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(57) ABSTRACT 

A reactive material that includes at least one of a fuel, an 
oxidizer, and a class 1.1 explosive and is formulated for use 
in a reactive material projectile. The reactive material is 
formulated to provide at least one of an overpreSSure of 
greater than approximately 9 pounds per Square inch at a 
radial measurement of 12 inches from a point of impact on 
a target, a hole greater than approximately 2 Square inches 
at an optimum penetration level in a target, and pressure, 
damage, and a flame when the reactive material bullet 
impacts a target. The fuel may be a metal, a fusible metal 
alloy, an organic fuel, or mixtures thereof. The oxidizer may 
be an inorganic oxidizer, Sulfur, a fluoropolymer, or mixtures 
thereof. A reactive material projectile having the reactive 
material disposed therein is also disclosed. 
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REACTIVE MATERIAL ENHANCED MUNITION 
COMPOSITIONS AND PROJECTILES 

CONTAINING SAME 

FIELD OF THE INVENTION 

0001. The present invention relates to reactive materials 
and, more specifically, to reactive materials Suitable for use 
in a munition, Such as a reactive material projectile, as well 
as to munitions in the form of projectiles containing the 
reactive materials. 

BACKGROUND OF THE INVENTION 

0002 Historically, it has been difficult to inflict cata 
Strophic damage on thin-Skinned targets using a long-range 
gun. The problem is even more pronounced with thin 
Skinned, fuel filled targets, Such as fuel tanks, fuel contain 
ers, or fuel Storage facilities. Conventional projectiles, Such 
as MK211, M8, or M20 armor piercing incendiary (“API”) 
projectiles, are designed to penetrate armor plating and to 
provide an incendiary flash. To provide the penetrating 
effects, the MK211, M8, and M20 API projectiles typically 
include a fill material that is an incendiary composition. For 
instance, in the MK211, the fill material includes Zirconium 
sandwiched between Composition B. While these projectiles 
penetrate thin-skinned targets, the fill material does not 
initiate when the projectiles come into contact with the target 
Surface. Rather, the projectiles pass through the thin-Skinned 
target and do not ignite fuel that is contained within it. AS 
such, the MK211, M8, and M20 API projectiles have limited 
effectiveness against thin-Skinned targets. 
0003) A fill material for use in an armor-piercing projec 

tile is disclosed in U.S. Pat. No. 4,237,787 to Wacula et al. 
The fill material is an incendiary composition that includes 
aluminum or magnesium, a nitrate or peroxide of potassium, 
Strontium, or barium, and a binder, Such as a chlorinated 
binder. U.S. Pat. No. 4,112,846 to Gilbert et al. discloses an 
incendiary material having a first metal, which interacts with 
a Second metal to form an intermetallic compound. The first 
metal is Zirconium, titanium, thorium, hafnium, uranium, or 
mixtures thereof and is present from 70-98.5% by weight. 
The Second metal is tin, lead, or mixtures thereof and is 
present from 1.5-30% by weight. Incendiary compositions 
having various properties have also been disclosed. In U.S. 
Pat. No. 6,485,586 to Gill et al., a low burning rate, high 
temperature incendiary composition is disclosed. The incen 
diary composition includes titanium, boron, polytetrafluo 
roethylene (“PTFE” or Teflon(R), and paraffin wax. 
0004 Incendiary materials have also been used as liners 
in projectiles, such as in warheads. In U.S. Pat. No. 4,381, 
692 to Weintraub, a quasi alloy zirconium (“OAZOR") mate 
rial is disclosed for use in munitions. QAZE) includes a long 
chain epoxy and a powdered metal mixture of Zirconium, 
aluminum, hafnium, magnesium, antimony, tin, and iron. 
Reactive or energetic materials have also been disclosed for 
use as liners in projectiles. A known reactive material 
includes a composition of aluminum and PTFE, as disclosed 
in U.S. Pat. No. No. 6,547,993 to Joshi. In U.S. Patent No. 
5,886,293 to Nauflett et al., a process of producing energetic 
materials for use in military pyrotechnics is disclosed. The 
energetic material includes a magnesium fluoropolymer, 
specifically magnesium/Teflon(E)/Viton(R) (“MTV”). 
0005. In order to defeat thin-skinned targets and particu 
larly those housing flammable materials, Such as fuels, it 
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would be desirable to produce projectiles that initiate on 
contact with the thin-skinned target. Therefore, it would be 
desirable to formulate fill materials that provide a higher 
energy output than those currently used, Such as in the 
MK211. 

BRIEF SUMMARY OF THE INVENTION 

0006 The present invention comprises a reactive mate 
rial that includes reactive material components from at least 
two of the following three component categories: at least 
one fuel, at least one oxidizer, and at least one class 1.1 
explosive. The reactive material is formulated for use in a 
reactive material projectile, Such as a bullet, and to provide 
at least one of an overpreSSure of greater than approximately 
9 pounds per Square inch at a radial measurement of 12 
inches from a point of impact on a target, a hole greater than 
approximately 2 Square inches at an optimum penetration 
level in a target, and pressure, damage, and a flame when the 
reactive material projectile impacts a target. The reactive 
material may be formulated to initiate upon impact of the 
projectile with a target. 

0007. The at least one fuel may be selected from the 
group consisting of a metal, a fusible metal alloy, an organic 
fuel, and mixtures thereof. A suitable metal for the fuel may 
be selected from the group consisting of hafnium, tantalum, 
nickel, Zinc, tin, Silicon, palladium, bismuth, iron, copper, 
phosphorous, aluminum, tungsten, Zirconium, magnesium, 
boron, titanium, Sulfur, magnalium, and mixtures thereof. A 
Suitable organic for the fuel may be Selected from the group 
consisting of phenolphthalein and hexa(ammine)cobalt(II 
Dnitrate. A suitable, fusible metal alloy for the fuel may 
include at least one metal Selected from the group consisting 
of bismuth, lead, tin, cadmium, indium, mercury, antimony, 
copper, gold, Silver, and zinc. In one embodiment, the 
fusible metal alloy may have a composition of about 57% 
bismuth, about 26% indium, and about 17% tin. 

0008. The at least one oxidizer may be selected from the 
group consisting of an inorganic oxidizer, Sulfur, a fluo 
ropolymer, and mixtures thereof. The at least one oxidizer 
may be an alkali or alkaline metal nitrate, an alkali or 
alkaline metal perchlorate, or an alkaline metal peroxide. 
For instance, the at least one oxidizer may be ammonium 
perchlorate, potassium perchlorate, potassium nitrate, Stron 
tium nitrate, basic copper nitrate, ammonium nitrate, cupric 
oxide, tungsten oxides, Silicon dioxide, manganese dioxide, 
molybdenum trioxide, bismuth oxides, iron oxide, molyb 
denum trioxide, or mixtures thereof. The at least one oxi 
dizer may also be Selected from the group consisting of 
polytetrafluoroethylene, a thermoplastic terpolymer of tet 
rafluoroethylene, hexafluoropropylene, and Vinylidene fluo 
ride, and a copolymer of vinylidenefluoride -hexafluoropro 
pylene. 

0009. The at least one class 1.1 explosive may be selected 
from the group consisting of trinitrotoluene, cyclo-1,3,5- 
trimethylene-2,4,6-trinitramine, cyclotetramethylene tetran 
itramine, heXanitrohexaazaisoWurtzitane, 4,10-dinitro-2,6,8, 
12-tetraoxa-4,10-diazatetracyclo-5.5.0.0.0'- 
dodecane, 1,3,3-trinitroaZetine, ammonium dinitramide, 2,4, 
6-trinitro-1,3,5-benzenetriamine, dinitrotoluene, and 
mixtures thereof. The reactive material may also include at 
least one binder Selected from the group consisting of 
polyurethanes, epoxies, polyesters, nylons, cellulose acetate 
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butyrate, ethyl cellulose, Silicone, graphite, and (bis(2,2- 
dinitropropyl)acetal/bis(2,2-dinitropropyl) formal). 
0010. In one embodiment, the reactive material includes 
tungsten, potassium perchlorate, and a copolymer of 
vinylidenefluoride-hexafluoropropylene. In another embodi 
ment, the reactive material includes bismuth, indium, tin, 
potassium perchlorate, cellulose acetate butyrate, and (bis(2, 
2-dinitropropyl)acetal/bis(2,2-dinitropropyl)formal). In 
another embodiment, the reactive material includes alumi 
num, Zirconium, and a copolymer of Vinylidenefluoride 
hexafluoropropylene. In another embodiment, the reactive 
material includes magnesium, cupric oxide, and a copolymer 
of vinylidenefluoride-hexafluoropropylene. In another 
embodiment, the reactive material includes hafnium and a 
thermoplastic terpolymer of tetrafluoroethylene, hexafluo 
ropropylene, and vinylidene fluoride. In another embodi 
ment, the reactive material includes aluminum, boron, and a 
copolymer of vinylidenefluoride-hexafluoropropylene. In 
another embodiment, the reactive material includes Zirco 
nium and polytetrafluoroethylene. In another embodiment, 
the reactive material includes bismuth, indium, tin, and 
potassium perchlorate. 

