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WD 2004/ 081116 PCT/ US2003/ 006560 DESCRI PTI ON ORI ENTED
THERMOPLASTI C ELASTOMER FI LM AND PROCESS FOR

WERODORIING THE SAME 5 Technical Field The preB&nUS2003/006560

invention relates to an oriented thernoplastic

el astoner film having reduced perneability and

i mproved fatigue resistance and also to a method of
preparing the sane. Mire partlcular the present 10
invention relates to a pr 6yodu0|ng a

t hernopl astic el astomer f|In1conp03|t|on wi t h enhanced

pl anar orientga DEJ. Ljty
HeR g

and a proce’f : i '
t he sane. Bad@g@dﬂ@@cmﬁs EﬁREFHQQB@DEﬂ THEcEAMEd a
Io%%g%5qggglgl LY q thernoplastic el astomer conposition

I'S"superior as a gas-barrier layer in pneumatic
t | r es Thies prieeemtp liagiend L ogo medSitEiso i+ oc Giporsien ted

|0%&@%&6§§E%Ehkyeﬁ%%%@%%&a§ﬁﬂ& H@Wﬂﬂd(fﬂﬁﬂEéHSpermeablllty
yam des or bl ends of polyam des, i'n 20 which

a
I O\ﬁnﬂeﬂﬁﬁ?éei"feﬂt?alt&l%‘@r r§l§éﬁt§§ml§r GRCn ZLEP to a method of

pOby(ep&@butgyltﬁ@es@mep rmxlb&)el @taweﬁema(ﬁlye thy gRiddent
is, _disperse uent th EP 761A1 and
EPdBSESBARY TedB0aT 1o & PEOsERRe SRt et i ¢
nathexmapdashecreﬂbsmomespénimonom@@&MMmuﬁ|waih renhanced
p e it h tois
gﬁfan%?? E‘El gx é?’glpgégi-’. 5%??%5% 3:‘L ’E_!;tats ?Fr@%a S.ul%y and
r ubb@lﬂ-‘00§|5§pép$“| @ﬂf@d\msmge@o@memm@ ERQ@Q@@QAE |trhe same.

thgg@kgggghgogg@stlc el astomers for delivering
accept abl e durablllty espeC|aIIy for their usage as

i nner| i BBrE2BR083 FiSGHased @i Aoy -PegmeRdd Ll ovenent
lntm@mb@s&a!artllbt)él@fstbh@&eclo@wosmﬁmammadttyLs superior as a
t hernopl ast.i ¢ el astoners coul% be achleve% g/
i 88§ RG pr-Ehar 28 Frentaf e A WD §5F441G 1S thermoplastic
inbpm@@sﬂkdnnobomptéﬁbatbodOMHp@rmeBhedamgla$@nmdyiastlc
el r h n

?h%ttQ tl'clhma% ?Fﬁgf%‘id‘{e)é o %g%glg%ctgﬁgg ai%quldes, in

pernea 1ty re was di sc
which a low-permeability rubber such as bromlnated

poly(isobutylene-co~p-methylstyrene) (i.e., or BIMS) is
dispersed. Subseguently, in both EP8577612A1 and
EP269039A1, viscosity ratio between the thermoplastic
matrix and the rubber dispersion was specified in order
to achieve phase continuity in thermoplastic and fine
rubber dispersions. Criticality of smaller rubber
dispersions was recognized in EP96903921 in these
thermoplastic elastomers for delivering acceptable
durability especially for their usage as innerliners in
pneumatic tires.

Further improvement in impermeability of these low-
permeability thermoplastic elastomers could be achieved
by imposing planar orientation. In WO 0214410,
introduction of orientation into a thermoplastic
elastomer film for property enhancement and for
permeability reduction was disclosed conceptually. No
experimental data were provided in this patent
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experinmental data were provided in this patent WO
2004/ 081116 PCT/ US2003/ 006560 2 application.

wao-ooitlogrile t he process specified in this appliPRPE/Usw03/006560

i nvol ves bi-axial orientation of cast film through
drafting, tentering, and heatse?ting by assuming the
filmin discussion has the strain hardening 5

h i St d_suitab hi d 1 GS. in .
CnesPg} ERaRt Sy ahiT She* { e e ARG SoF ] SRFSLT bR Anathis
t heapppiesticn elmetbves baséxfalnorsenhpbsed efnphytbyilm

Lretﬂf$@§§2§f%ﬂ%i?§g/9@n£é£¥%$k°¥$$g?gégggéﬁ%ggéb%L%gEuming

owni ng; . , royenen roper
10 therhbphath i ¢ietuss borhes| vheoesradh havdenheg

suiéﬁgfsctéfigigagn@ngygﬁfigﬁléoétkétéﬁiﬂs g h&ﬁi@§.2¥1n the

a sequential. bi-axial orientation process. Summar
| NVRREFOME THeV bt e@R s BlRe t ReapREseRteRhabhPRofNafe to

