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Objective

* Develop and Demonstrate an aluminized
explosive where:

 the aluminum fully reacts in the early time of
detonation, and

 substantially contributes to the metal pushing
energy of the explosive formulation.

— An explosive of this nature would be ideally
suited for use in multipurpose warheads and
other applications that require high
performance and high blast.

— A warhead could be designed that takes
advantage _o_f_bo_th the extra m‘etal _p_ushing
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Considerations
e Nano-Aluminum

— Advantages

* May react quickly and completely in a detonationd
complete release of energy

— Possible disadvantages
« Oxide coating may decrease performance.
* Reactivity with air or water
« Aging and stability in formulations not yet estighkd.
e Higher cost
* Requires modified processing methods

e Micron Size Aluminum



Effect of the Oxide Passivation
Layer

Expansion Energy
(kd/cc) @ VIVo=6.5
Aluminum Type Al size % Free Al PAX-3
Standard Al >10u >99 8.93
Fine Aluminum <10 pu ~97-98 8.89
Nano Aluminum ~200 nm ~85 8.66
Nano Aluminum ~40 nm <70 8.31

e Effect of the aluminum oxide
layer on nano aluminum can be
significant!



Formulations of Interest

LX-14 [(PAX-12 |PAX-29 |PAX-29n |PAX-30|PAX-42 |PAX-3 PAX-3a
HMX 95.5 Yes 64 64
RDX Yes
CL-20 90 Yes Yes
Al Yes Nano Yes Yes |20 (Al1l)| 20 (Al 2)
% Solids 95.5 90 92 92 92 92 84 84
BDNPA/F
CAB None 8 8 8 8 8 16 16
Estane 4.5

 These formulations are
representative of some of the
compositions considered and/or
evaluated on this prodra
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PAX-29

Effect of Aluminum Content — Thermochemical Calculations

CJ Detonation |Expansion Energy | Total Mechanical
COMPOSITION: Pressure Velocity @V/V0=6.5 Energy
Aluminized CL-20 (Gpa) (km/s) (kJ/cc) (kJ/cc)
No aluminum 40.7 9.36 9.82 11.34
-5% Al 39.6 8.98 10.55 13.26
-2% Al 38.6 8.84 10.69 13.81
PAX-29 37.7 8.72 10.75 14.18
+2% Al 36.5 8.6 10.76 14.55
+5% Al 34.5 8.37 10.65 15.20
+10% Al 32.2 8.04 10.28 15.92
+15% Al 28.7 7.92 9.28 15.31

* E,.optimizes at aluminum levels near selected
composition

— Greatly exceeds LX-14 theoreticg| fof 8.61 kJ/cc
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PAX-30

Effect of Aluminum Content — Thermochemical Calculations

CJ Detonation | Expansion Energy | Total Mechanical
COMPOSITION: Pressure Velocity @V/V0=6.5 Energy
Aluminized HMX (Gpa) (km/s) (kJ/cc) (kJ/cc)
No aluminum 33.8 8.77 8.54 10.15
-5% Al 32.6 8.43 9.37 12.03
PAX-30 31.3 8.16 9.7 12.98
+3% Al 30.9 8.04 9.83 13.56
+4% Al 30.7 8.02 9.84 13.77
+5% Al 30.4 8.01 9.83 13.99
+10% Al 28.4 7.99 9.62 14.95
+13% Al 27 7.96 9.33 15.20
+15% Al 26.2 7.94 9.00 15.09

 E6.5 of nearly all compositions is above that of
LX-14

e CJ pressure optimizes at 0% Al

—— | 1
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PAX-42

Effect of Aluminum Content — Thermochemical Calculations

CJ Detonation | Expansion Energy | Total Mechanical
COMPOSITION: | Pressure Velocity @V/V0=6.5 Energy
Aluminized RDX (Gpa) (km/s) (kJ/cc) (kJ/cc)
Non-aluminized 30.7 8.51 8.06 9.66
-5% Al 29.7 8.19 8.91 11.55
PAX-42 28.7 7.94 9.24 12.50
+3% Al 28.6 7.84 9.37 13.07
+4% Al 28.4 7.82 9.38 13.29
+5% Al 28.1 7.80 9.37 13.50
+10% Al 26.3 7.75 9.19 14.46
+13% Al 25.0 7.70 8.89 14.67
+15% Al 24.1 7.67 8.56 14.56

e Calculated E6.5 for all compositions are
surprisingly high for RDX based compositions

e CJ pressure optimizes at 0%
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PAX-3

Effect of Aluminum Content — Thermochemical Calculations

CJ Expansion Energy | Total Mechanical

COMPOSITION: Pressure Vb @V/V0=6.5 Energy
Aluminized HMX (Gpa) (km/s) (kJ/cc) (kJ/cc)
0% Al 29.7 8.34 7.74 9.39

10% Al 28.3 7.99 8.52 11.13
15% Al 27.4 7.73 8.83 12.01
18% Al 27.1 7.65 8.94 12.58
19% Al 26.9 7.64 8.95 12.78
20% Al (PAX-3) 26.6 7.63 8.94 12.98
25% Al 24.8 7.58 8.73 13.86
28% Al 23.5 7.51 8.47 14.10
30% Al 22.6 7.47 8.17 14.01

*E6.5 optimizes at 18-20% AL
*CJ pressure optimizes at 0% Al
*Total mechanical energy optimizes near 28% Al




Explosives Manufacturing

*Slurry Processing

—Water slurry for PAX-3 containing
larger aluminum

—Perfluorinated liguid medium for other
aluminized molding powders

 Perfluorinated liquids are expensive and
must be recovered from large batches

*Vertical Mix Processing
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Pressed Pellets

LX-14 Powder made with water slurry process  PAX-12 Powder made with water slurry process

LX-14 Cylinder Expansion Pellets PAX-12 Cylinder Expansion Pellets
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Photos

PAX-29 powdermade w/ non aqueous PAX-29n powder made w/ non aqueous
slurry process slurry process

PAX-29 Pellets PAX-29n Pellets
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Photos (cont.)

PAX-30 Powder made with vertical

. PAX-42 Powder made with vertical
MIX Process

MiX process

PAX-30 Cylinder Expansion Pellets PAX-42 Cylinder Expansion Pellets
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Photos (cont.)

PAX-3 Powdermade with vertical mix process PAX-3a Powdermade vertical mix process
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Summary

* High energy/high blast (combined effects)
explosive formulations have been
demonstrated

— Theoretical expansion energy at V/V0=6.5
exceeds LX-14

— Measured air blast performance 30-36%
greater than LX-14

e Can be processed in slurry or vertical
mixers
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