oil may be
present at a level of 0 to about 20 wt % of the total
composition; preferably o0il is not included in order to
30 maximize impermeability of the composition.
[0083] Minimizing the viscosity differential between
the rubber or BIMS compcnent and thermoplastic or nylon
components during mixing and/or processing enhances
uniform mixing and fine blend morphology, in other words
35 small, dispersed particles of vulcanized rubber, that



provided a feed port for the secondary rubber in pelletized form the
secondary rubber also referred to as the high grafting efficiency
rubber. |two0paasdizul arly preferred that the two rubberCGSZPOYISHILS
not be fed to 35the m xi ng extruder together in order to avoid

i nadvertent coal escence of the rubber particles forned in - 54 - the
extruder. Furthernore, since the BINS rubhar-exhibits a | ower
grafting efficiency it is fed first in order to provide additional

time for grafting, r?léﬂ%ngﬁ?kwa‘?ﬁec%g&rbrl%%' Yo 4 Lhe, gyﬁlﬁ%}? &s

vul cani zati on 5di SPErsi on a Feaction. Th CONtFas
secondary rubber de%klfﬁdoPFFﬁga%l%tghEFolg?%lteﬁﬂg B¥199Erend§ an be fed
at a poi nt furthesnsawesiceeamanrd fabosettivattibe fxd tshekrt tiei extuder

since it reacts gg Pﬁ%‘ﬁ@;i’ a%%l@ieof '%Q?IQHJ:_II Cagfi{:@@d

pol yam de. 10[ 00 I'tiona since graft yiIs
acconpani ed® by aﬁlil""%ﬂ:srléé(s@aw\e%/lo%géliﬂ% YPOIERE @11" d?l{ee&l%ﬁﬁﬁars and
can al so be acconpeapsedubysvistlieaheaitidy) encbumenessdnyisyitiabhe
cooling zones caf, D&Mt %898?&%%%@@%&4} chio-LRhS LAk eed DACLs L P
control the 15tenperature and viscosit e conposi t| on

as a cooling zongffg1q Wﬁ@oﬂ?egtst@c%‘ﬂp‘?q%ﬁe?”pée 58y £h E?IMS
necessary, to coptlwled He biswoisi.tyTans, tienpéeatof ehef lbher oniesrcablity

conposi tiofgat thatpfHRl Bk higordek .t Pa@ecshla%\ﬂetéﬂﬁe&&%lre d {@rphol ogy
and particle size of the dispersed 20rubber conponents. ioo The

speci fic char act?éi'?%‘fsiléé’ 8?E e TP uCRIPRTE sty 65 s EPLEF 5 8n or
configuration, dpadet e, beobimiearetsushaurifacbe ardderet ¢t)ia | |

determ ne the spgeiddfu.Quenahie ldibnet 1die m%xa&@mr I@A@a@rgﬂ&r NFD¥ns
25gi ven extr udergle g ner al barrel, OSI tian esi )gnat ed £2s an

ca
upstream or down SYSF LT BIF By © a?(Jf ChE ?)’?/ecf*o HEFBAAY
dividing it>in haldstigivieng eorfe conbingtion pfebetlr ebrrhachehe fogwer

86 afting ef1;1 [ |C:° eﬂgytrﬁéxasﬂl@a@hm r@dd@ﬁl&a fﬁdvﬁ_lﬁlg t%gfe fNiy[L§1;Ec1 sin
upstream ha of the.extru nd the hi ghe rafti e ency

el ast oner be add%laaor f‘legfoFogI he%ggtruaaeprpr% E‘hghagtecogggh Igd\}fé\/vnstream
hal f of the extrBDekynerAPhgescrdbedprote P& FarPeesSsbmpshiems diFg and

their stabilizersverdl phasbhelags of Hfnadiialayevadsed zblrsius and
Typically, ;@ 35t i@%for?%rl%\ﬂ’ds' "LEHTBSNANGe 1 JUCK B £Xd44deh, sild abl e Tor

use in the present 1 nvent an LI'D of at |east about 25 to
| ess than about BBYeHb%8lpr f¥tealsity aPRRALBE o B natgrgpdutthss;
alternatively aboodi3Fatrdcabotiesz0alt orneiampl ray alroutl t38nt 0 about

48. [0098] Over al Ln&és@:a%ﬁe”?né‘éﬁégucgﬁ GYHaTLG XY £ANIZARLRD, CAN Jbe

about 30 seconds to about m nut es;
consequence of the use of lower molecular weight nylons,

25 and/or higher permeability as a consequence of the use of
a typical nylon plasticizer, depending on the amount and
type of plasticizer used.

[0084] An alternative approach to lowering the
viscosity of the Nylon phase, described in WG 2007050074,

30 published May 3, 2007, incorpcrated herein by reference,
is based on the use of low molecular weight polyamide
polymers as plasticizers. In this way, it is possible to
use medium and high molecular weight Nylons and thus
maintain mechanical properties of the resulting

35 vulcanized BIMS and Nylon dynamically vulcanized blends
and furthermore, since low molecular weight pelyamides

exhibit relatively low permeability, the resulting



5f or exanpl e about 45 seconds to about 6 m nutes; such as about 1

m nute to about 4 m nutes. However, mxing tinme can, and preferably
shoul d be wd)jwsvEesi’as needed to produce a dynam cally vetresigr@i116
conposition that exhibits suitably snmall and stabl e el ast oner
particle 10size(s) and an overall conposition that exhibits the
target physical and/or perneability properdig es based on the first and
second rubbers used and al so considering whet her or not the second
rubber is dynam g cani ssed a e, sel ection
of nixing 15tine, %/%{lrcaall%ly r %aﬂelazc?% £l I%lsoﬁiooflogt & EP *the process
associ ated with BEER¢3oisy P?@G\Férlﬁéuélwﬁp@ﬁéhhs gsiugeder ihedable

above, is readil pldetarivcredi byl RicPChsOH &Kid Ledet Nrdrh8uar t r Qemarks
p0|yner m xi ng, E§££+é%£qam5¥ &ﬁ&““%bgﬂwéné%e g aﬁmgﬁ%ryog%g]fﬁg )

princi pl es and detal 201 At OF mat i 6 pr ovi erel
t her nopl ast?c el asd direr-Reefpdériiom tchamlc)@t)al nédch snattarietsar ed with

the el astoner co lyf aa%rggnm@bﬁwﬁuéwﬂesomae%% @h%%%% as a

di spersi on phase dé)d'ﬂa |n a mab}rlx o%q ﬁ}i)on resin forns

25a continuous pRASE. Oa?mssé]c‘f efide® Utdgng L} FeeHhi %%vtq (9n t he

conposi tion renaPaktartser popfeaxtily ahduta 3,006 tbacykm'utoﬂ'/‘sh@@tl}dlrtbes

structure of the | teh I Yo AT0| di ng,
af@RRR TftLQergp?cﬂ Q%y&?é{% UALA%RLA B3hYedID

extrusion or cal endering. 30 no ng t er nopl astic
el ast oner tOnposPtiioi clseai hetpdnatoras shiedesst than aboutub?0 (Si nand

T-sheeting die, stfaighly eémﬁé&s&%agf HOLHLE & Rgodie, Inflation
nmol ding cylindrical die,” etc. at the en a single-screw extruder,

or by cal enderi nE)urti]TerF?reBSU?ﬁfé’sll BPE T@%éafh‘ée%péglw?%r?xéébf—hea
air perneation p{rﬂs/cﬁj‘stﬂt\yea’cay(ﬂ)“ °ceozg Les@nthéhﬁl%r}ddumem 0fs a1PBesRid C

tire and as a co S& oBte

t her mopl astic el gga?o%ﬁer ag%er%/ r‘{saocf C{t Re gr %ea-EiOUtn% %‘ Of may be
taken up ihto stPﬁ?ﬁﬁra@ﬁé’eabw Ioetzl FedebqutenOnBived Byitehiey paoducts
si ngl e- screw ext axslefortnkatia Bl ypatdhble usedriog dresicall Stae1bThe

sheet or tubul ar P%)Ao%qql@$t%§4‘%éhhﬁ§§}§5’tn%’ ”Egm‘ﬁ:ﬁ: %%Ogu ctlvel }(%used

for an innerliner er o ire”or 888 UBS'SSr *Rose
cover of a | ow ga¥y p%r neaBPe HoseCCFuPthiePrr elT1HE /| 3P Herk?dBbi l ity
characteristics DfOR,he408KPBGIdndON0AE e Bt i Al 8 S0k i Uses Mainhing

fluids othegy thap pa_ltd c e ic
fluid, brake fl ui d&@%z)gtﬁtt ga%sfpéar s é ,O%gtg %pﬂr%&l g‘eamﬁ%}?w{che

layer in direct EhGet 0 taﬁ’oﬂlﬁeof‘l lﬁadsh‘a@ seAdtaBbePresimsagnced tak t he

f1uid being handjeg oc15£mgahAax 6068 b DRI 11803 eflgi 0 Lhe

specification herein in the paragra and cl ai ns
herei nafter, ref%‘?ercil%g %drqc&ﬁglﬁg d% E 51 hdavivEnti BIFCOSHER s

t hat representl ngecaitpdr i cod ade §éB3omammperv1@®sM@| bs dfoureasBrand

condi ti onszs physggale 2685e8a20RQf PG &M d9ess disodintendeth it Quasured
literally i ncorpotrate o