ﬁr M%oﬁﬁz@@icﬁ@ﬁ@é@&méh%%@?! tﬂ.@llinC:é@! ﬁrﬁﬁ@ﬂ@% EihPly by
av].n L eauced, as rne | an | rove ,

ot Fife HHR| STaiad RO APE ot 14D DIOVHE BEnGERBaapg £ilm

pr epbowming htosariee impaccemeabcenwEihmt beopeestas. This

. ; ; - e ot o _

t heriebil a8 ELE ofas PRt IEELAA0L SBiE Mhaye the suitable
per$eE®FF R 159 ot DvERT f Bt | febe eatSeabed by a sequential

CONPL L&k 1A 3o €8bh YoV &a8i zed pol ynmer bl end of
(A . a halqgenated isobﬁ%ylene el astonmer and (B)

pol S % hEP Y8R 9% produced by casting or bl ow ng

t he abovEhe psthjeEts b eneheinsesséhe conghtion suehtdhgtovide
a shear rate(§5 at ad

S e el 18 LPLp SR B 00 BLOMIT! Seccon
filgas weamedabitiey pradhaimproedd | hgehpes (RBR)sbdntdeand also
004410 JERES BRSOl SR 0 002,
| nvent i ofP [3Fqdidangredifiathorrresenh iteertddoms there is
YM“?¥bvi&édC&% S Sl QYU RE r A 1B £ B o] Ao £ having
| NG el £I uerranlleark?;{le.{temsnclijnin?s:goxtfehc? ga%—[]lt e&(et I(?el e:ifaril:gnce
di cretued p Y b gue resis
comprising a dynamically vulcanized polymer blend of (A)
a halogenated isobutylene elastomer and (B) polyamide,
the film is produced by casting or blowing the above
polymer blend under the condition such that a shear rate
at a die lip for casting or blowing is regulated to
control the molecular arrangement in the film, whereby
the planar birefringence (PBR) of the resultant film
becomes greater or equal to 0.002, preferably the PBR is
0.004 or more.
Disclosure of Invention

In this specification and in the claims which
follow, the singular forms "a", "an" and "the" include
plural referents unless the context clearly dictates
otherwise.

The present invention relates to an oriented
thermoplastic elastomer film having reduced permeability
and improved fatigue resistance and to a method of
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ot herw se. 35 The present invention relates to an
oriented thernoplastic elastoner film having reduced

w@esoamstiid ity and inproved fatigue resistanceP@ntisS1003/e06560

met hod of WO 2004/081116 PCT/ US2003/ 006560 3
preparing the sane. Mre part+chlar, the present
invention relates to filmcasting and bl ow ng

processes, for producing a thernoplastic el astomner
fi IRRSHAT-EhHEHC SR anar 5 orientation and a process

for prodwzrélq;a@wlrtﬁmw; CtHé rsreson g nenisisw. rdhgtes to
P A e Ll e Ol e P Sl g o

0 QQ?errMplaxt:gﬁteﬁasatmmuélﬂlhe wimosammceml thkesandD

ncr n n

| OLESI 0 MG et bl B9 RSB ATC, BLOIRGLOL cize

BRIVEE MRESCR REMGN OF THE DRAW NGS The present

i nvent i of, ﬁé fg%fgﬁt aﬁgﬁk%fiéEEHﬁééHEet@@ the %%1ented

description set forth below wth reference to the
ac COrRaMSR FRS kv FRP oI of 14 dihi SFPR RO Hequal to

corg ed @t j onretyeain el g acfkﬁﬁld)rb@nixﬂfod)@éd Wy tdethétm
and, t he perneabj ||t there The t her npopl ast

o A raA S Ip ot e e Lo oSS T DR Reing o
i sand e Enenel st driesw-ang @a pidd ydunt teg fiKNV%ﬂ@Mlm§

subj ect 6 §,0r QYNGR Covithf A 2Rk Oflaastiiged er m " dynami ¢

vul cani ZatTon" is use erei conno
vuI cani ZEt¢ apresecestnvenwoe wihe 1@@@?%@1 ngnderstpod from

Vc!l’é& o*ﬁ-\ﬂ?érﬁ %@Sf&f‘t‘?ﬁ @éfoxk’%&@tﬁ"%@f’ef’é‘ﬁ@é to the

con tlons ear a resul ;
vul%%ﬁﬁwiél% aa@%%e? i B1¢i ndit t'@mERRsToWs the

Cr Q5@ &Tkeeh e o St voie S@we aslahaNeoPaéit £ BSn 0B athe film
“m cr g@%'%MAthln h |nee ing resin matrix.
c

SHISH ??%% &d by mxing the
i ngredi eTites ’ahem@;elmtrm ue ka sshoodr | commposit aduoves t deblend

280#‘;&3 NG 1 SYBELALNT £ Hud PPkl A5t QLBInd P S P yamide,
which is subjected to dynamic vulcanization.

The term "dynamic vulcanization" is used herein to
connote a vulcanization process in which the engineering
resin and a vulcanizable elastomer are vulcanized under
conditions of high shear. As a result, the wvulcanizable
elastomer is simultaneously crosslinked and dispersed as
fine particles of a "micro gel" within the engineering
resin matrix.

