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Alfred Nobel’s invention of dynamite was probably the first demonstration of the relationship 

between porosity and initiation sensitivity of an explosive. In the years since, the initiation and 

detonation properties of crystalline explosives have often been empirically correlated to bulk 

density and properties of unconsolidated powder, such as surface area and particle size [1, 2]. 

Although these correlations are sometimes used successfully to predict performance, the data are 

spatially averaged, which unfortunately muddles information critical to understanding small-scale 

fundamental processes. Density and surface area are essentially an indirect measure of porosity, 

which is arguably a more appropriate metric in many applications. We report the direct 

characterization of porosity in two polycrystalline molecular crystal explosives, pentaerythritol 

tetranitrate (PETN) and hexanitrostilbene (HNS), by focused ion-beam (FIB) nanotomography 

and broad beam ion cross sectioning [3].   

 

Focused ion beam nanotomography is a technique typically reserved for robust materials such as 

ceramics and metals.  However, we have demonstrated successful use of this technique even with 

extremely sensitive molecular crystal materials. The resulting three-dimensional microstructural 

data (Fig 1) are incredibly rich, promising a substantial advance in our ability to unravel the 

processes governing initiation and detonation of molecular crystal explosives.  The data were 

used to obtain the local pore-size distribution in an area of the sample that is particularly 

interesting technologically. Furthermore, the three-dimensional data were used as the initial 

microstructure in hydrodynamic shock-physics simulations.  

 

Samples were also cross-sectioned using a masked argon broad beam and subsequently examined 

using electron microscopy (Fig 2). While only two-dimensional data can be obtained, this method 

allowed us to examine larger sections of each sample capturing density gradients.  Additionally, 

the obtained images are higher resolution. Not surprisingly, for samples where the porosity is 

nano-scale, closed, and nearly equant, we observed close agreement between data obtained from 

two-dimensional cross-sections and three-dimensional nanotomography. 

 

In a larger context, this work demonstrates that focused ion beam nanotomography may be 

successfully extended to the investigation of nanoscale porosity in molecular crystal or polymer 

materials. 
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