PROCESSI NG Al DS FOR ELASTOVERI C COMPCSI TI ONS FI ELD OF
THE | NVENTI ON [ 0001] The invention relates to

wonrow@ssisng ai ds for use in the production of PCT/US2005/045507
el astoneric conpositions. In particular, the invention
relates to processing aids including functionalized
pol yners for use in the prochtion of el astoneric
conmposi tions BACKGROUND [0002] In the tire industry,
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its intended end use (e.g., aircraft, truck/bus, or automobile).

[0003] An equally important consideration in the selection of ingredients can
be the ability to efficiently process the individual components into batch rubber
mixes, and then the further downstream processing of those uncured rubber mixes.
For example dry solids, particularly dust-free particles like fillers, may be easily
air-conveyed and automatically weighed into the required amounts for batch
production in internal mixers such as Banbury™ mixers. Bulk solids such as
baled polymers, may require cutting into smaller more manageable sizes so that
required amounts for batch production are exactly added. Liquids have the same
problems of conveying, weighing, but also may have the added concerns due to
their volatility and ability to flow without spillage. For example, a viscous liquid
may require heating in order to promote required flow rates for accurate weighing
and adding to the batch internal mixer without the generation of volatile gas

emissions.



em ssi ons. [ 0004] Moreover, the further downstream

processi ng of these uncured rubber m xes may be highly
wdeperdeist upon the specific factory equi pnment PAsaE82005/045507

Thus, properties of the uncured rubber m xes such as
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innerliners for passenger, truck/bus, and aircraft applications. See, for example,
U.S. Patent No. 5,922,153, U.S. Patent No. 5,491,196, EP 0 102 844 and EP 0 127
998. Bromobutyl rubber, chlorobutyl rubbers, and branched ("star-branched")
halogenated butyl rubbers are isobutylene-based elastomers that can be formulated
for these specific applications. EXXPRO™ elastomers (ExxonMobil Chemical
Company, Houston, TX), generally, halogenated random copolymers of
jsobutylene and para-methylstyrene, have also been of particular interest due to
their improvements over traditional butyl rubbers. See, for example, U.S. Patent
No. 6,293,327, U.S. Patent No. 5,386,864, U.S. Patent Application Publication No.
2002/151636, JP 2003170438, and JP 2003192854 (applying various approaches

of blends of commercial EXXPRO™ elastomers with other polymers).

[0006] Of the myriad of choices an artisan has in processing the

aforementioned elastomeric compositions, selection of the processing aid is of



their inprovements over traditional butyl rubbers.
See, for exanple, U S. Patent No. 6,293,327, U S
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pas I'ndustry deneral 'y accepted distillate "cuts"
fromthe refining process or processing oils such as

aromati c, raffm c, .naphthenic oils, .and.m xtures
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o oSS P TEAR SLE LA S, v
haue of these ingredients may result in increasing the permeability of the air
membrane such as the innerliner. More recently, polybutene processing aids have
been of great interest because of their ability to reduce the permeability of the air
membrane component while maintaining the other desirable properties of an in-
service tire and /or in tire manufacturing. See, for example, U.S. Patent No.
6,710,116, U.S. Patent Application Publication No. 2005/0027062, WO
2002/32995, WO 2002/32992, WO 2002/32993, WO 2002/48257, and WO
2004/009700. The use of polybutene processing aids represents a radical
departure from past endeavors because these processing aids are produced through
polymerization processes not distillate "cuts" from the refining process. However,
even more improvements are needed to provide more options and flexibility to the
balance of properties that manufacturers must consider when making decisions on
how elastomers should be processed in light of the desired properties of the

specific end use articles. For example, it is still desirable to further reduce the



been of great interest because of their ability to
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[0010] Various specific embodiments, versions and examples of the invention
will now be described, including preferred embodiments and definitions that are

adopted herein for purposes of-understanding the claimed invention.

[0011] In reference to Periodic Table "Groups", the new numbering scheme
for the Periodic Table Groups is used as found in HAWLEY'S CONDENSED

CHEMICAL DICTIONARY, P 852 (13th ed. 1997).

[0012] Slurry refers to a volume of diluent comprising polymers that have
precipitated from the diluent, monomers, Lewis acid, and initiator. The slurry
concentration is the volume percent of the partially or completely precipitated

polymers based on the total volume of the slurry.



[0010] Various specific enbodi nents, versions and
exanpl es of the invention will now be described,
wonaelwdieg preferred enbodi ments and defi niti oRETIUSA105/045507
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[0016] Elastomeric composition refers to any composition comprising at least

one elastomer as defined above.

[0017] A vulcanized rubber compound by ASTM D1566 definition refers to
“a crosslinked elastic material compounded from an elastomer, susceptible to
large deformations by a small force capable of rapid, forceful recovery to
approximately its original dimensions and shape upon removal of the deforming
force”. A cured elastomeric composition refers to any elastomeric composition
that has undergone a curing process and/or comprises or is produced using an
effective amount of a curative or cure package, and is a term used interchangeably

with the term vulcanized rubber compound.

[0018] A thermoplastic elastomer by ASTM D1566 definition refers to a
rubber-like material “that repeatedly can be softened by heating and hardened by



[0016] El astoneric conposition refers to any

conposition conprising at |east one el astoner as
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ASTM D1566 definition refers to "a crosslinked elastic
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common in the art wherein components of a composition are measured relative to
a total of all of the elastomer components. The total phr or parts for all rubber
components, whether one, two, three, or more different rubber components is
present in a given recipe is always defined as 100 phr. All other non-rubber
components are ratioed against the 100 parts of rubber and are expressed in phr.
This way one can easily compare, for example, the levels of curatives or filler
loadings, etc., between different compositions based on the same relative
proportion of rubber without the need to recalculate percents for every component

after adjusting levels of only one, or more, component(s).

[0021] Isoolefin refers to any olefin monomer having at least one carbon

having two substitutions on that carbon.



or di spersed phase. [0020] The term"phr" is parts per
hundred rubber or "parts", and is a neasure common in
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et hyl group (CH CH2), etc.
[0026] Aryl refers to a hydrocarbon group that forms a ring structure

characteristic of aromatic compounds such as, for example, benzene, naphthalene,
phenanthrene, anthracene, etc., and typically possess alternate double bonding
("unsaturation") within-its structure. An aryl group is thus a group derived from
an aromatic compound by dropping one or more hydrogens from the formula such

as, for example, a phenyl group (CsHs).

[0027] Substituted refers to at least one hydrogen group being replaced by at
least one substituent selected from, for example, halogen (chlorine, bromine,
fluorine, or iodine), amino, nitro, sulfoxy (sulfonate or alkyl sulfonate), thiol,
alkylthiol, and hydroxy; alkyl, straight or branched chain having 1 to 20 carbon
atoms which includes methyl, ethyl, propyl, isopropyl, normal butyl, isobutyl,
secondary butyl, tertiary butyl, etc.; alkoxy, straight or branched chain alkoxy
having 1 to 20 carbon atoms, and includes, for example, methoxy, ethoxy,
Propoxy, isopropoxy, butoxy, isobutoxy, secondary butoxy, tertiary butoxy,

pentyloxy, isopentyloxy, hexyloxy, heptyloxy, octyloxy, nonyloxy, and decyloxy;



[0026] Aryl refers to a hydrocarbon group that forns a

ring structure characteristic of aromatic conpounds
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derived unit, and at least one other polymerizable unit. The isobutylene- -based

copolymer may or may not be halogenated.

[0029] In one embodiment of the invention, the elastomer is a butyl-type
rubber or branched butyl-type rubber, especially halogenated versions of these
elastomers. Useful elastomers are unsaturated butyl rubbers such as
homopolymers and copolymers of olefins or isoolefins and multiolefins, or
homopolymers of multiolefins. These and other types of elastomers suitable for
the invention are well known and are described in RUBBER TECHNOLOGY, P 209-
581 (Morton ed., Chapman & Hall 1995), THE VANDERBILT RUBBER HANDBOOK,
p 105-122 (Ohm ed., R.T. Vanderbilt Co., Inc. 1990), and Kresge and Wang in 8
KIRK-OTHMER ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY, P 934-955 (John

Wiley & Sons, Inc. 4th ed. 1993). Non-limiting examples of unsaturated



etc. Butyl Rubber [0028] Preferred el astoners usef ul

in the practice of this invention include
woO0bweyisene- based honopol yners or copol yners. PEF/US2005/045507

stat ed above, an isobutyl ene based el astoner or a

pol ynmer refers to an elastong; or a polynmer conprising

at least 70 nol % repeat units fromisobutyl ene. These

pol ymers can be descri bed as random copol yner of a C4

to C7 isononoolefin derived unit, . h i sobut.yl
QeI DB R hdheaof oo B o Bl o are
u : i : b | . .
U3 RIAR RS0 e e Y g, Rt
i pobiittyene-cothetadicans), ometurdl s ngbbut ylar-bygpehedidieyl @pbber, and

branched, but yl - rubber ,. iall

varsnemangro) nbsBEpadPngE o TRERER yABpERET B Bige by any
URSAIHIE }eafs RHEWH ih UBDBRSaflER iaSedtioRtP aloy iefetn Hidted by the
copolynmers of olefins or isoolefins and nulti ol ef ns,

omdibabpiairgduning B clastomes! ef ns. These and ot her types
of elastoners suitable for the invention are well
known and are descri bed i n RUBBER TECHNOLOGY, P 209-

58do36Mor t BlasRehericChappaitichs Haky cd8Pbise al HeasVANBERBYIL fubber.
RUBBER HANDBOOK, P 105-122 (Ohmed., R T. Vanderbilt . .
cdutyljrybbers amayrepaspibXreasiing MRS Monogery. tie BilvrRaving

E I . .
PGS B S et £y Bbfabn0,
e>@31mm1ﬁ©$efmf, moi®ater cain@dedna s ffhmesmlafmeisih a mngdh&onehow 99.5
an Ocorrpositi n of the present invention are

pth)/( b¥ mlmogﬁ]ée_ @&lirg(g&ngﬁ é1}1§tuﬁ%pvi)%eowléqér,nent, and 85 to 99.5
palybul agi ane: eRPdHmeRPUI R Mtiolefin component is present in the

(S
pol y(styrene-co-butadi ene), natural rubber,
s trasndmexnmohxdate Hinang [ 30r tobb & ryt%afrd ong gmbpdisnenbheandofrom 15 to 0.5

Dy (hy SUARSOTEPURRE kot TP e el fOfhg 16 07586 of

| NYERichBel Mitefe D @R Blidlefin.M t ed by the method of

produci ng the el astoner.
[0031] The isoolefin is a C4 to C7 compound, non-limiting examples of which
are compounds such as isobutylene, isobutene, 2-methyl-1-butene, 3-methyl-1-
butene, 2-methyl-2-butene, 1-butene, 2-butene, methyl vinyl ether, indene,
vinyltrimethylsilane, hexene, and 4-methyl-1-pentene. The multiolefin is a C4 to
C4 multiolefin such as isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, myrcene,
6,6-dimethyl-fulvene, hexadiene, cyclopentadiene, and piperylene, and other
monomers such as disclosed in EP 0 279 456, U.S. Patent No. 5,506,316 and U.S.
Patent No. 5,162,425. Other polymerizable monomers such as styrene and
dichlorostyrene are also suitable for homopolymerization or copolymerization in
butyl rubbers. One embodiment of the butyl rubber polymer of the invention is
obtained by reacting 95 to 99.5 wt% of isobutylene with 0.5 to 8 wt% isoprene, or
from 0.5 wt% to 5.0 wt% isoprene in yet another embodiment. Butyl rubbers and
methods of their production are described in detail in, for example, U.S. Patent No.
2,356,128, U.S. Patent No. 3,968,076, U.S. Patent No. 4,474,924, U.S. Patent No.
4,068,051 and U.S. Patent No. 5,532,312. See, also, WO 2004/058828, WO
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2Qp6RRRB 25theMBlogenated or not. The invention is not limited by the method
of forming the SBB. The polydienes/block copolymer, or branching agents
(hereinafter "polydienes"), are typically cationically reactive and are present
during the polymerization of the butyl or halogenated butyl rubber, or can be
blended with the butyl rubber to form the SBB. The branching agent or polydiene
can be any suitable branching agent, and the invention is not limited to the type of

polydiene used to make the SBB.

[0034] In one embodiment, the SBB is typically a composition of the butyl or
halogenated butyl rubber as described above and a copolymer of a polydiene and a
partially hydrogenated polydiene selected from the group including styrene,
polybutadiene, polyisoprene, polypiperylene, natural rubber, styrene-butadiene
rubber, ethylene-propylene diene rubber (EPDM), ethylene-propylene rubber

(EPR), styrene-butadiene-styrene and styrene-isoprene-styrene block copolymers.



2004/ 067577, and WO 2004/ 058829. [0032] A commercia
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butyl rubber to formthe SBB. The branchi ng agent or
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means, and the invention is not herein limited by the halogenation process.
Methods of halogenating polymers such as butyl polymers are disclosed in U.S.
Patent No. 2,631,984, U.S. Patent No. 3,099,644, U.S. Patent No. 4,554,326, U.S.
Patent No. 4,681,921, U.S. Patent No. 4,650,831, U.S. Patent No. 4,384,072, U.S.
Patent No. 4,513,116 and U.S. Patent No. 5,681,901. In one embodiment, the
butyl rubber is halogenated in hexane diluent at from 4 to 60°C using bromine
(Bry) or chlorine (Cly) as the halogenation agent. The halogenated butyl rubber
has 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 wt% is from 0.1 to 10
wt% based in on the weight of the halogenated butyl rubber in one embodiment,
and from 0.5 to 5 Wt% in another embodiment. In yet another embodiment, the

halogen wt% of the halogenated butyl rubber is from 1 to 2.5 wt%.

[0037] A commercial embodiment of a suitable halogenated butyl rubber of
the present invention is Bromobutyl 2222 (ExxonMobil Chemical Company,
Houston, TX). Its Mooney viscosity is from 27 to 37 (ML 1+8 at 125°C, ASTM
1646, modified), and the bromine content is from 1.8 to 2.2 wt% relative to the
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U S. Patent No. 6,228,978. The invention is not limited by the method of forming
the halogenated star branched butyl rubber. The polydienes/block copolymer, or
branching agents (hereinafter "polydienes"), are typically cationically reactive and
are present during the polymerization of the butyl or halogenated butyl rubber, or
can be blended with the butyl or halogenated butyl rubber to form the halogenated
star branched butyl rubber. The branching agent or polydiene can be any suitable

branching agent, and the invention is not limited to the type of polydiene used to

make the halogenated star branched butyl rubber.

[0039] In one embodiment, the halogenated star branched butyl rubber is
typically a composition of the butyl or halogenated butyl rubber as described
above and a copolymer of a polydiene and a partially hydrogenated polydiene
selected from the group including styrene, polybutadiene, polyisoprene,
polypiperylene, natural rubber, styrene-butadiene rubber, ethylene-propylene
diene rubber, styrene-butadiene-styrene and styrene-isoprene-styrene block

copolymers. These polydienes are present, based on the monomer wt%, greater
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more of the alkyl substituents groups present in the styrene monomer units contain
benzylic halogen or some other functional group. In another embodiment, the
polymer may be a random elastomeric copolymer of ethylene or a C; to Ce 0-
olefin and an alkylstyrene comonomer, such as para-methylstyrene containing at
least 80%, alternatively at least 90% by weight of the para-isomer and optionally
include functionalized interpolymers wherein at least one or more of the alkyl
substituents groups present in the styrene monomer units contain benzylic halogen
or some other functional group. Exemplary materials may be characterized as
polymers containing the following monomer units randomly spaced along the

polymer chain:
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group which may be incorporated by nucleophilic substitution of benzylic halogen

9

with other groups such as carboxylic acids; carboxy salts; carboxy esters, amides
and imides; hydroxy; alkoxide; phenoxide; thiolate; thioether; xanthate; cyanide;
cyanate; amino and mixtures thereof. These functionalized isomonoolefin
copolymers, their method of preparation, methods of functionalization, and cure

are more particularly disclosed in U.S. Patent No. 5,162,445.

[0043] In an embodiment, the elastomer comprises random polymers of
isobutylene and para-methylstyrene containing from 0.5 to 20 mol% para-
methylstyrene wherein up to 60 mol% of the methyl substituent groups present on
the benzyl ring contain a bromine or chlorine atom, such as a bromine atom (para-

(bromomethylstyrene)), as well as acid or ester functionalized versions thereof.
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% lsrs &Rbd 1%%8‘[?1&%'&(%% 3f Qlfomomethyl groups is from 0.2 to 3.0 mol%,
and from 0.3 to 2.8 mol% in yet another embodiment, and from 0.4 to 2.5 mol%
in yet another embodiment, and from 0.3 to 2.0 mol% in yet another embodiment,
wherein a desirable range may be any combination of any upper limit with any
lower limit. Expressed another way, exemplary copolymers contain from 0.2 to
10 wt% of bromine, based on the weight of the polymer, from 0.4 to 6 wt%
bromine in another embodiment, and from 0.6 to 5.6 wt% in another embodiment,
are substantially free of ring halogen or halogen in the polymer backbone chain.
In one embodiment, the random polymer is a copolymer of C4 to C; isoolefin
derived units (or isomonoolefin), para-methylstyrene derived units and para-
(halomethylstyrene) derived units, wherein the para-(halomethylstyrene) units are
present in the polymer from 0.4 to 3.0 mol% based on the total number of para-
methylstyrene, and wherein the para-methylstyrene derived units are present from

3 to 15 wi% based on the total weight of the polymer in one embodiment, and
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General Purpose Rubber

[0050] A general purpose rubber, often referred to as a commodity rubber,
may be any rubber that usually provides high strength and good abrasion along
with low hysteresis and high resilience. These elastomers require antidegradants
in the mixed compound because they generally have poor resistance to both heat
and oxygen, in particular to ozone. They are often easily recognized in the market
because of their low selling prices relative to specialty elastomers and their big
volumes of usage as described by School in RUBBER TECHNOLOGY
COMPOUNDING AND TESTING FOR PERFORMANCE, p 125 (Dick, ed.,
Hanser, 2001).
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Pur pose Rubber
[0053] In another embodiment, the elastomeric composition may also
comprise a polybutadiene rubber (BR). The Mooney viscosity of the
polybutadiene 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. Commercial examples of these synthetic rubbers useful in the
present invention are sold under the trade name BUDENE™ (Goodyear Chemical
Company, Akron, OH), BUNA™ (Lanxess Inc., Sarnia, Ontario, Canada), and
Diene™ (Firestone Polymers LLC, Akron, OH). An example is high cis-
polybutadiene (cis-BR). By "cis-polybutadiene" or "high cis-polybutadiene", it is
meant that 1,4-cis polybutadiene is used, wherein the amount of cis component is

at least 95%. A particular example of high cis-polybutadiene commercial

products used in the composition BUDENE™ 1207 or BUNA™ CB 23.