0011. In another embodiment, the reactive material 
includes cyclotetramethylene tetranitramine, cellulose 
acetate butyrate, and (bis(2,2-dinitropropyl)acetal/bis(2,2- 
dinitropropyl) formal). In another embodiment, the reactive 
material includes aluminum, potassium perchlorate, Silicon, 
and a thermoplastic terpolymer of tetrafluoroethylene, 
hexafluoropropylene, and vinylidene fluoride. In another 
embodiment, the reactive material includes bismuth, indium, 
tin, aluminum, Silicon, Sulfur, potassium perchlorate, bisazi 
domethyloxetane, glycidylazide plasticizer, and (bis(2,2- 
dinitropropyl)acetal/bis(2,2-dinitropropyl)formal). In 
another embodiment the reactive material includes cyclotet 
ramethylene tetranitramine, cellulose acetate butyrate, 
(bis(2,2-dinitropropyl)acetal/bis(2,2-dinitropropyl)formal), 
aluminum, potassium perchlorate, Silicon, and a thermoplas 
tic terpolymer of tetrafluoroethylene, hexafluoropropylene, 
and vinylidene fluoride. In another embodiment, the reactive 
material includes Zirconium and a thermoplastic terpolymer 
of tetrafluoroethylene, hexafluoropropylene, and Vinylidene 
fluoride. 

0012. The present invention also comprises a reactive 
material projectile, which may be referred to as a “bullet” for 
convenience and not limitation as to configuration or caliber, 
that includes a chamber or cavity therein containing the 
reactive material. In an exemplary embodiment, the projec 
tile may be configured as a case containing at least one 
reactive material, and a tip. The at least one reactive material 
may be one, or a combination of two or more of, the reactive 
materials referenced above. The technique employed to 
convey the projectile to a target may be entirely conven 
tional, and the technique Selected in any given instance is 
nonlimiting as to the Scope of the present invention. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0013 While the specification concludes with claims par 
ticularly pointing out and distinctly claiming that which is 
regarded as the present invention, the advantages of this 
invention may be more readily ascertained from the follow 
ing description of the invention when read in conjunction 
with the accompanying drawings in which: 
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0014 FIG. 1 is a schematic of an exemplary reactive 
material bullet that includes a reactive material of the 
present invention; 
0015 FIG. 2 is a schematic illustration of a hundred-yard 
test range used to test reactive material bullets including 
reactive materials of the present invention; 
0016 FIGS. 3-14 are pressure-versus-time profiles for 
reactive material bullets including reactive materials of the 
present invention; 
0017 FIGS. 15-33 are still photos taken from high-speed 
Video for reactive material bullets including reactive mate 
rials of the present invention; 
0018 FIGS. 34-53 are infrared intensity-versus-time 
profiles for reactive material bullets including reactive mate 
rials of the present invention; and 
0019 FIGS. 54-56 are bar graphs that summarize reac 
tive material formulations that provide good target damage, 
plume size, and pressure output, respectively. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0020. A reactive material that suitable for use in a pro 
jectile is disclosed. Upon initiation, the reactive material 
produces an energy output or release that is greater than the 
energy output of the fill material used in the MK211 pro 
jectile. The reactive material may also have a higher density 
than that of a conventional fill material. The reactive mate 
rial may be a high energy pyrotechnic composition. AS used 
herein, the term "pyrotechnic composition” refers to a 
composition that produces light, heat, motion, noise, pres 
Sure, or Smoke when initiated. The reactive material may be 
used as a fill material in the projectile, Such as in a bullet. 
The reactive material may provide enhanced performance to 
a projectile in comparison to that provided by conventional 
fill materials, in at least one of pressure release, earlier 
initiation, later initiation, fireball intensity, and target dam 
age. By modifying the components and their relative 
amounts in the reactive material, the energy release of the 
reactive material may be tailored to specific target require 
ments So that damage to a target having known or projected 
characteristics may be maximized. Furthermore, by varying 
mechanical properties, Such as material and configuration of 
a case and tip of the reactive material projectile, and 
matching those mechanical properties with a Selected reac 
tive material of the present invention, tailorable initiation 
and energy release may be achieved. 
0021. The reactive material may be an intermetallic-type 
composition, a thermite-type composition, or a class 1.1 
explosive-type composition that includes reactive material 
components from at least two of the following three com 
ponent categories: at least one fuel, at least one oxidizer, and 
at least one class 1.1 explosive. The reactive material may 
also include more than one fuel, more than one oxidizer, or 
more than one class 1.1 explosive. The relative amounts of 
the fuel, the oxidizer, or the class 1.1 explosive present in the 
reactive material may be varied depending on the desired 
properties of the reactive material. The fuel may be present 
in the reactive material from approximately 15% by weight 
to approximately 90% by weight, depending on the type of 
fuel that is used. Percentages of each of the components in 
the reactive material are expressed as percentages by weight 
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(“wt %”) of the total weight of the reactive material. The fuel 
may be a metal, an organic fuel, a fusible metal alloy, or 
mixtures thereof. 

0022. The metal used as a fuel may be hafnium (H?), 
aluminum (Al), tungsten (W), Zirconium (Zr), magnesium 
(Mg), boron (B), titanium (Ti), sulfur (S), tantalum (Ta), 
nickel (Ni), Zinc (Zn), tin (Sn), silicon (Si), palladium (Pd), 
bismuth (Bi), iron (Fe), copper (Cu), phosphorous (P), 
magnalium (an alloy of Al and Mg), or mixtures thereof. For 
instance, aluminum may be used in combination with other 
elements, Such as hafnium, boron, or Zirconium, to form 
intermetallic-type reactive materials. The metal may have a 
particle size ranging from approximately 20 nm to approxi 
mately 300 lum. For the sake of example only, the metal may 
be present in the reactive material in an amount ranging from 
approximately 10% to approximately 90%. 

0023 The fuel may also be an organic fuel, such as 
phenolphthalein O hexacammine)cobalt(III)nitrate 
(“HACN”). The organic fuel may be present in the reactive 
material from approximately 15% to approximately 80%. 

0024. Further, the fuel may be a fusible metal alloy. 
Fusible metal alloys are known in the art and are commer 
cially available from Sources including, but not limited to, 
Indium Corp. of America (Utica, N.Y.), Alchemy Castings 
(Ontario, Canada, and Johnson Mathey PLC (Wayne, Pa.). 
The fusible metal alloy may be a eutectic or a noneutectic 
alloy and may include transition metals and post-transition 
metals, Such as metals from Group III, Group IV, and/or 
Group V of the Periodic Table of the Elements. The metals 
used in the fusible metal alloy may include, but are not 
limited to, Bi, lead (Pb), Sn, cadmium (Cd), indium (In), 
mercury (Hg), antimony (Sb), Cu, gold (Au), Silver (Ag), 
Zn, and mixtures thereof. For the Sake of example only, the 
fusible metal alloy may be Wood's Metal, which has 50% 
Bi, 25% Pb, 12.5% Sn, and 12.5% Cd and is available from 
Sigma-Aldrich Co. (St. Louis, Mo.). Wood's Metal has a 
melting point of approximately 70° C. and a density of 9.58 
g/cm. The fusible metal alloy may also be Indalloy(E) 174, 
which has 57% Bi, 26% In, and 17% Sn. Indalloy(R) 174 has 
a melting point of 174 F. (approximately 79 C.), a dens of 
8.54 g/cm, and is commercially available from Indium 
Corp. of America. Other Indalloy(R) materials are available 
from Indium Corp. of America and may be used in the 
reactive material. Indalloy(E) materials are available in a 
range of melting points (from approximately 60 C. to 
approximately 300° C) and include a variety of different 
metals. AS Such, the fusible metal alloy for use in the 
reactive material may be Selected depending on the desired 
melting point. The fusible metal alloy may be present in the 
reactive material from approximately 14% to approximately 
86%. 

