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(57) ABSTRACT 

A process for recovering the energetic component from 
plastic bonded explosives. The process uses high Velocity 
kinetic energy in the form of gases, liquids, or soilds, alone 
or in combination, to cause the structural failure of the 
adhesive bonding between the polymer matrix and energetic 
component for the purpose of providing adequate loci for the 
Solvation of the energetic component by appropriate Sol 
VentS. 
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RECOVERY OF THE ENERGETIC COMPONENT 
FROM PLASTIC BONDED EXPLOSIVES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001) This is based on Provisional Application 60/499, 
061 filed Aug. 29, 2003. 

FIELD OF THE INVENTION 

0002 The present invention relates to a process for 
recovering the energetic component from plastic bonded 
explosives. The process uses high Velocity kinetic energy in 
the form of gases, liquids, or solids, alone or in combination, 
to cause the structural failure of the adhesive bonding 
between the polymer matrix and energetic component for 
the purpose of providing adequate loci for the Solvation of 
the energetic component by appropriate solvents. 

BACKGROUND OF THE INVENTION 

0003 Surplus munitions present a problem to the US 
military. Current budget constraints force the US military to 
prioritize its spending while effectively defending the inter 
ests of the United States. Defense budgets are further 
tightened because aging and Surplus munitions must be 
guarded and stored. The US military regularly destroys a 
significant amount of its Surplus munitions each year in 
order to meet its fiscal challenge. It also destroys a signifi 
cant amount of munitions each year due to deterioration and 
obsolescence. 

0004. In the past, munitions stocks have been disposed of 
by open burn/open detonation (OBOD) methods—the most 
inexpensive and technologically simple disposal methods 
available. Although such methods can effectively destroy 
munitions, they fail to meet the challenge of minimizing 
waste by-products in a cost effective manner. Furthermore, 
Such methods of disposal are undesirable from an environ 
mental point of view because they contribute to the pollution 
of the environment. For example, OBOD technology pro 
duces relatively high levels of NO, acidic gases, particu 
lates, and metal waste. Incomplete combustion products can 
also leach into the Soil and contaminate ground water from 
the burning pits used for open burn methods. The surround 
ing soil and ground water must often be remediated after 
OBOD to meet environmental guidelines. Conventional 
incineration methods can also be used to destroy munitions, 
but they require a relatively large amount of fuel. They also 
produce a significant amount of gaseous effluent that must 
be treated to remove undesirable components before it can 
be released into the atmosphere. Thus, OBOD and incinera 
tion methods for disposing of munitions become impractical 
owing to increasingly stringent federal and state environ 
mental protection regulations. 

0005 Various other incineration processes have been 
used to dispose of munitions including plasma arc, molten 
metal/molten-salt baths, dilution in fuel stocks, and charge 
transfer complex oxidation technologies. These various 
other processes effectively destroy the excess munitions but 
fail to meet the R challenge (recovery, reclamation, and 
reuse) of recovering energetic materials in a cost-effective 
manner to minimize waste generation. Further, destructive 
technologies prevent explosive component recovery and 
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conversion of the excess munitions into unusable waste 
streams such as CO, N, and NO stream, as well as solid 
Waste StreamS. 

