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[0004] US4172859 discloses a thermoplastic composition containing a’
polyamide matrix resin and at least one polymer having a specified tensile
modulus. US4174358 discloses a thermoplastic composition containing a
polyamide matrix resin and at least one polymer having a specified tensile
modulus.
[0005] The earliest work in the curing of TPO compositions was by Gessler
and Haslett, such as in US3037954, which teaches the concept of "dynamic’
curing," wherein a vulcanizable elastomer is dispersed into a resinous
thermoplastic polymer and the elastomer cured while continuously mixing and
shearing the polymer blend. The result is a micro-gel dispersion of cured rubber in
an uncured matrix of resinous thermoplastic polymer. US3037954 discloses

compositions comprising polypropylene and a rubber wherein the rubber may be,
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dispersions and durability of the thermoplastic elastomer composition.

[0008] There is still a need to improve the properties of uncured and of

dynamically vulcanized alloys.

SUMMARY OF THE INVENTION

[0009] It has now been found that a thermoplastic engineering resin can be

compatibilized with a halogenated isobutylene-based terpolymer to form a blend

having fine rubber dispersion sizes in thermoplastics. The fine rubber dispersions

can allow the thermoplastic matrix to be toughened, softened, and elastified for

various applications that require materials of low permeability, high toughness,

and good elasticity. Additionally, the reactivity of the allylic halide and benzylic



havi ng fine rubber dispersion sizes in thernoplastics.
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monomer unit can be a para-alkylstyrene, such as para-methylstyrene for example.
[0014] In some embodiments, the multiolefin can be a C4 to Cy4 diene. In
other embodiments, the multiolefin can be isoprene, butadiene, 2,3-dimethyl-1,3-
butadiene, myrcene, 6,6-dimethyl-fulvene, hexadiene, cyclopentadiene,
methylcyclopentadiene, piperylene, divinylbenzene or mixtures thereof.

[0015] In some embodiments, the terpolymer can be halogenated with
bromine, chlorine, or mixtures thereof. The halogen can be chemically bound to

the para-methylstyrene. In other embodiments, the isomonoolefin can be
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[0019] The thermoplastic composition of the present invention comprises a

ot

blend of a thermoplastic engineering resin, and terpolymer of a C4.5 isoolefin, a
multiolefin, and a styrenic monomer. The thermoplastic composition may be an
unvulcanized composition, or may be statically vulcanized, or may have been
subjected to dynamic vulcanization. The composition can have improved air
barrier properties and can be used as an innerliner or innertube.

[0020] As used herein, the new numbering scheme for the Periodic Table
Groups is used as set forth in CHEMICAL AND ENGINEERING NEWS, 63(5), 27
(1985).
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component of the composition. Optionally, additional elastomers and/or non-

elastomeric polymers may be included in the composition of the present invention.
[0026] As used herein, “isobutylene based elastomer” or “isobutylene based
polymer” refers to elastomers or polymers comprising at least 70 mole percent
repeat units from isobutylene.

[0027] As used herein, “isomonoolefin” refers to any olefin monomer having
at least one carbon having two substitutions on that carbon.

[0028] As used herein, “multiolefin” refers to any monomer having two or
more double bonds, for example, a multiolefin may be any monomer comprising

two conjugated double bonds such as a conjugated diene such as isoprene.
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contai ning heteroatons. [0032] The term "dynam c

vi03ahi zatheorerm g'dysandichenledmzationt dfinbied Aerein to connote a
vul cani zation process, in which.the engi.neerin Si
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vul canl zation®Is erfecte y mxing the ingredients at
a [o038per abuiamivhvutdanization ioreffebied ebyt eixmgr thegingredients at a
tenperature of the el stontgr I n_equi Brrent S CE a}arol | .
itPPRETalEER BhIc §5) ainfi dhave 6 fiuFAG JERPRRAWES OF TRy elagigmer n
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c ompgi txtodersi .t hatin sohivetihglessn diheguities tharactetiggic of the
t he el ast oner component may .be full ur.ed he
o Spgnicplly cure aﬁ%oﬂﬁg%se g% etgatahrbotw%hs%and?ng thd'®act 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.
[0034] In the embodiment of the invention in which it is desired to obtain
dynamically vulcanized alloys (DVA's) the alloys are generally prepared by
blending together at least one engineering resin and at least one elastomer with
curatives and fillers under conditions of dynamic vulcanization.
[0035] In preparing the preferred dynamically vulcanized composition of the

present invention, at least a portion of one thermoplastic engineering resin is

blended with the elastomeric halogen-containing copolymer.
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polyhexameéthyleneisophthalamide (nylon-6,IP) and the condensation product of

11-amino-undecanoic acid (nylon-11). Nylon 6/66 copolymers are preferred in
other embodiments. Additional examples of satisfactory polyamides (especially
those having a softening point below 275°C.) are described in Kirk-Othmer,
Encyclopedia of Chemical Technology, v. 10, page 919, and Encyclopedia of
Polymer Science and Technology, Vol. 10, pages 392-414. Commercially
available thermoplastic polyamides may be advantageously used in the practice of
this invention, with linear crystalline polyamides having a softening point or

melting point between 160 — 230°C being preferred.
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they may be prepared by polymerization of one or more dicarboxylic acids,
anhydrides or esters and one or more diol. Examples of satisfactory polyesters
include poly(trans-1,4-cyclohexyléne C,¢ alkane dicarboxylates) such as
poly(trans-1,4-cyclohexylene  succinate) and poly(trans-1,4-cyclohexylene
adipate), poly(cis or trans-1,4-cyclohexanedimethylene) Co.; alkanedicarboxylates
such as poly(cis 1,4-cyclohexane-di-methylene)oxalate and poly-(cis 1,4-
cyclohexane-di-methylene) succinate, poly(C,4 alkylene terephthalates) such as
polyethyleneterephthalate and  polytetramethylene-terephthalate, poly(Ca4
alkylene terephthalates) such as  polyethyleneterephthalate and
polytetramethylene-terephthalate, poly(C,4 alkylene isophthalates) .such as

polyethyleneisophthalate and polytetramethylene-isophthalate, poly(p-phenylene
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as poly(alkylene terecoisophthalates).
[0041] Optionally, other thermoplastic polymers, such as polyolefin resins
may be included in the polymer blend, such as, for example, PP, HDPE, LDPE,
LLDPE, EVA, EMA, etc.
Halogenated Terpolymer Elastomer
[0042] The composition of the present invention includes a terpolymer

comprising C4 to C; isomonoolefin derived units. The isomonoolefin can be a Cy
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pi peryl ene. [0043] In one enbodi ment, the terpolyne
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S triydtBylstreandwhetbini @ &f 60 n@kﬂé Ip\z‘tbdntudiﬂ ths @Ryl substituent groups
present on the benzyl ring contain a bromine or chlorine atom, preferably a
bromine atom (para(bromomethylstyrene)), as well as a combination of
para(bromomethylstyrene) and other functional groups such as ester and ether. In
other embodiments, the functionality can be selected such that it can react or form
polar bonds with functional groups present in the matrix polymer, for example,
acid, amino or hydroxyl functional groups, when the polymer components are
mixed at high temperatures. Flesh out based on prior art patents.
[0045] These functionalized terpolymers have a substantially homogeneous
compositional distribution such that at least 95% by weight of the polymer has a

para-alkylstyrene content within 10% of the average para-alkylstyrene content of
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of up to 40 wt percent of polymer are possible.

[0049] The terpolymers of isomonoolefins, multiolefins, and para-alkylstyrene
may be produced by admixing the isomonoolefin, the multiolefin, and the para-
alkylstyrene in a polymerization reactor under polymerization conditions in the
presence of a diluent and a Lewis acid catalyst.

[0050] Typical examples of the diluents which may, be used alone or in a mixture
include propane, butane, pentane, cyclopentane, hexane, toluene, heptane,

isooctane, etc., and various halohydrocarbon solvents which are particularly
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preferably from about 0.01 to 0.2 wt percent, based upon the total amount of
monomer to be polymerized.