0.025 The oxidizer may be present in the reactive mate 
rial from approximately 10% to approximately 81%, 
depending on the oxidizer used. The oxidizer used in the 
reactive material may be an inorganic oxidizer, Such as an 
ammonium nitrate, an alkali metal nitrate, an alkaline earth 
nitrate, an ammonium perchlorate, an alkali metal perchlo 
rate, an alkaline earth perchlorate, an ammonium peroxide, 
an alkali metal peroxide, or an alkaline earth peroxide. The 
inorganic oxidizer may include, but is not limited to, ammo 
nium perchlorate (“AP”), potassium perchlorate (“KP”), 
potassium nitrate (KNO), or strontium nitrate (SrNO). The 
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inorganic oxidizer may have a particle size ranging from 
approximately 1 um to approximately 250 um. The perchlo 
rate or nitrate inorganic oxidizer may be present from 
approximately 10% to approximately 90%. The inorganic 
oxidizer may also be a transition metal-based oxidizer, Such 
as a copper-based, an iron-based, or a molybdenum-based 
oxidizer, that includes, but is not limited to, basic copper 
nitrate (Cu(OH)-NO) ("BCN"), cupric oxide (CuO), iron 
oxide (FeO), or molybdenum trioxide (MoC)). The tran 
Sition metal-based oxidizer may be present from approxi 
mately 18% to approximately 78%. The transition metal 
based oxidizer may have a particle size ranging from 
approximately 20 nm to approximately 200 um. The oxi 
dizer may also be a non-oxygen containing compound, Such 
as Sulfur or a fluoropolymer, such as PTFE, a thermoplastic 
terpolymer of tetrafluoroethylene, hexafluoropropylene, and 
vinylidene fluoride (“THV), or a fluoroelastomer. 
Examples of fluoropolymers include, but are not limited to 
Telfon(R), which is available from DuPont (Wilmington, 
Dell), THV220 or THV500, which are available from 
Dyneon LLC (Oakdale, Minn.), and Viton(R), which is a 
copolymer of vinylidenefluoride-hexafluoropropylene and is 
available from DuPont Dow Elastomers LLC (Wilmington, 
Del.). The fluoropolymer may also function as a binder in 
the reactive material. The fluoropolymer may be present 
from approximately 5% to approximately 74%. 
0026. The class 1.1 explosive may be present in the 
reactive material from approximately 14 wt % to approxi 
mately 94 wt %. The class 1.1 explosive may be an energetic 
solid fuel, such as trinitrotoluene ("TNT"); cyclo-1,3,5- 
trimethylene-2,4,6-trinitramine (“RDX,” also known as 
hexogen or cyclonite); cyclotetramethylene tetranitramine 
(“HMX,” also known as octogen); hexanitrohexaazai 
Sowurtzitane (“CL-20,” also known as HNIW); 4,10-dinitro 
2.6.8,12-tetraoxa-4,10-diazatetracyclo-5.5.0.0.0'- 
dodecane (“TEX”); 1,3,3-trinitroazetine (“TNAZ”); 
ammonium dinitramide (“ADN”); 2,4,6-trinitro-1,3,5-ben 
Zenetriamine (“TATB’); dinitrotoluene (“DNT); dinitroani 
sole (“DNAN”), and mixtures thereof. The energetic solid 
fuel may have a particle size ranging from approximately 1 
tim to approximately 150 lum. 
0027. The reactive material may optionally include addi 
tional ingredients, Such as at least one of a binder, a 
processing aid, and a plasticizer, depending on the fuel(s), 
oxidizer(s), and class 1.1 explosive(s) employed and the 
desired properties of the reactive material. Examples of 
energetic binders and nonenergetic binders that may be used 
include, but are not limited to, polyurethanes, epoxies, 
glycidyl azide polymer (“GAP), Silicone, polyesters, 
nylons, cellulose acetate butyrate (“CAB), cellulose 
butyrate nitrate (“CBN"), ethyl cellulose, bisazidomethylox 
etane (“BAMO”), and fluoropolymers. Examples of pro 
cessing aids include, but are not limited to, Silicone, graph 
ite, and PTFE. The plasticizer may include, but is not limited 
to, (bis(2,2-dinitropropyl)-acetal/bis(2,2-dinitropropyl)for 
mal) (“BDNPA/F"), glycidylazide plasticizer (“GAP”), and 
polyglycidyl nitrate (“PGN”). 
0028. The reactive material may be formed by conven 
tional techniques, Such as by pressing, casting, or extruding. 
For instance, if the reactive material is an intermetallic-type, 
thermite-type composition, or class 1.1 explosive-type com 
position, the fuel, the oxidizer, the class 1.1 explosive, or any 
optional ingredients may be mixed, as known in the art. The 
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reactive material may then be formed into a desired shape or 
may be loaded into the bullet or other projectile by conven 
tional techniques, Such as by casting, pressing, or extruding. 
In one embodiment, the reactive material includes THV, 
Such as THV220 or THV500. If the reactive material 
includes THV, the reactive material may be easily formed, 
Such as by hot pressing or extruding. 
0029. If the reactive material includes a fusible metal 
alloy, the reactive material may be formed by adding the 
oxidizer(s), the fuel(s), the class 1.1 explosive(s), or any 
optional ingredients, Such as binders, plasticizers, or pro 
cessing aids, to the fusible metal alloy to form a Substantially 
homogenous mixture. The fusible metal alloy may be used 
in a liquid State, which is produced by heating the fusible 
metal alloy to a temperature above its melting point. AS 
Such, the fusible metal alloy may define a continuous phase 
and the remaining components may be dispersed therein. In 
other words, the fusible metal alloy may provide a metallic 
melt phase to which the remaining components are added. 
After mixing, the reactive material may be formed by 
conventional techniques. For instance, the reactive material 
may be placed into a mold or container having a desired 
shape. The reactive material including the fusible metal 
alloy may be melt-poured or may be granulated and then 
pressed. The reactive material may then be solidified to form 
the desired shape. The reactive material may also be formed 
by placing it in a mold and pressing into the desired shape. 

0030. When used in a reactive material projectile, the 
reactive material may generate at least one of a higher 
overpreSSure, earlier initiation, later initiation, greater dam 
age at the target, and larger plume size and intensity than 
conventional fill materials, Such as the fill material used in 
a MK211 projectile. If pressure release is a primary desired 
output of the reactive material projectile, the reactive mate 
rial may be formulated to generate an overpreSSure of 
greater than approximately 9 pounds per Square inch (“psi') 
at a radial measurement of 12 inches from the point of 
impact on a target. Alternatively, if target damage is the 
primary desired output, the reactive material projectile may 
be formulated to produce a hole in a target greater than 
approximately 2 Square inches at an optimum penetration 
level. If initiation is the primary desired output, the reactive 
material may be formulated to provide pressure, damage, 
and a flame when the reactive material projectile impacts a 
target. By utilizing the reactive material of the present 
invention, the reactive material projectile may defeat a 
thin-Skinned target. AS used herein, the term “thin-Skinned 
target” refers to a target having a thickness of less than about 
0.25 inches. The thin-skinned target may be a vehicle, such 
as a car, aircraft, or watercraft. The thin-Skinned target may 
also be an incoming missile or other projectile, a building, 
or a fuel Storage container. For the Sake of example only, a 
reactive material bullet according to the present invention 
may be used to defeat a fuel tank or fuel container, which 
typically has a wall thickness of at least 0.064 inches. The 
reactive material of the present invention may also be used, 
by way of example only, in a reactive material bullet that is 
capable of penetrating a thicker-Skinned target, Such as a 
target having a wall thickness of up to approximately 
78-inch. 

0.031 While the reactive material may be used as the fill 
material in a bullet, the reactive material may also be used 
in other munitions, Such as in mortars or as a bombfill. For 
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the Sake of example only, the reactive material may be used 
in projectile, Such as the ballistic projectiles disclosed in 
U.S. Pat. No. 4,419,936 to Coates et al. The reactive material 
may also be used in a 0.50 caliber bullet. For instance, the 
reactive material may be used in a bullet that is designed to 
penetrate a thin-skinned target having a wall thickness of at 
least 0.064 inches. However, the reactive material may also 
be used in a bullet that is designed for greater penetration, 
Such as into a thicker-Skinned target having a wall thickness 
of up to approximately 78-inch. The reactive material may 
also be used as the fill material in other 0.50 caliber casings, 
such as in the MK211, M8, or M20 casings. The reactive 
material may also be used in medium caliber projectiles, 
such as, for example, in 35 mm, 30 mm, 25 mm and 20 mm 
cannon rounds, and in Small caliber projectiles, Such as, for 
example, in 0.223 caliber, 0.308 caliber, 0.45 caliber, and 9 
mm bullets. The reactive material may also be used in larger 
caliber guns that provide direct or indirect fire. 
0032. An exemplary reactive material bullet 2 may have 
a case 4, a reactive material 8 disposed in a cavity 4c or 
chamber in the case, the mouth of the cavity 4c being closed 
by tip 6 at the forward end of the bullet 2, as schematically 
shown in FIG.1. The cavity 4c in the reactive material bullet 
2 may be larger than the chamber in a conventional incen 
diary bullet. The reactive material 8 may be loaded into a 
core of the reactive material bullet 2 by conventional tech 
niques. For instance, the reactive material 8 may be pressed 
into the bullet core from the front of the case 4 at the mouth 
of cavity 4c. Alternatively, the reactive material 8 may be 
cast into a desired shape and placed in the case 4, or poured 
(cast) in a liquid State directly into the cavity 4c. Once the 
reactive material 8 is loaded into the case 4, the tip 6 may 
be inserted into the case 4 to complete fabrication of the 
reactive material bullet 2. Since the cavity 4c is larger than 
in a conventional incendiary bullet, the reactive material 
bullet 2 may utilize a larger Volume of the reactive material 
8 than conventional projectiles. For instance, the reactive 
material bullet 2 may utilize up to four times the volume of 
the reactive material 8 than is employed in the MK211 
projectile. 
0033. When the reactive material bullet 2 is fired at a 
target, the mass and Velocity of the reactive material bullet 
2 may provide Sufficient energy for the reactive material 
bullet 2 to penetrate the target. The material and configura 
tion of the tip 6 may be selected in relation to the wall 
thickness of the intended target. The initial impact of the 
reactive material bullet 2 with the target may initiate or 
ignite the reactive material 8. As the tip 6 of the reactive 
material bullet 2 begins to penetrate the target, the tip 6 may 
be pushed back into the reactive material 8 and the shock of 
impact, as conveyed to the reactive material 8 by the tip 6, 
used to initiate the reactive material 8. If the target is, for 
example a fuel tank or other container holding a volatile 
liquid, the impact may initiate reaction of the reactive 
material 8 as the tip 6 punctures the fuel tank, enabling fuel 
or other volatile liquid to escape and aeroSolize in the 
atmosphere. AS the reactive material bullet 2 continues to 
penetrate the target, the case 4 may be ruptured by the 
ongoing reaction of the reactive material 8, expelling hot 
burning material into the vaporized fuel or other volatile 
liquid and igniting the fuel. Since the reactive material 8 
may be initiated by the shock of impact of reactive material 
bullet 2 with the target, inclusion in reactive material bullet 
2 of a separate initiation mechanism (Such as a fuse or 
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primer) for the reactive material 8 may not be necessary. 
While the reactive material 8 may be initiated on thin 
Skinned targets, Such as targets having walls made of /16 
inch Steel, projectiles using reactive material 8 may also be 
used to penetrate thicker-Skinned targets, Such as those up to 
78-inch Steel wall thickness. 