0006 Another disposal technology advanced to dispose 
of unwanted munitions utilizes the high temperatures gen 
erated in a plasma arc to decompose the munitions. This 
process avoids the problems of site remediation because it 
completely decomposes all chemical compounds in the 
plasma. Hypothetically, no partially decomposed com 
pounds remain. Everything fed to the plasma chamber fully 
decomposes into oxidized gases such as CO, and NO. This 
process, however, is not only technically difficult and power 
intensive, but the plasma arc also creates many of the same 
gaseous waste problems as OB/OD. Unless excess oxygen is 
injected into the chamber, the plasma chamber will incom 
pletely burn the munitions. The presence of excess combus 
tion oxygen exacerbates the generation of nitrous oxides. 
The presence of chlorine or fluorine in the binders has the 
potential of generating dioxins or furans. In addition, the 
chambers cannot process loaded munitions due to the deli 
cate nature of the refractories. Consequently, plasma arc 
technologies offer no cost or processing advantages over 
OB/OD with conventional munitions and work best for the 
destruction of extremely toxic or dangerous compounds 
Such as chemical and biological weapons. 
0007 Further, today's even stricter environmental regu 
lations require that new munitions and weapon system 
designs incorporate demilitarization processing issues. 
Increasingly stringent EPA regulations will not allow the use 
of OBOD or excessive incineration techniques, so new 
technologies must be developed to meet the new guidelines. 
0008 One type of munition that presents a unique prob 
lem for disposal are plastic bonded explosives (PBX) sys 
tems. The original formulation of PBX consisted of RDX 
crystals bound within a polystyrene matrix. The polystyrene 
coating protected RDX crystals from the intense point 
stresses and friction experienced during manufacturing and 
handling, thus preventing premature detonation. This for 
mulation also allowed casting the explosive mixture directly 
into a warhead. Several variations on the PBX concept arose 
from the original recipe, however, all formulations are 
similar in that they consist of an energetic component. 
0009 PBX is easily manufactured and can be cast or 
machined into complicated shapes or injected into Small 
cavities. High mechanical strength, excellent explosive 
properties, excellent stability, high thermal input insensitiv 
ity, and relative insensitivity to handling make PBX the 
explosive material commonly used in modern weapons 
systems. The plastic components that give PBX its excellent 
properties, however, also create a demilitarization problem. 
For example it is difficult to dissolve these energetic par 
ticles that are completely coated in a high molecular weight 
cross-linked polymer matrix. Among the most popular poly 
mers for PBX formulations are the polyurethanes. 
0010. The polyurethane coating on explosive particles in 
polyurethane-based PBX prevents the direct dissolution of 
the energetic, or explosive component. Various chemical 
demilitarization methods have been proposed but none of 
them have been successful for the recovery of PBX mate 
rials. Tompa, et al. (U.S. Pat. No. 4.389.265) and Spencer, et 
al, (U.S. Pat. No. 5,977.354) used heat to degrade the 
polymer. Hendry, et al. (U.S. Pat. No. 3,9094,97) worked on 
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developing polyurethanes that would preferentially degrade 
with heat. O'Neill, et al. (U.S. Pat. No. 4,018,636) tried 
water soluble polymers for PBX in order to aid in the 
demilitarization of the material. Shaw (U.S. Pat. No. 4,057. 
442) attempted to use Swelling and depolymerizing chemi 
cals to remove the plastic matrix while Heaton, et al. (U.S. 
Pat. No. 5,538,530) used humic acid and Phillips, et al. (U.S. 
Pat. No. 6,063,960) used nitric acid to attempt to degrade the 
polymer and dissolve the explosive. None of these systems 
have proven practical. Instead, they have proven problem 
atic because they cause excessive degradation of the ener 
getic component and are typically have safety issues because 
they require the use of excess heat that may lead to autoi 
gnition and detonation of the energetic component. 
0011. Also, U.S. Pat. Nos. 5,363,603 and 5,737,709, 
which are incorporated herein by reference, teach the use of 
a fluid jet technology for cutting explosive shells and 
removing the explosive material, but they do not provide a 
method for recovering the energetic component, let alone a 
polymer coated energetic component. 

0012 While some of the above methods have met with 
varying degrees of Success, there still remains a need in the 
art for improved methods and apparatus for demilitarizing 
plastic bonded explosives in an environmental, efficient and 
safe manner. 

SUMMARY OF THE INVENTION 

0013 In accordance with the present invention there is 
provided a process for recovering the energetic component 
from a plastic bonded explosive comprised of an energetic 
component in a polymer matrix component, which process 
comprising: 
0014) a) comminuting said plastic bonded explosive by 
contacting said plastic bonded explosive with a jet of 
comminuting agent of an effective energy to cause said 
plastic bonded explosive to be comminuted into particles of 
Sufficiently small size to expose said energetic component; 
00.15 b) contacting the plastic bonded explosive particles 
with a solvent in which the energetic component is soluble 
and in which the polymer matrix component is Substantially 
insoluble, thereby forming a solution of energetic compo 
nent in Solvent and Solid particles of polymer matrix com 
ponent; and 
0016 c) separating the energetic component solvent solu 
tion from the Solid particles of polymer matrix component. 
0017. In a preferred embodiment the polymer matrix 
component is a polyurethane and the energetic component is 
cyclotrimethylenetrinitramine. 

0018. Also in accordance with the present invention there 
is provided a process for separating the components of a 
plastic bonded explosive comprised of a polymer matrix 
component, an aluminum powder component, and an ener 
getic component, which process comprises: 
0.019 a) comminuting said plastic bonded explosive by 
contacting said plastic bonded explosive with a jet of 
comminuting agent of an effective energy to cause said 
plastic bonded explosive to be comminuted into particles of 
Sufficiently small size to effectively expose said energetic 
component and to free the aluminum powder particles from 
the polymer matrix component; 
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0020 b) separating said aluminum powderparticles from 
the polymer matrix component and the energetic compo 
nent; 

0021 c) contacting said polymer matrix component and 
energetic component with a solvent in which the energetic 
component is soluble but in which the polymer matrix 
component is substantially insoluble, thereby dissolving the 
energetic component in the solvent; and 
0022 d) separating the energetic component solvent 
Solution from the Solid particles of polymer matrix compo 
nent. 

0023. In a preferred embodiment of the present invention 
the plastic bonded explosive is contained in a munition 
casing of which the plastic bonded explosive is exposed for 
removal. 

