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B SR AR WO (TNT) L2, 4-T i Ak A B
(DNAN)  3-f§ 3:-1,2,4-= pk-5-fi (NTO) . fity F£ AK
(NQ) .2 Z 4 (RDX) FfH FEHE 4 (HMX) A Fp, H
i, TNT DNAN NTO FZH FIEH 4 ,NQ H T
Y5 B DT M 25,1 RDX AT HMX A Ry S 78 25 16 40 24
JTZHTAER T . X TIRAEASRITNE, &5 E
TRKEZy & e &, S M 24 = e AL BT i 4% A A
MIRAE . ZARK W N L3001 TR &0 B s e it %
JEA B (HEDM) |, H BE 2R 52 B B 19 2 i b B, 24
I, TR G FE 24 5 BB AL B 11 v o T 1 B Y 05 8 A 24 40 45
NIHEEN B AR AN 22 58 (CL-20) (1,3, 3-=fif e A ¢
T ki (TNAZ) | 3, 4-— fif 3 vk m 3 5 1L kg
(DNTF) 5,5 -Bcpgme-1,1'-— 4 — ¥ 8 (TKX-50) &%,

CL-20 4 Nielsen T 1987 H4 %, & A N A i
FCIY OB Y RE ME 22—, HOAE & b HMX
10% ~15% , #7r CARIE ) CL-20 B bE 25 0y ank 1
Fis. EEBE T &5 CL-20 BIR A2
LX-19 \RX-39-AA/AB .PBXC-19 .PBXCL-1 ,PBXCLT-1 |
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PAX-12 . PAX-22 . PAX-29 , PBXW-16 , DLE-C038 %,
o, LX-19 [RX-39-AB it i} CL-20 Fif2 A A, {0 L 7
S — B, B LX-14 1 95% [ HMX $ 5 CL-20 ,
5% ) Estane K5 K AL  BE 2T T B v T
Z i £ i K R R 2 T HR (EFP) 5 24
PBXC-19 5 Z 2L, K 45 {8 FH 1 J& EVAL PATHX &
BT J7 4 i ¥ % CL-20/Estane, X 3 #E T CL-20 & &
Ao PAX-11 PAX-29 | 2252 CL-20 FEF 4R 12,
FEM T 2 M & 2 WA m AR
DLE-CO38J j& —Ff CL-20 & & 4 90% I e i KE 24,
AR L A VERE 1 E R RE AR, 7E S 0k R AR 7 6
SR A B N R . Bk BFE, YT CL-20
SEVEZG LIRS AR 5 HMX JEKEZG A H, YR30 T
B e AL A N ) 2 B AR AR R
iR A . HAT, BRI CL-20 78 2 A% 1 25 v 3z v H]
P4 T T AR JE AR R R o v, Rk CL-20 (1 %%
fm A PERR AR ), [ 58 3 S [R) B, 3 22 S e S AT AE
TFREMF ST LA HE Sl CL-20 fF Jg 8 — 1% 5 fE E
257 Bas R .

Table 1 Some CL-20 based formulations and their performance ™!

code formulation density/g - cm™ detonation velocity/m - s
LX-19 CL-20/Estane=95/5 1.959 9440
RX-39-AB CL-20/Estane=95/5 1.942 9208
PBXC-19 CL-20/EVA=95/5 1.896 9083
PBXCL-1 CL-20/ PVB=97/3 1.921 9201
PBXCLT-1 49% —=70% CL-20/48% —-27 % HNJ}/3% PVB 1.906 8384-9102
PATHX-1 88% -95% CL-20/Estane 1.868-1.944 8890-9370
PATHX-2 92% -95% CL-20/Estane 1.869-1.923 8850-9220
PATHX-3 85% —94% CL-20/Estane 1.871-1.958 8910-9500
PAX-11 CL-20/Al/CAB/BDNPF/A=79/15/2.4/3.6 2.023 8870
PAX-29 CL-20/Al/CAB/BDNPF/A=77/15/3.2/4.8 2.002 8770
DLE-C038 CL-20/HTPB+PL-1=90/10 1.821 8730

