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FIG.1

(57) Abstract: An apparatus, comprising: a substrate configured into a casing, a propellant configured between a projectile posi-
tioned/configured within the casing and an end of the casing, the propellant configured to expand upon a firing event and project the
projectile from the casing; and a coating comprising a conformal coating layer having a particulate boron nitride dispersed therein,
wherein the coating is configured to cover at least one of the inner sidewall and the outer sidewall, such that at least one side of the

substrate is covered by the coating,
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COATED SUBSTRATE SYSTEMS AND METHODS

CROES-REFERENCE TO HELATED APPLICATIONS

(00017  This application is a noneprovisional of and claims priority to U8, Application Serial
No, 62/078,633 entitled “Coated Substrate Systems and Methods™ filed on November 12, 2014,
which i3 incorporated by reference in its entirety.

FIELD GF THE INVERNTION
(00021 Broadly, the instant disclosure is directed towards wilizing amwmunition cartridge
casings. More specifically, the instant disclosure is directed towards different embodiments of
utilizing coating systems to protect various case materials (“substrates”) utitiized in ammunition
casings including alominum,

BACKGROUND

100037 Ahaninum is uiilized a3 4 material In certain ammunition cartridge cases. Aluminum
utilization has not besn wmore widespread vs. other materials {such as brass) since a
compromised case can react with the hot gases leaking out of the case during a fining event,
Such a reaction is known as a “burn-through”. Instances of imperfections in manufacturing a
cariridge case can provide a compromised case, where the imperfection can be an initiation site
for 8 burn-through event, Burn through is a fatiure mode in which high temperature and pressure
zas flows (“escapes”™) and mix with substrate particles {parts of the case) doe o erosion to the
case surface from the jet of gas  which, in turn, fuels the release of further energy. A bum
through event can damage the weapon and/or injure the operator.

SUMMARY OF THE BISCLOSURE
(0041 With one or more embodiments of the instant disclosure, burn through is reduced,

prevented, and/or eliminated for coated cartridge casings utilized in small caliber rounds, even
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the more powerfid fiving events for rifle ammuonition involving sufficlent pressure, time
duration, and high temperature and operator exposure that formerly caused ahuninum usage to
be proscribed a5 a case material in these applications.

(00051 With one or more embodiments of the instant disclosure, burm through is reduced,
prevented or eliminated for numerous other applications involving substrate materials that are
exposed o high temperature and pressure gas (“plasma”) streams for brief time durations that

encompass an entive firing event,

{00061 Broadly, the present disclosure relates fo protecting surfaces from brief (1 - 3§
mitlisecond}, one-time, high temperature (>2000°C) exposures which would otherwise damage
the surface and the underlying material,

[0007]  In a short durastion event, the transient thermal response of the substrate with ite
protective coating is the boportant guantitative information required to compare different
candidate materials and engineer the minimum coating thickness for those materials. A thermal
model was used to estimate the time until the substrate material exceeds its thermal limit and to
engineer the coating thickness for a particular coating and substrate material combination.
(06081 In one or more embodiments, of the instant disclosurs, the casing system (subsirate
and coating) is configured to reduce, prevent, and/or eliminate the ignition of the substrate {e.g.
aluminum) in a rifle case {e.g. 5.56 mun ammunition case). In some embodiments, the coating
comprises a conformal coating,

000%]  As used hersin, “conformal coating” means: a coating that adheres to a surface. In
some embodiments, the conformal coating is configured to spread over the surface to facilitate
complete covering and/or encapsulation of the swface {e.g. spreads into the nooks and

crannies),
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{00107 In some embodiments, the coating is configured to promote lubricity with the barrel
{e.g. to allow for smooth action within the weapon).

{00111 In some embodiments, the ceating s configured to promote high temperature
resistance with sufficient coating thickness o prevent the subsirate waterial from becoming
damaged if it had a faw (e.g. manufacturing defect, or as the result of handling).

(00121 In one aspect, an apparatus is provided, comprising: a subsirate configured into a
casing, the casing having at least one sidewsll such that the casing includes an inner sidewall
and an outer sidewall, the casing configured such that it has two opposing ends: a first open,
{mouth} end and a second closed, ¢head) end; a projectile configured to sit within and be
retained by the casing and positioned adjscent to the first end (mouth); a propellant, the
propetlant configured between the projectile and the second end (head end) of the casing, the
propellant configured to expand upon a firing event and project the projectile from the casing;
and a coating comprising a thermal resistant conformal coating, which can be organic,
inorganic, polymer or g combination, which provides a thermal and chemical protecting barrier
layer, wherein the coating is configured to cover at least one of the inner sidewall and the outer

sidewall, such that at least one side of the substrate is covered by the coating,

{00131 In some cmbodiments, the coating is configured to cover the inner sidewall and outer
sidewall of the casing such that the casing is encased within the coating, In some embodiments,
the coating is configured fo cover the inner sidewall and outer sidewall of the casing such that

the casing is entirely encapsulated by the coating laver,
{0014} In some embodiments, the casing comprises an ammunition cartridge case.
{00157 Insome embodiments, the casing comprises a rim-fired amununition casing,

{00i6]  Insome embodiments, the casing comprises a center-fired amununition casing.



WO 2016/077585 PCT/US2015/060383

(00171 Some non-limiting examples of center-fired ammunition casings are: 3.56 mm
NATO; 0.223 Remington; & mmy; 40 Caltber S&W: ora (.45 ACPE,

{00181 Some non-limdting examples of high-powered rifies ammunition casings include: 5.56
x 45mm NATQ, 223 Remington, 30-06 Springfield (7.62 x 83mm), 7.62 x Simm NATQO, 308
Winchester, .50 BMG {7.72 x 9%mm).

(0019 One or more coating systems of the instant disclosure are configured to be used with
aluminum pistol rounds including but not imited {00 45 ACP, .40 Smith & Wesson, 10mm
Aumto, 357 Magnum, 38 Special, 9mm Parabellum, and the .25 Auto. In some embodiments, the
casing comprises power capsule (“squib™) for a propellant-operated power tool or other device.
(00207 In some embodiments, the substrate is selected from the group consisting off
atuminum, aluminum abloys {e.g. Ixxx, 6xxx, and 7Txxx series aluminum alloys, 2024, 6058,
FO75, 7083}, magnesium, titanium, steel, plastie, and polymers,

0021} In some embodiments, the substrate comprises a pipe {(e.g. mining pipe, chemical
pipel.

(00227 In some embodiments, the subsirate comprises a power capsule (Msquib™) for a
propellant-operated device such axm an occupant-restraint air bag assembly in an automotive
vehicle,

{00231 In some embodiments the substrate comprises a surface exposed {0 a brief (1.3
millisecond}, one-time thermal event involving a gas jet at a temperature of at least 2500° .
{0024} In one aspect, an apparatns i3 provided, comprising: a substrate configured into a
casing, the casing having at least one sidewall such that the casing includes an inner sidewall
and an outer sidewall, the casing configurad such that it has two opposing ends: a firstend and &

second end; a projectile configured to sit within and be retained by the casing and positioned
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adiacent to the first end; & propellant, the propellant configured between the projectile and the
second end of the casing, the propellant configured o expand upon a firing event and project the
projectile from the casing; and a2 coating comprising a fluoropolymer layer having a particulate
boron nitride therein(e.g. dispersed therein), wherein the coating is configured to cover at least
one of the inner sidewall and the outer sidewall, such that at least one side of the substrate is
covered by the coating.

{00231 In one aspect, an apparatus is provided, comprising: an anununition cariridge casing
comprising a substrate configured ito retain g projectile and a propellant, wherein the
ammunition cartridge casing is configured with a coating thereon, wherein the coating includes:
& conformal coating portion and an additive configured to be dispersed within the conformal
coating portion,

{00261  In some embodiments, the conformal coating portion is configured to cover the
substrate {e.g. completely encase the substrate},

F00271  Inosome embodiments, the conformal coating comprises a fluosropolymer,

(00281 In some embodiments, the additive comprises a ceramic additive,

(00291 in some embodiments, the ceramic additive is selecied from the group consisting of
aluming, horon nitride, titania, and combinations thereof

F00307  In some embodiments, the additive is present in a range oft at least 5§ wi. 9% to not
greater than 70 wi. %, In some embodiments, the additive is present in a range oft at least 15wt
% to not greater than 3§ wi. %. In some embodiments, the additive is present in a range of! at
least 30 wi. % fo not greater than 30 wi. %. In some embodiments, the additive is present in g

range of) at least 35 wi. % to not greater than 45 wi, Ya.
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{00311 In some embodiments, the additive is present in a content of! at least § wi. %; at least
10 wt, 9% at least 15 wt, %) at least 20 wit. %0 at least 25 wt, 96; at least 30 wit. %%; at least 35 wi.
Do at least 40 wi, 9%; at least 45 wi. 96; at least 30 wt, % at least 55 wi. 96; at least 60 wi. 9%; at
feast 65 wt, ¥a; or at least 75 wi. %4,

100321 In some embodiments, the additive is present in a content of! not greater than § wt. %
not greater than 10 wi. %; not greater than 15 wi 96; not greater than 20 wi, %; not greater than
25 wt. %; not greater than 30 wi. %,; not greater than 35 wt, %; not greater than 44 wi. %; not
greater than 45 wi. 9%; not greater than 58 wt. %; not greater than 55 wi. %6; not greater than 60
wit. Y%; not greater than 65 wi. % or not greater than 75 wt, %,

(00331 In some embodiments, the casing {e.g. ammunition cartridge with coating) is capable
of withstanding pressure during a firing event vielding a pressure of at least 40 ksi.

{00341  In some embodiments, the casing {e.g. ammunition cartridge with coating) is capable
of withstending a firing event duration of at least 2.2 ms,

{00351 In some embodiments, the ammunition cartridge casing is capable of withstanding a
temperature during a firing event of not greater than 3000°C.

(00361 In some embodiments, the coating is a sacrificial coating {.e. is lost/bumed off a3 a
result of the firing event).

[371 In some embodiments, the coating s configured on the outside surface of the case.
(00381 In some embodiments, the coating is configured on the inside surface of the case.
(00391 In some embodiments, the costing is configured to sncase the subsirate (e.g
compiletely cover and surround the inside, outside, and upper lip/opening, along with base of the
case). In some embodiments, the coating is configured o entirely encapsulated by the coating

iayer.
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{0040  In some embodiments, the additive comprises a particulate maleriall In some
embadiments, the particulate material comprises a ceramic particulate material.

100411 In some embodiments, the additive comprises a particulate refractory material {o.g.
typically utilizable in a high temperature application). In some embodiments, the additive
comprises refractory materials having low thermal diffusivity and high temperature and
chemical corrosion resistance.

(00421  In some embodiments, the additive is selected from the group: alurmning, tiania,
zircomia, boron nitride, cubic boron nitride, hexagonal boron nitride, boron nitride polymorphs,
silica {8i0;), silicon carbide (8i0), clvomia {Crn(s), tungsten carbide, halfninm carbide,
tantalum carbide, tantalum-halfnium carbide, and combinations thereof

F0043]  In some embodiments, the additive comprises uniformly sized granules,

(00441 In soroe embodiments, the additive comprises non-uniformly sized granules,

(00451 In some embodiments, the coating thickness ranges from .25 mil to 2.0 mil thick on
a single subsirate {casing). In some embodiments, the sverage coating thickness is between 0.25
mil and 2.0 mil.

