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Fig.1 Effects of ultrasonic frequency and mode on the parti-
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a. microscope image of CL-20 by intermittent ultrasound

b. microscope image of CL-20 by continuous ultrasound
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c. particle size distribution curve of CL-20
2 GE A CL-20 3R AE
Fig.2 Morphological Characterization of CL-20 crystal by ul-

trasonic assistance
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turbine type) 1 X2 43 # i (double dispersion plate
type) =R R 2 BY A B 2% (IR 3) o

a. four straight blades b. six straight blades

open turbine type turbine type

c. double dispersion plate type

B3 CL-20 E45 4T =R Bt HE e e I
Fig.3 Three kinds of agitating blade used in CL-20 recrystal-

lization
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Fig.4 Effects of stirring conditions and temperature on the

particle size of CL-20 crystal
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a. microscope image of CL-20 crystal by double dispersion

plate type agitator

25
——agitator ¢ 200 r-min’
20k ——agitator a 100 r-min’
——agitator a 20 r-min’
xR 151
©
5
3 10F
5 L
0
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particle size / um

b. particle size distribution curve of CL-20 crystal by differ-

ent stirring conditions

Bl5 A FEEPE A O 4 19 CL-20 JE SR AE
Fig.5 Morphological Characterization of CL-20 obtained by

different stirring conditions
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F 5% WA AE AR RER, JFZ R RIEF S5IEER S
TIRA AR MM AN . RiE I R R R
FPIE A REEFR =& be OB IEE 5 55
R T3 S CL-20 5 i 78 75 570 v, T A A i
W, AR5 S NN RV R R ORI BT I A A I
IR BE TR T8 BLRORLBE 7 o A EE T CL-20 ¥ W
AR B 500 v i) T o Ak R R R A A
A 2k i R T 2R AR A RS, A R
5 S A0 A AR AR 35K AR 40 A0 B, A AR 5 o
1200 A RS R A CL-20 k7 1 R A2 BN [
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SR BN RV ) A T R R AT DR
ISR I, AT 01 T 4 N2 3 K 1E 38 S5 ik
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CHINESE JOURNAL OF ENERGETIC MATERIALS

RN IS B R KT

Table 1 Table of anti-solvent method orthogonal factor level
design
A B C D

trichloromethane trichloromethane o o
level recrystallization recrystallization

drop rate dropping amount
time/h temperature/°C
/mL-h™ /mL
1 20 50 24 30
2 50 100 48 40
3 100 150 72 50

F2 A REIEIR KSR

Table 2 Anti-solvent method orthogonal experimental results

average particle

No. A B C D size / um
1 20 50 24 30 86
2 20 100 48 40 101
3 20 150 72 50 138
4 50 50 48 50 126
5 50 100 72 30 105
6 50 150 24 40 93
7 100 50 72 40 126
8 100 100 24 50 96
9 100 150 48 30 81
kl,um 1083 1127 91.7 90.7
k2,um 108 100.7 1027  106.7
k3,um 101 104 123 120

R,um 7.3 12 31.3 29.3

W 2 B, k1. k2 k3 400 AN A S R AE 1
2.3 =K R E AR A B E W k1 2y = H
6 T N R 20 mL-h™ Y SE 50 AR HoAb L 50 &R
AR B 1 77 i S SR AR A S BCT- 4M . JE T L AR TR
P k1 k2 k3 AT LA $9% PR3 A AR A6 77 i 48 b
RIS . R KT k2 k3 ML 22, L 1 3% K & X
B AR W ) RN bR -2 F L BE AN
BRI 791 = G0 R o T o3 R ) U0 | 5 I ] A 3 K
4 IR B TH L CL-20 72 i 4 S S48 B 244 AN [
FREEHE K MR = S W BE i n &, 243 K F] 100 mL
B, CL-20 7= i - R0 B 2 00 /0N | 22 J5 A 3 I 2 T
IR . AR 25 45 R RN BT, PO PR R
AR JEE (1 5 W A B, K BI/IN Ry < o 2 T s ) > B 445
T > = G e T i > TR ek B, HG v 2 TR
TR 2 XoF it AR B 1) 52 ) e 0 3 o SO TR EE Sl 50 °C
INENTREN R NI ER TR & U “ SR R RN S
LR SR . B, e T2 AR 30 °C
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S5 SR E 72 b A OB R RURLAR 43 A WL 6 .
M E 6a AT A1, CL-20 dh ik S22 BRIE IR K/
4515 Bl 6b SR SR RORLAR 43 A 3RS T R EE AR e AE
140 pm, iz 45 R Uk 52 1E 22 I 2518 v 58 L 35 2] 7 il
ATIEARER CL-20 F45 i il 8 JORLEE 7 i i 1017

