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P the thé{moplastlc matrix and the dispersed rubber phase
was specified both as a function of the volume fraction
ratio and, independently, to be close to a value of one
in order to produce a high concentration of small
particle size vulcanized rubber particles dispersed in a
thermoplastic phase. EP 969 039 Al further discloses
that small particle size rubber dispersed in a
thermoplastic resin matrix was useful in order to achieve
acceptable durability of the resulting composition,
particularly where such compositions are intended to be
used as innerliners in pneumatic tires. Further
improvements in the technology for producing
thermoplastic elastomer compositions useful for
industrial applications are described by the inventors
herein and others in US Published Applications
2006/0223941 and 2007/0060684, incorporated herein by

reference.
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a thermoplastic elastomer composed of a rubber and a
thermoplastic resin for use as an innerliner or in a
tire; see, Japanese Patent Application No. 8-183683

25 (i.e., JP-A-8-183683), but in general, a flexible
material of the type disclosed therein and having
superior durability has low heat resistance. With a
thermoplastic elastomer using a thermoplastic resin
having a melting point less than the tire wvulcanization

30 temperature as a matrix, when the tire vulcanization
bladder is released at the end of the tire wvulcanization
cycle, the tire inside surface is subject to appearance
defects due to the thermoplastic resin sticking to or
rubbing against the wvulcanization bladder.

35 [0005] Control of the viscosity difference between the
rubber and resin during mixing in order to reduce the

particle size of the dispersed rubber has been reported



rubber and resin during mxing in order to reduce the
particle size of the dispersed rubber has been
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permeation preventive property of N6- or Ne6-nylon.
Further, it was proposed to define volume fraction and
25 melt viscosity using the following equation, defined as

alpha:

(I)d/(l)m nm/nd) <1 O

wherein the volume fractions of the continuous or matrix
phase component and dispersed phase component in the

30 thermoplastic elastomer composition are ¢, and ¢4
respectively, and the melt viscosities of the matrix and
dispersed phase components are M, and Mg respectively, and
further to bring the ratio of viscosities mM./Ng close to 1
to reduce the dispersed rubber particle size domain in

35 order to improve the durability. However, it is reported
in EP 969 039 Al that the durability at low temperatures



to reduce the dispersed rubber particle size domain in
order to inprove the durability. However, it is
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tenperatureswas insufficient by just reducing the
rubber particle size . [0007] Thus the limtations of
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dlspersed particles of at least one first elastomer

comprising halogenated isobutylene-containing elastomer
and dispersed particles of at least one second elastomer
having at least one functional group capable of reacting

25 with and grafting to a polyamide, said particles of said
at least one first and at least one second elastomers
dispersed in a continuous thermoplastic nylon resin
matrix comprising at least one polyamide selected from
the group consisting of nylon homopolymers, and nylon

30 copolymers, said process comprising the steps of: (1)
dispersing, in said halogenated elastomer, at least one
curing agent or cure system suitable for crosslinking
said halogenated elastomer to obtain a pre-compounded
halogenated elastomer composition using shear conditions,

35 mixing time and a temperature sufficient to substantially
uniformly disperse said curing agent or cure system, but

insufficient to cause substantial crosslinking of said
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In a preferred embodiment and in connection with

25 pre-compounding, the pre-compounded halogenated elastomer
is pelletized and the pellets are cooled for convenience
of controlled feeding of the pre-compounded mixture.
[0009] The dynamic vulcanization process is preferably
conducted in a twin-screw mixing extruder under

30 controlled conditions of heat and shear with each of the
elastomer (s) and other components of the composition
introduced into the extruder at positions along the
extruder screw to allow for optimum reaction and
dispersion of the components in the nylon matrix. The

35 first elastomer or rubber is preferably introduced after
plasticization of the nylon component (s) and before

introduction of the second elastomer or rubber. The



introduced into the extruder at positions along the
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elastomer exhibits low-permeability and is preferably a
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polymer such as halogenated isobutylene-containing

25 elastomers and particularly preferred are brominated
elastomers, especially brominated paramethylstyrene-co-
isobutylene polymers; especially preferred are bromobutyl
elastomers exhibiting high content of the structure
illustrated hereinafter below; and also preferred are

30 commercial bromobutyl elastomers, or blends thereof with
one or more of the aforementioned brominated elastomers
with one another or with other polymers.
[0011] As used herein, the new numbering scheme for
the Periodic Table Groups are as disclosed in Chemical

35 and Engineering News, 63(5), 27 (1985). All molecular
weights are weight average unless otherwise noted.

[0012] Throughout the entire specification, including
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amount of any element or combination of elements that
would alter the basic and novel characteristics of the

25 invention. Thus, by way of example and not by way of
limitation, a thermoplastic elastomer composition
produced using a process that did not include dynamic
vulcanization would be excluded.
[0015] Substantially: For purposes of the present

30 invention, unless otherwise defined with respect to a
specific property, characteristic or variable, the term
"substantially" as applied to any criteria, such as a
property, characteristic or variable, means to meet the
stated criteria in such measure such that one skilled in

35 the art would understand that the benefit to be achieved,
or the condition or property value desired is met.

[0016] Polymer may be used to refer to homopolymers,



vul cani zati on woul d be excl uded. [0015] Substantially:
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The tards J3a% B@nﬁiﬁ@&tédﬂoﬁre%aamgﬁ@bié/owetn@ the term
ZO"rUbb ;%@ ) Egosé% 1 r& e&s t%aa saraLfr refers
hydro n grou ich naf b& e?lﬁedsfrgﬁ1a gf%a
by dﬁgppnngp@hgm@r or composition of polymers consistent with
the ASTM D1566 definition. The terms may be used
interchangeably with the term "rubber(s)."
[0021] Alkyl refers to a paraffinic hydrocarbon group
25 which may be derived from an alkane by dropping one or
more hydrogens from the formula, such as, for example, a
methyl group (CH;), or an ethyl group (CHsCH;), etc.
[0022] Aryl refers to a hydrocarbon group that forms a
ring structure characteristic of aromatic compounds such
30 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
35 as, for example, phenyl, or CgHs.
[0023] Substituted refers to at least one hydrogen

group by at least one substituent selected from, for
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L5l SR L 25 DR BHIGIAHAYL . 221 ST Dbyl 2 tuotocthyl,
3- chl proprepylkop 3t brompiopybpy 3; f$a@mgpk@@¢by14-4—
chlororplt % 45 fl opbut | .4 chl one
vl
di brocm)% %Jf orgréélitﬁ L &E drorret Il 2, 2-
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, 3-trifl 4aepReRY 1, i fiuc2oReatgit af2 luoreet Rylor&dichya,
2,3,3-trifluoropropyl, 1,1,2,2-tetrafluoroethyl, and
2,2,3,3-tetrafluoropropyl. Thus, for example, a
25 "substituted styrenic unit" includes p-methylstyrene, p-
ethylstyrene, etc.
[0024] The present invention comprises at least one
halogenated isobutylene-containing rubber. Typically, it
is present in a composition with a thermoplastic resin
30 described hereinbelow, in a weight ratio of rubber to
resin of about 55/45 to 80/20; preferably about 60/40 to
about 75/25; more preferably about 65/35 to about 75/25.
Halogenated rubber is defined as a rubber having at least
about 0.1 mole% halogen, such halogen selected from the
35 group consisting of bromine, chlorine and iodine.
Preferred halogenated rubbers useful in this invention

include halogenated isobutylene-based homopolymers or
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range,d o {0:50 9SSt %iby  Wei 9Mtone embodiment, and 85 to
99.5 wt% in another embodiment. The multiolefin
component is present in the monomer mixture from 30 to

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

30 isobutene, 2-methyl-l-butene, 3-methyl-1l-butene, 2-
methyl-2-butene, 1l-butene, 2-butene, methyl wvinyl ether,
indene, vinyltrimethylsilane, hexene, and 4-methyl-1-
pentene. The multiolefin is a Cs to Cis multiolefin such
as isoprene, butadiene, 2,3-dimethyl-1, 3-butadiene,

35 myrcene, 6, 6-dimethyl-fulvene, hexadiene,
cyclopentadiene, and piperylene, and other monomers such
as disclosed in EP 0 279 456 and U.S. Patent Nos.
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The halogenated butyl rubber typically has a Mooney
Viscosity of about 20 to about 70 (ML 1+8 at 125°C); for

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

30 preferred form of halogenated butyl rubber contains a
high content of the following halogenated structure,
where X represents the halogen and, in a particularly
preferred embodiment, the halogen is bromine;

alternatively the halogen is chlorine:
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as follows: H is rom 34 to 48 dN m, ML is from 11 to

21 dN m (ASTM D2084). Commercial isobutylene polymers
are described in detail by R.N. Webb, T.D. Shaffer and

20 A.H. Tsou, "Commercial Isobutylene Polymers,"
Encyclopedia OF Polymer Science and Technology, 2002,
John Wiley & Sons, incorporated herein by reference.
[0028] Another useful embodiment of halogenated butyl
rubber is halogenated, branched or "star-branched" butyl

25 rubber. These rubbers are described in, for example, EP
0 678 529 B1, U.S. 5,182,333 and 5,071,913, each
incorporated herein by reference. In one embodiment, the
star-branched butyl rubber ("SBB") is a composition
comprising butyl rubber and a polydiene or block

30 copolymer. For purposes of the present invention, the
method of forming the SBB is not a limitation. The
polydienes, block copolymer, or branching agents

(hereinafter "polydienes™), are typically cationically
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and A .H . Tsou, "Commercial |sobutylene Polyners,"
wErwyossapedi a OF Pol yner Sci ence and Technol oggCT/BO0R7/081116

John Wley & Sons, incorporated herein by reference.
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("HSBB") comprises a butyl rubber, either halogenated or
not, and a polydiene or block copolymer, either
halogenated or not. The halogenation process is

25 described in detail in US 4,074,035, 5,071,913,
5,286,804, 5,182,333 and 6,228,978. The present
invention is not limited by the method of forming the
HSBB. The polydiene/block copolymer, or branching agents
(hereinafter "polydienes™), are typically cationically

30 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 HSBB.
The branching agent or polydiene can be any suitable
branching agent, and the invention is not limited by the

35 type of polydiene used to make the HSBB.
[0031] In one embodiment, the HSBB is typically a

composition comprising halogenated butyl rubber as



enbodi nent, the hal ogenated star-branched butyl rubber
("HSBB") conprises a butyl rubber, either hal ogenated
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The halomethylstyrene may be an ortho-, meta-, or para-
alkyl-substituted styrene. In one embodiment, the
halomethylstyrene is a p-halomethylstyrene containing at

25 least 80%, more preferably at least 90% by weight of the
para-isomer. The "halo"™ group can be any halogen,
desirably chlorine or bromine, most preferably bromine.
The copolymer may also include functionalized
interpolymers wherein at least some of the alkyl

30 substituent groups present on the styrene monomer units
contain benzylic halogen or another functional group
described further below. These interpolymers are herein
referred to as "isoolefin copolymers comprising a
halomethylstyrene” or simply "isocolefin copolymer.”™

35 [0034] Preferred isoolefin copolymers can include
monomers selected from the group consisting of

isobutylene or isobutene, 2-methyl-l-butene, 3-methyl-1-
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hal onmet hyl styrene . The hal onet hyl styrene nay be an
ortho-, neta-, or paraal kyl- substituted styrene. In

one enbodi ment, the hal onethylsi{yrene is a

p- hal onet hyl styrene containing at |east 80% nore
preferably at |east 90% by weight of the para-isoner.

The "%e@e'gFﬁ’ﬂﬁt%%ﬂf%‘@U&ﬁ?ehagﬁﬁ%?ﬁnedegi"rbéﬂﬁﬂ?e' methyl

chl ortinegrloretheom nedemmstvipyet etadtlyy ridminee. hdhene, and 4-
copol Ry i ncl t | zed

o oSOl ot S RRer el b ot T Sast sone ot the BPRITeTS "
subst3tifeAt r§Ret SO esEn N Ush I Phet St yr e TReAbREra C: to Cu

suni t smcladitcakeihesayh i £5 hHalopgene proatd ere,f anctionathyl -

grou 2SCri he ur el ow, i-nt.er mer s, are
here?ﬁq52%§ﬁggg?%b %ggﬁ?géo%épi%ﬂ%%%gﬁyﬁg%ggééhpﬁ?égafne'
a haVﬁﬁﬁFﬁV@§?9F%ﬁ%ﬂéﬁKi§ﬂ@§FyleF%odﬁé¥Kﬁh§ép@P9ﬁ@¢¥$ such
[ 0034]s Rrief-ebred isaoh efidascopabynes s Lavd,neckudeq