00461 In some embodiments, the coating thickness ranges from 1.5 mil to 2.0 mil thick.

(00471 In some embodiments, the average coating thickness is: at least 0.25 mil; at least §.5:
at least 0.75 mil; at least 1 mil; at least 1.25 mil; at least 1.5 mil; at least 1.75 mil; at least 1.75
il thick: or at least 2 mul thick.

[0048]  In some embodiments, the coating thickness is: not greater than 0.25 mil; not greater
than (L5 mil; not greater than §.73 mil; not greater than 1 mil; not greater than 1.25 mil; not
greater than 1.5 mily not greater than 1.75 mil; not greater than 1.75 mil thick; or not greater

than 2 mil thick.
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100491 In some embodiments, the additive comprises a spherical shape {e.g. particulate or
powder),

FO0501  In some embodiments, the additive comprises g plate-like shape {e.g. particulate or
powder).

(0051} In some embodiments, the additive comprises a polygonal cube shape (particulate or
powder),

[0052]  In some embodiments, the additive comprises a prismatic shape {e.g. with an aspect
ratic of approximately 1.0}, possibly in particulate or powder forms.,

{00531 In some embodiments, the additive comprises a whisker shape (e.g. thin-rod shaped,
fibers, or particulate form).

[0054] In some embodiments, the additive comprises a discoidal shape {e.g. civoular flat
shape}.

[0055]  In some embodiments, as qualified or quantified via visual observation, the casing
does not exhibit a burn through event,

[0G36]  In some embodiments, as qualified or quantified via visual observation, the casing
does not exhubit significant erosion of the substrate, and therefore does not add the evoded

material to the gas stream as combustible material,

(0037} In some embodiments, as qualified or guantified via visual observation, the casing
does not exhibit melting,

(D058} In some embodiments, the coaling is configured to insulate the substrate from the heat

and pressure of the firing event.
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(00551 In some embodiments, the coating is configured 1o isolate the subsirate from contact
with the gas released during the firing svent (i.e. gas caused by ignition of propeliant).

(00601 In some embodiments, the coating comprises an organic conformal coating,

[0061]  Insome embodiments, the coating comprises a flucropolvmer.

[0062]  In some embodiments, the coating comprises a fluoropolymer, 2 solvent/carrier
fiquid, and at least one additive,

{0063} In one aspect, an apparatus is provided, comprising: a cartridge case comprising a
substrate (2.g. AL Ti, brass, steel, plastic), the cartridge case having: a base, a perimetrical
sidewall configured to surround the base and exttend upward from the base, and  an open, upper
end, and a coating on the base and the perimetrical sidewall of the cariridge case; wherein, via
the coating, the cartridge case does not exhibit bumn-through during a firlng event that has a
duration of greater than two milliseconds, where the firing event produces a gas having pressure
of at least 40 ksi and a temperature not greater than 3000°C.

10064} In one aspect, a method is provided comprising: forming a cariridge casing from a
subsirate material to provide a body having at least one sidewall, the cartridge casing having a
first end and 2 second end, wherein the cartridge casing is configured to retain a projectile and a
propellant; coating a cariridge casing with a layer of organic conformal coating including 2
ceramic particulate dispersed therein; drying {curing) the coating to remove 2 solvent from the
coating and set the coating onto the surface of the substrate (.. lnner sidewall and/or outer
sidewall}l positioning the propellant and the projectile within the ecasing; forming an

ammunition cartridge.
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{0083} In some smbodiments, coating {e.g. the step of positioning/depositing the coating on
the substrato/case} comprises: spraying, dipping, brushing/painting, rolling, and combinations
thereot.

{00661 In some smbodiments, the method comprises cleaning the surface of the subsirate
prior to coating the substrate with an organic conformal coating (e fluoropolymer).

(00671 In some embodiments, the method comprises deoxidizing the surface of the substrate
{.g. when the substrate is an aluminem alloy) prior to coating the substrate with an organic
conformal coating.

{0068] In some embodiments, the ceating including a ceramic additive, comprises an
orientgiion of the ceramic additive particles within the coating, wherein the ovienistion 1s
configured to impart thermal protection andior insulation to the substrate.  In some
embodiments, the ceramic additive {e.g. hBN) is plate-like (e.g. flat).

(00697 In some cmbodiments, the coating comprises an organic conformal coating
comprising a hexagonal boron nitride with a flat orientation {e.g. 1106 hBN) against the
substrate surface.

(00701 Insome embodiments, the coating comprising a ceramic additive is configured to lie
in a flat orientation, parallel to the swrface of the case. In some embodiments, hexagonal boron
pitride {PUHP 1106} is configured in a flat plate configuration, such that it lies in a substantially
flat configuration, such that the plates are configured parallel to the surface of the substrate.
[GOT1] Various ones of the inventive aspecis noted hereinabove may be combined {o yield
coating sysiems that provide at least one oft insulation of the underlying substrate from

surrounding pressure and femperature gradients and isolation of the underlving subsirate from
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direct contact with the hot gases assoclated with a high temperature/high pressure event {e.g.
firing event).

{00721 These and other aspects, advantages, and novel features of the invention are set forth
in part in the description that follows and will become apparent to those skilled in the art upon
sxamination of the following description and figures, or may be learned by practicing the

invention,

BRIEF DESCRIPTION OF THE DRAWINGS

{60731 Figure 1 depicts a schematic cut-away side view of an embodiment of an apparatus
{e.g. an ammunition cartridge} positionsd within the chamber of 8 device {e.g. a firearm) prior {o
a firing event. |

{0074]  Figure 2 depicts a schematic cut-away side view of an embodiment of an apparatus
{e.g. an ammunition cartridge) with at least one defect in the case {(labeled as “flaw™ and/or
optional “charmmel/groove™), with the cartridge positioned within the chamber of a device {e.g.
firearm) configured to fire the apparatus. This type of apparatus was evaluated in accordance
with various embodiments of the instant disclosure, with further detail provided herein,

(00751 Figure 3A is a photograph depicting some experimental results regarding some
embodiments of the insiant disclosure, showing the 0.40 caliber test cases; undamaged {unfired}
and with the varipus size holes and grooves along the sidewall, Figure 3A depicts intentional
damage imparied on the shell casings in order to facilitate 2 propagation site for burn through
(and evaluation of the various coating systerns to reduce, prevent, andfor eliminate burm

through).
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f0076]  Figure 3B is a photograph depicting exampies of some experiments performed on
varions embodiments of the instant disclosure. Specifically, of three (.40 cal, cases with small
hole damage ((.015 inch diameter holes), which are believed to be representative shots from the
(.40 caliber trial, Hlustrating the differences {e.g. typical visually observed burn through in the
fired case) for three types of hBN costings added to fluropolymer: 1106 hBN; LEAUS() BBEN;
and PUHPSQUhBN, As depicted in Figure 3B, the 1106 hBN shows less damage than both the
LEAUS) hBN and the PUHPS00 kBN, The center shell is of a coating having flat orlentated
hBN flakes/plates; while the cases on either side (Le, fanking cases) have an hBN coating with
randomly oriented hBN flakes/plates.

(00771 Figure 3C and 3D are SEM photographs of two different embodiments of the instant
disclosure, in which hBN compositions utilized in coating systems, where Figure 3A depicls a
coating comprising an “aligned” hBN (PUHP 1106) (i.e. sligned in a flat configuration) and
where Figure 3B depicts a coating comprising a non-aligned hBN (LEAUS00) (le. aligned
“randomly™).

{00781 Referring to Figure 4A, computer simulations were generated in order to compare the
thermal calculations for several coatings (depicted as time vs. temperatiwe) employed in various
embodiments and controls/comparisons in accordance with the instant disclosure. Referring to
Figure 4A, daia i3 included for both the non-aligned hBN as well as the aligned hBN {lakes,
Without being bound by & particular mechanism or theory, these simulations provide analytical
support to the potential mechanism that the orientation of the plate-like particles on the surface
of the substrate contribuie to the amount of thermal protection (Le. insulation) imparted to the

substrate via the coating, as compared {0 a randomly aligned particle/flake,
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{00791  Figure 4B is a graph depicting case meliing delay time (ms) vs. coating type and
thickness {um}, obtained via computer modeling of the costing systems of various embodiments
and control runs in accordance with the instamt disclosures compared to the control Type 1
anodized coating, depicting four different substrates (AAS035 and AATORS, brass and steel}
having coatings containing hBN with two orientations (random and oriented paraliel to surface),
and vs. Type I hard anodized coating. Figure 48 shows both aligned (paraliel} hBN and
random oriented hﬁN; note that there is a lower, flatter curve for the paraliel oriented hBN than
random hBN (lower and flatter is the desived trend that gives longer delay time prior to melting
or anything eise bad happening to the case subsirate).

(0080 Figure 40 depicts a thermal model of time vs. temperature for several control
substrates compared to varions embodiments of the instant disclosure, hBN coated substrates,
(00811  Figure § is a graph of experimental data from Example 1, depicting weight loss of the
cases from the 40 Caliber firing trials (unadjusted weight loss) in accordance with various
embodiments of the instant disclosure.

[0082]  Figure 6 is a graph of experimcmai data from Example 1, depicting weight loss of the
cases from the 40 Caliber firing irials {adiusted for weight loss) in accordance with various
embodiments of the instant disclosure.

[0083]  Figure 7 is a graph of experimental data from Example 2, depicting weight loss of the
cases from the 5.56 mm firing trials (unadjusted for weight loss) in accordance with various
embodiments of the instant disclosure.

[G0%4]  Figure § s a graph of experimental data from Example 2, depicting weight loss of the
cases from the 5.56 mm firing trials (adiusted for weight loss} in accordance with various

ambodiments of the instant disclosure,
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{008S]  In the adjusted weight loss chans (ie. Figures 6 and &), the net weight loss is set to
zere for the undrilled cases in the adjusted weight loss chart series. Referring to the tables, the
adjusted weight loss amount depicts the 45% hBN coated 5.56 case appear to perform slightly
worse than Type [HI Anodized contrel (L. with the 0.030 drilled {small} hole). Without being
bound by a particular mechanism or theory, it is believed that in some embodiments, significant
weight loss can oocur in the hBN coated cartridge cases where there is no burn through event, In
some embodiments, the hBN in FP coating is configured to perform as a sacrificial costing, in
that it is configured to erode away during a firing event in the immediate area of a
manufacturing defect (Le. the holes in darnaged cases). Upon visual observation and inspection
of thess cases, in many instances the cases remained inmact with no visual indication of a bumn
through event, though weight loss cccurred to the case (based on the loss {erosion) of the
coating pursuant to the firlng event). In contrast, the control (e Type I Anodized coated
cases} are configured as a hard surface freatment on the case that is not configured a5 a
sacrificial coating. Thus, the control (Type HH anodized cases) do not typically exhibit a large
degres of exhibit weight loss sutside of a burn-through event. In a bum-through event, ifeven a
small portion of the ancdized coating is compromised, burn through propagates siguificantly
through the cartridge case subsirate resulting in a large weight loss.

{00867 Figure 9 depiots images of cases fired in the drilled hole experiment for a (.025 inch
hole and 4 0.0623 inch hole for a bare brass case, a type HI anodized aluminum case and a bare
aluminum case to depict relevant comparative burn through and erosion observable with various
gmbodiments and controls in accordance with the instant disclosure,

{00871  Figure 10 depicts a chart plotting the meliing delay time as a function of coating

thickness for two casings constructed of the same aluminum alloy and each having a 0.0623
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inch hole {c.g. simulating a worst-case scenario, large manufacturing defect in the case), in
accordance with various embodiments of the instant disclosure.

