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Table 1 Comparison of the performances of several covalent

. . . 25,31-32
derivative compounds and common explosives'***' !

explosive T P 5 b » P 1S FS
/g - cm /km -« s /GPa /) /N
12 130.5 1.92 9.17 40.94 - -
14 91.5 1.83 8.60 33.65 - -
17 - 2.06 9.24 41.27 - -
TNP 188 1.87 9.00 37.09 17 92
TNT 81 1.66 6.85 21.0 15 353
RDX 205.5 1.82 8.75 38.0 7.4 120
HMX 278 1.92 9.10 39.50 7.5 112

Note: 1) T, is the melt point; 2) p is the density; 3) D is the detonation ve-
locity; 4) p is the detonation pressure; 5) IS is the impact sensitivity;

6) FS is the friction sensitivity.
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Table 2 The properties of four metal TNP salts'™’

salt T,/C Tgen/C Ty /°C FS/N IS/) ESD/)
18 - - 254 80 5 0.2
19 - 104 274 96 40 0.2
20 - 121 193 80 40 0.2
21 158 115 302 144 5 0.1

Note: 1) T, is the melting temperature; 2) T4, is the dehydration tempera-
ture; 3) Ty, is decomposition temperature; 4) FS is friction sensitivity ;
5) IS is the impact sensitivity; 6) ESD is the electrostatic discharge sen-

sitivity.
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Table 3 Comparison of the properties of nonmetal 3,4 ,5-trinitro-1 H-pyrazole salts and common explosives

RO REER , AT/ O RIS & RERTRL s X 28 TNP JE G )R
T L rh R [ 228 ~269.6 s, Horb 23 127 (19 of
{EI KT 250 s, ] DUAE ¥ 7 9 KRR A

[16,32]

compound p/g D/km - p/GPa T,./°C Tyec /°C AH./k) - mol™ 1S/) IE
23 1.73 8.46 29.9 224 61 40 263.0
24 1.66 7.87 24.7 163 235 28.3 >40 235.6
25 1.69 8.13 26.8 136 222 133.6 >40 240.9
26 1.69 7.87 25.6 158 167 299 >40 245.0
27 1.77 8.54 31.9 168 168 401.2 >40 269.6
28 1.71 7.97 26.0 171 171 273.5 >40 237.9
29 1.76 8.21 27.7 188 196 235.6 >40 230.2
30 1.68 7.81 24.3 243 452 >40 228.9
31 1.62 7.98 25.3 122 197 769.0 >40 246.3
32 1.65 8.23 27.2 125 184 352.7 >40 250.5
33 1.76 8.36 28.8 206 206 355.0 >40 236.5
34 1.61 7.59 23.7 166 219 375.0 >40 230.5
35 1.64 7.92 25.2 120 167 459.8 >35 245.2
TNT 1.66 6.85 21.0 81 295 -45.4 15 -
RDX 1.82 8.75 33.8 205 230 92.6 7.4 -
HMX 1.92 9.10 39.5 278 287 104.8 7.5 265
TATB 1.94 8.11 31.3 - 318 -150 50 -
Note: 1) p is the density; 2) D is the detonation velocity; 3) p is the detonation pressure; 4) T, is the melting temperature; 5) T, is the decomposition tempera-

ture; 6) AH;is the heat of formation; 7) IS is the impact sensitivity; 8) Iy is the specific impulse.
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Table 4 The properties of energetic compounds of TNP as

skeleton*’

AH
explosive F;g -cm”? /km - 57! 7GPa /kJ (. mol™!
36 1.85 7.89 29.5 298.5
37 1.99 8.94 40.04 341.2
38 1.95 9.26 46.37 180.0
39 1.98 9.09 41.22 187.6
40 1.95 8.43 35.30 900.2
RDX 1.82 8.75 33.8 92.6
HMX 1.91 9.11 39.5 75.0

Note: 1) p is the density; 2) D is the detonation velocity; 3) p is the detona-

tion pressure; 4) AH;is the heat of formation.
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lecular design and performance of energetic ionic compounds

Progress on 3,4 ,5-Trinitro-1 H-pyrazole and Its Derivatives

WU Jun-peng, CAO Duan-lin, WANG lJian-long, LIU Yang, LI Yong-xiang
( College of Chemical Engineering & Environment, North University of China, Taiyuan 030051, China)

Abstract; 3,4 ,5-Trinitro-1 H-pyrazole( TNP) as the only full-carbon nitrated pyrazole-based compound, has the advantages of high
density, high energy and low sensitivity and broad application prospcts in the field of energetic materials. In this paper, synthesis,
properties and applications of TNP and its covalent derivatives and energetic ionic salts(including metal salts and nonmetal salts)
were reviewed. The molecular design of energetic compounds of TNP as skeleton was discussed from the point of view of the mo-
lecular level. Considering that further research of such energetic compounds should focus on the following directions: the new syn-
thesis methods and process optimization of TNP; the study on the synthesis and properties of 1-amino-3,4,5-trinitropyrazole
(ATNP) and 1,3,4,5-tetranitropyrazole; the molecular design and synthesis of novel energetic compounds combined TNP with
rich-nitrogen groups; the appliced research of TNP and its derivatives.

Key words: 3,4 ,5-trinitro-1 H-pyrazole (TNP) ; covalent derivative; ionic salt; synthesis; property; progress
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