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TITLE

ORGANIC-INORGANIC HYBRID PARTICLE MATERIAL
AND POLYMER COMPOSITIONS CONTAINING SAME

BACKGROUND OF THE INVENTION

Ceramic sol-gel compositions that have sites that will crosslink into a polymer
network are known. Such compositions may be formulated with cureable monomers to
produce radiation curing compositions, for instance.

Compositions of thermoplastic polymers and particulate ceramic and metal nano-
particles particles are known. For instance, fumed and colloidal silicas have wide uses in
polymer compositions as fillers and reinforcing agents. Nanocomposite thermoplastic
materials are typically made by mechanically mixing nanoparticles with the
thermoplastic resin in a compounding process. However dispersion is often difficult,
particularly in viscous melt or rubbery compositions of thermoplastic high polymers.
The particulate materials will often agglomefate or clump when processed or blended
into the base material. Furthermore, often it is difficult to achieve desired physical
properties without sacrificing other desired properties. Using such particles to increase
tensile properties of the polymer composition often produces an undesirable loss of
flexibility, for ;instance.° Additionally,' many of these compositions are susceptible to a
loss of desired properties upon aging.

There eﬁists a need therefore for improved particulate materials useful in
thermoplastic high polymer compositions that provide a wider range of physical property
improvement benefits than are currently available.

US Patent Application No. 11/094638, filed March 30, 2005, incorporated herein
by reference in its entirety, describes polymeric/ceramic composite materials for use in
medical devices polymer and sol-gel derived ceramic. The polymer and sol-gel ceramic
may form a bi-continuous nanophase or separate polymeric and sol-gel derived ceramic

phases.

SUMMARY OF THE INVENTION

The present application pertains to novel particulate form materials useful as

fillers, reinforcing agents, radioopacifiers, impact modifiers, or the like, 1n compositions

-1 -
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of thermoplastic high polymers and to thermoplastic polymer compositions comprising
such particulate materials.

The novel particulate materials may have improved dispersion characteristics
relative to currently available materials and/or may prevent the agglomeration of the

5 desired nano-particle in thermal processing. These benefits may be obtained by
functionalizing a ceramic particle material comprising an imorganic ceramic network
with organic polymer segments that interpenetrate the ceramic network. Optionally the
polymer segments may also be covalently linked mnto the ceramic network. The
materials may be made by known organic-inorganic sol-gel processing techniques,

10 following which the materials are processed into particles of suitable size for
compounding.

When compounded with thermoplastic high polymer materials the presence of
the interpenetrating polymer segments in the particulate material modifies the
particle/thermoplastic interface, which suitably compatibilizes the particle and polymer

15 materials and can reduces the tendency to agglomerate during thermal processing of the
composition.

In one aspect the invention is directed to a particulate material having an average
particle size range of about 1 nm to about 10,000 nm that comprises a ceramic/polymer
material, the ceramic/polymer material comprising a ceramic material network, the

20 ceramic material network having a organic polymer segments distributed throughout the
ceramic network.

In another aspect the invention is directed to a composition comprising a
thermoplastic polymer and a particulate material as described herein.

The polymer/particulate compositions may be utilized to prepare medical

25 components to alter physical properties such as, burst, distension, tensile, flexibility,
abrasion resistance, fati gue resistance and/or toughness properties of the component.
Therefore, in further aspects, the invention is directed to components prepared from the
compositions disclosed herein.

These and other aspects of the invention will be apparent to the skilled person

30 from the disclosure herein.
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DETAILED DESCRIPTION OF THE INVENTION

All published documents, including all US patent documents, mentioned
anywhere 1n this application are hereby expressly incorporated herein by reference in
their entirety. Any copending patent applications, mentioned anywhere in this
application are also hereby expressly incorporated herein by reference in their entirety:.

