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i IR EKEZS . RE S RDX AT ALRY & &2 510 46%
F130% , ADN FIl AP & & 44 I 6% WY RS B2 BTt , Ak 1
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B R AR R 8 BITA, 235 S DA TG T & B o
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Table 1 Formulation of thermobaric explosives containing

ADN/AP

Oxidizers mass ratio / % mol,,;:mol,
RDX Al AP ADN

AP 46 30 24 0 0.539

ADN/AP(1:3) 46 30 18 6 0.542

ADN/AP(1:1) 46 30 12 12 0.545

ADN/AP(3:1) 46 30 6 18 0.548

ADN 46 30 0 24 0.551

1.3 LIWHE

T 7 R 0 - AR GIB772A-97 b v i 18
6012 5V I8 w1, SR T o 8k OEE AN AE 25 1Y
50% 3 1 ME 22 i SV B = BE (H,,) o PR & 2 2 kg
2530 mg. A RGRE KB TF 25 K

JEE 5 SR AR B AR BB GIB772A-97 AR i P iRk 86 )7
2 602,71 B FEE SR I , SR FH EE 45 % B S0 3 10 24 1) 4
YET 2B (P) . FTE :2.45 MPa; 24 : 80°; 25 i .
20 mg, AT, B4 25 %, 450 %,

2278 F AR K (DSC) - R F 22 78 £ 4 3 Y
FAEFE 5 TS IR, FHIR R 5 °C - min™', A&
450 mL-min™',

PRBEFIN L AR G)B770B-2015 kR ik 6 7 v
701 2 FEPHRBE I (T IRTE ) . 32 : (1.5+0.1) g;
4R AR T :3.0 MPa, HEAT 2R 5, DL
SR (ESEAE O

F B IR . B P GIB772A-97 b i b ik 5 Ty vk
7011 EACIE IR L LA ) . AT (25+1) g5
FEAHET1:-0.098 MPa, #EATPIALI S, DL T Y (E AR
by 45

2 #R5iTiE
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b. detonation pressure(p) and detonation volume( V)
B 1 20 - AR B BRI R T - A T A
Fig. 1 Detonation velocity, detonation heat, combustion
heat, detonation pressure and detonation volume of different

formulations by calculation
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Table 2 Test results of impact sensitivity and friction sensitivity

impact sensitivity friction sensitivity

Oxidizers 0.95 confidence
H,, /cm s P/ % .
interval
AP 17.9 0.13 12 0.10-0.34
ADN/AP(1:3) 26.3 0.09 36 0.62-0.87
ADN/AP(1:1) 28.1 0.06 32 0.57-0.84
ADN/AP(3:1) 25.8 0.12 36 0.62-0.87
ADN 29.9 0.11 40 0.71-0.93

Note: H,, is the height corresponding to 50% probability of explosion; s is

standard deviation; P is the explosion probability of friction sensitivity.

MNZR 2 W] L, A RE b AR R A AP R S Y 1
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M
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Fig.2 DSC curves of ADN, AP and RDX at a heating rate
5°C-min”
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Fig. 3 DSC curves of formulations with various ADN/AP

mass ratios at a heating rate 5 °C-min™'
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FR A5 2R, ADN 43 fift (1) 58 — 25 Ak 2% ] g k277
NH,N(NO,), = NH, + HN(NO,), (a)

ADN 73 fift 2 R, IR A NH, FTHN(NO,), 2k
W, AN FE B HN (NO,) , 25 4k 22 43 fif 42 i HNO, Fll
N,O. RDX [ 43 il £7 15 35 ¢ I, 43 51y C— N B 1Y)
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A A3 R A B BB AR A AR /D B RD X R T il 4y
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TN [ i 1 2 D AR R R o A, 5 SR DL IR 4

Chinese Journal of Energetic Materials, Vol.32, No.12, 2024 (1280-1286)

Il reaction heat in 3.0 MPa of O,
16000 I reaction heat in vacuum
13848.6 13852.7 138744 137392 134815
12000
4
2
S 8000
4000
g ADN/AP ADN/AP ADN/AP ADN

(1:3) (1:1)
B4 R R 2GR bE ORI AR RN 4 R
Fig.4 Measured results of combustion heat and detonation

heat for thermobaric explosives

MR 4 7150, 4l APRES ADN/AP(1:3)FTADN/AP(1:1)
RS2 00 KA e A 22 S R K, 4 il O 13848.6 k)-kg
13852.7 kJ-kg ' F113874.4 k)-kg™',#k1fii ADN/AP(3:1)
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VT, IIRBE A1 SR, ADN/AP(T = 1) A T e .
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S8 TG 3G O, A B, S I A FAE BE A ADN/AP BT i L
RS8N T /) o 3k SR PRI A i 32 S G AR LR R A
2 J5 W 1Y 5% AE 52 BRI B G 3O R RS
Explo5 B A4 0 /g #1427 P AR S A 22—, &
SR AL B8 7 W 18 BN e R L (H 24 AL/O Bt
It LA B i FHES L BEAE FE A P AL/O Bt d L 3 K, Al
o O RS Y AT RE S ALK A AR A S
P TR LI, 2408 AVE A P8 R, W iR A
St T e R B AR . FH AT UL Explo5 v6.05 BT
N 70 4R AT 1) 5 B 24 AR P BT — i AR RS BR P