{00881  Figure 11 depicis erosion of the coating for System C {e.g. fluoropolymer with 45 wt.
%% hBN} in the area between the hole and the case groove, which is illustrated in the fired cases
in accordance with various embodiments of the instant disclosure, Without being bound by a
particular mechanism or theory, The coating is depleted during the firlng event and substrate is
exposed near the intentional damage (drilled hole) on cases marked ATSBY and ATSBS. Most
of the Type HT ancdized cases show Htile burning or erosion of the coating except HSZ, which
burned.

[O0RY]  Figure 12 illusirates variabilities encountered in the application of the fluoropolymer
with hBN coatings {labeled as ATH coating) in accordance with various embodiments of the
instant disclosure. Case ATLBEE is shown after firing, with relatively thick coverage of the
entire case {even near the damage/drilled hole to simulate a manufacturing defect) with the
coaling, and successful result (1.e. case protected, no burn-through event), Case ATLB2 béfme
firing, Hllustrating thin coating near the damage {intentionally drilled hole).

(00907 Referring to Figures 11 and 12, comparative photos of fired cases are provided, in
which the fluoropolymer +hBN costings are compared to the control casings (Type I
anodized). Slight surface unevenness/discoloration is depicted in the coatings with hBN, which
the Type IIf control casings exhibit a large amount of bum-through. Figures 11 and 12 contain
photographs illustrating the coating weight loss in the vicinity of the damage (hole} for the
System C coatings {(flooropolymer with 45 wi. % hBN), which (without being bound by a
particular mechanism or theory, are believed to sacrifice part of their thivkness and incur weight

loss through the function of preventing a burn through event/burning of the substrate. In



WO 2016/077585 PCT/US2015/060383
16

contrast, the ancdized surface of the anodized cases {control, Type Il Ancdized cases) remaing
on the case, unless/untit a critical point (femperaturs, pressure) is reached {Le. during a firing
event) at which point the avodized surface vields, the subsirate melts, and a burn through event

carries both the anodized coating and substrate into the gas stream,

DETAILED DESCRIPTION

(00917 Reference will now be made in detail to the sccompanving drawings and the
experiments performed to support the various embodiments herein, which at least gssist in

illustrating various pertinent embodiments of the present jnvention,

EXAMPLE 1: .48 Caliber Firing Trial

(00921 For the 40 Caliber firing trials, undamaged casings and intentionally damaged
casings were coated and fired, The infentionally damaged casings were included in the firing
trials 1o confirem what, if any, protective irpact the various cogting systems would provide
casings, in the event of a flaw in the wall of a casing permitiing the leskage of propeliant gas.
093] In crder to simulate such manufacturing defects, several sizes of round holes were
drilled into the sidewalls of cases; a small, mediwn, or large hole. The cartridges had either: no
hole (N} — no damage; a small bole (0.015 inch diameter); a medium hole {0.0625 inch
diameter); or a large hole (080 inch diameter) in the casing, along with a machine groove in-
line with the hole, to facilitate leakage of gases past the case sidewall.

[00941  The holes and grooves for the $.40 caliber casss were machined into the cartridges

prior to coating,
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Controel 1 Bare Case

(009351 For these cases, no surface preparation was completed. The casings were fired as-
received,

Contrel 2: Tvpe I Anodized Cases:

[0096]  For the Type Hi anodized cases, the cartridges were anodized in sulfuric acid at 20%
by weight, 50°F, with a current density of 36 amperes per sguare foot {(asfy for 40 minutes.
{Oxide thickness was 0.3 mil. The ancdized surface was sealed in Sealing Salt AN (nickel

acetate solution)) @ 200°F for 10 minutes.

System A: FP over tvpe 1B with alternate sealant

[0097]  The FP was appled to anodized {unsealed) cases that had been placed dry n 2
vacuum bag until FP was ready to be applied. The firing trial determined that this coating did
little to nothing to profect the case from burn through, as compared o the Control ~ Type I
Anodic coating {only},

00981 To apply a Type I anodizing layer to the cases, the cases were ancdized in sulfurnic
acid at 20% by weight, 30°F, 36asf for 40 mimues. Oxide thickness was 0.3 mil. The snodized
surface was unsealed with nickel acetate sealant.

{30991 A fluropolymer coating (PPG THCS697 Durabrite C high gloss clear Fluoropolymer)
was applied to over the surface of the Type I anodized case. To apply the coating, the cases
were hand-coated twice with an 80720 (by volume) mixture consisting of fluorapolymer coating
and Methyl Isobutylketone (MIBK)  The coated case was flashed off for three minutes in
between applications and prior to oven cure, The coating was cured for 8§ minutes in an electric

oven st to 470°F, with a PMT of 454°F, After it was confirmed by visual inspection that the
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coating had not covered the groove, fluoropolymer coating was applied (0 the hole and in-line

graove with a paint brush and the casing was cured a second time.

Svstem B: FP over tvpe Il w/ Standard Nickel Acetate sealant

(001007 To apply 2 Type Il anodizing layer to the cases, the cases were anodized in sulfuric
acid at 20% by weight, 30°F, I8ast for 40 minutes. Oxide thickness was 8.3 mil. The anodized
surface was sealed in Sealing Salt AS (nickel base) @ 200°F for 10 minutes,

(601011 A furopolymer coating (PPG THCS8ST Durabrite © high gloss clear Fluoropolymer)
was applied to over the surface of the Type I ancdized case. To apply the coating, the cases
were hand-coated {dipped} twice with an 80/20 mixture consisting of 8§0% fluoropolymer
coating and 20% methy! isobutylketons (MIBE)., The coated case was flashed off for three
minutes in between applications and prior to oven curg, The coating was cured for 8 winudes in
an electric oven set 1o 470°F, with a PMT of 439°F. After it was confirmed by visual inspection
that the costing had not covered the groove, fluoropolymer coating was applied to the hole and
in-line groove with a paint brush and the casing was cured a second time,

Svstem £ furensivmer coating mived with Particulade 2t 35 wi, % {1186 hBM)

(001021  To prepare the surface of the aluminum case, the case was cleaned and deoxidized. A
cleanser was applied to the casing {A31K Alkaline cleaner) 2.5 minutes at 140°F, followed by 2
rinse in tap water, then a spray of D water. To deoxidize the surface, the casing underwent an
Anodal® LFN for 2 minutes at room temperature {74°), foliowed by a tap water rinse and DI
waler spray.

(001031 To a glass jar with glass beads, 19.82 grams of fluoropolymer resin {(83% by weight)
and 6,94 grams of boron nitride solids (35% by weight} (hBN, PURP 1106, Saint Gobain) were

added. The iar with beads, fluoropolymer and hBN was inserted onto a paint shaker, which was
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operated for one howur in order to disperse the hBN powder into the fluropolymer coating. Onee
the mixing was completed, the mixture was further reduced with solvent (MIBK) for coating
application.

[001041  To apply the fluoropolymer coating, a mixture was preparsd consisting of {(by
volume) of 45 mL flucropolymer coating (PPG THCS697 Lot# 19474 Durabrite © hagh gloss
clear fnoropolymer) and 20 mi, methyl isobutyliketons (MIBX). Then, the casing was hand-
dipped and cured. To cure the coating, the coated cases were heated 1n an electric oven set to

460°F for a period of 2.5 minvtes, with a PMT range from 425°F to 430°F. {lpon visual

ohservation, no issues were noticed during application of the coatings,

Svatem I3 fiurepolvmer coatine with particulate I (BBM = PUHP 588 over bare cass

[0010351  To prepare the surface of the aluminum case, the case was cleaned and deoxidized, A
cleanser was applied o the casing (A31K Alkaline cleaner) 2.5 minutes at 140°F, followed by 2
rinse in tap water, then a spray of D water. To deoxidize the surface, the casing underwent an
Anodal® LFN for 2 mimues ar room temperature (74%), followed by a tap water rinse and DI
water spray.

(601067 To a glass jar with glass beads, 19.82 grams of fluoropolymer resin and 6.54 grams of
boron nitride solids (hBN, PUHP 500, Saint Gobaln) were added.  The jar with beads,
flucropolymer and hBN was inserted onto 8 paint shaker, which was operated for one hour in
order to disperse the hBN powder into the fluropolymer coating. Once the mixing was
completed, the mixture was further reduced with solvent (MIBK) for coating application.

(001071 To apply the fluoropolymer/bBN coating, 2 mixture {(by volume} of 45/28 mbs of

fluoropolymer coating (PP THCS697 Lot# 19474 Durabrite C high gloss clear Fluoropolymer
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having hBN therein} to methyvl iscbutviketone (MIBK) was prepared. Then, the casing was
hand-dipped and cured. To cure the coating, the coated cases were heated in an electric oven set
to 460°F for a period of 2.5 minutes, with a PMT range from 425°F to 430°F, Upon visual

ohservation, no issues were noticed during application of the coatings.

System §: fluropelvimer coatine with particulaie 2 (BN = LE AU 508 over bare case

(001087 To prepare the surface of the aluminum case, the case was cleaned and deoxidized. A
cleanser was applied to the casing (A31K Alkaline cleaner) 2.5 minutes at 140°F, followed by 2
rinse in tap water, then g spray of D water. To deoxidize the surface, the casing underwent an
Anodal® LFN for 7 minutes at room temperature (74%), followed by a tap water rinse and DI
water spray.

(001097 Measured out 19.82 grams of fluoropolymer resin and 684 grams of boron nitride
solide (hBN, LEAU 500, Saint Gobain) and placed in g glass jar with glass beads. The jar with
beads, fluoropolymer and hBN was inserted onto & paint shaker, which was operated for one
hour in order 1o disperse the hBN powder into the fluropolymer coating. Once the mixing was
completed, the mixture was further reduced with solvent (MIBE) for coating application.

(001191 To apply the flucropolymer/hBN coating, a mixture {(by volume} of 45/20 mls of
flupropolymer coating {(PPG 1HC3697 Lot# 19474 Durabrite O high gloss clear Flooropolymer
having hBN therein) to methyl isobutvlketone (MIBK} was prepared. Then, the casing was
hand-dipped and cured. To cure the coating, the coated cases were heated in an electric oven set
to 460°F for a period of 2.5 minutes, with a PMT range from 423°F to 430°F. Upon visual

observation, no issugs were noticed during application of the coatings.



WO 2016/077585 PCT/US2015/060383
21

Svsiem ¥ Silicons Coating over Tvpe [ with Standard Sealant

(00111} To apply a Type H{ anodizing laver to the cases, the cases were ancdized in sulfuric
acid at 20% by weight, 50°F, 36asf for 40 minutes. Oxide thickness was 0.3 mil. The anodized
surface was sealed in Sealing Nalt AR (nickel hase} @ 200°F for 10 munutes.

001121 A silicone coating (Dow Corning 1-2577 clear RTV) was applied over the surface of
the Type [ anodized case. To apply the coating, the cases were hand-coated (dipped) twice
with an 1/] mixture consisting of silicone coating {(Dow Corning 1-2577 clear RTV Y Methyl
Ethyl Ketone (MEK and {lashed off for three minutes in between applications and prior to oven
curs, To cure the coaling, the coated cartridges were cured for 10 minutes in an electric oven sel
at 180°F.

