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Fig. 1 Diagram and photo of shock initiation experimental apparatus
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Table 1 Formula and average density of the samples

s YEZG BT (B ) FHEE/ (g cm )
1 CL-20 (95%CL-20, 5% Binder) 1.94
2 CL-20/NTO (47%CL-20, 47%NTO, 6% FPM) 1.89
3 CL-20/FOX-7 (47%CL-20, 47%FOX-7, 6 % FPM) 1.88
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Table 2 Parameters of TNT and 8701 explosive

H2h p/(geem ) D/(emeps ') P /GPa A/GPa B/GPa R R w E,/GPa

8701 1.70 0.831 5 29.50 854.5 20.49 4.60 1.35 0.25 8.5
TNT 1. 64 0.693 0 27.00 371. 3 3.23 4.15 0.95 0.30 7.0
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Table 3 Griineisen parameters for inert materials

16 A1 R /(g em™®) ¢/(mm=eps™') S S, S %o a
PMMA 1.851 2.240 2.090 —1.12 0.0 0. 850 0. 00
Steel 7.830 4.570 1.490 0. 00 0.0 1. 930 0. 50
Al 2.700 5. 355 1. 345 0. 00 0.0 2.130 0.48
Polyimide 1.414 2.470 1.629 0. 00 0.0 1. 395 0. 00
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Table 4 Ignition and growth model parameters for CL-20, CL-20/NTO and CL-20/FOX-7

KR JWLARZS Iy 72

S8
CL-20 CL-20/NTO CL-20/FOX-7
00/ (g cm ™) 1.94 1.89 1.88
A/GPa 444 400 24 900 122 300
B/GPa —5.13 —3.18 —6.91
R, 13.5 11.3 11.3
R, 1.35 1.13 1.13
w 0.869 5 0.869 5 0.869 5
Cv/(GPa+ K1) 2.78X107° 2.78X10°* 2.78X107°
T,/K 298 298 298
By YIAR & /GPa 4.54 4,00 4. 00
Jitt JIR 588 B / GPa 0.2 0.2 0.2
BEEY WL RE T
S
CL-20 CL-20/NTO CL-20/FOX-7
A/GPa 1 887.64 1 640.27 1 589.47
B/GPa 162. 40 22.26 18. 34
R, 6.50 5.93 5.78
R, 2.75 1.76 1.54
w 0. 547 0. 700 0. 700
Cv/(GPa+K™") 1.0x10°? 1.0Xx10°? 1.0xX10°°
E,/GPa 11.50 8. 46 9.07
1K R S TR
CL-20 CL-20/NTO CL-20/FOX-7
I 7.43X10" 4.0X10° 7.43X10"
a 0.0 0.22 0.0
b 0. 667 0. 667 0.667
z 20.0 7.0 20.0
G 402 402 254
¢ 0.667 0.667 0.667
d 0.333 0.333 0.333
y 2.0 2.0 2.0
G, 400 0.6 140
e 0.333 0. 667 0.667
g 1.0 0.111 0.333
z 2.0 1.0 2.0
Figmax 0.3 0.3 0.3
Fimax 0.5 0.5 0.5
F G2min 0.5 0.0 0.0

R KR R TR T BRI CL-20 VR A 4 25 1 e g ok B, AR o o AR S0 25 2 i e
R I 1o o 5 R SR, W EE 5 P TR BT S S 45 B X e n & 5 R

et P = 90 2 5 K R R FE AL CL-20/NTO Il CL-20/FOX-7 W5 Rh IR & 4 25 il wh o B 48
IR 5 R A ORI CL-20 B Sy 39 1 2 A&, T 58— IR A5 00 W R IR & KB 24 b S5 g AH X 35
A NTO Fl FOX-7 f R B figsd 72 . T CL-20 Ry mige b, H AR & K25 CL-20 MY 2 5
¥ hat % R R AE RN BE A B 0. SEFIR G AR R A CL-208k B & 58 iU T 2 # S W, i NTO
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& 5 CL-20/NTO #1 CL-20/FOX-7 7 7R & ¥E 25 MY B 77 70 & R A B 1R
Table 5 Formula and heat of formation for the explosive of CL-20/NTO and CL-20/FOX-7

Yo i) 4 (545 100 i) /mol

FE 25 IC 7 OB HD WA/ T gD
C H N O F
CL-20 : NTO : FPM(47 : 47 : 6) —189. 86 1.537 5 1.507 4 2.733 9 2.372 3 0.200 7
CL-20 : FOX-7 : FPM(47 : 47 : 6) —141.53 1.449 5 2.054 6 2.558 0 2.558 0 0.200 7
45
[ p,=4.18 GPa ;
B5E g i,
| Solid lines: Exp. :
30} Dash lines: Cal. :,.
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Fig. 5 Experimental and calculated pressure histories in shock initiation of CL-20 explosive
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K IR HCH 254, CL-20/FOX-7 1A KE 24 19 S 1 3 05 B 2403k 5 R .
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G SN AR T P R IR B K 2 P R [ 7 AL T i i R B, SR AR 3 O ik A B 1 RN TR R 7 FE S
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FLE WUZH 4318 G HE 24 a5 K 3G B iy 3 36 5 2 9 7 1% o T DA S [ T LU YR 6 K 24 1Y) o o R 4R o AR 3 AT il
PR 133 S AT A ARG 52 36 dk B AR
AR 3 5T 4 24 vhoii R 1 o KRR R SR A AR R S K 24 oo SRR ) R SR R
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histories in shock initiation of CL-20/NTO histories in shock initiation of CL-20/FOX-7

