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D5 G L R R, BOWRFE i W 5 mg, TE
I35 B PN A 3 282 6 R N 3 R A N ) e v R 4 )
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Fig.1 SEM images of raw materials and self-assembled CL-20
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Fig.2 XRD patterns of raw CL-20, NG and self-assembled CL-20
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Fig.4 DSC and TG curves of raw CL-20, NG and self-assembled
CL-20
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Fig.5 SEM images of NG at different magnifications
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Fig.6 Schematic diagram of the growth process of self-assembled CL-20
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B CL-20 HA B0 A 7 1 % HE B HE S 25 0 (181 1
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Y 235 0 2 WO T O R A o R R T . 5 RO
AH LG, HLBRIE & A9 CL-20/2NG . CL-20/3NG k5 i 5
JERE A T RAAR, R 2 ) X BRI O NG YRR IR
F CL-20, 4 5 CL-20 HLIIR & J5 . NG X CL-20 7F
i o 2o AR P A RS — o Y PR RN A L P
14 1 20 ME R 25 R AT G/ T HLAOR A 19 CL-20/NG #f
st [ BIL AR JRR B, DAL O, ik AR ) 2 2 A 7 HE B 45 A o)
CL-20 8 if; S (9 B AR RIOCR B 1 3
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R AH%E CL-20 ALK & NG/CL-20 YL
Table 1
and mechanically mixed NG/CL-20

Mechanical sensitivities of self-assembled CL-20

explosives 1S /) FS/N
raw CL-20 1 72
CL-20(0.5NG) 6 76
CL-20(1NG) 4 80
CL-20(2NG) 3 96
CL-20(3NG) 3 108
CL-20/0.5NG 1 72
CL-20/1 NG 1 72
CL-20/2 NG 2 76
CL-20/3 NG 2 80

Note: IS is impact sensitivity. FS is friction sensitivity.

P18 JEE 458 R i 36 T AR AL, LR 482 B AL CL-20(0.5NG)
B 76 N & #i K 2 CL-20 (ING) B 80 N, CL-20
(2NG) %96 N.CL-20(3NG) 108 N, iX &K Hi%
SHI NG J2&—Fb e JFUR CL-20 FUB BE AR 19 — 48 1 )2
GER A RN K A BB R A TE AN LR 8 T AR
FH R B 7 A W B 800, 3 45 BT i 4% 1 A 40 %% CL-20
LR T AR 2 1 Re i, A NG & i iy 82 &, il
B 2% CL-20 (1 FEHS R BRI . NG & 5 4] BT 1l
75 A 4% CL-20 MY BE R B BT 250 . [RIEY, A
2 25 25 K 1) AR A B 0T < 7 B iR CL-20 AR g
AU R S SRR T A T LB R A BRI, X
1 (1 75 BT 41 45 Y [ 2H %8 CL-20 Ay BE 8 3% 8 I T 50K
BLA IR A ) 45 9 NG/CL-20 FE 5 B JEE 48 )8k B A Bl 2
NG 7 £ 1) 1 0 17 328 47 B A, 3k J2 PR O 5 5 00 NG i —
Yt | R L5 AR SN JIE R R T B A0 R . (R HLAR TR
A il £ 1) CL-20/NG i A A 4% CL-20 A 7 HE
P2k by, AR TR R G EE T AL B TR A A
N Lk
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i Al A0 88 0 175 5 CL-20 [T 41 % 3 90 45 1) 10 ol 4 % 1 g

1103

CL-20/NG F iy 1) BE 18 I8 KR = F H 41 %€ CL-20 /9
JEBE . I, 3l NG 5 45 5, ol 3R 15— Fh b Ak Jk
AR 1 41256 CL-20 fhik

3 & it

(D LANGENTE R, #E CL-20 [ F 45 5 o 2 v
V5 H A AU PR NTE W T A AR A AR 35 R 2
2 HEBREE A 1 CL-20 fh ik .

(2)iF 37 NG lURE 9 | 2 HE S 4589 S CL-20 11
H 2 PR T IR A AR, (H NG I A2 5 CL-20 4
T, CL-20 0 TR LAk, iFSFH
NG 7 5 X B A 41358 3 PR 454 CL-20 Sy iR s iy R
SERTCL-20 F 241 6 45 K B 30 B AT J B )

(3) 5 FRH E, A 20248 e DR S5 #4 CL-20 1Y 34 40 fift
Tk B LG, 200 firp e A e R B 461 2 KR 42 5

(4) [ 2H %5 ME Ve 45 09 CL-20 B9 HL IR 5 J508EHAE
L R e BEAIG , B NG 2 & 9 39 A 41 %% CL-20 19 B8
BEREBEZ K. 24 NG = 4500 0.5% i, i 545
ml T AR ) 2E R 6 R 45 ) CL-20 Al 3 o7 B e ik, X
Xof T gk A7 K 24 5 R ok AR AU R AR L T AR A P
fEH .
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Preparation and Properties of Self-assembled Stacking CL-20 Induced by Nitrified Graphene

LUO Chuan-dong, LUO Qing-ping, JIA Hao-wei, WU Bo, LI Zhao-qian, DUAN Xiao-hui
(State Key Laboratory of Environment-friendly Energy Materials , Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: In order to improve the safety performance of hexanitrohexaazaisowurtzitane (CL-20), the CL-20 with self-assembled
stacking structures were prepared by the solvent-nonsolvent method using nitrified graphene (NG) as a crystallization inducer.
The morphologies, structures, and thermal properties of the stacking structure CL-20 were characterized by field emission scan-
ning electron microscopy (FE-SEM), X-ray diffraction (XRD), fourier transform infrared spectroscopy (FT-IR), and synchronous
thermal analyzer (DSC-TG) respectively, and their mechanical sensitivities were tested and analyzed. The results show that un-
der the induction of different content of NG, CL-20 recrystallizes into square flake crystals, and self-assembles and stacks into
petal-shaped, spiral-shaped, tower-shaped, and other structures. During the formation of the self-assembled stacking CL-20, the
induction effects of NG are reflected in the adsorption effect of its sheet layer on CL-20 and the formation of hydrogen bonds be-
tween NG's active functional groups with CL-20. Compared with the raw CL-20, the thermal decomposition temperature of the
self-assembled stacking CL-20 is reduced by about 5 °C, the maximum thermal decomposition enthalpy is increased by about
33%, and the mass loss is increased from 81% to 99%. The prepared self-assembled stacking CL-20 has a significantly lower me-
chanical sensitivity than that of the raw CL-20. When the NG content is 0.5%, the self-assembled petal CL-20 prepared by NG in-
duction has the lowest impact sensitivity of 6 J.

Key words: nitrified graphene;hexanitrohexaazaisowurtzitane;self-assembly; crystallization;mechanical sensitivity
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