[0054] The terpolymers can be prepared by reacting a monomer mixture, the
mixture having at least (1) a C4 to C7 isomonoolefin monomer component such as
isobutylene with (2) a multiolefin, or conjugated diene, monomer component, and
(3) a styrenic monomer component. The isomonoolefin is in a range from 70 to
99.5 weight percent by weight of the total comonomer mixture in one

embodiment, and 85 to 99.5 weight percent in another embodiment. The
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In one embodiment, the halogen is in the so called II and III structures as
discussed in, for example, Rubber Technology at 298-299 (1995). In one
embodiment, the terpolymer is halogenated in hexane diluent at from 40 to 60°C
using bromine (Bry) or chlorine (Cly) as the halogenation agent. The halogenated
terpolymer can have a Mooney Viscosity of from 20 to 70 (ML 1+8 at 125°C) in
one embodiment, and from 25 to 55 in another embodiment. The halogen content
can be from 0.1 to 10 weight percent based on the weight of the halogenated butyl

rubber in one embodiment, and from 0.5 to 5 weight percent in another



i sobut ene 2-net hyl -1-butene, 3-nethyl-I-butene,

2-net hyl - 2-but ene, and 4- nethyl -1-pentene. The
wordoriosdsef i n can be a C4 to Cl4 conjugated di ePeT/BE8206/036391

as i soprene, butadiene, 2,34dinethyl-1, 3-butadiene,

nyrcene, 6, 6-di nethyl -ful vene, cycl opentadi ene,

hexadi ene and pi peryl ene. One enbodi nent of the

terpolymer of the invention is obtained by reacting 80

t G@le}mnghthlp}éﬂf ceennthebﬁmbgdmmyl dnacdhalggeh Weightt perBent of the

o AR SRR IR 302 2y e hed e ™\ gt “per cent

| $6UBYL Yh efRha et;ﬁboﬁfr@eﬂt Qhé hil@ﬁ&}a dvieipeRimdP @A BAK butyl or star-
i soprene and 0.5 to 9. per cent

p&raached hlytvlsm;»b@rritalqg@ngied s plethe diglogenatients pfimesh) allylic

ndlt B e arv b LETE! o Bnts AR AES gl bnination or

Hatleg 0 efdadal OchiGrafative, oarty etickUinethydarys REB@AGaryafdathfat of
|nvent|on is not herein |inited by the hal ogenati on

waphiligatly hadpgengted, mbbgsnsidhiy Bohspting dhesiwbherado form the

b“ﬂ‘f%% BARETRIG 7 BOTraR gy o il Comap pegipgs of

4 ferhiing e aliydicShB8enH0d polymevreze elmalmiedTbtharﬁm et al. in US

DIl Ul 80 138 L T 2P i e bRt o the
2%«3%&&1 (A9 Aalbg eﬂakedolb'\ﬁ 161%9&' HRALh tHabend Eil@gnﬁﬁﬁ milfolefin

halogenated I n"hexane d luent at from40 to 60C using
buoii$ raee (PBINRYY mllyhmlxaiqgmat@cutmts,asnd tréherean dhe maimary allylic

The .hal
Vet e BregIS o Fat ShA Y Petea i BT he RS foun of
e hibledertdit muﬁ[tﬂeﬁrf)olﬁ\ @b &ab&diment, anatdgease Gboﬂbléeﬁﬁrcent in
The hal ogen content can be from 0.1 to 10 wei g

pénethen emhedignesh tHas Efageemert ¢anebe aieé@réwét@d tb@tfgllowmg
r I ) t:
SRt fneRh RTEQUER, oty LG & by hals ot loast
eab OIMIH@Btc,enﬁ sed ah digeiotahana] b oibmm@nt inafeteebodiment, and at

0g dbut |. rubher from1t02 wei ght
piﬁaéfeﬁ @@srﬁf%lﬁ g\‘ihéﬁn adptsah edt o e maleRpEsrat dey 90
tg{ong%gg{tng% aA6he Sodim&r: st ar br anched butyl rubber
hal ogenat ed Such that the hal ogenation is primarily
allylic in nature. This A/ s typically \achieved by such
means as free radical b i [ e radica

chlorination, or by s econdary
treatnment of el ectrophiflicallly hal ogenated rubbers
such as by heating thelrubber the allylic
hal ogenat ed butyl and ranched butyl rubber.
Conmon net hods of
q
[0058] The halogenated terpolymers in one embodiment of the invention are

random elastomeric terpolymers of a C47 isoolefin (such as isobutylene), a para-
alkylstyrene monomer (preferably para-methylstyrene containing at least 80%,
more preferably at least 90% by weight of the para-isomer), and a Ciys
multiolefin (such as isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, myrcene,

6,6-dimethyl-fulvene, hexadiene, cyclopentadiene, methylcyclopentadiene, and



formng the allylic hal ogenated pol yner are discl osed
by Gardner et al. in US 4,632,963; US 4,649,178; US

W@ 2000858021. Thus, in one enbodi nent of the i nvRCI/UBIV06/036391
t he hal ogenated butyl rubbds is such that the
hal ogenated nmultiolefmunits are primary allylic
hal ogenated units, and wherein the primary allylic
configuration is present to at | east 20 nol e percent
( rrapeaylena. t Bhe Frepalpmer masdenehagsctaniged ge anteihing the following

. east 30 nole

gglrlé:ﬂeo%e%msa%nagfi ﬁlﬁﬁ' Z’ﬁge%gm#%%é p‘%ﬁ%e% Iuéngement can be
descri bedgby the followi ng structure, whergin X is a

hal ogen, ¢lesirably chlorine or bromne, ang q is at

| east 20 npl e e nt based on the total | es of

hal ogén iy one odi ment, and at | eastv39Gore CHyvv
percent inp another enbodi nent, and from 25 |nmol e

percent 16,90 nole percent in yet another egqbodi ment:
[ 0058] A al ogenat ed terpolymers in ops enb| ment
of thg invenffion are random el astoneric|terpoljynmers of

par a- net hjyl styrene contai ning at | east 80%T nore

preferably at |east 90% by wei ght of the para-isoner),
andpa0C4- 14 mul tiol efm (such as isoprﬁm@, t adi ene,
2,3-di mrethyl -1, 32 but adi ene, nyrcene, X

6,6-dinet+y| ful vene, hexadi ene, cyclopentabiene
met hyl cycl gpent adi ene, andpi peryl ene). The tgrpol ymer
may be ch& acterized as containing the folﬂ%MAng

nmonomer units randomy spaced al ong the pol yner chain:

Me?é;lﬂ RT0Gnd lRéxja iﬁi%eg)e%d%ﬁg? Eg?r%géﬁ Moﬁélldﬁlﬁg g$efér% 'C1 to

preferab rimr
s dcbalkigrandgirinydry Ioa kecdedargmtkykhaliles ahdiXcis |a(fua¢tiogabgrpup such

Ui PR e B U oKL e RS 0P 4 B BFIRFaias the

Prafebstithtedn Stytdiee bRREM B! (B rlﬂfe}pmﬁn&asénﬁ&ﬂeh Snay be the
functionalized structure (5) above in one enbodi nént

arfundtienalied serctareHithnvain praymigndimens, il apother erabndiment
I t t he nt,, t unt f..
f%%?looﬁgtg | 5 e{ﬁl "?,81% rﬁfe IPS%'&i n}? 8%11{118nt1 tPr%I aénount of

peuetiohaliZed 8 dturti(S) & dred 0.anal nﬁﬂ@pﬁcéﬁtﬂay be hal ogen
or a conbinhation of a hal ogen and sone ot her

f UPRSP] onafheytusationsd groupmt ERY hepalegen acd peBbinption wa halogen

LGSO (S o MRS bE BB B

c anbrditytions t & benzgiic delsgem ovithnottiers grduypsirsosly as a;latbmxylde amds

ph%%g;{(}ll sglts carboxy esters, amides and imides; hydroxy; alkoxide; phenoxide;
thiolate; thioether; xanthate; cyanide; nitrile; amino and mixtures thereof.

~ [0060] The halogenated terpolymer component is present in the blend of the
invention from 10 to 90 phr in one embodiment, from 20 to 80 phr in another
embodiment, and from 30 to 70 phr in yet another embodiment, wherein a

desirable range may be any combination of any upper phr limit with any lower phr

limit.



thiol ate; thioether; xanthate; cyanide; nitrile; am no
and m xtures thereof. [0060] The hal ogenated
W0 eqopob3gner conponent i s present in the bl end PET/UR®06/036391

invention from10 to 90 phné6in one enbodi ment, from 20

to 80 phr in another enbodi ment, and from 30 to 70 phr

in yet another enbodi nent, wherein a desirable range

may be any conbi nati on of any upper phr limt with any
o%éﬁanubbﬂCOWQMary Rubber Conponent [0061] A

f}iﬁﬁ’@ﬁ U Vsoh B8 sy, 350 eReaD AR ARE combPRpaLTay be

t l’iﬁesléﬁte S Bémpdt¥ieiis| 21d. entheseeartivleh &fthé Peésefte inveiord " These
not limted to, natural rubbers, polyisoprene rubber,

pdnwaﬁ yradudle, bt 19Ea aat dimitedrtob metura(l gBhyers.ppolyisaprens aweber,

BRRRBEL BRI BIARE” OB BB RSP,

etﬂbW(ﬁBpreﬂé-@@}bhﬁﬂﬁné)u rbstier ( EBW), styrene -isoprene-butadiene rubber
et hi(éene tEropyl ene-di ene_rubber pol ysul f i de,

ni®HRe pthyisas-propylsps | @&bbero@BM)pmﬂgbﬂ@}espmpylene -diene * rubber
t @ t t
SAEPTRTEESEARN, Ml S el B2 o, g ranhed

C Hiutbyl iraizttee adndohtl ydenntied biar-bramtizad-Huty mobited, brommated butyl rubber
i sobytyl ene rubber r-branc br om nat ed but

;95 Rt WYl H&%of}?rehr@n@wsop WP u%d gybber,” star'b hthed

p@rbfﬂ‘ﬂﬂiﬂ}@%&’}}l ?ﬁkﬂ?ﬁbbtﬁ l@ﬁ‘é/ﬁ% I%ﬁé/ E&Y ‘?);méﬁ‘ ﬁlﬂ?}@f %ﬁr(ﬁbﬁﬁylene—

pol y(i sobut yl ene-co- yrene), such
eMr}pm@thytSBfrmﬂ) ynérhe ng:nat inW!i@né’lmrqovmmeﬂml&tﬁene) such
eriv

|
D B SherE Tepo P Bt GerttObaS s RPLec whp pmyisigene derived
t heite,ind pl26@3Iethytiembhaddrv e tiiag kemnixtabks tHegeof.

secondary rubber conponent present is natural rubber.