O 2250 LT e, group Snelaling Ol ne saooterin

103- metdpdelvivetrenes 1 2deratthyrlen2, bueenel stivdsuteeneghlorostyrene,

15

20

25

vi nyl trinmet hy

2'bUtﬁgE%ox@%EP¥én¥jrﬂﬂdéﬂ%h%ﬁd kRIERE derivatives, and
sil ane, hexene, and 4- nethyl-1-pentene
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279456 and U. S. 5,506,316 and 5, 162, 425. Desirabl e
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styrene, mnethyl|styrene, chlorostyrene, nethgxystyrene,
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thereof. [0035] Preferred isoolefin copolyngrs nay be
characteri zed_as S

foll owi ng no
pol ymer chaik

i nt er pol yners contai ni ng
units randonly spaced al t he

wherein R and R' are independently hydrogen, lower alkyl,
preferably C; to C; alkyl and primary or secondary alkyl
halides and X is a functional group such as halogen.
Desirable halogens are chlorine, bromine or combinations
thereof. Preferably R and R' are each hydrogen. The -
CRR;H and -CRR:X groups can be substituted on the styrene
ring in either the ortho, meta, or para positions,
preferably the para position. Up to 60 mole % of the p-
substituted styrene present in the interpolymer structure

may be the functionalized structure (2) above in one



wherein R and Rl are independently hydrogen, |ower

al kyl, preferably Ci to C7 alkyl and primary or
wae@ondary al kyl halides and X is a functi onal PQr/usge07/081116

such as hal ogen. Desirabl e hal ogens are chl ori ne,

brom ne or conbinations thereof. Preferably R and Rl

are each hydrogen. The - CRR H apd - CRRi X groups can

be substituted on the styrene ring in either the
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functlon i zed versi ons theéereo er €l
at om HES P@eRranspt deels iy ergl ei @S arfhyldréisdécer Bi,’/ ester
acr ylf&a&rloﬂatmagayté&lamsd tE@B@I)f Qﬂ@éﬁetl)h thBe88logen atom

|nter}p ner s zitgelter d" % gan ncg rvlic or
20(i sobtityiFEne- 86511 ?r%?%?ciys \rEng) SUEGF ST 5 Rt 88 Yot
(i sobwttyleeng-Léo- @cnétﬂtytcmlwehe}cy" , Tterd amgerpolymers are
comrerGirald ynavahiabl & &1 1%8@u£‘91@ne5>99350methy1styrene) "
El astomsrs gnExxonl\/bbll em catL Corrgar}}/ H%uiton ;
|t "brominated poly(isobutylene-Co-p-met styren , and
are commercially available under the name EXXPRO™
25 Elastomers (ExxonMobil Chemical Company, Houston TX). It
is understood that the use of the terms "halogenated"™ or
"brominated" are not limited to the method of
halogenation of the copolymer, but merely descriptive of
the copolymer which comprises the isobutylene derived
30 units, the p-methylstyrene derived units, and the p-
halomethylstyrene derived units.
[0037] These functionalized polymers preferably have a
substantially homogeneous compositional distribution such
that at least 95% by weight of the polymer has a p-
35 alkylstyrene content within 10% of the average p-
alkylstyrene content of the polymer. More preferred

polymers are also characterized by a narrow molecular
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1 mol% based on the interpolymer. In another embodiment,
the p-halomethylstyrene is p-bromomethylstyrene. The
Mooney Viscosity (1+8, 125°C, ASTM D1646, modified) is
25 about 30 to about 60 Mooney units.
[0039] In another embodiment, the relationship between
the triad fraction of an isocolefin and a p-alkylstyrene
and the mol% of p-alkylstyrene incorporated into the
copolymer is described by the copolymer sequence
30 distribution equation described below and is
characterized by the copolymer sequence distribution
parameter, m.
F=1-{m2a / (1 + ma)}
where: m is the copolymer seguence
35 distribution parameter,
A is the molar ratio of p-alkylstyrene to

isoolefin in the copolymer and,



Mooney Viscosity (1+8, 125°C, ASTM D1646, nodified) is

about 30 to about 60 Mooney units. [0039] In another
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fraction of an isoolefin and a p-al kyl styrene and the
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determlned to be greater than or equal to 0.978,

alternatively, greater than or equal to 0.980,

20 alternatively, greater than or equal to 0.985,
alternatively, greater than or equal to 0.990,
alternatively, greater than or equal to 0.995,
alternatively, greater than or equal to 0.998,

alternatively, greater than or equal to 0.999, as

25 determined by triple detection size exclusion
chromatography (SEC) as described below. Such polymers
are also disclosed in WO 2004058825 and WO 2004058835.
[0042] In another embodiment, the relationship between
the triad fraction of an isocolefin and a multiolefin and

30 the mol% of multiolefin incorporated into the halogenated
rubber copolymer is described by the copolymer sequence
distribution equation below and is characterized by the
copolymer sequence distribution parameter, m.

F=mAa/ (1 + mA)”

35 where: m is the copolymer sequence distribution

parameter,

A is the molar ratio of multiolefin to



alternatively, greater than or equal to 0.995,
alternatively, greater than or equal to 0.998,
w@bkaoenssari vel y, greater than or equal to 0.999PCHEUS2007/081116

determined b y triple detection size exclusion

chromat ogr aphy (SEC) as descri bed bel ow. Such polyners
are al so disclosed in WO 2004058825 and WO 2004058835.
[0042] In another enbodi ment, the rel ationship between
the triad fractlon of an.isoolefin and a multiolefin
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i n WO 004058825 amel-"A0 2002058835, (0044l cpANaRed herpber

enbodi reatbsthhei hal pgenat ed E@B@e&héﬁu yibstanhbal | ¥Yor the
20t o8 Q.1 d.200, ¢hal n o branching. FOr iNe. tnat is
substantially free of long chain branching is defined to
be a polymer for which g'yic.avg. 1is determined to be
greater than or equal to 0.978, alternatively, greater
than or equal to 0.980, alternatively, greater than or
25 equal to 0.985, alternatively, greater than or equal to
0.990, alternatively, greater than or equal to 0.995,
alternatively, greater than or equal to 0.998,
alternatively, greater than or equal to 0.999, as
determined by triple detection SEC as follows. The
30 presence or absence of long chain branching in the
polymers 1is determined using triple detection SEC.
Triple detection SEC is performed on a Waters (Milford,
Massachusetts) 150C chromatograph operated at 40°C
equipped a Precision Detectors (Bellingham,
35 Massachusetts) PD2040 light scattering detector, a
Viscotek (Houston, Texas) Model 150R viscometry detector

and a Waters differential refractive index detector



purposes of this invention, a polynmer that is
substantially free of Iong chain branching is defined

waQ 200be4sa7pol ymer for which g "v s.avg. is det epPCi/nea01/a81116
be greater than or equal to 0.978, alternatively,
greater than or equal to 0.980, alternatively, greater
than or equal to 0.985, alternatpyvely, greater than or
equal to 0.990, alternatively, greater than or equal
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pol w%ﬂ@%’ﬁéh %qlal%@det -0 establish the rel ationship
bet ween tt}q:] intrinsqheeviscosity [h]iinear determ ned
by the vi scorretry det'ector) and the nol ecul ar wei ght
(M w, [&etSdr mi nedrbyettdies K ghtl gcatre ertitrig nget écporjhe
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t he Mar k- Houwi nk equati on.
a is the slope, K the intercept. Significant deviations

from the relationship established for the linear
standards indicate the presence of long chain branching.
Generally, samples which exhibit more significant

25 deviation from the linear relationship contain more
significant long chain branching. The scaling factor g'

also indicates deviations from the determined linear

relationship.
[n] sample — g‘ [n] linear
30 [00406] The value of g' is defined to be less than or

equal to one and greater than or equal to zero. When g'
is equal or nearly equal to one, the polymer is
considered to be linear. When g' is significantly less
than one, the sample is long chain branched. See e.g.
35 E.F. Casassa and G.C. Berry in "Comprehensive Polymer
Science," Vol. 2, (71-120) G. Allen and J.C. Bevington,



[h] I near = KM [0045] Paraneters K and a are

obt ai ned fromthe double-logarithmc plot of intrinsic
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following:
a) polyamide resins: nylon 6 (N6), nylon 66 (N66),
nylon 46 (N46), nylon 11 (N11), nylon 12 (N12), nylon 610
(N610), nylon 612 (Ne6l2), nylon 6/66 copolymer (N6/66),
25 nylon 6/66/610 (N6/66/610), nylon MXD6 (MXD6), nylon 6T
(N6T), nylon 6/6T copolymer, nylon 66/PP copolymer, nylon
66/PPS copolymer;
b) polyester resins: polybutylene terephthalate
(PBT), polyethylene terephthalate (PET), polyethylene
30 isophthalate (PEI), PET/PEI copolymer, polyacrylate
(PAR), polybutylene naphthalate (PBN), liquid crystal
polyester, polyoxalkylene diimide diacid/polybutyrate
terephthalate copolymer and other aromatic polyesters;
c) polynitrile resins: polyacrylonitrile (PAN),
35 polymethacrylonitrile, acrylonitrile-styrene copolymers

(AS), methacrylonitrile-styrene copolymers,
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polyphenylene oxide and polyphenylene sulfide;

3

styrene-maleic anhydride;

3

aromatic polyketones; and

)
)
)
)

@]

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

25 or exemplified engineering resins within each of a)
through n) inclusive.
[0049] For purposes of the present invention, this
definition of engineering resin excludes polymers of
olefins, such as polyethylene and polypropylene.

30 [0050] Preferred engineering resins include polyamide
resins and mixtures thereof; particularly preferred
resins include Nylon 6, Nylon 6/66 copolymer, Nylon 11,
Nylon 12, Nylon 610, Nylon 612 and their blends.
According to an alternative preferred embodiment of the

35 present invention, the thermoplastic elastomer
composition may be formulated using a thermoplastic resin

component where the nylon resin component comprises



h ) polyimde resins: aromatic polyimdes); i )

pol ysul fones; j ) polyacetals; k ) polyactones; 1)
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styrene-mal ei ¢ anhydride; n ) aromatic pol yketones;

and o ) mxtures of any and all of a ) through n)

inclusive as well as m xtures_ofszany of the

illustrative or exenplified engineering resins within
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and theidpbduydrabesoic HOhore preferably at least about 80

20 mole % to about 100 mole %. Useful high diene monomer
rubbers include homopolymers and copolymers of olefins or
isoolefins and multiolefins, or homopolymers of
multiolefins. These are well known and are described in
Rubber Technology, 179-374 (Maurice Morton ed., Chapman &

25 Hall 1995), and The Vanderbilt Rubber Handbook 22-80
(Robert F. Ohm ed., R.T. Vanderbilt Co., Inc. 1990).
Generally, other optional rubbers useful in the present
invention include, for example natural rubber (NR),
isoprene rubber (IR), epoxylated natural rubber, styrene

30 butadiene rubber (SBR), polybutadiene rubber (BR)
(including high cis BR and low cis BR), nitrile butadiene
rubber (NBR), hydrogenated NBR, hydrogenated SBR, olefin
rubbers (for example, ethylene propylene rubbers
(including both EPDM and EPM), maleic acid-modified

35 ethylene propylene rubbers (M-EPM), butyl rubber (IIR),
isobutylene and aromatic vinyl or diene monomer

copolymers, acrylic rubbers (ACM), ionomers, other



di ene content rubbers or elastonmers are also referred
to as high diene nononer rubber. It is typically a
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20

compatibilizing ingredient may be useful for the purposes

25 of enhancing compatibility of these polymers.
Furthermore, without wishing to be bound by theory, the
fine rubber dispersions obtained in the compositions of
the present invention may be the result, in part, of
chemical reaction(s) between, e.g., benzylic bromine

30 present in BIMS, or allylic halogen in halogenated butyl,
and terminal amines in polyamides at the phase boundary
between the dispersed rubber particles and the
thermoplastic formed during mixing and potentially by
modifying, in particular reducing, the surface tension

35 between the rubber and resin components.. The occurrence
of interfacial reactions during blending and simultaneous

reaction of two immiscible polymers can help to avoid



phosphagen rubbers) , thernoplastic elastoners (for

exanpl e, styrene-containing elastoners, olefin
web@snerer s, ester el astoners, urethane el ast oOPEF/ES2007/081116

pol yam de el astoners), and their m xtures. [0052]
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Concefgdfgédoﬁbdulus or softness of the secondary rubber at

operating or use temperatures of products containing such

rubbers, for example, tire innerliners, of about -20 °C or
25 less. Suitable functionality includes maleic anhydride,
acyllactam, or others that can readily react with amine
functionality present in polyamides. The presence of
chemically reactive functionality in such rubbers further
promotes reactive compatibilization between the secondary
30 rubber and polyamide leading to a small particle size
dispersion of the rubber in the polyamide matrix, the
particles exhibiting an average particle size of about
1 micron or less; preferably less than about 0.5 micron.
The use of such a secondary rubber is disclosed in
35 PCT/US2006/011002, filed March 24, 2006 and incorporated
herein by reference. The secondary rubber, dispersed in

the polyamide matrix in the form of small particles, as
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0.1 micrgg to about 0.75 micron; or about 0.1 micron to

20

about 0.5 micron.

25 [0055] Secondary polymers that function as
compatibilizers can include ethylenically unsaturated
nitrile-conjugated diene-based high saturation copolymer
rubbers (HNBR), epoxylated natural rubbers (ENR), NBR,
hydrin rubbers, acryl rubbers and mixtures thereof.

30 Other compatibilizers include copolymers such as those
having the structure of both or one of the thermoplastic
resin and rubber polymer or a structure of a copolymer
having an epoxy group, carbonyl group, halogen group,
amine group, maleated group, oxazoline group, hydroxy

35 group, etc. capable of reacting with the thermoplastic
resin or rubber polymer. The secondary rubber can be

selected based upon the type of the thermoplastic resin
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halogenated hydrocarbons, and unsaturated halogenated
hydrocarbons may also be used. Examples of particularly
25 preferred functional groups include, but are not limited,
to maleic anhydride, citraconic anhydride, 2-methyl
maleic anhydride, 2-chloromaleic anhydride, 2,3-
dimethylmaleic anhydride, bicyclo[2,2,1]-5-heptene-2, 3-
dicarboxylic anhydride, and 4-methyl-4-cyclohexene-1,2-
30 dicarboxylic anhydride, acrylic acid, methacrylic acid,
maleic acid, fumaric acid, itaconic acid, citraconic
acid, mesaconic acid, crotonic acid, bicyclo(2.2.2)oct-5-
ene-2,3-dicarboxylic acid anhydride, 1,2,3,4,5,8,9,10-
octahydronaphthalene-2, 3-dicarboxylic acid anhydride, 2-
35 oxa-1,3-diketospiro(4.4)non-7-ene, bicyclo(2.2.1)hept-5-
ene-2,3-dicarboxylic acid anhydride, maleopimaric acid,

tetrahydrophtalic anhydride, norborn-5-ene-2, 3-
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hept - ne-2, 3- dicar
) P v1ny acetate. Pre eré%ly such ethylene polymers are

modified with maleic acid or maleic anhydride. Another
25 class of particularly preferred polymers include polymers
of propylene copolymerized with one or more of ethylene,
butene, pentene, hexane, heptene, octane, nonene-decene,
undecene, dodecene, methyl acrylate, ethyl acrylate,
butyl acrylate, pentyl acrylate, hexyl acrylate, octyl
30 acrylate, acrylic acid, methacrylic acid, ethacrylic
acid, but acrylic acid, or vinyl acetate. Preferably
such propylene polymers are modified with maleic acid or
maleic anhydride.
[0059] Another class of particularly preferred
35 polymers include polymers of a C4 to C7 isoolefin (such
as isobutylene) copolymerized with one or more of

isoprene, isobutylene. Preferably such isobutylene



acid anhydride (XMNA) . [0057] In a preferred
enbodi nent, the polyner to be functionalized is
wQ ebHed72v t h mal ei ¢ anhydride so the nal ei ¢ aPdily/tig1008081116
is covalently bonded to the backbone pol ynmer chain of
t he polyner. The anhydride functionality grafted onto
the polymer may remain as an anhydride, may be
oxi di zed into acid functional groups, and/or may be
further reacted by processes known in the art to
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mal eirelymer may comprise about 0.1 to about 10 wt% maleic

20,

anhydride; preferably about 0.25 to about 5 wt%; more
preferably about 0.5 to about 4 wt%; still more
preferably about 0.75 to about 3.5 wt%; such as about 1.5

25 to about 2.5 wt% of maleic anhydride. Various techniques
may be used to characterize the functionalized polymers,
some of which are described in "Structure
Characterization, The Science and Technology of
Elastomers,™ F. Eirich, editor, Academic Press 1978,

30 Chapter 3 by G. Ver Strate, which is incorporated by
reference. The functional group content of the grafted
polymer may be determined by Fourier Transform Infrared
(FTIR) spectroscopy based on a calibration with standards
whose absolute functional group content has been

35 determined.

