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Table 1

containing propellants

Main Component Contents of composite explosives

weight percentage of main components / %

sample

AP Al RDX HMX
1-PxDydz 68.4 18 0 0
2-PxDydz 61.0 18 9 0
3-PxDydz 65.0 0 15 0
4-PxDydz 63.0 5 0 20
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Fig.1 Schematic of the underwater explosion test

B A BEIR YE 25 1-P40D10$p50~4-P40D 10450 Fil #E
FIZGAERE L 5 B HEDEH 5 RDX TR AW 200 6 BT %
PEREIE , &5 R 2 i o

Fig.2 Detonation performance and witness plate damage of the propellant charge and composite gel explosive
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Fig.3 Damage degree of witness plates for composite gel ex-

plosives with different contents of propellants
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plosives with different charge diameters
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Fig.6 Underwater explosion energy output characteristics of

composite gel explosives containing different propellants
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Table 2 Underwater explosion output characteristic parameters of composite gel explosives

shock wave overpressure pulsating period

sample

specific shock wave

specific bubble energy  specific total energy

/ MPa / ms energy / MJ-kg™' / MJ-kg™ / MJ-kg™
1-P30D10450 11.569 155 0.521 1.880 2.368
2-P30D10450 10.774 160 0.582 2.106 2.673
3-P30D10450 11.154 163 0.593 2.289 2.881
4-P30D10450 13.469 164 0.676 2.265 2.944
pure energetic gel 11.655 160 0.604 2.166 2.760
Chinese Journal of Energetic Materials, Vol.34, No.1, 2026 (16—25) A A AL www.energetic-materials.org.cn
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Table 3 Underwater energy output characteristic parameters of composite gel explosives with different propellant contents

shock wave pulsating period

specific shock wave specific bubble energy specific total

sample X/ overpressure / MPa  /ms energy / MJ-kg™' / MJ-kg™ energy / MJ-kg™'
20 11.206 0.156 0.536 1.927 2.434
1-PxD10450 30 11.569 0.155 0.521 1.880 2.368
40 11.396 0.144 0.459 1.585 1.983
20 13.003 0.159 0.629 2.162 2.783
2-PxD10450 30 10.774 0.16 0.582 2.106 2.673
40 11.275 0.156 0.555 2.004 2.535
20 12.139 0.163 0.604 2.260 2.862
3-PxD10¢50 30 11.154 0.163 0.593 2.289 2.881
40 13.279 0.163 0.662 2.230 2.891
20 13.521 0.163 0.645 2.227 2.870
4-PxD10450 30 13.469 0.164 0.676 2.265 2.944
40 13.408 0.163 0.784 2.278 3.074
Note: x presents the propellant content.
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Table 4 Underwater energy output characteristic parameters of composite gel explosives with different propellant particle sizes

propellant size  shock wave

pulsating period

specific shock wave  specific bubble energy  specific total

sample / mm overpressure / MPa  / ms energy / MJ-kg™' / MJ-kg™ energy / MJ-kg™'
15 10.687 0.147 0.482 1.679 2.109
1-P30Dy$50 10 11.569 0.155 0.521 1.880 2.368
5 11.828 0.153 0.512 1.885 2.362
15 12.64 0.162 0.598 2.247 2.841
3-P30Dyd50 10 11.154 0.163 0.593 2.289 2.881
5 13.037 0.164 0.655 2.294 2.953
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Fig.7 Schematic diagram of the mixed reaction mechanism

for propellant-based composite explosives
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Energy Output Characteristics of Composite Gel Explosives Containing Propellant

LIU Xi-chen, WANG Yi-ming, LIU Da-bin, WANG Ze-shan
(School of Chemistry and Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To promote the resource utilization of retired HTPB propellants, composite gel explosives were prepared by com-
pounding them with energetic gels: the three-component propellant-containing composite explosive 1-PxDydz, the quaternary
propellant-containing composite explosive 2-PxDydz that contains 9% RDX, the propellant-containing composite explosive
3-PxDydz that contains 15% RDX, and the propellant-containing composite explosive 4-PxDydz that contains 20% HMX.
(x represents the content of propellant P, x=30%, 40%, 50%, y is particle size, y=5, 10, 15 mm; z denotes the charge size,
z=40, 50, 65 mm). Tests on detonation velocity, witness plate damage, and underwater explosion energy were conducted to in-
vestigate the energy characteristics of these composite gel explosives with varying propellant content, particle size, and charge
diameter. The results indicate that an increase in the propellant content in 1-PxDy¢z and 2-PxDydz composite explosives reduc-
es the detonation velocity and brisance of the composite explosives, whereas increasing the propellant content in 3-PxDydz and
4-PxDy¢z increases both detonation velocity and brisance. The decrease in propellant particle size from 1-PxDydz to 4-PxDydz
contributes to the increase of detonation velocity and brisance, and the increase in charge diameter significantly increases the
damage capability. Results of underwater explosion tests show that an increase of propellant content in 1-PxDydz and 2-PxDydz
reduces the total underwater energy output, while 3-PxDydz has a relatively constant total energy with an increase in propellant
content, and 4-PxDydz has an increasing total underwater energy with an increased of propellant content. Additionally, the to-
tal underwater energy from 1-PxDydz to 4-PxDydz increases with the decrease of propellant particle size.

Key words: decommissioned propellant;energetic gel;composite explosive;detonation performance

CLC number: T)55;064 Document code: A DOI: 10.11943/CJEM2025184

(idhi: £ )

o
Il

CHINESE JOURNAL OF ENERGETIC MATERIALS R 2026 % F 344K H 18 (16-25)