NAOH2hIA dgsirsbles crabedimentc pf egsacondsey awhbep PompBREIENGSER is

e e T L A

r L’lltfbhicﬂog}f 179209 r @danice | Moetoh,i @hapmﬁl el 4t ed9Bb). onDesirable

lanru er suc S SMR 5, SMR 10, MR
gg‘ a‘Fﬂf‘“ﬁr %‘fﬁ’?’éﬁ i%\@/rlgﬁi@nt fiveniaem, agepgelected from
n%hlﬁ?éwﬂ HBBS sacHh Qé’SNE{ &OBRIR ¥ §MR31'G ¥t 2b ARENINS0 and

1+4) of from30 to 120, nore preferably from 40 to 65.
Theixvoestbgreod, sdwedin yhet aturat Bibbens ddve o M@n@ymscssﬁmat 1000C

8580 AC 8 b af Y eld%, 3518 reeBBRRL R YRS e

t Rescosipest iréfe@ed @f hardif id if\aedriifite witheA YDIMBY 6¥6.SCOSi t'y

of the
[0063] Polybutadiene (BR) rubber is another desirable secondary rubber

useful in the composition of the invention. The Mooney viscosity of the
pblybutadiene rubber as measured at 100°C (ML 1+4) may range from 35 to 70,
from 40 to about 65 in another embodiment, and from 45 to 60 in yet another
embodiment. Some commercial examples of these synthetic rubbers useful in the
present invention are NATSYN™ (Goodyear Chemical Company), and
BUDENE™ 1207 or BR 1207 (Goodyear Chemical Company). A desirable
rubber is high cis-polybﬁtadiene (cis-BR). By "cis-polybutadiene" or "high cis-

polybutadiene", it is meant that 1,4-cis polybutadiene is used, wherein the amount



pol ybut adi ene rubber as nmeasured at 1000C (M. 1+4) nay

range from35 to 70, from 40 to about 65 in another
wertodsisent, and from45 to 60 in yet another PCT/US2006/036391

enbodi ment. Sone commer ci all7exanpl es of these

synthetic rubbers useful in the present invention are

NATSYN(t m (Goodyear Chem cal Conpany), and BUDENE(trr)

1207 or BR 1207 (Goodyear Chenical Conpany).

dedi ginisomppugsbas af sl,east §h%i sérp@xgmpﬂte @rhegl( @1sgaogyt)utad1ene

DonidtiiCirdie; a3 The Bnnol Bl CROBRNEMLAH he

t heoa@[oUNREhbeed 6f eDYRABNH propylénd @@Sied Abis sHbh QX HPNICnd
of a high cis- gmlybutadlene conmer ci al product used in

t FPTras0 8lse p@iablesaspepsmdet wpbars.o Exanples of sudablscomoppmers
eopirRE SRR SR DB, 5 E AR pe, oo

ofwelliaé @ltefs. c TS AEbbSrsi ArenddstitilgedERDRuBbE Bédhnblbgyz%o 283
nor bor nene, 1, 4-hexadi ene, _dicycl opentadi ene, as wel |

ad1 % er & syieble diybmerngonylencysaber de onpneteiplie ravalable as
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e?ﬁ??%%é pro g Féﬁgdéﬁggéin?ﬁcég¥%§b0|at?y a%allable as
VI[@BAL ON( hnano(}Ex xmibiiipieint, Che sécoadarCaoulienys a haogémited rubber

X 0065 ot her enbadi men t secondar .
¢ bRt 8 e SOy e STPODBET ad b aPHOGRAEH DIV rubber i
t & RIn% R ToubA FRsRE Ldn@Mn aﬁbﬁepéhg&ﬁﬁl@ﬁteig cRidkivhied %ﬁﬂﬁ? frubber.
is brom nated butyl rubber, and in another enbodi rrent

| ﬁemmad) mropettiad dpdtypoassinpe halogreated bptybpéibefsels deseribed in

TR GRRIE Ry TRRRRC 1B RS TR el PRcembit

GIIB eﬁmc, 1890), aMandeRibYet Tekhnolb 311—39@)(19@3’)‘?J Bittyl rubbers,
Rubber Technol ogy 311-321 (1995 But r ubbers,

h&lﬁ%?@éwé@de@u%try bersy by §tar- Waclquabutw m@d aggy legeribed by

| PRSI BB Mol IF Y 08 CUERR Aty f pmical

O Fec o dyIAHAR0 8/ (I s \&ﬂsp&ssoﬂsmm 4thlede]d)93)].993) [ 0066]

The secon rupber onent of . the present
i AO008L | on{jl? % /T  CORBENt O fheTuerepbmyEntion jaghudsgebut

Ofg Harlﬁm@é‘d (BLOEAFhedr Bty be BrRaSted &Rﬁ%bmt&%rﬁﬁte)a' butyl

rubber, star-branched pol yi sobutyl ene Tub
strghhenr atnx:hx@uc}mdomlwaolgny]bm y‘ubber star-branched bromlnated butyl

/
PPy e P SRRk B Rs Bkt Shtuirsputvicaersor-
asnethydstyRxe)pich, ast RF B ﬁﬂ%!t&gﬁiyrhéi@ bﬂis}vﬂnﬁ?l@n@'@éﬂvéﬁdlmts p-
units, pnethylstyrene derived units, and

p Tstleiene drdyes wils, ansk pPramemethylsiymme gesyed units (BrIBMS),
and the like halomethylated aromatic interpolymers as in US 5,162,445; US

4,074,035; and US 4,395,506; halogenated isoprene and halogenated isobutylene

copolymers, polychloroprene, and the like, and mixtures of any of the above.
Some embodiments of the halogenated rubber component are also described in US
4,703,091 and US 4,632,963.

[0067] In one eﬁbodiment of the invention, a so called semi-crystalline
copolymer ("SCC") is present as the secondary "rubber" component. Semi-
crystalline copolymers are described in W0O00/69966. Generally, the SCC is a

copolymer of ethylene or propylene derived units and c-olefin derived units, the



and the |ike hal onmethyl ated aromatic i nterpolyners as

in US 5,162, 445; US 4,074, 035; and US 4, 395, 506;
whadosgesat ed i soprene and hal ogenat ed i sobut yl P€EUS2006/036391

copol yners, pol ychl oroprend$ and the like, and

m xtures of any of the above. Sonme enbodi nents of the

hal ogenat ed rubber conponent are al so described in US

4,703,091 and US 4, 632,963. [0067] In one enbodi nent

of-dl¢fn hmingnﬁ'ronn4 ta k()ocaﬂ@dﬂ atdms dhviong repttodirhénteand in another

| y. t dary.."rubber.
C EhBoditRh: MERE i 3 fPPRERE o rbiEre BRI i AR FEplstn
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et hyl ene or propyl ene derived units and -olefin
dee1ng degrempf erystelhiaity.olned frthenenbefimentrihe 3CC isa eenobmrer of
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10 carbon atons, wherein the SCC has sonme egree of

c Mie $6X0 ¢anialsp bejarcogolymer psthdpmsaidséyiene.t he SCC is a
f
a%bl%el%/ MerT rsle\&/%lgﬂ{'f b&%lrg ﬁgg%rﬂ %Hlﬁ F‘o %251?551‘51@ m n?, be

5 pte@erilﬁn carange fiehroup fo 90 qxhﬁ it ohdn emﬁﬁmnwhs d’xdmsxp gorsd phr in

degr ee of cryst allini t SCC_can
SRS fabogih e A PR P ABRS ebERReRy @i from up to 30
gﬁpﬁd}%'i XthHQQ‘?ﬁboﬁﬁH&ﬁnﬁf‘ et @hothBeerfb BN Bfhe secondary rubber

mposition may be present in a range fromup to 9
p iy priesent ﬁemeatﬂwt fpht, and fiom a,trieasb 55rhr phanather zmbodigrent, and

R POt P oo yBrodeRaRa dfin B itk [T Hy in ver

Y ghotBSOdrhRIdia B0 dA Rsikabld étﬁb&ﬁﬁl@ﬂd@ﬁy icdhifeemyi ®mbination of
present fromat |east 2 phr, and fromat |east 5 phr

| ALY APREH T bﬁ%bmdnﬂémlowafriﬂlfﬂmﬁ] Her ¢xagple, @%mcomm gibber,
A b bRt B « bR OB bR For SR NI EBR, may

aby p@@l@i@u fiadnl Hphofo ahyphtipppete gbodimdht, aﬁdi]d'ro&n)lOlt@\BGrphr in
|imt. For exanple, the s%condary ubber, . either

ﬁmtwro%quyn@%t apg 15018 3840 78 PhF ¥t pRothermbadiment, and from
eﬁ@'ﬂ?'(ﬁ) ﬁgg ngee%ﬁothm P@dlﬂfeﬁts SRl 4R B Pphi t g& Rl¥iher

I n one rom 10 to 80 phr in anot
e nimbdcﬂmmt, andficbnf f dordBPht i y20 apdtheri embodimentoanidgfrom 20 to 60

enpodi and .from 40 tq 60 I et _anot.her .