[00113] It was observed that the silicone coatings {even reduced with solventy would not
conform over the hole and the in-line groove with the dip method. {Hand-dipping a cartridge
into the as-received coating {undiluted with soivent) yielded the same result). A paint brush was

utitized {0 apply the coating over the hole and in-line groove,

Svstem o Anodic Oxide Coating over bare case (Marnamax-HT FT D

(601141 This coating was applied by Genersl Magnaplate (Linden, M}

Svstem K Fluropolvmer coatine with Particulate § a1 45 wi, %6 (hBN PUHP1108)

(001157 System K is similar to Systern C (40 caliber systom), but utilizes a larger wi. % of
ceramic particulate than Systen O (45 wt. % vs, 35 wi %),

00116} For sach shot completed in the firing trials, each case was visually inspected to
observe the coating and uniformity of the costing, After firing, each case was visually observed
for bumn through. Weight loss was calculated, where weight loss can be a factor in identifying a

burn through event. However, where the coating is sacrificial, weight loss is expected as the
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coating and/or coating constituents come off during the firing event. For each shot, metrics

were collected on the firing event to confirm that the fired shot was a good shot/true shot. The

firing event data collected for gach shot included: (8} peak pressure; (b) thme 10 peak pressure;

and {¢} velocity of shot. In some instances, firing trials having bad transducer readings were

confirmed {0 be good shots by the shot velooity measurement.  All shots in hoth the 40 Caliber

firing trials resulted in good shots,

Tabie of Welght Losses for 48 Caliber Firine Trials (Trial #1 and Trial #3
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B0N1T7] The bollowing observations were made in view of the data obtained from the firing
trails. It was observed that plain fluoropolymer coating over bare aluminum was an
improvement over bare aluminum casing (control 1)

[00118] It was observed that, during firing trials, the silicone coating became detached from
the case interiors when fired and was deposited by the propellant gases onto the barrel of the
firearm. This result was deemed unacceptable from a practical (barrel fouling) standpoint and
not pursued further. There was no observable bum through even in the large hole, “damaged”

cases, but the barrel of the 40 caliber gun was clogged. Tt is possible, with tweaking of the
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formulation or application fechnique, that a silicone coating could be utilized, given the success

of the coating in reducing, preventing, and/or eliminating bum-through.

(001191 In addition to completing weight loss calculations (1o understand whether and o what
extent burn through may have occourred), visual observations were also completed.  Withowt
being bound by a particular mechanism or theory, weight loss could be atiributed o the conting
burning off, where loss of the coating could resull in profection of the underlying subsirate
during a firing event {e.g. in the case of 3 “sacrificial coating™).

[001207  Thus, the effectiveness of the coating at protecting the aluminum subsirate can be
observed in images of the case after the firing event occwrred. A large amount of material loss
is observable when melting occurs during the firing of the ammunition. When the coating s
effective discoloration ocours, but the hole is still near its original dimension and shape and the
case can be seen to be intact.

(00121 In order to approximate a standardized evaluation of whether and to what extent a
“burn through™ event occurred in fired cases, a feam of seven individuals was assembled. The
team included three individuals with backgrounds in coating chemistry, three individuals with
engineering backgrounds, and two metallurgists. Each individual visually observed the fired
cases and ranked the cases in an order of “best” to “worsi” appearance. Subsequently, each of
the coating systems assigned a letter grade, which averaged the letter grades of the team
members regarding visually observed level/extent of “burn through” events. The letier grades
for each of the coating systems is set out below for the two controls and for four coating
systerns. A letter grade of A denotes littls to no burn-through, while a letter grade of C denotes

& large amount offevident burn-through, as svaluated via visnal observation. A letier grade of B
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denotes some burn-through, though less compared to a letter grade of “C7 and more as

;..4

compared o a letter grade of “BY,

Code | Label Smali | Medium Large Hole | Owverall
Hole Hole Hole Grade
B Bare case { C C C
{Control 1)
H Type I Hard O O+ C+ C+
Anodized
{Control 2}
RA | General C ¢ i C
Magnaplate
Al | Sihicong over Type | B A B B
I with Std,
Sealant
AP ﬁucmpahmcg‘ gver | A A A A
Type I anodize
AZP | FP over Type A A A A
Angdized {with
alternate asaimg“
"netrmd %&th
AAU{‘YO yim }

Exampnie 3: 5,36 mm Firioe Trials AATEES

(001221 The same preps for this trial for the various controls and coating systems were the
same as set oul above, with the exception that the fluoropolymer with particulate § included the
particulaie at 45 wit %)

Control 1: Bare Case

(001231 For these cases, no surface preparation was completed. The casings were fired as-

received,
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Contrel 2: Tvpe H Anodized Casess

[001241  For the Type 11 ancdized cases, the cariridges were anodized in sulfuric acid at 20%
by weight, 30°F, 36ast for 40 mimues. Oxide thickness was .7 mil. The anodized surface was

sealed in nickel acetate sealing salt AS @ Z00%F for 10 mimutes,

W
System K

(031251 To prepars the surface of the aluminum case, the case was cleaned and deoxidized. A
cleanser was applied 1o the casing {AJ 1K Alkaline cleaner) 2.5 minutes at 140°F, followed by a
rinse in tap water, then a spray of DE water. To deoxidize the surface, the casing underwent an
Anodal® LEN for 2 minutes at room temperature {747}, followed by a tap water rinse and DI
waler spray.

[0G1261  To a glass jar with glass beads, 19.82 grams of fluoropeiyvmer resin and 8.92 grams of
horon nitride sclids (hBN, PUHP 1106, Saint Gobain) were added. The jar with beads,
fluoropoivmer and hBN was inseried onto a paint shaker, which was operated for one hour in
order to disperse the hBN powder into the fluropolymer coating. Once the mixing was
completed, the mixture was further reduced with solvent (MIBXD for coating application.

001271 To apply the fluoropolymer coaling, 3 mixiore was prepared consisting of (hy
velume} of 45 ml fluoropolymer coating (PPG 1HCSH97 Lot# 19474 Durabrite € high gloss
clear Fluoropolvmer) and 20 mb methyl isobutylketone (MIBK). Then, the casing was hand-
dipped and cured. To cure the coating, the ¢oated cases were heated in an clectric oven set to
460°F for a period of 2.5 minutes, with a PMT range from 425°F to 430°F. Upon visual
observation, no issues were noticed during application of the coatings.

(001281 For the 5.56 nun firing trials, undamaged casings and intentionally damaged casings

were coated and fired. The intentionally damaged casings were included in the firing frials to
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confirm what, if any, protective impact the various coating systems would provide casings, in
the event of a small, medium, or large hole in the casing {aftributed o a manufacturing defect).
The cartridges had no hole (N} — no damage; a small hole (0,025 inch diameter); or a large hole
{.063 inch diameter} in the casing, along with a machine groove in-ling with the hole,

{00129} For each shot completed in the firing trials, cach case was visually inspected o
ohserve the coating and uniformity of the coating. After firing, each case was visually observed
for burn through, Weight loss was calonlated, where weight loss can be a factor in identifying a
burn through event. However, where the coating is sacrificial, weight loss is expected as the
coating and/or coating constituents come off during the firing event.  For sach shot, metrics
were collected on the firing event to confirm that the fired shot was a good shot/true shot, The
firing event data collected for cach shot included: {a) peak pressure; (b} time to peak pressure;
and {c} velocity of shot. In some instances, firing irials having bad transducer readings were
confirmed to be good shots by the shot velocity measurement. Al shots in both the 40 Caliber

firing trials and the 5.56 firing trial resulied in good shots,

Table of Weisht Losses for 5,56 mm Firing Trials

Weight | Weight | Weight | Avg | Weight Motes and

#in before | after foss | within | less{- Visual
Coating | greup | Huele | {mg) {mg) {mg} | group | baseling} | Observations
Control 2:
z’lzgfi g Baseline - Fired
wf Sid ' all as second
Sea;lanti' series in the trigl
1 N | 24612 | 24643 -3.1 . - all normal
-2.8 NA

Control 2
Type {11
Anodized
wi Std

Sealant ' N 24608

3
g
o,
[ye
L
¥
[
L
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Control 2:
Fype I 11 WNo flash, some
Anodized ering Gihole
o St czatcrmg {Eha
. edge, no
Sealant 31 8 24685 | 24714 | 29 burning
Control 2: Mo flash, more
Type HI cratering @hole
Anodized edge than 3, no
wi St burning, starting
Sealant to see erosion in
chamber
embossed on
cartridge around
4 S 2461.2 | 24637 -3.8 hole
Control 2 Some fash,
Type I distinet chamfer
Anodized from eresion
wi Std. arpund hole
Nealant edge, no
damage io
5 5 24533 § 24363 -3.0 glecior groove
Control 2 Ng fiash, some
Type I cratering,
Anodized incipicent
wi Std. melting and
Sealant MO grooving
{whole, most
& S 24601 | 24628 -2.7 severe HS fired
Control 1: Baseline -
Bare Case 1545 157 exiensive
! S 124420 | 22875 | 1543 burning
System K
FP+ )
Particulate Near perfect
0 over coating erosion
Hare Case wing burn.
{Particulate Coating sag (@
7 = hBN head near flow
{1106 17.9 9 path 1st fired
’ 1 S 2520.6 | 2510.0 3.6 this barrel
;;ﬁem K Flash & Some
Particulate burning af exact
D over paﬁ@n of |
Bare Case previous shot -
helieved due (o
2 § | 2507.0 | 24555 1 515 firing (@ same
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clock position
wipre-gxisting
Zroove in
chamber Znd
case fired —
Outhier
System Ko no Hash - shight
P+ gven erosion of
Particulate coating and
{ over subsirate arcund
Bare Case hole edge. No
burning ist
fired in this
barrel {(new
3 S 1 25066 | 24953 £1.3 barrel}
System K flash - counld
FP+ n .

