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SLOW BURNING, GASLESS HEATING ELEMENTS

Applicant hereby claims priority benefits under 35 U.S.C. § 119(¢) of U.S. Patent
Application No. 11/832,845 filed August 2, 2007, the disclosure of which is herein incorporated

by reference.

GOVERNMENT RIGHTS
[0001] This invention was made with Government support under contract WO0OMY-06-
C-0041 awarded by the U.S. Army. The Government has certain rights in this invention.

BACKGROUND OF THE INVENTION

[0002] The invention relates in general to heat generating structures, and more
particularly to a relatively slow burning, gasless heating element that may be utilized for various
purposes such as a delay element or fuse that ignites an explosive device or material.

[0003] It is known that a heat generating structure composed of two dissimilar materials
such as metals may be used as an ignitable delay element or fuse. The delay element may be
used in varied applications to safely initiate the timed ignition or detonation of an explosive
device or material. These heat generating structures can come in many different physical forms.
For example, known ignitable delay elements comprised of compressed powder mixtures can be
unreliable and exhibit unacceptable delay timing (e.g., timing differences between similarly
manufactured elements) or initiation-sensitive variations. These problems are due, for example,
to particle size distribution inconsistencies, inadequate mixing, free volume and pressure. In
addition, such an undesirable performance variation tends to become more pronounced as the
propagation rate of the delay element is reduced. Further, powder-type delay mixtures produce
at least some gas, the production of which requires the incorporation of hardware structures that
prevent the premature and undesired heating and possible ignition of the “target” (the substance,
often an explosive, which ignites when the delay has run its course or completed its propagation)
by such hot gas production. Also, the production of such gases by these powder mixtures is
oftentimes influenced by pressure and packing variations.

[0004] Other known heat generating structures that can be used as delay elements include

that which is commercially available under the brand name Pyrofuze® provided by Pyrofuze
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Corp. of Mount Vernon, New York. This device comes in wire or ribbon form and comprises
two metallic elements in intimate contact with one another: an inner core of aluminum
surrounded by an outer jacket of palladium. When the two metallic elements are brought to the
initiating temperature by a sufficient amount of heat, the metals react by alloying rapidly
resulting in instant deflagration without support of oxygen. Once the alloying reaction is started,
the reaction will not stop until alloying is completed. Because the Pyrofuze® delay element
typically burns at a relatively rapid rate, it may not be suitable for all delay element applications.

[0005] Another commercially available heat generating structure that can be used as a
delay element or fuse is provided under the brand name NanoFoil® by Reactive
NanoTechnologies, Inc. of Hunt Valley, Maryland. The NanoFoil® device is a multilayer foil
comprised of thousands of alternating nanoscale thin layers of aluminum and nickel. When
initiated by an electrical, thermal, mechanical or optical source, the metals will mix or alloy and
react to release heat energy. However, when used as a delay element or fuse, the NanoFoil®
multilayer foil tends to have a burn rate that is relatively fast, and the burn rate is not easily
variable. The NanoFoil® multilayer foil is also relatively expensive.

[0006] What is needed is a relatively slow burning, gasless, heat generating structure
composed of two or more dissimilar materials, such as metals, distributed in a three-dimensional
manner along its propagation or burn path, where the structure when ignited exhibits an
exothermic alloying reaction between the materials and can function as a delay element or fuse

in providing for reliable propagation and, thus, accurate ignition of an explosive device.

SUMMARY OF THE INVENTION

[0007] According to an aspect of the invention, a heat generating structure includes a
substrate comprised of a first material and a second material coating at least a portion and
preferably all of the first material, where the second material is different from the first material,
where the materials, upon being thermally energized, react with each other in an exothermic and
self-sustaining alloying reaction that propagates from a first location within the structure along a
travel path to a second location within the structure at a rate that depends upon one or more
characteristics of the first and second materials.

[0008] The present invention is predicated on that fact that the exothermic reaction

between the dissimilar materials comprising the heat generating structure can be made to occur at
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a relatively slower propagation or burn rate than prior art devices in part not only due to the
composition of the dissimilar materials selected but also due to the three-dimensional
characteristics of the substrate portion of the structure; in particular, to a non-uniform and
varying distribution of the mass of the substrate and corresponding coating along the direction of
the propagation or burn path. These three-dimensional characteristics result in the transmission
of heat into a structure comprising a substrate with a network of many different bum or
propagation directions at one or more instants in time, in addition to the propagation direction
along the desired burn path. As described in detail hereinafter, such a substrate with a network
of many different propagation directions can be achieved, for example, by a mesh or foam
structure.

