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WD 2004/ 081107 PCT/ US2003/ 006699 - 1 DESCRIPTION A
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wORRRMSRAWASTI C ELASTOVER COVPOSI TI ON 5 Techni caCTiS2108/006699

The present invention relates to a nmethod for
controlling a dispersion size of -a thernoplastic

el ast onmer conposition having excel |l ent heat

resistance, durability and flexibility, while
possessing superior air 1PFHFerFREN 1ity. In
particular, the present invention relates to a nethod
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mat [4 r ' j on i £l :
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i ndebehdant¢anized bl as byeer ol bhrelsiondlerhere Hehi eve
phase. combifWiAp in thernmoplastic and fine rubber
di sper sions respectively. Criticality of smaller
r ubber b%%%ﬁ%ﬁ diRE19ERD ghi LW PETEHIBLHEIAL i n
t hegige #ies Tt 25 td Ta Stbed st SMPs Si € Don detdtyeld Nghperior as a
cCoSH bl A B SRERALLY Ll P e Aot st
I nmpmwamm@muﬁm rmoldn&m:@rméa@hbiw s@mmmﬂastic
S 78, 4y 5 3], ISl Pl AST Lo &L a5t WRLSad Sof SEOHURESLSS in
related to the

which a low-permeability rubber, such as brominated

poly(isobutylene-co-p-methylstyrene) (i.e., BIMS), is
dispersed. Subsequently, in both EP85776121 and
EP92692032Al1, viscosity ratio between the thermoplastic
matrix and the rubber dispersion was specified as a
function of the volume fraction ratio and independently
to be close to one in order to achieve phase continuity
in thermoplastic and fine rubber dispersions,
respectively. Criticality of smaller rubber dispersions
was recognized in EP969039A1 in these thermoplastic
elastomers for delivering acceptable durability
especially for their usage as innerliners in pneumatic
tires.

Summary of the Invention

Although the importance of the dispersion size in
thermoplastic elastomers is recognized as related to the
mechanical properties, specific size requirements for

satisfactory cold-temperature fatigue resistance are not
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mechani cal properties, specific size requirenents for
satisfactory cold-tenperature fatigue resistance are

woabo®1 @004/ 081107 PCT/ US2003/ 006699 2 def i Re®/US2003/006699

Accordi ngly, the object of the present invention is
to provide a nmethod for produeihg-a thernoplastic

el ast onmer conposition having a controlled dispersion
size 5 of the elastoner in the el astomer conposition
thQﬁ}%ﬁﬁ excellent durability and inperneability. In

accor dancectdihd e, pRsesyjddwent i oe ph@sEnt Sinvention is
prOV|ded a, et hod for controlh#€9 a di spersion, size of

an T IRIR 3 methatky H1as FrReTEIMREFEF on
ha\éll’Egstdzﬁéﬂ m@@tﬁwmméviryg amdcdnmwcsrrp@@idiispfersmn size

t t ed but yl
ol 5 O AR At e SR AR SRR O e aRe a0
dyreqdecialént \dnmmmm etrtda Igsantmeatbi biteywd to obtain
d
dynam oot poubeaniced pol Wt Bedtl 1 0RELN, Were 4o
polBraH diedret rmqtfmd o | et ekl e adisqm:ssmn size of an

di et B orkdsr ofn Gy Oclhéﬁngpmﬂwselmcﬁnepr@ér@ﬁ@@i%on having
OOlto Zezgcg}%:ro nost _ pr ef er abl Olto
I"Fdan\Pﬁi“ Wfﬂw%lng

pr esent | nvenﬁemmmiinq)e(zb)eta er[awwmﬁem)dlédmmﬂéwe
desclrésﬂ: Skl se¢ forth ancs ﬁ._(? ferc?nce ts:naon aid; and

acconpanyi ng d ereln
correl ation biatrweema‘laly guelwuwg %@mwmmmnd to

AV SHOE; A ARELR] O 1) MBI EIn De@To St Mk, Abnd) 9. 2

shows a correl ati on "bet ween fati cycl es and
nunber aver a@@%ﬁ%ﬁér@%rﬁ%%ﬁ@l%ﬁemwbwmne elastomer

Di sicd apileeefed rm/rerﬁn@rpdlryahﬁeﬁe siechfd cat | oyNehd Mbverage
the cl ai s, Wh%fh 30 foll e syggé%ar forns "a",

a1 SRRE St h g R ‘bl%fra - Gef (AL GSs B
corgmxfiercdlelar | YO di Ctiat 5. 5 atheronse.most preferably, 0.01 to

2 microns.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood from
the description set forth below with reference to the
accompanying drawings, wherein:

Fig. 1 shows a correlation between fatigue cycles
and a volume average dispersion diameter Dv of BIMS; and

Fig. 2 shows a correlation between fatigue cycles
and a number average dispersion diameter Dn of BIMS.
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 is to control the rubber
dispersion size of halogenated isobutylene elastomer in
polyamide, most particularly to have volume-average
equivalent dispersion diameter of 0.01 to 3 microns, more
preferably, 0.01 to 2.5 microns, most preferably, 0.01 to
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vol une- aver age equi val ent di spersion dianmeter of 0.01
to 3 mcrons, nore preferably, ».01 to 2.5 mcrons,
nost preferably, 0.01 to WO 2004/081107