[0054] In another embodiment, the elastomeric composition may also
comprise a polyisoprene rubber (IR). The Mooney viscosity of the polyisoprene

rubber as measured at 100°C (ML 1+4) may range from 35 to 70, from 40 to about
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rubbers of the present invention are selected from
Mal aysi an rubber such as SMR CV, SMR 5, SMR 10, SMR
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arial rubbers oney viscosity as neasureéd at
1Q005p¢IMnei of) ethflche/aliphB0lefin/d@®, tarpolgmer.ef Ehatilphatelofm is

FRER AR LTINS TR LR
ST 9088 A8 g oyt compmon
viis selséted fimhn theegroup consisting of Cy4 to Cyp dienes. Examples of suitable
dienes include straight chain, hydrocarbon diolefin or cylcloalkenyl-substituted
alkenes having from 6 to 15 carbon atoms. Specific examples include (a) straight
chain acyclic dienes such as 1,4-hexadiene and 1,6-octadiene; (b) branched chain
acyclic dienes such as 5-methyl-1,4-hexadiene; 3,7-dimethyl-1,6-octadiene; 3,7-
dimethyl-1,7-octadiene; and the mixed isomers of dihydromyricene and
dihydroocinene; (c) single ring alicyclic dienes, such as 1,3 cyclopentadiene; 1,4-
cyclohexadiene; 1,5-cyclooctadiene and 1,5-cyclododecadiene; (d) multi-ring
alicyclic fused and bridged ring dienes such as tetrahydroindene; methyl-
tetrahydroindene; dicyclopentadiene (DCPD); bicyclo-(2.2.1)-hepta-2,5-diene;
alkenyl, alkylidene, cyclbalkenyl and cycloalkylidene norbornene, such as 5-
methylene-2-norbornene (MNB), 5-propenyl-2-norbornene, 5-isopropylidene-2-
norbornene, 5-ethylidene-2-norbornene (ENB), 5-(4-cyclopentenyl)-2-norbornene,
5-cyclohexylidene-2-norbornene, and  5-vinyl-2-norbornene  (VNB); (e)
cycloalkenyl-substituted alkenes, such as allyl cyclohexene, vinyl cyclooctene,

allyl cyclodecene, vinyl cyclododecene. Examples also include dicyclopentadiene,
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conposition may conprise a terpol yner of
etthykans/BilashaMsRefANY GPERes TRy pdilyirst (Haper, ed., McGraw-Hill,

allgp.awg&)e.fdgmmermal examples of these synthetic rubbers useful in the present
invention are sold under the trade names BREON™, NIPOL™, SIVIC™ and
ZETPOL™ (Zeon Chemicals, Louisville, KY), EUROPRENE™ N (Polimeri
Furopa Americas, Houston, TX), and KRYNAC™, PERBUNAN™ and
THERBAN™ (Lanxess Corporation, Akron, OH).

[0058] In another embodiment, the secondary elastomer is a derivative of
NBR such as hydrogenated or carboxylated or styrenated nitrile rubbers.
Butadiene-acrylonitrile-styrene rubber (SNBR, or "ABS" rubber), a copolymer of
2-propenenitrile, 1,3-butadiene and styrene, can have an acrylonitrile content of
from 10 to 40 wt% in one embodiment, from 15 to 30 wi% in another embodiment,
and from 18 to 30 wt% in yet another embodiment. The styrene content of the
SNBR copolymer may range from 15 to 40 wt% in one embodiment, and from 18
to 30 wt% in another embodiment, and from 20 to 25 wt% in yet another

embodiment. The Mooney viscosity may range from 30 to 60 in one embodiment
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6 245, 856. SpeC| alty Rubber [0057] In one embodi nent,

the secondary el astonmer is a specialty rubber
Semicrystalline Polymer

[0060] In an embodiment, the elastomeric compositions may comprise at
Jeast one semicrystalline polymer that is an elastic polymer with a moderate
level of crystallinity due to stereoregular propylene sequences.  The
semicrystalline polymer may comprise: (A) a propylene homopolymer in which
the stereoregularity is disrupted in some manner such as by regio-inversions; (B)
a random propylene copolymer in which the propylene stereoregularity is

disrupted at least in part by comonomers or (C) a combination of (A) and (B).

[0061] In another embodiment, the semicrystalline polymer further
comprises a non-conjugated diene monomer to aid in vulcanization and other

chemical modification of the blend composition. The amount of diene present
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to 55 in another embodinent. These rubbers are
common in the art, and described in, for exanple,

Tﬁ k (13_029 ?_gtlrhﬁ‘grg%: %%pgm%%%h&ﬁ%s follows. A
thin homogeneous film is pressed at a temperature of about 150°C or greater, then
mounted on a Perkin Elmer PE 1760 infrared spectrophotometer. A full spectrum
of the sample from 600 cm™ to 4000 cm™ is recorded and the monomer weight
percent of ethylene can be calculated according to the following equation:
Ethylene wt% = 82.585 -111.987X + 30.045 X2, wherein X is the ratio of the peak
height at 1155 cm™ and peak height at either 722 cm™ or 732 cm™, whichever is
higher. The concentrations of other monomers in the polymer can also be

measured using this method.

[0064] Comonomer content of discrete molecular weight ranges can be
measured by Fourier Transform Infrared Spectroscopy (FTIR) in conjunction with
samples collected by GPC. One such method is described in Wheeler and Willis,
Applied Spectroscopy, vol 47, p 1128-1130 (1993). Different but similar methods
are equally functional for this purpose and well known to those skilled in the art.
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composition.  Historical ethylene-propylene copolymers with stereoblock
structure have a distribution of ethylene residues consistent with these blocky
structures rather than a random statistical distribution of the monomer residues
in the polymer. The intramolecular composition distribution (i.e., randomness)
of the copolymer may be determined by BC NMR, which locates the
comonomer residues in relation to the neighboring propylene residues. The
intermolecular composition distribution of the copolymer is determined by
thermal fractionation in a solvent. A typical solvent is a saturated hydrocarbon
such as hexane or heptane. The thermal fractionation procedure is described
below. Typically, approximately 75 wt%, preferably 85 wt%, of the copolymer
is isolated as one or two adjacent, soluble fractions with the balance of the
copolymer in immediately preceding or succeeding fractions. Each of these
fractions has a composition (wt% comonomer such as ethylene or other a-olefin)
with a difference of no greater than 20% (relative), preferably 10% (relative), of
the average weight % comonomer of the copolymer. The copolymer has a
narrow compositional distribution if it meets the fractionation test described

above. To produce a copolymer having the desired randomness and narrow



chem cal nodification of the blend conposition. The

anount of diene presentin the polyner is preferably
woOesw/oohian 10 wt % and nore preferably | ess thaaTASM0%045507

The di ene nay be any non-conjugated diene which is

commonly used for the vul cani,zati on of ethyl ene

propyl ene rubbers i ncl udi ng, gut not limted to,

et hyl i dene nor bornene, vinyl norbornene, and

di cycl opent.adi ene, 0} I n- ' .
s@ﬂ%@ﬁ}gf’%l ﬁ?il%g’e%etﬂcglaié?ﬁ)sagsmr%aéne ge%%%%g‘s gé;nrnngg)%ySt is used
pramll emevapslyat sihglestatidrieal ansdeneimiditiel ef thedir am second

et hyl ene, C4- Cu a-ol efins,_ and conbinatiqns thereof.

| AGnomEr sequeness anddae theogopohimerdpmsdrmast I grrgntinuous flow
c I ] - et ri I tSeid :

" 303 . plFinERioR RGBT RRRTANRE il bl L gRRAton
WeHyiredmdidd fort Ubstantiailyublpeithd potytnenéha? ofithe c@Blymds or
28 wt % This enbodi nrent may al so i ncl ude

propyl ene-derived units present in the copolyner in an

a t raRgi 1.m fi. 7 Ofq - 1y
orPUEY ¢ o e, Tl or) BBV fpa g A pH, IGO0 heat
9> N\fusion. dEmBEdimtetits o iesprespat Dwatiagescluge pelygiers laving a heat

b .
D250 LBl ATUE. gl ol B E I g or 30
wej/ g ht a%eﬁ@slf‘tnnﬁf gpybenedario/ed. Uniithsu@Rekhvel @be bound by

percent et .ene-derlved units being 100% [0063] The
etthgdrgnie iscoriiswed thabthegfolangss lof pmbodizeniseofifbapipsen imgention

fall ows. t hi homogeneous fil i S pr e

¢ dimsE iRl B Rt RRO R prom s s iGRRE S pbgye hars
a JtenkbmakibEREvddto bé e tothe aicihSoratitseepytd bnedegment.
full spectrumof the sanmple from600 cm1 to 4000 cm 1

is recorded and the nononer wei ght percent of ethylene

c ca I . [ f.al.low j.on:

e MPE e iEs B GiBGE0t e i fos Ay o bUBeREN A LS of

X dristirt]lhﬁityh pércentofTheNkerpabkndigy Girtthahighdd Srdemof palydropylene

peak height at either 722 c 732 ¢m.1l, .whi chever_ |

hi grefmee e g A oW alFEns. oPOth REFHEHE 93] Pntsd Ve

POYIED e AP liRg tHEhd BRI UhERioHSd Reats BE $usid, 1 polymer has a
polypropylene crystallinity within the range having an upper limit of 65%, 40%,

30%, 25%, or 20%, and a lower limit of 1%, 3%, 5%, 7%, or 8%.

[0069] The level of crystallinity is also reflected in the melting point. The
term "melting point," as used herein, is the highest peak among principal and
secondary melting peaks as determined by DSC, discussed above. In one
embodiment of the present invention, the polymer has a single melting point.
Typically, a sample of propylene copolymer will show secondary melting peaks
adjacent to the principal peak, which are considered together as a single melting
point. The highest of these peaks is considered the melting point. The polymer
preferably has a melting point by DSC ranging from an upper limit of 110°C,
100°C, 90°C, 80°C, or 70°C, to a lower limit of 0°C, 20°C, 25°C, 30°C, 35°C,
40°C, or 45°C. Typically, a sample of the alpha-olefin copolymer component

will show secondary melting peaks adjacent to principal peak; these are



[ 0064] Conononer content of discrete nol ecul ar wei ght
ranges can be neasured by Fourier Transform Infrared
wepewtososcopy (FTIR) in conjunction with sanpl @6T/US2005/045507
coll ected by GPC. One such nethod is described in
Wheel er and WIlis, Applied Spectroscopy, vol 47, p
1128-1 130 (1993). Different Dut simlar nethods are
equal |y functional for this purpose and well known to
those skilled_ in the art.[Q065] Compnonger. content and .
s epnaidered diogethet g8 i Wrele elHag Jisine b clighesy Qfe‘g@uP%’g(S is
by, ] i C resonance spectroscopy (13C
Nr\yl%h,gﬁg%gq%ﬁc ltlgggﬁg% is well known to those skilled
in the art. [0066] In one enbodi nent, the

sem crystalline, pol r conprises. a random propyl en
OBy or s PHIEE AT BUSEH S i etHTb BY B Fgeeular
| ny&BRt ety eRedi MRNtangt NBRRY) ¥RBEpPed 1Anit &FA9000,000 g/mol,
propyl ene copol yner having a narrow conpositional

di 5006,000 gomlamdSe0,008l ¢/ adi miovess luneit of D060 2lipolDd0,000
of from to H QC The copol r..i.s,describ

Lot kD S A s R et R B bRt Bw),
C OJHRRIRRSS refeRdd APt @NPblydisgb®itg inddte (PO edngafpdfrom a lower
di stribution of conpononer residues is consistent with

t hlémitad don 1s8. & i2st focan upnst yimet PZ40.i 28k 164 5.tdieh- oA berMw and
| bl ; t : .
F QfFHEL 8 B Bl 5 BE SReophll R R Sl 8 B6thall0 1R ing

gridasetin tan RakeddiNeG.ed 540,053 angt atf¢rshdes aditedi tHefdilubt @lose
in random copol.yners with a sim|ar_ conpaqgsiti

) i an,
Hi Bebedt fundtiny\ esiets elodly Mg omsissrksseyad 24 3060 (1988), the
st k tur.e St.r] '
;GRS ol PR HE DR SRR oltde Rrh, o MBOREs of
r atyheed $tates peactieesdom st ati stical distribution of the
nononer residues in the polymer. The intranol ecul ar
conposition distribution (i.e., randommess) of the

COR@PHY el [HBYheDEmBEIiRIH, NGE R¥nidiS&aliVR. %M’glﬂn‘éf‘ Ha9CANESoney

the conononer residues in relation to the nei ghboring
propydsepeMiLEbiA @ d 25°thef il A0 er tass,doudrdessc@hpolsss iopA0 or less.

di I%fo%hgymv&s%gsip f, ats hueseg %%ix,nggn 'he I%gatts%gerg ne %/I]?éi-%) @ 125°C

according to ASTM D1646.

[0072] The semicrystalline polymer used in embodiments of the present
invention can have a tacticity index (m/r) ranging from a lower limit of 4 or 6 to
an upper limit of 8, 10, or 12. The tacticity index, expressed herein as m/r, is
determined by BC nuclear magnetic resonance (13 C NMR) is calculated as
defined in Cheng, Macromolecules, vol 17, p 1950 (1984). The designation “m”
or “r” describes the stereochemistry of pairs of contiguous propylene groups,
“m” referring to meso and “r” to racemic. An m/r ratio of 1.0 generally
describes a syndiotactic polymer, and an m/r ratio of 2.0 an atactic material. An
isotactic material theoretically may have a ratio approaching infinity, and many

by-product atactic polymers have sufficient isotactic content to result in ratios of

greater than 50.



thermal fractionation in a solvent. A typical sol vent

is a saturated hydrocarbon such as hexane or heptane.
woheotdazismal fracti onati on procedure i s descri Bew/uUs2005/045507

bel ow. Typically, approximtely 75 w% preferably 85

w % of the copolyner is isolated as one or two

adj acent, soluble fractions Wwth the bal ance of the

copol ymer in inmediately preceding or succeeding

fractions. Each of these fractions has a c §$05|
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sithedametl g inserem apdtth¢ ysteockenisaldonitatipnadi hospendany nzethyl
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BB oS € ﬂg}?&%gﬂgﬁ%}m@) the copol yner is
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pdpqmbru z A emlﬁm\w pogedie Horhe lﬁ@gqrmﬂomapf j‘fhea% ctigity of the

ch opQl -
GBRTRE 8l 8088 AR, 1ORED T e of wiad
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i nvention include polyners having a heat  of fu3| Qn,

d e REERIORSEn Whiligh Flrih CORMRIEGUAIEad ftnfarl hgndy egpressed
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ut W Sh I'ng be bou heory, It
bedolpe}\yﬁd:rﬁ bathe bEsmlmvmltﬁn(ﬁs themamh e rihes nmr[hbd:mef units of the
present inventi o eneral ly isqgtactic
rPenare [2EHER Lo beﬁlvﬂeﬁlgopgléaee}%ég} fisiapeligesnove
heats of fusion are believed to be due to the nelting

of these crystalline segnents. [0068] The
Cr[j)@lShI | i Aheytrief tedtitp onymrefactiay) af saopm@y]@np reopelamier gan be

SRS AN Y S T S SR il

J/ @mdipat is, 100%crystallinity is equal to 189 J/g.

1s0tactlc

PPP(mm)
PPP(mm) + PPP(mr) + PPP(rr)

mm Fraction =

where PPP(mm), PPP(mr) and PPP(ir) denote peak areas derived from the methyl
groups of the second units in the following three propylene unit chains consisting of

head-to-tail bonds:

H CHj H

C 3 CHj
PPP(mm): ——(CH——CH2 CIIH—-—CHZ)—(CH——-CHZ)—



Therefore, according to the aforenenti oned heats of
fusion, the polynmer has a pol ypropylene crystallinity
waeizodtioa78she range having an upper linmt of 65%PC#A%R005/045507
30% 25% or 20% and a lower Iimt of 1% 3% 5% 7%
or 8% [0069] The |evel of cﬁ¥stallln|ty is al so
reflected in the nelting poi The term"nel ting
point," as used herein, is the highest peak anong
princi pal and secondehy meltin eaks as determ ned by
DSC, di scussed abovey ¥n one e di ment of the present
i nvention, the polypgr has kgle mehting poi nty
TyplcaWPylnﬁ sa 6H-pr@ﬁgﬂ4ﬁﬁtxm@wgnéﬁerHCﬁa
secondary nelting peaks adjacent to the pdincipa
peak, which are considered together as a shpgle
nmelting point. The highest of these peaks is
consi dered the neltlgg poi nt. The ponneGCreferany
has a nelting p0|nt zy DSC r angi ng fron1a upper [imt

of H 00C, 8Q0C, 7CDC lower Yimt
of 0089’95’&&1]9@, 25 H gHgT—CH jP—

Typically, a sanple of t he al ph -olefn1copolyner
conponent w Il show secondary miti ng peaks adj acent
to principal peak; these areconsidered together as

siggbe Melrhé nic M spetBfm h&)fgﬁ@ xg letteNEoBAKS 1sSmeasured as
rP The

conS|dere the nmelti poi nt
s edesaibed tmlLS. rPetep’oNyn%,ﬁ 04113752 hHwespactmmil gfatingte tlzegeethyl carbon

LS ST L M AP G300 05 0 BBHEREE
9/ Iﬂﬁﬁ); a%@&m@ rE%@S r(zd B@lfO m)1hd 00 hirg/ 8Bibn (2@5-@@@ ppm). Each

or 80, 000 and ‘a nol ecul ar wei
d| mak mbtlmeuspwtw wns qsmmd with m@fﬁliemwra@faéwl@m P@lylagr, 0l 30, p

%S%Sctgéé?)? gln t]{ lgpsg reI;gn}{ DI }net g)lun SQ)flftl o8 c%n#l % in % three
10pro§ylerﬁerurﬂt dhain Heprehdhiteaisl PMD(mlﬁﬁ rés;SMesh elhehé secoad rdgion, the
determ ned by a variety of nethods, including those in

U. 1sethplgrayn ofNBe segondunivisghe fees ippf e chpinggpresented by PPP
gl LRARE O U 5 el s
adjacent units are a propylene unit and an ethylene unit resonates (in the vicinity of
20.7 ppm). In the third region, the methyl group of the second unit in the three
propylene unit chain represented by PPP (rr) resonates, and the methyl group (EPE-
methyl group) of a propylene unit whose adjacent units are ethylene units resonates

(in the vicinity of 19.8 ppm).