Dynamic vulcanization is effected by mixing the
ingredients at a temperature which is at or above the

curing temperature of the elastomer in equipment such as
roll mills, Banbury® mixers, continuous mixers, kneaders

or mixing extruders, e.g., twin screw extruders. The
unique characteristic of the dynamically cured
compositions is that, notwithstanding the fact that the
elastomer component may be fully cured, the compositions
can be processed and reprocessed by conventional rubber

processing techniques such as extrusion, injection
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roll mlls, Banbury(r) m xers, continuous n xers,
kneaders or m xing extruders, e.g., twn screw

we@ziongiaies. The unique characteristic of the PCT/US2003/006560

dynam cally cured conpositions is that,

not wi t hst andi ng the fact that-the 35 el ast oner
conponent may be fully cured, the conpositions can be
processed and reprocessed by conventional rubber

pr M@i% tc‘é?f‘?’ﬁﬁeq‘ife’so%dw Bxtqfsi o AR ibrAgfng can
2004 Qg%hlﬂaﬁ;e?ﬁﬂﬂéﬁ%%}ﬁj&mh 4 nol gi ng, I conpr essidon

[_di | a e sal vage n
oo R €, SAHTSRT crfhoch s e S ke
|smaaﬂcemee: caingsdroeTey mmmmmOpdﬂq}mﬂiﬁs copal sohertsy bdne and
[ I

sgg ) a%&’rro%eegﬁr%zf?l egé éoé/ﬁr catl oncfg Eg'ﬁff ReAR Fatent
ThéRRiMWTg breferdly e eopsiazmtizgigrably have a

i 100 (E%ﬂdéHﬁﬂodEfﬂdﬂﬂ&%lﬁ&bnaf*dﬁéﬁffﬁht1on
aI Kk groups for t he par a-al kyl  "'styrene noi

e
rou s WRA dPd r*iﬁﬁ P%@?W%%H% moiety
10 g ey ama«bﬂlald%upssemdeg yE thah 0Bty |5 hentngn fa0oms,

1 to 5 car}bﬁn a];kgg and n%ﬂ{tur S thef}?yof haleI{geffééIgdl to
piarfﬁ-crmi}md satmmmen}nd mgtagiees helexgnfat edh | oyt aede

e 0 P

brgjrsn A emaecxo y %en%?lépc%r a%f% ‘?o %‘ ne cé%%%rene

havi ng a nunber average nol ecul ar weight M of at

| eant; @howg Hgﬁégghaﬁgdﬁfg&ﬂﬂ%?léﬁe|é¥§§téﬂg¥”c D0t s

preferably at | east about preferapbly at 7] east
abGURC HHHE (RO et et a@jﬂthtaﬂ FQMR LS S B kRIS -
The Lo HHIET St iEdh &l Sspdiaxee s ¥ dwingf a wmrw&r average

ﬁ;ﬁ%’ elgPlecular_%ﬁyght ( to nQ%$en%g§§r %Eelably
6 a‘qarmaemamkwd‘es"so A 0N, quﬁemblrsoraet plresf gty adﬁqzuit €85, 000,

%%Sef;ér%%]ef enbod] rrepil%%?lttda% e(ﬁﬁZI oll%fr;éfégcgl% gt Oreast

|sc?émwﬂelrﬁeo W Gist oS AUWAIORINS mamlqﬂeﬁeodtﬁpmyaretr%tlo of

( Sb&@é'h. &f@fﬁg@tn@lé&ﬂw wenarpanametdy | ind&n&verage

cop havi ng a I\/boney viscosity §1+4 at. 125C
(aé“ Wﬁ;ght ;, 1.2., Mw/Mn o g than about 6§,

preferably less than about 4, more preferably less than

about 2.5, most preferably less than about 2.0. In
another embodiment, suitable halogenated isobutylene
elastomer components include copolymers (such as
brominated isobutylene-paramethylstyrene copolymers)
having a Mooney viscosity (1+4) at 125°C (as measured by
ASTM D 1646-99) of 25 or more, preferably 30 or more,

more preferably 40 or more.

Preferred brominated copolymers of isobutylene and para-
methylstyrene include those having 5 to 12 weight % para-
methylstyrene, 0.3 to 1.8 mol % brominated para-
methylstyrene, and a Mooney viscosity of 30 to 65(1+4) at
125°C (as measured by ASTM D 1646-99).
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ASTM D 1646-99) of 25 or nore, preferably 30 or nore,
30 nore preferably 40 or nore. Preferred brom nated

weopalgrmes s of i sobutyl ene and para- met hyl st yPERES2003/006560

i nclude those having 5 to 12 wei ght % par a-

met hyl styrene, 0.3 to 1.8 nol-9% bfom nated para 35

nmet hyl styrene, and a Mooney vi scosity of 30 to 65(1+4)

at 125C (as neasured by ASTM D 1646-99).

