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Table 1 Properties of selected compounds

a) X d) DL‘)
compound I;g om- 1S2) /) FS© /N ﬁ/)GPa P NE
2 1.55 >100 no report  29.6 9516 N NH, LN “s
6 1.53 >40 >360 20.0 7875 BN SN T
7 1.55 >40 >360 22.1 8217 HZNHCN NaN H2N>_8:N 1) Ba(OH), 4552
10 1.55 30 360 15.5 6206 N/ \N - AR 2) [Cat]‘zsof'
1 1.63 >30 >360 13.3 6379 ~o” N\O/N 1) Ba(OH),
12 1.63 >30 >360 15.5 6749 82 43 2) [Cat]" CI, Ag,S0,
15a 1.80 <2 <180 30.2 8688
15b 1.80 <8 120 =360 28.7 8341 Scheme 10
16 1.59 >30 >360 21.3 7658 o
17 1.64 >30 >360 24.3 8066 Ny NN
18 1.63 >30 >360 25.0 8202 ™ Ay N oL H \ HN SN NHLOH
19 1.73 7 120 32.8 8767 . >_€7N e, N= N= >_€:N —
20 1.94 - - 41.6 9283 N/\ /\N Ny M R
21 1.70 >40 252 27.4 8270 0 N\O/
23 1.68 3 56 32.1 8926 43 57
24 1.64 40 288 30.3 8890 N/O\N
25 1.69 40 120 29.9 8639 \ /) N/N§N
26 1.63 30 192 25.0 8059 N:8_<N:N —\  ONH
31 1.60 >40 no report  28.6 8860 N/§ N >/_\87 + 2H,0
33 1.44 >30 >360 20.2 7820 N" - -
34 1.43 >30 >360 20.0 7803 55 ©
35 1.55 >30 >360 22.4 8090
36 1.43 >30 >360 21.1 7977 Scheme 11
37 1.40 >40 >360 25.1 8585
38 1.41 >40 >360 19.0 7667
39 1.64 >40 >360 20.0 7694
40 1.61 >40 >360 23.4 8125 7 # it
41 1.71 >30 >360 19.9 7683
INEE e e 9 I L, BF T2 5 e X D B 9 65 14
RDX!™! 1.80 7.5 120 34.1 8750
Note: a) density; b) impact sensitivity ( BAM method); c) friction sensitivity E&Q EH % ?‘ﬁ;’s 5 iﬁ _H‘j'JF % EE ll:l:ll T *EF ;7’@ ?ﬁt g EI(J {—:'l\ ﬁlé %
(BAM method) ; d) detonation pressure; e) detonation velocity. %,f/t%% , ﬁ% IEI ﬂﬂé %ié E”E éz\ E /a\ ﬁE %‘ % /pa% % E i% z
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T2 WRIATCI DY M A U RE B TS W R

TR P A < e 5 RE B T A A W TS D T, BT LA
FEATTWEE: (1) 51 A e O U T 5
SRR R U e AR B S RE R T S IR 5
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Table 2 Properties of energetic salts based on furazan fuctionalized tetrazolate anion

compound cation T, /°C T,% /°C AHO /K s mol ™" prg e em”? p/GPa D/m s
44 NH, * 278 289 411.5 1.61 22.9 8075
45 N,H, * 161 197 561.4 1.60 24.8 8338
46 G* 181 262 393.6 1.50 18.5 7640
47 AG* 189 257 489.6 1.55 20.4 7747
48 DAG * 149 228 599.6 1.54 21.6 7932
49 TAG* 207 216 703.5 1.62 25.4 8544
NH, O
50 )\ )J\ 211 213 177.2 1.64 19.9 7732
H N N NH,
H
NH, NH
51 ),\ )J\ 225 251 440.5 1.77 25.9 8673
H N N NH,
H
H H
N N
52 HaN \ﬂ/ NH, 162 199 484.0 1.68 25.7 8466
HNx. N~
53 N N~cH, 125 262 515.2 1.45 15.8 7063
HC, .
N—N
54 ( ) 55 204 597.4 1.46 17.5 7372
N
|
CHs,
N=N
Nl \N+
— N~
55 HsC Y Chy 109 170 694.5 1.44 17.6 7412
CHs
N=N
Nl \N+
— N~
56 HC Y CHs 205 212 730.1 1.51 19.7 7338
NH,
58 NH, * 246 277 527 1.60 21.4 7780
TNTL™ - 81 318.9 -59.5 1.65 22.3 6900
Note: a) melting point; b) decomposition temperature; c) heat of formation.
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Review on Insensitive Non-metallic Energetic lonic Compounds of Tetrazolate Anions

Bl Fu-giang, FAN Xue-zhong, XU Cheng, WANG Bo-zhou, ZHENG Ya-feng, GE Zhong-xue, LIU Qing
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Non-metallic energetic ionic compounds of tetrazolate anion are a kind of insensitive energetic materials. The progresses
in the insensitive non-metallic energetic salts of aminotetrazolate, nitrotetrazolate, nitraminotetrazolate, azotetrazolate and furazan
fuctionalized tetrazolate anions were reviewed in detail. It is found that most of ionic compounds based on tetrazolate anions
which contain traditional energetic functionalities upon the carbon of positon 5 such as nitro and nitrimino functionalities, show
high sensitivities, while the sensitivities of ionic compounds based on 5-aminotetrazolate, 5, 5'-azotetrazolate and
5-(4-aminofurazan-3-yl)tetrazolate are so low that they can be used as insensitive energetic materials. Furthermore, new trends in
research of insensitive non-metallic energetic ionic compounds of tetrazolate anion were proposed.

Key words: applied chemistry; insensitive; tetrazolate; energetic ionic compounds; research progress; review
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