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(57) ABSTRACT 

The present invention provides a nanocomposite of an isobu 
tylene-based elastomer and a phosphate nano?ller. Also dis 
closed is a nanocomposite embodiment Wherein the elas 
tomer is BIMSM and high aspect ratio, partially intercalated, 
partially exfoliated alpha-Zirconium phosphate treated With 
amine or amide. A dispersion aid can include a low molecular 
Weight polymer or oligomer, optionally functionaliZed With a 
polar group. The nanocomposite is suitable for use as an air 
barrier. 
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LOW PERMEABILITY 
ELASTOMERIC-METAL PHOSPHATE 

NANOCOMPOSITES 

FIELD OF THE INVENTION 

[0001] This invention relates to loW permeability elasto 
meric-metal phosphate nanocomposite compositions, more 
particularly to isobutylene-based elastomers containing platy 
nano-?llers of alpha-Zirconium phosphate, and especially to 
halogenated isobutylene elastomers, such as halogenated 
poly(isobutylene-co-p-methylstyrene) elastomers, particu 
larly brominated poly(isobutylene-co-p -methyl styrene) elas 
tomers (BIMSM), ?lled With alpha-Zirconium phosphate 
exchanged With monoamines, diamines, tertiary amines, 
polyamides, or a combination thereof, With or Without a dis 
persion aid such as loW molecular Weight polar modi?ed 
polymer. 

BACKGROUND OF THE INVENTION 

[0002] Polymers With a saturated hydrocarbon backbone 
are Well knoWn to possess good environmental and aging 
resistance Which makes them highly desirable in a variety of 
applications. In comparison With many other common elas 
tomers, polyisobutylene and its copolymers are notable for 
their loW permeability to small-molecule diffusants as a result 
of their e?icient intermolecular packing. This e?icient pack 
ing in isobutylene polymers leads to their loW fractional free 
volumes and loW diffusion coe?icients for penetrants. In 
combination With the loW solubilities of small-molecule dif 
fusants in isobutylene polymers, the loW diffusion coef? 
cients lead to the observation of loW permeability values in 
isobutylene polymers relative to other elastomers. This loW 
degree of permeability to gases accounts for the largest uses 
of butyl and halobutyl rubbers, namely tire inner tubes and 
tire innerliners. Among all commercially available isobuty 
lene elastomers, brominated poly(isobutylene-co-parameth 
ylstyrene), also referred to as BIMSM, has the loWest perme 
ability. 
[0003] Nanocomposites are polymer systems containing 
inorganic particles With at least one dimension in the nanom 
eter range. Some examples of these are disclosed in Us. Pat. 
No. 6,060,549, U.S. Pat. No. 6,103,817, U.S. Pat. No. 5,973, 
053, US. Pat. No. 5,936,023, U.S. Pat. No. 5,883,173, and 
Us. Pat. No. 5,576,372. Common types of inorganic par 
ticles used in nanocomposites are phyllosilicates, an inor 
ganic substance from the general class of so called “nano 
clays” or “clays” generally provided in an intercalated form 
Wherein platelets or leaves of the clay are arranged in a stack 
in the individual clay particles With interleaf spacing usually 
maintained by the insertion of another compound or chemical 
species betWeen the adjacent lamellae. Ideally, intercalation 
should take place in the nanocomposite, Wherein the polymer 
inserts into the space or gallery betWeen the clay surfaces. 
Ultimately, it is desirable to have exfoliation, Wherein the 
polymer is fully dispersed With the individual nanometer-size 
clay platelets. Due to the general enhancement in air barrier 
qualities of various polymer blends When clays are present, 
there is a desire for a nanocomposite With loW air permeabil 
ity; especially a vulcaniZed elastomer nanocomposite such as 
used in the manufacture of tires. 
[0004] It is knoWn from Us. Pat. No. 5,576,373 and Us. 
Pat. No. 5,665,183 to introduce organosilicates into styrene 
butadiene rubber (SBR) to loWer permeability values. High 
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loadings in the SBR of montmorillonite silicates intercalated 
With an amine-terminated butadiene-acrylonitrile oligomer 
Were reported to reduce the permeability of the SBR, but the 
permeability values of these ?lled rubbers Were still signi? 
cantly higher than those of halobutyl or BIMSM rubbers. 
Direct blending of BIMSM of loW or high molecular Weights 
With dimethyldialkyl ammonium-exchanged montmorillo 
nite silicates in Us. Pat. No. 5,807,629 and Us. Pat. No. 
6,034,164 (Elspass et al.) provided BIMSM-layered silicate 
nanocomposites With signi?cantly loWer permeability values. 
HoWever, organosilicates in both the reactive oligomer/SBR 
blends and in the BIMSM nanocomposites Were not exfoli 
ated. 

[0005] The extents of dispersion, exfoliation, and orienta 
tion of platy nano-?llers such as organosilicates, mica, hydro 
talcite, graphitic carbon, etc., could strongly in?uence the 
permeability of the resulting polymer nanocomposites. The 
barrier property of a polymer in theory is signi?cantly 
improved, by an order of magnitude, With the dispersion of 
just a feW volume percent of exfoliated high aspect-ratio platy 
?llers, due simply to the increased diffusion path lengths 
resulting from long detours around the platelets. Nielsen, J. 
Macromol. Sci. (Chem), vol. A1, p. 929 (1967), discloses a 
simple model to determine the reduction in permeability in a 
polymer by accounting for the increase in tortuousity from 
impenetrable, planarly orientedplaty ?llers. Gusev et al., Adv. 
Mater., vol. 13, p. 1641 (2001), discloses a simple stretched 
exponential function relating the reduction of permeability to 
aspect ratio times volume fraction of the platy ?ller, that 
correlates Well With permeability values numerically simu 
lated by direct three-dimensional ?nite element permeability 
calculations. 

[0006] For rubber compounding applications, small sub 
micron ?llers such as carbon black and silica are used for 
fatigue resistance, fracture toughness and tensile strength. 
Filler particles larger than a micron act tend to concentrate 
stress and initiate defects. Thus, platy nano?llers added to 
reduce permeability are desirable in elastomers. To maximiZe 
the effect of aspect ratio on permeability reduction, it is useful 
to maximiZe the degree of exfoliation and dispersion of the 
platelets, Which are generally supplied in the form of an 
intercalated stack of the platelets. HoWever, in isobutylene 
polymers, dispersion and exfoliation of platy nano?llers 
requires su?icient favorable enthalpic contributions to over 
come entropic penalties. As a practical matter, it has thus 
proven to be very di?icult to disperse ionic nano?llers such as 
clay into generally inert, nonpolar, hydrocarbon elastomers. 
The prior art has, With limited success, attempted to improve 
dispersion by modi?cation of the clay particles, by modi?ca 
tion of the rubbery polymers, by the use of dispersion aids, 
and by the use of various blending processes. 
[0007] The “inertness” of saturated hydrocarbon polymers 
such as BIMSM, their loW reactivity and incompatibility With 
mo st other materials, and the di?iculties in adhering them to, 
or using them in conjunction With most other materials has 
restricted their use in many areas. Chemical modi?cation of 
the elastomers, modi?cation of the blend component, and the 
use of additional compatibiliZing blend components, have 
been attempted. U.S. Pat. No. 5,162,445 discloses a method 
to improve polymer blend compatibility or blend co-curabil 
ity by copolymeriZing an unsaturated comonomer and/ or a 
comonomer having reactive functionality With isobutylene. 
U.S. Pat. No. 5,548,029 discloses graft copolymers ofisobu 
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tylene-p-methylstyrene copolymers to compatibiliZe blends 
of saturated and unsaturated elastomers. 
[0008] The preparation of nanocomposites uses a number 
of methods to generate exfoliated clays. Swelling agents and 
processes for intercalating layered silicates are disclosed in 
Us. Pat. Nos. 4,472,538, 4,810,734, 4,889,885 as Well as 
WO92/02582. For example, cationic surfactants are 
employed With anionic montmorillonites or other phyllosili 
cates to facilitate dispersion, and anionic surfactants With 
cationic hydrotalcites. One of the most common methods 
relies upon the use of organically modi?ed montmorillonite 
clays. Organoclays are typically produced through solution 
based ion-exchange reactions that replace sodium ions that 
exist on the surface of sodium montmorillonite With organic 
molecules such as alkyl or aryl ammonium compounds and 
are typically knoWn in the industry as sWelling or exfoliating 
agents. See, e.g., U.S. Pat. No. 5,807,629, WO02/100935, 
and WO02/ 100936. Other background references include 
U.S. Pat. No. 5,576,373, U.S. Pat. No. 5,665,183, U.S. Pat. 
No. 5,807,629, U.S. Pat. No. 5,936,023, U.S. Pat. No. 6,121, 
361, WO94/22680, WO01/85831, and WO04/058874. 
[0009] Another method to improve the organoclay perfor 
mance has been to use functionaliZed polymers to treat the 
clay. This approach uses materials that are soluble in Water or 
materials that can be incorporated into the polymerization 
reaction. This approach has been used to prepare nylon-clay 
nanocomposites, using for example, oligomeric and mono 
meric caprolactam as the modi?er. Polyole?n-clay nanocom 
posites, such as polypropylene nanocomposites, have utiliZed 
maleic anhydride grafted polypropylenes to achieve some 
success in the formation of nanocomposites. 
[0010] For example, it is knoWn to utiliZe exfoliated-clay 
?lled nylon as a high impact plastic matrix, such as disclosed 
in Us. Pat. No. 6,060,549 (Li et al.). In particular, Li et al. 
discloses a blend of a thermoplastic resin such as nylon; a 
copolymer of a C4 to C7 isoole?n, a para-methylstyrene and a 
para-(halomethylstyrene); and exfoliated clays that are used 
as a high impact material. Further, Japanese Unexamined 
Application P2000-160024 (Yuichi et al.) discloses a thermo 
plastic elastomer composition Which can be used as an air 
barrier, including a blend similar to that disclosed in Li et al. 
[0011] The preparation of BIMSM-clay nanocomposites 
from melt-blending, solution blending and an emulsion pro 
cess are disclosed in commonly assigned U.S. application 
Ser. No. 11/183,361, Split-Stream Process for Making Nano 
composites, by W. Weng et al., ?led Jul. 18, 2005; and com 
monly assigned U.S. application Ser. No. 11/184,000, Func 
tionaliZed Isobutylene Polymer-Inorganic Clay 
Nanocomposites and Organic-Aqueous Emulsion Process, 
by W. Weng et al., ?led Jul. 18, 2005. 
[0012] Us. Pat. No. 6,841,642 to KasZas (WO02/16452) 
discloses a polymer formed by reaction of a mixture of isobu 
tylene, isoprene, divinylbenZene and a chain transfer agent. 
Incorporation of DVB to the isobutylene-isoprene copolymer 
With the chain transfer agent is said to provide a butyl polymer 
having an improved (higher degree of) ?ller dispersion. 
[0013] Us. Pat. No. 6,548,585 (OZaWa et al.) discloses 
refrigerant hoses made With an inner tube composition of a 
brominated copolymer rubber such as BIMSM With an inor 
ganic lamellar compound such as graphite, Zirconium phos 
phate, calcogenides, talc, kaolinite, benotnite, montmorillo 
nite, mica, chlorite, etc. 
[0014] Other general background references that have sug 
gested general polymer compositions containing Zirconium 
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phosphate include U.S. Pat. No. 6,872,687 (Shimada et al.); 
Publication US20020031716 (Nagata et al.); and Publication 
US20060046199 (Mitsumoto et al.). 
[0015] Publication US2005026238 (Dupuy et al.) and Pub 
lication US20040033186 (Bougelot et al.) disclose Zirconium 
phosphate intercalated With amines, and thermoplastic com 
positions comprising mixtures of the Zirconium phosphate in 
a thermoplastic polymer. 

SUMMARY OF THE INVENTION 

[0016] The present invention provides elastomeric nano 
composites made With metal phosphate nano?llers dispersed 
in an isobutylene-based rubber, such as, by Way of non 
limiting example, amine- or amide-modi?ed alpha-Zirco 
nium phosphate in a halogenated poly(isobutylene-co-p-me 
thylstyrene) elastomer, preferably brominated poly 
(isobutylene-co-p-methylstyrene) elastomer (BIMSM). 
Elastomeric nanocomposites incorporating the modi?ed 
metal phosphates have unexpectedly improved intercalation, 
exfoliation and/ or dispersion compared to the nanoclays and 
other prior art nano?llers, and further have improved barrier 
and other desirable properties. 
[0017] Although not intending to be bound by any one 
theory, the unique ion exchange characteristics of the metal 
phosphate nano?llers may explain their improved perfor 
mance. The ion exchange behavior of platy crystalline alpha 
Zirconium phosphate depends on its crystallinity. The phos 
phate proton can be removed or exchanged With cations. If 
amines or amides are used to intercalate alpha-Zirconium 
phosphate, hydrogen bonds form betWeen amine or amide 
and phosphate. See Clear?eld et al., .1. Inorg. Nucl. Chem, 
vol. 41, p. 871 (1979). The hydrogen bonding ofthe amine or 
amide intercalants facilitates more favorable interactions for 
isobutylene-based elastomers to intercalate and/ or to exfoli 
ate Zirconium phosphate. In addition, Zirconium phosphate 
can be crystallized in a commercial process, not mined and 
processed like montmorillonites or other phyllosilicates, and 
hence Zirconium phosphate can have a more uniform and 
monodisperse particle siZe and aspect ratio. 
[0018] In one embodiment, the nanocomposite broadly 
comprises an isobutylene-based elastomer ?lled With platy 
nano?ller comprising ion-exchangeable phosphate, Wherein 
phosphate protons are exchanged With a compound capable 
of hydrogen bonding With the phosphate. 
[0019] In various embodiments, the nano?ller is in the form 
of platelets having an aspect ratio of 200 or more, 375 or 
more, or 500 or more. The phosphate can be a metal phos 
phate such as titanium phosphate, alpha-Zirconium phos 
phate, or the like. The nano?ller can be used in one embodi 
ment at from 0.1 to 30 parts by Weight per 100 parts by Weight 
rubber or elastomer (phr). In embodiments, the nano?ller is 
intercalated, exfoliated, or preferably is a mixture of interca 
lated nano?ller and partially exfoliated nano?ller in the elas 
tomer. Embodiments of the extent of exfoliation include exfo 
liation of from 0.0001 to 10 volume percent of the nano?ller, 
from 0.005 to 5 volume percent, or from 0.01 to 0.5 volume 
percent of the nano?ller. 
[0020] In an embodiment of the invention, the nano?ller is 
surface exchanged With an amine, preferably in an amount 
effective to intercalate the nano?ller. In embodiments, the 
nano?ller is amine-exchanged in an amount from at least 25 
but less than 100 percent of exchange capacity, or at from 25 
to 50 percent of exchange capacity. In different embodiments, 
the amine is a monoamine or diamine, and the amine groups 
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can be primary amines, secondary amines, tertiary amines, 
quaternary amines, or a combination thereof. The amine can 
be embodied as a short chain alkylamine or diamine Wherein 
the alkyl group has from 1 to 12 or 13, 1 to 10, 2 to 8, 2 to 6, 
or 2 to 4 carbon atoms; or as a long chain alkylamine or 
diamine having 14 or more carbon atoms, eg 15 to 50, 16 to 
30, 16 to 30, or 18 to 24 carbon atoms. The amine can be 
exchanged in either an overlapping con?guration betWeen the 
opposing platelet surfaces, or in a double layer con?guration. 
[0021] As diamine embodiments, the diamine can have tWo 
primary amine groups, or can be a short chain alkylene 
diamine. In another embodiment, the diamine comprises a 
primary amine group and a tertiary amine. In alternate 
embodiments, a ratio of amine to exchangeable phosphate 
groups is less than 1 and the primary amine is predominantly 
attached to the phosphate; the ratio of amine to exchangeable 
phosphate groups is greater than 1 and the tertiary amine is 
predominantly attached to the phosphate; or the ratio of 
amine to exchangeable phosphate groups is betWeen 0.5 and 
2 and the amine attachment to the phosphate is heteroge 
neous. 