[0061] By having another rubber, the overall rubber

content, counting both BIMS rubber and at least one



anhydride. Particularly preferred functionalized

pol ynmer include nmal eated copol yners of isobutyl ene and
W0 20poedz2 nal eat ed copol ynmers of i sobutyl ene BEIIUS2007/081116

par amet hyl styrne, nal eated hal obutyl type copol yners,

mal eat ed SBB type copol yners and nal eated BI M5 type

copol yners. Various nethods aresknown in the art that

may be used for functionalizing polyners. These

include, but are not limted to, selective oxidatio
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preferably about t o .about w% still nore

pr ef et'roabﬁ‘%g)séﬁaﬁ%abl‘—??sa‘fooldaﬁéuPr%V%nwjo)ss SGehesseabout This
1.5 tﬂsgbﬂﬁtcﬁlérmygémﬁe reelnekec tahyardder yWanbbes is
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functlonallze mers, SOnNe o are descri
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b CH R or ST Bt EF ol S Y P URCtFonar”
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2opases, 90, RERLLECAL LoD ML, andrgs, dhese BHEELY S cne
secondary rubber to the extruder mixer is feasible during
extrusion mixing; the secondary rubber preferably is
provided in pellet form. Furthermore, since most
functionalized rubbers, such as maleated ethylene
25 copolymer rubbers and maleic anhydride grafted rubbers,
are fairly permeable, it is desirable to keep the
secondary rubber concentration low, typically less than
about 20 wt %; preferably about 1 wt % to about 20 wt %;
more preferably about 1 wt% to about 10 wt % or less,
30 based on the total weight of the overall composition.
The amount of the secondary, functionalized
compatibilizer rubber blended is typically less than
about 20 wt3%; preferably less than about 10 wt%;
generally about 0.5 wt% to about 20 wt%; for example
35 about 5 wt% to about 15 wt%; such as about 7.5 wt3 to
about 12.5 wts.

[0062] With reference to the polymers and/or



[00 61] By having another rubber, the overall rubber

content, counting both BI M5 rubber and at | east
wo@owseeamndary rubber, can be increased in the PCT/US2007/081116
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than ahout 10t additional crosslinks.

[0063] Generally, polymer compositions, e.g., those
used to produce tires, are crosslinked in the finished tire
25 product. Crosslinking or wvulcanization is accomplished by
incorporation of curing agents and/or accelerators; the
overall mixture of such agents being typically referred to
as a cure "system." It is known that the physical
properties, performance characteristics, and durability of
30 vulcanized rubber compounds are directly related to the
number (crosslink density) and types of crosslinks formed
during the vulcanization reaction. (See, e.qg., Helt et
al., The Post Vulcanization Stabilization for NR, Rubber
World 18-23 (1991). Curing agents include those components
35 described above that facilitate or influence the cure of
elastomers, and generally include metals, metal oxides,

accelerators, sulfur, peroxides, and other agents common in



generally about 0.5 wt% to about 20 wt% for exanple
about 5 wt%to about 15 W% such as about 7.5 wt%to
W@bwon4sh22 . 5 Wt % [0062] Wth reference to theP@hUyIveT/681116

and/ orel astoners referred to herein, the terns "cured,
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satisfactorily, sufficiently or supstantial [y cured,
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fornfgpmp031tlon is known in the art as a "dynamically
vulcanized alloy"” or DVA. Typically, dynamic
vulcanization is effected by mixing the ingredients at a
temperature which is at or above the curing temperature

25 of the rubber, and at or above the melting temperature of

the resin, using equipment such as roll mills, Banbury®
mixers, continuous mixers, kneaders, or mixing extruders
(such as twin screw extruders). The unique
characteristic of the dynamically wvulcanized or cured

30 composition is that, notwithstanding the fact that the
rubber is cured the composition can be processed and
reprocessed by conventional thermoplastic processing
techniques such as extrusion, injection molding,
compression molding, etc. Scrap and/or flashing can also

35 be salvaged and reprocessed. In a typical dynamic
vulcanization process, curative addition is altered so as

to substantially simultaneously mix and vulcanize, or



during the vul cani zation reaction. (See, e.g., Helt et
al ., The Post Vul canization Stabilization for NR
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VU|C%£%i%% 92'&&&?%@0ause typically more than one curing agent
is employed for beneficial effects, particularly where a
25 mixture of high diene rubber and a less reactive elastomer
is used. Furthermore, the properties of the cure system
can be adapted to the mixing process so that the conditions
of the invention can be met. For example, to determine the
cure response of the particular rubber(s) present in a
30 composition, the rubber(s) and cure system can be combined
by means known to those skilled in the art, e.g., on a two-
roll mill, Banbury mixer or mixing extruder. A sample of
the mixture, often referred to as the "accelerated"”
compound, can be cured under static conditions, such as in
35 the form of a thin sheet using a mold that is subjected to
heat and pressure in a press. Samples of the accelerated,

thin sheets, cured for progressively longer times and/or at



conposition is that, notw thstanding the fact that the
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condlﬁ %ﬂ? ate of cure of suc ubber will exceed 50% of
maximum cure. Since the second rubber can also comprise
25 a vulcanizable rubber, where such second rubber is
vulcanized, for example according to dynamic
vulcanization technology as described herein, it too
typically will be cured to at least 50% of the maximum
state of cure of which it is capable based on its
30 curative or cure system and the time and temperature at
which it is processed. Alternatively, as discussed
herein, such second rubber can also be grafted, linked
and/or associated with the polyamide resin, with or
without the use of curatives, so that its state of cure
35 is not a limitation, provided that it is sufficiently
dispersed in a small enough particle size so as to

provide the properties desired for the use to which the



of the invention can be nmet. For exanple, to determne
the cure response of the particul ar rubber (s) present
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wher e su%p second rubber is
at circumstance, if the engineering resin would

itself wvulcanize or crosslink, it would result in an

25 excessively cured, non-thermoplastic composition.
Suitable curative systems for the elastomeric halogenated
copolymer component of the present invention include zinc
oxide in combination with zinc stearate or stearic acid
and, optionally, one or more of the following

30 accelerators or vulcanizing agents: Permalux, the di-
ortho-tolylguanidine salt of dicatechol borate; HVA-2, m-
phenylene bis maleimide; Zisnet, 2,4,6-trimercapto-5-
triazine; ZDEDC, zinc diethyl dithiocarbamate and also
including for the purposes of the present invention,

35 other dithiocarbamates; Tetrone A, dipentamethylene
thiuram hexasulfide; Vultac 5, alkylated phenol
disulfide, SP1045, phenol formaldehyde resin; SP1056,



vul cani zed, for exanple according to dynam c
vul cani zati on technol ogy as described herein, it too
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state of cure of which it is capable based on its

curative or cure systemand the tine and tenperature

at which it is processed. Alterpatively, as discussed
herein, such second rubber can also be grafted, |inked
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that gidqunretanesss),f nkhenengineerh ng-resim owaukde disodium
salt dihydrate, 2-(morpholinothio) benzothiazole (MBS or
MOR), compositions of 90% MOR and 10% MBTS (MOR 90), N-

5 tertiarybutyl-2-benzothiazole sulfenamide (TBBS), and N-

@)l

oxydiethylene thiocarbamyl-N-oxydiethylene sulfonamide
(OTOS), zinc 2-ethyl hexancate (ZEH), N, N'-diethyl
thiourea. Curatives, accelerators and the cure systems of

which they are a part that are useful with one or more

30 crosslinkable polymers are well-known in the art.

[0069] The cure system can be dispersed in a suitable
concentration into the rubber component, the rubber
component optionally containing one or more filler,

extender and/or plasticizer by, e.g., mixing the rubber and

35 the cure system components in a process step prior to

addition of the rubber-containing composition to the

thermoplastic using any mixing equipment commonly used in



itself vulcanize or crosslink, it would result in an

excessively cured, non-thernoplastic conposition.
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hal ogenat ed copol yner conponent of the present
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stearate or stearic acid and, _optionally, one or nore

of the follow ng accelerators or vul cani zi ng agents:
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[0071] Useful combinations of curatives, cure modifiers
and accelerators can be illustrated as follows: As a
25 general rubber vulcanization agent, e.g., a sulfur
vulcanization agent, powdered sulfur, precipitated
sulfur, high dispersion sulfur, surface-treated sulfur,
insoluble sulfur, dimorpholinedisulfide,
alkylphenoldisulfide, and mixtures thereof. Such
30 compounds may be used in an amount of about 0.5 phr to
about 4 phr (parts by weight per 100 parts by weight of
the elastomer component). Alternatively, where the use
of such a material is feasible in view of other polymer
and resin components present an organic peroxide
35 vulcanization agent, benzoylperoxide, t-
butylhydroperoxide, 2,4-dichlorobenzoylperoxide, 2,5-
dimethyl-2, 5-di (t-butylperoxy)hexane, 2,5-dimethylhexane-



di sul fide (MBTS), hexanethyl ene-1, 6-bisthiosulfate

di sodium salt di hydrate, 2- (norpholinothio)
wWhengetddrnzol e (MBS or MOR), conpositions of 9POb/NER07/081116

and 10% MBTS (MOR 90), Ntertiarybutyl- 2-benzothiazole

sul fenam de (TBBS) , and Noxydi et hyl ene

t hi ocar banyl - N- oxydi et hyl ene suggonam' de (Orcs), zinc

2-ethyl hexanoate (ZEH), N, "-diethyl thiourea.
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mixtures thereof, for example, in an amounts of about
0.1 phr to about 5 phr or more.

25 [0072] The preferred polymer components comprise
halogenated isobutylene-containing copolymers as the
vulcanizable component(s), e.g., halogenated butyl such
as chlorinated butyl or brominated butyl, and brominated
isobutylene-p-methylstyrene copolymer (BIMS copolymer),

30 and a thermoplastic polymer such as nylon or a blend of
various nylon polymers. It is particularly preferred
that the dynamically vulcanized compositions of the
present invention comprise the halogenated rubber
component (s) in the form of dispersed, substantially

35 fully cured, small particles in a continuous matrix of
thermoplastic. The dynamically vulcanized halogenated

rubber component is preferably dispersed in the polyamide
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phr. [0071] Useful conbinations of curatives, cure

nodi fiers and accelerators can be illustrated as

follows : A s a general rubber wglcanization agent,
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black, acetylene black, lamp black, modified carbon black
25 such as silica treated or silica coated carbon black
(described, for example, in U.S. Patent No. 5,916,934,
incorporated herein by reference), and the like.
Reinforcing grade carbon black is preferred. The filler
may also include other reinforcing or non-reinforcing
30 materials such as silica, clay, calcium carbonate, talc,
titanium dioxide and the like. The filler may be present
at a level of from 0 to about 30 percent by weight of the

rubber present in the composition.

[0075] Exfoliated, intercalated, or dispersed clays
35 may also be present in the composition. These clays,
also referred to as "nanoclays", are well known, and

their identity, methods of preparation and blending with



m xtures thereof. Further, if desired or necessary,
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t hi azol e, sulfenam de, thiuram dithio acid salt,

thiurea, and m xtures thereof, fgr-exanple, in an

anounts of about 0.1 phr to about 5 phr or nore.

[0072] The preferred mer conponents conprise

hal oguHitEd S SObUt 31 BT Lart af AF ng CBpey ey €000 1HETS:

vul cari zdlsloe 0e6aponentl ()0 643e. DE, 1 had aydnatiedsbus§do; and

such s CgJa%heaﬁgg butad, % br@%ﬁ‘f‘tﬁ% but yho, §§‘§', o3

bromi nat'ed i sobut yT ene- -mst yl styrehe Ccopdl
copol 3rmrErdy 523and5‘éejt)r?é?]ﬁo&|a§§¥?€ POty it egié a§uh§ﬂ‘k@ﬁ9 for

50r a tbieerpﬂlr@bs&arwu&mylp@@spatyW@tﬂdn Ii%iclude natural or

partig 51}%{ tXCDFE{gﬁIé? té?ﬁtest,h {‘&E‘ia% rgp%mké%gﬁnéfaefs

conpaosi ons 0] resent Ion Cco
hal ogeiit ¢ m@bb@@r%b]rﬁjéﬁ@nt neé}cr@rmlitehe Hegomlbite,
di speFsiethnskdhstant d@dd iyt o, ulhbyt@gw@ SRl tpAr th et &Site,

t t f t I . Th
ynariRAITY oul GART ZER1 FAFBGONALBa TG ‘cofpoRBrt=s 2°
10pr ef ereabliyudiisper sedl 4 ysittive pébyamid@rrathdeﬁ,i hythetalcite

formofg sl |119é” '@}11@5% rl%‘{/'eBgdaBlﬁj}’@rg%gl%rB@fLE/' Qérﬁprlse
size of about 0.1 nmicron to_about nmcr.o

exanpl¥ Aot 615 T116116h 2 §L4BoNt 0. 55 Sml&.caﬁe gatelets
abouthdzihgmiactbnckoe @boutoi@ablpi ghon: Pardt iebbetsk@ke in one

can beg?k%%ﬁ?nrWt”egn@yak!@é“%d%ov‘@%&ugnﬂ’ﬂ‘ ' aEB%hé‘%t and
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referer{]C la{”%m%{’ﬁgg o pur poses of the present

i nvention, conponent is also referred to as a
| owe gk%ﬂﬁ ng effverehcylagl asvoher iamraHétedcondaryfoliated
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met hogh fiQiteBasyii Ahle swelling agents include cationic

surfactants such as ammonium, alkylamines or
alkylammonium (primary, secondary, tertiary and

25 quaternary), phosphonium or sulfonium derivatives of
aliphatic, aromatic or arylaliphatic amines, phosphines
and sulfides. Desirable amine compounds (or the
corresponding ammonium ion) are those with the structure
R1R;R3N, wherein R;, R, and R; are C; to Csp alkyls or

30 alkenes which may be the same or different. In one
embodiment, the exfoliating agent is a so-called long
chain tertiary amine, wherein at least R; is a Cip to Cy

alkyl or alkene.