100851 In addition, plasticizers such as organic
esters and other synthetic plasticizexs can be used. A
particularly preferred plasticizer for use in a DVA

30 composition is N-butylsulfonamide or other plasticizers
suitable for polyamides. Nylon plasticizers include, but
are not limited to, lactams such as caprolactam and
lauryl lactam; and sulfonamides, such as o,p-toluene
sulfonamide, n-ethyl o,p-toluene sulfonamide,

35 trimellitates, phthalates, adipates, phosphates, and
glycolates. Other plasticizers include those disclosed



expressly herein by reference or otherw se, any nunber falling within
such range, including any subset of nunbers or ranges subsunmed w thin
any range wo2®aksseer. Furthernore, the term "about" wherCTiEs2007481146
nodi fier 25for, or in conjunction with, a variable, characteristic or
condition is intended to convey that the nunbers, ranges,
characteristics and conditions disclosed hgrein are flexible and that
practice of the present invention by those skilled in the art using

temperatures, tines, 30gongenijat iiﬁ@ér Aoyt ﬁ?recﬂ{‘%sf‘}éf P%Lc%qn
nunbers, propertiés such’as particle s?ze, surface area, Bu
density, etc., tBanEevoRlstHeEIGRTE et AvgEebeCcRd ffePBNERY rBIP A

singl e val ue, W tén@cdtieyeot hmuthashtedresukti zepgmaddipaaa dynamni cal ly
vul cani zed, high st Q - C it C sl at | east
one i sobutyl ene-p%\)n %6%%%?%8' %ﬁ%@%ﬁ?@%ﬁf%%ﬂ%’t Q%Bfgb? %’?,rmpl astic
suitabl e fo? usepPlagicdganpt eSulfiprampie asitdCiFS o rinebiAtatiose,

or as a tire innpristierzeEXAMRA PS1y0403] Testotiow agpeoniericidlyl yow

avai |l abl e produc . rt . eF in the
Beanpl o5 51, Resi oL n LN T R on LDy R oo R oL e

(Atochen) N6/ 66 BREFGIPILEBMCdiFoI%FRER)ONIETE8S3T RIbET ! p-e
Pl astici zer, BBSAlafimitzgksulddinanredplasticizers, andSisuSfatrhideer

package, i{¢l Udegléé&aﬁ%rs.ﬁ MR e 4 0N & P b 2o RUDRGH cCROPONGRY Sde
Bl M5-1: Exxpro 89-4

St-acid: Steari cd%\%‘?‘éVEch)é’?lg%/?g;egel52§g¥gﬁ|§%erﬁ{§’qg?8§$%faet%)¢(Iugg‘ﬁ e
AR201: Mal eat ed Ebhlydlerie, Edhytodacyyl pbehylEEAR) dopuihyiephthalate,

(M tsui-DuPont) gi (2-etBXM8EQT1 VA th840:e M :08L8Y1 (ShiZraBe MPAundecyl
Et hyl eneCct ene Co ol%/rrer (Exxocgl\/bl_oll Chemi gal) 20] 010411 n order to
study the grafti Rg- &t 6 efities gt dtalkyl p ‘ Y Y

15 phthalate, benzyl phthalate, di(2-ethylhexyl)adipate,
mixed C;-Cs dialkyl adipate, tributeoxyethyl phosphate,
tributyl phosphate, tricresyl phosphate, triphenyl
phosphate, cresyl diphenyl phosphate, 2-ethylhexyl
diphenyl phosphate, isodecyl diphenyl phosphate, butyl

20 phthalyl butyl glycolate, methyl phthalyl ethyl glycclate
and mixed C;-Cos alkyl trimellitate. Sulfonamide
plasticizers comprise a preferred class of plasticizers
for polyamides, including for example, N-butyl
benzylsulfcnamide, N-cyclohexyl-p-toluenesulfonamide,

25 o,p-toluenesulfonamide, N-ethyl-o,p-toluenesulfonamide
and N-ethyl-c-toluenesulfonamide. In another embodiment,
rubber process oils such as naphthenic, aromatic or
paraffinic extender oils may be present at about 1 to about
5 phr. 1In still another embodiment, naphthenic, aliphatic,

30 paraffinic and other aromatic cils are substantially absent
from the compeosition. By "substantially absent”, it is
meant that naphthenic, aliphatic, paraffinic and other
aromatic oils may be present, i1f at all, to an extent no
greater than 2 phr in the composition.

35 [0oge] The degree of cure of the vulcanized rubber can
be described in terms of gel content, cross-link density,
the amount of extractable components or it can be based
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m nut es. 6WOoRANY&ESHR nyl on was added first for 2 m nut eechresmorosine
addition of 40 parts of the 25el astoner; the conbination was then
m xed for 1 mnute. After m xing, the nylon-elastoner m xture was
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el astoner grafted to the nylon. Solvents used were hot toluene and
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1 Gaftinggeffigpgag es gng@ oeels%ag@@re%c%vekua{ee%oﬁngo%%@& J¥eEEP

% * Bl Exxel
Grafting(w % B Nﬁhe thermoplastlc elastomeric composition of the

present invention, the fellowing paragraphs describe the
efficient and novel methods for producing such
compositions.

15 [0088] Dynamic wvulcanization can be carried out in
various types of commercial equipment generally available
in the rubber and plastics industry including Banbury®
internal mixers, roll mixers, and mixing extruders. A
preferred mixing device is a twin-screw extruder with

20 intermeshing screws. Mixing is generally conducted under
such time and temperature conditions that the dispersed
rubber particles, particularly the first rubber
component, halogenated isobutylene-containing elastomer,
are dispersed and cured anrd/or interact with the

25 polyamide to the extent necessary to maintain their
stability, i.e., to avoid coalescence of such particles
at the completion of mixing the composition. A suitable
range of dynamic vulcanization temperatures is typically
from about the melting temperature of the resin(s) to

30 less than about 3060 °C; for example, the temperature may
range from about the melting temperature of the matrix

resin{s) to about 275 °C; preferably about 230 °C to akout

265 °C; alternatively, about 235 °C to about 260 °C; such

as about 240 °C to about 260 °C; for example, about 230 °C
35 to about 250 °C. Alternatively, dynamic vulcanization can

be carried cut at a temperature range from about 10 °C to



Wi ght percent unextracted rubber. [0105] A dynam cally vul cani zed

all oy (DVA) bl end, 15designated Fl, conposition shown in Table 2, was
prepared agoan@dimgi7i o alternative nethods using a JSW CTUEMNIANS1116
Japan Steel Wrk) twin-screw extruder. Table 2 FI Fornulation 20
Forrmul ation FI Elastonmers Exxpro 89-4 100 ZnO 0.15 Stearic Acid 0.60

Zinc Stearate 0.30 AR201 10.1 Plastics Uag 5033B(N6/66) 27.8 Atochem
BESN( N11) 40.4 Pl astici zer

about 50 °C above the melting temperature of the matrix

resin; more preferably about 20 °C to about 40 °C above
the melting temperature of the polyamide or mixed
polyamide thermoplastic matrix. A mixing extruder

5 typically is comprised of multiple barrel sections, each
of which can be temperature controlled and the function
of each can be varied, for example, as a feed section,
mixing section, cooling section, melt section, etc.
Consequently, the temperature in each section can be

10 controlled to effect the most appropriate conditions for
melting, mixing, dispersing and curing of the components
that are fed upstream or within each section. For
example, temperatures in upstream-most sections can be
elevated in order to promote heating, melting and

15 dispersion of the polyamide(s), and polyamide stabilizers
and plasticizers which are typically fed in the first
section(s) of the extruder, for example about 230 °C to

about 250 °C. This can be followed by temperatures
appropriate for mixing, dispersion and dynamic

20 vulcanization of the BIMS-containing component, for
example about 200 °C to about 230 °C, and thereafter
temperatures appropriate for mixing and dispersion of the
second elastomer and for delivery of the mixed

composition from the mixing extruder, for example about

25 190 °C to about 220 °C. These temperatures are for
purposes of exemplification only since specific values
can be selected based on the particular polyamide type(s)
and grade(s), the particular cure system used to
dynamically vulcanize the BIMS, or other halogenated

30 isobutylene-containing, component as well as the specific
type of second rubber, its activity and whether it is
dynamically vulcanized or dispersed without dynamic

vulcanization.
[0088] In one embodiment of the present invention, the
35 necessary or suitable amount of crosslinking agent(s) or

cure system is dispersed in the elastomer component(s) by
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exanpl e, each 5individual nylon conponent was pre-m xed with

pl asticizer and stabilizers using the JSW#@4_tw n-screw extruder at
210 C at 100 RPM and pelletized. Therefore, in the Conparative
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nmost upstream poﬁbrﬂﬁ%nt[ P;"O\H# t%'esg isr?%oﬁl 8Mgnt a:sxplféw Le Efaglrlpgﬁet h

extruder is 20nade u barre sect each havin
equi val ent to ab8ht® J%deﬁb%‘ﬂft dé’nﬁfnbcaﬁlﬂlcé‘é]&ﬁaFW% e B igean BY
i ndependent cool ihgs sedhiodnthoptrioeral hying takehndeépendent stherameacalupy e

and pressu{@ Senses: w'UE% eﬁé/%ﬁb\enrn S6F %e%XEE %&fe %eggﬁ&&ml%{apé

the othér twin- 253cr w mXxin n? es orted herein had a to
of 14 segnents aRdFErfloverstt LILIS hﬁgth é‘r‘?ﬁé?%ﬁjtﬁ SR Barseese
segnents al ong thaethengoheoflathereéght udgraderéoseir acoes timgirigoof

thernocoupl es angy& efda6t teIRAALBEES Qntrol of the crosslinking rate
and extent cf crosslinking of the elastomer component is
15 more readily achieved. Consequently, the compositions of

the present invention exhibit improved properties.

