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14.  ABSTRACT 

Fluorinated polymers have gained increasing attention as reactive oxidizing materials for energetic formulations over 

the past two decades. Specifically, reactions between aluminum, silicon, and/or magnesium with 
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 Though the highly fluorinated nature of 

these polymers yields a chemically inert material with low friction resistance and non-adhesive properties the 

fluorinated byproducts produced during the decomposition of these polymers are highly reactive with the previously 

mentioned metals. For example, the reaction of Al with PTFE to yield AlF3 (Equation 1) liberates nearly twice the 

energy per gram (-13.5 kcal/g) than combustion of Al with oxygen to yield Al2O3 (-7.4 kcal/g).
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Figure 2.  Picture displaying the extruded nano-Al/ Zonyl® TM fluoropolymer 
composite at a) less than 20 wt.%, b) 22.5 wt.% and c) 34.5 wt% nano-Al 
content. 
 

 
Figure 3.  TEM micrographs displaying the microstructure of the 22.5 wt.% 
nano-Al/ Zonyl® TM fluoropolymer composite. 
 
 Thermal analysis performed on the composite materials indicates that the 
polymer begins to degrade above 200 C with degradation complete by 400 
C under both argon and air atmospheres. In the presence of oxygen the  

composites combust around 320 C, well below the melting point of Al or the 
combustion onset temperature for nano-Al/PTFE. In order to determine if the 
presence of fluorine was indeed contributing to the reactivity of our 
composites we prepared a non-fluorinated analog comprised of 22.5 wt.% 
nano-Al in poly(methyl methacrylate) (PMMA). Pellets were prepared from 
both materials, placed directly onto a firebrick and were rapidly heated with a 
propane/oxygen flame, Figure 4. A visibly more violent response was 
observed from the 22.5 wt.% nano-Al/ Zonyl® TM fluoropolymer composite 
confirming that the fluorinated polymer matrix does indeed contribute to the 
reactivity of the material.  
 

 
Figure 4. Combustion experiments performed on a) 22.5 wt.% nano-
Al/PMMA and b) 22.5 wt.% nano-Al/ Zonyl® TM fluoropolymer composite 
material. 
 
Conclusions 
 We report the synthesis of a novel nano-Al/fluoropolymer composite 
comprised of CEA functionalized nano-Al in a Zonyl® TM fluoropolymer 
matrix prepared by in situ free radical polymerization. The resulting 
composites were prepared with particle loadings ranging from less than 20 
wt.% up to 34.5 wt%. All of the materials demonstrated theromoplastic 
behavior and were able to be processed through twin-screw extrusion. 
Qualitative combustion studies indicate that the fluorine present in the Zonyl® 
TM fluoropolymer matrix does indeed contribute to the reactivity of the 
materials.  
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