The particulate material of the invention is an organic-inorganic hybrid material.
The organic part may be a polymer provided to the composition in solution with a
solvent compatible with the ceramic sol, generated in-situ during the sol-gel processing
or generated by a separate polymerization reaction run after the ceramic has been
produced by the sol-gel reaction. If some of the components used to formulate the
ceramic are functionalized with polymerizable groups, or if the organic polymers are
functionalized with groups co-condensable with the ceramic in the sol-gel processing,
the interpenetrate polymer may also crosslink the inorganic ceramic network.

- Ceramic materials typically are networks of metal or semi-metal oxides or mixed
oxide conipounds. Examples of suitable metals and semi-metals include silicon, iron,
vanadium, barium, zirconium, titanium, aluminum, tin, hafnium, rubidium, bismuth,
strontium, tantalum, molybdenum, tungsten, rhenium, ruthenium, and/or iridium oxides,
among others. In general, metal/semi-metal atoms (designated generally herein as M)
within the ceramic phases are linked to one another via covalent linkages, such as M—
O—M linkages, although other interactions are also commonly present including, for
example, hydrogen bonding due to the presence of hydroxyl groups such as residual M—
OH groups within the ceramic phases. Most typically the ceramic material will be based
primarily on silicon oxide. Appropriate selection of additional or alternative components
of the ceramic material, however, may be used to provide the particles of the invention
with radiopacity, magneto-opacity, selective gas or liquid permeability, specific density
or other desirable properties. In some cases the ceramic network includes linkages to
organic groups, typically via a carbon or oxygen atom linkage.

The ceramic employed in the present invention is beneficially formed using a sol-
gel technique. In sol-gel techniques, the precursor materials used are typically inorganic
metallic and semi-metallic salts, metallic and semi-metallic complexes/chelates (e.g.,
metal acetylacetonate complexes), metallic and semi-metallic hydroxides, or
organometallic and organo-semi-metallic compounds (e.g., metal alkoxides and silicon

alkoxides and acyloxides). Silicon alkoxides and acyloxides are beneficial due to the
-3 -
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varlety of formulation options, including co-condensation with related compounds
having strong stable C-Si bonds and which can form a strong link between the polymeric
and ceramic networks.

In some embodiments the organic-inorganic material is prepared by
compounding a sol-gel ceramic precursor, optionally functionalized with an organic
linking group, with a polymer component at elevated temperature, and subsequently
processing the composition in a sol-gel technique to condense the ceramic network. If
the ceramic precursor is functionalized with an organic linking group, such as isocyanate
epoxy, a carbon-linked amino group or an ethylenically unsaturated group, a linking
reaction to the organic polymer component may be run during the elevated temperature
compounding step. Other functionalized sol-gel ceramic precursors that can form
covalent linkages to the polymer during the elevated temperature compounding step may
be alkoxysilanes having an ethylenically unsaturated group, for instance
(meth)acryloxyethyltrimethoxysilane, (meth)acryloxypropyltriethoxysilane and 4-
trimethoxysilylstyrene. Such functionalized sol-gel ceramic precursor can also be an
alkoxysilane having a carbon-linked amino group, for instance 3-
aminopropyltriethoxysilane. A SiH functionalized alkoxy silane such as triethoxysilane
may be employed to form covalent linkages by hydrosilation. |

In other alternatives the functionalized sol-gel ceramic precursor may have
hydrolyzable groups other than alkoxide, for instance acyloxide.

In an alternative preparation the functionalized sol-gel ceramic precursor can be
an active hydrogen reactive compound, for instance an isocyanate functional
alkoxysilane, such as 3-isocyanatopropyltriethoxysilane or
2-1socyanotoethyltriethoxysilane. Epoxy functional ceramic precursors are also suitable,
for example glycidoxypropyltrimethoxysilane. Such compounds maybe reacted with
polymers that have active hydrogen groups, e.g. hydroxyl, thiol, primary amine, or
secondary amine groups, to provide a covalent bond between the poiymer and the
functionalized alkoxide. The resulting polymer, now functionalized with alkoxysilane or
other hydrolyzable silane groups, may then be incorporated into a ceramic network by
hydrolysis/condensation of the alkoxysilane groups, suitably together with other sol-gel
ceramic precursor compounds such as tetracthoxysilane, tetramethoxysilane, and/or
monophenyltriethoxysilane, to produce the organic-inorganic hybrid material from which