[0090] For example, a mixing device such as a Banbury®
mixer, two-roll rubber mill, etc., is used to pre-mix or
pre-compound the elastomer component with a predetermined

20 amount of crossiinking agent or "system,” the latter
referring to a multi-component mixture of curatives,
particularly if a combination of crosslinking agent and
accelerator is used, until a substantially uniform
dispersion is cbtained. At this time, the elastomer

25 component may have added thereto, if desired, suitable
amounts of optional fillers such as carbon black or
modified carbon black, clay or modified clay oil and/or
plasticizer. As noted above, during this phase of mixing
the temperature is controlled at a low enough level for

30 the particular elastomer(s) selected and in consideration
of the activity of the cure system, to effectively
disperse the rubber phase components and to aveid
premature crosslinking of the elastomers. A useful
temperature during the mixing step for dispersing the

35 curatives or cure system can be less than about 120 °C.
[0091] Having several components present in the

thermoplastic elastomer composition, including one or
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Conpar at i ve ExanEh@eﬂméﬁﬁggglébéhing and pelletizing steps are costly,
subject to production errors and lead to significant
inventory in intermediate stages during production.
[0092] In contrast, the dynamic wvulcanizaticn process

20 of the present invention is modified from that of the
typical prior art process. In the improved processes of
the present invention there is provided a reduction in
the number of mixing steps required to produce a
thermoplastic elastomer composition having excellent

25 morphology for applications such as fire innerliiners and
other industrial applications using barrier films. In
particular, mixing preferably utilizes twin-screw
extrusion mixing processes, particularly a one-step twin
screw mixing process, to produce a thermoplastic

30 elastomer composition based on blends of polyamides with
reactive compatibilized elastomers, including BIMS
elastomer and secondary elastomers, as described above.

A particularly preferred one-step, twin-screw extrusion
mixing, dynamic vulcanization process involwves sequential

35 component addition, with one or more polyamides being
added first in combination with their apprcpriate
stabilizer(s) and plasticizer(s), if any, followed by one
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or more low-grafting-efficiency elastomer (such as BIMS
containing its curing or cresslinking agent(s) and in
pelletized form), and thereafter one or more high-
grafting-efficiency elastomer ({(a secondary elastomer as
described above) being added last. Mixing and processing
efficiencies are achieved by spacing the addition of the
compositional elements along the twin-screw extruder
barrel length using multiple feed ports. In particular,
the spacing between feed ports for the low-grafting
efficiency and high-grafting-efficiency elastomers is
selected to provide suitable opportunity for reaction
with the polyamide(s) in order to obtain and stabilize a
small particle size elastomer dispersed in a continuous
rolyamide matrix. 1In one embodiment such & result is
accomplished by spacing the feed ports for the elastomers
at L/D {(ratio of the length of the extruder screw to the
diameter of the extruder screw) greater than about 6 from
one another along the length of the extruder barrel. The
length, L, typically refers to the fiighted length of the
screw, in other words, the length of the screw portion
that contains flights. The diameter of the screw refers
to the maximum width of the screw in its flighted
portien, in other words where screw flights are present,
since extruder screws typically have sections of varying
width depending on the function of a particular portion
of the screw, e.g., transport, dispersion, mixing,
melting, heating, cooling, etc. If flights are present
on the screw in a portion which dees not encounter the
components of the compositicons, e.g., thermoplastic resin
and/or elastemer, such portion is not included in the
determination of screw length or diameter. The
calculation of L/D is the same for a Lwin-screw extruder
and is based on one of the two screws since each
typically has the same diameter and length.

[00923] In the preocesses of the present invention,
mixing and dynamic vulcanization is preferably conducted

in a twin-screw mixing extruder, commercial examples of
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F2 - F5 For nul aPV%ﬁﬁ%dQCP§P?ﬂ}¢¥?n and the restrictions described in

detail hereinafter. Furthermore, the mixing screws need

10 only be adapted to provide for a mixing region following
cach of the feed ports and an appropriate length
following introduction of all of the ingredients so that
dynamic vulcanization can be carried out and cempleted to
the extent desired using the polyvmeric components and

15 BIMS wvulcanizing agents or cure system selected. Such
features are readily determined by one skilled in the art
with limited experimentation based on the teachings
herein. Alternatively, mixing and dynamic vulcanization
can be conducted in any suitable mixing eguipment in

20 which the various components can be introduced and mixed
and in which dynamic vulcganization can be conducted. For
example, a Banbury® internal mixer can be used to receive
each of the components or mixtures of components so that
they can be mixed and dispersed and such a mizing device

25 can be used to carry out dynamic vulcanization at
elevated temperature. For convenlence and efficient
processing it is preferred to use an extruder, more
preferably a twin-screw, co-rotating, intermeshing mixing
extruder comprising suitable feed, mixing, ceocling and

30 delivery zones consistent with the teachings herein.
[0094] In a preferred mixing sequence the polyamide
component (s), their stabilizers and plasticizers can be
introduced into upstream feed ports of the extruder;
these components need not be pre-mixed or pre-blended.

35 sufficient length along the screw should be provided to
allow for the mixing and dispersion of the stabilizer and

plasticizer in the peolyamide phase. Mixing variations
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are avallable, such as adding stabilizer(s) with the
nylon or dispersing stabilizer(s) with the nylon
plasticizer (if the latter is used) and adding a mixture
of stabilizers plus plasticizer to the nylon after its
mixing has begun. If necessary, a cooling zone can be
provided in order to avoid excessive heating of the
polyamide such that its viscosity becomes undesirably low
before it is mixed with the BIMS. 1In other words, as
discussed above, for efficient mixing and dispersion of
the BIMS in the polyamide, it is preferred that their
viscosity of the polyamide and its stabilizer and
plasticizer, and BIMS and its curatives and fillers and
plasticizers, if any, be approximately the same
{substantially "matched") at the time that they are mixed
with one another and dynamic vulcanization be initiated.
As described above, the BIMS rubber is typically pre-
compounded with curatives, also referred to as
"accelerated, " using an internal mixer such as a Banbury®
or a rubber mill and, for ease of feeding or metering, it
typically is pelletized. BAs discussed above, temperature
should be controlled in order to avoid too low a
temperature and the resulting high viscosity of the
polymers mixtures and the concomitant power requirement.
Similarly, too high a temperature would result in
excessively low viscosity, particularly of the polyamide
mixture and possible degradation as well as poor mixing
with the BIMS composition. A useful temperature range is

about 230 °C to about 250 °C; preferably not lower than

about 210 °C or higher than about 275 °C.

[0095] Downstream of the BIMS feed port there is
provided a feed port for the secondary rubber in
pelletized form, the secondary rubber also referred to as
the high grafting efficiency rubber. It is particularly
preferred that the two rubber components not be fed to
the mixing extruder together in order to avoid

inadvertent coalescence of the rubber particles formed in
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the extruder. Furthermore, since the BIMS rubber
exhibits a lower grafting efficiency it is fed first in
order to provide additicnal time for grafting to the
polyamide concurrently with the dynamic wvulcanization

5 dispersion and curing reaction. In contrast, the
secondary rubber, exhibiting a higher grafting efficiency
can be fed at a point further downstream and closer to
the exit of the extruder since it reacts more quickly and
more readily grafts to the polyamide.

10 {00961 Additionally, since grafting typically is
accompanied by an increase in viscosity of the grafted
polymers and can also be accompanied by viscous heating,
if necessary suitable cooling zones can be introduced
between the two rubber feed ports to centrol the

15 temperature and viscosity of the composition, as well as
a cooling zone following the second rubber feed port, if
necessary, Lo control the viscosity and temperature of
the overall composition at that point in order to achieve
the desired morphology and particle size of the dispersed

20 rubber components.

[0097] The specific characteristics of the extruder
and screws (screw design or configuration, diameter,
volume versus surface area, etc.) will determine the
specific overall L/D of the system. However, for any

25 given extruder, a general barrel position can be
designated as an upstream or downstream position by
taking the overall L/D and dividing it in half. Having
done so, it is preferred that the lower grafting
efficiency elastomer be added or fed in the first or

30 upstream half of the extruder and the higher grafting
efficiency elastomer be added or fed to the extruder in
the second or downstream half of the extruder. As
described, the polyamide compcnents and their stabilizers
and plasticizers, if any, are added first. Typically, a

35 twin-screw, intermeshing, mixing extruder suitable for
use in the present invention will have an L/D of at least
about 25 to less than about 60; more preferably about 30



8.2 20.7 26.8 27.0 Stabilizer | rganox 1098 0.37 0.37 0.31 0.32
Tinuvin 622 LD 0.15 0.15 0.13 0.13 Cul 0.04 0.04 0.03 0.03 5[0111]As
shown in TM612089/®i847@ 8, it is preferred to either add therwsmoriosilie
el astonmers together or first add the elastoner with the | ower
grafting efficiency (BIM5, as shown in Table 1). Poor norphol ogy was
obt ai ned when BIMS is added | ast (see Methgd-4). In Method 5, the

Bl M5 10rubber was added along with the nylon stabilizers before

10

15

20

25

30

35

to about 55; alternatively about 35 to about 50; for
example, about 38 to about 48.