o Ao FE Aot TRt s apg ot RS 5Pyl v BPHEF embodiment,
e pRogho¥B bmbadighent ABpeading® WonRhE desirddeéndanigdt 4lication of the
enbodi ment, and from 20 to 60 phr in yet another

eﬁ%ﬁ?m and from20 to 50 phr in yet another
AR, Ftives and Other Additives

[0069] The composition of the invention may also include one or more filler

components such as calcium carbonate, clay, mica, silica and silicates, talc,
titanium dioxide, and carbon black. In one embodiment, the filler is carbon black
or modified carbon black. The preferred filler is semi-reinforcing grade carbon
black present at a level of from 10 to 150 phr of the blend, more preferably from
30 to 120 phr. Useful grades of carbon black as described in RUBBER
TECHNOLOGY 59-85 (1995) range from N110 to N990. More desirably,

embodiments of the carbon black useful in, for example, tire treads are N229,



the chosen enbodi nent dependi ng upon the desired end

use application of the conposition. Fillers, Curatives
w@nah7a64sez Additives [0069] The conposition of P€TES2006/036391

invention may al so includel®dne or nore filler

conponents such as cal ci um carbonate, clay, mca,

silica and silicates, talc, titaniumdioxide, and

carbon bl ack hi one enbodiment, the filler is carbon

bINESR, B33P dIR20,eN234 ahd AN 0aprkyidehan EFMr Q37 ) DlléIO and’

I rC|n a n_bl.ack present. at.
| L T RIREE  Ho R g, B SRR Bt in
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bl ack as described in RUBBER TECHNOLOGY 59- 85 (1995)
r Dagk Wwelghinibosxanmpdonerinere foretites ars N556 MW, MGOsN762,
Ofan IN% gar bon bl ack useful in, for exanple, tire
treads”are N229, N351, N339, N220, N234 and NIIO

priooroped The SSohpbdifRE037 thi®lindéhtionndaPdptibnall 1nclude curative
Enbodi nents of the carbon bl ack useful in,
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use or exa I nnerliners res
N3§8QemNGl Ghe dlEdainerid Gipolyaurst cdiPenenf 6OHO [preEhuet 1nvent10n include
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o STBTGHDS elehih) GRS oy RhBRows ¢ Rl ZDEDC (oine
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f or mal dehyde resin), dlphenyl phenyl ene
dllalﬂwr@)ectrsalmr@kaﬁqnc aC| d (o- hydroxy benzoic acid),

b
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CQEDiases 'S%h NRY d§ss OpiBfefitd) @@tiokgtands, Uhbatawhd! 18dht stabilizers,

plasticizers, oils and other ingredients as known in the art.

[0072] Rubber process oils have particular ASTM designations depending on
whether they fall into the class of paraffinic, naphthenic or aromatic process oils.
The type of process oil utilized will be that customarily used in conjunction with
the rubber component. The skilled rubber chemist will recognize which type of oil
should be utilized with a particular rubber. The quantity of rubber process oil
utilized is based on the total rubber content, and can be defined as the ratio, by
weight, of process oil to the rubber in the composition. This ratio can vary from
about 0.3/1 to about 1.3/1; preferably about 0.5/1 to about 1.2/1; more preferably
about 0.8/1 to about 1.1/1. Oils other than petroleum based oils such as oils



light or electron irradiation. [0071] The conpositions

of the invention may al so contain other conventi onal
w@oda7osises such as dyes, pignents, anti oxi dant BCT/H8E06/036391

and |ight stabilizers, plagticizers, oils and other

ingredients as known in the art. [0072] Rubber process

oi | s have particul ar ASTM desi ghati ons dependi hg on
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us&ybe ysed, §%€Ief%trq@i“}g re&‘?‘ﬁ?a g s oil" neans
begoRat e A Q%Qf bE ez a ﬁﬁﬁ'l%scoﬁiﬂo&u@ﬂ GrNiRtiRedntion to

plast|C|zers 0073]" The process oil 'may be i ncl uded
| enlidnee damtheoshe |1mprctvod|agmg praphyies tdfethe cigstamerico ponedgners

aPPPReREB AR A irentA Mt ostt w8 iiebrtd Riing, The

f bhﬁl@ﬁlaﬂﬁﬁ%xﬁﬁnﬂ\@cmzeéwﬂlTd@p@ﬂf@l 0¥ nehbers dnﬁ@lats}ziﬁﬁu@lﬁzed and
cure systemutilized. Generally, the process oil

| mﬂr@ thed oneriype seyie TeUitado iheiBDroRer s}sbﬁ'@%@ms Wl Wﬁbm the skl
e xiuhﬁeqn Ilﬁ%j: tl&t@a%%t \%fﬂlo% 51%{3}‘11’193 Ca blthé: @ﬂssbﬁf chemical

ICIt el'ng reduc stren
?Qﬁédtoré\@t ipRyiEhh [)tcﬁedms tmyutallprmectamn atdmedomtmsthermm to

this inventjon to en ance urt r the inpray
a@? Hgflegneysarent wsthgpart Fﬂe H%Ogbglacg%pgltmn These are

CRERAAE Yl bl mﬁﬂﬁnpﬂaﬁvaewo@@' @16 LR{PE OF BRtrub part

resins articul ar anti oxi dant
utahd formch Ivmtebtl‘daecp)andg onshidle theyiabicirem axyiep) erone cic.

utilized nd .nor.e .t ne t be requir

pli&r se ci’l?e&ﬁc?lsp’iﬂg‘? Or%gF#f)rﬁnﬁél e %96 l%%mcz;li Slohps:
r @&Qﬁﬁm‘}%ﬂh@st héMHlic®shd PRbSHHYHEL. |Ill@§faﬁﬁf@|ﬂd11—lﬁrﬁitingl dxtamples
the cl ass of cﬁem cal protectors_ or iph ysi cal

probtizessaott antiomidagiscusclipriot betmactive atlethifs dyehen e hindgred

| %h%nols, amino phenols, hydroquinones, alkyldiamines, amine condensation
products, etc. Nonlimiting examples of these and other types of antioxidants are
styrenated phenol; 2,2'-methylene-bis-(4-methyl-6-1, butylphenol); 2,6'-di-t-butyl-
o-dimethylamino-p-cresol; hydroquinone monobenzyl ether, octylated diphenyl
amine, phenyl-beta-naphthlylamine; N,N'-diphenylethylene diamine; aldol-alpha-
naphthylamine; N,N'-di-phenyl-p-phenylene diamine, etc. The physical
antioxidants include mixed peiroleum waxes and microcrystalline waxes.
[0076) Blending of the fillers, additives, and/or curative components may be .

carried out by combining the desired components and the nanocomposite of the



be little novenent in the part to be manufactured from

the conposition. These are generally waxy materials
waokiociosisnpart a "bl oom' to the surface of the PCbD82006/036391

part and forma protective2toating or shield the part

from oxygen, ozone, etc. [0075] The chem cal

protectors generally fall into three chem cal groups:

secondary am nes, phenolics and phosphites. )

| pregertriavention imoany switablengizingrdsvics Bichtagpe Bagbury™ mixer,

anti.oxi,dants useful.in . the.practice of, t.nis | j .
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diltfhe:; BaeksIunasision o4 s }p{ﬁ:fegmm@ptlon can be formed by a polymer
N, Ny iz R - N=ph e, diam . |4C

e o8 oo e BIAEE o N Epofthls cdi"Be BAKRA°3lt by
mcombiings thed polymenarmpondn@ it6 hnyBlseitatilegnisfngt device such as a

fillers, additjves, /or curatlive conponents. may, be .
c PP T, BEDRIRT B & AELPRlY o BIORERIST A mixing
the téi&%&‘i’&ﬁf@@ﬁﬁ'th@ rif{get SFepIESely td QUG LRdbri dondifi¥ns of shear
sul tabl e m xi ng device such as a Banbury(tm m xer

Bruificieit t¢ tatjpwiihee terpotymeretoe batsinye aniforudly / dispersgd ewithindthe
mg%@cq at. tengeratures in the range of 12Q0C up to
38 EHRARTE8AE ™ i ons of shear sufficient to allow

t g 78 0 NP OTIEN tEmbesifGr @ Bhe! PrésentTintediiGD @S efkowbé Hbrined by
the polyner to formthe nanoconposite. B|end
ProluEes bigndjmen A7 certpia ebgsbmpats.oheogonppasitioneisgprpduced by a

[ ' -a pol . I dj ‘i
PSR, BOlplin Boh@LiTE | Bltith DP tHRNiSHE { sOvEfthdlibricine o
byd@oirbon tg itheasp oheyteriolymsrprticSdlstiomB anmpsising albbleent and
m Xj ng devi ce such as a Banbury(t m xer,

b 5Bl 008 (DB Edr oty R BT A P SV e coutapt pipguct
Mok KBi8h A SRIAUNEE fofin tiEcdnfadfie Of 12C0C up to

er conditions of shear sufficient to allow
t [079kr poFyarepmpositet ofishisninventidny miiys pe rextrides), tdeimpression

h | [ ' ' in...[0078] T i t.i .
5 NS e b Bord B L i
S @ihdtsl Tlmia] endlistihl Riarts educRi 45 QnrloA@tiNe ndasts, taPgliance housings,

conposition is produced by a . ) , .
consumer products, packaging and the like. The resulting articles exhibit both

high impact strength and low vapor permeability. In particular, the composition
described herein is useful for air barriers such as bladders, and automotive
(including truck, commercial and/or passenger) or aircraft innerliners and
innertubes.