[0009] These and other objects, features and advantages of the present invention will
become more apparent in light of the following detailed description of preferred embodiments

thereof, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram of a delay element used between an initiator device and
an explosive material or device;

[0011] FIG. 2 is a top view of a mesh substrate having a plurality of wires each coated
with a material in an embodiment of a heat generating structure of the present invention;

[0012] FIG. 3 is a cross-section of one of the wires in the mesh substrate of FIG. 2;
[0013] FIG. 4 is a side view of an alternative embodiment of a foam substrate of the heat

generating structure of the present invention;

[0014] FIG. 5 is a sectional view of the foam substrate of FIG. 4 located on another
substrate;
[0015] FIG. 6 is a cross-section of a portion of an alternative embodiment of a substrate

having a non-uniform and varying distribution of mass along its length;

[0016] FIG. 7 is a top view of a portion of an alternative embodiment of a substrate
having a non-uniform and varying distribution of mass along its length;

[0017] FIG. 8 is a top view of an alternative embodiment of a heat generating structure of

the present invention; and
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[0018] FIG. 9 is a cross-section of the embodiment of the heat generating structure of

FIG. 8.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Referring to FIG. 1, a simplified block diagram illustrates an initiator device 10
connected with a delay element or fuse 12, which itself is connected with an explosive material
or device 14. The explosive device 14 may comprise any type of explosive device or material
designed to detonate to achieve a desired purpose. The delay element or fuse 12 allows one to
initiate the timing of the detonation of the explosive device after a predetermined amount of time
following initiation of the delay element using the initiator device 10. The initiator device 10
may be any type of device that provides for initiation of propagation or burning of the delay
element 12; for example, the initiator device 10 may operate electrically, thermally,
mechanically, optically or otherwise.

[0020] FIG. 2 illustrates a top view of a preferred embodiment of a heat generating
structure 16 in accordance with the present invention. The structure may comprise at least two
constituent portions: a substrate 18 comprised of a plurality of wires 20 of one material,
preferably a reactive metal, where the substrate 18 is preferably continuous or contiguous in all
three dimensions; and a coating 22 of a second material, preferably also a reactive metal that is
different from the metal comprising the wires 20. The coating 22 is applied on at least a portion
of each substrate wire 20 and preferably, on the entirety of each substrate wire 20, to thereby
form a substrate 18 of continuously-coated wires 20. Preferably, the three-dimensional structure
of the substrate 18 is such that it has an appreciable amount of free volume (i.e., empty air space
creating voids 24 between crossing wires 20 in the mesh substrate 18). Thus, in FIG. 2 the
substrate 18 is preferably a continuous mesh structure that comprises a plurality of intersecting
straight metal wires 20 with voids or empty spaces 24 located between intersecting wires 20.
The wires 20 are preferably in intimate physical and, thus, thermal contact with one another at
the intersections 26. In an exemplary preferred embodiment, the mesh substrate 18 comprises a
plurality of aluminum wires 20 each with an approximate thickness or diameter in the range of
from 0.0021 inches (200 wires per inch) to 0.0090 inches (40 wires per inch).

[0021] In a preferred embodiment, the coating 22 comprises nickel that is applied onto

the outer surface of each of the wires 20 of the aluminum metal mesh substrate 18 by, for
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example, electroplating or other methods such as vacuum sputtering or through an electroless
process. The nickel coating 22 may include other materials including boron, phosphorus and/or
palladium. Also, if aluminum is utilized as the mesh substrate material, any aluminum oxide that
is present on the outer surface of the aluminum wires 20 may be removed and a coating of zinc
may be applied to the outer surface of the wires 20. The zinc may allow initiation or ignition of
the structure 16 at a lower temperature than if the zinc were not present. In the alternative, the
zinc coating may be removed if an electroless process is used to coat the nickel onto the
aluminum wire 20. The amount of nickel that is coated onto the aluminum mesh wires 20 may
be in a one to one ratio with the underlying aluminum wires 20; that is, the nickel may be in an
equivalent molar content as that of the aluminum. The heat generating structure 16 may be
considered to be a reactive multilayer laminate comprising the substrate 18 and the coating 22,
with both the substrate 18 and the coating 22 comprising reactive metals in a preferred
embodiment.

