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Table 1  Effects of different ILs on the yield and purity of CL-20
entry IL yield/% purity/%
1 - 76.5 91.9
2 [Capl][ HSO,] 76.6 91.5
3 [MIMPS][HSO, ] 78.5 94.2
4 [PyPS][HSO, ] 79.0 94.3
5 [Et;N(CH,),S0,H][HSO, ] 81.0 95.0
6 [E;N(CH,),SO;H][CF,CO, ] 78.1 90.6
7 [Et;N(CH,),SO;H][BSO] 85.7 97.1
8 [Et; N(CH,),SO;H][[BF, ] 80.3 95.2
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Fig.1 Absorption spectra of 4-nitroaniline in ILs of quaternary

ammonium salts with different anions
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Table 2 Hammett Function ( H,) Values
I H,
[Et;N(CH,),SO;H][HSO, ] 0.38
[E;N(CH,),SO;H][CF,CO, ] 1.32
[Et;N(CH,),SO;H][BSO] -0.27
[Et;N(CH,),SO;H][[BF,] 0.43
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Table 3  Effects of amount of ILs on the yield and purity of CL-20

entry IL/g yield/% purity /%
1 - 76.5 91.9

2 0.3 80.5 95.0

3 0.5 85.7 97.1

4 0.7 84.9 97.1

5 1.0 82.5 97.0

6 1.5 79.8 97.2

Note: m(TAIW)=3 g
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Table 4 Effects of reaction timeon the yield and purity of CL-20
entry t/’h yield/% purity /%
1 3 79.3 91.5
2 4 85.7 97.1
3 5 93.1 96.3
4 7 94.5 98.1
5 10 93.2 98.3
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Fig.2 Flow chart of nitric acid and ILs recycling

B FC ) HNO, FITES TR L T — 48 i
o, B SR A TG AL L 3 T AT [RL  IR g
i FH T —HE U SR T A5 i CL-20 (4 YR Fn 4l i
B ] 5 vk, CL-20 () W 2 i 4l B % A B

A fe AR 2016 % %24 % %64 (571-575)



574

Y, B, T

AR, S R A AT M A E

100 T T T T T T 100

991 —m—opurity / %

98] = — e [Zyedl% r99
o 97 T o
A ] =x
z 96 L97 S
3 951 2

944 -96

93+

9] 95

91 T f T T r r 94

1 2 3 4 5 6
reuse time

3 AR B A SR

Fig.3 Recycling and reuse of nitric acid and ILs
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Table 5 Comparison of differentnitrolysis systems

entry nitrolysis system yield/% purity /%
1 HNO, 71.4 82.1
2 HNO, /IL 77.5 86.0
3 HNO, /H, SO, 92.5 98.5
4 N, O, /HNO, 80.0 95.8
5 N, O; /HNO, /CF,SO, H 87.4 98.2
6 N, O, /HNO, /IL 94.5 98. 1
4 % %
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AF| N,O, /HNO, fi§fi# TAIW 152 T H{E CL-20 il % T
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4 g+ 15 mL, IR CL-20 W% 94, 5% 4l A 98.1% ;

(2) 38 Ad 530 W 2808 25 WA R AR SN 11 i
Rl LA RIS, il R ) [ e %85 80% , B T WA 1Y [ i
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A Nitrolysis Method to Synthesize CL-20 with High Yield and Low Pollution

DONG Bo', QIAN Hua'”’, REN Li-ping’
(1. School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. National Supervision and Inspection Center for
Industrial Explosive Materials, Nanjing 210094, China; 3. China Ordance Industrial Standardization Research Institute, Beijing 100089, China)

Abstract: New nitrification systems of N,O,/HNO, / ionic liquids(ILs, quaternary ammonium salts, caprolactams, imidazoles, pyri-
dines) were used to nitrify tetraacetyl hexaazaisowurtzitane (TAIW) to prepare hexanitro-hexaazaisowurtzitane ( CL-20) , instead of
the commonly used concentrated nitric and sulfuric acid in industrial scale, which was seriously harmful to the environment. The
effects of the type, dosage and acidity of ILs and reaction time on yield and purity of CL-20 were investigated. Results show that acid-
ity of ILs is positively correlated with catalytic performance and the [ Et, N(CH,),SO,H][BSO] shows the best catalytic activity.
The optimum conditions are as follows: reaction temperature 60-80 °C, reaction time 7 h, m([ Et, N(CH,),SO,H][BSO]) :
m(TAIW) : m(N,O;) : V(HNO,)=0.5g:3 g:4g:15mL, with the yield and purity of 94.5% and 98.1% , respectively. ILs
can be reused five times and barely with significant loss of catalytic activity.

Key words: hexanitro-hexaazaisowurtzitane( CL-20) ; N, O, ; tetraacetylhexaazaisowurtzitane (TAIW) ; green synthesis; ionic lig-
uids(ILs)
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