2004/ 081BNS 1HEP YISt Obety Lene eﬂ%sm%@eqmﬁwent (A)

i S@Bﬂdﬁi&_{tﬁg e%@%l%'%r@éﬁﬂ@%er(ﬁ%on %&@fk‘i’%rk?r%@afé@ from

pres ention,c repar rom utyl e

PSR I (D o o I SR TIEY et So b R e St Ly

ZO%bmuﬁNeZ gt , 2 rased wmojhﬁ,l‘leaatsﬂcaluml’ou{ﬂte ofotal h&mount of

al kyl st.yr erab -

rcrfcg}f?oer}]cgeﬁe]?o‘l é(é/ %1]%{1171651:3&[ \T'ogera %é/fo%r.a% p-

comtteetrttyl@tfyntetreehaﬁ@gleqwe(cé y tigr nddgenaion. The content

prqjier@péyhﬁ(; ér§ é’rfferﬂb'éﬁdﬁéﬁ éfa out 70/%/1?1}’ is

wei ght, more of ef era a bout 0,
weiRfRICIRREY 1p%h R t3hait 1]€pfarﬁi0ﬁ'(e¥ﬂh’%héﬂ0re preferably

CopMainers . heo mwmluﬁtw&ryw@ﬁ s SANip&d ol tdcal
a known ner as described in, for exanple, European
Pt BRI | T3 | GPRNGIEP: 34402/ A publ | Shed’ Novenber
29, 1989 15 and the hal ogenation can be carried out in

K i bed | U.
Patent KT ASRRBE e aRll {8 b pp BB fruidh 2 known
el aawmy 33 cdescbilyediain i I@mmbmpba/er@g:eomﬂmmmnt
weiggiy (M1 . '@5544@%0p@§19&9ed %@exm@é es@bl ¥9g9

at | east about 100, 000 and aratio of the
weidJHi - R rRRrC FRN B A rCatei RMC MM E] Ptheln a known method

NUIERETd e Bged nm,ecwlarem;gm (LMé Patent I\MAJ\/mmaws

o b0 ST b it 16F L b oy s

| AN BB o8 AP B ABLE ALY 89) (] e

weigghuts o2 3 0 bl ymers }sbim:ﬁamabﬂgy a:bpl:éqmter@mm 100,000 and

terpolyners having recurring amde units wthin the

pold it khaph. tiw | wekdllea vara IR Hnlgratlear bjeight (Mw) to
the number-average molecular weight (Mn), i.e., Mw/Mn of
preferably less than about 10, more preferably less than
about 8.

The polyamides usable in the present invention are
thermoplastic polyamides (nylons) comprise crystalline or
resinous, high molecular weight solid polymers including
copolymers and terpolymers having recurring amide units
within the polymer chain. Polyamides may be prepared by
polymerization of one or more epsilon lactams such as
caprolactam, pyrrolidione, lauryllactam and
aminoundecanoic lactam, or amino acid, or by condensation
of dibasic acids and diamines. Both fiber-forming and
molding grade nylons are suitable. Examples of such
polyamides are polycaprolactam (Nylon 6),
polylauryllactam (Nylon 12), polyhexamethyleneadipamide
(Nylon 66), polyhexamethyleneazelamide (Nylon 69),
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pol yneri zation of one or nore epsilon |actanms such as
30 caprolactam pyrrolidione, lauryllactam and

wa@pionosmaecanoi ¢ | actam or am no acid, or by PCT/US2003/006560

condensation of dibasic acids and di am nes. Both
fiber-formng and nolding grade nylons are suitable.
Exanpl es of such polyam des are pol ycaprol actam

| on 6 . 35 polylaurylla tan1(hylo 12)
pg'?/wexaa%zée Sr Lo i SRR TG 6B 610
&zheyt E@Z@i%@lﬂtﬁidl\bdhmle 60Ny 10D 20084 P8ién 612,

R U, e P PO e

IP)prdM;/dx@h 614 2] 1 - &g oo+ b e dNyh aine MYEXL 6, (mylom B1H6 and

(ot RS TRAL! ShamPLESUFE Slein s 2000 POETERRUSS ol ©
pol jespelesal {espeesal hayvitmsa mﬂtﬁguagsmmhuhglwu Ar5°C.)
bel oy zgégc}lb%ﬁ ellqeﬁff}k b@@lﬂlé‘r Ki ﬁllfcﬁ fé@%%la of Cl‘gl?-%lcal

Enc cl opedia o em cal Techno pag

%ﬁ%@%¥%@%dlﬁ.o*OPdP®%%r91%b|%%%eE%%HC#@EﬁﬁbPo@§ Polymer
\kﬂScﬂéhc@agﬁé BEZhno¥ddy Jﬁbﬁbnn@yCPQQéy gyglLabhg

| n B rate b B aﬂ%f? B BfoR SYant 9eRUsh Yol ay ve

cryadvéhtageomé&ynmﬂe@ haviing mrsotieai of tpbsninvention,

19,501 0= PELYEED LPOE, s RO bE Ry R0 Lok e Bl ing
( B)P%la‘bl @r| Ihelhén%r}é@@h*t heeesn oh6@ SCpre?d a‘BL ybeing
1o n2Or PBFLS. by weight and 5 to 75 parts by wei ght,

nore preferably 90 to 25 parts b ht and 10 to_75
parts byTRGefBRAENLS Qhetlhe \R15ST 4 ?ﬂ‘éttlﬂﬁep()lyamlde