[0022] As another embodiment, the nano?ller is surface 
exchanged With an amine-terminated oligoamide, for 
example, an oligoamide comprised of from 2 to 4 monomer 
units, including Wherein the oligoamide monomer units com 
prise from 2 to 12 carbons per unit, or Wherein the oligoamide 
comprises a molecular Weight from 150 to 2000 Daltons. 

[0023] In one embodiment, the nano?ller is surface 
exchanged With a mixture of monoamine and diamine that 
can be in a molar ratio of monoamine:diamine from 1:20 to 
20: 1. In alternate embodiments, the monoamine comprises a 
primary amine and the diamine comprises a primary amine 
group and a tertiary amine group; or the diamine comprises a 
primary-tertiary diamine and a primary-secondary diamine. 
A molar ratio of monoamine to diamine can be from 1:1 to 
20:1, or from 3 :1 to 10: 1, and in an embodiment the nano?ller 
is amine-exchanged at from 25 to 50 percent of exchange 
capacity. 
[0024] In another embodiment, the nanocomposite 
includes a dispersant aid, such as a loW molecular Weight 
polymer or oligomer, Which can be functionaliZed With a 
polar group and blended in a matrix of the isobutylene-based 
elastomer. In various embodiments, the dispersant aid can be 
a polymer or oligomer of a C4-C8 isoole?n, such as isobuty 
lene; an interpolymer of a C4-C7 isoole?n and an alkylsty 
rene; a polyamide, Which can have terminal amine groups, 
such as polyoxyalkylenediamine polyamide obtained as the 
reaction product of a polyoxyalkylenediamine and a dicar 
boxylic acid; or the like. The dispersant aid can have a number 
average molecular Weight up to 100000, betWeen 500 and 
50000, or betWeen 2000 and 25000. The polar group can 
make up from 0.1 to 10 Weight percent of the dispersant aid in 
one embodiment, or from 0.5 to 7.0 Weight percent of the 
dispersant aid in another. The dispersant aid can be function 
aliZed With betWeen 0.01 and 10 Weight percent of a polar 
group in one embodiment; 0.01 Weight percent to 10 Weight 
percent of the polymer in one embodiment, and from 0.1 
Weight percent to 8 Weight percent in another embodiment, 
from 0.2 to 7 Weight percent in yet another embodiment, from 
0.2-5.0 Weight percent in another embodiment, from 0.3-3.0 
Weight percent in another embodiment, and from 0.5 to 2.0 
Weight percent in another embodiment, Wherein a desirable 
range may be any combination of any upper Weight percent 
limit With any loWer Weight percent limit. In embodiments, a 
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Weight ratio of the functionaliZed loW molecular Weight poly 
mer or oligomer to the elastomer is betWeen 0.01:1 and 1: 1, or 
betWeen 0.05:1 and 0.5 : 1. 

[0025] In the dispersant aid embodiments, the loW molecu 
lar Weight polymer or oligomer can be functionaliZed With the 
polar group selected from the group consisting of alcohols, 
ethers, acids, anhydrides, nitriles, amines, acrylates, esters, 
ammonium ions, and the like, including combinations 
thereof. In the amine-functionaliZed embodiment, the amine 
can be a primary, secondary, tertiary, or quaternary amine. 

[0026] The polar group can be derived from an acid anhy 
dride, such as a cyclic anhydride, a symmetric anhydride, a 
mixed anhydride, or combinations thereof. The acid anhy 
dride can be a carboxylic anhydride, a thioanhydride, a phos 
phoric anhydride, or mixtures thereof. 

[0027] In one embodiment, the acid anhydride is a carboxy 
lic acid anhydride. In certain embodiments, the carboxylic 
acid anhydride is maleic anhydride, succinic anhydride, or a 
combination thereof. 

[0028] In one embodiment, the polar group is derived from 
an acid. The acid canbe a carboxylic acid, a dicarboxylic acid, 
a tricarboxylic acid, an oxo carboxylic acid, a peroxy acid, a 
thiocarboxylic acid, a sulfonic acid, a sul?nic acid, a xanthic 
acid, sulfenic acid, sulfamic acid, a phosphonic acid, an amic 
acid, an aZinic acid, an aZonic acid, a hydroxamic acid, an 
imidic acid, an imino acid, a nitrosolic acid, a nitrolic acid, a 
hydraZonic acid, or mixtures thereof. A useful acid is maleic 
acid. 

[0029] In an embodiment, the loW molecular Weight poly 
mer or oligomer can be grafted to the exchanged-amine on the 
phosphate, such as by reaction betWeen the exchanged amine 
and the polar group on the loW molecular Weight polymer or 
oligomer, for example, by forming an amide linkage betWeen 
a free amine of a phosphate-exchanged diamine and an acid 
functional group on the loW molecular Weight polymer or 
oligomer. 
[0030] In an embodiment, the isobutylene based elastomer 
is preferably an interpolymer of isobutylene and an alkylsty 
rene. In embodiments, the elastomer has a number average 
molecular Weight betWeen 25,000 and 500,000, or at least 
100,000. The elastomer can include functional groups such as 
halides, ethers, amines, amides, esters, acids, hydroxyls, or 
the like. In preferred embodiments, the elastomer is function 
aliZed With an amine and/ or is halogenated With bromine or 
chlorine, such as a halogenated polyisobutylene for example, 
or a halogenated copolymer of isobutylene and para-methyl 
styrene as another example. In one embodiment, the elas 
tomer is essentially free of polar functionaliZation, or in 
another embodiment, the halogenated elastomer is essentially 
free of polar functionaliZation other than the halogenation. 
(By essentially free is meant that polar functionaliZation is 
present at less than 0.1 mole %). In another embodiment, the 
elastomer or halogenated elastomer is less functionaliZed 
than the dispersant-aid, functionaliZed loW molecular Weight 
polymer or oligomer. The nanocomposite can also include a 
?ller selected from calcium carbonate, mica, silica, silicates, 
talc, titanium dioxide, carbon black, and mixtures thereof. A 
dye, pigment, antioxidant, heat or light stabiliZer, plasticiZer, 
oil, or mixtures thereof are present in the nanocomposite of 
other embodiments. In other embodiments, organic peroxide, 
Zinc oxide, Zinc stearate, stearic acid, an accelerator, a vulca 
niZing agent, or mixtures thereof are present in the elastomer. 
In an embodiment, the nanocomposite is cured. 
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[0031] The isobutylene-based elastomer can include a 
polymer chain E comprising an ammonium-functionaliZed 
group. The ammonium functionaliZed group can be described 
by the following group pendant to the polymer chain E: 

wherein R and R1 are the same or different and are one of a 

hydrogen, C1 to C7 alkyls (preferably methyl, ethyl, propyl 
butyl, pentyl, or hexyl), and primary or secondary alkyl 
halides; and wherein R2, R3 and R4 are the same or different 
and are selected from hydrogen, C1 to C20 alkyls (preferably 
methyl, ethyl, propyl butyl, pentyl, or hexyl), alkenes or aryls 
(preferably phenyl), substituted C1 to C20 alkyls, alkenes or 
aryls, C1 to C20 aliphatic alcohols or ethers, C1 to C20 car 
boxylic acids, nitriles, ethoxylated amines, acrylates, esters 
and ammonium ions. 
[0032] A method to form a nanocomposite can include the 
step of dispersing amine-modi?ed Zirconium phosphate 
nano?ller in a halogenated isobutylene based elastomer under 
conditions effective to at least partially exfoliate the nano 
?ller. In an embodiment, the method can include intercalating 
the nano?ller and blending the intercalated nano?ller with the 
halogenated elastomer. In various embodiments, the disper 
sion step can include melt blending the intercalated nano?ller 
with the halogenated elastomer, solution blending the inter 
calated nano?ller with the halogenated elastomer, blending 
an aqueous dispersion of the intercalated nano?ller with a 
solution of the halogenated elastomer in a solvent immiscible 
with water, or the like. In the aqueous dispersion embodi 
ment, the aqueous phase can be dispersed in a continuous 
phase comprising the halogenated elastomer solution. The 
dispersion step can optionally include high shear conditions. 
In an embodiment, the method includes incorporating a cura 
tive into the nanocomposite, and optionally curing the nano 
composite. 
[0033] In another embodiment, the invention provides an 
improvement in a process to manufacture a nanocomposite 
comprising an isobutylene based elastomer and nano?ller, 
wherein the nano?ller comprises partially exfoliated, par 
tially intercalated amine-exchanged Zirconium phosphate. 

DETAILED DESCRIPTION 

[0034] This invention describes isobutylene-based elas 
tomer/nano?ller phosphate nanocomposites. The nanocom 
posite can include a halogenated isobutylene-based elastomer 
and a metal phosphate nano?ller, desirably an at least par 
tially exfoliated alpha-Zirconium phosphate nano?ller, suit 
able for use as an air barrier. The nanocomposite formed of 
this invention has improved air barrier properties and is suit 
able for use as an innerliner or innertube. 

DEFINITIONS 

[0035] As used herein, the new numbering scheme for the 
Periodic Table Groups is used as set forth in CHEMICAL AND 
ENGINEERING NEWS, 63(5), 27 (1985). 
[0036] As used herein, “polymer” may be used to refer to 
homopolymers, copolymers, interpolymers, terpolymers, 
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etc. Likewise, a copolymer may refer to a polymer compris 
ing at least two monomers, optionally with other monomers. 
[0037] As used herein, when a polymer is referred to as 
comprising a monomer, the monomer is present in the poly 
mer in the polymerized form of the monomer or in the deriva 
tive form the monomer. Likewise, when catalyst components 
are described as comprising neutral stable forms of the com 
ponents, it is well understood by one skilled in the art, that the 
ionic form of the component is the form that reacts with the 
monomers to produce polymers. 
[0038] As used herein, “elastomer” or “elastomeric com 
position” refers to any polymer or composition of polymers 
(such as blends of polymers) consistent with the ASTM 
D1566 de?nition. Elastomer includes mixed blends of poly 
mers such as melt mixing and/ or reactor blends of polymers. 
The terms may be used interchangeably with the term “rub 
ber.” 
[0039] As used herein, “phr” is ‘parts per hundred rubber’ 
and is a measure common in the art wherein components of a 
composition are measured relative to a major elastomer com 
ponent, based upon 100 parts by weight of the elastomer(s) or 
rubber(s). 
[0040] As used herein, “isobutylene based elastomer” or 
“isobutylene based polymer” or “isobutylene based rubber” 
refers to elastomers or polymers comprising at least 70 mole 
percent isobutylene. 
[0041] As used herein, “isoole?n” refers to any ole?n 
monomer having at least one ole?nic carbon having two 
substitutions on that carbon. 
[0042] As used herein, “multiole?n” refers to any monomer 
having two or more double bonds, for example, a multiole?n 
may be any monomer comprising two conjugated double 
bonds such as a conjugated diene such as isoprene. 
[0043] As used herein, “nanocomposite” or “nanocompos 
ite composition” refers to polymer systems containing inor 
ganic particles with at least one dimension in the nanometer 
range within a polymer matrix. 
[0044] As used herein, “intercalation” refers to the state of 
a composition in which a material (such as an inorganic or 
organic molecule or ion, oligomer or polymer) is present 
between each layer of a platelet ?ller. As is recogniZed in the 
industry and by academia, some indicia of intercalation can 
be the shifting and/ or weakening of detection of X-ray lines as 
compared to that of original platelet ?llers, indicating a larger 
spacing between vermiculite layers than in the original min 
eral. 
[0045] As used herein, “overlapping con?guration” 
between the opposing platelet surfaces in an intercalated par 
ticle refers to an arrangement wherein the molecular tails of 
the intercalant from the opposing surfaces are overlapping or 
intertwined in a single or common layer between the platelets, 
whereas “double layer con?guration” refers to an arrange 
ment wherein the intercalant tails are generally end-to -end in 
more or less separate layers. The overlapping con?guration 
generally manifests tighter platelet spacing, whereas the 
double layer con?guration yields larger d spacing. 
[0046] As used herein, “exfoliation” refers to the separation 
of individual layers of the original inorganic particle, so that 
polymer can surround or surrounds each separated particle. In 
an embodiment, suf?cient polymer or other material is 
present between each platelet such that the platelets are ran 
domly spaced. For example, some indication of exfoliation or 
intercalation may be a plot showing no X-ray lines or larger 
d-spacing because of the random spacing or increased sepa 
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ration of layered platelets. However, as recognized in the 
industry and by academia, other indicia may be useful to 
indicate the results of exfoliation such as permeability testing, 
electron microscopy, atomic force microscopy, etc. For pur 
poses of this invention and claims thereto exfoliation is mea 
sured by transmission electron microscopy (TEM), on a 100 
nm thick sample. 

[0047] The term “aspect ratio” is understood to mean the 
ratio of the larger dimension of the leaves or platelets of 
nano?ller, to the thickness of the individual leaf or of the 
agglomerate or stack of leaves. The thickness of the indi 
vidual leaf can be determined by crystallographic analysis 
techniques, Whereas the larger dimension of a leaf are gener 
ally determined by analysis by transmission electron micros 
copy (TEM), both of Which are knoWn in the art. 

[0048] The term “average aspect ratio” refers to the volume 
average aspect ratio, i.e., the third moment of the aspect ratio 
distribution, unless otherWise indicated. 
[0049] As used herein, “solvent” refers to any substance 
capable of dissolving another substance. When the term sol 
vent is used it may refer to at least one solvent or tWo or more 

solvents unless speci?ed. In certain embodiments, the solvent 
is polar; in other embodiments, the solvent is non-polar. 
[0050] As used herein, “solution” refers to a uniformly 
dispersed mixture at the molecular level or ionic level, of one 
or more substances (solute) in one or more substances (sol 
vent). For example, solution process refers to a mixing pro 
cess that both the elastomer and the modi?ed layered ?ller 
remain in the same organic solvent or solvent mixtures. 

[0051] As used herein, “suspension” refers to a system 
consisting of a solid dispersed in a solid, liquid, or gas usually 
in particles of larger than colloidal siZe. 
[0052] As used herein, “emulsion” refers to a system con 
sisting of a liquid or liquid suspension dispersed With or 
Without an emulsi?er in an immiscible liquid usually in drop 
lets of larger than colloidal siZe. 

[0053] As used herein, “hydrocarbon” refers to molecules 
or segments of molecules containing primarily hydrogen and 
carbon atoms. In some embodiments, hydrocarbon also 
includes halogenated versions of hydrocarbons and versions 
containing herteroatoms as discussed in more detail beloW. 

[0054] As used herein, “polar group” refers to a group of 
atoms With asymmetrically arranged polar bonds in Which the 
difference in electronegativity of bonding atoms, using the 
Linus Pauling scale of electronegativities, is greater than 0.3 
and less than 1.7. In contrast to ionic groups in Which there is 
charge separation to facilitate cation exchange With the cat 
ions betWeen nano?ller layers, there is generally no charge 
separation in polar groups. Polar groups can interact With 
charged nano?ller surfaces, or to react With intercalates 
attached (chemically, ionically, or physically) to a nano?ller 
surface, but usually serve as dispersion aids and not generally 
as intercalates. 

Nano?llers 

[0055] According to an embodiment of the invention, the 
nano?ller, introduced into or otherWise incorporated Within 
the isobutylene-based elastomer matrix to improve barrier 
properties, is a platy compound based on a phosphate that can 
be ion-exchanged With a compound capable of forming 
hydrogen bonds With the phosphate, for example, a phosphate 
of one or more metals, such as, Zirconium, titanium, or the 
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like. Alpha-Zirconium phosphate crystals are a speci?c rep 
resentative example used herein for the purpose of illustra 
tion. 

