- 1 - THERMOPLASTI C ELASTOMER COVPOSI TI ON AND PROCESS FOR PRODUCI NG
SAME FI ELD OF THE | NVENTI ON 5The present invention relates to

t hei ni opl &0 RYW7EFWEL oner conpositions particul arly usefPGI/USHOSPI8EH
and ot her industrial rubber applications and to processes for
produci ng such conpositions. 10BACKGROUND OF THE | NVENTI ON

Ther nopl astic el astonmer conpositions are particularly useful for tire
and ot her industrial rubber applicatiansg. -For exanple EP 0 722 850 Bl
di scloses a | ow perneability thernopl astic el astoner conposition that
15i s superior

t her nopl astic T%I%ggf) S-Tb]%{)%gré[lr@ ercc‘é’@ﬁ%?w%ﬁ’?’o% %(ggsnse-agg:lj‘lsl ty

t her nopl ast i c BRADPEXNG sirddE as pol yami de or a bl end of pol yam des, in
which there is dispersed a | owperneability rubber, such as

brom nat ed pol y(i sohutyl ene- 2 - paranet hyl styrene). In EP 0 857 761
Al and EP O 96%L%6‘§98§\I %(Hq r@"@‘?‘lgg@l&i ty ratio of trtl:g@t herqg%asti C

matri x arsd t he di spbesecksantbenvehtive wasatpedio itégrper Ca
function of theebiee d&dddi®Rohaldakdlaindaperdentby,tixe Badcl ose
to a val ue of %%Ei Ei‘gﬁ%&;' ;oggggggcalepaa%gggp%%;cag&c%gtlggéée%%egf sl |
particle size a t Ispersed n"a

t her nopl ast i ¢ phEveinEPO-O69PMP88i M orfsyrt her di scl oses that snal |
particle size rubber dispersed in a thernoplastic resin matrix was

inmportant. in of chi e durability of the
30r esul t'Ong co%ﬁgc%ip‘bﬁ%ﬁ,%gﬁ% ?ﬁﬁgﬁl;cmv\her e such conpositions are
i ntended to be use@hasmepiatlicnelasionegnegiaestidqnsesre

fCormosi tions efmttiichh_ggw%@aﬁ @@fnzel&ty'd 'lah]tczl}’o’ﬂ%ﬁ anamBee; {1 .mbber
unctioning as_a .gas,barrier) conpos 5 ast |

resi n/ t her rmplaapsgi]]g'gaF:églil%l ba%og eﬂ%@%%s Es%ughj‘%ge%ﬁﬁgéhﬁ%%%ﬁef N

pol yet hyl ene rksitpeandahil By Ghermpplantics el pEPEIPAGOBRPSitgion that
po: yet Eyilﬁne tes WE@F&@S %nggas_-—bgrrielaj QaRE L Cimreama PET/ M4%)., a
pol yet hyl ene tere al at nd vinyl alc - yl e [
( PET/ EVOH) wh@?lég) %ﬁ?r?ﬂ%f‘?‘r%pllcas? F%Jc?néesﬁ %%ﬁjgogaé%%negl%g%g?&%%? é)LtO her

| ayer to form pureabildfershdsmopdhaihy Madad = pr 9EEs $6s PPéYalifioddcng
the same, are gist esedolf@tisanpheyninh kheHat ss ddehueasb a low-
(Polymers), 40 (4 244, (19 .. Further ' 10N - i.ng. the
use of such a %%r TGIRERS %us]%ﬁiré %H%%I’?SI ﬁ%@@ﬁ%%&%ol&’l#?}%ﬂ{@e 4

di scl oseP i n JeparrasaePay bRty RS i-cat® dF No857-B897d. apgwel et 288 nce
these 10materi abs mr e thber DR A 2t 85idT ther epgtagilact i eshat dilxends,

while they are SRl of L0, 988 RALLLeh AR LALBACE: eddieholACks -
flexibility, andt ereflo}r:’e, Such 11 are (rable to brea en the
tire is in usefunction of the volume fraction ratio and, independently,
to be close to a value of one in order to produce a high
25 concentration of small particle size vulcanized rubber
particles dispersed in a thermoplastic phase. EP 0 965
039 Al further discloses that small particle size rubber
dispersed in a thermoplastic resin matrix was important
in order to achieve acceptable durability of the
30 resulting composition, particularly where such
compositions are intended to be used as innerliners in
pneumatic tires.
Compositions exhibiting low gas permeability
performance (i.e., functioning as a gas barrier) composed
35 of thermoplastic resin/thermoplastic resin-based blends
such as a high density'polyethylene resin and nylon & or
nylon 66 (HDPE/PA6.66), a polyethylene terephthalate and



Further, there are 15 thernoplastic el astoner thernoplastic resin for
tire; see, Japanese Pat also exanples of the use of a conposed of a
rubber andVa20p3@5@31 an innerliner or in a ent Appli cat iP&R/UNP05/038824
8-183683, but in general, a flexible material of the type disclosed
t herein and having superior durability has | ow heat 20resistance.
Wth a thernoplastic elastonmer using a thernoplastic resin having a
nmelting point less than the tire vul canization tenperature as a
matri x, when the tire vul canization bladder is released at the end of

the tire vul cani zati.aon cl i.re inside.surface is j 25t 0
appear ance defaercotms#éﬁenf%o% ﬁ%’ﬁ“ﬂ@’%‘?@m ée‘sf)f)%y?%h i ﬁen%t ?%ﬁ?%%ﬁg&gg%
rubbi ng with t3ne piiadderlcohol-etigpirnelcopplyher iPEE4EVEE) ditR&rence

bet W_eeln t he rl&fﬁer’cﬁéﬂggﬁﬁﬁéﬂlﬂhjééﬂg 8 &ia@gﬁw &fe(ieﬂ:hbocc:iﬂ%ow(l%géhe
particle size 0 e sper sed ruhber s_been rte . W,
ftOE?(g;?P%g.?yewbo% qu%l rt1c{ ?gﬁ:%casseé?) PCX’.‘

Pol ym Eng. Sc)ﬁ‘o., / r _orteagf ha i spersed rubber
particl e 5si ze mwsslucéddcee wiiee the di@clesef, nidn o¥pEE&si thed -of the

rubber/resin igadd,06gBtnet DSt gmdrs it hab i(g) , nudifibengncerdrither,
viscositi es. HOV\BaVEEL. Iall.lCI) > ree%g(ritl?d tlhne %Peo PGSQHCQTB%. élomBK?Sti altO EQ
attenpting to FalsEr %fe ather era%tl ¢ erastoner conposition ﬁaw ng
sufficient fleXidilnneylingy digyel ahd® digvgati dhsclasereld FPan@seri or
durability, -patentbyppDLE£asinngot hp-gagdober Rehdwsr,asdnkeeftiayg t he
ratio of 't \gé% %%&tie ecghéi% i%%%%glfggﬁhptﬁ%rm 1ghg'étgé§§h
becones the malFix ana ? e corrpogl 1 6N no I'ohger e ISI%S

t her nopl ast i ciklends, nWBhparidsy PAEePHPSAPHI &Rt ¥dH NEFE1eB- 193545, 9-
175150, and 10pek323B@nté, | thadr opeseth dhafilikn, aadirdheateosd F ugicre in
whi ch dynami c [atloug.r gpLstancepls.f Gl el SHEN @5 ihi hge Or @ hose,
when using a gas perireation preventive thernoplastic elastoner
conposi ti on 10conpd¥eEdher. rivisser PF@S?#%E’Q‘&@Pgéﬁ héfei Bseif s known
to obtairs a batmneehatvreernidseohbextdigddsey anda gasheer apata on

preventive propellyo 0y IRKI S0l 8 Hend ofod Ll 8N4 -l on or
N12-nyl on and the su?perl or gas perneation _preventive pr ogertsy of
N6- nyl on or NGBl?ﬁﬂ &ger Japanese Patent Application No. 8-133683, but

in general, a flexible material of the type disclosed
therein and having superior durability has low heat

20 resistance. With a thermoplastic elastomer using a
thermoplastic resin having a melting point less than the
tire wvulcanization temperature as a matrix, when the tire
vulcanization bladder is released at the end of the tire
vulcanization cycle, the tire inside surface is subject

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

Control of the viscosity difference between the
rubber and resin during mixing in order to reduce the
particle size of the dispersed rubber has been reported

30 by 8. Wu, Polym. Eng. Sci., 27(5), 1987. Wu reported
that the dispersed rubber particle size was reduced where
the ratio of melt viscosities of the rubber/resin is
brought close to 1, that is, no difference in
viscosities. However, it is reported in EP 0 968 039 2l

35 that, in attempting to fabricate a thermoplastic
elastomer composition having sufficient flexibility,

strength and elongation, as well as superior durability,



15Further, it was proposed to define volume fraction and nelt
viscosity using the follow ng equation: (4)a/epn) x (fin/lid) <1.0
wher ei n t véO w087 r acti ons of the continuous phase c@RBRNGHOBHY

di spersi on phase conponent in the 20t hernopl astic el astoner
conposition are 4mand 4?(LI and the nelt viscosities of the
conmponents are In and id and further to bring the ratio of
-viscosities hit/id close to 1 to reduce {the dispersed rubber particle
size domain to inprove the durability. wever, it is reported in EP
0 25969 039 Al that the durabilitg?at Iom1tenperatures

insufficient B3 jiisrepadngi e tHEPPEDHE pafbf crerRingethe “ratiorg
limtations ofmdire vikewsotiSe ARE 0Rchestea/aehinving i peovetber

per formance of dé&ene(;e LLable gpgiggsat % ?gpibgrp:g lgnéggléxﬁ@;lttgcl e

si ze rubber 3 onmal n |sperse inat astic matri x, the
conposi tion exHiBimAPAGSFRPtEXed f1 uid (gas or liquid) barrier
properties and desimabkgaheselmteht shpgngtatiandidur #billdBty5slt abl e

for use in tir asrbd Qﬂ%eié d4Gat § PNs, tbaf%pggga @gap@nglnl shed hysrdse

of the 35processes df 't esent I nvention. her references of

i nterest includleruaipre. in Wh%@ﬁ@é@%‘éfa%‘lﬁoﬁﬂ?bﬁfﬁ’éﬁ 1o
2004/ 081108, Wa004/d08%:hib, adRi2604f 08113, WBed, U800 24gas)S

4,873,288, US Oé%ﬂi%%umy%énél% Qﬁérm%?a@tgzgefgéaor&é BoRd8s 2hbn

and US 6, 538, THE .| NV S |nvent| on rel ates
to a the%fr“mpl aSPTROSS G St o FEPPRHFS Pt TP LTHPY | éi”ﬁ%“(’A) at-3| %éos"tn one

hal ogenat ed i sebuiitleineacbalanes mgtetast omerfleandil By and| gast one
10nyl on resin ﬁ&gcl% ggkﬁtggt Eoﬁértﬂgw mb¥0n& 4 Aoutp 230 C

wherein: (1) a east 0 ena ed I Ieng cont ai ni ng
el astoner is pPésEhxiddes Nl spetTe@rplhse 0 s ARP | P TRAT28E 928
particles in apeamtdmiususrphaseif psaperinylch Nghereon e Pabtirl@s

have 15bgen f%ﬂ?{%% dyngaicy ¥ cf‘s%a' 28t 40 NG ol BRe PAFIdcGbASand
conpri si ng greater than about ugell% of the vgl ume of said
el astoner and B&tH Fexgarity he frg ‘e owing equaticn:

(fa/ bn) % {(Mn/Ma) <1.0
wherein the volume fractions of the continuous phase
component and dispersion phase component in the
20 thermoplastic elastomer composition are ¢n and $da and the

melt viscosities of the components are 1, and ne and

further to bring the ratio of viscosities mm/ma close to 1
to reduce the dispersed rubber particle size domain to
improve the durability. However, it is reported in EP {

25 969 032 Al that the dursbility at low temperatures was
insufficient by just reducing the rubber particle size.

The limitations of the previous approaches to

achieving improved performance of the desirable
compositions comprising a small particle size rubber

30 domain dispersed in a thermoplastic matrix, the
composition exhibiting improved fluld (gas or liquid)
barrier properties and desirable levels of strength and
durability suitable for use in tires and hose
applications has been accomplished by use of the

35 processes of the present invention.

Other references of interest include: WO



In a particularly preferred enbodi nrent the invention is also directed
to a process conducted in a suitable 20m xer for producing a

t her nopl aswo evaetionrer conposition, said m xer havi ng PET/US2605/038824
characteristic residence tine, said conposition conprising greater

t han about 60 vol une % of dispersed particles of a total amount of at
| east one hal ogenat ed i sobutyl ene-contai ni ng el astoner, 25said
particles dispersed in a continuous thergoplastic nylon resin matri x,
sai d process conprising the steps of: (1) m xing hal ogenat ed

el ast oner - cont gj nj 0Si t. A ai b4 ) conprising
a first fracti g@l&cff%tlﬁgq?o %Ii@qﬁéﬁﬁl% " ha %ggggﬁée%l%?asﬁoner in said
30t her nopl ast i 20@4 /AH13AEr CORAPL/OBBRS AndSF dr £ BRr O tonMEi 4i A3 2 %ur e
system for saidsfsets, ebast oaey, 1fs7aoti prus and7bhesmppisast 8e6 ylign
resin (B) under g%é a6bl §8d§ggrri c vul cani zation conditions of tine,

t enperat ure an@™Shear £8°f0F i conposition (C): (2) mixing
35conposition (C) and hal ogenat ed el ast oner-cont ai ni ng conposition
(D), said conpgsinan ofDrugorprargizng a second fraction of the total
amount of hal ogenalt,gd 2L gSLONBL, 1/d1ate2 fo Sl LRSLTONASLI Gt oner

el ast omer conposition and Turtner Compri sl ng a cure systemfor said
second el ast onﬁpmm%ﬁditjioﬁn@lﬁ?@eﬂri@ui(ggb@% IppsanPee Vi 258 on

C?n;ii tionﬁ of Ebﬂlfﬁutﬁl@gﬁf@&aﬁwﬁﬁgmde$h§gcﬁr?dm Eﬁ&ﬂBp;ﬁﬂ)S{aﬁabﬁnOI{eEé;
5(3) if the sum sai [rst and secon ractians o 0 ate

el astonet®is | Egg"’i‘ HiP  Eh 82T ttal® éﬁ‘?@%ﬁf‘g G?OJﬁél 88eﬂ%?“é%qgloagctegﬁ?er in

ﬁa: d ther mgpl i'iabbﬁt el ASPOB maa@IpeSK1) oit, 1ekXt Nghe arlesehiosd (E) and
al ogenat ed el astonmer-cant aj nj ng {1 {(F i onposi tion
10(F) conpri si ﬁao’témf%llern ?ggé%ﬁlcggggg%&e&k%]e{% é%%%%@oa%_%l ogenat ed

el astoner in s&iaPeREEPRESt PE WAt SHEPEEGH0BREF BRL A D @r t her

conpri sing a cubgtsysdimphase saf il hgleh agiearerhé rgottion e sunstes

sui t abl e, dynam ul cani i Ltk : AN t - nd

Shear 1576 o BEEEOA oh (e ERln et BRR AlcichlEng B HACILERS

vul cani zi ng a FPaRYivHE Jx8dFeT ofwn é‘ﬁﬁﬂﬁt@)f"%&@@g%h‘é‘% ddreeFasv®irer
in the presencerofaide1dyraneeadty sadkicaaszed conposition of the

preceding step is repea f‘?@/ i i O

obtain the total amf)IEn E%g tggﬂa 0 e%gtgg%rgﬁ?%s%%%%g?ﬁ%%t s%ied if16Ent fon

t her nopl asti ¢ éisa3iopet 1Eskpest? i DRTOFAES WHEIRIGTCBath 38 @Phani c

vul cani zapi on ordit fenpratuessh stepravplsifid eilentohar ef fect a cure

state 1n sald 2LASbOIE oAl Sl SE A HalihgaPlaahalte 2D Al elifdence

maxi mum cure sta or_ sdi astonmer and”cure system an erein
sai d dynani c vilegni satd GIPTPPREL HEY iCOAPE$SBRAIAT RSB TR AL SPPRAN®About
t he charact eri spilemeesisferEepeti-sed gfarsakilesi x®ra tBREEFRESERPETAON OF
THE FI GURES 30Ri,Qut e, 11513 gkh &V &1 JRG LT ELOIIHGE HE £y A0GQd1LBg,
25 said particles dispersed in a continuous thermoplastic
nylon resin matrix, said process comprising the steps of:
(1) mixing halogenated elastomer-containing composition
(A), said composition (A) comprising a first fraction of
the total amount of halogenated elastomer in said
30 thermoplastic elastomer composition and further
comprising a cure system for said first elastomer
fraction:; and thermoplastic nylon resin (B} under
suitable dynamic vulcanization conditions of time,
temperature and shear to form composition (C); (2} mixing
35 composition (C) and halogenated elastomer-containing
composition (D), said composition (D) comprising a second

fraction of the total amount of halogenated elastomer in



t he enbodi nent of Exanple 13, i.e., 20 microns x 20 mcrons AIM

i mge, wherein the |light phase: Nylon and dark phase: Bl M5.

35DETAI LERy®essTbdeT] ON Preferred applications of pCmaSpresmats
invention relate to thernopl astic el astoner conpositions for tire -
6 - innerliner and barrier films, nore particularly to thernoplastic
el astonmer conpositions exhibiting excellent durability and
inperneability to fluids such as air as |1 as liquids. Preferred
conpositional features are 5directed to raxim zed content of

di spersed hal ogenated isobutyl ene el astomers in the form of

vul cani zed par$s:id eshediropbeseit iedagtpoty arrgestheemopicadtrebemt ri x.
Addi tionally, f@&ﬁﬁh@dﬂn@ byc@f@fs%l’ceﬁl §<|Sxp%ét3§i gbcthe dimsedhéon rel ate
to processes roduci ng a 10t nopl ast.ic _ela r. co

capabl e of pr ogf ™ luﬂgﬁlérS%& %:ELn (gnar?:"lcs Vu& §£ lo?lzgggéi;ﬁo?%l es
whi | e such donmaf nislrwre tehper i y‘-ﬂéx{ﬂ@?ﬁsﬁ tFloe faﬁlﬂ féqff&&sllélon )i

Furthernoge, the)ifwenl Qﬁmlé‘ﬁ'é&i@sfﬂfgt@&&ﬁi&%ef:eﬁdpf:ﬂiht&bﬁg cpmeurratl c

tires and hose sin e ove 1500 03|t|ons h re [
el ast omer exhi ﬁ?# el 8?%%%%1“% tly R i 2 %—rgﬁo O{lﬁyrrer such

as hal ogenat edhﬁém%ﬂeéineleémfﬁrnPﬁgS@i%sttf@rﬁlpElﬁﬁ*éFCpﬁrlﬁiSEW%‘FI y
preferr ﬁdl are berapd Ml%behﬁﬁiﬁl%o&pogﬁﬂﬂﬁi alelyy ahd ofd nafeedted

par anet hyl st yrene- co- i sobut yl ene r e
br onobut yl el a??%‘?‘@?r%e fﬁn%gf?lnrbg h%%ﬁ!n%%ﬁ ent(%()) %%m? cfofmgjc%g?le&{

i |l ustrat@ed her& nedmmrisiebow; g Araetprrefod tba el GirErti of

bronmobutyl el agtosgésatLl bhebsled h@r eefd wWiHdrmopeast idnnasebnéhe
af orenent i oned brom ntat ed el a§u

5 h h. .ot her
pol ymers. CORR® usedmhgflgl n, eer ﬁemﬁ%ﬁ%ﬂ{eﬁr 2 Eﬂg%h%mt%?no\r%% hseapmh
Peri odi ¢ Tabl etiisapsldssomeadiaactdiosd| Bager ﬁﬁ”@ﬁ P CATT3ANS
ENG NEERI NG NEW&1c83{ Bt ioA7 cod@Bh)onsAblf BheC Weabenet gy snar ehwer ght

average Yol o550t DLW 5619t e S0TN GUEDOUS e <£BbI 48 aynanscalty

speci fication, 5 nc?urgilcnO
variations of t‘fﬁécm%@ngs@cﬁ%@tl%ftﬂ%plafj?%b@na&n&m&ﬁﬁp?’? 84 0TeREGH) |
as "have," "hawil@gtomet Nl wtespresdmel vdethantyn alrmiclamrlyngz, taameed

variations thereo bs{rgag]_f Jdihate t[plee&qlqgg ?{%p\}s Egg@é& asShafl

materials to wiic e€rs are essentra er steps, ?errents
or materials mMEYTBE AMRIFHTATEL P [OFBENESY %Wé‘tnr GBF Wi taﬁ‘Qu%Eo‘b%
of the chai m omadiogehased @lastoder Mheninethéstbrlastescelibitngerhe

i nvention and Iné@r %%igfo magltdﬂgﬁg e;ﬁrh%facghsaiélvo%fa&n@e apﬁcam@stmn

clained i s consi ows an ot ent’i al | ng%c hese
ternms, particule@ndjtipen HpFPCedStP A& feEE L Pt EPUeF Rt Y=

state in said elastomer particles of at least about 50%
of the maximum cure state for said elastomer and cure

25 system and wherein said dynamic vulcanization time period
is equal to or less than about the characteristic

residence time of said mixer.

BRIEF DESCRIPTION OF THE FIGURES

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

35 DETAILED DESCRIPTION
Preferred applications of the present invention

relate to thermoplastic elastomer compositions for tire



50r open-ended and do not exclude additional, unrecited el enents or
met hods st eps. In the present context, "consisting essentially
of " s nmeamd 2003/080T1 ude any el ement or conbination of @CEHSHIS38EZ
wel | as any anount of any el enment or 10conbi nati on of el enents, that
woul d alter the basic and novel characteristics of the invention.
Thus, by way of exanples only, a thernoplastic conposition that is
prepared by a nethod ot her than one invogving dynam ¢ vul cani zation
or by use of a dynam c vul cani zati on nmethod 15in which all of the

rubber conponent_is .added in a sing anount _or_jin which high diene
rubber or othe+n?ﬁ§i¢H§F B?é;hﬁSJﬁsf %%) ﬁ'n%ﬁf%np?gyﬁﬁg% f?% e
excl usi on of hehogapdnedic solastphenecomasditapng ddting et lgnt
cormolsi tion, w@wadaitl@t@xsw%h erﬁélﬁﬁii'@ﬂ wel ¥luaddl Aagal a%@iaﬁrash
exenpl ary purposes on a.thermopl astic osition in.whic e
rubber cure sy%%i;nﬁseggFPéd?11 grgg?ﬁf?éwﬁé%gggég%é%ékaﬁ?ﬁguﬁ%%é§§3ry
| evel of Ture @izaaredntoheariublzed chrtents ofubssperied Ibplggeratad t han
thle resi dence léé?ld%egaeemélﬁﬁfdmegﬁeﬂnf@{e cmmﬁlusfim@maauﬁ
vul cani zati on woul.d .25be.excl u . For, p oses of .the_.pr.esent
vent on. uni BESHiiRE, o SESHRARY RBae RO TRSseErERRT Bk e
property, charaédidrioseildyorpamiicaBrely thiefearad" asprttentfably” as
appl i gfl to anYiﬁféﬁiﬁroinareﬁélﬁél tﬁ}gpgoﬁéﬁﬂﬁé’_ tiyr BOcbacanf @ istic or )
vari abl e, . nmeans. to neet the stated criterj.a.i u : at
one oki 110 b aRES e s e, i o S 2 pEopiifihd
achi eved, or tRherdddi doppipropmapeinyg sRilde sdesdreartislast vhPst yner
may be used tO0sfied o=@ nBOHBY L WEE LS gh BP CopeingiBl 6, anditedbpoly ner s,
terpolymers, e gi:tl{ré kew se,, 2 fn%%'tx? rirﬁﬁ%c{e@f ﬁ}goéﬁ&&‘%héé”er
conprising at east two ronioners, optionally w th other npnoners. -
- Whenpao@ed g Preymeieie tiggst arA L EEipHFLRAgERE #BABRer, t he

mononer 1§ pressfpoditildye . polydairdfarte ¢elstereizethidnm abwt he

mmmmrorinthed%
mea

Jvative.formt [, V, f.qr ease of
reference the BﬁFaseJﬁﬂgéhﬁP?s%%g%$%§r5$§§E§€Fﬁgg§§ﬁ%ﬁ%%éﬁ" or the
like is used abaiparndtaddlsphbRren ahe copbM. tataPyaftediifoRehts are
described as cegptisingiReptesdrsdablie bomimatkdt beaconmpasents, it is

wel | under st 0od By ong Sk Lled. {0y 1080 kny LhIchbe. aCH el oLm of

t he conponent ISP¥%erhf rm .ID.B? 8} I acias WI)Elh e nononers t produce

pol ymer s20 polymers (BIMS); preferred are bromobutyl elastomers
exhibiting high content of the structure illustrated
hereinafter below; and also preferred are commercial
bromobutyl elastomers, or blends thereof with one or more
of the aforementioned brominated elastomers with one

25 another or with other polymers.

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

30 Throughout the entire specification, including the
claims, the word "comprise" and variations of the word,
such as "comprising” and "comprises,™ as well as "have,”
"having," "includes," "include" and "including," and
variations thereof, means that the named steps, elements

35 or materials to which it refers are essential, but other
steps, elements or materials may be added and still form

a construct with the scope of the claim or disclosure.



| soolefin refers to any ol efin nononer having two substitutions on
t he sane carbon. Multiolefin refers to any nonomer having two
doubl e bor¥@ 200745 71pr ef er r ed enbodi nent, the nul ti ol ef PRT{US209p()38824
15nonomer conprising two doubl e bonds, preferably two conjugated
doubl e bonds such as a conjugated diene |ike isoprene.

