Office de la Propriete Canadian CA 2637151 A1 2008/05/02

Intellectuelle Intellectual Property
du Canada Office (21) 2 637 1 51
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de dépét PCT/PCT Filing Date: 2007/01/17 (51) Cl.Int./Int.Cl. CO9K 3/70(2006.01),
(87) Date publication PCT/PCT Publication Date: 2008/05/02 CO8L 83/00(2006.01)

. . : _ (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2008/0//14 MOMENTIVE PERFORMANCE MATERIALS INC. US

(86) N° demande PCT/PCT Application No.: US 2007/001237
(72) Inventeurs/Inventors:
(87) N publication PCT/PCT Publication No.: 2008/051261 WILLIAMS. DAVID A., US:

(30) Priorité/Priority: 2006/01/20 (US11/336,760) KUMAR, VIKRAM, IN;
NESAKUMAR. EDWARD J.. IN:

RAMAKRISHNAN, INDUMATHI, IN
(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : COMPOSITION SCELLANTE CONTENANT UN NANOCOMPOSITE INORGANIQUE-ORGANIQUE
(54) Title: SEALANT COMPOSITION CONTAINING INORGANIC-ORGANIC NANOCOMPOSITE FILLER

(57) Abregé/Abstract:
This Invention relates to a room temperature curable composition containing, inter alia, diorganopolysiloxane(s) and Inorganic-
organic nanocomposite(s), the cured composition exhibiting low permeabillity to gas(es).

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




wO 2008/051261 A2 I D0 D000 V) O A0 A0

CA 02637151 2008-07-14

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
2 May 2008 (02.05.2008)

(51) International Patent Classification:
CO9K 3/10 (2006.01) CO8L 83/00 (2006.01)

(21) International Application Number:
PCT/US2007/001237

(22) International Filing Date: 17 January 2007 (17.01.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

11/336,760 20 January 2006 (20.01.2006) US

(71) Applicant (for all designated States except US): MO-
MENTIVE PERFORMANCE MATERIALS INC.
[US/US]; 187 Danbury Road, Wilton, CT 06897 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): WILLIAMS,
David, A. [US/US]; 26 Castleberry Drive, Ganesvoort,
NY 12831 (US). KUMAR, Vikram [IN/IN]; B-411 SNS
Arcade, Airport Road, Bangalore 560017 (IN). NESAKU-
MAR, Edward, J. [IN/IN]; 18, Al-saino, 5th Cross,
Nal Wind Tunnel Road, Murugesh Palaya, Bangalore
560017 (IN). RAMAKRISHNAN, Indumathi [IN/IN];
918, C-block, 7th Main, AECS Layout, Kundalahalli,
Bangalore 560037 (IN).

(10) International Publication Number

WO 2008/051261 A2

(74) Agents: DILWORTH, Peter, G. et al.; Dilworth & Bar-
rese, LLLP, 333 Earle Ovington Boulevard, Uniondale, NY
11553 (US).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I1,
FR, GB, GR, HU, ILE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report

(54) Title: SEALANT COMPOSITION CONTAINING INORGANIC-ORGANIC NANOCOMPOSITE FILLER

(57) Abstract: This invention relates to a room temperature curable composition containing, inter alia, diorganopolysiloxane(s)
and inorganic-organic nanocomposite(s), the cured composition exhibiting low permeability to gas(es).



CA 02637151 2008-07-14
WO 2008/051261 PCT/US2007/001237

Attorney Docket No.: 1302-101 (US198515)

SEALANT COMPOSITION CONTAINING INORGANIC-ORGANIC
NANOCOMPOSITE FILLER

- FIELD OF THE INVENTION

[0001] This invention relates to a room temperature curable composition

exhibiting, when cured, low permeability to gas(es).

- BACKGROUND OF THE INVENTION

[0002] = Room temperature curable (RTC) compositions are well known for their
use as sealants. In the manufacture of Insulating Glass Units (IGU), for example, panéls |
of glass are placed parallel to‘each other and sealed at their periphery such that the space
between the panels, or the inner space, is completely enclosed. The inner space is
typically filled with a gas or mixture of gases of low thermal conductivity, e.g. argon.
Current room temperature curable silicone sealant compositions, while effective to some
extent, still have only a limited ability to prevent the loss of insulating gas from the inner

space of an IGU. Over time, the gas will escape reducing the thermal insulation

effectiveness of the IGU to the vanishing point.

[0003] The addition of clay materials to ‘polymers 1s known 1n the art, however,
incorporating clays into polymers may not provide a desirable irnprove.ment in the
physical properties, particularly mechanical properties, of the polymer. This may be due,
for example, to the lack of affinity between the clay and the polymer at the interface, or
the bouhdary, between the clay and polymer within the material. The affinity between
the clay and the polymer may improve the physical ﬁrOperties of the resulting
nan.ocompo.site' by allowing the clay material to uniformly disperse throughout the
polymer. The relatively large surface area of the cl'ay,.if uniformly dispersed, may

. provide more interfabes between the clay and polymer, and may subsequently improve
the physical pro_perties, by reducing the mobility of the polymer éhains at these
interfaces. By contrast, a lack of atfinity between the clay and polymer may adversely
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atfect the strength and uniformity of 'the composition by having pockets of clay
concentrated, rather than uniformly dispersed, throughout the polymer. Affinity between
clays and polymers is related to the fact that clays, by nature, are generally hydrophilic
whereas polymers are generally hydrophobic.

[0004] A need therefore exists for an RTC corriposition of reduced gas
permeability compared to that of known RTC compositions. When employed as the
sealant for an IGU, an RTC composition of reduced gas permeability will retain the intra-
panel insulating gas for a longer period of time compared to that of a more permeable

RTC composition and will theretore extend the insulating properties of the IGU over a

longer period of time.

SUMMARY OF THE INVENTION

[0005] The present invention is based on the discovery that curable silanol-
terminated diorganopolysiloxane combined with filler of a certain type upon curing
exhibits reduced permeability to gas. The composition is especially suitable for use as a
sealant where high gas barrier properties together with the desired characteristics of

softness, processability and elasticity are important performance criteria.

[0006] In accordance with the present invention, there is provided a curable
composition comprising:
a) at least one silanol-terminated diorganopolysiloxane;
b) at least one crosslinker for the silanol-terminated
diorganopolysilox;':me(s);
c) at least one catalyst for the crosslinking reaction; -
d) a gas .ban'ier enhancing amount of at least one inorganic-organic

nanocomposite; and, optionally,
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e) at least one solid polymer having a permeability to gas that is

less than the permeability of the crosslinked

diorganopolysiloxane(s).

[0007] When used as a gas barrier, e.g., in the manufacture of an IGU, the

foregoing composition reduces the loss of gas(es) thus providing a longer service life of

the article in which it is employed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 1s a graphic presentation-of permeability data for the sealant

compositions of Comparative Example 1 and Examples 1 and 2.

