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ADN

PADN

PMADN-1

PMADN-2

mass/ %

mass%

Element | mass% Wit%
N 38.89 0.89
0 47.37 0.89
M 3.21 0.09

Total: 100.00
Element | mass% Wi%
N 39.58 1.04
o 38.23 0.98
5.50 0.53
M 195 0.08
1 0.15 0.03
Total: 100.00

7 ADN.PADN.PMADN-1 Hl PMADN-2 [ EDS &4 J% JC % 41 i
Fig.7 EDS images and element contents of ADN, PADN, PMADN-1 and PMADN-2
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Fig.8 DTA-TG curves of ADN, PADN, PMADN-1 and PMADN-2
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Table 2 Sensitivity results of ADN, PADN, PMADN-1 and
PMADN-2
sample FS/ % 1S/ ) ES
ADN 72 76 18.1 17.8
PADN 84 80 21.7 21.1
E,,>7000 m)
PMADN-1 88 80 24.1 24.6
PMADN-2 92 84 28.4 29.2

Table 1 Elemental analysis of ADN, PADN, PMADN-1 and
PMADN-2
sample elemental content / %

C H N
ADN 0 3.44 42.62
PADN 0 3.47 42.64
PMADN-1 1.34 3.40 42.81
PMADN-2 0.86 3.37 43.12
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1Y A VERE R A3 B AT T 2 IR A o S L
FEMR, 25 R L3 2,

R 20 IAE 1, ADN [ BE 48 8 3 3 & HE RN

Note: FSis fricion sensitivity./Sis impact sensitivity . ES is electrostatic sensitivity.
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Fig.9 Images of ADN, PADN, PMADN-1 and PMADN-2 after moisture absorption for 48 h and 144 h under 25 °C and 57% RH
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Fig. 10  Hygroscopicity-time curves and post-absorption
physical images of ADN, PADN, PMADN-1 and PMADN-2
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Preparation and Properties of Modified Spherical ADN with Amine Compounds

QU Wei-chen'?, YAN Jia-wei'*, XIA Wen-tao'?, LI Lei'*, DU Fang'*, WU Peng', LIN Yu-hui', HE Jian-ming', TAO
Bo-wen'*’

(1. Hubei Institute of Aerospace Chemotechnology, Xiangyang 441003, China; 2. National Key Laboratory of Aerospace Chemical Power, Xiangyang
441003, China)

Abstract: Ammonium dinitramide (ADN), as a high-energy green oxidizer, faces significant challenges in engineering applica-
tions within solid propellants due to its high surface polarity and strong hygroscopicity. To improve the hygroscopicity of ADN,
both emulsion and liquid-phase methods were employed to graft hydrophobic amine compounds, oleylamine and 4-fluoroben-
zylamine, onto the surface of spherical ADN (PADN), thereby preparing the modified spherical ADN(PMADN). The structure
and properties of the modified ADN were characterized using scanning electron microscopy-energy dispersive spectroscopy
(SEM-EDS) , thermogravimetric-differential thermal analysis (TG-DTA), and X-ray photoelectron spectroscopy (XPS). Addition-
ally, hygroscopicity studies were conducted using the desiccator equilibrium method. The results confirmed both amine com-
pounds were grafted successfully and the spherical morphology of the modified ADN was intact. The thermal decomposition tem-
perature of the modified ADN increased from 196.3 °C (raw ADN) to 198.3 °C and 200.7 °C, and the impact sensitivity im-
proved from 17.95 J to 24.35 ] and 28.80 J (average value), respectively. After 144 h under 25 °C and 57% relative humidity,
the moisture rates of the two modified spherical ADN were 1.37% and 1.07%, decreasing 74.95% and 80.44% compared to that
of the raw ADN. Additionally, no caking or liquid water was observed on the surface, indicating the modified ADN had excel-
lent anti-hygroscopic properties.

Key words: ammonium dinitramide (ADN) ;solid propellants;amine compounds modification; oxidizer; hygroscopicity
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