PCT/ US2003/ 006699 3 2 microns. The preferred '
nunifeMigrerdye ditparrsfrrref ammkeriaversge tdispdrsion

nor ;. ly {e 0.8 even re eferab
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cycltéermeple sivief erlesd byommr dravtivan the seadiff ot | disspersion

The d; i £l : i tian ' b
e e Gt n I, AR SR AR S e ot
i sobtlyCeriEeatest i { By 1@ pergapPdemogmrdpEefesably more

di SRefas) an A i ghehggpubl ected to a dynamc -
vul cani zation. "The term "dynani ¢ vul cani zati on" i's
used her dihe tthemmmictiss i \ellacenineat ic@Mmprsaceiss idbtained by

whi j 15 I g5 vul canizabl e
ol 8 Se e AN & dndar o (1ohs o rgated
sheaBOPAE Yd onés A las iame il (@aniaz aisl oy i dest amst (@) a
si mdlitsareeuelny LrPsalidkad ang JcReT & aa%grfalnﬂi%

particles . of a "mcro gel" wthin the enginéering
resi'it iR t188 -The dynani ¢ vul cani zation is effect ed
by mi Xi n@hiehe erimgragdiamiics vatl ca iepReraiurie WY« Herein to

at aqr e_th cur.i ng .t emperat ure ,of the el astoner, )
in %8&?‘%%nta éﬁlc caaslza?c&qn m19%E 5 SBdih &éngineering

contriesdouengi xers,ldemdaddrle edrsrtionieny seodt nuderssiized under

€. JcondWl o2@l W eXIdHUAeSy . The 23 YWAUIGYR  the vulcanizable
characteristic of the dynam cally cure donposi tions

i s EHESTORGEWLEh SEaNditig oS lyasropirdinkies agidastismersed as

conganenpatiey chesf Wi v cwiedo 4R "CQARISIH RS enc@MRE ing
processed and.reprocessed by conventional rubber
pr058§§Pn5aF§&ﬁniques such as extrusion, injection

The 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
molding, compression molding, etc. Scrap or flashing can
be salvaged and reprocessed.

In a preferred embodiment the halogenated
isobytylene elastomer component include copolymers of
isobutylene and para-alkylstyrene, such as described in
European Patent Application 0 344 021. The copolymers
preferably have a substantially homogeneous compositional
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30 nol di ng, conpression nolding, etc. Scrap or
flashing can be sal vaged and reprocessed. In a

wonrefimstod enbodi nent the hal ogenated i sobytyPemas2003/006699

el ast omer conponent include copol yners of isobutylene
and para-al kyl styrene, such as described in 35
Eur opean Patent Application 0 344 021. The copol yners
preferabl have a substantlalI%yhonngeneous
§FF%%HEFOWD 2862£6812072PEYLUSZO0BA06669%he- para-alkyl
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r A 5 preferred co r _conpr.ises
|so%yé§§5%£ga§ a¥%?rn§9ﬂ§F§F§Feﬁ588§§§E§BFengd para-
halmgbhhl%ﬁyrsnﬁutylene el ast omer conponents i ncl ude
copol ynmers (such as brom nated isobutyl ene- 10

par anet h Ist rene copol ynmers) having a nunber average
mol Be4t K@%@g%ﬁa edat spasylapsuelastoner components

prei@éa@ag c@poiyméksabgu&h5gs099®mpﬁ§£@aa@£xba£yhsaét
about 75 east about 100, 000

pr e?%ﬁ%%h%%sviaﬁ?e aas%%yrmsbobawrﬁa 8opBIpREr aVARKRIe
aIsmohewmlarraéi@hbeﬂSOEBaﬁhleayef@E@uﬂUPSQUb@r referably

)
LT ey
thamr@b@uabhy @brbe@$9febabty1098300hapreﬁénabl? 5t least
”Uséb@ﬁ€f?5@b6U0|es@h%a?gggggﬂérg fa u? $8°£Q$é a ratio of

nbod| nent, suitab ed i'so ene
el a&e vk %%%%%%%n@%l?%%lﬁﬁew%b%@tyh%Wt teuehmber average

MWxnIéﬁﬁihrS@@ﬂéyten@npﬁfﬁn@Ihyﬁﬁ?Mﬁeﬁﬁ E@QQ'MHEﬁSibout 6,
haV|n %&g VISCOSIt%b%1+4 at 1250(§as measur ed

by PASTH >39) Hiogn MOFR FEFEBFFO LD bpSS than
mr@oumépfmﬂw abtyfdBaloly nhses PBalr gherted.0. 1In

c%?§%%§€é%§9f%%ﬂsge t%ose %%Y%gf ?%giggmb?%%?txlene

par@laSEINEA stgrreRrRenios 3ingludg ¢mﬁ>0-'%rl‘m¢mn (stell aar a-
brominated isobutylene-paramethylstyrene copolymers)
having a Mooney viscosity (1+4) at 125°C (as measured by
ASTM D 1646-29) 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).