JIT AR i 8 A A A S IR TR A X R
PR KR 24 2 — Al £ ST i Y 8 K25, Philip! ik
e Xir
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1M & TR e 24 55 BN ek AR 03 O 2 4 B B < A C-) S X
N K24 R 0 o RE T 24 403 o3 Akt U S5 W0 (] i /b
i AIZ 5 RO A8 C-) W IX 2 i, KAB I ) ALTEAT 4R
ZAETT 50 W A ) 7 ) N R ) . T
TG A PR 5 I I T K 24 1) A A 0 2 P g o AL
BRI R A T R RO, HE AL O, I i e (H
PR B B8 i AN A7 AR 280 AT AR R 0 AL BER R bR 58 4, A
1715 B0 FAAE AR o 0 TR K 25 R AT Kb BN B 1
FAE T AR, ELURGE SO A TR SR B, 5 £k
[E1G 28 SR VAL | 100 NS &2 €N S oop LY 2 S lima N
TR BE IR, 0 15 T 5 PRt AR A

3 %t

(1) 5 AT Ry 2l AP (15 F 4 25 41 H, AR50 A
4l ADN 1 ik i HE 28 B i 8 o J8% B e 1 % v 4R
12.0 cm, BESRIER B {43 2RI 0 28% , IR A 1K & AL
JERE 32 B B ADN RE o

(2)4 ADN/AP Jii & He =1 BF IR A 1R & 59 R
7 KR R RDX 5 AP [ 25 20 i, 1 B o — 2R
WA 2 1) R FA I L ADNAP Jt it LG g, R 3% A0 TR e
AR . 24 ADN/AP Ji & b <1 B, 56 20 i 9 RDX i 3F
T AP SR T 2 AR R BB — A

(3) 5 AT Ry 4l AP 196 5 A 25 B S A EL B
B ADN/AP [5G b3S, I8 R K 24 1) B8 4 B
PR A R E B R R 25 () 20 1 A T S 000 AR B A 2 B
FFE 5L ADN/AP i L3S i F 4K, Explo5 v6.05 K
A0 5 58 UL K 2 R B A A — o W R BRAE .
L35 ADN/AP BT 3t bE A 1 B, A o 4 o J% B R 1 5
{54 28.1 cm, BRI SR VE A 20 8O 32% , 0 i iR
BER 277.9 °CBRBE AR AT 5}y 13874.4 k) - kg™
M7666.9 kj-kg™'.
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Safety and Energy Level of RDX/AVAP/ADN Thermobaric Explosives

LEI Kang'’, ZHANG Jian-xin', FANG Ming-kun', XU Fei-yang', JIANG Xi-bo’, WU Xing-liang', XU Sen'"*

(1. School of Chemistry and Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. China National Quality
Inspection and Testing Center for Industrial Explosive Materials, Nanjing 210094, China; 3. Xi'an Modern Chemistry Research Institute, Xi'an 710000, China)

Abstract: In order to explore the application prospects of a new high-energy oxidizer ammonium dinitramide (ADN) in thermo-
baric explosives, ammonium perchlorate (AP) was replaced by ADN to prepare five formulations of thermobaric explosives with
different ADN/AP mass ratios (AP, ADN:AP=1:3, 1:1, 3:1, ADN). The mechanical sensitivity and thermal stability of the for-
mulations were tested by impact sensitivity instrument, friction sensitivity instrument and differential scanning calorimetry
(DSC). The energy level of five different formulations was calculated by Explo5 software, meanwhile relevant energy parameters
were measured by combustion calorimeter and detonation calorimeter. The results indicated that the characteristic drop height of
impact sensitivity and the explosion probability of friction sensitivity of the fomulation using pure AP as oxidizer were 17.9 cm
and 12%, respectively. But as soon as AP was replaced by ADN in various mass fraction, the characteristic drop height of im-
pact sensitivity and the explosion probability of friction sensitivity of the corresponding formulations increased by 7.9-12.0 cm
and 20%-28%, respectively. As the ADN/AP mass ratio increased, the peak temperature of exothermic reaction initially in-
creased and then decreased. The highest exothermic peak temperature was observed when the mass ratio of ADN: AP=1. When
the mass ratio of ADN/AP>1, the components in the formulations interacted intensely, resulting in a single sharp exothermic
peak in a DSC curve. When the mass ratio of ADN: AP=1, the formulation exhibited an impact sensitivity of 28.1 cm, a friction
sensitivity of 32%, and a thermal decomposition temperature of 277.9 °C. The combustion heat and detonation heat of the formu-
lation were 13874.4 and 7666.9 k]-kg™', respectively.
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