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PLURAL-LAYER, PLURAL-ACTION
PROTECTIVE COATING FOR LIQUID FUEL
CONTAINER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims filing date priority to U.S.
Provisional Patent Application Ser. No. 61/567,111, filed
Dec. 5,2011 for “Triple-Protection Tank Adder”, the entirety
of which is hereby incorporated herein by reference.

BACKGROUND AND SUMMARY OF THE
INVENTION

[0002] The present invention pertains to a specialized,
defensive coating, or coating structure, applicable to the out-
side of a fuel container, such as to the outside of a fuel tank or
a fuel pipeline, to mitigate and fend off certain kinds of
potential catastrophic fire and explosion events. More par-
ticularly, it relates to a plural-layer, plural-action (anti-fuel-
leak, anti-shockwave, and additionally, with regard to one
preferred embodiment, anti-fireball, and anti-“pool-fire”)
protective coating for such a container.

[0003] To meet these objectives, the proposed coating pos-
sesses, differentially in its two, different, preferred embodi-
ments, different overall category, plural, intentionally differ-
entiated-defense, coating-layer features that are designed to
guard specifically against container-attack-promoted,
ignited-liquid-fuel contribution to, or initiation of, a cata-
strophic, consequential fire, and/or a container-explosion—
such prospectively dangerous events resulting, for example,
from an attack, such as a bullet or shrapnel penetration, or,
respecting one of the preferred, added-protection embodi-
ments of the invention, a close-by explosive weapon blast of
the kind typically characterized by an initial, extremely high-
pressure shock wave, followed almost immediately by an
intense, blast-produced fireball, and thereafter by a high-heat-
intensity, proximate “pool-fire” (a military term of art).
[0004] Threats of a consequential, fuel-container catastro-
phe triggered by container attacks such as those just men-
tioned are common potentials in military-action theaters, and
similar threats, we have recognized in the conception and
reduction to practice of the present invention, may also exist
in other kinds of danger-prone situations.

[0005] In relation to these kinds of potential-catastrophe
settings, an overall purpose of the present invention, accord-
ingly, is to safeguard personnel and equipment from the
harmful consequences of such attacks through minimizing, in
several different ways which differentially address the differ-
ent kinds of potential attacks, such as those kinds of attacks
mentioned above, the likelihood of a successful, attack-in-
duced, uncontrolled container rupture, container fuel leak,
fuel ignition, and possible fuel-container explosion.

[0006] While there are disclosed herein several modified
forms of the coating structure of the present invention, fun-
damentally there are two, key, or principal, preferred embodi-
ments of the invention, one of which includes, and the other of
which does not include, what is referred to herein as an
intumescence-response layer. The presence or absence of this
layer determines, for the respective, associated coating, the
range of different defensive/protective options made avail-
able by the coating. With regard to these two principal
embodiments, which, accordingly, form preferred embodi-
ments for uses in somewhat different settings and applica-
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tions as will be explained below, except for the presence or
absence of an intumescence-response layer, in all other
respects these two embodiments are substantially identical in
construction. Modifications that are described regarding
other facets of the invention are applied essentially equally to
each of these two, different, key embodiments.

[0007] The present invention, in one of its preferred
embodiments, and specifically that embodiment which offers
the largest range of defenses to different, possible, container-
attack problems, features a plural-layer, plural-action, protec-
tive coating for aliquid fuel-container, placeable adjacent the
outside surface of such a container, designed to furnish dif-
ferentiated defenses to attacks like those identified above—
with this coating possessing:

[0008] (1) a self-sealing, anti-fuel-leakage, elastomeric-re-
sponse layer having and inside face disposable directly and
contactively adjacent such a liquid fuel container’s outside
surface, and an outside face spaced from its inside face;
[0009] (2)anintumescence-response layer having an inside
face disposed operatively adjacent the outside face in the
elastomeric-response layer, formed of an intumescence putty
material, and having an outside face; and

[0010] (3) a packetized, burst-reactive, flame-suppression
layer including plural, side-by-side-adjacent, independently
burst-reactive packets each containing, burst-releasably, a
powdered, flame-suppression agent, these packets collec-
tively defining an inner side for the flame-suppression layer
disposed adjacent the intumescence-response layer’s outside
face.

