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SEHGRE i B SEFE A CHMX) AR 8 2D a1 Bl R 700 R 266 28 B R0 A A S50 R FH IR B A7 3 i, oy
TAE T3 K BB 1 48 R S 5 v S AR AT T B BRI R Sl R A R AT PR A | B
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Table 1 Components of thermobaric explosive

Oxidizing agent/ Binder desensitized Al/%

Sample HMX/% % agent/ % 40 nm 3 pm 35 pm oo/ (g rem D)
1 52.5 8 4.5 35 1.9158
2 52.5 8 4.5 35 1.9099
3 52.5 8 4.5 35 1.9246

1.2 saM%i

ST R ) 3 AP AR K B9 4 B 8BS (Scanning Electronic Micrograph, SEM) B NE 1 fin, 7T LLE
H,40 nm A3 pem FOBRE ORI  BRIZ BE 4T . 35 pem KR40 22 KL ERTE , (EL [] Bsf -t 47 26 AN 0 00 £
KL T R AFTE—E ARG . 2 R R 52 th T 0K 22 () /Y 9 74 ) A g B 5 S50 4 AT
SN AR M SR e T AE A RO AR R HE AT B 7S A B BRI IZ I A

(a) 40 nm (b) 3 um (c) 35 um

Bl 45K SEM K
Fig. 1 SEM images of Al particles
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Fig. 2 Sketch of test device Fig. 3 Sketch of sensor position
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Fig.4 Shock wave history at different test points
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Fig.5 Shock wave of thermobaric explosive Fig. 6 Shock wave parameters
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Table 2 Shock wave parameters at different test points

p/kPa i./(Pae®s)
Sample
1.0 m 1.2 m 1.5 m 1.0 m 1.2 m 1.5 m
1 601.7 443, 2 754.8 80. 3 71.5 228.3
2 642. 4 471.7 808. 1 91.6 76.3 238.6
3 553.1 412.9 713.8 72.6 69.8 231.6

2.2 SEMRNEXNBREEDHESHED

P P 4 R 2 TR, B AR X T A 2 e e TR R i A SR TR R RT3 ™40 nm™>35 pm,
1.0.1.2 1 1.5 m Ab % FE Sy i8] ph 28 S B0 9R 3 K L 1. 5 mo kb 3506 )5 1o o 30 B B 00 S B i Sk 2 TR O %
Sb AL TR AN B A 2 A O R TR, e o D R A B s T 0 ) T RE TR R L R E A B S R BB R
fili phbs PV B R R . ARSL 1 SRESY 2 M EELAE 1. 0010 2 R 105 m Ab 8 R R o i A3 IR AR T
6.3%.6.0%.6.6%F1 12.3% .6.3% 4. 3% Fdh 3 £ 1.0, 1. 2 Al 1.5 m Ab &8 FE Fl b i LLRE A 2 43
TR T 13.9%.12.5% .11. 7% F1 20. 7% .8.5%.3.0%.
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Table 3 Oxidation degree of aluminum

with different particle sizes

Oxidation degree/ %

Element
Sample 1 Sample 2 Sample 3
Al 84.24 90. 57 93.29
Other 15.76 9.43 6.71

3 MXERESH

3.1 XWUFSEH

2278 P B SL 6 fr AL A8 -5 S $OR A DSC-204 , F 15 [ i 3 2 7 A2 7=, fE i o g R 1Y)
AN PR A 60 mL/min USSR FE A BT (0. 70420, 03) mg, THE R K 2.4.8 A1 10 “C/min, &
JESL A 50~400 °C,
3.2 #R5iH®R

Fie FR b 3 S8 T 3 o W S S [RDRCAR B0 8 B IR R 4 25 9 DSC it 2k, ik 25 SR %) T 3% 4, 8 R i
B M R BT Ty S A8 A B B AR O3 MR IR R T, 3R e i I (R R . DU 2 an &l 7 s

x4 JHEEREARFARERZTH DSCEHR
Table 4 DSC results of 3 sets of samples at different heating rates

