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the reactor of ultrasonic

1 S BN E A

Fig.1 Schematic diagram of experimental set-up
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Fig.2 The physical map of nozzle

3 HR5WR

3.1 EHEASH

J5oEE CL-20 Fnj 4 CL-20 (%) SEM g5 i [&l 3 fir
No HIE3 AT, JEE CL-20 (] 3a) RZ 52 AN £
T, URE A WY A8 fR, RLAR KR HE 20 ~80 um, 4
fEJ5 19 CL-20 JUkL (& 3b) K/NRZY7E 400 nm , FikL
S A EROE S AR, B R 47

a. raw CL-20

b. ultrafine CL-20
3 Jsr CL-20 FuiE4n CL-20 Y SEM [&]
Fig.3 SEM images of raw material CL-20 and ultrafine CL-20
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Fig.4 XRD spectra of raw material CL-20 and ultrafine CL-20
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Fig.5 DSC curves of raw material CL-20 and ultrafine CL-20

CHINESE JOURNAL OF ENERGETIC MATERIALS

W

F Kissinger 242t (1) Rogers 2y = (2) "' 1
Arrenhis 243X (3) 1 1S B4 2R LIS AL BE E, AR T
K7 A RVl R Bk G5 1, i1 i,
FBAN CL-20 1) 3 WL 1% 1L B #1486 5 B 7 W% @ T 50K,
X H o3 e R H L kAT LR B, 4 CL-20 7 25 °C
IS TR CL-20 , {H 2 7E 250 °C i T )5k CL-20
UL, #E40 CL-20 76 43 fif ish B o He JFURE CL-20 %0
W B 22 RE A, 1ELR 2 B T A6 SN LS HG S i AR 2 B
o

In( '%) =In(/2:€) - RE;p, (1)
A=£“Tﬁéexp( E;p) (2)
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[orp, TR FETHIR B B R, JE 2 1Y J3 ik Tt 2 04 L, K
R NSARH%,8.314 ) - mol™ + K™'; g Ry 7Hil &,
Kemin"8fs™; ARIERTH 7, min" 8 s™; E, N
MIGALRE,) - mol™ 5 k NAEIRE N T W, 20 fif 3 R 3
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£ 1 J5UR CL-20 AL AN CL-20 fY B 3h 12 2%
Table 1 Thermal decomposition kinetic parameters of raw
material CL-20 and ultrafine CL-20

E

a

sample log(A/s™) k(25 °C k(250 °C
p /K - mol”! og(A/s™")  k( ) ( )

raw material CL-20 156.04 13.59 1.78x107™"*  0.01022

ultrafine CL-20 165.11 14.58 4.52x107"° 0.01249

P IE AL RE (E,) 23K (4) TSR TH il 2 5
T O I Yoy i Wi T, , JEURE CL-20 Ak 41 CL-20 #Y
T 43l g 228.57 C il 228.05 °C, ii W # 41 CL-20
{19 3022 5 P A SRR AT BT AR AT A 20 (5) 7
AR R N SR T, R CL-20 s 2 CL-20 f9 44
R AE I PR E T, 205 242. 85 CHI241.64 °C, it
ALV AT CL-20 By #A BE LU JFORAT BT 98 R, i 0
PRI Sy TR /N b 2 T BRSO, 4 L LA B O Y 32 R
AR R TG P . Xiaode Guo %5 SR I HLMLAT B 1
il 5 9P SRR 200 nm ) CL-20 R He 1l - Ui
B0 224.53 °C, 5 Z M b, AR S0 il 4 BB 40 CL-20
Y AR K I PR T T 17,11 °Co

T, =T, +bB,+B; (4)
. E,— /E§—4REATPO (5
b= 7R )

B A A 2016 % %24 % %113 (1075-1079)



