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Scheme 1  Synthesis route of 5-ATN

20 CF,¥ 5 g5-AT - H,O T 15 mL K, 5%
f8IMA 15 mL ¥ fif§ B2 (Jit B 7r Bl 65% ) , i1 i+ 30
BB 15 ming T B ARV A B HT AT A 0k
VKK e, 50 C T4, ™% H 92. 6%, m. p.:
174 °C; '"H NMR(DMSO-d,,8) : 11.035(5-AT f#h
Ja HH B — s 7 1 A W SR R T B B R
) IR(KBr,cm™ ) p: 34253335 (N—H), 2960,
2821 (N*—H) ,1727(C =N),1436 1338 (C—N) ,
1384(NO, ) ,1107 ~1039 (g Mt 3£ ) ; Anal. calcd
for CH,N,O,. C 8. 11, H2.72, N 56.75; found
C8.10, H2.70, N 56.61,
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B 1 5-ATN [ SEM [&
Fig. 1 SEM photograph of 5-ATN

0@3)
N(6)
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B2 5-ATN S R854 &
Fig.2 Molecular structure of 5-ATN
F1 5-ATN ByHEK Al
Table 1  Structural parameters for 5-ATN
bond length/nm  bond angle/(°)
C(1)—N(5) 0.1311(4) N(5)—C(1)—N(4) 127.6(3)
C(1)—N(1) 0.1337(4) N(5)—C(1)—N(1) 127.9(3)
C(1)—N(4) 0.1343(4) N(4)—C(1)—N(1) 104.5(3)
N(4)—N(3)  0.1369(4) C(1)—N(4)—N(3) 109.5(3)
N(2)—N(3)  0.1267(4) N(2)—N(3)—N(4) 108.1(3)
N(1)—N(2)  0.1867(4) N(3)—N(2)—N(1) 108.2(3)

C(1)—N(1)—N(2) 109.7(3)
N(6)—O(1)  0.1240(4) O(1)—N(6)—O(3) 119.1(3)
N(6)—O(2)  0.1243(4) O(1)—N(6)—O(2) 122.5(3)
N(6)—O(3)  0.1283(4) O(2)—N(6)—O(3) 118.5(3)

3.2 AMIZMK
3.2.1 MHHhi
AR SCIR[15-18 ], RSS2 36" Jr ik , 1 HUA R
OV NI CIE AT SEey Ll SEN (SRS
B2 AR TR A 5-ATN 1738 R Z KPR ILE 2.
AWFICIE L LI RAMNZL 3 Tk 4 Pin. N T4
T (AN LU 50 A7, o 7 A A RS 2 AR (x =
y;i=85) AT G b Hr
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Table 2 Factors and levels Table 4 Results of variance analysis
levels factors source ™ of degree of variance  F value significance
A(HNO, /mL) B(time/min) C(temperature/°C) squares freedom
1 5 15 50 A 110.3425 3 36.78 7.43 Y
P 10 30 60 B 26.1725 3 8.72 1.76 %o
3 15 45 70 C 28.2225 3 9.4075 1.9 * ok
4 20 60 80 e 29.7 6 4.95
Note: e is radom error caculated from nullable.
F3 IEXBEER
Table 3 Results of orthogonal experiments
No A B C nullable nullable yield yield simplified
’ 1 2 3 4 5 /% (yi) /% (X;=y;=85)
1 1 1 1 1 1 89 4
2 1 2 2 2 2 85 0
3 1 3 3 3 3 79 -6
4 1 4 4 4 4 87.3 2.3
5 2 1 2 3 4 91.2 6.2
6 2 2 1 4 3 89.9 4.9
7 2 3 4 1 2 87.2 2.2
8 2 4 3 2 1 88.8 3.8
9 3 1 3 4 2 89.2 4.2
10 3 2 4 3 1 88.4 3.4
11 3 3 1 2 4 91.1 6.1
12 3 4 2 1 3 88.5 3.5
13 4 1 4 2 3 82 -3
14 4 2 3 1 4 84.4 -0.6
15 4 3 2 4 1 81.1 -3.9
16 4 4 1 3 2 85.7 0.7
k] 0.0225 32.49 61.6225 20.7025 13.225
k, 73.1025 14.8225 8.41 11.9025 12.6025
/(3 73.96 0.64 0.49 4.6225 0.09
k, 11.56 26.5225 6.0025 14.0625 49
Q 158.645 74.475 76.525 51.29 75.015
S 110.3425 26.1725 28.2225 2.9875 26.7125

t P n
1 T .
Note; kA,:—t( 2’: xa)2s Qa=( Z ka) s T=( L; Xi)s C=T; S: variance,S=Q-CT; n; total number of tests.