[0077] Another class of swelling agents include those
35 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



the performance of the polyners are described further

bel ow. [0074] The conpositions described herein may
whaone/o¢sde2 or nore filler conponents such as cakPCi/uga007/081116

carbonate, clay, mca, silica and silicates, talc,

titani um di oxi de, starch and other organic fillers

such as wood flour, and carbon pf{ack. Suitable filler

materi al s i nclude carbon black such as channel bl ack,

furnace bl ack, therpal bl ack, acetylene black, |anp
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for t pur poses 0% t he present i nvention include
5naturQﬂl%ﬁun§§ﬁPﬁ%%|%?Rﬁﬁﬂq505|P?ééf%%#e;ﬁQQHtéM?§r+?01Ude
SnECtldhngﬁﬁSnSU@htf&kynEMim@EIEh@mléﬁéN NBHA e Bhi &5

bei deéclt dd 8 ‘i%kggs‘ﬁ@'ﬁ 31 C%BE%Q fimg‘i%(:to“ L,
saponi gu 8 evénS| te

and tcﬁél&iqu@éené*ée@vewl]a%*’a\léiﬁ/ﬁriﬁaﬂilﬁeamm logsite, like, and

al um Mrﬁs—@ékﬁ@ﬁat@&’%&ﬂﬁ' cGirb8yandrd gl ilkeg-These thiol
Iayered %#;%SPQ nera conprise, part cles taln LN

a pl ut'a ?F?céfémﬁpgtefg?s %avfﬁﬁmgtg Kit ERpegedtum
typuc@HHQﬁuéﬁeue 4 I abouer2epopiingiet of the invention,

improved interpolymer impermeability is achieved by the

20

use of polyfunctional curatives such as hexamethylene
bis(sodium thiosulfate) and hexamethylene

25 bis (cinnamaldehyde) .
[0079] The amount of exfoliated, intercalated, or
dispersed clay incorporated in the composition in
accordance with this invention is an amount sufficient to
develop an improvement in the mechanical properties or

30 barrier properties of the composition, e.g. tensile
strength or air/oxygen permeability. Amounts typically
can be from about 0.5 to about 15 wt% in one embodiment,
or about 1 to about 10 wt% in another embodiment, and
about 1 to about 5 wt% in yet another embodiment, based

35 on the polymer content of the composition. Expressed in
parts per hundred rubber, the exfoliated, intercalated,

or dispersed clay may be present at about 1 to about 30



enbodi nent, and about 8 to about 12A in anot her

enbodi nent, bound toget her and contai ni ng exchangeabl e
w@apo#a7such as Na+, Ca+2, K+ or My+2 presentPE/US1087/081116

interlayer surfaces. [0076] Layered clay may be

intercal ated and exfoliated by treatnment with organic

nol ecul es (swelling agents) capaple of undergoing ion

exchange reactions with the cations present at the

interlayer surfaces of the |layered silicate. Suitable
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4,810, 734, 4,889,885 and W02/ 02582. [0078] In a

pref,rrb erbodi-rent—of—t he in”ention, the—extoHating
or swelli n;prgggg yl s conbi n%];pqur!'? a inimum Max1mum
API gravity at 60 °F 15-30 10 35
(15.5 °C)
Flash Point, (open 330-450 300 700
cup method)°F (°C) (165-232 °C) (148 °C) (371 °C)
Pour Point, °F (°C) 30 to +30 -35 00
(-34 to -1 °C) (=37 °C) (15 °C)
SSU @ 100 °F (38 °C) 100-7,000 50 20,000
20
[0081] Generally, the process o0il may be selected from
paraffinic oils, aromatic oils, naphthenic oils, and
polybutene oils. Polybutene process oil is a low
molecular weight (less than 15,000 Mn) homopolymer or
25 copolymer of olefin-derived units having from about 3 to

about 8 carbon atoms, more preferably about 4 to about 6
carbon atoms. In another embodiment, the polybutene oil
is a homopolymer or copolymer of a C4, raffinate. Low
molecular weight "polybutene” polymers is described in,

30 for example, Synthetic Lubricants and High-Performance



hal ogenat ed pol yner. In one enbodi nent, the agent

i ncludes all primary, secondary and tertiary am nes
waeopssagphi nes; al kyl and aryl sul fides and tPEDUS2007/081116

and their polyfunctional versions. Desirable additives

i nclude: long-chain tertiary am nes such as N

, N-di met hyl oct adecyl am ne, N _ 43 -
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enbodi nent, the exfoli atl ng clay is an

al ky|#fitre JeRtoll F%E\A%L cl ay00) [oozf}“éii]e RremyRe e {C6/6)
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20l MPT QY& 16 nBr 886v§1§+{}9e10fth'é'§ef89['pﬂ§éé QR dyLkBg, s
prepiafggé?lngc, naphthenlc or aromatic hydrocarbonaceous

process oils. The type of process oil utilized will be
that customarily used in conjunction with a type of
elastomer component and a skilled rubber chemist will

25 recognize which type of o0il should be utilized with a
particular rubber in a particular application. For a
thermoplastic elastomer composition the oil may be
present at a level of 0 to about 20 wt % of the total
composition; preferably o0il is not included in order to

30 maximize impermeability of the composition.
[0083] Minimizing the viscosity differential between
the rubber or BIMS component and thermoplastic or nylon
components during mixing and/or processing enhances
uniform mixing and fine blend morphology, in other words

35 small, dispersed particles of vulcanized rubber, that



m xi ng, cal endering, etc. Suitable plasticizer oils,
particularly for the el astoner conponent (s) , include
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hydrocarbon pl asticizer oils for use in
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consequence of the use of lower molecular weight nylons,

25 and/or higher permeability as a consequence of the use of

a typical nylon plasticizer, depending on the amount and
type of plasticizer used.
[0084] An alternative approach to lowering the
viscosity of the Nylon phase, described in WO 2007050076,
30 published May 3, 2007, incorporated herein by reference,
is based on the use of low molecular weight polyamide
polymers as plasticizers. In this way, it is possible to
use medium and high molecular weight Nylons and thus
maintain mechanical properties of the resulting

35 vulcanized BIMS and Nylon dynamically wvulcanized blends

and furthermore, since low molecular weight polyamides

exhibit relatively low permeability, the resulting



for PARAPCL" oils ranges from about 40 for the 450 M
process oil, to about 8 for the 2700 Mh process oil.
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190 °C; and about O 4 Pa-s to about 15 Pa-s measured at
200 °C; as well as Uni-Rez grades 2611-2722 and

specifically including grades 2614 having a viscosity of

about 1.1, grade 2633 having a viscosity of about 4.3 and

25 grade 2653 having a viscosity of about 7.5, all measured
at 200 °cC.
[0085] In addition, plasticizers such as organic

esters and other synthetic plasticizers can be used. A
particularly preferred plasticizer for use in a DVA

30 composition is N-butylsulfonamide or other plasticizers
suitable for polyamides. Nylon plasticizers include, but
are not limited to, lactams such as caprolactam and
lauryl lactam; and sulfonamides, such as o,p-toluene
sulfonamide, n-ethyl o,p-toluene sulfonamide,

35 trimellitates, phthalates, adipates, phosphates, and

glycolates. Other plasticizers include those disclosed



phase viscosity match or approach that of the BIM

pol ymer phase can inprove the di spersed particle size
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and Nyl on bl ends, such as disclosed in EP857761A1 and
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plasticizers comprise a preferred class of plasticizers
for polyamides, including for example, N-butyl
benzylsulfonamide, N-cyclohexyl-p-toluenesulfonamide,

25 o,p-toluenesulfonamide, N-ethyl-o,p-toluenesulfonamide
and N-ethyl-o-toluenesulfonamide. In another embodiment,
rubber process o0ils such as naphthenic, aromatic or
paraffinic extender oils may be present at about 1 to about
5 phr. In still another embodiment, naphthenic, aliphatic,

30 paraffinic and other aromatic oils are substantially absent
from the composition. By "substantially absent", it is
meant that naphthenic, aliphatic, paraffinic and other
aromatic oils may be present, if at all, to an extent no
greater than 2 phr in the composition.

35 [0086] The degree of cure of the vulcanized rubber can
be described in terms of gel content, cross-link density,

the amount of extractable components or it can be based



preferably about 0.2 to about 10 Pa-s. Suitable
products are commercially available covering the full
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25 polyamide to the extent necessary to maintain their
stability, i.e., to avoid coalescence of such particles
at the completion of mixing the composition. A suitable
range of dynamic vulcanization temperatures is typically
from about the melting temperature of the resin(s) to
30 less than about 300 °C; for example, the temperature may
range from about the melting temperature of the matrix
resin(s) to about 275 °C; preferably about 230 °C to about
265 °C; alternatively, about 235 °C to about 260 °C; such
as about 240 °C to about 260 °C; for example, about 230 °C

35 to about 250 °C. Alternatively, dynamic vulcanization can

be carried out at a temperature range from about 10 °C to
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temperatures appropriate for mixing and dispersion of the
second elastomer and for delivery of the mixed
composition from the mixing extruder, for example about
190 °C to about 220 °C. These temperatures are for
purposes of exemplification only since specific values
can be selected based on the particular polyamide type(s)
and grade(s), the particular cure system used to
dynamically vulcanize the BIMS, or other halogenated
isobutylene-containing, component as well as the specific
type of second rubber, its activity and whether it is
dynamically vulcanized or dispersed without dynamic
vulcanization.

[0089] In one embodiment of the present invention, the
necessary or suitable amount of crosslinking agent(s) or

cure system is dispersed in the elastomer component (s) by



present invention, the foll ow ng paragraphs describe

the efficient and novel nethods for producing such
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carried out in various types of conmmercial equipnent

generally available in the rubber and plastics

i ndustry including Banbury(r)_ipternal m xers, rol

m xers, and m xi ng extruders. A preferred m xing
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accelerator is used, until a substantially uniform
dispersion is obtained. At this time, the elastomer

25 component may have added thereto, if desired, suitable
amounts of optional fillers such as carbon black or
modified carbon black, clay or modified clay oil and/or
plasticizer. As noted above, during this phase of mixing
the temperature is controlled at a low enough level for

30 the particular elastomer(s) selected and in consideration
of the activity of the cure system, to effectively
disperse the rubber phase components and to avoid
premature crosslinking of the elastomers. A useful
temperature during the mixing step for dispersing the

35 curatives or cure system can be less than about 120 °C.
[0091] Having several components present in the

thermoplastic elastomer composition, including one or



mel ting, m xing, dispersing and curing of the
conponents that are fed upstreamor wthin each
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sections can be elevated in order to pronote heating,
mel ting and di spersion of the polyamde (s) , and
pol yam de stabilizers and plastggizers which are
typically fed in the first section (s) of the
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the present invention there is provided a reduction in
the number of mixing steps required to produce a
thermoplastic elastomer composition having excellent

25 morphology for applications such as tire innerliners and
other industrial applications using barrier films. 1In
particular, mixing preferably utilizes twin-screw
extrusion mixing processes, particularly a one-step twin
screw mixing process, to produce a thermoplastic

30 elastomer composition based on blends of polyamides with
reactive compatibilized elastomers, including BIMS
elastomer and secondary elastomers, as described above.
A particularly preferred one-step, twin-screw extrusion
mixing, dynamic vulcanization process involves sequential

35 component addition, with one or more polyamides being
added first in combination with their appropriate

stabilizer(s) and plasticizer(s), if any, followed by one



react wth the rubber, nor does it have an opportunity
to partially react with the thernoplastic resin to
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crosslinking of the resin. Furthernore, control of the
crosslinking rate and extent of crosslinking of the
el astoner conponent is nore reagily achieved.
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such ggitlon, in other words where screw flights are present,
since extruder screws typically have sections of varying
25 width depending on the function of a particular portion
of the screw, e.g., transport, dispersion, mixing,
melting, heating, cooling, etc. 1If flights are present
on the screw in a portion which does not encounter the
components of the compositions, e.g., thermoplastic resin
30 and/or elastomer, such portion is not included in the
determination of screw length or diameter. The
calculation of L/D is the same for a twin-screw extruder
and is based on one of the two screws since each
typically has the same diameter and length.
35 [0093] In the processes of the present invention,
mixing and dynamic wvulcanization is preferably conducted

in a twin-screw mixing extruder, commercial examples of
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stabilizers using a tw nscrew extruder and pelletized.

Finally, the preconpounded BI MS rubber pellets,

pre-bl ended pol yam de pellets, gpnd the secondary

rubber pellets are nmetered or fed into a twi n-screw

extruder for extrusion m xi ngﬁand
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beinQDQH%ﬁ%,'nganﬁﬁ%yﬁgiﬁagnﬂﬁpﬁﬁ§ékn@an be used to receive
each of the components or mixtures of components so that
they can be mixed and dispersed and such a mixing device
25 can be used to carry out dynamic vulcanization at
elevated temperature. For convenience and efficient
processing it is preferred to use an extruder, more

preferably a twin-screw, co-rotating, intermeshing mixing

extruder comprising suitable feed, mixing, cooling and

30 delivery zones consistent with the teachings herein.
[0094] In a preferred mixing sequence the polyamide
component (s), their stabilizers and plasticizers can be

introduced into upstream feed ports of the extruder;
these components need not be pre-mixed or pre-blended.