0034. Although not required, the reactive material bullet 
2 may optionally include a primer and a propellant to initiate 
the reactive material 8. Upon firing the reactive material 
bullet 2, the primer initiates the propellant, which in turn 
ignites the reactive material 8. 
0035) In one embodiment, the reactive material includes 
a mixture of 90% by weight (“wt %”) Hf powder and 10 wit 
% THV220, which is designated as Formulation 1943-32 
12. Formulation 1943-32-12 provides a large fireball/plume 
Size when ignited and also provides extensive target damage. 
In another embodiment, the reactive material provides a 
high-pressure release and includes a mixture of PAX-2A 
(86.6% HMX, 8% BDNPA/F and 5.4% cellulose acetate 
butyrate) and Formulation 1943-37A (13.7% THV220 fluo 
ropolymer, 27.45% aluminum powder, 44.56% potassium 
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perchlorate, and 14.29% silicon). The reactive material 
included a mixture of 50% by volume PAX-2A and 50% by 
volume Formulation 1943-37A. A sandwich of this reactive 
material was formed by first pressing the PAX-2A and then 
pressing the Formulation 1943-37A on top of the pressed 
PAX 2A to give a reactive material having 30% by weight 
PAX-2A and 70% by weight Formulation 1943-37A. 
0036) The following examples serve to explain embodi 
ments of the present invention in more detail. These 
examples are not to be construed as being exhaustive or 
exclusive as to the Scope of this invention. 

EXAMPLES 

Example 1 

Formulations of the Reactive Materials 

0037 Formulations of the reactive materials of the 
present invention are shown in Tables 1-3. Formulations of 
intermetallic and thermite compositions are shown in Table 
1. 

TABLE 1. 

Formulations of Intermetallic and Thermite Reactive Materials. 

Mix Number Name 

Ingredient 1 Ingredient 2 Ingredient 3 Ingredient 4 

Wt. 2% Name Wt. 2% Name Wt. 9% Name Wt. 2% 

791-97-1O Zr 34.62 CuO 60.82 Viton A 5 - 
791-97-11 A 17.52 CuO 77.48 Viton A 5 - 

STR: 22235 Al-5u 44.2 PTFE 55.8 - 
STR: 22037 Al-5u 28.3 PTFE 71.7 - 
STR: 2208O Al-H95 28.3 PTFE 71.7 - 
836-90C Phenolphthalein 20.5 KNO-15u 46.5 KCIO-9tu 3O PVA 3 
836-90D Phenolphthalein 15.6 KNO3-15u 51.4 KCIO-9tu 3O PVA 3 
STR: 22610 SrNO, 66.54 Mg 31.71 Nylon 1.75 - 
791-100-1 W-690 nm. 82.2 KP-5u 10.3 Viton A 7.5 - 
791-100-2 W-690 nm. 72.2 KP-5u 20.3 Viton A 7.5 - 
943-77A Nano-Al 26 PTFE 74 

2002-1-1 Zr 47.7 PTFE 52.3 - 
943-77B Nano-Al 27 MoOs 23 PTFE 50 - 
943-77D Zn 56.75 PTFE 43.25 - 
661-6OA Magnalium 24.5 BCN-12.5u 68.5 Ethyl Cellulose 7 - 
661-6OD Al 27.5 BCN-12.5u 68.1 Ethyl Cellulose 4.5 - 
775-50A HACN 79 BCN-12.5u 8 Fe2O3 3 - 
791-97-1 Al-H5 52.74 Boron 42.26 Viton A 5 - 
791-97-2 Al-H5 50.33 Titanium 44.67 Viton A 5 - 
791-97-3 Al-H5 35.31 Zirconium 59.69 Viton A 5 
791-97-4 Titanium 65.45 Boron 29.55 Wilton A 5 
791-97-5 Zirconium 76.8 Boron 8.2 Viton A 5 
791-97-7 Hafnium 84.74 Boron 0.26 Viton A 5 
791-97-8 Mg (-325 mesh) 22.23 CuO 72.77 Wilton A 5 - 
791-97-9 Titanium 21.98 CuO 72.02 Viton A 5 - 
791-97-12 Hf SO.23 CuO 44.77 Viton A 5 - 
943-26D Al-H5 50 KP-100u O THV220 40 - 
943-26F Zr 65 THV220 35 
943-26E Hf 90 THV220 O 
943-37A Al 27.45 THV220 3.7 KP 44.56 Si 14.29 
943-32-03 Al-H5 35.31 Zr 59.69 Viton A 5 
943-32-07 Mg (-325 mesh) 22.23 CuO 72.77 Wilton A 5 
943-32-01 Al-H5 52.74 Boron 42.26 Viton A 5 

Al-H95 = spherical aluminum having a particle size of approximately 95 microns 
Al-H5 = spherical aluminum having a particle size of approximately 5 microns 
Nano-Al = aluminum having a particle size of approximately 5 microns 
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0.038 Formulations of class 1.1 explosive compositions 
are shown in Table 2. 

TABLE 2 
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Ingredient 1 

Name 

IND 174 
IND 174 
IND 174 
IND 174 
IND 174 
IND 174 
IND 174 
IND 174 

IND 174 
IND 174 
IND 174 

Wt. 
% Name 

85 CAB 
92 CAB 

92 CBN 

94 CAB 

94 BAMO-PGN 

94 CBN 

14.25 KP-100u 
14.25 AP-100u 
18.45 RDX-100u 
20 CL-20-100u 
21.43 AP-100u 
24.25 KP-100u 
25 KP-100u 
25 KP-100u 

66.67 KP-100u 
67.6 KP-100u 
54.3 KP-100u 

Ingredient 2 

Formulations of Class 1.1 Reactive Materials. 

Wt. 
% Name 

6 BDNPA/F 
3.2 BDNPA/F 

3.2 BDNPA/F 

O.58 BDNPA/F 

3 BDNPA/F 

2.4 BDNPA/F 

80.9 CAB 
80.9 CAB 
81.95 CAB 
69.75 CAB 
71.43 CBN 

33.75 RDX-100u 
27.75 RDX-100u 
27.75 RDX-100u 

14.28 RDX-100u 
14.45 RDX-100u 
18.1 TNT 

Ingredient 3 

Wt. 
% Name 

9 - 
4.8 - 

4.8 - 

5.18 Graphite 

3 - 

3.6 - 

O.6 BDNPA/F 
O.6 BDNPA/F 
O.55 BDNPA/F 
1 BDNPA/F 
O.89 BDNPA/F 

33.75 CAB 
27.75 Mg-325 
27.75 Mg-325 

14.28 CBN 
14.45 CAB 
18.1 CAB 

0.039 Formulations of Indalloy(E)-containing composi 
tions are shown in Table 3. 

Number 

943-32 

943-04F 
943-04F 

943-O3C 
943-03K 
943-34A 
943-34B 
943-34C 
943-04C 
943 
O4C-B 

Ingredient 1 

Name 

IND 174 

IND 174 
IND 174 
IND 174 
IND 174 
IND 174 
IND 174 
IND 174 
IND 174 
IND 174 
IND 174 
IND 174 

IND 174 
IND 174 

IND 174 
IND 174 
IND 174 
IND 174 
IND 174 
IND 174 
IND 174 

Wt. 
% Name 

14.25 KP-100u 

14.25 KP-100u 
14.25 AP-100u 
16.67 KP-100u 
18.18 RDX-100u 
18.45 RDX-100u 
20 CL-20-100u 
20 CL-20-100u 
20.2 CL-20-100u 
21.43 AP-100u 
24.25 KP-100u 
24.25 KP-100u 