[0080] = In the compositions of the present invention, the thermoplastic
engineering resin(s) may suitably be present in an amount ranging from about 10
to 98 weight percent, preferably from about 20 to 95 weight percent, the
elastomeric halogen-containing copolymer of an isomonoolefin and a para-

alkylstyrene may be present in an amount ranging from about 2 to 90 weight



process conprising contacting Solution A conprising a
sol vent conprising a hydrocarbon and at | east one

wo esopobigper with Sol uti on B conprising a sol veP€T/a82006036391
| east one engi neering resin?2 and renoving the solvents
fromthe contact product of Solution A and Sol ution B
to formthe conposite. [0079] The conposition of this
i nvention may be extruded, conpression nol ded, blow
mpkexdent, prefenaplycfrpmnabont detd BOtveeighdrneseesnt, shrapddn the polymer
aﬁiiales including fibers, filnms, industrial parts
suUf%s aut onoti ve parts, appliance housings, consumner
pr[mmft S, TIRASdeast Nekudildnbifud bR ehe theBndRsict doftpositions may

articles exhibit bo;? hi gh i&Eact strength and | ow
v ape froor akahil 09 kg/eny o phaut R0 ke/ee nEefrsbbi fromabout 200

SRR IE AR oD oS A R 39 g

anebser p Qipr Blen@infag T cdbdpris® At 2366 bamdos wt percent of
i nnertubes. [0080] _In_the conpositions of the present,

i Aepitardh compsiticie Mrafdition fa-ite RRfVMSE CPMBOREL, Hissjormepition
;SR RLERE ) oM, RMRS! 0 SN,

wataphizeperubbat protdseing lods lubnieadts (higl opemidernsiblvcking agents,
copol r of an isononool efin and a paraallcyl styren

TR (GRS AECTh TAPCHBEATS BRGIRG- PrOTEGH S e ghers
wehg e rpg&f%gsinéj bRl ﬁ&l@@%%’to ftho ?ﬂg}l%@f) gém oﬁlﬁhjgé) ateMBhl oxides,

percent, based on the pol yner end. [0081]" The secant
f leegoU¥gD, eanchd imsludéd tohast ahadidrogdentors. dhe pagrogits awshsllerapay

range .from abqut 100 kg/c to,about 400, 000 kg/cm
oS B o wbatreShatiec it c S i BregGof Pofymer
k%ﬁlgbli’enfﬁi‘ﬁﬁy &It AGC Pfdbally] Bie AR 881 llert Yosilprisd fbout 1
[ 0082] The pol yner blend may conprise about 25 to

alioaloud 80 Wit pprseridmsedyn the soppesitioy. muspptdsrablygboyty to about

addi t |- It nents, the conposition of

t%g v%é}égg%%eétno\?é%%\%@gﬁ%%ﬁ%ﬁ se fillers, and

aqebss) veslt suwhhiaghandopext thininsent®habiihdozgirste arstdalndary or an

processing oils lubricants (e.g., ol ean de), )

L AEPEPD CRYEG iggesmpiinatipn with ¢ JyRimisa Ry et @nized gipder in the

r %Bﬁlg&m&ﬁ,mg g:@ﬁmesaccﬁﬁl?%ﬂeﬁ%rfgﬁ@&tﬁlgf & i Endurdd Bfvber a
i d§ knowd to t bber

and her processing ai he ru
c oudeu rvdiicly cammot bivetwd¢anizei dosthe evujeaniAiggOagavmspé to cure the

LU0 A B AR s DR R e
C QHRsS dih2RicBIBS 8611@NIzB@! ¥NBY adding to the dynamically vulcanized

thermoplastic composition, after the vulcanization agent has been fully consumed,

a rubber which is vulcanizable by the vulcanization agent used to vulcanize the
elastomeric halogenated copolymer component of the present invention. For
example, when the elastomeric halogenated component of the present invention is
vulcanized with a cure system which comprises zinc oxide, any other rubber
which requires sulfur or another curative to vulcanize it or which is not
vulcanizable can be included. Such rubbers include ethylene-propylene polymers
(EPM), ethylene-propylene-diene polymers (EPDM), polyisobutylene, natural
rubber, etc. Alternatively, the DVA can be prepared first from the resin and

vulcanizable elastomer by dynamic vulcanization and subsequently, an uncured



conponents plus additives. Preferably, the pignents

and fillers conprise about 1 to about 30 wt percent
whawenssm t he conposition, nore preferably aboRtT/BS1006/036391

about 20 wei ght percent of 28he overall conposition.

[0083] It is within the scope of this invention to

i ncorporate a secondary or an uncured rubber in

conmbi nation with a dynam cally vul cani zed rubber in

t Hebleas wpo b blepded e theclAW Abat salctpaisiire heeivetijie sedlting paigt of

a red rubber rubber whi.ch_cannot be .
o p Mo REHES PO T B (RE el i "WERA" S, usd  mpber is
elinsdrpsreted 6n tl d}&@ﬁ&ﬂaﬂg vﬁ&@ﬁ)ﬂz&'dfwnémmp gHeturefireiRbber may
present invention which is to be dynam cal

vecRIAseRbE B aBpUBdMNEISt fom 1HBoYH) AiRrte Abpyt Fursefurablscifrom
. tron t vUltet
L OBhPELESLE S AERAThE ot e SRR vt o
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cdifghent Waent Helprdesisrt tPnpradbrort olenERAnpeposiingn any
t NSnGldha n%ﬁfaﬁvga%“)%%ﬁ‘a Ilq’lc ggrgu ehk oF VIR | (E:iﬁgegéturated

invention is vulcanized wt e system
cdrpges®al ziohymaxi ey bayused hier volechiies athieabt rtlegudlasesneric

syl fur or,another curative.to vul canize it..or ich is

g A KRR o L e N e I
etiyiaiend) KByt ans PALYIB SrdFEMire specifically excluded from the
et hyl ene- propyl ene-di ene pol yners ( I%)PDI\(D . .

pairgatise i ithis dnesntinntwizesl the dbéraroplastic engiheasngatesing|chpsen as
t D red first fr.omthe,resi,n _an . .
b OB b Sl SRR Behplldh> ol B Sk iAo resing

s uhsagiest oy crodslink Qlirddinkdrb e ang adurfiebiviivthie shoulit @ailidaethe
DVA at a tenperature above the neltin oint of the )

t PEFIHYBE aGRENCCHRg | 195 heinge utsdn 6l W@ﬁﬁ nuRger cthe gprocessing
u : r I

P HEEnd YBRETuck? b 1GHROR! Soh Mol vRRAAAE Bl should be
pregsladed ifronarthammuativer gysginn gustd.o Buizdbdy eurative $yeteatsofidr the
25’1 E)r ef .erlglﬁ)lgé f r(gm about 5 to abou% 20 wei ght percen
oflaspEmerig hfogepdpd ferpolymer campaneghat fhecpyseh dnystiph dnclude
CORAsKidd BRombRRAA wWiesind dtcdrte @8 StirROadi@al], QPHERAS, one or
vul cani zed conposition, any conventional curative ~
syserernfuthe dhllosing sgsatlewatass oy uhudcanizirignagentst (Reamelyx (di-ortho-

hal ogenat. ed I I be us tQ vulcanjze.at | east
 CRSRRARD R PR ot AR PR R AT A S EEUIAE A plERlao),

| SOsmR0 D4 eftinertapiol 3-irbizBlel) ZPPOCAzR @éthidydistiydaeienate) and

except _that peroxide curatives are specifically

eoehes gdighipqaghamates, Letrone A (dipenta-methylene thiurani hexasulfide),
Vultac-5 (alkylated phenol disulfide), SP1045 (phenol formaldehyde resin),
SP1056 (brominated alkyl phenol formaldehyde resin), DPPD (diphenyl
phenylene diamine), salicyclic acid (o-hydroxy benzoic acid), wood rosin (abietic
acid), and TMTDS (tetramethyl thiuram disulfide) in combination with sulfur.
The vulcanization can be conducted at conditions to vulcanize at least partially,
preferably fully, the halogenated elastomeric copolymer.
[0085] In the practice of this invention, the engineering resin, the elastomeric

terpolymer and optional other polymers can be mixed together at a temperature

sufficient to soften the resin or, more commonly, at a temperature above its



practice of this invention when the thernoplastic

engi neering resins chosen as conponents are such that
w@esgxnsise2 woul d cause t hese thernopl astic resiPGT/US2006/036391

t hensel ves to crosslink. Fa#thernore, any curative

whi ch woul d cause the particular engineering resin

bei ng used to crosslink under the processing
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p a ul. | aI ogenat. .
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¢SSP L e R YRS, o LBl e cant
vwmbaﬂllzzcamlsmg Je2yipg raaiounssof Surﬁﬁmaaetuﬁnﬁlb ghébtimeh cure
point of the matrix resin to about 300C, nore

t ppitemite o uihred prderappiopEatenyre sngiions trachisye e figlhgure.
gﬁgsﬁfg PR ik ?%Mﬁﬂ 4l 5 Jhehid b@%‘? ?tqéﬁﬁ‘eamlx prior to

ably the vul cani zatlon carrie
t eapyingtant ¢he dmgpmic vulcanization prooess of this invention, this is not a

necessary condition. For example, in one embodiment, the elastomer to be cured
can be dynamically vulcanized in the presence of a portion or all of the
engineering resin. This blend can then be let down into additional engineering
resin. Similarly, it is not necessary to add all of the fillers and oil prior to dynamic
vulcanization. A portion or all of the additives, fillers and oil can be added during
or after the vulcanization is completed. Certain ingredients, such as stabilizers and

process aids function more effectively if they are added after curing.



fromabout the flux tenperature of the polyner blend
to about 20C above the softening or nelting
wo eowpeswbur e of the matrix resin. [0086] It i SPCT/US2006/036391
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vul cani zed rubber conponents of this invention neans
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extractabl’e conmponents ternati egree
c plasticizers and components of the composition soluble in organic solvent as well

as that of any rubber component, if optionally present, of the DVA which is not
intended to be cured. Any insoluble pigments, fillers, etc., are subtracted from
both the initial and final weights.