35 Sufficient length along the screw should be provided to
allow for the mixing and dispersion of the stabilizer and

plasticizer in the polyamide phase. Mixing variations



efficiencies are achieved by spacing the addition of

the conpositional elenents along the tw n-screw
wW@2G0p0¢bar2 barrel length using nultiple feed poP@BUSINT/081116

particul ar, the spacing between feed ports for the

|l ow-grafting efficiency and hi gh-grafting-efficiency

el astoners is selected to proviege suitable opportunity

for reaction with the polyanm de(s) in order to obtain

and stablllze snah%ﬁgartlcle si ze elastone
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di spersion, i [ tin

g, heati n coolin etc.
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portlon iI's not inclu he determ nati on of screw
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and Ie processes Of the present
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pr ef er,ab] %u%%@guﬂﬁfj a{rﬂj af%‘ﬂé" Baé&r&’" fBe’Hﬁ% Sét &é‘@'@flng it

commerci al _exanpl e are readily avail ab
20wel | - KAV LA Eﬁep%}¥et¥§%§ar fat el Zutife ePrRECo ftemperature
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prefegéﬁge%a%gggtaggOtgé)f%%%ﬁ%ing high viscosity of the
polymers mixtures and the concomitant power requirement.
Similarly, too high a temperature would result in
25 excessively low viscosity, particularly of the polyamide
mixture and possible degradation as well as poor mixing
with the BIMS composition. A useful temperature range is

about 230 °C to about 250 °C; preferably not lower than

about 210 °C or higher than about 275 °C.

30 [0095] Downstream of the BIMS feed port there is
provided a feed port for the secondary rubber in
pelletized form, the secondary rubber alsoc referred to as
the high grafting efficiency rubber. It is particularly
preferred that the two rubber components not be fed to

35 the mixing extruder together in order to avoid

inadvertent coalescence of the rubber particles formed in



7500 sec 1 ; alternatively, about 1000 to about 7500
sec 1; for exanple about 2000 to about 7500 sec 1
WELl0edrr uder s need only be equi pped to al | owdDDS2007/081116
multiple feed ports corresponding to the various
conponents of the overall conposition and the
restrictions described in detaikshereinafter.
Furthernore, the mxing screws need only be adapted to
prOV|de for a mxing region follow ng each of the feed
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of tfg%damﬁgga@at§y0£nrma@ﬂé%%é of, §£%HB¥&%@I%fSQh&h§£afted
they can be m xed and di spersed and such a mixin

devué%”égﬁrﬁeaageﬂa?di%%}F§ BGECWHART Qe aRP2at foH 119
at elevateed ssenpesatiaiele Fooléogvemencerand ehfioierntd

pfocg%%%ﬁ% 'Ehéstﬁéeﬁﬁﬁkﬁdfggduﬁgr@y-@¥Q£HQ§51 PR e

pref a tw n- sScrew, co-rot atlng I nt er mesh I Ng
n1xurEF%BaﬁaGGé? %Eﬁnﬁ%%SQﬁjU§quaB¥% ?Qﬂﬁ?SlﬁﬂQPngas well as
cool|Jmpdunin@ekbwergbyxﬁwﬂhgcahs|sé@wﬁd\MdM@eEhEeed port, if

teachi ngs, @ere' 994, .2 el %e§{fq¥ﬁ3%eﬁgerature of

sequence the E e compone
st abithezeverand 9@@@95%ﬁ%@@r§tc5habep@#ﬁwca@u@ééernt@ achieve

UDstr@ﬁﬂhd@%@@e@om&ﬁpmﬁlddQea@&tpuagieléIg%ﬁ% c@NPRAEM Spersed
need th pre- g1xed or pre-blended. Sufficient

2% engt’H’ Pﬁ% ‘“Few shoul d be provided to allow for

t he niGd%g andTU®S§E&Qﬂﬂy¢ charhetstadildszer ahd extruder

pl astd. G zeh g RB@r@W'&@gﬂg%e Phaseri MrdtN@n, diameter,
variationsare avarlabl e, sush as adding stabilizer (s)
wi th YHe ’
specific overall L/D of the system. However, for any
25 given extruder, a general barrel position can be
designated as an upstream or downstream position by
taking the overall L/D and dividing it in half. Having
done so, it is preferred that the lower grafting
efficiency elastomer be added or fed in the first or
30 upstream half of the extruder and the higher grafting
efficiency elastomer be added or fed to the extruder in
the second or downstream half of the extruder. As
described, the polyamide components and their stabilizers
and plasticizers, if any, are added first. Typically, a
35 twin-screw, intermeshing, mixing extruder suitable for
use in the present invention will have an L/D of at least

about 25 to less than about 60; more preferably about 30



nyl on or dispersing stabilizer (s) with the nylon
plasticizer (if the latter is used) and adding a

WOorzoov#8370f st abilizers plus plasticizer to theCTHyswn7/081116
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after its mxing has begun. If necessary, a cooling
zone can be provided in order to avoid excessive
heating of the polyam de such_that_its viscosity
beconmes undesirably | ow before it is mxed with the
BIMS. In _other words, as discussed above, for
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degradation as well poor m xin
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210 0C or_hi gher than about,.275,0C. .. 10095], Downstyeam

of the por t here pr oV ed
for tﬁ@@@@oﬁda??er@ﬁb@f mlyéﬁrerwzﬂerwrf cemtichéarly

secor&&rﬂos&@abﬁgxgﬂ@p ggfer bedthe @sitdig1Risghngradtdnekq
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2Ot he t¥o Fibber” %ﬁ%one s ot "be fed to the m Xi ng

ext r udeér®%loget fibe thewrderstocagbagtomer composition thus

obtained is structured with the elastomer component
forming a discontinuous phase dispersed as a dispersion
phase (domain) in a matrix of the nylon resin which forms

5 a continuous phase. As a consequence of dynamic
vulcanization, the composition remains thermoplastic and
a film, layer or sheet-like structure of the composition
can be formed using ordinary molding, extrusion or

calendering.

30 [0100] By molding the thermoplastic elastomer

composition obtained into a sheet, film, or tube using a
T-sheeting die, straight or crosshead structure tubing
die, inflation molding cylindrical die, etc. at the end

of a single-screw extruder, or by calendering, it is

35 possible to use the composition as the air permeation

preventive layer, e.g., an innerliner, of a pneumatic

tire and as a component or layer of a hose, etc. The



i nadvertent coal escence of the rubber particles forned

i nthe extruder. Furthernore, since the BI M rubber
w@0wpos84%2 a | ower grafting efficiency it is feRCTUSHDIIO81116

in order to provide additional tine for grafting to

t he pol yam de concurrently with the dynamc

vul cani zati on di spersion and cuggng reaction. In

contrast, the secondary rubber, exhibiting a higher
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Si nceilnventéant sapove tpletkluy ando notrerdsadinky, gpafistized,

to the polyantde, [0056) ﬁgqg%hgné&ww SINeRegr afling

typi y IS acconpani ed I ncrease I n viscosity
of tHerRjreaft&dupet yier i@ -can al so be acconpani ed by
5vi scousl digat i nghei §hdwcessanyusst tadl & ealtinge zones

can boekfﬂ ’]%k%dHSSdeeé%’Fee&i ¢ Lo fupber, feed poris tQ o
contro é% e tenperature an V¥SCOSIty oﬁ'the
conpoxi t4 eprevagtiel ties ox ¢b6l hage zZoHee fool hewengotde of a
seconthy upkepel@edo poriasd.f f F@ﬁ@ﬁ@ﬁﬁd’rel,lt aneonbyol the
VI scosl| t na.te eratyre .of .the overa cO sition
ot eGP LE R S U aEAFBYBE T RS (egirag Ton | S
10mor pheliggylandoparté<|va tdi Zéduofist hiehali spremsedspabber.g-,

conponefliSis Q0871 s The sheei HESu?D@rﬂQIi%f,i %EE@E@_ of utde neat
extruder and screws (screw desi gn or confi gur ation,
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Fbmgvguiofglreigay%gglafleeth.extruder, a general barrel
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1odownsttdarh posfey ot HiF todkiPHgPERe Bver@d Y bhand
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t hat .t he .l r.grafting efficiency. elastoner be ded
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and tHeitgher gy alt tdhdheftf irepensyn el s ttomer thev bgdetPt of

or feghdpetthesextfugercd mebers pConthori ARWNBhLEaM 1 states
2012 T of the extiuder, A g desaribed, the polyamde ..

conpoieit™d “ERAPRET rt SrABITTZ8r §° ant Pioasti ¢'2_FRO

any, ewweaddedherest byTypifeakhye @r otherwise, any number

falling within such range, including any subset of
numbers or ranges subsumed within any range so recited.
Furthermore, the term "about" when used as a modifier

25 for, or in conjunction with, a variable, characteristic
or condition is intended to convey that the numbers,
ranges, characteristics and conditions disclosed herein
are flexible and that practice of the present invention
by those skilled in the art using temperatures, times,

30 concentrations, amounts, contents, carbon numbers,
properties such as particle size, surface area, bulk
density, etc., that are outside of the range or different
from a single wvalue, will achieve the desired result,
namely, an dynamically wvulcanized, high elastomer-content

35 composition comprising at least one isobutylene-
containing elastomer and at least one thermoplastic

suitable for use, for example, in a pneumatic tire or



tw n-screw, interneshing, m xing extruder suitable for
use in the present invention will have an L/ D of at
WO zgn4saiput 25 to | ess than about 60; nore pre¢EUSIIDY081116

about 30to about 55; alternatively about 35 to about

50; for exanple, about 38 to about 48. [0098] Overall
time of mxing for dynam c vulcanizati on can be about

30 seconds to about 8 minutes; for exanple about 45
seconds to about 6 mnutes; such as about 1 mnute to

about %1 Rt 88. 2 Hole er'"eii'x"Ag-t i me can, and
pref epxablrg.Eshoul d be adj usted as needed to produce a
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mxing time, ovesaldifdr,l @Beacth@myl%lqronahag@ of
the pr oce§s_ ag gocnft ed with additi OQ%OE‘?% the vario

conponent gRtrtbed FAb6TES | &°F );r&ép%m #e%i”in’
10by a et soi skilled in the art of polynmer mxing,

par tigul arhppext EyshMedAXi ng, based on the principles
and detail ed inforpmation praovided herein C(?%OO%LBThe

t her nopl asti'c ~éf ast-orer @(?nﬁoéﬁ{?{%?m% tara

structurednai:t hzit he efiast ewerttoaponent formng a

di scont i n%qugcggasesgé%gecr sedgas, &, dispersion phase

(domain) in a mtrix o nylon resin which fornms a
Locont i nuougrhase? i §ta?aé@ﬁ§eﬁﬁéﬁE3eV%f dynani c
vul cani zatran;l : t hea Coes Ethehe he et sl hermapkastix)

and a_ fil | a t - Ilke structure of the
conpo%cf%?ln#}negaxﬁbtglf os%eée u§| ng ordi nary nol di ng

extrusi on Fgreéarenerd iy . Mpo2603a BYO r?o10d|5ngt%heEthylene—
t her r@tﬂie&ﬁat lcopel a6d OB :CRAMPOSI t CRdRi1gi ned into a

sheet Im ot _tub n T- eetl ng .di e trai ght
Oor crlds sdnéad s#r u%]f(g?resct %H‘f&y €%Grarting erticfedkles of
elastomers to nylon, blends of elastomers with N6/66 were

prepared using a Brabender internal mixer at 220 °C and 60
RPM for three minutes. 60 parts of nylon was added first
for 2 minutes before the addition of 40 parts of the

25 elastomer; the combination was then mixed for 1 minute.
After mixing, the nylon-elastomer mixture was extracted
with solvent(s) in order to determine the amount of
elastomer grafted to the nylon. Solvents used were hot
toluene and xylene for BIMS, hot xylene for AR201, and

30 hot toluene and xylene for Exxelor 1840. Blends were
extracted for 12 hours and the solvents were refreshed
every four hours. After extraction, blends were dried in
a vacuum oven at 60 °C for 24 hours. Based on the solvent
extraction results, the weight percent of elastomer that

35 was grafted onto the nylon after 1 minute at 220 °C in a

Brabender mixer was determined for each elastomer;



die, inflation nolding cylindrical die, etc. at the
end of a single-screw extruder, or by calendering, it
WO 200p0$87Dhl e to use the composition as the ai rPCT/US2007/081116
perneation preventive layer, e.g., an innerliner, of a
pneumatic tire and as a conponent or |ayer of a hose,
etc. Thet hernopl astic el astonersganpositions of the
present invention nay be taken up into strands once,
pel l etized, then_ polded by using a single-screw
extrUﬁ%?”Fﬁaﬁr?slf§$?%dﬂ1ﬁagﬁéd f orOF i thF6 0 2 SHaners
sheetstarditadhubEake hot diedt Cartopebes t husyaifttaioned sane®eche
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s vl e R A Al e i R aRa i e ek TP ams i
fIU|d9f%#Q}enC§ %1@%&PWQ¥§t the layer in direct contact
with the fluid has suitabl e regist ance to the f|UId
bei ng handl ed.. |/
t he specif= T FEHhA i
10cl ai ns herelnafter referrlng to various aspects of
the invention, such ag gg@t representlﬁg/QSpartl ul ar
set of propertifs, U s ot TEa %Leaftﬁ%%“' ;A,|COQ§*
physi cal st atesfor peu&g&&ageb s Tntengedto
literally incor U|alcA X essty herein Q% reference or
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H mhaor +hi n ol ¥ A~~~
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i ncl udi ng any subset—of—nurbers—or—franges—subsured

within any range so recited. Furthernore, the term
"about" when used adsciamhipdiefcentforextoradtedconplbecti on
with, a variable, characteristic or condition i's
i ntended to convey that the nunbers, _ran
char adt'eérilsti cs Q%QFTﬁﬁﬁﬁ%ﬁ SHSCATSETded eHBVﬁ)a?%ﬁnd'

15f | exidd s qaad etihBl , practdsce ioh Bhew@rsséhﬂﬂﬁnaenthwpﬂgpared
those, kil L0 NG Al 1451 ROCKEAPEIAY &S ookl MBS (1rxaa,

concentrati ons anounts, contents on nu S,
Japan Steel Work) twin-screw extruder.