tot(aé) atﬁ@allﬁleoinZ%é rpfé@ém@nmén{mn?m pBREE82B0P o5 to
e ela ner 1 ONn acco In
P S LR ot oSt B b cEntRPRLS | Y et erbn Tore
t hepdobwealnbnt # Oned 2@m$ abylmgxghltemmé 1@ to 75 parts by
vul can %ﬁ@“?g ﬁéc%}{x‘}’é " g&k @%%égﬁﬂét é‘h%( “L&f’f‘&i Z%b&’ﬂt of

or cross-fin acce varil ous
oi | 8he mm@nggtﬁg@gemd tRl nx%rb@%gpaza’g%nby welght

pl asti CiZge, e Q5L 6L AT SHSHE i £ Db OLBEEr ¥ BREOUS the present

invention may contain, in addition to the above-mentioned

essential ingredients, a wvulcanization or cross-linking
agent, a vulcanization or cross-linking accelerator,
various types of oils, an antiaging agent, reinforcing
agent, plasticizer, softening agent, or other various
additives generally mixed into general rubbers. The
compounds are mixed and vulcanized by general methods to
make the composition which may then be used for
vulcanization or cross-linking. The amounts of these
additives added may be made the amounts generally added
in the past so long as they do not run counter to the
object of the present invention.

EXAMPLES

The present invention will now be further.
illustrated by, but is by no means limited to, the
following Examples.
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additives generally m xed into general rubbers. The
conpounds are m xed and vul cani zed by general nethods

W oooamg16 he conposi tion which may then be usebPlCT/082088006560

vul cani zati on or cross-linking. The anounts of these
additives added may be nmade the7anounts generally
added in the past so long as they do not run counter

to the e f the present vention. EXAMPLES 35
The pres%lh% f%gﬂ‘ﬂ% Inmeﬁ%a LVfayehbpble products were

i | luséd af el bye bGotipdsedys nempbepsd! ifi trd tRamphes.
| | es. _WD 2004/ 081116 PCT/ US2003/ 006560

foll ow ng Ex
7 The fglloa#%@l%o%ﬁ%? LTy avail abl e products were
used for the I@gohqmnlsntsAetmbém@edflmlheREXaanlBESNlo TL) and

Resi n Conmponent Nyl on é%‘hﬁ? ﬁ@? g@ (R Isan BESN 0O
TL) and 5 N6/66 (Ube 503 935Rb/ 66 (CVBOO1FS)
Additive 1: FNE&@ﬁC?ZerN6$§6bU¢W$%@hE%hesulfonanide,

Conpat i bi | i Zegy MR 204 110 Apﬁééu&zerﬂ agLl i zer:
I rganox 1098, Ti nuvin D, Rubber

Conponent BI MS; Bron1natedNEEb%P%%%?n%$u1%@%@$y¢@ne
and para-net hyl styrene satshpeneerilbeet  aepae

EXXPRO 89- 4 by. Exxonhbpi | em cal Conpan lng_. ,

a nooney visC%%?%%l%ﬁX%bodgt%%fyﬁﬁ%¥0xiﬁﬁ$£P9X5¥@éégthanln
% Par a- net hyl styrene and @bolid, Oadd ool % brom ne

DML6D: xad 1 ne (Akzo Nobel) 6PPD:

N-(1,3- netﬁ§¥% ?yr§ *?g enyl - p- 20 phenyl enedi am ne

ZnO Zinc OX|@@4%UraBIWn®te cf@pobyeer i @f atfobutylene and
CUrgd + ¥ 6ine ikt s t ¥ Eike SESTALEn G L h¥Ctradename EXXPRO 89-4

by ExxonMobil Chemical Company having a mooney viscosity
of about 45, approximately 5 weight % para-methylstyrene
and about 0.75 mol % bromine

DM16D: Hexadecyl dimethyl amine (Rkzo Nobel)

6PPD: N-(1,3-dimethylbutyl)-N'-phenyl-p-

phenylenediamine

ZnO: Zinc oxide curative

St-acid: Stearic acid curative

znSt: Zinc sterate curative

MBTS: Benzyothiazyl disulfide

3. Anti-block Agent for Rubber Pelletization

Talc: hydrated magnesium silicate (Ciba)

znO: zinc oxide

Igafos: Igafos 168 antioxidant (Ciba)
The test methods used for evaluation of the Examples and

Comparative Examples were as follows:
A) Measuring volume average eqguivalent disversion

diameter and number average equivalent dispersion
diameter

Tapping phase AFM was applied to evaluate dispersion
sizes and size distributions in these films. All film
samples were cryo-faced at -150°C using a Reichert

cryogenic microtome with diamond knives. Faced samples
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MBTS: Benzyot hi azyl disulfide 25 3. Anti-block Agent
for Rubber Pelletization Talc: hydrated nmagnesi um

wa@dososties (C ba) ZnO zinc oxide |gafos: |gafPST/LIER03/006560

anti oxi dant (Ci ba) The test nethods used for

eval uation of the Exanples and8 30 Conparative

Exanpl es were as follows: A) Measuring vol une average

equi val ent di spersiqn ,di ameter _and nber avera

edie 74l SHPTBRopBr 81 BAS 1APARGE cPPRppFAG IRGS BT AR RIS Ten £

apbélﬁdrmédeﬁp|UatEmﬁuénerSempeﬁétakéeswamdo&tzmoisture.
tributions in these fil film _sanples_were .

