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Abstract: To enhance the energy., conductivity, and ignition/combustion characteristics of
hydroxylammonium nitrate ( HAN)-based electrically controlled solid propellants (ECSPs), different
ECSP formulations are prepared using ammonium perchlorate ( AP) and research department
explosive(RDX) as additives. NASA CEA is employed to calculate and compare the theoretical
specific impulse and combustion temperature of four HAN-based ECSP formulations. The electrical
conductivity of the four samples was studied using AC impedance spectroscopy. while their

thermal decomposition processes were investigated using synchronous thermal analysis. Combustion
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experiments were conducted under a voltage of 200 V to determine the ignition delay time and
burning rate. The results indicate that the addition of AP or RDX increases both the theoretical
specific impulse and combustion temperature of the propellant samples, while also raising the
heat release and reducing the activation energy of the thermal decomposition reaction. In terms of
electrical conductivity, the addition of AP increases the conductivity of the propellant, whereas
the addition of RDX reduces it, with conductivity further decreasing as the RDX content
increases. Regarding combustion performance, the baseline formulation exhibits an ignition delay
time of 4. 95 s and a burning rate of 0. 35 mm/s. The addition of 10% AP shortens the ignition
delay time and increases the burning rate. The sample with 10% RDX shows earlier ignition and
a slight improvement in burning rate. However, the sample with 20% RDX experiences ignition
difficulties, and its burning rate drops to the lowest value. Furthermore, as the voltage increases, the
ignition delay time of all four samples decreases, and the burning rate increases.
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Table 1 Sample formulation compositions of ECSP
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1 85 14 1
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3 75 14 1 RDX(10%)
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Fig. 1 Preparation procedure of ECSP formulations
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Fig. 2 Theoretical specific impulse and combustion temperature

of ECSP with different formulations
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Table 2 Content of product components with different formulations

JBE IR 4y Y
K5
CO CO, H, NO N, OH O,
1 0. 565 14.598 0.422 64.196 0.125 18.939 0. 363 0. 386
2 0. 595 14. 813 0.416 62.423 0.173 17.982 0.479 0. 638
3 4. 465 13.718 3.15 58. 296 0.022 19. 757 0.159 0. 009
4 8.761 12. 275 6.16 51. 846 0.01 20. 416 0.098 0.002
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Fig. 3 Testing system of electrical conductivity
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Table 3 Reaction activation energies of different samples

E./(k] « mol™)

© besp ECSP- ECSP- ECSP-
10% AP 10 % RDX 20 % RDX

0.2 105.6 76. 2 113. 4 180. 1
0.3 125.5 74. 8 161.9 166.0
0.4 140.3 87.3 167. 4 123. 4
0.5 199.3 88. 7 160. 4 112.5
0.6 243.8 84. 3 156.5 112.7
0.7 302.1 86.1 156. 0 99.5
0.8 459.6 84. 3 150. 1 92.1
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Fig. 8 Current variation curves during the combustion

process of four HAN-based ECSPs
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Fig. 9 High-speed images of four different samples
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Table 4 Burning rates of four samples

BEM OKEER REMVKIE/  kedE/
52 BTl /s mm (mm s )
1 43.09 15 0. 35
2 35. 24 15 0.43
3 39. 65 15 0. 38
4 100. 84 15 0.15
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Table 5 Ignition delay times of different samples at different

voltages
HE R[] /s
52
100 V 150 V 200V 250 V 300 V
1 6.13 4. 95 3. 18 1. 43
2 3.29 1. 64 1.03 0.39
3 4. 82 2.19 1.42 0. 89
4 23.75 14. 61 7.22
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Table 6 Burning rates of different samples at different

voltages
s WRPEHE/(mm = s™ 1)

100 V 150 V 200 V 250V 300 V
1 0. 29 0. 35 0. 46 0.63
2 0.32 0.43 0.61 0. 83
3 0. 25 0. 38 0.52 0. 69
4 0.15 0. 27 0. 46
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