El astomer or elastomers as used herein, refers to any polyner or
conposi tion of polyners consistent w th-2Qthe ASTM D1566 definition
The ternms nay be used interchangeably with the tern1"rubber(s)

Al kyl refers to a paraffjnic hydrqcarbop group which erived
from an al kan&hg) H?%‘pﬁﬁ%dnoﬂ%z ﬁﬁd’l‘; %H%Jrrbv AT Opy #&%éafg fil a,
such as, for exanmphes tha25methimvaridup eGH3Yhatodsaplatmgd igr oup

(CHBOHR) , et C.oonotqord o LBAET ol @i laxérg&@er&qewpomtpré hatrhta@éms a
ring structure characterjstic_of arom héﬁgo&goﬁﬁﬁds such as,

exanpl e, benzé&R&mSnalf HAUSRELY pHRFTLRER FREens® étné:lus:é‘ﬁ%l
typical | $ possesspahterdwst endodbl ot3@xgdnde nfgid{itunsaiurtammt)"—dw thin
its structure..;AR-aLty! o 9LRYBHS g{gb% a group derived from an aromatic

conpound by dropping one or nore h gens fro the f such,as,
for exanple, phenyF[g e B8REENEUD %‘%/{'Iet’%t edc?ré?Jesr < e?\'ferl‘ gtly g2

one
hydr ogen group.s3meehhgte epdcdodd blyyaaldneamonrr@ﬂﬂmbgti@lme?ﬁ sel ect ed

from for exanplgenpal Oagsemqe(lqhbgraﬁgﬁ,anmlgﬁl Be, arfy léQéinBa@t & iodine),
am no, nitro, sulfox 1 suoﬁl?gate or

t hi.ol ,
al kyl t hildl , arfPRHER F'me]%)f?’al H?Ubﬁ?anc ed ch glfang Ca\?lnﬁg
to 20 carbon atomd whacctaristdes cm@t*ﬁg,el ingehfion.pr pypE, Remtaybatyl

i sopropyl, isobutyhesebfry, @ %ﬁéymopsidsadlghkoﬁ@osbﬂta@@h@Haéc:hsal n al koxy

having 1 to 20 carbon atons cl u for exannl
et hoxy, pr opox%/reﬁaﬁ?a B}So&fbtglﬁgogi °¥ sg’ﬁ‘at g, lnsvgconggrg?
tertiary butoxyulqeenzsgtosy on SypentybHRy dynesaw giicapdpeli 9“@1'« od
octyl oxw,g nonYirp%lcﬁanﬂe&ﬁ’|t@)é)’rulb]§é10a:l&ﬁt‘)bneiﬁ\hlJCEh ddgansistd alightle

10or branched chain aI kx}a "fh%lc ngégh e21,10e q:%ggign alt r{%e\_@hn%(?%(}ng@ ns

at |east one hHIYYen or exanpl e
br ononet hyl , fpmnmephlyblnam@@néﬁh\}md o @hPo‘P@@tl’fﬁHOH 2L br onoet hyl ,
2-fl uoroet hyl, hé%xc;a@n%earpéb\ﬂutﬁeaéommythg suﬁﬂdtorlapsﬂ@wla

4-chl orobutyl, 4- "15fl uorobut.y dichlo me

di f I uor onet hyl SOERIGEGRBE HYT" ldlzbf gt ¢ Jhlf or Get E‘Xjfér %v%g?br%ﬁn%n&aﬁn
2, 2-di f|Zfor oet gk, e:@w@ldrzm@mﬁ%pynlye aeté}ieww%ﬁrl@pwmposﬂlon
4, 4-di chl orobugﬁ(lwhfotﬂtgéfﬂmj&b@hyb sysdehlresanes iyl 2 cure time to

g’g gIILP?[SSE%%?H%trI hlg%éggga 1evg£ gldﬁgrogggégﬂfn the rubber

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

25 be excluded.

For purposes of the present invention, unless
otherwise defined with respect to a specific property,
characteristic or variable, the term “"substantially” as
applied to any criteria, such as a propertiy,

30 characteristic or variable, means to meet the stated
criteria in such measure such that one skilled in the art
would understand that the benefit to be achieved, or the
condition or property value desired is met.

Polymer may be used to refer to homopolymers,

35 copolymers, interpolymers, terpolymers, etc. Likewise, &
copolymer may refer to a polymer comprising at least two

monocmers, optionally with other monomers.



trifluoroproPY1l, 1,1,2,2-tetrafluoroethyl, and 2,2, 3, 3-
tetrafluoropropyl. Thus, for exanple, a "substituted styrenic unit"
i ncl udes pyvoethpt®tyrene, p-ethyl styrene, etc. 25The pIPETAIZR005/038824
i nvention conprises at |east one hal ogenated i sobutyl ene-cont ai ni ng
rubber. Typically, it is present in a conposition with a

thernopl astic engineering resin (preferably nylon) as described
herein, in a volume ratio of rubber to rgsm of about 50/45 to
3080/ 20; preferabl y about 60/40 to about 75/ 25; nore preferably about
65/ 35 to about 75/25. Hal ogenated rubber is defined as a rubber

havi ng at |east abdlenoalperimsds Ral 6YEHTSUER AR SRJEHTISePEcted from
the group consm&tdme ,0fthbresidier bl predgwntand theipeymr-elerited 35

hal ogenat ed rubbgrs use]éu%ol n thi tﬁﬁaﬁgmérogrl ggly&e d@%hg%@{l@é %r

i sobutyl ene conta NNy el ast oner s so referred fo as enat ed
i sobut yl ene- batks Wlﬁél yniipwever, 1§0r sec GhoF FherYICeTRAgPRTASE
el astomers canbeuslasGhighere ag-aspadenveopalnpee " 0br & Hi 1iRe Cs used

| somonool ef 1 deriueLunl . shel.ids, | sl denc deriuadagh lazand

| east one ot her ymeri‘zabl'e unit.
i nvention, 5t héewmaeeaome@tﬁawl BARE s S 2Ropof s ofstheput yl -
type rubber orchrpdrcdieg,bttyls tv;qae ﬁﬂb@ﬁtoﬁp@Cbﬁél%Jﬁﬂ@m hat e

versions of thgse ohas QMEr sce(hbabh UrSAIIILBNER N Wla EHEbEES Such

as honopol yner s~ ah eflns or |s ns and ot her
types of1Q0el a‘s‘tl%)?rel?%aﬁ‘é:li‘l f’aE]lletﬁ%FﬂoPﬁ’éejF%\}'é’nﬂrBHuﬁ? WM Rnown and
are described i n RUBRBIRFECHNEEXEY £309n % 81 (filmumbaendd Haghngdtyoe

?a&nﬁneg Hal | ?&g%g%?eﬁbﬂﬁlsvégowlslaﬁe HANDBOOK 105- 122 (Robert

I'nc. 1990), and Edward Kres nd
H.C. Wang in 8 Kl R MBORRFER ENGHEL EPEDIA RIBREM TR TR I\gi%%ﬁ
934- 955 (John WYhey. & 1950nsS préferredt laambdda.rflé}%) Jthe multidBuetfyh tebbers
are typi gl |y F‘Eﬁtﬁéfdﬁ%ﬁg%‘% iébg@mgf BRRPEELSLy, e mixture
[ soo

havi ng a | eas |n nMoNONer, con%%nent sJL_Jcp as
i sobutyl ene 20CAPERITS Lowhi i BEts ﬁuCHo%r?erCOEiéH% d1epRel ke
isoolefinis lasapr:@ﬂi\ge from70 to 99.5 w % by wei ght of the total

mononer mxture in ?éaﬂ% Qdppend 5 @d 858 ;2 %e%@xﬁifkéﬁy%EhES
lolerin h

enbodi nent. The rrul conponent 1s_present in mer
m xture from 36G¥oPOLBSH B ﬁomﬂ%see&%a&werén&%%%ﬁ% ¥5t0. 5
wt % i n anot her taﬁbﬂslTMHMS%I dey &t i @inot.heThenbodismeat, ¢ romd to 0.5

wt % of the m)n t ebip. »Thed lefinis
preferably a 0 g&%ﬁéga%l Mn%}% |mt| ng .e g%l es of whic

conmpounds such as |§61§¥& y‘?eéﬁ‘és JF%o‘fbl}’ta&targ 15t W%toﬁﬁf:b?anﬁoéﬁ? gl
3- net hyl - 1- but en3g, »2- aetindd Zrbut aneylkbnebby etmpranguteneyr thhyI

vi nyl ether t |an ne,
4-met hyl - 1- pen?§%&8g$¥énﬁk%{F%Ee?a}ﬁul @ucﬁQ%? %ora@Qample a

|n|sa& irruItL flnsuch
as isopréfe, bHReAIYEnErow® 3k hetHy BP1e8RHutHRENnéE
356, 6-di net hyl - ful vanel hedeadi énea ltydoopehtmdiene, tand mlp@r wl enry

ﬁgd 0;“;56”‘3328@% gﬁ% %ﬂ&%&@é@iﬂc idk BEBoRarld 4RrBoands Uusn Batent
> Eg} example, benzene, naphthalene, phenanthrene,

anthracene, etc., and typically possess alternate double
30 bonding ("unsaturation") within its structure. An aryl

group is thus a group derived from an aromatic compound

by dropping one or more hydrogens from the formula such

as, for example, phenyl, or Cels.

Substituted refers to at least one hydrogen group

35 being replaced by at least one substituent selected from,

for example, halogen (chlorine, bromine, fluorine, or

iodine)}, amine, nitro, sulfoxy (sulfonate or alkyl



O her pol ymeri zabl e nononmers such as styrene and di chl orostyrene are
al so suitable for honopol ynerization or copolynerization in butyl
rubbers. Gne:aThbsdrment of the butyl rubber pol yner use@CuiuSReIsHIsaL4
invention is 5obtained by reacting 95 to 99.5 w % of isobutylene with
0.5to 8 % isoprene, or fromO0.5 t%to 5.0 wt% isoprene in yet
anot her enbodi nent. Butyl rubbers and rret hods of their production are
described in detail in, for exanple, U § _Patent Nos. 2,356,128,
3,968,076, 104,474,924, 4,068,051 and 5 532, 312. Hal ogenat ed

butyl rubber is produced by the hal ogenation of the butyl rubber
product descristedorpbile. HiPdgerHiyidhican BRF d¥FEPEW oty any
means, and thedravgnti®n vranBhéd hafajnn hla'vmhg ed ’dmy20heai‘ta:brogianasi on

15process. Met had gﬁi %g g pol ymer s
are discl osed Fﬁ‘% %t‘ %ggﬁilf £§OE§I\H EJSC%]S%%IS)H&%§1554 32
4,632, 963, 4, 68DPgERYl 4, EHHUESE %%84%#2”4 -’%fé’lﬂ% ohPmrE8Ed901.
I'n one esbodi r@Malin bheosbuthslyihgbbeto 129 hakbq:ersaioard; |andaei¢a:riexddlsbuent

at from204to 60 g e [ in sthe

hal ogenati on agen%ga%gi% tn*r%[etgllggg haﬁ{og%'nagj ﬁ‘g{)ut rubber can al so be
used, as di sclo¥eFYI nieU g8, 57%0114%%& BREPERY 0 JETALREY lRRSAXYr ubber

t ypi cal | y has geri¥goney, isgesityyoof, akoylloR, tteralydoky /0ol ck¥8 at

125(CQ); f 25 D
enbéd?nen?r Thg ggg%gfr%ﬁgﬁ%?'HBX€ ﬁéid%@%Hi ﬁﬁuﬁ% ﬁ@gﬁgegtral ht

en’content Is ty &) about

o}
10 wt % Bdsed o tHErGReYHIRGR FF\@Y%aﬂE&i’g‘é‘ﬁaP‘eﬁo o? %?Par‘?‘f;‘llg}l
about 0.5 to Soomiinal dernatstvehy, habasn, OaBdtmcalbxd@B 2£&r vtggmpflor

exanpl e, about 1 H%Bf?yi %f@&uéeneéhéﬁp%%%ﬂn@fﬂm p&%ﬁ@ﬁé if,opm of

hal ogenat ed bu? ‘contai ns h cont ent he oW ng
hal ogenat ed st?@ﬁﬁ?ﬁéh(bréé’r@ﬁ‘% A LT A e A S ?/r%i\ﬁ%py
where X represMxSantobeOp;al,owland«pprafpﬁ parthiefdritylpr éf erred

enbodi My the AlRgeN: | Sdlq{hqmreﬁetl%lspl ahashon@lyathe hal ogen is

chl ori ne comrer ci

| o at ed
butyl rubber u%%‘?]tﬂoroﬁ‘eFW'pl‘jé&QﬁPm?m@ntloﬂ g‘m’ﬁr %Bé’?r g%
5( ExxonMbbi | Chamti caine€oppary,)2-ditfdudborigywlVi §edsdighliogopropyl,

3,3-difluoropropyl, 4,4-dichlorobutyl, 4,4-difluorobutyl,
trichloromethyl, 4,4-difluorobutyl, trichloromethyl,

20 trifluoromethyl, 2,2,2-trifluorcethyl, 2,3,3-
trifluorcpropyl, 1,1,2,2-tetrafluoroethyl, and 2,2,3,3-
tetrafiuoropropyl. Thus, for example, a "substlituted
styrenic unit" includes p-methylstyrene, p-ethylstyrene,
etc.

25 The present invention comprises at least one
halogenated isobutylene-containing rubber. Typically, it
is present in a composition with a thermoplastic
engineering resin (preferably nylon) as described herein,
in a volume ratio of rubber to resin of about 50/45 to

30 80/20; preferably about 60/40 to about 75/25; more
preferably about 65/35 to about 75/25. Halogenated
rubber is defined as a rubber having at least about 0.1
mole% halogen, such halogen selected from the group
consisting of bromine, chlorine and iodine. Preferred

35 halogenated rubbers useful in this invention include
nalogenated isobutylene containing elastomers (also

referred to as halogenated isobutylene-based homopolymers



typically about 27 to 37 (M. 1+8 at 125(C, ASTM 1646, nodified), and
its brom ne content is about 1.8 to 2.2 W% relative to the

Br onobut ylw@2@2wsdeur t her nore, the cure characteri stics pafr/iBemanisaty |
2222 as provided by 10t he manufacturer are as follows: NH about 28 to
40 dN'm M is about 7 to 18 dN m (ASTM D2084). Anot her commerci al
enbodi ment of the hal ogenated butyl rubber useful in the present
invention is Bronobutyl 2255 (ExxonMbil,Chem cal Company). Its
Mooney Viscosity is 15about 41 to 51 (M. 1+8 at 125(C, ASTM D1646),

and its bromne content is about 1.8 to 2.2 wt% Furtherpore, its

cure charact erP5t¢RROINTEF5cIBESE BY2$ HIGREn GRACE RIS EA e o | ows:
NH is from 34 tendidn di¥palyMr i far omitkl cb oi &dncdiNoire f ASTMBRE84ynit,

Co ial i I b I
Conmer! 8l Lochily! e gy atsscans bl o Seatloly Sk |

Encycl opedi a oPoPoISHERDSe whie afB TRR BRGNS 00D foHHVW ®peg
Sons, i ncorpor akecthdiergenatby efetehere-Hrmicherpubsgfiad ienmbodutment of

hal ogenat ed bu er i s, e a o, .
ut%ﬁ.[b%t?_bée SeithQ0eBat Pl HABEHEL: Olespecially

"star-branched ese ru rerare describ
example, EP 0 7837‘81“35?2995@1 vegpipns; ofgdhess olstemgyy. gléjseéé‘&h
i ncor por at ed hefieidiniytedebat gnambbens osecte rzo tdionepd ] yriieres and

star-branched py a(i nﬁﬁ% ook b1 B8 Oksléo&ﬁmg' Lh@N.SAGO0RRLLS i1

butyl rubber an iene or block cop O«;%x For pur oses of the
present thvent Péﬁs'tcfwsn@tlh‘éﬂb]cﬁ fogr FPRgHT A48 RES ﬂa PPYE t3HS on.
The pol ydi enesarbl oecrtitiedl yNERUBEER DEGHNGLORY agentisl (eweiinafter

"pol ydi enes™), Méﬁ@oﬂy cakhyy, &9&'&0%%' }¥957, JI%E VARSEid ¥ e ﬁﬁﬂs@f{e
present during t (5 yreri zatl on he_but'y| or hal o 41 %eg Bélt
rubber, or cantpEDPH &@&‘M?h@%rﬁu?wo% r Rolf of I SBE° The
branchi ng agentnot peA0)di end Edweire KarggsrtdAlH.€. banghim@ &geht, and

the sinveati OnohﬁMﬁﬁtEﬁdﬁ&bﬁﬂnm 6Eh%HEM@@A19me4Nbﬂb@~iﬁegﬁ-9@561@@&5@9
agent used to nm I n one ggo iment, the SBBis a

conposi tion of WhEEYI & 0i°NFal d§enated SBut yP° 7 Wober as descri bed above
and a copol yner of Bufpdl ydibbaes ek dypacally Iprappdedgenateedting a

18{)0{3%1;3“@”265%%%&55%fé@%%taﬁegé O%ecaméfé %@Egsayr%t (1) a Cy
pol ybut adi pol.yi soprene ene, . na

Dy ane. but ad: SReCIBBG L= B PBHBE b SHRFPBRET b 2ubBars CSFE
et hyl ene2pr opyane I(Blbb?amdlEPMefm,ymenembutcaﬂnp@lmentt yr'ére igndlefin

styrene-isopreng ihyé%gjé%eﬁkv&oo%ol9wgrﬁt% ) Wéh@ﬂ@soﬁaeﬁhebﬁotal
present, based on the totial nmpnoner c nt.ent |nan§1(%\)%/$\{g %a great er

than 0.3 wt% &PEPRAITVENFS dBoR® ™3P ™abbut
to 2.7 wt% Pr eaﬁa@rtabi:yemme:lﬂmeancheﬁieomulsu.aleﬁrram@medﬂemuyﬂl pZ@ﬁ@lb‘ber

used herein is ;halagepat &t LR ORE &HRQABIEAL.0.5 wts in one

25 embodiment, and from 15 to 0.5 wt% in another embodiment.
In yet another embodiment, from 8 to 0.5 wt% of the
monomer mixture is multiolefin. The isbolefin is
preferably a Cy to Cip; compound, non-limiting examples of
which are compounds such as isobutylene, isobutene, 2-

30 methyl-l-butene, 3-methyl-l-butene, 2-methyl-2-butene, 1-
butene, 2-butene, methyl vinyl ether, indene,
vinyltrimethylsilane, hexene, and 4-methyl~l-pentene.

The multiolefin is a C4q to Cyq multiolefin such as
isoprene, butadiene, 2,3~dimethyl-1,3-butadiene, myrcene,

35 6, 6-~dimethyl~fulvene, hexadiene, cyclopentadiene, and
piperylene, and other monomers such as disclosed in EP 0
279 456 and U.S8. Patent Nos. 5,506,316 and 5,162,425,



t he hal ogenat ed star-branched butyl rubber ("HSBB") conprises a butyl
rubber, either hal ogenated or not, and a pol ydi ene or bl ock

copol yner ,wekthescohal ogenated or not. The hal ogenati on PRTOG2RIS/038824
described in detail in 25US 4,074,035, US 5,071,913, US 5, 286, 804, US
5,182,333 and US 6, 228, 978. The present invention is not limted by
the nethod of form ng the HSBB. The pol ydi ene/ bl ock copol ynmer, or
branchi ng agents (hereinafter "pol ydi eunq_g")_, are typically
cationically reactive and 30are present during the polynerization of
the butyl or hal ogenated butyl rubber, or can be blended with the
butyl . or hal ogeis @1Bueyi zakish BPPPBS T SHCENaS HEBE *2Fhé8™8r anchi ng
agent or pol ydissre crartbeeadyarsuiatabl endiradiehifoy lagerHol yaaditdtaon
invention is n |1 t f ie amke  he
HSBE. | one onbodiNTotEe Tpd SRR D BERNE) T Bkt

conpri si ng hal Beeitted BUPHPT MBYBRY g4seifg in the invention 1s

2007/ 05004 1 PCTAHIS20RRY B38824ctintd 95 testd.iShadt s abbdvies dnd ydeoepol fyrer

of a pol ydi eneapd. 2 arh ally.didr ggepaned Bolivdi £ne; seliest ed from
the group consisting of styrene, pol ybutadi ene, polyis prene, .

pol ypi peryl eneiserEsiicalior ¥befnotdey, @Wéc-’%%i'en%u?%ﬁ?é&, ers an

5et hyl ene- pr opyteneidicgneheiibhercdust yornecb deadreped igt Wesndl airg
styrene- i soprepgs siyrene blogk Kapokyiess.2 Releydbenes, ) obe, pr esent
based on the total nononer content in V\%‘V Lypi caliy greater than
about 0. 30wt 9% Zaf { ritdri ¢el§® ue™g. 3 chI "% or about 0.4 to 2.7
10wt % A commitlzigainaeatdditEnt-ubbe HSBB poedfiagd i by tithe present

i nvention is B&QT?%LH%:LOQZEE LEORANBbLLL e R 6ah Lo bedhanbng a
Mooney Vi scosity 1+8 at 125C, ASTM D164@ of about 27 tdotgﬂ, and
a brom ne cont 8ALCF ISR ©382CD FBFT2S8 W oe YFAPY B Tuf8e 0

char act eri sti c3noénBrorhst ybt622%inad idited daedhbyhehegar@wibact ur er

are as fokl ows, Ls, fh t b Mg igo1hhees 6sdch 56 B
( ASTM 02854). BERFSET ed P%?Sé?@fﬁ?& al(ré’gl? a W oty y

Kyl 'st.yr cop S
20usef ul her ei ROLHEFERIATafd8RT ¢ Ilfllmgré' cﬂdrﬁt)aﬁi’glgﬁg %’ @%@4C7
i sool efin, such,assjsbbutalséae32and ,®3BaPodrthypBdt fPenel  6ffe 831,

hal omet hyl styr gnggaay,pe ar16r § @-and"8l 81, M1 .Pana- sh& ydmsyakht it ed
styrene. In one_ enbodi ment, f he q?l omet hélgt%/r;rgjne 1S & P%rt at from
25hal onet hyl st yPEnBYEShtEirer gt a1 e LEr2889, T hoic&ane

20 4 to 60(C using bromine (Bry) or chlorine (Clz) as the
halogenation agent. Post-treated halogenated butyl
rubber can also be used, as disclosed in US 4,288,575,
Useful halogenated butyl rubber typically has a Mooney
Viscosity of about 20 to about 70 (ML 148 at 125(C); for

25 example, and about 25 to about 55 in another embodiment.
The preferred halogen content is typically about 0.1 to
10 wt% based on the weight of the halogenated rubbex; for
example, about 0.5 to 5 wt%; alternatively, about 0.8 to
about 2.5 wt%; for example, about 1 to about 2 wt$. A

30 particularly preferred form of halogenated butyl rubber
contains a high content of the following halogenated
structure (preferably 60 to 95% as measured by NMR} ,
where X represents the halogen and, in a particularly
preferred embodiment, the halogen igs bromine;

35 alternatively the halogen is chlorine:



o

preferably at |east 90% by wei ght of the para-isoner. The "hal 0"

group can be any_hal ogen, desirably chlorine or bromn ,
copol yner ‘Vrﬁ ”93%6§0(97]i ncl ude functionalized interpol ymr?%?@is"ﬂssgP

| east sone of t he 30al kyl substituent groups present on the styrene
nononer units contain benzylic hal ogen or another functional group
descrlbed further below These interpolyners are herein referred to
as "isool efin copolyners conprising a-hakonet hyl styrene” or sinply
"isool efin copolynmer."” 35Preferred isoolefin copolyners can include
nononer s nmet hyl - 2- but ene, 1- buteneCHg but ene, nethyl vinyl ether,
i ndene, vinyltrinmethylsilane, hexenqi and 4-nmet hyl -1 pent ene.
4

Preferred isool efin copol yners S he; conpri se

mul tiolefins, preferably a éﬁ gﬁ%l q?% n 5such as isoprene,
but adi ene, 2, 3-di methyl-1, 3- butadlene )ayrcene 6 6- di met hyl - f ul vene,
hexadi ene, cyclopentadlene and pi peryl ene, and ot her nononers such
as disclosed in EP 279456 and US 5,506, 316 and US 5, 162, 425.
Desirabl e styreni cRnbarEics al neppedinsgdl of i & NDOGFHRFARPYRA ude

styrene, net hyhshgireagenichlion esé yiedsntmehhexysiny ienBronstdana andz
i ndene dgrl vat (:EX%%hMgig](.jl Q%@REEQ&' ch}lgpatnhzéegits Moone Vlsg)cgse.l.f

i sool ef i A copol yIer s ara %ners c nta|n|ng
the foll owi ng W@ﬁéiylﬁﬁcﬂ’é‘c 231 Baddh Yiispagedt aillzoc’r@ t AeThhot §Afe
chain: 1.2. swHiEHedaf? ,aﬂmme:- EHsriie contenthes eibpuR ang #l 2ar2e

| ndependent |y Jx(ra9gp Ocve;e%H@' X ot chebaphy %rttﬂegzo,fé Kyheand

primry or secondar des an functional ‘group such
as hal ogen. . DB%ier & Péa?EﬁRii§ﬁ§sa?% RIAMOPRREL PredniefePEPVdithi™at i ons
t her eof ,10pr ef eflablmgnhrestner Brefes atily oRsandviRlakane eacto hadrdigen.

The - CRRL14 ang GRELE,07PURS 1630y B GLAS! bbub AL Cabhgestyrene ring

in either the oftho para positions, preferably the para
position. Up t%”“@@rﬁﬁ% @}Hllf’ldlf“ﬁﬁt OEJ&Q{ #‘F&P%ﬁn@ce}?’r EHEYHrBEHRE in the
i nterpol yner sigdfefluie bty feskehe imw&ﬂuM@nahszExbmﬂbm@g&uZ%Si2) above

in one_embodi NEAL.o#ads | TeARAAST SRR TN+ £yl vi 8cdo ) tisl N

yet anot her enbo e anount of

15 about 41 to 51 (ML 1+8 at 125(C, ASTM D1646), and its

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 isobutylene polymers

20 are described in detail by R.N. Webb, T.D. Shaffer and
A.H. Tsou, "Commercial Isobutylene Polymers,"
Encyclopedia of Polymer Science and Technology, 2002,
John Wiley & Sons, incorporated herein by reference.