TNAZ 15 558 101 °C 5 53 H 8830 m - s J 3k
SRR S Oy 1.5 % TNT Y&, REREE K
P HMX I (0 B P B IR s e e, H B R4
ST A AR AV B SRR G 1 R RS E A [
A W P TR) L, w] T 05 86 HE 2 b B AR TN, fifi 4
e KL RIRERTE L LU TNAZ B4R B 4R 24 v i
TNT 1 24 1) 43 3 F5 TR AT $2 F+ 30% ~40% . 3 [H i
TR T SFR R T TNAZ fKEZS L 5 RX-22-AT/AU/
AV/AW /AX/AY it g7 v B RS 25 70 Viton A,
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60/40) , L 5 9 R R 43 3] 42 T 55 8660 m - s7' il
33.0 GPa,fH TNAZ W7 ks, o ¥ R AR & — 14>
I AN TNAZ A (i B [ A B o B 4
HIGFR, Gy R AL x s A R ) T TNAZ 78 IR
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Fig.1 Bubble energy and shock wave energy of TKX-50 and
other explosives by underwater explosion (mass of charge:

0.2g,0.5g,0.7g)"
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R SRR HITC 7 2 B PR RE, b 0 M 245 & 23R4S S B
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Table 2 Energetic binders and plasticizers based explosive formulations'*"’

code formulation density/g - cm™ detonation velocity/m - s™'
B 3003 HMX/NC-NG=80/20 1.81 /

B 3017 NTO/EB=74/26 1.75 7780
B 3021 RDX/NTO/EB=25/50/25 1.77 8100
B 3103 HMX/AI/EB=51/19/30 / 7810
CPX 412 NTO/HMX/PolyNIMMO /K10=50/30/10/10 1.66 7200
CPX 413 NTO/HMX/PolyNIMMO /K10=45/35/10/10 1.70 8150
CPX 450 NTO/HMX/Al/PolyNIMMO /K10=40//20/20/10/10 1.85 7762
CPX 458 NTO/HMX/Al/PolyNIMMO/K10=30//30/20/10/10 1.85 7676
CPX 459 NTO/HMX/Al/PolyNIMMO/K10=20//40/20/10/10 1.86 7761
CPX 460 NTO/HMX/Al/PolyNIMMO /K10=27.5//27.5/25/10/10 1.88 6420
GD-5 NTO/HMX/PGA/BDNPA/F=40/43/7 /10 / 8035
PBXK-C3101 CL-20/EB=81/19 1.83 8650
PBXK-C3102 CL-20/EB=82/18 1.84 8700

Note: EB is energetic binder.
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Fig.3 Pressure-time curves of high explosive, TBX and EBX

detonations'**!
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Advances in Design and Research of Composite Explosives

YANG Zhi-jian, LIU Xiao-bo, HE Guan-song, LI Yu-bin, NIE Fu-de
(Institute of Chemical Materials, CAEP ,Mianyang 621999, China)

Abstract; Composite explosives are the final energy source of energetic materials in realizing damage effect of weapons. In this pa-
per, we briefly reviewed the recent advances and development trends in research of composite explosives, the advances of com-
posite explosives aimed at higher energy are elaborated by the application of novel high explosives, energetic binders and plastici-
zers, and highly active metals, and then those formulations aimed at low sensitivity are introduced by the application of energetic
materials inherent with low sensitivity, efficient desensitization technology, materials and microstructures for the resistance of stress
and thermal environment. The composition, characteristics and application of typical explosive formulations are summarized based
on different functions design. Finally, we proposed that the development directions of composite explosives in the future are pursu-
ing higher energy, to be more insensitive, enhanced environmental adaptability, green explosives and improved theoretical de-
sign.

Key words: composite explosive; high energy; desensitization
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