Table 2

Fl Formulation

20

Formulation Fl
Elastomers

Exxpro 89-4 100

Zno0 0.15

Stearic Acid 0.60

Zinc Stearate 0.30

AR201 10.1

Plastics

Ube 5033B (N6/66) 27.8

Atochem BESN (N11) 40.4
Plasticizer

BBSA 11.0
Stabilizer

Irganox 1098 0.34

Tinuvin 622 LD 0.14

Cul 0.03




properties such as particle size, surface area, bulk

density, etc., that are outside of the range or
walgopessamt from a single value, will achi eve tPE&I/US2007/081116

desired result, nanely, an dynam cally vul cani zed,

hi gh el ast oner-content conposition conprising at | east

one isobutyl enecontaining el astgger and at | east one

t hernoplastic suitable for use, for exanple, in a

pneumatic tire_orhose, or as a tire innerliner
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i nt eravallaviederinad 22 -8Crand c60rRPM 1 orixtimoeendi dyitast.c

60 parts Qf .oyl gn was, added tBELESEhI&é szce'i!} '&%S&Q@Ix% e

the addition of 40 parts of the el astoner;
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(s) Id%z%!%% Egdd $§r£§§§% Eg%oagﬁg 1rst %%%%t gsﬁer of the

grafted to t vent's use
first barrel sectlon, in other words at the most upstream

position.
[0107] As discussed above, typically an extruder is
20 made up of linked barrel sections, each having a length

equivalent to about 2 to about 3 L/D and each typically
having an independent cooling section, optionally with
independent thermocouple and pressure sensors. The JSW-
44 twin-screw extruder used in this and the other twin-
25 screw mixing examples reported herein had a total of 14
segments and an overall L/D of 49. Temperatures in
barrel segments along the length of the extruder were set

according to thermocouples and reflect temperatures of
the metal. The temperatures ranged from about 190 °C to
30 about 250 °C with a typical pattern as follows

(thermocouple temperatures in °C from zone 1, feed, to
zone 14, exit; actual temperature of the polymer
composition at the extruder exit, section 14, was about
260 °C to about 270 °C):

35 250/250/250/250/230/200/200/200/200/200/200/195/190/220.

The BIMS component was typically introduced in zone 5 and



t ol uene and xylene for BIMS, hot xylene for AR201, and

hot tol uene and xyl ene for Exxelor 1840. Bl ends were

we@xaopaederd for 12 hours and the sol vents were PEFUERDE1116

every four hours. After extraction, blends were dried

in a vacuum oven at 60 OC for 24 hours. Based on the

sol vent extraction results, thegyelght percent of

el astomer that was grafted onto the nylon after 1

m nute at 220 OC in a Brabender m xer, was deterni ned

for edth SECASHoREr THEEH t'S PBCI 181 YR ITEBPES 176 T

t he tdwesenel ast 6ne? s stdudized, Exxel or 1840 appears to

graft i No/ 86 Lhs, st q%g ol 8, TefILed le. Bfieftep twin-

" hi gh graft| ng efficiency ast ormer . art i

ef fi cieridy M1 AR2IDIC° N6/ G’GIESU%?%ntin |Rr§ﬁ’talr§ FB%?VA

sand sidvidoari tient hads 0fnBlMSF1t hesee ellaﬁilmly?aompllﬁsﬁl&:izer

char terlf' é?@fig g&&%{ﬁ qfahting, Efﬁﬁbeeﬂ:% | gL onpr
|C|enC|es of I“astoner s eva

der,

. Tab

uat edcRgicgReNpéngert aumedtitaenedt riubbet- [ Gvospd@itional

dynanﬂeceai lycuul eani e alureyetD¥MNnHtent desigpat e,
hovvn in Tagl e repar

si tion , S .
accor %415 raft r?‘n%tr?weﬁet hoagDTJ%' n J§Wﬁgts obtained
10( TEX4%r Fapanlst tethamriklatt wi posdrewe ety peél et Tabtle good
2[ 0108]pddr bhepCrupas @ﬁdfb%o@é%@' (81 shawbder Habberdions in

Bl M5 rubber was pre-conpou W th curatives usin

B et bR RSl S S U By St P
at 9mPCrandipel besbZeiderorfithe, conpanatd e exanpyen
each ﬁlrhcgt\i'cqléé(% ”é(lll ﬁ%’lﬁ?ﬁ%%h t%pafcﬁfir@i)&%dow e two

plast|C|zer an |zers usi ng
15t wi n-Sladwmext F%@‘?n@&ttszlo Howeder 100f R dry grafting
pel | eéﬂmeﬁenlibeéeéw@ueﬁ nBrke ) C@ﬁ'pﬂécatﬂl\lc%tEbalﬁ'pk@ nylon, as

ther%é} tlﬁgE%grgﬁéoyalq%ovglg RoLE églxl' %egsﬁkggylned

nyl oW%@r@éﬁéh@@O%%W%@h@éﬁﬁﬁy tIrbrPﬁdr%I Gidirnghe one-step
pl astiiGiizer pabdest b lizey, S}ly@@fq@éﬁ rteh,ﬁi/ taf @cerPhoyethbr to

il Canl S ACTRE ST aR T TS EhFBBLat b Combar &t Fid ich

stabilizer and plasticizer although it is not necessary

20

to feed stabilizers and plasticizer at the same feed

point provided that these components are fed prior to the

25

rubber (s) .
Table 3
F1 DVA prepared by various twin-screw mixing methods
Comparative
Example 1 Example 1 Example 2
BIMS pre-compounded Yes Yes Yes
Nylon pre-blended Yes (N/P/S) | No No
Three-step mixing Yes No No
One-step mixing No Method 1 Method 2
Component (s) added* Not N/S-P-R/A R-P-A/N/S
Addition sequence 1-2-3** applicable
Pellet quality**x* Good Good Bad
Morphology**** Good Good Co-
continuous
* N: nylons, S: stabilizers, P: plasticizer, A: AR201,




M xi ng Exanpl e, all pre-conpounded rubber pellets,

AR201 el astoner pellet, and pre-blended N6/ 66 and Ni |
wpeiobesss7ner e net ered and added into the firstP@EESR007/081116

hopper of the first barrel section, in other words at

the nost upstream position . [0107] A s discussed

above, typically an extruder Lsgirade up of |inked

barrel sections, each having a | ength equivalent to

about 2 to about 3 L/D and each typically having an

i ndependetPecodPIY section, optionally with

|ndep*e*nde|mxtn:heerron@ctqﬂ1@namd pressive: serrsGr ghefhel is at

ISW b danich- scf ews x4 rlderuseds & n 4 I 5-80d ot heo 0t Nare

twi nscrew m xi ng exanpl es reported heréin h ato

of 1419§éijﬁeﬁtfstgﬁde>éW%ﬂ\?ér§laFfrE}D of 49, Tenperatures

51 N baryel ppegaenysa® wngralshgubgagtihy Otfhdet fi;elfr[f&t:éU%éothness

were set .ac t r s and refl ect

tenpeoffgttu%eggggh{fgd % )nq% n‘%%gg Jérsrper atures ranged

f r om E0Gut MPgRhoEn va?mo@tvazget@@: Wi dapPppheaphase AFM

pat t erax ;s of eblkewsv{dheydmeoupl e tenperatures in 0C

fromzone 1 , feed, to zone 14, exit; actual

tenperature of the polynmer conposition at the extruder
10exi t, [Eerli on 24diwesnabdutrm2é0t 0 s oveatsopreZ0e@CG 9§ shown

250/ 250/12504250/ 2304 200/2004:200/ 8004 200/2006195( 19022 c i

0. The BI M5 .conponent was typica i ntroduced in zone
o andiherbadonier sy FRRL SRLoY o e g o o
were preseatiabs4r3, &4, and ¥2. [0108{fdkes shoparanive

Tabl &, 3, ,,12lt eppats dﬁ!&ac%% %ego&% §§1ro%\/¥ WXi BY  ong 75 are

pr ocesses were use repare t . COITpOSI tl ons
1desi grigtedery . t"r‘h%‘ﬁ%ﬁﬂ @Xﬁﬁpéhoﬁl%ﬂﬂﬂ Feheds sepre only
via &rwmdatlb@@atmprbmwf@eneadmgt;ls@pe»ﬂarcuder step is

correspondi_ng t 03|t| ~at [ D=7, Two additi
feed 1ocat| |e§ns %Serj(':e(p]i urrﬁw “HownstT eam at A é Iggéi%ds

L/ D=2 fgndfarmalaiberns4 F,3 LFB=85d Fhesr é’§é}llt§5 Fl, four
obt ﬁiﬁﬂgf&hg&@@ﬁl Bodatshew mb@&h@T@@omm@f | ﬂbMaEﬁéﬂl et was
Wlt o r er IS erS|on o Ine.ru

204i spearqcs%c{n = E a ¢oh |nuou§t B Qha% S?) °fan g £p=24. 2
obta|aﬂﬁjﬂg¢ateed|ﬁgat L/D=35, agaln using a JSW-44 extruder

having a total L/D of 49.
[0110]



nylons with stabilizers first, followed by the nylon
pl asticizer, and finally with the addition of the two
W@k@sneser conponents. However, if the | ow gr al@i/Hs007/081116
efficiency elastonmer (BIMS) is fed first before nylon,
as shown in Exanple 2 , poorly m xed pellets were
obt ai ned wi th co-conti nuous norphol ogy. In order for
the one-step m xing process to work, nylon (s) need to
be fed prior to the rubber canponent (s) ; preferably
nylon is fed with stabilizer B lfasticizer although
it is not necessarybva feedilsttabinlsi 2€r 52 and's
pl asticizer at the same feed point provided that these
conponents are fed prior to the yrubber (s ) Tahle 3
FI DVA prepaf@d 28R ous twi n- sEfew [ Xi nJaF‘i‘ret s
N: nylons,| S : stabstensrss, P :| plastjcizer|
AR201, R rupbetp (BIGWBY ** ExtrudetOfocat?®n o3§00 100
Addition: 1-2:Q where 1 is at L/Pe3l%, Q.15 @@.19 D715
and 3 is at| $¥dE=24 Bcakdong the | ehgth pd.dhe ©xdd udercO
barrel . *** Peld ettegualkety was judged py.1ihe &u3d gae 30
snoot hness |oAR2d1e extruded pol ynep.stramds .| F*** | 10.1
Mor phol ogy Mmesxenal uaued usi ng tappi ng| phase AFM | 0
(Atom c Force Mcrosgopy)s - [ 010P] Addj tional
fornul ati onsuwers peepacedeas shpwn. s n| dabl e éb .4 T . o
nyl ons wer e[ #s&ehd ' BERR Rhasfic phase | @ FI and 11 2,
and only ong nylan,;NelL6be-Was used i n| formulati ons

F3, F4, andﬁSA Therefore, comnp Fab T VES XA &S [ 27.0
correspondilg to ggg@ff %&p”b F31 F4, @and F are
two-step, t &fla&icqo§éLIUDIUH 1 Oiyy Tt bthyb%
onIy one ad rt.tluvl_l | 2&I B €= C|bl-i|§ b.ci.g-al%lugl Sd.
is required; s—F6 —HM =S¢ mi,“"rix'r'"
Imet hoggl use le or—formu g FB,VbF}a (Zb:% a% el 0.

FI, four different feed ations were used: where

5/ ocat i@ 11 wasAat she¢=3.r6 Tabdeat b oo B ,atitLiB=preferred to
| ocatd ne3 aliglL 524501874 ohecat i Qe thdt o/ BE33¢ add the

agai n u3| ng a JSW44 extruder
lastomer with the lower grafting efficiency (BIMS, as

n

@)
@D (I)L—C

o»—“w
"ol B

e
I

o
C
I'al

3

D

OO0 TO

S
+ 1
LW |
lo

shown in Table 1). Poor morphology was obtained when
BIMS is added last (see Method 4). 1In Method 5, the BIMS
10 rubber was added along with the nylon stabilizers before

the introduction of nylon plasticizer. Considering that
it is desirable to lower the nylon viscosity by
plasticization for viscosity matching to the elastomer
components, addition of elastomer components before the

15 plasticizer introduction is not desirable. Morphologies
were excellent using Method 3 with either AR201 or
Exxelor 1840 added last. In Fl and F2 formulations
containing AR201, which had similar but slightly higher
grafting efficiency comparing to that of BIMS, good

20 morphologies could be obtained when AR201 is added with
BIMS as in Method 1. However, with a much higher
grafting efficiency observed for Exxelor 1840 in
comparison with that of BIMS, it is preferable to add a

higher grafting efficiency polymer later, such as Exxelor



having a total L/D of 49. [0110] Table 4 DVA
formulations of F2 - F5 [0111] A s shown in Tables 5

WQ 2008/048472 is preferred to either add the two PCT/US2007/081116
el astonmers together or first add the el astonmer with
the |l ower grafting efficiency (BIMS, as shown in Table
1) . Poor norphol ogy was obtai pgd when BI M5 i s added
| ast (see Method 4 ) . In Method 5, the BI M5 rubber
was added al ong with the nylon stabilizers before the
i nt r oducti SRT6F WP ' Phsticti zertie i“dering that it
is desirlafil e to | ower the nylon viscosity by
pl asticization for viscosity q@f;chi=ng to the el ast omer
conponents, addition of el astomer ctonponents before
the pl astli &V2ePr PRttt IVERLPES nBlHeieyhnéxing methods

sMor phol ogi es were excellent using Method 3 with either
| nect

AR20] Oi’. Exxet-of Cén%%?at%gg%‘Qarﬂ g2tz Eixﬁmlﬁie ﬁr'&aﬁqle 4 |Example 5
formul ati ons contal.Rihg ARZOf, whi c ad sim1lar but

slighideyoRicgdaer [grafting |eifi Ci en@gy conpariing to (|mat

of Bld#vBs geod norehol ogi esecoul d besobt ai ned when |res
AR20Jcorouadeied with BIMS las in Method 1 However ,

wi t h B FUERS hi ghere grav el g efficiency obg¥ved fop°

b AOD— +h +hat nf (]

Q

Exxel:or—1840—+niconparis wiHth—t t—of BHMG—i+t—i
Yes'H ¢} O it

pref%ﬁéﬁigt?B add a higher grafting efficilency poly%er

| at efgneSTiCh as Exxel or 1840 cnahi Thimdasccaddedtthash | |Aethod 5
Met hod=3ng [0112] Table 5 FI DVA prepared|by vari gus

t Wi ny¥sieieweni xi gemmet h_ods/dcath pris-oR/Aaddist Ponk [1/s/rR-p-2
1-2- Be4Uikere’l P&'at*tr0=3.5 2 |s at L/D=7, 3 is at

L/ =245 —and-4—sat—HB=35-N———pylons—§_
'E;e.'lfét quaul,;ty 55qd Good ) G&)Q‘ ! iﬂG (PI), , ING (PI)

D
N
m

st abid i Z8ISyy P - oI AStTCIEEly A g 0L, g rubbergof

Bl NSM-BoGr: ThoTr phetRgy Showesh | ar g&oBy! On dedTai NS |uG
(graiqws)itvaggregati on of lel astoner dispersions, and/or

occasi onal co-continuous nylon and rubber phases. Cast
fil mgualdty was Lygdaed ny jLbesuni form ty sande 1/p-3.5, 2
is at L/D=7, 3 is at L/D=24.5, and 4 is at L/D=35
N: nylons, S: stabilizers, P: plasticizer, A: AR201, R:
10 rubber of BIMSM
Poor morphology showed large nylon domains (grains),
aggregation of elastomer dispersions, and/or occasional
co-continuous nylon and rubber phases.
Cast film quality was judged by the uniformity and
15 smoothness and the cast film.
NG = "Not Good"; PI=phase inversion, meaning that the
rubber phase is either co-continuous with the nylon or it

is the continuous phase.

