
R1-C.1: Understanding Heterogeneity of 

Energetic Materials 

Abstract— Today, the use of X-ray CT imaging is the most common technique for screening checked 
baggage and cargo for commercial aviation.  While these CT techniques are widely successful, there 
can be a shortfall when contraband meant for detection has similar X-ray properties to the back-
ground matrix (e.g. clothing, books, plastics, etc.).  In our work, we are looking to enhance detection 
of contraband by using aspects of materials’ properties beyond density and X-ray cross section. We 
are working on developing methods to produce materials in which the heterogeneity is systemati-
cally controlled, such that we can vary the materials particle size, shape, and texture. Additionally, 
signifi cant advances have been made in the area of controlling, thus enhancing the understanding of 
how the nano-microstructure of explosives infl uences properties of energetic materials.  
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II. PROJECT OVERVIEW AND SIGNIFICANCE

A. Mock heterogeneous materials

The scope of this work has investigated methods to produce a diverse range of materials which exhibit pre-
dictable properties with respect to morphology and structure. To this end, we have explored synthetic meth-
odology which can be used to control the texture, composition, and z-number of inorganic materials. As 
shown in Figure 1 on the next page, the texture and structure of a cobalt oxide based material can be simply 
modi ied by varying simple synthetic parameters such as concentration and solvent system. These materi-
als can be used for X-ray screening for texture where we can control the overall density (0.01 to 3g/cc) and 
atomic z-number (range 6-50) to provide ‘phantom’ mock explosives.
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Previously, we have demonstrated that low density porous aerogels of nitrocellulose can be synthesized in 
such a way that the inal density and porosity can be readily modi ied by simple solvent addition. To expand 
our ability to control the texture of energetic materials we have focused our attention on developing compos-
ite materials. By integrating nanoscale dopants to act as either nucleation sites or structure directing agents, 
composite energetic materials can be synthesized, which will allow us to probe the energetic properties 
with respect to structure and density. As shown in Figure 2, changing the surface functionality of the gold 
nanocrystals used to enhance the structure of the nitrocellulose aerogels shows signi icant morphological 
changes such as porosity and surface area.

To understand the effect of heterogeneity on explosive performance, we fabricated a series of various en-
ergetic materials with various crystallization conditions and impurities added.  The impact of this work is 
two-fold: (1) To understand what conditions lead to heterogeneity for enhanced detection and (2) the effect 
of heterogeneity on explosives performance.  The conditions chosen are detailed in the publications but were 
primarily focused on those that might be used by an illicit group. Figure 3 shows a series of on images from 
a nitrocellulose sample dried with various solvents and temperatures. As observed in this series of images, a 
wide range of heterogeneity can be observed simply by changing the solvent and temperature.

Figure 1: Co-aerogel specimens showing changes in morphology due to synthetic conditions A) a net- like web, B) 

fl occulant sponge, C) large joined spheres, D) small fl oret, E) large platelets, and F) large fl orets.

Figure 2: nitrocellulose aerogel, A) undoped, B) doped with alcohol functionalized gold nanocrystal doped aerogel, 

and C) doped with carboxylic acid functionalized gold nonocrystals.  

Figure 3: Nitrocellulose prepared under diff erent synthetic conditions (a) from 10 mg/mL DMF solution at 25 oC, (b) 

from 10 mg/mL THF solution at 5 oC, (c) and (d) from 10 mg/mL DMF solution at 5 oC, (e) and (f) from 5 mg/mL DMF 

solution at 5 oC, (g), and (h) from 30 mg/mL DMF solution at 5 oC. 
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Burn rate studies were also undertaken to determine kinetic parameters of the heterogeneous nitrocellulose 
(see Fig. 4).  As the particle size decreases, the surface area is increased, leading to a higher burn rate.  One of 
the more signi icant aspects of the work is that the combustion is more complete with the smaller particles.  
There has been interest from the DoD in using these small particles in gunpowder formulations since the 
increased burn rate may lead to less propellant needed for weapons performance.  In addition to the burn 
rate, thermal stability tests were also performed (not shown).  The thermal stability of the nanosized nitro-
cellulose was similar to the bulk indicating that these formulations should have similar safety aspects to be 
considered.

III. RESEARCH ACTIVITY

A.      State-of-the-art and technical approach

In an effort focused on a giving greater control to the overall texture and structure of the materials, we fo-
cused on using sacri icial hard templates, such as polymeric spheres, to impart further control over the ma-
terials density and porosity. To this end, we have coupled simple templating methods with our novel sol-gel 
chemistry to produce materials with a bimodal pore structure. As shown in Figure 5, the irst of a series of 
complex metal oxides has been synthesized, exhibiting macroporous windows and porous walls which are 
composed of nano-crystalline complex metal oxides (variable z-number) and exhibit mesoporous structure. 
This is a one pot approach, which allows the structure and composition of the pores to be varied and allows 
control for the particles at the nanoscale.