1078

TRIE, MBI, BPOE, TRO0E, SRk

3.4 HLA R E K

iz GJB772A-1997 J5 i 601.1.601. 3" izt i
4 CL-20 FiJskt CL-20 f3 o 43 X @ 43 BORI R 5 5 o
PEVEA 0 By M 25 . (2.500£0.002) kg ¥, 24
H(35+1) mg, 7%/ (2501) mm, XK & EF 10 ~
35 C,AHXBE <80% ; Ml 25 % , B &k 75 &G .
Gaw ANCRGEE TAE ol Aa sy 3 S A N RS
£:(2.500+0.002) kg ¥4k, 254 (35+1) mg, iK%
M 10 ~35 °C X R E <80% ; HBLAM &6 .7
fife VB G AR KA R R R RO 0 i R
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Table 2 Test results of mechanical sensitivity

impact sensitivit friction
P Y sensitivity

sample

H. Jem standard  percentage of explosion

50 deviation explosion%  probability/%

raw material CL-20 14.98 0.056 100 100
ultrafine CL-20 31.95 0.123 0 40
4 & it

(1) R HT E AT BT H Y W% 55 01 P 4l B o 245 26
il £5SF- H4 k7 4% 8 400 nm, H A3 HHE: B4 /0 48 4 2R E 1L
CL-20, H @ H Ry & Y,

(2)DSC MR, m R4 CL-20 ) 3R W% 1k
AE HCJ5ORE CL-20 15 9.07 k) - mol™ fHJ& fy T H 4
YE I i B2 L JORHIR 1. 18 °C, R BulE 40 CL-20 7E A
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RN B 5 oy fifk

(3) HUARIEE B M SR L W, 5 0k CL-20 A I,
A CL-20 948 ol JE%E W] S ARG, R P 7 s {EL Mo 1B
iR CL-20 $2 5 1 16. 97 cm, B 4E T 70 8L 50k
CL-20F# Ik 1 100% . 41 CL-20 fi4 B 5 2 e JSOR)
A% T 60% .
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Preparationof Ultrafine and Spherical £-CL-20 by Spray and Ultrasound-Assisted Method

XU Yang', JIAO Qing-jie' , CUI Qing-zhong', XU Wen-zheng’, ZHANG Xiao-xin’
(1. State Key Laboratory of Explosion Science and Technogy, Beijing Institute of Technology, Beijing 100081, China; 2. School of Chemical and Environment
Engineering North University of China, Taiyuan 050051, China; 3. Beijing Auxin Chemical Technology Lid, Betjing 100040, China)

Abstract: Ultrafine and spherical £-CL-20 particles were prepared by the spray and ultrasound-assisted recrystallization device. The
morphology, particle size and crystal type of the samples were characterized by scanning electron microscopy (SEM) and X-ray
diffraction( XRD). The thermal stability of the samples were analyzed by differential scanning calorimetry( DSC). The apparent ac-
tivation energy of thermal decomposition reaction and critical temperature of thermal explosion were calculated by Kissinger’s
method and Zhang-Hu-Xie-Li’s formula. Their mechanical sensitivity were tested by GJB772-1997 method. Results show that pre-
pared ultrafine CL-20 is spherical particle with size of about 400nm and have a good dispersibility. The crystal type of the ultrafine
CL-20 is epsilon(&). The thermal stability of ultrafine CL-20 is lower than raw material CL-20. The critical temperature of thermal
explosion of raw material CL-20 and ultrafine CL-20 is 242.85 °C and 241.64 °C, respectively. The apparent activation energy of
raw material CL-20 and ultrafine CL-20 is 156.04 k) - mol™ and 165.11 kJ - mol™" respectively. Compared with raw material CL-20,
the impact sensitivity of ultrafine CL-20 decreases significantly, the characteristic drop height ( H,) increases from 14.98 cm to
31.95 cm, the friction sensitivity of ultrafine CL-20 also decreases, the explosion probability decreases from 100% to 40%.

Key words: ultrafine-¢-CL-20; dispersion; thermal stability; mechanical sensitivity
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