[0011] Preferably, the burst-reactive packets are generally
planar, flexible, characterized with hexagonal perimeters
having packet edges, and disposed in an appropriate, side-by-
side tiled, and hexagonal packet-edge adjacency fashion, in
the flame-suppression layer. As will be explained, each of
these packets is formed herein from a stacked arrangement of
plural, relatively thin but same perimetral outline, subpackets
fundamentally made of what is known in the art as a very
flexible, three-dimensional spatial fabric material—this
material being defined, per se, by a pair of spaced, facial
fabric sheets that are interconnected by a tangled collection of
slender, nonlinear, wandering fibres which meander in and
through a surrounding void space extant between the spatial-
fabric facial sheets. Stacking of these subpackets conve-
niently accommodates construction of a flexible, assembled
hexagonal, or hex, packet having the desired overall thick-
ness.

[0012] Uniquely with respect to the packetized construc-
tion of the flame-suppression layer, if damage occurs to a
packet, or packets, in this layer, as, for example, by an inad-
vertent contact-breakage of one or more packet(s), or by a
projectile penetration, or penetrations, the damaged packet(s)
may easily be replaced so as to “repair” the functional integ-
rity of the layer for its intended defensive purpose.

[0013] The self-sealing, anti-fuel-leakage, elastomeric-re-
sponse layer employed is plural-sublayer in nature, and
includes inner, intermediate and outer sublayers each formed,
commonly, with a main body of a high-elastomeric, liquid-
fuel-reactive material, with an augmentation included in the
intermediate sublayer in the form of a population of plural,
distributed, liquid-fuel-imbiber beads embedded in the inter-
mediate sublayer’s main, high-elastomeric body.

[0014] Also included in this embodiment of the invention,
as well as in all other embodiments and applications wherein
the outermost, protective layer takes the form of the men-
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tioned, packetized, burst-reactive flame-suppression layer, is
a relatively thin (typically with a thickness lying in the range
extending from about 0.06- to about 0.08-inches), appropri-
ately sprayed-on, surrounding “capture jacket” of the same
high-elastomeric material which has been mentioned above
herein, applied over the packets in the flame-suppression
layer to stabilize their attachments (contact adhesive bonds)
to the immediately underlying coating protective layer.
[0015] According to one modified form of the invention,
the proposed coating includes yet another, extra, anti-fuel-
leakage, protective layer which is disposed as an overall,
outside layer applied to surround all of the other layers in the
coating—this extra, outer layer being like the “more inter-
nal”, plural-sublayer, liquid-fuel-reactive, high-elastomeric
material layer mentioned above.

[0016] The other, principal, preferred embodiment of the
invention, and specifically that embodiment which offers a
somewhat reduced range of defenses to different, potential,
container-attack problems, also features, generally speaking,
a plural-layer, plural-action, protective coating for a liquid
fuel-container, placeable adjacent the outside surface of such
a container, designed to furnish differentiated defenses to
certain ones of the attacks identified above—this coating
embodiment lacking an intumescence-response layer, but
nonetheless possessing:

[0017] (1)a self-sealing, anti-fuel-leakage, elastomeric-re-
sponse layer having an inside face disposable directly and
contactively adjacent such a liquid fuel container’s outside
surface, and an outside face spaced from its inside face; and
[0018] (2) a packetized, burst-reactive, flame-suppression
layer including plural, side-by-side-adjacent, independently
burst-reactive packets, each containing, burst-releasably, a
powdered, flame-suppression agent these packets collec-
tively defining an inner side for the flame-suppression layer
disposed adjacent the elastomeric response layer’s outside
face.

[0019] As mentioned earlier, this embodiment of the inven-
tion differs from the first, above-described, principal embodi-
ment only by the absence in it of the intumescence-response
layer. It is especially useful in applications wherein both
minimizing coating weight is important, and there is little
anticipated threat of a “pool-fire” incident, or the like.
[0020] Regarding all forms of the invention, included
among the materials that are preferably employed herein to
form the different layers in the proposed coating are (1) a
high-elastomeric, liquid-fuel reactive elastomer material (as
mentioned above), (2) liquid-fuel-imbiber beads, (3) an intu-
mescence putty material, (4) a three-dimensional spatial fab-
ric, and (5), a powdered, flame-suppression agent. While
there are various commercially available offerings of very
adequate choices for such materials, we have selected the
following, specific, respective materials which have been
found to perform admirably in the coating of the present
invention.

