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Table 1 Physicochemical and energetic properties of compounds 4-12
comp. p/g-cm™ D,/ m-s™ p/GPa T,/ °C I1S/) FS/N AH/K-mol™  Ref.
4 1.90 8727 32.6 355°¢ >60 >360 344 [26]
8 1.87 8935 34.5 302 >20 >360 501.2 [27]
12 1.94 8820 36.2 336" 30 >360 434.7 [28]
RDX 1.80 8795 34.9 204 7.4 120 70.3 [5]
HNS 1.74 7612 24.3 318 5 240 78.2 [11]
LLM-105 1.92 8639 31.7 342 20 >360 11 [28]
Note: p is experimental density. D, is detonation velocity. p is detonation pressure. T, is decomposition temperature. the ‘e’ means it was test by DSC at a heating

rate of 5 °C-min”"

, the “f” means it was test by DSC at a heating rate of 10 C-min™". IS is impact sensitivity. FS is friction sensitivity. A;H is heat of formation.

RDXis 1,3,5-Trinitro-1, 3, 5-triazacyclohexane. HNS is 2,2",4,4',6,6'-Hexanitrodiphenylethylene. LLM-105 is 2,6-Diamino-3, 5-dinitropyrazine-1-oxide.
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Scheme 4 Synthetic route of compound 18"’
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Scheme 5 Synthetic route of compound 20"
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Scheme 9 Synthetic route of compounds 29-31"*"
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Scheme 11 Synthetic route of compound 36"
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Scheme 14 Synthetic route of compound 43"
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Scheme 15 Synthetic route of compound 46"
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Scheme 17  Synthetic route of compound 52"
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Table 2 Physicochemical and energetlc properties of compounds 18-52

Comp. p/grcm™ D,/ m-s! p/ GPa T,/ C IS/ FS/N AH/KJ-mol™  Ref.
18 1.93 9213 415 325 ° 7.5 240 - [29]
20 1.87 9075 30.7 331°¢ >80 >360 474.5 [30]
22 1.85 8812 30.5 3545 40 360 441.2 [32]
24 1.87 8759 34.1 350° >40 >360 854.5 [33]
28 1.86 8812 33.1 300° 22 300 693.8 [34]
29 1.89 9103 36.7 302° 35 288 788.5 [35]
30 1.88 8841 34.5 311° 40 >360 737.2 [35]
31 1.88 8801 33.6 307° 38 288 723.1 [35]
35 1.90 8889 33.9 365 ° 35 360 890.6 [36]
36 1.85 8769 29.5 370.4 ' 40 >360 706.5 [37]
38 1.88 8705 32.3 372°¢ 26 >360 875.2 [34]
42 1.88 8889 32.3 314° 18 240 1232.1 [38]
43 1.89 8745 33.3 300° >40 >360 1149.9 [35]
46 1.91 9200 34.8 305 ¢ 16 >360 1525.2 [39]
49 1.90 8837 32.9 327°¢ >40 >360 1076.8 [40]
52 1.90 9109 411 310°¢ 25 240 1422.4 [41]
RDX 1.80 8795 34.9 204 7.4 120 70.3 [5]
HNS 1.74 7612 24.3 318 5 240 78.2 [11]
LLM-105 1.92 8639 31.7 342 20 >360 11 [28]
Note: p is experimental density. D, is detonation velocity. p is detonation pressure. T, is decomposition temperature. the ‘e’ means it was test by DSC at a heating

rate of 5 °C-min”'

, the “f” means it was test by DSC at a heating rate of 10 C-min™". IS is impact sensitivity. FS is friction sensitivity. A;H is heat of formation.

RDXis 1,3,5-Trinitro-1, 3, 5-triazacyclohexane. HNS is 2,2",4,4',6,6'-Hexanitrodiphenylethylene. LLM-105 is 2,6-Diamino-3, 5-dinitropyrazine-1-oxide.
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Scheme 18 Synthetic route of compound 55"
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Scheme 19 Synthetic route of compound 59"
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Table 3 Physicochemical and energetic properties of compounds 55-56

comp. plg-cm™ D,/ m-s p/ GPa T,/ °C IS/} FS/N AH /KJ-mol™  Ref.
55 2.23 10070 49.4 445°¢ >40 >360 - [50]
59 2.00 8807 28.5 329" 25 252 638.9 [51]
63 1.97 8748 36.0 330 ¢ >40 >360 540.0 [53]
66 1.86 8767 27.7 355 ° >40 >360 331.2 [54]
RDX 1.80 8795 34.9 204 7.4 120 70.3 [8]

HNS 1.74 7612 24.3 318 5 240 78.2 [14]
LLM-105 1.92 8639 31.7 342 20 >360 11 [30]

Note: p is experimental density. D, is detonation velocity. p is detonation pressure. T, is decomposition temperature. the ‘e’ means it was test by DSC at a heating

rate of 5 °C-min”"'

. the “f* means it was test by DSC at a heating rate of 10 °C-min™'. IS is impact sensitivity. FS is friction sensitivity. A;H is heat of formation.

RDX is 1,3,5-Trinitro-1,3,5-triazacyclohexane. HNS is 2,2',4,4',6,6'-Hexanitrodiphenylethylene. LLM-105 is 2,6-Diamino-3,5-dinitropyrazine-1-oxide.
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Review on Synthesis of High-energy Heat-resistant Compounds

FU Hui'*, SHAN Yu-jia', TIAN Tian', WANG Jin-xin', WANG Tao’, ZHANG Wen-quan'
(1. China Academy of Engineering Physics, Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. School of Nuclear Engineering, Rocket
Force University of Engineering » Xi'an 710025, China)

Abstract: According to the connection mode of molecules and whether the molecule is neutral, the high-energy heat-resistant
compounds reported in recent years are divided into three categories: fused ring, linked heterocyclic and ionic. The structural
characteristics, synthesis methods, physicochemical properties and detonation performances of three kinds of high-energy
heat-resistant compounds are reviewed. and the application prospects are evaluated. The development direction of the synthesis
of high-energy heat-resistant compound is prospected: developing universal construction technology of skeleton, promoting the
integration of computational simulation and molecular design, and innovating green and efficient synthesis process. It provides a
reference for the design and synthesis of new high-energy heat-resistant compounds.
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