the inventive particulate materials are prepared. Further examples of preparation of such
-4 -
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organic-inorganic hybrids are found in Honma, et al, Solid State Ionics, Vol 118, p 29-3
6, (1999); Honma, et al, Solid State Ionics, Vol 120, p. 255-264, (1999); Honma, et al,
Journal of Membrane Science, Vol 185, p. 83-94, (2001); Huang, Wilkes, Polymer, Vol
30, p 2001-2012, (1989); Young, et al, Polymer, Vol 43, p 6101-6114, (2002); de Zea
Bermudez, et al, Chem. Mater., Vol 11, p.569-580, (1999); Yano, S., et al, Mater Sci
Engng, Vol C6, p. 75-90, (1998); and Correia, et al, Solid State Ionics, Vol 156, p. 85-
93, (2003).

Alternatively, the organic-inorganic hybrid can be made without covalent
bonding therebetween, believed to be through weak hydrogen or Van der Waals bonding,
by addition of polymer in an aqueous phase to a sol-gel process, for instance as described
In Yano, S., et al, Mater Sci Engng, Vol C6, p. 75-90, (1998).

The polymer incorporated into the organic-inorganic hybrid material may be for
instance polyethers such as poly(ethylene oxide), poly(propylene oxide)
poly(tetramethyleneoxide), ethylene oxide/propylene oxide copolymers, including block
copolymers, and the like; polyesters such as poly(caprylactone); polyamides such as
polycaprylactam, block copolymers of polyethers and polyamides, or polyurethanes. In

some embodiments the polymer of the organic-inorganic hybrid material is an oligomer

or low molecular weight polymer, for instance having a number average molecular

weight of about 250 to about 10,000, or about 400 to about 4,000. Suitably the polymer

-incorporated into the hybrid material will be one that has good compatibility with the

thermoplastic polymer with which the hybrid material particles of the invention will be
compounded. In some embodiments the polymer is a linear polyether oligomer having
terminal amine or hydroxyl groups and that is covalently reacted with ceramic precursor
that 1s functionalized with an organic linking group such as

1socyanatopropyltriethoxysilane and then hydrolyzed and condensed with another sol-gel

“ceramic precursor such as tetraethoxysilane.

The functionalized nanocomposite hybrid can be tailored to include many
different types of organic and inorganic species, organic to inorganic ratios as well as
specialized physical properties such as electrical conductivity, gas and/or liquid
permeability and the like. This can be accomplished by customizing the chemical
composition and concentration of the hybrid material precursors.

US 6,825,260 describes a technique for preparing organic-inorganic hybrid

materials usable in some embodiments of the present invention.
-5.
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US Patent Application No. 11/094638, filed March 30, 2005, describes various
ways in which sol-gel derived organic-inorganic hybrid materials may be prepared. Such
materials may be employed in some embodiments of the invention.

In accordance with the present invention, the condensed hybrid material is a
ceramic network that includes polymer interpenetrated therethrough, the polymer
optionally also being covalently bound thereto. ‘This hybrid material is dried and
granulated into particles of suitable size. Granulating may be by any known process, for
instance by grinding, crushing, milling, pounding, or the like. Cryogrinding may be
particularly useful for hybrid materials having relatively high organic polymer content,
for instance about 25% or more by weight polymer, such as 40-90%.

Suitably the inventive particles are sized to have an average size of less than
10,000 nm, suitably in the range of range of from about 1 to about 1000 nm, for instance
from about 3 to about 300 nm or about 10 to about 100 nm. Sieving or other known
techniques can be used to classify and fractionate the particles. In addition to sizing the
particles to a desirable range, the ratios of components, pH conditions, timing and other
techniques of the sol-gel processing may be modified to influence the surface area of the
particles obtained.