[0098] Overall time of mixing for dynamic
vulcanization can be about 30 seconds to about 8 minutes;
for example about 45 seconds to about 6 minutes; such as
about 1 minute to about 4 minutes. However, mixing time
can, and preferably should be adjusted as needed to
produce a dynamically vulcanized composition that
exhibits suitably small and stable elastomer particle
size(s) and an overall composition that exhibits the
target physical and/or permeability properties based on
the first and second rubbers used and also considering
whether or not the second rubber is dynamically
vulcanized, &s discussed above. The selection of mixing
time, overall or in each portion or stage of the process
associated with addition of the various components as
described above, is readily determined by a person
skilled in the art of pelymer mixing, particularly
extrusion mixing, based on the principles and detailed
information provided herein.

[0099)] The thermoplastic elastomer composition thus
cbtained is structured with the elastomer component
forming a discontinuous 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.

[0100] By molding the thermoplastic elastomer
composition cbtained into a sheet, film, or tube using a
T-sheeting die, straight or crosshead structure tubing
die, inflation molding cylindrical die, etc. at the end
of a single-screw extruder, or by calendering, it is
possible to use the composition as the air permeation
preventive layer, e.g., an innerliner, of a pneumatic

tire and as a component or layer of a hose, etc. The
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desirable to | ower the nylon viscosity by plasticization for
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[0112] Table 5 E¥p1§%& ﬁrggare bygﬁarlous tw n-screw m xi ng nmet hods
1 H%i

5 Conparat?ve EX&Hpile AnpIee t30Ex BRI T1 e 1% FAC Bk &Pt 5
Formul ati on FlI Fbbi#dirfdd EbnBbdNS fgretivalngpasrdetolyes: Yeserliner 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

10 suitable for uses with flulids other than gasses, e.9.,
liguids such as water, hydraulic fluid, brake fluid, heat
transfer fluid, ete., provided that the layer in direct
contact with the fluid has suitable resistance to the
fluid being handled.

15 [0102] Any range of numbkers recited in the
specification hereinabove or in the paragraphs and claims
hereinafter, referring to variocus aspects of the
invention, such as that representing a particular set of
properties, units of measure, conditions, physical states

20 or percentages, is intended to literally incorporate
expressly herein by reference or otherwise, any number
falling within such range, including any subset of
numbers or ranges subsumed within any range so recited.
Furthermore, the term "about" when used as a modifier

25 for, or in conjunction with, a variable, characteristic
or condition is intended to convey that the numbers,
ranges, characteristics and conditions disclosed herein
are flexible and that practice of the present invention
by those skilled in the art using temperatures, times,

30 concentrations, amounts, contents, carbon numbers,
properties such as particle size, surface area, bulk
density, etc., that are outside of the range or different
from a single value, will achieve the desired result,
namely, an dynamically wvulcanized, high elastomer-content

35 composition comprising at least one isobutylene-
containing elastomer and at least one thermoplastic
suitable for use, for example, in a pneumatic tire or



Yes Yes Yes Nylon pre- blended Yes(NP/S) No No No No Three-step

m xing Yes No No No No One-step m xing No Method 3 Method 1 Method 4
Met hod 5 Ad@ 2009985 @quence 1-2- 3-4 Not applicabl e N S-RTU#R007/081116
NS P-RANSP-ARNSRP-APellet quality
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hose, or as a tire innerliner.
EXAMPLES
[0103] The following commercially available products
were used for the components employed in the Examples
5 1. Resin Components
N1l (Nylon 11): Rilsan BMN O TL (Atochem)
N6/66 (Nylon 6/66 copolymer): Ube 5033B (Ube)
P: Plasticizer, BBSA, N-butylsulfonamide
S: Stabilizer package, includes Irganox, Tinuvin,

10 and Cul

2. Rubber Components

BIMS-1: Exxpro 8%9-4 (ExxzonMobil Chemical)

Zn0: Zinc oxide curative

St-acid: Stearic acid curative

15 ZnSt: Zinc stearate curative

AR201: Maleated Ethylene Ethyl Acrylate (EEA)
copolymer (Mitsui-DuPont)

Exxelor VA 1840: Maleated {0.2-0.5 wt%) Ethylene-
Octene Copolymer (ExxconMobil Chemical)

20 [0104] In order to study the grafting efficiencies of
elastomers to nylon, blends of elastomers with N6/66 were
prepared using a Brabender internal mixer at 220 °C and 60
RPM for three minutes. 60 parts of nylon was added first
for 2 minutes before the addition of 40 parts of the

25 elastomer; the combinaticon was then mixed for 1 minute.
After mixing, the nylon-elastomer mixture was extracted
with solvent(s) in oxrder to determine the amount of
elastomer grafted to the nylon. Sclvents used were hot
toluene and xylene for BIMS, hot xylene for AR201, and

30 hot toluene and xylene for Exxelor 1840. Blends were
extracted for 12 hours and the solvents were refreshed

every four hours. After extraction, blends were dried in

a vacuum oven at 60 °C for 24 hours. Based on the solvent

extraction results, the weight percent of elastomer that
35 was grafted onto the nylon after 1 minute at 220 °C in a

Brabender mixer was determined for each elastomer;



Good Good Good NG(PI') NG PI) Mrphol ogy Good Good Good MG NG Cast
filmaquality Good Good Good NG NG Locations of addition: 1-2-3-4
where 1 iswaRoy®\e325, 2 is at L/D=7, 3 is at L/ D=24.5,PCGHHde2407/0§1146
L/D=35 N. nylons, S: stabilizers, P. plasticizer, A AR201, R

10r ubber of BI MSM Poor norphol ogy showed | arge nyl on donai ns
(grains), aggregation of elastoner dispersigons, and/or occasi onal
co-conti nuous nylon and rubber phases. Cast filmaquality was

j udged by the U“hé?&ﬂ!st &@“f'mlé%f@ﬂt ’PQ&&S lando%ht%e(:%%treg' éﬂst@g‘ers

"Not Good"; ase i nversion, neaning that the rub se 1S
fcﬁulg

ei t her co- cont| nﬁ%‘ﬁ%‘l% 't BXEREPTVIEER BPPEATS $Ot BEA o or Drr&se.
20[ 0113] W200910484420PCT| LISROGFAH084 146 = "Gdgh ¢rafting efflclency"

elastomer. Grafting efficiency of AR201 to N6/66 is
5 significantly lower and similar ¢ that of BIMS; these
elastomers would be characterized as "low grafting

efficiency" elastomers.

Table 1
Grafting efficiencies of the elastomers evailuated
10
Nylen NE6/66
Grafting (wt %) *
BIMS 40
AR201 43
Exxelor 1840 86
* Weight percent unextracted rubber.
[01C5] A dynamically vulcanized alloy (DVA)} blend,
15 designated Fl, composition shown in Table 2, was prepared
according to alternative methods using & JSW-44 (TEX44,
Japan Steel Work) twin-screw extruder.
Table 2
Fl Formulation
20
Formulation Fl
Elastomers
Exxpro 8%-4 100
Zno 0.15
Stearic Acid 0.60
Zinc Stearate 0.30
AR201 10.1
Plastics
Ube 5033B (N6/66) 27.8
Atochem BESN (Nil) 40.4
Plasticizer
BBSA 11.0
Stabilizer
Irganox 1098 0.34
Tinuvin 622 LD 0.14
Cul 0.03




Table 6 F2 DVA prepared by various tw n-screw m xi ng net hods
Conpar ati ve Exanple 2 Exanple 6 Exanple 7 Exanple 8 Exanple 9

For mul at i oWOR20¥R842 F2 F2 Bl M5 pre- conpounded Yes YesSP(YBBES2¥eBISYHS
Nyl on pre- blended Yes(NP/S) No No No No Three-step m xi ng
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[0106)] In the Comparative Example shown in Table 3,
BIMS rubber was pre-compounded with curatives using a

kneader (an internal mixer) at 40 RPM for 3.5 minutes at

S50 °C and pelletized. For the comparative example, each
individual nylon component was pre-mixed with plasticizer

and stabilizers using the JSW-44 twin-screw extruder at

210 °C at 100 RPM and pelletized. Therefore, in the
Comparative Example, there are two additional twin-screw
mixing steps (one for N&/66 and one for N11l) in order to
prepare the nylon masterbatches (nylon composition
including plasticizer and stabilizers) before they are
employed in a twin-screw extrusion mixing and dynamic
vulcanization step. In this three-step Comparative
Mixing Example, all pre-compcunded rubber pellets, AR201
elastomer pellet, and pre-blended N6/66 and N1l pellets
were metered and added into the first feed hopper of the
first barrel section, in other words at the most upstream
position.