25 KP-100u 
25 KP-100u 

26.09 CL-20-100u 
29.6 KP-100u 
50 KP-100u 
54 KP-100u 
54 KP-100u 
56.85 KP-100u 
56.85 KP-100u 

Ingredient 2 

Wt. 
% Name 

80.9 CAB 

80.9 CAB 
80.9 CAB 
77.78 CEN 
75.76 CBN 
81.95 CAB 
69.75 CAB 
55 Mg-325 
72.9 CAB 
71.43 CBN 
33.75 RDX-100u 
33.75 RDX-100u 

27.75 RDX-100u 
27.75 RDX-100u 

65.22 CBN 
30.2 RDX-100u 
3O CAB 
36 BAMO-PGN 
36 BAMO-GAP 
37.9 CAB 
37.9 CAB 

Ingredient 3 

TABLE 3 

Wt. 
% Name 

O.6 BDNPA/F 
O.6 BDNPA/F 
O.68 BDNPA/F 
O.76 BDNPA/F 
O.55 BDNPA/F 
1 BDNPA/F 
14.75 CAB 
O.85 BDNPA/F 
O.89 BDNPA/F 

33.75 CAB 
33.75 CAB 

27.75 Mg-325 
27.75 Mg-325 

1.09 BDNPA/F 
30.2 CBN 

Ingredient 4 

Ingredient 4 

Wt. 
% Name 

4 Graphite 
4 Graphite 
3.75 Graphite 
9 Graphite 
5.89 Graphite 
1 BDNPA/F 
10 CAB 
10 CAB 

O.57 BDNPA/F 
O.43 BDNPA/F 
1.5 BDNPA/F 

Formulations of Indalov (B-containing Reactive Materials. 

Wt. 
% Name 

4 Graphite 

4 Graphite 
4 Graphite 
4.58 Graphite 
5 Graphite 
3.75 Graphite 
9 Graphite 

BDNPA/F 
5.65 Graphite 
5.89 Graphite 

BDNPA/F 

10 CAB 
10 CAB 

7.17 Graphite 
1.2 BDNPA/F 

18 - 
9 
9 - 
4 Graphite 
4 Graphite 

Ingredient 5 

O.3 
O.3 
0.25 
0.25 
O.36 
6.75 
1.5 
1.5 

3.92 
2.89 
7.75 

Ingredient 5 

O.3 
O.3 
O.28 
O.3 
0.25 
0.25 

0.4 
O.36 
6.75 
6.75 

1.5 
1.5 

O.43 
8.3 

0.25 
0.25 

Ingredient 6 

Name 

Graphite 
BDNPA/F 
BDNPA/F 

Graphite 
Graphite 
Graphite 

Wt. 
% 

Ingredient 6 

Name 

Graphite 

Graphite 
Graphite 

Graphite 

Wt. 
% 

7.75 
7.75 

Ingredient 7 

Wt. 
Name % 

Graphite O.25 
Graphite O.25 

Ingredient 7 

Wt. 
Name % 

Graphite O.25 
Graphite O.25 



US 2005/0199323 A1 

Ingredient 1 Ingredient 2 

TABLE 3-continued 

Formulations of Indalloy (8-containing Reactive Materials. 

Ingredient 3 Ingredient 4 Ingredient 5 

Sep. 15, 2005 

Ingredient 6 Ingredient 7 

Mix Wt. Wt. Wt. Wt. Wt. Wt. Wt. 
Number Name % Name % Name % Name % Name % Name % Name % 

1943-34D IND 174 60 KP-5u 40 - 
1943-04B IND 174 66.67 KP-100u 14.28 RDX-100u 14.28 CBN 0.57 BDNPA/F 3.92 Graphite 0.28 - 
1943-04A IND 174 67.6 KP-100u 14.45 RDX-100u 14.45 CAB 0.43 BDNPA/F 2.89 Graphite 0.22 - 
1943-04D IND 174 75.8 KP-100u 18.95 CAB 1 BDNPA/F 4 Graphite 0.25 - 
1943- IND 174 75.8 KP-100u 18.95 CAB 1 BDNPA/F 4 Graphite 0.25 - 
O4D-B 
1943-34E IND 174 80 KP-5u 20 - 
1943-04E IND 174 85.28 KP-100u 9.48 CAB 1 BDNPA/F 4 Graphite 0.25 - 
1943- IND 174 85.28 KP-100u 9.48 CAB 1 BDNPA/F 4 Graphite 0.25 - 
O4E-B 
1943-32- IND 174 54.3 KP-100u 18.1 TNT 18.1 CAB 1.5 BDNPA/F 7.75 Graphite 0.25 - 
17 
1943-37B IND 174 15 KP-100u 46 Al-H5 15 S. 8 S 6 BAMO- 1. BDNPA/F 9 

GAP 

IND 174 = Indalloy (R) 174 

0040. Each of the formulations was prepared by adding 
the ingredients to a mixer and mixing the ingredients to 
obtain a homogenous mixture. 

Example 2 

Safety Testing of the Reactive Material 
Formulations 

0041 Safety testing was performed on the reactive mate 
rial formulations described in Example 1. Friction properties 
of the formulations were measured using a friction test 
developed by Allegheny Ballistics Laboratory (“ABL). 
Onset of ignition exotherms and Sensitivity to elevated 
temperatures of the formulations was measured using a 
Simulated Bulk Autoignition Test (“SBAT”). Electrostatic 
discharge (“ESD”) of the formulations was measured using 

an ESD test developed by Thiokol Corporation (“TC”). 
Impact properties of the formulations were measured using 
an impact test developed by TC and an impact test devel 
oped by ABL. Deflagration to detonation (“DDT”) transi 
tions of the formulations was also measured. These tests are 
known in the art and, therefore, details of these tests are not 
included herein. The Safety properties were used to deter 
mine whether the reactive materials had a low level of 
sensitivity (green line (“GL)), an intermediate level of 
sensitivity (yellow line (“YL')), or a high level of sensitivity 
(red line (“RL)). The overall rating assigned to each of the 
reactive materials is the lowest (most conservative) rating 
received from the Safety tests. 

0042 Safety results for the formulations described in 
Example 1 are shown in Tables 4-6. 

TABLE 4 

Safety Results for the Intermetallie and Thermite Reactive Materials. 

ABL Friction 
Mix No. (Ibs (Q) fps) 

791-97-10 <25 (a 2 (RL) 
791-97-11 <25 (a 2 (RL) 
STR: 22235 800 (a 8 (GL) 
STR: 22037 800 (a 8 (GL) 
STR: 22080 800 (a) 8 (GL) 
836-90C 800 (a) 8 (GL) 
836-90D 800 (a) 8 (GL) 
STR: 22610 50 (a 8 (YL) 
791-100-1 130 (a 4 (YL) 
791-100-2 25 (a 6 (YL) 
943-77A 800 (a) 8 (GL) 

2002-1-1 800 (a) 8 (GL) 
943-77B 660 (a 4 (YL) 
943-77D 800 (a) 8 (GL) 
661-6OA 100 (a 4 (YL) 
661-6OD 100 (a 6 (YL) 
775-50A 800 (a 8 (GL) 
791-97-1 800 (a) 8 (GL) 
791-97-2 800 (a) 8 (GL) 
791-97-3 800 (a) 8 (GL) 
791-97-4 130 (a 4 (YL) 

SBAT TCESD Unc. TC Impact ABL Russian DDT 
Onset (F) (J) (in.) Impact (cm) (G500 psi) 

368 (GL) <0.05 (RL) >46 8O NT 
362 (GL) <0.05 (RL) >46 8O NT 
>500 (GL) 4.5 (YL) >46 21 (GL) NT 
>500 (GL) 6.75 (GL) 45 (GL) 21 (GL) NT 
>500 (GL) >8 >46 80 (GL) NT 
482 (GL) >8 42.11 (GL) NT No Go 
481 (GL) >8 41.5 (GL) NT No Go 
>500 (GL) >8 >46 6.9 (GL) NT 
425 (GL) 0.65 (YL) >46 3.5 (YL) NT 
441 (GL) <0.05 (YL) >46 1.8 (RL) NT 

>500 <0.05 (RL) >46 NT NT 
>500 <0.05 (YL) >46 NT NT 
>500 <0.05 (RL) 45 NT NT 
>500 >8 >46 NT NT 

357 (GL) >8 >46 NT No Go 
338 (GL) >8 >46 NT No Go 
349 (GL) >8 >46 NT No Go 

>500 0.65 (YL) >46 80 (GL) NT 
>500 <0.05 (YL) >46 80 (GL) NT 

458 (GL) <0.05 (YL) >46 80 (GL) NT 
440 (GL) <0.05 (RL) >46 80 (GL) NT 
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TABLE 6-continued 

Sep. 15, 2005 

Safety Results for the Indalloy (8-containing Reactive Materials. 

ABL Friction SBAT TCESD Unc. TC Impact 
Mix No. (Ibs (Q) fps) Onset (F) (J) (in.) 