[0021] The liquid-fuel-reactive, high-elastomeric material
employed herein takes the form of a two-component polyure-
thane elastomer product sold under the trademark TUFF
STUFF® FR (with the letters FR standing for fire-resistant),
made by Rhino Linings USA, Inc.—a company based in San
Diego, Calif. This material, which is preferably sprayed into
place, and which plays a key role in furnishing self-sealing,
anti-fuel-leakage behavior in the coating of the invention, in
addition to responding to, say, a bullet puncture wound with
high-elastomericity wound-closure action, additionally
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reacts to contact with hydrocarbon fuel—imbibing such fuel,
and swelling in the process to aid in wound closure perfor-
mance. In relation to elastomericity, it exhibits an elasticity
which permits an elastic elongation before “breakage” of
about 400%, has a tensile strength of about 1700-1900-psi,
and possesses a tear resistance of about 140-150-pli.

[0022] More information about this material, about how it
may be applied and employed, and about how it responds/
reacts to contact with leakage fuel coming from a puncture
wound in an associated, protected fuel container, will be
found in U.S. Pat. No. 7,169,452, the full disclosure content
in which is hereby incorporated herein by reference

[0023] The liquid-fuel-imbiber beads used herein prefer-
ably take the form of the imbiber-bead product known as
IMB230300, made by Imbibitive Technologies America, Inc.
in Midland, Mich. These beads have a strong affinity for
rapidly absorbing (imbibing) hydrocarbon fuel, and they
swell significantly and quickly in volume as a consequence—
anaction which cooperates with the surrounding, embedding,
high-elastomer material in aid of speedy and definitive punc-
ture-wound, anti-fuel-leakage closure. These beads prefer-
ably are blended in any appropriate manner into the entrain-
ing/embedding elastomer material to constitute about 20% by
weight in the combined material.

[0024] The intumescence-response layer, when included in
the overall defensive coating/layer structure of the invention,
takes the form of any suitably, conventionally available, eas-
ily layer-applied, intumescence putty material. Many such
conventional putty materials, all of which are entirely appro-
priate for use in the coating structure of the present invention,
are readily commercially available. A good representative,
intumescence putty product which we have found to be very
satisfactory is one made by 3M, identified as 3M™ Fire
Barrier Moldable Putty Pads MPP+ (Product Number MPP+
4X8).

[0025] This intumescence putty material, as is understood
by those generally skilled in the art, functions, in the presence
of external heat, i.e., in the presence of a high-temperature,
ambient condition such as that produced by a proximate,
external fire, to swell with a kind of popcorn-like, popping
action which releases water vapor in a manner which helps to
isolate and protect, for a relatively long period of time, the
protected, container-contained fuel from a dangerous tem-
perature rise and potential fuel Ignition/explosion. Prefer-
ably, the intumescence putty material is applied to form the
intumescence-response layer in a fashion whereby it is cap-
tured, and stabilized by an embedded, open mesh fabric pos-
sessing open meshes, typically of about '4-inches in mesh
size, made of a high-temperature, fibre/strand material, such
as basalt. This mesh fabric is not specifically presented in the
drawings herein in order to minimize unnecessary drawing
clutter.

[0026] Regarding the burst-reactive, flame-suppression
layer, a preferred three-dimensional fabric which is usable
very effectively in the coating structure of the present inven-
tion to form the hexagonal packets mentioned above is a
product made by Gehring Textile, Inc., Garden City, N.Y.—
this product being identified as Product (or Part) #SHR705/
60, Black, No. 9321. Various details of these packets will be
discussed below, and as will be further explained, each packet
employed herein is actually formed as an assembly with a
user-selected plurality of facially-contact-adhesively bonded,
generally planar, hexagonal subpackets, each with a thickness
ofabout Y4-inches (see D, in FIG. 3). Preferred overall thick-
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ness of a “packet assembly of subpackets” lies in the range of
about V- to about 1-inches, and a 1-inch thickness, generally
a good selection for many applications, is specifically chosen
for illustration herein.