Decomposition process

. o -
Sample  B/(°C * min ') M/mg T./C T.C
2 0.72 271.6 273.4

1 4 0.70 276.6 278.7

8 0. 69 280. 4 284.0

10 0.71 281.0 285.5

2 0.70 274.1 276.4

) 4 0. 69 277.3 279.5

8 0.71 279.9 284.6

10 0.71 280. 4 285.6

2 0.69 276.6 277.9

4 0.71 278.1 280.1

’ 8 0. 69 279.6 284.9

10 0.73 280. 6 285.8

AYHTEE A A7 TN LRES 1R 2 FVRE S 3 1Y DSC 2k vh 24 32 SEAEAE — A TR B 5 THR R 1Y
T B i g 1) e I RS . AR R TR 3R T AR S 3 RS R 43 R TR R (A0 VR R L 1 R
FEah 2 #OA AR EE R4 & . Lh 2 °C/min D8], OB IR 40 A T 5 R {2 A VR BE 43 S ERCRE S 1 R o 2
PER T 5.0 A1 4.5.2.5 F1 1.5 °C, [H Bl 5 T I 258 14 $2 /85 5 3K Bl ) 23 98/ L ff 4.8 AT 10 °C/min FHl
PR T 3 2R A RS o A R R R I (43 R TR A 22N K

T 25 T A5 R R B X I K 24 3R A P 1 R L R Kissinger 7k ((2) 2O X 3 ANEE & 1)
Syt R HEAT B 12 B R IRR LG AL B E Fids i I A . ZE SR AR b, R (3) 2R (4) 43 3l ok
A5 I AR 3 T SR I A g W TR (T ) RN JE W SRR EE (T o THRAR B 3 D) 2= S50 F 3 5 .
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Fig. 7 DSC results of 3 sets of samples at different heating rates
RA
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T E R T,
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Table 5 Kinetic parameters of 3 sets of samples

Sample E/(kJ * mol™") Ig A r Tw/C T,/C
1 331.2 77.9 0.9998 265.3 267.1
2 421.7 97.6 0.994 3 273.6 275.1
3 480.9 117.8 0.9908 277.0 278.3

1 Kissinger J7 3645 2 (808 7T LA Y, BEFE 500k BLAR 0008 /0 o 3l He 1 24 09355 TE BBt B 2 e/ B 2

FEah 3. FEAD 1 FIAE SR 2 AIS AL REREAR T 31, 100 M1 12. 304, 1L g

/T VL RE 22 Y R L IS AL RE /N

. B X T AR IR WS IS /N R A B R 1 R K 2 L AR R PR BRI . AR i SOk [19-20] 1 5 8wl
H K] ERUK T2 T (BB R L A2 P, T THR S R WL 3R 5. AT LRI, Rife e K
HORE S 3 FERES 1 AIRESS 2 B9 T o 20 4R TF T 3.4 F1 11,7 °C , U B A0 A% KORE AR 4508 10 18 75 4 25 L
P E PRI FRIEALRE AN T (B PR R B L 35 36 R A5 B AR [R] A9 28538 L DI 45 SR = T 5 Y
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Influence of Aluminum Particle Size on Explosion Performance
and Thermal Stability of Thermobaric Explosive

WANG Mingye, HAN Zhiwei, L1 Xi, WANG Boliang

(School o f Chemical Engineering s Nanjing University of Science
and Technology s Nanjing 210094 ,China)

Abstract: In the present study we fabricated a thermobaric explosive with 3 kinds of aluminum powders
(40 nm,3 pm and 35 pm) to study the influence of the aluminum particle size on the explosive energy
output of the thermobaric explosive in a confined space. We measured its shock wave pressure histories
at 1.0 m,1.2 m and 1. 5 m of the explosion chamber, and obtained the overpressure and impulse
values by analyzing the curves. We also studied the thermal decomposition of thermobaric explosives
with different particle sizes of aluminum powder using the DSC. The results show that the aluminum
particle size has a great influence on the explosion energy of the thermobaric explosive in a confined
space,the overpressure of 27 sample with particle size of 3 um is at least 6. 0% and 10% higher than
17 and 3% sample at each distance,the thermal stability of the 3 samples reduces with the decrease of
the aluminum particle size,the biggest falling range of the activation energy is 31. 1% ,and the maximum
value of Ty, is reduced by 11.7 °C.

Keywords: aluminum particle size;thermobaric explosive;explosion;energy;thermal stability
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