Another useful embodiment of halogenated butyl

25 rubber is halcgenated, branched or "star-branched” butyl
rubber. These rubbers are described in, for example, EP
0 678 529 B1, U.8. 5,182,333 and 5,071,813, each
incorporated herein by reference. In one embodiment, the
star-branched butyl rubber ("SBB") is a composition

30 comprising butyl rubber and a polydiene or block
copolymer. For purposes of the present invention, the
method of forming the SBB is not a limitation. Ths
polydienes, block copolymer, or branching agents
{hereinafter "polydienes"), are typically cationically



30functionalized structure (2) is from0.4 to 1 noil. The - 16 -
functional group X may be hal ogen or sone other functional group

whi ch nmay Ve 2mosiepior at ed by nucl eophilic substituti onPEA/US2I9ZPISELS
hal ogen with other groups such as carboxylic acids; carboxy salts;
carboxy 5Sesters, am des and im des; hydroxy; al koxide; phenoxide;
thiol ate; thioether; xanthate; cyanide; cyanate; am no and m xtures
thereof. These functionalized i sononogl ¢fin copolyners, their nethod
of preparation, nethods of functionalization and cure are nore
particularly 10di sclosed in US 5,162, 445. Particularly useful fof such
copol ymer s of rPE6hHTS | 24RIPHR TRt YIPELYT & Elpgy’f‘?lﬁg@t&@ﬁlt 8f nFhy
fromO0.5 to 20unpl eoPolprlvethytsd renyd whighasi n agpceo 69 ipind@ofitihe

met hyl substi ttﬂgngug&p.%b@rke?gnfoﬁp thBesBeNZ Yih 1 BLEAGh G t3kAL Bor
re

brom ne or chlorine atom erably S brom n%%t om

(p- br ononet hy PSLYRE#RY  caks PRePPY a8 HEPY® oF T % BRGTForfd B3

ver si ons 5t her eafrenheseiis tloeé hakhogeh tat bhe hagrdednpdi splercedrby

mal ei ¢ anhydride of ; By Afhy LeeQTdmRlhactyl iggmeid functionality.
These interpolyners 20are terned "hal ogenat ,ed%ol %&JI sobut yl E-ﬁo- p-
met hyl styrene)” or 1™ byRfii FROEI™POT v (("SobBEt yt 2 ife C8PRiE h‘iﬁs‘%/] Bhéy
and are conmersai aklygavatddabhueylnderberhes ndercEXOEREPOVE| st aner s

( ExxonMobi | Chepri g 3k CoMPan o1 HauStOnniXh . phitiS yndenss gathithat the

use of the terns 25"hal ogenated” or "brom nated" .are_not Iitrrited to
the met HAd of ARANEYERatFORGEY AECRIMG JRBYD BUS17ErBP°heddrBET ve
of the copol ymeilywhtehicowpricdgsstpeeriesobal yprrrwdenkeyetaunials, t he
p- met hyl st yr engpgleri ved, WHd $nradtedd e upnba) amihuhst peepei ey i ved
units. 30These, funcfional '@%d ol%/ r.s _pref era%llﬁ/ haye a (EEM

subst anti al | y H6®6gENR0TS Wgsi HOREeaPEPRY BUtS SR°88Rh (B RHY at

| east 95% by weivgleneobuthdiquel-pheremasingd phvkgtstinopreneontEfewi t hi n
10% of the aves;ags BQEJSYJH%M.GH@@M% ehntbe pelpmer Bssd@asur ed

by gel 35perneation chronat ograph as, sh in US.5, 162, 445). re
preferred pol yrm&r $57 %?%%“e%hggﬁg?r&?i?eﬁ%? et g\x HBratu é:rhlgg

wei ght di st ri butd em%¢ Ml Mmnagfivedys abbmat 0- 3170 -al®utngr étpr ¢fter abl y
less than 2.5, 8.0 ef er£edh v sg@sity average nol ecul ar wei ght in the

range of about 200, 00Q to abqut 00Q, 000 apd. a _prefe rgd numger
average nol ecul ar \%F%ﬁfal?ﬁ/&ﬁ’@ ﬁﬁﬁ%%ieé) Zbolit*SE GO TS about
750, 000 &5 rubber used herein is halogenated. In one embodiment,
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 described in detail in
25 Us 4,074,035, US 5,071,913, US 5,286,804, US 5,182,333
and US 6,228,978. The present invention is not limited
by the method of forming the HSBB. The polydiene/block
copolymer, or branching agents (hereinafter
"polydienes"), are typically cationically reactive and
30 are present during the polymerizaticn of the butyl or
halogenated butyl rubber, or can be blended with the
butyl or halogenated butyl rubber to form the HSBB. The
branching agent or polydiene can be any suitable
branching agent, and the invention is not limited by the
35 type of polydiene used to make the HSBB.
In one embodiment, the HSBB is typically a
composition comprising halogenated butyl rubber as



5det erm ned by gel perneation chromatography. Preferred hal ogenated
pol y(i sobutyl ene-co-p- nethyl styrene) polyners are brom nated

pol ymers whoedrgaweral |y contain fromabout 0.1 to aboRCTAISHUSHIBR24
brononet hyl groups. In yet another enbodi nent, the 1l0anount of
brononet hyl groups is about 0.2 to about 2.5 wt % Expressed anot her
way, preferred copolyners contain about 0.05 to about 2.5 nol e% of
brom ne, based on the weight of the quxgeg, nore preferably about
0.1 to about 1.25 nole % brom ne, and are substantially free of ring
15hal ogen or hal ogen in the pol ymer backbone _chain. I n one enbodi nent
of the inventidrEciibedi averpengner cPROLYMESEF yIgtOlordienst FER

[ SENFnoolﬁf:rl§E¥ﬂﬂ@idyuﬂy&£bgd&ataetbgifﬁggm&naet&uﬂewedrumltEezynwup

p- hal onet hyl styrene derived .units tyrene
units are 20préléﬁt i) t% 63P36|§€§$£#$%%P§ gdgﬂa&%%%g¥g§o%ﬁh

nmol % based on @¢ﬁ¥9h@ﬁévb%¢%mnaatuFﬁlaﬁﬁﬁqﬁﬁ’ ERBER SN2 dE RRS TV ,

p- hal orretayl sty{ RrieS pPopy DiTRIE Bk Styblene. sTheeddbanepdVeseosity

(1+8, 125C, AST D1646 i 9 Qggg: Mane 5l n
anot her enbodi e‘% édr%Tgfsg%éég b e?%e tr|a§ #?%gffgﬁ of an

i sool efin and aobsrcalwrssf:wéwepéﬁ&whe weﬁo 8F pRa QKA FPBRRSE
i ncor por at ed |aéﬁ&éﬁﬁa1@0@@%yT&ypudaldgsgrednai biat hebwapdl. et s,

sequence di st 1 DULL a1l cauat Lordoser Lbed el oW-anbie o0char aet er zed
(1

by the copolyner Seq uence %ﬁlbutlon par arret er, Al
+ mA)} where: nEbs the copolyner sequence 35d|str|but|on paraneter
A is the nolar ratin @hmpraikylsastysdenent cod sisBBebhsafuln ithéheopol yner

and, - 18 - nvern fﬁp 1§5§r%ﬁ8butyl 6222 (ExxonMobll Chemlcal
p- alkylstyrene |so&f ﬁ'n pal'kyl styrene triad fraction in th

copol yner. ThecChesany)i,t havintis Mapreyi Bhsgewltds (MreltAldte 18f5 tm oM
scopol yneri zat 98, 6f 5ﬂ1%b'o§@0i'ﬁfﬂcﬂ AN dafd ad kyHosii ik efientighta opasbowul ar

g: ltgreggt Flrtigl )c/,er]g oFr?I%bGQ Wt%gn %rt aI ?e%rﬁgml Leslsr%cttgggsr’rﬁ%sss?ft han 35;
and al ternati verpmpobwiorh 6222, 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}.
Preferred isoolefin/para-alkylstyrene copolymers
20 useful herein include random copolymers comprising a C; to
C,; isoolefin, such as isobutylene, and a
halomethylstyrene. The halomethylstyrene may be an
ortho-, meta—, or para-alkyl-substituted styrene. In one
embodiment, the halomethylstyrene is a p-
25 halomethylstyrene containing at least 80%, more
preferably at least 90% by weight of the para-isomer.
The "halo" group can be any halogen, desirably chlorine
or bromine. The copolymer may also include
functionalized interpolymers wherein at least some of the
30 alkyl substituent groups present on the styrene monomer
units contain benzylic halogen or another functional
group described further below. These interpolymers are
herein referred to as "isocolefin copolymers comprising a
halomethylstyrene" or simply "ispolefin copolymer.”
35 Preferred isoolefin copolymers can include monomers
selected from the group consisting of isobutylene or
isobutene, 2-methyl-l-butene, 3-methyl-l-butene, 2-



| ess than 30. In other enbodinents, inis from1-38; 10alternatively,
from1-36; alternatively, from1-35; and alternatively from 1-30.
Copol yrer sy asorogrosiuch characteristics are discl osed | RCWDSA06dBER825
and WO 2004058835. In anot her enbodi nent, the isoolefin/para-

15al kyl styrene copol yner is substantially free of |ong chain

branchi ng. For the purposes of this invention, a polyner that is
substantially free of Iong chain branchiipg_is defined to be a pol yner
for which determ ned to be greater than or equal to 0.9787ilds. avg.
is 20alter natlvely, reater than or equal to 0.980, alternatively,
greater than dtetéy E PRt engs "PUF R A PVERYS: diawdr Vikkh BPeEqual
to 0.990, al tenrrn:mnle\/ehrynyigrzeateehywmfmr, aqguahe t aril 99hethyl-1-

al ternatively,,greater f»f'éfkﬂfedeg éﬂn c88§136&_5§ &n%&ngiéé/%%ther
greater than opr equal to_O. . eterm ned e detectign
si ze excl usi orF WGt B@}Wfééﬁqpﬁfe&@?&% f) 581 o, ™ h@?ﬁﬁgll?rrers
are al so &di scl nsed aisn 1 ¥ 268040588281 and AO3200460538833 ., Bl-nu’aarmtelme:r,

enbodi nent, th{?yfc‘%]n%t' @ngrﬁlgnel%gg,y_\zeggll‘;gh% 3Atki@kdd action of an
i sool efin and iolefin and | % of nultltgleflnlncorpor ted

into the hal og%Yﬁtoé’&nitEBb%Wefcﬁﬁ‘SI 9?1%?’:3171&8“&56??% Py "PREMTOH
sequence di stradutiiseicegdain F B2PovWs sardl US 6ha¢@ciler epddUby t he

copol ymer sequencs dist ri hidii,Qn1RaLapRLA mghor?lérs ml%he p%@r@tﬁr
Ais the nmolar ratio of muftjiolefinto ispolefin in hﬁﬁfg-‘?%ﬁ

and, 10 copolymer ENFLIGe, §LYEGRT ST AFEY T Y %

S5triad fracti anethvtyiseé ycepsl yimelene Mead vireigent defitatiaestraedi on of an
i sool efin and a sl diQbeli fhand st he mol % of nul tiol efi n | ncor por at ed
into the copolymer is described b | ow. Tg1 best fit of

10equation yi el ds tHEGAFTe Jogfoorjne oF CHITEP i P2 i%n CB?r?ﬁ%erlzed

i sool efi n-and @zl tdierebipmers exohadninerithe Fpltervirsg moaphodi weiftass, m

is fromgyeat ef, D3N vl sBacsh LAMRAL wslyozyfnregnbggﬁat er than 2.0;
alternatively, fronf greater than 2. ternatively, fromgreater

than 3.0; 15and al ternatjvely, from gr ater jthan 3.5. In other

enbodi nents, mis from1J10 to 1.25: alternatlvel , from1.15 to
1.20; alternatively, ffom 15 to 1.25; af¥fart®fnatively, mis about
1. 20. Hal ogenat ed rubbers.t hat have these racteristics are

di scl osed in WD 200405 825|

\\ \\i
R——C———H R e X

Ry R,

wherein R and R' are independently hydrogen, lower alkyl,
preferably C; to Cy alkyl and primary or secondary alkyl

20 halides and X is a functional group such as halogen..
Desirable halogens are chlorine, bromine or combinations
thereof, preferably bromine. Preferably R and R! are each
hydrogen. The -CRR;jH and -CRR;X groups can be substituted
on the styrene ring in either the oxtho, meta, or para

25 positions, preferably the para position. Up to 60 mole %
of the p-substituted styrene present in the interpolymer
structure may be the functionalized structure (2) above
in one embodiment, and in another embodiment frem 0.1 to
5 mol%. In yet another embodiment, the amount of

30 functicnalized structure (2) is from 0.4 to 1 mol%. The



20and WD 2004058835. I n anot her enbodi nent, the hal ogenated

rubber is substantially free of |ong chain branching.
pur poses &Vgﬁﬂ%@ N¥Vention, a pol ymer that is substanti ?"l{; @ RSBk

| ong chain branching is defined to 25be a pol ymer for which a
vis.avg. is determined to be greater than or equal to 0.978,
alternatively, greater than or equal to 0.980, alternatively, greater
than or equal to 0.985, alternatively- geeater than or equal to
0.990, alternatively, greater than or equal to 0.995,

30al ternatively, ar ar?gltegg %ﬁggé%a)g%elhaggggn 9:%8150%'[ gf}q@gi vely,

greater than or equ term ned tri p e detection SEC
as fol | ows. THENEE&RRME &HOHPALSEEFR &2 bFohﬁcmrﬁtﬁfia ¥hing in the

pol yners is deﬁl@wbpmits|s|mg;stﬁt@&ﬁrdetfebémmJSEﬁaJ.BSa'n|xpitél a&tecti on
SEC i s perfor m}%ugat A a 4%&§:%%3Fﬂod&c%§3%%} 841420Carboxy

chr omat ogr aph ope a Precision Detectors
(Bel | i ngllam east2ps. Ws%%cﬁﬂ%i—%‘ eSPD?@ﬂBDIFY QR ROEAEe &r PR FELEEL or
a Viscotek (Hasbonte Texasjeiiedel xdbRte; scpmetdey detpster amdoa

yaters differ eply 8l xtSHdAGhaER kNI AR! SEROF i dNiagkAk sYhdbdiBe n

150C). The det r?wt ors are connected I n bseries wth t

scattering det@PPAFMPEF ng-iEirsPetior /F SCERETFY Wat E‘EFB? gecl:fond and
the differentiflnctebrnaciiatcdnndes cetectrer mpie nehrtietiiahydr of uran i s

used as the el t Mddrisn kowiid a set of three Polymer
Labor at or| es, ftﬁ'%lo%%ﬁrl 5imre United Kin

do 10 mcr
10ni xed- B/ LS GPC CBPEFrﬁ%ulaFﬂéf Pﬁ@??br%%tsuf:g CH T BFSEd© ggal nst 16
narrow pol yst yisubatgt andasts f-Rekypbstreber atoritese kedtyinDe £xicn

acquired with 6I'r %EC:ZﬁOJuBY@r%e ID(-Mla%ﬁ?iﬂQre%@dwﬁéMﬁ Ft‘ﬁ'; kBt 60 mole%
WaveMetric's | gor ggi;ram Lake Oswe % q{] an h SIS i near
15pol yi sobut yl #hehesmgsR 55?’?3!’9”{ Sy BFRE T 6nShi g PR t he
intrinsixs vi scokid yohtplnnedrratgner or ndd.drine heton,s coedergbbetaect or)
and the ol eou A el gty Miw SRLE Ak Runtlip 4d 11068t serd ni

detector). The rel ations bet ween

, 1J linear an®S%gr |f§n€§b?%%]s’ezc?db§‘/’efﬁ%mf0Wﬁﬁe%uwwlé‘qﬁg?|%%log[e?o
linear - KM Patr@neiser bekn abibmd aard bptraleed anbydtite doubleacrylic

or methacrylic acid functionality. These interpolymers

20 are termed "halogenated poly(isobutylene-co-p-
methylstyrene)" or "brominated poly(isobutylene-co-p-
methylstyrene)", and are commercially available under the
name EXXPRO™ Elastomers (ExxonMobil Chemical Company,
Houston TX). It is understood that the use of the terms

25 "halogenated" or "brominated" are not limited to the
method of halogenation of the copolymer, but merely
descriptive of the copolymer which comprises the
isobutylene derived units, the p-methylstyrene derived
units, and the p-halomethylstyrene derived units.

30 These functionalized polymers preferably have a
substantially homogeneous compositional distribution such
that at least 95% by weight of the polymer has a p-
alkylstyrene content within 10% of the average p-
alkylstyrene content of the polymer as measured by gel

35 permeation chromatography (as shown in US 5,162,445).
More preferred polymers are also characterized by a

narrow molecular weight distribution (Mw/Mn) of less than



25l ogarithmc plot of intrinsic viscosity against My, a is the sl ope,
K the intercept. Significant deviations fromthe rel ationship

est abl i shadotar/osiorl | | near standards indicate the presectasafisHzsaL
chai n branching. Cenerally, sanples which exhibit nore significant
30deviation fromthe linear relationship contain nore significant

| ong chain branching. The scaling factor g' also indicates deviations
fromthe determined linear relationshipyy - 21 - The value of ¢g' is
defined to be | ess than or equal to one and greater than or equal to
zero. Wien ¢g' is equal or nearly equal to one, the

consi dered to She™P¥heTeTSRABLY gte 9% Torgntf P ghPItGt ?E a/t‘1’i‘a?r‘:f°8F1E3" t he
55arrp| e i s | ongeehge mdireanthedveiSge éngih& fAand@asdsglbowdnd (G, CO0Bey ry

in " Conpr eherls@.llb\sf@%I Pol ddﬁBfoo@Chﬁ@% '}e\f%&rea,n&%ﬂerla%r&e /&loh%eu@g!ﬁl

J. C. Bevington, Per'ganon Pr ess New_Yor k
det ecti on SECYe49Bt % % Carat F fa&i"u&agﬁ o 505F§8‘ét 7f5t0[ ﬁ@o as
chr omat ogr aphidetearimed Goupee. pdrmndasconi thravdcggeryy. or glvisis

cal cul ated across bhecentdy g, %&%eﬁf P ora gmotﬂit%&éhbuéé—%l The

scaling factor glvis.avg. .is calcul atedfrom he average i ntrinsic

viscosity of t §éﬁ’b¥‘éen615§°%§“%rsaﬁe brespeahsg PP S JiERher
pref erred hal agaeabety etcashdnefsororabrouttbér 3 tacbedts havtigerfat ed

| sobutyl ene- pﬂ}%&t}ﬁé@ﬁﬂ ubgoprﬁn%&oagbym eﬁ&o@!@ﬁ@ﬁ& bagel N WO
01/ 21672A1. 20The | so ut ne- cont aini ng ? s i{ﬁg‘g&? g

t her mopi&st i c A°HEFofter® %OHWB‘SEFH ogrféo‘iﬁ’feflﬁl % Purfdpe? 0
prevention | ayers.asEgeseysedlednhenai rwayaypbef@tteadsaneomm@a‘ feongainas
hal ogen contaifhg 6! @§t%rb%u9r§3§%oﬂe@ gfh@fonlﬁq}éergagéd tdie takticle

bei ng 25manuf act ur ed. _For exa le if the flui l,aye
present as a t1%%¢ ?‘nﬂgrif%é’ro YPfEn THE SEREFET EEB% ?E]e goms'
particul arly theSembhe chritraoting t dnd e ﬂnbstﬂycemlﬁﬂyfaet%@fc@nnal n

the samg g Sobtﬁa)ﬂo%@ﬁceft@wgea eh asto RN, J_almm%% theidbal agesated
30i sobut yl ene useful ,in,the a erpeati on

nt.ai ni ng st oner
prevention | aﬁ‘??boﬁlﬁﬁ‘eﬁe i %?t R S O T A qp@ er ° dtlhesi ve
| ayer, and/ or cnrarodazmsrnta@/ hete Her sapmonpoldiffifedentived avtism er- In a

preferred embogliyigA T_r&?e Q@l&g@aa&@&s %%Quﬁyﬁm&ﬂﬂlgtﬁ&ga
el astonmer pr esent § atl on

nt
el ast oner pr es%‘?ﬁ”eﬁl Pﬂiatst’l é’lhﬁég %IHDeé1 Sm?‘i%l'ﬁoﬁyéﬁa o‘f’nlacfr (‘?ﬁss
are the Xane ebasteoirein the mahgwlﬁrmocﬁrmn@bouﬂqéy 4gfe about 1

mol% based on the interpolymer. In another embodiment,
the p-halomethylstyrene is p-bromomethylstyrene. The
Mooney Viscosity (1+8, 125°C, ASTM D1646) is about 30 to
about 60 Mooney units.

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

30 characterized by the copolymer sequence distribution

parameter, m.

F=1-{mA/ (1L +md)}
where: m is the copolymer seqguence
35 distribution parameter,
A is the molar ratioc of p-alkylstyrene to

isoclefin in the copolymer and,



@

- 22 - different. By same is neant that the el astoners have conononer
and hal ogen content within 2 weight % of each other, respectively. By
di f f erent We2845M07% hat t he el astoners conprise differ @a/US00BEX or
conononers or 5that the el astoners have conmonomer or hal ogen contents
that are not within 2 weight % of each other. For exanple a Bl M5
copol ymer having 3 wei ght % para-nethyl styrene (PM5) and 5 wei ght %
brom ne is considered different froma BBMS copol yner having 11

wei ght % PM5 10and 5 weight %bromine. In a preferred enmbodi ment, the
el astonmer present in the airg t a

brom nat ed copol yner of |sobuﬁg gﬁg %%l%gggﬁéhﬁrﬁgo?ti%?ég? and the
hal ogenat ed i sdbtthFtanane ot fﬁ@‘:E’r%tJ@rrEPep? %n the tie

| ayer, adhesive layer, 15and/or carcass is the same or a different

broni nated copplyngr, toglksgp%kwsegﬁuggporpylglggt{ﬁg wShieene n by

anot her enbodi nent, oner present e alr gr meat | on
preventi oh Iay‘é‘?qué’“@rBFéﬁ%%t%fd t@ﬁpb??ﬁ?é’rflfif aP@o‘E)Lﬁ]Qﬂ% REYRFRYE 0 @
par a- met hyl styﬁﬁne:md tiheudral .og@nat ek a30i sabotiheries,contai frory

el ast omer preseils | %gst'aé@ﬁ%wéﬁpe%x\sﬁ hB¥erenaNdeor carcass is
a brom nat ed uty osi ti LS, descri bed

herein al so coﬁﬁ?l’s}’é‘%"?ﬁér nbphdere Bretengi né@igl HE TR VEL BucH s
25nylon) in addéess arhaino30he Bt asthereenbddimepdsposess ofrarhé-pé esent

| nventiofly an gf@éfl’%@l‘\f@@ regidh (16-'3%0 &ﬂéﬁ@t@@el?ngﬂ’f@rﬁﬁl—@g and

t her nopl astl c resin hermopl_asfic resi "t her nopl asti ¢
engi neeri ng reéiﬁaﬁna}tsw&éﬁﬁ ﬁ%‘b‘“t]o 3Pe aﬂ?%ﬁéﬁnﬁfﬁ%&q i%*°Fol yner,
copol yner or nckitaetdrdiereos davidigcao¥elng! FOomBdud UBHH Aodel® han
500 MPa and, prghesahlas. an air per meati on coefficient of |less than
60 x 10-12 cc cmcnk sec cml-g 30, C),. and, §ferabl y, a melting
poi nt of about 170 ¥ t3@°4B6ht Wléenéamﬁ &c’ff’ﬁge BHPHST limited to,

one or nwee of aﬂ.h}i‘lfﬁt}}ﬁe@m ngpobynpal yansdestaadiiadlyniten oF (N8¥, nylon
66 (N66), - g? Lh A8 N6 o Qﬁ%ofuﬂﬁoéégl%k +AYS Othvb2 D 2)a

nyl on 610 (N61 % 66 %yﬁolggg{. N6/662]ylon

612" (N612
nyl on 6/66/610P€RB¢%%%%T6§15%9?%ﬁ1%9&ﬁ%

6/ 6T copol yner pranching is defined to be a polymer for which g'vis.avg. 18
determined to be greater than or equal to 0.978,
20 alternatively, greater than or egqual to 0.980,
. 985,
. 990,
.995,
.988,
25 alternatively, greater than or equal to 0.999, as

alternatively, greater than or equal to
alternatively, greater than or equal to
alternatively, greater than or equal to

[ T ov BN av B o |

alternatively, greater than or egual to

determined by triple detection size exclusion
chromatography (SEC) as described below. Such polymers
are also disclosed in WO 2004058825 and WO 2004058835.
In another embodiment, the relationship between the
30 triad fraction of an iscolefin and a multiolefin and the
mol% of multiolefin incorporated into the halecgenated
rubber copolymer is described by the copolymer seguence
distribution equation below and is characterized by the
copolymer sequence distribution parameter, m.
35
F=mna/ (1+ma)?

where: m is the copolymer sedquence distribution



5nyl on 66/ PP copol yner, nylon 66/ PPS copol yner; b) polyester resins:

pol ybutyl ene terephthal ate (PBT), polyethyl ene terephthal ate (PET),

pol yet hyl eane 20s0fintihal ate (PElI), PET/ PEI copol yner, polPgaaisgloaniss24

(PAR), polybutyl ene naphthalate (PBN), 10 liquid crystal polyester,

pol yoxal kyl ene dii m de di aci d/ pol ybutyrate terephthal ate copol yner

and other aromatic polyesters; <c¢) polynitrile resins:

pol yacrylonitrile (PAN), polymethacrylonigtrile, acrylonitrile-styrene

15copol ynmers (AS), methacrylonitrile-styrene copol yners,

met hacrylonitril e-styrene-butadi ene copol yners; d) polynethacryl ate

resins: pol ynepdsanawethacryl ate, pol yet hyl acryl ate; 20e) pol yvi nyl

resins (for illustration,ificihd imastLhatfaﬂLo vifnyh laoetsftie ¢&EVA),

pol yvi nyl al cohol PVA) I hyI ene copol ymer (EVQA),

pol yvinyl i dene’ c%?lf)erl eiEPk}%)co%ogpﬂw nyl ‘chl, or| de (PVO),,

pol yvi nyl / pol yvi nyl i den& é%d‘d}%@m ?@Hb‘l% AgLFHghauitiolefin

chl ori de/gret hagfyd @dtfe-ae@poh yirerche Edppsrnan.ose resins: cel |l ul ose

acetate, cellulose acetate butyrate; g) fluorine resins:

pol yvi nyl i dene fluoride (PVDF), polyvinyl fluoride ( P\[F;,

30pol ychl or of | HerwerempnEnet (PERCEE2EEE R TuGPoaEATT Efflyf ene

copol yner (ETRRh1tidlemal yhai e pesinst mrlonwiletipolndorpdesyed dnto

pol ysul f ones; ;% g?ﬁ(ﬁ@ggaﬁ de%%g)leehy@&mﬁesmhé)lp@é.wm%nxkeﬂelgm de
S

| yphenyl I
gpgng?|Zg%grzkgggﬁggn1aﬁﬁlds thelggq%eng %&chpcgpoiymerlzatlon OF)

the isoolefin and multiolefin in each diluent. 1In

certain embodiments, m is from greater than 1.5;
alternatively, from greater than 2.0; alternatively, from
greater than 2.5; alternatively, from greater than 3.0;

15 and alternatively, from greater than 3.5. In other
embodiments, m is from 1.10 to 1.25; alternatively, from
1.15 to 1.20; alternatively, from 1.15 to 1.25; and
alternatively, m is about 1.20. Halogenated rubbers that
have these characteristics are disclosed in WO 2004058825

20 and WO 2004058835.

In another embodiment, the halogenated rubber is
substantially free of long chain branching. For the
purposes of this invention, a polymer that is
substantially free of long chain branching is defined to

25 be a polymer for which g'vis.avg. 15 determined to be
greater than or equal to 0.978, alternatively, greater
than or equal to 0.980, alternatively, greater than or
equal to 0.985, alternatively, greater than or equal to
0.990, alternatively, greater than or equal to 0.995,

30 alternatively, greater than or equal to 0.998,
alternatively, greater than oxr equal to 0.999, as
determined by triple detection SEC as follows. The
presence or absence of long chain branching in the
polymers is determined using triple detection SEC.

