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Fig. 1 Synthesis of some azotetrazolate salts
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Fig. 2 Structures of some azotetrazolate compounds
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GZT.'H NMR,6 =7.06; “C NMR,§ =158. 1,
172.7; IR ( KBr, v/em ™' ) ; 3444, 3395, 3200, 3091,
1654 ,1498 ,1399 ,1196,736; TG & /3 #7 (% ) : C,H,,N,,
(M, 284.3)HEH(SZP{E):C 16.9(17.1) ,H 4.26
(4.2),N 78.84(78.96)

AGZT IR (KBr,v/cm ") ;3404 ,3325,1673,1396,
1203,1118,1014,740; TG Z 547 (%) : C,H,, N, (M,
314.3) 3 B H ( Sz ) . C 15.29(15.83),H 4. 49
(4.09) ,N 80.22(81.08),

DAGZT: IR ( KBr, »/em ™" ) : 3317, 3209, 1685,
1392,1334,1128,953,730; ST Z /3 #71 (% ) : C,H,, N,,
(M, 344.3) P B H (L PWAE) : C 13.87(13.67) ,H
5.24(5.21) ,N 80.89(80.94)

TAGZT: 'H NMR,s =4.45,8.61; "C NMR,s =
159.0,173. 4; IR ( KBr, »/cm ') : 3591, 3318, 3210,
1684 ,1334,1128,949 ,638; JTLZ 43 #7 (% ) : C,H( N,,
(M, 374.3) 3 & (S2{E):C 12.83(13.08) , H
4.85(4.56) ,N 82.32(82.36),
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Table 1 The basic properties of some azotetrazolate compounds

molecular nitrogen AH; T, AH

content
% /grem k) emol ™' /C /T g7

material appearance

formula

AZT  yellow powder C,HgN,, 84.0 1.530  +443.5 220 1680
GZT  yellowy crystal C,H,N,, 78.8 1.538  +409.6 260 1773
AGZT yellowy needle crystal C,H,,N;g 80.2  1.559 +631.2 222 505
DAGZT golden needle crystal C,H;sNy,  80.9 1.580 +852.7 206 667
TAGZT yellow needle crystal C,HiN,, 82.2 1.602 +1074.3 212 1994

HZT!'* yellow needle crystal C,Hj N, 85.2 - +1104.0 194 1450

Note: AH, is heat of formation, T}, is maximum peak temperature, AH is

reaction heat of exothermic peak.
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A7 AFLA: JSAE #B A TEfE, f 5 A 1104 kJ - mol ' (HZT) 5
KB4 FE 8 PRI, 7E 200 °C o 45 TF R 49 fift , Tl P g
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Table 2 The explosive properties of some azotetrazolate compounds
CJ CJ CJ CJ
material A, » P _3 pressure VOD  temperature volume
k) - kg™ /g em /GPa  /m-+s 7 /k - /em-g 7!
TATB -471.7 1.938 26.2 8142 3647 0.411
HMX +322.0 1.905 40.9 9343 4861 0.396
AZT +2216.9 1.530 20.3 8120 2664 0.522
GZT +1441.5 1.538 16.9 7508 2214 0.523
AGZT  +2009.0 1.559 21.2 8511 2510 0.521
DAGZT +2477.4 1.580 25.2 9189 2785 0.513
TAGZT +2873.9 1.602 28.3 9678 2956 0.507
HzT!M) +4797.6  — 24.7 6330 — —
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Table 3 The performance of some azotetrazolate salts /AN compounds

materials mass ratio/ % molecular formula nitrogen content/ % p/g* cm -3 AH /K] - kg o gas production/mL + g '
AZT/AN 23.8/76.2 Co.2aHy 76 N3 3305 g6 46. 64 1.671 -2951.5 959.4
GZT/AN 20.2/79.8 Co.2s Hy g4 N3 1305 99 43.86 1.680 -3351.9 956.6
AGZT/AN 20.7/79.3 Co.26Hy 85 N3.1705 97 44.38 1.684 -3201.7 961.0
DAGZT/AN 21.2/78.8 Co.as Hy 9o N3 500, o5 44.83 1.688 -3072.5 964.9
TAGZT/AN 21.6/78.4 Co.23Hy 06N3.2205 04 45.21 1.693 -2961.7 968.2
HZT/AN 24.2/75.8 Co.21Hy 54 N3 3705 54 47.14 — -2300.1 966. 1
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Table 4 The explosive properties of some azotetrazolate compounds

impact friction vacuum CJ CJ
material _5 sensitivity sensitivity  stabiliy VOD pressure
g om /em /kg /mL-g' /m-s ' /GPa
AZT 1.530 21.4 4.4 0.54 7600 18.7
36
GZT 1.538 >320 . . 0.25 7100 15.5
insensitive
TAGZT 1.602 25 8.4 0.21 9050 29.2

Note: Impact sensitivity: typel2, HMX =25 cm; Friction sensitivity:

BAM; Vacuum stability: for 48 h at 100 C.
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Synthesis and Properties of High-nitrogen Energetic Compounds Based

on Azotetrazolate Nonmetallic Salts

XU Song-ling, YANG Shi-qging
(College of Aerospace and Materials Engineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract . The azotetrazolate high-nitrogen energetic materials is a kind of energetic materials that reported widely. The new two-step

synthesis method of some azotetrazolate nonmetallic salts was introduced, including guanidinium, aminoguanidinium, diaminoguani-

dinium, and triaminoguanidinium etc. The physical, chemical properties and explosive performance of production and ammonium

salt, hydrazium salt were also studied. It shows that these materials have high heat of formation, large gas production, good thermal

stablity and high reaction heat, and they may have possible applications as gas generants, low signature propellants, low-smoke or

non-smoke pyrotechnics and high performance explosives.

Key words: organic chemistry; azotetrazolate salt; high-nitrogen energetic materials; synthesis; performance
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