[0090] To employ cross-link density as the measure of the state of cure which
characterizes the improved thermoplastic elastomeric compositions, the blends are
vulcanized to the extent which corresponds to vulcanizing the same rubber as in

the blend statically cured under pressure in a mold. with such amounts of the same



can be expressed in terns of cross-link density.
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about four percent by weight of the cured rubber
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plastici,.zers and component f.the ¢ osi tion.sol ubl

i ﬁ%g?tga FEogy s, SRRl Tl b a‘f‘r"%s?lﬁgnéenrsﬁ% pigicttied” as
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c fiarraihe @eompesitibin by highrtomeetatulne sahogit @stractior) wih anappropriate
conl'gosi ti }c;ns, . the bl eads are vul cani zed to the extent
whRkEent &gt %gﬁH%QEP&Qﬁzulcanizing the same rubber as in

t ioBl endript sbiLahl Yehdifyedr WRARILHEY ¢S Aedfefnintd %W@J%Lﬁlibrimn
wi'th 'such anounts of thé samecuratives as in the bl end
anavem dwellingasingothd iHlonyrRehofr equatiomrag shewpean dt Brbbear ¢ hem.

e L

Pe&leltaliy Bedad elie tdlanladiowersdybiailed fim € Fevitd @rticle by
preferabl(%lﬁlx 4 moles per milliliter of rubber. The

10 I
biSeerlen 3nd Risio, dy Rubhee lhewp. ful ehind%dd”uHdke exiragied el content
::%P et &?ﬁi@ﬁtrpté‘%e{}qs it %THéH%EsaPJ 1o~ HePlhk \(BrR@R %o PBueche

e rubber con
wherein the term v is multiplied by the gel fraction (% gel/100). The cross-link

density is half the effective network chain density v determined in the absence of
resin. The cross-link density of the vulcanized blends will, therefore, be
hereinafter understood to refer to the value determined on the same rubber as in
the blend in the manner described. Still more preferred compositions meet both of
the aforedescribed measures of state of cure, namely, by estimation of cross-link

density and percent of rubber extractable.



of the blend as was required for the rubber al one. The
cross-link density so determ ned may be regarded as a
wore@sssonf t he anmount of vul cani zati on whi ch PCT/ES20061@36391
i mproved thernopl astics. H@hever, it should not be
assuned, fromthe fact that the anmount of curative is
based on the rubber content of the blend and is that
anount whi ch gives the rubber alone the aforesaid
crlef93l | i nk prefesied ycompesttionhel gy anventor sempriets nplastas the
Wi t : €S r. that. t e kS I [ e e
¢ e pioBfiat Shitpink i A3 % bkl 3 R 04 REytene
I @eepidreNgnd dpaed-uethyidiyrend, | i mted extent. However, the
assunption that the crosslink density determned as .
dde98] bedFesrestitin darisdictions, gmbagises crf\éh@ igNenstontalse provide for
crtﬁgﬁﬂﬂ)' .density of the thernoplastic elastoneric
conpositiohs is consistent with the thernoplastic
properties and with the fact that a | arge proportion

of the resin can be renpved fromthe conposition by
hilgh t éhihEraeRizstic SOMPRHAHORSARRIEI%N, with an

appr opryi @t FMsHE theinBeridd st St 3 QO
The cr OaSS-A]]%IlO},k Sgensiglty% tﬁél ru%ber ?%%e?g?]#% nea 51§/Ig of
equi | i ipolyamides) veolyesoe) | polycarbomegest hegolisulfgneRe hpelyacetals,
equation, ,as shown.in, J. ber Chem and Tech. 30, .
9%, DeE G E B G SOFOE PRy RoLRRR g Sride,
for FUQQB?h&EJIéﬁQntsuﬁﬁi_e[ Sstysl | derfibgifel estil | e rdiRBaleic
obtai ned fromthe review article by Sheehan and Bi si o,

J . RuebkydridpeeainsgpTlyghideg gromal®, palykeignss,cadmaistuses Geteot;
content_ of the vul cani zed rubber is low, it is

necessary to use the correction of Bueche wherein the

t er m v at Rastiphitialll dzgerosd theeirgehalbgenaied asipdlYmgetdntPiking
The cross-link density is half the effective network

chai n &eavemey uitsflerized{iABd i n t he absence of resin.

The cr Ay j of the vul cani zed blends wll,

t her ef %ﬁ;’tbggﬁggﬁglﬁﬁg ter understood to refer to the

val ue detyeeme medomer; ik sane rubber as in the blend in

t he manner 'gleﬁé” bed. Still nore preferred

conpos P et both of the af oredescri bed neasures
ofy, st atfhe @bmpdKifon HEETRY 1 “}?ﬂére%ﬂlie"tﬁérhﬁgla&ﬁc &’f&%‘?e%ﬁhg Rdsin is
density and percent of rubber extractable.[0092] A

pr ef er r@@lyeoMgsosi tion of this invention conprises

| the th | ast i i ' .esi. d
oo o A3 OFabBH BRI SRR RS 80 o e
par a- Mgidipl cohdistiparf nlyMnB3 hylbars,s; ayloailn, iid mbdired (heresf.

enbodi nents of the invention_also provide for | .
4. The composition of claim 2 or 3 wherein the polyamide is a polyamide -

6/66 copolymer.
5. The composition of any one of claims 1 to 4 wherein the isomonoolefin is
isobutylene, isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-

butene, 4-methyl-1-pentene, or mixtures thereof.

6. The composition of any one of claims 1 to 4 wherein the isomonoolefin is
isobutylene.
7. The composition of any one of claims 1 to 6 wherein the styrenic

monomer is styrene, alpha-methylstyrene, or an alkylstyrene where the

alkyl is selected from any C; to Cs alkyl or branched chain alkyl.



the following: 1. A thernoplastic conposition

conprising: a thernoplastic engineering resin selected
wo e@mosise2 gr oup consi sting of pol yanm des, pol yRGT/88806/036391

pol ycar bonat es, pol ysul fon@8, pol yacetals,

pol yl act ones, acrylonitrile-butadi ene-styrene resins,

pol yphenyl ene oxi de, pol yphenyl ene sul fide, styrene

acrylonitrile resins, styrene-maleic anhydride resins,

p&t yi mlhescompositigni of pay )ﬂﬂét@ﬁléblm%lrid tori 6 theesin the styrenic

t hereof: and ) Iy di spersed therein a
hal ogeﬁ%ﬂngawfgélt Sa&’nearﬁg n‘ﬁ'?l Si ng nononer units

deri vedhbr ediposont 6f ClaiinS Savhegdief thé); pata-alkylsBitére is para-
nmononer; and, a nultiolefin. 2. The conposition of

claim F%é?tﬁieﬁet he t her mopl ast i c engi neering resin is
ol'y %Smpgm 1J1{]§f St (ﬂﬁﬁls 104 Whglle?n t’f@%ﬁh{)le&'ﬁqs a
yan1 g compgpan. from grotp Corsisting o

nyl on &, toghatefs, 6, nylon 11, and m xtures thereof. 4.

