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[ Abstract] Cocrystal is an important way to obtain high energy and insensitivity energetic materials, the oxygen balance, sensitivity,
detonation heat, explosive power and security of energetic materials could be improved by the formation of cocrystal. CL-20/HMX co-
crystal is the representative of high energy and insensitivity cocrystal energetic materials. Compared with CL-20, the energy level of CL-
20/HMX cocrystal is similar while the sensitivity of CL-20/HMX is greatly reduced. The necessity of the study of CL-20/HMX cocrys-
tal was explained by compare the properties of CL-20/HMX cocrystal with CL-20 and HMX, and the latest research progress of CL-20/
HMX cocrystal was summarized from the aspects of preparation methods, formation mechanism, performance and application. The ad-
vantages and disadvantages of the preparation methods of CL-20/HMX cocrystal were compared, the formation mechanism of CL-20/
HMX cocrystal was summarized, and the properties of CL-20/HMX cocrystal prepared by different methods were analyzed. The devel-
opmend and application prospects of CL-20/HMX cocrystal were evaluated.
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Table 1 The performances of CL-20, TNT, CL-20/
TNT mixture and CL-20/TNT cocrystal'>

s FE i dsy/ pom hsy/cm P/ %
1 CL-20 99 13 100
2 TNT 98 103 0
3 CL-20/TNT B4 98 19 89
4 CL-20/TNT 35 100 30 58
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Fig. 2 DSC curves of CL-20, HMX and CL-20/HMX

cocrystal '’
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Fig. 3 SEM images of CL-20/HMX cocrystal prepared

by spray drying"®®’
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Table 2 The performances of CL-20, HMX and
CL-20/HMX cocrystal by solvent method *’

s B W/ hey/em TR AR
(grem™?) (m-s~")
1 CL-20 2.04 29 9 900
2 HMX 1. 90 55 9 380
3 CL-20/HMX 2.00 55 9 484

%3 CL-20.HMX.5 CL-20/HMX # & (&+3875E %) 1
MEBEXT EE LY
Table 3 The performances of CL-20,HMX and CL-20/HMX
cocrystal by liquid phase ultrasonic method'*!

%' R hsy/cm
1 CL-20 13.1
2 HMX 19.6
3 CL-20/HMX 1B & 15.4
4 CL-20/HMX 3% 37.8
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AEMLZ 5%, W25 T 4% 1Y CL-20/HMX JE:
(R BT hy, =47.3 om, FEIERUY P =64% , 5K
TN/ AMX AH EE, 36 8 01 5 R T LA R B
TZIT I 28 10 3 i OB 0 TR R BRI | TR IR B8R Ar
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) CL-20/HMX &y | A% 1) 25 44 7T 5E S Jak B K iR
JERFEARA E A,
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PERE L 61, 1 70 /-1 Vs 700 3k ol 4 110 3 B o Je
5 HMX #24, F“f"”zr“ix HMX fi 8 KT, B
IR ¥ I 45 1 CL-20/HMX SRR L, e 3 4
AR,

T8 AT HUBRER B 7 AR A5 1Y CL-20/HMX 3 i P fiE
L7 A 8™ 7 WoREREEHIAAY CL-20/HMX

¥4 CL-20 HMX.5 CL20/HMX #2 (FH#HiR%E) 8
114 g 3o £ 164

U

Table 4 The performances of CL-20,HMX and CL-20/HMX

cocrystal by acoustic resonance method *!

ER2 FES hsy/cm P/N

1 CL-20 26 72

2 HMX 28 80

3 CL-20/HMX /5 17 72
#£5 CL-20 HMX.CL-20/HMX ;B&#5 CL-20/

HMX ## & (B EF12:%) foiksexd e
Table 5 The performances of CL-20, HMX, CL-20/HMX

[65]

mixture and CL-20/HMX cocrystal by spray drying

P5 FE dso/pm  JEAR hsy/em  P/%
1 CL-20 30~300 I 13.1 100
2 HMX 21100  ZME  19.6 84
3 CL20/HMX REYH  — — 15.4 96
4 CL20/HMX 5 0.5~5 BJE  47.3 64

I T BT N 47. 6 em, ILfIE T ORBREE AL HMX,
SEREEALEE HMX A Y, H b w00 A0 [ 2 B AS R
CL-20/HMX L% 5 HMX AHY, figd bk fig
R BEA B SRR bR, RN R ED)

AEJT, R 8 RIHL BREEE RIS AU CL-20/ HMX 3

AR K5 CL-20 A2, 30O BRES L il 15 1 2 A ki A2
/J\ LB TRRR A R T T R RE S g 1%, I 2 1
T CL-20/HMX &1y ae it th M fe

X Z B0 3 6 1) CL-20/HMX 3 5 i v

BEXT LA AT AT R0, Y HH R 5 v | Wt 55 T gk B BR R
Perbl £ 15 B[ CL20/HMX 3t Sk 72 /N, M B
Eij‘ﬂjE# VRN B /AR i 00 1 45 3 A 3 i