[0056] In an embodiment, the metal phosphate is interca 
lated by surface exchange With an amine and can exhibit any 
interleaf distance effective to maintain a uniform spacing of 
the leaves, such as less than 200 A, less than 100 A, less than 
50 A, less than 40 A, less than 30 A, less than 25 A, less than 
20 A, less than or equal to 15 A, or less than or equal to 13 A. 
In one embodiment, the interleaf spacing is greater than 15, 
greater than 20 or greater than 25 A, and less than 200, less 
than 100, or less than 50 A. The individual leaves can exhibit 
an aspect ratio of greater than 100, greater than 200, greater 
than 250, greater than 300, greater than 3 50, greater than 375, 
greater than 400 or greater than 500; and, in partially exfoli 
ated, partially intercalated form in the elastomer matrix, can 
have an average aspect ratio of at least 50, at least 75, at least 
100, at least 150, at least 200, at least 300, at least 350 or at 
least 375. 

[0057] Intercalated nano?llers can improve the ability of 
the nanocomposite to absorb energy. The average aspect ratio 
of the particles dispersed in the isobutylene-based elasto 
meric matrix Will increasingly approach the aspect ratio of the 
individual leaf as the percentage of exfoliation of leaves to 
individual leaves approaches 100%. At higher aspect ratios, 
the proportion of nano?ller exfoliated from the intercalated 
particles into the elastomer matrix required for improving 
barrier properties is reduced. For example, assume that target 
permeability in an elastomer With a nano?ller loading of 3 
volume percent is about 10 to 20 percent of the permeability 
of the same elastomer Without the nano?ller. The required 
average nano?ller aspect ratio is theoretically 375. If the 
individual exfoliated nano?ller leaves have an aspect ratio of 
500, Whereas the intercalated nano?ller particles have an 
aspect ratio of 12.5 (500 nm Wide in a stack of 10 plates With 
a spacing of d:4 nm), only 0.05 percent (or a 0.0005 fraction) 
of the nano?ller needs to be exfoliated and 99.95 percent 
(0.9995 fraction) can be in the energy-absorbing, intercalated 
form. 

[0058] In alternate embodiments, from 0.0001 to 10 vol 
ume percent, from 0.005 to 5 volume percent, or from 0.01 to 
0.5 volume percent of the nano?ller is exfoliated; the remain 
der can be intercalated. 

[0059] The nano?ller based on Zirconium phosphate can be 
modi?ed by treating the surfaces With an inorganic or organic 
compound comprising at least one functional group capable 
of reacting With the acid functional groups of the Zirconium 
phosphate. For example, such an inorganic or organic com 
pound can be in the form of a cation. Mention may be made, 
as inorganic compound in the cationic form, by Way of 
example, of metal cations, alkali metal cations, such as Na", 
K+ or Li", or the ammonium ion NH4+. Without Wishing to be 
committed to any one theory, it is believed that such cations 
can be exchanged With the protons of the Zirconium phos 
phate. A cation, such as Na", K", Li", or NH4+, corresponds to 
a functional group capable of reacting With the acid func 
tional groups of the Zirconium phosphate. 
[0060] According to a speci?c embodiment of the inven 
tion, the inorganic or organic compound comprises a func 
tional group capable of reacting With the phosphate acid 
groups of the Zirconium phosphate, and preferably also 
capable of forming hydrogen bonds With the phosphate 
groups. This functional group canbe a basic functional group, 
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such as, for example, an amine. The functional group can, for 
example, be in a neutral or positively charged form. 

[0061] According to another speci?c embodiment of the 
invention, the inorganic or organic compound comprises tWo 
functional groups capable of reacting With the acid functional 
groups of the Zirconium and/or titanium phosphate. In par 
ticular, the organic compound is a compound according to the 
formula A-RiB Wherein A and B are the same or different 

functional groups capable of reacting With the acid functional 
groups of the Zirconium and/ or titanium phosphate, and R is 
a substituted or unsubstituted aliphatic, cycloaliphatic or aro 
matic hydrocarbyl radical comprising from 2 to 20 carbon 
atoms Which can include heteroatoms. The compound of 
formula A-RiB present in the compound based on Zirco 
nium and/or titanium phosphate comprises tWo functional 
groups A and B capable of reacting With the acid functional 
groups of the Zirconium and/ or titanium phosphate. The func 
tional groups A and B can, for example, be basic functional 
groups capable of reacting With the protons of the Zirconium 
and/ or titanium phosphate. The functional groups A and B are 
preferably provided in a neutral or positively charged form. 
Mention may be made, as examples of functional groups A 
and B Which may be suitable for the invention, of amines, 
ammoniums or phosphoniums. 

[0062] Generally, the R radical is not reactive With respect 
to the acid functional groups of the Zirconium and/ or titanium 
phosphate nor With respect to the phosphate in general. 
According to a preferred form of the invention, the functional 
groups A and B are amine functional groups. Preferably, the 
compound A-RiB is chosen from hexamethylenediamine, 
2-methylpentamethylenediamine, meta-xylenediamine, 
dimethylaminopropylamine, diethylaminopropylamine, 
aminopropylmorpholine, or the like. 

[0063] According to speci?c embodiments of the inven 
tion, the molar ratio of the reactive functional groups of the 
inorganic or organic compound to the number of moles of the 
reactive sites of the Zirconium and/or titanium phosphate is 
betWeen 0.1 and 2, 0.2 and 1.9, 0.1 and 0.8, 0.3 and 0.75, 0.4 
and 0.6, 1 and 2, 0.75 and 1.5, 1.5 and 2, 1.6 and 1.95, or the 
like, or substantially equal to 0.5. The number of moles of 
functional groups capable of reacting is understood to mean 
the sum of the number of moles of each functional group of 
the inorganic or organic compound capable of reacting. For 
example, for a compound comprising a single functional 
group capable of reacting, the number of moles of functional 
groups capable of reacting corresponds to the number of 
moles of the compound. For a compound comprising tWo 
functional groups capable of reacting per molecule, the num 
ber of moles of functional groups capable of reacting corre 
sponds to tWice the number of moles of the compound. Simi 
larly, the number of moles of the Zirconium and/or titanium 
phosphate capable of reacting is understood to mean the 
number of moles of elemental phosphorus. For example, one 
mole of Zirconium phosphate compound generally corre 
sponds to tWo moles of elemental phosphorus. 

[0064] In one embodiment, the organic compound can be 
an amine, including monoamines, diamines, and polyamines, 
and each amine can independently be primary, secondary, 
tertiary or quaternary, and in the case of diamines and 
polyamines, combinations thereof, e.g., primary-primary, 
primary-secondary, primary-tertiary, etc. Furthermore, mix 
tures of amines may be used, e. g. a monoamine and a diamine, 
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a primary-primary diamine and a primary-tertiary diamine, or 
a monoamine and a mixture of primary-primary and primary 
tertiary diamines. 
[0065] The selection of the type of amine and its ratio to 
phosphate groups can affect properties of the pre-intercalated 
phosphate nano?ller. The siZe and type of the exchange amine 
can be used to adjust the interleaf spacing, larger amines 
generally producing larger spacing. For example, a long chain 
alkylamine such as octadecyl amine at an amine to phosphate 
ratio (N/P) of 1 (100% exchanged) yields an alpha-Zirconium 
phosphate having more of a double layer con?guration and a 
spacing of d:48 A. On the other hand, a short chain diamine 
such as hexamethylene diamine yields a generally monolayer 
con?guration With one amine group attached to a phosphate 
group and one amine group free or unattached, With a spacing 
ofd:12 A at N/P of0.5 (25% exchanged), and d:15 A at N/P 
of 1 (50% exchanged). 
[0066] In the case of primary-secondary and primary-ter 
tiary diamine exchange compounds, exchange With either the 
primary amine group or the secondary/tertiary amine group 
can predominate, or it can be mixed. At loW N/P, i.e. Well 
beloW 1, the tertiary amine group can be anchored to the 
phosphate groups and the primary amine is free in a mono 
layer con?guration, but at higher N/P the primary amine 
group is anchored and the tertiary amine is free in a double 
layer con?guration. For example, a primary-tertiary diamine 
such as aminopropylmorpholine (APM) yields a generally 
monolayer con?guration With the tertiary amine group 
attached to the phosphate and the primary amine group free or 
unattached, With a spacing of d:12 A at N/P of 0.5 (25% 
exchanged); a generally double layer con?guration With the 
primary amine group attached to the phosphate and the ter 
tiary amine group free or unattached, With a spacing of d:22 
A at N/ P of 2 (100% exchanged); and a heterogeneous struc 
ture With both primary and tertiary amine anchoring to the 
phosphates at an intermediate N/P of 1 (50% exchanged). 
Generally, primary and tertiary amine anchoring is observed 
by nuclear magnetic resonance imaging. 
[0067] The phosphate nano?ller is preferably surface 
exchanged With an amine in an amount effective to facilitate 
pre-intercalation of the nano?ller prior to introduction into 
the isobutylene-based elastomer matrix. In the isobutylene 
based elastomer matrix, the nano?ller can additionally or 
alternatively be intercalated in Whole or in part by the elas 
tomer. For example, the isobutylene-based elastomer can 
a?iliate either by mixing With the tails attached to the 
exchanged amine groups that are attached to the phosphate 
groups, or by reacting or grafting on the exchange amine 
compound, eg via a free amine or other functional group on 
the tail of the exchanged amine compound. Or, the isobuty 
lene-based elastomer, especially isobutylene-based elas 
tomer functionaliZed With polar groups, can exchange or oth 
erWise bond directly With the phosphate groups, either at 
“free” or unexchanged phosphates or by replacement of pre 
exchanged amines. 
[0068] In embodiments, the nano?ller phosphates are 
amine-exchanged at from 25 to 100 percent of exchange 
capacity, preferably from 25 to 50 percent of exchange capac 
ity. Less than 100 percent exchange is desirable in one 
embodiment to avoid introducing free amines into the isobu 
tylene-based elastomer matrix Which could otherWise result 
in premature or prematurely accelerated curing of the elas 
tomer, especially BIMSM. In an alternative embodiment, 
exchanged amines introduced into the elastomer With the 
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phosphate nano?ller are used to effectively cure or accelerate 
curing of the elastomer matrix. 
[0069] The extent of exchange With the amine compound 
can also be used to adjust properties and/or con?guration of 
the nano?ller intercalates. In general, the greater the extent of 
exchange, the greater the interlamellar spacing d is. However, 
at higher extents of exchange as noted above, a double layer 
con?guration develops and can approximately double the 
spacing. 
[0070] As another embodiment, the nano?ller is surface 
exchanged With an amine-terminated oligoamide, for 
example, an oligoamide comprised of from 2 to 4 monomer 
units, including Wherein the oligoamide monomer units com 
prise from 2 to 12 carbons per unit, or Wherein the oligoamide 
comprises a molecular Weight from 150 to 2000 Daltons. 
According to another advantageous form, the organic com 
pound is an oligoamide prepared, for example, from an amino 
acid or a lactam, a polyamine such as diamine, and/or a 
polycarboxylic acid such as dicarboxylic acid. Mention may 
be made, for example, of caprolactam, butyrolactam. A spe 
ci?c representative example of a diamine dimer amide is the 
reaction product of 1 mole of caprolactam and 1 mole of 
hexamethylene diamine; the timer comprises 2 moles of 
caprolactam and 1 mole of hexamethylene diamine; and the 
tetramer comprises 3 moles of caprolactam and 1 mole of 
hexamethylene diamine. 
[0071] The nano?ller compound based on zirconium and/ 
or titanium phosphate is obtained by the process generally 
described in Publication US20050256238 (Dupuy et a1.) and 
Publication US20040033186 (Bougelot et al.). Brie?y, the 
process comprises the folloWing successive stages: a) precipi 
tation in acidic medium of a compound based on zirconium 
and/ or titanium phosphate, starting from phosphoric acid and 
from a zirconium compound and/or from a titanium-based 
compound or from mixed compounds based on titanium and 
on zirconium, the titanium and/ or the zirconium being in the 
IV oxidation state, b) crystallization of the compound, and c) 
treatment of the crystallized compound With amine, in liquid 
medium, at a pH of betWeen 3 and 9. 
[0072] The preparation process in an embodiment can, in 
addition to the three successive stages a), b) and c), can 
comprise other process stages or phases, before, after or 
betWeen these stages, such as, for example, Washing, puri? 
cation, ?ltration, dilution, centrifuging or addition of com 
pounds to adjust certain process parameters, such as the pH or 
the ionic strength. 
[0073] Stage a) can consist of a precipitation of a com 
pound based on zirconium and/or titanium phosphate. The 
preparation of such precipitates is known to a person skilled 
in the art, for example, from phosphoric acid and a zirconium 
and/ or from a titanium compound in the plus four oxidation 
state, such as tetrahalides or oxyhalides, in particular zirco 
nium oxychloride or titanium oxychloride, or mixed zirco 
nium- and titanium-based compounds. A simpli?ed balance 
of the precipitation reaction is, for example, as folloWs: 

[0074] The precipitation is preferably carried out in aque 
ous medium. The use of phosphoric acid results in the pre 
cipitation medium being acidic. The precipitation can advan 
tageously be carried out at acidic pH, preferably controlled 
acidic pH, for example of betWeen 0.5 and 2. For this purpose, 
an acid may be used to complement the precursors of the 
precipitate, e.g. hydrochloric acid. The precipitate may crys 
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tallize as a lamellar structure at ambient temperature Without 
it being necessary to carry out a crystallization operation 
distinct from the precipitation stage. HoWever, it may be 
advantageous to carry out a distinct crystallization stage. 
Such a stage makes it possible to obtain, for the precipitated 
compound, a more marked and/or more uniform lamellar 
structure. The crystallization can be carried out by heat treat 
ment in Water or in an aqueous solution, for example by 
immersion of the compound in Water at a temperature of 
between 1000 C. and 2000 C. The crystallization is preferably 
carried out in an acidic aqueous solution, for example a phos 
phoric acid solution. The duration of crystallization can be 
several hours. The crystallization stage is advantageously 
preceded by a phase of Washing the precipitate, making it 
possible in particular to remove the ionic entities resulting 
from the precipitation reaction. 

[0075] The crystallization stage is advantageously fol 
loWed by a Washing and centrifuging phase. According to a 
preferred characteristic, the pH measured in the aqueous 
phase of a dispersion comprising the crystallized compound, 
With a solids content of 20% by Weight, is betWeen 0.5 and 2. 
According to a preferred characteristic of the process, all the 
stages of the process are thus carried out at acidic pH betWeen 
0.5 and 2. According to another preferred characteristic, the 
lamellar compound is never dried, the only operations for the 
removal of Water being ?ltration or centrifuging operations. 
The term “drying operation” is understood here to mean an 
operation during Which the compound is introduced into a hot 
atmosphere devoid of Water for a period of time of greater 
than 15 minutes, for example into an oven or spray drying. 

[0076] The compound crystallizes in the alpha phase of 
zirconium phosphate. The structure of this phase has been 
described, for example, in J. Inorg. Nucl. Chem, vol. 26, p. 
117-129. This phase exhibits a lamellar structure, With pro 
tons intercalated betWeen the lamellae. It is Widely believed 
that these protons can be exchanged by a positively charged 
chemical entity. 
[0077] The treatment stage c) consists in treating the crys 
tallized compound in liquid medium at a pH of betWeen 3 and 
9 

[0078] The liquid medium is preferably an aqueous solu 
tion, in Which the compound based on zirconium phosphate is 
dispersed. The aqueous solution comprises an inorganic or 
organic compound of such a nature and/or in such an amount 
that the pH is betWeen 3 and 9. According to a preferred 
characteristic, the pH is betWeen 4 and 7. 
[0079] The inorganic or organic compound is chosen from 
compounds Which, in aqueous solution, exhibit a pH of 
greater than 3, preferably greater than 7. 
[0080] The compound is generally the amine compound or 
the compound of formula A-RiB described above, corre 
sponding to the compound based on zirconium and/or tita 
nium phosphate Which it is desired to prepare. The use of 
these organic compounds may be very particularly indicated 
for the use of the compound With a lamellar structure for the 
improvement of barrier properties in an isobutylene-based 
elastomer. 