35 Triple detection SEC is performed on a Waters (Milford,

Massachusetts) 150C chromatograph operated at 40°C

equipped a Precision Detectors (Bellingham,



0) mixtures of any and all of a) through n) inclusive as well as

m xtures of any of the illustrative or exenplified engineering resins
5wi t hi n eagd 2080072 hr ough n) i nclusive. For purposes @CTiuseoopossant
invention, this definition of engineering resin excludes polynmers of
ol efins, such as pol yethyl ene and pol ypropyl ene. Preferred

engi neering resins include polyam de 10resins and m xtures thereof;
particularly preferred resins include_ﬁ%bog 6, Nylon 6/66 copol yner,
Nyl on 11, Nylon 12, Nylon 610, Nylon 612 and their bl ends. According
to an alternative preferred enbodi nent of the present invention, the
t her nopl ast i ¢ Misescbrert isc GHZA4Pt HARmeFabEcT RiMmASEEEd tsithg a

t her nopl astic Viﬁﬂd&e&omnémEHﬁn Wrekest hdeill 0BOR esistonerppndritedter

conpri ses nyl on 0 o Y. o C ratio
of conposition l'(dlaatr 8t8¥5 &é%r ﬁ??ai‘ Je%f}a%@o it)rgg g%l? %%171?0 i

preferably abolintz@rad weﬂa 1§9‘F!LS e Hehe SbR e [AFSp FaREG & <4
el ast oners corrp@@ﬁltesomlaaserde Qi gbkendert ardsigndetant r detdg Birst,

t her nopl ast i c 191 astjﬂrosr(r%%l gp&eagecrtgg Q@e/dﬂgig SHPELL ocrlﬁlér_.cgm:ﬂj_ y and

appear ance, e. surface atire innerliner as wel
as superior ar ¥eﬁ1@t®ﬁ{‘fﬁohn%?%r§§tﬁf3§§r ‘é‘slﬁﬁel | TeEr et ati Ity Uaseﬁlood
25bal ance of t@g&&epl’ec_)_g@ﬁtl €35.5 ml/minQptiiamakl yet odhethreabbelgne@

el astoners can bnem:uasC cBngl n(%grgﬁsmrteh bplgtgglgrg%fag% §d10 micron

i sobut yl enecontai ni ng [eaé an opti onal conp Cgent
i ncl udesli gh @iﬁi%'Br/G@béPg "a‘?\]dmtnﬁer r TRy dPgrEEmeyf giF $5di8RR TNt ent
rubbers or el ag§oImits 18 aaakew godfyetpeehd ctandhirgh helyeemononer

rubber. b S, EARLERIdM 8, THDbST. COMPLI 8 GdBLAR]th Al bsast SO

mole %of a C4 nomer I ca | east ahoy 0 nol e
%to about 100spbiesse r&HrléCﬁF%‘f lerPRB grmla?r‘reébslPtab‘BﬁYe%fﬁﬁl z‘é 835 to
about 100 nol ep¥% pPEFER-av eef..ekeab:bg;we@b Ieﬁ)stfcab@malﬁé)lml éi%eho about

100 nol e, % Us e; r ubbers shnehydes eneRchype
and coporgrrer 5801@ %Hr?i’: slegrl%l 00%/ 050071PCT/ US2005/ 038824 - 25 -
i sool ef i ns andbrtvesémn|téfs astrbnsitoTdaePyHEr slTdhipa E¢6TEERRE. PYHESe
are wel | kno"‘“v@@@oﬁé@rﬂ%@.éb@@ﬂ) 43 RUBBER THEGHOL Gl 19,374

(Maurice Morto ma 199 DERBLLT RUBBER
HANDBOOK 22- 80 CF BY %H?nga ﬁci‘é’l%%giejrd%@%y% Erll?% 1990) .
Ceneral ly, ot h%l@’pimmalp rbebbee:s {uﬂefnuglr 3uel tmelpr@srmﬂssradvlemﬁfm

i ncl ude, éor exa I]ei.m%gl ugyp&er (NR), isoprene rubber (IR,

epoxyl at &d nat Ura yrene but adi ene rubber (SBR),

pol ybut adi ene rubber (BR) 10(including high cis BR and low cis BR),
nitrile butadiene rghber..( NBRy,* hydrogenated NBR, hydrogenated SBR,
ol efin rubbers (for exanple, ethylene propyl ene rubbers

Parameters K and o are obtained from the double-

25 logarithmic plot of intrinsic viscosity against My, is
the slope, K the intercept. Significant deviations from
the relationship established for the linear standards
indicate the presence of long chain branching.
Generally, samples which exhibit more significant

30 deviation from the linear relationship centain more
significant long chain branching. The scaling factor g
also indicates deviations from the determined linear

relationship.

35 [n] sample = 9 ! [n] linear



(i ncluding both EPDM and EPM, nal eic acid-nodified ethyl ene

propyl ene rubbers (MEPM, butyl rubber (IIR), 15isobutylene and
aromati ¢ wvayde70scoti ene nononer copol ynmers, acrylic rulpb®us2pNeHep24
i onomers, other hal ogen-containing rubbers (for exanple, chloroprene
rubbers (CR), hydrin rubbers (CHR), chlorosul fonated pol yethyl enes
(CSM, chlorinated polyethylenes (CM, 20maleic acid-nodified

chl ori nated pol yet hylenes (M CV ), srlrgfne rubbers (for exanple,
met hyl vinyl silicone rubbers, dinmethyl Srlicone rubbers,

met hyl phenyl vi nyl silicone rubbers) sul f ur-cont ai ni ng rubbers (for
exanpl e, pol yShef vakus uhersys fefiored EQpbrRrkesEr Shansex amed,
vinylidene flugei dgq rc}k@%ﬁ‘éﬁ: thhs o4 @@ruamnwlzmmg Vithyh £t Rer et}asled

bb tetraf| | ,
RN SRS Sa PGS e i g;grepﬁgg Lol LR RS EPRLE01 N

thernDpIastrcléhasronéﬁsﬂ(ﬁdrléx%&ﬁﬂh?lcéﬂy' rﬂ?séoﬁhé?rﬁﬂﬁy éh&st oners,
30?' efi 356| ?Stﬁﬁiﬁng, :)L§Sit g Qiﬁaﬁﬁ%ﬁr&heuf et bone .¢l. aSE ONEICHsa86a I

pol yari de el as , thei, r es
of high dreneéﬁgpghé Ba% erd |nc lﬁbengﬁv?gbﬁ' nB ggf%ﬂﬁﬁta gﬁe
rubber, styrerfe- BilatR®néE r BBber , atthtlufal ﬁbbgpnrcﬁ ordﬁﬁ@ﬁ@on

35r ubber, acrydx@@lst ride- mz;dugae rutberignd ddwedtiike, Sedy ehgmaysbe
used al one or rlcu? a?a%o'ror%aggdd XIYLes. :_S'{}ﬁae c%xl}gm%\ ﬂb‘?x' jastic

engi neering regi al og ena ed I'sobutyle contarnrng
rubber ditf f er irgsi fr%a‘rﬁﬂ%PSPﬁYséY%‘Eﬁqei gy, °& F it-brer 16’pFP At
conpati bi || zi ngedorgr €6k estit ey mbee tisiefrulvel ghit tdiestpibposes. ofThe

enhanci ng conpatgg%%;£g oﬁiéﬁgﬁe poL¥g§F§m1§qu 1o i B Lj

i ncl ude ethylenr unsa et ni't e-conj ugat ed di ene- tased hi gh
sat urati on copditpEeeie ubbECSitMNBR) the58RPtat ed natural rubbers
(ENR), NBR, hydrin rubbers, acryl rubbers and m xtures thereof.
Cowpatlblllzers are thought o fun t Sy nodi fying, in 10particul ar
reducrnd— the surf&cestanst okl “ﬁ rubber and resin
conponents. O her conpatrbrlrzers |nclude copol ynmers such as those

having the straglyr %rQEePfgch HM 09BRaEdd téj_%sta&ﬁéf@ruxa&bbgefgsmu@ae
rubber pol yner or structure of "a ng N avrn %pre OXy group,
15car bony| gro%&%OQ%Eﬁbagn 168ﬁ1?m§%ﬁ£ Jap-Yhd S ed"Gr'dup,
oxazol i ne grougepdiyeheoxys giaaqyibeticin dﬁb@ﬂl/éléTZMeactr ng with the

thernopl gstic resi RpQr ; EUHDEF LRI-YAREainkheS 81 A8Yoke sSekeat e hased
upon the type ggegmoplastlc elastomer compositions useful as fluid
permeation prevention layer as described herein may be
the same or different as halogen containing elastomers
present in other layers of the article being
25 manufactured. For example if the fluid permeation layer
is present as a tire innerlayer, then the other layers of
the tire, particularly those in contact with the
innerlayer may also contain the same isobutylene-—
containing elastomers. Likewise, the halogenated
30 isobutylene containing elastomer useful in the air
permeation prevention layer and the elastomer useful in a
tie layer, adhesive layer, and/or carcass may be the same
or different elastomer. In a preferred embodiment, the
halogenated isobutylene containing elastomer present in
35 the air permeation prevention layer and the elastomer
present in the tie layer, adhesive layer, and/or carcass
are the same elastomer. In another embodiment, they are



t hernopl astic resin polynmer and rubber polyner to be 20m xed, but

useful co S pically include, e.g., a <
styrene/eBﬁé%@ﬁ@th¥ylene/styrene bl ock copol yner (SEE§ngﬁamFF¥&M
mal ei ¢ aci d-nodified form EPDM EPDM styrene, or EPDM acrylonitrile
graft copolyner and their maleic acid-nodified fornms; styrene/ naleic
acid copolynmer; reactive 25phenoxy thernoplastic resin; and their

m xtures. The anount of the conpati biFi2er- bl ended is not
particularly limted, but, when used, typically is about 0.5 to about

10 parts by wej;ght ebaseadyupaRe 100 reaht Sty Weiegblaofordies pakyner

conponent, in other words, . the total of. the.30the st

engi neering ré?ﬂﬂ“ﬁ%ﬁ@ﬁﬁFiEﬁgo?ﬂbﬁgptSSFfﬁéﬁyf'B &g?€$¢ﬁsfgf3?%%ce to
the pol ymers andbor rdsstasreesyr effer dedfeseeris peanhethady fbe" cured, "
"vul cani zed, " feq_gs%gﬁ@%§|déjﬂ{§)§§§e;&ifﬁerbﬁtfﬂﬂﬁj‘m oal cofatine@8 or
conprising 35formn as or_exanpl e ur i i ion,
or crossPinks tg‘@f:wiég?\ %]?ﬁs\%%?t%ﬁé s CS%BWE?IFES%” nod: ?’%égg%}l ;Cr(r)e%)rgeggg

el astomer to tdmetertemot Wathihe? etedshsnmerotirpeayorhgr- - 227 - such a
process can pravhgecthenfigcessal yndUnekhiagal wigper ki psrd-asithiying
fromthe curing reacti V\/neg gh“(laeiti rte%i I eIt W Q use, For. urposes of
the present i rvertron! T absértt 2 rbiteri 6h°6 sSuch Curing reactions
5i s not requi raddfeoent heram asﬁ@%%rCQRﬂiNQPﬁih@r¥ﬂﬂnéésW?%ﬁﬁi1%0PH§

consi dergd "cuiRds” weVih€anbzedin®r "Br asphénkedd embbaauarml enef or

pur poses of the present invention, a tir 1 S] i nperl; r
| ayer conposi t?%&?tﬁggléop%%set“ﬁel%r%%eenatlri Esgﬁ%lnoﬁ %ggugﬁ%%e%tapeg
cured when thel iar broovfiatgsd chrpiymner PicoapbrbtensasdsdsPIfeMFéEEssary

product speci fdiGathanat@stre Gulbgenand akbbtt ey achusimnhand

perforns satisfactorily when. used,_on vehi.cl.e. rther t he
conposi tion i sejsaaﬁtfag?léc?%?sﬁ?f 'suéuW? ctlaiéan'fi%g%? asukbéss{lg%t ?g’f‘%y cur ed,
vul cani 26d or @Bbicrsskrake ivhéhet pang are acaht B9k Preminatven i f
addi tional curidipilynge 60Ulgboprolase adiiphiranattiorlossyiraks. In

General |y, pol yiieh, COTROSLLIQNS. ¢ SaradsRASE HEEALO RN phUCR,L I T es
| Tieédela i ! ’
are crossli nke%nnc?wetrhg ?%ﬂfmsel%ed FI re + . prod#jct_, ossl 1 nking or
vul cani zat i on pPermsedapl PEHERTAPN| FRADGPafi BROBINAES APAHEHTs oF
and/ or accel er gt ahyi1bhe averpal-h-AeXtwl etgestcindgent sabegeagted
Lypi cal 1y, ref el od L Q.A8 2,08 nEY S 8llonel! ol Ss&NOW Lhatpidie
physi cal opropeﬁ? 8y, perfornmancé characteristics, an urability of
layer, adhesive layer, and/or carcass is a brominated
butyl rubber.
Useful DVA compositions described herein also
comprise a thermoplastic or engineering resin ( such as
25 nylon) in addition to the elastomer.
For purposes of the present invention, an
engineering resin (also called an "engineering
thermoplastic resin, " a "thermoplastic resin," or a
"thermoplastic engineering resin®) is defined to be any
30 thermoplastic polymer, copolymer or mixture thereof
having a Young's modulus of more than 500 MPa and,

preferably, an air permeation coefficient of less than
60 x 107*? cc cm/cm? sec cm Hg (at 30 °C), and, preferably,
a melting point of about 170 °C to about 230 °C,

35 including, but not limited to, one or more of the

following:
a) polyamide resins: nylon 6 (N6}, nylon 66 (N66),



25vul cani zed rubber conpounds are directly related to the nunber
(crosslink density) and types of crosslinks fornmed during the

vul cani zatwonoryeseti on. (See, e.g., Belt et al., The Pestr/us2005/038824
Vul cani zation Stabilization for NR, RUBBER WORLD 18-23 (1991). Curing
agents include those conponents 30descri bed above that facilitate or

i nfluence the cure of elastoners, and generally include netals, netal
oxi des, accelerators, sulfur, peroxides,. and other agents common in
the art, and as descri bed above. C}os§1?ﬁang or curing agents

i nclude at | east one of, e.g., sulfur, zinc oxide, 35and fatty acids
and ni xt ures ther enfloPetoxiNdé) , cantcai AlngNtlre nnioneh® fHy2)al so be

used. Cenerally, pg&y@grg$pqm@§b;j?anﬁﬁflpe(wapgﬁlhgi@ﬁidx@aadding.
oxi de. ' zn0) , “or gancHBE LTI BHBBLndY Padl 68l T 10 PSR Ml Brigfy"
heating the conposMEPON(M#Dal, xbyten AMdN6The metdmo@/RBovwrPEy™edynami c
vul cani zation" is jysed,cé e pLEEEESeOf ndispessimg LBgoTHia;systemis
nodi fied as descrig din det%il herehgaf%grbu§§ﬂ§£gkg¥é ﬁéﬁ%i%%ém
"dynani ¢ vul cani zat? on"PPYTEEF 55 U0 & & VI CAKi 25t TR BF8c8ss in
whi ch a thernopl ast(PBTbr mmigicheEteéng) tegsphthntbt (PEZst one

V;JI cani éabl e rubbepoaysriy ek &BQ@Etrﬂﬂ%@@di(Pﬁ:Dﬁﬁ rafr /pEghc &h@gmeand

el evated tenperature.in the pr e ' cuf|

System for the rubBeR(ST-Yaes, IPER e et tnnertratheRine deelle
crossliifed and di $persdd-zstsdr PPEYESerpr BPEY @RI AKYIIANE hel Fi9% of a
m crogel, wthin thearesypbWhuehrfios eraphbaniiaueps1p@er iahd The
resul ting COWDOSit%%ﬂEb§a¥ﬁﬁé lcigP%agﬁ%&%_as a "dynamcally

vul cani zed al | oy" or A. ica ) nam ¢ vul cani zation is
effected by m'x%/ng o he Pﬁbyrégiréﬁr?sr%ﬁipé% eRApErAf @ikl e (BNt or
above the curing teapenstiie lbonkbeiTdibhety) andt allostabove the

such as Pl | hi 115 oBaRBEFy o i Ter b et e e er e, or
m xi ng extruders (<SoehlEBe¥sy Fedbpeiy Oitydepsity e -ghradkene
characteristic of theotdynarscally vul canized or cured conposition is
that, notw thstanding 2 t t.he.rubb, i ed the
conposition can be rocéégiﬁgéﬁé r&%%%%é%%&ég'b§é%%n§%ﬁ?ional

t her nopl asti ¢ procE&sshagry et geégetietrcayiakerusi on, injection

nol di ng,2conpressi &) nobei fginat eesHes afcandloasttashinpgnean al so be
sal vaged and reprocess ln, a,. i dypami c | cAnizat] Qos
process, curative adﬂ??ggﬁ%ﬁsqg%¥gr%é%%é?%aéﬁt%}%J%??gﬁt?aﬁ%%é °

si nul t aneously ni x @Y&)vuvémnt 2 chehotiaidwileRR, carol@gst (BHeRlof t he
vul cani zabl e conponenysihpl deeMpasotidn (@VDPS | Spolyvanylleastonie

vul cani zabl e rUbbercpﬁ@)?S£8f§¥iﬂyi/B8i§$§ﬂyfiﬁgn@tc$§ﬁ¥§he9?e pol ymer or

resin not :
25 polyvinylidene chloride/methacrylate copolymer;

£) cellulose resins: cellulose acetate, cellulose
acetate butyrate;
g) fluorine resins: polyvinylidene fluoride
(PVDF), polyvinyl fluoride (PVF),

30 polychloreofluoroethylene (PCTFE),
tetrafluoroethylene/ethylene copolymer (ETFE);
h) polyimide resins: aromatic polyimides);
i) polysulfeones:;
7} polyacetals;

35 k) polyactones;
1} polyphenylene oxide and polyphenylene sulfide;
m) styrene-maleic anhydride;



35vul cani zabl e using the vul cani zi ng agent(s) for the at |east one

vul cani zahl e _conponent. (See, e.g., US 6,079, 465 and t L S
cited ther‘gﬁgﬁ‘.}(’f”%q/\’ever, in the present WO W REREERES

2007/ 050071PCT/ 1. 152005/ 038824 - 29 - invention, the dynamc

vul cani zation process is further nodified, as described below, in
order to achieve the particul ar advantages resulting from such
nmodi fication. The followi ng are common gdératives that can function
5in the present invention: ZnO CaO MO, Al 203, Cr03, FeO, Fe203,

and Nl O These netgl oxidgstcandsuesedesn &anj unction with the
correspondi ng netal  stearate conplex (e.Q0..-,t tear lts of Zn,
Ca, My, and Al), of’wi tl?%xgﬂ‘léﬁ?igpaa&yd,(a?gn%illei%}ﬁgj gg"g%]ggﬁ“u?ﬁcorrpound
or an 10al kyl per oxidelwoimsoendvelSes alisburenrafulkayi oh ssi gn and
Curing CharacteristiggsifatNBR M X8k £Sedl sngiRdBBERy WHRs25- 30
(1993). To the cur ath\l/?e a%egt %%) )t g_lrpg are f’f:gi,nec’l agggd accel erators
for the vul cani zat F'ORPBt S8sPortr CETE68i T ohs. "The curing agent (s),
with or without th&uspudBeksart|idesterenenbcbeiaytdrsr, this often
referred 10 1@ @b a5t RngUALOGLLS ebeRl ofaTuddsepel ardoe(s) . A
cure systemis used because typic more_t ha curing agent is
enpl oyed for BEwefiEr af” fagc¥§,y%aﬁ}%§iegﬁl %?‘%ypc&v}?%;}gpgyﬁﬁl%&ure of high
di ene rubber and aPrefsrrashenpiecating greingoirclysedrotyamiser nor e,
because jphe presenk Eﬂaaﬁhtziht@&eghnﬂh@ye%@ speeifialllyy pdeféned DVA
process, it i s necessar t he, pr t of t re,System are
adapted to thererﬁl%snén%%’/%%:eezqtglg% ?habfﬁl%he%ggﬁ ﬁplooﬁgnggf ehtuﬁleo% ﬁ\?énti on
can be net. | niiypant Léul ¥ylon ke 0prdskant BYAapH oess hEpPiges 25t he
staged additi oftfrating V&l Lanizabhe: rwubbeereomponanbdshemher®ithet he

rubber (s) to be dynam.cal l.y. vul cani ze i east two
portions. Fur thér %e}n}r?nllsonhegggs%t}e% “{%ﬁ’gf“ ?gﬂ?deo]fa%fc %lénejfubb.er added
in a stdge be cwmsdiféppreay e Fopperi@r PA1RAS (SermePLhyEtis eeddled,

such tine 30pesd@wbnkekngheharact 8yided-cainneanpsethiby st bempd deess
residence tine. _Typi.cally_th Lrs i e e;

stages of r ubb%\il%fg&ﬁt f%n?yltcﬁlefr#f ng%d g{r‘[égfgd}szgé s%%ﬁ%}ﬁr%bjb%%?rs})attg?e
cured to a | evef asipbblioBORAGEot Re TRLENINPE RRFYIhIPER7P hee about

particul ar rubderies) prede£alEy ap6hens B5ar eocapabt 850f 51 eashiing at t he
tenperatyre of cure iz‘;sg'fé‘s%a%%okgg?gﬁ&%ﬂkﬁxn%aéé@ oﬂyﬂi‘ | g
vul cani ion E}Fo%régs in~a tine period that 1Ts Tess than about the
m xer - 30 - resins ‘can provide a thermoplastic elastomer composition
having superior durability and appearance, e.g., of the
cured surface of a tire innerliner as well as superior
air retention properties, as well as demonstrating a good
25 balance of these properties.

Optionally, other rubbers or elastomers can be used
in combination with the halogenated iscbutylene-
containing elastomer. Such an optional rubber component
includes high diene rubbers and their hydrates. High

30 diene content rubbers or elastomers are also referred to
as high diene monomer rubber. It is typically a rubber
comprising typically at least 50 mole % of a €5 - Ci
diene monomer, typically at least about 60 mole % to
about 100 mole%; more preferably at least about 70 mole %

35 to about 100 mole %; more preferably at least about 80
mole % to about 100 mole %. Useful high diene monomer

rubbers include homopolymers and copolymers of olefins or



residence tine. For exanple, in order to determne the cure response
of the particular rubber(s) present in a conposition, the rubber(s)
and cure syetemesmm be conbi ned by neans known to thosecskiskdisiazssr
the art, e.g., on a 5two-roll m ||, Banbury m xer or m xing extruder.
A sanple of the mxture, often referred to as the "accel erated”
conpound, can be cured under static conditions, such as in the form
of a thin sheet using a nold that is subjected to heat and pressure
in a press. Sanples of the accel erated Zx conpound, cured as thin pads
for progressively longer times and/or at higher tenperatures, are
then tested fasoslefiss sindannl prapdineescmaniditgpodyosss iatk density to

determ ne t hemg&é_{@lé’fi GUr epf &S Glleb@d1 i Ny dskaiahal Ar MNEdGaBeSOL ety
for Testing an I\/aterleﬁs

St andar d _AS D412 15Al t er natj vel he
accel er at ed CB‘HEBEl%dTWOB@GFESPegd'%f?érT]g/%‘é‘f“ec%yoég?% ‘fé'i'néthﬁmXﬂ d
oscillating diHstlclu?®5)rheadeTer ROERPHEE RUHMER HANBRIQT 122-A0Aneri can
Soci ety for TeaLi0g9: and Mat eki als, 7 Siandarsh ASTM. D2084) .1ddayi. ng
est abl i shed the maxi rum degree of cure, it is re;ernge to sent
dynami cal |y 26¢8FEaht%e 3HE" PPSLC BHRREE 5 oEPags ™ r Ubb&FEEF hdded
to the dynani dabkytven camilzdsl efon xxample onathradx rehbex h@tR)the degree
of cure of sug@ogyéﬁgrﬁﬁbelrs(ﬁﬁi LGyl 608 LR GROUPUEIONS| StiyRgnof
about 50% for eéan}a) e, %out gg )t/’o tpogggegt%{ t&hql:r&gﬁbrou{:'B 5 % about
65 %to about P59 SBHOHCCEE76 88 0 PROSHY - F5 R® AbSHT 75 Y% t o greater
t han abagt 90%inabodin@Q%ghocabokiR 98 UpwabbutBRE5YML br Hbbdtutesogngand
about 85 %t 0 aRgut 992, MyArbiskateer ved, | Basrddenncen salystastial |y

equi val ent to about the resi degce ti me of the 'x%r ngdrsf or dynam c
vul cani zat i on.FUSHELEqUENE SFGRAF | BHY Sperﬁﬁ%p&rrjl(egﬁ £8PP e dynani cal | y
vul cani zabl e niixtcdnéing daimEPEK| 3nd HEMY , beteic fagichepdadidid i ons of
rubber (s), if any1cFRNsegARhLY rudleddhqueans]) Hhwy10tubber dyani

vul cani zati on ,prgcesi, t he vul can zabI:.E1 &ubzt:)eéise ad%«gﬁ&&t he

conposi tiPon arPoSUErePRmY) 2EGPRY 3518 YackT eve The “desT T ed
properties of ddmliyherappiaatliic corhpus t(REH) of 1QUFNER Sy helher e a part,
]ga- g., a flslfi d }(@jdgeﬁécbﬁ%rﬂhgr %ﬁ@r?@ﬂéﬁr[fbal’ ék@ﬁpl_?dJCh:ha_Srcapaidmrh | i ner
or a - - tire. urposes of..t he nt state
of cure can be VEEEFr ZéRf’O }g'éimguﬁlé S 3??5% uﬁ"}}iy%\é%t%&%g&a%%w Il be
appr eci at ed t hatlyettdyieheaniCEibl echiberseguwpelyddvdgred (9@lat | east
Sﬁ% of the maxiiMushate-mdicuke @ﬁldfﬂrﬁmgtﬂhﬁﬂﬁétlﬁly&&ﬁam evtmged ?n

the cure system_.tinme and tenperature, .an J |y, _t te o
cure of such rW&e\/\ﬂ%dbee%?gggar56}5%mﬁleﬁa%¥rﬁ%ﬁglurlr%i. SHE gct: .e@cure
state of the rxidiemss) dadeldeyl Fidheors agdbbaire. Mt MOLHEBELT % | east
about 50% of thHeifcdmXi-ibpard)t, s81pessiditaihong dhapersedistbber
particles to coal esce into |.arger_si.ze parti , i.C |y during
t he ni xi ng ope?’é‘?l?pglﬁs, Pﬁﬁ\Y%thaIirls euﬁaké%‘cfrr Bl gl.lﬁ %vre]'?%reelg:)? l(lff?f may be
desirabl2b to cexanttllee Mabbbidgrer £lepeidq gubbsEsst a8 15mRea MiRe

state of cure @Enyﬂ“éﬂﬂe&hgaééﬂﬂ¥&bbéﬁsP&ﬂﬁﬁb&1&6roethylene—propylene
rubbers, fluorine-containing silicone rubbers,
fluorine-containing phosphagen rubbers), thermoplastic
elastomers (for example, styrene-containing elastomers,
30 olefin elastomers, ester elastomers, urethane elastomers,
or polyamide elastomers), and their mixtures.

