
F1-B: Nanomaterials for Enhanced Detection of 
Explosives and Mitigation of Explosive Events

Abstract—This research is focused on the synthesis of nanomaterials which can be incor-
porated into high explosives. Alternative applications, depending on the material’s compo-
sition, include incorporation in composites to either increase the resistance to blast or for 
enhanced detection post-blast. This year’s focus has been to understand the effect of mor-
phology on the materials properties and performance. To this end we have expanded our 
work to form low density materials composed of pure nitrocellulose to further understand 
the effect of morphology on the materials structural integrity and stability. In addition to 
these fundamental studies we have also integrated other nanomaterials and high explosives 
with the structures to examine the composite materials properties. In addition in a effort to 
enhance our control of the pore structure of these materials we have investigated methods 
to use hard templates to form hierarchical porous materials which can be used as host ener-
getic materials. These materials are novel in that they have a bimodal pore structure which 
is formed from a single stage reaction.
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II. PROJECT OVERVIEW AND SIGNIFICANCE

This work looks to exploit nanomaterials that have novel optical, electronic, thermal and magnetic properties 
which can be incorporated into high explosives. These materials have the potential to act as pre-blast detec-
tion taggants.  Previously, we synthesized monolithic aerogels composed of either magnetic nanoparticles or 
semi-conductor nanocrystals (quantum dots) doped with a noble metal. These materials are highly diverse 
in both properties and composition and have a pore structure suitable for back filling with a high explosive. 
An advantage of the inorganic aerogels is that the incorporation of transition metals will enhance the X-ray 
absorption, which is a standard detection method in buildings and airports [1]. As a post-blast detection 
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agent, they will provide either a visual selection criteria due to their optical properties or a simple readable 
magnetic signature for debris. This year, the focus of our work has been to further explore the properties of 
the novel materials developed in previous years while expanding the range of materials available to form 
composite materials with high energy materials. First, we investigated synthetic methods which allow us 
to modify the morphology of the nitrocellulose aerogels to investigate the effect on the materials properties 
such as strength and integrity. Second, we looked to form novel host materials which have hierarchically 
ordered 3-dimentails pore structures which can be used as host materials for energetic materials which will 
allow a greater understanding of the effect of heterogeneity on the materials properties. 
A method to increase the survivability and detection of nanomaterials in an explosive blast is to use a complex 
matrix. High surface area materials with open pore structures, such as aerogels, are promising candidates for 
such applications. The high porosity of the aerogel opens a number of avenues for both detection and foren-
sics: (1) the aerogel matrix can be  used to introduce high Z material that will increase detection probability 
by increasing the X-ray cross-section; (2) This high Z material could also be fluorescent, providing a screening 
method for forensic sample collection; (3) the aerogel matrix can be used to introduce a magnetic material 
which can aid in debris selection and collection; (4) the pores of the aerogel could contain odorants (possibly 
polyamines); (5) the aerogel matrix can be modified to covalently incorporate energetic moieties allowing 
precise control of the composite material composition and density;  and (6) The high-insulating capacity of 
the aerogel will protect materials incorporated into the composite against high temperature gradients. These 
materials are likely to be better as composite fillers since they can be self-supporting monoliths. They also 
have mechanical properties which may enhance blast resistance.
An alternative approach for enhanced structured composite energetic materials is to incorporate them into 
the oxidizer and fuel into a single homogenous matrix. To this end, resorcinol and formaldehyde have been 
widely documented as a method to make carbon aerogels. This work has been limited by the inability to al-
ter the chemistry by changing the alcohol functionality on the aromatic ring. Recently the utility of organic 
aerogels has successfully expanded to include gels which have greater functionality by substituting the res-
orcinol with an alternative 1,3 functionalized benzene derivative. By substituting the alcohol with a more 
versatile and amendable functional group allows further modification of the gel either post-or pre-gelation. 
For example, substituting with benzene 1,3-diamine incorporates amine functionality which allows specific 
covalent attachment of any desired functionality (taggant or energetic material) throughout the gel. This 
careful control to the reaction chemistry ultimately controls the final composition of the composite materials. 
Alternatively, substitutions of one or both of the amine functionalities pre-gelation to incorporate the desired 
functionality will ultimately allow high surface area energetic materials with nanoscale dimensions to be 
formed with the taggant and energetic material uniformly distributed throughout the composite.