cr JoTPRERAVRTe. THBCTAERAG ALREPRRE: T CEF, BoaR ¢atin using

n1anoAEMe(mﬂph0d0aandikalvéastEamedtsampleapwﬁmg mode with

2004/ 081116 9? 003/ 006560 8 e_stor eg%&

de@i EEGEBRIUMAEr “FPoWPn§Lar§ORi EPBGENSYET ‘be ﬁggpﬁﬁg

topﬁHEbeﬁFMtﬁﬁﬁgbngbﬁ§ kaboﬂbnﬁak%bdeo T@@TDEQEmat and
were run Wt hi

hour s 6 Zé Cryo % |ng
AFRF PEFSS80556rG: FADIPREDPUNBAOPY RYERERMg TRBQATEEn
5 anheatangtikar 223- KmagelmeaeucaménhevwereAbbrﬁammedgu51ng

h AEM E_f
Pnd SoPabetean TuARY BB BaRoPeBhadne drbichep® Bhes) as
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quﬂ@gpéﬁg Dv is expressed as:

Dv = Z(n,D,*)/Z(n,D,%)
with, nl is the number of dispersion with equivalent
diameter of Dl1.

B) Tensile Fatigue Cvcles

Film and a carcass compound were laminated together with
an adhesive and cured at 190°C for 10 min. A JIS No. 2
dumbbell shape was then punched out and used for
durability test at -20°C at 6.67 Hz and 40% strain.

C) Oxvgen Permeability by Mocon

The oxygen permeation measurements were done using a
Mocon OX-TRAN 2/61 permeability tester at 60°C.

D) Principal Refractive Indices by Metricon

Three principal refractive indices were measured using
Metricon with an operating wavelength of 632.8 nm.

Planar birefringence, PBR, and average refractive index,
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Principal refractive indices along the three principal
directions of these films were determined using a
Metricon prism-coupling device. The operation wavelength
was 632.8 nm generated by a low-power He-Ne laser. Using
the three principal refractive indices, the average
refractive index could be calculated as:

<n> = (nl + n2 + n3)/3
wherein, <n> is the average refractive index. 1, 2, and
3 refer to machine, transverse, and normal (normal to the
film plane) directions, respectively. The relative
planar orientation could be expressed with the planar
birefringence, or PBR, defined by (see US 5385704)

PBR = (nl + n2)/2 - n3

In Examples 1 - 8, Nylon 1 matrix with the addition
of plasticizer and compatibilzer was used as shown in
Table 1. Nylon 1 matrix with plasticizer has its
viscosity closely match with that of BIMS. MBTS is a
cure retarder and DM16D is a viscosity enhancer. Both
can react with benzylic bromine of BIMS and affect its
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4, 7 and 8 (see the plot # 4, #

7 and # 8) were not within the scope of the present
w0 poogogilon. WO 2004/ 081116 PCT/ US2003/ 006560 PCT/1S2003/006560
Table 1 Exanple No. 1 2 3 4*3 5 6 7*3 8*3 Fornul ation

(parts by weight)

BI MS 100-100 200 100 100 100 100

100 DM6D O O OO 0O0O0O0OO0O0.5 MBISOOO0OO0OO0OO0O1O
ZnO 0.15 0.15 0.15 0.15 0.15 0,15 0.15 0.15 St-acid

0.60 0.60 0.60 0.60 0.60L8268-b.60 0.60 2ZnSt 0.30
Bxamp1e 8y 0o 120 3- 90 U- 30 Y. S U pY paSY TWION 1 o5 9O P8 1 e

0G0 OO0 Uo 0o ©o AUUTgrve 1 g1 21 20 Z21 214 21 211721
Formulakd®2tive 2 0.5 0.5 0./5 0.5 0.5 0.5/ 0.5 0./5 Progess
{parts Byt Cgst Cast| Cast Qast - + Cast {Cast Blown - |- - -
weight)B] own Bl own - | Properties [hickness (n) (130 180 230
BIMS 280 130 1800150 160 [<nt00l.5172001.5165601.516® 1.,5167 100
pMiep 1.5175 |1.5484 (1.5475 (1. %16 | PER (10-3) 4.{91 &. 9% 3.002 0.5
mprs 1.25 2.[24 3.11/ 1.85 1.4 ¢ Pefneabiljtys' 10.811/8 12.7| o
zno  12.8 N2 N2 1343 14.46:5* Lol @ URisls Of o 95 | 0,15 | 0.15
St-aciSur?LLé(”@RQ??;gﬂFﬁiérgzé%dng- tngqﬁ%#{squgohngh§> 0.60
ZnSt Exanpl esag‘@- 138 Q’r?%ExarQrp?es 90t3o 13?5‘ 7 dn %1 ﬁat HSXBO 0.30
Nylon Jnas usdd Bt i t45out| t AR p| astd ciger®®ng  ©8 68 68
Additivegfpati|bi 19%zer| 6PPD|codld | be*’a cur&livd aflthe 2% 21
Additivigj 2j ng It efperat uPeS off 2REC hy 918 cro8shinki & BIVS.5 0.5
Procesg hr ough benzyl| c brom nes apd, hence, renoving|them
cast fromreactdsee |corgeat i|bickézali cast OMLGD i & vi $cossd y| cast
Blown €nhancer for Bl M5-that al so|react MWgsiBwn | Blown - -
Properties
Thickness (um) 130 180 230 280 130 180 150 150
<n> 1.5170 | 1.5165 | 1.5165 | 1.5167 | 1.5175 | 1.5184 | 1.5175 | 1.516
PER (107°) 4,91 3.95 3.02 1.25 2.24 2.11 1.85 1.4
Permeability ' 10.8 11.8 12.7 12.8 nm*? 2 13.5 14.6