0024. Also in accordance with the present invention there 
is provided a process for opening a munition containing a 
plastic bonded explosive comprised of an energetic compo 
nent, an aluminum powder component, and a polymer 
matrix, wherein each component is recovered separately, 
which process comprising: 
0025 a) cutting open said munition by use of a high 
pressure fluid jet to expose the plastic bonded explosive; 
0026 b) comminuting said plastic bonded explosive by 
contacting said plastic bonded explosive with a jet of 
comminuting agent of an effective energy to cause said 
plastic bonded explosive to comminute into particles of 
Sufficiently Small size to expose said energetic component 
and to free the aluminum powderparticles from the polymer 
component; 

0027 c) separating said aluminum powder particles from 
the polymer component and the energetic component; 
0028 c) contacting said polymer component and ener 
getic component with a solvent in which the energetic 
component is soluble but in which the polymer component 
is Substantially insoluble, thereby dissolving the energetic 
component in the solvent; and 
0029 e) separating the energetic component dissolved in 
Solution from the polymer component. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0030 The present invention can be practiced on any 
plastic bonded explosive (PBX) material or munition con 
taining PBX material. Plastic bonded explosives and com 
posite propellants typically contain a particulate energetic 
component dispersed within a polymer matrix. The PBX 
material can also contain one or more additives, preferably 
aluminum powder. Non-limiting examples of polymers that 
are used as the matrix component in PBX materials include 
polyesters, polyurethanes, nylon molding compounds, poly 
styrenes, synthetic and natural rubbers, nitrocellulose, and 
fluorinated polymers. Some of the most common polymer 
components are those characterized as having ester or urea 
groups in its backbone. Non-limiting examples of Such 
polymers include polyurethanes, polyesters, and polya 
mides. Most common are the polyurethanes. The chemical 
reaction that produces polyurethane involves an isocyante 
group from a diisocyanate and a hydroxyl group from a 
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macrogylcol. Polyurethane forms when multifunctional 
molecules, such as diisocyanates and diols react with each 
other. 

0031. Non-limiting examples of energetic components 
that are found in PBX materials include cyclotrimethylen 
etrinitramine (RDX); cyclotetromethylene tetranitramine 
(H); hexanitrostilbene (HNS), 2.2-bis(nitroxy) methyl-1, 
3-propanediol dinitrate (PETN); ammonium perchlorate 
(AP); 2.4.6 trinitro-1.3 benzenediamine (DATB): ammo 
nium picrate (Explosive D); nitrocellulose (NC): nitroguani 
dine (NQ); 4,5-trinitrophenol (TNP); hexahydro-1,3,5-ben 
Zenetriamine (TATB); N-methyl N-2,4,6 tetranitrobenzene 
(Tetryl); 2-methyl-1,3,5-trinitrobenzene (TNT); Amatol 
(Ammonium Nitrate/TNT); Baratol (Ba(NO)/TNT); black 
powder (KNO/S/C); Comp A (RDX/wax); Comp B (RDX/ 
TNT): Comp C (RDX/plasticizer); Cyclotol (RDX/TNT): 
LOVA propellant; NACO propellant; any combination of the 
above materials; rocket propellant; and Octol (HMX/TNT). 
Other classes of energetics include fuels such as magnesium, 
aluminum, Zirconium, titaninum, bronze, Surgars etc.; and 
oxidizers such as nitrates, chlorates, perchlorates, etc. Pre 
ferred are RDX, HMX, HNS, and PETN. More preferred are 
RDX and HMX. 

0032). In those cases where the PBX material to be treated 
is in a munition casing or shell, the munition can be opened 
by any suitable method. One preferred method for opening 
the munition is by fluid jet cutting, more preferably with a 
fluid jet containing an effective amount of abrasive material, 
such as garnet. Fluid jet technology will be described in 
more detail below since fluid jet technology is the preferred 
method for destroying the physical integrity of the PBX 
material. Intrinsic to the process of the present invention is 
the application of Sufficient kinetic energy to cause failure of 
the polymer matrix component by physically shearing, ten 
sile failure, or by vibrational excitation to failure. The failure 
of the polymer adhesive bonding to either the energetic 
(usually in crystalline form) or to one of the many additives 
used in explosive formulations, such as aluminum powder, 
allows exposed crystal Surfaces to interact with a suitable 
Solvent(s) to form an energetic in solvent Solution. Once the 
Solution is formed, the residual plastic matrix and other 
insoluble materials, which is now in particulate form, can be 
filtered off and the solution purified and the energetic 
recrystallized using conventional technologies employed 
during the manufacture of the energetic Substance. 
0033. After the physical integrity of the PBX material is 
sufficiently destroyed, the present invention utilizes chemi 
cal conversion that recovers Substantially all of the compo 
nents of a PBX material, or a PBX-containing munition, for 
potential reuse either in the military or commercial markets. 
Chemical conversion, is an attractive alternative to destruc 
tive methods, such as OBOC, because it has the potential of 
recovering and converting Substantially all the munition 
components into valuable chemical products with very little 
waste generation. This technically feasible, safe, and rela 
tively inexpensive technology is capable of achieving the R 
goals of demilitarization. The process of the present inven 
tion involves the removal of PBX explosive components 
from the munition casing, removal of protective coatings 
and binders (polymeric materials), the recovery of valuable 
energetic components for reuse, and the chemical conver 
sion of non-reusable explosives and binders to valuable 
chemical products. 