[0009] Fig. 2 is a graphic presentation of permeability data for the sealant

compositions of Comparative Example 2 and Example 3.

[00010] Fig. 3 1s a graphic presentation of permeability data for the sealant

compositions of Comparative Example 3 and Examples 4 and 5.

DETAILED DESCRIPTION OF THE INVENTION

[00011] The curable sealant composition of the present invention 1s obtained by
mixing a) at least one silanol-terminated diorganopolysiloxane; b) at least one crosélinker
for the silanol-tenﬂinated.diorganOpoly.siloxane(s); c) at least one catalyst for the
crosslinking reaction; d) a gas barrier enhancing amount of at least one inorganic-organic
nanocomposite; and, optionally, €) at least one solid polymer having a permeability to gas
that 1s less than the permeability of the crosslinked diorganOpolysi_loxane(s), the

composition following curing exhibiting low permeability to gas(es).

LI
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[00012] The compositions of the invention are useful for the manufacture of

sealants, coatings, adhesives, gaskets, and the like, and are particularly suitable for use in

sealants intended for insulating glass units.

[00013] When describing the invention, the following terms have the following

meanings, unless otherwise indicated.

Definitions

[00014] - The term “exfoliation” as used herein describes a process wherein packets
of nanoclay platelets separate from one another in a polymer matrix. During exfoliation,

platelets at the outermost region of each packet cleave off, exposing more platelets for .

separation.

[00015] The term “gallery” as used herein describes the space between parallel
layers of clay platelets. The gallery spacing changes depending on the nature of the

molecule or polymer occupying the space. An interlayer space between individual

nanoclay platelets varies, again depending on the type of molecules that occupy the

space.

[00016] The term “intercalant” as used herein includes any inorganic or organic

compound capable of entering the clay gallery and bonding to its surface.

[00017] The term “intercalate” as used herein designates a clay-chemical complex
wherein the clay gallery spacing has increased due to the process of surface modification.

Under the proper conditions of temperature and shear, an intercalate 1s capable of

exfoliating in a resin matrix.

[00018]  As used herein, the term “intercalation” refers to a process for forming an

intercalate.
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[00019] The expression “inorganic nanoparticulate” as used herein describes

layered inorganic material, €.g., clay, with one or more dimensions, such as length, width

or thickness, in the nanometer size range and which is capable of undergoing ion

exchange.

- [00020] The expression “low permeability to gas(es)” as applied to the cured
composition of this invention shall be understood to mean an argon permeability
coefficient of not greater than about 900 barrers (1 barrer=10"'° (STP)/cm sec(cmHg))

measured in accordance with the constant pressure variable-volume method at a pressure

of 100 psi and temperature of 25°C.

[00021] The expression “modified clay” as used herein designates a clay material,
e.g., nanoclay, which has been treated with any inorganic or organic compound that is

capable of undergoing 1on exchange reactions with the cations present at the interlayer

surfaces of the clay.

[00022] The term “nanoclay” as used herein describes clay materials that possess a
unique morphology with one dimension being in the nanometer range. Nanoclays can

form chemical complexes with an intercalant that ionically bonds to surfaces in between

the léyers making up the clay particles. This association of intercalant and clay particles

results in a material which is compatible with many different kinds of host resins

permitting the clay filler to disperse therein.

(00023 As used herein, the term “nanoparticulate” refers to particle sizes,

generally determined by diameter, less than about 1000 nm.

[00024] As used herein, the term “platelets” refers fo- individual layers of the

layered material.
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[00025] The curable composition of the present invention includes at least one
silanol-terminated diorganopolysiloxanes (a). Suitable silanol-terminated

diorganopolysiloxanes (a) include those of the general formula:
M.DyD'c

wherein “a” is 2, and “b” 1s equal to or greater than 1 and “c” 1s zero or positive; M 1s
l p2 qQ:
(HO)B-x-yR xR ySlOl/2

wherein “x” 1s 0, 1 or 2 and “y” is either 0 or 1, subject to the limitation that x + y 1s less

than or is equal to 2, R' and R* each independently is a monovalent hydrocarbon group

up to 60 carbon atoms; D is
R’R*SiO1;

wherein R? and R* each independently is a monovalent hydrocarbon group up to 60

carbon atoms; and D' 1s
R°R®SiO,5

wherein R’ and R® each independently is a monovalent hydrocarbon group up to 60

carbon atoms.

[00026] ~  Suitable crosslinkers (b) for the silanol-terminated

diorganopolysiloxane(s) present in the composition of the invention include alkyisilicates

of the general formula:
RMO)RPO)R'®O)R'0)Si

wherein R, R, R'® and R'" each independently is a monovalent hydrocarbon group up
to 60 carbon atoms. Crosslinkers of this type include, n-propyl silicate, tetraethylortho

silicate and _methyltrimethbxysil_ahe and similar alkyl-substituted alkoxysilane

compounds, and the like.
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[00027] Suitable catalysts (c¢) for the crosslinking reaction of the silanol-terminated
diorganopolysiloxane(s) can be any of those known to be usetul for facilitating the
crosslinking of such siloxanes. The catalyst can be a metal-containing or non-metallic
compound.% Examples of usetul metal-containing compounds include those of tin,

titanium, zirconium, lead, iron cobalt, antimony, manganese, bismuth and zinc.

[00028] In one embodiment of the present invention, tin-containing compounds
useful as crosslinking catalysts include: dibutyltindilaurate, dibutyltindiacetate,
dibutyltindffnethoxide, tinoctoate, 1sobutyltintriceroate, dibutyltinoxide, soluble dibutyl -
tin oxide, dibutyltin bis-diisooctylphthalate, bis-tripropoxysilyl dioctyltin, dibutyltin bis-
acetylacetone, silylated dibutyltin dioxide, carbomethoxyphenyl tin tris-uberate,
isobutyltin triceroate, dimethyltin dibutyrate, dimethyltin di-neodecanoate, triethyltin
tartarate, dibutyltin dibenzoate, tin oleate, tin naphthenate, butyltintri-2-
ethylhexylhexoate, tinbutyrate, diorganotin bis 3-diketonates, and the like. Usetul
titanium-containing catalysts include: chelated titanium compounds, e.g., 1,3-
propanedioxytitanium bis(ethylacetoacetate), di-isopropoxytitanium
bis(ethylacetoacetate), and tetraalkyl titanates, e.g., tetra n-butyl titanate and tetra-
isopropyl titanate. In yet another embodiment of the present invention, diorganotin bis -

diketonates is used for facilitating crosslinking in silicone sealant composition.

[00029] Inorganic-organic nanocomposite (d) of the present invention 1s comprised

of at least one inorganic component which is a layered inorganic nanoparticulate and at

least one organic component which is a quaternary ammonium organopolysiloxane.

