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Fig.1 Photographs of energetic fragments (a), sabots (b) and bullet (c)
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Fig.2 Schematic experimental layout of the fragmented collision to

double-layered target board
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Table 1 Results of exothermic reactions of AI/Ni ESMs at diffe-
rent hot pressing temperatures

Hot pressing  Initial reaction Reaction temperature  Energy
temperature/’C temperature/C range/C density/J-g"
250 478 158 898
300 470 172 843
350 459 184 815
400 448 193 782
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Fig4 SEM image of multilayered Al/Ni energetic structural material

i R, Tor R IT RSB GG . JE R RIS GRAT
TCEDHTRAL WERAIEEE N AL RO E)E R
N Ni, £ AUNi ST HR > @@ AL S Bk 15
A AINi FHIT ) TEM AR o 385 3 X 1R S AERE 20 BT
BT A R TR AL 50 4 2 i AN AH

K5 AUNi & GEAEHE) TEM B8 HE X HL-FATST AERE
Fig.5 TEM bright field image (a) and the SAED pattern (b) of AI/Ni

energetic material
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Fig.6 Damage process of the energetic fragment: (a) 0 ms, (b) 0.4 ms, (c) 1.0 ms, and (d) 2.2 ms
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Fig.7 Damage effect picture of the main target board
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Fig.8 Damage effect pictures of the rear target board at different impact velocities: (a) 1241 m/s, (b) 1314 m/s, (c) 1398 m/s, and (d) 1478 m/s
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Table 2 Area of damage regions of double-layered target boards

Area of damage regions/cm’

Impact velocity/m-s™

Main target Rear target
1241 3.28 59.3
1314 3.78 81.4
1398 3.84 141.7
1478 3.80 314.3
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Fig.9 Back view of damage effect of the rear target (1478 m/s)
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Fig.10 Collision damage mechanism of energetic fragments: (a) pri-
mary deflagration, (b) penetration, (c) secondary deflagration,

and (d) damage after targets
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Exothermic Properties and Damage Effects of Multilayered
Al/Ni Energetic Structural Materials

Wang Mingzhi', Wang Chuanting®, He Yong?, Tao Jie'
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

(2. Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In order to obtain high mechanical properties and release energy density, multilayered Al/Ni energetic structural materials were prepared
by electrodeposition and hot pressing method. The effect of hot pressing temperature on the exothermic properties of Al/Ni energetic structural
materials was studied. The damage effect of the energetic fragment on double-layered target boards at various impact velocities was obtained
through shooting experiments. The results show that with the increase of the hot pressing temperature, the diffusion reaction at Al/Ni interfaces
becomes intense, leading to a decrease of exothermic heat from 898 J/g to 782 J/g. Under high-speed impact, the Al/Ni energetic fragment
experiences a violent deflagration reaction, which has a significant damage effect on the double-layered target boards. When the impact velocity of
the energetic fragment increases from 1241 m/s to 1478 m/s, the perforation size of the main target plate is almost unchanged, however the damage
area of the rear target plate increases significantly.

Key words: energetic structural materials; Al/Ni; exothermic property; double-layered target boards; damage effect
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