Apr. 6, 2006 

0034. Once the physical integrity of the binding agent is 
effectively destroyed, the energetic component can be sepa 
rated by filtration or purified by dissolution in a suitable 
solvent for further processing. Chemical binder decompo 
sition techniques convert all components into valuable com 
modity chemicals with minimal waste generation. The pro 
cess of the present invention uses conventional equipment 
and methods to treat these materials and require no second 
ary treatment of waste streams. Further, the process of the 
present invention is an improved method for the demilita 
rization of munitions because it is relatively safe, is eco 
nomically competitive, and is typically environmentally 
friendly. 

0035 Conventional wisdom in the art assumed that high 
velocity jet washout of a polyurethane based PBX system 
would require a secondary treatment by using a depolymer 
izing agent, Such as monoethanolamine, to remove a Sufi 
cient amount of polyurethane to allow the Subsequent use of 
a solvent to reach the energetic component with Sufficient 
Surface area necessary to dissolve the energetic component 
in a reasonable time period. 

0036. It has unexpectedly been found by the inventors 
hereof that the physical integrity of a PBX material can be 
destroyed to such a degree that the adhesive bonding 
between polymer matrix and particulate energetic compo 
nent becomes sufficient disrupted to allow a substantial 
amount of the energetic component to become exposed, or 
even completely separated from the polymer matrix. This 
allows for either physical separation or solvation of the 
energetic component, or both. It has also been unexpectedly 
found that if the PBX material contains an additive, such as 
aluminum powder, the aluminum powder, after the destruc 
tion of the physical integrity of the PBX material, will be 
Substantially freed from the polymer matrix component and 
can be physically separated from the remaining compo 
nent(s) by simple filtering or washing and filtering tech 
niques. 

0037 Non-limiting comminuting agents suitable for use 
in the present invention include gases, liquids, Solids, or 
combinations thereof. Liquids are preferred and include both 
aqueous based and solvent based, preferably where the 
Solvent in with the energetic component is Substantially 
soluble. 

0038. In one embodiment, the physical integrity of the 
PBX material is effectively destroyed by contacting it with 
a high pressure jet of comminuting agent. This jet of 
comminuting agent strikes the PBX material with sufficient 
energy to cause the PBX material to comminute to an 
effectively small size that exposes the energetic component 
and Substantially frees any aluminum powder present from 
the polymer matrix component. The preferred method for 
propelling the comminuting agent is by use of fluid jet 
technology and for removing the PBX material from its 
casing is the use of fluid jet washout technology at pressures 
that are effective to erode, or comminute, the PBX material. 
The preferred type of fluid jet washout equipment which is 
used in the practice of the present invention is described in 
U.S. Pat. No. 5,737,709 which is incorporated herein by 
reference. It is preferred that the fluid jet washout step of the 
present invention be able to achieve a 5x cleanliness that is 
required by Army Material Command Regulation 385-5 for 
explosives and Army Material Command Regulation 385-61 
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for chemical weapons. The operating pressure of the fluid 
jets will be from about 20,000 to 150,000 psi, preferably 
from about 40,000 to 150,000 psi. The preferred range of 
pressures can be used provided that the diameter of the 
washout stream is in the range of about 0.001" to about 
0.02". 

0039) If the PBX material to be treated is encased in a 
munition, the present invention can be practiced by first 
exposing the PBX material in the shell (munition) for 
removal. Typically this will be done by cutting open the 
metal shell by any suitable method known the art, preferably 
by use of a high pressure fluid jet. It is preferred that the shell 
be cut across its longitudinal axis at a point that would 
expose substantially all of the PBX material for removal. 
That is, an end of the shell. The PBX material can also be 
exposed by removing the fuse or fill plug of the shell, by 
cutting around the fuse or fill plug with a fluid jet, thereby 
exposing the PBX material. The exposed PBX material is 
then subjected to a pressured jet of suitable fluid that will 
preferably be delivered by a translationally mobile, rotating 
nozzle mounted at the end of a hollow lance. This nozzle 
will project the fluid at pressures ranging from about 20,000 
to 150,000 psi, preferably from about 40,000 to 150,000 psi 
through orifices ranging from about 0.001" to 0.02" diam 
eter. As the material is washed out of the shell it is collected 
in a collection vessel. The size of the comminuted PBX 
particles will vary somewhat depending on the pressure of 
the fluid jet and the diameter of the orifice. Typical PBX 
particle sizes will range from about 0.25 inches to about 50 
microns, preferably from about 50 microns to about 250 
microns. Smaller particle sizes are more preferred because 
the higher Surface area will expose a greater amount of the 
energetic component. 

