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ABSTRACT

Solid fuel reacts with an oxidizer during combustion of a propellant to increase performance.
Representative solid fuels are aluminum, cyclotrimethylenetrinitramine (RDX) and octahydro-1,
3,5,7-tetra nitro-1,3,5,7-tetrazocin (HMX). During combustion, these compounds generate white smoke
by reacting with moisture and produce materials that are harmful to the environment, such as carbon
monoxide, carbon dioxide, and methane gas. This study prepared a high-nitrogen-containing energetic
material, hydrazinium 5-aminotetrazolate (HAT), which could be applied as a solid fuel. The compound
was characterized by nuclear magnetic resonance (NMR) spectroscopy, and a thermal analysis was
measured by differential scanning calorimetry (DSC). Also, the specific impulses and volumes of
detonation gases were calculated using the EXPLOS5 program.
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Fig. 1 Synthesis routes of energetic nitrogen-rich

aminotetrazole salts.
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Table 1. Detonation parameters of prominent high energy
materials in comparison to HAT[11,12].

HAT RDX HMX
p/ gcm?® 1.547 1.806 1.904

Q/ % -75.1 21.6 21.6

Tex / K 2759 4232 4185

P / kbar 296 380 415
D/ ms" 9516 8983 9221
V0 / L kgt 959 734 729

IS/ ] > 100 7.5 7

FS / N > 360 120 112

= density, 2 = oxygen balance, Tex = detonation

temperature, P = detonation pressure, D = detonation
velocity, Vo = Volume of detonation gases bar, IS =
Impact sensitivity, FS = Friction sensitivity
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Fig. 2 Synthesis of HAT.
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Fig. 3 Thermal analysis of HAT using HO as solvent.
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Fig. 4 Thermal analysis of HAT using MeOH as solvent.
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Fig. 6 Thermal analysis of pure HAT.
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Fig. 7 '"H NMR spectrum (DMSO-ds) of HAT.
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Fig. 8 *C NMR spectrum (DMSO-dg) of HAT.
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Table 2. Calculated propulsion parameters for formulations

of HAT.
p Isp Vo
Contents ) ;
[g cm”] [s] [L kg']
RDX/HMX 57% 1.653 239 1138

binder 43%

RDX/HMX 42%
HAT 15% 1.610 229 1237
binder 43%

RDX/HMX 27%
HAT 30% 1.565 218 1321
binder 43%

RDX/HMX 12%
HAT 45% 1.522 211 1372
binder 43%

HAT 57%

binder 43% 1.488 208 1398
0

*p = Density, Is, = Specific impulses, Vo = Volume of
detonation gases bar
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Table 3. Computation of combustion products of propellants
containing HAT.

CcO CO, CH, N

Contents [mol%] | [mol%] | [mol%] | [mol%]

RDX/HMX 57%

binder 439 | 227 | 557 | 0001 | 211

RDX/HMX 42%
HAT 15% 33.2 3.01 0.001 243
binder 43%

RDX/HMX 27%
HAT 30% 29.0 1.61 0.011 27.0
binder 43%

RDX/HMX 12%
HAT 45% 22.7 0.95 0.072 29.3
binder 43%

HAT 57%

binder 43% 17.2 0.654 | 0.186 31.0
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