20 [0113]



10

15

snpot hness and the cast film NG = "Not Good";

=phase i nversion,

conti

nuous phase.

meani ng that the rubber
W@2a0he484t0- cont i nuous with the nylon or it

phase is

[0113] Tabl e 6 F2 DVA prepared by
vari ous twi n-screw m xi ng net hods Locati ons of

addi ti on:
L/ D=7, 3 is at L/D=24.5,
nylons, S : stabilizers,

rubber of BI M5 ;0114] Tabl

A

1-2-3-4 where 1 is atgh/D=3.5, 2 is at
and 4 is at L/D=35 N :
| asticizer,

é&‘}"—IQ&DVA re ared by

AR201,

i s PEIBUS2007/081116

R

vari ous EtZ\MDﬁAsprep\amd(lhyg vaet hogstiocatdrems moking methods

addition: 1-2-3-4 where 1 is at L/D=3.5, 2 is at
L/D=7,—3 is at 1/D=24 5 and 4 is atl/D=35 N : nylons,
S : stabil i zers 5 omp E\E |E>Fa£‘8}e, cgExameik dl 5 P8aF, |FRrie 0

r ubbet (Example A TA MWA e onar PR

’E%‘Ehul‘é'tld%' M5 ,8115TTableF4Dyfy prepargd by

vari ( T xing methods borat Tonsyof Yes
addltdoﬁaﬁounaeo? 3-4/where 1 is at L/O=3.5, 2 s at
L/ D=Rv1idn ipscat L/ P=2408p/aando 4 1 s aftio L/ D=35NN : No
nyl ofgdenddd: stahilizers, P|: plastilcizer, Exxel or
1840 Egjigsfi%ﬁbber DBl M5 [ 0116] Add?“?i onal | §? one cgh
furtt ht%; stej“}r?l%;;rgg . ?Iﬂodi st a:‘.:’: Me”c‘f; ‘"v%e. Mét'}'l dﬁ““&ééh% 4 |Method 5
| ocatigus pf  BIHvEjgnd et ther,/A QY s EXXBH QY s bOAR s /r—p-»
s shtwpuddcTable 1Qpp10%68 llent nor phol ogi es| coul d be
obt aimeted pudlhey nppbast | ¢ ebast oner[ce@npPosi G 0rs) NG (PI)
cont gfompirdoed t her |SAR201 or |Exodel or (8840 wi t HGBI M5 NG
bei n(faaéoféélmonl y JF°R#D upstFedm frofit®i t her "AR201 of'c
Exxel®P1 1840 Therefore, in order tlo deliver excellent

di spersi on norphol ogi es in these DVA

Locations of addition:

L/D=3.5,
L/D=35
N:

2 1is

R:

[0114]

nylons,
rubber of BIMS

at L/D=7,

S

stabilizers,

3 is at L/D=24.5,

P: plasticizer,

Table 7

1-2-3-4 where 1 is at

and 4 is

A:

at

AR201,

F3 DVA prepared by various twin-screw mixing methods

Comparative |[Example 10 |Example 11 |[Example 12 |[Example 13
Example 3
Formulation F3 F3 F3 F3 F3
BIMS pre- Yes Yes Yes Yes Yes
compounded
Nylon pre- Yes (N/P/S) [No No No No
blended
Two-step mixing |Yes No No No No
One-step mixing |No Method 3 Method 1 Method 4 Method 5
Adding sequence |Not N/S-P-R-E [N/S-P-R/E |N/S-P-E-R |N/S/R-P-E
1-2-3-4 applicable
Pellet quality |Good Good Good NG (PI) NG (PI)
Morphology Good Good Good NG NG
Cast film Good Good Good NG NG
quality
Locations of addition: 1-2-3-4 where 1 is at
L/D=3.5, 2 is at L/D=7, 3 is at L/D=24.5, and 4 is at
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isp

g one-step, tw n-screw extrusion mxing, the nylon
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el astoners, the elastomer with | owest grafting

effi

ciencyis preferably added first and the higher

grafting efficiency el astoner_pgeferably added | ast.

Suf f
ef fi
ino
Spaci

DVA

i ci ent spacing between these | ow and high grafting
CJanC% el astoner addition |locations is preferred

r 0 achi eve good m xi ng and nor phol ogy.

iNng rygtoweenst het ddidlitziean , 0P : sptds tel cdsteaneEs Esxelor

pr ef eyah) ngrg%ﬁértcf@%ﬁ/BOUt L/ D=6. [0117] Table 9 F4
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51840, [R15]rubber of BIMS Locations of addi tion:
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carbon nunbers and properties that are outside of the
10range or dictheient of addition: 1-2-3-4 where 1 is at

L/Db=3.5, 2 is at L/D=7, 3 is at L/D=24.5, and 4 is at
L/D=35

N: nylons, S: stabilizers, P: plasticizer, E:
Exxelor 1840, R: rubber of BIMS

[011l6] Additionally, one can further reduce the
distance between the addition locations of BIMS and
either AR201 or Exxelor 1840. As shown in Table 9,
excellent morphologies could be obtained in thermoplastic
elastomer compositions containing either AR201 or Exxelor
1840 with BIMS being added only 7 L/D upstream from
either AR201 or Exxelor 1840. Therefore, in order to
deliver excellent dispersion morphologies in these DVA
using one-step, twin-screw extrusion mixing, the nylon is
preferably added first, most preferably along with
stabilizers and plasticizer for the nylon. Among the

elastomers, the elastomer with lowest grafting efficiency
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N: nylons,
Exxelor 1840, R:

S: stabilizers, E:

rubber of BIMS

P: plasticizer,

15 -2-3*-4 where 1 is at

3* 1is at L/D=28,

Locations of addition:
L/D=3.5, 2 is at L/D=7,
L/D=35.

and 4 is at

[0118]

specification hereinabove or in the paragraphs and claims

Any range of numbers recited in the
20

hereinafter, referring to various aspects of the

invention, such as that representing a particular set of

properties, units of measure, conditions, physical states

or percentages, 1is intended to literally incorporate

25 expressly herein by reference or otherwise, any number



conprising the steps of: (1) dispersing, in said
hal ogenated el astoner”™ at |east one curing agent or
W@ 000/0434%2 em sui t abl e for crosslinking sai d hab@GheEsabEEB1116

el astomer to obtain a pre-conpounded hal ogenat ed

el ast omer conposition using shear conditions, mXxing

time and a tenperature sufficiept to substantially

uni formy disperse said curing agent or cure systen]

but insufficient to cause substantlal cr ossl i nki ng

sai d EHaStondr TR hat SWoul'd gFevent st“%li‘tﬁ’éfefiti@ﬁ?tf%w
and dispersi on whegeaddéd uedpel yam denyundene so recited.

condi 1,0n%.0b. €] eval el henpgbatur e,and,sheas: o(fas Liier

introducing sard at |east one pol yam de and optiona

at | 5%t Grte 1Ry FoOR HHE AN WéFBblFl%%ﬁlQQJGGXFBQF?Q%erlSth
sst abidd zemdoribhght stwabideozeb esncophimat ican ofmbdem

i nto sal gl xer And. applying,subll el ent, Shear, 80d, hedle

to cause the nyfon 1t and said optiona

st ablélliezérletxé»b%@ @m@ﬁéraé:e@ruaﬁtéa@ dopothramir@ecandl farmiion

a polyarirdeentxt Uty {B)Hentr-edusifg @dndeeastrepge

nyl on Iast|C|zer i nan @ﬁ?unt sgfft0|ent to cause the

vi scosT 6F 254PES nyt B ikt GPBT T3 Substant’ AF1Y° hatEi
10t he VQEunﬁmtuysoth@@J@tqno&x@@dpogﬁdEQBrnﬂn@@enatédfferent

el astomel akihhec temes atyune apd; shdernd fa%s§h3@arresult
condi tions present in sai.d mxer; (4) intro du0|ﬁg sa

pr e- CEHSoUNdéed “RaF BRIt ed Slastofer GG saian %%%erltlng
and applasgimgbheathoapith shgarconprssffd crentorquanti diysparsed

I ni t 'é’"ltaest%)ﬁ%%g" Vé’llmng)%tlagglgfméﬂl(1< h@ QSEQB?Q produced

el ast oner introdici ng sal d second el ast oher
15and CHhﬁVh@ﬁﬁécfﬁ%thé%Fﬁh@rﬁﬁéré%éﬁr%ﬁﬁ“%étepr extruder
substmainting byodesper se sai d second el ast oner

[0119] All documents described herein are incorporated
by reference herein, including any priority documents
and/or testing procedures. The principles, preferred

20 embodiments, and modes of operation of the present
invention have been described in the foregoing
specification. Although the invention herein has been
described with reference to particular embodiments, it is
to be understood that these embodiments are merely

25 illustrative of the principles and applications of the
present invention. It is therefore to be understood that
numerous modifications may be made to the illustrative
embodiments and that other arrangements may be devised
without departing from the spirit and scope of the

30 present invention as defined by the appended claims.



and substantially conplete said dynam c vul cani zati on

of said hal ogenated el astoner; and delivering said
walyvamisazd |y vul cani zed thernopl astic el ast onePCT/US2007/081116
conposition fromsaid mxer. 2 . The process according
toclaim1l , wherein said mxer is a mxing extruder
having at | east one extruder scggwwith a

characteristic value of L/D, wherein L is the flighted

| ength of the at | east one extruder screw and Dis the
nmaxi num di ameter of said at |éad$tone extruder screw
inits flilghted geondnion.vidcanThetprogesseaccopdingtdd in a
claim %<er W‘ASESI‘%Q é@'éjpéﬁggh;gd%eé? % toﬁ/éﬂc%%%r gk’;‘fnponents at

extru e proces cording t a|m

wher eﬁ*lr?‘@éle& é?@?%%t'ruq?asfoénPEPW%%“%@o&theZ@OPéa%‘bb%t

560. Selasthecpr 06@86sAcicor,disagdt Gomb@d Midn cOREEesng

sai d &Es e %ggogggglcigg %%e%%t§ga§%@§$é”?irst eﬁggtg er or
sai d extruder an ‘'upstream posi to or

t han BesTalcPmpfisheo diﬁeer@IeFlaEﬁ@ mo@wy@e@ﬁrﬁeaé@lw

sai d secongeel aﬁaompérssefdega&@i@w ExXtaudersat 0@ second

downst.re osition equ eater than ope-half
o oo Dk B iR o e ol S 0a RSy feroue
10f eed growiklicons ofaslaiy prie¢hcenpoonded italtogenabédamide,

e|aSt§ﬂpr%@Q1§§é9 §§Q§ﬂﬁi%Ea§599€ro@§Qﬁﬁ%@aéﬁéegthéHBt
one anot her by dlstancealon%65a| d. extruder of at

| eastorb?o&?FOEFD%as@merﬁnéilﬁP 889 Hecordihg " teU el ai m
1 f urtheemopdaptisi pgl ywedildet nzt ngx ancnedalinggapeléets one
for n%l%farrﬁ@'edSQIQC‘SMd%geh@I:&gﬁ%nesq s%'lﬁgt QE‘EIEylon

conposition in step process according t

13¢] ai nﬁolﬂqméﬁ@?ﬁssa?%d H&I@@eﬁé?@éy%ﬂ?%%'t oired pPgocess

di spetsed-iisingate potamiode matrix in the form of
particles Vi avera Lz bout

to about 1?8 n?%?%ns “and gg %aégcg%dﬁg?%te% %1QL€£§%E, at
di spersed in sé?@sbdwyaﬁWéénﬁaP@?&ta%fﬁaﬁﬁléWéEe%aWW#bele
an average sizeoof cabolti {kikgNbei@NSal@enated elastomer to

20

25

30

35

obtain a pre-compounded halogenated elastomer
composition using shear conditions, mixing time
and a temperature sufficient to substantially
uniformly disperse said curing agent or cure
system, but insufficient to cause substantial
crosslinking of said elastomer that would
prevent its subsequent flow and dispersion when
added to polyamide under conditions of elevated
temperature and shear;

introducing said at least one polyamide and
optionally at least one nylon thermal
stabilizer or oxidative stabilizer or light
stabilizer or combination of them, into said
mixer and applying sufficient shear and heat to
cause the nylon to melt and said optional
stabilizer to be dispersed in said polyamide
and form a polyamide mixture;

introducing at least one nylon plasticizer in



about 1 .0 mcrons . 8 . The process according to
claim1 , wherein said second el astoner or rubber is
W@ 20080483 from t he group consisting of ethyl enPCEUS2007/081116
unsaturated nitril econjugated di ene-based hi gh
saturation copol yner rubbers (HNBR) , epoxyl ated
natural rubbers (ENR) , nitrilegbut adi ene rubbers
(NBR), hydrin rubbers, acryl rubbers, maleic anhydride
grafted acrylonitril e-butadiene- stgrene r ubbers (ABS