943-03K 800 (a 8 (GL) 292 (YL) 7.30 (YL) 13.17 (GL) 
943-34A 50 (a 4 (YL) 334 (GL) >8 (GL) 9.25 (YL) 
943-34B 25 (a 3 (RL) 315 (GL) >8 (GL) 8.0 (YL) 
943-34C 25 (a 4 (YL) 336 (GL) >8 8.7 (YL) 
943-04C 25 (a 4 (YL) 331 (GL) >8 (GL) 16.33 (GL) 
943-04C-B 25 (a 4 (YL) 376 (GL) >8 (GL) 18.64 (GL) 
943-34D 560 (a) 8 (GL) 324 (GL) >8 39.8 (GL) 
943-04B 25 (a 3 (RL) 301 (GL) >8 (GL) 10.4 (YL) 
943-04A 425 (a 2 (RL) 308 (GL) 7.5 (YL) 13.91 (GL) 
943-04D 50 (a 3 (YL) 317 (GL) >8 (GL) 14.33 (GL) 
943-04D-B 50 (a 3 (YL) 321 (GL) 1.70 (YL) 13.00 (GL) 
943-34E 660 (a) 8 (GL) 317 (GL) 7.50 (YL) 30.45 (GL) 
943-04E 50 (a 4 (YL) 309 (GL) >8 (GL) 43.86 (GL) 
943-04E-B 25 (a 4 (YL) 326 (GL) >8 (GL) 8.23 (YL) 
943-32-17 800 (a) 8 (GL) 319 (GL) 1.59 (YL) 5.96 (YL) 
943-37B 50 (a 4 (YL) 328 (GL) 7.50 (YL) 14 (GL) 

0.045 Formulations having sufficient safety and sensitiv 
ity properties were Selected for testing in reactive material 
bullets. Formulations that initiated on the Russian DDT test 
were not evaluated in reactive material bullets due to Safety 
COCCS. 

Example 3 

Reactive Material Bullets Including the Reactive 
Material Formulations 

0.046 Twenty four formulations were loaded into a reac 
tive material bullet by pressing the reactive material into the 
core of the bullet case from the front. In addition to the 
formulations shown in Tables 7 and 8, Formulations 1943 
32-02, 1943-32-04, 1943-32-05, 1943-32-06, 1943-32-08, 
1943-32-09, 1943-32-10, 1943-32-17, and 1791-100-1 were 
also tested. The tip was then inserted into the case to form 
the reactive material bullet. The formulations were tested in 
a reactive material bullet designed to penetrate a thin 
Skinned target, referred to herein as the bullet for thin 
Skinned targets, or in a reactive material bullet having 
increased penetration and designed to penetrate a thicker 
Skinned target, referred to herein as the bullet for thicker 
Skinned targets. 
0047 Energy release and initiation threshold of the reac 
tive material formulations was determined by firing the 
reactive material bullets 2 from a 50 caliber gun 10 into a 

ABL Impact Russian DDT 
(cm) (G500 psi) 

3.5 (YL) Go, 5.3" Run 
1.8 (RL) 
1.8 (RL) 
3.5 (YL) 
3.5 (YL) 
3.5 (YL) 
11 (GL) 
1.8 (RL) 
1.1 (RL) 
3.5 (YL) 
1.8 (RL) 
6.9 (GL) 
3.5 (YL) 
1.8 (RL) 
1.8 (RL) 
1.8 (RL) 

Series of Steel plates having a thickness of /s-inch at ATK 
Thiokol's hundred-yard test range, which is Schematically 
shown in FIG. 2. The steel plate array included three, 
/8-inch-thick, carbon Steel witness plates 12 in Series fol 
lowed by a /2-inch-thick, carbon steel backer plate 14. The 
distance between each Steel plate was 6 inches. The plates 
were rigidly held together using Steel rods and 6-inch 
Spacers and were mounted on a Steel Stand. 
0048 Data collected for each reactive material bullet test 
included initiation thresholds, overpreSSure, IR intensity, 
and plate damage measurements. High-speed Video 16 was 
used to quantify and document the initial visible reaction 
(defined as initiation threshold), location of the initial reac 
tion, plume size, relative Visible light intensity, and reaction 
duration. The high-speed video 16 was used to visually 
ascertain the blast from each reactive material bullet 2. An 
infrared (“IR”) spectrometer 18 and IR light screens 20 were 
used to record the magnitude of light, or flame intensity, 
emitted by each reactive material bullet 2. Plate damage was 
measured to determine the mechanical energy of each reac 
tive material formulation. PreSSure output was measured 
between each Steel plate using overpreSSure gauges 22 and 
amplifiers 24. This data was acquired using a data acquisi 
tion system 26. 
0049 Data for the best performing formulations is shown 
in Tables 7 and 8. In addition, the weight of each reactive 
material bullet 2 is shown in these tables. 

TABLE 7 

Plate Damage, Plume Size, IR Intensity, and Overpressure of the Formulations Tested in the Bullets for Thin-Skinned Targets. 

Area of Transducer Data 

Avg. Max Plate Plume Size Peak 

Bullet Reactive Material Ullage Avg. Comp. Damage Height Width Area Avg. IR Output 
Mix No. No. Formulation (in.) Wt. (g) (in) (ft) (ft) (ft) Integral Transducer # (psi) 

1791-1OO-2 601 WKP/Viton O.228O 8.837 2.9 2 1. 2 31 4 8 
1943-32-13 607 IND174/KP/Binder O.2293 4.419 1.7 0.5 0.5 O.25 O 3 5.5 
1943-32-03 622 AlfZrfWiton O.2325 5.169 2.9 3.5 1. 3.5 1121 4 2.5 
1943-32-07 629 Mg/CuO/Viton 0.2270 3.008 O6 1.5 1. 1.5 126.7 3 & 4 9 
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TABLE 7-continued 

Plate Damage, Plume Size, IR Intensity, and Overpressure of the Formulations Tested in the Bullets for Thin-Skinned Targets. 

Avg. 

Bullet Reactive Material Ullage Avg. Comp. 
Mix No. No. Formulation (in.) Wt. (g) 

1943-32-12 634. HETHV220 O.2335 12.989 
1943-32-O1 640 Alf Boron/Viton O.2290 2.864 
2002-1-1 655 Zr/PTFE 0.227 6.350 
1943-34D 659 IND174 & 40%. KP O.233 6.826 
1943-34E 661 IND174 & 20%. KP O.231 9.522 
PAX-2A 665 HMX/Binder O.228 3.148 
1943-37A 672 AL/KP/Si?THV O.23O25 4.206 
1943-37B 674 IND174/AI/Si/S/KP/BG/A/F O.2325 5.090 
PAX-2A & 676 HMX/Binder & 0.227 1.743/3.868 

Mix no. 1943-32-12 (HF/THV220) is analogous to Mix no. 1943-26E 

0050 

TABLE 8 

Area of Transducer Data 

Max Plate Plume Size Peak 

Damage Height Width Area Avg. IR Output 
(in) (ft) (ft) (ft) Integral Transducer # (psi) 
3.8 6 4 24 795 4 9.5 
1.7 O.2 O.2 O.04 O 1-4 1. 
1.3 3 2.5 7.5 117 3 4.5 
1.3 1.5 1. 1.5 17.1 3 6.5 
1.6 2 1. 2 51.3 4 1O 
3.8 1. 1. 1. O 3 & 4 11.5 
2.2 2.5 1.5 3.75 195.2 3 & 4 11.5 
2.O 3 1.5 4.5 1593 3 & 4 11.5 
18 2.5 1.5 3.75 77.5 2, 3, & 4 11.5 

Plate Damage, Plume Size, IR Intensity, and Overpressure of the Formulations Tested in the Bullets for Thicker-Skinned Targets. 

Area of 

Avg. Avg. Max Plate 

Reactive Material Ullage Comp. Damage 
Mix No. Bullet No. Formulation (in.) Wt. (g) (in) 

1791-1OO-2 605 WKP/Viton O.583 5.9115 18 
1943-32-13 610 IND/KP/Binder 0.570 2.9095 O.7 
1943-32-11 616 ZrfTHV - 65/35 0.579 3.951 O.25 
1943-32-03 625 AlfZrf Viton 0.57O 3.4855 O.45 
1943-32-07 632 Mg/CuO/Viton O.582 2.021 O.45 
1943-32-12 637 HffTHV220 0.57O 8.7535 2.4 
PAX-2A HMX/Binder 0.576 1967 O.49 

0051 Pressure-versus-time profiles for the reactive mate 
rial bullets that included the formulations Nos. 1791-100-2, 
1791-100-2, 1943-32-13, 1943-32-12, 1943-32-11, 1943 
32-03, 1943-32-03, 1943-32-07, 1943-32-07, 1943-32-12, 
PAX-2A, and PAX-2A are shown in FIGS. 3-14, respec 
tively. Still photos taken from high-speed video for the 
reactive material bullets that included the formulations Nos. 
1791-100-2 (bullet for thin-skinned targets), 1791-100-2 
(bullet for thicker-skinned targets), 1943-32-13 (bullet for 
thin-skinned targets), 1943-32-13 (bullet for thicker-skinned 
targets), 1943-32-11 (bullet for thicker-skinned targets), 
1943-32-03 (bullet for thin-skinned targets), 1943-32-03 
(bullet for thicker-skinned targets), 1943-32-07 (bullet for 
thin-skinned targets), 1943-32-07 (bullet for thicker-skinned 
targets), 1943-32-12 (bullet for thin-skinned targets), 1943 
32-12 (bullet for thicker-skinned targets), 1943-32-01 (bul 
let for thin-skinned targets), 2002-1-1 (bullet for thin 
skinned targets), 1943-34D (bullet for thin-skinned targets), 
1943-34E (bullet for thin-skinned targets), PAX-2A (bullet 
for thin-skinned targets), 1943-37A (bullet for thin-skinned 
targets), 1943-37B (bullet for thin-skinned targets), and 
PAX-2A & 1943-37A (bullet for thin-skinned targets) are 
shown in FIGS. 15-33, respectively. 