0040) If the removed PBX particles still need to be 
further reduced in size a suitable particle reduction tech 
nique can be used. A preferred particle reduction technique 
that can be used for the practice of the present invention is 
use of a screen having the desired mesh positioned inside the 
collection vessel. The washout fluid and removed material 
would pass through the screen before being passed from the 
washout area. The screen can be further positioned so that a 
back-facing ultra-high pressure washout jet impinges 
washed out material particles against the screen. In this way, 
washed out PBX particles that are small enough to pass 
through the screen do so. The size of the screen mesh is 
dictated by the maximum size of particles acceptable to the 
user. The practice of the instant invention is effective for a 
wide range of desired particle size, from hundredths of 
millimeters to tens of centimeters. 

0041. It is also within the scope of this invention to use 
a fluid other than water in the washout stage. The fluid can 
be from any class of fluid as long as it is capable of washing 
out the PBX material without having a deleterious affect on 
the components. Suitable fluids include both those that are 
used primarily for erosive purposes as well as those which 
have solvent properties, particularly having solvent proper 
ties with selectively with respect to the energetic component. 
Non-limiting examples of Such fluids include aliphatic 
hydrocarbons, such as naphtha and hexane, ketones, such as 
cyclohexanone and acetone; aromatic hydrocarbons, such as 
toluene and Xylene; alcohols, such as ethanol and butanol: 
glycols, such as ethylene and propylene glycol; esters. Such 
as ethyl acetate and n-butyl acetate; water, aqueous or 
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non-aqueous mixtures of the above listed chemicals; gases 
that are liquified by pressure, Such as propane, butane, and 
carbon dioxide; gases that are liquified by reduced tempera 
ture, Such as propane, argon, and nitrogen; and liquified 
Solids, such as microcrystalline wax and low temperature 
eutectic alloys. In the case where the primary energetic 
component is RDX the preferred washout fluid, other than 
water, is acetone. 
0042. The following examples are presented for illustra 
tive purposes and are not to be considered limiting the 
present invention in any way. 

EXAMPLES 

0043. The following test was performed using billets of 
PBXN-109. The exact chemistry of the PBXN-109 sample 
was not known but it is believed to approximate the formula 
given in the military specification for PBXN-109 which is 
shown in Table 1. 

TABLE 1. 

PBXN-109 Formulation 

Ingredients Percent (by weight) Nominal Min Max 

Sym-Cyclotrimethylene trinitramine 6400 56.5 65.5 
(RDX) Type II Class 1 
Type II Class 5 O.OO O.O 7.0 
Aluminum Powder, Spherical, Type IV 2O.OO 18.00 22.OO 
Polybutadiene, Liquid, Hydroxyl- 7.346 7.0 7.5 
Terminated, Type II (PolyBD) 
Di (2-ethylhexyl) adipate (DOA) 7.346 7.0 7.5 
2,2'-methylenebis(4-methyl- O.10 O.09 O.11 
6-tertiarybutyl Phenol) antioxidant 
N.N 2-Hydroxyethyl dimethyl- O.26 O.25 0.27 
hydantoin (DHE) 
Triphenylbismuth (TPB) O.O2 O.O15 O.O45 
(Dibutyltin dilaurate (DBTL)) 
Isophorone Diisocyanate (IPDI) O.946S 

0044) The two individual constituents of the PBX mix 
ture that are of most interest for the analytical work on the 
materials removed from a surrogate warhead are the RDX 
energetic and the aluminum metal powder. The RDX was in 
the form of orthorhombic crystals and has crystal faces were 
approximately rectangles. The physical size of the RDX 
particles is will fall within a certain set of sieve sizes, shown 
in Table 2 below. 

TABLE 2 

RDX Particle Sizes 

Mesh Size Class 1 Class 5 Microns' 

2O 982 841 
50 90 - 10 297 
1OO 60 30 149 
2OO 25 - 20 74 
325 97 min 44 

0045. The data from Table 2 indicates that the mean RDX 
particle size lies between about 80 and 120 microns. The 
military specifications for spherical aluminum powder show 
that the average aluminium particle size is between 11 and 
27 microns in size 

0046) The PBX loaded surrogate warhead was washed 
out using high velocity (800 m/s) water which flowed into 
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the leach tank. Inside the leach tank was a 100 micron 
stainless steel filter that retained bulk material but allowed 
finer material to pass through to the aluminum filter vessel 
below. Inside the aluminum filter vessel was a 5 micron 
polypropylene sock to filter particulate materials out of the 
liquid stream. After the majority of the RDX had been 
leached out of the polyurethane matrix component with use 
of an acetone rinse a decomposition of the polyurethane 
matrix material was accomplished using monoethanola 
mine. After the MEA had been washed off, the remaining 
particles were sampled for analysis. 