The co osition of Ia|n12 r 3 wherein_the |y
G SRIPESIHPE 6 e@pepwgnclalrss Itee Bbass Hlsﬁle Hltle?eﬂn is
.any on‘éflgéte&h% ol Lga oy g of %&geneseﬁmeﬁé 9f4 Riiththyl-

i sobutyl'ene, iso tene, 3- ety
1- but eng-badieteny| - Zmytwn@ ne, 6 sopditriethyl-fulpenst ene, haxadlene

mxturesther of ition y
C1 i s TR BT PERHD b RS VR Ib8izene and
I sobut yli®iess tHeredfne conposition of any one of clains 1

to 6 wherein the styrenlc nmonomer is styrene,
allBha- e lepmppsitiemet amy oamobitlripisst yo &havheresn dhe tgepolymer is

20 k! oaglest e LM enobl. i@l br anched

chain e conpOs o0 one of clains 1
t @36 wrge eblﬁpbsht&brﬁdﬂahﬁ dh€ oNEIBRHEEN toUlldi thrémahe isomonoolefin is
par a- aloglst yrene. 9., The conposition of claimS8
wher ei isoPRlengythe mwl%filwémrm M@ﬁétmwgwn@mer is para-
methylstyrene
14.  The composition of claim 13 wherein the halogen is chemically bound to
the para-methylstyrene.
15.  The composition of any one of claims 1 to 14 comprising a component

selected from the group consisting of a filler, a rubber compounding
additive, and mixtures thereof.
~16.  The composition of any one of claims 1 to 15 comprising a component

selected from the group consisting of rubber processing oils, plasticizers,
and mixtures thereof. |

17.  The composition of any one of claims 1 to 16 wherein the composition is a
‘vulcanized composition.

18.  The composition of any one of claims 1 to 16 wherein the composition is a
non-vulcanized composition.

19. A method for preparing the thermoplastic composition of claim 17,
comprising blending:
the thermoplastic engineering resin;

the halogenated terpolymer; and,



10. The conposition of any one of clainms 1 to 9
wherein the multiolefn is a C4 to Cl4 diene. 11. The
W@ oo9posiso on of any one of clains 1 to 9 wher ePCT/UR®06/036391
multiolefmis selected frolfthe group consisting of
I soprene, butadiene, 2,3,-dinethyl- 1,3-butadiene,
nmyr cene, 6, 6-di nmet hyl -ful vene, hexadi ene,

cycl opent adi ene, nethylcyclopentadlene pi peryl ene,
di vi nyd bdeaniging ageit firtheftabegensted tsapolymer; amﬁ

ComPO i wil YisBfis M R MndedhBrafion MBS Yol D%ime

terpol br om

m xt ur RsfidieR e pfodudsa vﬂibﬁnf@ﬁ‘ﬂ@ﬁiobla@ﬁc edmypusitionne of

claims 1 to 12 wherein the |isonmpnoglefmis

i 20but Yheemethod 1o claimt I besmnrising blsppg ﬁé’omé’ﬁﬁeftt sglected from

styrenic mn I

conpos .%fﬁ“lg ?1§t§n|%g ?g%m %pé/az b%f] %oﬁngvouﬂ—cﬁﬁ additive, and

cheningﬁmzbﬂfﬁﬁfto t he Para nethylstyrene 15. The

conp03|t|on of ‘any . one of claing,1 4 conprising .a

s llrrponréliiﬁ method of ¢1pimy 190t Aecummsisiect) ﬁ%‘%’é& () ’Pneélt Yelcoted

iller b C [ m

t her ooFo 4 HRln CORRRHIE LIRS ot aing el ptisEogrs, and

15 conmpiitsienthezeodonponent sel ected from the group

consi sting of rubber processing oils, plasticizers,

and m xtures thereof. 17. The conposition of any one
Pertle@hiliBy testilg 16 Wherein the conposition is a
fcanlzed conp03|t|on 18. The conposition of any one

0[0094]a| mgot each 06 theh &llovwing hvéar@mqegge tcpiositons formed were

M grgalfﬁ%lg C@g m%gg%aﬁ)olr{go& L I ugig tﬁ‘e %fl@\gl%.%f I%th%.e .pﬁf 'cél‘galn

| on clarm
bEﬁB@dlﬂﬁﬂtst Qﬁl}&ﬁfﬁf Bléﬁﬂﬁsﬁdr@ Iﬁétgilrem?enl wgaﬂabmda@tﬂnmer at a

e
S hﬁ& &H ?gcyq 1’3 !affeqn' Pt fe@ﬁ‘ltlﬁg 'Tﬁérfdh Qlkte c@ Fﬁassmn

uce a vul cani zed thernop
Cﬁfmﬁ‘ﬁl ait IZQOPC All spemmens were compression molded with slow cooling to

provide defect free pads. Typical thickness of a compression molded pad is
around 0.3 to 0.4 mm using an Arbor press, 2" diameter disks were then punched
out from molded pads for permeability testing. These disks were conditioned in a
vacuum oven at 60°C overnight prior to the measurement. The oxygen
permeation measurements were done using a Mocon™ OX-TRAN 2/61
permeability tester at 60°C under the principle of R. A. Pasternak et. al. in 8
JOURNAL OF POLYMER SCIENCE: PART A-2 467 (1970). Disks thus prepared were
mounted on a template and sealed with a vacuum grease. Ten psi nitrogen was
kept on one side of the disk, whereas the other side was 10 psi oxygen. Using the
oxygen sensor on the nitrogen side, increase in oxygen concentration on the
nitrogen side with time was monitored. The time required for oxygen to permeate
through the disk or for the oxygen concentration on the nitrogen side to reach a
constant value was recorded and used to determine the oxygen permeability.
Permeability was measured as oxygen transmission rate on a Mocon™ WX-

TRAN 2/61 at 60°C.



20. The nethod of claim 19 conprising blending a
conponent selected fromthe group consisting of a

wo 2oo®s380R r ubber conpoundi ng additive, and m RCT/USB06/036391
thereof. 21. The nethod of 3¢l aim 19 or 20 conpri sing
bl endi ng a conponent selected fromthe group
consi sting of rubber processing oils, plasticizers,
and m xtures thereof. Permeability Testing [0094] For

LEhe follomnng exanpl es, the conpositions

SR, SRR TBtamei  AEH PERTOLNGBRUERRE Hhokira on

blémmaopwﬁ@er%@ %Siorbﬂrrf&te@‘ abeNaFoh b X e tertlile &trength of
tenperature of 220C and at 60 rpmfor 5 mnutes. Nyl on

naBowdideMPr) With a o@nolyraeraedtisehsitylens ng praeraepthylstiiene €XPS0,

aft [ I n S d

O weight Bels R bt RS R AR SR AR CoP R B o2
CQ@Ia rbgenHOoprrqxlmd%/d@f(Ubte 5033B)padih. a Typhdiedted hbp&;lms of
of a conpression nolded pad is aroypnd 0.3 to 0.4

mm
udsakytylane s pargrraeiylstyreng; GReXRBROg s&?s4ame985t Hagle percent

PYRGHS n[pé@]ggt heyermeabi lity testing.
Tﬁése gISkS %e con]gﬁ ion S¥% Q vacuum oven at 6Q0C
0\[m96] ghtApterpolynhem dthsobEglene, eumrrbne Tind pecy-gethylstyrene was

RV TR g3 e AR 1ty TSGR BP OB RIRIOR s The

gszy?ﬁa?ﬂzﬁhdhf wid cohdubiad beLgree 1ﬁ‘tmet1§l chldiﬁdg sémtagﬁng 12
YMER SCI ENCE: PART A-2 467

pw@%amllomrse G umite dsqmt)derteerﬁolva%e lmder@e amé deth% gara-

o et o0 g L7028 o B AR SERLorBR 8RR price

Ushtagyst Ekﬂuﬁbﬁ/ 8&Ving @n Seliylgiimikien randhncﬁg&ntoshﬁﬁocmmaee@ﬁﬂyst
xygen concentration on the nitrogen side with tine
m@%ﬁ? for B reyHEng prtynpes Q’KﬁsrlfééclPléﬂte%Ri}@% gathymol, recovered

PSLARALE ahdte Hggbl%%f nddyﬁff)hQJ{anE %hgl‘eﬂﬁe %25 was brommated by

concentration on nrtrogen side to'r a const ant
v dited eadm breewiaatiied ’E]mjresuﬂadg polynet hadma nmnbbleav@mgg @iolecular

per it Per npabj y was asured as oxygen .
i o | hT o RoR S0 o BSiTORTPARE SPEIBCHE weight of

GQ oMt 269 @%]m%%%ﬁlhﬁ’ﬁel@fwﬁut%ﬂ Sf £4bPafigh-8IMR
on 6/ 66 (Ube 5033B; a nylon

composmon analysis indicated the terpolymer had 0.48 mole percent isoprene,

4.56 mole percent para-methylstyrene, and a final bromine content of 0.5 mole
percent, distributed among 0.3 mole percent brominated para-methylstyrene and
0.2 mole percent brominated isoprene. The synthesized halogenated terpolymer
was blended with Nylon 6/66 (Ube 5033B), and is compared to Comparative
Examples 1 and 2 in Table 1 below.

[0097] Each of the polymer blends of Table 1 were prepared by mixing the
respective components in a Brabender™ mixer at 220C at 60 rpm for 5 minutes.
The blended polymer compositions had the resulting morphology and properties
as listed in Table 1.