. ave switched
Particulate over into groove
{3 over f e
Sare Case X ) TOIm previous

4 5 24593 1 23833 | 1160 shot - Outlier
System Ko
FP +
Particulate
{ over
Baelase | s | g | ogoas |25 | 317 no flash
Control 2 Baseline - slight
Type 11 buming around
Anodized hole edge, along
wi Std. sidewall and
Nealant giector groove.
I L 24420 1 24360 5.4 {new harrel)
Countrol 2 Burning from
Type HI 363 distorted,
Anodized endarged, hole
wi Std. and case
Sealant sidewall,
Ejector land
removed
beneath plasma
2 o1 24621 | 23986 ¢ 635 flowpath.
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Similar damage

Type {1 tg #2, but also
Anodized trangverse crack
wi Sid. in case ahove
Sealant hole approx 0.7
inches from
3 Lo} 24492 1 24093 39.9 head.
Contrel 2: Waorst damage -
Type {11 fired later, out
Anodized of sequence, in
wi Std. oversized
Sgalant chamber. Gas
enfarged hole
going forward,
as well as
rearward,
Considered an
outlier {chamber
4 i 24196 | 23608 58.8 was oversized)
Control 1 Baseline -
Bare Uase 166.8 169 CRIEnsive
1 L1 24438 1 22770 1 16868 burning
System K 3rd in order of
P+ thickness, order
Particulate of firing.
{ over Cutsize
Bare Case chamber.
Rejected a3 an
autlier {chamber
! Loo{ 23111 | 23985 1 1126 gversized)
System K 2nd in order of
FP+ firing. Buwming
Particulate along case
0 over 378 29 sidewall and
Bare Case gieclor groove,
Shot was on last
“clean” segment
of chamber
wall, possible
explanation -
plasma jet may
have broken out
and info an
adjacent groove
2 L1 25321 | 24818 50.3 in chamber,
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Sysiem Ko Tt in order of

FP + firing, selection

Particulate based on

0 over coating

Bare Case thickness.
Suecessiud,
Yery little
burning, some
erosion around

3 Lo 1 2535572 1 25296 1 256 hole edge.

[G0130]  Without being bound by a particular mechanism or theory, it is believed that as the
ceramic additive {(e.g. hBMN) has a higher melting point than the conformal coating
{fluoropelymer coating) the additive s configured o remain intact at & higher temperature {8.8.
firing event) and/or sublimate at high temperaturss to remove heat of condensation in the firing
zone {g.g. within the chamber) to confer a thermal protection benefit to the underlying substrate,

(001311  Without being bound by a particular mechanism or theory, in this kind of mixture {f.e.
coating with lower melting point and ceramic additive with higher melting point), the benefits of
the added ceramic are believed to be conferred to the mixture in & manper akin fo a “mixture
rule”, where the bulk properties Hke melting point, thermal conductivity, emissivity, ete., are a
combination of these properties of the base coating (matrix) and of the particle, more or less in
proporiion to the relative amounts of each component (e.g. and, may be generally isotropic and
non-directionally oriented or randomly and non-directionally aligned), For example, hi3N has a
melting temperature al approximately 3000°C, depending on pressure. At standard atmospheric

pressure, it sublimates at a temperature of 2973°C (3383°F). At elevated pressures of & GPa

(870726 peid, HBN melts at 322770 (SR40°F),
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[00132] Without being bound by g particular mechanism or theory, it is belisved that hEBNs
ability {in certain forms) o lay in a substantially flat configuration along the surface of the
substrate, such that the plates ave configured in a substantially parallel direction o the surface of
the substrate is belisved fo provide the least quantity of heat conduction into the substrate {e.g.
heat from the gas stream) as compared o other configurations/alignments.

(001337 Without being bound by a particular mechanism or theory, it is believed that the
alignment configuration of the ceramic additives {e.g. hBN in plate-like configuration) is
helisved to increase the amount of thermal protection (i.e. insulation) imparted by the coating on
the substrate, as compared to amount of thermal protection imparted ina céating having ceramic

additives in a randomly oriented plate/fiake-like configuration.

EXAMPLE 3. hBN Varieties in Coatine Rvstems, Applied fo AA 6081 Panels

(00134] In order to evaluate the effectiveness of hexagonal boron nitride as a constituent ©
the cartridge casings, panel tests were completed, in which hBN was added to the flucropolymer
resin solids (hBN at 35 wi % of the FP resin solids). The ability to mix hBN inio the coatings
was evaluated, as well as application over aluminum panels {only surface-cleaned). The coated
panel specimens were evaluated for coating uniformity using SEM, pencil hardness, and
abrasion resistance tests, For Trials 1-8 set out below, cach A4 6061 panel was clesned prior fo
coating application,

001351 For Trial #1, the costing was an 80720 mix by volume of Fluoropolymer coating
(PPG THCS69 7 hwabeite € high gloss clear Fluorepolyvmer) to MIBKL A vortex mixer was

utilized to mix the boren nitride powder into the coating. The 0061 panel was hand-dipped onece
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and flashed off for one minute prior to oven cure. Cure was completed in an eleciric oven set at
390°F for 2 minutes.

(001361 For Trial #2, the coating was 4.60grams of hBN powder (FUHPS09, Saint Gobain}
mixed into 30mbs coating {13214 grams of fluoropolymer resin solids) coating / 7.5mls
MIBK. A vortex mixer was utilized to mix the boron nitride powder into the coating, The 6061
panel was hand-dipped once and flashed off for one minute prior to oven cure, Cure was
completed in an electric oven set at 390°F for 2 minutes,

{00137 For Tral #3, the coating was 4.60grams hBN powder (PUHPL106, Saint Gobain)
mixed into 30mils (13214 grams of fluoropolymer resin solids)] coating / 7.5mb MIBK. A
vortex mixer was wilized to mix the boren nitride powder into the coating, The 6061 panel was
hand-dipped once and flashed off for one minute prior to oven cure, Cure was completed in an
electric oven set at 390°F for 2 minutes.

[001381  For Trial #4, the coating was 4.60grams of hBN powder (PEG Dimethicone Treaded
LEAUS00, Saint Gobain) mixed into 30mls costing (13.214 grams of fluoropolymer resin
solids} / 7.5mbs MIBE. A vortex mixer was uttlized {0 mix the boron nitride powder into the
coating, The 6061 pansl was hand-dipped once and flashed off for one minute prior to oven
cure. Cure was completed inan electric oven set at 350°F for 2 minutes.

{0013%]  For Trial #5, the coating was a combination of fluoropolymer coating (PPG
THCS697, Durabrite C high gloss clear Fluoropolymery/Silicone coating (Dow Coming 12577
clear RTVYMIBK in the ratic of 30/5/25 mbs. A vortex mixer was utilized to mix the boron
nitride powder into the cogting, The 6061 panel was hand-dipped once and flashed off for one

minute prior to oven cure. Cure was completed in an electric oven set at 390°F for 2 nunutes.
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001481 For Trial #6, the coating was 4.60 grams of hBN powder (PEG Dimethicone Treaded
LEAUS00, Saint Gobain) mixed into PPG/Dow/MIBK 38/5/25mLs, by vohume, A vortex mixer
was utilized to mix the boron nitride powder into the coating. The 6061 panel was hand-dipped
once and flashed off for one minute prior to oven cure. Cure was corupleted in an electric oven
set at 390°F for 2 minutes, and after cure, the coating was inspected and confirmed.

(001411 Scratch Resistance Tests were completed in accordance with gensral industry
practices {using & faber linear-sbrasion} and test results are depicted in the table below. For
cach scratch resistance test, a single 2 inch stroke was done {per weight) and evaluated with
copper sulfate for coating break through., An acidified copper sulfate was completed on each
sarnple for § minutes to verify break through. It was observed that break through diminished as
the coating weight increased vs, different loading. It was observed that the coating with silicone
added in (silicone + fluoropolymer) had less scratch resistance than the fluoropolymer coating.
it was ohserved that the hBN additive of LEAU 500 did not appear to reduce scraich resistance
as compared to no additive, Tt was ohserved that both coatings with the PUHPS00 & LEAUS00
hBN additives provided roughly equivalent scrateh resistance as compared {o the coating of
Fluoropolymer {without hBNY. It was observed that the coating with 3N additive PUHPII0S

started to show coating break-through &t 800 grams of weight.
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TASIR LINEAR ABRASER Muodel 5750 - Single scratch testwith Imm tip

. Fluoropalymer Fiafc-ampaiymer Huoropolymer Fluorppolymer (Flucropolyms
s;sgana«ksup;?m welghts Fluarapolymet fSiliconef faitizone fSobyent FSolvent fLEALHSolvent/PUE
sserateh tip fSobvent . SSolvantf/LEaY
. added | Solvant mix FPURP 500 500 1306
Fextia weight KB s 300 minBO20 o800 eSO/
mix 30/5/25
Coating thickness rangs top o bottom in mils G- 114 55- .85 LB84-.94 83-1.74 57139 57-112
N fig-mis § e mds  m kgl m g} addg
LR 481 | 028 261.60 710 serateh
31 381 | 031 311,60 +50 no seratch
3.5 §81 1 038 363,60 +150 N sorateh
4.3 481 § 041 411.60 +150 10 serateh
3y 391 1 051 51180 +250 no seratch e
P : NG testing done
5.5 981 1 (58 561,60 +300 ng seratch
6.3 481 | 0581 §11.60 +350 710 serateh
8.5 381 | 0.56 651.60 +400 serateh
7.5 8981 | 478 ToLED +500 seratch
8.0 581 | Q8 81160 +550 seratch
serateh & sratch &
85 81 | D86 851.60 4600 serateh coating break | coating break serateh scrateh sorateh
through through
scratch & seratch &
8.5 a1 | 0.8 S1L.60 +650 seratch coating brask | coating break stratch seratch serateh
through through
seratch & seratch &
5.8 .81 ) LG 101180 +750 seratch coating break { cosiing break seratch scratch serateh
through through
seratch & scrateh & stratch &
in4 381 | 106 106164 +800 scrateh coating break | coating break serateh serateh coating hraal
through through through
seratch & scratch & straich &
ing 381 L 111160 +850 seratch costing braak | coating break seratch scrateh coating breal
through through through
scratch & sorateh & sgratch &
114 381§ Lig 118160 HG0 seratch coating break | coating break serateh serateh coating breal
through through through

EXAMPLE 4: Cocfficient of Frictdon Tests, Fluoropelvmer, hBN, Bare Aluminum

ro01

421

Coefficient of Friction (CoF) tests were completed on four coating systems and a bare

aluminum surface {control}. The samples were tested in the rolling direction with a load of

1000 grams. The speed was set at 20 % of maximum and the bridge amplifier with 2 100 % load

at fuil scale. The paper speed setting is 5 centimeters per second.
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Sample | Identification Units | Ualculation Coefficient of
Friction
Standard 0 400 0.4
{control®) | furopolymer bare
2 Standard & 240 (.24
flugropolymer
3 LEAL 500 3 120 (.12
& PUHP 300 4.5 {80 .18
S PUHP 1106 7 280 (.28

Control * vefers 1o the control for the abrasion and friction tests, which is fluoropolymer

over aluminum (with no hBN added to the fuoropolymer).

EXAMPLE 5 Simulation of Thermal Model darine Fiving Event

301431 A one-dimensional thermal model was created in order to prediet/project the ability of
coatings to survive a firing event. Varisbles incluading: coating thickness, coating components,
metal subsirate, ete. were Incorporated into a mathematical model and graphs for various
coating systems were plotted, in temperature vs. Hime according to the firing event’s predicted
thermal event and firing duration. The goal was for the coating system o protect the underlying
metal {(aluminum substrate) for 2 long enough duration and from the full thermal event such that
the coating system imparted some protection/barrier to the underlying substrate material during
the firing event {e.g. o prevent degradation/a burn through event, in the case of certain substrate
materials),

001441 Regarding the simulation, withow being bound by any particular mechanism o
theory, the fow of propellant gases is estimated using compressible gas flow theory, with the
assumption that the flow of gas is a choked flow of propeliant gases through the hole, This

theory determines the gas properties along the length of the hole: temperature, pressure, density,
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and velecity, Convective and radiation heat transfer are then estimated using the flow

conditions within the hole.

[00145] Withouwt being bound by any particular mechanism or theory, it is beligved that
radiation heal transfer is insignificant as compared {0 convective heat transfer, and it is possible
to estimate the heat transfor from the propellant gases in the drilled hole experiment from the
chamber conditions: temperature, pressure, and gas composition.

(001461 During the firing event for g 5.56 mm case, the case pressure rises from atmospherie
pressure 1o i maximum pressure 0.7 ms afler ignition, then the case pressure decreases to
atmospheric pressure 2.2 ms after ignition. The pressure-time trajectory is known, and the peak
pressure of the case may be in the range from 50000 psi to 70000 pst.