[0027] Each hexagonal packet herein has a dimension
(measured between opposite, straight-linear sides, referred to
herein as hexagonal packet edges) of about 6-inches (see D,
in FIG. 2), and the hexagonal perimetral outlines of these
packets readily and conveniently allow them to be placed in a
grouped, hexagonally tiled fashion around the outside surface
of a container in a manner readily accommodating different
kinds of surface curvatures in a container.

[0028] The void spaces present in the individual hexagonal
subpackets, as will further be explained below, are densely
filled with a conventional, dry-chemical flame-suppression
agent, such filling being performed herein conveniently via a
gravity-filling technique through a not-yet-closed packet
edge which has been purposely left open for this purpose. The
agent used may be of any suitable type currently employed in
dry-powder fire extinguishers, and the agent which we have
specifically selected is the one known in the relevant art as
Purple K. Purple K is currently considered to be the most
effective dry chemical in fighting Class B (flammable liquid)
fires, and can be used against some energized electrical equip-
ment fires (USA Class C fires). It has about 4-5 times more
effectiveness against class B fires than carbon dioxide, and
more than twice that of sodium bicarbonate. Dry chemical
powder works by directly inhibiting the chemical chain reac-
tion which forms one of the four sides of the fire tetrahedron
(Heat+Oxygen+Fuel+Chemical Chain Reaction=Fire). To a
much smaller degree, a dry-powder agent also has a smoth-
ering effect which excludes oxygen from a fire.

[0029] The Purple-K powder agent is free-flowing, float-
able on most liquids, non-abrasive, and does not wet with
water. It has violet color, to distinguish it from other dry
agents. Its principal component is potassium bicarbonate (78-
82% by weight), with addition of sodium bicarbonate (12-
15%), mica (1-3%), Fuller’s earth (1-3%), amorphous silica
(0.2-%), and is made hydrophobic by methyl hydrogen pol-
ysiloxane (0.2-1%).

[0030] Inthe structure ofthe present invention, the layers of
the proposed protective coating coact effectively with one
another in important ways, both independently and interde-
pendently, to offer appreciable defenses against the kinds of
dangerous events mentioned above. These differentiated-
functionality protective layers, while cooperative both inde-
pendently and interdependently, importantly are not cross-
disabling relative to one another in many instances, in the
sense that “defensive activation” of one in an intended, related
defense mode, will not disable the still-defensive “posture” of
the other layers.

[0031] The above-mentioned and other features and advan-
tages that are offered by the invention will become more
readily apparent and fully appreciated as the detailed descrip-
tion of the invention which follows below is read in conjunc-
tion with the accompanying drawings.

DESCRIPTIONS OF THE DRAWINGS

[0032] FIG. 1 presents a fragmentary, schematic, cross-
sectional view of a liquid fuel container having a wall whose
outside surface is protected, in accordance with the present
invention, by a plural-layer, plural-action protective coating
which has been suitably bonded to that surface. In this figure,
the mentioned liquid fuel container is represented as possess-
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ing a generally cylindrical wall, and this might for example be
characteristic of a liquid-fuel pipeline, or a liquid-fuel tank.

[0033] As will be described more fully below, FIG. 1 is
employed, utilizing different illustration line qualities, to pic-
ture not only two, different, key, or principal, preferred
embodiments of the invention, but also to show one modified
invention form. More specifically, a solid, curvilinear line
which appears in this drawing figure including a distribution
of relatively evenly spaced, darkened dots represents the
potential presence or absence, depending upon which of the
two, key, preferred embodiments of the Invention is involved,
of the above-described, intumescence-response layer. With
this dot-Including line in place, such a defensive layer is
included. If this same line is visualized as being absent, so
also is the intumescence-response layer. As mentioned above,
anintumescence-response layer may either be included or not
included, depending upon which principal embodiment of the
invention is to be employed in a particular, defense-requiring
application.

[0034] Also appearing in FIG. 1 is an outer, large-diameter,
dash-double-dot line which represents a modification
wherein the coating of the invention includes an overall, cuter
elastomeric-response layer.