[0077] The calculation of the triad tacticity is outlined in the techniques shown
in U.S. Patent No. 5,504,172. Subtraction of the peak areas for the error in
propylene insertions (both 2,1 and 1,3) from peak areas from the total peak areas of
the second region and the third region, the peak areas based on the 3 propylene units-
chains (PPP(mr) and PPP(rr)) consisting of head-to-tail bonds can be obtained. Thus,
the peak areas of PPP(mm), PPP(mr) and PPP(1r) can be evaluated, and hence the
triad tacticity of the propylene unit chain consisting of head-to-tail bonds can be

determined.



descriptions of which are incorporated by reference
herein for purposes of United States practices. [0071]
wonowmwe7snbodi nent, the sem crystalline pol ynePCnas2s/045507

Mooney viscosity, M(l +4) @1250C, of 100 or less, 75

or less, 60 or less, or 30 or_|ess. Money viscosity,

as used herein, can be measurdd as M.(l +4) @ 1250C
according to ASTM D1646. [0072] The senicrystalline

pol ymer used in enbodi nents of the present invention

can have a tacticity index (mr) ranging froma | ower

| 1153781 OF  4nOT serikr9st@ilint PRATmbS % ﬁcfweSa t}igd ﬁﬁtuﬁ%’ off RBree
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tacticity'in xpressed erein ,
deprepyh:mmdmtsy ad BEanwed bpr GragviB{ Df:75%sm! rgtmt@, 80%3@ greater,

IS calc ed as def d in Cheng
l\/h 7B R BERtSH éég/t o QFFreqiet, Obbqhgéﬁ g(eféeéﬂf) The desi gnati on
"m' or "r" describes the stereochenistry of pairs of
conti guous propyl ene groups, "m' referring to nmeso and
" r['007[9b r ade pinbodimenis: theapm@n@fnvmn@org dreeserli¢rystalline polymer

scri bgl? fap %P %ﬁg@cﬁ ﬁ)Oﬁﬁig%/ glt(gcl%nsdalﬂeé?ae}ye ! %bb %ggmn or

t hl@w e&lteﬁedulvmwwo hay@id draldsﬁ’ apghaaeht, Ngoo l’tfgl/rﬁiri Yor less,
and many aﬁrOdUCt atactic ynmers have sufficient

i saitezmtuvely«: d&/ptin pplepp glipina {) ively.2d0 dgémit ordessaelégnativaly, 10
50%/89 1459 NGt {ﬁﬁﬁ%lfeﬂtdé{&l&e SR CrpyRt &étérh{*ﬁanon of the

I Sotac egu ar propyle

crMmaLﬂth@pélymerTisac&cedﬂi\g'%stAm&\@rl:&ng@130"@,52 [US kg). herein
nmeans that the predom nant nunber, i.e. greater than
80% of the propylene residues in the pol ypropyl ene or

' n[06 n‘E POl QEIQ ¥ MR «fhtté HoY Mﬁllﬁig@lyme? R the Hﬁe@ent

as | nmpact copo ynmer excl usive any ot nononer
s anherﬂs)neﬂs Ipyésemem thasniehtves btmd kothposisiens inom amdutth@nging

o Bt e el el Aty By BB 2Oy S5%

anlsdsbdi %ﬁ%h@f&éle&‘éigl% §f0the tBBIPAGB6A, BtdnOippRf likfi€of 99 wi%, 95
tacticity of the

wt%, or 90 wt% based on the total weight of the composition.

[0081] In certain embodiments, the semicrystalline polymer used in the
present invention is described, for example, in WO 00/69963, WO 00/01766, WO
99/07788, WO 02/083753, and described in further detail as the "Propylene Olefin
Copolymer" in WO 00/01745. Semicrystalline polymers are commercially
available as VISTAMAXX™ gpecialty elastomers (ExxonMobil Chemical
Company, Houston, TX) and VERSIFY™ elastomers (not produced from
processes herein described) (Dow Chemical Company, Midland, MI).

Thermoplastic Resin

[0082] In another embodiment, the elastomeric compositions may comprise at
least one thermoplastic resin. Thermoplastic resins suitable for practice of the
present invention may be used singly or in combination and are resins containing

nitrogen, oxygen, halogen, sulfur or other groups capable of interacting with an



propyl ene units of enbodi nents of the current

invention is the use of triad tacticity. The triad
woaai7ios7isy of a polynmer is the relative tacti cPCY/US2008/045507

sequence of three adjacent propylene units, a chain

consisting of head to tail bogds, expressed as a

bi nary conbi nation of mand r sequences. It is usually

expressed for copolyners of the present invention as

Uhgohatd qufkioh | gtﬁﬁﬁ@gﬁchogs Wy gén Qb delBe %Rﬁﬁ)‘sf | Bk resins are

tacticity to a of " the prop ne triads in'the
C cmcﬂeytrm the] ﬁ)z(hbﬁ@mp’drs&tetfmchOt ’@c@(i) ovtey of the fiangeethpesjtedh one
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f apiohgy Pﬁ%ﬁfé’?’kmﬁ’ﬂ@hﬁfeﬁﬁt Inoibt anbVBEY 8MbodimBRD ¢y esit is present
PPP(rr) mhere PPP( PPP(nr) and PPP(rr) denot e peak

arasadevidoif geehtdrrtban 4hetieafihe nagnasopposite, ehé gesates iean 60 wi%
units #ﬁ th omnng t hree propyl ene unit chains

cdhéPe F%@“@?‘I"P?S%d to-tail bonds: PPP(nmm:[0076] The
13C NMR spectrum of the propyl ene copolyner is

neasured as described in U S. Patent No. 5,504,172.
TH@08§bect ﬁuﬁﬂbléltb@rm@@la@%c resenspimchide sy selestedifigm the group
1090ntg1§t11§% ro%ﬁ) B%%m gg fbgrﬂn{dgr%{r@c)alyéagg%rﬁ? sd géflygﬁgrs, B[)l?fsﬁfones,
(E %Q)éﬁa&&rﬁ& ppﬁ?]lymdﬂ@ t béryIbniteif-butadidfe-StyRe 3 ppink.  (ABS),
ach peak in the ectrum was assi ned with reference
tdOOAkaﬁnyhee(F@lql%(Hgﬁ) fpbslllyl%ﬁ Slf:l ﬂes(BP@.kg@é)js YIERE, ¢ fhgene-

f'e{ 1 ﬁlﬁgl'eofésmg B! W e HPeiOF arfh)GriRE T OML Wl AA)] Bromatic
R y “PPP( rm)

ree propyl ne un|t chain repréesente
r epuhylaaltcaﬁs (PREKhREB cdREKE parshnixtives ttetdofl gr oup of
the second unit in the three propylene unit chain
represented by PPP (nr) resonates, and the nethyl

or @eka) ( PPEyitRt1BYihe @i piRlic AfolPhnieP Y hABSs) Uik 14808 9stalline or
resinous, high molecular weight solid polymers including copolymers and
terpolymers having recurring amide units within the polymer chain. Polyamides
may be prepared by polymerization of one or more epsilon lactams such as
caprolactam, pyrrolidione, lauryllactam and aminoundecanoic lactam, or amino
acid, or by condensation of dibasic acids and diamines. Both fiber-forming and
molding grade nylons are suitable. Examples of such polyamides are
polycaprolactam (nylon-6), polylauryllactam (nylon-12),
polyhexamethyleneadipamide (nylon-6,6) polyhexamethyleneazelamide (nylon-
6,9), polyhexamethylenesebacamide (nylon-6,10),
polyhexamethyleneisophthalamide (nylon-6, IP) and the condensation product of
11-amino-undecanoic acid (nylon-11). Additional examples of satisfactory
polyamides (especially those having a softening point below 275°C) are described
in 16 ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY, P 1-105 (John Wiley & Sons
1968), CONCISE ENCYCLOPEDIA OF POLYMER SCIENCE AND Technology, p 748-
761 (John Wiley & Sons, 1990), and 10 ENCYCLOPEDIA OF POLYMER SCIENCE
AND TECHNOLOGY, p 392-414 (John Wiley & Sons 1969). Commercially

available thermoplastic polyamides may be advantageously used in the practice of



adj acent units are a propylene unit and an ethyl ene

unit resonates (in the vicinity of 20.7 ppm). hi the
wohbethergi on, the nethyl group of the second BATAUS205/045507

the three propylene unit chain represented by PPP (rr)

resonates, and the nethyl gr gyp (EPEnet hyl group) of a

propyl ene unit whose adj acent’units are et hyl ene units

resonates (in the vicinity of 19.8 ppn). [0077] The

calculation of .the triad tacticity . is, outlined.in the.
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pol ymer i s accordi 0 ASTM D123 230 , 2.16 ..
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W 2h2600c. 85 Wt %

[0086] Poly(phenylene ether) (PPE) thermoplastic resins which may be used
in accordance with this invention are well known, commercially available
materials produced by the oxidative coupling polymerization of alkyl substituted
phenols. They are generally linear, amorphous polymers having a glass transition
temperature in the range of 190°C to 235°C. These polymers, their method of
preparation and compositions with polystyrene are further described in U.S. Patent

No. 3,383,435.

[0087] Other thermoplastic resins which may be used include the
polycarbonate analogs of the polyesters described above such as segmented poly
(ether co-phthalates); polycaprolactone polymers; styrene tresins such as
copolymers of styrene with less than 50 mol% of acrylonitrile (SAN) and resinous

copolymers of styrene, acrylonitrile and butadiene (ABS); sulfone polymers such



based on the total weight of the conposition, to an

upper Iimt of 99 wt% 95 wm% or 90 wt % based on the
woab@loemsr ght of the conposition. [0081] |n cePC&IUS2005/045507

enbodi nents, the semcrystalline polynmer used in the

present invention is describ% for exanple, in WO
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el ASHRMRL $né B 8RR la @ﬁ@&ﬁhe@@ﬁﬁﬁ)@ﬂenm@ﬁ{/&ﬁ unifgand in

and VERSI FY(t el astomers (not produced from
pranothss esbbdimenta tademi dopdlyn(eDowbloek whpelymeoefethylene derived

V. g GEER A o5 B 05k TRl g i

atihd gast one thernopl astic resin. Thernopl astic resins
suitable for practice of the present invention nmay be
used singly or in conbination and are resins

orBRL " e 87 SRR s RtASnaf i, HveRbb furher

f WdetprR gl ang 0@ tiksthemedplasic hesieg@Ro eefeaed ¢ & phetBGplastic or a
The resins are present_in the nanoconposite from30 to
90hewmeplistie B?él}’ﬁmﬁb@@ﬁﬁb%q lovierpry fermedisty damamicallygvulcanized
frg 40 to 80 wt% i n anot her enbodi ment, and from 50

to W% in yet another enbodiment. In yet another

enbodi nent, the resin is present at a |level of greater

than 40 wt % of the nangconposite, and greater.than 60
W9BSPh andhfeterBnbaRRHt VU ipREpn Bl ( Bflahdrein 19 connote a

QI ORRASH | Efocés%sih %Mpﬁk% 1nE§1§ﬂgnl%51§1%ln§%txﬁl‘}icafn[z%meté"fstomer

group consisting or yam des, pol yi m des,
podry canldaoizad &m,demod)gch‘sd)rsr of h;g}n] yiwat.f ohes, result, the vulcanizable
%%’[ act anes, et a

YR §1|Hgll er:ﬁgssif]]}g?deﬁg Jisnersed ag Xlgg)partlcles of a "micro

p d'mﬁﬂmltﬁ@&@fﬁe@ﬁng?e%@maﬁgd yphenyl ene sul fide (PPS),
pol ystyrene, styreneacrylonitrile resins (SAN),

styrene mal ei ¢ anhydride resins (SMA), aromatic

[0090] 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.

[0091] Particularly preferred thermoplastic polymers useful in DVA's of this
invention include engineering resins selected from the group consisting of
polyamides, polycarbonates, polyesters, polysulfones, polylactones, polyacetals,
acrylonitrile-butadiene-styrene  resins (ABS), polyphenyleneoxide (PPO),
polyphenylene sulfide (PPS), styrene-acrylonitrile resins (SAN), polyimides,



pol yket ones (PEEK, PED, and PEKK) and m xtures

thereof. [0084] Suitable thernoplastic polyam des
wOnyl7masis7 conpri se crystalline or resinous, hi gaT/US2005/045507

mol ecul ar wei ght solid polyners including copolyners

and terpolynmers having recurrlng amde units within

t he pol yner chain. Polyanlde§ may be prepared by

pol ynmeri zati on of one or nore epsilon |actanms such as

A a&%;%ygﬁ{ugecési%g) @Forgﬁf%lg%‘%&?e%ﬁﬁl%, PEK, and PEKK)
: _?c‘;f}%ré? ﬂle?éofd'll% daéh' dﬁﬁ]% %&%&%lyaﬁﬁﬁ& The more

m ng and nn ons are suitab
Emffpireds polyasidés pmal yﬁr.m cfesmdrra/lqnollyc apradtrablyathe engmeerlng

n l'ﬁ@_(g%;gtsﬁm | %Ig%c}%:arg( | or}éngéﬁlg from about 10 to 98 wt%,

?té’f@%%ﬁ)mﬁ%ﬂ?%% 95”\)@%, (tIEB/é19§’[01n§r be present in an amount
I yhexamet hyl enesebacam de (nyl on- g

pahlygmg(ﬁnm armueaew 9O ptiteh ateserplly frany |ab<wte§) to |8©)wt§(md>aﬁqdeon the

%esrayfon Ph3 %]];{a{he r;(lgﬁs{ngg 1gppdr§s%{alf pi sa*dC composmon as
D dt?dﬁsdﬁ%e&s%&@ﬁ%x@bhg{nédﬂﬂgeeéiﬂVI ng a softeni ng poi nt
bel ow 2750C) are described in 16 ENCYCLOPEDI A OF

CHEM CAL TECHNOLOGY, P 1-105 (John Wley -& Sons 1968),

SBE P TSI B olP oy, oo

ﬁi%ﬁao&dﬂﬁflﬂﬁeﬁéﬁl? SCl fzbGEabWND  TEQGINQLORYylepe-co-p-
392 414 (John W] ey & Sons 196% Commercially
aﬂﬁ?th&]B1YéeT{e9}er PBloeasd AlYsaPHLenTep- Ayistyrene),  preferably

_hDe of t.hi n
o AR RAER RGP o DIERIARA SR 0 S BLE M F
pdiahdgenatedrataribrgnchad butyb ethbee nbut@orudEea ﬂndlog&mﬁ b&hyh gubber
preferred. [008 ] Sui t abl e hernD |l astic este
PRy el 37 B0 PR St e st Elagoph comprises
Prggnebs: Pfubg&ean‘élror%hmagu‘t‘ﬁ@u&fer al i phatic or aronatic
polycarboxyllc acids esters of anhydrides and one or a

m xture of diols. Exarrpl es of satisfactory pol yesters
| n%&éfje p%X e(lgsctc%}l’]g’r may %ecgrelsé)ntg el)r(lytlh ?as%zmgicaké(nqgc?siﬁon in a

range from up to 90 phr in one embodiment, from up to 50 phr in another

embodiment, from up to 40 phr in another embodiment, and from up to 30 phr in
yet another embodiment. In yet another embodiment, the elastomer may be
present from at least 2 phr, and from at least 5 phr in another embodiment, and
from at least 5 phr in yet another embodiment, and from at least 10 phr in yet
another embodiment. A desirable embodiment may include any combination of

any upper phr limit and any lower phr limit.

[0094] In other embodiments, the elastomer, either individually or as a blend
(i.e., reactor blends, physical blends such as by melt mixing) of elastomers may be
present in the composition from 5 to 90 phr in one embodiment, and from 10 to 80
phr in another embodiment, and from 30 to 70 phr in yet another embodiment, and
from 40 to 60 phr in yet another embodiment, and from 5 to 50 phr in yet another
embodiment, and from 5 to 40 phr in yet another embodiment, and from 20 to 60



di car boxyl ates such as pol y(trans- 1, 4-cycl ohexyl ene
succi nate) and poly (trans- 1, 4-cycl ohexyl ene

wadbpawes; poly (cis or trans- PCT/US2005/045507
1, 4- cycl ohexanedi net hyl ene) al kanedi car boxyl ates such
as poly(cis-I,4-cycl ohexanedi net hyl ene) oxl ate and
poly-(cis-l,4-cyc|ohexanediné?hylene) succi nate, poly
(C2-4 al kyl ene terephthal ates) such as

pol yet hyl enet er epht hal at e_and . .
pott iRy Ftaneihsy P@ﬁ@@l&@@b i S0 20 toyf} phrie yetangtley cmpadiment,

[ I [ h t gk
P A oY (R0 BESR Seh Shrfttion of the
Prafgrosigidnpol yesters are derived fromaromatic

di carboxylic acids such as naphthal enic or phthalic

acids and C2 to ¢4 diols, such as pol yethyl ene

t ep@BNt halit ec1a916meed )(:_Qﬂlflpbfiiﬁ&?s hekenhd bl at least one other
Preferred polyesters will have a nelting point in the

r aglggtorpér AGENICOr M6 CSon[edn 8B he Rids{nptEsH yhayhelse tbh evombined
(PP, gﬁerggflﬁ§tic resins which may be used in

actor Jae e ?"Fﬁ?gﬂ?ﬂ%ention are well known,
commercially available materials produced by the

oxi dati ve coupling polynerization of alkyl substituted

Eh[@??él s. Tnegrtainenguodinents gnd wherr applisthlphibaslasmeippaed in
|35 o BhE05 VAR LS, AR B o A0S Bacten

preparati on and conpositions with polystyrene are
further described in U S Patent No. 3,383,435. [0087]
O Y1 t herlbsprlademeric compesifipis Mayaglshdnelade aj wafehyof other

th r.Rof I : I i
b R TS 6 R IR KR B PERGII3 Wi o
pofoymapral elattomeripaoypesisipnsthat elienatelyi ars fahuohtedsinto end use
copal yners of styrene with |ess than 50 nol % of
actWFSHitrile (SAN) and resinous copol ymers of

styrene, acrylonitrile and butadiene (ABS); sulfone

pol yners suchas pol yphenyl sul fone; copol yners and
hoPlegiotmgreer s of ethylene and C2 to C8 a- olefins, in

one enbodi nent a honopol yner of propyl ene derived

units, and in

[0098] The plastomers that are useful in the present invention can be
described as polyolefin copolymers having a density of from 0.85 to 0.915 g/em®
and a melt index (MI) between 0.10 and 30 dg/min. In one embodiment, the
useful plastomer is a copolymer of ethylene derived units and at least one of Cs to
Cyo a-olefin derived units, the copolymer having a density in the range of less than
0.915 g/cm3. The amount of comonomer (C; to Cyp a-olefin derived units) present
in the plastomer ranges from 2 to 35 wt% in one embodiment, and from 5 to 30
wt% in another embodiment, and from 15 to 25 wt% in yet another embodiment,

and from 20 to 30 wt% in yet another embodiment.