III. RESEARCH AND EDUCATION ACTIVITY

A.	 State-of-the-Art	and	Technical	Approach

Extensive interest in the development of techniques to generate and tailor porosity in a wide variety of mate-
rials stems from the importance of pore structure in enabling high activity for any heterogeneous application, 
including catalysis, sensing, and absorption of gases such as hydrogen or carbon dioxide and in our case the 
integration of a high explosive in the pore network.[2] Interconnected networks of small and large pores are 
desirable because of their ability to provide a functional balance of high activity with effective mass transport 
through a porous material.[3] Generating such hierarchical, multimodal pore structures generally requires 
involved, multistep preparative techniques such as pore templating or nanocasting. [4] We have developed 
a versatile method for the preparation of hierarchically porous nitrocellulose gels which readily allows us to 
modify the materials morphology and mechanical properties. Nitrocellulose (NC) is an important industrial 
polymer with wide-ranging applications in coatings, propellants, filtration and membranes for the isolation 
of proteins, RNA, and DNA. [5] 
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In our initial work we focused on methods to tailor the structure and most recently we have investigated 
methods to integrate high explosives within the network. One interesting property of nitrocellulose aerogels 
that are doped with carbon nanotubes is that they can be laser initiated. Therefore to further understand this 
effect we have been working to determine how density and composition effect the burn rate of these materi-
als.   To further enhance these materials we have been exploring methods to integrate within their structure 
is their ability to be laser initiated. Integrating high explosives within the structure should lead to a new class 
of material which exhibits tunable properties that allow us to further study the effect of high explosives with 
controlled density under confinement.

B.	 Major	Contributions	

Organic  aerogels - The preparation of robust alcogels and aerogels by simple precipitation or concentration 
of a soluble polymer (nitrocellulose) represents an astoundingly simple approach to a new family of aero-
gels, in contrast to the conventional formation of gel networks 
by condensation reactions[6] or by assembly of nanocrystalline 
precursors.[7] Presumably, the cohesive forces which stabilize 
the nitrocellulose aerogels are entanglement of the polymer 
chains and hydrogen bonding. All of the stable gels isolated 
were formed in protic solvents (alcohols) with a small quantity 
of diethyl ether from the Collodion. We surmised that changing 
the ratio of protic : aprotic solvent in the initial nitrocellulose 
solutions would influence the microstructure of the resulting 
gels. A series of gels were prepared using the same volumes of 
Collodion and co-solvent, but with increasing percent diethyl 
ether in the co-solvent. BET surface areas of the resulting gels 
were determined by nitrogen sorption analysis and revealed 
that co-solvents with reduced protic solvent content generated 
gels with lower surface areas (Figure 1). 
Following supercritical drying, varied mechanical strength of 
the gels was also observed, therefore in a effort to expand the range of structural diversity a series of ma-
terials with varying solvent compositions were prepared. Preliminary studies show that the materials with 
lower concentrations of diethyl ether in the initial mixture results in harder more structurally robust materi-
als, that exhibit greater mechanical strength. The trend in all solvent systems investigated to date is that the 
higher surface area materials exhibit greater mechanical strength.
Organic-nanomaterial aerogels - Composite materials incorporating multi-wall carbon nanotubes (MW-
CNT) within the nitrocellulose matrix were prepared using either a modified precipitation or evaporation 
procedure outlined above. The aerogels were dark brown to black depending on the level of MWCNT incor-
porated within the network (see Figure 2 on the following 
page).The composite materials exhibit similar properties 
such as high surface area and mechanical strength as the 
pure nitrocellulose aerogels, however the composites are 
sensitive to laser stimuli.   Preliminary scanning electron 
micrograph studies of the gels show that the gel morphol-
ogy is similar to the pure nitrocellulose materials exhibiting  
from hierarchical structure (containing interconnected fine 
mesh and large channels). BET surface areas of the result-
ing gels were determined by nitrogen sorption analysis and 
revealed that they was no significant change in surface area 
with increasing MWCNT concentration (Table  1).

Figure 1: BET surface areas of NC aerogels 
prepared in solvent mixtures of varying protic/
aprotic ratios. Each data point represents the 
average of three measurements. The error bars 
correspond to the range of values.

Table 1: The surface areas of NC aerogels loaded 
with varying weight % MWCNT were found to be 
similar to aerogels with no nanotubes, indicating 
that when nanotubes are suspended in the NC 
solution and co-gelled, they do not influence the 
physical microstructure of the material.