The halogenated isobutylene elastomer component (A)
according to the present invention can be prepared from
isobutylene and about 0.5 to 25% by weight, preferably
about 2 to 20% by weight, based upon the total amount of
the comonomers, of p-alkylstyrene, preferably p-
methylstyrene, followed by the halogenation. The content
of the halogen (e.g., Br and/or Cl, preferably Br) is
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nmet hyl styrene, ,and a Mooney viscosity of 30 to 65(1+4)
at 30 125C (as neasured by ASTM D 1646-99). The

woaabagsnatr ed i sobutyl ene el ast omer conponent (ALT/US2003/006699

according to the present invention can be prepared
from isobutyl ene and about 0-55te 25% by wei ght,
preferably about 2 to 20% by wei ght, based upon the
total ampunt of 35 the conononers, of p-al kylstyrene,
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preferably has 0 the nunber-average nol ecul ar wei ght
( Nheh@fn@ﬁbéga@xteraa@@uﬁoﬁéc@p&)r xﬁ@i@h’@f gfey abkyadt least

eSO R RS et Bt PL LRl e 2YEE 2060 ana

f
ab&%péﬁ%kgh%ﬁet%?e er%%? £$ess£$ﬁgéfgé%l ?igﬁPTﬁg to the
pO'H&H@){P Sa{/SARY Ih@lé&?l%f eﬁ@l‘é tnVeR{ 1 op, é‘re Mw( n of
t her no astlc ol yam des (nyl ons conprise crystal|ine

or P¥ Yh HRARPANT wkd ghfose| PEE FRT §ky sless than
incé@@m@gg copolyners and terpolyners havi ng recurring

am de unlts 20, Wi t he ymer chain. Pol yam des,
oy be DHAS POl B STl YT S AR GO P sRe S Rorention are
epsthearmdpld sbsc spmlymld@ap(rwwﬂmm caypriée dtopetalline or

| g élr"f‘& am gi é‘&&‘f&’f% df’%l‘?t'é‘&if&?“ gfa%@g}golncludlng

aCI ) L%) con ens asl| ¢ acl
di mmhym@oﬁ hasdl b@rp@kyﬂ\wgs almRlv 259 e el gl gy agleide units

ny|@0sh £ ex 88l b fer FXRPL €S ©51 P4k des may be prepared by
polymerizatioh 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),
polyhexamethylenesebacamide (Nylon 610),
polyhexamethyleneisophthalamide (Nylon 6IP), Nylon 46,
Nylon MXD6, Nylon 6/66 and the condensation product of
ll-aminoundecanoic acid (Nylon 11). Nylon 6 (N6), Nylon
11 (N11), Nylon 12 (N12), a Nylon 6/66 copolymer (N6/66),
Nylon 610 (N610), Nylon 46, Nylon MXD6, Nylon 69 and
Nylon 612 (N612) may also be used. The copolymers
thereof any blends thereof may also be used. Additional
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pol yam des are pol ycaprol actam (Nyl on 6),
pol yl auryl | actam (Nyl on 12),

woabosvsxianet hyl eneazi |l am de (Nylon 66), PCT/US2003/006699

pol yhexamnet hyl eneazel am de (Nyl on 69),

pol yhexamet hyl enesebacam de (Nybkom 610), 30

pol yhexamet hyl enei sopht hal am de (Nyl on 61P), Nyl on 46,
Nyl on MXD6, l on 6/66 and the_condensati on product of
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Volme10inpag 6§n§98etwééﬂ 1607FeLChah by, 9¥§ﬁ%a$£§ferred
t her nDpI t| 9 a ‘th %m%hbe advant ageous used
t %

in the %t?lﬁ u% FFbPMeRi th) | pReakhe polyamide
crySBaI¢$mbleoiyanm@epréﬁymﬂglﬂvéﬂfiﬁﬁ|@ﬁep@t@fe@ébly 95 to

f 0
eS8 ey O 460 230C pReLSL Il e nal
(B PISE®rabln ?%et@r%%emrmvlemtwenglatea:pdeier*a@l y5 9barts by
to'wgﬁg@@rtﬁeQ?eM€iﬁ@i Q&révfgb%5tﬂ§{t tht&Eﬁgh%mo$%t of

nor e prefer 90 to 2 arts I ght and

paritie bSPmE\%IF%%I tRsperd i (B yisp i/Q)QuEi%’éMhleY ¥eeght .

t ot al arm@kfkbr@iné.&é high € asRONENE Sllﬁ*ﬁén’@f@n,( Blhé SqfdQrsion
part %t Ac ordln to the resent i nventi on,
t he %%? s?"g d % ) chtpoentomrysikion.
t heTlopnpspeioion dhe m)spmzsbbsn mdtrté:)pw@éxtb 1|e imvéieion

r C atibiliz .
ﬁa\?g%i%dég%o éc?{&vé nc%rﬁ%:slkgﬁése%ssl r&:%e?‘n %%ch affinity,
i nt%r%ctﬁ?ﬁ%lf%twctﬁdl yJaTﬁleeaCWSeJ aisﬁ@mn ipolyenide

m XAy St @8P:ore@ e OfmSUty 685! | MBramples of such
tibilizers are tertiary amnes (e.g., NN

a
%arﬁ}rr%%ml%ﬁﬁ 1IN AGTH sty PR AT | ZRATRE (@08, N, N-
dlmethyllaulylamlne, N,N-dimethylpalmitylamine, N,N-

dimethylbehenylamine, N,N-dimethylallowalkylamine, N,N,-
dimethyloleylamine), secondary diamines (e.g., N-(1,3-
dimethylbutyl)-N'-phenyl-p-phenylenediamine) and any
mixtures thereof.