[00030] The inorganic nanoparticulate of the present invention can be natural or
synthetic such as smectite clay, and should have certain 10n exchange properties as in

smectite clays, rectorite, vermiculite, illite, micas and their synthetic analogs, including

laponite, synthetic mica-montmorillonite and tetrasilicic mica.
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[00031] The nanoparticulates can possess an average maximum lateral dimension
(width) 1n a first embodiment of between about 0.01 pm and about 10 um, in a second
embodiment between about 0.05 um and about 2 um, and in a third embodiment between
about 0.1 pm and about 1 um. The average maximum vertical dimension (thickness) of

the nanoparticulates can in general vary in a first embodiment between about 0.5 nm and

about 10 nm and in a second embodiment bétween about 1 nm and about 5 nm.

[00032] Usetul 1norganic nanoparticulate materials of the invention include natural
- or synthetic phyllosilicates, particularly smectic clays such as montmorillonite, sodium
montmorillionite, calcium montmorillonite, magnesium montmorillonite, nontronite,
beidellite, volkonskoite, laponite, hectorite, saponite, sauconite, magadite, kenyaite,
sobockite, svindordite, stevensite, talc, mica, kaolinite, vermiculite, halloysite, aluminate

oxides, or hydrotalcites, micaceous minerals such as illite and mixed layered

illite/smectite minerals such as rectorite, tarosovite, ledikite and admixtures of illites with
one or more of the clay minerals named above. Any swellable layered material that
sufficiently sorbs the organic molecules to increase the interlayer spacing between
adjacent phyllosilicate platelets to at least about 5 angstroms, or to at least about 10
angstroms, (when the phyllosilicate 1s measured dry) can be used in producing the

Inorganic-organic nanocomposite of the invention.

[00033] The modified inorganic nanoparticulate of the Invention 1s obtained by
contacting quantities of layered inorganic particulate possessing exchangeable cation,
e.g., Na", Ca**, AI**, Fe**, Fe’*, and Mg*", with at least one ammonium-containing
organopolysiloxane. The resulting modified particulate is inorganic-organic

nanocomposite (d) possessing intercalated organopolysiloxane ammonium ions.

[00034] The ammonium-containing organopolysiloxane must contain at least one
ammonium group and can contain two or more ammonium groups. The quaternary

ammonium groups can be posttion at the terminal ends ot the organopolysiloxane and/or



CA 02637151 2008-07-14
WO 2008/051261 PCT/US2007/001237

along the siloxane backbone. One class of useful ammonium-containing

organopolysiloxane has the general formula:

ManD'c
wherein “a” 1s 2, and “b” 1s equal to or greater than 1 and “c” is zero or positive; M is
3 \ip4 l p2 q:
[R zNR ]3-x-yR xR ySlOlfz

wherein “x¥ 15 0, 1 or 2 and “y” 1s either O or 1, subject to the limitation that x + y is less
than or equal to 2, “z” is 2, R' and R? each independently is a monovalent hydrocarbon
group up to 60 carbons; R’ is selected from the group consisting of H and a monovalent

hydrocarbon group up to 60 carbons; R* is a monovalent hydrocarbon group up to 60

carbons; D is

R°R®SiO);
where R> and R® each independently is a monovalent hydrocarbon group up to 60 carbon
atoms; and D' 1s

R'R*SiOy

where R and R® each.independently 1S a monovalent hydrocarbon group containing

amine with the general formula:
[R°NR')

wherein “a” is 2, R’ is selected from the group consisting of H and a monovalent

hydrocarbon group up to 60 carbons; R'?is a monovalent hydrocarbon group up to 60

carbons.

[00035] In another embodiment of the preéent invention, the ammoniums-

containing organopolysiloxane 1s RY"R"“ RPN, wherein R'', R", and R’ each
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independently is an alkoxy silane or a monovalent hydrocarbon group up to 60 carbons.

The general formula for the alkoxy silane 1s
[RI4O]3 - yRIS R16 SIR”

wherein “x” is 0, 1 or 2 and “y” is either 0 or 1, subject to the limitation that x + y 1s less
than or equal to 2; R'*is a monovalent hydrocarbon group up to 30 carbons; R and R'®
are independently chosen monovalent hydrocarbon groups up to 60 carbons; R'7isa
monovalent hydrocarbon group up to 60 carbons. Additional compounds usetul for
modifying the inorganic component of the present invenﬁon are amine compounds or the
correspondmg ammonium 10n w1th the structure R'* R RN, wherein R'®, R"”, and R*
each independently is an alkyl or alkenyl group of up to 30 carbon atoms, and each

independently is an alkyl or alkenyl group of up to 20 carbon atoms 1n another

embodlment which may be the same or different. In yet another embodiment, the

orgamc molecule 1s a long chain tertiary amine where R'8 R? and R¥ each

independently is a 14 carbon to 20 carbon alkyl or alkenyl.

[00036] The layered inorganic nanoparticulate compositions of the present
invention need not be converted to a proton exchange form. Typically, the intercalation
of an organopolysiloxane ammonium ion into the layered indrganic nanoparticulate
material is achieved by cation exchange using solvent and solvent-free processes. Inthe -
solvent-based process., the organopolysiloxane ammonium component 1s placed 1n a

solvent that is inert toward polymerization or coupling reaction. Particularly suitable
solvents are water or water-ethanol, water-acetone and like water-polar co-solvent
systems. Upon removal of the solvent, the intercalated particulate concentrates are

obtained. Ih the solvent-free process, a high shear blender 1s usually'required to conduct

the intercalation reaction. The inorganic-organic nanocomposite may be in a suspension,

gel, paste or solid forms.

[00037] A specific class of ammonium-containing organopolysiloxanes are those

described in U.S. Patent No. 5,130,396 the entire contents of which are incprporated by

10
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reterence herein and can be prepared from known materials including those which are

commercially available.

[00038] - The ammonium-containing organopolysiloxanes of U.S. Patent No.