w

' PN D

a. microscope image of CL-20
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20¢r
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volume / %
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particle size / um

b. particle size distribution curve of CL-20
6 LI A Y CL-20 TR R AR
Fig.6 Morphological Characterization of CL-20 crystal ob-

tained by anti-solvent recrystallization method
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B T2 . 75 CL-20 45 5 T2, 4 SR FH U B
AR LS WA LU R R E= W3 - €t I NI e
B 56 2% L 38 P8 BE 43 51 S 100 remin™ (300 r-min~',
600 r-min", 153 2 B AH T A9 CL-20 77 &, I 38 3 5k i
BEWEL CL-20 fh iR IE S, 5 SR IE 7,

M 7a.7b A1 UL, DY B TE i e 2R S B i
B A Rk A5 A5 1 CL-20 fl iR SR IR, A 36 T AR
5. T 7 BT, R FHBLUZ 43 BCRE B FE A A
19 CL-20 & A Sl 2880tk Ah k18 AME 583 R/

— o ARSI A BRI WU 4 R X A i
BRI o 32 R WL 0 H R A 1 40 VR B
TR Bh RS BB ) B B2 43 58 0 05 1) ) i, %o
s VA BH S B R L nT DATE 4 O AR s A 8
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TR AR A R A E ) A3 A e AR R

50 um

a. four straight blades open turbine type

b. six straight blade turbine type

vgg
©

I
3%

c. double dlsper5|on plate type

7 AFBERE R A CL-20 /2 3Bt
Fig.7 Microscope images of CL-20 crystals obtained by dif-

ferent agitators

o DU N B = R K S WA R AR WD =
S3 BT 25 19 CL-20 di i CRE A 17,27, 37%) JH T 43 o Je%
JEE TR 4 IR B 3, 5 2R L3R 3

%3 WoR R FHOBLZ 4 R A 1 CL-20 f iR L
88 o D% T R B I T A EL A 5 e 8 A5 1 S B
1%, Ik 9 = (B 38 K, L 8.1 em 35K % 23.5 cm,
P HEHE R I B G, M 88% [EAIE] 44%, X EE NN
CL-20 A A TE S 0 HoAsE o JE5% 3 R B 4 B 3 10— ) 3
M, WURE B 45 1 CL-20 Sk 1 61 etk 5
ANE R RERIE , S 3T CL-20 F AR (R4 .

K3 OATPEFE S AT 45 1) CL-20 Y 8 o 8% B g 4 Jak i
Table 3

by different stirring conditions

Impact sensitivity and friction sensitivity of CL-20

sample Hsy / cm P/ %
1% 8.1 88
2# 12.6 76
3# 23.5 44

Note: Hy,, impact sensitivity. P, friction sensitivity.