[0099] The plastomer useful in the invention has a melt index (MI) of between
0.1 and 20 dg/min (ASTM D1238; 190°C, 2.1 kg) in one embodiment, and from
0.2 to 10 dg/min in another embodiment, and from 0.3 to 8 dg/min in yet another

embodiment. The average molecular weight of useful plastomers ranges from



anot her enbodi mrent a random copol yner or bl ock

copol ynmer of ethylene derived units and propyl ene
wdeoninoedisani ts, and |i ke thernopl astic resins BETAIS2005/045507

known in the art. [0088] In another enbodi nent the

conpositions of this invention further conprising any

of the thernoplastic resins (also referred to as a

t hernopl astic or a thernopl astic polyner) descri bed

oab) Rrad QAT b b iieg e By PRt OU 2B R T ppother

t%lﬁlﬂﬂﬁlﬁélﬁ a VL ans Z@&mnﬂ&z@ge%ﬁ)dhmsmm 1$790) of useful
%lneerlng resin and a vul cani zabl e el astoner are

é%@mgrédaum&omoﬂm\&ﬂaowsliﬁ MRagin eteeembodigment, and from 20

ulcan abl ] as o si_nul t ane
cr ossl ? né&?ﬂy hi ‘?ﬂo eé F ?2)88 Eertlb r P flgsLonygr tﬁaﬁ is Yiseful in
Mdh{pbs@l@hs ofithd !pfbséﬁtem%lﬁidﬁelﬁsl Dehelt@is RnfPpREdirs: (Tm) of from
an1c vul cani zation i s effected by m xi ng 't he

| Pl S58 Tt gt oG 5 Gl ol on
CLgnlll;}?lllI{lm ﬁﬁ&“ﬁ%ﬁl‘? 598¢ Et{? %oeé 3}§1rs? it pu§ “andpf‘rm”:g@g 80°C

as ro anbur Xers; iNtoud
k neadad snedrpeak Xinrgothxt embedifene. 9., twin screw
extruders. The uni que characteristic of the
dynam cally cured conpositions is that,

NOphiYod; NSt Fhsfoﬂgs& E%iilﬁﬁ} tHeNGbsenP Snvehdsh %E'Efne&ﬁ)l@%e& lyzed

may be fu cured, e compositions ca € processe
arepplypreoc e s‘élgﬂdny deoinvd mhito aad hig]nbb erolpfimdessddgnits such as

B e T
S%U@Qﬁ@h@%@ domBREAELSHRA0 yﬁé?@ QUen &Ry Ee't&é’énaé k@O and 0. ]900 g/lem®

preferred thernoplastic polynmers useful iIn
t hinsonepsrebrdimeanti ndhe d@oletr\@arn‘ealghhglstrémnns (W/Mm)edf desirable

poqqyc;h%gﬁé?g% frcoglg | Sti 81?(% gﬁgﬁam dﬁé@ from 2.2 to 4 in another

pCﬂn)fdoﬂﬁhﬁﬁeSExaﬁﬁ-iﬂb’ﬁ@Ebaioﬁlmermally available plastomers are EXACT™
4150, a copolymer of ethylene and 1-hexene, the 1-hexene derived units making
up from 18 to 22 wt% of the plastomer and having a density of 0.895 g/cm’ and
MI of 3.5 dg/min (ExxonMobil Chemical Company, Houston, TX); and
EXACT™ 8201, a copolymer of ethylene and 1-octene, the 1-octene derived units
making up from 26 to 30 wt% of the plastomer, and having a density of 0.882
g/em® and MI of 1.0 dg/min (ExxonMobil Chemical Company, Houston, TX).

Processing Aids
Functionalized Polymer

[00101] The invention provides for a process to produce an elastomeric
composition, the process comprising contacting at least one elastomer with a
processing aid, wherein the processing aid comprises at least one functionalized
polymer having at least one halogen group. The halogen may be for example

bromine or chlorine. In an embodiment, the halogen is not fluorine. The mol% of



acrylonitril e-butadi ene-styrene resins (ABS),

pol yphenyl eneoxi de (PPO), pol yphenyl ene sulfide
WORRB)Jos78t yr ene-acrylonitrile resins (SAN), PCT/US2005/045507

pol yi m des, styrene mal ei ¢ anhydride (SMA), aromatic

pol yket ones (PEEK, PEK, and BEKK) and m xtures

thereof. Preferred engi neering resins are pol yam des.

The nore preferred pol yam des are nylon 6 and nyl on

1}alogE£fif rfﬁﬂ&%nﬁﬁ‘fedeﬁﬂ%ﬁ%? Ichi) qaﬁgés E4H B¢ frERY BUithalw.oy mol%,
be present 1 n an anount rangin rom about 10 to 98

wabgrnptiedlprfainh Y. 261t i labolte, and Aftera8vely gfom Re i8] 2% mokier

may be present in an anount ranging fromabout 2 to 90
W% preferably fromabout 5 to 80 wt% based on the

P oRT bR dundtionhie paliner t gy eleapicpard frémpaeS aidhfindtional
said conposition as particles dispersed in said i
emgimessr Viaga heliganationOTattion of pi eFBY r EXCERORN Aeliee radical

the el astoper js.s . . .
ooryEPEBRH whn3t Sl od Reletions 5 thoss st in the at. In he
P Qlit¢fnati o) Uhey FidoBord pdBmeiidiybesprigpasé by thapsigepazaidn of one
pol y(i sobutyl ene-co-al kyl styrene), preferably

h & HRfEe HOBEMSH KAV ingAQEca#E0Wb - p- met hy| styrene), star
branched butyl rubber, hal ogenated star-branched butyl
rubber, butyl rubber, hal ogenated butyl rubber, and
miediosles Irheeref .endbodmmaitd)ethe fueftionaléad grabypdemmay Hehderived
el ast omer conprisesz$£ nobut yl rubber .and or

c Hren @b]@ﬁlyllnerr Delmert gy mp emgrsjaclydme gyoTHLore of olefins,

P ra?@ﬁmleﬁﬁb, e8RS E Yk Cis6QERAS IcbhjRBatbd dRnb&HI8-dohRiBated
up to 90 phr I n one embodi nent, fromdup to 50 phr in
anbi¢resy stgrehisdiandiotr sulfstiorteds ptytamicstandhvinylretkerst fer example, the

enbodi nent, and fro 3 hr invy anot he
crooten ] oyt dhdbrel SBarihy SnBRBCRo 2
NBYieRRPEIC IR 0fch@dhatorheast 2 phr, and fromat | east

5 phr in another enbodi nent, and fromat |east 5 phr

in yet another enbodinent, and fromat |east 10 phr in

Yﬁ&?lﬁ ot her erbodi el . 4 ﬂﬁl%ic}l')%ag%g? %Wrin%%pﬂz}% Cﬁ?%/” o

e any “coftbi natronh of an
| cvkefin @driveldiumits. .

[00105] In another embodiment, the functionalized polymer comprises C4-Cig

isoolefin derived units.

[00106] In yet another embodiment, the functionalized polymer comprises

isobutylene derived units.

[00107] The processing aid as described above may have a number average
molecular weight (Mn) as determined by gel permeation chromatography of less
than 10,000 in one embodiment, less than 8000 in another embodiment, and less
than 6000 in yet another embodiment. In one embodiment, processing aid has a
number average molecular weight of greater than 400, and greater than 700 in
another embodiment, and greater than 900 in yet another embodiment. A

preferred embodiment can be a combination of any lower molecular weight limit



[0094] In other enbodi nents, the elastoner, either

individually or as a blend (i.e., reactor bl ends,
wohywiosals7 bl ends such as by nmelt m xing) of el 2eT@SRI0S/045507

may be present in the conposition fromb5 to 90 phr in

one enbodi nent, and from 10 t% 80 phr in another

enbodi nent, and from30 to 70 phr in yet another

enbodi ment, and from 40 to 60 phr in yet anot her

enbodi nent, and from 5 1o.50 phr other
o BRRE AP ber dReler gy S 2hickings BEFing o § il iR G embodiment,

enie gtd@%&tmg ﬁﬁqnﬁ}r R40e29 nh&b@p%ragenmﬁﬁkulﬁp% t of from 400 to

enbodi ment,” and from 20 to 50 phrin yet another

e 1 0yend frothOGh @90 ircarivtivir mmbvdidegne mdil MignuPHhtotIPQ0 in yet
desired e e application of the conposition. [0095]
TH@”@} E ®tconposi ti ons may al so contain at |east
one other el astoner or two or nore el astonmers. The

el astonmer(s) may al so be conbined with other materials

orIOQi@S]yrre empbm‘g 8]sc¢snt1®e(ASaM A of ﬂ@rnrgcawag \mﬂem@y range

h i.n the ct| e f
B (AP 0"t RS RIS Carb BEG iff g Soisiert g i) 35 0
or s¢onasse Ae d00° L0 RAbthEh embbEsicat@hd Gs gleaté@ﬂiahl Bt raayoo"c in
al so include a variety of ot her coqﬁonents as
d.%mﬁeruw@d&@@r agdt gpatet a1 80 o Stred) H}Q C in yet another

optiQ cured to formcured el astomeric
Ccomnmpos| |ons that ultimately are fabricated into end
use articles. Plastoners [0098] The pl astoners that

are useful in the present invention, an be descr
asiOH8Plyol &t CRIiRp FERBATERENth RFPFFFSIAE i é‘iletyy B 4 e @r Bisrage

t OmQ}e%ltér %ﬁgﬂt Y Ct)fﬁﬁ 4501t C%e(ﬁooﬁ I\A!t)e?@ﬁ%ﬁ?eﬂorg 36 @8l s00;

30 d one enb I ment, use astonmer 1s
a a:lt@mﬂtlynm fxn)fm Q00yto e?n%)Od ettcmetdva]lm ofsatzmudl la?tOOt eHematovedy, of

of CS Ief n_.derd ts, the copol ymer
haRhoHp ! 30@%ﬁ@af V?ﬁéﬁ 5%3@ ‘l'ess than 0.915 g/cm.
3. The anount of conDnoner (C3 to Cl10 a-ol efmderived

units) present
[00110] In yet other embodiments, the viscosities of the processing aid may

range from 10 to 6000 ¢St (centiStokes) at 100°C in one embodiment, and from 35
to 5000 ¢St at 100°C in another embodiment. In other embodiments, the viscosity
is greater than 35 ¢St at 100°C in yet another embodiment, and greater than 100

¢St at 100°C in yet another embodiment.

[00111] The elastomeric composition comprises or is prepared with from 1 to
60 phr in one embodiment, from 2 to 40 phr in another embodiment, from 3 to 35
phr in another embodiment, from 4 to 30 phr in yet another embodiment, from 2
to 10 phr in yet another embodiment, from 3 to 25 phr in yet another embodiment,
and from 2 to 20 phr in yet another embodiment of the processing aid, wherein a
desirable range of processing aid may be any upper phr limit combined with any

lower phr limit described herein.

[00112] In an embodiment, the processing aid or elastomeric composition does

not contain aromatic groups or unsaturation.



in the plastonmer ranges from2 to 35 wt% i n one
enbodi nent, and from5 to 30 wt % i n anot her

wenhodenmsnt, and from 15 to 25 W% i n yet anot RET/US2005/045507
enbodi nent, and from 20 to 30 wt% in yet another
enbodi nent. [0099] The pl astgyrer useful in the
invention has a nelt index (M) of between 0.1 and 20
dg/ mi n (ASTM D1238; 1900C, 2.1 kg) in one enbodi nent,
and fromO0.2 to 10 dg/min in another enbodi ment, and
fromO0.3 to 8 dg/mn in yet another enbodi nent. The
amerlage M lagcthenembedigient, dfe preeefssulng plldaelt dﬁﬁﬁ@eﬂ%\ aefagosition

fro ,000 to 0, 000. in one enb and, f
26 rtsb‘ st G L ROV E BB TEpinaGIEIc 0K aromatie.
%ﬁ WHSoif ST MilRQ)h&bof SRS Héed%e@@t"@lﬁ&tﬁltlally free"
ges from 10 MPa to 150 MPa in one enbodi nent, and

f rediers 20 1J0PA ppo d0IBssyRHetnativeho 308 rppmmrolasmmrnaur%ﬂlr,rwp ppm

h f
e SR SR b SO0 PR 5, v
f"79rCBp'§pQ>@ 8, @%@&aﬁwlz 50 Pt opelads) adteghafivalm 66Q£§rrt @r less,

(second melt pea in one enbodi nent, and f
520EnativebCOS P ros tlesve iterpatively, AQcPHm Ginlereptd, @“8“(139@313’:
(seconﬁ%pelt peak) in another enbodi nent. [00100]
PPBStB®Ps useful in the present invention are
net al | ocene catal yzed copol yners of ethyl ene derived
uni ts and hi gher _a- ol ef| n de“atﬁd uni ts.such.as

plpidl eneln Depupdhe, e beispente: dRe PIOsETSEKe, 2ldn 8r V\ﬁllaﬁtﬂmenc

can 0] units
R O R

one enbodi nent . The nol ecul ar wei ght distribution

(MN/ of desirable plastoners ranges from2 to 5 in
ore! $ ment, and from2.2 to 4 in another

enbodi ment. Exanples of a comercially avail abl e

pl astomers are EXACT(tn) 4150, a copol ynmer of et hyI ene
aneh115] hexBnene amcu_oﬁeh@nezewecm, vepoliyhitere pEdcEFRAIpil may be

ggﬁ%e%{;mgglr .Zagéﬁ%r%a?%]ﬁg%s%m d tgrgcf L %gg’ Bgzﬁqoggméa invention, the

( BBxARMRRI brothisHibCail iCaMANYmolEow St Sright ()¢ss ahan 15,000 Mn)
homopolymer or copolymer of olefin derived units having from 3 to 8 carbon
atoms in one embodiment, preferably from 4 to 6 carbon atoms in another
embodiment. In yet another embodiment, the polybutene is a homopolymer or
copolymer of a C4 raffinate. An embodiment of such low molecular weight
polymers termed "polybutene" polymers is described in, for example, SYNTHETIC
LUBRICANTS AND HIGH-PERFORMANCE FUNCTIONAL FLUIDS p 357-392 (Rudnick
& Shubkin, ed., Marcel Dekker 1999) (hereinafter "polybutene processing oil" or
"polybutene").

[00116] In one embodiment of the invention, the polybutene processing oil is a
copolymer of at least isobutylene derived units, 1-butene derived units, and 2-
butene derived units. In one embodiment, the polybutene is a homopolymer,
copolymer, or terpolymer of the three units, wherein the isobutylene derived units

are from 40 to 100 wt% of the copolymer, the 1-butene derived units are from 0 to



EXACT(tm 8201, a copolyner of ethylene and 1-octene,

the 1-octene derived units making up from26 to 30 wt %
wofhod7he71sl ast oner, and having a density of 0. 882T@EKe098/045507

and M of 1.0 dg/mn (ExxonMbil Chem cal Conpany,

Houston, TX). Processing Aids_Functionalized Pol ynmer

[00101] The invention provi ded for a process to

produce an el astomeric conposition, the process
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di ghes &nics and/or substituted styrenics and
Vi nyﬁ et}ﬁ)e)\ﬁrl For exanple, the nononmers nmay contain 2

to 20 carbon at ons, alternatlvely 2 to 12, and

alternati e 4 to 10 car bo 00104 an

e 0T e nPOLPHEN? QHESSAGISDetr PO rbF BEi PR SuBRelly have a

- GliénRr 9bREE hol&Nulaf &ekipRI (V) of less than 10,000 in one embodiment,
less than 8000 in another embodiment, and less than 6000 in yet another
embodiment. In one embodiment, the polybutene oil has a number average
molecular weight of greater than 400, and greater than 700 in another embodiment,
and greater than 900 in yet another embodiment. A preferred embodiment can be
a combination of any lower molecular weight limit with any upper molecular
weight limit herein. For example, in one embodiment of the polybutene of the
invention, the polybutene has a number average molecular weight of from 400 to
10,000, and from 700 to 8000 in another embodiment, and from 900 to 3000 in yet
another embodiment. Useful viscosities of the polybutene processing oil ranges
from 10 to 6000 ¢St (centiStokes) at 100°C in one embodiment, and from 35 to
5000 ¢St at 100°C in another embodiment, and is greater than 35 ¢St at 100°C in
yet another embodiment, and greater than 100 ¢St at 100°C in yet another

embodiment.

[00118] Commercial examples of such a processing oil are the PARAPOL™

Series of processing oils (ExxonMobil Chemical Company, Houston, TX), such as



[ 00105] I n another enbodi nent, the functionalized

pol ymer conprises C4-Cl isoolefin derived units.
wpQOwdeT1sr n yet anot her enbodi nent, the functi saaitisz®d 045507

pol ymer conprises isobutylene derived units. [00107]

The processing aid as descrihed above may have a

nunber average nol ecul ar wei glit (WMh) as determ ned by

gel perneation chronatography of less than 10,000 in

a}&ﬁéﬁ&’f%ﬁb 590550 900, R en s RSB (heote Texaco

TR s, EA%C PAHINM POLYBE TANEITOGSacANE [1f8Strial Co., Ltd.,

m)l ecul ar wel ght of greater than 400, and greater than
7 (Qotiea); aINﬂD@@O Mbdunmne USrd Ign@,aﬂesle,t He) JOC i BIBydTexas

e R e B
ant pHPRiteObResH Wil SRt syttt 1@1& h)B}ybE@heseé@ﬂp liividual
i n one enbodi ment, the processing aid may have a

nunbevlabee hagog Aolegsin mplequlpgweight, al fommugonspofl whigbaan be

and 700 to 8000 i.n,anot her enb t, ;and fr
08¢ oR3860 riBoRHo dbr il BB mobht Rl Weiddof the
EWABO)LWI 9U9Shitel EFont AZIM DAASP ARAROETPr 39S $d NY700 Mn
aid aﬂge from10 to 6000 cSt (centi Stokes) at
1o@M 1110)) 2é%)oe|$ qetgtmingd by geinpgmeeion gbpmeatpgraphy. The

1 ogchl , e 5
L9096 o AP ATSSBIRR 1 8 8 AT BBl o
tlmtmzl.g)ﬁl@rﬁthe&ttemb@ﬂﬁ{énlt.n yet anot her enbodl nment .