5,130,396 is represented by the general formula:

X+ (I)

in which R' and R* are identical or different and represent a group of the formula:
' (I

H

in which the nitrogen atoms in (I) are connected to the silicon atoms in (ID) via the R’
groups and R’ represents an alkylene group with 1 to 10 carbon atoms, a cycloalkylene

group with 5 to 8 atoms or a unit of the general formula:
_"(CH2)".-<D or
\(CHZ)m-

- —(CHp)

(CH2)m-

11
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in which n 1s a number from 1 to 6 and indicates the number of methylene groups in
~nitrogen position and m is a number from 0 to 6 and the free valences of the oxygen
atoms bound to the silicon atom are saturated as in silica skeletons by silicon atoms of

other groups of formula (II) and/or with the metal atoms of one or more of the cross-

linking binding links

/O— /O——
— Al or —Al
Ng__ \g

in which M is a silicon, titanium or zirconium atom and R’ a linear or branched alkyl
group with 1 to 5 carbon atoms and the ratio of the silicon atoms of the groups of formula
(II) to the metal atoms in the binding links 1s.1:0 to and in which R’ is equal to R' or R?,
or hydrogen, or a linear or branched alkyl group of 1 to 20 carbon atoms, a cycloalkyl
group of 5 to 8 carbon atoms or 1s the benzyl group, and R’ is equal to hydrogen, or a
linear or branched alkyl group with 1 to 20 carbon atoms or is a cycloalkyl, benzyl, alkyl,
propargyl, chloroethyl, hydroxyethyl, or chloropropyl group consisting of 5 to 8 carbon
atoms and X is an anion with the valence of x equal to 1 to 3 and selected from the group
of halogenide, hypochlorite, sulfate, hydrogen sulfate, nitrite, nitrate, phosphate,
dihydrogen phosphate, hydrogen phosphate, carbonate, hydrogen carbonate, hydroxide,
chlorate, perchlorate, chromate, dichromate, cyanide, cyanate, rhodanide, sulfide,

hydrogen sulfide, selenide, telluride, borate, metaborate, azide, tetrafluoroborate,

tetraphenylborate, hexafluorophosphate, formate, acetate, propionate, oxalate,

trifluoroacetate, trichloroacetate or benzoate.

12
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[00039] The ammonium-containing organopolysiloxane compounds described
herein are macroscopically spherical shaped particles with a diameter of 0.01 to 3.0 mm,
a specific surface area of 0 to 1000 m” /g, a specific pore volume of 0 to 5.0 ml/g, a bulk

density of 50 to 1000 g/l as well as a dry substance basis in relation to volume of 50 to

750 g/l.

(00040} One method of preparing an ammonium-containing organopolysiloxane
involves reacting a primary, secondary, or tertiary aminosilane possessing at least one
hydrolysable alkoxy group, with water, optionally in the presence of a catalyst, to achieve
hydrolysis and subsequent condensation of the silane and produce amine-terminated
organopolysilane which is thereafter quaternized with a suitable quarternizing reactant
such as a mineral acid and/or alkyl halide to provide the ammonium-containing .
organopolysiloxane. A method of this type is described in aforesaid U.S. Patent No.
5.130,396. In this connection, U.S. Patent No. 6,730,766, the entire contents of which are

incorporated by reference herein, describes processes for the manufacture of quaternized

polysiloxane by the reaction of epoxy-functional polysiloxane.

- [00041] In a variation of this method, the primary, secondary or tertiary
aminosilane possessing hydrolysable alkoxy group(s) 1s quarternized prior to the
hydrolysis condensation reactions providing the organopolysiloxane. For example,
ammonium-containing N-trimethoxysilylpropyl-N, N, N-trimethylammonium chloride,
N-trimethoxysilylpropyl-N, N, N-tri-n-butylammonium chloride, and comrnércially
available ammonium-containing trialkoxysilané octadecyldimethyl(3-
trimethyloxysilylpropyl) ammonium chloride (available from Gelest, Inc.) following their

hydrolysis/condensation will provide ammonium-containing organopolysiloxane for use

herein.

[00042] Other suitable tertiary aminosilane useful for preparing ammonium-

~ containing organopolysiloxane include tris(triethoxysilylpropyl)amine,

13
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tris(trimethoxysilylpropyl)amine, tris(diethoxymethylsilylpropyl)amine,
tris(tripropoxysilylpropyl)amine, tris(ethoxydimethylsilylpropyl)amine,
tris(triethoxyphenylsilylpropyl)amine, and the like.

[00043] Still another method for preparing the ammonium-containing

organopolysiloxane calls for quarternizing a primary, secondary, or tertiary amine-

containing organopolysiloxane with quaternizing reactant. . Useful amine-containing

organopolysiloxanes include those of the general formula:

W

4 4 4 -
R

R
i —<OSi>7
| n
4

R* R

R? T
S

R'—N——R’——

T
0Si —— R> N—— R’
R4

wherein R', R? R®, and R’ each independently is H, hydrocarbyl of up to 30 carbon

atoms, e.g., alkyl, cycloalkyl, aryl, alkaryl, aralkyl, etc., or R! and R together or R® and
R’ together'; form a divalent bridging group of up to 12 carbon atoms, R’ and R’ each
independently 1s a divalent hydrocarbon bridging group of up to 30 carbon atoms,
optionally containing one or more oxygen and/or nitrogen atoms in the chain, e. g.,

straight or branched chain alkylene of from 1 to 8 carbons such as -CH,-, -CH, CH,-,
-CH,CH,CH>-, -CH,-C(CH3;)-CH,-, -CH,CH,CH; CH>-, etc., each R® independently is an
alkl group, and n is from 1 to 20 and advantageously 1S from 6 to 12.

[00044] These and similar amine-containing organopolysiloxanes can be obtained

by known and conventional procedures e.g., by reacting an olefinic amine such as

allyamine with a polydiorganosiloxane possessing Si-H bonds in the presence of a

hydrosinlation catalyst, such as, a platinum-containing hydrosilation catalyst as described
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in U.S. Patent No. 5,026,890, the entire contents of which are incorporated by reference

herein.

[00045] Specific amine-containing organopolysiloxanes that are useful for

preparing the ammonium-containing organopolysiloxanes herein include the commercial

mixture of
q CH; CH, CH;
H,N (CHy)3 ——s;i OSi)W OSi—— (CH,)——NH,
l
CHj CH;j - CH;,
and
- CH;  CH; i:l-h
H,;N—— CH,— C.H(C'H3)——:si—-€ O%Ii }M—mOiSi —— CH(CH,)— CH, NH,
' , CH;; CH; CH;
[00046] Optionally, the curable composition herein can also contain at least one

solid polymer (e) having a permeability to gas that is less than-the permeability of the
crosslinked diorganopolysiloxane. Suitable polymers include polyethylenes such as low
density polyethylene (LDPE), very low density 'polyethyléne (VLDPE), linear low
density polyethylene (LLDPE) and high density polyethylene (HDPE); polypropylene
(PP), polyisobutylene (PIB), polyvinyl acetate(PVAc), polyvinyl alcoho!l (PVoH), |

| polystyrene, polycarbonate, polyester, such as, polyethylene terephthalate

(PET), polybutylene terephthalate (PBT), polyethylene napthalate (PEN), glycol-
modified polyethylene terephthalate (PETG); polyvinylchloride (PVC), polyvinylidene

15



CA 02637151 2008-07-14
WO 2008/051261 PCT/US2007/001237

chloride, polyvinylidene floride, thermoplastic polyurethane (TPU), acrylonitrile
butadiene styrene (ABS), polymethylmethacrylate (PMMA), polyvinyl fluoride

(PVF), Polyamides (nylons), poiymethylpentene, polyimide (PI), polyetherimide (PEI),
polether ether ketone (PEEK), polysulfone , polyether sulfone, ethylene
chlorotriﬂu;)roethylene, polytetrafluoroethylene (PTFE), cellulose acetate, cellulose
acetate butyrate, plasticized polyvinyl chloride,'ionomers (Surtyn), polyphenylene sulfide
(PPS), styrene-maleic anhydride, modified polyphenylene oxide (PPO), and the like and

mixture thereof.

