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Table 1 Specifications of hydrogen storage material

RDX ZIR S YEZ5 % & AP(Ammonium Perchlo-
rate) 2870 (1) i HE 44 R 2 )7 (RD X/ & 44 FH/ AP/others,
others Sy BlE% ] 6 45 5 45 ) LK 3 FhOR 6] it SR RHA
InER AR RS BE TR SR RS T
RSB 254 . TNT(1.58 g-cm™) \1%(1.75 g-cm™)
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Fig.1 The explosive columns of TNT and RDX-based com-

posite explosives containing hydrogen storage materials

storage materials types of hydrogen storage materials

main ingredients particle size/pm

MgH,-Al-B Magnesium-based hydrogen storage materials
TiH,-Al-B Titanium-based hydrogen storage materials
ZrH,-0 Zirconium hydride hydrogen storage materials

Al:MgH,:B=70:15:15 5-15
Al:TiH,:B=70:15:15 5-20
ZrH, 5-20
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B 254, B A FE SO S0 2 0. LAZE TR K S D T
AT, KR AR A . AR PSR T A = R T
{8, BPAT SR 5007 3 S iR A 25 78 S5 10 N AR A 3R
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Qw=C(ﬁ_tO_At)_qd_Qb'mb (1)

m

A, Qo BE A AR k) -kg s C, RGLIAA It
2K R AT A 5 L k) - K5t i B P e KR K
At, ZGAETE T, K; t,, BB 900 58 K6, K g, 75
EIIRIAE K5 Q,. B2 2 AR K) - kg™ sy, 15
HELH 10 5 0k kg s m BE R 9 B0 L kg
2.2.2 KTHEHE

I AE 8.0 mx8.0 m /Kt H BEAT , B i AR i A
TKIREE N 4.0 m, 15 B B B4R 0 1K T BE BS 3.0 m,
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Fig.2 Constant temperature detonation heat calorimeter
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Fig.3 Structure of the explosive charge
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Fig.4 Underwater explosive device
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3.1 EESHBIEANER

TNT R i SRR 25 i e A S5 RN 2 2 P .
MR 2V LA, & Mg SLAif SRR B HE 25 10 1 i
B ,7587 k)-kg™, 1k #] 1.85 4% TNT 244 . 78 A [A] 44
FRBCTr ARIE LN, =05 Al SR R K 24 48 P Y G
N1 >203 Hh & TSR S 2GRN 1.56 1%
TNT Y&, & ZrH, 1A 1E 25 8 3R/ i /N T TNT,
TR FEAR TR EE 7 25 4, R A i R 3RO i &
AORE Y i 285BIV AR LE TR A K 24 b i B B o
R U R Ry B A U AR 4 N T B 2 U C) T
Z A AEARB T R R h RIS AP R )
RN 5 VR 2R A AR 25 bR T & R A A e e
LAY YRR — B0 M TiH, BB (21.27 M)-kg ™)™
i T MgH,(30.89 MJ-kg™) , TEIR & ¥E 25t R B i 4%
AN, 3R G S R ZeH, B R B A AR, A
12.22 MJ-kg™", B0 & ZrH, IR A KR 25 1 B /N .

Table 2 Detonation heat of TNT and composite explosives containing hydrogen storage materials

sample oxygen balance / g-g™' m/g m,/g Qy.1/k-kg™! average / kJ-kg™' TNT equivalent
79.7392 6.9832 4134.7269

TNT -0.74 4104.0106 1.00
79.4872 7.0234 4073.2943
79.7484 6.9707 7610.8069

1 -0.65 7587.0606 1.85
79.7007 7.0027 7563.3143
79.8699 7.0191 6321.8387

2# -0.62 6416.4741 1.56
79.9785 6.9303 6511.1095

3# -0.37 79.4986 7.0060 3944.4307 3950.6279 0.96

Note: m is the mass of sample; m, is the mass of booster charge; Q, ; is the result of detonation heat.
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Fig.5 p-tcurves of the shock wave of the explosives contain-

ing hydrogen storage materials
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Table 3 Shock wave characteristic parameters of the explo-

sives containing hydrogen storage materials

sample p,/MPa 6/ps I /kPa-s E,/W-m™2 E/M] kg™
1 6.849 64 0.588 9.541 0.85
6.926 62 0.601 9.872 0.84
o 6.474 68 0.566 8.591 0.75
6.501 69 0.581 8.731 0.76
" 6.389 49 0.410 6.882 0.58
6.275 46 0.390 6.783 0.58

Note: p,. is the peak overpressure of the shock wave; 6 is the time constant
which the shock wave pressure decays from peak pressure p_ to p, /e;
I is the impulse of shock wave; E,is the energy flow density; E, is the

effective shock wave energy produced by explosives per unit mass.