. mal ei ¢ anhydfide&™graf t%8d e CAGT BnEpropiicenas dienestty of
rubbers (EPDM saidabgian arkydredeo grafdtechtially match the

styrene- ethyIegeépygﬁg}eﬁesgggrgFg £ eL%e@SE%%gwnated

mal eat ed et hyl ene- propyl ene co ymer ers
mal eat ed et hyl 8hesBtehetr (ibBe §mp%ﬁﬁé5%e@nd under - the
5ethy|enehexeneshe@baﬂﬁmhﬁabaatpde@é@&h&ﬂ@wﬂ@tﬁmeer,

rubbers, ea&ﬁ@r?ﬁ%@ﬁn op Oﬁ%ﬁg?g ééﬁﬁgﬁﬁaggn%gfgégﬁgted

ethylene VI ace
et hyl ene- net hyple%tweaw en@@peﬁyﬁemsxewr@ataeelymg heat and
et hyl ene- et hyl sagsyl at eslﬁqaelﬂéﬁeréuam@t@attedlnltlate

et hyl ene-acrylic acid c pol ¥
copolymer o b Er 5 BB FRE S epo eyt GRQCoenated
10copol yners, EPBPMraceydmwoniandi | e graft copol yners,

mel ei ¢ aci@) ”UghﬁkéﬁhéﬁﬂQW%%QGVEQB&&&'éf%é%b%%& and
copolyners styrene/ nal eic acid ol ypers, reactive

phenoxy thernnﬁP%E%?%?W%§?ﬁ%heﬁﬁF% t@f shearing to
i sobut yl ene- i sepbetentcigpdlyy fesser sml eatiedecond elastomer

i sobut yl ene- Pag it 1 shyriene, copaby Ss,al@ah%%ﬁﬁc

halogenated i SO ene- | sopréene copol ynmers eat ed
15star branched But§E¥BBEPYEpoFyHers? Lifsraaredelastomer;
BINBcoponnersanand m xtures thereof. 9 . The process

acconghn%erln gégé ?&ﬂé%y%g%ln %Qig 1§égu%h%|%§£9£§{ic

er conprises I'c “anhydri resent a
anmourft! asdloger e TP oM G §ﬁ@@pséeﬁeﬁevﬁhg of less than

about : 50 2wt % Tl‘}é Wt Yo 40 a\@tc%:d@ﬁg V\Ec%cl%Qthl% wRSr M Nsaid
0,35 U0 MR O B L S S
proceggxacmetdlﬂgcm@r&ﬂtﬂnﬂszlp mhew@unféaﬁu wherein L is
the flighted length of the at least one extruder screw
and D is the maximum diameter of said at least one
extruder screw in its flighted portion.
25 3. The process according to claim 2, wherein said
extruder is a twin-screw extruder.
4., The process according to claim 3, wherein said
extruder has an L/D of about 25 to about 60.
5. The process according to claim 4, wherein said
30 pre-compounded halogenated elastomer is fed to said
extruder at an upstream position equal to or less than
one-half of the overall L/D of said extruder and said
second elastomer is fed to said extruder at an downstream
position equal to or greater than one-half of the overall
35 L/D of said extruder, provided that the feed positions of
said pre-compounded halogenated elastomer and said second

elastomer are separated from one another by a distance



substantially conpl ete dynam c vul cani zati on
corresponds to a degree of cure selected fromthe

wQ e@ep483mnsi sti ng of about 60 %to greater thaPCEDSED7/081116

95 % ; about 65 %to about 95 % ; about 70 %to about

95 % ; about 75 %to greater than about 90 % ; about

80 %to about 98 % ; about 85_%¢o about 95 % ; and

about 85 %to about 99 %. 11. The process according

to claim10 wherein said degree of cure is at |east
abouta%ﬁyg%ﬁalfzeXﬁTﬁﬁﬁﬁwﬂ§e§ aBedF di Yt ¢/EF&irm 1

wherei n sd&i.d ellastpmere cortcabntlhgg compdsiit anfhutidwer

conpr e e IO

o oup ¢ nsﬁéﬁbnga%@#ﬁ% P e are T sei
pr oc 88 &CEErHH @dt}ba]tﬂ%%tfdv\ﬁe?%??m%%lcd)mﬁéﬁﬁf‘éh?@e“i‘ s

ssel ecdted firom t he gr oup consi sti ng of nylon 11, nylon

10

12, nylon -6/ 66.,¢ é’é%'%rs %%% \Eﬂ% {ies A refif fméﬁf i N85 q

process accordlng i N sai east one
hal Omat§@bﬂi§’$@1@%éﬁt éﬂﬁpﬁgseecﬂ ast ored pplyabbds

I's sehlfctiedibr et hergraupcensist i g iafy hal egepate€kize of
but yl hal o en ted

ber i n/ araalk Ist rene
oI Th BERRITod S SSBTAy et paairy Ly et eeond
i sopress toopol yﬁredls@fart&ﬁ@enat ediframcired deutngkrExibber
and %ﬁﬂ%ﬁ%&egaﬂ% aq{%‘é'}%g cbutyl subbefie 851 dh€rons to
process accord to claim 13 wherein said hal ogenated
but yI#Uber ° c@ F?%®s a high content of the follow ng
hal ogenat €d st fuetpre;essherceoXdiepries entasma lhavbgent iCtdaid

(-CH& AQ*e@E%m%m8&]é§ £H$%e9r9§e§éi Q{Q%%Q.Eﬂec$f%dﬁ

14 or calm erein the halogen is selected from

15 he ¢ OWdScongi S i pighibreBral el afrl WG RéErive~ The
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processhaceeedi oget®-ed@idnhidnhwhet i isai doball pgenatesbers

'Cf)?rg'r ﬁgﬁéég pa%gaa' 53{11(_?357ynraec%%ra§0981|)]¥ge£ GRRG!YHBES: 1o
butadiene rubbers (NBR), hydrin rubbers, acryl rubbers,
maleic anhydride grafted acrylonitrile-butadiene-styrene
rubbers (ABS), maleic anhydride grafted ethylene-
propylene-diene rubbers (EPDM), maleic anhydride grafted
styrene-ethylene/butadiene-styrene rubbers (SERS),
maleated ethylene-propylene copolymer rubbers (EPM),
maleated ethylene-butene rubbers, maleated ethylene-
hexene rubbers, maleated ethylene-octene rubbers,
maleated ethylene-decene rubbers, maleated ethylene-vinyl
acetate copolymers, maleated ethylene-methyl acrylate
copolymers, maleated ethylene-ethyl acrylate copolymers,
maleated ethylene-acrylic acid copolymers, EPDM/styrene
copolymers, maleic acid modified EPDM/styrene copolymers,
EPDM/acrylonitrile graft copolymers, maleic acid modified
EPDM/acrylonitrile graft copolymers, styrene/maleic acid
copolymers, reactive phenoxy thermoplastic resins,
maleated isobutylene-isoprene copolymers, maleated
isobutylene-paramethylstyrene copolymers, maleated
halogenated isobutylene-isoprene copolymers, maleated

star branched butyl (SBB) copolymers, maleated BIMS



18. The process according to claim17 wherein said

hal ogenat ed i sool ef i n/ par a- al kyl styrene copol yner
wWeuuposses a hal ogenated poly PCT/US2007/081116

(i sobutyl ene-co- pnet hyl styrene) copol yner. 19. The

process according to claim18 wherein said halogen is

brom ne. 20. A dynam c vul canLzaiion process conducted

in atwn-screw, extruder mxer having a length to

di anet er 1é}/D screw rati o of 49 and capabl e of

appl ity '9HEar: AU EHIESol ' AGEY o pol ymer and ot her

conmponent ©.f or Tpeopimmqtgs act:bednm@lia;stdl@i@l dsteherein said

COMPOS] 1d gtneléékg SOMPOSI LN EQ%Eié%é%aQ%”é%H%é%de

vul cani zed parti cles of bron nat
(i sobUtSAEe2E ol PatamEtIIts £§F-8fEF (fBjiCTVS)th@u%@PP and
spar t |¢‘drﬁﬁs@ﬁnqabea1@@b eihyl epevoct ene vﬁi%pOM)%rmt 40 wt%,

rubbejr ach gf §a| t| C|2%S gmpleg%;ecdll No@yte,  owts,

contlnuous t er nopl as |c ﬁ Fon" 6 copol'ymer resin
mat ri&,"tsai d H?@ce@swi“fonﬁr M§rng4t‘lﬁ1€st%p\§o@f anfl]y wts
di spexsiaigh ahnyaggd@,arts by wei ght Bl M5 rubber”® a cure
system co rlsgﬂg a mxture of (E)arts 2| nc_oxid

0.60 parts steartc”acid ﬁ&cﬁr%“%a‘i AR Stgﬁ?]é%ﬂ said
10t o t herebpnobealn eonrletcorpoandedyBlNB icerposi tooresponds

and rﬂ%'é"gieb@e@nofn&ﬁf@agel@cﬁga §£orﬁ10ck%phﬁlro%9 Q&lé%tlng of
3.5 minutes to substantially unjf #erse sai d

cure HEteR’ but®i wWeirTSc t@ﬁf] ?BO%%U%%SGUb ]Ht 5? 5 to
cr ossdlbnki @@ 6f shaoud BIOVS tthatbwoul ¥ prreweotiti 1S ¢ to

subseguen! %’“ ﬁgeiggt %nd't' §t°§oeJet\6a§%@ut 98 %; about

terrperature an etizin cool |n
Ssai d Pt et ¢OnPEEREed B N@nd( E?OPFnt %%d@&%@bOUﬁt 89sat d
extruder ati.L/ De3.5yodk4 ar@abtcslﬂglw cﬁ/aa& copehyr@in said

and f 47 npa nyl oxi dati ve,
adegégll% 0f,.9- 47 L ]_Ie%st LoR, { hey ma

izers  and applying sulf“fl ci ent "shear and
heat to cduse the H?mQﬁ?St Gorerfinmdte glaim 1 wherein said

elastomer containing composition further comprises at
20 least one component selected from the group consisting of
fillers and plasticizers.
13. The process according to claim 1 wherein said
polyamide is selected from the group consisting of nylon
11, nylon 12, nylon 6/66 copolymer and mixtures thereof.
25 14. The process according to claim 1 wherein said
at least one halogenated isobutylene-containing elastomer
or rubber is selected from the group consisting of
halogenated butyl rubber, halogenated isoolefin/para-
alkylstyrene copolymer, halogenated isobutylene-p-
30 methylstyrene-isoprene copolymer, halogenated branched
butyl rubber and halogenated star-branched butyl rubber.
15. The process according to claim 13 wherein said
halogenated butyl rubber comprises a high content of the
following halogenated structure, where X represents a

35 halogen:



stabilizers to be dispersed in said nylon and forma
nylon m xture; (3) introducing® at L/ D=7, 26.8 parts

wW@toovkes4my| on pl asticizer N-butylsulf onam de; PCHEYS2007/081116

10

i ntroduci ng™ at L/D=28_ _ pellets conprising said

pr e- conpounded hal ogenated el astoner according to the
conposition shown in (1) above,sand appl yi ng heat and
shear in sufficient quantity to initiate dynamc

vul cani zati on of said hal ogenated el astoner; (5)

i ntroduci ng™ at L/D=35, 10.0 p&Hts nmal eat ed

et hyl ene- oct ene copol yner rubbar and continuing the
heating and sheari ng—togubhstantad-y—di-sperse said
second el astoner and substantially| conplete said
dynam c vul cani zation of said Bl My and delivering
said dynam cally vul cani zed t hernopl asti c el ast oner
conmposition fromsaid m xer

16. The process according to claim 14 or claim 15
wherein the halogen is selected from the group consisting
of bromine and chlorine.

17. The process according to claim 14 wherein said
halogenated isoolefin/para-alkylstyrene copolymer
copolymers comprises a Cs to C; isoolefin.

18. The process according to claim 17 wherein said
halogenated isoolefin/para-alkylstyrene copolymer
comprises a halogenated poly (isobutylene-co-p-
methylstyrene) copolymer.

19. The process according to claim 18 wherein said

halogen is bromine.

15 20. A dynamic wvulcanization process conducted in a

20

twin-screw, extruder mixer having a length to diameter
(L/D) screw ratio of 49 and capable of applying shear,
heat and cooling to polymer and other components for
producing a thermoplastic elastomer composition, said
composition comprising dynamically vulcanized particles
of brominated poly (isobutylene-co-paramethylstyrene)
(BIMS) rubber and particles of maleated ethylene-octene
copolymer rubber, each of said particles dispersed in a

continuous thermoplastic nylon 6/66 copolymer resin

25 matrix, said process comprising the steps of:

(1) dispersing, in 100 parts by weight BIMS rubber,
a cure system comprising a mixture of 0.15
parts zinc oxide, 0.60 parts stearic acid and

0.30 parts zinc stearate, to thereby obtain a

30 pre-compounded BIMS composition and mixing in

an internal mixer at 40 RPM, 90 °C for 3.5
minutes to substantially uniformly disperse

said cure system, but insufficient to cause
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substantial crosslinking of said BIMS that
would prevent its subsequent flow under
conditions of elevated temperature and shear,
and pelletizing and cooling said pre-compounded
BIMS;

introducing, into said extruder at L/D=3.5,
62.4 parts nylon 6/66 copolymer and a mixture
of 0.47 parts nylon thermal, oxidative, light
stabilizers and applying sufficient shear and
heat to cause the nylon to melt and the
stabilizers to be dispersed in said nylon and
form a nylon mixture;

introducing, at L/D=7, 26.8 parts of the nylon
plasticizer N-butylsulfonamide;

introducing, at L/D=28, pellets comprising said
pre-compounded halogenated elastomer according
to the composition shown in (1) above, and
applying heat and shear in sufficient quantity
to initiate dynamic vulcanization of said
halogenated elastomer;

introducing, at L/D=35, 10.0 parts maleated
ethylene-octene copolymer rubber and continuing
the heating and shearing to substantially
disperse said second elastomer and
substantially complete said dynamic

vulcanization of said BIMS; and

delivering said dynamically wvulcanized thermoplastic

elastomer composition from said mixer.



