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ABSTRACT

Controlling microscopic morphology of energetic materials is of significant interest for
the improvement of their performance and production consistency. As an important insensitive
high explosive material, triaminotrinitrobenzene (TATB) has attracted tremendous research
effort for military grade explosives and propellants. In this study, a new, rapid and inexpensive
synthesis method for monodispersed TATB microparticles based on micelle-confined
precipitation was developed. Surfactant with proper hydrophilic-lipophilic balance value was
found to be critical to the success of this synthesis. The morphology of the TATB microparticles
can be tuned between quasi-spherical and faceted by controlling the speed of recrystallization.

INTRODUCTION

Consistent and optimized sensitivity and energy density of energetic materials (EMs) are
essential to their performance and safety in applications such as weapons and propellants. These
factors heavily rely on the microscopic morphology of EMs including crystalline size, shape,
uniformity and purity.[1] Triaminotrinitrobenzene (TATB) is a powerful EM which displays
superior insensitivity to elements such as shock, impact, vibration or fire over any other known
EM.[2] It makes TATB the best choice in both military and civilian sectors where absolute safety
is required, for example, in nuclear weapons.[3-5] TATB particles prepared by existing methods
typically lack uniformity in crystalline morphology. Such irregularity limits the potential to
produce TATB with reproducible and predictable performance. On the other hand, sharp edges
of EM particles results in detonation hot spots which is responsible for reducing EM stability.[1]
Therefore TATB particles with uniform particle size and spherical shape are desired.

Efforts to achieve such TATB products have been reported.[6-12] These methods mainly
based on variations of recrystallization of TATB from its solution in concentrated sulfuric acid or
dimethyl sulfoxide. The resultant TATB particles displayed only limited yield and improvement
on quality comparing with raw material from industrial suppliers. Additionally the use of
concentrated sulfuric acid significantly increases the cost of equipments and imposed potential
danger to operators. To overcome these challenges, we developed a micelle-assisted synthesis for
monodispersed TATB microparticles using ionic liquid and surfactant. Control experiments
revealed that the choice of a surfactant with proper hydrophilic-lipophilic balance value was the
key to successful microparticle production. Depending on recrystallization speed of TATB,
different microparticle morphologies of either quasi-spherical or faceted particle were obtained.
Due to their desirable size and morphology, these TATB microparticles are expected to show
even greater insensitivity and could improve reproducibility and reliability of explosive devices.
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EXPERIMENT

In a typical synthesis of TATB micro particles, 10 mg TATB powder was first dissolved
in 400 uL. BMA ionic liquid by heating the mixture to 110 °C for about 15mins. In a 20 mL glass
vial, span 80 surfactant was added into 10 mL octane to obtain 10mM solution. 100 pL. TATB-
BMA solution was injected in to the span 80 solution while being sonicated using a Qsonica
Q125 sonicator operated at 60% power. An opaque and milky solution was obtained instantly
indicting micelle formation . To precipitate TATB and form microparti cles, with continuous
sonication, 5 mL of anti-solvent (water or ethanol) was added dropwise to reduce solubility of
TATB in the micelles. The mixture slowly turned cloudy and yellow meaning precipitation of
TATB. The raw product was separated by centrifugation to keep the yellow precipitate which
was then cleaned by hexane and ethanol to remove any residual solvent, surfactant and ionic
liquid. The final product was dispersed in small amount of ethanol for storage and
characterizations . Scanning electron microscopy (SEM) was performed on a Hitachi S-5200
SEM operated at 2.0kV and 15 pA. Powder X-ray diffraction (XRD) spectra were measured
using a Bruker PANalytical X'Pert PRO operating at 45 kv and 40 mA. Samples were prepared
by drop-casting TATB particles suspended in onto silicon substrates or glass sides and dried.

RESULTS AND DISCUSSION
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Figure 1. Schematic growth process of TATB microparticle. TATB in BMA ionic liquid first
self-assemble into micelles in octane with the help of surfactant. Then TATB microparticles
were precipitated within micelles by adding water.

The TATB microparticle growth in this study was modified from a micelle-confinement
method which was previously developed to synthesize a variety of molecular crystalline
particles.[13-15] Briefly, as demonstrated by Figure 1, TATB was first dissolved in 1-Butyl-3-
methylimidazolium acetate (BMA) ionic liquid. Ionic liquid was chosen as the carrier solvent to
achieve practical TATB solubility, high polarity contrast against octane and moderate operation
conditions. TATB/BMA was then added in an octane solution of surfactant Span 80. The mixture
was then sonicated to form micelles encapsulating TATB/BMA. In earlier studies for particle
synthesis of other materials, particle formation was triggered by evaporating the carrier solvents
by either heat or vacuum. However in this work, due to the high boiling point of ionic liquid,