BB Z , 7 LR & L R RE e 22 . AR Tk
ﬂ%ﬂ%ﬁﬁ,\aa #@E%ﬂz.jﬂﬂiﬂ%tﬂﬂ’]/\aaﬁﬁé\
TEA I il B AH 22 KR, Wl S8 ki 42 JE LT CL-20/
HMX 85 A0 5 HMX A2, e, AR PE CL-
20/HMX F: fi i FH 1) 52 Br 7 oK 18 98 A 38 10 il 25 7
e, W AR AR B8 /N CL-20/HMX 5 7T 16 Wi
AR VR I 25 T vk R BRI v | S 45 R AR e R
i ) AT e ) AR R

%6 CL-20,HMX 5 CL-20/HMX &
(F&F/dEBH ) BERERSEE )
Table 6 The performances of CL-20, HMX and
CL-20/HMX cocrystal by solvent-nonsolvent **!

' B 2N P/N hsy/ cm
1 CL-20 W% 84 ~90 25 ~28
2 HMX EATTILN 190 ~200 45 ~50
3 CL-20/HMX H:&4 B2 300 ~330 43 ~48

%£7 CL-20,HMX.5 CL-20/HMX & (%) 1
g X EE 7
Table 7 The performances of CL-20, HMX and
CL-20/HMX cocrystal by milling!™’

' FE hsy/cm P/%
1 JE# KL CL-20 13.1 100
2 JEAEE HMX 19.6 84
3 BREE CL-20 42.3 72
4 BREE HMX 47.8 60
5 Bl CL20 5 HMX IBH 15.4 96
6 BREE CL20/HMX IR & 43.5 68
7 BREE CL-20/HMX 5 47.6 60

%8 CL-20.CL-20/HMX &

¥ K CL-20/HMX g =4 H ik 4

%[70]

Table 8 The results of energy output of CL-20,CL-20/HMX mixture and CL-20/HMX cocrystal'”"’
AN IUHE/ mm .
o 2% ip vem -3 S g
FE b B/ (grem ™) A B C D i e FRifEZE S/mm
JER CL-20 1.834 2.034 2.031 2.036 2.042 2. 044 2.037 0. 005
CL-20/HMX IE&W 1.834 1.970 1.974 1.979 1.961 1.983 1.973 0. 008
CL-20/HMX 3/ 1.834 2.030 2.022 2.025 2.041 2.033 2.030 0. 007
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BRI R 215 ( Estane 5703 ) i 3L 8 T — 4%
(HTPB) A 47, UL CL-20/HMX 25 & etk h
1R BBV 0 7R A4 8 T 7 A v B R 45 4 2 (PBX)
R I 1t 43 sh J1 AR 8T T CL-20/ HMX
I 5 0 A Bh A B A AR O &R 45 R R
CL-20/HMXZE 5 5 Estane Estane5703 f445 & fig K
T5 HTPB (45468, i W1 & CL20/HMX JH f E
Estane5703 1) PBX & & M 1 AH 25 1 ¥ 4, Wang
LN A T B S T & CL-20/HMX 35 1
HTPB J& PBX #E2Y il i3 XF 2454 B8 A28 1) 40 A RBI R
JiEERE R AT AL T & CL-20/HMX 1Y PBX A9
fig, 45 R W CL-20/HMX 3£ 5 /HTPB Y PBX 1 NI
FERE S FEPEOL T CL-20/HMX 25, Wu ZE1%04%
CL-20/HMX 2 5 75 0 280 et XU 3 50 C 36 3k
TCHEF AR T & T HESERIARR & 798 T CL-20/
HMX 3 5 ) i SO 1 A e M R e it 2 )
R PR RIS E MRS A9 CL20 J HMX
(3 T R L, A CL-20/HMX 2 5 i 4 3#E 500 &
PETAF AP PE RS . (HAE & 3d o i = I &
PRRE G TP B CL-20 B, I B AE sl & s
T2 T LA TR B B4, IR, S A i &
FE N T 25T i — 25098

HHA CL-20 L5328 TR AL 4tL & A= =, [A] i
X CL20 7ER A2 48 L AT T 12 IR R
95, MZF CL20 By #8150 B F A T8 o B
SR CL-20 75N IS RN T A A i i - B0™ i IR
PR LL, R I CL-20 A B JE B & 1 il CL-20 1)
WSR2 T 20, B R BR ) T CL-20 A9 1
CL-20 HEAt 5 Mg CL-20 1 FH i B i 1) S 4 it 1
— &A%, CL-20/HMX 3 FL il £ ok et R B
T TR, SR 3G S K 28w i 1 A I 2
A HENLEE K R R A AV 2 TAEE %,
CL-20/HMX H:7EE 4R R X T A% T e
PRSI RE TS N 1 O R R IR 2
H, B2, CL20/HMX 38 i 0 FH Al o2 T Y,
AT E CL-20/HMX e iy el st KCKE 2 7 il 1 g &
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