[00109] In certain enbodi nents, processing aid may
have a nunber average nol ecul ar wei ght (M) of from

45[901t1 S, q(ﬂg’t baLRahLYE lsé(me Bf ﬂl@pﬁ i ARIPARAPOL™ oils
%O% to of

alternatlve y, from ernatively,
abwaful lin0edpodinteatsnaf ith@lgmsemf 1131\bmt1t)n 1 wBekin dahel viscosity was

o SHRRSYS Ve AR08 20% SR bl o pion

chromato graphy.

Properties of individual PARAPOL™ Processing Aids

Grade Mn . | Viscosity @ 100°C, ¢St.
450 420 10.6
700 700 78
950 950 230
1300 1300 630
2400 2350 3200
2500 2700 4400

[00120] Other properties of PARAPOL™ processing oils are as follows: the
density (g/mL) of PARAPOL™ processing oils varies from about 0.85
(PARAPOL™ 450) to 0.91 (PARAPOL™ 2500). The bromine number (CG/G)
for PARAPOL™ oils ranges from 40 for the 450 Mn processing oil, to 8 for the
2700 Mn processing oil.

[00121] The elastomeric composition of the invention may include one or more

types of polybutene as a mixture, blended either prior to addition to the elastomer,



range from 10 to 6000 cSt (centi Stokes) at 1000C in

one enbodi nent, and from35 to 5000 cSt at 1000C in
wanoet7werisenbodi nent. I n ot her enbodi nents, thePCT/US2005/045507

viscosity is greater than 35 ¢St at 1000C in yet

anot her enbodi nent, and greager than 100 ¢St at 1000C

in yet another enbodi nent. [00111] The el astoneric

conmposi tion conprises or is prepared with from1l to 60

pﬁ% ifh R Ela di MBI bR nd 1&91’(14}9(@%” VisEbsﬂ'S}OI\/ﬁle ktc.) of the

|nent rom3 to 35 phr in another enbodi me
f polybdteh® @Ocqskingi nily atlxtarmtdmr bee ritseig nign tthisf rr@mnzr t oThus,

12’@%‘#&% éQT%gla% i eq)’gﬂ govlr{r?/%%;r?sitfytrlg H]%sdreg in gh5 d%ﬁ{ okl@ion of

apd BEEntRHD Ui REPARAPOLIT® 1300 Cah DeNted IWhenW.h ﬁf gﬁbxﬂ Vl@cosﬁy is
desirabl e range of processing aid may be any upper phr

| ideditedc ontsompdsitionh thengof| tovashieyh rsonienpther ¥iseesityeer molecular
heregékgst E}‘h&ﬁ]l%zi’lgl I aghet n‘gg l%?ge I'E) ert1gse O@ rtﬂg e(!%%ﬁ 1t1t%hdcan be

contalrn arona

OromBsled  UnRed lﬁaﬁlduwﬂly[ 004 lrades grod¥Hednce phaeessimntoil”, or
the processing aid or elastoneric_conposition is free
p@lub@f:mmpliospsswg 9ibeingludep sigle pihye agqpposition of two or more

gﬂg fuﬁecp ) (I)b%} a%‘{lqjlsscogl;t& gY ngpetc far VJ%?g% Kgrnétﬁe dprogeréy) desired,

nhic ol res t er eo use
] S bisdcaidd ialthey/rahpealisdledeéhsreiro 1, 000 ppm or | ess,
alternatively, 800 ppmor |less, alternatively, 500 ppm
or less, alternatively, 250 ppm or |ess,

gljﬁ(ﬁfij zt ' Yﬁé é);)lﬁf%glg\l}g ﬁﬂb&i@sﬁ% ot o@é)ﬁse 51‘33151‘e¥6@1[t ¥n tH& eRRBIneric

pmor less, alternatively,
2Q@ompositon lo€ de, mad:rttmmﬁcbm\letb)éO {6 ippne embbdigsent, and from 2 to

alternatlveL%I é 'ﬁﬁﬂﬁ 4%8@94&9 altﬁrnatlvelﬁg 2d from

Pro¢£L38 3)?19 il bt %ﬁoﬁlleﬁ%hﬂ)ﬁﬁﬁﬂe‘ﬁt CARPRsMt 2 b Hﬁghﬂ Ot etdgnother
ot’her “conponents such as the fol | owi ng. Pol ybut enes

[ GodtbEjmem, @mbframpiets?t %phlt ineyet goether @ﬁbOChmsm, yadifiope?2 to 20

prp%(r: % ?Etngao?her errrn%dlment, wherein a desirable range of polybutene may be

any upper phr limit combined with any lower phr limit described herein.
Preferably, the polybutene processing oil does not contain aromatic groups or

unsaturation.

[00123] The polyolefin compositions of the present invention include a non-
functionalized plastizer ("NFP"). The NFP of the present invention is a compound
comprising carbon and hydrogen, and does not include to an appreciable extent
functional groups selected from hydroxide, aryls and substituted aryls, halogens,
alkoxys, carboxylates, esters, carbon unsaturation, acrylates, oxygen, nitrogen,
and carboxyl. By "appreciable extent", it is meant that these groups and
compounds comprising these groups are not deliberately added to the NFP, and if
present at all, are present to less than 5 wt% by weight of the NFP in one
embodiment, and less than 1 wt% in another embodiment, and less than 0.5 wt%

in yet another embodiment.



present in air barrier conpositions. In one enbodi nment

of the invention, the pol ybutene processing oil is a
woaw7vetwecul ar wei ght (I ess than 15, 000 M) horOp@iSywB045507

or copolynmer of olefin derived units having from3 to

8 carbon atons in one enbodi nent, preferably from4 to

6 carbon atons in another enﬁ8d|nent I n yet anot her

enbodi nent, the polybutene is a honDponnEr or

ORI BT NP SRR oo
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& eStentikliynof €¢tq Chapasiffine leké noﬂ%@&ssélhtaﬂe’l of P4 tor Cioo paraffins
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pr}f%?e‘%ﬁ' SihRGtefh | "phsiffn'C ARMIEEEA %m@l:s L@@shs b %4 EB@nched
derived units, 1 but ene derived units, and but ene

deraiaffos, Lisppasatfing, emd mashdekilwdn cyclich ellﬁmtlybmeewe, iasd gblends

APREE i i B¢ Rt Vb bRy iRy B Feien Anaeeine P o fom
4QetiRedl@Rd i Varduch A8y 404ab YERE thetrB@uirenttiutsetecriteddi foLdesirable

units are fromO to40 wt % of the copolynmer, and the

2 NkR sedrsciifesdi heseinunit vl hegealizedhtiont tlee dasse o6 weterigls described
grgeaeflé ﬁa} are ustaél? gl%) F ?/\fr?epr%lﬂggﬁ %F % dr &égfeu%oe{d%ggé&iglﬁh othe? NFPs

t rt&sd:rﬂﬁbﬂh%ténﬁﬁﬁmdﬁf tb\bbfhnuﬂiet@miﬁdq;rﬁpaﬁhsfm to 99 wt % of

the copol ynmer, the 1-butene derived units are from?2

to 40 wt % of the copol yrrer and the 2-butene derived

aﬁbélﬁgar eg%é %ﬁg n{ngy 3[2% f;{) if Nfe %‘i’%lé’ﬁﬁ% rcon*ﬂ&sﬂfﬁhs of the

utene s a terpolymer
t havéioaeframidt s to Whew#ts in tohe einhodimgnt.eael ffem ¢.6doutl Yo in

are from40 to 96 0/of t I t he .1- but
oyt hpdieah ot i b 1 40207 MRREDFIIp e@%ﬁ?&‘ﬂf?}ﬁ@r and from
angid [ wizH ty@ﬂﬁloﬁ%'eﬁ%dﬂﬁ‘étﬁ SwRdrSinfd @Rrdblk ‘i’ar?gQ Whye @hprise

the copolynmer. In yet another enbodi nent, the
p dnyypenet% simat Wishrepoloyres wilr linid desoyived herein.
i sobutyl ene and 1-butene,

[00126] The NFP may also be described by any number of, or any combination
of, parameters described herein. In one embodiment, the NFP of the present
invention has a pour point of from less than 0°C in one embodiment, and less than
-5°C in another embodiment, and less than -10°C in another embodiment, less than
-20°C in yet another embodiment, less than -40°C in yet another embodiment, less
than -50°C in yet another embodiment, and less than -60°C in yet another
embodiment, and greater than -120°C in yet another embodiment, and greater than
-200°C in yet another embodiment, wherein a desirable range may include any
upper pour point limit with any lower pour point limit described herein. In one
embodiment, the NFP is a paraffin or other compound having a pour point of less
than -30°C, and between -30°C and -90°C in another embodiment, in the viscosity
range of from 0.5 to 200 ¢St at 40°C (ASTM D445). Most mineral oils, which
typically include aromatic moieties and other functional groups, have a pour point

of from 10°C to -20°C at the same viscosity range.



wherein the isobutyl ene derived units are from®65 to
100 wt % of the honopol ynmer or copol yner, and the
wa-2tnroens7 deri ved units are fromO to 35 wt % oPCTIS2005/045507

copol ynmer. [00117] Pol ybutene processing oils useful

in the invention typically haye a nunber average

nmol ecul ar wei ght (M) of less than 10,000 in one

enbodi nent, | ess than 8000 in another enbodi nent, and

| ess than 6000 in yet another enbodinent. In one

enbodi nent, the pol ybutene oil has a nunber average

'ggb(ﬁf‘ﬁl ar Tpﬁmﬁ}tm@}f h&eCAdiflectd@0n 2R at 20¢ 8f R @hn t_%h):i{ﬂ one

O 1 n anot her enbodi ment, and greater than 900 in vy
arattvdimenipadi wenthanf.priefapothed cmbbdidientedessdhan B& m another

comhi nati on of any | r I I i ght limt wth, .
oo deftien aThAC A0 ChePORiAL a8 Ty Sl ! in vt
| Bingiher eiiMRdini@int BilyttifleRO B U opfledd8adin KSR h Odlelectric
t he pol ybut ene has a nunber average nol ecul ar wei ght

ofcofistamty @08HZo 23W)0aDat dasst 30RO FANDEEE0OF (CHMESTRF AND

enhodi t, ang,br to 0 in yet another
e%&f%&ﬂfqe’ E@ uF&ﬁé@%ﬁSﬁ?égﬂof t he pol ybut ene
processing oil ranges from 10 to 6000 cSt

(centi Stokes) at 1000C in one enbodi nent, and from

35
t d0Be8I0 cShe AFFLbaoE viseoaitb (HETVeIGe) ferem Brdta 3000 cSt at

greaser, t { d-: .

SR POty B ERLodpl st 360" Tl ElypD Bhpment, nd from 110
armsDheSt aenb@di Heniothel @AbbdBImaoameEr féal1 @xX200ptSat dD0°C in yet
such a processing oil are the PARAPQOL(tm Series

o DO RS POGIEGL s EObIT > et M0 Easspo B abatiment,

T . . . 700, . .
Tl SRR D 0 o AR v
DARdoblt Pl VBldS&ERIe( theyeir(.Dael i m | ndustrial Co., Ltd.,

Korea); INDOPOL(tm) (lnnovene USA LLC, Lisle, IL); TPC
PIB (Texas Petrochem cals, Houston, TX). The

cqpsBsCi althy MihhaRlsBe PARAPAI (RS TIIDAF2015.6/15.6°C) of less
pol ybut ene Prgce33|ng oi | s are synthetic liquid |
p chgth (t Be g/cne aigh oln ¢inpodimagnt, and less than 0.910 g/cm” in another

embodiment, and from 0.650 to 0.900 g/cm3 in another embodiment, and from
0.700 to 0.860 g/cm’, and from 0.750 to 0.855 g/cm® in another embodiment, and
from 0.790 to 0.850 g/cm’ in another embodiment, and from 0.800 to 0.840 g/em’
in yet another embodiment, wherein a desirable range may comprise any upper
specific gravity limit with any lower specific gravity limit described herein. The
NFP has a boiling point of from 100°C to 800°C in one embodiment, and from
200°C to 600°C in another embodiment, and from 250 °C to 500°C in yet another
embodiment. Further, the NFP has a weight average molecular weight (GPC or
GC) of less than 20,000 g/mol in one embodiment, and less than 10,000 g/mol in
yet another embodiment, and less than 5,000 g/mol in yet another embodiment,
and less than 4,000 g/mol in yet another embodiment, and less than 2,000 g/mol in
yet another embodiment, and less than 500 g/mol in yet another embodiment, and
greater than 100 g/mol in yet another embodiment, wherein a desirable molecular
weight range can be any combination of any upper molecular weight limit with

any lower molecular weight limit described herein.



formul ati on having a certain nol ecul ar wei ght, al

formul ati ons of which can be used in the conposition
wohod7we7ismvent i on. The nol ecul ar wei ghts of t heCT/US2005/045507

PARAPCOL(tm) oils are from 420 Mh (PARAPOL(tm 450) to

2700 Mh (PARAPOL(tm) 2500) ag, determi ned by ge

per neati on chronmat ography. The MAD of the PARAPCL(t M)

oils range from1.8 to 3 in one enbodi nent, and from 2

to 2.8 in another enbodi nent. [00119] The tabl e bel ow

shows sone of the properties of the PARAPOL(tm oils

umpefsg] | A exdhgsbunBntiEtable bheanpNFFEFbr ipdWRNABNof the present
wherein the viscosi t¥r was determ ned _as per ASTM D445,
8

aliyeRtia mey ruscdecteirghy copymgrsiallyedipglable rpmpounds such as so
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PARAROK). t Thespiiee skisseg of compaires @an bellbevibed hdparaffins which
densjt (q!nt gf PARAPQOL(tm) _processing ojils varies
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conposition of the invention may include one or nore
types of pol ybutene as a m xture, blended either prior

t Ropaldifidson to the elastoner,or with the el astomer.

The” anmobunt and identity {e.g., viscosity, M, etc.) of

t he pol ybut ene processing oil m xture can be varied in

tpi . Th +PARAPQL (, 50. d
| Bl oecsp iR P Pans Tk R G AP S THE baraffins
| éeRbirdbly isoPhlatii3ARSRGhE tHa) théSAhrEARLAEs PoREssdeB @, alkyl

hi gher viscosity is desired, or conpositions thereof

t braneling ¢long ghicash heqrtion stepshippraghin gbaiac dihaCovie iCghtparatfins

| hj .1 ' t] h
b oL Cer o, o DR Rl PEOBEL ' driuherie g Cy o Co
phopsekins o hiydibiéremsbodiraagssi ng oi | ", or ,

[00132] More particularly, the isoparaffins are saturated aliphatic hydrocarbons
whose molecules have at least one carbon atom bonded to at least three other
carbon atoms or at least one side chain (i.e., a molecule having one or more
tertiary or quaternary carbon atoms), and preferably wherein the total number of
carbon atoms per molecule is in the range between 6 to 50, and between 10 and 24
in another embodiment, and from 10 to 15 in yet another embodiment. Various
isomers of each carbon number will typically be present. The isoparaffins may
also include cycloparaffins with branched side chains, generally as a minor
component of the isoparaffin. The density (ASTM D4052, 15.6/15.6°C) of these
isoparaffins ranges from 0.70 to 0.83 g/cm’; a pour point of below -40°C in one
embodiment, and below -50°C in another embodiment; a viscosity (ASTM 445,
25°C) of from 0.5 to 20 ¢St at 25°C; and average molecular weights in the range
of 100 to 300 g/mol. The isoparaffins are commercially available under the trade
name ISOPAR (ExxonMobil Chemical Company, Houston TX), and are
described in, for example, U.S. Patent No. 6,197,285, U.S. Patent No. 3,818,105



"pol ybutene processing oil" include a single oil or a

conposition of two or nore oils used to obtain any
woizewas7sy or nol ecul ar wei ght (or other propePCY)NS2005/045507

desired, as specified in the ranges disclosed herein.

[00122] The pol ybutene procesging oil or oils are

present in the elastoneric conposition of the

invention from1l to 60 phr in one enbodi ment, and from
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t hese groups and conpounds

cdMrilsi nél pdhes egibgdimaent the fgpargEinsises anvkipraafieranehsd and
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{ o b s M RERrGe B 20 quboR Rt B8 o, 524 sgrbon

| eéang Weanothenegbborinaemot inethe entadieretite isapudaffdsconigtaftion has

% her embod Q124] |
crthadba e s B eha reebe i (o @&13%\83? pphgdiment

angd &bnt 9: 1G0P1 piarAbiHeP SmibBdANet.Nahe & fﬂ?@ﬁ tﬂe 1x8ge in
anot her enbodi nent, the NFP consists e sentl a

isPOmogiment CPrisin grater thagi ¥t wite <be mitilavtighobf ﬂas 1tc§parafﬁn
C%Q&peg{lﬁg)fdlgﬁo—methyl species, for example, 2-methyl, 3-methyl, 4-methyl, 5-
methyl or the like, with minimum formation of branches with substituent groups
of carbon number greater than 1, such as, for example, ethyl, propyl, butyl or the
like, based on the total weight of isoparaffins in the mixture. In one embodiment,
the isoparaffins of the mixture contain greater than 70 wt% of the mono-methyl
The

isoparaffinic mixture boils within a range of from 100°C to 350°C in one

species, based on the total weight of the isoparaffins in the mixture.

embodiment, and within a range of from 110°C to 320°C in another embodiment.
In preparing the different grades, the paraffinic mixture is generally fractionated
into cuts having narrow boiling ranges, for example, 35°C boiling ranges. These
branch paraffin/n-paraffin blends are described in, for example, U.S. Patent No.
5,906,7217.
[00134] Other suitable isoparaffins are also commercial available under the

trade names SHELLSOL™ (Royal Dutch/Shell Group of Companies),



i n anot her enbodi nent. For purposes of the present

i nvention and description herein, the term"paraffin"
wonaei7wdes7al | i somers such as n-paraffins, brarcnas2005/045507

paraffins, isoparaffins, and may include cyclic

al i phatic species, and blendg thereof, and may be

derived synthetically by neans known in the art, or

fromrefined crude oil in such a way as to neet the

r ' ts.descriped f desj r.abl.e,.NFP o
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W % i n one enbodinent, and fromO0.5 to 40 wt% in

anot her enbodi nent, and from1l to 20 mt% in yet
drdyaiphaotsfinsdi ment, and from2 to 10 wt% i n yet

anot her enbodi nent, wherein a desirable range nmay
conprise any upper wt% Ilimt with any lower wt% limt
deeics) bedhbgfagdffins [s0iRdb26]as The NYAP offale ahwwentibe also include so
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o6 e SaRBER 1 8% SEROTHAP-ATOLT et or BEGTS HaAnother
- 2B ditBntY eSuidBRL NefineH AR MEBhtendNdpdn@sie, 1 MRermed ?:-lﬁtgtene,
n

in yet another enbodinent, and greater than -1200C in
yebcianotlremeastiodionentl -untodeqpne ane i -dodegene.2 boomrcembpodiment,

yet t.her ., enbodi pent erei.n. a desirable ran
(e TR Ao Sper LBl EBih BliRnfs SCHpl R o AR ane
infdmérk (Arld Hgeey dibededeas.eiThe PADsCRE d&abel MBRd partifiarly in,
Pis a paraffin or other conpound having a pour )
ok wrample; L58. baien NeCBE! LMl 56t Userbaeatnto. anth. Bdpwd in
| §-3RREREE UERPRRTIRRE: Hidh-BAE oM AReS HUCcTIONAL FLUDS, P 1-52
(Rudnick & Shubkin, ed. Marcel Dekker, Inc. 1999).