[0035] FIG. 2 illustrates, on a larger scale than that
employed in FIG. 1, a plan-view illustration of a single stack
assembly of generally planar (planarity existing essentially in
and parallel to the plane of FIG. 2), flexible, inter-facially-
adhered and united collection of four hexagonal subpackets
which collectively make up a hexagonal burst-reactive packet
that forms part of what is referred to herein as a packetized,
burst-reactive, flame-suppression layer. Fragmentary por-
tions of the subpacket stack which forms the illustrated packet
have been removed to show all four subpackets in the stack.

[0036] FIG. 3 is a fragmentary, cross-sectional view, taken
generally along the line 3-3 in FIG. 2, drawn on a larger scale
than that employed in FIG. 2, and illustrating, fragmentary,
three of the four, total, hexagonal subpackets that are included
in the subpacket stack which makes up the single, hexagonal
packet pictured in FIG. 2. In this view, a centrally pictured
subpacket has been broken open to illustrate certain details of
its construction, including its pair of spaced, facial fabric
sheets, interconnected by a tangled collection of slender, non-
linear, wandering fibres which meander in and through a
surrounding void space extant between the two facial sheets.
Further, FIG. 3 includes certain dash-double-dot lines (linked
with curvilinear arrows), associated with respectively related,
and very evident, solid lines, presented to illustrate open and
closed conditions for a subpacket edge, which conditions
relate to accommodating the Introduction into the subpack-
et’s included central void space of a fill of powdered, flame-
suppression agent in accordance with the invention. Small,
“cross-hatch” shading appearing at three locations in the
opened subpacket represents this fill of flame-suppression
agent.

[0037] FIG. 4 is areduced scale (considerably smaller than
that employed in FIG. 2, but somewhat larger than that
employed in FIG. 1), fragmentary, developed, plan view Illus-
trating a portion of the packetized, burst-reactive, flame-sup-
pression layer present in the coating of FIG. 1, and specifi-
cally showing a few of the hex packets of the present
Invention included in that layer, arranged, according to the
invention, in a hexagonally tiled fashion to form the flame-
suppression layer.
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[0038] FIG. 5 is an enlarged, fragmentary, cross-sectional
view, rotated approximately 90-degrees counterclockwise,
taken generally in the area embraced by the double-arrow-
headed, curved line 5-5 shown in FIG. 1—this view isolating
and picturing a region of the coating structure of the present
invention with particular emphasis given to the sublayer con-
struction of an inner, self-ceiling, anti-fuel-leakage, elasto-
meric-response layer which is applied directly to the outside
surface of the liquid-fuel-container wall shown in FIG. 1.
[0039] To benoted at this point is the fact, that the structural
components pictured in the above-described drawing figures
are not drawn to scale.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Turning now to the drawings, and referring first of
all to FIG. 1 indicated generally at 10 is a liquid fuel container
having a cylindrical wall 10a which is generally cylindrical in
construction, as mentioned earlier herein, in reference with
respect to the description given above of FIG. 1—this wall
possessing a cylindrical, outside surface 104.

[0041] Applied, in a manner which will be more fully
described below, to wall surface 105 is a plural-layer, plural-
action, protective coating, or coating structure, 12 which is
designed to furnish defensive protection relative to different
ones of the several kinds of potential container-attacking
events mentioned above herein. As indicated above, FIG. 1 is
employed herein to illustrate a pair ofkey, principal, preferred
embodiments of coating 12, and to show, additionally, a
modified, extra-overall-outer-layer form of the Invention
which is applicable, where employed, to each of these two
principal embodiments.

[0042] Describing, with appropriate lateral references
madeto FIGS. 2, 3 and 4, all of what is shown by the different
line characters presented in FIG. 1, and explaining thereafter
how this pictured structure is featured, respectively, in the
mentioned, two, principal embodiments of the invention, and
in the extra outside layer modification referred to, coating 12,
in FIG. 1, is seen to include: (1) an inner, self-sealing, anti-
fuel-leakage, elastomeric-response layer 14 having an inside
face 14a disposed directly, contactively adjacent container
surface 10q, and an outside face 145, (2) an intumescence-
response layer 16, formed of the above-identified intumes-
cence putty material, and having and inside face 18a disposed
adjacent, and appropriately adhesively bonded to, the outside
face 145 in the elastomeric-response layer, and an outside
face 165, (3) a packetized, burst-reactive, flame-suppression
layer 18, including plural, side-by-side-adjacent, tiled, inde-
pendently burst-reactive packets, such as packets 20 (see
FIGS. 2, 3 and 4), each containing, burst-releasably, a pow-
dered, flame-suppression agent 22 (see especially FIG. 3),
with this layer having an inner side 18a, defined collectively
by the inner faces of packets 20, disposed adjacent the intu-
mescence-response layer’s outside face 165, and (4), as a
possible modification relevant to certain applications, an
extra, overall, outside, elastomeric response layer 24 which
has the same construction as elastomeric-response layer 14.
[0043] Layer 14 has a thickness herein of about 0.625-
inches, layer 16, a thickness in the range of about 0.125-0.
250-inches, layer 18, a thickness in the range of about 0.5-1.
0-inches, with a preferred thickness of about 0.75-inches, and
modification layer 24, when included, a thickness which is
the same as that of layer 14.