[0081] By Way of example, the inorganic compound for the 
treatment at a pH of betWeen 2 and 7 can also be chosen from 
alkali metal or alkaline earth metal hydroxides, for example 
sodium hydroxide; inorganic compounds of the ammonium 
ion, such as ammonium hydroxide; or lithium, sodium or 
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potassium cations, optionally in the presence of a basic agent. 
The organic compound can, for example, be an amine, capro 
lactam or ammonia. 

[0082] After the treatment stage, the compound can be 
Washed and/or separated from the liquid medium, for 
example by ?ltration or evaporation of the liquid medium, 
preferably evaporation of Water. It can also be dried, e. g. in an 
oven and/or by spray drying. In an embodiment Where the 
nano?ller is introduced into the elastomer in a solution and/or 
emulsion blending process, the nano?ller can be provided in 
the form of an aqueous slurry, emulsion, or invert emulsion. 
The inorganic or organic compound of the treatment stage c) 
is appropriately chosen according to the compound based on 
Zirconium and/or titanium phosphate Which it is desired to 
prepare. 
[0083] There is thus obtained an inorganic compound With 
a lamellar structure Which can easily exfoliate into platelet 
particles. The compound canbe conditioned in various forms. 
It can be conditioned in the poWder form, after removal of the 
liquid medium and optionally drying. It can be conditioned in 
the form of a dispersion in a liquid medium, for example 
Water. 

[0084] The layered nano?ller can be exfoliated by suspend 
ing the nano?ller in a Water solution. Preferably, the concen 
tration of nano?ller in Water is suf?ciently loW to minimiZe 
the interaction betWeen nano?ller particles and to at least 
partially or fully exfoliate the nano?ller. In one embodiment, 
the aqueous slurry of nano?ller can have a nano?ller concen 
tration of betWeen 0.1 and 5.0 Weight percent; betWeen 0.1 
and 3.0 Weight percent in other embodiments. 
[0085] In certain embodiments, an aqueous slurry of nano 
?ller can be prepared by stirring nano?ller and Water at room 
temperature for a time su?icient to exfoliate the nano?ller. In 
one embodiment, the nano?ller and Water can be stirred for 
betWeen 0.25 and 24 hours. The nano?ller and Water can be 
stirred for betWeen 4 and 16 hours, or between 10 and 14 
hours, in other embodiments. 
[0086] In other embodiments, the nano?ller can be mixed 
With an organic liquid to form a nano?ller dispersion. The 
organic liquid can be miscible or immiscible in Water. In 
certain embodiments, the dispersion can have a nano?ller 
concentration of betWeen 0.1 and 5.0 Weight percent; 
betWeen 0.1 and 3.0 Weight percent in other embodiments. 
[0087] The layered nano?ller can also be intercalated and 
exfoliated by treatment With organic molecules (sWelling or 
exfoliating “agents” or “additives”) capable of undergoing 
ion exchange reactions With the cations present at the inter 
layer surfaces of the layered phosphate. Suitable exfoliating 
additives include cationic surfactants such as ammonium ion, 
alkylamines or alkylammonium ion (primary, secondary, ter 
tiary and quaternary), pho sphonium or sulfonium derivatives 
of aliphatic, aromatic or arylaliphatic amines, phosphines and 
sul?des. Desirable amine compounds (or the corresponding 
ammonium ion) are those With the structure RIZRBRMN, 
Wherein R12, R13, and R14 are C1 to C30 alkyls or alkenes in 
one embodiment, C1 to C20 alkyls or alkenes in another 
embodiment, Which may be the same or different. In one 
embodiment, the exfoliating agent is a so called long chain 
tertiary amine, Wherein at least R12 is a C14 to C20 alkyl or 
alkene. 
[0088] The exfoliating agent can also be a diamine com 
pound (or the corresponding ammonium or diammonium 
ion), such as diaminoalkane, N-alkyl-diaminoalkane, N,N 
dialkyl-diaminoalkyl, N,N,N'-trialkyl-diaminoalkane, N,N, 
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N',N'-tetraalkyl-diaminoalkane, or the like. Desirable 
diamines can have the structure RISRWNiRZOiNRZIRD, 
wherein R1 8, R19, R20, R21, and R22 are the same or different 
C1 to C30 alkyls or alkenes, or C1 to C20 alkyls or alkenes. 
When a long chain diamine is desired, at least one of the 
N-alkyl or N-alkene groups has from 8 to 30 carbon atoms, 
preferably from 14 to 20 carbon atoms. Speci?c non-limiting, 
illustrative examples include N-coco-l,3-diaminopropane, 
N-oleyl-l ,3 -diaminopropane, N-talloW-l ,3 -diaminopro 
pane, N,N,N'-trimethyl-N'-talloW-l,3-diaminopropane, and 
so on. 

[0089] Another class of exfoliating additives include those 
Which can be covalently bonded to the interlayer surfaces. 
These include polysilanes of the structure iSi(R15)2Rl6 
where R15 is the same or different at each occurrence and is 
selected from alkyl, alkoxy, aminosilane or oxysilane, pref 
erably having 1 to 20 carbon atoms, and R16 is an organic 
radical compatible With the matrix polymer of the composite. 
[0090] Other suitable exfoliating additives include proto 
nated amino acids and salts thereof containing 2-30 carbon 
atoms such as l2-aminododecanoic acid, epsilon-caprolac 
tam and like materials. 

[0091] In a preferred embodiment of the invention, the 
exfoliating additive or additives are capable of reaction With 
the halogen sites on the interpolymer to form complexes 
Which help exfoliate the nano?ller. In one embodiment, the 
additive includes all primary, secondary and tertiary amines 
and phosphines; alkyl and aryl sul?des and thiols; and their 
polyfunctional versions. Desirable additives include: long 
chain tertiary amines such as N,N-dimethyl-octadecylamine, 
N,N-dioctadecyl-methylamine, so called dihydrogenated tal 
loWalkyl-methylamine and the like, and amine-terminated 
polytetrahydrofuran; long-chain thiol and thiosulfate com 
pounds like hexamethylene sodium thiosulfate. 
[0092] The exfoliating additive such as described herein is 
present in the composition in an amount to achieve optimal air 
retention as measured by the permeability testing described 
herein. For example, the additive may be present from 0.1 to 
20 phr in one embodiment, from 0.1 to 15 phr in yet another 
embodiment, and from 0.1 to 10 phr in yet another embodi 
ment. The exfoliating additive may be added to the composi 
tion at any stage; for example, the additive may be added to 
the interpolymer, folloWed by addition of the nano?ller, or 
may be added to the interpolymer and nano?ller mixture; or 
the additive may be ?rst blended With the nano?ller, folloWed 
by blending With the interpolymer in yet another embodi 
ment. 

[0093] In another embodiment of the invention, improved 
interpolymer imper'meability is achieved by the presence of at 
least one polyfunctional curative. An embodiment of such 
polyfunctional curatives can be described by the formula 
Z-Rl7-Z', wherein R17 is one ofa C1 to C15 alkyl, C2 to C15 
alkenyl, and C6 to C 12 cyclic aromatic moiety, substituted or 
unsubstituted; and Z and Z' are the same or different and are 
one of a thiosulfate group, mercapto group, aldehyde group, 
carboxylic acid group, peroxide group, alkenyl group, or 
other similar group that is capable of crosslinking, either 
intermolecularly or intramolecularly, one or more strands of a 
polymer having reactive groups such as unsaturation. So 
called bis-thiosulfate compounds are an example of a desir 
able class of polyfunctional compounds included in the above 
formula. Non-limiting examples of such polyfunctional cura 
tives are as hexamethylene bis(sodium thiosulfate) and hex 
amethylene bis(cinnamaldehyde), and others are Well knoWn 
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in the rubber compounding arts. These and other suitable 
agents are disclosed in, for example, the BLUE BOOK, MATE 
RIALS, COMPOUNDING INGREDIENTS, MACHINERY AND SER 

vIcEs FOR RUBBER (Don. R. Smith, ed., Lippincott & Petto 
Inc. 2001). The polyfunctional curative, if present, may be 
present in the composition from 0.1 to 8 phr in one embodi 
ment, and from 0.2 to 5 phr in yet another embodiment. 
[0094] Treatment With the swelling agents described above 
results in intercalation or “exfoliation” of the layered platelets 
as a consequence of a reduction of the ionic forces holding the 
layers together and introduction of molecules betWeen layers 
Which serve to space the layers at distances of greater than 4 
A, preferably greater than 9 A. This separation alloWs the 
layered phosphate to more readily absorb polymeriZable 
monomer material or exfoliating additive and polymeric 
material betWeen the layers and facilitates further delamina 
tion of the layers When the intercalate is shear mixed With 
isobutylene-based elastomer matrix material to provide a uni 
form dispersion of the exfoliated layers Within the isobuty 
lene-based elastomer matrix. 
[0095] The amount of nano?ller or exfoliated nano?ller 
incorporated in the nanocomposites in accordance With this 
invention is su?icient to develop an improvement in the 
mechanical properties or barrier properties of the nanocom 
posite, for example, tensile strength or oxygen permeability. 
Amounts of nano?ller in the nanocomposite generally Will 
range from 0.1 to 10 Weight percent in one embodiment, and 
from 0.5 to 5 Weight percent in another embodiment, based on 
the polymer content of the nanocomposite. Expressed in parts 
per hundred rubber, the nano?ller or exfoliated nano?ller may 
be present from 0.1 to 30 phr in one embodiment, and from 
0.5 to 20 phr in another embodiment. 

Elastomer 

[0096] The nanocomposite of the present invention 
includes at least one isobutylene-based elastomer comprising 
at least 70 mole % isobutylene derived units. The isobutylene 
based elastomer can be halogenated. The elastomer may also 
include other monomer derived units. In one embodiment, the 
elastomer further includes at least one styrenic monomer, 
Which may be any substituted styrene monomer unit, and 
desirably is selected from styrene, ot-methylstyrene or an 
alkylstyrene (ortho, meta, or para), the alkyl selected from 
any C1 to C5 alkyl or branched chain alkyl. In a desirable 
embodiment, the styrenic monomer is p-methylstyrene. In 
another embodiment, the elastomer further includes at least 
one multiole?n, Which may be a C4 to C 1 4 diene, conjugated 
or not, in one embodiment selected from isoprene, butadiene, 
2,3 -dimethyl- 1 ,3-butadiene, myrcene, 6, 6-dimethyl-fulvene, 
hexadiene, cyclopentadiene, methylcyclopentadiene, pip 
erylene and combinations thereof. 
[0097] In one embodiment, the isobutylene-based elas 
tomer includes isobutylene, a multiole?n derived unit, and a 
styrenic derived unit. In another isobutylene-based embodi 
ment, the elastomer includes an isobutylene derived unit and 
a styrenic derived unit, and in yet another embodiment the 
isobutylene-based elastomer includes an isobutylene derived 
unit and a multiole?n derived unit. 
[0098] The isobutylene-based elastomers in one embodi 
ment of the invention are random elastomeric copolymers of 
isobutylene and a para-alkylstyrene comonomer, preferably 
para-methylstyrene containing at least 80%, more preferably 
at least 90% by Weight of the para-isomer and also include 
functionaliZed interpolymers Wherein at least some of the 
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alkyl substituents groups present in the styrene monomer 
units contain benZylic halogen or some other functional 
group. In another embodiment of the invention, the interpoly 
mer is a random elastomeric copolymer of isobutylene and a 
para-alkylstyrene comonomer, preferably para-methylsty 
rene containing at least 80%, more preferably at least 90% by 
Weight of the para-isomer and also include functionaliZed 
interpolymers Wherein at least some of the alkyl substituents 
groups present in the styrene monomer units contain benZylic 
halogen or some other functional group. Preferred materials 
may be characterized as interpolymers containing the folloW 
ing monomer units randomly spaced along the polymer 
chain: 

H H 

i? <? 
R11 R11 

wherein R10 and R1 1 are independently hydrogen, loWer 
alkyl, preferably C1 to C7 alkyl and primary or secondary 
alkyl halides and X is a functional group such as halogen. 
Preferably R10 and R11 are hydrogen. Up to 60 mole percent 
of the para-substituted styrene present in the interpolymer 
structure may be the functionaliZed structure above in one 
embodiment, and in another embodiment from 0.1 to 5 mole 
percent. In yet another embodiment, the amount of function 
aliZed structure is from 0.4 to 1 mole percent. 

[0099] The functional group X may be halogen or a com 
bination of a halogen and some other functional group such 
Which may be incorporated by nucleophilic substitution of 
benZylic halogen With other groups such as carboxylic acids; 
carboxy salts; carboxy esters, amides and imides; hydroxy; 
alkoxide; phenoxide; thiolate; thioether; xanthate; cyanide; 
nitrile; amino and mixtures thereof. These functionaliZed 
isoole?n copolymers, their method of preparation, methods 
of functionaliZation, and cure are more particularly disclosed 
in Us. Pat. No. 5,162,445. 
[0100] Most useful of such functionaliZed materials are 
elastomeric random interpolymers of isobutylene and para 
methylstyrene containing from 0.5 to 20 mole percent para 
methylstyrene, Wherein up to 60 mole percent of the methyl 
substituent groups present on the benZyl ring contain a bro 
mine or chlorine atom, preferably a bromine atom (para(bro 
momethylstyrene)), as Well as a combination of para(bro 
momethylstyrene) and other functional groups such as ester 
and ether. Examples of such halogenated elastomers are com 
mercially available as EXXPROTM Elastomers (ExxonMobil 
Chemical Company, Houston Tex.), and abbreviated as 
“BIMSM”. 