Preferred examples of high diene monomer rubbers
include polyisoprene, polybutadiene rubber,
styrene-butadiene rubber, natural rubber, chloroprene

35 rubber, acrylonitrile-butadiene rubbexr and the like,
which may be used alone or in combination and mixtures.

Since the thermoplastic engineering resin and the



that the flexibility, as measured, for exanple, by Young's nodul us,

of the rubber conponent is at a suitable |level for the end-use to

whi ch t he wommoasdoron is to be put, e.g., a tire innerlpCmars2es/0is85e
conponent. 20Consequently, it may be desirable to control the state
of cure of the rubber(s) used in the conposition to be | ess than or
equal to about 95% of the maxi mum degree of cure of which they are
capabl e, as described above. For purposgg of dynam c vul canization in
t he presence 250f an engineering resin to form for exanple a- hi ghl'y
i nperneabl e layer or film any conventional curative systemwhich is

capabl e of vul'GERPSTREESASGPY %%er&ﬁ‘%ﬁﬁ?%‘iéﬂ‘ &Fode red pol yners
may be used t civulcacarzd vatinl eabibilicvel asfmtérelrcotraiomhat ed

copol ymer of g (4, E%;&p& i rlgS ORDROS &l Q\a?nge &y aha- 2bkyisd WieBBses

except that peroxide curatives are specifjcal €X xcl uded fromthe
practice of t s PRIRAIDFWRBRIR Wty PS Bli’%%eerﬂo SRETDr
t her nopl ast i ¢ cenpentellingrseshadudaicthyhatigevlgxindeanoudidedcause such

resins themselest0-c50a8lhBl: al hd habedShige WHRLARESon | dodd1Gmer

engl neering resin wou vul canj ze or Cro

result in an S¥EBEEFvEMNPRur 88X bHEa%hEfhBpf hsth i’%ﬁn’b%%ﬂ%
Sui t abl e cur atiwdein- r@erssystens fultberseand ast:omeeisc thetoygbnat ed

copol yrer CO%@&QMH&& 288 et ol dMent @Qnéiﬂﬁ:lrygﬁ ﬁb@ffy@ﬂgdelhn
combi nation with Zl niﬁst earate or stearic acjd tl onacgley one
t

or norelf t heFECHWHoT HEEE Er b Srtsd oty ﬁ’ Cugeh
Per mal ux (the mdibbert hod tediyl gumpeuknte .saPthef thmttebhbizemﬂ ate);

HVA-2 (nphenyl N8 ,BkS a5 rgel;uclz|a9d"'@:tllo(sg HaBrrld itHRr 8PS Be of
triazine); ZDEDC (zinc d| % éﬁ g%lt hi ocar bamat e% and al so incl ;{dl ng
dEfit s;

for the purpostdtofTt RES ot RPATRYST LS 155t He A6 TRPREarS:
Tetrone A (di pentamttrhytere aftheurapetmeasbbiine)an ¥plerdcysoyral kyl at ed

phenol dissul f'éjﬁ)bonﬁlflgﬂéu;( pmgmelgeﬁogtmpdeamﬁer Sﬂu?) ; mSPAD5RG:

(brom nated al enol fornmal esin
phenyl ene di arﬁ‘?\%ié')p SEPFRYM 9581‘18 qb\fc[ﬁ%(y ég?fﬁ%’r 5% gﬁg%lice &8 q;
wood rosin, abretatdngcwiih ari TWD@DE&E@ttI‘i&nEﬁhW qm|rubhﬁ¢dﬁ>@mrrfe|rde)

used in conbi natd QN tBeSééﬂelércedfba@é/@rupohntﬁ@ecﬁree%@n&hénventI on,
since each addition 9 vul cani,zabl rubber rrus e cur d to at

| east 50% of | LR TOPLERETT TSR ROMWETarEdof "Rt RmdEF- 2b° tHe
t enper atan e conidiad, 0hgt ohise e pppeéﬂgeltﬂeft(mewhby rﬁe’»qludédl%l%n &f

rubber (s), as Weﬁ’gtﬁylérl@-bﬁ%§!ldﬁé'ﬁﬁﬁrleﬂ% Qioéme;d@oayﬁlrdaaﬂase it
is also necessary to ad ust %_cogyﬁi Cde'o E%\#‘F Dﬁl ysiemta
achi eve such a®% |Jtt§bf“@ ?%%Lﬁctl TR Fs™ {E T A Ye

achi eved are 2Sg@fvercalylynktoiie tr_:lcgalfho@;tzlpO§LksflmleIt-“eém1 rﬂtemrsmai?l‘arﬁflalre
further descri H@@m@dd%amé a&%@nesemglambxécuaec@goﬁmraew@&lw

forth in  ASTM D2 t.ive accelera i ncl.ude am nes,
guani di rfes, th?lb‘iﬁoé’é’s th?ﬁlf‘%ézm‘cﬁ 3&0 ERT A % ?%Jér{%mtd]res
30sul f eni m desamdurioedr baﬁmmatxbmﬂ-ha@ééﬂeadédth% nqtk@articularly
limited, but, when used, typically is about 0.5 to about
10 parts by weight, based upon 100 parts by weight of the
polymer component, in other words, the total of the
30 thermoplastic engineering resin polymer and rubber
polymer.
With reference to the polymers and/or elastomers
referred to herein, the terms "cured,” "vulcanized," or
"crosslinked" refer to the chemical reaction comprising
35 forming bonds as, for example, during chain extension, or
crosslinks between polymer chains comprising the polymer

or elastomer to the extent that the elastomer undergoing



Accel eration of the cure process may be acconplished by adding to the
conposition an anount of the accelerant. The nechani sm for

accel er at adowazosmwrizat i on of rubber involves conpl ex | FCESLUE/058824
bet ween the curative, accelerator, 35activators and polyners. ldeally
all of the available curative is consuned in the formation of
effective crosslinks which join individual polyner chains to one WO
20071050071PCT/ US2005/ 038824 - 33 - another and enhance the overall
strength of the polymer matrix. Nunerous accelerators are known in
the art and include, but are not |limted to, the follow ng: stearic
aci d, di phenysughani REReSEDES) ,PRAHIAENERAVIIIASTAAM SHEUIPRde (TMID),
4, 4' - di t hi odi I@S@bpb@tiém z(e@EDMng t@rtomabne yhihing avndiset fitde €¢ASTD) ,
2,2' -benzot hi az dISU| |de Y, 1 hi osul fat e
d| sodi um sal t%(#ﬁ %ira?e . %ﬁr %ﬁ?ﬁg%g]bdgﬁ?gtehl g%%ll&t MBS or
NOR), conposi th@ﬁgtb@nrg@%S %WWWS’? NGRhogyring feaktions

10N-tertarybukyhoB- B@cﬁ\zlqtehu 839! thes wlhenand e NEBBS) ng asthpsition
oxydi et hyl ene .t hboc{%r bany é%fgqet.,hyk,gﬂgagfggco.nggl der d GhPSkeqzb NC

2- et hyl hexandat 8 ( ourea. Curatives,
accel erators &ied eKarelge fﬁs?%&"%ﬁs R ERS tPRRFSRTe IBVERE Y hat are

useful with onerer colpeiskior assitiddline rpdiyae rcompbeinedd Hasednomn n
the art. The cheﬁ%géﬁén SRl Apeksedcl bndy rg%&a@'&&p%@n&mlon

into the desired on o er conpone he rub

conponef opt iGnabighcbhtid A ﬁ@mléfﬁ’eefﬁ'f PREFRS {119 BECeERRBN dHOURH/ or
pl asti ci zer byspeeiglcaﬂiw ngsthedutibernandt 26t henadr et syigtermmd
conponents in Op%r%%%[aﬁpéé@f 4.0 806 u% 0 rOfsthe I{Lab%hlei)@t ai ni ng

conposi tion t ernopl asti ¢ “any i X| % nment conmonly
used in the rUbBBEherRatet r“;hef SPm%‘EI%‘rP}?EI‘r ﬁéséat’es%‘:t Vvo rol | rubber

mll, a Banburguﬂﬂmeéntay M X isngsexdtrisdary anﬂedherdhclaa;z&cm: m Xi ng
251s comonty Laleniadohdnfh tAECE!A aldnge LE diblagl ccommasition.
Alternatlvely, eru%

er conposition can acce{Jéjerat ed.in a stage
of a m xing eﬂ%&élonﬁll%‘l‘“t”@ Eé’i“‘?y?‘?lrbldoﬁfoa%%rﬁ dPB&hi zation. It

i's particul arlyrqusafieksed that the cure system be dispersed in the

rubber 30phase, or b G Qbbb 1% %n%o e 'Oﬁ%w hdrd wdi ng
one or nore fill erge%%ie de(rﬁéland ot hEeDr co:L F‘ %Eélrgp Ets for the
t

i nt ended end- R©MSH FEER T 0RrCpFTTSliBR e B % F&*% ubber to
t he therawpl aspieiveesi nEs)sdlankhey mirx vngcagidapientis roghinghished by

intended to Ca{#\oﬂﬂ&&ag¥5ﬁugfccégﬁﬂﬂ'%@@h%éiéﬂayor acceldr3tB8RE; the
enbodi nent of e |lnvent| on, at | east one curing a]g_gmrlt_L re%é@r'e%alcly
present at abo¥eTRl} FéXEpPE sudy agents being Tyb Y
as a cure "system.” It is known that the physical
properties, performance characteristics, and durability of
25 vulcanized rubber compounds are directly related to the
number (crosslink density) and types of crosslinks formed
during the vulcanization reaction. (See, e.g., Helt et
al., The Post Vulcanization Stabilization for NR, RUBBER
WORLD 18-23 (1991). Curing agents include those components
30 described above that facilitate or influence the cure of
elastomers, and generally include metals, metal oxides,
accelerators, sulfur, peroxides, and other agents common in
the art, and as described above. Crosslinking or curing
agents include at least one of, e.g., sulfur, zinc oxide,
35 and fatty acids and mixtures thereof. Peroxide-
containing cure systems may also be used. Generally,
polymer compositions may be crosslinked by adding curative



20 phr; alter natively at about 0.5 to about 10 phr. Usef ul

conbi nat i QWS 2 7/ ?latl ves, cure nodifiers and accel er atp%"rﬁjs‘i(ﬂagmﬂﬁm
i |1 ustrated° As fuo oWs: As a general rubber vul cani zation ag

e.g., a sulfur vulcanization 5agent, powdered sul fur, precinpi tat ed
sul fur, high dispersion sulfur, surface-treated sul fur, i nsol ubl e
sul fur, dinorpholinedisulfide, alkylphenoldisulfide, and m xtures

t hereof are useful. Such conpounds may ®& used in an amount of about
0.5 phr to about 4 phr (parts by 10wei ght per 100 parts by wei ght of

the el a|5t orre][ a%@ffg.‘i"?neﬂantr) exé{lﬁ% @@.@.EML@' )fneltﬂm%}&l.ddd&e (use. ofzisgchxide,
material is e in vi ot her y esi 0 onpgpent s
present an oré&ﬁ ¢ ‘b’é%é’)?f“ﬂg% cgﬁPE%Ifr?c%h gg%l%aarl bgelng%)?/ O(p:)ret’o%ecge

t - but yl hydr opengxheket ints 2hd - ebecioisd i bbe ol edesi de,

2,5-di methyl-2, 5- @it -tpat Mé@l@éd)%bﬁxﬁdﬂe',dyﬂaﬁmihﬁﬂbhyikwé(me 2s5-

di (per oxyl benzoat e) and m xtur vwhen. us VEeS
can be p%esent A heVELeEF S %Elﬁitlsg %l%gt RV %gSt%Hcﬁ ﬁ%ﬁi‘ﬂeaﬁ
useful curati \ﬁ@sdﬁﬁ@rw phe@l@ﬂaliohégi!wﬁﬁﬁéanlcz@eﬁeir@ﬁ Hgehlts T$FFh as

a brom de of a’@yﬂlﬂfﬁﬂ:pihﬂﬂﬂn}.&@ﬁi.&l'orlsauﬁbde&b e:re@mlel akwrg;a&geatlon
system cont ai ni_ng stannag %hl og1

0 r.;hal ggen
donor and an & Fpﬁeﬁ%lwrem A and n%p;taﬁ?%g {lﬁ %%;geﬂt é&gan
be used at a ladvakast @boutilesripiple 6“&19%@%“&%9‘1 N"f‘%’? natively,
ot her useful cbnidAg:iagends hiGur ghér@ﬂla‘ﬂdememdl&%fnpbrham am mhbude

zi nc oxide and/.or zinc tearate o]
stearic acid (éﬁ?guf]ca ?[P rcutrJL %%{{5 o QZ Bﬂ% étleﬁmy((%(?c (about
0.5 phr to abouitbgrpat), A%@elrgéu?,b( 1@% & @ebrﬁs @rlmslé}aneously

P- qU'noned|0X|dﬁhssﬂlnﬂé@eﬁipyhﬁpbﬁ@ﬂfdﬁﬂpaﬂﬁlcles, preferably in the

tetrachl oro- p-benzag UI none y Lo zenen( .5 phr to
about 10 phr), Pme“i ﬁyl en q.l nggfgjlbm}%l Oﬁggﬁphr to égout 10 phr),

and m xtldr es tm@@ﬂouFmQWX i Thelesgseding %%’s%&ﬁ?n HHETGr Hhor e
of a vul cani zafionracgs! £rafy@ianiey be wddedi kel corfbiymabi-obvan th t he

vul cani zati on ent ,lll ncggrga{mri% f"gftc%)‘(mﬂ(?yl%n an @%&%&%ﬁ%?%‘ﬂ&n@

guani di ne, thi Ithio acid’salt,
thi urea, and rﬁb@t G@@ge{ih‘éﬁeﬁ)fat RokeBRaIAIES Wlhl%lh IBinPE HOBhSbE
0.1 phr to abosiringPREmpé 4D oEhehdynamee, vahd arti zat Bboverideess of

the bresgt SUAYRNLOGhs PADCUEALY dlstibnoul sheddssam 4403

gener al | in art as a conseq ence o e use
staged additi opawifemgnt] é‘a@% Bhe vt BhhtzaBRePREYB M 35T Se | ‘é%‘?*b‘rﬂé’ro
conponent . Congegent ke alidies proac assi enplxaysdseyersaictaddi tvomsscofewat

least one rubber, 10couponept, Riieher aRl Yt 48asL JMansuahnatidihigns

vulcanized or cured composition is that, notwithstanding

25 the fact that the rubber is cured the composition can be
processed and reprocessed by conventional thermoplastic
processing technigues such as extrusion, injection
molding, compression molding, etec. Scrap and or flashing
can also be salvaged and reprocessed. In a typical

30 dynamic vulcanization process, curative addition is altered
so as to substantially simultaneously mix and vulcanize, or
crosslink, at least one of the vulcanizable components in a
composition comprising at least one vulcanizable rubber,
elastomer or polymer and at least one polymer or resin not

35 vulcanizable using the vulcanizing agent(s) for the at
least one wvulcanizable component. {(See, e.g., US 6,079,465

and the references cited therein.)} However, in the present



al t hough three, four or nore can also be used. However, in each

i nstance, the staging is subject to the vulcanization criteria,

i ncl udi ng WO a7/ 08831 dence tinme, as described above. AsPEESSRI0pBI324
herein, the preferred 15pol yner conponents conpri se hal ogenat ed

i sobut yl ene-cont ai ni ng copol yners as the vul cani zabl e conponent (s),
e.g., halogenated butyl such as chlorinated butyl or brom nated
butyl, and brom nated isobutyl ene-pnethylgstyrene copol ynmer (BINS
copol yner), and a 20thernop|astic polyner such as nylon or a blend of

vari ous nylon polyners. articuyl ar eferred that _t
dynani cal |y vureEE 288" cHip c g‘?"cﬁ\s ”g‘FaPh%a%Pé‘sBﬁ?Cefsrﬁ/éﬁt F‘é%%&rrpri se
t he rubber conm@dﬁue@s)aaﬁeacdnbmrm@wrsubs:tralntl’a¢Ia;chhatrbythmred,

phase of snall %ﬁﬂ%&ﬁb?'@dv%!n%@gé.ﬂ :?es%@@&hcﬁ'uﬁlb%x BB imbd@fication.
t her nopl asti c. to be

und by theory
bel i eved that the f?t’r‘?eff)ﬁjo%ﬂ‘gd%% WHSCT’FF&SWS&‘)a/ki‘%te(fa?’nf‘t‘%cetlon
conposi tions ointtle presemt inweebidron are, tded,r YOl tAlDn Sabi,, P, t he

cheni cal react jon, belyeeng. €. ﬂ:e’se:gﬁx@@é'ﬂ_zﬂx:@e@régﬂ Be REESQR in BINS,
or allylic halogen in halo enat ed butyl

pol yam des at CPR&THA Hﬁ?yc%e\ﬁ@«%gjr% g})es?%eg&n%ﬁbﬁ%?pqex
particles and thegt hmhasoptm:tan:e farredidini iy, rrMm mepd Faé , peesdide of

suth interfaci élceéﬁ%cfawas rﬂw bRendt %Qumgu@%mééuﬁa sy raaneous
reactlon of two I£EESCI ner.s av0| CO&EBSCE

particl et%ize at% ?@&lﬁﬁﬂ%&p Bhdse, Steﬁe?%a%‘il I é’ﬁ?gﬁtjtoél Dﬁ?%? Nk grl
fine di spersi ofasrirg 3Baraotenimsirabbl NBEhkSees Tog Sedldr (B\HB%ER)fW%@h

interfacial reégty@n(slglgé)cor@mrahg &@feﬁ:&ﬂr@daé&ﬁ%) E8&Cd ia¥e often
conpatibilizati on" and escr

i_b nt . Nos.
50501 Boa and BO98% TEPLFALFpGPa SIF OBV BRef br et ¢ e
same tinme, becauseosiftiphe. i rther tacind ageabi$) 4 with ehesidhpghckisase

conmpati biki Zedo:f”m Sﬁa@keoﬁ%@erm@selbnaﬂfeﬁ Q@f@frécﬁ&ohhghﬁ’ga
concentration, |ower viscosity e onent er
phase, is inhi BFte® & Ftdhse ﬁgﬁ% %Cfr tﬁ% %][C %%f“. TiHG 1 ef‘f‘%ct of
interfaci al cospatémiid zraeddrecause tyy@ilAsridse than aopolopFeRd B esmd
based on two pakyggpfeyRiy @bffk%n%ﬁfici/éﬁ(é_&&bbt’s RRlryIeR1 PhyS wasravaul d

dictate that the Iovver Jiscos i uch a bl I
conti nuous pha@e* {&ed* b A’ﬁ%e auﬁ aﬁ%d ?‘1 %%%tar‘feovev}l]gﬁtomer
Macr onol 20Sci . lSRevedJ\/a@@mrmO@HeniPec@F@( EQ%(BISS'}GQ inyentioppt el ki n

%ﬂd IV 835(8285%% pl |£'s§aecf—fﬁoal‘_ﬂc§( d89Bed tﬁ‘?ﬁ p]ftﬁﬁtsb # id Féﬁ@d&éaaqq]
eol., i nvention that _eve 0
the introducti 5%?an t%%r%}:énpsfté{)es g? i\él % A I system are y& te% lc¥ tkhe

mixing process so that the condltlons of the invention can
be met. In particular, the present DVA process utilizes

25 the staged addition of the vulcanizable rubber component (s}
wherein the rubber(s) to be dynamically vulcanized are
added in at least two portions. Furthermore, it is
necessary that all of the rubber added in a stage be cured
before the rubber(s) in the next stage are added, such time

30 period being characterized or measured by the mizer
residence time. Typically the first, or if there are more
than two stages of rubber addition, then in a preceding
stage, rubber(s) are cured to a level of about 50% of the
maximum cure which the particular rubber(s) and cure system

35 are capable of reaching at the temperature of cure if
measured independently of the dynamic vulcanization process
in a time period that is less than about the mixer



20vul cani zed al l oys, or DVA was that by A M GCessler, U S. Patent

No. 3, 037, guent conpositions based on EPDM a
pol ypropyl"zﬁgm\@g@successf ul ly devel oped and commer ci gng/teséOO’/{Bssn

as Santoprene@ Advanced El astomer Systens), as a consequence of
causing a higher 25concentration, |ower viscosity EPDM conponent to
be the dispersed phase by vul canizing the EPDM during m xi ng of the
pol ypropyl ene and EPDM in a m xer. Even3%~the absence of reactive
conpati bilization, vulcanization |eads to the nost significant

i ncrease in Visgisehye tima300Fherewainpds, ihmerdescosidatethife the

vul cani zed COMMANCNL ob8n &l |SCLIYGhY Jtanl Lanpad (L therponl asti ¢

phase can becont t e RoNtT NUOUS at anounts to
phase inversi o‘PPmI:tOﬁiétFrﬁm e Fubbey (QoAR rﬁ“r@f SEPERN (b eR FIREGER
systens can bepy Id=0asveow0 t@r en&gé dikhiabed ﬂﬁiﬁeve&m ey centa of

rubbers. SIS % ’ E}&@eg 0oty "éé:.% hfyche bﬂ%p@%
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25 70 % to about 95 %; about 75 % to greater than about
80 %; about 80 % to about 98 %; about 85 % to about 95 %;
and about 85 % to about 992 % in a time period less than
or substantially equivalent to about the residence time
of the mixer used for dynamic vulcanization. Subsequent
30 additions of rubber(s) to the dynamically vulcanizable
mixture are similaxrly cured before further additions of
rubber (s}, if any. Consequently, at the conclusion of
the dynamic wvulcanization process, the vulcanizable
rubbers added to the composition are sufficiently cured
35 to achieve the desired properties of the thermoplastic
composition of which they are a part, e.g., a fluid (air

or liquid) retention barrier such as a innerliner for a



3060% preferably at |east about 70 % preferably at | east about 80%
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level for the end-use to which the composition is to be
put, e.g., a tire innerliner or hose component.

20 Consequently, it may be desirable to control the state of
cure of the rubber(s) used in the composition to be less
than or equal to about 95% of the maximum degree of cure
of thch they are capable, as described above.

For purposes of dynamic vulcanization in the presence

25 of an engineering resin to form, for example, a highly
impermeable layer or film, any conventional curative
system which is capable of vulcanizing saturated or
unsaturated halogenated polymers may be used to vulcanize
at least the elastomeric halogenated copolymer of a Cy to

30 C; isomonoolefin and a para-alkylstyrene, except that
peroxide curatives are specifically excluded from the
practice of this invention when there is present one or
more thermoplastic engineering resins such that peroxide
would cause such resing themselves to crosslink. In that

35 circumstance, if the engineering resin would itself
vulcanize or crosslink, it would result in an excessively

cured, non-thermoplastic composition. Suitable curative



30about 300 C, for exanple, the tenperature may range from about the
melting tenperature of the matrix resin(s) to about 275 C. Preferably
dynam ¢ vov@anwr2iilon is carried out at a tenperature P&EFS26P/BI¥EL
about 10 C to about 50 C above the nelting tenperature of the matrix
resin. More 35preferably the m xing tenperature is about 20 Cto
about 40 C above the nelting tenperature of the polyamde or - 39 -
m xed pol yam de thernoplastic matrix. _ 35 _In one enbodi nent of the
present invention the necessary anount of crosslinking agent (s) or
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30m xer, two-r re- m x astorre
conponent and prlsthet. erﬁpw@dalamanth@fpresent lnventlonr since each

addition of vulcanizable rubber(s) must be cured to at
least 50% of its, or their, maximum state of cure under

20 the temperature conditions of the process before the next
addition of rubber{s), as measured by the residence time
of the mixing device, it is also necessary to adjust the
composition of the cure system to achieve such a suitable
result. The methods by which this can be achieved are

25 generally known to these skilled in this art and are
further described in detail above, e.g., by use of the
method set forth in ASTM D2084.

Curative accelerators include amines, guanidines,
thioureas, thiazoles, thiurams, sulfenamides,

30 sulfenimides, thiocarbamates, xanthates, and the like.
Acceleration of the cure process may be accomplished by
adding to the composition an amount of the accelerant. The
mechanism for accelerated vulcanization of rubber involves
complex interactions between the curative, accelerator,

35 activators and polymers. Ideally all of the available
curative is consumed in the formation of effective

crosslinks which join individual polymer chains to one
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crosslinking agent until a substantially uniformdispersion is
obtained. At this time, the el astoner conponent may have added

t heret o sOv® awresiditount s of 35optional fillers such asPERUSHRSBI8EK
or nodi fied carbon black, clay or nodified clay oil and/or
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industry for such purpose, e.g., a two-roll rubber mill, a
Banbury mixer, a mixing extruder and the like. Such mixing
25 is commonly referred to as "accelerating" the rubber
composition. Alternatively, the rubber composition can be
accelerated in a stage of a mizing extruder prior to
carrying out dynamic¢ vulcanization. It is particularly
preferred that the cure system be dispersed in the rubber
30 phase, or in a rubber composition also optionally including
one or more fillers, extenders and other common ingredients
for the intended end-use application, prior to the addition
of the rubber to the thermoplastic resin(s) in the mixing
equipment in which it is intended to carry out dynamic
35 vulecanization.
In one embodiment of the invention, at least one

curing agent is typically present at about 0.1 to about



mul ti st age "addi ti on of the rubber conponent to the 5resin(s) or
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| east one or nore additional portions of the rubber conposition until

the total amount of rubber desired in the final thernoplastic
10conposition is achieved. Consequently, this process will involve a
m ni mum of two stages, but can be conducted in nore than two such
stages, e.g., three, four, five or nore,3%s desired. Furthermore, the
amount of rubber introduced in each stage can be varied, provided the
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silicates, talchcﬂlééggéﬁygglgéﬂcké present at a level of about 1 phx
to about 20 phxr. Other useful curatives include phenol
20 resin vulcanization agents such as a bromide of an
alkylphenol resin or a mixed crosslinking agent system
containing stannous chloride, chloroprene, or another
halcgen donor and an alkylphenol resin and mixtures
thereof. Such agents can be used at a level of about
25 1 phr to about 20 phr. Alternatively, othex useful
- curing agents, cure modifiers and useful levels include
zinc oxlde and/or zinc stearate (about 0.05 phr te about
5 phr}, stearic acid (about 0.1 phr to about 5 phr),
magnesium oxide (about 0.5 phr to about 4 phr), lyserge
30 (10 to 20 phr or so}, p-quinonedioxime, p-
dibenzoylquinonedioxime, tetrachloro-p-benzoquinone,
poly-p—dinitrosobenzene (about 0.5 phr to about 10 phr},
methylenedianiline {about 0.05 phr to about 10 phr), and
mixtures thereof. Further, i1f desired or necessary, one
35 or more of a vulcanization accelerator may be added in
combination with the vulcanization agent, including for

example, an aldehyde-ammonia, guanidine, thiazole,



starch and other organic fillers such as wood flour, and carbon ’

bl ack. Suitable filler materials include carbon bl ack such as channel
bl ack, funpaes7hkmek, thermal bl ack, acetyl ene bl ack, Ipanusblosciss2zs
nodi fied carbon black 10such as silica treated or silica coated
carbon bl ack (described, for exanple, in US. Patent No. 5,916, 934,
i ncorporated herein by reference), and the |ike. Reinforcing grade
carbon black is preferred. The filler J al so i nclude ot her
reinforcing or non-reinforcing 15material's such as silica, clay,

cal cium carbonate, talc, titaniumdioxide and the like. The fjller
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20 thermoplastic polymer such as nylon or a blend of various
nylon polymers. It is particularly preferred that the
dynamically vulcanized compositions of the present
invention comprise the rubber component(s) as a
dispersed, substantially fully cured, phase of small

25 particle size in & continuous matxrix of thermoplastic.

