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Fig.1 Ultrasonic assisted spray recrystallization refining device
1—digital stirrer, 2—sprayer, 3—beaker, 4—controller,

5—pump, 6—temperature ultrasonic controller
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Fig.6 XRD patterns of ultrafine HMX prepared by ultrasonic assisted spray

CHINESE JOURNAL OF ENERGETIC MATERIALS

@
¥

2018 % #26% £34 (260-266)



264

oo, gk, ERE, PR

S8 L DMSO (AC 5 CYC Sy i 57 1 2 il 4% B-HMX,
Ll DMF 5 ACN i i), 45 2] y-HMX, A BLE )
F A FA HL B0 HMX B Al BTG G

A3 4 Ji DR AT R A i R0 A AR R e HMX A
B AESE SR GAS #: L ACN ¥ I, il % th
y-HMX, AR S5 LA ACN Sy 5 57 1 [R] B 4l &5t y-HMX,
DMF B Hi o 12.73D, 4/ T-12.73D 1y
DMSO (AC % CYC S FIE, o] gl o) il 45t g-HMX,,
T I OB 3 70 A (R M R 2 T HMOX (9 B ) A
K DMF 2358 ZUR2 I HMX 43 B R e 1 8 L -
fn BUAEAE T A JE /N DMSO (AC 8 CYC X HMX
F AR AR A FH U] 38 S RE BHEL IS HMX B9 58 5 Pk, 25 5 i
it 1] F 75 B A2 2 19 B-HMX,

eI HMX A i AL B 5 25 09 5 e, 76 IR
Bk 30 °C L% 5 DMSO (AC =% CYC B, 4 3E % 7l
RKELTC K & BT B B A B-HMX, 25 JE ¥ 55
1,2-Z R LK fili5 1 HMX Oy y fRL, BRI K Y
B 439k 2.16D Fi 1.85D 1 1,2-"48, 2 ke i {8
WS 1.36D , p itk AT 4 W 3 ¥ 5510 0 4 B R A Ok o i
] F B-HMX

R 125 Ty HMX 16 7 5 v B %5 i B2 (g/100g ¥ 7 ) KA
R e
Table 1
properties in the solvent at 25 °C

HMX solubility (g/100g solvent) and the solvent

. dipole dielectric
solvent solubility polar
moment constant
dimethyl sulfoxide( DMSO) 57.0 11.57 7.2 47.2
acetone(AC) 2.2 9.07 5.4 20.7
cyclohexanone(CYC) 2.1 10.0 5.3 18.2
N, N-dimethylformamide (DMF) 4.4 12.73 6.4 38.3
acetonitrile( ACN) 1.98 13.07 6.2 36.6

3.22 EEXMSRIHKFM

T 2 R HMX 2 1 28 PR32, 224 38 B I
SRR (R AR 3 2 AR HMX Y & 8L SR R RE 75 4l Bl s 55
HEE AR AR AR EE R A5 9 B 48 HMX g XRD
RInE 7 Bios, 7 ol 0L, #E B ol 20 Cal 40 °C
i 2L DMSO g AC ShE I, LA K B TRk Bk B K SR
Ak 700 A5 B R 4 HMX 5 JR0RE HMX B A 33 16
BRZES UGB E & R4 U, 20 y-HMX,
DL B S2ss AR B S 30 °C R, L DMSO =% AC %
), LL A BT oK ek T8 K & B R R W R AT OB B A5
B-HMX, 237 5t BB AT R Sy Tk B 55 IR 5k 4% B A 3R T
HMX (1 R, 2475 8 A AR, 13 T R s T3 1 4y 7 sh B

Chinese Journal of Energetic Materials, Vol.26, No.3, 2018 (260—266)

B, HMXORL T ] i A% 2R A 9 3 R B/, {3 HMX B
R AR B (I A, I A M AR ), R4
R IR T R A A R R L R R AR T AR, AT RE
S T AR IS HMX R A B 5 Y AR IR0 3 e, 7
WP B 43 T S B (H HMX R 3 R 5/ il
JEE B, VR A A A AR ), B T 0 1 R R
5 RCHUAR Y A B4 Ak J5 B HMX Y i 20 7 g
KT AR

120001 —raw ,B-HMX
110004 ——DMSO/deionized water
< 100001 ——DMSO/ethanol absolute
= 200 AC/deionized wat
S 8000 gionized water
> 7000 —— AC/ethanol absolute
2 60007
& 50001
2 40001
30004
2000 i M
O- T T T T T
0 10 20 30 40 50
20/ (%)
a. 20 C
12000 —raw ,B-HMX
11000 ——DMSO/deionized water
= 1888& —— DMSO/ethanol absolute
I 80001 AC/deionized water
£ 70007 —— AClethanol absolute
o 6000
= 50004
@ 4000
30004
2000
1000
O- T T T T T
0 10 20 30 40 50
201 (°)
b. 40 °C

B 7 B SE A A HMX R X IR R AT A R
Fig.7 XRD patterns of ultrafine HMX prepared by ultrasonic

assisted spray
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Fig.8 DSC curves of raw HMX and ultrafine HMX
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Table 2 Thermal decomposition kinetics parameters of HMX
and ultrafine HMX

sample £ A Teo Ty

P /kJ + mol™ /min” /°C /°C
raw HMX 470.12 1.78x10%  278.01 279.39
ultrafine HMX  488.06 8.56x10%°  278.39 279.73

3.4 EREBRESH

WR¥E GIB772A-1997 ik 601.312 I T. By 43
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Table 3 Impact sensitivity test results of raw HMX and ultra-

fine HMX
sample Hsy/cm standard deviation
raw HMX 15.9 0.05
ultrafine HMX 45.5 0.12
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Ultrafine High Quality HMX Prepared by Ultrasonic Assisted Spray Method and Its Crystal Type Control

XU Wen-zheng, PANG Zhao-ying, WANG Jing-yu, PING Chao
( National Defense Key Subject Laboratory, School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China )

Abstract: To prepare ultrafine and high-quality octogen( HMX) and study its crystal types, superfine HMX was prepared by an ul-
trasonic assisted spray recrystallization refinement method. The effects of atomization rates, solvent and non-solvent type and tem-
perature etc. on the particle morphology and crystal types of HMX were studied. The crystal morphology, particle size and crystal
type of HMX were characterized by scanning electron microscopy (SEM) and X-ray diffractometer (XRD). The thermal decompo-
sition properties of HMX were measured by differential scanning calorimetry ( DSC). The impact sensitivity of raw HMX and super-
fine HMX was measured by an impact sensitivity tester. Results show that the ultrafine HMX prepared by ultrasonic assisted spray
recrystallization refining has a great influence on the atomization rates, solvent and non solvent type, temperature etc. The mor-
phology of HMX crystals prepared by an ultrasonic frequency of 40 kHz, stirring speed of 400 r - min™', atomization rate of
20 mL - min~", acetone as solvent, absolute alcohol as non-solvent and temperature of 30 °C is the best, the crystal type is g-type.
Compared with the raw material of HMX, the apparent activation energy of thermal decomposition reaction of ultrafine HMX in-
creases by 17. 94 kJ - mol™ and its characteristic drop height of impact sensitivity increases by 29. 6 cm.

Key words: octogen( HMX) ; ultrasonic assisted spray recrystallization refinement; characterization; crystal type
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