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Fig.1 Schematic diagram of droplet microfluidic platform
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Fig. 2 XRD patterns of DAP-4, GNO5 microspheres and
GN41 microspheres
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Fig.4 Optical microscopic images of microspheres obtained with different adhesive binder ratios (x20)
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b. pseudo-color image
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Fig.5 SEM image and pseudo-color image of GN41 micro-

sphere
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Fig. 6  Particle size distribution of DAP-4, GNO5 micro-

spheres and GN41 microspheres

R 1 DAP-4 .GNO5 fBk B GNAT SR (¥ B2 33 28 10
Table 1
GNO5 microspheres and GN41 microspheres

Particle size distribution and dispersion for DAP-4,

samples diy / pm dsy /[ pm dyy / pm SPAN
DAP-4 6.859 12.08 18.404 0.95
GNO5 190.240 247.60 291.815 0.41
GN41 184.651 234.23 276.123 0.39

Note: d,, is the particle size corresponding to the cumulative particle size
distribution of 10%. d, is the particle size corresponding to the cumu-
lative particle size distribution of 50%. d,is the particle size corre-

sponding to the cumulative particle size distribution of 90%.
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Fig. 7 Flowability test diagram of DAP-4, GNO5 micro-

spheres and GN41 microspheres
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Fig.9 Combustion test diagrams of DAP-4, GNO5 microspheres and GN41 microspheres
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Table 2 Mechanical sensitivity for DAP-4, GNO5 micro-
sphere and GN41 microsphere

samples 1S/) FS/N

DAP-4 20 36

GNO5 25 40

GN41 25 40

Note: ISis the impact sensitivity. FS is the frictiona sensitivity.
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Preparation of Micron-scale DAP-4-based Energetic Composite Microspheres by Microfluidic Technology
and its Characterization

Ll Jia-wei, LI Jia-fei, ZHANG Dong-xu, XUE Zhi-hua, LI Zhe-giang, LEl Jin-shan, WANG Jing-yu, WU Bi-dong
(School of Environmental and Safety Engineering , North University of Chinay, Taiyuan 030051, China)

Abstract: To improve the safety of the charging process of molecular perovskite energetic material (DAP-4), spherical granula-
tion of DAP-4-based energetic composite microspheres was realized by altering the composite ratio of the bonding agents, Glyc-
idyl Azide Polymer (GAP) and nitrocellulose (NC) (constituting 2% of the mass of DAP-4) using the coaxial droplet microfluid-
ic technology. The macro and micro morphology, crystal structure, thermal properties, combustion properties, and mechanical
sensitivity of the samples were tested and analyzed by scanning electron microscope, X-ray diffractometer, differential thermal
scanning calorimeter, thermogravimetric analyzer, high-speed photography, impact sensitivity tester and friction sensitivity tes-
ter. The results indicate that DAP-4 has the best sphericity when the ratio of GAP to NC is 4: 1. The crystal structure of DAP-4 is
not changed after spheroidizing granulation, and the peak temperature of thermal decomposition is slightly advanced. The com-
bustion time of DAP-4 microspheres is slightly longer than that of raw materials, overall with a very stable continuous combus-
tion, retaining its excellent combustion performance. The GN41 microspheres can significantly improve fluidity while reducing
mechanical sensitivity and improving the safety of the charging process.

Key words: microfluidics;molecular perovskite energetic materials (DAP-4) ;composite microsphere;liquidity ; combustion
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