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Fig. 1 Schematic diagram of preparation of super thermite

with spherical core-shell structure
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Fig.2 Structure schematic of super thermite with ideal spher-

ical core-shell structure
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Table 1

core-shell structure

Size criterion of super thermite with ideal spherical

categories d.oe / UM dyoy/ um o / M
Al,, @ CuO-25% 29.42 9.22 47.86

Al,, @ CuO-25% 24.86 7.79 40.45

Al,, @ CuO-25% 13.15 4.12 21.39

Al, @ CuO-25% 6.18 1.93 10.05

Al,, @ Bi,0,-25% 24.86 10.47 45.80

Note: d_ ., d,.,.and d . represent average particle size of ideal core, ide-

al shell, and ideal particle, respectively.
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Fig.3 Optical micrographs of samples coated by spray granulation with different particle size ratios
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Table 2

granulation with different particle size ratios

Average particle size of samples coated by spray
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Table 3 Average particle size of coated particles with differ-

ent solid content

measured average ideal particle

measured average ideal particle

category particle size / pm size / pm solid content /% particle size / pm size / pm
Al,,@Cu0-25% 50.54 47.86 5 33.38
Al,,@Cu0-25% 40.35 40.45 15 37.51
Al,,@Cu0-25% 40.37 21.39 25 40.35 40.45
Al,,@Cu0-25% 38.28 10.05 35 42.39
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Fig.4 Particle size distribution of 2# Al powder before and

after coating
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Fig.6 EDS diagrams of coated samples by spray granulation
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Fig.8 Actual photos of angle of repose measurement
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Fig.9 High-speed photography of combustion process of samples
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Preparation and Ignition Performance of Super Thermite with Highly Spherical Core-shell Structure

Ql Zhen-yu', YAO Wei-shang'?, ZHANG Ming-hao', XIA Min"*, LUO Yun-jun'*
(1. School of Materials Science and Engineering , Beijing Institute of Technology , Beijing 100081, China:2. Key Laboratory of High Energy Density Materials ,
Ministry of Education , Beijing 100081, China)

Abstract: In order to obtain super thermite with spherical core-shell structure for 3D printing of energetic materials, Al,,@CuO
and Al,,@Bi,0, super thermites possessing highly spherical core-shell structure were prepared by spray granulation method for
directly coating solid particles. The influence of construction parameters (particle size ratio and solid content) on particle size of
super thermite was studied by using NanoMeasure statistical software. The spherical core-shell structure was characterized by
scanning electron microscopy and X-ray diffraction. The flowability of super thermite was characterized using the angle of repose
method. The ignition characteristics were observed using high-speed cameras. The results show that two types of super thermite
possessing highly spherical core-shell structure were prepared using construction parameters of solid content 25%, 2# alumi-
num powder, and nano metal oxide (CuO, Bi,O,) particle size. The structure was an ideal spherical core-shell structure, with
an average particle size of about 40 wm. The average thickness of the shell is 7.79 um (Al,,@Cu0O-25%), 10.47 pm(Al,,@Bi,O,-
25%). Compared with the mechanically mixed sample, the flowability of super thermite with spherical core-shell structure dis-
plays a great improvement. The angle of repose of Al/CuO system reduces from 48.8° to 22.9°, and the angle of repose of
Al/Bi,O, system decreases from 37.3° to 16.6°. The combustion time of Al,,@CuO super thermite with spherical core-shell struc-
ture increases from 100 ms to about 0.9 s, indicating that microstructure variation has an impact on its combustion characteris-
tics.

Key words: spherical core-shell structure;super thermit;spray granulation

CLC number: T)55 Document code: A DOI: 10.11943/CJEM2022207
Grant support: Beijing Institute of Technology Science and Technology Innovation Program Innovative Talents Science and Tech-
nology Funding Special Program(No. 2021CX01002)

CHINESE JOURNAL OF ENERGETIC MATERIALS 2 A

e
o

M 2023 % H# 31 % H 78 (645-653)



