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a. schematic image of the microfluidic reaction system

b. micro-hybrid reaction chip image
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Fig.1 Microfluidic reaction system device image
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Scheme 1 The chemical reaction formula of DAAF
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Table 1

quor circulation method

Effect of feeding ratio on DAAF yield in mother li-

feed ratio

solvent type n(DAF):n(NaHCO,): n(OXONE™) vield/%
water 2:6:2 74.11
mother liquor 2:6:2 77.64
mother liquor 2:6:3 85.83
mother liquor 2:6:4 79.36
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factor b ¢

level temperature flow rate length of crystallize
/°C /mL-min”"  tube/m

1 20 4 2

2 25 5 5

3 30 6 9
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Table 3  Analysis table of orthogonal experiment results

No. A B C yield / %
1 20 5 9 86.23
2 20 6 5 87.63
3 20 4 2 86.70
4 25 6 9 84.36
5 25 5 2 88.09
6 25 4 5 89.96
7 30 6 2 87.16
8 30 4 9 88.56
9 30 5 5 85.30
K, 86.85 88.40 87.32

k, 87.47 86.54 87.63

k, 87.01 86.38 86.38

R 0.62 2.02 1.24
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Fig.2 Surface morphology and particle size distribution of
DAAF synthesized by two methods
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Table 4 Mechanical sensitivity of m-DAAF and r-DAAF

sample E/) probability of explosion / %
m-DAAF 90 0
r-DAAF 85 0
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5 ), BRI IR LR N 0% , UE B m-DAAF Lt r-DAAF T 4
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Synthesis and Characterization of DAAF by Microfluidic Technology

SHI Jia-hui', LUO Kai*, LIU Shu-jie', ZHOU Jin-qgiang', WU Bi-dong', AN Chong-wei', WANG Jing-yu'

(1. School of Environmental and Safety Engineering s North University of China , Taiyuan 030051, China; 2. Shijiazhuang Campus of Army Infantry Academy ,
Shijiazhuang 050000, China)

Abstract: In order to improve the synthesis performance of 3,3’-diamino-4, 4’-azoxyfurazan (DAAF) by conventional methods,
broaden the synthetic pathway of DAAF. A microfluidic reaction system was designed to synthesize DAAF using 3,4-diaminofura-
zan (DAF) as the main raw material by microfluidic technology. Orthogonal experiment was designed to optimize the synthesis
conditions. DAAF with a purity of 99.33% and a yield of 89.96% was synthesized at 25 °C, a flow rate of 4 mL-min™' and a
length of 5 m in the outlet crystallizer. The structure of the synthesized product was characterized by infrared, nuclear magnetic
and elemental analysis, and was characterized by scanning electron microscope (SEM), X-ray diffraction (XRD), thermal ana-
lyzer (DSC/TG) and mechanical sensitivity. The results show that DAAF was clustered flower ball with an average particle size
of 5.36 um; Microfluidic synthesis has no effect on the crystal structure of DAAF. At the heating rate of 10 °C-min”', the thermal
decomposition peak temperature is 262.36 °C, and the mass loss rate during thermal decomposition is 82.79%. The mechanical
sensitivity test shows that the impact sensitivity is 90 J, and the friction sensitivity is 0%. Compared with the DAAF synthesized
by the conventional method, the average particle size decreased by 7.36 pum, the particle size distribution is uniform and the
particle size distribution range is narrowed, the crystal structure does not change, the thermal decomposition peak temperature
was advanced by 9.57 °C, the mass loss rate was reduced by 6.99%, the impact sensitivity is increased by 5 J, and the safety per-
formance is improved.

Key words: 3,3'-diamino-4,4'-azofuroxan (DAAF) ;microfluidic technology ; synthesis; performance analysis
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