[0107) As discussed above, typically an extruder is
made up of linked barrel sections, each having a length
equivalent to about 2 to about 3 L/D and each typically
having an independent cooling section, optionally with
independent thermocouple and pressure sensors. The JSW-
44 twin-screw extruder used in this and the other twin-
screw mixing examples reported herein had a total of 14
segments and an overzll L/D of 49. Temperatures in
barrel segments along the length of the extruder were set
according to thermocouples and reflect temperatures of

the metal. The temperatures ranged from about 190 °C to
about 250 °C with a typical pattern as follows
{thermocouple temperatures in °C from zone 1, feed, to

zone 14, exit; actual temperature of the polymer
composition at the extruder exit, section 14, was about
260 °C to about 270 °C):
250/250/250/250/230/200/200/200/200/200/200/195/190/220.
The BIMS component was typically introduced in zone 5 and



Yes No No No No One-step mixing No Method 3 Method 1 Method 4 Met hod
5 Addition Sequence 1-2-3-4 Not applicable NS-P-RA NS P-RA

N S- P- A- R WOS0®R/0m8442 Pel | et qual ity Good Good Good NG PIHCTNIX2M17)081116
Mor phol ogy Good Good Good
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the secondary rubber in zcone 10; mixing zones were
present at 4, 9, and 12.
[0108] . As shown in Table 3, alternative one-step twin-
screw mixing processes were used to prepare the DVA
compositions designated F1. The liquid nylon plasticizer
was fed via a pump at location number 2 on the extruder,
corresponding to a position at L/D=7. Two additional
feed locaticons were further downstream at number 3,
L/D=24.5, and at number 4, L/D=35. The results obtained
for Example 1 show that a good gquality pellet with good
rubber dispersion morphology {(fine rubber dispersions in
a continuous nylon matrix) can be obtained by feeding
nylons with stabilizers first, followed by the nylon
plasticizer, and finally with the addition of the two
elastomer components. However, if the low grafting
efficiency elastomer (BIMS) is fed first before nylon, as
shown in Example 2, poorly mixed pellets were obtained
with ¢e-continuous morphclogy. In order for the one-step
mixing process toc work, nylon(s) need to be fed pricr to
the rubber compcnent{s); preferably nylon is fed with
stabilizer and plasticizer although it is not necessary
to feed stakilizers and plasticizer at the same feed
point provided that these components are fed prior to the
rubber(s) .

Table 3

F1 DVA prepared by various twin-screw mixing methods

Comparative

Example 1 Example 1 Example 2
BIMS pre-compounded Yes Yes Yes
Nylon pre-blended Yes (N/P/S) | No No
Three—-step mixing Yes No No
One-step mixing No Method 1 Method 2
Component {s) addegd* Not N/S-P-R/A R-P-A/N/S
Addition sequence 1-2-3** applicable
Pellet qualiby*** Good Good Bad
Morphology**** Good Good Co-

continuous

* N: nylons, S: stabilizers, P: plasticizer, A: AR201,




NG NG Cast filmaquality Good Good Good NG NG 5Locations of addition:
1-2-3-4 where 1 is at L/D=3.5, 2 is at L/D=7, 3 is at L/D=24.5, and 4
is at L/ D@9 2009/048478: nylons, S: stabilizers, P: plastiRGTAE52007481116
AR201, R rubber of BINS 10 [0114] Table 7 F3 DVA prepared by
various tw n-screw m xi ng nethods Conparative Exanple 3 Exanple 10
Exanpl e 11 Exanpl e 12 Exanple 13 Fornul atiean-F3 F3 F3 F3 F3

R: rubber (BIMS)
** Extruder Location of Addition: 1-2-3 where 1 is at
L/D=3.5, 2 is at L/D=7 and 3 is at L/D=24.5 alcng the
length of the extruder barrel.

5 *¥**%  Pellet guality was judged by the surface smoothness
of the extruded polymer strands.
**x** Morphology was evaluated using tapping phase AFM
{Atomic Force Microscopy) .

10 [0109] Additional formulations were prepared as shown
in Takle 4. Two nylons were used in the plastic phase in
Fl and in F2, and only one nylon, N6/66, was used in
formulations F3, F4, and F5. Therefore, comparative
examples corresponding to compositions F3, F4, and F5 are

15 two-step, twin-screw extrusicn mixing methods since only
che additional nylon pre-lending preparation step is
required. As for one-step, twin-screw mixing methods
used for formulations F3, F4 and F5 as well as F1, fcur
different feed locations were used: where location 1 was

20 at L/D=3.5, location 2 at L/D=7; location 3 at L/D=24.5,
and location 4 at L/D=35, again using a JSW-44 extruder
having a total L/D of 49.
[0110}



DI M5 pre- conpounded Yes Yes Yes Yes Yes Nylon pre- bl ended
Yes(NNP/S) No No No No Two-step m xing Yes No No No No One-step

m Xxi ng No Wex2ep48¢78et hod 1 Met hod 4 Met hod 5 Addi ng seRftisBE807{08pLIg- 4
Not applicable N5-P-R-E NS-P-R E

- 62 -

Table 4
DVA formulations of F2 - F5

Formulation F2 3 4 F5
Elastomers

Exxpro 89-4 100 100 100 100

Zno 0.15 (0.15 |0.15 |0.15%

Stearic Acid 0.60 |0.60 |0.60 |0.60

Zinc Stearate 0.30 (0.30 |0.30 |(C.30

ARZ201 9.2 0 0 10.1

Exxelor 1840 0 10.0 [10.0 | C

Plastics

Ube 50338 (N&/66) 29.5 69.2 62.4 63.0

Atochem BESN (N11) 44.3 |0 0 0
Plasticizer

BBSA 8.2 20.7 [26.8 |27.0
Stabilizer

Irganox 1098 0.37 [0.37 |0.31 |0.32

Tinuvin 622 LD 0.15 |0.15 |0.13 |0.13

cul 0.04 |0.04 |0.03 |0.03

5 [0111] As shown in Tables 5 to 8, it is preferred to

either add the two elastcocmers together or first add the
elastomer with the lower grafting efficiency (BIMS, as
shown in Table 1). Poor morphology was obtained when
BIMS is added last (see Method 4). In Method 5, the BIMS

10 rubber was added along with the nylon stabiiizers before
the introduction of nylon plasticizer. Considering that
it is desirable to lower the nylon viscosity by
plasticization for viscosity matching to the elastomer
components, addition of elastomer components before the

15 plasticizer intrcduction is not desirable. Morphologies
were excellent using Method 3 with either AR201 or
Exxelor 1840 added last. In Fl and F2 formulations
containing AR201, which had similar but slightly higher
grafting efficiency comparing to that of BIMS, good

20 morphclogies could be obtained when AR201 is added with
BIMS as in Method 1. However, with a much higher
grafting efficiency observed for Exxelor 1840 in
cemparison with that of BIMS, it is preferable to add a
higher grafting efficiency polymer later, such as Exxelor



NS-P-EER NS/ RP-E Pellet quality Good Good Good NZ PI) NG PI)
Mor phol ogy Good Good Good NG NC Cast filmquality Good Good Good NG
MG 15 WOWZDDR99/088272PCT/ US2007/ 081116 - 65 - L/ D=35 NecTyknwsisiSs

stabilizers,
5[ 0115]
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P. plasticizer, E: Exxelor 1840, R rubber of BINS
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1840, which was added last in Method 3.
[0112]
Table 5

Fl DVA prepared by various twin-screw mixing methods

Comparative|Example 3 |Example 1 |Example 4 [Example 5
Example 1
Formulation Fl Fl Fl Fl Fl
BIMS pre- Yes Yes Yes Yes Yes
compounded
Nylon pre- Yes (N/B/S) |No No No No
blended
Three-step Yes No No No Neo
mixing
One-step No Method 3 Method 1 Method 4 Method 5
mixing
Addition Not N/S-P-R-A |N/S-P-R/A |N/S5-P-A-R |H/S/R-P-A
sequence 1-2- |applicable
3-4
Pellet quality|Good Good Good NG {PI} NG (PI)
Morphology Good Good Good NG NG
Cast film Good Good Good NG NG
quality

Locatiens of addition: 1-2-3-4 where 1 is at L/D=3.5, 2
is at L/D=7, 3 is at L/D=24.5, and 4 is at L/D=35

N: nylons, S8: stabilizers, P: plasticizer, A: AR201, R:
rubber of BIMSM

Poor morphelogy showed large nylon domains (grains),
aggregation of elastomer dispersions, and/or occasional
co-continuous nylon and rubber phases.

Cast fiim guality was judged by the uniformity and
smoothness and the cast film.

NG = "Not Good"; PI=phase inversion, meaning that the
rubber phase is either co-continuous with the nylon or it

is the continuous phase.