[0022] FIG. 3 illustrates a cross section of one of the aluminum wires 20 in the mesh
with a nickel coating 22 in a one to one ratio. Here, the approximate thickness of the nickel
coating 22 may be 600 micro inches. If a combination of nickel and palladium is coated onto the
aluminum wires 20 in the mesh substrate 18, the approximate thickness of the nickel coating may
be 100 micro inches and that of the palladium may be 300 micro inches. In the alternative, the
ratio between the aluminum and nickel may be something other than one to one, for example, a
ratio of one to three. In general, the thickness of the coating 24 is selected so as to control the
alloying stoichiometry and, thus, the rate of heat evolution and propagation.

[0023] The materials (e.g., metals) comprising the substrate 18 and the coating 22 are
selected based on their individual characteristics, such as melting point and density, and in
combination for enthalpy of alloying. For any bimetallic structure comprising a substrate of a
first metal coated with a second, different metal to propagate, the formation of alloys from the
individual metal constituent components must be exothermic. This heat evolved warms not only
the surrounding environment, but also the continuous metal structure. After a source of ignition
(e.g., a match or heating element) is applied to the structure 16 of the present invention, the
alloying temperature of at least one of the metals (typically that of the aluminum wire 20 first) is
eventually achieved and the materials are thermally energized and react with each other such that

further alloying between the two metals is induced. Accordingly, heat is liberated with resulting
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propagation in a self-sustaining manner throughout the entire continuous heat generating
structure 16 from a first or starting point within the structure and along a travel path to a second
or ending or discharge point within the structure, and preferably in a controlled and repeatably
manufacturable manner. The starting and ending points are typically spaced from each other
with the travel path in between.

[0024] For example, if the structure is of a three-dimensional, rectangular box shape once
ignited at a first or starting end of the structure 16, the thermal energization of the reactive
materials comprising the structure will cause the propagation to continue through to the second
or discharge end at a consistent timed rate depending on the intermetallic or bimetallic (or non-
metallic) composition of the structure 16 as well as on the geometric configuration (e.g.,
thickness of wires 20, wire crossing frequency) of the structure 16. Located at the second end of
the structure 16 is some type of explosive device or material (e.g., fireworks, blasting caps, etc.)
that is ignited when the propagation reaches this second end of the structure. Thus, by
controlling the composition and the configuration of the reactive materials comprising the heat
generating structure 16, the burn or propagation rate can be controlled (that is, the reaction rate
or time period for propagation from the first end to the second end along the travel path of the
reactive material can be selected).

[0025] More specifically, the exothermic reaction between the dissimilar materials
comprising the heat generating structure 16 can be made to occur at a relatively slower
propagation or burn rate than prior art devices in part not only due to the composition of the
dissimilar materials selected but also due to the three-dimensional characteristics of the substrate
portion 18 of the structure; in particular, to a non-uniform and varying distribution of the mass of
the substrate and corresponding coating along the direction of the primary propagation or burn
path. For example, if the mesh structure 16 of FIG. 2 were ignited by initially igniting the seven
vertical wires 20 illustrated at the top of FIG. 2 and then moving downward (along the primary
burn path), the burning or propagation of these wires would continue downward at a relatively
fast rate until the first horizontal cross wire 20 was encountered by each of the vertical wires 20.
At these intersection points 26, the rate of propagation would slow somewhat due to the
relatively greater combined mass of the horizontal and vertical crossing wires 20 which are
preferably in close physical and, thus, thermal contact with one another. Burning and

propagation would travel along this horizontal wire 20 in addition to continuing to travel
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downward in a vertical direction in FIG. 2. Essentially, at these wire intersections 26 a non-
uniform and varying distribution of mass of the substrate 18 is encountered by the burning
vertical wires 20, which inherently slows down the propagation or burn rate of the entire wire
mesh substrate 18. Once propagation has reached the first horizontal wire, heat liberated from
the alloying of the horizontal wire 20 then accelerates propagation. The propagation rates speed
up until the next horizontal wire 20 is encountered, where the propagation rate slows again. This
process repeats itself until the wire mesh substrate 18 has been entirely burned through.