[00136] The PAOs of the present invention possess a weight average molecular
weight of from 100 to 20,000 in one embodiment, and from 200 to 10,000 in
another embodiment, and from 200 to 7,000 in yet another embodiment, and from
200 to 2,000 in yet another embodiment, and from 200 to 500 in yet another
embodiment. Generally, PAOs have viscosities in the range of 0.1 to 150 cSt at
100°C, and from 0.1 to 3000 ¢St at 100°C in another embodiment (ASTM D445).
The PAOs useful in the present invention have pour points of less than 0°C in one
embodiment, less than -10°C in another embodiment, and less than -20°C in yet
another embodiment, and less than -40°C in yet another embodiment. Desirable
PAOs are commercially available as SHF and SuperSyn PAOs (ExxonMobil
Chemical Company, Houston, TX).
SHF and SuperSyn Series Polyalphaolefins



range of fromO0.5 to 200 cSt at 40Q0C (ASTM D445). Most
mneral oils, which typically include aromatic

wonbeEtoces7 and ot her functional groups, have a PpOUUS2005/045507
poi nt of from1Q0C to -200C at the sane viscosity

range. [00127] The NFP may havg a dielectric constant

at 20Q0C of less than 3.0 in one enbodi nent, and | ess
than 2.8 in another enbodinent, less than 2.5 in

anot her enbodi ment, and less than 2.3 in yet another
efrbodi-ments—angtese—than—2-1-+n-yetan ——————
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anot her enbodi ment, and from0.650 to 0.900 g/cm 3T

anot her enbodi nent, and from 0.700 to 0.860 g/cn8, and

f BP0, 750thes Drogesing/ eids inpludnesivey, mipolirnemd pahdlkylene

frgq 088 790 to 0.850 g/cm 3 in another embodi ment, and

fro%a1 .800 to 0.840 g/cm 3 in yet another enbodi nent,

wherein a desirable range may conprise any upper _

specific gravity limt, with_any | ower ;{g_em fic gravity
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mineral oils, paraffinic oils, polybutene aids, naphthenic oils, aromatic oils, waxes,

resins, rosins, and the like.
[00139] Certain mineral oils, distinguished by their viscosity indices and the
amount of saturates and sulfur they contain, have been classified as Hydrocarbon
Basestock Group I, II or III by the American Petroleum Institute (API). Group I
basestocks are solvent refined mineral oils. They contain the most unsaturates and
sulfur and have the lowest viscosity indices.

[00140] Groups II and IIT are the High Viscosity Index and Very High
Viscosity Index mineral oils. They are hydroprocessed mineral oils. The Group
III oils contain less unsaturates and sulfur than the Group I oils and have higher
viscosity indices than the Group II oils do. Rudnick and Shubkin in Synthetic

Lubricants and High-Performance Functional Fluids, Second edition, Rudnick,



&C) of less than 20,000 g/nol in one enbodi nent, and

| ess than 10,000 g/nol in yet another enbodi nent, and
woOesw/o6hian 5, 000 g/ nol in yet another enbodi neRrCT/UAR®S/045507

| ess than 4,000 g/nol in yet another enbodi nent, and

| ess than 2,000 g/nmol in yet agnother enbodi nent, and

| ess than 500 g/nol in yet another enbodi nent, and

greater than 100 g/nmol in yet another enbodi nent,
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[00144] The processing aid is typically present or used in the manufacturing
process from 1 to 70 phr in one embodiment, from 3 to 60 phr in another

embodiment, and from 5 to 50 phr in yet another embodiment.

[00145] In one embodiment of the invention, paraffinic, naphthenic and/or
aromatic oils are substantially absent, meaning, they have not been deliberately
added to the compositions, or, in the alternative, if present, are only present up to

0.2 wt% of the compositions used to make the air barriers.
Fillers

[00146]  The elastomeric composition may have one or more filler components
such as, for example, calcium carbonate, silica, clay and other silicates which may

or may not be exfoliated, mica, talc, titanium dioxide, and carbon black.



i n anot her enbodi nent, and from 10 to 15 in yet

anot her enbodi nent. Various isonmers of each carbon
waano@me7er | | typically be present. The i sopar aPCmaISamyg/045507

al so include cycloparaffms with branched side chains,

generally as a m nor conponent_of the isoparaffm The

density (ASTM D4052, 15.6/15. & 00 of these

i soparaffns ranges fromO0.70 to 0.83 g/cnB; a pour

poi nt of bel ow -400C i n one enbodi nent, and bel ow

-50Q0C i n anot her enbodi nent; a viscosity (ASTM 445,
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mologtasl e. IMivac embpdinent.ithe ﬁbﬁ'p@ sirbpm hlaklg ot mwediiedrcarioh black,

par araffin tio ng fromO. 5: 9:1 i.n
ont BT ARRP Or bl of Fis. o FEMRE ohleRfldan, e fileP s i of
enbadbmdiick aﬁﬁ%ﬂidﬁo pﬂﬁ@ﬁfe@re@f filld¥efomsudticled asRirs treads and
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we pigpwallstis gejaforgag arade cathor blask Hrasprf a MbO%@mwo to 100 phr
f’rg?ﬁﬂ]l%%ler{doﬁlo?%@{g@r% W?’ { oES’FBMA 8 nfﬂéxgi?tatﬂx her éo (%}H%kn aﬁd from

ni ni mu I'on ranches
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m xture contal n greater than 70 wt% of "the no
s peiZRe8sN3 hp MBS N2 NL4 ahd Weli I§irovitled fre AiSIdb @é% mle 510,
in tcp B3%§3t uﬁmboa-lments of the carbon black useful in, for example, sidewalls
in tires, are N330, N351, N550, N650, N660, and N762. Carbon blacks suitable
for innerliners and other air barriers include N550, N660, N650, N762, N990 and

Regal 85.

[00149] The layered filler may comprise a layered clay, optionally, treated or
pre-treated with a modifying agent such as organic molecules. The elastomeric
compositions may incorporate a clay, optionally, treated or pre-treated with a

modifying agent, to form a nanocomposite or nanocomposite composition.

[00150] Nanocomposites may include at least one elastomer as described above
and at least one modified layered filler. The modified layered filler may be
produced by the process comprising contacting at least one layered filler such as

at least one layered clay with at least one modifying agent.



I soparaffmc mxture boils wthin a range of from

1000C to 35Q0C in one enbodi nent, and within a range
wofod7remsiH COC to 3200C i n anot her enbodi nent . PCW/US2005/045507

preparing the different grades, the paraffinic m xture

is generally fractionated intgo cuts having narrow

boi Il i ng ranges, for exanple, 450C boi | | ng ranges.

These branch paraffin/n-paraffin blends are described

f I t No. 5,906, 727. [00134
a Weﬁ?lgu.etﬁgp eﬁ@&ﬂiﬁ%ﬁ*‘? nleraH@YalresBm@a?ﬁ@ebﬁé 5%9‘[110618] and using
S 0
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Li it b th Af r
ox Shp P800 SIERTES FRRTHORIgE Bbi Amonpis b ey xample

S%EB@L 2Rl BObY hH thelf Rthid 3RuRG0Han ANELsEOSHting.
LPA- 210 and SAS0L-47 (boiling point 238-274 0C).

Pol yal phaol efins [00135] The paraffins suitable as the

NF th | nvent al s clu o ca I ed

poﬁ)y(}gﬁfzbha Pept 78 ()glA 8\%%&’?{6 ‘?fe§ i fog Lyered clay may
fohdrﬁpﬁse al esiPNesiluses uI in the present invention
conprise C6 to C 00 paraffins, and Cl10 to C1Qo

n-paraffnms in another enbodi nent. The PAGs are di ners,

tr , tet r %, of cto
a (OPERF o 15, CARES S BEBLENE the Shifaelipa, bOuPRR, aglepst one
antnfeetitet Fdid’dmﬁ&ité—ty@ctlﬁﬁ'bﬁe&rﬁhg fto g gd’ﬂéfalll @asd ob @Ia@ﬂﬁinerals

1- pentene, . 1-hexene, .1-heptene, 1l-octene, 1-non
1- BéB&r@anding, ﬁ%@éé%ﬂ%esa r Exaialse dhie mashingide the dioctahedsal

engﬁgdtﬁ%" %vhg,Ihh@on@ sBf T'?ndrﬁm%nﬁ@rﬁ?éq Ebelc%ﬂﬂet L}ﬁ‘l Nt):lﬁrdn‘?te, and the
aners

m xture o mers, trimers, tetramers and pen
( atriﬂ)ctahgcﬂmk }?meétltb&d?dueln éncliflee sﬁiﬁﬁmcahecmimp andeghcomite Also
parti cul ar in, for

xampl e, Pat e
S repgaRe L tnestion B proeds Syuacts ey apd- by hydrothermal
processes as disclosed in U.S. Patent No. 3,252,757, U.S. Patent No. 3,586,468,

U.S. Patent No. 3,666,407, U.S. Patent No. 3,671,190, U.S. Patent No. 3,844,978,
U.S. Patent No. 3,844,979, U.S. Patent No. 3,852,405, and U.S. Patent No.
3,855,147.

[00154] In yet other embodiments, the at least one silicate may comprise
natural or synthetic phyllosilicates, such as montmorillonite, nontronite, beidellite,
bentonite, volkonskoite, laponite, hectorite, saponite, sauconite, magadite,
kenyaite, stevensite and the like, as well as vermiculite, halloysite, aluminate
oxides, hydrotalcite, and the like. Combinations of any of the previous

embodiments are also contemplated.

[00155] The layered filler such as the layered clays described above may be
modified such as intercalated or exfoliated by treatment with at least one
modifying agent or swelling agent or exfoliating agent or additive capable of
undergoing ion exchange reactions with the cations present at the interlayer

surfaces of the layered filler.



SYNTHETI C LUBRI CANTS AND HI G+ PERFORMANCE FUNCTI ONAL
FLU DS, P 1-52 (Rudnick & Shubkin, ed. Marcel Dekker,
wone7/08989) . [00136] The PACs of the present i RCBUIS2®E045507
possess a wei ght average nol ecul ar wei ght of from 100
to 20,000 in one enbodi nent, d from 200 to 10,000 in
anot her enbodi nent, and from 200 to 7,000 in yet
anot her enbodi nent, and from 200 to 2,000 in yet
anot her enbodi nent, and from 200 to 500 in yet another
enbodi nent. Cenerally, PAGCs have viscosities in the
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estndrsylfides| yet hers, and pol yal kyl ene glycols. [00138]

G her processing aids may be present or used in the
manuf acture of the elastoneric conpositions of the
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SH&PI&?C{ ngechajy ﬁ"ilﬁiglﬁn@h@df\/@}emrﬁéllﬁasv&asa €y torCh aisyl or
ang.,be anount of saturates and sul fur they contain,
have been cl assified as Hydrocarbon Basestock G oup I,
[l or Il by the American PetroleumlInstitute (API).

[OOliI?S]I In other embodiments, a class of exfoliating additives include those
which can be covalently bonded to the interlayer surfaces. These include
polysilanes of the structure -Si(R*),R® where R’ is the same or different at each
occurrence and is selected from alkyl, alkoxy or oxysilane and R is an organic

radical compatible with the matrix polymer of the composite.

[00159] Other suitable exfoliating additives include protonated amino acids and
salts thereof containing 2-30 carbon atoms such as 12-aminododecanoic acid,
epsilon-caprolactam and like materials. Suitable swelling agents and processes
for intercalating layered silicates are disclosed in U.S. Patent No. 4,472,538, U.S.
Patent No. 4,810,734, and U.S. Patent No. 4,889,885 as well as WO 92/02582.

[00160] In an embodiment, the exfoliating additive or additives are capable of
reacting with the halogen sites of the halogenated elastomer to form complexes
which help exfoliate the clay. In certain embodiments, the additives include all

primary, secondary and tertiary amines and phosphines; alkyl and aryl sulfides



basest ocks are solvent refined mneral oils. They
contain the nost unsaturates and sul fur and have the
woOawegk7187 scosi ty indi ces. [00140] G oups || ardTiuskoos/045507
are the High Viscosity Index and Very Hi gh Viscosity
Index mneral oils. They aresgydr oprocessed m ner al
oils. The Goup Ill oils contain | ess unsaturates and
sul fur than the Group | oils and have hi gher viscosity
i ndi,ces, t han .t he up..l1.0ils do..Rudnic nd Shubki
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S gbinpoueisnike hiexdrethyloakierlinh Agoallfagl. | s Wi th sul fur
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to 80 % and a viscosity index of about 90; [00142]
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severely hydrotreated mneral oils wth saturates
| evel s of sonme oils virtBally 100% sulfur contents
are less than or equal tp 0.03 wt% (preferably between
0.001 and 0.01% and VI Js in excess of 120. [00144]
The processing aid s typically present or used in the
manuf acturing process frpom-1 to 70 phr in one
enbodi ment, from 3 to 60| phr in another enbodi nment,
and from5 to 50 phr in yet another embodinent.
[00145] I n one enbodi nent of the invention, paraffmc,
napht heni ¢ and/ or

wherein each R, R! and R* are the same or different and independently selected
from hydrogen, C; to Cys alkyl, alkenes or aryls, substituted C; to Cys alkyls,
alkenes or aryls, C; to Ca aliphatic alcohols or ethers, C; to Cyg carboxylic acids,
nitriles, ethoxylated amines, acrylates and esters; and wherein X is a counterion of

ammonium such as Br’, Cl” or PFq".

[00162] The modifying agent such as described herein is present in the
composition in an amount to achieve optimal air retention as measured by the
permeability testing described herein. For example, but not limited to, the
additive may be employed from 0.1 to 40 phr in one embodiment, and from 0.2 to

20 phr in another embodiment, and from 0.3 to 10 phr in yet another embodiment.

[00163] The exfoliating additive may be added to the composition at any stage;
for example, the additive may be added to the elastomer, followed by addition of

the layered filler, or may be added to a combination of at least one elastomer and



aromatic oils are substantially absent, neaning, they

have not been deli berately added to the conpositions,
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up to 0.2 wm % of the conpositions used to nake the air
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may be present from 1 to 30 phr in one embodiment, and from 5 to 20 phr in

another embodiment.
Crosslinking Agents, Curatives, Cure Packages, and Curing Processes

[00166] In certain embodiments, the elastomeric compositions and the articles
made from those compositions may comprise or be manufactured with the aid of at
least one cure package, at least one curative, at least one crosslinking agent, and/or
undergo a proceés to cure the elastomeric composition. As used herein, at least one
curative package refers to any material or method capable of imparting cured
properties to a rubber as commonly understood in the industry. At least one curative

package may include any and at least one of the following.



Regal 85. [00149] The layered filler may conprise a
| ayered clay, optionally, treated or pre-treated with

wa 00diefgr ng agent such as organi ¢ nol ecul es. PO®/US2005/045507
el astoneri c conpositions nmay incorporate a clay,
optionally, treated or pre-treated with a nodi fying
agent, to forma nanoconp03|t§20r nanoconposite
conmposition. [00150] Nanoconposites nay i ncl ude at
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encorrpassed are snectite-clays prepared synthetically,
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Paf{oeh9] No. H&t 86 adidn-indateUc®sslizgktinef fdbymers may be used.

[00170] Generally, polymer blends, for example, those used to produce tires, are
crosslinked thereby improve the polymer’s mechanical properties. It is known that
the physical properties, performance characteristics, and durability of vulcanized
rubber compounds are directly related to the number (crosslink density) and type of
crosslinks formed during the vulcanization reaction. (See, e.g., Helt et al., The Post

Vulcanization Stabilization for NR in RUBBER WORLD, p 18-23 (1991)).

[00171] Sulfur is the most common chemical vulcanizing agent for diene-
containing elastomers. It exists as a rhombic 8§-member ring or in amorphous
polymeric forms. The sulfur vulcanization system also consists of the accelerator
to activate the sulfur, an activator, and a retarder to help control the rate of
yulcanization. Accelerators serve to control the onset of and rate of vulcanization,
and the number and type of sulfur crosslinks that are formed. These factors play a

significant role in determining the performance properties of the vulcanizate.



3,855,147. [00154] In yet other enbodi nents, the at

| east one silicate may conprise natural or synthetic
weohyi7loesisl i cat es, such as nmontnorillonite, noNnPCORISR@S/045507

beidellite, bentonite, vol konskoite, |aponite,

hectorite, saponite, sauconite, magadite, kenyaite,

stevensite and the |ike, as mﬁil as vermculite,

hal | oysite, alum nate oxides, hydrotalcite, and the

| i ke. Combinations of any of the previous enbodi nents

are al so contenpl ated. [00155] The layered filler such

as | ay, ' k4 .
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exswfentmidey thigearbamateks menthitey, and eyliler e addi ti ves

capabl e of undergoi ng ion exchange reactions with the

cations present at the interlayer surfaces of the

| aperred f ikdiRbers iy BBl RBe® ¥ Ablatthd thiafldbidel 68 clieCinUsl@er to

cationic _surfactants such as ammoni um al kyl am nes or

al flavapHbeiconbinp £ pagesss theevmtrapized réber.ary and

quat ernary), phosphoni um or sul foni um derivatives of

al i phatic, aromatic or arylaliphatic am nes,

phpsh) nedaskgtnsdontaigag . elh0mhoré] sicdr a8 XRaIPE@atedMsAL branched

coyrpoun (or the correspondin annnniun1ion% are

t hg‘gi@l WRORE t hreminatert Putyd rrbhsRaNOTINHed syl RRbbarg staghepnched

R4 t S.d e ' t

crPag S g b Rhe Mo RE e A TR Biopented

whpdh(isthytyibenet dvep-swetieylsiyrede)t f polgnitlordpreren e amirb cldoregalfonated

t he e liating agent. |s so-called | ong chain )
t oplydhjlens i befiamuinka By g Fapton yh sl phdes The meial
al kyike %rth&'lé‘fﬁ‘ & react with halogen groups in the polymer to produce an active
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intermediate which then reacts further to produce carbon--carbon bonds. Zinc

- halide is liberated as a by-product and it serves as an autocatalyst for this reaction.

