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Fig.2 XRD patterns of MCM-41 and SA-MCM-41
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Table 1 Pore structure parameters of MCM-41 and SA-MCM-41
sample Dgyy/nm - Vg /em?® - g™ Sgerc/m* - g™
MCM-41 3.27 1.07 1074.65
SA-MCM-41 3.13 0.85 887.25

Note: Dy, is pore size; Vg, is pore volume; Sgeris BET surface area.
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Table 2  Effect of different catalysts on the yield and purity of
CL-20

catalysts yield/% purity /%

- 80.2 89.8

MCM-41 81.4 91.5

SA 91.2 95.9

SA-MCM-41 90.8 95.7
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M, J e i3 CL-20, 4L LB IL Scheme 3,
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Scheme 3 Catalytic mechanism of SA-MCM-41
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Table 3  Effect of the amount of SA-MCM-41 on the yield and
purity of CL-20

m(SA-MCM-41) /g yield/% purity /%
0.1 88.1 93.2
0.3 90.8 95.7
0.5 91.6 96.4
0.7 91.2 96.3
0.9 91.8 96.5

3.4 RNATEX CL-20 W2 Fn 4 B R 820

% R L 65 ~75 °C,SA-MCM-41 HI4 0.5 g, %
LI W B [E) X CL-20 WOCRFN4EBE A 2 i, 45 SR L2 4,
f e 4 1] A, Bl B N B )3 i, CL-20 f IR SE 7
JE B . RN 5 h Ja, T ZE K R A a2 {20
CL-20 7e5% 2 0 i, 530 CL-20 YR FEAK . 256
F& AR VBRI A 5 oh, BEEF CL-20 B9 93.9% ,
23 98.4% ,

R4 LA CL-20 W A F4L B 1 52
Table 4 Effect of the reaction time on the yield and purity of CL-20

t/h yield/% purity /% t/h yield/% purity /%
3 91.6 96.4 6 93.6 98.9
4 92.4 98.1 7 92.0 98.7
5 93.9 98.4 8 91.5 98.6

Note: tis reaction time.
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Table 5 Effects of reuse time on the yield and purity of CL-20

reuse time  yield/% purity/% || reuse time yield/% purity/%
1 93.2 98.3 4 92.6 97.2

2 93.6 98.5 5 91.3 96.4

3 92.8 97.7

4% ®»
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Synthesis of CL-20 by MCM-41 Molecular Sieve of Perfluorosulfonic Acid

SHI Lei' , YANG Chao-fei' , QIAN Hua'’, REN Li-ping’, LIU Da-bin' , PAN Ren-ming'
(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 Ordnance Indusirial Standardization Research Institute, Betjing 100086, China)

Abstract: In order to improve the low yield of CL-20 and solve the difficult recovery of the catalyst, perfluorinated (1-methyl-
ethane) sulfonic acid was grafted onto pure MCM-41 mesoporous molecular sieves to prepare the catalyst of perfluorosulfonic acid
MCM-41 molecular sieve (SA-MCM-41). The catalyst was applied in the nitration of TAIW to CL-20 using N,O,/HNO,. Results
show that the catalyst has the typical crystal structure of MCM-41 with average pore size of 3.13 nm and specific surface area of
887.25 m® - g”'. The optimal reaction condition is catalyst 0.5 g, reaction temperature 65-75 °C and reaction time 5h with the
highest yield and purity of 93.9% and 98.4% , respectively. The catalyst possesses good stability and is easy to separate from the
product. Additionally, it can be reused for five times without any significant loss of catalytic activity under the describe reaction
conditions.

Key words: hexanitro-hexaazaisowurtzitane( CL-20) ; tetraacetyl-hexaazaisowurtziane( TAIW ) ; molecular sieve; perfluorosulfonic
acid
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