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Background of Explosives
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Melt Cast Cast CurePressed

Å Mp < 100oC
Å Used neat or as a binder
Å Poured into fixture
Å Cools to brittle solid

Å Slurry coating
Å Crystalline ingredients bound 

by coating polymers
Å Pressed to shape or machined
Å Minimal mechanical strength

Å Planetary mixers
Å Pre-polymer, urethanes
Å Vacuum cast 
Å Best mechanical strength

Strength relates to sensitivity 



Current Project Goals

ÅWhat? - Create two explosive formulations:
1). Higher energy with equal nitramineloading 
2). Equal energy with reduced nitramineloading

ÅWhy?
1). Higher energy explosives are needed to meet the engineering advances of 
modern weapon systems 
нύΦ ά9ƴŜǊƎȅ ǇŀǊǘƛǘƛƻƴƛƴƎέ- remove sensitive, solid nitraminesand replace with 
energetic elastomeric binder yielding reduced sensitivity with maintained 
performance
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Current Project Goals

ÅHow? - Replace HTPB in urethane-based cast-cure explosive formulations with a 
polymer that contributes energy to the explosive performance
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Chemistry of Cast Cures

ÅCast cure binders are comprised of three key ingredients: pre-polymer, isocyanate 
(think spaghetti), and plasticizer 

ÅPre-polymer = long chain molecule, hydroxyl-terminated, usually viscous (honey)
ÅIsocyanate = small molecule, reacts with pre-polymer to form a rubbery matrix
ÅPlasticizer = small molecule, oil-like, unreactive but decreases pre-polymer viscosity 

and softens the rubbery matrix
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Pre-polymer Cast cure binder

Add plasticizer 
and isocyanate

Add crystalline 
nitraminepowder;

Heat and time
Cast cure explosive



Binder - Factors and Responses

Factors:
Plasticizer : Polymer ratio (Two Level, Continuous)

Isocyanate Type (Two Level, Categorical)
Isocyanate amount (Three Level, Continuous)

Responses: 
Viscosity (Minimize)

Cure Hardness (Maximize)

Why DoE? ςBecause reducing the number of experiments saves time, money, and material

A full factorial DoE was chosen in order to realize all main effects and eliminate 
confounding factors 
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Binder - Experiments and Results

Binder samples were created according to the design parameters and mixed under 
vacuum in a DAC 150 Speed Mixer

Hardness scores were achieved through a forced ranking system

(Some samples did not create enough polymer matrix to allow for Shore-A measurement)

Viscosity measurements were taken over a range of sheer rates; minimal value selected 
as the response recorded
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Binder - Models and Analysis

Hardness Response Surface

Viscosity Response Surface

Minimized viscosity values can be 
achieved with a Pl:Po ratio of 2:1.

Isocyanate type and amount have a 
minimal effect on the viscosity

Maximized hardness values can be 
achieved with a Pl:Po ratio of 1:1 and an 

isocyanate amount of 1.15

Isocyanate type has a minimal effect on 
the hardness

Optimization can be achieved through a trade-off analysis
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