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Energy-release characteristics of typical reactive materials
under explosive loading
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Abstract: In order to study the reaction characteristics of reactive materials under explosive loading, two typical reactive
materials, namely AI/PTFE and AI/Ni, as well as two inert materials, namely Al,O,/PTFE and AlL,O,/PTFE/W, were
manufactured by powder compaction. Explosion-driven tests were conducted on the four materials, by combining with the
high-speed photography technology, far-infrared thermal imager testing technology and peak overpressure testing technology.
The characteristics of explosive fireball, distribution of temperature and peak overpressure of blast shock waves were analyzed
for different materials. Furthermore, the chemical energy released from the reactive materials was considered in the empirical
calculation model to estimate the peak overpressure of blast shock waves. The influence of the released energy on the blast
shock wave was analyzed by the model. The results show that during the explosion driving process, the reactive materials
undergo such stages as reaction under strong loading, debris generation and scattering around, impact on steel plates and
subsequent reaction. Reactive materials can strengthen the air shock wave produced by explosive explosion, and only part of
the chemical reaction occurs at the moment of explosion loading.
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Fig. 1 Preparation route of energetic structural materials
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Fig.2 Sinter curve of AI/PTFE energetic structural materials
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Table 1 The parameters of materials

3 BRI T2 & AUPTFE ., AUNi A4
Fig.3 AI/PTFE and AI/Ni materials by powder compaction
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Fig. 5 Explosive loading device of energetic structural materials shells
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Fig. 7 Morphology and evolution of the fireballs for the four charges with different materials

Temperature/°C
2941.0
498.6
454.4
411.2
388.4
371.7
354.7 (a) AI/PTFE, 20 ms (b) ALOy/PTFE, 20 ms (c) AUNi, 20 ms (d) ALOy/PTFE/W, 20 ms
340.7
328.6
317.3
307.6
298.0
288.4
278.8
269.2
20.0

(e)AUPTFE,30ms  (f) ALOyPTEE, 30 ms (2) AUNI, 30 ms (h) ALOyPTFE/W, 30 ms
B8 ANl bl 4 i ik 22 1%

Fig. 8 Thermal images of different materials at different times
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Fig. 9 Thermal images of different materials at different times under explosive loading

o PR PR 1 A S AR, T Ak K 1 P o 8 0 B 39 70 A1 B LB I 1) ) 22 A R o g K UK
By T AN R AA A S TR % e X S T ARt T 22 A i 2 23 531 L P 10~ 11

4.5 2.0
4.0 1.8 —=— Al/PTFE
' Lol —*— AINi
35 b —— ALO,/PTFE
& 3.0 g14F —— AL, O,/PTFE/W
S h 3
131 o121
82.5 £
o 1.0
o o
£20 Sost
215t ki
& [ —=— AIPTFE S06
1.0 F —*— AI/Ni 0.4F
0.5 |~~~ ALOyPTFE I
[ —— ALO,/PTFE/W 02
0 1 1 1 1 1 T n 4 0 1 1 n e . Y
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Time/ms Time/ms
PEl 10 e S5 1o AR e 1] A2 Ak th 42 P11 e e DX o T R e ] 2 2
Fig. 10 Radiation area varying Fig. 11 Radiation area of high temperature region
with time varying with time

H1 1] 10 AT %01, 4 btk S i R Bl Fof (1) 28 b SR 4 — B0, BE A B TR A 3G, A e AR/ . o,
P PR B AR LU 0 P A R S T R DR/ )N i B SR, A 1 B4 BE(ALOS/PTFE, ALO,/PTFE/W ) 4 5 I AR 25 A8
K, ZHEWEBAF . 5~20 ms B, 4 Fpip ke 53w A2 AN, AT 20 ms 5, Bl B[R] B384, 3 PR A
BE5 1 M b R ] B 48 6 T AR 25 BE B WS K. X T AUPTFE MR, HUAR S T AR7E 5~40 ms 42T /K Pk
A, BEA W A AR, 40 ms 5 58 51 AUZ B/ ; 55 ms BF AVPTFE 58 4 1 £ ALOL/PTFE A9 5.3 15,
AUNi 48 T AU ALOy/PTFE/W 11 8.6 £ . AUNi M ELTE 45 ms Hif 4@ 5 AR 2212 38/]N, 45~70 ms B T
KV, A B R AR A PR R Y S T AR R 2 A TR/ INIRAS o X R R S R R E AR KRR B T, —
PR AT A BHRRSE SN JF BT RE 1, T AR 8 A 4G A A I X B 255 16 8 W, BE A A ) g 364, 3% P b )
TR JE SIS T 14 S T B S IS R Y S S, S0 B, AR AR . X FR I 11 4 AR v I DX T
FURT DL B, 16 P #4 B CA/PTFE L AL/NID) 11 15 ik DX 1 AR 5 28 R F A0 7 19 15 1 44 8L (AL1,0,/PTFE Al
ALO,/PTFE/W ) ) e il XTI AR o 33 J2 PR S KE 2 4 K B 18], 7R85 T A VE TR, I AR & 26 A2 S iy
TR B 12 0 R B8 1 s 7 A T BRI BT o
233 BRE A BN 2