[00047] The optional polymer(s) can also be elastomeric in nature, examples
include, but are not limited to ethylene- propylene rubber (EPDM), polybutadiene,
polychloroprene, polyisoprene, polyurethane (TPU), styrene-butadiene-styrene (SBS),
styrene-ethylene-butadiene-styrene (SEEBS), polymethylphenyl siloxane (PMPS), and

the like.

[00048] These optional polymers can be blended either alone or in combinations or
in the form of coplymers, e.g. polycarbonate-ABS blends, polycarbonate polyester
blends, grafted polymers such as, silane grafted polyethylenes, and silane grafted

polyurethanes.

100049] In one embodiment of the présent invention, the curable composition
contains a polymer selected from the group consisting of low density polyethylene
(LDPE), very low density polyethylene (VLDPE), linear low density polycthylene
(LLDPE), high density polyethylene (HDPE), and mixtures thereof. In another
embodimeﬁt of the invention, the curable composition has a polymer selected from the
group consisting of low density polyethylene (LDPE), very low density polyethylene
(VLDPEj, linear low density pol‘yethylene (LLDPE), and mixture thereof. In yet another

embodiment of the present invention, the optional polymer is a linear low density

polyethylené (LLDPE).
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[00050] The curable sealant composition can contain one or more other ﬁllers In
addition to Inorganic-organic nanocomposite component (d). Suitable additional fillers
for use herein include precipitated and colloidal calcium carbonates which have been
treated with compounds such as stearic acid or stearate ester; reinforcing silicas such as
fumed silicas, precipitated silicas, silica gels and hydrophobized silicas and silica gels;
crushed and ground quartz, alumina, aluminum hydroxide, titanium hydroxide,

diatomaceous earth, iron oxide, carbon black, graphite, mica, talc, and the like, and

mixtures thereof.

(00051} The curable sealant composition of the present invention can also include
one or more alkoxysilanes as adhesion promoters. Useful adhesion promoters include N-
2-aminoethyl-3-aminopropyltriethoxysilane, y-aminopropyltriethoxysilane, y-
aminopropyltrimethoxysilane, aminopropyltrimethoxysilane, bis-y-
trimethoxyéilyprOpyl)amine, N-phenyl-y-aminopropyltrimethoxysilane,
triaminofunctionaltrimethoxysilane, y-aminopropylmethyldiethoxysilane, y-
aminopropylmethyldiethoxysilane, methacryloxypropyltrimethoxysilane,
methylaminopropyltrimethoxysilane, y-glycidoxypropylethyldimethoxysilane, y-
glycidoxypI:Opyltrimethoxysilane, y-glycidoxyethyltrirﬁethoxysilane, B-(3,4-
epoxycyclohexyl)propyltrimethoxysilane, 3-(3,4-epoxycyclohexyl) .
ethylmethyldimethoxysilane, 1socyanatopropyltriethoxysilane,
1socyanatopropylmethyldimethoxysilane, 3-cyanoethyltrimethoxysilane, y-
acryloxypropyltrimethoxysilane, y-methacryloxypropylmethyldimethoxysilane, 4-amino-
3,3,-dimethylbutyltrimethoxysilane, and N-ethyl-3-trimethoxysilyl-2-
methylpropanamine, and the like. In one embodiment, the adhesion prombter can be a
combination of n-2-amin0ethyl-3-aminOprOpyltrimethokysilane and 1,3,5-

tris(trimethoxysilylpropyl)isocyanurate.
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[00052] The compositions of the present invention can also include one or more
non-ionic surfactants such as polyethylene glycdl, polypropylene glycol, ethoxylated
castor oil, oleic acid ethoxylate, alkylphenol ethoxylates, copolymers of ethylene oxide
(EO) and propylene oxide (PO) and copolymers of silicones and polyethers (silicone

polyether copolymers), copolymers of silicones and copolymers of ethylene oxide and

propylene oxide and mixtures thereof.

[000353] The curable sealant compositions of the present invention can include still
other ingredients that are conventionally employed in RTC silicone-containing
compositions such as colorants, pigments, plasticizers, antioxidants, UV stabilizers,

biocides, etc., in known and conventional amounts provided they do not interfere with the

properties desired for the cured compositions.

[00054] The amounts of silanol-terminated diorganopolysiloxane(s), crosslinker(s),
crosslinking catalyst(s), inorganic-oranic nanocomposite(s), optional solid polymers(s) of
lower gas permeability than the crosslinked diorganopolysiloxane(s), optional filler(s)
other than inorganic-organic nanocomposite, optional adhesion promoter(s) and optional
ionic surfactant(s) can vary widely and, advantageously, can be selected from among the
ranges indicated in the following table. The curable compositions herein contain

inorganic-organic nanocomposite in an amount, of course, that enhances its gas barrier

properties.

[00055] TABLE 1: Ranges of Amounts (Weight Percent) of Componenfs of the
Curable Composition of the Invention

Componenfs of the First ~ Second - Thard

Curable Composition Range . Range Range

Silanol-terminated

Diorganopolysiloxane(s) 50-99 70-99 80-85

Crosslinker(s) 0.1-10 0.3-5 0.5-1.5
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Crosslinking Catalyst(s) 0.001-1 0.003-0.5 0.005-0.2
[norganic-organic

Nanocomposite(s) 0.1-50 10-30 15-20

Solid Polymer(s) of Lower

Gas Permeability than

Crosslinked Dioganopoly-

Siloxane(s) 0-50 5-40 10-35
Filler(s) other than

Inorganic-organic |

Nanocomposite 0-90 5-60 10-40
Silane Adhesion Promoter(s) 0-20 0.1-10 0.5-2

Ionic Surfactant(s) 0-10 0.1-5 0.5-0.75
[00056] The curable compositions herein can be obtained by procedures that are

well known in the art, e.g., melt blending, extrusion blending, solution blending, dry

- mixing, blending in a Banbury mixer, etc., in the presence of moisture to provide a

substantially homogeneous mixture.

[00057] Preferably, the methods of blending the diorganopolysiloxane polymers
with polymers may be accomplished by contacting the components 1n a tumbler or other
physical blending means, followed by melt blending in an extruder. Alternatively, the

components can be melt blended directly in an extruder, Brabender or any other melt

blending means.

