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Table 1 Properties of NENA plasticizers
chemical standard enthalpy of  density oxygen
name formula formation/kJ + mol ™! /g + cm -3 balance/%
MeNENA  C;H;N;O, 1113 1.530 -43.6
EINENA  C,HgN;0, 784 1.320 -67.0
PrNENA  CsH; NsO; 503 1.264 -87.0
BuNENA  CgH;3N;04 259 1.211 -104.0
PentyINENA C,H sN;0; 47 1.178 -119.1
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Table 2 Properties of furazan compounds

N chemical standard enthalpy density oxygen balance
ame formula of formation/kJ + mol ~! /g cm -3 /%
3,3’-diamino-4 ,4'-azofurazan ( DAAF) C,H,N; O, 536 1.728 -65.3
3,3'-diamino-4 ,4"-azoxyfurazan ( DAOAF) CyH N3O, 443 1.747 -52.8
3,3'-dinitro4 ,4'-azoxyfurazan ( DNOAF) C,Ng O, 640 1.910 -5.9
3,3'-dinitroazofuroxan ( DNAF) C,Ng Oy 668 2.020 0
3 ,4-dinitrofurazanfuroxan ( DNTF) CgNg Oy 644 1.937 -20.5
furazan macrocyclic compounds( TOATF) CgN i Og 3324 1.940 -28.6
furazan macrocyclic compounds( DOADBF) CgN,, 04 4028 1.860 -44.4
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Table 3 Properties of nitrogen-rich compounds
chemical standard enthalpy of density oxygen balance
fame formula formation/kJ + mol ™' /g em ™’ /%
dinitrobitriazole C,H,N;O, 382 2.00 -35.4
tetranitrobitriazole C, Ny Og 552 2.10 0
dinitrobitriazoletetranitrozene C,N,, 0, 860 2.10 -25.4
dinitroazobitriazole C,H,N,,0, 396 1.81 -31.5
tetranitroazobitriazole C4N, Og 800 2.10 0
dinitroazotetrazole CyN, 0y 600 1.90 -22.9
dinitroazotriazole-dioxides C,N, 04 799 2.20 -10.3
nitrotetrazole-monoxide CH,N¢O, 168 1.87 0
nitrotetrazole-dioxides CH,Ng Oy 210 2.00 8.9
dinitrourea CH,N, O, -70 1.98 21.3
dinitroazotetrazole C,N,0, 2000 1.90 0
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Table 4 Energy properties of PET/NENA/Al/AP propellants

solid . mass content/ % p I,
content/ % plasticizer PET Al ¢ /g cm -3 /s
75 NG/DEGDN 8.3 18 0.707 1.816 263.58
75 MeNENA 8.3 18 0.651 1.828 281.51
75 EINENA 8.3 18 0.610 1.772 278.53
75 PrNENA 8.3 18 0.578 1.754 275.55
75 BuNENA 8.3 18 0.552 1.736 272.81
75 PentyINENA 8.3 18 0.531 1.725 270.39
71 NG/DEGDN 6.3 20 0.736 1.856 261. 60
71 MeNENA 6.3 20 0.676 1.867 279.80
77 EINENA 6.3 20 0.632 1.809 276.74
77 PrNENA 6.3 20 0.597 1.791 274.77
77 BuNENA 6.3 20 0.569 1.772 272.74
77 PentyINENA 6.3 20 0.547 1.760 270.94

Note: 1) ¢,p, I, are oxygen coefficient, density, specific impulse, respectively; 2) plasticizer and AP content are 16.7% and 57% .

%5 CL-20 3f& NENA #FgE 2Kk FrRm
Table 5 Effect of CL-20 on energetic level of NENA-based propellants

solid content . mass content/ % p I,
plasticizer @ 5 !
/% GAP PET Al AP CL20 /g« em ™ /s