0047 The results of the PBX leaching and decomposition 
tests showed that nitramine (RDX) could be successfully 
dissolved from the washed out PBX-109 material using 
acetone. The solvent leaching showed RDX being recovered 
directly from the polymer matrix prior to depolymerization 
by MEA. The results of the first and second Teachings are 
shown in Tables 3 and 4 respectively. 

TABLE 3 

Results of First Solvent Leaching 

Sample Number Mass % RDX 

AD 3.88% 
AE 10.37% 
AF 7.759, 
AG 7.06% 
AH 6.95% 
AI 7.38% 
AJ 8.89% 
AK 7.45% 
AL 8.57% 
AM 9.18% 

0048) 

TABLE 4 

Results of Second Leaching 

Sample Number Mass % RDX 

AO 1.10% 
AQ O.96% 
AR O.71% 
AS 1.13% 
AT 1.18% 
AU O.81% 
AV O.84% 
AW 1.16% 
AX O.94% 

0049. The above data in the above two tables is as a 
function of time and taken 7.5 +/2.5 minutes). This date 
evidences that use of a waterjet to destroy the physical 
integrity of the PBX material has done such a good job in 
tearing apart the PBX that the RDX is readily solvated by the 
acetone i.e. after the first period of time (~10 minutes) the 
leaching process has equilibrated. 

0050. The average mass fraction of RDX in the acetone 
was 7.76% for the first leach and 0.98% for the second leach. 
At the beginning of the first leach, problems with the leach 
tank mixer drive resulted in an almost a two hour time gap 
between samples. After the two hour period, however, the 
RDX concentration in the acetone takes a significant and 
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expected jump. Subsequent heating appears to have had 
little effect on the RDX concentration in the acetone. 

0051. The RDX concentration in acetone of the second 
leach shows a significant decrease when compared to the 
first leach, an average RDX mass fraction of 0.98% as 
opposed to the 7.76% seen in the first leach. Thus, it appears 
that the first leach extracted a majority of the RDX. To verify 
that the leach process worked properly, a sample of the 
remaining material in the leach tank was once again leached 
in the laboratory at 40° C. for 4 hours. High Performance 
Liquid Chromatography (HPLC) analysis of the acetone 
revealed only a trace amount of RDX. 
0052 Consequently it is shown that the velocity of the 
kinetic energy polymer disrupter was the critical factor in 
breaking up the plastic matrix and that this kinetic energy 
could be applied by a gas, liquid, or solid alone or in 
combination. Such materials that could be used could be jets 
of fluids or gases, high Velocity particle streams of Solids, 
combinations of particle streams and jet streams comprised 
of Solids and liquids or Solids and gases, or combinations of 
Solids, liquids, and gases. Methods that can be used to 
accelerate materials to such velocities are required. Such 
methods include expansion through an orifice (such as high 
pressure gas or liquid), explosive discharge (such as capaci 
tive discharge or exploding bridgewire), linear accelerator, 
rotational (centrifugal) force, magnetic repulsion, piezoelec 
tric drivers, or by other mechanical means. 

What is claimed is: 
1. A process for recovering the energetic component from 

a plastic bonded explosive comprised of an energetic com 
ponent in a polymer matrix component, which process 
comprising: 

a) comminuting said plastic bonded explosive by contact 
ing said plastic bonded explosive with a high pressure 
jet of comminuting agent of an effective energy to 
cause said plastic bonded explosive to be comminuted 
into particles of Sufficiently small size to expose said 
energetic component; 

b) contacting the plastic bonded explosive particles with 
a solvent in which the energetic component is soluble 
and in which the polymer matrix component is Sub 
stantially insoluble, thereby forming a solution of ener 
getic component in solvent and solid particles of poly 
mer matrix component; and 

c) separating the energetic component solvent Solution 
from the Solid particles of polymer matrix component. 

2. The process of claim 1 wherein the comminuting agent 
is water. 

3. The process of claim 1 wherein the comminuting agent 
is an organic solvent. 

4. The process of claim 1 wherein the organic solvent is 
selected from the group consisting of Cs to Caliphatic 
hydrocarbons, preferably octane and hexane; naphtha; 
ketones, such as cyclohexanone and acetone; aromatic 
hydrocarbons. Such as toluene and Xylene; alcohols, such as 
ethanol and butanol; glycols, such as ethylene and propylene 
glycol; esters, such as ethyl acetate and n-butyl acetate. 

5. The process of claim 4 wherein the comminuting agent 
is acetone. 

6. The process of claim 1 wherein the comminuting agent 
is a normally gaseous material in liquid form, which nor 
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mally gaseous material is selected from the group consisting 
of propane, butane, and carbon dioxide. 