The method for producing the thermoplastic elastomer
composition in the present invention comprises mixing the
halogenated isobutylene elastomer (A), the polyamide (B)
and the dispersion aid (C) by a biaxial kneader/extruder
etc. to disperse the elastomer (A) in the polyamide (B)
forming the continuous phase. The reactive
compatibilizers increase the viscosity of the elastomer
during the mixing, whereby chemical reactions with these
agents occur.

When vulcanizing the elastomer (A), a vulcanization
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di met hyl behenyl am ne, N, N-di net hyl al | owal kyl am ne,
N, N, 25 di net hyl ol eyl am ne), secondary diam nes (e.g

\Voammﬂﬁrmdinethylbutyl)-hr-phenyl-p-phenylenedPewﬂma&nboaw9

and any mxtures thereof. The nmethod for producing
the thernopl astic el astoner eofpesition in the
present invention conprises mxing the 30 hal ogenated
i sobutyl ene el astoner t he pol yam de (B) and the

di spEFSitorSaitdidecy Uﬁléebk§?ﬁéﬂn@heé@%#ﬁ%%ﬁlﬁkﬁﬁtonéﬁk
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Q
conpari 8“§|58P§°uﬁgﬁggség?ﬂ Svi(§EE&PLy qg%%zatlon agent)
eIaﬁbmw&meBElaumbmgrthadnmmen@plwh@hebyn@@emaxadded during

eSeLob b i SO el IO SE UL < vancs
PCThrUS2O@3L0e689eading. afbet knsadeédedsedhifloer mixing the
kneﬁgﬂgg &@%dah@etﬁgaéagggﬁmegoqgoﬂthg& §Q%%§%&ﬁ h¥mited.

vul ¢anf ze vari ous conp ing age
(ex§§ﬁﬂp§§ﬁciﬁﬁfﬁpﬁoﬁrﬁgénﬁFreWoﬁxﬁﬁ§d§ﬁa3$@ﬁéﬂe§ndBanbury

Lhemgﬁbfanbd@xﬁalfhﬁe%ﬁ@@deﬁ%&h@@r5 EQ@dab@%%ng ghﬁse, it is
neadi refera are vance .
heDkRERTRRIe Hheuheaabiohiad FOFaHRF) Ry ERger Tor the
polmauudg afid thee tekasbpiretis mekipashdctthar kY astomer and

| T80 SRR LSRR £48 36T BUBLOUET. rurcne, cuo

et cCOrARONG ﬁﬁ@@é oift kneaderpgr abyr bl ased dog subicasisdilve
knepdengexty.udas £86 EBRA: the h@%&&ﬂ lagyl C

g&&hﬁgng
resin and the el astoner an nam ¢ vul cani zati on
of CRE2ELAGY ovBE. t?&PﬁﬁéFur?méhOBﬂdwﬁﬁeaﬁyé@éséfthe

kneadaperamyreevtsed £ae @uqyaﬁsuéemem@adl Perthert henhe

d f d
kg o el L0 N L2 el g e by, 000 o
t he7p6byarcde nahes tiFer tther thehevesfaddr knatselialy tilse from 30
ti "EcBbntigead! A9 hnpLeler ably.d tﬁQQO bflen’adHi 8801

he time e over a knea econds
to YBlRpRdEaSioRURERBE, %h@nvaagaﬁgzatzgnvun@anaiaﬁron

agentidithenvikcapbzathBiyt 1 BBsAEbBAS to 5 minutes. The
elastomer composition produced by the above method is
then extruded or calendered into a film. The method of
forming the film may be a usual method of forming a film
from a thermoplastic resin or thermoplastic elastomer.

The elastomer composition according to the present

invention may contain, in addition to the above-mentioned
essential ingredients, a vulcanization 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
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el astoner. The elastoner conposi tion according to the
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VU|@@@dzﬁbtoﬁh@rcéﬁﬁéﬁehtﬁkéﬁﬁlo§ﬂé §HDHHESE§EmF@%§e
addi ti ves added nay be nade the anmounts general

added i h-theRPEIR QBmPBHEDBS they do not run counter
to the WO 2004084107 PﬁT}bU@ﬁ@OSfOQ@@%Rl&saﬁngsN of T,) and

the present invention sent invention
will now be further |IWEZ?$§f§§e 58335 is by no
means |imtedNybont he B6f66| ¢BMAQOERSNPl es. The

fol |l owi ng conﬂgagkgbgyigvatkggk§ﬁggggucksemere used

for the conponents enp Resin
Conponent Nylon 1: A bIendb@¥Y#E§n6ﬁmﬁ§ahfBE@NlQeTL)

and 10 N6/ 66 (Ube 50338) @Mﬁ@Qthlh@éé§ (&NBOOLFS)
pdaitive 1 PLasibsrzer) N Byibenzenesulionege. oy sy
I rganox 1098, Tinuvin 622eER1.Bpdafdl c2z Rubber
Conponené. Rubber Component
BIMS: Brominated copolymer of isobutylene and
para-methylstyrene sold under the tradename 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
Dispersion aid 1: DM16D; Hexadecyl dimethyl
amine (Akzo Nobel)
Dispersion aid 2: 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
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nooney vi scosity of about 45, approximately 5 weight %
par a- met hyl styrene and about -0.975 nol 9% brom ne