[00175] Generally, polymer blends may be crosslinked by adding curative
molecules, for example sulfur, metal oxides, organometallic compounds, radical
initiators, etc., followed by heating. In particular, the following metal oxides are
common curatives that will function in the present invention: ZnO, CaO, MgO,
AlyOs, CrOs, FeO, FeyOs, and NiO. These metal oxides can be used alone or in
conjunction with the corresponding metal fatty acid complex (e.g., zinc stearate,
calcium stearate, etc.), or with the organic and fatty acids added alone, such as stearic
acid, and optionally other curatives such as sulfur or a sulfur compound, an
alkylperoxide compound, diamines or derivatives thereof (e.g., DIAK products sold
by DuPont). (See also, Formulation Design and Curing Characteristics of NBR
Mixes for Seals, RUBBER WORLD, p 25-30 (1993)). This method of curing
elastomers may be accelerated and is often used for the vulcanization of elastomer
blends.



[00158] In other enbodinents, a class of exfoliating

addi tives include those which can be coval ently bonded
woaod7ve7isnt er | ayer surfaces. These incl ude pol peTiuanms/ 045507

of the structure -Si(R 5 R6 where R5 is the sanme or

different at each occurrence and is selected from

al kyl, al koxy or oxysilane and R6 is an organic

radi cal conpatible with the matrix polynmer of the

conposite. [00159] O her suitable exfoliating

addi tives include protonated am no acids and salts
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Other Components

[00177) The compositions produced in accordance with the present invention -
typically contain other components and additives customarily used in rubber mixes,
such as effective amounts of other nondiscolored and nondiscoloring processing

aids, pigments, antioxidants, and/or antiozonants.
Processing

[00178] Blends of elastomers may be reactor blends and/or melt mixes. Mixing
of the components may be carried out by combining the polymer components,
filler and the clay in the form of an intercalate in any suitable mixing device such
as a two-roll open mill, Brabender™ internal mixer, Banbury™ internal mixer
with tangential rotors, Krupp internal mixer with intermeshing rotors, or

preferably a mixer/extruder, by techniques known in the art. Mixing is performed



R wherein each R, Rl and R2 are the sanme or different

and i ndependently selected from hydrogen, ClL to C26
wablbyriog7al kenes or aryls, substituted Cl to C28cCaiusyios/ 45507

al kenes or aryls, Cl to C 6 aliphatic alcohols or

ethers, Cl to C26 carboxylic acids, nitriles,

et hoxyl ated am nes, acryl at es>and esters; and wherein

X is a counterion of ammonium such as Br , O or PF .
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a conbi nation of at |east one el astoner andat | east
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bl ended wth thé layered filler, follo ddi tion
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SPRPOLEH0H SxanERTO RS .tO[@Q‘i%/gqheﬂrH@ AERYse asraddedyy or
exfoliated clay incorporated in the nanoconposites in
accordance wth an enbodi nent of the invention is

sufobise] entMixing with the clays is performed by techniques known to those

skilled in the art, wherein the clay is added to the polymer at the same time as the
carbon black in one embodiment. The processing aid is typically added later in
the mixing cycle after the carbon black and clay have achieved adequate

dispersion in the elastomeric matrix.

[00181] The cured compositions of the invention can include various
elastomers and fillers with the processing aid. The compositions of the invention
typically include isobutylene-based elastomers such as halogenated
poly(isobutylene-co-p-methylstyrene), butyl rubber, or halogenated star-branched
butyl rubber (HSBB) either alone, or some combination with one another, with the

processing aid being present from 3 to 30 phr in one embodiment.

[00182] In one embodiment, the composition is halogenated butyl rubber
component from 70 to 97 phr that may include a general purpose rubber from 3 to

30 phr, and processing aid present from 3 to 30 phr, a filler such as a carbon black



to devel op an inprovenent in the mechanical properties

or barrier properties of the nanoconposite, for
wexenTwieis7t ensi |l e strength or oxygen per neabi | PCY/US2005/045507

Amounts generally will range from0.5 to 10 wt % in one

embodi ment, and from1l to 5 w % in another enbodi nent,

based on the polynmer content of the nanoconposite.

Expressed in parts per hundred rubber, the clay or

¢ .
;zﬁ&(hﬂ) %mgg IFJU gzﬁér fi&ﬁnwsitr?o 119 Bhe ERAbRARrent,

e'ﬁh@ diomentto l@p}ﬁihlaﬁkﬂhﬁgeﬁbﬁiﬁrﬁm Cﬂh@tmment@mdl as phenolic

Packages, and Curing Processes [00166] certal
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articles made fromthose conpositions may conprise or

be manufactured with the aid of at |east one cure
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[00185] The isobutylene-based elastomer useful in the invention can be
blended with various other rubbers or plastics as disclosed herein, in particular
thermoplastic resins such as nylons or polyolefins such as polypropylene or
copolymers of polypropylene. These compositions are useful in air barriers such
as bladders, envelopes, tire innertubes, tire innerliners, air sleeves (such as in air
shocks), diaphragms, as well as other applications where high air or oxygen
retention is desirable. In one embodiment, the cured composition when formed
into an article has a MOCON oxygen transmission at 60°C of about 40.0 cc-
mm/m*-day-mmHg, alternatively, about 45.0 cc-mm/m’-day-mmHg, alternatively,
about 50.0 cc-mm/m*-day-mmHg, or alternatively, about 75.0 ce-mm/m*-day-

mmHg in another embodiment.



(Al 89 by Wtco) and the |ike, and m xtures thereof.
I n one enbodi nent, bis-(3-
wonrbetoaosysi | ypropyl )tetrasul fide (sol d commer eCaiuSy008945507
Si 69 by Degussa) is enployed. [00168] Peroxide cure
systenms or resin cure systens_may al so be used.
[00169] Heat or radiation-i ndUced crossl i nki ng of
pol ymers nmay be used. [00170] Cenerally, polyner
bl ends, for exanpl e, those used to%%r duce tire
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d) at least one processing aid, for example, plastomer, polybutene,
polyalphaolefin oils, or mixtures thereof;

e) at least one cure package or curative or wherein the elastomeric

composition has undergone at least one process to produce a cured

composition;

1) any combination of a-e.

[00188] The elastomeric compositions as described above may be used in the
manufacture of air membranes such as innerliners and innertubes used in the
production of tires. Methods and equipment used to manufacture the innerliners
and tires are well known in the art. (See, e.g., U.S. Patent No. 6,834,695, U.S.
Patent No. 6,832,637, U.S. Patent No. 6,830,722, U.S. Patent No. 6,822,027, U.S.
Patent No. 6,814,116, U.S. Patent No. 6,805,176, U.S. Patent No. 6,802,922, U.S.
Patent No. 6,802,351, U.S. Patent No. 6,799,618, U.S. Patent No. 6,796,348, U.S.



[00174] Hal ogen-contai ning el astoners such as

hal ogenat ed star-branched butyl rubber, brom nated
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brom nat ed butyl (polyisobutyl ene/isoprene copol yner)

rubber, hal ogenat ed

poly(isobutylene-c-p-nethyls?§rene), pol ychl or opr ene,

and chl orosul fonat ed pol yet hyl ene may be crosslinked
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[00191] In another application, the elastomeric compositions may be employed

in air cushions, pneumatic springs, air bellows, hoses, accumulator bags, and belts

such as conveyor belts or automotive belts.

[00192] They are useful in molded rubber parts and find wide applications in

automobile suspension bumpers, auto exhaust hangers, and body mounts.

[00193] Additionally, the elastomeric compositions may also be used as
adhesives, caulks, sealants, and glazing compounds. They are also useful as
plasticizers in rubber formulations; as components to compositions that are
manufactured into stretch-wrap films; as dispersants for lubricants; and in potting

and electrical cable filling materials.



Ideally, all of the available curative is consuned in

the formati on of effective crosslinks which join
woagetoazis7t wo pol yner chai ns and enhance the overaiskoos/045507

strength of the polyner matrix. Nunerous accel erators

are known in the art and inckgide, but are not limted

to, the followi ng: stearic acid, diphenyl guanidine

(DPG, tetranmethylthiuramdisulfide (TMID),
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and N- oxydi et hyl ene t hi ocar barryl - N- oxydi et hyl ene
sul fonam de (OTOS), zinc 2-eth
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aln ot omponents and additives
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ng)tehﬁ&@ gants. ProceSS| ng [00178] Bl ends of el astoners

e reactor blends and/or nelt mixes. Mxing of the
conponent s nay be carried out by conbining the polyner

onent er.a t he y, [ f
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Krupp internal mxer with internmeshing rotors, or
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IS orne at t enper at ur es in the
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departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions ‘set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present

invention, including all features which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.

EXAMPLES

Preparation of the Functional Polymer

[00198] Bromination of polyisobutylene (PIB, Texas Petrochemicals, TPC
5130, Mn=1150-1450 gram/mole) was carried out using a batch bromination

technique common in the art. Prior to the bromination step, a PIB polymer

solution was prepared by dissolving 150 grams of PIB polymer in 200 ml of



25Q0C i n anot her enbodi nent, and from 1000C to 2000C

in yet another enbodi nent, under conditions of shear
weubd7isTsnt to allow the clay intercal ate to erColUSains/ 045507

and becone uniformy dispersed within the polyner to

formthe nanoconposite. [00179] Typically, from70%to

100% of the el astoner or elastoners is first m xed for

20 to 90 seconds, or until the tenperature reaches

from4Q0C to 750C. Then, 3[4 of the filler, and the

r Rl P¥RFCaiIdRED o9t Ef%egngfadﬁ} gy 3 J%‘nné‘ ¥%ﬂc‘éﬂt§°§}1 flask.
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conposition is hal ogenated butyl rubber
for nine minutes after the last bromine addition before the reaction was quenched
with base. The quench base solution was made from 7.85 grams of sodium
hydroxide (NaOH) pellets (Fisher certified, 99.9%, A.C.S. grade) in 100 ml of de-
ionized water. The polymer solution turned milky immediately after the NaOH
aqueous solution had been added, which indicated a complete neutralization of
excess bromine and HBr by-product inside the reactor. The neutralized polymer

solution was allowed to settle until an aqueous bottom layer had clearly separated

from top organic polymer solution.

[00200] This brominated, neutralized polymer solution mixture was decanted
into a 2000 ml separatory funnel, was then washed with 2000 ml of de-ionized
water, and the bottom aqueous layer was drained leaving the polymer solution
behind. The polymer solution was transferred to a 4000 ml beaker and the
polymer was precipitated out of solution by slowly adding 2000 ml of methanol
(Fisher certified A.C.S. grade, 99.9%) to the polymer solution while continuously
stirring.  The precipitated polymer, which was obtained in a 99+% yield, was



conmponent from 70 to 97 phr that may include a genera

pur pose rubber from3 to 30 phr, and processing aid
wonrew@atisfirom 3 to 30 phr, a filler such as a earlsmos/045507

bl ackfrom 20 to 100 phr, and an exfoliating clay from

0.5 to 20 phr in one enbodinent, and from2 to 15 phr

i n anot her enbodi nent. The cure agents such as

phenolic resins, sulfur, stearic acid, and zinc oxide,

may . be, present fromO,1 to. 10 phr. [00183] |.n another .
entist %wacwuﬁwwo%%@ i ﬁa@tra%enagm%é% 2B K time
rUBbRSd. CORPROSHer Wal Mefdrel BssBike@Ve-frieifiRRe E@%@Iﬂhﬁﬁ'ﬁwn dried

and from80°to 97 phr in another enbodi ment,” an
prwceesimy oxed present from3 to 30 phr, a filler such
as a carbon black from20 to 100 phr, and an
exfoliating clay from0.5 to 20 phr in one enbodi nent,

an@odoirm Préien MVIRMnalyRisanat detiedesil Qi (1 BttartinE"HH:lbﬁ"lgmer and

agents such as phenolic resins, sulfur, stearic aci

anthe finabbroxiinpicd pelyispeutyleas &mctippad pobynier (BrPIB).phmalysis of the
[ | et ;anaot her odi t - the composition.
o M S Bt a AR A5 > STns P Blen e SR REb L PRGRN. As

Phéxpebte®aBRRQA I thENIMR apettiariaaicA8d tieit Seveph [différent brominated

anot her enbodi nent, and processing aid present from3

t ostBIptyspy or igomers had begicproduced; hawdysh tht BYRNHOmNpbintegded to
10 ol ' .
ook Bt PRGN OF L 00, 0TS 4 i, o
emhediettiad moldealag irectagaritise BtRIB. as phenolic resins,

sul fur, stearic acid, and zinc oxide, may be present
fromO0.1 to 10 phr. [00185] The i sobutyl ene-based

e'?ﬁ&ﬁ&ﬁﬁbﬁ%@&ﬂb dn the invention can be blended wth
various other rubbers or plastics as disclosed herein,

in particular thernoplastic resins such as nylons or

po | efi such as. pql. pyl ene or copol yners of
poh Pﬁﬂygéﬁg?$$H8§%£@6ﬁ35€$¥rons are useful in air
barriers such as bl adders, envel opes, tire innertubes,

tire innerliners, air sleeves (such as in air shocks),
di Be2hgnd;uraprapetticsaeere mpagurap phing atlVDRs24Weansl hp glagree arc

ai ht We WHSRN temperature. Test specimens were cured at the indicated
temperature, typically from 150°C to 160°C, for a time corresponding to t90 +
appropriate mold lag. The values "MH" and "ML" used here and throughout the
description refer to "maximum torque" and "minimum torque", respectively. The
"MS" value is the Mooney scorch value, the "ML(1+4)" value is the Mooney
viscosity value. The error (20) in the later measurement is & 0.65 Mooney
viscosity units. The values of "t" are cure times in minutes, and "ts" is scorch

time" in minutes.

[00203] When possible, standard ASTM tests were used to determine the cured
compound physical properties (see Table 1). Stress/strain properties (tensile strength,
elongation at break, modulus values, energy to break) were measured at room
temperature using an Instron 4202 or an Instron Series IX Automated Materials
Testing System 6.03.08. Tensile measurements were done at ambient temperature

on specimens (dog-bone shaped) width of 0.25 inches (0.62 cm) and a length of 1.0



retention is desirable. In one enbodi nent, the cured

conposition when fornmed into an article has a MOCON
woxyg@arisr ansm ssi on at 600C of about 40. 0 ccneLTMS2005/045507

2-day-mHg, alternatively, about 45.0 cc-mim

2-day-mHg, alternatively, abgut 50.0 cc-mim

2-day-mmHg, or alternatively, "about 75.0 cc-mim

2 daynmHg i n anot her enbodi nent.[00186] In one

de e hod
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C edtifes/dirainaoet ofnticast e HeeifleiB ieporkd PR etn‘()@ 3c)' B Ylensile
optlonglly conprise: a)_at |east one filler, for

exHRpet m%aéllr@mﬁﬂﬁs d&#b%ﬂatl\él’a andy , The earor §19)i ipameasuring 100%
Si
ISk eR 2 DI P W MRl R R R RS IR ot by s
onid %l wyts. Store Axtarirkss wanmtanrdd dt @sunh esmpeedtire Oidsthg a Zwick
b delli.te, vol konskoite, laponite, hectorite,

'YAMPEC: sauconite, magadite, kenyaite, stevensite,
verrri culite, halloysite, alum nate oxides,
hydrotal cite, or m xtures thereof, optionally, treated
wi [00204t0di Oxiygen pqmeﬁlsilit;cyvaaundae!asd using PMEVEONI OgTeinl Model

f ht henic oil, paraffinic
o /5T PRI ided i, bnciple o Bl o efoubiainy R0 cayByhigensport
aHEmuF@%iﬁﬁﬁﬂﬂh%spﬁbﬁﬁk@ﬂﬁiPaﬁ&%MP@F%ﬁ%m8;knmNAL0FP0waER
pol yal phaol efin oils, or mxtures thereof; e) at Ieast

orCTRNGE: BadkAgh Pof6t (FEM0)v eTloy unite pBinreasire are cc-mm/m’-day-
elrﬁﬁ&féms@enerally, the method is as follows: flat film or rubber samples are

clamped into diffusion cells which are purged of residual oxygen using an oxygen

free carrier gas. The carrier gas is routed to a sensor until a stable zero value is
established. Pure oxygen or air is then introduced into the outside of the chamber
of the diffusion cells. The oxygen diffusing through the film to the inside

chamber is conveyed to a sensor which measures the oxygen diffusion rate.

[00205) Permeability was tested by the following method. Thin, vulcanized
test specimens from the sample compositions were mounted in diffusion cells and
conditioned in an oil bath at 65°C. The time required for air to permeate through a
given specimen is recorded to determine its air permeability. Test specimens were
circular plates with 12.7-cm diameter and 0.38-mm thickness. The error (20) in

measuring air permeability is + 0.245 (x10%) units.