[0044] Recalling that the presence or absence of intumes-
cence-response layer 16 defines one or the other of the two,
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mentioned, principal embodiments of the invention, if one
simply looks at FIG. 1 with the idea that layer 16, i.e. that
layer whose outside perimeter is marked by the earlier men-
tioned curvilinear line which includes a distribution of dark-
ened dots, the overall thickness of that version of coating 12
shrinks by the thickness of the no-longer-present intumes-
cence-response layer, and the inner side of the packetized
flame-suppression layer is, under this circumstance, bonded
through an appropriate contact adhesive to the outside face in
elastomeric-response layer 14.

[0045] Directing attention for a moment specifically to
FIG. 5, here, as mentioned earlier, Is a fragmentary illustra-
tion specifically featuring the construction of elastomeric-
response layer 14. As can be seen, this layer possesses three
sublayers, including an Inner sublayer 14A, an intermediate
sublayer 14B, and an outer sublayer 14C whose outer surface
defines previously mentioned outside face 144 in layer 14.
Each of these sublayers is formed with a main body of the
above-described high-elastomeric, liquid-fuel-reactive, self-
sealing material, and it is within intermediate sublayer 14B
that there is included an embedded/entrained population of
plural, distributed, liquid-fuel-imbiber-bead elements, such
as those shown at 28, formed by the liquid-imbiber bead
product described above herein.

[0046] While different, specific thicknesses may be
selected for each of the sublayers in layer 14, herein, inner
sublayer 14A has a thickness of about 0.3-inches, intermedi-
ate sublayer 14B, athickness of about 0.125-inches, and outer
sublayer 14C, a thickness of about 0.2-inches—thus giving
layer 14, in an overall sense, the above-indicated total thick-
ness of about 0.625-inches.

[0047] Focusing attention at this point specifically on
FIGS. 2-4, inclusive, within flame-suppression layer 18, the
individual, generally planar, hexagonal packets, 20, have the
illustrated, and previously described, clearly evident hexago-
nal perimeters including six packet edges, such as the two
such edges shown at 20a in FIG. 2. Within layer 18, and as has
also been mentioned above herein, the flexible, hexagonal,
burst-reactive packets which make up this layer are disposed
in an appropriate, side-by-side tiled, and hexagonal packet-
edge adjacency fashion, and this arrangement is made clearly
evident in the fragmentary illustration of layer 18 which is
shown in FIG. 4. Each packet in layer 18 is appropriately
adhesively bonded to whatever, in accordance with which of
the two, principal, preferred embodiments of coating struc-
ture 12 is involved, is the immediately underlying layer struc-
ture—namely, either elastomeric-response layer 14, or intu-
mescence-response layer 16.

[0048] As can be seen particularly well in FIGS. 2 and 3,
each burst-reactive packet 20 is formed as a stack assembly of
three, flexible, generally planar subpackets, such as the three
subpackets seen in FIG. 2 at 20A, 20B, 20C. These same,
three subpackets are pictured elevationally, fragmentary, and
in cross section in FIG. 3. Within each subpacket stack assem-
bly that defines a hexagonal packet 20, the included indi-
vidual subpackets are interfacially bonded to one another via
a suitable contact adhesive. Each subpacket, as was men-
tioned earlier herein, has a thickness of about Y4-inches, giv-
ing each packet assembly the mentioned 0.75-inches thick-
ness.