Di spersion aid 1. DML6D; Hexadecyl dinethyl am ne
(Akzo Nobel) 25 Dispersion aid 2: 6PPD

PellethlaMe&@rvTafc: Hydrétea naénésiun{silicéte

(G .ZnO._.zi nc i de 35 I gafas: lgafas 168 .. .

ant ?%%P éﬁt pPéisﬁa)A%xﬁwéqatse&ppﬁét od® %svéag' e dispersion
evalsdaeisoand stilze BXatplids tdodsWOn200Ws@8FlidMs. All film
PCTLUSZAQY Q06699 -, CuabaLal LYe (XATRLCS, WETR ere

follo A), Measuring vol ume average equ
di sFEVSIER 1 CdMGRECEOTEN F Likiintddamanst ¥gd vegui vdlaged samples

di spekrsl eRordyan®t @ qesiepRitRe RRRES MMMz AR iS4 rogen to
to eval uate di spersion, sizes and size distributions

in PRe¥ETECAMEP AR 3PeN ts ARHPEL afidire s iid-hoxdediods ture .

-15@€m@&bﬁgw@rBeEQhemﬁthﬁhYQgehb@ﬁﬁ(ﬁﬁﬂéﬁyéﬂydjfacing using
di anopn ni yves., .Faced .sanpl.e re stqored in a, ,
des fagcg‘?glr ()Jsﬁdélp 0 I’o%ilﬁdt&lysiﬁlist F&&‘@ﬁltt%o 1o HERFEGEpde with
up o reghaertlbemesaus’ es Wcbhodhnmailehiere. aFANMRE@Hing
were run within 24 hours after cryo-facing using an
AFMPOBPE388Y, TMBcgPg&RPPEs MediRe SOR VISR tesh ion § THSd & oxmery and

a r eebeegilkdr ud2BgMPSIOTIOSADPC 3 RHLHRY &Fys tAls lgt FRR! Rthage

phase, AEM wicrogrgﬁgs.mere converted to TIFF format 4 ,
And ST TESEREaEsad Sl ACPEOTEAREE T RESHe 66t Ergf oFgpd using

i mmgecommercial image process tool kit (Reindeer Games) as
an attachment to PHOTOSHOP. Results of image
measurements were written into text files for subsequent
data processing by EXCEL (Microsoft). The number average
dispersion diameter Dn is calculated as:

Dn = Z(n,D,)/Z(n,)

D, is the equivalent diameter of individual
dispersion and n, is the number of the dispersion with an
equivalent diameter of D,. The volume average dispersion
diameter Dv is expressed as:

Dv = X(n,D,*)/Z(n,D,*)
with, nl is the number of dispersion with equivalent
diameter of D1.

B) Tensile Fatigue Cvycles

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.
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enhancement. All inmage neasurenents were perforned
using a commercial inmage process tool kit (Reindeer

wa@anEggi@s an attachnent to PHOTOSHOP. Resul t 8BC0fUS2003/006699

i mage neasurenents were witten into text files for

subsequent 20 data processing By EXCEL (M crosoft).

The nunber average dispersion dianeter Dn is

calculated as Eh =2 (nlEﬂ) /Z (nl ) D1 is the

eqUE-iareie AP gkale€Sdi spersion and nl

| s Ahe {@mz?;e%e 0£e§£1§ lerépl%§é@noﬂ\ﬂ ygsamz% eguh¥al entest

nmet.er vol u aver age di spersion

g‘ﬂ%*i}é?d iéuje%%%%‘édge% B 2 1(n1D14) /1(nlD13)

mnth, nl is the nunber of dispersion wth equival ent

diag;g 19f P1. 30 B) Tensile Fatigue Cycles Filmand
carégés—cunpuund were | am nated together with an

adheS| veBENT ¢as epr et cAmpP@Ii@ded 191 hncupaigespin2a Banbury

dunﬁ@@éfnéfar@fx&@saﬁ@e%epy@ﬁbgédggh@fdtanésfﬁix?sé%mth

durability test at - and 40% straln

2004y b 10 M s2nd 3dnoekoo vulggnizptienspfeNylon and
Mechand Gad & QPgEt 1 Sa ALYih £86+4® &g8ESdareabagsduen2io c.
JI'S K6251 "Tensil e Test . Met hod of Vugcanlzed Rubber ",

5 EXET deijturgs RYRES weReDr 28 brpbuntedr wiiho films for

curdt vepse i meatﬂa@buryrmﬁt*eds nehe N xef gaadtpeting| zedims

Wi t M
Dt it Sathe e R 4t tedie CefbOtadotni MRS ot
twuh8%c¢ew mwlu@m sitapdoot 2SOCIingOsFbeswens xveresthen cut
ver & £ hefok ast e 88 P£ﬁ%@a£@§°a{'£§sdé$fe? ?S'QHS machine

testing. Prior to the fatigue testin

Iaﬁ?h%%%ﬁl%%t%n% E%?E%@sf%%n%%ﬁh@u%nﬁe%ﬁﬁéﬂnﬁ? aiSﬁ%Q C and

DOgatboﬂ% sdepLi Of tzesmizmgm@r@eﬁe@@nﬁemsﬁe tbengedl fedigue
romthese | am na %es at 45- ree to the nach

S . :
o e e TR fte Par AR copteiiie of Sobgninations

andefter 1 million cycles.