*1: in a unit of cc*mil/(m’-day-mmHg).
*2: did not measure due to the surface adhesive layer.
5 *3: Comparative Example

Examples 9 - 13

In Examples 2 to 13, Nylon 1 matrix was used but

without the plasticizer and compatibilizer.

10

removing them from reactive compatibilization.

6PPD could
be a curative at the mixing temperature of 230°C by

a viscosity enhancer for BIMS that also react with

benzylic bromine of BIMS.

interfacial bonding with the usage of DM16D and 6PPD

15

raise the film permeability as shown in Table 2.

results are shown in Fig.

This modification of the

1.

Regardless,

a g

could significantly lower the planar orientation and
The

ood

crosslinking BIMS through benzylic bromines and, hence,
DM16D is

correlation could be found between PBR and permeability.

The higher refractive index value in comparison with that

20

plasticizer.

in Table 1 reflects the fact that the Nylon matrix has no

Hence, higher density or higher refractive
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i nterfacial

bonding with the usage of DML6D and 6PPD

wda 2oogoslids si gni ficantly | ower the planar ori enPEL/U82003/006560
raise the filmperneability as shown in Table 2.

and
The

results are shown in Fig. 12 -Regardl ess,

correlation could be found between PBR and

perneabiljty.

The hi gher

a good

refractive i ndex value in

corga % cr® ViIREIRA- 20 in Table 1 reflects the fact

that the Nylon matrix has noralpl@sgicizer. Hence,
hi gher densitv—orhi mhnr refractive- VWD ’)ﬂﬂ/] 081]*_16 .
PCT/| Bl %60 | - 12 i hdex19s expddied | TR e 4 13”7
Exanermilatid® 11*1 12*1[13*1 Fofnulation (party by
wei ghtgarid M5, 100 100 100 100 100 pPMi6D 0 0 1.0 2.0
3.0 VQBR 0.6 0|0 0O ZnO|0.15 0.15 0.15 0| 15 0. 15
St - 463y d 60 0. 60 [0. 60y @. 60 0.1@@ ZnSt, ¢} 30 lobq) 0.130100
0. 30 Nylon 1] 95 95 9% 95 AdQFine d O3 0
0 A@ﬁe20707§70.7 o e £ Qe ;
Yes es Yes FHropelties <|9>% 5184 1,5174 P 5175
1.5170*%. 5171 PBR 50- 3. 202125 1 9-6o9g 10415 | 0.15
Pernegébﬁ%%/ 5.31 6. @36? 05 796207, 470+80 ConPabltilved-60
ExanpA®St 5 Exanpl es 2430 19 |%. Ekanpl 85384 - 2930 Nyl dh-30
2 nat¥ybdon wi t hout [N119%nd |(wi thout pl a8biciizer95wayg 95
used.Additdwsndi ng W t h0 Nyl on 2,0 0 0 0
Additive 2 0.7 0.7 0.7 0.7 0.7
Process
Cast Yes Yes Yes Yes Yes
Properties
<n> 1.5184 1.5174 1.5175{1.5170 ] 1.5171
PBR (107%) 3.2 2.25 1.1 0.98 1.1
Permeability 5.31 6.43 7.05 7.69 7.47
*1: Comparative Example

viscosity modifier,

Examples 14 - 19

In Examples 14 - 19, Nylon 2 matrix, without N11 and
without plasticizer, was used.

In blending with Nylon 2,
such as DM16D and 6PPD,

is required

to provide good viscosity matching and fine BIMS rubber

dispersions.
blocking agents listed in Table 3 is 0.5 to 1 phr.

The concentration used for the anti-

As

indicated in Table 3, using ZnO as the anti-blocking

agent could significantly affect the orientation.

This

anti-blocking agent may act as curative and, hence,

remove benzylic bromines from BIMS for its reactive

compatibilization with Nylon.

A large removal of

benzylic bromines from BIMS could lower the interfacial

bonding between the Nylon and BIMS dispersions and reduce

the ability of the film manufacturing process to orient

Nylon.

However,

overall correlation between PBR and

permeability holds. The even higher refractive index

value as compared with that in Table 2 is the result of
the N6/66 matrix used.