[001477  Published heat transfer estimates were coupled with a one-dimensional compuiational
heat conduction model and compared with published test results comparing brass to anodized
alominum o bar aluminum cartridge cases (In order to establish validity of the model with
actual test data). Figure 9 shows images of cases fired in the drilied hole experiment for a 0.025
inch hole and a 0.0625 inch hole for a bare brass case, & type [ anodized aluminum case and a
vare aluminum case. As depicted in Figure 9, the brass case remained intact for both hole sizes,
As shown in Figure 9, the anodized aluminum case remained intact for the §.023 inch hole, but
hiad significant melting for the 0.0623 inch hole. As shown in Figure 9, the bare aluminum case
showed significant melting for both hole sizes.

[O0148]  Withouot being bound by a particular mechanism or theory, the model calculates the
transient temperature response within the coating and case material, which is used to determine
the time for the case 1o heat and begin to melt during a firing event. Results from the wodel can

be calibrated to test data and used to compare different case materials, coating materials and
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coating thicknesses, and predict the success of other case materials, coating materials and
thicknesses.

{0014%]  The table below compares the model prediction with the test observations {e.g
depicted in Figure 9). The bare brass case is used as a baseling and is regarded as having
adequate performance for the drilled hole test. It s important to note that the propellant gas
temnperature is 80 high that, via the model, both the aluminum and brass cases are predicted to
melt before the fiving event 1 complete, less than 2.2ms, given unobstructed flow for the entire
duration of the test. As stated earlier, the flow through the drilled hole may be reduced if the
case does not melt before the peak pressure at 0.7 ms. The model predicted that the type I
anodized case, having 8 coating thickness of 0.0007 inches, has a time to initiate melting shorter
than bare brass, Finally, the model predicted that the bare alumimun case has the shortest time
to initiate melting.

(001501 The published data from the firing trial suggests there is a tweshold between §.50 ms
and 0.63 ms, where case melting increases dramatically,

(00131} In the table below, the published test observations are compared with the predictions
from the thermal model. As depicted below, shorter time to inftiate melting corresponds to case
melting, and longer time to initiate melting corresponds to the case being intact after the drilled
hole test.

(001521 The model was nsed to identify alloys, coating materials and their thickness that
would prevent melting to the same capacity as bare brass. Figure 10 depicts a chart plotting the
meiting delay time as a function of coating thickness for two casings constructed of the same
alurminum alloy and each having a 0.0623 inch hele {e.g. simulating a worst-case scenario, large

manufacturing defect in the case). One case included a coating system having hexagonal boron
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nitride thersin and the other casing had an anodized coating (Type I anodized coating). Also
depicted in Figure 1{ are the bare brass baseline and the total event duration. From Figure 10, it
is predicted that the anodized coating of 1.25 mil would be reguired o meet the same melting
delay time as for the bare brass case, and 2.4 mil to last the entire duration of the firing event.
Figure 10 predicts that the boron nitride coating has the potential {0 exceed the performance of
both brass and av snodized coating, where a coating of canly §.5 mil is predicted to provide

sufficient profection to the aluminum case for the entive duration of the firing event.

[GO1531 In some embodiments, the coating comprises a thermal diffusivity of not greater than
5 % 10% m¥s. In some embodiments the coaling comprises a maximumm {emperature of not
greater than 2000K.

[60134] Without being bound by a particular mechanism or theory, although the adiabatic
flame temperature for the propellant gases, typieally 3000 X, may be substantially high than the
maximiun temperature of the coating, it is beligved that the duration of heat transfer (during the
firing event) is not long enough for the temperature of the coating to heat beyond its upper Hmit,

(O0155]  While varicus embodiments of the present fnvention have been described in detail, it
is apparent that madifications and adapiations of those embodiments will occur o those skilled
in the art. However, it is to be expressly understond that such medifications and adapistions are

within the spirit and scope of the present invention.
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Embodiments;

[00156] Embodiment 1: An apparatus, comprising: a substrate configured into a casing, the
casing having at least one sidewall such that the casing includes an inner sidewall and an outer
sidewali, the casing configured such that it has two opposing ends: a first end and a second end;

a projeciile configured to sit within and be retained by the casing and positioned
adjacent to the first end; a propellant, the propellant configured between the projectile and the
second end of the casing, the propellant configured to expand upon a firing event and project the
projectile from the casing; and a coating comprising a conformal coating layer having a
particulate boron nitride {dispersed] therein, wherein the coating is configured {o cover at least
one of the inner sidewall and the outer sidewall, such that at least one side of the subsirate s
covered by the coating.

(001571 In some embodiments, the coating is configured cover the inner sidewsll and outer

sidewall of the casing such that the casing is encased within the coating,

{O0158]  In some embodiments, the casing comprising an ammunition casing

{00159] 1o some embodiments, the casing comprises an anununition casing oft 3.56 mum
NATO; 223 Remington; % mm; 40 Caliber S&W; or a 0.45 ACP.

FO0I60]  Insome embodiments, the casing comprising a cartridge for squib for a power tool,

(00161} In some embodiments, the substrate is selected from the group consisting off
sluminum, aluminem alloys {e.g. Zxoor, dxxx, and Txxx series aluminum alloys, 2024, 6035,
T075, 7085), magneshur, titanium, steel, plastic, and polymers.

[00162]  In some smbodiments, the sobstrate comprises a pipe {e.g. mining pipe, chemical
pipel.

(00163]  In some embodiments, the substrate comprises an alr bags assembly.
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100164]  Embodiment 20 An apparatus, comprising: s substrate configured into a casing, the
casing having at least one sidewall such that the casing includes an inner sidewall and an outer
stdewall, the casing configured such that it has two opposing ends: a first end and a second end;
a projectile configured to sit within and be retained by the casing and positioned adiacent 1o the
first end; a propeilant, the propellant configured between the projectile and the sscond end of
the casing, the propeliant configured to expand upon a firing event and project the projectile
from the casing; and  a coating comprising a fluorepolymer layer having a particulate boron
nitride [dispersed] therein, wherein the coating is configured to cover at least one of the wnner
sidewsll and the outer sidewall, such that at least one side of the substrate is covered by the
coating.

[001631  Embodiment 3 An apparatus, comprising: sn ammunition cartridge casing
comprising a subsirate configured to retain a projectile and a propellant, wherein the
ammunition cartridge casing is configured with a coating thereon, wherein the coating includes:
a fluoropolymer portion and an additive configured to be dispersed within the fluoropolymer

portion.,

(001661 In some embodiments, the flucropolymer portion is configured to cover the subsirate
{e.z. completely encase the substrate).

(001671 In some embodiments, the additive comprises a ceramic additive.

{00168] In some embodiments, the ceramic additive i selected from the group consisting of
alumina, boron niride, tania, and combinations thereof

(001691 In some embodiments, the additive is present in a range ofr al least $ wt. % t© not

greater than 70 wt. %,
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001707 In some embodiments, the casing {ammunition cartridge with coating} is capable of
withstanding pressure during a fiving event yielding & pressure of at least 40 ksi,

(001711 In some embodiments, the casing {ammunition cartridge with coating} is capable of
withstanding a firing event duration of af least 2.2 mas.

[00172]  In some embodiments, the ammunition cartridge casing is capable of withstanding a
temperature during a firing event of not greater than 3080C.,

(001731 In some embodiments, the coating is a sacrificial coating (i.e. is lost/burned off a5 a
result of the firing event),

(01741 In some embodiments, the coating is configured on the putside of the case.

(601751 In some embodiments, the coating is configured on the inside of the case,

[00176]  In some embodiments, the costing is configored {o encase the subsirate {e.g.
completely cover and surround the inside, cutside, and upper Hp/opening, along with base of the
£ase ),

[0G177]1  In some embodiments, the addifive comprises a ceramie particulate material,

(G0I781 In some embodiments, the additive is selected from the group: aluming, tifania,
zirconia, boron nitride, cubic boron nitride, hexagonal boron nitride, boron nitride polymorphs,
and combinations thereof In some embodiments, the additive is surface ireated. In some
erubodiments, the additive is surface treated with a polymer. In some embodiments, the additive
is swface treated with a silicone based polymer andfor a polymethyl siloxane based polymer,
where the polymer(s) isfare configured to cooperale with the coating and the subsirate to
promote ¢ coated substrate having an surface-treated additive therein. Some non-limiting
examples of silicone-based polymers {e.g. utilized with BN-additives include dimethicone {e.g.

fydrophilic or hydrophobic dimethicone), methicone, and combinations thereof}.
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(001791 In some cmbodiments, the additive comprises uniformly sized granules,

(001807 In some embodiments, the additive comprises non-uniformly sized granules.

[00181]  In some embodiments, the coating shickness ranges from 0.25 mil to 2.0 mil thick,

(001821 In some embodiments, the additive comprises a spherical shape.

001831 In some embodiments, the additive comprises a plate-like shape.

[00184]  In some embodiments, the additive comprises a polygonic cube,

(001857 In some embodiments, the additive comprises a prismatic shape {e.g. with an aspect
ratio of approximately 1.0

[00186]  In some embodimenis, the additive comprises a whisker shape (e.g. thinrod shaped}.

00187 In some embodiments, the additive comprises a discoidal shape (e.g. circular flat
shape).

001881  In some embodiments, via visnal observation, the casing does not exhibit a bum
through event,

[00189]  In some embodiments, via visual observation, the casing does not exhibit burning.

[00190]  In some embodiments, via visual ohservation, the casing does not exhibit erasion.

001911 In some embodiments, via visual observation, the casing does not exhibit melting.

[00192]  In some embodiments, the coating is configured to insulate the substrate {rom the heat
and pressure of the firing event,

001931 In some embodiments, the coating is configured to isolate the subsirate from contact
with the gas released during the firing event (L.e. gas cansed by ignition of propellant).

(001947 Insome embodiments, the coating comprises an organic conformal coating.

001951 In some erubodiments, the coating comprises a fluoropalymer.
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f00196] In some embodiments, the coating comprises 8 fluoropelymer; a solvent, and at least
one additive.

(001971 Embodiment 4: An apparatus, comprising: 8 cariridge case comprising a substrate
{e.g. Al Ti, brass, steel, plastic), the cartridge case having: a base, a perimetrical sidewsll
configured to swrround the base and extend upward from the base, and  an open, upper end,
and g coating on the base and the perimetrical sidewslt of the car‘triége case; whereln, via the
coating, the cartridge case does not exhibit burn-through during a firing event that has a duration
of greater than two milliseconds, where the firing event produces a gas having pressure of at
feast 40 ksl and & lemperature not greater than 3000°C.

[G01987 Embodiment 5: A method, comprising: forming a cartridge casing from a substrate
material o provide a body having at least one sidewsll, the cartridge casing having a first end
and a second end, wherein the cartridge casing is configured fo retain 2 projectile and a
propeliant; coating a carlridge casing with a layer of furopolymer including a ceramic
particulate dispersed thereing drying {curing) the coating to remove a solvent from the coating
and set the coating onto the surface of the subsirate {e.g. inner sidewall and/or outer sidewall);
positioning the propellant and the projectile within the casing; forming an ammunition cariridge.

[00199]  In somwe embodiments, coating comprises: spraying, dipping, brushing/painiing,
rolling, and combinations thereofl

(002001 In some embodiments, the method comprises cleaning the surface of the substrate
pricr 1o coating the substrate with a fluoropolymer.