[0026] Referring to FIG. 4, there illustrated is an alternative embodiment of the heat
generating structure 28 of the present invention in which the substrate 30 comprises a foam. As
compared to the mesh substrate 18 of FIG. 2, the foam substrate 30 of FIG. 4 contains many
more “wires” 32 going off in many more different directions at one or more instants in time. The
foam substrate 30 may be that commercially available from ERG Materials and Aerospace Corp.
of Oakland, California, and may comprise an aluminum foam which includes approximately 7%
by volume, with approximately forty pores per inch. The majority of the wire filaments 32
comprising the foam substrate 30 are preferably less than 0.02 inches in diameter. In an
exemplary preferred embodiment, the foam substrate 30 may be electroplated or coated with an
equivalent molar content of nickel, thereby reducing the free volume of the foam to
approximately 88%. However, the molar content of the nickel coating 34 may be anywhere in
the range of 70% to 150% of the molar content of the aluminum. The foam substrate 30 may be
coated in a similar manner as that of the mesh substrate 18 of FIG. 2 described hereinabove.
[0027] The three-dimensional characteristics of the heat generating structure of the
present invention result in the transmission of heat into a structure comprising a substrate with a
network of many different burn or propagation directions at one or more instants in time, in
addition to the propagation direction along the desired burn path. This is particularly true with
respect to the foam substrate 30 as compared to the mesh substrate 18 in terms of the number of
different burn or propagation directions at one or more instants in time. Unlike systems based on
compacted powder, the continuous nature of the mesh substrate 18 or foam substrate 30 and the
intimate contact between the metal coating and the substrates eliminates the pressure dependency
required for intimate contact between layers. Thus, the burn rate of the structure is less
dependent upon pressure. Failures are also reduced as a consequence of the many filaments and

intersections inherent in the substrates 18, 30. In addition, consistency is enhanced since the
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exothermicity is controlled by the content of the metals, which content is, in turn, characterized
by easily measurable and controllable weights and thicknesses (i.e., a composition and a
configuration).

[0028] In general, any material that can be prepared or formed as a foam substrate 30, a
mesh substrate 18, or other non-completely-solid substrate may be used as the substrate. This
includes various metals and non-metals. In a preferred embodiment, the substrate material
comprises aluminum and the coating comprises nickel coated that is either pure or combined
with boron and/or phosphorus. The material comprising the substrate is typically selected in
accordance with or in dependence on the material that will be coated onto the substrate. The
material coated onto the substrate is preferably deposited in a reliable and consistent manner, for
example by electrochemical means such as electroplating or by an autocatalytic electroless
process. The materials that may comprise the substrate wires and/or the wire coating may
include those from the group of reactive metals including aluminum, boron, carbon, silicon,
zirconium, iron, copper, beryllium, tungsten, hafnium, antimony,» magnesium, molybdenum,
zinc, tin, nickel, palladium, phosphorus, sulfur, tantalum, manganese, cobalt, chromium, and
vanadium.

[0029] Also, metal particles such as aluminum, magnesium, boron, beryllium, zirconium,
titanium and zinc may be used in combination with fluoropolymers such as
polytetrafluoroethylene, fluoroelastomers, fluorosurfactants, or fluoroadditives. As such, the
metals may be formed in finely divided particles within a matrix of one of the polymers and
extruded to form a wire-like structure such as a filament which is then integrated into the
structure of the substrate (e.g., the wire mesh substrate 18 of FIG. 2). In the alternative, a tube
made from, e.g., aluminum, may be filled with the above noted metal particles mixed in with one
of the above noted polymers. A plurality of such tubes may then be used to form the substrate.
Additional materials that may be utilized include energetic polymers and plasticizers such as
glycidyl azide polymer, polyoxetanes, or polyglycidyl nitrate. These materials may be used
alone as the substrate material or in combination with any of the above reactive metals or non-
reactive metals, for example, by forming these polymers and plasticizers around the metals in a
wire-like structure which is then integrated into the structure of the substrate (e.g., the wire mesh

substrate 18 of FIG. 2). Again, these energetic materials may be used either alone or in
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combination with any of the above reactive or non-reactive metals by placing them inside of an
aluminum tube and having a plurality of such tubes comprise the substrate.

[0030] Further, the following non-energetic polymers can be combined with any of the
above materials to form the substrate: hydroxy terminated polybutadiene, hydroxy terminated
polyether, carboxy terminated polybutadiene, polyether, polycaprolactone, or polyvinyl chloride.
Alternatively, such a combination of non-energetic polymers can be placed inside of an
aluminum tube, where a plurality of such tubes comprise the substrate. In addition, there exist
many powder-based reactions composed of a fuel and an oxidizer that constitute the bulk of
pyrotechnic formulations. Incorporating these into the heat generating structure of the present
invention would likely require the use of a binder material, such as the energetic polymers and
plasticizers listed above or the non-energetic polymers listed above, together with a non-reacting
metal wire material.