The particles of the invention may be compounded in compositions with
thermoplastic polymers and the compositions processed by standard thermoplastic
polymer processing techniques such as extrusion, injection molding, blow molding, roto-
molding, stretch-blow molding and the like into formed articles or intermediate products
such as tubes or sheets. Intermediate products may be further processed into formed
articles. The particles will contribute to the physical properties of the formed articles in
accordance with the combined effects of the particle size, the particle surface area, the
hybrid material properties and the interaction between the polymer of the hybrid material
and the polymer with which it is compounded, as well as the relative ratio of polymer to
particle that is employed. The skilled person therefore has the ability to vary properties
of such compositions over a very wide range and to more selectively modify physical
properties of products formed of the compositions than is presently available from less
complex particles such as particles such as fumed or precipitated silicas and the various

treated versions thereof currently available commercially.
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In addition to thermoplastic polymer compositions, the inventive particles may
also be usefully compounded in other types of compositions, such as curable adhesive
and/or sealant compositions, paints, coatings and the like.

In some embodiments the polymers for use in compositions with the inventive

5 particles may be one or more of the following: polyester; polyester block copolymers;
polycarboxylic acid polymers and copolymers including polyacrylic acids; acetal
polymers and copolymers; acrylate and methacrylate polymers and copolymers;
cellulosic polymers and copolymers; polyoxymethylene polymers and copolymers;
polyimide polymers and copolymers such as polyether block imides, polyamidimides,

10 polyesterimides, and polyetherimides; polysulfone polymers and copolymers including
polyarylsuliones and polyethersulfones; polyamide polymers; polyamide block
copolymers; polycaprolactams and polyacrylamides; resins including alkyd resins,
phenolic resins, urea resins, melamine resins, epoxy resins, allyl resins and epoxide
resins; polycarbonates; polyacrylonitriles; polyvinylpyrrolidones; polymers and

15 copolymers of vinyl monomers including polyvinyl alcohols, polyvinyl halides such as
polyvinyl chlorides, ethylene-vinyl acetate copolymers (EVA), polyvinylidene chlorides,
polyvinyl ethers such as polyvinyl methyl ethers, polystyrenes, styrene-maleic anhydride
copolymers, vinyl-aromatic-olefin copolymers, including styrene-butadiene copolymers,
styrene-ethylene-butylene copolj}mers (e.g., a polystyrene-polyethylene/butylene-

20 polystyrene (SEBS) copolymer, available as Kraton® G series polymers), styrene-
isoprene copolymers (e.g., polystyrene-polyisoprene-polystyrene), acrylonitrile-styrene
copolymers, acrylonitrile-butadiene-styrene copolymers, styrene-butadiene copolymers
and styrene-isobutylene copolymers (e.g., polyisobutylene-polystyrene and polystyrene-
polyisobutylene-polystyrene block copolymers such as those disclosed in U.S. Patentg No.

25 6,545,097), polyvinyl ketones, polyvinylcarbazoles, and polyvinyl esters such as
polyvinyl acetates; polybenzimidazoles; ethylene-methacrylic acid copolymers and
ethylene-acrylic acid copolymers, where some of the acid groups can be neutralized with
either zinc or sodium ions (commonly known as ionomers); polyalkylene oxide polymers
and copolymers including polyethylene oxides (PEO); polyesters including polyethylene

30 terephthalates and aliphatic polyesters such as polymers and copolymers of lactide
(which includes lactic acid as well as d-,1- and meso lactide), epsilon-caprolactone,
glycolide (including glycolic acid), hydroxybutyrate, hydroxyvalerate, para-dioxanone,