[0113]




Table 8 F4 DVA pfepar ed by various tw n-screw m xi ng net hods

Conpar ati ve Exanpl e 4 Exanpl e 14 Exanple 15 Exanple 16 Exanple 17
For mul at i ONOEBd09R48474 F4 F4 SIMS pre- conpounded Yes YesPCHASS2HEHSNaG
bl ended Yes(NP/S) No No No No Two-step m xi ng

Nyl on pre-

10

15
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Tahle 6

F2 DVA prepared by various twin-screw mixing methods

Comparative |[Example & |Example 7 |[Example 8 |Example 9
Example 2
Formulation F2 F2 F2 F2 F2
BIMS pre- Yes Yes Yes Yes Yes
compounded
Nylon pre- Yes (N/P/S) |No No No No
blended
Three-step Yes No No No No
mizing
One-step mixing [No Method 3 [Methed 1 |Method 4 [Method 5
Addition Not N/S-P-R-A [N/S-P-R/2E [N/$-P-A-R [N/S/R-P-A
Sequence 1-2-3-4lapplicable
Pellet quality |Good Geood Good NG (PI) NG (PI)
Morphology Good Good Good NG NG
Cast film Good Good Good NG NG
quality

Locations of addition:

L/D=3.5,
L/D=35

2 is

N: nylons, S:

at L/D=7,

R: rubber of BIMS

[0114]

stabilizers,

Table 7

F3 DVA prepared by various twin-screw mixing methods

1-2-3-4 where 1 is at
3 is at L/D=24.5,

and 4 is at

P: plasticizer, A: AR201,

Comparative [Example 10 |Example 11 |Example 12 |[Example 13
Example 3
Formulation F3 F3 F3 3 F3
BIMS pre- Yes Yes Yes Yes Yes
compounded
Nylon pre- Yes (N/PB/S) [No No No No
blended
Two-step mixing |Yes No No No No
Cne-step mixing [No Method 3 Method 1 Method 4 Method 5
Adding sequence [Not N/S-P-R-E [N/S-P-R/E [N/S-P-E-R |[N/S/R-B-E
1-2-3-4 applicable
Pellet guality [Good Good Good NG (PI) NG (PI)
Morphology Good Good Good NG NG
Cast f£ilm Good Good Good NG NG
quality

Locations of additicon:

L/D=3.5, 2 is

at L/D=7,

3 is at L/D=24.5,

1-2-3-4 where 1 is at

and 4 is at




Yes No No No No One-step mixing No Method 1 Method 3 Method 4 Met hod
5 Addi ng sequence 1-2-3-4 Not applicable NS-P-RE NS P-RE
N S- P- E- R WOS/R/@ESE2Pe| | et qual ity Good Average Good NECHYSG(0S]1N6

Mor phol ogy Good Poor Good NG
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L/D=35

N: nylons, S:
rubber of BIMS

1840, R:

[0115]

stabilizers,
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Table 8

P: plasticizer,

E: Exxelor

F4 DVA prepared by various twin-screw mixing methods

Comparative |[Example 14 |Example 15|Example 16 |Example 17
Example 4
Formulation F4 F4 F4 F4 F4
BIMS pre- Yes Yes Yes Yes Yes
compounded
Nylon pre- Yes (N/P/S) |No Ho Wo No
blended
Two-step mixing |Yes Ho Ho No No
One-step mixing |No Method 1 |Method 3 |[Method 4 [Method 5
Adding sequence |Not N/8-P-R/E [N/S-P-R-E |N/S-P-E-R |N/S/R-P-E
1-2-3-4 applicable
Pellet quality |Good Average Good NG (PI) NG (PI)
Moxrphelogy Good Poor Good NG NG
Cast film Good Poor Good NG NG
quality

Locations of addition: 1-2-3-4 where 1 is at
L/D=3.5, 2 is at L/D=7, 3 is at L/D=24.5,
L/D=35

N: nylons, S:
Exxelor 1840, R: rubber of BIMS

and 4 is at

stabilizers, P: plasticizer, E:

[01186)] Additionally, one can further reduce the
distance between the addition locations of BIMS and
either AR201 or Exxelor 1840. As shown in Table 9,
excellent morphologies could be obtained in thermoplastic
elastomer compositions containing either AR201 or Exxelor
1840 with BIMS being added only 7 L/D upstream from
either AR201 or Exxelor 1840.

deliver excellent dispersion morphologies in these DVA

Therefore, in order to
using one-step, twin-screw extrusion mixing, the nylon is
preferably added first, most preferably along with

Among the

the elastomer with lowest grafting efficiency

stabilizers and plasticizer for the nylon.

elastomers,




NG Cast filmquality Good Poor Good NG NG 10Locations of addition:
1-2-3-4 where 1 is at L/D=3.5, 2 is at L/D=7, 3 is at L/D=24.5, and 4
is at L/D=@92009504847%: nylons, S: stabilizers, P: plastiRGTE§2007581116

Exxel or
further

1840, R
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[0117] Table 9

10F4 DVA piepared bys vami puSpd AMdNb§ Chem dlisX ich@nh@ihedmixing methods
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Exxelor 1840,
Locations of addition:
L/D= 2 is at L/D=7,

L/D=

[0118]

Comparative |[Example 19 (Example 20
Example 5
Formulation E5 F5 F4
BIMS pre- Yes Yes Yes
compounded
Nylon pre- Yes (N/B/S) |No No
blended
Two-step mixing|Yes No No
One-step mixing|No Method 6 Method 6
Addition Not N/S-P-R-A |N/S-P-R-E
sequence: applicable
1-2-3*-4
Pellet guality |Good Good Gocod
Morphology Good Good Good
Cast film Good Good Gocd
quality
N: nylons, S: stabilizers, P: plasticizer, E:

R:

3.5,
35.

rubber of BIMS
1-2-
3* is at L/D=28, and 4 is at

3*-4 where 1 is at

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 reference or otherwise, any number



Conpar ative Exanple 5 Exanple 19 Exanple 20 Fornulation F5 F5 F4 BI M5
pre- conpounded Yes Yes Yes Nylon pre- blended Yes(NP/S) No No
Two- st ep nMYEXY/08Y2No No One-step mixing No Met hod 6 HBTR09y/081116
Addi ti on sequence: 1-2-3*-4 Not applicable Ns-P-R-A NS-P-RE
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falling within such range, including any subset of
numbers or ranges subsumed within any range so recited.
Furthermore, the term "about" when used as a modifier
for, or in conjunction with, a wvariable, characteristic

5 or condition is intended to convey that the numbers,
ranges, characteristics and conditions disclosed herein
are flexible and that practice of the present invention
by those skilled in the art using temperatures,
concentrations, amounts, contents, carbon numbers and

10 properties that arxe outside of the range or different
from a single wvalue, will achieve the desired result,
namely, a thermoplastic elastomer composition exhibiting
a desirable morphology comprising one or more dispersed
elastomers in a thermoplastic matrix, preferably produced

15 in an efficient, more preferably a one-step, extruder
mixing process.
[0119] 211 documents described herein are incorporated
by reference herein, including any priority documents
and/or testing procedures. The principles, preferred

20 embodiments, and modes of operation of the present
invention have been described in the foregoing
specificaticon. Althcough the invention herein has been
described with reference to particular embodiments, it is
to be understood that these embodiments are merely

25 illustrative of the principles and applications of the
present invention. It is therefore to be understood that
numerous modificaticons may be made to the illustrative
embodiments and that other arrangements may be devised
without departing from the spirit and scope of the

30 present invention as defined by the appended claims.



Pell et quality Good Good Good Morphol ogy Good Good Good Cast film
quality Good Good Good N: nylons, S: stabilizers, P:

pl asti ci zeWO 2098472 or 1840, R rubber of BINS 15Locat¥{i¥528¢7/081116
addition: 1-2-3*-4 where 1 is at L/D=3.5, 2 is at L/D=7, 3* is at

L/ D=28, and 4 is at L/D=35. [0118] Any range of nunbers recited in the
20speci ficati on herei nabove or in the par&graphs and cl ains
hereinafter, referring to various aspects of the invention, such as
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thernoplastic matri x, prefera roduce in an efficient, nore
preferably a Onegg?eﬁfcoggt?%ﬁﬁﬁomers dispersed in a ceontinuous

thermoplastic polyamide matrix comprising at least one
polyamide selected from the group consisting of nylon

15 homopolymers, and nylon copolymers, said process
comprising the steps of:

(1) dispersing, in said halcgenated elastomer, at
least one curing agent or cure system sultable
for crosslinking said halogenated elastomer to

20 obtain a pre-compounded halogenated elastomer
composition using shear conditions, mixing time
and a temperature sufficient to substantially
uniformly disperse said curing agent or cure
system, but insufficient to cause substantial

25 crosslinking of said elastomer that would
prevent its subsequent flow and dispersion when
added to polyamide under conditions cof elevated
temperature and shear;

{(2) introducing said at least one polyamide and

30 optionally at least one nylon thermal
stabilizer or oxidative stabilizer or light
stabilizer or combination of them, into said
mixer and applying sufficient shear and heat to
cause the nylon to melt and said opticnal

35 stabilizer to be dispersed in said polyamide
and form a polyamide mixture;