[00206] In one embodiment, the composition has a MOCON at 60°C of less
than 37.5 x 10 cc-mm/m>-day-mmHg.



conmposi tion has undergone at | east one process to

produce a cured conposition; f ) any conbination of
wa-2e17/0608188] The el astoneric conpositions as #eTwS2eM45507

above may be used in the manufacture of air menbranes

such as innerliners and innertubes used in the

production of tires. Methods &hd equi pnent used to

manuf act ure the innerliners and tires are wel | known

in the art. {See, e. % S. Paten 34, 695,

U, 89205h¢ erfthengpmisosiish gape tedsio %ﬁw Ram ¢, ¢f3plisloy In one
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limted to any particular nmethod of manufacture for
ar Hiaapee ok 6372472 ((¥Hen.ladndk. 8. Yanderbib CommpydTrI 1890).
APPLI CABI LI TY [00189] The el astoneric conpositions of
the invention may be extruded, conpression nol ded,

bl ow nol ded, injection nolded, and | am nated into
vari ous shaped articles including fibers, filmns,

| am nates, layers, industrial parts such as autonotive
parts, appliance housings, consumer products,
packagi ng, and the like. [00190] In particular, the
el astoneric conpositions are useful in articles for a
variety of tire applications such as truck tires, bus
tires, autonobile tires, notorcycle tires, off-road
tires, aircraft tires, and the |ike. The el astoneric
conpositions may either be fabricated into a finished
article or a conponent of a finished article such as
an innerliner for atire. The article nay be sel ected
fromair barriers, air nmenbranes, filns, |ayers
(mcrolayers and/or nmultilayers), innerliners,

i nnertubes, sidewalls, treads, bladders, envel opes,
and the like.
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anal ysi s of t he BNRICPAA + o | ndicatled—that-sevef al

di fferent brlom nat &PBtructufes or | soners| hé een
produced; however,spttoes i nventiom is! nott intended to be
limted by the n {afs or by the fypes of brom nated

species int 1S-';ea?l’c ac?J 1 1 1

Zinc Oxide, Kadox 911 1 1 1
Sulfur 0.5 0.5 0.5
MBTS 1.25 1.25 1.25

[00209] Results of cure and cured physical property testing indicate that use of
the functionalized polymer BrPIB (Expt 3) maintains the reduced MOCON Air
Permeability obtained when using a PIB NFP processing aid (Control 2) in place
of the naphthenic processing oil (Control 1) in the tire innerliner formulation. Expt
3 also has higher Mooney scorch and ts2 cure time values compared to that of the
naphthenic processing oil (Control 1), which allows for easier processing in
downstream tire manufacturing steps. Expt 3 also has a lower Shore A hardness,
Modulus, and Tangent Delta heat build-up values that are more similar to that of
the naphthenic processing oil (Control 1) compared to the higher values obtained
when using the PIB NFP (Coﬁtrol 2), see Table 4. Other cure and cured physical

properties are also maintained.
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averlage EilagsshsdksMPn vallue of.1&t Ieastllt)‘hr ed 11.93
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Index to Control Polymer 1.00 0.77 0.81
ARES @60C, 10Hz, 2% Strain
G', MPa 2.80 3.01 3.17
G", MPa 0.48 0.63 0.59
G*, MPa 2.84 3.07 3.22

Tangent delta 0.173 0210 0.187




13 %units. Shore A hardness was neasured at room

tenperature by using a Zwi ck Duromatic. [00204] Oxygen
woeoorwabisi i ty was neasured using a MOCON OxTr arCRuSed05/045507

2/ 61 operating under the principle of dynamc

measur enent of oxygen transp&rt through a thin filmas

publ i shed by Pasternak et al."in 8 JOURNAL OF PCLYMER

SCl ENCE: PART A-2, P 467 (1970). The units of mneasure

i m 2-
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r atbreithtion aﬁoﬁ;@ méihr othiert ubber eqrammdm ingrediants (sge Table 2) by
est.abl i she Purg O nor air hen in
i BB HR AoBibuge o’Flt‘%/ﬁaj BHEE? t‘g? {eﬁepra‘fefs% usi oﬁ&%ds with a
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gi vEMBDLEG: ftan-Branohed Sremebuty Radibey fﬁnﬁéqu e%i orm Bridhs.
perneability. Test specinens wer e circular plates with
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[ 00206]] In SBB 6zbodi fent , 108 he onpo¥Pt i on haleQ "

at 600C¢ QL ,hessat @ 37-5 % 10 § cc-gT m 60
2- day- [T,and conmpositijon can be |used sto neke
any nurg laééé‘l)o&sllt?#% S ”'TBUHC gmbodrrent, | the artigl e

is sel pczeﬁmgpﬂn(;qlsp]r&gom,r, r$g bl ddders—tirle—euri-ae

O OCT I A>3 Ul 1 Ilu

envel opes, PIB, TRE j1aMer lli ners, tirle | ndert utles. and ailr
sl eevey. O hegpmgsef ul |goods that| can be ngde usi ng
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di scl osed WUktqllﬂﬂMﬁANn;DR! L T RUBBER
Stearic acid 1 1 1
Zinc Oxide, Kadox 911 1 1 1
Sulfur 0.5 0.5 0.5
MBTS 1.25 1.25 1.25

[00211] Results of cure and cured physical property testing indicate that use of
BrPIB (Expt 6) maintains the reduced MOCON Air Permeability obtained when
using a PIB NFP processing aid (Control 5) in the tire innerliner formulation
compared to the naphthenic processing oil (Control 4). Expt 3 also has lower
Shore A hardness and Modulus values that are more similar to that of the
naphthenic processing oil (Control 4) compared to the higher values of the PIB
NFP (Control 5), see Table 6. Other cure and cured physical properties are also

maintained.
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Table 5. TABLE 5. Star-Branched Bronobutyl Rubber

I nnerliner Test Fornul ations. [00211] Results of cure
wand7ndéred physi cal property testing indicate PORUSHES/045507

of BrPIB (Expt 6) nmaintains the reduced MOCON Air

Permeabi ity obtai ned when u%}ng a PI B NFP processing

aid (Control 5) in the tire inhnerliner formulation

conpared to the naphthenic processing oil (Control 4).
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wer e prepared as conpar aty anpl es. Formul ati ons

are shown in Table 7. TA L@%Hp

Br om nat ed-i sobut yl ene- co- par a- net hyl st yrene Rubber

| fnerTiner T@O%o@gr mul ations.. [00213] | Resy ts aof cuge
arg—etted—phystcar—property testing T narcate that USE
of_Br P B (e MOX Ui nt ai ns tthe 2 o MOSON-A-+
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valuest-hat By & b3 to—thoserof—the

n i m |l o
91 I al

BrPIB 8
SP-1068 4 4 4
Struktol 40MS 7 7 7
Stearic acid 1 1 1
Zinc Oxide, Kadox 911 1 1 1
Sulfur 0.5 0.5 0.5
MBTS 1.25 1.25 1.25

[00213] Results of cure and cured physical property testing indicate that use of
BrPIB (Expt 9) maintains the reduced MOCON Air Permeability obtained when
using a PIB NFP processing aid (Control 8) in the tire innerliner formulation
compared to the naphthenic processing oil (Control 7). Expt 9 has lower Mooney
viscosity and Mooney scorch values that are more similar to those of the
naphthenic processing oil (Control 7) compared to the higher Mooney viscosity or
lower Mooney scorch values of the PIB NFP (Control 8), see Table 8, which
allows for easier processing of the uncured mixes in downstream tire
manufacturing steps. Expt 9 also has lower Modulus and higher Elongation at

break values that are more similar to those of the naphthenic processing oil
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pr eceding ‘éhcﬁ'ex'ifard\ﬁ‘gs',se' e the al Lpgen pfThe at 533
100% Modulus, MPa 1.512 2.624 2.11
300% Modulus, MPa 4.63 7.62 5.93
Tensile strength, MPa 9.73 12.04 10.97
Elongation at break, % 817 586 704
Energy to break, MPa 13.93 12.84 13.35
MOCON Air Permeability
ceemm/(m2+day*mmHg) 56.2 42.0 42.1
Index to Control Polymer 1.00 0.75 0.75
ARES @60C, 10Hz, 2% Strain
G', MPa 2.77 2.87 3.06
G", MPa 0.37 0.38 0.54
G*, MPa 2.79 2.89 3.11
Tangent delta 0.134 0.131 0.177




| east one halogen is present fromO0.50 nmol %to 2.50

nmol % of hal ogen in the functionalized polyner. 7. The
wonrowassisof any of the preceding cl ai nms, wher ePaTiUS2005/045507

functionalized pol yner conprises C2-Cl2 a-ol efm

derived units. 8. The procesi%of any of the preceding

clains, wherein the functionatized pol yner conprises

CA-Cl1 isoolefin derived units.9. The process of any of

the preceding clainms, wherein the functionalized

p6ILyd¥ conpri ses isobutyl ene derived units. 10. The

process of any of the preceding clains, wherein the

f Wicdt isoclainielest pol ynmer has nol ecul ar wei ght (M) of

from450 to 5,000. 11. The process of any of the

precedi ng cl ains, wherein the functionalized pol yner

has molegiyeads tweiretiice aiVitlas®imdricarbngidbition, thegR0cesd Zomprising

The process of any of the preceding clainms, wherein .

t he fucontaciing iaf dershong ndasteraer ﬁﬁ‘{heéuﬂ’rﬁFesﬁlé‘gg‘F’i§> (‘Wem the

of from900.to 2,500, .13 . - any. :

or ecediPRYCETNg A © %r%s(]ee? natzi g't @ %gﬁﬁcglr?a lllf;egdp (go %ﬁgﬁvmg ot

has a n@isesad Rlogaaicghip. (Mh) of about 1,000. 14. The

process of any of the preceding clainms, wherein the

functionalized pol yner has a nol ecul ar wei ght (M) of

about 15,300, kg 'otf Ub?xppf QfiSin Qhe EN) ef of e ArIR&RGnBthalogen

cl7ai s, rein the furctionalize Solyner has a

mol eculg@supgibghthingMh) of about 2,300. 16. The process

of any of the preceding clains, wherein the at |east

one el astoner conprises a hal ogenated butyl rubber,

option enaihe ' ald36n OF thy 8iMeA®. onk halogen

TE% prg@%%gmgggggaln11%;w%%§?g?%%tﬁg hal ogenat ed butylg

rubber groupisichésintr om about 0.6 to about 2.4 nol % of

I soprene.

4. The process of any of the preceding claims, wherein the halogen of the at
least one halogen is present from 0.10 mol % to 10.00 mol% of halogen in

the functionalized polymer.

5. The process of any of the preceding claims, wherein the halogen of the at
least one halogen is present from 0.25 mol % to 5.00 mol% of halogen in

the functionalized polymer.

6. The process of any of the preceding claims, wherein the halogen of the at
least one halogen is present from 0.50 mol % to 2.50 mol% of halogen in

the functionalized polymer.

7. The process of any of the preceding claims, wherein the functionalized

polymer comprises C2-Ci2 a-olefin derived units.

8. The process of any of the preceding claims, wherein the functionalized

polymer comprises C4-Cyp isoolefin derived units.



18. The process of claim 16, wherein the hal ogenated

butyl rubber conprises fromabout 0.8 to about 2.2
woubewoef1s7 sopr ene. 19. The process of any of cl aCmaIS2005/045507

1- 15, wherein the at |east one el astoner conprises a

star-branched hal ogenat ed bug%l rubber, optionally

hal ogenated with chlorine or "brom ne. 20. The process

of claim 19, wherein the star-branched hal ogenat ed

butyl rubber conprises fromabout 0.6 to about 2.4

nol % of isoprene. 21. The process of claim19, wherein

the staf; I i if QAP Fife@dnalized

f Pom abaCtT DB s Aot s Tt el S et AR e Eh

pr oces pobfmarpmptises isstvsyldnelderivelenidgs.n t he at | east

one el astonmer conprises a hal ogenated random copol yner

of isobutyl ene and net hyl styrene, optionally,

halpoge _nﬁ{eegro%sg horChtly 081l 1R [REcAARNEIRRNS, APherdih @h® TRt Balized

of claim 22, wherein the at |east one hal ogenated
r andom mdpoényime maenpr veight (Moxebirem: 45050 §,080% hal ogen
based upon the total weight of the hal ogenated random
copol ymer. 24. The process of clains 22 or 23, wherein

t g whergl probé@ JHt aryeastheqitecdiaico glaiiad, edhdraindtbenfunctionalized
copol ymer conprises at |east 4.0 w % net hyl styrene,

opt i onapdlymerrhas meclenpias txpight €My o€ Egmuod0ei ght  of
the at | east one hal ogenated random copol ynmer. 25. The
process of clainms 22 or 23, wherein the wherein the at

| epst oTie palcegestaasdof dromBrainp kisires, wharpini the Sumttionalized
| east 9.0 wt % net hyl styrene, opti.qnal |y,

ar a- et PRIYBERhas meoleqylar é@lélﬁéwns I‘i’g%\R@ %qvqtogﬁsqohe at

| east one hal ogenated random copol yner. 26. The

process of clainms 22 or 23, wherein the wherein the at

| epBt Ofke balcogenimdof trdueralin kclames, wherpini the sfungtionalized

0
east 12 0t PATEL ML LYEER (in) of about 1,000

14. The process of any of the preceding claims, wherein the functionalized

polymer has a molecular weight (Mn) of about 1,300.

15.  The process of any of the preceding claims, wherein the functionalized

polymer has a molecular weight (Mn) of about 2,300.

16.  The process of any of the preceding claims, wherein the at least one
elastomer comprises a halogenated butyl rubber, optionally, halogenated

with chlorine or bromine.

17.  The process of claim 16, wherein the halogenated butyl rubber comprises

from about 0.6 to about 2.4 mol% of isoprene.

18.  The process of claim 16, wherein the halogenated butyl rubber comprises

from about 0.8 to about 2.2 mol% of isoprene.



optionally, jrr-nethylstyrene, based upon the wei ght

of the at | east one hal ogenat ed random copol yner. 27.
waénowlasisoner i ¢ conposi tion produced by the preCceas26/045507

any of the preceding clains. 28. The el astoneric

conposition of claim27, wherein the el astoneric

conposition is made with 30 %r or less of the

p{ocesggngmﬁid 29. The elastoneric conposition of

claim erein the elastonerlc co |t|

vv:19h 2 @ heHiroesss 0§ &y ot ¢l ﬁ’éﬂspﬂb‘éeweﬁggé
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claim 27, wherein the el astomeric conposition is made

Mﬁth 5 phr or less of the processing aid. 32. The

RSt OFEel %gpﬁs&lﬁin? N 90fwiRidin Ghe GralbiBncRéd Ihlogenated butyl

mhereln th astoneri c conposition further conprises

nat ur alrubbsplcemptiddR)fron sboprt @rﬁetorabbbte% 4 podye, of isoprene.

styrene-c- but adi ene rubber (SBR), isoprene-c-butadi ene

rubber (1BR), styrene-isoprene-butadi ene rubber

%BR) TIRE PMcEREsH BlRyh EIve wihthbiar the ESiPc)rrbranched halogenated butyl
et hyl ene- propylene di ene rubber (EPDM, m xt ures
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23.  The process of claim 22, wherein the at least one halogenated random
copolymer comprises from 0.1 to 5.0 wt% halogen based upon the total

weight of the halogenated random copolymer.

24.  The process of claims 22 or 23, wherein the wherein the at least one
halogenated random copolymer comprises at least 4.0 wt% methylstyrene,
optionally, para-methylstyrene, based upon the weight of the at least one

halogenated random copolymer.

25.  The process of claims 22 or 23, wherein the wherein the at least one
halogenated random copolymer comprises at least 9.0 wt% methylstyrene,
optionally, para-methylstyrene, based upon the weight of the at least one

halogenated random copolymer.

26.  The process of claims 22 or 23, wherein the wherein the at least one
halogenated random copolymer comprises at least 12.0 wt% methylstyrene,
optionally, para-methylstyrene, based upon the weight of the at least one

halogenated random copolymer.



magadi te, kenyaite, stevensite, vermculite,

hal | oysi te, al um nateoxi des, hydrotalcite, or mxtures
wohe@efis7opti onal |y, treated with nodifyi ng agemus2006)45507
at | east one processing oil selected fromaromatic

oi |, naphthenic oil, paraffn1$ oil, or mxtures

t hereof; d) at Ieast one non-functionalized pol ybut ene
processing aid;.e) at |east one cure package or

wherein the el astoneric conposition has undergone at

Ieast one process to produce a cured conposition; or

h72nYy APl Rdld RN C&gl 8sifon HodiRBd a6yt ithd §ri¥elsiuTeehny of the

fromthe el astomeric orrp05|t|on of "any of clains 27-
33. 35.prddedingrcldimse of claim 34, wherein the article
has a MOCON (as herein defined) of 56.0

cc-nml n2-day-mmHg or less. 36. The article of claim

3%8 SI;H%' réla%@%le‘?%t bﬁr]lnT?oﬁﬁ&q MR 0AS WiRk&h Nthe elastomeric
I ne of 53 cc n2- day- nmHg or 1 ess. 37. The

art i cl eoofposikian ma 1B4de wibkBBiphr ehlessafithe processig140CON
(as herein defined) of 50.0 cc-nmm n2-day-mHg or | ess.
38. The article of claim34, wherein the article has a

MXGON (Bse Rekentrdetbpdsition &5 chimc2mmwikrday thentdswmeric
| ess. 39. The article of any of clains 34-38, mhereln

the ar tdosipesitias inmady wih0indhonlesyRidhkPiPseIIEAHd 65006

or higher. 40. The article of any of clains 34-38,
wherein the article has an Elongation at break val ue
of30/00%1 ds@hesricd Lompbsitian t 6ft Ickaimf 2dnywinkeinl dienslastomeric
34-40, wherein the articl e s sel e%ttﬁd fromthe group
consi st¢qdilif}30§\‘tlopﬁ$1@|a1i"r' Wéhd 0 nbr qplsst & the ProcRssHig Ates

i nnertubes, air

31. The elastomeric composition of claim 27, wherein the elastomeric

composition is made with 5 phr or less of the processing aid.

32.  The elastomeric composition of any of claims 27-31, wherein the
elastomeric composition further comprises natural rubber (NR), isoprene
rubber (IR), styrene-co-butadiene rubber (SBR), isoprene-co-butadiene
rubber (IBR), styrene-isoprene-butadiene rubber (SIBR), -ethylene-
propylene rubber (EP), ethylene-propylene-diene rubber (EPDM), or

mixtures thereof.

33.  The elastomeric composition of any of claims 27-32, the elastomeric
composition optionally comprises:

a) at least one filler selected from calcium carbonate, clay, mica,
silica, silicates, talc, titanium dioxide, starch, wood flower, carbon
black, or mixtures thereof;

b) at least one clay selected from montmorillonite, nontronite,
beidellite, volkonskoite, laponite, hectorite, saponite, sauconite,

magadite, kenyaite, stevensite, vermiculite, halloysite, aluminate



barriers, films, layers (mcrolayers and/or
mul tilayers), treads, and sidewalls.
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oxides, hydrotalcite, or mixtures thereof, optionally, treated with
modifying agents;

c) at least one processing oil selected from aromatic oil, naphthenic
oil, paraffinic oil, or mixtures thereof;

d) at least one non-functionalized polybutene processing aid;

e) at least one cure package or wherein the elastomeric composition

has undergone at least one process to produce a cured composition;

or
f) any combination of a-e.
34.  An article produced from the elastomeric composition of any of claims 27-

33.

35.  The article of claim 34, wherein the article has a MOCON (as herein

defined) of 56.0 cc-mm/m*-day-mmHg or less.

36.  The article of claim 34, wherein the article has a MOCON (as herein
defined) of 53.0 cc-mm/m>-day-mmHg or less.

37 The article of claim 34, wherein the article has a MOCON (as herein

defined) of 50.0 ce-mm/m?-day-mmHg or less.

38, The article of claim 34, wherein the article has a MOCON (as herein
defined) of 45.0 cc-mm/m’-day-mmHg or less.

39.  The article of any of claims 34-38, wherein the article has an Elongation at
break value of 650% or higher.

40.  The article of any of claims 34-38, wherein the article has an Elongation at
break value of 700% or higher.
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41.  The article of any of claims 34-40, wherein the article is selected from the
group consisting of innerliners, bladders, air membranes, innertubes, air
barriers, films, layers (microlayers and/or multilayers), treads, and

sidewalls.