[0031] Referring to FIG. 5, in accordance with yet another embodiment of the heat
generating structure of the present invention, the mesh substrate 18 of FIG. 2 or the foam
substrate 30 of FIG. 4 may include a second substrate 36 that is in contact with the mesh or foam
substrate of the heat generating structure. In FIG. 5, the foam substrate 30 is illustrated as being
applied on top of or, in the alternative, within, the second substrate 36. The second substrate 36
may comprise, for example, an insulating material that is utilized to retain the heat generated
during the alloying process. The insulating material of the second substrate 36 may comprise a
ceramic material or other material such as diatomaceous earth, silica, Aero-sil commercially
available from Degussa in Germany, Cabosil commercially available from Cabot Corp. of
Billerica, Massachusetts, or a foamed ceramic commercially available from Aspen Aerogels, Inc.
of Northborough, Massachusetts. In the alternative, the second substrate 36 may comprise a
conductive material.

[0032] FIGS. 6-7 illustrate various different embodiments of a portion of a heat
generating structure in accordance with the present invention. Each embodiment has a non-
uniform distribution of mass along its propagation length. Most often this non-uniform
distribution of mass is larger in size than most of the remaining length of the structure. This has
the effect of slowing down the propagation rate or burn rate of the structure each time the non-
uniform, larger mass is encountered along the propagation or burn path of the overall structure.

FIG. 6 illustrates a “knots on a rope” structure 38 in which the coating material 40 is non-
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uniformly distributed on a cylindrical substrate 42. In the alternative, the substrate may not be
cylindrical but may be of non-uniform distribution as well. FIG. 7 illustrates a “train track”
structure 44 in which a straight horizontal wire 46 representing the propagation or burn path has
a series of “crossing” tracks or wires 48.

[0033] Referring to FIGS. 8-9, there illustrated is yet another embodiment of a heat
generating structure 50 of the present invention comprising a substrate 52 such as a circuit board
which is at least partially insulating and may be flexible to allow the structure 50 to be rolled up.
Preferably applied to the entire upper surface of the substrate 52 is a thin layer 54 of a conductive
material. On a surface of the conductive layer 54 may be applied an optional thin layer 56 of a
conductive material such as silver, copper or carbon, in a serpentine or other pattern 58. The
pattern 58 has a starting point 60 at one end and an ending or discharge point 62 at a second end.
Located on top of the layer of thin conductive material layer 56 is an inner layer 64 of, e.g.,
aluminum, which may be applied by a non-aqueous electroplating process such as that provided
by AlumiPlate, Inc. of Minneapolis, Minnesota. Applied to the inner layer 64 is an outer layer
66 of, e.g., nickel, which may be applied by direct electroplating or by an electroless process.
Other materials as discussed above may be utilized. The heat generating structure 50 of the
embodiment of FIGs. 8-9 is similar to that of the structure 16 of FIG. 2 in that, when ignited, the
aluminum and nickel combination propagates from the starting point 60 along a travel path (i.e.,
the serpentine or other pattern 58) to the end or discharge point 62 in a controlled manner. Thus,
the heat generating structure 50 of the embodiment of FIGs. 8-9 functions as a delay element in a
similar manner to the structures 16, 28 of FIGs. 2 and 4.

[0034] Although the present invention has been illustrated and described with respect to
several preferred embodiments thereof, various changes, omissions and additions to the form and
detail thereof, may be made therein, without departing from the spirit and scope of the invention.

[0035] What is claimed is:

10
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CLAIMS

1. A delay element, comprising:

a substrate comprised of a first material disposed in a configuration wherein the mass of
the first material varies along one or more propagation paths; and

a second material coating at least a portion of the substrate, where the second material is
different from the first material, where the first and second materials, upon being thermally
energized, react with each other in an exothermic and self-sustaining alloying reaction that
propagates along the one or more propagation paths within the delay element and at a rate that

depends upon one or more characteristics of the substrate and the coating.

2. The delay element of claim 1, where the substrate is continuous.

3. The delay element of claim 1, where at least a portion of the substrate is a foam.

4. The delay element of claim 1, where at least a portion of the substrate is a mesh.

5. The delay element of claim 1, further comprising a second substrate, where the substrate

is located on or within the second substrate.

6. The delay element of claim 1, where the first material comprises aluminum and the

second material comprises nickel.