[0101] In a preferred embodiment, the functionality is 
selected such that it can react or form polar bonds With func 
tional groups present in the matrix polymer, for example, 
acid, amino or hydroxyl functional groups, When the polymer 
components are mixed at high temperatures. 
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[0102] These functionaliZed interpolymers have a substan 
tially homogeneous compositional distribution such that at 
least 95% by Weight of the polymer has a para-alkylstyrene 
content Within 10% of the average para-alkylstyrene content 
of the polymer. Desirable interpolymers are also character 
iZed by a narroW molecular Weight distribution (MW/Mn) of 
less than 5, more preferably less than 3, a preferred viscosity 
average molecular Weight in the range of from 200,000 up to 
2,000,000 and a preferred number average molecular Weight 
in the range of from 25,000 to 750,000 as determined by gel 
permeation chromatography. 
[0103] The BIMSM polymers may be prepared by a slurry 
polymeriZation of the monomer mixture using a LeWis acid 
catalyst, folloWed by halogenation, preferably bromination, 
in solution in the presence of halogen and a radical initiator 
such as heat and/or light and/or a chemical initiator and, 
optionally, folloWed by electrophilic substitution of bromine 
With a different functional moiety. 
[0104] Preferred BIMSM polymers are brominated poly 
mers that generally contain from 0.1 to 5 mole percent of 
bromomethylstyrene groups relative to the total amount of 
monomer derived units in the polymer. In another embodi 
ment, the amount of bromomethyl groups is from 0.2 to 3.0 
mole percent, and from 0.3 to 2.8 mole percent in yet another 
embodiment, and from 0.4 to 2.5 mole percent in yet another 
embodiment, and from 0.3 to 2.0 in yet another embodiment, 
Wherein a desirable range may be any combination of any 
upper limit With any loWer limit. Expressed another Way, 
preferred copolymers contain from 0.2 to 10 Weight percent 
of bromine, based on the Weight of the polymer, from 0.4 to 6 
Weight percent bromine in another embodiment, and from 0.6 
to 5.6 Weight percent in another embodiment, are substan 
tially free of ring halogen or halogen in the polymer backbone 
chain. In one embodiment of the invention, the interpolymer 
is a copolymer of isobutylene derived units (or isomonoole 
?n), para-methylstyrene derived units and para-(halomethyl 
styrene) derived units, Wherein the para-(halomethyl styrene) 
units are present in the interpolymer from 0.4 to 3.0 mole 
percent based on the total number of para-methyl styrene, and 
Wherein the para-methylstyrene derived units are present 
from 3 Weight percent to 1 .5 Weight percent based on the total 
Weight of the polymer in one embodiment, and from 4 Weight 
percent to 10 Weight percent in another embodiment. In 
another embodiment, the para-(halomethylstyrene) is para 
(bromomethylstyrene). 
[0105] The halogenated isobutylene-based elastomer use 
ful in the present invention may, also include a halogenated 
butyl rubber component. As used herein, “halogenated butyl 
rubber” refers to both butyl rubber and so-called “star 
branched” butyl rubber, described beloW. In one embodiment 
of the invention, the halogenated rubber component is a halo 
genated copolymer of isobutylene and a multiole?n. In 
another embodiment, the halogenated rubber component is a 
blend of a polydiene or block copolymer, and a copolymer of 
isobutylene and a conjugated, or a “star-branched” butyl 
polymer. The halogenated butyl polymer useful in the present 
invention can thus be described as a halogenated elastomer 
comprising isobutylene derived units, multiole?n derived 
units, and halogenated multiole?n derived units, and includes 
both “halogenated butyl rubber” and so called “halogenated 
star-branched” butyl rubber. 
[0106] In one embodiment, the halogenated butyl rubber is 
brominated butyl rubber, and in another embodiment is chlo 
rinated butyl rubber. General properties and processing of 
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halogenated butyl rubbers is described in THE VANDERBILT 
RUBBER HANDBOOK 105-122 (Robert F. Ohm ed., R. T. 
Vanderbilt Co., Inc. 1990), and in RUBBER TECHNOLOGY 31 1 
321 (Maurice Morton ed., Chapman & Hall 1995). Butyl 
rubbers, halogenated butyl rubbers, and star-branched butyl 
rubbers are described by EdWard Kresge and H. C. Wang in 8 
KIRK-OTHMER ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY 

934-955 (John Wiley & Sons, Inc. 4th ed. 1993). 
[0107] The halogenated isobutylene-based rubber compo 
nent of the present invention includes, but is not limited to, 
brominated butyl rubber, chlorinated butyl rubber, star 
branched polyisobutylene rubber, star-branched brominated 
butyl (polyisobutylene/isoprene copolymer) rubber; isobuty 
lene-bromomethylstyrene copolymers such as isobutylene/ 
meta-bromomethylstyrene, isobutylene/para-bromomethyl 
styrene, isobutylene/chloromethylstyrene, halogenated 
isobutylene cyclopentadiene, and isobutylene/para-chlorom 
ethylstyrene, and the like halomethylated aromatic interpoly 
mers as in Us. Pat. No. 4,074,035 and Us. Pat. No. 4,395, 
506; isoprene and halogenated isobutylene copolymers, and 
the like, and mixtures of any of the above. Some embodiments 
of the halogenated rubber component are also described in 
Us. Pat. No. 4,703,091 and Us. Pat. No. 4,632,963. 
[0108] More particularly, in one embodiment of the halo 
genated (preferably brominated) isobutylene-based rubber 
component of the invention, a halogenated butyl rubber is 
used. The halogenated butyl rubber is produced from the 
halogenation of butyl rubber. Preferably, the ole?n polymer 
iZation feeds employed in producing the halogenated butyl 
rubber of the invention are those ole?nic compounds conven 
tionally used in the preparation of butyl-type rubber poly 
mers. The butyl polymers are prepared by reacting a comono 
mer mixture, the mixture having at least (1) isobutylene With 
(2) a multiole?n, or conjugated diene, monomer component. 
The isobutylene is in a range from 70 to 99.5 Weight percent 
by Weight of the total comonomer mixture in one embodi 
ment, and 85 to 99.5 Weight percent in another embodiment. 
The conjugated diene component in one embodiment is 
present in the comonomer mixture from 30 to 0.5 Weight 
percent in one embodiment, and from 1 5 to 0.5 Weight percent 
in another embodiment. In yet another embodiment, from 8 to 
0.5 Weight percent of the comonomer mixture is conjugated 
diene. 

[0109] The multiole?n is a C4 to C 1 4 conjugated diene such 
as isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, 
myrcene, 6,6-dimethyl-fulvene, cyclopentadiene, hexadiene 
and piperylene. One embodiment of the butyl rubber polymer 
of the invention is obtained by reacting 92 to 99.5 Weight 
percent of isobutylene With 0.5 to 8 Weight percent isoprene, 
or reacting 95 to 99.5 Weight percent isobutylene With from 
0.5 to 5 .0 Weight percent isoprene in yet another embodiment. 
[0110] Halogenated butyl rubber is produced by the halo 
genation of the butyl rubber product described above. Halo 
genation can be carried out by any means, and the invention is 
not herein limited by the halogenation process. Methods of 
halogenating polymers such as butyl polymers are disclosed 
inU.S. Pat. Nos. 2,631,984, 3,099,644, 4,554,326, 4,681,921, 
4,650,831, 4,384,072, 4,513,116 and 5,681,901. In one 
embodiment, the halogen is in the so called II and III struc 
tures as discussed in, for example, RUBBER TECHNOLOGY at 
298-299 (1995). In one embodiment, the butyl rubber is halo 
genated in hexane diluent at from 40 to 600 C. using bromine 
(Br2) or chlorine (C12) as the halogenation agent. The halo 
genated butyl rubber has a Mooney Viscosity of from 20 to 70 
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(ML 1+8 at 1250 C.) in one embodiment, and from 25 to 55 in 
another embodiment. The halogen content is from 0.1 to 10 
Weight percent based in on the Weight of the halogenated 
butyl rubber in one embodiment, and from 0.5 to 5 Weight 
percent in another embodiment. In yet another embodiment, 
the halogen Weight percent of the halogenated butyl rubber is 
from 1 to 2.2 Weight percent. 

[0111] In another embodiment, the halogenated butyl or 
star-branched butyl rubber may be halogenated such that the 
halogenation is primarily allylic in nature. This is typically 
achieved by such means as free radical bromination or free 
radical chlorination, or by such methods as secondary treat 
ment of electrophilically halogenated rubbers, such as by 
heating the rubber, to form the allylic halogenated butyl and 
star-branched butyl rubber. Common methods of forming the 
allylic halogenated polymer are disclosed by Gardner et al. in 
Us. Pat. No. 4,632,963; U.S. Pat. No. 4,649,178; U.S. Pat. 
No. 4,703,091. Thus, in one embodiment of the invention, the 
halogenated butyl rubber is such that the halogenated multi 
ole?n units are primary allylic halogenated units, and Wherein 
the primary allylic con?guration is present to at least 20 mole 
percent (relative to the total amount of halogenated multiole 
?n) in one embodiment, and at least 30 mole percent in 
another embodiment. This arrangement can be described by 
the structure: 

Wherein X is a halogen, desirably chlorine or bromine, and q 
is at least 20 mole percent based on the total moles of halogen 
in one embodiment, and at least 30 mole percent in another 
embodiment, and from 25 mole percent to 90 mole percent in 
yet another embodiment. 
[01 12] A commercial embodiment of the halogenated butyl 
rubber of the present invention is Bromobutyl 2222 (Exxon 
Mobil Chemical Company). Its Mooney Viscosity is from 27 
to 37 (ML 1+8 at 1250 C., ASTM 1646, modi?ed), and the 
bromine content is from 1.8 to 2.2 Weight percent. Another 
commercial embodiment of the halogenated butyl rubber is 
Bromobutyl 2255 (ExxonMobil Chemical Company). Its 
Mooney Viscosity is from 41 to 51 (ML 1+8 at 1250 C., 
ASTM 1646, modi?ed), and the bromine content is from 1.8 
to 2.2 Weight percent. The invention is not limited to the 
commercial source of any of the halogenated isobutylene 
based rubber components. 
[0113] In another embodiment of the brominated rubber 
component of the invention, a branched or “star-branched” 
halogenated butyl rubber is used. In one embodiment, the 
star-branched halogenated butyl rubber (“SBHR”) is a com 
position of a butyl rubber, either halogenated or not, and a 
polydiene or block copolymer, either halogenated or not. The 
halogenation process is described in detail in Us. Pat. Nos. 
4,074,035, 5,071,913, 5,286,804, 5,182,333 and 6,228,978. 
The invention is not limited by the method of forming the 
SBHR. The polydienes/block copolymer, or branching 
agents (hereinafter “polydienes”), are typically cationically 
reactive and are present during the polymeriZation of the butyl 
or halogenated butyl rubber, or can be blended With the butyl 
or halogenated butyl rubber to form the SBHR. The branching 
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agent or polydiene can be any suitable branching agent, and 
the invention is not limited to the type of polydiene used to 
make the SBHR. 

[0114] In one embodiment, the SBHR is typically a com 
position of the butyl or halogenated butyl rubber as described 
above and a copolymer of a polydiene and a partially hydro 
genated polydiene selected from the group including styrene, 
polybutadiene, polyisoprene, polypiperylene, natural rubber, 
styrene-butadiene rubber, ethylene-propylene diene rubber, 
styrene-butadiene-styrene and styrene-isoprene-styrene 
block copolymers. These polydienes are present, based on the 
monomer Weight percent, greater than 0.3 Weight percent in 
one embodiment, and from 0.3 to 3 Weight percent in another 
embodiment, and from 0.4 to 2.7 Weight percent in yet 
another embodiment. 

[0115] A commercial embodiment of the SBHR of the 
present invention is Bromobutyl 6222 (ExxonMobil Chemi 
cal Company), having a Mooney Viscosity (ML 1+8 at 1250 
C., ASTM 1646, modi?ed) of from 27 to 37, and a bromine 
content of from 2.2 to 2.6 Weight percent. 

[0116] The halogenated isobutylene-based rubber compo 
nent is present in the blend of the invention from 10 to 90 phr 
in one embodiment, from 20 to 80 phr in another embodi 
ment, and from 30 to 70 phr in yet another embodiment, 
Wherein a desirable range may be any combination of any 
upper phr limit With any loWer phr limit. 

FunctionaliZed Halogenated Elastomers 

[0117] The halogen in the above described halogenated 
polymer can react or form polar bonds With functional groups 
present in the matrix polymer, for example, acid, amino or 
hydroxyl functional groups, When the components are mixed 
at high temperatures. One embodiment of the present inven 
tion is a nanocomposite comprising a nano?ller and a halo 
genated elastomer comprising isobutylene derived units; 
Wherein a portion of the halogen in the elastomer is electro 
philically substituted With an amine-functionaliZed group 
such that the halogenated elastomer also comprises an amine 
functionaliZed monomer unit described by the folloWing 
group pendant to the elastomer E: 

Wherein R and R1 are the same or different and are selected 
from hydrogen, C1 to C7 alkyls, and primary or secondary 
alkyl halides; and Wherein R2, R3 and R4 are the same or 
different and are selected from hydrogen, C1 to C20 alkyls, 
alkenes or aryls, substituted C 1 to C20 alkyls, alkenes or aryls, 
C1 to C20 aliphatic alcohols or ethers, C1 to C20 carboxylic 
acids, nitriles, ethoxylated amines, acrylates, esters and 
ammonium ions. In a desirable embodiment, at least one of 
R2, R3 and R4 are selected from C1 to C20 alkenes, C1 to C20 
aliphatic alcohols, C1 to C20 aliphatic ethers, C1 to C20 car 
boxylic acids, nitriles, ethoxylated amines, acrylates, esters 
and ammonium ions. 

[0118] In one embodiment, the halogenated elastomer E 
comprises isobutylene derived units, para-methylstyrene 
derived units and para-(halomethylstyrene) derived units. 
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[0119] In another embodiment, the halogenated elastomer 
E comprises isobutylene derived units, multiole?n derived 
units, and halogenated multiole?n derived units. 
[0120] The functional group pendant to the elastomer E can 
be further described as functionaliZed amine, Wherein at least 
one of R2, R3 and R4 is selected from C1 to C20 aliphatic 
alcohols or ethers, C 1 to C20 carboxylic acids, nitriles, esters, 
ammonium ions, or acrylate groups; Wherein the acrylate is 
described by the folloWing formula: 

Wherein R5, R6 and R7 are the same or different and are 
selected from hydrogen and C 1 to C7 alkyl or alkenyl. 
[0121] In another embodiment, the amine-functionaliZed 
group is selected from ethoxylated amines having the folloW 
ing structure: 

Wherein R8 is a C1 to C20 alkyl; and Whereinx+y is 2,5, 10,15, 
or 50. 

[0122] In another embodiment, the amine-functionaliZed 
group is selected from dimethylaminoethylacrylate, dimethy 
laminomethylacrylate, N-methylamino-bis-2-propanol, 
N-ethylamino-bis-2-propanol, dimethylaminoethyl 
methacrylate, diethylaminopropanol, diethylethanolamine, 
dimethylamino-l -propanol, tripropanolamine, triethanola 
mine, aminolauric acid, betaine, and combinations thereof. 
[0123] The amine-functionaliZed derived unit may be 
present on the halogenated elastomer from 0.01 Weight per 
cent to 10 Weight percent of the elastomer in one embodi 
ment, and from 0.1 Weight percent to 8 Weight percent in 
another embodiment, and from 0.2 to 6 Weight percent in yet 
another embodiment, Wherein a desirable range may be any 
combination of any upper Weight percent limit With any loWer 
Weight percent limit. 

Polar Modi?ed Polymer or Oligomer 

[0124] A polar oligomer or polymer can be present in com 
positions and end use articles of the present invention. The 
polar polymer can increase the interaction betWeen the isobu 
tylene-based elastomer matrix and the nano?ller, facilitating 
separation, dispersion or exfoliation of nano?ller aggregates 
during nanocomposite processing, and thus can provide a 
composite With improved barrier properties. The polar com 
ponent can also minimiZe nano?ller re-aggregation during 
compounding When forming end-use products. In certain 
embodiments, the polar polymer can have a chemical (chain 
backbone) composition similar to the halogenated or func 
tionaliZed halogenated isobutylene-based elastomers 
described above to promote polymer compatibility. The polar 
group can be selected from alcohols, ethers, acids, anhy 
drides, nitriles, amines including ethoxylated amines, acry 
lates, esters, ammonium ions, and combinations thereof. 

Mar. 19, 2009 

[0125] In one embodiment, the polar polymer can be a 
reaction product formed by reaction of a polymer With an acid 
or an acid anhydride. In other embodiments, the polar poly 
mer can be formed by reaction of a polymer With an acid 
anhydride and an initiator. Although acids and acid anhy 
drides are referred to generally, one skilled in the art recog 
niZes that incorporation of the acid or acid anhydride into the 
polymer can include derivatives and salts of the acid or acid 
anhydride. 
[0126] In one embodiment, the polar polymer can comprise 
isobutylene derived units. The polar polymer may also 
include other monomer derived units. In one embodiment, the 
polar polymer includes at least one styrenic monomer, Which 
may be any substituted styrene monomer unit, and desirably 
is selected from styrene, ot-methylstyrene or an alkylstyrene 
(ortho, meta, or para), the alkyl selected from any C1 to C5 
alkyl or branched chain alkyl. In a desirable embodiment, the 
styrenic monomer is p-methylstyrene. In another embodi 
ment, the polar polymer includes at least one multiole?n, 
Which may be a C4 to C14 diene, conjugated or not, in one 
embodiment selected from isoprene, butadiene, 2,3-dim 
ethyl-l ,3 -butadiene, myrcene, 6, 6-dimethyl-fulvene, hexadi 
ene, cyclopentadiene, methylcyclopentadiene, piperylene 
and combinations thereof. 
[0127] In one embodiment, the polar polymer includes an 
isobutylene derived unit, a multiole?n derived unit, and a 
styrenic derived unit. In another embodiment, the polar poly 
mer includes an isobutylene derived unit and a styrenic 
derived unit, and in yet another embodiment the polar poly 
mer includes an isobutylene derived unit and a multiole?n 
derived unit. In other embodiments, the polar polymer can be 
halogenated or functionaliZed as described above. 