{3) introducing at least one nylon plasticizer in



m xi ng process. [0119]All docunents described herein are incorporated
by reference herein, including any priority docunments and/or testing
procedur es. WHRAMHHFE| pl es, preferred 20enbodi ments, amETASHEHTIS
operation of the present i nvention have been described in the

f oregoi ng specification. Although the invention herein has been
described with reference to particul ar en®8dirnents, it is to be
under st ood that these enbodinents are nerely 25illustrative of the
principles and applicationsm ehotiie sREESEIYnti BY dtus@Nthd kikSod118F gkore

to be understood that ”“”Eéﬁﬁsﬂg?&loﬁﬁ@ﬁfe()% mystggtlr?ﬂ? %tht&ag%hg ;

illustrative enbodi nents and t er arrangenen
wi t hout departing from t he” ' $§PFHtY é’tfldS%%[?éeo?o%ﬂ?éné%ﬂ’éééﬁ%nated
invention as defined by theagppesrded chaitmpperat a8 andlunAbbE 1thA

dyn?m c vulhcsanl tzat| oln pr o@@grcgcmmt QEL&?S lpi}egelgrg X6l ssapable. off

appl yi ng shear to poly nents_at . el eva ure for
producing a t her nopl asti c ]g"%lras‘t] mer SeehpasT Fr ungg%)g’ §8ﬁ%’b%1ietd| on
conpri sing di spersed partitREsoBIT &PtPe%?g{d it apdtandlasrgmatoand
rubber conprising hal ogenatedri swbutryl enertc oui@iityNgo ehasiorer and

di spersed particles of at dy%@ﬁic %@Lcﬁﬁ%‘ioﬁ'@ﬁ%ﬁgﬁrhﬁ HEHQ bey having

at | east ong, functi onal gr¢ p,.10capabl e of reacting graftl ng
to a pol yantde, said parti% 550%?""’3%“& at | east one f| rst and at

| east one second el ast®her@tdpdpringedaich secovhtdlaaberse:t hednopl asti ¢
pol yam de matrix conpri si I’U@n&imﬁ.’ﬂ@sth@%aﬁ@hyeﬁﬂddgh&f-ﬂlﬂgt@(51 fromthe

group consisting of nylon Sjaggg ge&iss e?QQ s@il er o%%ol}t/l 1 IS, said
a

process conprising the steps o rsrn ogenat ed
el astoner, at |east one c@Pd n@u l%]rchGP‘éP é‘?ﬁ%lﬁ’ﬁ’?é‘b’r% for
crossl i nki P sai d hal ogena’médareimngmf seidOulipgem @dpeiacameernded
hal ogenat ed el astoner conp@giti on using shear conditions, mxing tinme

and a temperat ur gyl {Lalent; hoyauhstant ally, A on v di sperse said

curing agent or cure B‘X NSUTTici Nt 16 cause it i al
25cr ossl i nki ng of @aFaeH é:é’{“B?r%lrthﬁa?r%ﬁPéldﬁ?lé‘\%nt its subsequent
fl ow and di spersi on when &deprdaespodyamddeg undelatondi thansinOkaid

el evat ed t eqper atrikeratel :SRE€ALLg extruder having at least one extruder
screw with a characteristic value of L/D, wherein L is
the flighted length of the at least one extruder screw
and D is the maximum diameter of said at least one
extruder screw in its flighted portion.
25 3. The process according to claim 2, wherein said
extruder is a twin-screw extruder.
4. The process according to claim 3, wherein said
extruder has an L/D of25 to60.
5. The process according to claim 4, wherein said
30 pre-compounded halogenated elastomer is fed to said
extruder at an upstream position equal to or less than
one-half of the overall L/D of said extruder and said
second elastomer is fed to said extruder at an downstream
position equal to or greater than one-half of the overall
35 L/D of said extruder, provided that the feed positions of
said pre-compounded halogenated elastomer and said second
elastomer are separated from one another by a distance



(2) introducing said at | east one pol yam de and 30optionally at | east
one nylon thermal stabilizer or oxidative stabilizer or |ight
stabilizer $OWBMPHAtI on of them into said m xer and REEIISPI0FER1116
sufficient shear and heat to cause the nylon to nelt and said
optional 35stabilizer to be dispersed in said pol yam de and form a
pol yam de m xture; (3) introducing at |easi0 ene nylon plasticizer in
- 69 - an anount sufficient to cause the viscosity of said nylon

m xture to substaniéed Iswigedalrubbe od S€08édst ©fp=sai d pre- conpounded
hal ogenat ed el astoner at the fggrorpg%sata%[:g{%r}%ug?n&ral%l e fsusrggar

condi tions present in said Sai d pr ounded
hal ogenat ed el ast BAE* A8 I%E&ll&th?%@r aaﬁoc%éﬁp?ll?ﬁjlﬁéﬁt g dstleFeipn
sufficient quantipyetampniddeat datyqsaiced wilagaoheatcoapoitisal th

hal ogenat ed 40el agtgyar; and (5) i ntroduci ng said second el astoner
and continuing the heati ngTand shear i ng subst ant.i aI | y di sper S8

sai d second el ast omera]tand L &rantss IalcyoE | BY £4¢al"d* diAfaRie said
15vul cani zat i on obakugedahed ggenaersr disadismewsed dimd sdéd insdyenidsai d
dynam cal | y vul canazeck thetigbastd pekasdIeBEha€ioRPasi 4vedgh Hihesak d

mixer. 2 Ihe POGEASnACERIILA0 [0nELAD Toa MIGHEL LG Ao cBBnll XRT 1S

a m xi ng extruder havi n east qQne extru

characteristfc vaf"”cn%"e&f5 ﬂl’[‘? s\ﬁhﬁr@lﬁaﬂl‘?é‘s MefRElF Ialsdjﬁ‘lr&’:lcjr%sné’ﬁﬁlféﬁ ahe
at | east one extraduragecsise 25 GApniswoapoundedniedoagenat ed el ast oner
is fed to said extruder at an upstream position equal to or less than

one-half of the overald LI{ o Eaggés% %EJ; (fdvvﬁs od Sal dlsw%ereln saidy

elastoner is fed to sal “d_extr eam 05|t| on-equa
or greater than offRE& PLHTEMRE ‘b’i/etﬁJSPPrg‘S; EPB?‘HEI’GdsﬁF‘H“ EREr HERIP,
provi ded thdt thecdreedtposial ensyisally mneammmeundﬂchhal-ogenat ed

gl S;s; ?gﬁg eanfi sai @b@%ﬁg@lﬁs 31@5525%%{?d35§g§%@@ﬁ§5ﬁ@nf5 graﬂﬁﬁo*é% by
The process accor &HI\?EJR?t' oe%?xé’:ia% rf“h'efr) g’%p’ﬁ sq%hél_‘péﬁ &t+Sing and

cooling pellets fléi%tr?@deﬁ? ggrs (NBR)pr@%ﬁpﬁ&hméé et g enelled s,
el ast oner conposindl@ici anhydride grafted acrylonitrile-butadiene- styrene

20 rubkers (ABS), maleic anhydride grafted ethylene-
propylene-diene rubbers (EPDM), maleic anhydride grafted
styrene-ethylene/butadiene-styrene rubbers (SERS),
maleated ethylene-propylene copolymer rubbers (EEM),
maleated ethylene-butene rubbers, maleated ethylene-

25 hexene rubbers, maleated ethylene-octene rubbers,
maleated ethylene-decene rubbers, maleated ethylene-vinyl
acetate copolymers, maleated ethylene-methyl acrylate
copolymers, maleated ethylene-ethyl acrylate copolymers,
maleated ethylene-acrylic acid copolymexrs, EPDM/styrene

30 copolymers, maleic acid modified EPDM/styrene copolymers,
EPDM/acrylonitrile graft copolymers, maleic acid modified
EPDM/acrylonitrile graft copolymers, styrene/maleic acid
copolymers, reactive phenoxy thermoplastic resins,
maleated iscbutylene-isoprene copolymers, maleated

35 isobutylene-paramethylstyrene copolymers, maleated
halogenated isobutylene-isoprene copolymers, maleated
star branched butyl (SBR) copolymers, maleated BIMS



5step 1. 7. The process according tosclaiml wherein said

hal ogenat ed el astoner is dispersed in said polyamde matrix in the
form of partWY@PWE/O443A ng an average size of 0.1 m cronspenud2et/081116
m crons and said second el astomer is 10di spersed in said pol yam de
matrix as particles having an average size of 0.1 mcrons to 1.0

m crons. 8. The process according-tagictaim1l, wherein said
second el astoner or rubber is selected fromthe group 15consi sting of

ethyl eni cal |y unsaiopbaieks)i hhd lfx+6084 UgRteds di ene- based hi gh
saturation copol yner rgbbergB Fl %ﬁ§§¥l ated_natural_ rubbers