trimethylene carbonate (and its alkyl derivatives), 1,4-dioxepan-2-one, 1,5-dioxepan-2-
-7 -
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one, and 6,6-dimethyl-1,4-dioxan-2-one (a copolymer of poly(lactic acid) and
poly(caprolactone) is one specific example); polyether polymers and copolymers
including polyarylethers such as polyphenylene ethers, polyether ketones, polyether ether
ketones; polyphenylene sulfides; polyisocyanates; polyolefin polymers and copolymers,
including polyalkylenes such as polypropylenes, polyethylenes (low and high density,
low and high molecular weight), polybutylenes (such as polybut-1-ene and
polyisobutylene), polyolefin elastomers, ethylene propylene diene monomer (EPDM)
rubbers, poly-4-methyl-pen-1-enes, ethylene-alpha-olefin copolymers, ethylene-methyl
methacrylate copolymers and ethylene-vinyl acetate copolymers; fluorinated polymers
and copolymers, including polytetrafluoroethylenes (PTFE), poly(tetrafluoroethylene-co-
hexafluoropropene) (FEP), modified ethylene-tetrafluoroethylene copolymers (ETFE),
and polyvinylidene fluorides (PVDF); silicone polymers and copolymers; thermoplastic
polyurethanes (TPU); elastomers such as elastomeric polyurethanes and polyurethane
copolymers (including block and random copolymers that are polyether based, polyester
based, polycarbonate based, aliphatic based, aromatic based and mixtures thereof: :
examples of commercially available polyurethane copolymers include Bionate®,
Carbothane®, Tecoflex®, Tecothane®, Tecophilic®, Tecoplast®, Pellethane®,
Chronothane® and Chronoflex®); p-xylylene polymers; polyiminocarbonates;
copoly(ether-esters) such as polyethylene oxide-polylactic acid copolymers;
polyphosphazines; polyalkylene oxalates; polyoxaamides and polyoxaesters (including
those containing amines and/or amido groups); polyorthoesters; biopolymers, such as

polypeptides, proteins, polysaccharidés and fatty acids (and esters thereof), including

fibrin, fibrinogen, collagen, elastin, chitosan, gelatin, starch, glycosaminoglycans such as

hyaluronic acid; as well as further copolymers of the above.

In some embodiments the inventive particles are compounded with a
thermoplastic polyester, for instance poly(ethylene terephthalate), a thermoplastic
polyester copolymer for instance Hytrel® or Arnitel® polymers, a thermoplastic
polyamide such as nylon 6, nylon 6/6, nylon 9/10, nylon 10, nylon 6/10, nylon 11, or
nylon 12, or a polyamide block copolymer such a Pebax® polymer, for instance Pebax®
polymers having Shore D durometer grades of about 25 to about 75, or a fluoropolymer.

Without being limited thereto, it is thought that particularly advantageous
polymer-polymer interactions will be facilitated when the polymer of the hybrid particle

material and the thermoplastic polymer with which the particles are compounded have
-8 -
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multiple sites at which interpolymer hydrogen bonding can occur. These interactions can
tacilitate easier incorporation of the particles into the thermoplastic polymer, better light
transparency, toughness and flexibility, thermal formability or the like. Such interactions
may occur, for instance, with various combinations of ether, hydroxyl, amide, urethane,
urea, and/or carboxyl groups between these polymer moieties. Of course other weak
interactions, for instance van der Walls bonding, may also be important to obtaining such
benefits from the invention.

Compositions of the invention may be used to form objects of many types.
Medical devices of various types are exemplary. Medical devices in which the inventive
compositions may be employed include a wide variety of implantable or insertable
medical devices, which are implanted or inserted either for procedural uses or as
implants. Examples include balloons, catheters (e.g., renal or vascular catheters such as
balloon catheters), guide wires, filters (e.g., vena cava filters), stents (including coronary
artery stents, peripheral vascular stents such as cerebral stents, urethral stents, ureteral
stents, biliary stents, tracheal stents, gastrointestinal stents and esophageal stents), stent
grafts, vascular grafts, vascular access ports, embolization devices including cerebral
aneurysm filler coils (including Guglilmi detachable coils and metal coils), myocardial
plugs, pacemaker leads, left ventricular assist hearts and pumps, total artificial hearts,
heart valves, vascular valves, tissue bulking devices, sutures, suture anchors, anastomosis
clips and rings, tissue staples and ligating clips at surgical sites, cannulae, metal wire
ligatures, orthopedic prosthesis, joint prostheses, as well as various other medical devices
that are adapted for implaﬁtation or insertion into the body. Such medical devices
include implantable and insertable medical devices that are used for diagnosis, for
systemic treatment, or for the localized treatment of any tissue or organ. Non-limiting
examples are tumors; organs including the heart, coronary and peripheral vascular
system (referred to overall as “the vasculature”), the urogenital system, including
kidneys, bladder, urethra, ureters, prostate, vagina, uterus and ovaries, eyes, lungs,
trachea, esophagus, intestines, stomach, brain, liver and pancreas, skeletal muscle,
smooth muscle, breast, dermal tissue, cartilage, tooth and bone. As used herein,
"treatment" refers to the prevention of a disease or condition, the reduction or elimination
of symptoms associated with a disease or condition, or the substantial or complete
elimination of a disease or condition. Typical subjects are vertebrate subjects, more