The results are also shown in




viscosity nodifier,

required

w08 bder 10 di spersions.

the anti -
1 phr. As
anti - bl ockin
ori entation.

curative and,

g_ ¢
Thi s
hence,

such as DML6D and 6PPD,
to provide good viscosity matching and fine
The concentr at i onPCEE/RHDO06560
bl ocking agents listed in Table 3 is 0.5 to
i ndi cated in Tabl e 33 using ZnO as the
agent could significantly affect the
anti - bl ocki ng agent nay act as

15 renove benzylic brom nes from

S

RIS flor its reactive conpatibilization with Nylon. A

| arge renoval of benzylic hturipes fromR M5 coul d

lower the interfacial bonding between the Nyl on and
Ex@pe disper si ond4and|reduse theédbillitylaf tlhe figl m 19
Formmnldeiodmir i ng process to orient 20 Nyl on. However,
(p@ves by corrjel ation between PBR and |perneabijlity
wel@hds. The gven higher refractive index val ye as
prg@mpared wth t inT l.e 2 tohe It of t({}&e) 100
DM 66 matrix use The r sults aroe alis Igovvr i
; 4/ 081116 PCB 52003/ 086560 - %13 Tabl & 3 0
PP%xarrple No. 15 16*1017 18 19- 5Forrrul tion (pdtts 0.5

Pehletigating | RERBC100ITg6 60 1G@OL00 1DBLC DVMIBREE® P Talc
ZnQ.0 1.0 0 GPPD-055 0.300l% O 00015 |(Ped!l®%i zat Doms 0.15
Stdatiod | rgaf o ZAO6Tal ¢ 10 g&d os| Tal 60 Zn@ 06A5 (0. 3560. 15 0.60
zn$k 15 0. 15 0.|150.80-a¢i do B3H0 (0. 6036. 60 ®. 59 (. 69,0060 o.30
Ny]&ﬂ'stzo 30 0./30 9g30 0.30®.30 0.39 Nylogg2 98 9§98 98

Additiye 110 050 010 O, Additiye 2/0.750.7p

Ad&gﬁ,&gS 9“. 75 O7g5 Prd)c7esss Ca&tég)l qun, ¢ t Cagtjgas 0.75
Process CaAST DITOWH
Cast/blown Cast Cast Cast Cast Cast Blown
Properties
<n> 1.5215 1.5216 | 1.5215 | 1.5222 | 1.5217 |1.5219
PBR (107%) 6.1 5.15 1.4 4,55 3.25 5.4
Permeability 1.38 1.51 1.92 1.27 1.37 1.42

*1: Comparative Example
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Properties <n> 1.5215 1.5216 1.5215 1.5222 1.5217
1.5219 PBR (10-3) 6.1 5.15 1.4 4.55 3.25 5.4

w@eooamstiid ity 1.38 1.51 1.92 1.27 1.37 1.42 *RCT/US2003/006560

Conpar ati ve Exanpl e WD 2004/081116 PCT/ US2003/ 006560

- 14 CLAIMS 1. An oriented-théraopl astic el astoner
filmhaving reduced perneability and inproved fatigue
resi stance conprising a dynam cally vul cani zed

pol yner bl end of (A) 5 a hal 85B&Y48ed i sobutyl ene

el ast omar, andy %)rl@iﬂ@inﬂ%rmdﬂl%gﬂﬂdnélsaﬁ&ﬁ’é@eﬂlm having
bl end under the

casti bl owi n e above
oS gameena PO g (g tance
casidmpg:icmnb_j @V\ndyglan&craelglly anﬁd:arnzeccbrlicﬂq}metmeolend of (A)

0L SRl AANOIR, I L DBt SR 4 LR vamide,

plan ' ringenence e resu
beddvee £ igmedise produgfdlbit ¢ a3 100r or. rowimenthsl above

t heJReasti1end iyl Hd |8 R + idAIRG, Ithfd &l Brear rate

mhereln t he _anount of the hal ogenated |sobutylene

el &t e dig5 fiog BRSFHME By RACWIRY drfd Bemilamed to
anwwitm the RRIIVHIe isrrRrddenenddant S Hy mfghtwhé’reby
r|e ted thernopl.astic el astoner fjl cl.ai ned
o e oD P T oy BB (RS (s L ARE £41m
ela&kmmem|g§dmﬁMﬂluﬁEHhuKﬂyﬁjSDMMnylene co- p
met hyl st yr en?ﬁl} 0%9. %te@q tgxrl %ae.l.% ther n\%gal Irhe]"‘: hfez.lm as

elastoner fi al e
polojariimgsl jig a:tlall@as'lt, oreraipniidre Smcemtedbﬁ ridme theslogenated

grq%b%we%@ rég_a%ftd%msfi 95 '\56 % 66 N %}l, J;JW,M Uhd the

69, Nylon 12, Nylon 610, Nylon Nyl on
VKBECUR G é;/h@apoﬂira/atwecolﬁoﬁyﬁ@r s7525>atrﬁesréw weshfht -

the bl ensds thereafiented thermoplastic elastomer film as

claimed in claim 1 wherein the halogenated isobutylene

elastomer is brominated poly(isobutylene-co-p-
methylstyrene.

4. An oriented thermoplastic elastomer film as
claimed in claim 1, wherein the polyamide is at least one
member selected from the group consisting of Nylon 6,
Nylon 66 Nylon 11, Nylen 62, Nylon 12, Nylon 610, Nylon
612, Nylon 46, Nylon MXD6, Nylon 6/66 and the copolymers
thereof, and the blends thereof.