Without wishing to be bound by theory, it is
pelieved that the fine rubber dispersions thus obtained
in the compositions of the present invention are the
result, in part, of the chemical reaction between, e.g.,

30 benzylic bromine present in BIMS, or allylic halogen in
halogenated butyl, and terminal amines in polyamides at
. the phase boundary between the dispersed rubbex particles
and the thermoplastic formed during mixing. The presence
of such interfacial reactions during blending and

35 simultaneous reaction of two immiscible polymers avoids
coalescence of the small particle size dispersed rubber

phase, thereby leading to particularly fine dispersions



al i phatic, aromatic or arylaliphatic am nes, phosphines and
sul fi des. Desirabl e am ne conpounds (or the correspondi ng anmoni um

ion) are thgsqkdoy t he structure RIRZR3N, wherein Rl, pRgyysadigoigare
Cl to C30 alkyls or 15al kenes which may be the sane or different. In

one enbodi nent, the exfoliating agent is a so-called |Iong chain
tertiary amne, wherein at least Rl is a Cl2 to C20 al kyl or al kene.
Anot her class of swelling agents include those which 20can be

coval ently bonded to the interlayer sarf@ces. These include

pol ysil anes of the structure -Si(Rl)2R2 where R is the sane or
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nal ogenat ed pallyger1p 005 FTBO0RP thcrlNEGABSIL 5L R il

primary, secondary and ter ry*am nes and osphi nes and aryI
sul fi des and t#iasks; T antPhiditedpdt i Lﬁ?&&SFBH%’PCQ/é’Fs FBRsSt ﬁé
additives i ncldidect of%t—eﬂf@ﬁ@amh@ampattébuaz@tm nes such as

N, N'di”Ethy|OCtadeﬁ f#%g#iy aﬁ'?'ﬁEﬂﬁ%@%C%heﬂ@ﬁ&@géa”bﬁetwo polymers

di hydrogenat ed t al am ne and t he

ani ne-t er m nat®d dﬁéﬁ?%%‘ﬁ‘ é‘ﬁ}?&Péf‘EyarPOHYB‘ﬁﬁ BRET AP P‘i’PBE s&HgFate
thiosul fate coimpaunds Suedr ad shexavetghdsenénsodium Phkoduld e, In

anot her embodi oEnt 8& \r}gan(f{srgvent(gggi d rg)rogede rﬂaeg,rlpghan@r W.
c

|rrperrreabll|ty I's a t he_use oefvp unchogg curatives
such as HexangtaH¥ne bidg Csrc?&ioﬁm PRt os diat @%/C’é?ﬂi’lhe &t hyl ene
10bi s(ci nnamal dehydep), 109; Vihe.awesitkiof aeifol it &dskhhi digldicatied,

or dispersed cjay iaqenperated iBnkhe. Gomegskiien in aseordance wi th
this invention I's an anpunt sufficiept to devle (gn%‘rlll |trrgrove t n
g A

the mechani cal 3prid9drti &&1dk- bdfFi BFl“_‘LaS]ﬁ’r JPEPE v%ré%aoq‘ytl on,
e.g. tensile stedngt hherimtrddmwergen pergmabicbiad,. dAmeantsliypi cal l y

can be f50m aboyl. ;5.0 8QU 15 Wedloidh 9hgceppad RRntessreabaits. 1

to about 10 wt% 1 n anot di nent, and about 1 taq
Patent No. 3,037, 954 Subsequent compositions based on

EPDM and polypropylene were successfully developed and
commercialized, (such as Santoprene®, Advanced Elastomer
Systems), as a consequence of causing a higher

25 concentration, lower viscosity EPDM component to be the
dispersed phase by vulcanizing the EPDM during mixing of
the polypropylene and EPDM in a mixer. Even in the
absence of reactive compatibilization, vulcanization
leads to the most significant increase in viscosity; in

30 other words, the viscosity of a vulcanized component is
effectively infinite and the thermoplastic phase can
become the continuous phase. By imposing what amounts to
phase inversion, the maximum rubber content of EPDM
rubber in such systems can be increased to greater than

. 35 70 volume percent of rubbers.
Furthermore, while again not wishing to be bound by

theory, it is believed that according to packing theory,



about 5 wt% in yet another enbodi nent, based on the 20pol yner content
of the conposition. Expressed in parts per hundred rubber, the
exfoliat edyohfibRtweed at ed, or di spersed clay nmay be presemntusadosaizont 1
to about 30 phr in one enbodi nent, and about 3 to about 20 phr in
anot her enbodi ment. In one enbodi nent, the exfoliating clay is 25an
al kyl am ne-exfoliating clay. As used herein, the term "process
oil" means both the petrol eum derived brocess oils and synthetic

pl asticizers. A process or plasticizer oll may be present in air
barrier conpositions. Such oils are 30primarily used to inprove the
processi ng of thre TesHpyRi FPbinaddrrAGLpr cFareRPoR TR FRYRYSS €. g.
i Xijng, t cal end@lﬁiﬂg:anebg- potitrael @ plasd iveilzee, obdsed Rel Wdre:eddgnhat i c
acid esters or rocar bon ticizer. oi such inic or
napht heni c pet ?g ‘f’eeur‘?\a&ﬁ(llgg gﬁg&bﬂ?g?e?s?eddslél ggt?%is%z%ra{sr (;)G.IL% for use in
standar d, non- &Xglavds- EagimrRer iThg Pasimie FRtamfi FepGHHT8F i ner

conposi tions i sci paakl baked pat reheum @ldse pubkidy eand\Bubic

2007/ 050071PCT/ US2005/.038824_ - .. - dr.ac 0 l.astii Cl.ze ils for
use in such i n%%?%ﬁnr?grfgj%i %c ?Jddel%g)iefgg%agl n&re? hgrgo olvﬁ?r?g g%(r)%i‘r al
characteri sti c8:6%Pragise Ot y2 PrefsacEdvRL ni SEX PRI Ao y at

15-30 10 35 604&£d5eLClin R. K. McGeary, J. Bm. Ceram. Soc., 44(1961),
513. In polymer blends, the dispersions are

10 poly~dispersed which is beneficial in maximizing the
packed volume fraction. Taking these factors into
consideration, it is expected that maximum packing voiume
of a poly-dispersed polymer in a binary polymer blend
would be about 70 to about B0 wvolume percent. However,

15 because interfacial stabilization prevents phase
inversion, the maximum rubber content in the dyrnamically
vulcanized polyamide/BIMS systems disclosed in EP 0 857
761 A1l and EP 0 969 039 Al was limited to less than 60
volume %.

20 Higher rubber content can be achieved in the
dynamically vulcanized compositions of the present
invention as a consequence of further packing of rubber
particles through multi-stage mixing, provided that the
previously occluded rubbers are substantially fully

25 stable and cannot coalesce into larger sized domains.
This can be achieved by causing all rubber(s)
incorporated in a given stage of mixing to be
sufficientiy cured, in other words, reaching at least
about 50% of maximum cure, (preferably at least about

30 60%, preferably at least about 70 %, preferably at least
about 80%) before the next quantity of rubber is added,
also referred to as the next stage cof rubber addition.
The preferred halogenated iscobutylene elastomer content,
typically present in the composition in the form cof

35 particles, is greater than about 60 volume %, most
preferably greater than about 70 volume %. For example,

the elastomer particles are present in an amount selected



Fl ash Poi nt, (open cup nethod) F(C) 330-450 (165-232 Q) 300 (148C
700 (371 C) Pour Point, F 30 to +30 -35 60 (C) (-34to -1 QO E-S?C%

(150 5 GeHes@biog71 the process oil may be selected fr i5814C
oil's, aromatic oils, naphthenic oils, and pol ybutene O?I@]sr@gglg@%giﬁene
process oil is a | ow nol ecul ar weight (less than 15,000 M)

honmopol ymer or 10copol yner of ol efin-derived units having from about
3 to about 8 carbon atons, nore preferably about 4 to about 6 carbon
atons. In another enbodi nent, the pol 'ybi?t €ne oil is a honopol yner or
copolynmer of a al raffinate. Low nol ecul ar wei ght "pol ybutene”

pol ymers is desémitied grauplbbnsisoiagpbé, grSNEHEThE LAUBRILCANTS AND
Ronal d L. ShUBKTEL® 0.2 NEPE6I  Dethare 1990) (et arnar e ool y by
: . ' et ; A L ene

processi ng oi ltheoplagfsmpsiipénand thos &Patn I E?%‘F{T)dl’yﬁgf’%%e i ls
are the PARAPGLIuGerd e abo2Op7®cedsinags oidutpeéviolishy favai tlbite
fornlExxganbH% volume %; about 68 volume % to about 75 volume %;

about 70 volume % to about 78 volume %; about 71 volume %

to about 80 volume %; about 72 volume % to about 79

volume %; and about 71 volume % to about 80 volume %; for

example wherein said elastomer particles comprise about

10 62 volume % to about 76 volume %. In the present
invention, a thermoplastic elastomer composition having
high rubber content is achieved by use of multistage
addition of rubber(s) in which the cure rates of such
rubbers are controlled to be less the mixer residence

15 time, thereby achieving a sufficiently high state of
cure. Dynamic vulcanization can be carried out in
various types of commercial eguipment generally available
in the rubber and plastics industry including Banbury
internal mixers, roll mixers, and mixing extruders. The

20 preferred mixing equipment is a.twin-screw extruder with
intermeshing screw. As described above, mixing is
generally conducted under such time and temperature
conditions that the dispersed rubber particles are cured
to the extent necessary to maintain their stability,

25 i.e., to avoid coalescence of such particles prior to or
during the addition of the next stage of rubber addition
or completion of mixing of the composition. A suitable
range of dynamic vulcanization temperatures is typically

from about the melting temperature of the resin(s) to

30 about 300 °C; for example, the temperature may range from

about the melting temperature of the matrix resin(s) to
about 275 °C. Preferably dynamic vulcanization is carried

out at a temperature range from about 10 °C to about 50 °C

above the melting temperature of the matrix resin. More
35 preferably the mixing ltemperature is about 20 °C to about

40 °C above the melting temperature of the polyamide or

o



Chem cal Conpany, Houston®TX, now available fromInfineum
International Limted, MIton HIl, England under the "INFINEUMc, d,
f or g tragerR@Biee7i ncl udi ng grades previously identifipgg@SREAR0LM
450, 700, 950, 1300, 252400, and 2500. Additionally preferred

pol ybut ene oils are SUNTEXm pol ybutene oils avail able from Sun

Chem cal s. Preferred pol ybutene processing oils are typically
synthetic |iquid polybutenes having a_cs%t_ai n nol ecul ar wei ght,
preferably from about 420 Mh to about 2700 Mh. 30The nol ecul ar wei ght
distribution -Mv M- ("MAD') of - 46 - preferred pol ybutene oils is
typi cal | y aboutixédopellve@itle blowmordaspiefestanity about 2 to about 2. 8.

The preferred denghtahd @mBbhimdntisaf the polysuntenaverorasghag oils
varies fromabout 0.85 to agou% 0.91. .Tge bré)m' ngspunpeé 5(%@mfor
preferred pol YHGEERR HidE PENGR ST AB00 40 Tof the 455 NA-process
oi |, to about i8 fldepetredR100tMy prastemerofmponent Ryppering: &bess oil s
a: SO ha}/@lé‘STMr??éh._Qﬂ]@iﬂgoﬁﬁeﬁ@p@ﬂ%_ NG on &B@éd’lﬁ_ﬁuk&hgyuﬁéilellaismbﬁei he
class o paraffinjc, naphthenic or arongtj ro ceous
process oils. @ tn'b%eejoafsgﬁfl%]ée%%mpocinlenﬁt g?i%glc? %gﬁ ﬁ%‘%@%ﬂc}t
customari |l y usedrenatorg.udoshbhigiant &ot gpesointdpddy oneriedepshent
md ﬂ- rUbberf(‘J?'ﬁ:l@i 8 s%ngoﬁitijagrt’qlsi@dﬂacit.ﬁ!n henarthugi bbmp@eepa ze

ich type of ail  shou e ytilized with, r in a
particul ar appqqia(%ﬂ“%.ccﬁ'@ronsﬂgi Bt ﬁ:?lr?e?:e%g °3°§’§‘?§°.!“§§£?%’e %%b%%g
typi cal [lp pregewpoae of |earalyisg ovt Fvapsac PElGRN Rt ppRier &51Sy about -
5 to 20 wt %ﬁlfixtthl?et Otialbri:%@ﬂ‘ﬁisﬁéli»ﬂ{bn fEae él&é&ir:cmphasécﬁdbceltasthﬁer
conposition the qil .may, be 20present at L eV, about. 20 wt %
of the total coWp8sitior o prof ef abry bi IU%F%fn_o e%ﬁrggﬁ%gd |nl£toer(ider to
maxi m ze i npergrE@iskEign ofs pReigvaposiadhorortion of) fhgqERRRen,
pl asticizers siafpodst06gaitirC beStrE Ssamy] otheir syunilret) ctipd astduaiczer s
can be ysed. A pacti cul arly, 2epLelerted PLastiel 0l ohe Uldh 3aDVA
conposi tion i s”N-BUt 5T Forram de-or ot hef % asticizers suitabl e for
pol yam des. | reaamsdidie@nisodichare @ ubisdrepr eEERE 0l §- sUEFFRHET ©F
napht heni c, arpfEid:C defrParaf tirbsslextiandef eipsruiry: bé piesent at
about 1 to abo hr. | ixll 3 i , t iC,
al i phati c, par%ﬁgafs%r?fg‘gréndé]%t théLrgs Iélggl?r%‘ %@ogﬁgpgﬂeﬂ@t%sﬁg%??a%%%
absent from t heoe avpssprtbnllByeashbdtghtihgl FyPbsefer, 9pes i ry?éé(ﬁt
that napht heni &n FgoprRabiey wapaktisioy ardcat heth atemahkencplastiry be

present, if at re:aslj!ri ttoocggsgxéiet%ternﬁogéﬁﬁtag wgg]aﬁt 2degradation or
crosslinking of the resin. Furthermore, control of the
crosslinking rate and extent of crosslinking of the
elastomer component is more readily achieved.
25 Consequently, the compositions of the present invention
exhibit improved properties.

One process for producing of the thermoplastic
elastomer composition can be performed by the following
procedure. First, a mixing device such as a Banbury

30 mixer, two-roll rubber mill, etc. is used to pre-mix the
elastomer component and predetermined amount of
crosslinking agent until a substantially uniform
dispersion is obtained. At this time, the elastomer
component may have added theretoc suitable amounts of

35 optional fillers such as carbon black or modified carbon
black, clay or modified clay oil and/or plasticizer.
During this phase of mixing the temperature has to be



35phr in the conposition. The degree of cure of the vul cani zed
rubber can be described in terns of gel content, cross-link density,

- 47 - thewvarwaksodpf extractabl e conponents or it can BPETHR2ZWH0IHA24H he
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
invention, it is preferred that 5 the hal ogenated el astoner achieve
about 50 to about 85% of full cure baseglyon the el astoner per se as
nmeasured, e.g., by tensile strength or using the oscillating disc
cure neter test gASTM D 2084, Standard_Test Method for C%Sper
Property- Vul c&RPzRP1 B 5 ﬁglﬁc‘?‘}qu&ﬁ hGYEr SIPTOIPE BBNEY

nol di ng t he t kénsbphasid)c sellastedreandcanposttidaraghbai medhiento a

sheet, film I"ts%ttl i eyv Sty ai-ght crosshead
structure tub%%gag?gy%?fnt{?lgt Fgﬁi ﬁtigé E%rlvn H?arg ?‘g“" etc. at the

end of a 15si FGPESSEREREAT Ghere! tgal elrtdjesreifﬁé ERRPSI@THEEsi bl e
to use the CORREShi O A%ikhagaktePREBE Dik Prawantbye: |1B0erc. €. g.

an innerliner, of ?ﬁg urrjtarterdcatr re %r}dtgg & & rEH%r]leH%for | ayer of a

hose, etc. The the ic e oner conp 031 11 0ns t he present

i nvention nay a@enze@gmwwgr ﬁt@@ﬁn&@mﬁwt pélEePFoRAY e% REf

nol ded by usi &%eaﬁséagt@::ﬁ@reew;amtﬁwdﬁr nyybah deésinyph caté prssedaboy
resin. 2814 00 LU AL ORLAGE 3L LIS RO AIDIe, 62, D
effectively use or an innerliner matic tire or°the
hose tuB® or Hegéceovaralpie &1 @W%‘s’-fﬁeﬂﬁﬁ%ﬂm% Wénl%?tq{erlﬁéﬁé t he
| ow peerEa?: I |doh‘1t@5%lé@tcﬁfﬂcﬁ.ﬁzh.eﬁs of '}IHBsGrQBH@f)Sctdrrlp@ﬂeﬁtel§Uﬁdd&bte for
uses wt ui gs _othe S, 16..0. I, QL c

ydraul i o 11 o gtraritd AR IRAED pial porl (e il ARG o

that the |ayer’thenrarsr~e&t> ctmcaeeem% etlﬁétf’m%ﬁd:q%@n%?:t"sfbl SPerse
resi stance to dhe Hivpdrdei ppabantd@ehin) in Ay Mydpgerofimuwiiens

recited | L t he Os_%ec%gcgéﬂt%mr&%e lglgg)eo%e QL+ L, the paragraphs and

cl ai s her ei nafter, referr I ous aspects of the invention,
such as 35 that refreseeti ﬁ@réoﬁﬁr‘t?ftﬂﬂuéltil%ta%ﬁntﬁr GpBREi €Y units of
measure, condiileasizpbyei Cajensbahes 1 afdecens ages nylsnirdsmded t o

literally i ncoglpa% %&%reécﬁfpeo%%% Bﬁ cgtt%}% aboé@ R fgerglgtgeltor

ot herwi se, any er f |nc udi ng any subset
of nunbers or Rl%ﬁrf@é@bsﬁb”%‘urf@d‘ \RPFHl%PWaPﬁﬁg%e%er &Bpt ggtamic

Furthernmw e, thaldseibntaboutepihenheiseickiag dewbel fused for,tler in
conj unction Swi tlh: gﬁt azg}neam%h%fg;ﬁ JaStbg S tﬁ%n‘fltbﬁbf?nrés%n god

i ntended to conve nunbers, ranges, aracteristics an
conditions di s%lét?s*@dleﬁeF@PE’P% EPeRPDIRETEAGUERALY Pri@dffee of the
present inventimfluddnghose oldniplled &nsdiey aktrudemg kneaper atiuandsiry
times, Concentrh%térqntmﬁﬂggmm;%&néﬁmer?a&?@rmtumgs Anong

properties suc art
25 these, a twin-screw mixing extruder is preferably used

By

for dynamic vulcanization. Alternatively, two or more
types of mixers may be used in successive mixing
- operations. As the conditions for the dynamic

vulcanization step involving melt mixing of the resin(s},

30 the temperature should be at least the temperature at
which the predetermined nylon resin melts, but preferably
above the melting temperature as described above.
Furthermore, the shear rate at the time of mixing is
typically greater than about 500 sec™

35 500 to about 7500 sec™; alternatively, about 1000 to

about 7500 sec™!; for example about 2000 to about

; preferably about

7500 sec™l. The overall time of mixing during each stage



size, surface area, bulk density, etc., that are outside of the range
or different froma single value, will achieve the desired result,
nanmel y, arygymagi®®l |y vul cani zed, high el astoner-cont eotr/usampossid on
conprising 15at | east one isobutyl ene-containing elastonmer and at

| east one thernoplastic suitable for use, for exanple, in a pneumatic
tire or hose, or as a tire innerliner. EXAMPLES The foll ow ng
commercially avail abl e products were us 20f or the conponents

enpl oyed in the Exanpl es Rubber Conpone §'Description Bl IR

Br onmobut yl m 2222 (brom nated i sobutyl ene i soprene copol yner, 2% Br,
ExxonMbbi | Cheifi ¢mhanGenpaiyan Hoasitoon iFeras)eBbNg- Qb@R&pﬁbﬁﬁQBDQS
(brom nat ed |§gbg$%h§q@ &lggggyl styrene copolyner 0. 5% Br, 5% PS5,

ExxonMobi | Chem cal ust on Tgﬁ 1 Exxpr om, 89 ﬁ,
(br oni nat ed |sobut§/+‘b‘??e tg‘errﬁfﬂﬁs%ﬁfr roeps’o rréfw‘@n 5 B b

ExxonMobi | ChewiltasdadiR 28NRE26n nat thhal rnufb%%rcoeﬂspaﬁ@’ar@ N@leaym an

Rubber) $&BR n i y
Styrons. §DSMC%%'§?%§P?OI( Skwi ey uihadiensisublietynddi Sedoun

vulcaglzed and ggé&ﬂ&? eiastomerflgﬁe a overgynangonents
vulcanization step is repeated with at least one or more
additional portions of the rubber composition until the
total amount of rubber desired in the final thermoplastic

10 composition is achieved. Cbnsequently, this process will
involve a minimum of two stages, but can be conducted in
more than two such stages, e.g., three, four, five ox
more, as desired. Furthermore, the amount of rubber
introduced in each stage can be varied, provided the

15 total amount of rubber degired in the overall composition
is achieved at the conclusion of all of the mixing
operations and a suitable amount of rubber is introduced
in each stage so as to achieve the desired small particle
size and high volume percent of rubber in the final

20 composition.

The thermoplastic elastomer compesition thus
obtained is structured with the elastomer component
forming a discontinuous phase dispersed as a dispersicn
phase (domain) in a matrix of the nylon resin which forms

25 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 ox
calendering. This result is illustrated in Figure 1

30 which is a view of the microstructure shown by an atomic
force microscope tapping phase micrograph (20 by 20
micron area) of the thermoplastic elastomer composition
cbtained according to the embodiment of Example 13
described below. The figure shows a high concentration

35 of small particulate or globular areas of vulcanized
brominated isqbutylene paramethyl styrene elastomer

dispersed in a continuous polyamide matrix, the



ZnO Zinc oxide - cure system conpohent St-acid Stearic acid - cure
system conponent ZnSt Zinc state - cure system conponent S sul fur -

cure syst gphsapRSIeNt MBTS sul fur-containing cure syst e@ruso0s/038824
accel erator2, 2' -benzot hi azyl disulfide O Cure nodifier', GPPD

N- (1, 3- dinmethyl butyl)-N -phenyl - pphenyl enedi ami ne C2 Cure nodifier
2, Arneen DVHR, dinethyl hydrogenated rapeseed (C20 - C22) tertiary
am ne, Akzo Nobel Additive Cbnponents_lggryktol 40Ms Conpound
conpatibilizer (m xture of dark aromati C”hydrocarbon resins, Struktol
Conmpany) Cal sol 810 napht heni ¢ processing oil (Calunet Lubricants)

Fl ect ol Fl ect cenTMYeus imgskicinntavifgotpaerpperance- df hy drigh2ep, 4-

trinethyl gui ngijnen &l&6w¥ai ATBIiL &) sNB60e GUanmblagkrticles.

(sem -reinforcing gﬁgqgrquition described herein may also have one
or more filler components such as calcium carbonate,

5 clay, mica, silica and silicates, talc, titanium dioxide,
starch and other organic fillers such as wood flour, and
carbon black. Suitable filler materials include carbon
black such as channel black, furnace black, thermal
black, acetylene black, lamp black, modified carbon black

10 such as silica. treated or silica coated carbon black
{described, for example, in U.S. Patent No. 5,916,934,
incorporated herein by reference), and the like.
Reinforcing grade carbon black is preferred. The filler
may also include other reinforecing or non-reinforcing

15 materials sudh as silica, clay, calcium carbonate, talc,
titanium dioxide and the like. The filler may be present
at a level of from 0 to about 30 percent by weight of the
rubber present in the composition.

Exfoliated, intercalated, or dispersed clays may

20 also be present in the composition. These clays, also
referred to as "nancclays", are well known, and their
identity, methods of preparation and blending with
polymers is discleosed in, for example, JP 2000109635, JP
2000109605, JP 11310643; DE 19726278; W0398/53000; and

25 U.S. Patent Nos. 5,091,462, 4,431,755, 4,472,538, and
5,910,523. Swellable layered clay materials suitable for
the purposes of the present invention include natural ox
synthetic phyllosilicates, particularly smectic clays
such as montmorillonite, nontronite, beidellite,

30 volkonskoite, laponite, hectorite, saponite, sauconite,
magadite, kenyaite, stevensite and the like, as well as
vermiculite, halloysite, aluminate oxides, hydrotalcite
and the like. These layered clays generally comprise
particles containing a plurality of silicate platelets

35 having a thickness typically about 4 to about 20A in one
embodiment, and about 8 to about 12A in another

embodiment, bound together and containing exchangeable



N3952 Silica coated carbon black Ti SP1068(tackifier 1 - alkyl phenol
f ormal dehyde resin, Schenectady International) T2 GLOO(tackifier 2 -

synt heti c \p@hybaERene resin (Quintone brand, N ppon Ze@grfdisdismiks)
T3 Sylvalite RE1IOOL (tackifier 3 - pentaerythritol ester of r&gin,

Arizona Chem cal) Engineering Resin Conponent N Nylon 11 available
as Rilsan BMN O from Arkenma N6/ 66-1 Nyl on 6/66 copol ymer avail abl e as
Ube 5033B from Ube N6/66-2 Nyl on 6/66 copol yner avail abl e as Ube
5034B from Ube WO 2007/050071PCT/USZOO$§038824 - 50 - N6/66-3 Nyl on
6/ 66 copol ymer avail abl e as CM6001FS avail able from Toray Additive
Conponent cations such as Na', ca*?, K" or Mg+2 present at the

interlayer surfaces.