7. The process of claim 1 the energetic component is 
selected from the group consisting of cyclotrimethylenetrin 
itramine, cyclotetromethylene tetranitramine, hexanitrostil 
bene, 2.2-bis(nitroxy) methyl-1,3-propanediol dinitrate, 
ammonium perchlorate, 2.4.6 trinitro-1.3 benzenediamine, 
ammonium picrate, nitrocellulose, nitroguanidine, 4.5-trini 
trophenol, hexahydro-1,3,5-benzenetriamine, N-methyl 
N-2,4,6 tetranitrobenzene, 2-methyl-1,3,5-trinitrobenzene, a 
mixture of ammonium nitrate and 1,3,5-trinitrobenzene; a 
mixture of Ba(NO), and 1,3,5-trinitrobenzene, black pow 
der (KNO/S/C), Composition B. Composition C, a mixture 
of cyclotrimethylenetrinitramine and 1,3,5-trinitrobenzene, 
LOVA propellant, NACO propellant, and Octol. 

8. The process of claim 7 wherein the energetic compo 
nent is selected from the group consisting of cyclotrimeth 
ylenetrinitramine, cyclotetromethylene tetranitramine, hex 
anitrostilbene, and 2.2-bis(nitroxy) methyl-1,3- 
propanediol dinitrate. 

9. The process of claim 8 wherein the energetic compo 
nent is cyclotrimethylenetrinitramine. 

10. The process of claim 9 wherein the solvent is acetone. 
11. The process of claim 1 wherein the particle size of the 

comminuted particles is from about 0.25 inches to 250 
microns. 

12. The process of claim 11 wherein the particle size of 
the comminuted particles is from about 50 microns to about 
250 microns. 

13. The process of claim 1 wherein the pressure of the 
high pressure jet is from about 20,000 psi to about 150,000 
pS1. 

14. The process of claim 13 wherein the pressure of the 
high pressure jet is from about 40,000 psi to about 150,000 
pS1. 

15. A process for recovering the energetic component 
from a plastic bonded explosive comprised of an energetic 
component in a polymer matrix component, which process 
comprising: 

a) comminuting said plastic bonded explosive by contact 
ing said plastic bonded explosive with a high pressure 
jet of water of an effective energy to cause said plastic 
bonded explosive to be comminuted into particles 
having an average particle size of about 0.25 inches to 
about 250 microns to expose said energetic component, 
which energetic component is cyclotrimethylenetrinit 
ramine; 

b) contacting the plastic bonded explosive particles with 
acetone thereby resulting in a solution of cyclotrimeth 
ylenetrinitramine in acetone and leaving particles of 
said polymer matrix which are substantially not soluble 
in acetone; and 

c) separating the cyclotrimethylenetrinitramine in acetone 
Solution from the particles of polymer matrix. 

16. The process of claim 15 wherein the pressure of the 
high pressure jet is from about 20,000 psi to about 150,000 
psi. 

17. The process of claim 16 wherein the pressure of the 
high pressure jet is from about 40,000 psi to about 150,000 
psi. 

18. A process for separating the components of a plastic 
bonded explosive comprised of a polymer matrix compo 
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nent, an aluminum powder component, and an energetic 
component, which process comprises: 

a) comminuting said plastic bonded explosive by contact 
ing said plastic bonded explosive with a jet of commi 
nuting agent of an effective energy to cause said plastic 
bonded explosive to be comminuted into particles of 
sufficiently small size to effectively expose said ener 
getic component and to free the aluminum powder 
particles from the polymer matrix component; 

b) separating said aluminum powder particles from the 
polymer matrix component and the energetic compo 
nent; 

c) contacting said polymer matrix component and ener 
getic component with a solvent in which the energetic 
component is soluble but in which the polymer matrix 
component is substantially insoluble, thereby dissolv 
ing the energetic component in the solvent; and 

d) separating the energetic component solvent Solution 
from the Solid particles of polymer matrix component. 

19. The process of claim 18 wherein the comminuting 
agent is water. 

20. The process of claim 18 wherein the comminuting 
agent is an organic Solvent. 

21. The process of claim 18 wherein the organic solvent 
is selected from the group consisting of Cs to C 9 aliphatic 
hydrocarbons, preferably octane and hexane; naphtha; 
ketones, such as cyclohexanone and acetone; aromatic 
hydrocarbons. Such as toluene and Xylene; alcohols, such as 
ethanol and butanol; glycols, such as ethylene and propylene 
glycol; esters, such as ethyl acetate and n-butyl acetate. 

22. The process of claim 21 wherein the comminuting 
agent is acetone. 

23. The process of claim 18 wherein the comminuting 
agent is a normally gaseous material in liquid form, which 
normally gaseous material is selected from the group con 
sisting of propane, butane, and carbon dioxide. 