Transducer Data 

Plume Size Peak 

Height Width Area Avg. IR Output 
(ft) (ft) (ft) Integral Transducer # (psi) 
0.5 1. 0.5 25.9 3 6 
0.4 1. 0.4 5.1 4 7 
1. 1. 1. 34.8 4 2.5 
3 0.5 1.5 ET 4 2 
1.5 1. 1.5 102 4 5 
5 4 2O ET 4 8.5 
1.5 0.5 0.75 52 4 6 

0052 The IR intensity-versus-time profiles for the reac 
tive material bullets that included the formulations Nos. 
1791-100-2, 1791-100-2, 1791-100-2, 1943-32-13, 1943 
32-11, 1943-32-03, 1943-32-03, 1943-32-07, 1943-32-07, 
1943-32-07, 1943-32-12, 2002-1-1, 1943-34D, 1943-34E, 
PAX-2A, PAX-2A, 1943-37A, 1943-37A, 1943-37B, and 
PAX-2A & 1943-37A are shown in FIGS. 34-53, respec 
tively. 

0053. The reactive materials of the present invention 
exhibited a high energy output when tested in the reactive 
material bullets. These reactive materials provided blast and 
incendiary effects in the reactive material bullets. The reac 
tive materials that included the class 1.1 explosives exhib 
ited enhanced performance. However, the reactive materials 
that did not include the class 1.1 explosives, Such as the 
intermetallic-type compositions, the thermite-type compo 
Sitions, and the Indalloy(E)-containing compositions also 
exhibited good performance. 
0054 The best performing reactive materials were deter 
mined based on the formulations having the highest over 
pressure, earliest initiation (determined by the high-speed 
Video and pressure curves), greatest plate damage, infrared 
intensity, or largest plume size/intensity (determined by the 
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high-speed Video). Several formulations of the reactive 
material were Successful in more than one of these catego 
ries. Formulation Nos. 1791-100-2, 1943-32-03, 1943-32 
12, Pax-2A, 1943-37A, and 1943-37B showed the best 
performance in plate damage in the bullets for thin-skinned 
targets, as shown in FIG. 54. Formulations 1943-32-03, 
1943-32-12, 2002-1, 1943-37A, 1943-37B, and Pax 2A & 
1943-37Ashowed the best performance for plume size in the 
bullets for thin-skinned targets, as shown in FIG. 55. 
Formulations 1943-32-07, 1943-32-12, 1943-34E, Pax-2A, 
1943-37A, 1943-37B, and Pax 2A & 1943-37A showed the 
best performance for preSSure output in the bullets for 
thin-skinned targets, as shown in FIG. 56. 
0055 Formulation Nos. 1791-100-2, 1943-32-12, and 
1943-32-13 showed the best performance in plate damage in 
the bullets for thicker-skinned targets, as shown in Table 8. 
Formulations 1943-32-11, 1943-32-03, 1943-32-07, and 
1943-32-12 showed the best performance for plume size in 
the bullets for thicker-skinned targets, as shown in Table 8. 
Formulations 1791-100-2, 1943-32-13, 1943-32-07, 1943 
32-12, and Pax-2A showed the best performance for pres 
Sure output in the bullets for thicker-Skinned targets, as 
shown in Table 8. 

0056 While the invention may be susceptible to various 
modifications and alternative forms, specific embodiments 
have been shown by way of example in the drawings and 
have been described in detail herein. However, it should be 
understood that the invention is not intended to be limited to 
the particular forms disclosed. Rather, the invention is to 
cover all modifications, equivalents, and alternatives falling 
within the spirit and scope of the invention as defined by the 
following appended claims. 

1. A reactive material, comprising: 
reactive material components from at least two of the 

following three component categories: 
at least one fuel; 

at least one oxidizer; and 
at least one class 1.1 explosive; 

wherein the reactive material is Suitable for use in a 
reactive material bullet, is formulated to provide at 
least one of an overpreSSure of greater than approxi 
mately 9 pounds per Square inch at a radial measure 
ment of 12 inches from a point of impact on a target, a 
hole greater than approximately 2 Square inches at an 
optimum penetration level in a target, and pressure, 
damage, and a flame when the reactive material bullet 
impacts a target, and is present in the reactive material 
projectile in a Sufficient mass to provide at least one of 
these properties. 

2. The reactive material of claim 1, wherein the at least 
one fuel is Selected from the group consisting of a metal, a 
fusible metal alloy, an organic fuel, and mixtures thereof. 

3. The reactive material of claim 1, wherein the at least 
one oxidizer is Selected from the group consisting of an 
inorganic oxidizer, Sulfur, a fluoropolymer, and mixtures 
thereof. 

4. The reactive material of claim 1, wherein the at least 
one fuel comprises a metal Selected from the group consist 
ing of hafnium, tantalum, nickel, Zinc, tin, Silicon, palla 
dium, bismuth, iron, copper, phosphorous, aluminum, tung 

Sep. 15, 2005 

Sten, Zirconium, magnesium, boron, titanium, Sulfur, 
magnalium, and mixtures thereof. 

5. The reactive material of claim 1, wherein the at least 
one fuel comprises an organic fuel Selected from the group 
consisting of phenolphthalein, hexa(ammine)cobalt(III)ni 
trate, and mixtures thereof. 

6. The reactive material of claim 1, wherein the at least 
one fuel comprises a fusible metal alloy including at least 
one metal Selected from the group consisting of bismuth, 
lead, tin, cadmium, indium, mercury, antimony, copper, 
gold, Silver, and Zinc. 

7. The reactive material of claim 1, wherein the at least 
one fuel comprises a fusible metal alloy having a constitu 
ency of about 57% bismuth, about 26% indium, and about 
17% tin. 

8. The reactive material of claim 1, wherein the at least 
one oxidizer is Selected from the group consisting of ammo 
nium perchlorate, potassium perchlorate, potassium nitrate, 
Strontium nitrate, basic copper nitrate, cupric oxide, iron 
oxide, bismuth trioxide, tungsten oxides, molybdenum tri 
oxide, and mixtures thereof. 

9. The reactive material of claim 1, wherein the at least 
one oxidizer is Selected from the group consisting of poly 
tetrafluoroethylene, a thermoplastic terpolymer of tetrafluo 
roethylene, hexafluoropropylene, and vinylidene fluoride, a 
copolymer of vinylidenefluoride-hexafluoropropylene, and 
mixtures thereof. 

10. The reactive material of claim 1, wherein the at least 
one class 1.1 explosive is selected from the group consisting 
of trinitrotoluene, cyclo-1,3,5-trimethylene-2,4,6-trinitra 
mine, cyclotetramethylene tetranitramine, heXanitro 
hexaazaisoWurtzitane, 4,10-dinitro-2,6,8,12-tetraoxa-4,10 
diazatetracyclo-5.5.0.0.0'-dodecane, 1,3,3- 
trinitroaZetine, ammonium dinitramide, 2,4,6-trinitro-1,3,5- 
benzenetriamine, dinitrotoluene, dinitroanisole, and 
mixtures thereof. 

11. The reactive material of claim 1, further comprising at 
least one binder Selected from the group consisting of 
polyurethanes, epoxies, Silicones, glycidyl azide polymers, 
polyesters, nylons, cellulose acetate butyrate, ethyl cellu 
lose, graphite, (bis(2,2-dinitropropyl)acetal/bis(2,2-dinitro 
propyl)formal), and mixtures thereof. 

12. The reactive material of claim 1, wherein the reactive 
material comprises tungsten, potassium perchlorate, and a 
copolymer of vinylidenefluoride-hexafluoropropylene. 

13. The reactive material of claim 1, wherein the reactive 
material comprises bismuth, indium, tin, potassium perchlo 
rate, cellulose acetate butyrate, and (bis(2,2-dinitropropy 
l)acetal/bis(2,2-dinitropropyl)formal). 

14. The reactive material of claim 1, wherein the reactive 
material comprises aluminum, Zirconium, and a copolymer 
of vinylidenefluoride-hexafluoropropylene. 

15. The reactive material of claim 1, wherein the reactive 
material comprises magnesium, cupric oxide, and a copoly 
mer of vinylidenefluoride-hexafluoropropylene. 

16. The reactive material of claim 1, wherein the reactive 
material comprises hafnium and a thermoplastic terpolymer 
of tetrafluoroethylene, hexafluoropropylene, and Vinylidene 
fluoride. 

17. The reactive material of claim 1, wherein the reactive 
material comprises aluminum, boron, and a copolymer of 
Vinylidenefluoride-hexafluoropropylene. 