NER) ) _
(ENR), nitride butadiefe rubbers CRBRISCHIAPT o Gboet §; WeswAin said
rubbers, mal ei c afRfar? Feagrafee @racyibaanicomptisebuaidiienanistdridae
20rubbers (ABS), makeent aithydrardengtad tedeetdy|RBR-tHY gpylene- di ene

rubbers (EPDY), mabaifs@mydsi 48 OLall.ehy wes . .
styrene- et hyl ene/ ggt adj%%%égty%gﬁeqz% 'bEéi? sWthE?\I? Vehn) ThtEd

et hyl ene- pr opyl en& c8pv ;5 PEFuBel 8% ( BOMPES ndiPetted 18t Wykefethbut ene
rubbers, mal eat ed®evhyl enets25hexenes raldhes sytsnak eatsedand 2 wts

et hyl ene-oct ene r ubbeis anipheaied et hyl ene-decene rubbers, nual eat ed
et hyl ene-vi nyl acet at op ners, mmal eated ethyl ene-nethyl acrylate
copol yners, _nal eat ed Zj[cﬁ'yl ggr’]%-Pé:toﬁ?S aacch)?Fg’t’?eg &8potaifert s, Wirgrdat gl d
et hyl ene- act{l i ¢ SePFGABLYeosrlErDRYS eyt @ el 80TicRol ymeyes respbreisc
aci d nodified EPDM s# ydegmee copehyardalecEROM@ar yhOrblp | &r@hidting orf
copol yners, mal ei goagiwd, gpeifd o, EPOM acrylopi tEid 60t af t9§%pol yners,
styrene/ mal ei c aCJESd C?IB MOBLS.  reactive (gr;enoxg t'her Mo 1 At Ic
resins, naleated |30bdbtyl ene:i sopfete *Copbl¥yARP8, 3rl Sated> 3 and
35i sobut yl ene- par &het gl 82 yir.ene copol yners, mal eat ed hal ogenat ed

i sobutyl eneibs soprene copol yners, nal eated star branched butyl (SBB)

copol yners, nal eated BWMS 1o 41z I rs, .and m xtures thereaqf.
9. The process ac(gr% di_ng t%ec%a?(ﬁ?%s?%\%ﬁé%lltﬁ Egi%aéfé“c%#d’%gffﬁ%? oifef or
rubber conprises TS PAntEr Fae*présaht®at in an anount sel ected
fromthe group 5consi $#i ngthsf rkesssst hanor&iliont 84cldimnt %WhedBimt L4ia 35

w% 30 XKQQ 25qyéﬂést3?ewﬁ8@nt$5nﬂ%éﬁbo%@gyﬁé%bﬁgﬁﬁf%?eg XgﬁgkiZe & h6
\x E)cgs\évt eﬁ:c%or \c/ivlt n%l%sﬁ f{g? ?n&%p g\?\%@fﬁgﬁegg‘%%afl%ﬁé utgl%et giﬁ?‘fpalof’ﬁs %%Wgegé
dynani ¢ vul cani zati'0f =& o SPBRECIZ68- degree of cure sel ected from
the group consisting éB- The process according to claim 1 wherein saig
polyamide is selected from the group consisting of nylon
11, nylon 12, nylon 6/66 copolymer and mixtures thereof.
25 14. The process according to claim 1 wherein said
at least one halogenated isobutylene-containing elastomer
or rubber is selected from the group consisting of
halogenated butyl rubber, halogenated iscolefin/para-—
alkylstyrene copolymer, halogenated iscbutylene-p~
30 methylstiyrene-isoprene copolymer, haleogenated branched
butyl rubbex and halogenated star-branched butyl rubber.
15. The process according to claim 13 wherein said
halogenated butyl rubber comprises a high content of the

following halogenated structure, where X represents a
35 halegen:



60 %to greater than 95 %65 %to 95 %70 %to95 % 75 %to greater

than 90 % 80 %t098 %85 %to 95 % and 85 %to 99 % 15 11.
The proces¥AMYIE# g to clai m 10 wherein sai d degree oPCHUBP07/E81kis
| east 80 % 12. The process according to claim1l wherein said

el astomer containing conposition further conprises at 20l east one
conponent selected fromthe group consistityg-of fillers and

pl astici zers. 13. The process according to claim1l wherein
said polyam de is selected fromthe groupcgonsi sting of nylon 11,
nylon 12, nylon 6/66 copol yner and m xturgs? thereof. 2514. The
process according to claim1 wherein _saidlat |east one hal ogenated

i sobutyl ene-cont ai ni ng el astoner or “Fivber gﬂﬁpﬁc} ed fromthe group

consi sting of hal ogenated butyl rubber, hal ogenated isool efin/para-
al kyl styrene copol yner, hal ogenated i sobutyl éne- p-

30net hyl styrene-i soprene copol yner, hal ogenated branched butyl rubber
and hal ogenated star- anﬁged buteyl r ubber, 15. The process
according to claim1 er 8F nPEHI ¢ *h AF BgEdt%e 4O at3A™ ribBer CtdifprPses
a hi gh content ofheheirf dhkeohthepdralisgeattebdstfrunt tire grabpr@onéisting

represents g 35hakogediiine afd chi@Fide-----€0112 C CH 0112
16. The process accordj nngg crl aim 14 or cg:.l aim 15l Whertgi n. t he hal Qgen
is selected fromthe group coisi St i° ngBof Y% ne! &t 1enrBe e sat

17. The process 8eteFiatgdt bsedlsinngvanherlidivd ssarehehalopgépat ed

i sool ef i n/ par a- akkybBingrenecgeRA MBI cCaROkLy My-1600pri ses a 04 to 07
i sool efin. ) rocess_according to, claim1l1l7 wherein
sai d 10hal ogenat ed_ i sltj)%'l e%?%/%%orcae%%l ﬁf/?%lf%/lrn ngoc%lp%ﬂmyr%?r AP $84%a
hal ogenat etV pol yPRseERIAHEENES eD-giidt Byt stadreref veopolopret ymer 19.
The process accordhmgided al BhIadkdhavbergh1y Gaodubal Qgerolg-brom ne.
1520. A dynami ¢ yubeani2abhon RiQGeRs conducted in a

18. The process according to c¢laim 18 wherein said
halogen is bromine.
15 20. A dynamic vulcanization process conducted in a
twin-screw, extruder mixer having a length to diameter
(L/D) screw ratio of 49 and capable of applying shear,
heat and cooling to polymer and other components for
producing a thermoplastic elastomer composition, said
20 composition comprising dynamically vulcanized particles
of brominated poly(isobutylene-co-paramethylstyrene)
(BIMS) rubber and particles of maleazted ethylene-octene
copolymer rubber, each of said particles dispersed in a
continuous thermoplastic nylon 6/66 copolymer resin
25 matrix, said process comprising the steps of:
(1) dispersing, in 100 parts by weight BIMS rubber,
a cure system comprising a mixture of 0.15
parts zinc oxide, 0.60 parts stearic acid and
0.30 parts zinc stearate, to thereby obtain a
30 pre-compounded BIMS composition and mixing in
an internal mixer at 40 RPM, 90 °C for 3.5

minutes to substantially uniformly disperse

said cure system, but insufficient to cause



tw n-screw, extruder mxer having a length to dianeter (L/D) screw
ratio of 49 and capabl e of applying shear, heat and cooling to

pol ymer anﬁ'QﬁOWS@SWponents for producing a thernopl ast¢EUE0HBEHEr
conposition, said 20conposition conprising dynam cally vul cani zed
particles of brom nated pol y(isobutyl ene-co-paranethyl styrene) (Bl M)
rubber and particles of nmal eated ethyl ene-7ctene copol yner rubber,
each of said particles dispersed in a continuous thernoplastic nylon

6/ 66 copol ymer resin 25makhbXsaridiad PrOSLSHKEARPSF SING bhes sheps of
(1) dispersing, in 100 parts rubber slystem

y_wei ght, Bl M5 cure
conprising a mixture of 0?f?gl%ﬁﬁegeg{gn%tsoﬂuﬁ’é?qb‘?% fgﬁ?“'t Kearic
acid and 0.30 parts zinc Sspeartiams pd ¢lrvedley dbbrpenetare and shear,
30pr e- conpounded BI M5 conpagifd10rtagdngidd@obNidd danbephdlcdips@hdad
40 RPM 90 g: for 3.5 m nutes.to substantially uniformy disperse said
cure systeny but insuffi cyen%’to cause - 73 - substanti al
crosslinking of said BIINSihaedumdaRd Priey &Fidi estgifdsseqbeDI-6w
unger c?)_ndi ti o_nzI of el evakeds temper ayuse and sbealyneanenged Ieixitzi-ag
and cool i ng said pre-conpoungde ; [ cin nto sai
extruder at L/D=3.5, 62. 489a§|tésj_7 %’?lr'gg %’?]?él l('::g%gﬁyrr’eréxgﬁ JCJétverﬁ )SZLfIHgE of
0.47 parts nylon thernal, S63pHatFeF€, 214 FRPLYLABI $HifdicdeBhdS IS §hfig
sufficientighear and 10heatat occausect tiee myllon to® mAlt aaddcide
stabilizers to be dispers LY .Sal I . : 1 xt ;
(3) introducing, at L/ D:7t§ga2%ﬁ8l%%§gt gé/_o t(ﬁggﬁ%/?%élnlg’l g}é%?glly[zméiﬁ 2h8
N-but yl sul f onami de; 15(4) TPRErddWdPRGMIERU IS D=28, pel | ets conpri si ng
sai d pre-conpounded h&logenatethehgst atrel/ad¢ordi Ngarast b8 the nylon

conposi tion shown in (1) ghovei;aad APPIY1g:BsAL,@Rd shear in
suffici enthcqéuantl ty to initiate dyn vul cani zation of said

lynam C I Q .
20hal ogenat®d el ast onk?: (BY IMTHducihd/ Pat L PRRsts1 6oPPHA g said
mal eat ed et hyl ene- oct ene popotompeunded derl cgrdatontd lasitnget hedeedi.namg

and shearing to substantiabl yhdisRebse: & dnseeopd ehagtoper -apd

25subst anti al | | et idd t f d R MB: d
G vt g ohi o dymom sl Fob SRS E A SR b T er RS e e e f

conposition fromsaid m xép.initiate dynamic vulcanization of said
20 halogenated elastomer;

(53) introducing, at L/D=35, 10.0 parts maleated
ethylene-octene copolymer rubber and continuing
the heating and shearing to substantially
disperse said second elastomer and

25 substantially complete said dynamic
vulcanization of said BIMS; and
delivering said dynamically wvulcanized thermoplastic

elastomer composition from said mixer.



