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Fig.1 Illustration of spherical product formation process
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Fig.2 Morphology images of spherical RDX crystals with dif-

ferent methods: (a) raw materials”’, (b, e, f, h, k) products

7,16-17,19,23

by solvent erosion method' ", (c=d) products by re-

14-15

crystallization method'"*""*", (g) products by evaporation crys-

tallization method'™®’, (i) products by adding additives*'",
[22]

(j) products by adding seeds**', (1) products by resonance

acoustic assisted solvent erosion method"**!
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Fig.3 Morphology images of spherical HMX crystals with dif-
ferent methods: (a) raw materials'®® , (b) products by sur-
face treatment method*®’, (c) products by dilution crystalli-
(d) products by solvent erosion meth-
od* | (e) products by adding additives"*?', (f) products

zation method'®’

by adding seeds'*’, (g—h) products by ultrasonic with hydro-

mechanical rounding method"*"
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Fig.4 Morphology images of spherical CL-20 crystals with
different methods: (a) products by adding Span 60°', (b)

R o) e

products by solvent evaporation with ultrasonic method™®’,
[37]

(c) products by adding glycine”’ , (d—e) products before

and after mechanical grinding method™®’ , (f) products by

evaporative crystallization under reduced pressure
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Fig.5 Morphology images of spherical single crystals with
different methods: (a—b) TKX-50 crystals before and after ul-
trasonic method™” , (c—d) FOX-7 crystals before and after

crystal grinding method™’, (e—f) AP crystals before and after
[42]
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Table 1

Comparison of preparation methods and product properties of spherical single crystals of typical energetic materials
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cal hollow DAAF agglomerates: (a) overall morphology,

(b) surface morphology, (c—d) intracavity and section mor-
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Fig.7 SEM images of overall and surface morphology of PYX

spherical agglomerates'**’
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Fig.8 The evolution modes of different spherulite"'™"*': (a)

central multidirectional growth mechanism, (b) monodirec-
tional growth and branch mechanism, (c) bidirectional

growth and branch mechanism

Sttt

www.energetic-materials.org.cn



) 55 BB R 9 BRJE A B 5 i 1075
BRI A5 7 IR 2R AL SRS S A R 33.2 om  BEBREE(H H1 54 N MR E] 70 NART94 N,

BTk & LA K R INE 45 & 38R O R R B R i 2t i
FIEE (b v B ) DA B A% o R 500H R TR I L. 4
KBRS R & READRLER ) £ 2R 1T T K EBFSE . 2000
A Kim 58 2 7 N-FF 3 -2 - e i (NMP) FK AR Z v
RHIGE TR NTO BRI T8 Bk i i i i 2 =
TCAHE (] 9) , 2B NTO BR A FE — & o 1 A X [R] B
A, A0 P 9 R £ X 3 5 451 41 R B R R B R T £ 1 NTO
BRAH B BR i, B2 0 (E 10a FiE 10b) .

20144E, Sherril| & 778 = 5 LIREF/HN O, H R 4%
mm A AR AE EORG B PO H IR (TNGU) BBk i (BT 100),
EHNO,(100% ) /= % B BE AR & v igs A 45 & 3115 % Bk
i (P 10d) , g 3K it R 288 K A ) 9 o JER R (I CRR M Vo
H.,) A8 %t T J5 8 i 10.4 cm 4> 50452 25 % 28.1 cm

NTO
Oi 100

100

‘ L S W
0 10 2 30 40 50 60 70 80 90 100
NMP water

9 BN NTO R & i = o4 1]

Fig.9 Ternary compositions for formation of NTO spherulite'*®’
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Fig.10 SEM images of different energetic materials spherulite: (a—b) overall and cross section morphology of NTO'**', (c~d)
sparse and compact spherulite of TNGU"”’, (e—f) overall and local morphology of NQ'**, (g—j) overall and local morphology
of sparse and compact spherulite of LLM-105'*", (k=1) overall and cross section morphology of DAAF'**', (m-p) overall and lo-

cal morphology of sparse and compact spherulite of HMX"*"’
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Table 2 Comparison of preparation methods and product properties of spherulites of typical energetic materials
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Research Progress in Spheroidization of Typical Energetic Materials

WU Hao, ZHOU Cheng, ZHANG Yi-ying, ZHAI Lian-jie, WANG Bo-zhou

(Xi’an Modern Chemistry Research Institute, Xi’an 710065, China)

Abstract: The spheroidization of energetic materials can significantly improve the processing and application properties of explo-
sive crystals. Based on the current research on spheroidization technology of typical energetic materials both in China and
abroad, the research progress of spherical single crystals, spherical agglomerates and spherical branched crystals are reviewed
from the perspective of crystallization strategy. The crystallization process, spheroidization mechanism and desensitization effect
of spherical products are emphatically introduced. It is showed that spherical products have the virtues of good flowability, high
bulk density and low sensitivity, and have great potential in explosive applications. Combining crystal engineering thinking, it is
suggested to construct the crystallization database of typical energetic materials, strengthen online process monitoring, improve
model calculations and multidisciplinary cross study, thus providing guidance for precise regulation and industrial production of
spherical crystallization process of energetic materials.
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