Layered clay may be intercalated and exfoliated by
treatment with organic molecules (swelling agents)

5 capable of undergoing ion exchange reactions with the
cations present at the interlayer surfaces of the layered
silicate. Suitable swelling agents include cationic
surfactants such as ammonium, alkylamines or
alkylammonium (primary, secondary, tertiary and

10 quaternary), phosphonium or sulfonium derivatives of
aliphatic, aromatic or arylaliphatic amines, phosphines
and sulfides. Desirable amine compounds {or the
corresponding ammonium ion) are those with the structure
R1RzR3N, wherein R;, Rz, and Ri are C; to C3 alkyls or

15 alkenes which may be the same or different. In one
embodiment, the exfoliating agent is a so-called long
chain tertiary amine, wherein at leasf R; is a Ciz to Cazg
alkyl or alkene.

Another class of swelling agents include those which

290 can be covalently bonded to the interlayer surfaces.
These include polysilanes of the structure -8i(R')R?
where R’ is the same or different at each occurrence and
is selected from alkyl, alkoxy or oxysilane and R? is an
organic radical compatible with the matrix polymer of the

25 composite. Other suitable swelling agents include
protonated amino acids and salts thereof containing 2-30
carbon atoms such as l2-aminododecanoic acild, epsilon-
caprolactam and like materials. Suitable swelling agents
and processes for intercalating layered silicates are

30 disclosed in US 4,472,538, 4,810,734, 4,889,885 and
W092/02582.

Tn a preferred embodiment of the invention, the
exfoliating or swelling agent is combined with a
halogenated polymer. In one embodiment, the agent

35 includes all primary, secondary and tertiary amines and
phosphines; alkyl and aryl sulfides and thiols; and their

polyfunctional versions., Desirable additives include:



P Plasticizer, BW, Noutylsulfonam de C Conpatibilizer, AR201,

mal eat ed EVA copol ynmer DuPont-Mtsui Si Stabilizer 1, package
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and resin conponents were charged jnto a t screw m xi ng.extruder
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conposi ti on. BisNSofoptEnfuneis osékadidarivaer sasedsuhekbngiigtlene

i nversion was yobseruedn hi®su1Btd] 20f RexBhdNSphase becane
continuous. BINS content \N%; increased in Table 1 from Exanple 1 to
Exanpl e 18 by r¥isdCAREret S Eomer conponent feed to the extruder
according to the fahaubetironsfsprteFiaad, nifapiealbteds sholsriensFabl e

1, poor dispersiQn;nesubd et at i 82 %Apbdhbesn cantesbraftkdPRATE

i nversi on, when the BINS ruhber WD 2%0 /(%EOOYlF%C‘E/ U§200§/ 038824 - 51
- phase becane-TEGntFREBLCT d€cifr FHCH" 78 96 Ftibber °cSht entt Cood
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const ant; sst r angd. icaWRLEr o s WaR eBhabsed Nl ¥ §ortdha 1eonposiddions of
exanpl es 1 an af%/&%@gggqggkmeability. Amounts typically can be from
about 0.5 to about 15 wt% in one embodiment, or about 1
to about 10 wt% in another embodiment, and about 1 to
about 5 wt% in yet another embodiment, based on the
20 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 phr
in one embodiment, and about 3 to about 20 phr in another
embodiment. In one embodiment, the exfoliating clay is
25 an alkylamine-exfoliating clay.

Ag used herein, the term "process oil" means both
the petroleum derived process oils and synthetic
plasticizers. A process or plasticizer oil may be
present in air barrier compositions. Such oils are

30 primarily used to improve the processing of the
composition during preparation of the layer, e.g.,
mixing, calendering, etc. Suitable plasticizer oils
include aliphatic acid esters or hydrocarbon plasticizer
oils such as paraffinic or naphthenic petroleum oils.

35 The preferred plasticizer oil for use in standard,
non-DVA, non-engineering resin-containing innerliner

compositions is a paraffinic petroleum oil; suitable
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hydrocarbon plasticizer oils for use in such innerliners
include oils having the following general

characteristics.

Property Preferred Minimum Maximum
API gravity at 15-30 10 35
60 °F (15.5 °C)

Flash Point, 330-450 300 700
(open cup (165-232 °C) (148 °C) (371 °C)
method) °F (°C)

Pour Point, °F 30 to 430 -35 60
(°c) {-34 to -1 °C) {-37 °C) {15 °C)

Generally, the process oil may be selected from
paraffinic oils, aromatic oils, naphthenic oils, and
polybutene oils. Polybutene process oil is a low
molecular weight (less than 15,000 Mn} homopolymer or
copolymer of olefin-derived units having from about 3 to
about 8 carbon atoms, more preferably about 4 to about 6
carbon aztoms. In another embodiment, the polybutene oil
is a homopolymer or copolymer of a Cyq raffinate. Low
molecular weight "polybutene" polymers is described in,
for example, SYNTHETIC LUBRICANTS AND HIGH-PERFORMANCE
FUNCTIONAL FLUIDS 357-392 (Leglie R. Rudnick & Ronald L.
Shubkin, ed., Marcel Dekker 1999) (hereinafter
"polybutene processing oil” or "polybutene®). Useful
examples of polybutene oils are the PARAPOL™ series of
processing oils {previously available form ExxonMobil
Chemical Company, Houston TX, now available from Infineum
International Limited, Milten Hill, England under the
"INPINEUM c, d, £ or g tradename), including grades
previously identified as PARAPOL™ 450, 700, 950, 1300,
2400, and 2500. Additionally preferred polybutene oils
are SUNTEX™ polybutene oils available from Sun Chemicals.

Preferred polybutene processing oils are typically

synthetic liquid polybutenes having a certain molecular
weight, preferably from about 420 Mn to about 2700 Mn.
The molecular weight distribution -Mw/Mn- {"MWD") of
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preferred polybutene oils is typically about from 1.8 to
about 3, preferably about 2 to about 2.8. The preferred
density (g/ml) of useful polybutene processing oils
varies from -about 0.85 to zbout 0.%91. The bromine numbex
5 (CG/G) for preferred polybutene oils ranges from about 40
for the 450 Mn process oil, to about 8 for the 2700 Mn
process oil,
Rubber process oils also have ASTM designations
depending on whether they fall into the class of
10 paraffinic, naphthenic or aromatic hydrocarbonaceous
process oils. The type‘of process oil utilized will be
that customarily used in ceonjunction with a type of
elastomer component and a rubber chemist of ordinary
skill in the art will recognize which type of il should
15 be utilized with a particular rubber in a particular
application. For an innerliner composition the oil is
typically present at a level of 0 to about 25 wt %;
preferably about 5 to 20 wt % of the total composition.
For a thermoplastic elastomer composition the oil may be
20 present at a level of 0 to about 20 wt % of the total
composition; preferably oil is not included in order to
maximize impermeability of the composition.
In addition, plasticizers such as organic esters and
other synthetic plasticizers can be used. A particularly
25 preferred plasticizer for use in a DVA composition is
N-butylsulfonamide or other plasticizers suitable for
polyamides. In another embodiment, rubber process oils
such as naphthenic, aromatic or paraffinic extender oils
may be present at about 1 to about 5 phr. In still another
30 embodiment, naphthenic, aliphatic, paraffinic and other
aromatic oils are substantially absent from the
compesition. By "subgtantially 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
35 phr in the composition.
The degree of cure of the vulcanized rubber can be
described in terms of gel content, cross-link density,
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the amount of extractable components or it can be based
on the state of cure that would be achieved in the rubber
were it to be cured in the absence of the resin. For
example, in the present invention, it is preferred that

5 the halogenated elastomer achieve about 50 to about 85%
of full cure based on the elastomer per se as measured,
e.g., by tensile strength or using the oscillating disc
cure meter test (ASTM D 2084, Standard Test Method for
Rubber Property-Vulcanization Using Oscillating Disk Cure

10 Meter}.

By molding the thermoplastic elastomer composition
obtained intc a sheet, f£ilm, or tube using a T-sheeting
die, straight or crosshead structure tubing die,
inflation molding cylindrical die, etc. at the end of a

15 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 thermoplastic
elastomer compositions of the present invention may be

20 taken up into strands once, pelletized, then molded by
using a single-screw extruder that is typically used for
resin.

The sheet or tubular molded article thus obtained
can be effectively used for an innerliner layer of a

25 pneumatic tire or the hose tube or hose cover of a low
gas permeable hose. Furthermore, the low permeability
characteristics of the composition are sultable for uses
with fluids other than gasses, e.g., liquids such as
water, hydraulic fluid, brake fluid, heat transfexr fluid,

30 etc., provided that the layer in direct contact with the
fluid has suitable resistance to the fluid being handled.

Any range of numbers recited in the specification
hereinabove or in the paragraphs and claims hereinafter,
referring to various aspects of the invention, such as

35 that representing a particular set of properties,.units
of measure, conditions, physical states or percentages,

is intended to literally incorporate expressly herein by
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viscosity of the rubber conposition. The el astomer conponents, BINS
rubber and its viscosity nodifier of silica coated carbon black, were
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100 100 100 practice of the present invention by those skilled in the

art using temperatures, times, concentrations, amounts,

10 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
vilcanized, high elastomer-content composition comprising

15 at least one isobutylene-containing elastomer and at
least one thermoplastic suitable for use, for example, in
a pneumatic tire or hose, or as a tire innerliner.
EXAMPLES
The following commercially available products were used

20 for the components employed in the Examples

Rﬁbber Descripticn
Components
BIIR Bromobutyl™ 2222 (brominated

iscbutylene isoprene copolymer, 2%
Br, ExxondMobil Chemical Company,
Houston Texas)

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

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

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

rubber, 23.5% bound styrene, DSM
Copolymer, Netherlands)
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Cure System
Components

Zno

Zinc oxide - cure system component

St-acid

Stearic acid - cure system
component

ZnSt

Zinc state - cure system component

3

sulfur - cure system component

MBTS

sulfur-containing cure system
accelerator2,2'-benzothiazyl
disulfide

Cc1

Cure modifierl, 6GPPD, N-(1,3-
dimethylbutyl)-N'-phenyl-p-
rhenylenediamine

c2

Cure modifier 2, Armeen DMHR,
dimethyl hydrogenated rapeseed (Czg
- Ca2} tertiary amine, Akzo Nobel

Additive
Components

Struktol
40MS

Compound compatibilizer (mixture of
dark aromatic hydrocarbon resins,
Struktol Company)

Calsol 810

naphthenic processing oll (Calumet
Lubricants)

Flectol

Flectol TMQ antioxidant
(pelymerized 1,2-dihydro-2,2,4-
trimethylquinoline, Flexsys
America)

N660

Carbon black (semi-reinforcing
grade)

N3332

Silica coated carbon black

Tl

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

T2

G100 {tackifier 2 - synthetic
polyterpene resin (Quintone brand,
Nippon Zeon Chemicals)

T3

Sylvalite REL100L (tackifier 3 -
pentaerythritol ester of rosin,
Arizona Chemical}

Engineering
Resin
Component

Nll

Nylon 11 available as Rilsan BMN Q
from Arkema

N&/66-1

Nylon 6/66 copolymer available as
Ube 5033B from Ube

N6/66-2

Nylon 6/66 copolymer available as
Ube 5034B from Ube
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NG6/66-3 Nylon 6/66 copolymer available as
CM6001FS available from Toray

Additive

Component

P Plasticizer, BM4, N-
butylsulfonamide

C Compatibilizer, AR201, maleated EVA
copolymer DuPont-Mitsuil

81 Stabilizer 1, package includes
Irganox, Tinuvin, and Copper Iodide
{Cul)

52 Stabilizer 2, package includes
Irgafos 168; (tris(2,4-di-(tert)-
butylphenyl)phosphite) (Ciba
Specialty Chemicals)

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

5 prepared using a dynamic vulcanization process carried

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

10 Composition.” The elastomer component and vulcanization

system wereé charged into a kneadexr, mixed for

approximately 3.5 minutes, and dumped out at about 90 °C
to prepare an elastomer component with a vulcanization
system. The mixture was then pelletized by a rubber

15 pelletizer. Next, the elastomer component and resin
components were charged into a twin screw mixing extruderx
and dynamically vulcanized to prepare a thermoplastic
elastomer composition. BIMS content was steadily
increased until phase inversion was observed, i.e., until

20 the BIMS phase became continuous. BIMS content was
increased in Table 1 from Example 1 to Example 4 by
raising the elastomer component feed to the extruder
according to the formulations specified in Table 1. As
shown in Table 1, pooxr dispersion resulted at 62.5 %

25 rubber content and phase inversion, when the BIMS rubber
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phase became continuous, occurred at 70 % rubbexr content.
Good extrudate quality, typlcally characterized by a
smooth surface and constant strand diameter, was obtained

only for the compositions of examples 1 and 2, as shown

5 in Table 1.
Table 1
Example 1 2 3 4
BIMS-2 100 100 100 100
Zn0 0.15 0.15 0.15 0.15
St-acid 0.60 0.60 Q.60 0.60
ZnsSt 0.30 0.30 ¢.30 0.30
N1l 44,6 40.2 36.2 28.4
N6/66=~1 30.7 27.7 24.9 19.5
P 10.5 8.5 8.6 6.7
S Q.87 0.75 0.71 .56
BIMS vol % 57.5 60 62.5 70
Quality Good Good Poor Fhase
inverted
M50 (MPa) 6.4 5.9 5.8 NM
Elongation 370 340 320 NM
(%)
Fatigque 1.5 M 2.5 M 2.3 M MM
{cycles)

10

15

20

25

M50: 50% modulus at room temperature measured according
to ASTM D412-92;
Elongation: elongation to break at room temperature
measured according to ASTM D412-82;
Fatigue: samples tested at 40% strain amplitude in

tensile mode running at 6.67 Hz and at room temperature;
fatigue resistance expressed in cycles to failure.

M means million.
NM means cannot be measured

According to the phase continuity criterion, raising the

BIMS rubber viscosity could further extend the rubber

content.

In examples 5 - 9, 20 phr of silica coated

carbon black filler was added to the rubber compositicn

to increase the viscosity of the rubber composition. The

elastomer components, BIMS rubber and its viscosity

modifier of silica coated carbon black, were nixed in a

Banbury mixer for 3 to 5 minutes and dumped at 120 °C.

Subsequently, the rubber-carbon black mixes were

accelerated with the curatives in a kneader and dumped at

about 90 °C.

These elastomer mixtures were then



0.7 MO0.7 MNM Mb0: 50% nodul us at room tenperature neasured
according 15to ASTM 0412-92; Elongation: elongation to break at room
t enper at ungoNRARWed according to ASTM D412-92; Fati gugcraAIRsASksze
tested at 48%stra|n anplitude in tensile node running at 6.67 Hz and
at roomtenperature; 20fatigue resistance expressed in cycles to
failure. Mneans mllion. NM nmeans cannot be neasured Exanples 10 to
14 were prepared using a ZSK-30 co- 25 rotating internmeshing twn
screw extruder with 29 length to di anmste# {LID) screw and a residence
time of about 1 minute at 100 RPM As indicated in Table 3, exanple
10 with |l ong qlineetised rgf eakekhéhaeiGetritatites] vendoantitreed WO
20071050071PCT/,US 0] - 53 - ey .S rd first
Tix, O and CEAPERRE S BOarE TaaT rarat h Carbinat o Th B2
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Curatives wer e;geemdtsper sedai twi Modewbbet rumsiong mdxBambunning ater nal

m xer running at 60 RPM w a _dunp.tenperat.ur 0.C

Curative -cont%ioni(rllga""lﬂjlvll%?\gI ﬁ@%b@m'coﬁﬁonﬁ? nor%nmg&sagi?éér)f ﬁ% éti zed

usi ng a granuliatverspen ortitld bertwgrdddtt d0t nelyxidngfexpbhrier. The
cure time of examphgnldods @kl @by |Nihinghesn thandaeneasdencarbese of
the extruder 10and, Jin turQ;2 L5ed 0 EEh;aseH(imQé/verrsi %gtgurén tihs%aﬁggond
m xing. Wien t38ERFR it %61 €38 1 han 17RInUTE, “as Phat' of exanpl es
12 - 14, acceptfalthe extrarsibdaciusl 1isr wonhahnyig r dybarie oftter?d 286ul d

be obtaijped i sdMRnIbageINE H1Bdds 1bASwhewn: béd Tablassd and 2, the
maxi mum r ubber cont ent achi evabl e by the one-stage m xing, even with
the increase i?PI‘}pl?ﬁﬁgf’OW'scosity, is 62.5 % Table 3 deals with two
stage m xing. Table 3 Exanple 10 11

Tabkle 2
Example 5 6 1 8 9
BIMS-2 100G 100 100 100 104
N3952 20 20 20 20 20
ZnQ 0.15 0.15 0.15 0.15 0.15
St-acid 0.60 0.60 0.60 0.60 0.60
Znst 0.30 .30 0.30 0.30 0.30
N1 49,1 44.3 38.9 35.8 28.7
N6/66-1 33.8 30.5 27.4 24.6 18.7
P 11.6 10.5 5.4 B.5 6.8
51 0.96 0.87 Q.78 0.69 0.56
BIMS vol % 57.5 60 62.5 65 70
Quality Good Good Good Poor Phase
inverted
M50 (MPa} 7.8 7.0 6.3 5.6 MM
Elongation 300 340 360 370 WM
{%)
Fatigug 1.0 M 0.6 M 0.7 M 0.7 M NM
M50: 50% modulus at room temperature measured according

15 to ASTM D412-92;
Elongation: elongation to break at room temperature
measured according to ASTM D412-92;
Fatigue: samples tested at 40% strain amplitude in
tensile mode running at 6.67 Hz and at room temperature;
20 fatigue resistance expressed in cycles to failure.
M means million. ‘
NM means cannot be measured

Examples 10 to 14 were prepared using a Z5K-30 co-

25 rotating intermeshing twin screw extruder with 29 length
to diameter (L/D) screw and a residence time of about 1
minute at 100 RPM. As indicated in Table 3, example 10

with long cure time, greater than 60 minutes, encountered
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phase inversion during the first mix. <Cl and C2 are the
two cure modifiers in combination with S2 stabilizer and
were adjusted to provide different cure times. Curatives
were pre—-dispersed in BIMS rubber using a Banbury

5 internal mixer running at 60 RPM with a dump temperature

of 100 °C. Curatives-containing BIMS rubber composition
was then pelletized using a granulator prior to being fed
to the mixing extruder. The cure time of example 11 is
slightly higher than the residence time of the extruder

10 and, in turn, led to phase inversion during the second
mizing. When the cure time is less than 1 minute, as
that of examples 12 - 14, acceptable extrusion quality
with high rubber contents could be obtained in two-stage
mixing.

15 As shown in Tables 1 and 2, the maximum rubber
content achievable by the one-stage mixing, even with the
increase in rubber viscosity, is 62.5 %. Table 3 deals

with two stage mizing.

Table 3
Example 10 11 12 13 14
BIMS-—-1 100 100 100 100 100
Zn0 0 1.0 0.5 0.5 0.5
St. acid 0 1.5 0.5 0.5 0.5
C1 1 0 1 1 1
cz2 0.5 0.5 0.5 0 0
N6/66-2 120 0 0 0 0
N6/66-3 o 78 78 78 49
82 0.6 0.4 0.4 0.4 0.25
Cure time > 60 1.09 0.79 0.70 0.70
First Mix** 55/45 55/45 55/45 55/45 55/45
Rubber particle NM 0.18 D0.29 0.20 0.20
size
Second Mix** MM 80/20 80/20 8G/20 70/30
Final rubber vol % - 62 62 62 73
Rubber particle NM NM 0.17 0.22 0.24
size
Observation Phase Phase Good Good Good
’ inverted | inverted
M50 (MPa) M WM 16 21 8.5
20 Cure Time is cure time in minutes measured based on time

required to reach 50% cure at 230 °C using MDR curemeter
(ASTM D2084-92A);
Rubber particle size: number average rubber dispersion
diameter in microns measured by tapping phase atomic

25 force microscope and image processing;
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NM: cannot be measured, since phase inversion was
encountered;
M50: 50% modulus at room temperature imeasured according
to ASTM D412-92

5 First Mix** 55/45 means addition of 55 wt.% Nylon and 45
wt.% (approximately 50 vol.%) rubber.
Second Mix ** 80/20 means addition of 80 parts by weight
of the first mix composition plus 20 parts by weight of

rubber.

10 Second Mix ** 70/30 means addition of 70 parts by weight
of the first mix compesition plus 30 parts by weight of
rubber.

Melt viscosity properties of components and mixtures were

15 also measured with the following results (melt viscosity
at 230 °C and 1216 sec™’ shear rate measured using a
Monsantc processability tester):

Table 4
Component or mixture | Viscosity (Pa-s}
Exxpro 89-4 250
N6/66-1 600
NG/ 66-2 600
N6/66-3 150
N1l 200
First Mix 200
20 Thus, the viscosity ratio of the resin to the rubber

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

similar ratio would be obtained.

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

specification. Although the invention herein has been
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described with reference to particular embodiments, it is
to be understood that these embodiments are merely
illustrative of the principles and applications of the
present invention. It is therefore to be understood that
numerous modifications may be made to the illustrative
embodiments and that other arrangements may be devised
without departing from the spirit and scope of the
present invention as defined by the appended claims.
Likewise, the term "comprising" is considered synonymous
with the term "including" for purposes of Australian law.

Various aspects or embodiments of the present invention
are set forth in the fellowing enumerated paragraphs:
This invention relates to:
1. A thermoplastic elastomer composition comprising
{(A) at least cne halogenated iscbutylene-containing
elastomer; and
(B} at least one nylon resin having a melting point
of about 170 °C to about 230 °C; wherein:
(1) said at least one elastomer is present as a
dispersed phase of small vulcanized particies in a
continucus phase of said aylon;
{2} said elastomer particles have been formed by
dynamic vuicanization; and
(3) said elastomer particles comprising greater
than about 60 volume % of the volume of saild

elastomer and said resin.

2. The composition according to paragraph 1 wherein
sald elastomer particles are present in an amount
selected from the group consisting of greater than about
60 volume % to about B0 volume %; about 6Z volume % to
about 78 wvolume %; about 65 volume % to about 75

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

[=]

volume %.



62 62 73 Rubber particle size NMNMO.17 0.22 0.24 oservation Phase
I nverted Phase inverted Good Good Good MoO(MPa) NM NM 16 21 8.5

20Cure Ti RBobsy7ostfps time in mnutes nmeasured basedon tipg® is@fishissh t O

reach 50% cure at 230 C using MDR cureneter (ASTM D2084-92A);

particle size: nunber average rubber dispersion dianeter

measured by tapping phase atom c
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3. The composition according to
said elastomer particles comprise
volume %.

a, The composition according to
said elastomer particles comprise
volume %.

5. The composition according to
said elastomer particles comprise
about 78 volume %.

6. The composition according to
said elastomer particles comprise

about 76 volume %.

7. The composition according to

Rubber
in mcrons

paragraph 1 wherein
greater than about 65

paragraph 1 wherein
greater than about 62

paragraph 1 wherein
about 62 wvolume % to

paragraph 1 wherein
about 62 volume % to

paragraph 1 wherein the

degree of cure of said elastomer particles is at least

about 50 % of the maximum degree of cure that said

elastomer is capable of reaching based on the composition

and conditions under which said elastomer is vulcanized.

8. The composition according to

paragraph 7 wherein

said degree of cure is selected from the group consisting
of about 60 % to greater than about 25 %; about 65 % to

about 95 %;
greater than about 90 %; about 80

about 70 % to about °5 %; about 75 % to

% to about 98 %; about

B5 % to about 95 %; and about 85 % to about 99 %,

9. The composition according to

paragraph 7 wherein

gaid degree of cure is at least about 80 %.

10. The composition according to paragraph 1 further

comprising at least one component

selected from the group

consisting of fillers and plasticizers.



25f orce microscope and inage processing; - 54 - NM cannot be
measur ed, since phase inversion was encountered; MO: 50% nodul us at

room terrpqx,gtzw—,gadompasured according to ASTM D412- 92 Shictrals2dvkasisiza
55/ 45 means addition of 55 wt.% Nylon and 45 wt. % (approxi nately 50
vol . % rubber. Second Mx ** 80/20 neans addition of 80 parts by

wei ght of the first mx conposition plus 20 parts by wei ght of
rubber. 10Second M x ** 70/ 30 neans addiabi on of 70 parts by weight of
the first nmix conposition plus 30 parts “Hy wei ght of rubber. Melt
viscosity properties of conponents and m xtures were 15al so neasured
with the foll oWl ng Thesgbmgogiiglan wrseoding tat P2BRYGRNG ¥ReBeidec- 1

shear rate rTea§;y{d3% %hngeglmgg_ge@r@@g&%@ybfy(it)e ;y%ﬁ 1Tahl e 4
Conponent or ure \f I sC SII Pa-s) Exxpro 89:4 250 N6/66-1 600
N6/ 66-2 600 N6]7‘36 g 17g0a ony 5 copolymef

composition ratlo of {i1)/{ii} is about 10/90 to about
5 90/190.

12. The composition according to paragraph 11 wherein
said composition ratio of (i)/(ii) is about 30/70 to
about 85/15.
io
13. The composition according to paragraph 1 wherein
zaid at least one halogenated isobutylene-containing
elastomer is selected from the group consisting of
halogenated butyl rubber, halogenated iscolefin/para-
15 alkylstyrene copolymer, halogenated
isobutylene-p-methylstyrene-isoprene copolymer,
halegenated branched butyl rubber and halogenated
star—-branched butyl rubber.

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

structure, where X represents a halogen:

CH,

—{—-~CH2-—C—(i3H— CHy—>—
25 X

15. The compesition according to paragraph 13 or
paragraph 14 wherein the halogen is selected from the
group consisting of bromine and chlorine.

30
16. The composition according to paragraph 13 wherein
said halogenated isoolefin/para-alkylstyrene copolymer
copolymers comprises a C; to C; isoolefin.