typically mammalian subjects and even more typically human subjects. -
-0 .
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In some embodiments of the invention, the particles are used in formulations used
to produce catheter balloons for dilatation and/or stent delivery to improve the robustness

of the balloon during deployment and use.

The invention 1s illustrated by the following non-limiting example.

Example of Functionalized Hybrid

Materials: Terathane® 650 hydroxyl terminated polytetramethylene ether,
number average molecular weight about 650; 3-~(triethoxysilyl)propyl isocyanate;
hydrochloric acid (HCI) 0.15M, ethanol, tetrahydrofuran (THF), and water.

10 -~ 20.24 g (0.0311 mol) of Terathane® 650 was dissolved in 20 ml anhydrous THF.
13.6331 g (0.0551 mol) of 3-(triethoxysilyl)propyl isocyanate was combined with the

: Terathane® solution. The mixture was refluxed for 24 hrs. NMR and IR were used to
determine that the isocyanate fully reacted. Subsequently 3.1795 g of 0.15M HCL and
20 ml of ethanol were added to the solution. The mixture was stirred for one minute.

15 The mixture was cast into Teflon® beakers and let to air dry. The resultant material had
a degradation temperature of about 394 °C as determined by TGA. The DSC results
concluded that the material did not melt within a 250 °C sweep. The typical melting
point of Terathane 650 is 11-19 °C.

When cryo-ground to a suitable particle size as described above, this material
20 may be compounded with a thermoplastic polymer which may then be extruded into

components such as catheter tubing or tubing for forming a catheter balloon.

The above examples and disclosure are intended to be illustrative and not

exhaustive. These examples and description will suggest many variatiogs and

25 alternatives to one of ordinary skill in this art. All these alternatives andifariations are
intended to be included within the scope of the claims, where the term "comprising"
means "including, but not limited to." Those familiar with the art may recognize other
equivalents to the specific embodiments described herein which equivalents are also
intended to be encompassed by the claims. Further, the particular features presented in

30 the dependent claims can be combined with each other in other manners within the scope
of the invention such that the invention should be recognized as also specifically directed
to other embodiments having any other possible combination of the features of the

dependent claims. For instance, for purposes of claim publication, any dependent claim
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which follows should be taken as alternatively written in a multiple dependent form from
all claims which possess all antecedents referenced in such dependent claim, regardiess
of claim sequence, if such multiple dependent format is an accepted format within the
jurisdiction. In jurisdictions where multiple dependent claim formats are restricted, the

5 following dependent claims should each be also taken as alternatively written in each
singly dependent claim format which creates a dependency from an

antecedent-possessing claim other than the specific claim listed in such dependent claim.
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CLAIMS
1. A particulate material having an average particle size range ot about

10,000 nm or less and comprising a organic-inorganic hybrid material comprising a
ceramic material network having organic polymer segments distributed throughout the

ceramic network.

2. A particulate material as in claim 1 wherein the ceramic material network
comprises an oxide of silicon, iron, vanadium, barium, zirconium, titanium, aluminum,
tin, hafnium, rubidium, bismuth, strontium, tantalum, molybdenum, tungsten, rhenium,

ruthenium or 1iridivm oxides, or a mixture thereof.