In Examples 1 - 4, 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 that can react with benzylic bromine of
BIMS and render it inactive. 6PPD could be a curative at
the mixing temperature of 230°C by crosslinking BIMS
through benzylic bromines and, hence, removing them from
reactive compatibilization. DM16D is a viscosity
enhancer for BIMS that also react with benzylic bromine
of BIMS but to a lesser degree. Both 6PPS and DM16D
could also raise the BIMS viscosity and create viscosity
mismatch between Nylon 1 and BIMS. As shown in Table 1,
addition of MBTS could significantly disrupt the reactive
compatibilization and, hence, enlarge the dispersion
size, especially the larger dispersions, and
detrimentally lower the fatigue resistance. The film
sample containing 6PPD has such a low elongation to break

value that it was not even tested for fatigue. The
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at 40% strain.
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4, Nylon 1 matrix with t

and conpati bil zer was used as &hown in

1 matrix with plasticize
match with that of BIMS.

cracks, br

after 1 mllion cycles.

he addition

r has its
MBTS is a

A m ni mum requi renent for good fatigue

eaks, or

20 of plasticizer

Tabl e 1.

viscosity cl osely
cure retarder that

carF $BHES i Pyl it HEoh ne #d R MRt renteriex
| Natdnle HPPR Cp}”%ﬂ%@t%@ ve at 25 the m xing

tenperature of 230C by crossllnklng Bl M5

benzylic brom nes and, h
reactive conpatibilizati

ence_i gFEI'TDV
on.

t hr ough
ing them from
S a Vviscosity

Nyl on

I n Exarpras2a3/006699

ephaggglef or RIMS that al so react wthobenzylic 3 4%t
brefiRg1 0% oB VBIRYE §g B Iesser degree. Bqih GPPS an
D _V}Could also rai se the RINB viscosity and
cy scosity msmatgch b and .
As wn in Table 1, additi gh of I\/BT O(r':boul ﬁ)&\/s 100
si B¥LPPcant Iy disrupt the reaftive atlbiIiQaﬁion 0
an¥BTRence, enl arge the di spePsion S|ﬂe gspeci @l |y 0
t héPPar ger di spersions, and 38 detrjnertallly | ower thg 0.5
fazhqQue resistance. The fil m.Imnple consai|ni ng .GBPD 0.15
hastsdehga | ow el ongation t Jyeak | val ge tihat gi.tsowas | 0.60
nogneyen tested for fatigue.g Hye WJ 2904$08110% .39 0.30
P § 54093/ 006699 - 11 | resylds are spgwn |in Fig 1 68
an §§§ #1 - #3 for [Exa es 1+ 3 respectbﬁely) 21
Ta e 1 2*1 3 4*1 rmul ati o arts_ b
e ‘4 LEive gEJ 100100100 108-2oviep 0 E)p5 0 Oners g 0.3
1| BDgSigpboPEopeEtdes 7no 0. 15 0.15 0,15 (. 15
St -88i'd §tsen@td0 0.60 0 60 38.8 33.1 34.3 22.3
(MPa)**
-20°C Elongation 443 412 456 343
(%)™
25°C Strength (Mpa)™ 16.9 15.5 21.3 10.1
25°C Elongation (%)™ 377 376 442 283
60°C Strength (Mpa)* 12.6 11.4 15.7 8.0
60°C Elongation (%)™ 347 338 395 278
Dn (um) 0.37 0.8 0.71 0.68
Dv (um) 2.07 2.52 1.57 3.74
Fatigue cycles (x10° [1.3 - 3.5| 0.37 |1.3 - 2.0| NM"™
*1: Comparative Examples
*2: Plasticizer
*3: Antioxidant
*4: All tensile results are reported as averages of
measurements along the machine and transverse directions.
*5: not measured due to poor film quality and low
strengths.

Examples 5 - 8

In Examples 5 to 8, Nylon 1 matrix was used but
With addition of 0.5 phr DM16D,
BIMS viscosity could be closed matched to that of

Nylon 1.

without the plasticizer.

Further increases in DM16D content could affect
not just the viscosity matching but also the reactive



ZnSt 0.30 0.30 0.30 0.30 Nylon 1 68 68 68 68
Additive 1*2 21 21 21 21 Additive 2*3 0.5 0.5 0.5 0.5

wehywiosalo7 Properties -20C Strength 38.8 33. 1 32CB/UR203/006699
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(MPa) *4 -20C El ongation 443 412 456 343 25C Strength
(MPa)*4 16.9 15.5 21.3 10.1 25L2E-ongation (% *4 377