The construction of heterogeneous energetic materials has led to a new method of nanolithography.  This 
discovery was made while interrogating supercooled PETN.  The overall goal was to investigate the kinetics 
and thermodynamics of ‘glassy’ (non-crystalline) energetics.  However, during high resolution imaging, we 
found it was possible to use the atomic force microscope to perform lithography. The method is known as 
Tip Induced Crystallization Lithography (TICL). An example of TTU written with PETN crystals is shown in 
Figure 6 on the next page.  While this discovery may appear outside of the scope of ALERT, it has already had 
a signi icant impact on a broad community since it is not limited to energetics.  Speci ically, the pharmaceu-
tical industry has started using TICL to induce crystallization because the crystallographic polymorphs are 
important to the pharmaceutical effects.

Figure 4: Burn rate of  nitrocellulose (NC) (a) bulk NC fi lm, (b) 0.5-4 μm spheres NC sample, (c) 200-900 nm spheres NC 

sample, and (d) 300-800 nm spheres NC sample. (e) Comparison of the burn rates of diff erent NC fi lms.

   a)                b)         c)

Figure 5: Inverse opals show varying composition and structure, A) Iron oxide, B) Zinc aluminate, C) Nickel aluminate.
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B.      Major contributions

The primary contribution of the effort is to understand what controls heterogeneity and if heterogeneity can 
be exploited for enhanced detection.  Thus far, we have synthesized a broad range of both metallic and or-
ganic materials to be used as mock/phantoms for x-ray screening and algorithm development.  These materi-
als will be provided to other thrusts as needed.  We have also shown that the heterogeneity of real energetic 
materials is extremely complex.  Since minor changes in the production methods (solvent, concentration, 
temperature) can have a signi icant impact on the inal compound, it will be dif icult to use texture alone as a 
screening tool.  However, by knowing the range of textures that can be reasonably fabricated, algorithms can 
be developed to exploit the effects of heterogeneity for enhanced detection. 

C.      Future plans

Future work will continue on both mock materials and real energetics.  We anticipate working closely with 
other thrusts to fabricate high quality mock materials with speci ic densities and atomic z numbers as re-
quested.  We will also use the mock aerogels as templates that can be back illed with energetics to produce 
more uniform explosives for screening of real samples (in those materials the template will be removed 
either chemically or thermally).  We also anticipate working with home-made explosives to determine what 
controls heterogeneity in these materials. Speci ically, we will focus on ammonium nitrate (without fuel ini-
tially), TATP and HMTD.

IV. EDUCATION & WORKFORCE DEVELOPMENT ACTIVITY

This year the primary outreach activity was a training day for irst responders in April 2014.  The participants 
included bomb squads from Lubbock, Midland, Abilene and Dallas.  Other participants included the ATF and 
Air Force EOD.  This exercise was conducted in two sessions.  The irst was a classroom exercise and the sec-
ond was a lab exercise where TATP synthesis was observed. The most exciting aspect was that two ATF dogs 
were brought from Dallas.  The chemistry building was used as a training facility where empty vials of TATP 
and HMTD were distributed.  The chemistry building provided a unique environment for canine training with 
the broad matrix of chemical interferants.  However, both dogs found all the samples placed.  The ATF is cur-
rently in discussions to continue training at Texas Tech for their dogs annually.

V. RELEVANCE AND TRANSITION

A.      Relevance of your research to the DHS enterprise

Figure 6: Nucleation of PETN can be controlled to create arbitrary shapes.
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The primary relevance of this effort is to understand heterogeneity and aid in advanced screening.  The 
thermodynamics and kinetics of heterogeneity are also important since the information will lead to a better 
understanding of performance, output and critical diameter of explosive devices.

B.      Anticipated end-user technology transfer

The anticipated technology transfer of this work is to yield information on algorithm development for en-
hanced screening.  No intellectual property speci ic to this effort is anticipated.

VI. LEVERAGING OF RESOURCES

The work has led to a number of interested parties beyond ALERT and DHS.  In previous years, we iled a pat-
ent on a new energetic material with an output similar to that of CL-20.  Both the Army and DoE are pursuing 
this new material.  The recent work has had outside interest from DoD on gunpowder formulations but no 
additional funding has been received (note that the publication came out in early 2014).
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3. X. Zhang and B.L. Weeks, Tip Induced Crystallization Lithography, Journal of the American Chemical 
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B. Other conference proceedings

1. Guest Lecture LSU: October 2013, Brandon Weeks “Probe microscopy: from sensors to energetic 
materials”
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