% 3 h nullable Jy 7531, DL 2 42 25 910k 1 55 L 5
WRE S, S ERME. 722 (S=Q-CT) i K/ ik
%R 2R X S 0 i s 24 L Ml G R KB O SR
PP 1 /N A Bl 22 S BUR SR AR B8l , Ik
J7 FERORIIFR ]y 2N R A, 7 ZEfEAR /N, L 1
F R R 22 W THIE IR /) BT I R B K P (E AR KA
gy iy T B I 1R AR (E A B S AR B, AR IX — KN R
PR R, TR RN R T7 28 RIS miR 2= 2
L AC A RIR2E Syo R4 TP ZHT AL IR A
T BR A P 6F 5-ATN 7 SR 2 e e K, &R C RO
JEUR 2, SO I () % 7 A ) S MR B /N

SR H IR TSR E L R A A
BEE A7 S 9 DY B KO A R e A A 7 A 1
J7 ¥R B SO B R AR b 5 AR e g Y X B
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L A B N = T A =2 B R S A - = @ AL ]
X S 06 4% TR 1) R ) B A T LA A 5 R AR TR R, 6 S
T BEYE 10 ~50 °C Y IE 28 45 AT 40 17 o
3.2.2 #—HRK
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Table 5 Factors and levels Table 7 Results of variance analysis
factors sum of degree of . R
levels - - source variance  F value significance
A(HNO,/mL)  B(time/min) C(temperature/°C) squares freedom
1 5 15 10 A 68.7566 3 22.92 2.9 * kK
2 10 30 20 B 17.2617 3 5.75
3 15 45 30 C 35.1683 3 11.72 1.4
4 20 60 20 e 53.588 6 8.93
[N 70.8497 » 7.87
®6 IECAEEIR
Table 6 Results of orthogonal experiments
A B C nullable nullable yield/% yield simplified/%
No.
1 2 3 4 5 (yi) (x;=y;=90)
1 1 1 1 1 1 86.5 -3.5
2 1 2 2 2 2 91.5 1.5
3 1 3 3 3 3 90.1 0.1
4 1 4 4 4 4 79.2 -10.8
5 2 1 2 3 4 89.5 -0.5
6 2 2 1 4 3 92.4 2.4
7 2 3 4 1 2 89.8 -0.2
8 2 4 3 2 1 92.6 2.6
9 3 1 3 4 2 92.9 2.9
10 3 2 4 3 1 91.2 1.2
11 3 3 1 2 4 92.3 2.3
12 3 4 2 1 3 93.13 3.13
13 4 1 4 2 3 91.2 1.2
14 4 2 3 1 4 89.76 -0.24
15 4 3 2 4 1 92.3 2.3
16 4 4 1 3 2 89.66 -0.34
k, 40.3225 0.0025 0.1849 0.1640 1.6900
k, 4.6225 5.9049 10.3362 14.4400 3.7249
k, 22.7052 5.0625 7.1824 0.0529 11.6622
k, 2.1316 7.3170 18.4900 2.5600 21.3444
Q 69.7818 18.2869 36.1935 17.2169 38.4215
S 68.7566 17.2617 35.1683 16.1917 37.3963

AR ZE S0 HHOT RN B[] X S5 Y R e 0N BT LA
J5 7 B[] P9 5 45 1o DA A8 BF 48 T R 8 55 P A T R
& T LAE E BB ] By g 15 ming T e A
FIUFATE N A B, G, BVAS IR & &t 15 mL, 52 b B[]
A5 min, J iR EE A 20 °C,
3.2.3 IGiESEIE

DL AEACE AL A 525 =R, B R AT LLs 3
U H AR, a5 R4 8. fik 8 W, de Al AR A
B EEAF PRIk F] 92.6% , KU SLIGH] T
BALWA R T 254
3.3 RN

A% GJB 5891.9-2006 Kk T fits 24 71 3 77 6 )
R I R T, AE TR R (30 °C) E R AR L
TR TR A R AT AR RS TR AR N, &
24 hz i, IR WK 4 i B, 25 R LR 9
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F8 KRR

Table 8 Results of verification experiments

No. 1 2 3 average
yield/% 93.5 92.4 91.8 92.6
RO 5-ATN Ay I 325
Table 9 Results of hygroscopic test of 5-ATN
No. m/g m, /g m,/g m,y/g w/%
1 3.0075 48.5375 48.5412  0.0008 0.096
2 3.0041 40.8162 40.8193  0.0008 0.076
3 3.0179 46.3827 46.3861 0.0008 0.086
Note: w: hygroscopic rate of sample; m;: quality of sample and bottle before
water absorption; m,: quality of sample and bottle after water absorp-
tion; my: hygroscopic rate of empty bottle; w: quality of sample.
A fe A A www. energetic-materials. org. cn
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Optimization of Synthesis Process and Structural Characterization of 5-ATN

WANG Meng-meng, DU Zhi-ming, ZHAO Zhi-hua, HAN Zhi-yue
( State Key Laboratory of Explosion Science and Technology, BIT, Beijing100081, China)

Abstract. 5-Aminotetrazolium nitrate(5-ATN) was synthesized from 5-aminotetrazole monohydrate(5-AT - H,O) and concentrat-
ed nitric acid. The effects of nitric acid dosage, reaction time and reaction temperature on the yield of 5-ATN were discussed. The
proper synthesis conditions determined by orthogonal experiments were as follows: 5 g 5-AT, 15 mL nitric acid, reaction tempera-
ture 20 °C and reaction time 15 min, with the yield of 92. 6% . Compared with previous studies, the reaction temperature and
reaction time decrease while the yield is improved. SEM picture shows that the surface of 5-ATN is smooth, and hellogh humidity
storage tests show that the water absorption of product is reduced.

Key words: applied chemistry; 5-aminotetrazolium nitrate(5-ATN) ; orthogonal experiment; process optimization
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