376 442 283 60C Strength (MPa)*4 12.6 11.4 15.7 8.0

60C El ongation (%9 *4 347 338 395 278 Dn (kn) 0.37 0.8

0. 7f°@p@%lbévll(2tarﬁwz? Frresn e and $ guehgyirdicated

(x108) Thble 23. &Hd Prdgress A N\Mfrrdadihig BIMS content

Conparative anpl es  *2: Plasticizer *3: Antjoxidant .
carUadls, i Pebeass il PRI VAR S KRR L iz
measunde et slead g d hin nedhigue ared tgtearswer SeThe results are

dir Lons.. 5 not r d to o) id.m [t
and(asl%tgvlv\'}(ill gitnr eF At ﬁwsq é}gaﬁrp e(gs def % 81 n#)%xfaorrréléexsa%%?%s 8§/ - 8
Nyl desperitivied Was used but 15 wit hout the

pl asticizer. Wth addition of 0.5 phr DML6D, RIMS
viscosity could be cl osed matighgd to that of Nylon 1.
Further increases in DMI6D confent _could affect not

j ust B¥eepdiescosity nmatching but Sal so {he feactivé™w | 8™
2004 /Feshit(i A HCH USRO0H 6699 - 12 conpatib|lization
bet weyi gt on and BIMS. As|indicated |[in Tablge 2, the
progmass vely increasing Bl MS gonptent | | eggls
increasgd n vol une average dist$§ion [

size, a
decreage 1n fatigue resistance, .'1§e re %fl% a = 0.'15
g!qovwgg_récliogs. 1 and 2 (see¢ #50:6 8 for E np % %0_ 0.60
Znst 0.30 0.30 0.30 0.30
Nylon 1 95 95 95 95
Additive 2™ 0.7 0.7 0.7 0.7
Physical Properties
Dn (pm) 0.49 0.6 0.65 0.46
DV ((pm) 0.91 1.6 4.85 5.96
Fatigue cycles (x10°) |[1.7 - 2.8 1.3 0.4 0.1

*1: Comparative Examples
*2: Antioxidant

Examples 2 - 13

In Examples 9 - 13, Nylon 2 matrix, without N1l and
without plasticizer, was used. 1In blending with Nylon 2,
viscosity modifier, such as DM16D and 6PPD, is required
to provide good viscosity matching and fine BIMS rubber
dispersions. The concentration used for the anti-
blocking agents listed in Table 3 is 0.5 to 1 phr. As
indicated in Table 3, using Zn0 as the anti-blocking
agent could significantly affect the dispersion size.
This anti-blocking agent may act as curative and, hence,
remove benzylic bromines from BIMS for the reactive
compatibilization. The results clearly show the increase
in volume average dispersion size and the decrease in
fatigue resistance. The results are shown in Figs. 1 and

2 (see #9 - #13 for Examples 9 - 13, respectively).



respectively).

Formul ation (parts by wei ght)

Table 2 Exanple 5 6 7*1 8*1
BIMS 100 100 100 100

woRl@EnsDws 1.0 2.0 3.0 ZnO 0.15 0.15 0. 15 0. 1BCT/US2003/006699
St-acid 0.60 0.60 0.60 0.60 ZnSt 0.30 0.30 0.30 0.30
Nylon 1 95 95 95 95 Additive®*2 0.7 0.7 0.7 0.7

Physi cal

((m 0.91 1.6 4.85 5.96

2.8 1.30.40.1

10 *1: Co

Properties Dn (,m 0.49 0.6 0.65 0.46 Dv
, Fatigue cycles (x106) 1.7 -

arative Exanples *2:

Anti oxi dant Exanples 9 - anples 9 - 13, Nylon
ExanBd M1 X, W thout Nllgand | w thout plgstd C] Zer, ,was 13

used, T plenarng W tim NyTrom 2, I5[vrIscosity
W as| DML6D and 6PPD, i$ requiyed to

good vi scosity matchi n% and|fine BLI\/S r ubber

Bi¥ffspersi ons. The |conéBhtrati od®lsed|f dP% hp antdo- 100
DMlebcki ng agents Ifistefl in [Tabl@® 3 i$ 005 tp 1 plAr. As 1.0
6HPAdi cated in Tablle 30.%si ng ZMOsas {he.antj - bl acki ng 0
re2Qetigemtiorcoul d signifdieant | yrmhkect |t modi spersi®on Irgafos
zr®l ze. This anti-bl ogkisng pgentigray|agti:RsS| cupaid ve 0.15
stabdia hence, remove pepzylc breym nesyfgpm Bl WBfor | o g9
zdshe reactive conpatdbjlizatign, The gesplts glgarly o 55
Nyglgovgtthe i ncrease invol ume ayerage d Spersiop. size o8

nd th decrease |in fat) gue resi stance.| The“Fesulits
ﬂ%igl—vs%gmm F—Figs—22dRd—2 (el #9! 0443 ¥ or OESimlleg 0:75
Physicallz Pr 82% i viel y). WD 2004/ 081107
—2PCT /22893 006699 4713  Tabl4d .86 43.61 51.77 46.13
(MPa) *
~-20°C Elongation 280 277 300 383 320
(%"
25°C Strength (MPa)*? 31.97 32.14 27.17 35.72 33.03
25°C Elongation (%)™® 320 313 313 343 350
Dn (pm) 0.35 0.37 0.47 0.43 0.39
Dv (um) 1.19 1.50 3.27 0.99 1.10
Fatigue cycles (x10°) [1.0 - 2.0[1.0 -1.5| 0.11 | 0.5 - 1.5 | 0.9 - 1.5