[0128] In some embodiments, the acid anhydride can be an 
organic acid anhydride. The acid anhydride can be a carboxy 
lic acid anhydride of one of the folloWing general formulae: 

where R1 and R2 can be the same or different and are selected 
from C1 to C20 alkyls, alkenes or aryls, substituted C1 to C20 
alkyls, alkenes or aryls, C 1 to C20 aliphatic alcohols or ethers, 
nitriles, ethoxylated amines, acrylates, esters and ammonium 
ions. In some embodiments the acid anhydride can be maleic 
anhydride. In other embodiments the acid anhydride can be 
succinic anhydride. 
[0129] In other embodiments, the acid anhydride can be a 
phosphoric acid anhydride or a thioanhydride. In yet other 
embodiments, the polar group can be a carboxamide. 

[0130] In some embodiments, the acid can be an organic 
acid. The acid can be a carboxylic acid, a dicarboxylic acid, a 
tricarboxylic acid, an oxo carboxylic acid, a peroxy acid, and 
the like. In other embodiments, the acid can be a thiocarboxy 
lic acid, a sulfonic acid, a sul?nic acid, a xanthic acid, sulfenic 
acid, sulfamic acid, a phosphonic acid, an amic acid, an aZinic 
acid, an aZonic acid, a hydroxamic acid, an imidic acid, an 
imino acid, a nitrosolic acid, a nitrolic acid, a hydraZonic acid, 
or mixtures thereof. A preferred acid is maleic acid. 
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[0131] In other embodiments, the polar oligomer or poly 
mer can be formed by reaction of a polymer With an acid 
anhydride and an initiator. In a particular embodiment, an 
initiator may be a member of the peroxide family. Particularly 
useful peroxides include peresters, perketals, and peroxycar 
bonates. In some embodiments, the peroxide can be a peroxy 
benZoate. Commercial quantities of these compounds can be 
obtained from AkZo Nobel, Arkema, Aztec, and others. As is 
Well knoWn to one skilled in the art, such peroxides are 
selected on the basis of their decomposition rates at different 
temperatures. Such half-life information is available from the 
suppliers. The concentration of initiator used to react the 
polymer and the acid or acid anhydride can range from about 
0 ppm to about 600 ppm or more. In still other embodiments 
of the present invention the initiator may include a combina 
tion of initiators. One of ordinary skill in the art Will realiZe 
that these concentrations are not limiting and any concentra 
tions yielding a polymer product With the desirable properties 
may be employed. 
[0132] For example, in some embodiments, the polar poly 
mer can be a polyisobutylene succinic anhydride, a reaction 
product of polyisobutylene and succinic anhydride. In other 
embodiments, the polar oligomer or polymer can be a reac 
tion product of the halogenated elastomer described above 
and maleic anhydride. In other embodiments, the halogenated 
elastomer and maleic anhydride are reacted in the presence of 
an initiator such as tert-butyl peroxybenZoate for example. 
[0133] The acid or acid anhydride derived unit may be 
present on the polymer from 0.01 Weight percent to 10 Weight 
percent of the polymer in one embodiment, and from 0.1 
Weight percent to 8 Weight percent in another embodiment, 
from 0.2 to 7 Weight percent in yet another embodiment, from 
0.2-5.0 Weight percent in another embodiment, and from 
0.3-3.0 Weight percent in another embodiment, Wherein a 
desirable range may be any combination of any upper Weight 
percent limit With any loWer Weight percent limit. Where the 
elastomer may contain functional groups, the polar polymer 
can contain a higher content of functional groups and/or a 
different functional group or groups, eg a type of functional 
group that is more polar than the functional groups of the 
elastomer, so as to improve exfoliation, intercalation, gas 
barrier properties, and polymer blend compatibility. 
[0134] In certain embodiments, the nanocomposite of the 
present invention can include a halogenated isobutylene 
based elastomer and a polar polymer, Where the polar poly 
mer can enhance exfoliation, blend compatibility, and gas 
barrier properties Without the need for additional functional 
iZation of the halogenated elastomer, as described above. In 
addition to eliminating process steps, minimiZing or avoiding 
functionaliZation of the halogenated elastomer can enhance 
the curability of the composite as the aromatic halomethyl 
groups provide a Wide choice of crosslinking reactions that 
can be used. 

[0135] The interactions betWeen the polar polymers and 
betWeen the polar polymers and other components of the 
nanocomposite of the present invention can enhance air bar 
rier properties. Polar or other ionic interactions betWeen the 
composite molecules can limit the area through Which oxy 
gen or other gases can permeate, thus improving the barrier 
properties of the composite. 
[0136] In some embodiments, suitable polar polymers 
derived from an isomonoole?n and an acid or acid anhydride 
include polymers having a number average molecular Weight 
(Mn) of at least about 1,000, preferably at least about 10,000, 
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more preferably at least about 30,000. The copolymers also, 
preferably, have a ratio of Weight average molecular Weight 
(MW) to number average molecular Weight (Mn), i.e., 
MW/Mn of less than about 6, preferably less than about 4, 
more preferably less than about 3. 
[0137] In other embodiments, suitable polar oligomers or 
loW polymers have a number average molecular Weight (Mn) 
of at least about 500, preferably at least about 1,000, more 
preferably at least about 2000. The oligomers also, prefer 
ably, have a ratio of Weight average molecular Weight (MW) to 
number average molecular Weight (Mn), i.e., MW/Mn of less 
than about 6, preferably less than about 4, more preferably 
less than about 2.5. 
[0138] The isobutylene-based elastomer component of the 
nanocomposites of the present invention may further com 
prise another polymer or isobutylene-based elastomer (as 
described above), or may comprise any combination of at 
least tWo or more isobutylene-based elastomers as described 
above. In an embodiment, the isobutylene-based elastomer 
component further comprises at least one other rubber. 
[0139] In another embodiment of the invention, the loW 
molecular Weight polymer or oligomer is a polyamide chosen 
from the group consisting of polyamide-6, polyamide-6,6, 
polyamide-1 1, polyamide-12, and the blends and copolymers 
based on these polyamides. 

Secondary Rubber Component 

[0140] A secondary rubber (for example “general purpose 
rubber”) component may be present in compositions and end 
use articles of the present invention. These rubbers include, 
but are not limited to, natural rubbers, polyisoprene rubber, 
poly(styrene-co-butadiene) rubber (SBR), polybutadiene 
rubber (BR), poly(isoprene-co-butadiene) rubber (IBR), sty 
rene-isoprene-butadiene rubber (SIBR), ethylene-propylene 
rubber (EPM), ethylene-propylene-diene rubber (EPDM), 
polysul?de, nitrile rubber, propylene oxide polymers. The 
composition may also include isobutylene based elastomers 
in addition to those described above, including star-branched 
butyl rubber and halogenated star-branched butyl rubber, bro 
minated butyl rubber, chlorinated butyl rubber, star-branched 
polyisobutylene rubber, star-branched brominated butyl 
(polyisobutylene/isoprene copolymer) rubber; poly(isobuty 
lene-co -p-methylstyrene) and halogenated poly(isobutylene 
co-p-methylstyrene), such as, for example, terpolymers of 
isobutylene derived units, p-methylstyrene derived units, and 
p-bromomethylstyrene derived units, and mixtures thereof. 
[0141] A desirable embodiment of the secondary rubber 
component present is natural rubber. Natural rubbers are 
described in detail by Subramaniam in RUBBER TECHNOLOGY 
179-208 (Maurice Morton, Chapman & Hall 1995). Desir 
able embodiments of the natural rubbers of the present inven 
tion are selected from Malaysian rubber such as SMR CV, 
SMR 5, SMR 10, SMR 20, and SMR 50 and mixtures thereof, 
Wherein the natural rubbers have a Mooney viscosity at 1000 
C. (ML 1+4) of from 30 to 120, more preferably from 40 to 
65. The Mooney viscosity test referred to herein is in accor 
dance With ASTM D-1646. 
[0142] Polybutadiene (BR) rubber is another desirable sec 
ondary rubber useful in the composition of the invention. The 
Mooney viscosity of the polybutadiene rubber as measured at 
1000 C. (ML 1+4) may range from 35 to 70, from 40 to about 
65 in another embodiment, and from 45 to 60 in yet another 
embodiment. Some commercial examples of these synthetic 
rubbers useful in the present invention are NATSYNTM 
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(Goodyear Chemical Company), and BUDENETM 1207 or 
BR 1207 (Goodyear Chemical Company). A desirable rubber 
is high cis-polybutadiene (cis-BR). By “cis-polybutadiene” 
or “high cis-polybutadiene”, it is meant that 1,4-cis polybuta 
diene is used, Wherein the amount of cis component is at least 
95%. An example of a high cis-polybutadiene commercial 
product used in the composition is BUDENETM 1207. 
[0143] Rubbers of ethylene and propylene derived units 
such as EPM and EPDM are also suitable as secondary rub 
bers. Examples of suitable comonomers in making EPDM are 
ethylidene norbomene, 1,4-hexadiene, dicyclopentadiene, as 
Well as others. These rubbers are described in RUBBER TECH 
NOLOGY 260-283 (1995). A suitable ethylene-propylene rub 
ber is commercially available as VISTALONTM (ExxonMobil 
Chemical Company, Houston Tex.). 
[0144] In another embodiment, the secondary rubber is a 
halogenated rubber as part of a terpolymer composition. The 
halogenated butyl rubber is brominated butyl rubber, and in 
another embodiment is chlorinated butyl rubber. General 
properties and processing of halogenated butyl rubbers is 
described in THE VANDERBILT RUBBER HANDBOOK 105-122 
(Robert F. Ohm ed., R. T. Vanderbilt Co., Inc. 1990), and in 
RUBBER TECHNOLOGY 311-321 (1995). Butyl rubbers, halo 
genated butyl rubbers, and star-branched butyl rubbers are 
described by EdWard Kresge and H. C. Wang in 8 KIRK 
OTHMER ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY 

934-955 (John Wiley & Sons, Inc. 4th ed. 1993). 
[0145] The secondary rubber component of the present 
invention includes, but is not limited to at least one or more of 
brominated butyl rubber, chlorinated butyl rubber, star 
branched polyisobutylene rubber, star-branched brominated 
butyl (polyisobutylene/isoprene copolymer) rubber; haloge 
nated poly(isobutylene-co-p-methylstyrene), such as, for 
example, terpolymers of isobutylene derived units, p-meth 
ylstyrene derived units, and p-bromomethylstyrene derived 
units (BrPMS), and the like halomethylated aromatic inter 
polymers as in Us. Pat. No. 5,162,445; U.S. Pat. No. 4,074, 
035; and Us. Pat. No. 4,395,506; halogenated isoprene and 
halogenated isobutylene copolymers, polychloroprene, and 
the like, and mixtures of any of the above. Some embodiments 
of the halogenated rubber component are also described in 
Us. Pat. No. 4,703,091 and Us. Pat. No. 4,632,963. 
[0146] In one embodiment of the invention, a so called 
semi-crystalline copolymer (“SCC”) is present as the second 
ary “rubber” component. Semi-crystalline copolymers are 
described in WO00/69966. Generally, the SCC is a copoly 
mer of ethylene or propylene derived units and Ot-ole?n 
derived units, the Ot-ole?n having from 4 to 16 carbon atoms 
in one embodiment, and in another embodiment the SCC is a 
copolymer of ethylene derived units and Ot-ole?n derived 
units, the Ot-ole?n having from 4 to 10 carbon atoms, Wherein 
the SCC has some degree of crystallinity. In a further embodi 
ment, the SCC is a copolymer of 1-butene derived units and 
another Ot-ole?n derived unit, the other Ot-ole?n having from 
5 to 16 carbon atoms, Wherein the SCC also has some degree 
of crystallinity. The SCC can also be a copolymer of ethylene 
and styrene. 
[0147] The secondary rubber component of the elastomer 
composition may be present in a range from up to 90 phr in 
one embodiment, from up to 50 phr in another embodiment, 
from up to 40 phr in another embodiment, and from up to 30 
phr in yet another embodiment. In yet another embodiment, 
the secondary rubber is present from at least 2 phr, and from 
at least 5 phr in another embodiment, and from at least 5 phr 
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in yet another embodiment, and from at least 10 phr in yet 
another embodiment. A desirable embodiment may include 
any combination of any upper phr limit and any loWer phr 
limit. For example, the secondary rubber, either individually 
or as a blend of rubbers such as, for example NR and BR, may 
be present from 5 phr to 90 phr in one embodiment, and from 
10 to 80 phr in another embodiment, and from 30 to 70 phr in 
yet another embodiment, and from 40 to 60 phr in yet another 
embodiment, and from 5 to 50 phr in yet another embodiment, 
and from 5 to 40 phr in yet another embodiment, and from 20 
to 60 phr in yet another embodiment, and from 20 to 50 phr in 
yet another embodiment, the chosen embodiment depending 
upon the desired end use application of the composition. 

Fillers, Curatives and Other Additives 

[0148] The composition of the invention may also include 
one or more ?ller components such as calcium carbonate, 
clay, mica, silica and silicates, talc, titanium dioxide, Wollas 
tonite, and carbon black. As used herein, ?llers do not include 
inorganic nano?ller and/or organonano?ller particles form 
ing part of the nanocomposite matrix, e. g. nano?ller particles 
having a dimension in the nanometer range, but larger par 
ticles can be used as a ?ller in the nanocomposites, if desired. 
In one embodiment, the ?ller is carbon black or modi?ed 
carbon black. A preferred ?ller is semi-reinforcing grade 
carbon black present at a level of from 10 to 150 phr of the 
blend, more preferably from 30 to 120 phr. Useful grades of 
carbon black as described in RUBBER TECHNOLOGY 59-85 
(1995) range from N110 to N990. More desirably, embodi 
ments of the carbon black useful in, for example, tire treads 
are N229, N351, N339, N220, N234 and N110 provided in 
ASTM (D3037, D1510, and D3765). Embodiments of the 
carbonblack useful in, for example, sideWalls in tires are 
N330, N35 1 , N550, N650, N660, and N762. Embodiments of 
the carbon black useful in, for example, innerliners for tires 
are N550, N650, N660, N762, and N990. 
[0149] The composition of this invention may optionally 
include curative systems Which are capable of curing the 
functionaliZed elastomeric copolymer component of the 
blend to provide vulcaniZable compositions. Suitable cura 
tive systems for the elastomeric copolymer component of the 
present invention include organic peroxides, Zinc oxide in 
combination With Zinc stearate or stearic acid and, optionally, 
one or more of the folloWing accelerators or vulcaniZing 
agents: Permalux (di-ortho-tolylguanidine salt of dicatechol 
borate), HVA-2 (m-phenylene bis maleimide), Zisnet (2,4,6 
trimercapto-5 triaZine), ZDEDC (Zinc diethyl dithiocarbam 
ate) and other dithiocarbamates, Tetrone A (dipenta-methyl 
ene thiuram hexasul?de); Vultac-5 (alkylated phenol 
disul?de), SP1045 (phenol formaldehyde resin), SP1056 
(brominated alkyl phenol formaldehyde resin), DPPD. 
(diphenyl phenylene diamine), salicyclic acid (o-hydroxy 
benZoic acid), Wood rosin (abietic acid), and TMTDS (tet 
ramethyl thiuram disul?de) in combination With sulfur. The 
composition may also be cured using ultraviolet light or elec 
tron irradiation. 