[0049] Directing attention particularly to FIG. 3 which fur-
nishes a clear, internal illustration of a portion of an edge
region in above-mentioned subpacket 20B, the three-dimen-
sional spatial fabric which is employed here is seen to be
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characterized by a pair of spaced, flexible, facial fabric sheets
30, 32, that are interconnected by a tangled collection of
slender, nonlinear, wandering fibres 34 that meander in and
through a surrounding void space 38 which is extant between
sheets 30, 32. It is within void space 36 that the previously
mentioned flame-suppression powder agent, 22, is packed.
[0050] The linear edges in “finished”, flame-suppression-
agent-filled subpackets are overlappingly folded upon them-
selves, and adhesively bonded to one another, to close the
subpackets, with one of these edges in each subpacket ini-
tially left open before final, full closure so as to permit gravity
filling and packing of the included flame-suppression agent.
Dash-double-dot lines, and a pair of curved arrows, in FIG. 3
illustrate this for a so left-open, and later closed, edge in
subpacket 20B.

[0051] Not specifically a part of the defensive aspect of
coating 12, and illustrated fragmentary by a short (fragmen-
tary), curvilinear, darkened line 26 in FIG. 1, which line
appears to coincide with the outside curvilinear configuration
of flame-suppression layer 18, is a relatively thin (typically, as
mentioned earlier herein, possessing a thickness lying in the
range of about 0.06- to about 0.08-inches), appropriately
sprayed-on, surrounding “capture jacket” formed of the same
high-elastomeric material which has been mentioned above
herein, applied over the packets in the flame-suppression
layer to stabilize their attachments (contact adhesive bonds)
to whatever is the immediately underlying coating protective
layer. If a hex packet in layer 18 needs to be replaced for any
reason, it is a simple matter to cut through the related capture-
jacket overcoating to do this, with such packet replacement
thereafter followed by simple, spray-restoration of whatever
capture-jacket area requires rebuilding.

[0052] From whathas been described above herein respect-
ing the three, different kinds of protective and defensive lay-
ers, and the preferred materials that are employed in these
layers, it will be readily apparent to those generally skilled in
the relevant art how these layers furnish the types of defensive
protections to attack events like those mentioned. It will also
be apparent to those skilled in the art how the described and
Ilustrated defensive layers in the coating of the invention
offer not only cooperative, hut also independent, defensive
capabilities. It will further be evident to those generally
skilled in the art how it is the case that, in many instances, a
defensive response mounted by one of the layers in the coat-
ing structure in relation to an attack may not necessarily be
cross-disabling with respect to the defensive capabilities of
the other layer, or layers, included in the coating.

[0053] For example, a projectile, such as a bullet or a piece
of shrapnel, which passes through the coating layers and
penetrates the wall in a protected fuel container will be
responded to rapidly by the self-sealing reaction which
occurs in the inner elastomeric-response layer. Such a reac-
tion is as is fully described in the incorporated-herein-by-
reference U.S. Pat. No. 7,169,452. Such a penetration wound,
while certainly responsible for producing entry penetration
wounds in the outer layer, or layers, will normally not defeat
the defensive capabilities of those layers, except perhaps in
the exact layer locations of the penetrating wound.

[0054] An explosive weapon blast attack involving a high-
pressure shock wave, and an Immediately following, high-
heat-intensity fireball (and potential pool fire), will cause the
hexagonal packets that are exposed to this event initially to
burst, and, via such bursting, rapidly expel outwardly into the
approaching, and next-arriving, blast fireball a cloud of the
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flame-suppressing agent which is contained in the hex pack-
ets that have burst. Thus, in relation to such an event, there is
an immediate packet burst response which tends to suppress
a fireball flame—an important action in rapidly minimizing
the exposure of whatever is the underlying, second layer, and
accordingly, the container and its contained fuel, to a severe,
spiking temperature rise.

[0055] Almost immediately thereafter, i.e., after a hex-
packet burst reaction as described, and in a circumstance
where an intumescence-response layer is included in coating
12, and continuing with a discussion of coating response to
the severe kind of blast event just mentioned, the temperature
rise which naturally occurs is responded to by the intumes-
cence putty material forming the next, inner layer, whereby,
following flame suppression by the expelled powder material
from the burst hex packets, the intumescence putty material
responds in a conventional, intumescence swelling and water-
vapor-releasing fashion to control, and reduce rapidly to safe
levels, a temperature rise within container-contained fuel.
[0056] These both cooperative (where two types of
responses are required) and independent (where only one is
needed) defensive behaviors while, certainly compromising
regions of the layers involved, do not necessarily damage
remaining-areas’ defensive capabilities.

