1228

MA Yuan, HAO Shi-long, LI Hong-zhen, LIU Yu-cun, YANG Zong-wei

NEHS: 1006-9941(2015)12-1228-03

Preparation and Performance of BTF-DNAN Cocrystal Explosive
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Abstract: A novel cocrystal explosive composed of benzotrifuroxan (BTF) and 2 ,4-dinitroanisole (DNAN) in a2 : 1 molar ratio was prepared by an

evaporation solvent method, its structure was characterized by the single crystal X-ray diffraction (SXRD) and the impact sensitivity was studied as

well. Results show that the cocrystal explosive belongs to monoclinic system with P21/c space group. The cocrystal displays an H;, of above

112 cm, indicating lower sensitivity compared to pure BTF.
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1 Introduction

Energetic materials (Ems) are widely used in military and
civilian applications such as the weapons, aerospace explora-
tions and fireworks. However, the inherent safety-power con-
tradiction of existing explosives remains a long-standing prob-
lem in the EM field, which limits their practical use.

For a long time, the modifications of existing explosives
have often focused mainly on recrystallizing with solution and
coating with polymer in order to obtain EMs with lower sensi-
tivity"'™*'. However, these traditional methods can’t markedly
reduce the sensitivities of existing explosives with only modif-
ying morphology or diluting power due to unchanging the in-
herent structures of explosive molecules. Recently, the co-
crystallization has received a great deal of attention as a poten-
tial method of modifying the properties of existing EMs. The
physicochemical properties, safety and detonation properties
of HMX (octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine) ,
2.,4,6,8,10,12-hexanitrohexaazaisowurtz-ltane (CL-20) and
BTF were changed by co-crystallization">™'®’. In our previous
work, CL-20/TNT (2,4, 6-trinitrotoluene) and CL-20/DNB
(1, 3-dinitrobenzene ) cocrystals were obtained with good
comprehensive properties'"'"*". Results indicate that co-crys-
tallization offers a new opportunity to modify the performances
of EMs, since it can endow co-crystals with unique structures
and novel properties relative to their pure components. In or-
der to fatherly seek for other co-crystal explosives, the
benzotrifuroxan (BTF) /2 ,4-dinitroanisole ( DNAN) cocrystal
was studied in this work.

2 Preparation and Characterization of Cocrystals

BTF in Scheme 1 is an important hydrogen-free explosive,
belonging to furazan class with high nitrogen content. It pos-
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sesses high density and excellent detonation performance with
high detonation velocity and detonation pressure. But it is sen-
sitive to impact and friction. Besides, it has a difficulty in
charge due to its poor flowability and low bulk density. These
mainly drawbacks have limited its further application in insen-
sitive ammunitions. On the contrary, DNAN in Scheme 1 has
low density, low melting point and poor detonation perform-
ance. But it features low sensitivity to impact or friction and
low production cost. It is widely used in melt-cast explosives
as melt cast binders. Therefore, co-crystallization BTF with
DNAN may hopefully tune their safety-power properties and
put insights into cocrystal explosive design. In this work, we
present a novel energetic-energetic cocrystal composed of BTF
and DNAN in a 2 : 1T molar ratio. The structure, safety and
detonation performance of the cocrystal were studied as well.
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Scheme 1 Molecular structures of BTF and DNAN

The BTF-DNAN cocrystal was prepared by cocrystalliza-
tion from saturated organic solutions through slow evaporation
solvents such as ethanol, methanol. The cocrystal obtained
from ethanol in good flowability presents prisms with integrat-
ed crystal surfaces (see in Fig.1). And it can be easily distin-
guished from pure BTF and DNAN by their different morpholo-
gies. Additionally, according to the experiment, we found the
cocrystals grown from ethanol solution with high quality.

Powder X-ray diffraction ( PXRD) patterns of the BTF-
DNAN cocrystal and pure components are presented in Fig. 2.
It can be observed that the PXRD pattern of the cocrystal is evi-
dently different from those of pure BTF and DNAN, indicating
a new crystalline phases. Moreover, the melting point of the
cocrystal is 132 °C (confirmed by a Buchi-545 melting point
analyzer), which is substantially higher than that of pure
DNAN (95 °C, measured by a Buchi-545 Melting Point analy-
zer), but obviously lower than that of pure BTF (197 °C,
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measured by a Buchi-545 Melting Point analyzer) , suggesting
that drastically altered melting points can be achieved by co-
crystallization.

The single crystal X-ray diffraction (SXRD) analysis of the

a. BTF
Fig.1 SEM images for BTF, DNAN and BTF-DNAN cocrystal
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Fig.2 PXRD patterns for BTF, DNAN and BTF-DNAN cocrystal

Fig.3 Molecular structure of BTF/DNAN cocrystal

Crystal structure analysis shows that BTF and DNAN mol-
ecules are mainly stacked by lots of CH---N hydrogen bonds
between the H(C) atom of the DNAN molecule and a nitro-
gen atom of the BTF molecule. Distances in the observed
range are within the region for hydrogen bonds of this type.
Besides, m interaction lies between an electron-rich nitro
group of the DNAN molecule and the big electron-poor ring of
the BTF molecule. As a result, these intermolecular interac-
tions promote BTF-DNAN cocrystal formation.

The impact sensitivity of each test sample was expressed by
the drop height of 50% explosion probability ( H;,) according
to GJB-772A-1997 standard method 601.2. An H,, of 34 cm,
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b. DNAN

BTF-DNAN cocrystal confirms that it belongs to monoclinic
system with P21 /c space group, and as shown in Fig. 3, its
asymmetric unit consists of two BTF molecules and one DNAN
molecule.

c. BTF-DNAN cocrystal

was measured for pure BTF while the BTF-DNAN cocrystal
presents an H,, of above 112 cm, which is more than three
times of the pure BTF, indicating that cocrystal displays en-
hanced safety to impact compared with pure BTF. Moreover,
the sensitivity of pure BTF was substantially reduced by co-
crystallizing with insensitive DNAN, potentially promoting the
applications for BTF in insensitive munitions. Through co-crys-
tallization, therefore, it is possible to tune performances of ex-
isting EMs and achieve higher density explosives with en-
hanced properties.

3 Conclusions

We have prepared and characterized a novel furazan-aro-
matic cocrystal explosive composed BTF and DNAN ina2 : 1
molar ratio. This cocrystal was formed by unique C—H---N
hydrogen bonds, and = interactions, foreseeing that some of
new cocrystal explosives stacked by the similar intermolecular
interactions may be discovered in future. The alterations in
structure ultimately produce unique properties in the cocrystal,
with respect to the pure components. In particular, BTF-
DNAN cocrystal features lower sensitivity to impact relative to
pure BTF. Our investigations on the energetic-energetic co-
crystal of the BTF-DNAN provide a promising way to tune
properties of the existing explosives.
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