[0150] The compositions of the invention may also contain 
other conventional additives such as dyes, pigments, antioxi 
dants, heat and light stabiliZers, plasticiZers, oils and other 
ingredients as knoWn in the art. 
[0151] Blending of the ?llers, additives, and/or curative 
components may be carried out by combining the desired 
components and the nanocomposite of the present invention 
in any suitable mixing device such as a BanburyTM mixer, 
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BrabenderTM mixer or preferably a mixer/extruder and mix 
ing at temperatures in the range of 60° C. up to 200° C. under 
conditions of shear suf?cient to alloW the components to 
become uniformly dispersed Within the polymer to form the 
nanocomposite. 
[0152] The composition of this invention may be extruded, 
compression molded, bloW molded or injection molded into 
various shaped articles including ?bers, ?lms, industrial parts 
such as automotive parts, appliance housings, consumer 
products, packaging and the like. The resulting articles 
exhibit both high impact strength and loW vapor permeability. 
In particular, the composition described herein is useful for 
air barriers such as bladders, and automotive (including truck, 
commercial and/or passenger) or aircraft innerliners and 
innertubes. 

Nanocomposite Processing 

[0153] Nanocomposites can be formed using a variety of 
processes. For example, one method for preparing nano?ller 
butyl rubber nanocomposites starts from an emulsion of butyl 
rubber solution and aqueous nano?ller dispersion in Which 
the nano?ller can be Zirconium phosphate. Another example 
of nanocomposite processing, as mentioned above, includes 
preparing nano?ller-butyl rubber nanocomposites by prepar 
ing a concentrated nanocomposite from a slipstream of the 
rubber and blending the concentrate With a main rubber 
stream. 

Melt Blending: 

[0154] The nanocomposite of the present invention can be 
formed by a polymer melt blending process. Blending of the 
components can be carried out by combining the isobutylene 
based elastomer and optional other polymer components and 
the nano?ller in the form of an intercalate in any suitable 
mixing device such as a BANBURYTM mixer, BRA 
BENDERTM mixer or preferably a mixer/extruder, such as a 
intermeshing or non-intermeshing co or counter-rotating tWin 
screW extruder, and mixing at temperatures in the range of 80° 
C. up to 300° C. under conditions of shear suf?cient to alloW 
the nano?ller intercalate to exfoliate and become uniformly 
dispersed Within the isobutylene-based elastomer to form the 
nanocomposite. 

Emulsion Processes: 

[0155] The nanocomposite of the present invention can also 
be formed by an emulsion processes. In one embodiment, the 
emulsion process can comprise mixing an aqueous slurry of 
nano?ller With a isobutylene based-elastomer solution (ce 
ment). The mixing should be suf?ciently vigorous to form 
emulsions or micro-emulsions. In some embodiments, the 
emulsions can be formed as an aqueous solution or suspen 
sion in an organic solution. Standard methods and equipment 
for both lab and large-scale production, including batch and 
continuous processes may be used to produce the polymeric 
nanocomposites of the invention. 
[0156] In certain embodiments, a nanocomposite is pro 
duced by a process comprising contacting Solution A com 
prising Water and at least one layered nano?ller With Solution 
B comprising a solvent and at least one isobutylene-based 
elastomer; and removing the solvent and Water from the con 
tact product of SolutionA and Solution B to recover a nano 
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composite. In certain embodiments, the emulsion is formed 
by subjecting the mixture to agitation using a high-shear 
mixer. 

[0157] In some embodiments, a nanocomposite is pro 
duced by a process comprising contacting Solution A com 
prising Water and at least one layered nano?ller With Solution 
B comprising a solvent and at least one isobutylene-based 
elastomer, Wherein the contacting is performed in the pres 
ence of an emulsi?er or surfactant. 

[0158] The emulsions of the present invention are formed 
by conventional emulsion technology, that is, subjecting a 
mixture of the hydrocarbon, Water and surfactant, When used, 
to suf?cient shearing, as in a commercial blender or its 
equivalent for a period of time suf?cient for forming the 
emulsion, e.g., generally at least a feW seconds. For general 
emulsion information, see generally, “Colloidal Systems and 
Interfaces”, S. Ross and I. D. Morrison, J. W. Wiley, NY, 
1988. The emulsion can be alloWed to remain in emulsion 
form, With or Without continuous or intermittent mixing or 
agitation, With or Without heating or other temperature con 
trol, for a period suf?cient to enhance exfoliation of the nano 
?ller, from 0.1 to 100 hours or more in one embodiment, from 
1 to 50 hours in another embodiment, and from 2 to 20 hours 
in another embodiment. 

[0159] Whenused, the surfactant concentration is suf?cient 
to alloW the formation of a relatively stable emulsion. Pref 
erably, the amount of surfactant employed is at least 0.001 
Weight percent of the total emulsion, more preferably about 
0.001 to about 3 Weight percent, and most preferably 0.01 to 
less than 2 Weight percent. 
[0160] Cationic surfactants useful in preparing the emul 
sions of this invention include tertiary amines, diamines, 
polyamines, amine salts, as Well as quaternary ammonium 
compounds. Non-ionic surfactants useful in preparing the 
emulsions of this invention include alkyl ethoxylates, linear 
alcohol ethoxylates, alkyl glucosides, amide ethoxylates, 
amine ethoxylates (coco-, talloW-, and oleyl-amine ethoxy 
lates for example), phenol ethoxylates, and nonyl phenol 
ethoxylates. 

Solution Blending: 

[01 61] The nanocomposite of the present invention can also 
be formed by solution blending as mentioned above. In cer 
tain embodiments, a nanocomposite is produced by a process 
comprising contacting Solution A comprising a solvent com 
prising a hydrocarbon and at least one layered ?ller or metal 
phosphate With Solution B comprising a solvent and at least 
one isobutylene-based elastomer, and removing the solvents 
from the contact product of SolutionA and Solution B to form 
a nanocomposite. 

[0162] In the previous embodiments, the layered ?ller may 
be a layered nano?ller treated With organic molecules as 
described above. In yet another embodiment, a nanocompos 
ite is produced by a process comprising contacting at least one 
isobutylene-based elastomer and at least one layered ?ller in 
a solvent; and removing the solvent from the contact product 
to form a nanocomposite. 

[0163] In another embodiment, a nanocomposite is pro 
duced by a process comprising contacting at least one isobu 
tylene-based elastomer and at least one layered ?ller in a 
solvent mixture comprising tWo solvents; and removing the 
solvent mixture from the contact product to form a nanocom 
posite. 
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[0164] In still another embodiment, a nanocomposite is 
produced by a process comprising contacting at least one 
isobutylene-based elastomer and at least one layered ?ller in 
a solvent mixture comprising at least tWo or more solvents; 
and removing the solvent mixture from the contact product to 
form a nanocomposite. 

[0165] In another embodiment, a nanocomposite is pro 
duced by a process to form a contact product comprising 
dissolving at least one isobutylene-based elastomer and then 
dispersing at least one layered ?ller in a solvent or solvent 
mixture comprising at least tWo solvents; and removing the 
solvent mixture from the contact product to form a nanocom 
posite. 
[0166] In yet another embodiment, a nanocomposite is pro 
duced by a process to form a contact product comprising 
dispersing at least one layered ?ller and then dissolving at 
least one isobutylene-based elastomer in a solvent or solvent 
mixture comprising at least tWo solvents; and removing the 
solvent mixture from the contact product to form a nanocom 
posite. 
[0167] In the embodiments described above, solvents may 
be present in the production of the nanocomposite composi 
tion from 30 to 99 Wt %, alternatively from 40 to 99 Wt %, 
alternatively from 50 to 99 Wt %, alternatively from 60 to 99 
Wt %, alternatively from 70 to 99 Wt %, alternatively from 80 
to 99 Wt %, alternatively from 90 to 99 Wt %, altematively 
from 95 to 99 Wt %, based upon the total Wt of the composi 
tion. 

[0168] Additionally, in certain embodiments, When tWo or 
more solvents are prepared in the production of the nanocom 
posite composition, each solvent may comprise from 0.1 to 
99.9 vol %, altematively from 1 to 99 vol %, altematively 
from 5 to 95 vol %, and altematively from 10 to 90 vol %, With 
the total volume of all solvents present at 100 vol %. 

[0169] The composition of this invention may be extruded, 
compression molded, bloW molded or injection molded into 
various shaped articles including ?bers, ?lms, industrial parts 
such as automotive parts, appliance housings, consumer 
products, packaging and the like. The resulting articles 
exhibit both high impact strength and loW vapor permeability. 
In particular, the composition described herein is useful for 
air barriers such as bladders, and automotive (including truck, 
commercial and/or passenger) or aircraft innerliners and 
inner‘tubes. 

[0170] This invention further relates to: 

[0171] 1. A nanocomposite comprising: 
[0172] a platy nano?ller of a metal phosphate blended in 
an isobutylene-based elastomer, Wherein phosphate pro 
tons are exchanged With an organic compound capable 
of hydrogen bonding With the phosphate. 

[0173] 2. The nanocomposite of paragraph 1 Wherein the 
nano?ller comprises platelets having an aspect ratio of 200 
or more. 

[0174] 3. The nanocomposite of paragraph 1 Wherein the 
nano?ller comprises platelets having an aspect ratio of 375 
or more. 

[0175] 4. The nanocomposite of paragraph 1 Wherein the 
nano?ller comprises platelets having an aspect ratio of 500 
or more. 

[0176] 5. The nanocomposite of any one of paragraphs 1-4 
Wherein the metal phosphate comprises titanium phos 
phate. 
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[0177] 6. The nanocomposite of any one of paragraphs 1-4 
Wherein the metal phosphate comprises alpha-Zirconium 
phosphate. 

[0178] 7. The nanocomposite of any one of paragraphs 1-6 
comprising from 0.1 to 30 phr of the nano?ller. 

[0179] 8. The nanocomposite of any one of paragraphs 1-7 
Wherein the nano?ller is intercalated. 

[0180] 9. The nanocomposite of any one of paragraphs 1-7 
Wherein the nano?ller is exfoliated in the elastomer. 

[0181] 10. The nanocomposite of any one of paragraphs 1-7 
Wherein the nano?ller is a mixture of intercalated nano 
?ller and partially exfoliated nano?ller in the elastomer. 

[0182] 11. The nanocomposite of paragraph 10 Wherein 
from 0.0001 to 10 volume percent of the nano?ller is exfo 
liated. 

[0183] 12. The nanocomposite of paragraph 10 Wherein 
from 0.005 to 5 volume percent of the nano?ller is exfoli 
ated. 

[0184] 13. The nanocomposite of any one of paragraphs 
1-12 Wherein the phosphate-hydrogen-bonding organic 
compound comprises an amine. 

[0185] 14. The nanocomposite of paragraph 13 Wherein the 
nano?ller is amine-exchanged in an amount effective to 
intercalate the nano?ller. 

[0186] 15. The nanocomposite of paragraph 13 Wherein the 
nano?ller is amine-exchanged in an amount of at least 25 
but less than 100 percent of exchange capacity of the nano 
?ller. 

[0187] 16. The nanocomposite of paragraph 13 Wherein the 
nano?ller is amine-exchanged at from 25 to 50 percent of 
exchange capacity of the nano?ller. 

[0188] 17. The nanocomposite of any one of paragraphs 
13-16 Wherein the amine comprises a monoamine. 

[0189] 18. The nanocomposite of any one of paragraphs 
13-17 Wherein the amine comprises a primary amine. 

[0190] 19. The nanocomposite of any one of paragraphs 
13-18 Wherein the amine comprises a secondary amine. 

[0191] 20. The nanocomposite of any one of paragraphs 
13-19 Wherein the amine comprises a tertiary amine. 

[0192] 21. The nanocomposite of any one of paragraphs 
13-20 Wherein the amine comprises a quaternary amine. 

[0193] 22. The nanocomposite of any one of paragraphs 
13-21 Wherein the amine comprises a short chain alky 
lamine. 

[0194] 23. The nanocomposite of any one of paragraphs 
13-22 Wherein the amine comprises a long chain alky 
lamine. 

[0195] 24. The nanocomposite of any one of paragraphs 
13-23 Wherein the amine is exchanged in an overlapping 
con?guration betWeen opposing phosphate surfaces. 

[0196] 25. The nanocomposite of any one of paragraphs 
13-23 Wherein the amine is exchanged in a double layer 
con?guration betWeen opposing phosphate surfaces. 

[0197] 26. The nanocomposite of any one of paragraphs 
13-25 Wherein the amine comprises a diamine. 

[0198] 27. The nanocomposite of paragraph 26 Wherein the 
diamine comprises tWo primary amine groups. 

[0199] 28. The nanocomposite of paragraph 26 or 27 
Wherein the diamine comprises a primary amine group and 
a tertiary amine. 

[0200] 29. The nanocomposite of paragraph 28 Wherein a 
ratio of amine to exchangeable phosphate groups is less 
than 1 and the primary amine is predominantly attached to 
the phosphate. 
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[0201] 30. The nanocomposite of paragraph 28 wherein a 
ratio of amine to exchangeable phosphate groups is greater 
than 1 and the tertiary amine is predominantly attached to 
the phosphate. 

[0202] 31. The nanocomposite of paragraph 28 Wherein a 
ratio of amine to exchangeable phosphate groups is 
betWeen 0.5 and 2 and the amine attachment to the phos 
phate is heterogeneous. 

[0203] 32. The nanocomposite of any one of paragraphs 
13-31 Wherein the amine comprises an amine-terminated 
oligoamide. 

[0204] 33. The nanocomposite of paragraph 32 Wherein the 
oligoamide comprises from 2 to 4 monomer units. 

[0205] 34. The nanocomposite of paragraph 33 Wherein the 
oligoamide monomer units comprise from 2 to 12 carbons 
per unit. 

[0206] 35. The nanocomposite of any one of paragraphs 32, 
33 or 34 Wherein the oligoamide comprises a molecular 
Weight from 150 to 2000 Daltons. 

[0207] 36. The nanocomposite of any one of paragraphs 
13-35 Wherein the amine comprises a mixture of monoam 
ine and diamine in a molar ratio of monoamine:diamine 
from 1:20 to 20:1. 

[0208] 37. The nanocomposite of paragraph 36 Wherein the 
monoamine comprises a primary amine and the diamine 
comprises a primary amine group and a tertiary amine 
group. 

[0209] 38. The nanocomposite of paragraph 36 or 37 
Wherein the diamine comprises a mixture of primary-ter 
tiary diamine and primary-secondary diamine. 

[0210] 39. The nanocomposite of any one of paragraphs 36, 
37 or 38 Wherein the nano?ller is amine-exchanged at from 
25 to 50 percent of exchange capacity and a molar ratio of 
monoamine to diamine is from 1:1 to 20: 1. 

[0211] 40. The nanocomposite of paragraph 39 Wherein the 
molar ratio of monoamine to diamine is from 3:1 to 10: 1. 

[0212] 41. The nanocomposite of any one of paragraphs 
13-40 further comprising a dispersant aid comprising a loW 
molecular Weight polymer or oligomer functionaliZed With 
a polar group and blended in a matrix of the elastomer. 

[0213] 42. The nanocomposite of paragraph 41 Wherein the 
dispersant aid comprises a polymer or oligomer of a C4-C8 
isoole?n. 

[0214] 43. The nanocomposite of paragraph 42 Wherein the 
isoole?n in the loW molecular Weight polymer or oligomer 
comprises isobutylene. 

[0215] 44. The nanocomposite of any one of paragraphs 
41-43 Wherein the dispersant aid comprises an interpoly 
mer of a C4-C7 isoole?n and an alkylstyrene. 

[0216] 45. The nanocomposite of any one of paragraphs 
41-44 Wherein the dispersant aid comprises a polyamide 
With terminal amine groups. 

[0217] 46. The nanocomposite of paragraph 45 Wherein the 
polyamide comprises polyoxyalkylenediamine polyamide 
obtained as the reaction product of a polyoxyalkylenedi 
amine and a dicarboxylic acid. 

