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Table 1 Effect of mole ratio of hydrazine sulfate (n, ) to

triethylamine(n,) on the yield

n,:n, 1:2.0 1:2.5 1:2.8 1:3.0 1:3.2

yield/%  70.1 75.3 80.2 78.3 76.9

3.1.2 & Rz 83 R B 4 2R 1 3 0

Bifa k2.0 g(0.015 mol) ,2 4 ,6- =R§IL5E 5 7.6 g
(0.03 mol) , i EZ 15 mL,ZMILIA =2 6 mL,45 °C 4%
P R, N S ] SRR s ) () 45 S L 3% 2

T2 SN TA]AS 52 AC AR Y 5 W

Table 2  Effect of reaction time on the yield
reaction time/h 18 21 24 27 30
yield/% 75.5 78.4 80.2 80.4 80.7

H1 2% 2 AT B2 S IS ) 1) E 4 S oy A% A
Kkash, MR E S 24 h B UE K 80. 2% , 4k
JEAC B LI ] 36 KO T 22, DU SRR 2 HEAT A
BNTEA o LR WA F R AR N, 2,4 ,6-=
B SR b A = A 5 1 07 BHL L A, 45 SR AR 1Y
HE U A — 52 W AR, BT DA, R0 W53 AT A3 o) 48 K
N4 R o 24 S NI IR] R 24 h B 2 3% (TLC)
OY BT P AL O AR 58 4, Ak 4 G K S A ] X 4 K
ORI . 255 75 08, IO I AT E % 24 h S,
3.1.3 R NIBEX & B ER B 2 0E

BRERME 2.0 g(0.015 mol) ,2,4,6-=fi 354 7.6 g
(0.03 mol), I 15 mL, 3L fiIn A = Z % 6 mL, JZ i
24 b, R 3 XSO B 4 R g 45 R L% 3

R3O X R A Y 5

Table 3 Effect of reaction temperature on the yield
reaction temperature/°C 35 40 45 50 55
yield/% 73.1 75.9 80.2 74.5 70.4
A g At At www. energetic-materials. org. cn
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Table 4 Effect of different alkali on the yield
alkali pyridine potassium carbonate triethylamine
yield/% 78.6 78.9 80.2
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Table 5
hydrazine(n,) to Fe(NO,), - 9H,0O(n,) on the yield

Effect of mole ratio of 1,2-bis(2,4,6-trinitrophenyl)

n, :n, 1:3 1:4 1:5 1:6 1:7

yield/% 75.6 77.8 82.9 82.9 83.0

HIZE 5 AL, JURS SRR B AT 2 A AL R S B,
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Table 6 Effect of grinding time on the yield
grinding time/h 6 7 8 9 10
yield/% 78.2 80.4 82.9 82.9 82.9
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Fig.2 TG curves of HNAB at different heating rates
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Table 7 Thermal decomposition activation energy for HNAB by Ozawa’s method

mol ~'

temperature/K E/k) -

* B=10 K+ min~" B=15K+min~" B=20 K- min™' B=25K-min~" Ozawa’s method

0.2 593.89 606. 45 610.26 617.66 113.97

0.3 602.92 616.5 620.31 627.74 112.10

0.4 611.45 624.05 628.39 635.30 119.89

0.5 617.47 630.02 634.44 642.00 119.47

0.6 623.49 635.60 639.84 647.04 126.61

0.7 629.03 644.12 644.58 656.21 110.97

0.8 635.99 650.09 651.92 662.37 117.98

mean 117.84
T8 IgF(a) ~1 /TR G HZEHR
Table 8 Result of linear fitting IgF(a) ~1/T

. Doyle method Ozawa's method

A/K - min intercept slope r E/k) - mol ! Als™! E/k) - mol ™!

10 10.2119 —6411.2272 0.9915 116.71 6.778 x10"°

15 10.3620 —-6651.7098 0.9906 121.09 1.104 x10"

20 11.3989 —7274.2703 0.9940 132.42 2.954 x10" 117.84

25 12.8933 —-6794.0024 0.9908 123.68 1.112 x10"

mean 123.48 3.965 x10"

S PE B £ 4 BT 25 SR 1, HINAB. 9 44 % I8 T %:MM:Aw%ﬂﬂm

—15/3}3*27]:7%[]*#/5'5{(*)1}@ fi HLE% HE@Tﬂﬁﬁ/—t " 1.485 X104

W fa) = (1 —a) SR HE TN =3.965 x10" x (1 ~a)exp - =]
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ORIET no=T1 [0 B R AR A LB, S0 AL 2 R B
LR (o) =(1 —a) G 12507 BN

da % .
a—kf(a) =A-e fla)
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=3.965 x10"" x (1 —a)exp[ —M]
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Synthesis and Thermal Decomposition Kinetics of Hexanitroazobenzene

ZHANG Jing, WANG Juan, XU Hai-feng, ZHOU Xin-li

(School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Hexanitroazobenzene (HNAB) was prepared via nucleophilic substitution reaction and oxidation reaction using picryl
chloride as raw materials. The intermediate and final product were characterized by MS,IR and '"H NMR. The reaction conditions
were optimized. The nucleophilic substitution reaction conditions are determined as: hydrazine sulfate 2.0 g, 2,4 ,6-trinitrochlo-
robenzene 7.6 g,methyl alcohol 15 mL,triethylamine 6 mL,reaction time 24 h under 45 °C. The oxidation reaction conditions are
determined as: 1,2-bis(2,4,6-trinitrophenyl) hydrazine 2.0 g,iron( Il ) nitrate nonahydrate 7.1 g, cumulative grinding 8 h. The
total yield is 68.5% . Thermal behaviors of HNAB were studied by DSC and TG. The thermal decomposition mechanism of HNAB
is classified as random nucleation and growth with n=1. The activation energy, pre-exponential factor and mechanism function of
the thermal decomposition process of HNAB obtained by the Ozawa's method are 123. 48 k) - mol™",3.965 x 10" s7',
fla) =(1 —a) ,respectively.

Key words: organic chemistry; hexanitroazobenzene( HNAB) ; iron( I ) nitrate nonahydrate; thermal decomposition kinetics

CLC number: T)55; O625.65 Document code: A DOI: 10.3969/j.issn.1006-9941.2013.01.002

CHINESE JOURNAL OF ENERGETIC MATERIALS Bt 20134 %214 HF1H (7-11)