[0057] Assuggested above, the protective coating structure
of the invention is readily applicable in a wide variety of
settings—military and other.

We claim:

1. A plural-layer, plural-action, protective coating place-
able adjacent the outside surface of a liquid fuel container
comprising

a self-sealing, anti-fuel-leakage, elastomeric-response

layer having an inside face disposable directly and con-
tactively adjacent such a liquid fuel containers outside
surface, and an outside face spaced from its said inside
face, and

a packetized, burst-reactive, flame-suppression layer

including plural, side-by-side-adjacent, independently
burst-reactive packets, each containing, burst-releas-
ably, a powdered, flame-suppression agent, said packets
collectively defining an inner side for the flame-suppres-
sion layer disposed adjacent said elastomeric response
layers said outside face.

2. The coating of claim 1, wherein said packets are gener-
ally planar, flexible, characterized with hexagonal perimeters
having packet edges, and disposed in an appropriate, side-by-
side tiled and hexagonal packet-edge adjacency fashion, in
said flame-suppression layer.

3. The coating of claim 2, wherein said packets are formed
of a three-dimensional spatial fabric defined by a pair of
spaced facial fabric sheets interconnected by a tangled col-
lection of slender, nonlinear, wandering fibres which mean-
der in and through a surrounding void space extant between
the spatial-fabric facial sheets.

4. The coating of claim 1, wherein said elastomeric-re-
sponse layer includes inner, intermediate and outer sublayers
each formed with a main body of a high-elastomeric, liquid-
fuel-reactive material, with said intermediate sublayer pos-
sessing a population of plural, distributed, liquid-fuel-im-
biber beads embedded in the intermediate sublayer’s main,
high-elastomeric body.

5. The coating of claim 1 which further includes a third
layer disposed over the flame-suppression layer as an overall,
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outside layer in the coating, and formed of a liquid-fuel-
reactive, high-elastomeric material.

6. A plural-layer, plural-action, protective coaling place-
able adjacent the outside surface of a liquid fuel container
comprising

a self-sealing, anti-fuel-leakage, clastomeric-response

layer having an inside face disposable directly and con-
tactively adjacent such a liquid fuel container’s outside
surface, and an outside face spaced from its said inside
face,

an intumescence-response layer having an inside face dis-

posed operatively adjacent said outside face in said elas-
tomeric-response layer, formed of an intumescence
putty material, and having an outside face, and

a packetized, burst-reactive, flame-suppression layer

including plural, side-by-side-adjacent, independently
burst-reactive packets, each containing, burst-releas-
ably, a powdered, flame-suppression agent, said packets
collectively defining an inner side for the flame-suppres-
sion layer disposed adjacent said intumescence-re-
sponse layers said outside face.

7. The coating of claim 6, wherein said packets are gener-
ally planar, flexible, characterized with hexagonal perimeters
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having packet edges, and disposed in an appropriate, side-by-
side tiled, and hexagonal packet-edge adjacency fashion, in
said flame-suppression layer.

8. The coating of claim 7, wherein said packets are formed
of a three-dimensional spatial fabric defined by a pair of
spaced facial fabric sheets interconnected by a tangled col-
lection of slender, nonlinear, wandering fibres which mean-
der in and through a surrounding void space extant between
the spatial-fabric facial sheets.

9. The coating of claim 6, wherein said elastomeric-re-
sponse layer includes inner, intermediate and outer sublayers
each formed with a main body of a high-elastomeric, liquid-
fuel-reactive material, with said intermediate sublayer pos-
sessing a population of plural, distributed, liquid-fuel-im-
biber beads embedded in the intermediate sublayer’s main,
high-elastomeric body.

10. The coating of claim 6 which further includes a fourth
layer disposed over the flame-suppression layer as an overall,
outside layer in the coating, and formed of a liquid-fuel-
reactive, high-elastomeric material.
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