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Fig.1 Schematic for the preparation of micro-nano CL-20 par-
ticle suspended explosive ink and the 3D microjet printing

process
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Table 1
CL-20 particle suspended explosive ink

Physical characteristics and stability of micro nano

explosive 7 y p stability
) B _, Zvalue

ink /mPa-s /mN-m /g-cm /h
C88 15.92 29.2 1.062 3 12

C90 17.85 28.8 1.081 3 12

C92 19.36 28.1 1.098 3 12

C94 20.93 27.4 1.132 3 12

Note: n is the viscosity of explosive ink. vy is the surface tension of explosive

ink. p is the density of explosive ink.
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Fig.2 The rheological properties of micro nano CL-20 parti-

cle suspended explosive ink
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Table 2 Deposition effect of explosive ink with different micro nano CL-20 particle suspended explosive ink pwm
point line

ink
thicknesses 3D roughness diameter thicknesses roughness 3D roughness width

C90 4.882-5.197 0.2048 292 4.993-5.401 0.5939 0.7176 256

C92 6.160-6.910 0.2458 335 5.928-6.760 0.6937 0.8001 305

C94 7.130-7.255 0.7565 285 8.175-8.498 1.1050 1.1660 298

a. C90 b. C92 c.C94
3 ANTECAN CL-20 UKL & fik A B 77 B o 24 il 25 A 00 g B
3D # A
Fig.3 3D profile of suspended explosive ink droplet molding

with different micro-nano CL-20 particle content
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Fig.4 3D profile of coalescence line with different content

of micro nano CL-20 particle suspended explosive ink
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Fig.5 Density and porosity of micro-samples with different
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Fig.6 Surface SEM images of molded samples with different
solid content of micro nano CL-20 particle suspended explo-

sive ink
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Fig.7 Cross-sectional SEM images of molded samples with

different solid content of micro nano CL-20 particle suspend-

ed explosive ink
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b. elastic modulus and hardness

B9 ORI g CL-2 UKL B0 o8 1 200 K 24 28 S0k 21 R
P daiic
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Impact sensitivity (a) and friction sensitivity (b) of samples with different solid content of micro nano CL-20 particle

R3  REG CL-20 Tk & W&
®

Table 3 Results of detonation velocity test with different sol-

I 2 24 i R U 3 2

id content of micro nano CL-20 particle suspended explosive
ink

average theoretical bulk
u
D, deviation detonation  detonation .
samples 4 . . density
/mesTt /% velocity velocity D
- 4 /%
D,/ m-s /m-s
7694 0.08
CP90 7669 -0.25 7689 8929 86.11
7702 0.18
7673 -0.04
CP92 7712 0.47 7676 9075 84.6
7643 -0.43
7624 -0.72
CP94 7722 0.55 7679 9231 83.2
7692 0.17

Note: D, is the instantaneous detonation velocity of the sample.
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3D Microjet Printing and Properties of Micro-nano CL-20 Particle Suspended Explosive Ink

LI Chun-yan'?, CHEN Jiao'*, AN Chong-wei', YE Bao-yun', WANG Jing-yu'
(1. School of Environmental and Safety Engineering, North University of China, Taiyuan 030051, China; 2. Department of Environmental and Safety
Engineering , Taiyuan Institute of Technology, Taiyuan 030008, China)

Abstract: In order to solve the problems of crystal transformation and low forming efficiency of the main explosive in hexanitro-
hexaazaisowurtzitane (CL-20) based all-liquid explosive ink micro-jet printing, suspension explosive ink compatible with 3D
micro-jet printing was designed and prepared by using polyvinyl alcohol (PVA) aqueous solution as colloidal suspension and
micro-nano CL-20 particles as suspension particles. 3D micro-jet technology was used for printing the explosive ink. The proper-
ties of the samples were characterized by densitometer, laser confocal microscope, scanning electron microscope, X-ray diffrac-
tometer and nano-indentation instrument, respectively. The impact sensitivity, friction sensitivity, and detonation velocity of the
samples were also tested, which was used for the study of the relationship between the content of CL-20 and the properties of
micro-detonation agent. The results showed that the "coffee ring" phenomenon became more obvious with the increasing content
of micro-nano CL-20 particles in the explosive ink, and the thickness of the single layer deposition of the powder line became
thicker, while the density decreased gradually. The main explosive CL-20 exhibited no crystal transformation in the 3D microjet
printing process and was & type. When the ratio of micro-nano CL-20 particles to binder was 9: 1, the measured density of the
sample was 1.638 g-cm™ (86.19% TMD), and the elastic modulus was 5.43 GPa. The impact sensitivity, friction sensitivity and
detonation velocity were 4 J, 240 N and 7689 m-s™', respectively, showing better safety performance and micro-scale detona-
tion transmission ability.

Key words: micro-nano CL-20 particles;suspended explosive ink;3D microjet printing;crystal type
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