3. A particulate material as in claim 1 wherein the organic polymer segments are

polymer segments having a number average molecular weight of about 250 to about

10,000.

4, A particulate material as in claim 1 wherein the organic polymer segments are

covalently bonded to the ceramic material network.

5. A particulate material as in claim 1 wherein the average particle size range 1s

from about 1 to about 1000 nm.

6. A particulate material as in claim 1 wherein the organic-inorganic material 1s
prepared by compounding a sol-gel ceramic precursor with a polymer component and
subsequently processing the composition in a sol-gel technique to condense the ceramic

network.

7. A particulate material as in claim 6 wherein the polymer component is a organic
polymer endcapped with a silyl group having one or more hydrolyzable groups attached

to the silicon atom thereof.

8. A particulate material as in claim 7 wherein the organic polymer 1s a polyether

polymer.
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0. A particulate material as in claim 7 wherein the linear organic polymer is a
polyether, polyester, polyamide, block copolymer of polyethers and polyamides, or
polyurethane oligomer having a molecular weight of from about 400 to about 4,000, and
terminal amine or hydroxyl groups that has been bcovalently reacted with a ceramic

precursor compound that is functionalized with an organic linking group.

10. A particulate material as in claim 9 wherein the organic linking group comprises

an isocyanate group, an ethylenically unsaturated group, a carbon-linked amino group or

an epoxy group.

11. A composition comprising a thermoplastic polymer and a particulate material as

in claim 1.

12. A composition as in claim 11 wherein the thermoplastic polymer comprises a
polyester, polyester block copolymer, a polyamide, a polyamide block copolymer, a
fluoropolymer, or a mixture of two or more thereof.

13. A thermoformed article prepared from a composition as in claim 11.

14. A medical device having a component formed from a composition as in claim 11.
15. A medical device as 1n claim 14 wherein the medicdl device 1s a balloon, a guide .

wire, a vena cava filter, a stent, a stent graft, a vascular graft, a cerebral aneurysm filler

cbil, a myocardial plug, a heart valve, a vascular valve or a tissue engineering scaffold.
16. A medical device formed of a composition as in claim 7.
17. A medical device as in claim 17 wherein the medical device is a balloon, a guide

wire, a vena cava filter, a stent, a stent graft, a vascular graft, a cerebral aneurysm filler

coil, a myocardial plug, a heart valve, a vascular valve or a tissue engineering scaffold.
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18.  An adhesive, sealant, paint, or coating composition comprising a particulate

matenial as in claim 1.

19. A composition formed by mixing a thermoplastic polymer in melt phase with a
particulate material as in claim 1, said thermoplastic polymer and the polymer segments
of the particulate material comprising groups that can form hydrogen bonds during said

melt phase mixing.

20. A composition as in claim 19 wherein the groups that can form hydrogen bonds
during said melt phase mixing include at least one member selected from ether,

hydroxyl, amide, urethane, urea, and/or carboxyl groups.

21. A method comprising
preparing an organic-inorganic hybrid material comprising a ceramic material
network having organic polymer segments distributed throughout the ceramic netwdrk,
granulating the organic-inorganic hybrid material,

isolating a particle fraction of the granulated organic-inorganic material having an

' average particle size range of about 10,000 nm or less.

22. A method as in claim 19 wherein the ceramic material network is prepared by a

sol-gel technique.

23. A method comprising

providing a particulate material having an average particle size range of about
10,000 nm or less and comprising a organic-inorganic hybrid material comprising a
ceramic material network having organic polymer segments distributed throughout the
ceramic network,

providing a melted thermoplastic polymer, and

mixing the a particulate material and the melted thermoplastic polymer to form a

composition.
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24. A method as m claim 23 wherein thermoplastic polymer and the polymer
segments of the particulate material each comprise groups that can form hydrogen bonds

during said mixing step.
25. A method as in claim 24 wherein the groups that can form hydrogen bonds

during said mixing step include at least one member selected from ether, hydroxyl,

amide, urethane, urea, and/or carboxyl groups.
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