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PR A LA SCRE 1 1 A R B B4 803 40, T8 g
FE B — B . B SRR R R AR N AR R
0.6 mm [ 73 55 & i, £ Bl & A i 25 A0 7E o5 He i R Y
WKl R AT Ak, I DUBUS B RE G B T 40 CRYE
T KV HEAE BT 24 b AR AR B 1~ 10" DL TE S
TS B S AR R S0 B e R L 2 DR AR
CL-20 5 nAL & & 475 mg, k78 CL-20 5 nAL fic kb
A5 B f 11~ 15 LAWE ST R TR nAl F & X i Bk 25 A 1
A s, H ARSI IC Ty, S A DL KB G R T
EREER LR
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Table 1 Experimental formula and conditions

solid . solid

solid
cample solvent voltage content of contentof  content
P / KV PVDF of n-Al
CL-20 / mg

/ mg / mg
1" ACE 14 25 300 175
2* EAC 14 25 300 175
3* DMF 14 25 300 175
4% DMF:EAC=2:1 14 25 300 175
5* DMF:EAC=2:1 11 25 300 175
6* DMF:EAC=2:1 14 25 300 175
7* DMF:EAC=2:1 17 25 300 175
8* DMF:EAC=2:1 14 10 300 175
9* DMF:EAC=2:1 14 25 300 175
10* DMF:EAC=2:1 14 40 300 175
1% DMF:EAC=2:1 14 25 375 100
12* DMF:EAC=2:1 14 25 300 175
13* DMF:EAC=2:1 14 25 250 225
14* DMF:EAC=2:1 14 25 200 275
15* DMF:EAC=2:1 14 25 125 350

1.3 MEgelik

nAI@PVDF@CL-20 & £ % fig Bk AE & 19 1 oW B
W ELEZEATESELL W 7 455 7 1 55 R 5%
M o A PR BRI £5 G PR RE L I 5 38 2o 43 B GOK A Ak
WIER I E & B AR G5  IER e 1k DL SR ek g
N Lk
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Fig. 1 Morphology of composite energetic microspheres

c. DMEF solvent d.

(samples 1"=4") under different solvents
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Fig.2 Morphology of composite energetic microspheres (samples 5'=7") under different electric field intensities
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Fig.3 Morphology of composite energetic microspheres (samples 8'=10") under different PVDF contents
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(Bl 4g) o 33X 32202 H o i F I 55 325 1 4% 1) ol ek RO ST
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Fig.4 Morphology (a—e), elemental mapping (f) and size distribution (g) of microspheres (samples 11*=15") under different

nAl contents
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Fig.5 XRD patterns of composite energetic microspheres,

nAl and raw CL-20 under different nAl contents
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Fig.6 TG curves of composite energetic microspheres under

different nAl contents
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Fig.7 Combustion propagation images of composite energetic microspheres under different nAl contents
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Process Investigation of AI@CL-20-based Composite Energetic Microspheres Fabricated via Electrostatic
Spray Technique

GUO Yong-zhuo, WANG Chong-yang, HAO Ga-zi, XIAO Lei, WANG Su-wei, JIANG Wei
(National Special Superfine Powder Engineering Research Center of China , School of Chemistry and Chemical Engineering s Nanjing University of Science and
Technology > Nanjing 210014, China)

Abstract: To address the issues of incomplete aluminum powder combustion, slow energy release efficiency and prolonged ig-
nition delay, nAl@PVDF@CL-20 composite energetic microspheres were fabricated via electrostatic spray technique. The mor-
phological structure and particle size distribution were optimized by adjusting parameters, including eolvent type, lectric field
intensity and sand binder content. Experimental results demonstrated that the uniform microspheres with size distribution of
2.37-2.67 pm and homogeneous component dispersion were achieved using a dimethylformamide/ethyl acetate (DMF/EAC)
mixed solvent at the volume ratio of 2: 1, with the PVDF content fixed at 5% and electrode voltage maintained at 14 kV. Concur-
rently, a crystal phase transition of CL-20 from &-CL-20 to B8-CL-20 occurred during atomization and deposition processes due to
recrystallization. Furthermore, the adoption of nAl significantly enhanced the energy release efficiency and combustion perfor-
mance of microspheres. The optimal performance was attained at 40% nAl loading, achieving a maximum equilibrium pressure
of 1.17 MPa and a peak pressure rise rate of 6.99x10’ kPa-ms™".

Key words: electrostatic spray method; nano-aluminum powder;hexanitrohexaazaisowurtzitane(CL-20) ; composite energetic mi-
crospheres
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