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1.564 g-cm™, %L % E AT ADN(1.82 g-cm™)
BERAL X — R EE G RAR HMTA 19 5] A B 4% 41
X N LR T B, HMTA R B8R 4 7, NI S
JC A5 VU T I A B A 25 ) 4G T 5L AT 35 R S AR R AR, 43
T IRIHE LAY 1 5 5 1) 25 MERRHE S s SRR S50 S 800R
AL S HE R R BN 74.04% , 8 ADN(79.41%) F
K, B AR B P B 43 B T R R AR, B A R I R AR
BEM T o 6B ADN Hh i B 4R 8 11 o S sk A4c
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Table 1 Crystallographic data for ADN/HMTA cocrystal

parameter ADN/HMTA cocrystal
formula C,H,,N,,O,
stoichiometry 2:1
temperature / K 298

crystal system monoclinic
space group C2/c

Peac / grem™ 1.564

al/A 11.7235(7)
b/A 7.6112(4)
c/A 18.9491(11)
a/(°) 90

B/ 102.761(2)
y /() 90

VA 1649.06(16)
V4 4

F(000) 816

GOF 1.157

R, 0.0728

WR, 0.1890

data completeness 0.997
CCDC number 2496455
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Fig.3 Infrared spectrogram of raw materials and ADN/HM-
TA cocrystal
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Fig.6 Crystal packing diagrams of ADN and ADN/HMTA cocrystal (along the a-axis)
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Table 2 Physicochemical properties of ADN and ADN/HMTA cocrystal

parameters T./C T,/°C /% AH /Kl-mol™ I /s D/m-s"  p/GPa I1S/) FS/N
ADN/HMTA 130.2 168.5 =57.73 -492.55 201.07 7854 20.72 >50 288
ADN 91.4 154.2 25.81 -150.00 202.34 8170 28.90 5 36

Note: T, is melting point. T, is decomposition temperature (upset). £2is oxygen balance. AH, is enthalpy of formation. I is specific impulse. D is detonation veloc-

ity. p is detonation pressure. IS is impact sensitivity. FS is friction sensitivity.

Ro MR PEREAH XS HORE , ADN/HMTA L iy A4
KRG —492.55 kJ-mol ™, #H# T ADN(-148 k)-mol™)
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e L BB R 201.07 s, 5 ADN 9 L 0P{H (202.34 5)
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Az RS B L 38 i EXPLOS 2 e PP Al HL 3 7% i
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20.72 GPa; 1fii ADN 7£ #H [7] B 00 5% £ 5 1 5 2
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W
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Preparation and Performance of Anti-hygroscopic ADN/HMTA Cocrystal

ZHANG Yong-ting'*, WANG Ying'*, XIA Hong-lei'*, ZHANG Qing-hua'”’
(1. School of Astronautics, Northwestern Polytechnical University, Xi'an 710129, China; 2. National Key Laboratory of Solid Propulsion, Northwestern
Polytechnical University , Xi'an 710129, China)

Abstract: To address the issue of the strong hygroscopicity of green high-energy oxidant ammonium dinitramide (ADN) limiting
its engineering application, an ADN/hexamethylenetetramine (HMTA) cocrystal was prepared and its properties were studied.
The cocrystal was synthesized using the solvent evaporation method. Its crystal structure, purity, thermal properties, energetic
performance, mechanical sensitivity, and hygroscopicity were systematically characterized by single crystal X-ray diffraction
(SC-XRD), powder X-ray diffraction (PXRD), Fourier transform infrared spectroscopy (FT-IR), elemental analysis (EA), simul-
taneous thermal analysis (TG-DSC) , oxygen bomb calorimetry, BAM impact/friction sensitivity tests and hygroscopicity tests.
The 2D fingerprint was constructed with Crystalexplorer to study its intermolecular interactions. Results show that the asymmetric
unit of the cocrystal contains two ADN molecules and one HMTA molecule, belonging to monoclinic crystal system with C2/c
space group, and has a density of 1.564 g-cm”. The analysis of intermolecular interactions confirms the formation of N—H---N
hydrogen bonds with shorter bond length and greater strength in the cocrystal. The cocrystal is a pure phase with a molar ratio of
ADN and HMTA of 2:1 from XRD and EA analysis. The melting point and initial decomposition temperature of the cocrystal are
130.2 °C and 168.5 °C, which are 38.8 °C and 14.2 °C higher than that of ADN. The formation enthalpy of the cocrystal is
-492.55 kJ-mol™', the theoretical specific impulse value is 201.07 s, the detonation velocity and pressure are 7854 m-s™' and
20.72 GPa, respectively. The friction and impact sensitivity of the cocrystal are 288 N and above 50 J, both higher than those of
ADN. The hygroscopicity rate of the cocrystal is 0 after 153 h at 25 °C and 70% relative humidity, for ADN the hygroscopicity
rate reaches to 20.95% after 48 h. The preparation of ADN/HMTA cocrystal effectively solves the problem of strong hygroscopici-

ty of ADN.
Key words: high-energy oxidizer;ammonium dinitramide cocrystal;urotropine;solvent evaporation method;anti-hygroscopicity
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The ADN/HMTA cocrystal was prepared via a solvent evaporation method and its properties were fully studied. The cocrystal

exhibits superior anti-hygroscopic performance among all reported ADN-based cocrystals.
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