75 MeNENA 8.3 - 15 30 30 0.621 1.889 287.49

75 MeNENA - 8.3 15 45 15 0.621 1.825 285.17

75 EtNENA 8.3 - 18 22 35 0.518 1.847 284.46

77 EtNENA - 6.3 20 42 15 0.561 1.820 280.37

75 PrNENA 8.3 - 18 27 30 0.510 1.824 280.53

Note: plasticizer content is 16.7% .
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Table 6 Energy properties of DNTF propellants

mass content/ % furazan compounds p [\P
GAP HTPB NG DEGDN AP Al name content ¢ /g cm -3 /s
12.3 - 8.35 8.35 - 12 DNAF 59 0.572 1.839 280.01
9.3 - 5.35 5.35 - 11 DNOAF 69 0.573 1.833 279.62
18 - - - 11 DNAF 67 0.536 1.882 280.24
14 - - - 11 DNOAF 71 0.533 1.850 278.31
13 - - - - - DNAF 87 0.721 1.884 280.11
- 8 - - - - DNAF 92 0.616 1.837 281.41
% 7 DNAF 3§ & NENA # i3 7 5E 2 /K T 89 %
Table 7 Effect of DNAF on energetic level of NENA-based propellants
solid o mass content/ % p I,
content/% plasticizer GAP PET Al AP CL20 ¢ /g em™? /s
69 MeNENA 14.3 - 11 25 33 0.599 1.813 291.20
75 MeNENA - 8.3 15 30 30 0.582 1.831 289.71
71 E{NENA 12.3 - 18 25 28 0.514 1.803 284.68
71 EtNENA - 6.3 20 30 27 0.535 1.825 283.26
75 PrNENA 8.3 - 18 20 37 0.513 1.824 282.55
Note: plasticizer content is 16.7% .
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Table 8 Effect of zole nitrogen-rich compounds on energetic level of NEPE propellants
mass content/ % nitrogen-rich compounds p I,
PET GAP NG DEGDN Al AP name content @ /g cm -3 /s
8.3 - 8.35 8.35 18 - nitrotetrazole-dioxides 57 0.538 1.841 282.51
8.3 - 8.35 8.35 18 31 dinitroazotetrazole 26 0.571 1.805 283.82
- 12.3 6.35 6.35 15 - nitrotetrazole-dioxides 60 0.589 1.867 282.77
- 14.3 8.35 8.35 19 22 dinitroazotetrazole 28 0.512 1.808 284.95
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Table 9 Energy properties of tetrazole/AP/Al/NENA propellants
AP nitrogen-rich compounds p =
content/ % name content/ % ¢ /g cm” 3 /s
57 - - 0.651 1.828 281.51
47 dinitrobitriazole 10 0.571 1.832 283.50
37 tetranitrobitriazole 20 0.571 1.853 284.95
42 dinitrobitriazoletetranitrozene 15 0.544 1.846 285.51
47 dinitroazobitriazole 10 0.573 1.815 282.99
37 tetranitroazobitriazole 20 0.567 1.853 285.81
42 dinitroazotetrazole 15 0.544 1.821 282.95
40 dinitroazotriazole-dioxides 17 0.557 1.861 284.92
37 nitrotetrazole-monoxide 20 0.569 1.813 287.66
27 nitrotetrazole-dioxides 30 0.564 1.841 291.53
- dinitrourea 57 0.581 1.843 288.23
48 dinitroazotetrazole 9 0. 606 1.824 288.46
Note: mass content; PET 8.3% ,MeNENA 16.7% ,Al 18% .
F10 ME&E&5 Al X NEPE # 3 7 8 2 B sw ik 31 tL
Table 10 Contribution of hydrogen storage alloy and Al to the energetic level of NEPE propellant
metal incendiary agent mass content/ % p I,
P/Po ® . I
name content/ % GAP PET AP RDX /g * cm /s
2.0 hydrogen storage alloy 20 8.3 - 22 33 0.546 1.820 283.05
2.0 Al 20 8.3 - 22 33 0.552 1.836 271.75
2.0 hydrogen storage alloy 20 - 8.3 22 33 0.518 1.834 281.27
2.0 Al 20 - 8.3 22 33 0.523 1.851 271.06
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Energetic Characteristics Calculation of

a New Generation of High Energy Solid Propellant

LIU Jing-ru, LUO Yun-jun, YANG Yin
(School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract:Based on analyzing characteristics of five kinds of energetic materials including nitratoethylnitramine (NENA ) , hexanitro-

hexaazaisowurtzitane ( CL-20) , furazan compounds, zole nitrogen-rich compounds and hydrogen storage alloy, energetic level of NEPE

solid propellant composed of normal ( or energetic) binder/energetic plasticizer/high energy density material/metal incendiary agent

was calculated with the code based on the minimum free energy method. The technical routes and consideration of novel high energy

solid propellants were explored. The effects on energetic properties resulted from these approaches were discussed. Eight methods of

forming high energy propellant were supplied.

Key words: physical chemistry; solid propellant; high energy; energetic materials; energy characteristics; theoretical calculation