Sttt
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TEFS A HE N R A L2 b A 7= il F v, 3 o o o
45 i B B i AR AR T SR BRE TR CL-20 AR
B R IR TG S s R . WS R

(1) 8 75 U6 %l Bh 5 &5 o % 1A ORL A B B 1R
FH =5 55088 75 AR A 3% B2 7% 2 5 3000 1 550 I T
SEUE T RORLBE Y AR R 40 kHz, SR HTRE B
30 min, £5 5 min i ] 8]ORE 75 05 =X, 1T ARG 273 kAR
H 14 wm 5 CL-20 77 i o

(2) RN E S L v 38158 120 wm DL E A CL-20
A A, B 45 i a R e T AR B K R R R
AR 5 AN LI L o R RS R R . 30 °CTF L, =
S e N 150 mL, i INERE R 20 mL-h™", 45 5
] 72 h, £33 Y CL-20 7= i - Y5007 BE AR 2 76 140 pm.
oAV T 245 4 U BRI v 0 e R 3 T L A AT 2R (ELIR
A ISP R HIXE T A1 2R ikl 55 d A e B R AN R

(3) 25 iy v 2R AN [) 1) 4 0 248 X8 o 4R T 35 R
YA 5, PR 5 YIRS R A 4 4 CLBUZ 3 1
B3tk A% ) R g 00 40 Pl A AT LA A 2 O M A 2
BRI CL-20 @ 1K (40~100 wm) , FF H % B 45 3% 38 1Y
CL-20 f & i BRI

SE 3k
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Production Process to Control Particle Size of Hexanitrohexaazaisowurtzitane

WANG lJia-lun', ZHANG Hong-bao'”, LIU Chun-zhu’, LI Hang’, MENG Zi-hui', XUE Min"

(1. School of Chemistry and Chemical Engineering » Beijing Institute of Technology s Beijing 102488, China; 2. Qingyang Chemical Industry Corporation ,
Liaoyang 111000, China)

Abstract: It was proved that the sensitivity, safety and density of explosive compound were extremely affected by its morphology
and particle size. The influence factor of hexanitrohexaazaisowurtzitane (CL-20) particle size was studied in the recrystallization
process with the ultrasonic-assisted recrystallization method, the anti-solvent method and the optimization of agitator type, re-
spectively . The effects of continuous and intermittent ultrasonic with different ultrasonic frequencies (20-40 kHz) were also in-
vestigated in order to obtain the small particle size product. In the recrystallization process with anti-solvent method, ethyl ace-
tate and chloroform were applied as solvent and anti-solvent respectively. The dropping acceleration of chloroform (20, 50,
100 mL-h™"), the ratio chloroform and ethyl acetate (1:1, 1:2, 1:3), the recrystallization time (24, 48, 72 h) and tempera-
ture (30, 40, 50 °C) were optimized by orthogonal experiments. In addition, three types of agitator including four straight-blade
open turbine, six straight-blade turbine and double-layer dispersing discs were performed in the CL-20 product morphology
study together with their stirring speed effect. It was concluded that the assistance of intermittent ultrasonic could considerably re-
duce CL-20 crystal size. Particle size of 14 pm CL-20 could be obtained by ultrasonic assistant method while the frequency was
controlled at 40 kHz with every 30 minutes vibration after 5 minutes stop. Moreover, L9(3") orthogonal experiments were de-
signed and particle size of 140 um CL-20 could be achieved when the crystallization time, temperature, the chloroform drop-
ping rate, and the dropping amount was 72 h, 30 °C, 20 mL-h™" and 150 mL, respectively. Furthermore, three kinds of agitators
were employed in the recrystallization process which obviously effected CL-20 morphology and particle size. A controllable parti-
cle size between 40-100 pm CL-20 crystals with spherical shape, a smooth and uniform surface were prepared with the dou-
ble-layer dispersion disc. Comparing with the four straight blades open turbine type and the six straight blades turbine type agita-
tor, it is proved that the product with desired impact sensitivity and friction sensitivity could be prepared by the double-layer dis-
persion disc method, which characteristic drop height and the explosion probability were 23.5 cm and 44%, respectively.

Key words: hexanitrohexaazaisowurtzitane; particle size; morphology; impact sensitivity; friction sensitivity
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