18. The reactive material of claim 1, wherein the reactive 
material comprises Zirconium and polytetrafluoroethylene. 
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19. The reactive material of claim 1, wherein the reactive 
material comprises bismuth, indium, tin, and potassium 
perchlorate. 

20. The reactive material of claim 1, wherein the reactive 
material comprises cyclotetramethylene tetranitramine, cel 
lulose acetate butyrate, and (bis(2,2-dinitropropyl)acetal/ 
bis(2,2-dinitropropyl)formal). 

21. The reactive material of claim 1, wherein the reactive 
material comprises aluminum, potassium perchlorate, sili 
con, and a thermoplastic terpolymer of tetrafluoroethylene, 
hexafluoropropylene, and Vinylidene fluoride. 

22. The reactive material of claim 1, wherein the reactive 
material comprises bismuth, indium, tin, aluminum, Silicon, 
Sulfur, potassium perchlorate, bisazidomethyloxetane, gly 
cidylazide plasticizer, and (bis(2,2-dinitropropyl)acetal/ 
bis(2,2-dinitropropyl)formal). 

23. The reactive material of claim 1, wherein the reactive 
material comprises cyclotetramethylene tetranitramine, cel 
lulose acetate butyrate, (bis(2,2-dinitropropyl)acetal/bis(2, 
2-dinitropropyl)formal), aluminum, potassium perchlorate, 
Silicon, and a thermoplastic terpolymer of tetrafluoroethyl 
ene, hexafluoropropylene, and vinylidene fluoride. 

24. The reactive material of claim 1, wherein the reactive 
material comprises Zirconium and a thermoplastic terpoly 
mer of tetrafluoroethylene, hexafluoropropylene, and 
vinylidene fluoride. 

25. A reactive material projectile, comprising: 
a case having a reactive material disposed therein, and a 

tip, wherein the reactive material 
comprises reactive material components from at least 
two of the following three component categories: 
at least one fuel; 

at least one oxidizer; and 
at least one class 1.1 explosive, 

wherein the reactive material is formulated to provide 
at least one of an overpreSSure of greater than 
approximately 9 pounds per Square inch at a radial 
measurement of 12 inches from a point of impact on 
a target, a hole greater than approximately 2 Square 
inches at an optimum penetration level in a target, 
and preSSure, damage, and a flame when the reactive 
material projectile impacts a target and is present in 
the reactive material projectile in a Sufficient mass to 
provide at least one of these properties. 

26. The reactive material projectile of claim 25, wherein 
the reactive material is formulated to initiate upon impact 
with a target. 

27. The reactive material projectile of claim 25, wherein 
the reactive material comprises at least one fuel Selected 
from the group consisting of a metal, a fusible metal alloy, 
an organic fuel, and mixtures thereof. 

28. The reactive material projectile of claim 25, wherein 
the reactive material comprises at least one oxidizer Selected 
from the group consisting of an inorganic oxidizer, Sulfur, a 
fluoropolymer, and mixtures thereof. 

29. The reactive material projectile of claim 25, wherein 
the reactive material comprises at least one fuel Selected 
from the group consisting of hafnium, tantalum, nickel, Zinc, 
tin, Silicon, palladium, bismuth, iron, copper, phosphorous, 
aluminum, tungsten, Zirconium, magnesium, boron, tita 
nium, Sulfur, magnalium, and mixtures thereof. 
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30. The reactive material projectile of claim 25, wherein 
the reactive material comprises at least one fuel Selected 
from the group consisting of phenolphthalein, hexa(ammi 
ne)cobalt(III)-nitrate, and mixtures thereof. 

31. The reactive material projectile of claim 25, wherein 
the reactive material comprises a fusible metal alloy having 
at least one metal Selected from the group consisting of 
bismuth, lead, tin, cadmium, indium, mercury, antimony, 
copper, gold, Silver, and Zinc. 

32. The reactive material projectile of claim 25, wherein 
the reactive material comprises a fusible metal alloy having 
a constituency of about 57% bismuth, about 26% indium, 
and about 17% tin. 

33. The reactive material projectile of claim 25, wherein 
the reactive material comprises at least one oxidizer Selected 
from the group consisting of ammonium perchlorate, potas 
sium perchlorate, potassium nitrate, Strontium nitrate, basic 
copper nitrate, cupric oxide, iron oxide, bismuth trioxide, 
tungsten oxides, molybdenum trioxide, and mixtures 
thereof. 

34. The reactive material projectile of claim 25, wherein 
the reactive material comprises at least one oxidizer Selected 
from the group consisting of polytetrafluoroethylene, a 
thermoplastic terpolymer of tetrafluoroethylene, hexafluo 
ropropylene, and Vinylidene fluoride, a copolymer of 
Vinylidenefluoride-hexafluoropropylene, and mixtures 
thereof. 

35. The reactive material projectile of claim 25, wherein 
the reactive material comprises at least one class 1.1 explo 
Sive Selected from the group consisting of trinitrotoluene, 
cyclo-1,3,5-trimethylene-2,4,6-trinitramine, cyclotetrameth 
ylene tetranitramine, heXanitrohexaazaisoWurtzitane, 4,10 
dinitro-2.6.8,12-tetraoxa-4,10-diazatetracyclo-5.5.0.0.0. 
11-dodecane, 1,3,3-trinitroazetine, ammonium dinitramide, 
2,4,6-trinitro-1,3,5-benzenetriamine, dinitrotoluene, and 
mixtures thereof. 

36. The reactive material projectile of claim 25, further 
comprising at least one binder Selected from the group 
consisting of polyurethane, epoxies, polyesters, nylons, cel 
lulose acetate butyrate, ethyl cellulose, Silicone, graphite, 
and (bis(2,2-dinitropropyl)acetal/bis(2,2-dinitropropyl) for 
mal). 

37. The reactive material projectile of claim 25, wherein 
the reactive material comprises tungsten, potassium perchlo 
rate, and a copolymer of vinylidenefluoride-hexafluoropro 
pylene. 

38. The reactive material projectile of claim 25, wherein 
the reactive material comprises bismuth, indium, tin, potas 
sium perchlorate, cellulose acetate butyrate, and (bis(2,2- 
dinitropropyl)acetal/bis(2,2-dinitropropyl)formal). 

39. The reactive material projectile of claim 25, wherein 
the reactive material comprises aluminum, Zirconium, and a 
copolymer of vinylidenefluoride-hexafluoropropylene. 

40. The reactive material projectile of claim 25, wherein 
the reactive material comprises magnesium, cupric oxide, 
and a copolymer of vinylidenefluoride-hexafluoropropylene. 

41. The reactive material projectile of claim 25, wherein 
the reactive material comprises hafnium and a thermoplastic 
terpolymer of tetrafluoroethylene, hexafluoropropylene, and 
vinylidene fluoride. 

42. The reactive material projectile of claim 25, wherein 
the reactive material comprises aluminum, boron, and a 
copolymer of vinylidenefluoride-hexafluoropropylene. 
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43. The reactive material projectile of claim 25, wherein 
the reactive material comprises Zirconium and polytetrafluo 
roethylene. 

44. The reactive material projectile of claim 25, wherein 
the reactive material comprises bismuth, indium, tin, and 
potassium perchlorate. 

45. The reactive material projectile of claim 25, wherein 
the reactive material comprises cyclotetramethylene tetran 
itramine, cellulose acetate butyrate, and (bis(2,2-dinitropro 
pyl)acetal/bis(2,2-dinitropropyl)formal). 

46. The reactive material projectile of claim 25, wherein 
the reactive material comprises aluminum, potassium per 
chlorate, Silicon, and a thermoplastic terpolymer of tet 
rafluoroethylene, hexafluoropropylene, and Vinylidene fluo 
ride. 

47. The reactive material projectile of claim 25, wherein 
the reactive material comprises bismuth, indium, tin, alumi 
num, Silicon, Sulfur, potassium perchlorate, bisazidomethy 
loxetane, glycidylazide plasticizer, and (bis(2,2-dinitropro 
pyl)acetal/bis(2,2-dinitropropyl)formal). 
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48. The reactive material projectile of claim 25, wherein 
the reactive material comprises cyclotetramethylene tetran 
itramine, cellulose acetate butyrate, (bis(2,2-dinitropropy 
l)acetal/bis(2,2-dinitropropyl)formal), aluminum, potassium 
perchlorate, Silicon, and a thermoplastic terpolymer of tet 
rafluoroethylene, hexafluoropropylene, and Vinylidene fluo 
ride. 

49. The reactive material projectile of claim 25, wherein 
the reactive material comprises Zirconium and a thermoplas 
tic terpolymer of tetrafluoroethylene, hexafluoropropylene, 
and vinylidene fluoride. 

50. The reactive material of claim 1, wherein the reactive 
material is present in the reactive material projectile at a 
mass that ranges from approximately 1.74 g to approxi 
mately 12.99g. 

51. The reactive material of claim 25, wherein the reactive 
material is present in the reactive material projectile at a 
mass that ranges from approximately 1.74 g to approxi 
mately 12.99g. 