H 0 A5 B DA (1) 1.8 m b v A e 55 A0 Iy 15 M A R 0 -B TR R DL T 12 T AUNG AR
AR R BRI B B L IR, AL L oA DN 1) 4 10 5K 2y b ek s A o 0 0 R O

042301-6



5 40 2 K, A SRIEIRS IR AR e B CR R %4

MIE 12 AT %1, AI/PTFE, Al,O,/PTFE J& /1 bifi

40 > —— AIPTFE
Bt a] ARtk e Al 7] . {H 2, AI/PTFE #1 K a5 S \w\\ — 2}283/;%53“/
7 I I 88 FE (43.3 kPa) 5 T AL,O,/PTFE I {8 o 307 SN 23
JE(30.2 kPa) . AUPTFE #1425 ofriti U iF FE A 2 20} S8 ok overpressure
HIBFE (1.3 ms) | eob & (9.7 N-s/m*) 730l /= T fé ol _ Blast wave impulse
A1,0,/PTFE 1E JEA/EHIBS/E] (1.1 ms) | ke whf g
(4.8 N-s/m”) o X2 R TEPEADBHE AR BR B T °
4T KR, BRI A AR 2 BN I TR kR o, % 10t

U B8 K D = A T oA AVE o 38 Dk 1) 313k ! 2 Timi/ms 4 5
i ] R e (L e 7 ] LA S A6 0 P4 A R AR K IR B
WklE] BE B ™, 5 4h, ALOJ/PTFE, ALO,/PTFE/W
PRI PERA L2 S s i (B R A 258 2 .
234 EWMFIBIFIRG E A FEBLKE

(1) & PEA R KEIR 3l S AT R

ARV R R 4 o A A ) i 5 SR DL IRT 13 AUIET 13(a) #1(c) W] K1 AVPTFE A4 BHFT AN 41 BHE
0.2 ms B H1 AR KEIK Sl VE 2 g O J&] L, SR O A B B KO, TR A R 3 28 AN AR A AR H B
KOs 1.6 ms Fil 18.4 ms B, PFREPEARE R T 43 5048 o A 00 XA, 76 18 0 v B A I B AR Ak 33 AT S0
Z B W 5 (4 KON, T AE 22 AR [ A7 B A (TR ) IR 1 B O o 181 13 (b) F1(d) 43 ) > 1 1 A
ALO,/PTFE il ALLOy/PTFE/W W F fEIR BV AT . S5 A6 B0 42, nT LUK B, A e PR A RHE o A S R
FEAE KO, HRKE O A ) KOEA TG P R 55 . XIS UL, AVPTFE Fl AUN A1 RHEKEIR 3 T &
KA SE A RN o KELGHENERE [B], TERR 2 e ) VE TR AR — 0 0 TG b B 2 5 B iy - R T fE &2,
FERRAE FRO AL AT UL KOG B8R . 55— Jr T, AR N AR R ) DO R, R R R A AR A
GG PR L A S B U

P12 R [R) e T B T 18] ) 22 At 2

Fig. 12 Overpressure-time curves of different materials
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Table 2 Test data by piezoelectric sensors

g e e mlg Mg Q/kJ A p/kPa Y%
ALO,/PTFE 2 87.45 44.0 0 30.2 0
ALO,/PTFE/W 3 154.72 44.0 0 328 0

Al/PTFE 4 87.78 44.0 778.6 433 17.48

Guadarrama 5512 JFJ& 1A [F] A4 LA K OB T iofrol Jic 8 B e AXX B F 9, 45 204 [R] bR H A 3K 3 JE
i e P AL S o AR SR i e e g s i i 0 D (D s 2 3 BRSOk [12] AR (8, 75 30
[F) A4 LR KR IR B B SOV B, L 3

%3 TREMRERERD TR LEHEER

Table 3 Calculation results of reactive efficiency of different materials under explosion loading

ok s mlg Mg 0/kI A p/kPa %
Alumina!”! ALO, 8.91 5.53 0 91.5 0
Al-Mg (NJIT)-1 11.30 6.12 181.5 137.5 21.60
Mechanically alloyed powder!'”!
Al-Mg (NJIT)-2 9.95 5.71 163.2 139.9 26.32
Flake aluminum'” Al (flake) 9.70 5.57 150.1 135.2 26.85
AlH-2-1 9.95 5.78 167.2 120.6 17.39
Spherical aluminum powder (repeats) !'! Al H-2-2 10.83 6.02 167.6 123.9 17.98
AlH-2-3 10.02 5.83 168.6 125.4 19.06
Atomized alloy powder!'”! Al-Mg(Valimet) 9.62 5.73 176.4 130.6 20.56
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