(002017 In some embodiments, the method comprises deoxidizing the surface of the substrate
{e.g. when the substrate is an aluminum alloy) prior to coating the substrale with a

fluoropolymer,



WO 2016/077585 PCT/US2015/060383
53

002027 In some embodiments, the coated case comprises: 2 chemical compatibility (e
between the coating and the propellants retained in the case {charge and primer}}.

(002037  In some embodimenis, the coated case comprises: g corrosion resistance {e.g.
measured as a shelf life and/or resistance o moisture-rich environment}.

(002041  In some embodiments, the coated case comprises: a coefficient of friction sufficient
o reduce, prevent, and/or eliminate galling andfor spalling of the barrel and/or case. In some
embodiments, when the coated case comprises an aluminum alloy substrate, the cosfficient of
friction is less than .45,

[O02051  In some embodiments, the coated case comprises: a thermal resistance (e, sufficient
to withstand storage at hot temperatures, fire resistance, and/or being loaded into a firearm with
a preheated barrel {e.g. through repeated, previous firing events)).

[00206] In some embodiments, the coated case comprises: a propellant resistance (e, does
not undergo corrosion and/or degradation when in contact with the powder/charge).

{02071 In some embodiments, the coated case comprises: a waterproof case capable of being
imunersed/submerged in a Hguid {water) without losing tis ability to fire (i.e. primer, charge, and
case components remain intact). In some embodiments, the coated case comprises an abrasion
resistance {as measured in the coating or in the ability of the coating to reduce, prevent, and/or
sliminate abrasion of the underlying substrate {case}.

[00208]  In some embodiments, the coating is configured to protect a subsirate material (2.8
metal, polymer) during a short duration, high temperature heating event {e.g. rifle shot).

(00209]  In some embodiments, the casing components {coating and subsirate material} are
specifically configured as a system. In some embodiments, the substrate material is configured

to provide mechanical sirength {(e.g. strength, stiffhess, fracture toughness and other mechanical
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properties)y while the coating {¢.g. including ceramics or ceramic composite materials) s
configured to provide thermal protection and chendeal protection to the substrate {e.g. thermal
insulating, corrosion resistant and abrasion resistant propertiss),
[00210]  In some embodiments, the substrate comprises a thermal Imit below the temperaturs
of the firing event. However, the systenvcombination of subsirate and coating material is
sufficient to reduce, prevent, and/or eliminate heating the substrate o s thermal Hmit during

the short duration of the firing event,

302111 In some embodiments, the coating thickness is engineered to maintain the substrate

temperature low enough during the firing event to prevent it from degrading.
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What is claimed is;

1. An apparatus, comprising:

a substrate configured into a casing, the casing having at least one sidewall such
that the casing includes an inner sidewall and an outer sidewall, the casing configured such that i
has two opposing ends: a first end and a second end;

a projeciile configured to sit within and be retained by the casing and positioned
adjacent to the first end;

a propeliant, the propellant configured between the projectile and the second end
of the casing, the propellant configured to expand upon a firing event and project the projectile
from the casing; and

a coating comprising a conformal coating layer having a particulate boron nitride
therein, wherein the coating is configured to cover at least one of the inner sidewall and the outer

sidewall, such that at least one side of the substrate is covered by the coating.

2, The apparatus of claim 1, wherein the coating s configured cover the inner sidewsll and
outer sidewall of the casing such that the casing i3 encased within the coating.

3. The apparatus of claim 1, wherein the casing comprises ap ammunition casing.

4, The apparatus of claim 1, wherein the casing comprises an ammunition casing of; 5.58
mm NATO; 6.223 Remington; 9 mm; 40 Caliber S&W; or a .45 ACP,

3. The apparatus of claim |, wherein the casing comprising a cartridge for squib for a

power tool,
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6. The apparatus of claim 1 wherein the substrate is selected from the group consisting of)
aluminum, aluminum alloys 2xxx, dxxx, and 7xxx series aluminum alloys, 2024, 6053, 7075,
7085, magnestum, titanium, steel, plastie, and polymers.

7. The apparatus of claim 1 wherein the substrate comprises a pipe configured as mining
pipe orchemical {ransport pipe.

8. The apparatus of claim 1 wherein the substrate comprises an air bag assembly.

g, An apparatus, comprising:

a substrate configured inte a casing, the casing having at least one sidewall such
that the casing includes an inner sidewall and an outer sidewsll, the casing configured such that &
has two opposing ends: a first end and a second end;

a projectile configured fo sit within and be retained by the casing and positioned
adiacent 1o the first end;

a propeliant, the propellant configured between the projectile and the second end
of the casing, the propeilant configured to expand upon a firing event and project the projectile
from the casing; and a coating comprising a fuoropolymer layer having a particulate boron
nitride therein, wherein the coating {s configured to cover af least one of the inner sidewall and

the cuter sidewall, such that at least one side of the substrate is covered by the coating.

14, Axn apparatus, comprising:

an ammunition cartridge casing comprising a2 substrate configured to retain a projectile
and a propeliant, wherein the ammunition cartridge casing {s configured with a coating therson,
wherein the coating includes: a Huoropolymer portion and an additive confipured io be dispersed

within the fluoropsivmer portion.
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i The apparatus of claim 10, wherein the fluoropolymer portion is configured to cover the
subsirate by completely encasing the substrate,
12 The apparatus of claim 10, wherein the additive comprises g cevamic additive,
i3 The apparatus of claim 10, wherein the ceramic additive is selected from the group

consisting oft aluming, boron nitnide, tiania, and combinations thereof.

14, The apparatus of claim 10, wherein the additive is present in & range of) at least S wt. %
to not greater than 74 wt, %,

15, The apparatus of claim 18, wherein the ammunition cartridge with coating is capable of
withstanding pressure during a firing event vielding a pressure of at least 40 ksl

16. The apparatus of claim 10, whereln the ammunition cartridge with coating is capable of
withstanding a firing event duration of at least 2.2 ms.

i7. The apparatus of claim 10, wherein the ammunition cartridge casing is capable of
withstanding a temperature during a firing svent of not greater than 3000C,

& The apparatus of claim 10, wherein the coating is a sacrificial coating configured fo be

lost, burned off, or removed from the substrate as a result of the firing event.

19, The apparatus of claim 10, wherein the coating is configured on the ouiside of the case.
24, The apparatus of claim 10, wherein the coating is configured on the inside of the case.
21, The apparatus of claim 10, wherein the costing is configured o encase the substrate by

completely covering and surrounding the inside, outside, and upper lip/opening, along with base
of the case,

22, The apparatus of claim 14, wherein the additive comprises a ceramie particulate material,
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23, The apparatus of claim 10, wherein the additive is selected from the group: alumina,
titania, zirconia, borom nitride, cubic boron witride, hexagonal boron niiride, boron niiride

polymorphs, and combinations thereofl

24, The apparatus of claim 10, wherein the additive is surface treated.

25, The apparatus of claim 10, wherein the additive comprises uniformly sized granules.

28, The apparatus of claim 10, wherein the additive comprises non-uniformly sized grannies.
27 The apparatus of claim 10, wherein the coating thickness ranges from §.25 mil to 2.0 mil
thick.

28, The apparatus of claim 10, wherein the additive comprises a shape selected from the

group consisting oft & spherical shape; a plate-like shape; a polygonic cube; a prismatic shape
having an aspect ratio of approximastely 1.0.; a whisker shape having a thin-rod shape; a
discoidal shape configured as g circular flat shape; and combinations thereof,

2%, The apparatus of claim 10, wherein via visual observation, the casing does not exhibit at
feast one oft  a bumn through event; burning; erosion; meliing; and combinations thersof, as
gualified via visual observation after a firing event.

30. The apparatus of claim 10, wherein the coating is configured to insulate the subsirate
from the heat and pressure of the firing event.

31 The apparatus of claim 10, wherein the coating is configured 1o isolate the substrate from
contact with the pas released during the firing event.

32, The apparatus of claim 10, wherein the coating comprises an organic conformal coating.

33, The apparatus of claim 10, wherein the coating comprises a flupropolymer.
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34,  The apparatus of claim 10, wherein the coating comprises 8 fluoropolymer; a solvent, and
at least one additive,
35, An apparatus, comprising:

a cariridge case comprising @ substrate formed of at least one of Al T, brass,
steel, plastic, the cariridge case having: a base, a perimetrical sidewall configured to surround the
base and extend upward from the base, and an open, upper end, and a costing on the base and
the perimetrical sidewall of the cartridge case; wherein, via the coating, the cartridge case does
not exhibit burn-through during a firing event that has a duration of greater than two
milliseconds, where the firing event produces a gas having pressure of at least 40 ksl and 2

temperature not greater than 3000°C,

36, A method, comprising:

forming a cartridge casing from a substrale material to provide a body having at least one
sidewsli, the cariridge casing having a {irst end and a second end, wherein the cariridge casing is
configured to retain a projectile and 2 propeliant;

coating a8 cartridge casing with a layer of Suropolymer including & ceramic particulate
dispersed therein;

drying the coaling to remove & solvent from the costing and set the coating onto the
surface of the substraie;

positioning the propellant and the projectile within the casing; and

forming an ammunition cartridge.
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37, The method of claim 38, wherein drying comprises curing the coating.
38, The methed of claim 36, wherein  coating  comprises:  spraying, dipping,

brushing/painting, roiling, and combinations thereof.

39, The method of claim 36, wherein the method comprises cleaning the surface of the
substrate prior to coating the substrate with a fluoropolymer,

43, The method of claim 36, wherein the method comprises deoxidizing the surface of the
substrate when the substrale is an aluminum alloy prior to coating the substrate with a
fluoropolymer.

41, The method of claim 36, wherein the coated case comprises: a chemical compatibility
configured between the coating and the propellants retained in the case.

42, The method of claim 36, wherein the coated case comprises: a corrosion resistance
measured as a shelf life; resistance to moeisture-rich environment; and combinations thereof

43, The methoed of claim 36, wherein the coated case comprises: a coefficient of friction
sufficient to reduce, prevent, and/or eliminate galling and/or spalling of the barrel and/or case,
44, The method of claim 36, whersin the coated case comprises an aluminum alloy substrate,
the coefficient of friction is less than (.45,

45, The method of ¢laim 36, wherein the coated case comprises: a thermal resistance sufficient
o withstand storage at hot temperatures, fire resistance, and/or being loaded into a fircarm with g
preheated barrel,

46, The method of claim 36, wherein the coated case comprises: a propellant resistance such
that the coated case does not undergo corrosion and/or degradation when in contact with the

powder/charge.
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47.  The method of claim 36, wherein the coated case comprises: a waterproof case capable of
being immersed/submerged in a Hauid without losing its ability to fire.

48,  The method of claim 38, wherein the coated case comprises an abrasion resistance as
measwred in the coating or in the ability of the coating to reduce, prevent, andfor eliminate
abrasion of the underlying substrate,

49, The method of claim 36, wherein the coating is configured to profect g substrate
material during a short duration, high temperature heating event,

30, The method of claim 38, wherein the substrate comprises a thermal limit below the
temperature of the firing event while the coating system s sufficient to reduce, prevent, and/or

eliminate heating the substraie {0 its thermal Himit during the short duration of the firing event.