24. The process of claim 18 the energetic component is 
selected from the group consisting of cyclotrimethylenetrin 
itramine, cyclotetromethylene tetranitramine, hexanitrostil 
bene, 2.2-bis(nitroxy) methyl-1,3-propanediol dinitrate, 
ammonium perchlorate, 2.4.6 trinitro-1.3 benzenediamine, 
ammonium picrate, nitrocellulose, nitroguanidine, 4.5-trini 
trophenol, hexahydro-1,3,5-benzenetriamine, N-methyl 
N-2,4,6 tetranitrobenzene, 2-methyl-1,3,5-trinitrobenzene, a 
mixture of ammonium nitrate and 1,3,5-trinitrobenzene; a 
mixture of Ba(NO), and 1,3,5-trinitrobenzene, black pow 
der (KNO/S/C), Composition B. Composition C, a mixture 
of cyclotrimethylenetrinitramine and 1,3,5-trinitrobenzene, 
LOVA propellant, NACO propellant, and Octol. 

25. The process of claim 24 wherein the energetic com 
ponent is selected from the group consisting of cyclotrim 
ethylenetrinitramine, cyclotetromethylene tetranitramine, 
hexanitrostilbene, and 2.2-bis(nitroxy) methyl-1,3-pro 
panediol dinitrate. 

26. The process of claim 25 wherein the energetic com 
ponent is cyclotrimethylenetrinitramine. 

27. The process of claim 26 wherein the solvent is 
acetOne. 

28. The process of claim 18 wherein the particle size of 
the comminuted particles is from about 0.25 inches to 250 
microns. 
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29. The process of claim 28 wherein the particle size of 
the comminuted particles is from about 50 microns to about 
250 microns. 

30. The process of claim 18 wherein the pressure of the 
high pressure jet is from about 20,000 psi to about 150,000 
pS1. 

31. The process of claim 30 wherein the pressure of the 
high pressure jet is from about 40,000 psi to about 150,000 
pS1. 

32. A process for removing a plastic bonded explosive 
comprised of an energetic component and a polymer matrix 
from a munition and separately recovering the components, 
which process comprising: 

a) cutting open said munition by use of a high pressure 
fluid jet to expose the plastic bonded explosive; 

b) comminuting said plastic bonded explosive by contact 
ing said plastic bonded explosive with a high pressure 
jet of comminuting agent of an effective energy to 
cause said plastic bonded explosive to comminute into 
particles of Sufficiently small size to expose said ener 
getic component from the polymer component; 

c) contacting the plastic bonded explosive particles with 
a solvent in which the energetic component is soluble 
and in which the polymer matrix component is Sub 
stantially insoluble, thereby forming a solution of ener 
getic component in solvent and solid particles of poly 
mer matrix component; and 

d) separating the energetic component solvent Solution 
from the Solid particles of polymer matrix component. 

33. The process of claim 32 wherein the comminuting 
agent is selected from water and an organic solvent. 

34. The process of claim 32 wherein the organic solvent 
is selected from the group consisting of Cs to C 9 aliphatic 
hydrocarbons, preferably octane and hexane, naphtha; 
ketones, such as cyclohexanone and acetone; aromatic 
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hydrocarbons. Such as toluene and Xylene; alcohols, such as 
ethanol and butanol; glycols, such as ethylene and propylene 
glycol; esters, such as ethyl acetate and n-butyl acetate. 

35. The process of claim 34 wherein the comminuting 
agent is acetone. 

36. The process of claim 34 the energetic component is 
selected from the group consisting of cyclotrimethylenetrin 
itramine, cyclotetromethylene tetranitramine, hexanitrostil 
bene, 2.2-bis(nitroxy) methyl-1,3-propanediol dinitrate, 
ammonium perchlorate, 2.4.6 trinitro-1.3 benzenediamine, 
ammonium picrate, nitrocellulose, nitroguanidine, 4.5-trini 
trophenol, hexahydro-1,3,5-benzenetriamine, N-methyl 
N-2,4,6 tetranitrobenzene, 2-methyl-1,3,5-trinitrobenzene, a 
mixture of ammonium nitrate and 1,3,5-trinitrobenzene; a 
mixture of Ba(NO), and 1,3,5-trinitrobenzene, black pow 
der (KNO/S/C), Composition B, Composition C, a mixture 
of cyclotrimethylenetrinitramine and 1,3,5-trinitrobenzene, 
LOVA propellant, NACO propellant, and Octol. 

37. The process of claim 36 wherein the energetic com 
ponent is selected from the group consisting of cyclotrim 
ethylenetrinitramine, cyclotetromethylene tetranitramine, 
hexanitrostilbene, and 2.2-bis(nitroxy) methyl-1,3-pro 
panediol dinitrate. 

38. The process of claim 37 wherein the energetic com 
ponent is cyclotrimethylenetrinitramine. 

39. The process of claim 32 wherein the particle size of 
the comminuted particles is from about 0.25 inches to 250 
microns. 

40. The process of claim 32 wherein the pressure of the 
high pressure jet is from about 20,000 psi to about 150,000 
pS1. 

41. The process of claim 32 wherein there the plastic 
bonded explosive also contains an aluminum powder com 
ponent that is freed during comminuting the plastic bonded 
explosive with the high pressure jet of comminuting agent. 
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