*1: Comparative Examples

*2: Antioxidant

#*3: All tensile test results are reported as averages of

measurements along the machine and transverse directions.
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Exanple 9 10 11' "1 12 13 Fornulation (parts by
wei ght) RIM5 100 100 100 100 100 DMI6D O O 0 1.0 1.0

wWORR3/0811H70.5 0.5 0 O Pelletization Tal c |rgaPos/UReD3/006699

Talc Irgafos 2ZnO 0.15 0.15 0.15 0.15 0.15 St-acid
0.60 0.60 0.60 0.60 0.60 ZnSt ;30 0.30 0.30 0.30
0.30 Nylon 2 98 98 98 98 98 Additive 2*2 0.75 0.75
0.75 0.75 0.75 Physical Properties -20C Strength
47.25 44.56 43.61 51.77 46. 1FXLENER) *3 -20C

El ongati on 28R Ré¥h380£323c330rol36hg* 3 43Gpalrs8Ret Rize of
33. §3 25C El ongati,on

MP *3 31.97 32.14 .17
(wagé §§65%i§e§1én323%§%6moeia§ﬁicoe §S{OBeT CATPeS4F 10N
0. 3Baviug( ihptot8d1dGPaBi2i+9. 88d1ikPermatbgue tyyeb@®rising:

2.0 l
£)ilog%ﬂ;a?atlve Exa%%Feél§18§ %ﬁgt?oQ?égﬁFn@gedAPFObutylene

tenslhetomser, r €Bll pelupmidepentedCasaadécagesioh aid; and
measur enent s al ong : hpe . ansye
directions. WO 200%&§§T¥§§h&gﬂV@£§8E§?8§§§3§% ?efﬂétant
CLAH/Bn 1to ok hBdther dEpARierlLgvalarspeedi prlymes blend
an el ast oner |ﬁhéréhﬁrHg@gﬁ§lb§?§%€éhog§6butylene
i on i.0 ved durabili

”E?ﬁa BRPF ¢ JS OHBPPERRG. 05 hhP onrkPRadpApasrix at a

haImgkmmeedvesm@etghepersebﬁsﬁﬂaﬁétefBbvpefyaﬁbdetﬁad

(O di spersion aid; and dynam cally vul canizing the
res%t?aﬁ? blend to obtain the dynam cal |l y vul cani zed

pol yner plenda method as claimed in claim 1, wherein the
amount of the halogenated isobutylene elastomer is 95 to
25 parts by weight and the amount of the polyamide (B) is
5 to 75 parts by weight.

3. A method as claimed in claim 1, wherein the
amount of the dispersion aid (C) is 0.1 to 50 parts by
weight, based upon 100 parts by weight of the halogenated
isobutylene elastomer.

4, A method as claimed in claim 1, wherein the
halogenated isobutylene elastomer is brominated
poly(iscbutylene~co-p-methylstyrene).

5. A method 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, Nylon 69,
Nylon 12, Nylon 610, Nylon 612, Nylon 46, Nylon MXD6,
Nylon 6/66, and the copoymers thereof, and mixtures
thereof.

6. A method as claimed in claim 1, wherein the
dispersion aid (C) comprises at least one viscosity
enhancer which is selected from the group consisting of
reactive compatibilizers.

7. A method as claimed in claim 6, wherein the
reactive compatibilizers are tertiary amines, secondary
diamines, and mixtures thereof.

8. A method as claimed in claim 1, wherein the



wherei n the hal ogenat ed i sobutyl ene 10 el astoner is

di spersed in the polyamde matrix at a vol une-average
wdize@@ssioon di ameter Dv of less than 2.0 m 2PCAUS2003/006699

method as clained in claim1, wherein the anount of

t he hal ogenated isobutylene eld$temer is 95 to 15 25

parts by wei ght and the anount of the polyamde (B) is

5to 75 parts by weight. 3. A nethod as clained in

ht. | :
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Y a L g 0 0 t
meig%%oéﬁhfﬁﬁﬁnéﬁiggﬁ%%%ﬁé2%1?%§%ﬁggl%%ef%%gng%ér. Q%'
A nmethod as clainmed in claim1, wherein the

hal ogenat ed i sobutyl ene el astoner is brom nated

pol y(i sobutyl ene-co-p-nethyl styrene). 5. A nethod as
claimed in claim1l, wherein the 25 polyanm de is at

| east one nmenber selected fromthe group consisting
of Nylon 6, Nylon 66, Nylon 11, Nylon 69, Nylon 12,
Nyl on 610, Nylon 612, Nylon 46, Nylon MXD6, Nyl on

6/ 66, and the copoyners thereof, and m xtures

thereof. 30 6. A nethod as clained in claim1, wherein
the dispersion aid (C) conprises at |east one
viscosity enhancer which is selected fromthe group
consisting of reactive conpatibilizers. 7. A nethod
as claimed in claim6, wherein the 35 reactive
conpatibilizers are tertiary am nes, secondary

di am nes, and m xtures thereof. 8 A nethod as cl ai ned
in claiml, wherein the WO 2004/ 081107

PCT/ US2003/ 006699 - 15 nunber-average equi val ent

di aneter of the dispersed halogenated isobutylene

el astonmer is less than 1 m