[00058] The invention is illustrated by the following non-limiting examples.
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COMPARATIVE EXAMPLE 1 AND EXAMPLES 1-2

[00059] Inorganic-organic nanocomposite was prepared by first placing 10 g of
amino propyl terminated siloxane (“GAP 10,”siloxane length of 10, from GE Silicones,
Waterford, USA) in a 100 ml single-necked round bottomed flask and adding 4 ml of .
methanol available from Merck. 2.2 ml of concentrated HCI was added very slowly with
stirring. The stirring was continued for 10 minutes. 900 ml of water was added to a 2000
ml three-necked round-bottomed flask fitted with condenser and overhead mechanical

stirrer. 18 g of Cloisite Na™ (natural montmorillonite available from Southern Clay

Products) clay was added to the water very slowly with stirring (stirring rate
approximately 250 rpm). The ammonium chloride solution (prepared above) was then
added very slowly to the clay-water mixture. The mixture was stirred for 1 hour and let
stand overnight. The mixture was filtered through a Buckner funnel and the solid
obtained was slurried with 800 ml of methanol, stirred for 20 minutes, and then the

mixture was filtered. The solid was dried in oven at 80°C for approximately 50 hours.

[00060] To provide a 2.5 weight percent nanocomposite, 224.25g of OMCTS
(octamethylcyclotetrasiloxane) and 5.75g of GAP 10 modified clay (inorganic-organic
nanocomposite prepared above) were introduced into a three-necked round bottom flask
fitted with overhead stirrer and condenser. The mixture was stirred at 250 rpm for 6
hours at ambient temperature. The temperature was increased to 175 C° while stirring
continued. 0.3g of CsOH in 1ml of water was added in the reaction vessel through
septum. After 15minutes, polymerization of OMCTS began and 0.5 ml of water was
added with an additional 0.5 ml of water being added after 5 minutes. Heating and
stirring were continued for 1hour after which 0.1 ml of phosphoric acid was added for

neutralization. The pH of the reaction mixture was determined after 30 minutes. Stirring

and heating were continued for another 30 minutes and the pH of the reaction mixture
was again determined to assure complete neutralization. Distillation of cyclics was

carried out at 175 C° and the mixture was thereafter cooled to room temperature.
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[00061] The same procedure was followed with 5 weight percent of GAP 10
- modified clay.

[00062] = In-situ polymerization procedures were followed with 2.5 wt% and 5 wt%
(see Table 1) GAP 10 modified clays (prepared above). The in-situ polymers with
different amounts of clay were then used to make cured sheets as follo.ws: In-situ silanol-
terminated polydimethylsiloxanes (PDMS), (Silanol 5000, a silanol-terminated
polydimethylsiloxane of 5000 ¢s nominal and Silanol 50,000, a silanol-terminated
polydimethylsiloxane of 50,000 ¢s nominal, both available from Gelest, Inc.) GAP 10
modified clay formulations were mixed with NPS (n-propyl silicate, available from
Gelest, Inc.) crosslinker and solubilized DBTO (solubilized dibutyl tin oxide, available
from GE silicones, Waterford, USA) catalyst using a hand blender for 5-7 min with air
bubbles being removed by vacuum. The mixture was then poured into a Teflon sheet-
forming mold and maintained for 24 hours under ambient conditions (25° C and 50%

humidity). The partially cured sheets were removed from the mold after 24 hours and

maintained at ambient temperature for seven days for complete curing.

Table 1

grams  wt% wt%

NPS DBTO
Comparative Example 1 | 50 2 1.2
Example 1: In-situ silanol with 2.5 50 2 1.2
wt% of modified clay
Example 2: In-situ silanol with 5wt% 50 2 1.2
of modified clay
[00063] - The Argon permeability was measured using a gas permeability set-up.

Argon permeability was measured using a gas permeability set-up as'in the previous
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examples. The measurements were based on the variable-volume method at 100 psi
pressure and at a temperature of 25°C. Measurements were repeated under identical

conditions 2-3 times in order to assure their reproducibility.

(00064} | The permeability data for Comparative Example 1 and Examples 1 and 2
are graphically presented in F 'igure .

COMPARATIVE EXAMPLE 2 AND EXAMPLE 3

[00065] Example 3 (see Table 2) was prepared by mixing 45 grams of PDMS and
5 grams of GAP 10 modified clay (prepared above) and similar in-situ polymerizatidn
procedures were followed by mixing with 2 wt% NPS, and 1.2 wt% DBTO, using a hand
blender for 5-7 minutes with air bubbles being removed by vacuum. Each blend was
poured 1nto a Teflon sheet-forming mold and maintained for 24 hours under ambient
conditions (25° C and 50% humidity) to partially cure the PDMS components. The
partially cured sheets were removed from the mold after 24 hours and maintained at

ambient temperature for seven days for complete curing.

Table 2

grams wt% wt%
NPS DBTO

Comparative Example 2: Silanol mixture 50 2 1.2

Example 3: In-situ silanol with S wt% of 50 2 1.2
modified clay

100066} The Argon permeability was measured using a gas permeability set-up as

in the previous examples. Argon permeability was measured using a gas permeability

set-up as 1n the previous examples. The measurements were based on the variable-
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volume method at 100 psi pressure and at a temperature of 25°C. Measurements were

repeated under 1dentical conditions 2-3 times in order to assure their reproducibility.

[00067] The permeability data for Comparative Example 2 and Example 3 are
graphically presented in Figure 2.

COMPARATIVE EXAMPLE 3 AND EXAMPLES 4 AND 5

[00068] The inorganic-organic nanocomposite of Examples 4 and 5 was prepared
by introducing 15 grams of octadecyldimethyl(3-trimethoxysilyl propyl)) ammonium
chloride (available from Gelest, Inc.) into a 100ml beaker and slowly adding 50 ml of
methanol (available from Merck). 30 grams of Cloisite 15A (“C-15A,” a
montmorillonite clay modified with 125 milliequivalants of diméthyl dehydrogenated
tallow ammonium chloride per 100 g of clay available from Southern Clay Produéts) clay
was added very slowly to a 5 liter beaker containing a water: methanol solution (1:3 ratio,
3.5L) and équipped with an overhead mechanical stirrer which stirred the mixture at a
rate of approximately 400 rpm. The stirring continued for 12 hours. The

octadecyldimethyl(3-trimethoxysilyl propyl)) ammonium chloride (prepared above) was

then added very slowly. The mixture was stirred for 3 hours. Thereafter, the mixture
- was filtered through a Buckner funnel and the solid obtained-was slurried with a water:

methanol (i.:3) solution several times before being filtered again. The solid was dried in

oven at 80 C° for approximately 50 hours.

[00069] The above-indicated blends were then used to make cured sheets as

follows: PDMS- silypropyl modified clay formulations were mixed with NPS and DBTO,
as listed in Table 3, using a hand blender for 5-7 minutes with air bubbles being removed
by vacuum. Each blend was poured into a Teflon sheet-forming mold and maintained for

24 hours under ambient conditions (25° C and 50% humaidity) to partially cure the PDMS
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components. The partially cured sheets were removed from the mold after 24 hours and

maintained at ambient temperature for seven days for complete curing.