[0218] 47. The nanocomposite of any one of paragraphs 
41-46 Wherein the loW molecular Weight polymer or oli 
gomer has a number average molecular betWeen 500 and 
50000. 

[0219] 48. The nanocomposite of any one of paragraphs 
41-46 Wherein the loW molecular Weight polymer or oli 
gomer has a number average molecular betWeen 2000 and 
25000. 
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[0220] 49. The nanocomposite of any one of paragraphs 
41-48 Wherein the polar group comprises from 0.1 to 10 
Weight percent of the polymer or oligomer. 

[0221] 50. The nanocomposite of any one of paragraphs 
41-48 Wherein the polar group comprises from 0.5 to 7.0 
Weight percent of the loW molecular Weight polymer or 
oligomer. 

[0222] 51. The nanocomposite of any one of paragraphs 
41-50 Wherein a Weight ratio of the functionaliZed loW 
molecular Weight polymer or oligomer to the elastomer is 
betWeen 0.01:1 and 1:1. 

[0223] 52. The nanocomposite of any one of paragraphs 
41-50 Wherein a Weight ratio of the functionaliZed loW 
molecular Weight polymer or oligomer to the elastomer is 
betWeen 0.05:1 and 0.5: 1. 

[0224] 53. The nanocomposite of any one of paragraphs 
41-52 Wherein the loW molecular Weight polymer or oli 
gomer is functionaliZed With the polar group selected from 
the group consisting of alcohols, ethers, acids, anhydrides, 
nitriles, amines, acrylates, esters, ammonium ions, and 
combinations thereof. 

[0225] 54. The nanocomposite of paragraph 53 Wherein the 
loW molecular Weight polymer or oligomer is functional 
iZed With a primary amine. 

[0226] 55. The nanocomposite of paragraph 53 or 54 
Wherein the loW molecular Weight polymer or oligomer is 
functionaliZed With a secondary amine. 

[0227] 56. The nanocomposite of paragraph 53, 54, or 55 
Wherein the loW molecular Weight polymer or oligomer is 
functionaliZed With a tertiary amine. 

[0228] 57. The nanocomposite of any one of paragraphs 
53-56 Wherein the loW molecular Weight polymer or oli 
gomer is functionaliZed With a quaternary amine. 

[0229] 58. The nanocomposite of any one of paragraphs 
53-57 Wherein the loW molecular Weight polymer or oli 
gomer is functionaliZed With the polar group derived from 
an acid anhydride selected from the group consisting of 
cyclic anhydride, symmetric anhydride, mixed anhydride, 
and combinations thereof. 

[0230] 59. The nanocomposite of paragraph 58 Wherein the 
acid anhydride is selected from the group consisting of 
carboxylic anhydride, thioanhydride, phosphoric anhy 
dride, and combinations thereof. 

[0231] 60. The nanocomposite of paragraph 58 Wherein the 
acid anhydride is a carboxylic acid anhydride. 

[0232] 61. The nanocomposite of paragraph 60 Wherein the 
carboxylic acid anhydride is maleic anhydride, succinic 
anhydride, or a combination thereof. 

[0233] 62. The nanocomposite of any one of paragraphs 
53-61 Wherein the loW molecular Weight polymer or oli 
gomer is functionaliZed With the polar group derived from 
an acid selected from the group consisting of carboxylic 
acid, dicarboxylic acid, tricarboxylic acid, oxo carboxylic 
acid, peroxy acid, thiocarboxylic acid, sulfonic acid, 
sul?nic acid, xanthic acid, sulfenic acid, sulfamic acid, 
phosphonic acid, amic acid, aZinic acid, aZonic acid, 
hydroxamic acid, imidic acid, imino acid, nitrosolic acid, 
nitrolic acid, hydraZonic acid, and combinations thereof. 

[0234] 63. The nanocomposite of any one of paragraphs 
41-62 Wherein the loW molecular Weight polymer or oli 
gomer is grafted to an exchanged-amine on the phosphate. 
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[0235] 64. The nanocomposite of paragraph 63 wherein the 
grafting is obtained by reaction betWeen the exchanged 
amine and the polar group on the loW molecular Weight 
polymer or oligomer. 

[0236] 65. The nanocomposite of paragraph 64 Wherein the 
grafting reaction forms an amide linkage betWeen a free 
amine group in the exchanged amine and an acid functional 
group on the loW molecular Weight polymer or oligomer. 

[0237] 66. The nanocomposite of any one of paragraphs 
1-65 Wherein the elastomer comprises an interpolymer of a 
isobutylene and an alkylstyrene. 

[0238] 67. The nanocomposite of paragraph 66 Wherein the 
elastomer has a number average molecular Weight betWeen 
25000 and 500000. 

[0239] 68. The nanocomposite of paragraph 66 Wherein the 
elastomer has a number average molecular Weight of at 
least 100000. 

[0240] 69. The nanocomposite of any one of paragraphs 66, 
67 or 68 Wherein the elastomer comprises functional 
groups selected from the group consisting of halides, 
ethers, amines, amides, esters, acids, and hydroxyls. 

[0241] 70. The nanocomposite of any one of paragraphs 
13-64 Wherein the elastomer is functionaliZed With an 
amine. 

[0242] 71. The nanocomposite of any one of paragraphs 
1-70 Wherein the elastomer is halogenated With bromine or 
chlorine. 

[0243] 72. The nanocomposite of paragraph 71 Wherein the 
elastomer comprises halogenated polyisobutylene. 

[0244] 73. The nanocomposite of paragraph 71 Wherein the 
elastomer comprises a halogenated copolymer of isobuty 
lene and para-methylstyrene. 

[0245] 74. The nanocomposite of any one of paragraphs 
1-73 Wherein the elastomer is halogenated and functional 
iZed With an amine. 

[0246] 75. The nanocomposite of any one of paragraphs 
1-74 Wherein the elastomer comprises a polymer chain E 
comprising an ammonium-functionaliZed group Wherein 
the ammonium functionaliZed group is described by the 
folloWing group pendant to the polymer chain E: 

[0247] Wherein R and R1 are the same or different and are 
one of a hydrogen, C1 to C7 alkyls, and primary or sec 
ondary alkyl halides; and Wherein R2, R3 and R4 are the 
same or different and are selected from hydrogen, C 1 to 
C20 alkyls, alkenes or aryls, substituted C l to C20 alkyls, 
alkenes or aryls, C1 to C20 aliphatic alcohols or ethers, 
C 1 to C20 carboxylic acids, nitriles, ethoxylated amines, 
acrylates, esters and ammonium ions. 

[0248] 76. The nanocomposite of any one of paragraphs 
1-75 further comprising a ?ller selected from calcium car 
bonate, mica, silica, silicates, talc, titanium dioxide, carbon 
black, and mixtures thereof. 

[0249] 77. The nanocomposite of any one of paragraphs 
1-76 further comprising dye, pigment, antioxidant, heat 
and light stabiliZer, plasticiZer, oil, or mixture thereof. 

Mar. 19, 2009 

[0250] 78. The nanocomposite of any one of paragraphs 
1-77 further comprising organic peroxide, Zinc oxide, Zinc 
stearate, stearic acid, an accelerator, a vulcaniZing agent, or 
mixture thereof. 

[0251] 79. A method to form a nanocomposite comprising 
the step of dispersing amine-modi?ed Zirconium phos 
phate nano?ller in a halogenated isobutylene-based-elas 
tomer under conditions effective to at least partially exfo 
liate the nano?ller. 

[0252] 80. The method of paragraph 79 Wherein the disper 
sion step comprises intercalating the nano?ller and blending 
the intercalated nano?ller With the halogenated elastomer. 
[0253] 81. The method of paragraph 80 Wherein the disper 
sion step further comprises melt blending the intercalated 
nano?ller With the halogenated elastomer. 
[0254] 82. The method of paragraph 80 or 81 Wherein the 

dispersion step further comprises solution blending the 
intercalated nano?ller With the halogenated elastomer. 

[0255] 83. The method of paragraph 80, 81 or 82 Wherein 
the dispersion step further comprises blending an aqueous 
dispersion of the intercalated nano?ller With a solution of 
the halogenated elastomer in a solvent immiscible With 
Water. 

[0256] 84. The method of paragraph 83 Wherein the Water is 
dispersed in a continuous phase comprising the haloge 
nated elastomer solution. 

[0257] 85. The method of any one of paragraphs 80-84 
Wherein the dispersion step further comprises high shear 
conditions. 

[0258] 86. The method of any one of paragraphs 79 to 85 
comprising incorporating a curative into the nanocompos 
ite. 

[0259] 87. The method of paragraph 86 further comprising 
curing the nanocomposite. 

[0260] 88. In a process to manufacture a nanocomposite 
comprising an isobutylene-based elastomer and nano?ller, 
the improvement Wherein the nano?ller comprises par 
tially exfoliated, partially intercalated amine-exchanged 
Zirconium phosphate. 

Permeability Testing 

[0261] For each of the folloWing examples, the nanocom 
posites formed Were analyZed for permeability properties 
using the folloWing method. The rubber Was loaded into a 
Brabender® mixer at a temperature of 130- 1 45° C. and mixed 
With the stated amounts of nano?ller and carbon black (N330) 
for 7 minutes. The mixture Was further mixed With 3 phr of a 
curatives package of equal parts by Weight of stearic acid 
(HSt), Zinc oxide (ZnO), and Zinc dimethyl dithiocarbamate 
(ZDMDC), at 40° C. and 40 rpm for 3 minutes. The resulting 
rubber compounds Were milled, compression molded and 
cured at 170° C. All specimens Were compression molded 
With sloW cooling to provide defect free pads. A compression 
and curing press Was used for rubber samples. Typical thick 
ness of a compression molded pad is around 0.4 mm (15 mil) 
using anArbor press, and 25.8 mm (2 in.) diameter disks Were 
then punched out from molded pads for permeability testing. 
These disks Were conditioned in a vacuum oven at 60° C. 
overnight prior to the measurement. Disks thus prepared Were 
mounted on a template and sealed With vacuum grease. 68.9 
kPa (10 psi) nitrogen Was kept on one side of the disk, 
Whereas the other side is 68.9 kPa (10 psi) psi oxygen. Using 
the oxygen sensor on the nitrogen side, increase in oxygen 
concentration on the nitrogen side With time could be moni 
tored. The time required for oxygen to permeate through the 
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disk, or for oxygen concentration on the nitrogen side to reach 
a constant value, is recorded and used to determine the oxy 
gen permeability. The oxygen permeation measurements 
Were done using a MoconTM OX-TRAN 2/ 61 permeability 
tester at 40° C. under the principle of R. A. Pasternak et. al. in 
8 JOURNAL OF POLYMER SCIENCE: PART A-2 467 (1970). 
Where multiple samples Were prepared using the same pro 
cedure, permeation rates are given for each sample. 
[0262] In certain embodiments, a useful formulation for 
property evaluation Would be as folloWs: 
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(approximately 40 layers per particle, surface area about 20 
m2/ g), and ZrP-HMDA-30-400 Was a similar Zirconium 
phosphate 30% exchanged With a platelet thickness of 6.3 A, 
length of 150-400 nm and aspect ratio greater than 500, and an 
aggregate particle thickness of 20 nm and length of 150-400 
nm (approximately 15 layers per particle, surface area about 
35 m2/ g). The nano?ller ZriP Was blended at 2 Wt % (based 
upon the Weight of the composition), With an HSt/ZnO/ZD 
MDC curing system at 2/2/2 phr. The rubber Was loaded into 
a Brabender® mixer at a temperature of 100-120° C. and 
mixed With the ZriP for 7 minutes. The mixture Was further 
mixed With the curatives package of equal parts by Weight of 

Material I.D. Pa1ts stearic acid (HSt), Zinc oxide (ZnO), and Zinc dimethyl 
. . o . 

Elastomer/Nano?ner 100 + X pans ofnano?ner d1th1ocarbamate (ZDMDC), at 90 C. and 40 for 3 mm 
Carbon black N330 600 utes. The resulting rubber compounds were milled, compres 
Stearic Acid 1.0 sion molded and cured at 170° C. Pads Were then prepared and 
Z110 KADOX 911 1.0 - 
MBTS 10 tested as descr1bed above. ' 

[0266] The permeab1l1ty results are presented 1n Table 1 
beloW. 

TABLE 1 

Nano?ller, Exchange, Aspect Permeation Rate 
Example Elastomer Nano?ller Wt % % ratio (cc * mm/m2 * day * mmHg) 

Cp. 1 BIMSMA none 0 0.205 
1 BIMSMA ZrP-HMDA- 2 30 10W 0.134 

30-200 (150-200) 
2 BIMSMA ZrP-HMDA- 2 30 high 0.131 

30-400 (150-400) 

[0263] Carbon black N330 can be obtained from, e. g., [0267] Examples 1 and 2 demonstrate that the addition of 
Cabot Corp. (Billerica, Mass.). Stearic acid, a cure agent, can 
be obtained from, e.g., C. K. Witco Corp. (Taft, La.), 
KADOX® 91 1, an activator, can be obtained from C. P. Hall 
(Chicago, 111.). MBTS, 2-mercaptobenZothiaZole disul?de, 
can be obtained from R. T. Vanderbilt (NorWalk, Conn.) or 
Elastochem (Chardon, Ohio). 
[0264] Polyisobutylene succinic anhydride (PIBSA) pref 
erably has a number average molecular Weight ranging from 
600 to about 2200. 

EXAMPLES 

[0265] Case 1: 100 phr of BIMSM rubberWas compounded 
With and Without primary-primary diamine-treated Zirco 
nium phosphates (ZrP) and samples Were tested for oxygen 
permeability. The BIMSM rubber (BIMSM A) had a para 
methylstyrene (PMS) content of 10 Wt %, and a benZylic 
bromine content of 0.85 mol % and a Mooney viscosity of 
about 32 (ML 1+8, 125° C., ASTM 1646. ZrP-HMDA-30 
200 Was a Zirconium phosphate 30% exchanged With hexam 
ethylene diamine With a platelet thickness of 6.3 A, length of 
150-200 nm and aspect ratio greater than 250, and an aggre 
gate particle thickness of 50 nm and length of 150-200 nm 

the Zirconium phosphate nano?ller according to the present 
invention reduced the permeability by 35% in these 
examples. 
[0268] Case 2: 100 phr of a BIMSM rubber Was com 
pounded With and Without a primary-tertiary diamine-treated 
Zirconium phosphate (ZrP) and samples Were tested for oxy 
gen permeability. The BIMSM elastomer Was BIMSM A as 
described above. ZrP-APM-100-400 Was a Zirconium phos 
phate 100% exchanged With N-3-aminopropyl-morpholine 
With a platelet aspect ratio of 150-400. N330 carbon black 
Was added at 37 phr. The ZriP Was blended at 4 Wt %, With 
an HSt/ZnO/MBTS curing system at 1/1/1 phr. The rubber 
Was loaded into a Brabender® mixer at a temperature of 
100-120° C. and mixed With the ZriP and the carbon black 
for 7 minutes. The mixture Was further mixed With the cura 
tives package of equal parts by Weight of stearic acid (HSt), 
Zinc oxide (ZnO), and Zinc dimethyl dithiocarbamate (ZD 
MDC), at 90° C. and 40 rpm for 3 minutes. The resulting 
rubber compounds Were milled, compression molded and 
cured at 170° C. Pads Were then prepared and tested as 
described above. 
[0269] The permeability results are presented in Table 2 
beloW. 

TABLE 2 

Nano ?ller, Exchange, Aspect Permeation Rate 
Example Elastomer Nano?ller Wt % % ratio (cc * mm/m2 * day * mmHg) 

Cp. 2 BIMSM A none 0 0.160 
3 BIMSM A ZrP-HMDA- 4 100 high 0.117 

100-400 (150-400) 