Weight % MWCNT Surface Area (m2g-1)
0 326

0.5% 291

1.5% 311

3% 313
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Inorganic ordered porous materials - Three dimensionally ordered hierarchically porous alumina, iron 
(III) oxide, yttria and nickel oxide have been prepared through the hybridization of colloidal crystal-templat-
ing and a modified sol-gel method.  Simply, highly ordered arrays of poly(methyl methacrylate) (PMMA) were 
infiltrated with a precursor solution of metal salt and epoxide.  Calcination after solidification of the mate-
rial removed the polymer template while forming the inverse replicas, simultaneously.  These hierarchical 
ordered porous  materials exhibited  ordered macropore windows and mesopore walls. The synthetic design 
used, here, illustrates the idea that a true mesoporous network can be established through a “one-pot” ap-
proach without use of a secondary template. Figure 3A-D on the next page reveals the bimodal pore structure 
of alumina, Fe2O3, Y2O3, and NiO.   Although, the annealing conditions differ with each 3DOM, it is apparent 
that the closed packed arrangement of the PMMA spheres is retained after calcination.  In each case, well-
ordered materials were produced with the lighter regions representing the mesoporous walls and the darker 
areas representing the macroporous windows once occupied by PMMA template.  Observing the morphology 
of all the samples, it was found that Fe2O3, and Y2O3 formed the most consistent; “honeycomb-type” structures 
and appear to have the highest degree of long-range order.  The consistency of the formation of these 3DOM 
materials might be due to several factors: (i) full infiltration of the precursor solutions, (ii) quick “gel” forma-
tion in the interstitial spacing of the template.
The structural character of the mesoporous wall was investigated by N2 adsorption measurements (see Table 
2), and type II isotherms were observed for all samples.  These findings correlate with other work suggesting 
that the low-pressure portion of the plot signifies that the sample is a nonporous or macroporous absorbent. 
The hysteresis in the high-pressure portion, however, is indicative of capillary condensation occurring within 
the mesoporous walls.  The average surface areas were found to range from 21 to 89 m2g-1, and these values 
are comparable to the literature values of metal oxides prepared from the metal oxalate method.[8] Moreover, 
the surface area values obtained here for alumina and Fe2O3 greatly exceeds or directly compare to those of 
previous reports which employ a surfactant as a “structure-directing” agent in dual template approaches.[8] 
These findings further illustrate the 
viability of this method in formation 
of high surface area, ordered porous 
materials. 

IV. FUTURE PLANS

In the next year we will undertake these tasks:
1. Determine the mechanical strength range of nitrocellulose aerogels .
2. Continue work looking at laser initiation of low density organic aerogels and their composites.
3. Determine loading methods to incorporate energetic materials into pores of 3DOM materials and evalu-

ate the utility of 3DOM materials a hosts for energetic material.

Table 2: Gas sorption measurements of 3DOM materials including specific 
surface area, average pore diameters, and average pore volume.

Case Al Fe Y Ni
Surface Area (m2g-1) 89 24 39 21

Pore diameter (nm) 22 33 6.4 21

Pore volume (mL g-1) 0.283 0.118 0.152 0.129

Figure 2: Nitrocellulose aerogel (left) with MWCNT, MWCNT-nitrocellulose aerogels burning after initiation (right). 
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4. Evaluate the utility of nanoparticle based aerogels as taggents for traditional energetic materials-deter-
mine survivability, and retrieval limits with respect to obtaining distinguishable optical and magnetic 
signatures.

5. Energetic nanocomposites-continue materials characterization, and stability evaluation including drop 
hammer tests.

V. RELEVANCE AND TRANSITION

The following tasks are relevant for transition: 1) enabling the tagging of energetic materials with recogniz-
able and detectable magnetic and optical signatures will allow for enhanced detection and tracing, and post 
blast analysis; 2) determining loading limits, collection mechanisms, and detection thresholds will enable 
future technologies for enhanced detection and mitigation; 3) forming stable composite materials which can 
readily be integrated into traditional explosive materials; and 4) determining the impact on the energetic 
materials properties will facilitate their integration into mainstream utilization.  

VI. LEVERAGING OF RESOURCES

A proposal enabled by this work has been funded by ONR. We anticipate additional proposals will be submit-
ted to the NSF, Welch Foundation, DoE, and ACS-PRF in 2013.

VII. PROJECT DOCUMENTATION AND DELIVERABLES

A.	 Peer	Reviewed	Archival	Publications	

1. G R. Peterson, K A. Cychosz, M. Thommes, and LJ. Hope-Weeks, Solvent-tuned Hierarchically Porosity 

Figure 3. SEM images for macroporous inverse replicas of: A) alumina; B) Fe2O3 ; C) Y2O3 ; D) NiO
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in Nitrocellulose Aerogels, Chemical Communications 48(96), 11754-11756 (2012).
2. OS. Bushuyev, P. Brown, A. Maiti, RH. Gee, GR. Peterson, BL. Weeks, and  LJ. Hope-Weeks, Metal-

Organic Frameworks (MOFs) as Safer, Structurally Reinforced Energetics, Chemistry-A European 
Journal,19(5), 1706-1711 (2013).

B.	 Other	Conference	Proceedings

“A hybridized epoxide assisted/colloidal crystal templating approach to 3DOM alumina, iron (III) oxide, yt-
tria,  and nickel oxide” Marauo Davis, Donald Ramirez, and Louisa J. Hope-Weeks, Material research society 
meeting, Spring 2013, San Francisco CA.

C.	 Other	Presentations

North American thermal analysis Conference, Orlando Florida August 2012, symposium organizer on ener-
getic materials.

D.	 Transferred	Technology/Patents	

1. Invention disclosure filled at Texas Tech 2012 for Nitrocellulose aerogel
2. Patent Applications Filed (Including Provisional Patents)
“Formation of three-dimensionally ordered hierarchically porous metal oxides via a hybridized epoxide as-
sisted/colloidal crystal templating” provisional applied for May 2013
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