7. The delay element of claim 1, where the first and/or second materials are from the group
that comprises aluminum, boron, carbon, silicon, zirconium, iron, copper, beryllium, tungsten,
hafnium, antimony, magnesium, molybdenum, zinc, tin, nickel, palladium, phosphorus, sulfur,

tantalum, manganese, cobalt, chromium, or vanadium.
8. The delay element of claim 1, where the one or more characteristics of the substrate and

the coating include a composition of the first and second materials and a physical configuration

of the substrate and the coating.

11
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9. The delay element of claim 8, where the physical configuration of the substrate and the
coating includes one or more different directions of the first and second materials at one or more

points along the travel path.

10.  The delay element of claim 5, where the second substrate is an insulating material.

11.  The delay element of claim 1, where the first and/or second materials further comprise a
material from the group that comprises glycidyl azide polymer, polyoxetanes, or polyglycidyl

nitrate.

12. The delay element of claim 1, where the first and/or second materials further comprise a
material from the group that comprises hydroxy terminated polybutadiene, hydroxy terminated

polyether, carboxy terminated polybutadiene, polyether, polycaprolactone, or polyvinyl chloride.

13. A structure, comprising:

a substrate comprised of a material disposed in a configuration wherein the mass of the
substrate material varies along one or more propagation paths, where the substrate material, upon
being thermally energized, reacts in an exothermic and self-sustaining reaction that propagates
along the one or more propagation paths at a rate that depends upon one or more characteristics
of the substrate, wherein the propagation paths depart from one another at one or more points

along the travel path.

14, The structure of claim 13, where the substrate material is from the group that comprises

glycidyl azide polymer, polyoxetanes, or polyglycidyl nitrate.

15.  The structure of claim 13, where the substrate material comprises a fluoropolymer from
the group that comprises polytetrafluoroethylene, fluoroelastomers, fluorosurfactants, or
fluoroadditives, and where the fluoropolymer substrate material contains a plurality of metal

particles dispersed therein, where the metal particles are from the group that comprises

12
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aluminum, magnesium, boron, beryllium, zirconium, titanium or zinc, and where the substrate

material containing the metal particles dispersed therein is extruded to form a filament.

16.  The structure of claim 13, where the substrate material further comprises a material from
the group that comprises hydroxy terminated polybutadiene, hydroxy terminated polyether,

carboxy terminated polybutadiene, polyether, polycaprolactone, or polyvinyl chloride.

17.  The structure of claim 15, where the substrate material further comprises a material from
the group that comprises hydroxy terminated polybutadiene, hydroxy terminated polyether,

carboxy terminated polybutadiene, polyether, polycaprolactone, and polyvinyl chloride.

18.  The structure of claim 13, where the substrate material comprises a powdered mixture of
a fuel material and an oxidizer material, and where the substrate material further comprises a
material from the group that comprises glycidyl azide polymer, polyoxetanes, or polyglycidyl

nitrate, and where the substrate material.

19.  The structure of claim 13, where the substrate material comprises a powdered mixture of
a fuel material and an oxidizer material, and where the substrate material further comprises a
material from the group that comprises hydroxy terminated polybutadiene, hydroxy terminated
polyether, carboxy terminated polybutadiene, polyether, polycaprolactone, or polyvinyl chloride,

and where the substrate material.

20.  The structure of claim 13, where at least a portion of the substrate is in a foam configu.
21.  The structure of claim 13, where at least a portion of the substrate is a mesh.
22.  The structure of claim 13, where the substrate comprises a plurality of tubes, wherein

each tube contains the substrate material,

23.  The structure of claim 22, where the substrate material is from the group that comprises

glycidyl azide polymer, polyoxetanes, or polyglycidyl nitrate.

13
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24.  The structure of claim 22, where the substrate material comprises a fluoropolymer from
the group that comprises polytetrafluoroethylene, fluoroelastomers, fluorosurfactants, or
fluoroadditives, and where the fluoropolymer substrate material contains a plurality of metal
particles dispersed therein, where the metal particles are from the group that comprises

aluminum, magnesium, boron, beryllium, zirconium, titanium or zinc.

25.  The structure of claim 22, where the substrate material further comprises a material from
the group that comprises hydroxy terminated polybutadiene, hydroxy terminated polyether,

carboxy terminated polybutadiene, polyether, polycaprolactone, or polyvinyl chloride.
26.  The structure of claim 24, where the substrate material further comprises a material from

the group that comprises hydroxy terminated polybutadiene, hydroxy terminated polyether,

carboxy terminated polybutadiene, polyether, polycaprolactone, or polyvinyl chloride.
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