TATB particle precipitation with in micelles was achieved by adding water as an anti-solvent
precipitant into the system. Water was strongly attracted into micelles by the ionic liquid and
drove the oversaturation and rapid precipitation of TATB which is insoluble in water. The
mixture quickly became a homogenously cloudy suspension indicating particle formation.
Finally the product TATB precipitate were cleaned and collected by centrifugation.
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Figure 2. Images of TATB microparticles. (a) Optical micrograph of the yellow particles
produced by the micelle-confinement method. The purple areas are artifacts caused by lens
chromatic aberration. SEM images of (b) TATB microparticles and (c) as-received TATB
powder.
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Optical microscopy (Figure 2a) of the product revealed uniform microparticles in yellow
color, suggesting TATB. At higher resolution, the SEM image of Figure 2b confirmed a quasi-
spherical morphology of the TATB microparticles. Statistically these particles averaged a
diameter of 1.48 pm with standard deviation of only 0.14 um (9.5%), meaning a dramatically
improvement of monodispersity over the raw TATB powder (Figure 2c¢) which contained
particles of tens of microns with broad size distribution. These quasi-spherical microparticles are
by far the most uniform TATB particles to the best of our knowledge. They would potentially
improve performance and reproducibility of explosive devices. In addition, these TATB
microparticles could enhance EM stability by not showing faceted features or sharp edges.
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Figure 3. XRD patterns of TATB raw powder (black, lower) and microparticles (red, upper).
The peaks were indentified and labeled with their Miller indices. The two peaks marked by
asterisks were from the aluminum sample holder of the XRD instrument.

To confirm the composition of the product microparticles, they were examined by XRD
measurements. The red signal in Figure 3 presents the XRD pattern of the microparticles. By
comparing it with that from raw material TATB, it was found that the microparticles are in good
agreement with the triclinic TATB crystal structure (space group P-1) with lattice parameters of
a =901, b =9.03, c=681 Aand a =108.6°, fJ =91.8°, y =120.0°.[16] In such lattice, the
hexagonal disk-like TATB molecules formed robust monolayers as the a-b plane via strong
hydrogen bonds between their nitro and amine groups. The monolayers then piled up in ¢
direction forming the triclinic lattice.[17, 18] It is worth noticing that the diffraction from the
microparticles displayed noticeably weakened and broadened peaks with respect to the bulk
material. This is a result of reduced crystalline size and lattice ordering, consistent with the
micron-sized quasi-spherical particle shape with little faceted features.
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Figure 4. SE of TATB products from control experiments. (a) Without surfactant, (b)
using SDS as surfactant and (c) using Span 80 as surfactant but ethanol as precipitant.



TATB produced by recrystallization methods have been reported without showing such
monodispersity as in this work. [8, 9, 19, 20] The significantly improved morphology and
uniformity are attributed to the surfactant-driven micelle formation. To study the mechanism, a
control experiment was conducted under the same conditions except for the absence of
surfactant. In this case, large chunks of yellow agglomerates were produced upon addition of
water. According to SEM image (Figure 4a) the agglomerates showed a branched and sponge-
like morphology. Interestingly the sponge structure possessed nanoscale texture which is
believed to be caused by the strong shear forces induced by sonication during the
recrystallization of TATB. The increased surface area/volume ratio of the sponge TATB could
potentially provide improved discharge performance while its high porousity might limit EM
energy density. Such significant morphological difference concluded that the presence of
surfactant is crucial to the synthesis of the quasi-spherical TATB microparti cles.

To obtain deeper insights into the role of the Span 80 surfactant (an inexpensive
surfactant widely used in food and cosmetic industries) and confirm the micelle confinement
mechanism, the synthesis was repeated with another common ionic surfactant sodium dodecyl
sulfate (SDS). As an effective indicator, the hydrophilic-lipophilic balance or HLB is a
parameter widely used to evaluate and predict the performance of surfactants.[21-23] Surfactants
with HLB ranging between 3 and 8 are ideal emulsifiers for water-in-oil type micelles. Span 80
has a HLB of 4.3 and was predicted to encapsulate the highly polar ionic liquid in the continuous
non-polar phase of octane. On the other hand, SDS with a much higher HLB value of 40 is
favorable for oil-in-water type emulsion and was not expected to form micelles in this work. The
product shown by Figure 4b displayed very similar TATB morphology to the no-surfactant case,
indicating that SDS did not produce microparticles. This result further confirmed the important
role of a carefully chosen surfactant with a proper HLB in terms of reliable micelle formation.

As an effort to study the relationship between recrystallization speed and the morphology
of the TATB microparticles, water was replaced by ethanol as precipitant. Ethanol is miscible
with both BMA and octane. Therefore with the same injection rate, less precipitant would enter
the BMA micelles causing a slower recrystallization process of TATB. As shown by Figure 4c,
ethanol resulted in TATB particles of similar micron size but faceted morphology. On one hand,
slower recrystallization provided longer relaxation time for the formation of crystalline with
better ordering and lower free energy. On the other hand, the rapid recrystallization with water
increased the likelihood of incorporating impurities such as surfactant into TATB particles and
reduced the tendency to form faceted features.

CONCLUSIONS

An inexpensive and rapid synthesis for monodispersed TATB microparticles based on
recrystallization of TATB within ionic liquid micelles was developed. The choice of a surfactant
with proper hydrophilic-lipophilic balance value was the key to micelle formation and therefore
successful microparticle production. Depending on recrystallization speed of TATB, different
microparticle morphologies of either quasi-spherical or faceted were obtained. Due to their
desirable size and morphology, these TATB microparticles are expected to show even greater
insensitivity and could improve reproducibility and reliability of explosive devices than currently
available TATB products.
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