Table 3

grams wt% wt%

NPS DBTO
Comparative Example 3: Silanol 50 2 1.2
mixture
Example 4: Silanol mixture with Sphr . 50 2 1.2
of silylpropyl modified clay
Example 5: Silanol mixture with 50 2 1.2
10phr of silylpropyl modified clay
[00070] The Argon permeability was measured using a gas permeability set-up as

in the previous examples. Argon permeability was measured using a gas permeability
set-up as in the previous examples. The measurements were based on the variable-
volume method at 100 psi pressure and at a temperature of 25°C. Measurements were

repeated under identical conditions 2-3 times in order to assure their reproducibility.

[00071] The permeability data for Comparative Example 3 and Examples 4 and 5
are graphically presented in Figure 3.

[00072] The permeability data are graphically 'presented in Figures 1,2 and 3. As

shown in the data, argon permeability in the case of the cured sealant compositions of the

invention (Examples 1 and 2 of Figure 1, Example 3 of Figure 2 and Examples 4 and 5 of

Figure 3) was significantly less than that of cured sealant compositions outside the scope

of the invention (Comparative Examples 1-3 of Figures 1-3, respectively). In all, while

the argon permeability coefficients of the sealant compositions of Comparative Examples

1,2 and 3 exceed 950 barrers, those of Examples 1-3, 4 and 5 illustrative of sealant

compositions of this invention did not exceed 875 barrers and in some cases, were well

¥
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below this level of argon permeability coefficient (see, in particular, examples 2, 4 and

J).

[00073] While the preferred embodiment of the present invention has been
tllustrated and described in detail, various modifications of, for example, components,
materials and parameters, will become apparent to those skilled in the art, and 1t 1s

intended to cover in the appended claims all such modifications and changes which come

within the scope of this invention.
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WHAT IS CLAIMED IS:
L. A curable sealant composition comprising:

a) at least one silanol-terminated diorganopolysiloxane;

b) at least one crosslinker for the silanol-terminated
diorganopolysiloxane(s);

¢) at least one catalyst for the crosslinking reaction;

d) a gas barrier enhancing amount of at least one inorganic-organic
nanocomposite; and, optionally,

e) at least one solid polymer having a permeability to gas that is
less than the permeability of the crosslinked

diorganopolysiloxane(s).

2. The composition of Claim 1 wherein silanol-terminated

diorganopolysiloxane (a) has the general formula:

ManD'c
wherein “a” 1s 2, and “b” 1s equal to or greater than 1 and “c” is zero or positive; M is

(HO)3.x4R'R%,SiO112

6¢_.0% 2

wherein “x” 15 0, 1 or 2 and *y” 1s either O or 1, subject to the limitation that x + y is less
than or is equal to 2, R' and R* each independently is a monovalent hydrocarbon group

up to 60 carbon atoms; D 1s
R3R4Si01/2;

wherein R’ and R* each independently i1s a monovalent hydrocarbon group up to 60

carbon atoms; and D' 1s

R°R®SiO-
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wherein R”and R° each independently 1s a monovalent hydrocarbon group up to 60

carbon atoms.

3. The composition of Claim 1 wherein crosslinker (b) is an alkylsilicate

having the formula:
R"™O)RO)R'"O)R"0)Si

where RM, Rls, R and R are chosen independently from monovalent C, to Cgg

hydrocarbon radicals.

4, The composition of Claim 1 wherein catalyst (c) is a tin catalyst.

J. The composition of Claim 4 wherein the tin catalyst is selected from the
group consisting of dibutyltindilaurate, dibutyltindiacetate, dibutyltindimethoxide,
tinoctoate, 1sobutyltintriceroate, dibutyltinoxide, dibutyltin bis-diisooctylphthalate, bis-
tripropoxysilyl dioctyltin, dibutyltin bis-acetylacetone, silylated dibutyltin dioxide,
carbomethoxyphenyl tin tris-uberate, 1sobutyltin triceroate, dimethyltin dibutyrate,
dimethyltin di-neodecanoate, triethyltin tartarate, dibutyltin dibenzoate, tin oleate, tin

naphthenate, butyltintri-2-ethylhexylhexoate, tinbutyrate, diorganotin bis f-diketonates

and mixtures thereof.

6. * The composition of Claim 1 wherein the inorganic-organic nanocomposite
comprises at least one inorganic component which is a layered inorganic nanoparticulate

and at least one organic component which is a quaternary ammonium

organopolysiloxane.

7. The 1inorganic-organic nanocomposite of Claim 6 wherein the layered
inorganic nanoparticulate possess exchangeable cation which is at least one member

selected from the group of Na*, Ca**, AI°*, Fe**, Fe’", Mg”, and mixtures thereof.
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8. - The inorganic-organic nanocomposite of Claim 6 wherein the layered
hanOparticulate 1S at least one member selected from the group consisting of
montmorillonite, sodium montmorillonite, calcium montmorillonite, magnesium |
montmorillonite, nontronite, beidellite, volkonskoite, laponite, hectorite, saponite,
sauconite, magadite, kenyaite, sobockite, svindordite, stevensite, vermiculite, halloysite,

aluminate oxides, hydrotalcite, 1llite, rectorite, tarosovite, ledikitekaolinite and, mixtures

thereof.

9. The inorganic-organic nanocomposite of Claim 6 wherein the quaternary
ammonium organopolysiloxane is at least one ammonium-containing

- diorganopolysiloxane having the formula:
ManD'c

wherein “a” 1s 2, and “b” 1s equal to or greater than 1 and “c” is zero or positive; M is

[R?ZNR“] 3-x-yR] XR2YS 10112

¢
wherein “x” 1s 0, 1 or 2 and “y” is either 0 or 1, subject to the limitation that x + y is less

than or equal to 2, “z” is 2, R and R? each independently is a monovalent hydrocarbon
group up to 60 carbons; R’ is selected from the group consisting of H and a monovalent

hydrocarbon group up to 60 carbons; R* is a monovalent hydrocarbon group up to 60

carbons; D is
R°R®Si05

where R” and R® each independently is a monovalent hydrocarbon group up to 60 carbon

atoms; and D' 1s
'R'R®SiOy;

where R’ and R°® each independently is a monovalent hydrocarbon group containing

amine with the general formula:
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[RgaNR ] 0]

wherein “a” is 2, R’ is selected from the group consisting of H and a monovalent

hydrocarbon group up to 60 carbons; R'’ is a monovalent hydrocarbon group up to 60

carbons.

10.”  Thenorganic-organic nanocomposite of Claim 9 wherein the quaternary
ammonium group is represented by the formula R° R’ R*N* X" wherein at least one R, R’
and R® is an alkoxy silane up to 60 carbon atoms and the remaining are an alkyl or

alkenyl group of up to 60. carbon atoms and X is an anion.