6/ 66 copol ymer having approxi mately 25% nylon 66 and a
tensile strength of about 65 MPa) with a copol yner of

WO s@bsighene and par a- net hyl styrene (XP50, ~10P@®EUSII6/036391
percent para-nethyl styrene3inot brom nated).
Conparative Exanple 2 is a blend of Nylon 6/66 (Ube
5033B) with a brom nated copol ymer of i sobutyl ene and
par a- net hyl styrene (EXXPRO(tm) 89- -0.75 nol e
per cent bTablenk, Peﬁmatlghtresxdts:&nExamples 1-12.
par a- nethylstyrene) [0096] A terpolyner of
I sobut ytene;—soprensy, FeSTYT ene was
synt hesi zed in the Iabcgo_g &aﬂri,je/l dcr&%ﬁ@ﬁbﬁequeﬁ*ﬁm el
br om nat e, adtei Ry r[@di car's. [ The pol ymerization Was
conducted alyim3ée | h |met gyl chl origle sol venteo
cont ai NMivNg 1¥p.¥¢ % nononerss (88 wt %1 sobutyl ene, 2wt %
I sopr en@xxpasidgdldEmidp |par agret hyl st ysoene) |and 0. 2 w|% of
an et hyT alym-reMs)i chl ori@de and hydrochlori d# cat al yst
sol uti on hawighgogn etihyl al um num di chlofide to
hydr ochl or TaggincARM yslt 1 Bdor 0 ¢Ex@lent (fifh ¢ Exesiant (fingd
pol ymer_wasPyopegms pi t at ed using net hanol | recovered and
dri ed, [an@ (28°Q(MR| vied NM* rvrl ohedthne Wher @29 he
polyner_mékﬂﬁﬂﬂwwwatpd MY ( og rnAW5aL,bron;.%t.or_

The regd gaﬁm'nber”s—%fer: ge Sec'u! ar
. *
wei ght y E}?{*OO( ag'h Hght avU'DLge

nnt :-\l Nt
{ ey z, YU,
i bE trofrof 9;,’51$ Prroton; v
conposi 1 dicated the erpclyner had |0. 48
nol e percenttsoprene, 4. 56 ot e percemt
par a- met hyl styrene, and a fipal bromn t ent . of
nﬁmawpen@fetﬁ@asuwls tiw? fouthe poarBlspd & rﬂﬁ% sagple Gatio? be

br3fa ql%ntg g %B SLrl Al e sf&ryrﬁ @QLdan@ g%nﬁ%‘oﬁlt? ﬁfeﬁﬁﬁ‘&ments

bromna he synt esi zed hal ogenat ed

terpol yner was bl ended with Nylon 6/66 (Ube 5033B),

and is compared to npar ati.ve les .1 and 2 in
et 1 Rt o pamROBoR RERBr R A HeR tpseful as
Tab! GarkerdekfchP e RI%E& dn ?roﬁhéih@ Anfd¥Bndr® SBE GhdtL vehicles. In
conponent’s I n a Braben er(tnL m xer at 220C at. 60 rpm

f partibuled, thet maocoFhrosiibard adefpbinyinaerlinesaped innerpaesfagarticles

Erglleﬂheas %Luflté b{eg blus ttgg ?lﬁgs%%(n%g gl.}tgéigpﬁé &r#o?grc@ ah{eﬁt ﬁﬁl th@ like.

1&)0961 NM Whil@ tthépasenteihvetion has bée Pesoribdd amd:l 111ustrated by

hol ogy, the sanpl e cannot be ed int. a ood
ﬁnengﬁ ¢ |pgrticglar RERbediments. these ;930 9@%\’31 : e art will

”Eﬁ?rg&gﬂgeﬂltf the invention lends itself to many different variations not

illustrated herein. For these reasons, then, reference should be made solely to the

appended claims for purposes of determining the true scope of the present
invention.

[00100]  All priority documents are herein fully incorporated by reference for
all jurisdictions in which such incorporation is permitted. Further, all documents
cited herein, including testing procedures, are herein fully incorporated by

reference for all jurisdictions in which such incorporation is permitted.



[ 0098] Enbodi nents of the conposition of the present

i nvention are useful as air barriers, such as used in
w@e@dosisny i nnerliners for notor vehicles, hi PCT/US2006/036391

particul ar, the nanoconposidtZes are useful in

innerliners and innertubes for articles such as track

tires, bus tires, passenger autonobile, notorcycle

tires, and the |ike. [OO9%]é@AV\hi | e the present

i nvention has been descri Y illustrated by

reference to particul ar enbodi nents, those of ordinary

skill in the art will appreciate that the invention

| gpslctdihsel f to many different variations not

illustrated herein. For these reasons, then, reference

shoul dAbbemeaplasye panposttpn geapaisiehded cl ai s for

ven: ORGP fink e fegRirRGn the wRoDLERRRs of

fully pogampesat pelytyers,ef polgcaiporfacss, apblysulfdnssi cpolgastals,
in which such incorpgoration_ is permtted. thr%her, al I,
docuneRplylasioney asprepiile-pyadigas-pyrang Je5inyy PRPBRENTISOxXide,

are hergj i POLi3LS! . NeRisOr st@kdne-malei
Tur sape P e e Al CRAEP! stenemalec
per mi t algdGdArédiisy\pol@inaides, afomatictpodyketyples sind gnixtures thereof;
conposition conprising: a thernoplastic engi neering
resin §% ected fromthe group consisting of

pol yam,gigss pRHal§ 8fsperSod tRSIHLARIORARRE terpSlhetitdnditRong

pol yacetal s, polyl act ones,

acr yl omanomepunitstdstivech@omt yr ene resins, pol yphenyl ene
oxi de, I enyl en ul fide, styrene acrylonitrile
resins?Qgﬁéggﬁg¥ﬁ§?§$§manhydride resins, polyimdes,

ar omat iaGtyp&liykehenasandnd m xtures thereof; and at

| east partially dispersed therein a hal ogenated

t er pol paHtielefiBri si ng nononer units derived froma C4

ta C7 i . . ' - . o
it 1 ol D Eo GO ETRe it ¥ RO FRURROpLoY bnghhcering esin i
t her noplpatainideengi neering resin is a pol yam de.

3. The composition of claim 2 wherein the polyamide is selected from the

group consisting of nylon 6, nylon 6,6, nylon 11, and mixtures thereof.

4. The composition of claim 2 or 3 wherein the polyamide is a polyamide
6/66 copolymer.
5. The composition of any one of claims 1 to 4 wherein the isomonoolefin is

isobutylene, isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-

butene, 4-methyl-1-pentene, or mixtures thereof.

6. - The composition of any one of claims 1 to 4 wherein the isomonoolefin is
isobutylene.
7. The composition of any one of claims 1 to 6 wherein the styrenic

monomer is styrene, alpha-methylstyrene, or an alkylstyrene where the
alkyl is selected from any C; to Cs alkyl or branched chain alkyl.
8. The composition of any one of claims 1 to 6 wherein the styrenic

monomer unit is a para-alkylstyrene.



3. The conposition of claim2 wherein the polyamde is
sel ected fromthe group consisting of nylon 6, nylon
wW®2@7/0688boNn 11, and m xtures thereof. 4. The PCT/US2006/036391

conposition of claim2 or 33wherein the polyamde is a
pol yam de 6/ 66 copol ynmer. 5. The conposition of any
one of clainms 1 to 4 wherein the isononoolefmis
i sobutyl ene, isobutene, 2-nethyl-I-butene,
39net hylhe | capaposition of m@qimy 8- mhersin ¢he para-alkylstyrene is para-
4-met h I%I-gentene, or m xtures thereof. 6. The
conposi ellgﬂ %EFn%ny one of clains 1 to 4 wherein the
I 39monqak @binPodifor S0t dleCoteslaiths 1T10e0 ShBRASiHei lti6fefin is a
any one of clainms 1 to 6 wherein the styrenic nononer
i s styflateCugigia- net hyl styrene, or an al kyl styrene

re e "y f . Cal . .
biinchdde sAuptbishksf g ShERE ol 3, bkt Mo i
cl ai s sdledted Gomhidegiroug Bensiitivig @fiiisopransobmaditig, 2,3, limethyl-
par a- al kyl styrene. 9. The conposition of claim38 X
wher ei d.-3brEadignea- al K§VEEYSene PS-HaelmfiHyons; v enaexadiene,

10. Th L LO . - :

wher ei Ey{lﬁé@%ﬁa@?e{nﬁﬁgﬁy}]@@épgﬁ@@%% %(Lﬁédrfﬁg?% n&el?in?l:]f.e nz‘lglqg and

conposinikimresdiieresfy one of clains 1 to 9 wherein the
|[tiolefin is . selected fromthe gro onsi st i f .

| S8pr orfde BEPRREnaE 23 9ne g Harwy F 1o 17 25t defotmer is

nyT cen@galoBeratdd it bishrihd) cNRAGe, R ARE@ARereof.

cycl opent adi ene, net hyl cycl opent adi ene, pi peryl ene,

dildi nyThe nempesitsomofany one e§clpines kiof 12 vhereinjilee isomonoolefin is
conposi.tion. of any one of.cl aj | }
Cor por JhROIger BF Ao Bliie@hTh, bnd e SodetbFioRfel fpare

m xt ur egethiydayend . 13. The conposition of any one of
clains 1 to 12 wherein the isononoolefmis

i d8but yibe sempesidonpf elpign 43 iwheran theghalegen is ghgmically bound to
styr emtl?eﬂlﬁ’e{‘-ﬂ);éﬁ{g}sigﬂe@@r anet hyl styrene 14. The
0 |

conposi tion m 13 wherein the hal ogen is
chémi cadlhk ywohmpusitdon of tthg oparod-chattb \i| ®t 14 eoreprisifg aTdoeponent

conposi tion, of any one of clains tQ. 14 copprising a..
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16.  The composition of any one of claims 1 to 15 comprising a component

selected from the group consisting of rubber processing oils, plasticizers,
and mixtures thereof.

17.  The composition of any one of claims 1 to 16 wherein the composition is a
vulcanized composition.

18.  The composition of any one of claims 1 to 16 wherein the composition is a
non-vulcanized composition.

19. A method for preparing the thermoplastic composition of claim 17,
comprising blending:
the thermoplastic engineering resin;
the halogenated terpolymer; and,

a vulcanizing agent for the halogenated terpolymer; and
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processing oils, plasticize#s, and m xtures thereof.

17. The conposition of any one of clains 1 to 16

wherein the conposition is a vul cani zed conposition.
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