3.3 AfSHMBIELNSIEIKID

Ak SRR 25 1) SR Dk S O g 6 s . <
I Jk Bl 84 e J 38 /N T e i T T AECHC A TR 8] 20
KT ety 2 B9 £ FH IS I 7 — i A B B X H A i 9 B
5 2 B A 1, B AW S84 25 7K b < ik sh it 72 A
A A RO R SC O K Bl B8 B KR g S ik gl
& WAL p,,, Wk B0 B 2 R0 RS) i 1, 2 Bk 3 1 g % i )
AR 320

T

1,= [ pdt (6)
SCHk[28=30] i B r FE 2 p, D bk Bl T 7 6 {E #Y
1.0 —
08 e S i S A e S e S| 7%:
06 e P o

p/MPa
= o
N S
——

Basfing T i, .
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tl's

Bl6 A bR 25 50 Ik B pti 2

Fig.6 p-tcurves of bubble pulsation of explosives contain-

ing hydrogen storage materials
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Table 4 Characteristic parameters of bubble pulsation

sample  p../MPa AT/ms T./ms I,/kPa-s  E /M]-kg™'

1 0.801 10.97 154.58 2.995 5.38
0.818 11.23 154.69 3.041 5.39

o 0.750 9.63 144.30 2.870 4.37
0.757 9.81 145.02 3.012 4.44

3 0.613 9.53 113.81 2.478 2.15
0.601 9.37 113.61 2.391 2.13

Note: p,,is the peak overpressure of bubble pulsating; AT is the width of
bubble pulsation; T, is the first bubble period; I is the impulse of
bubble pulsation; E is the effective bubble energy produced by explo-

sives per unit mass.
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I8 KT whils P f M R ) . L ZeH, i EOM RHE
A KE 2 0wt I e RV R I S AIK T At B 6
SEL, T TNT BEAR R IRA T 0.97 15571 0.86 i TNT
M, & Mg B AR OBHE 25 (1) FE 7K F 48 1 S RE
R TS TR & ZeH S R 2, EEA
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Table 5 Energy characteristics of explosives containing hydrogen storage materials

sample P! Prns LJI, E/M)-kg™ N, E/MJ-kg N, E/MJ-kg N, X/Qy 1
TNT - - 0.60 1.00 2.48 1.00 3.08 1.00 75.05%
1# 11.75% 5.07 0.85 1.41 5.38 2.17 6.225 2.02 82.05%
2# 11.61% 5.13 0.76 1.26 4.41 1.78 5.165 1.68 80.50%
3# 9.59% 6.09 0.58 0.97 2.14 0.86 2.72 0.88 68.85%

Note: N,, N, N, represent the TNT equivalent of shock wave energy, bubble energy, and total energy, respectively

il SRR 24 B BRK R B BB A SC R
W5, mFR S5 Al LIA KT RE /N TR B, O g 2R
7 68%~83% . FCJ K I iy T P Al R Ak BE & 19 07 A
[G] kg B L T 0 2 A MR, 220 T 0 24 % e s X )
£ b i A R 5 K T RE 2 TR FAE AR K
AT I, B BERARAE 257K P YOI BE 1 o 3 M ik
FERER K T fE 2 00 4% 2 A B AR FF — B, & Mg Bk
SURHHE 25 R A d R, FLUCR B Ti R iR S R A2
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Energy Output Characteristics of RDX-based Composite Explosives Containing Hydrogen Storage Materials

WU Xing-liang', XU Fei-yang', WANG Xu', DONG Zhuo-chao', MA Teng', LUO Yi-min', XU Sen'*, CAO Wei-guo’,
LIU Da-bin'

(1.School of Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China;2. China National Quality Supervision Testing Center
for Industrial Explosive Materials; Nanjing 210094, China;3. School of Environment and Safety Engineering ; North University of China, Taiyuan 030051, China)

Abstract: In order to study the energy output characteristics of three composite explosives containing Mg-based hydrogen storage
materials, Ti-based hydrogen storage materials and ZrH, hydrogen storage materials respectively, a constant temperature detona-
tion heat calorimeter and an underwater explosion system were used to study the detonation heat and underwater energy character-
istics of the explosives. The results illustrated an order of the detonation heat in terms of a thermobaric formulation of RDX/hydro-
gen storage material/AP/others, which was Mg-based sample>Ti-based sample>ZrH,-based sample. Accordingly, the detonation
heat for the three explosives were 7587.0606 kJ-kg™', 6416.4741 kJ-kg™' and 3950.6279 kJ-kg™'. It was indicated that the detona-
tion heat of the explosives containing hydrogen storage materials was positively correlated with the chemical potential of each hy-
drogen storage material. In underwater explosions, the explosion parameters including peak pressure, impulse, energy flow densi-
ty and shock wave energy of the composite explosives presented a similar order, that the Mg-based sample was the best and the
ZrH,-based sample was the worst. Accordingly, the shock wave energy was 1.41 times, 1.26 times and 0.97 times of TNT equiva-
lent for each formula. It was showed that hydrogen storage materials with much higher activity and potential energy could be bene-
ficial for the shock wave in underwater explosion. The contribution to the energy released in underwater explosion of hydrogen
storage materials was mainly in the form of bubble pulsation. The bubble energy of the composite explosives containing Mg-based,
Ti-based and ZrH, hydrogen storage materials were 2.17 times, 1.78 times, and 0.86 times of TNT equivalent respectively, indicat-
ing that Mg-based hydrogen storage material had the best energy releasing performance in the secondary reaction, followed by
Ti-based hydrogen storage material and ZrH,was the worst The trends of the explosion parameters of the composite explosives in
detonation heat test and underwater explosion test were consistent. The overall energy level of the explosives was in the order of
Mg-based sample>Ti-based sample>ZrH,-based sample. The explosive containing Mg-based hydrogen storage material had the
largest energy in underwater explosion, reaching up to 2.02 times of TNT equivalent. The applicability of the ZrH, in thermobaric
formulation was not strong for both of the energy tested in detonation heat and underwater explosion was lower than TNT.

Key words: hydrogen storage materials;detonation heat; underwater explosion;shock wave;bubble pulsation;energy characteris-
tics; TNT equivalent
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