11.  The composition of Claim 1 wherein solid polymer (e) is selected from the
group consisting of low density polyethylene, very low density polyefhylene, linear low
density polyethylene, high density polyethylene, polypropylene, polyisobutylene,
polyvinyl acetate, polyvinyl alcohol, polystyrene, polycarbonate, polyester, such as,
polyethylene terephthalate, polybutylene terephthalate, polyethylene napthalate, glycol-
modified polyethylene terephthalate, polyvinylchloride, polyvinylidene chloride,
polyvinylidene fluoride, thermoplastic polyurethane, acrylonitrile butadiene styrene,
polymethylmethacrylate, polyvinyl fluoride, polyamides, polymethylpentene, polyimide,
polyetherimide, polether ether ketone, polysulfone , polyether sulfone, ethylene
chlorotriﬂuoroethylehe, polytetrafluoroethylene, cellulose acetate, cellulose acetate
butyrate, plasticized polyvinyl chloride, ionomers, polyphenylene sulfide, styrene-maleic
anhydride, modified polyphenylene oxide, ethylene- propylene rubber, polybutadiene,
polychloroprene, polyisoprene, polyurethane, styrene-butadiene-styrene, styrene-

ethylene-butadiene-styrene, polymethylphenyl siloxane and mixtures thereof.

12.« The composttion of Claim 1 which further comprises at least one optional
component selected from the group consisting of adhesion promoter, surfactant, colorant,
pigment, plasticizer, filler other than inorgéuﬁc-organic nanocomposite, antioxidant, UV

stabilizer, and biocide.
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13.  The composition of Claim12 wherein the adhesion promoter 1s selected
from the group consisting of n-2-aminoethyl-3-aminopropyltrimethoxysilane, 1,3,5-
tris(trimethoxysilylpropyl)isocyanurate, y-aminopropyltriethoxysilane, y-
aminopropyltrimethoxysilane, aminopropyltrimethoxysilane, bis-y- |
trimethoxysilypropyl)amine, N-Phenyl-y-aminopropyltrimethoxysilane,
triaminofunctionaltrimethoxysilane, y-aminopropylmethyldiethoxysilane, y-
aminopropylmethyldiethoxysilane, methacryloxypropyltrimethoxysilane,
methylaminopropyltrimethoxysilane, y-glycidoxypropylethyldimethoxysilane, y-
glycidoxypropyltrimethoxysilane, y-glycidoxyethyltrimethoxysilane, B-(3,4-
epoxycyclohexyl)propyltrimethoxysilane, B-(3,4-epoxycyclohéxyl)
ethylmethyldimethoxysilane, 1socyanatopropyltriethoxysilane,
isocyanatopropylmethyldimethoxysilane, B-cyanoethyltrimethoxysilane, -
acryloxypropyltrimethoxysilane, y-methacryloxypropylmethyldimethoxysilane, 4-amino-
3,3,-dimethylbutyltrimethoxysilane, n-ethyl-3-trimethoxysilyl-2-methylpropanamine, and

mixtures thereof.

14.  The composition of Claim 12 wherein the surfactant is a nonionic

surfactant selected from the group consisting of polyethylene giycol, polypropylene

glycol, ethoxylated castor oil, oleic acid ethoxylate, alkylphenol ethoxylates, copolymers
of ethylene oxide and propylene oxide and copolymers of silicones and polyethers,

| copolymers of silicones and copolymers of ethylene oxide and propylene oxide and

mixtures thereof.

. 15.  The composition of Claim 14 wherein the non-ionic surfactant 1s selected
from the group consisting of copolymers of et-hyléﬁe oxide and propylene oxide,
copolymers of silicones and polyethers, copolymers of silicones and copolymers of

ethylene oxide and propylene oxide and mixtures thereof.
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16.  The composttion of Claim 12 wherein the filler other than the inorganic-

organic nanocomposite is selected from the group consisting of calcium carbonate,

precipitated calcium carbonate, colloidal calcium carbonate, calcium carbonate treated
with compounds stearate or stearic acid, fumed silica, precipitated silica, silica gels,
hydrophobized silicas, hydrophilic silica gels, crushed quartz, ground quartz, alumina,
aluminum hydroxide, titantum hydroxide, clay, kaolin, bentonite montmorillonite,

diatomaceous earth, iron oxide, carbon black and graphite, mica, talc, and mixtures

thereof.

17.  The curable composition of Claim 1 wherein:
silanol-terminated diorganopolystloxane (a) has the general formula:

ManD'c
wherein “a” 1s 2, and “b” 1s equal to or greater than 1 and “c” i1s zero or positive; M is
l p2 Q:
(HO)3x-yR xR%yS101,

wherein “x” 1s 0, 1 or 2 and *y” 1s either O or 1, subject to the limitation that x + y is less

than or is equal to 2, R' and R* each independently is a monovalent hydrocarbon group

up to 60 carbon atoms; D is
R3R4Si01/2;

wherein R’ and R* each independently is a monovalent hydrocarbon group up to 60

carbon atoms; and D' 1s
R’R°Si0,,

wherein RS. and R° each independently is a monovalent hydrocarbon group up to 60

carbon atoms;

crosslinker (b) is an alkylsilicate having the formula:

R™O)RPO)R"O)R0)Si
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where R, R'>, R'® and R"" are chosen independently from monovalent hydrocarbon
radicals of ﬁp to 60 carbon atoms;

catalyst (c) 1s a tin catalyst; and,

Inorganic nanoparticulate portion of inorganic-organic nanocomposite (d)
1s selected from the group consisting of montmorillonite, sodium montmorillonite,
calclum mqntmorillonite, magnesium montmorillonite, nontronite, beidellite,
volkonskoife, laponite, hectorite, saponite, sauconite, magadite, kenyaite, sobockite,
svindordite, stevensite, vermiculite, halloysite, aluminate oxides, hydrotalcite, illite,
rectorite, tarosovite, ledikite, kaolinite and, mixtures thereof, the organic portion of
Inorganic-organic nanocomposite (d) being at least one quarternary ammonium
compound R® R’ R®N" X" wherein at least one R®, R” and R® is an alkoxy silane up to 60

carbon atoms and the remaining are an alkyl or alkenyl group of up to 60 carbon atoms

and X 1s an anion.

18.  The cured composition of Claim 1.

19.  The cured composition of Claim 11.
20.  The cﬁred compbsition of Claim 12.
21.  The cured composition of Claim 17.

22.  The composition of Claim 18 exhibiting an argon permeability coefficient

of not greater than-about 900 barrers.

23. The composition of Claim 19 exhibiting an argon permeability coefficient

of not greater.than about 900 barrers.
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24.  The composition of Claim 20 exhibiting an argon permeability coefficient

of not greater than about 900 barrers.

25.  The composition of Claim 21 exhibiting an argon permeability coefficient

of not greater than about 900 barrers.
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Fig. 1
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