AN HEZGTEAR A E ) T B8R A EE B L B POP 21t 2 S e e 2 i J 32 110 o B2 B 40

3 LR L H 0 T LRI R J o A B KR 24 0 SE B AR AR L B S TR b R R T SR A
243 B B4R A9 7 15 3144 CL-20,CL-20/NTO F1 CL-20/FOX-7 =R & 4E25 1 vh il BUE M X 2
B, VAR R e R AR 24 R TR — s 1 R Al A o B A e e O Ak AR
YEZ 38 5 ORI R DL ARARAS [R) 08 A S o 5 0 s TSR A BT A I K 2 R AN TR SR T T Ak
FUAE ., A9 RIS B AR P 8 M A T 2 R R RN Griimeisen R ZS 7 FR A L i FH 0 K 384 4 A8 7Y
HORFFMIEZS . WA RN 3 mm, 8RR 6 mm, FFIKEZS ) 40 mm, =F HAZH N 50 mm,

I G A AR T CL-20 ,CL-20/NTO Fl CL-20/FOX-7 =FR & K25 4T T € A v by e 4 (i
B, 1545 ) TR 24 e 1 AR A ) (R SR 1) p s A i S5 R 3% o DA R T B
M 7™ Az s Y K B T B A B AR G K 24 oot A R Y i SR, 3R 6 TR . dE O R R
IR B 110 30 32, A5 B A K 20 S TR S o T 0 T A A 3 A B, I 7 X 5 A A R AR AR i R A e
PLA L BEZG R vh AR POP X R, WK 8 fin., L L& RATUEH ., 5 CL-20 IRAYEZGH L,
CL-20/FOX-7 IR & 2y vh i i AR 19 p” oI 40 FLIG L Be &t i 4 R D VF 8 m . a7 NTO i) CL-
20/NTO TR A K25 1 s AR 15 B E H A B KR TH N POP SR AT LIE L [ CL-20 514031 i FOX-7
FNTO a7 in HoAg s A B s, Hoh  ZE AR R AR 00 T - CL-20/FOX-7 1R & KE 285 19 43 25 K BB B8
FRTF CL-20/NTO IR G HEL . L35G X AN EE 5L DA g 7 A [R) 2% 45 44 7, CL-20/NTO IR & ¥E 25 8
T BB “ P 5 B /DT CL-20,CL-20/FOX-7 W5 FlR & K24 . [, JL i L 1 B 5 . AR 7

CL-20/NTO IR A MEAREEREEETE L,
®6 SHBEAKELMERIENIEREHE

Table 6 Shock initiation critical thresholds for three mixed explosives

YEZh (it kb)) BEREE /(g cm ) Il 5 & F1/GPa pir/(Pa® «s) pur/(J +m ?)
CL-20(95/5) 1. 94 1.39 253.67 10" 41. 97X 10"
CL-20/NTO/FPM(47/47/6) 1.89 1.46 279,86 10" 66. 71X 10"

CL-20/FOX-7/FPM(47/47/6) 1. 88 1.40 257.33X10" 43. 19X 10"
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Shock initiation of CL-20 based explosives

Pi Zhengdi, Chen Lang, Liu Danyang, Wu Junying
(State Key Laboratory of Explosion Science and Technology »
Beijing Institute of Technology, Beijing 100081, China)

Abstract: In the present work, shock initiation experiments on CL-20, CL-20/NTO and CL-20/FOX-
7 mixed explosives were performed to investigate the shock initiation characteristics of Hexanitro-
hexaazaisowurtzitane (CL-20) based explosives. An explosive driven flyer device was utilized to initi-
ate the charges with manganin gauges embedded into the target to measure time resolved local pres-
sure histories. The shock initiation of CL-20 based explosives was simulated using the ignition and
growth reactive flow model, and the parameters were obtained by fitting the experimental data. Fur-
thermore, the reaction of two compositions in CL-20/NTO and CL-20/FOX-7 was simulated respec-
tively using the two growth terms in the ignition and growth model. The parameters were then ap-
plied in the calculation of the initial shock pressure-distance to detonation relationship (Pop plot) and
the shock initiation critical thresholds for the three mixed explosives. The results show that the
CL-20/NTO explosive has a higher shock initiation critical threshold, while the CL-20/FOX-7 explo-
sive has a longer distance to detonation under the same loading conditions. Besides, this model for the
explosive with the two compositions can be applied to predict the shock initiation characteristics of the
explosive with new formulations.
Keywords: shock initiation; CL-20; NTO; FOX-7; ignition and growth reactive flow model
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