WO 2016/077585 PCT/US2015/060383

1/15

—

////////

FIG.1

CHANNEL GROOVE
(OPTIONAL)

FLAW

(
N \
A

FIG.2

SUBSTITUTE SHEET (RULE 26)



WO 2016/077585 PCT/US2015/060383

0.080 HOLE

0.030 HOLE

FIG.3A

TYPICAL UNFIRED CASES

0.015 HOLE

UNDAMAGED

SUBSTITUTE SHEET (RULE 26)



WO 2016/077585 PCT/US2015/060383

PUHP 500 hBN

FIG.3B

PUHP 1106 hBN

LEAU 500 hBN

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/060383

as¢-old ¢ Ol

WO 2016/077585

4/15

- - . .

2

W3S

‘L @734 00S Nv3a1 ‘be Nay

N3S ‘€ @134 90LL dHNd 'be

Nay

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/060383

WO 2016/077585

5/15

V¥ Old

(lw) SSINMOIHL

Sz A Gl ! G0 0
NOLYENG IN3AT L0l ———— .
ssvig wve  + e 2
TS v X T
GB0L WNNIKNY 3v@ O e I
GS09 WININOTY Tve OO e oA g 7
GB0L @IZIAONY I AL~~~ e R Ay ) i
GB0L WOONYY SLVId NGy — e— — e &7 P
G80L TITVAVd SALY1d NGy —--=-—— -« N & P g
G509 QIZIGONY Il 3dAL—0 - — 7 N ;S 4
G509 WOONYY SILV1d NGY--—©——- o sS4 b / +
6509 TITIVAVd SIIVid NEY—=e-—] o g S e
i r g . / ® ﬂ\
- 0\ /
» . Ve g ¥
e / / / k
\‘0\ / © 0\ 9\ /
o / o]
B R \\0 k \@ \ o
N / oo
‘.\.0\ 0 / e\ \L _ <
_‘x\ \\x & \ ‘ _*_
- \ \ i \. 1
» / ° F k
4 ba / /
% / P
s’ * ] s !
x_ L 1 / 1 \ i _ﬂ L

G0

-—

10
-

(sw) INIL AYTIA ONILTIN
SUBSTITUTE SHEET (RULE 26)

G¢



PCT/US2015/060383

WO 2016/077585

6/15

g+ °Ol4

(sw) INIL
¢ G'C rA Gl L

o

0 0

NOLLVING INIJld Ww9G'G—--- —

RNIVYIANIL ANWIXVW GBOL --—--—--

RNIVYIANIL ANNIXVW G609 — » —

Jov44NS LVALSANS W G0 ‘w77 LTL NOILVINIO 31vid NOONVY di NgY— o —
JOVARINS ALVIISANS w G0 ‘w7l £7L TATIVEVA SALVId dd NEY—-—o—--

JOVAUNS AAVILSANS w20 ‘W' g'£) QIZIGONY Il IdAL——=——

JOVRNS -ANNIKNTY V8 ———

00¢

1010) 4

009

008

(M) ¥NLVYIdNL
SUBSTITUTE SHEET (RULE 26)

0001

00¢lL

010, 4%

0091



PCT/US2015/060383

WO 2016/077585

¥ Old

7/15

(sw) 3JNIL
¢ G'¢ 4 Gl l G0 0
NOILVYNG ONRYId WWQG'G— + — - — 10
YNLYYIANIL NNNIXYN SSVHE J90IMIMYD 0F/0L—--%—— JOV4INS ‘SSViE Tve——-—-—
FINUVYIANIL ANNIXYN T331S DAV —--¢— IVNNS STIAIS IWVE---------- looz
JNIVYIdANIL ANNIXYA 680/ — - mp—m — JOVAINS “ANNIANTY F4vE
JOVRINS AIVAISANS W G0 ‘w7 £'Zl TITIVYVA SALVId dd NEY SSvid—o- — m%
JOVRINS JIVIISENS W G0 ‘w7 £'Z1 TITIVEVA SAIVId d4 Ngy T33US—--8-—--— &7 100t
JVAINS AMIISANS W G0 "W7Y L7 TITIVYVA SAVId d NEY WONINATY----©---—-| & \VN\
009
008
0001
—— 740021

0091

0081

000¢

(M) ¥NLYYIdNAEL
SUBSTITUTE SHEET (RULE 26)



WO 2016/077585 PCT/US2015/060383

8/15

FIG.5

2
u —
3 2z
~ER
e
E ~N ; o © = : L o
T — =
Ll
S vt SGEEMHS S
EYL B ¢
™~ g P g g 7) g 'g
8 o o
> o% & a B E QA
B r2¥de=zdE
RO ODNzZDEOD
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
Ly
: —
p— : o
o : X
Bl W
(72) : : (O]
= : : : %
s L
S N
~1 : : |
() LI S DL S SRS A A LML
2] s M T A
S |
= g
) :
L x
= : : o
= : P
= I
> i
Fava !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
= |
3 2
(=) : I
- : : =
; n
5 L
N
o
H H Lol
S
: : =
: =
i ) ) ) ) I I ) )
o o o o o o o o o o o
S S S S S S S S S S S
o 7o) = w0 o Te] o w o w o
un A M M N N -— -—

SUBSTITUTE SHEET (RULE 26)



WO 2016/077585 PCT/US2015/060383

9/15

ANODIZE STD SEALANT
EA2P SYSTEM A

[1BX, BJ CONTROL 1 BARE CASE
AAP SYSTEM B

RNH CONTROL 2 TYPE il
N ATB SYSTEM C
E APB SYSTEM D
[MALB SYSTEM E

[JAD SYSTEM F
EEIRA SYSTEM G

L
o]
-~ : xI
2 / 4 L
o : E ]
= N 3
S 7
S N
%) s
(7] : D p—— — e m
(e ] FEEEErrrreerrrrrerrrreerrrerrr e et e et rrr e
- i e T S - 'E"_'_"_'_'_"_'_"_‘_"_'_"_!L'_'_"_'_"_'_"_!_ °
= T —
= | TR0
= L
< : =
g : L
- N
o A -
= : : : : : : : B
o I
= : : s oo
S -
: ; : o
= s 5 X
: : : 7]
5 ¢
S \\
a
H : : Ll
: s s =
: : : 3
: : : i : : : : .
(an ] o o () [ ) (] [ ] [ o [am] o
S & & & §&§ & & & & & &
S v S v o 0 o 0 c v o
br B - F &M M o~ ~ — -

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/060383

WO 2016/077585

10/15

LDl

00°0¢-

3¥vE ¥3A0 NEY 9011 ‘SSOT IHOIAM  TIW L°0 3ZIGONV Il 3dAL ‘SSOT 1HOI3M

%,

@3LYOINN ‘SSOT LHOEM

JIoH 3091 [ ]
FI0H AS DM

@IVWINN 77

W ............................

-000
-00°0¢
-00°0¥
-00°09
-00°08
-00°001
-00°0¢1
-00°0v1
-00°091

00081

(Q3LSNPQYNN) SSOT LHIIEM TVIML ONRI Wwgg'g

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/060383

WO 2016/077585

11/15

8°0l4

34V Y3A0 NEY 9011 ‘SSOT LHOEM TN £0 3ZIGONV Il 3dAL *SSOT LHOEM

@3LVOONN ‘SSOT LHOIIM

TI0H 308V N

TI0H WS _H_ ............................................

000

-00°0¢

-00°0

-00°09

-0008

-00°001

-00°0¢1

-00°0¥1

-00091

(aasnray) SSOT LHOEAM TWRIL ONIMIA Wwgg'g

00081

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/060383

WO 2016/077585

12/15

6°9Ol4
AWNNIANTY 3dv8 3T0H HONI S290°0

ANNINNTY J3ZIAONV Il 3dAL -370H HONI G290°0

SSvdd J¥vE J10H HONI G290°0

WNNIANTY 3J4vE -370H HONI G20°0

NNNINNTY d3ZIGONY Il 3dAL :370H HONI GZ0'0

SSvig Jdvd ‘310H HONI G20°0

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/060383

WO 2016/077585

13/15

¢ G¢

O1"Old

(w) SSANMOIHL

[4

Gl | G0

NOLVANG INIAd WIOL ——
J10H G290°0 ¥04 3NM3SYE SSvid 3uve

0”7
-

Q3ZIGONY T10H HONI SZ90°0 - — ~- — - x?&

I NEY JT0H HONI GZ90°0 ——— &
\b\
\\Q\
n\&
\\01
B \\Q\
4
\b\
\&\
\&\
4
\\
\Q
b\

\\

e — e, _
9
o\

— T
o

\n

(sw) INIL AVTIA ONILTIW

G¢

SUBSTITUTE SHEET (RULE 26)



WO 2016/077585 PCT/US2015/060383

FIG.11

SUBSTITUTE SHEET (RULE 26)



WO 2016/077585 PCT/US2015/060383

15/15

FIG.12

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/060383

A. CLASSIFICATION OF SUBJECT MATTER
F42B 5/02(2006.01)i, F42B 5/26(2006.01)i, F42B 5/28(2006.01)i, F42B 33/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
F42B 5/02; F42B 9/28; BOSD 5/00; B32B 15/04; F42B 5/196; B32B 27/20; F42B 30/02; F42B 5/24; B32B 27/00; F42B 10/00; F42B
5/26; F42B 5/28; F42B 33/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: projectile, propellant, casing, coating, substrate, ammunition, burn through, fluoropolymer,
boron nitride

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2012-0199033 A1 (BYBEE et al.) 09 August 2012 35
See paragraphs [0006], [0024], [0032]-[0034], claim 27 and figure 2.
Y 1-34,36-50
Y US 2006-0234063 A1 (SASAKI et al.) 19 October 2006 1-34,36-50

See paragraphs [0002], [0023], [0044]-[0052], [0069]-[0070] and claims 1-3.

Y US 4041868 A (RAYLE et al.) 16 August 1977 2,20-21
See column 3, lines 24-27 and figure 1.

A US 2007-0095241 A1 (RICE et al.) 03 May 2007 1-50
See paragraph [0017] and claims 1-5.

A US 2011-0293955 A1 (TROWBRIDGE et al.) 01 December 2011 1-50
See paragraph [0024] and figure 3.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
29 February 2016 (29.02.2016) 29 February 2016 (29.02.2016)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

¢ Korean Intellectual Property Office HWANG, Chan Yoon
Y 189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

inb;imile No. +82-42-472-7140 Telephone No. +82-42-481-3347

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2015/060383

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2012-0199033 Al 09/08/2012 WO 2009-151429 Al 17/12/2009

US 2006-0234063 Al 19/10/2006 CN 101163762 A 16/04/2008
CN 103396709 A 20/11/2013
DE 602006011325 D1 04/02/2010
EP 1904595 Al 02/04/2008
EP 1904595 B1 23/12/2009
ES 2336702 T3 15/04/2010
JP 05021904 B2 12/09/2012
JP 2006-297685 A 02/11/2006
KR 10-1337746 Bl 06/12/2013
KR 10-2008-0026089 A 24/03/2008
US 7811664 B2 12/10/2010
WO 2006-113836 Al 26/10/2006

US 4041868 A 16/08/1977 None

US 2007-0095241 Al 03/05/2007 WO 2006-083309 A2 10/08/2006
WO 2006-083309 A3 12/07/2007

US 2011-0293955 Al 01/12/2011 US 8968827 B2 03/03/2015
WO 2009-134565 Al 05/11/2009

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - claims
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - wo-search-report
	Page 79 - wo-search-report