First Mx 200 20Thus, the viscosity ratio of the resin to the rubber
during the first mx is 0.6 and the viscosity ratio of the first mx

to the rquﬁaooq}dgdﬂ?lg the second mx is O.8. Furthermrg,CTﬁL%g,g;ggﬁ

viscosity of a m xture of the rubber plus cure systemin the absence
of crosslinking 25woul d be substantially the same as that of the
rubber, a simlar ratio would be obtained. Al'l docunents
descri bed herein are incorporated by reference herein, including any
priority docunents and/or 30testing proe&dures to the extent they are
not inconsistent with this text.. The principles, preferred

enbodi nents, and npHeScAfpoBperah | atcatiihbet presegttaphvehtiherehave

been descri bed _i. i i.fl 1 i pyention
her oi n has besh Lo NEEedHEEE Ko SRR baRy P R e
embodi ment s, iEMPE1ESS o had@erse Rl PORYL I PPRISY IEREGAPTRNt s are nerel y
illustrative afethhespyidiniipkesomptkapplications of the present
inventios. It is therefore to be understood that S5nunerous

nodi fi cafions may be nmade to the illustrative enbodi pents and  that

ot her arrangerint s ThayCHW W FLSRFWHARGHE HR RATAIGPPr b TFESdPi ri t
and scope of tdedphaeseddn iirvepbhite.as defined by the appended cl ai ns.
Li kewi se, the term"conprising"” is considered synonynous 10w th the

term"including” for purposes of Australian |aw, Various aspects or
embodi ment s of!%-hePpPeYEMticnéRe | ATPHE 188t 2% Gritth PEA™ERE FbI | owi ng
enuner atied parpgvephsve Thier peveptioimg el ahesndmlastit. Aladiermeepl asti c

el ast oner CO”Q%&%%EQQiSﬁ”QH&d%EQQg g#? 5%%§%§§§t%pne hal ogenat ed

i sobutyl ene-contdining elastoner; a east one nylon resin
having a nelting point of about 170 C to about 230 C, wherein: 20(1)
said at | east ane el astensrmprdspnesentheasopldsspersedtphase of smal |

vul cani zed parégnﬁj0§§twn a%&%%%lﬂb'oﬁz %g}gggagﬂ_ sald AYheRst dd) said

el astonmer particles have been forne ynam ¢ vul cani zati on; and

25(3) sdifd el at¥GirePiparid dEPEMPTSSiatg gr eat er

21. A process conducted in a suitable mixer for
producing a thermoplastic elastomer composition, said
mixer having a characteristic residence time, said

20 composition comprising greater than about 60 volume % of

dispersed particles of a total amount of at least one
halogenated isobutylene-containing elastomer, said
particles dispersed in a continuous thermoplastic nylon
resin matrix, said process comprising the steps of:

25 (1) mixing halogenated elastomer-contalning
composition (A), said composition (A) comprising a
first fraction of the total amcunt of halogenated
elastomer in said thermoplastic elastomer
composition and further comprising a cure system for

30 said first elastomer fraction; and thermoplastic
nylon resin (B) under suitable dynamic vulcanization
conditions of time, temperature and shear to form
composition {C};

(2) mixing composition (C) and halogenated

35 elastomer-containing composition (D), said

composition (D) comprising a second fraction of the

total amount of halogenated elastomer in said



t han about 60 vol une % of the volune of said elastoner and said
resin. 2. The conposition according to paragraph 1 wherein 30said

el ast oner pghid:ek@s are present in an anmount sel ected fpE@shsgeaup
consi sting of greater than about 60 volume %to about 80 vol une %

about 62 volune %to about 78 volune % about 65 volune %to about 75
vol ume % about 68 volunme % to about 75 volunme % about 3570 vol unme %
to about 78 volunme % about 71 vol une fyéo - 56 - 3. The

conposi tion according to paragraph 1 whgtein said el astoner particles
conprise greater than about 65 volunme % 5 4. The conposition

accordi ng to paragthghoblaltbie slasgicder| astarrditipar ape | feytésnpri se
greater than about -§¢,¥Ql:Wiea YuA0%vEREN COIP Qi 08c8EE AIGIsAgnES
paragraph 1 whereip _said el a%oner . aéﬁi cles Gar igaenazbaoctiton& vol une
%to about 78 vol uhE®9si0mg. “Rfg" cs'o”r%%é_il i SR AL or 8 gt paragraph 1
wherein 15sai d el astoddriopar oF ctiewe ,c Gapre st Eiso 3nd62h&T tive T96 10
about 76svol ume % corfposhie caoMPESi tion according to paragraph 1

wherein the degree cu of said. el astomer, particles.i .| east
20about 50 % of thégLax]i ed@‘é‘?e‘% 5fal§u£%r?fhaatnds§|e ORT as a%t%Pnlg‘s
capabl e of reachi ngfbaseteontetieclomposit fonleatd téandihe dedadnder
whi ch sai d el ast onmgfohst \WH GanbEsthtedBeldBEokP@SkLi@N according to

par agraph 7 wherein 25sai.d degre f cure is sel.ected. t he group
consi sting of abou?h%ﬁ“%%ag%éige%faesfm fan“a ?ﬁﬁjdﬁ%% 95%%%{“ 65 % to
about 930% about TOMYEEiMpOUE) IBdphadbeaRatyB! Rlegtgrem R teRRANT

about 90 % about 8@nYedn@Rout) 9&Md abapbs 85 % t(@) abenri 3B nY aand

0 0 e .
R L e
10. The conpositi orlastorad ig coipdimyraphaitiaralggiomer
composition and further comprising a cure system for
15 said third elastomer fraction; under suitable
dynamic vulcanization conditions of time,
temperature and shear to form composition (G};
wherein the step of dynamically wvulcanizing a
fractional additional amount of halogenated
20 elastomer in the presence of the dynamically
vulcanized composition of the preceding step is
repeated as many times as necessary in order to
cbtain the total amount of halogenated elastomer in
said thermoplastic elastomer composition; and
25 wherein each said dynamic vulcanization conditions
at each step are sufficient to effect a cure state
in said elastomer particles of at least about 50% of
the maximum cure state for said elastomer and cure
system and wherein said dynamic vulcanization time
30 period is equal to or less than about the

characteristic residence time of said mixer.

22. The process according to paragraph 21 comprising two
fractional additions of said halogenated elastomer.

35
23. The process according to paragraph 21 comprising at
least three fractional additions of said halogenated



35conprising at | east one conponerit sel ected fromthe group
consisting of fillers and plasticizers. - 57 - 11. The conposition
accordi ng {8 hhagsarh 1 wherein said nylon resin conphicgRS@sa3gsidr €
of (i) nylon 11 or nylon 12; and (ii) nylon 6/66 copolymer, and a
conposition ratio of (i)/(ii) is about 10/90 to about 590/10. 12.
The conposition according to paragraph 11 wherein said conposition
ratio of (i)/(ii) is about 30/70 to about 85/15. 10 13. The
conposition according to paragraph 1 whgh 6in said at |east one

hal ogenat ed i sobutyl ene-containing elastomer is selected fromthe
group consi st ngsedmdral ogenat ed butyl rubber, hal ogenated

i sool efin/para- 15al kyl styrene copol yner, hal ogenat ed

i sobutyl ene- p-net hyl styrene-i soprene copol yner, hal ogenated branched
butyl rubber &4d hBtogaeseed 3¢t HREnERSRFBRICEFPr GbbBIET®28132 The
conposi ti on ageakdbhr R rRacaes ae bIevket eim amakdotat ogdrated butyl

rubber hal ogenat ed,_put u . L$e o) n Qo the
foll owi ng hal %ﬂjﬂgrﬁa?lg% %1{0#1 c?ggéelscc\%h rgﬁﬁﬁ%pé;gesteeﬁ%g %1?(?% ogen; CH$
CH2- C CH CH, 29Xumas? trh@beshp®sitalsmeatc ottty szova%awaegr%agﬁ 33y
par agraph 14 wieteitnd g habogess iwlsekestied dooom 7hevairomep ¥;

consi sting of Bram ae ANdyEhk oLl N8042075 1010 1GOmBGSE 1 Poatkerdl ng
t o paragraph erei n'sal d hal ogenat ed |soolef|n/garang%%¥lstyrene
copol ymer copdioy RBPSE COhPIoLEEE & GRS ¢F Tt f° 2k° 17. The
conposi tigon aGeanfleny; taprdquar agr aphankd $wher &hanis 4i%d vhatog erated

| s00' £11 1/ parasalkyh 2Lyd i %099'y§9:ft 8Mpsisgs sa hal ogenat ed

pol y(i sobutyl ene-co-pnethyl styrene) copolyner. 5 18. The conposition
according to paragraph 17 wherein said hal ogen is brom ne. 19. A

pneunati c tiresonphéespigteds abcopdinmpdbi pardDprey @it Werdiay epid
conprising a tgf?é%gﬂggsﬁéfifgl@§tEgﬁﬂrise greater than about 65

15 volume %.

26. The process according to paragraph 21 wherein said

elastomer particles comprise greater than about 62

volume %.

20
27. The process according to paragraph 21 wherein said
elastomer particles comprise about 62 volume % to about
78 volume %.

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

30 degree of cure is selected from the group consisting of
about 60 % to greater than about 95 %; about 65 % to
about 95 %; about 70 % to about 95 %; about 75 % to
greater than about 90 %; about 80 % to about 98 %; about
85 % to about 95 %; and about 85 % to about 99 %.

35

30. The process according to paragraph 21 wherein said
degree of cure is at least about 80 %.



conposition according to paragraph 1.7 20. A hose conprising a
t her nopl astic el astonmer conposition according to paragraph 1 as at

| east one \ﬁ‘ﬁlzﬁl)ﬁﬁguo?lf a hose tube material. 21. A procq,@&,[fg%g,y%ﬁd

in a suitable mxer for producing a thernoplastic el astoner
conposition, said mxer having a characteristic residence tine, said
20conposition conprising greater than about 60 vol une % of di spersed
particles of a total anount of at |east one hal ogenated

i sobutyl ene-contai ning el astoner, said BérTches di spersed in a
continuous thernoplastic nylon resin matrix, said process conprising
the steps of: 25(1) m xing hal ogenat ed elastoner cont ai ni ng

conposi tion (A, ?hﬁ Q31 LLOB-& Ay %gnpgfégf@hazfll y8trdiaghign of
t he total am)unt 0 ogenat ed elasto al her nopl asti.c

n_Sai
el ast omer com?dé‘lsitP’Bﬁra‘"rﬂ:Ptlﬂ&PfLﬂﬁr ?f@??ﬁrlfcéf’ﬂgf @L?rrecgﬂ‘)%¥ % 6F 30said
first el astondreafstaohé cmmpandnt hee mpleds from oy noesi aofB)stindept

sui t abl e5dynar@1cil\éggcgi%zl§£t|scggcggggét| ons of tine, tenperature and
shear to formconposition (C); (2) mxing conposition (C) and

hal ogenat ed 35el ast oner-cont ai ni ng conposition (D), said conposition
(D) conpri si ng32a s@benprdaemct ronoodirnchéot D BAgXERIURL shehairogendt ed
el astomer in sghdy re§§?n cc;rr[ﬁ@c'ig@?lﬁsiﬁu&u%laaéfo r n§QBROS1 td:0myaed
further corrprl si ng al z }y g] %gr sai.d second, el ast oner, f fraction;
under suit abl e*4fy A& l%hlrt&r‘?inz { PBrFESHAFEF ord b CORBOStEiRer at ur e
and shean to figrtncbo6mpbsi tiion i6ExoY3)L0/B0t he ahemtoPO£a9d first and

second fractions of hal ogenated el astoner is Iess than the total
anount of hal o nat ed el astoner in_saiqd thernmo Iastoner

conposi tion, nd "EORBRPUE taFSHrfbé)‘g dpﬁﬁf% %gd ersin said

el ast oner - contcampqsgtwnpustmq ol (F)/ (iSai dscalhtp@sﬁq/aﬁ tF)akeripri si ng
a third fractigyyef the total ampunt of hal ogenated el astomer in said
t her nopl astl c el astoner

34. The process according to paragraph 21 wherein said
at least one halogenated iscbutylene-containing elastomer
is selected from the group consisting of halogenated
butyl rubber, halogenated iscolefin/para-alkylstyrene

20 copolymer, halogenated
iscbutylene-p-methylstyrene-isoprene copolymer,
halogenated branched butyl rubber and halogenated
star-branched butyl rubber.

25 35. The process according to paragraph 34 wherein said
halogenated butyl rubber halogenated butyl rubber
comprises a high content of the following halogenated
structure, where X represents a halogen:

CH,
——CH,—C— (IIH" CH,——

30 X

36. The process according to paragraph 34 or paragraph
35 wherein the halogen is selected from the group

consisting of bromine and chlorine.



conposition and further conprising a cufe systemfor 15said third

el astoner fraction; under suitable dynam c vul cani zati on conditions
of time, tLeHpeFALMsEe and shear to form conposition (G pcrhigbmkisskie
step of dynamcally vul canizing a fractional additional anmount of

hal ogenat ed 20el astoner in the presence of the dynam cally vul cani zed
conposition of the preceding step is repeated as many tines as
necessary in order to obtain the total anmount of hal ogenated

el astonmer in said thernoplastic el ast oné? Ttonposition; and 25wherein
each said dynam c vul cani zation conditions at each step are
sufficient to effect a cure state in said elastoner particles of at

| east about 50% of 1f he, QUM CULE 5t 8bepd Ao, 3Rid 38l Asb.urmer sand cure

syst em and wherei n sai lynam ¢ vul cani zatjon time 30period is equal

to or |ess thdi?l&E6BRtehe SCRAREER é?q:ﬁ"ﬁék?%i?%?@eci’i’%r sai d

m xer. 22. Thegpbaersss agoprdsag 4 .pavayr dphoRdfigonpri sing two

fractional additions of said hal ogenated el astoner. 35 WO

2007/ 050071PCT/ US2005/ 038824 - 60 -, el astoner. 4. _The process

according to pHragfaphPRorsifererer S te1 BRY BHHAP éptV}&?lgesmarS?ld

present in an mmygerhased ectoedebin Grathe lgydspycorsicepphgeaf greater

than about 60 yQlure.% 1 &,:Ab0Uh~B0: WolIyTE st aaie-63-yol ure % Lo
vol unme %

about 78 volume % _about 65 to about 75 volume % about 68
vol ume % to aBMHY#8LyBEEfe “OPCHBUt- 70 vol une 96 to about 78 vol une
% aboutio71 vol ume % to about 80 10vol unme % about 72 volume %to
about 79 vol ure % d, aboius X abeiin 8@ ¥RLHE, %aid

25. The procers%'acggr@d?ng tQ %ggggérlﬁ tgjlba/ﬁerei n said el ast oner
particl es conptdS8egr datRT ™ fH&n about 65 15vol ume % 26. The process
according to paragraph 21 wherein said el astoner particles conprise
greater than about 62 volunme % 20



27. The process according to paragraph 21 wherein said el astonmer ~
particles conprise about 62 volunme %to about 78 volunme % 2528. The
process according to paragraph Zl*m@g[_ei n said el astoner particles
conpri se about 62 volume %to about 76 volune % 29. The process
according to paragraph 21 wherein said 30degree of cure is selected
fromthe group consisting of about 60 %to greater than about 95 %
about 65 %to about 95 % about 70 % to about 95 % about 75 %to
greater th bout, 90 % . about 80.9%to about,,98 %  abqut 85 %to
about 05 of fnialae clis P Bgyon G A Te: 15 %ﬂﬁ»ﬂ@%ﬂ&e .
accor di ng FEUBERAAPARRTEF FRBFEER SAF i SgF BEORFeSRIFEES e Rl
about 80 opfaboutd{0°C toahout FATrEerells according to paragraph 21
wherei n sai d el(Bseidimbleast 9pg balogenyedisPhybdsnercopainectistiomepitpresert 4s ait

| east one conpdiepseddriscaispall vepanized oppasially vleanizadinggicks it i | | er s
and pl asti ci zercgutinugys phygeeof 53 8% according to par agr aph 21 wherein
sai d nyl on resi(#) seigrhplogeatedssohiylene-eontginipg plagymeypatticles havgypeghionped and
(ii) nylon 6/ 6@Yéﬁ?ﬁmlggéﬁémfﬁhw;a conposi tion 10ratio of (i)/(ii) is
about 10/ 90 t o (seidthabbegrrted isohstyleTereontiniog slesteroeratiolsy cempisingagr aph
32 wherei n sai drastsntiesrbdud A0 veltine Yodf the Yolyme 9f said ekaslomer 80/570 resen; about
85/15. 15 34. T®hé process according to paragraph 21 wherein said at
| east one hal og®neteesin sadigutagl aedalogenezi irobfylehasmtameng ¢lsstasdréct ed
from the group helopsiateti bniyl oibbdrabmpsieg thel fdlawidg helogtreted stradtogenat ed

i sool ef i n/ par a- al kyl styrene 20copol ymer, hal ogenat ed

i sobutyl ene- p- net hyl styrene-i sopren%HcopoI ymer, hal ogenated branched
butyl rubber and hal ogenat ed star-bfjadnched butyl rubber 2535. The
process accordi ng to paragrapk3dswheretor-9a d hal ogenat ed butyl
rubber hal ogenated butyl rubber corrpri}{ses a high content of the

foll ow ng hal ogenated structure, where X represents a hal ogen: Cl42
30X 36. Thehdps RegfissemeahRIddmg t 0 paragraph 34 or paragraph

2. The composition according to claim 1 wherein said elastomer particles are present in
an amount of greater than 60 volume % to 80 volume %.

3. The composition accerding to any of claims [ to 2 wherein the degree of cure of said
elastomer particles is at least about 50 % of the maximum degree of cure that said
elastomer is capable of reaching based on the composition and conditions under which
said elastomer is vulcanized.

4. The composition according to any of claims I to 3 wherein said nylon resin comprises
a mixture of (i) nylon 11 or nylon 12; and (ii) nylon 6/66 copolymer, and a composition
ratio of (i)/(ii) is about 10/90 to about 90/10.

Flala

5. The composition according to claim 1 wherein the halogen is selected from the group
consisting of bromine and chlorine.



35 wherein the halogen is selected fromthe group consisting of

bromi ne and chlorine. - 62 - 37. The process according to
paragraph 34 wherein said hal ogenajgd i sool efin/para-al kyl styrene
copol ymer copol yners conprises a C4 to C7 isoolefin. 38. The process
according to paragraph 37 wherein said hal ogenat ed

| sool efin/para-al kyl styrene copol yner conprises a hal ogenat ed

| b
ggcgghlsﬁgu@yﬁﬁggo,ﬁgﬁggﬁ% ;:g?g‘f%%‘ eﬁ!}%{oge org’t%dm-'t_ggn?ﬁ@%fass

t her nopl astic eFasto rco 03| I on corrprls ng (A) at Ieast one

hal ogenat eﬁlﬁ%pégegg% &!btlﬁ'ar}hﬂ é]l% one
%%Egbil E@gg%'z%%fa%&b%ﬂ%e% bt ctrbﬁ%tr E% % ggn ggiﬂ ﬁo (-ﬁ;]onn .
;" ! ?a‘? I on;

£

i all
Fg;tlsgi dyhéf@%%g r‘%ﬁr Cc)c/] nne 8%}‘1 r iF Hﬂ?a B’érstal Sﬁave

b f d h | 0 t
e .ﬁ[”@% Fo%h &Eams q;e? a;j’g,
0 “g é % mercompos on

e
'S’P S %n g) ugig sum%ynamlc

o o m”z; i
§§P§ 0%‘5‘5 %Eﬁ?rétuée ALY 8t o fosm e
g@/fis%)omer gfirtl cl%)es are

i sobut yl ene- cont ai ni
conprising the foll
-1/4"-Cl12-Craff - Cl -

conposition acc d|
present in an amount

J”_{ erngl n
oo o e 0o W@@;ﬁ;@f e
ure gf sai d ?l ag E% erpc% 'otltigﬁ ? 0 TS ur yﬁggx
ot um dearee of e gkl %ﬁﬁ : A
vul cani zed. 4. TheV 3{%822}'% (rPl' ' ing to 4 y % r@é r’é %?%

wherein said nyhkon r S
I i yqsg EE- s ] i ecfas%merm

12; and (ii) n NS rg Ol LB
(D) v avout LRI el oo e o
; g ﬁJgg d eﬁas eq'ccto msrng(gB it lthE' skig 9

of bromi ne and chl orh,pg Dsmon “comprising a third fraction of the total amount of
halogenated elastomer in said thermoplastic elastomer composition
and further comprising a cure system for said third elastomer
fraction; under suitable dynamic vulcanization conditions of time,
temperature and shear o form composition (G) ; wherein the step
of dynamically vulcanizing a fractional additional amount of

( halogenated elastomer in the presence of the dynamically
‘ vulcanized composition of the preceding step is repeated as many

times as necessary in order to obtain the fotal amount of
halogenated elastomner in said thermoplastic elastomer
composition; and wherein each said dynamic vulcanization
conditions at each step are sufficient to effect a cure state in said
elastomer particles of at least about 50% of the maximum cure
state for said elastomer and cure system and wherein said dynamic
vuicanization time period is equal to or less than about the
characteristic residence time of said mixer.

,._
-,

d &%tn‘drfF‘ac%n 6\?)% 81 or nylon




6. The conposition of claim1, the conposition being incorporated
into an article, the article being a pneurmatic tire or a hose. 7.. A
process conducted in a m xer for p%oducing a thernopl astic el astoner
conposition, said mxer having a~ EhAaracteristic residence tine, said
conposition conprising greater than about 60 volunme % of dispersed
particles of a total ampunt of at |east one hal ogenated

i sobut yl eng- CoY frobéditaceb AfrgERAaim S A cBripAsihl 6bE fradlioh BIRIARNG Br Sid
conti nuoushglbgé,{m@j amkiotneiyl On resin matrix; said process conprising
the steps of: (1) mxing hal ogenated el astoner-containing conposition
(A , sai dqcoméo&b&és@rhce&)mr@qmauﬁ'mg;oﬁlphg;h§bt feh@ahielrapfioddne total
amount of ZadiRGRNFAN 1Rl Aftha Rl elddomar d nopl astic el astoner
conposition and further conprising a cure systemfor said first
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dynam ¢ vubégtles e GestRIER oimnCs chde e sl U ol

f orm compogs {bigme(s (2) -m x1 ng conpositli on al ogenat ed
el ast omer - cont ai ni ng conposition (ID) , said conposition (D)
conpri si ngj A T3 Béiesfs%‘ééﬂd thani; B?clér%aﬁ BT8RheRin 45?&&’%?? Fcﬂl
el astomer poa J c el astomner composi ti on urt
conprising a cure system for sal d second el astomer fraction; under

sui tabl e dvmarmecpraéas%ad%ba rigd8 aﬁ ik ns thu'tv!/ ein 581 foﬁtrﬂélﬁ' and
shear to fgy ylo r Ao aﬁb‘ Ioﬁ 1 end
second fragld 98smp Bs;héﬂ a@gﬁ Jihan t € tot al
anount of hal ogenat ed e sto |n sa erm)p astl c el astoner
conposi ti oy, THeXBEhsE RS NGt8An{ Bl cI&RE - {? bORSHM-EH said a Eéasto e
el astorer - sertdNaBAR bR FastAbits SRR eé Q£ OMpr i i ng
a third fr&ﬂsis@ﬁg% haIB8eri=ed Bbut rFQb’cBBr E’E&%@JI eCnEpesa' d
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system ftha‘? aiehi t Lﬁfﬁﬁbﬁe{r%ﬁg h&Bg StaRHidn :Fb MG@E‘Beﬁ‘
vul cani zat | on condi tions of tenperature and shear to form
conposi ti o (rizk proc‘/%@ra%b&d 80 Sl Jwah@Vé"ﬁ"Qézg?ﬁ%loéeHé{E&@Gﬂyizr'uﬁgera

fracti onal hasghdatN @ity @IBBEHcoRTprosd QH@H%ﬁt@n%f@fﬁé %E\Rnngmai n#egsence
of the dynapiceabl y vul cani zed conposition of the preceding step is

repeated as many tinmes as neces afry in order to obtain the total
anount of hal ogenated el astonerjin said thernoplastic el astoner
conposition; and wherei f c vul cani zation conditions
at each step are sufficient to effect a cure state in said el astoner
particles of at |east about 50% of the maxi num cure state for said
el astoner and cure system and wherein said dynam c vul cani zation tine
period is @m&@b<k@m&hn&ﬁ§ﬁmb&@ﬂ about the characteristic residence
time of said mxer. - 65 . The process according to claim?7
conpri si ngd, whelprasdss eRabrdmddh Tc|a¢?ﬁ346}fhe$éhh thrdiqapnatedcel askorer . 9
The procgsap a6SastHgNE bréinkainchlorig@nPri sing at |east three
fractional addltlons of sai d hal ogenated el astoner. to. The process
accor di ng 140 TaBYrefRsYcoSiMgE clairh 02 WHeh&H 8hid hafigdnatea doRIBsh/para-
particles ﬁkﬁsﬁ?f@%&% oWﬁe@Bo@&EHé\*s Rhpls&aad € td 0ARoakeMAL 60 V0| ume %
to about 80 Vo 9 . The process accordlng to any of clainms 7 to

10, whereiry, %ﬂh@rrﬁ@ﬂé% é?ést@Mé?cdrﬁp&ﬁBHtcoﬁQst%gt&s@%ﬂ‘y of4 dg Pamiddly The
process acpHizg he clains 7 to It wherein said on resin
conpri ses a M XhWbRnGhat H)s éflm%fh RAef didstofRf dnldkb ﬁ%bx‘?@l(i@l 66
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about 90/1 process accor o any of alns 7 to
wherein said at | east one halogenated |sobutylene cont ai ni ng

el astonmer is selected fromthe group consisting of hal ogenated butyl
rubber, hal ogenated isool efin/para-al kyl styrene copol yner,

hal ogenat ed i sobut yl ene- p- net hyl styrene-i soprene copol yner,
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small, dynamically vulcanized particles in a continuous phase of said nylon and said
elastomer particles comprise about 73 volume % of the volume of said elastomer and said
resin; and

wherein (1) said dynamic vulcanization is conducted in two stages in a twin screw
extruder having a residence time of about 1 minute; (2) using said elastomer in which a
cure system is previously dispersed, said cure system exhibiting a cure time to at least
50% of maximum cure of the elastomer of less than said residence time of the extruder;
(3) during the first stage of which a mixture of 55 weight percent Nylon and 45 weight
percent elastomer are dynamically vulcanized and during the second stage of which 70
parts by weight of the mixture produced in the first stage is further dynamically
vulcanized with 30 parts by weight of elastomer.

18. The process according to claim 10, wherein after producing the thermoplastic
elastomer composition, the composition is incorporated into an article, the article being a
pheumatic tire or hose.

19. The thermoplastic elastomer composition according the claim 20 wherein the
composition is incorporated into an article, the article being a pneumatic tire or hose.



