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Fig.1 Schematic diagram of the preparation process of HNS

microspheres
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P 30 min, 15 2R 2 104 A 10 B TR VR R A
A B b SRR R B8 (SDBS)IA T 285 7k b , 1%
) 0T A3 BOR 2% 1 FESEAHVE W o FH TR S 2 43 5 1) il
TE PN A S BIOR R SE AR, B AR RS T S b A E
YERT, 20 1B0AH 52 31 3% S2 40 0 85 U1 71 78 1, T8 0 v
FH 2B W 25 B 1 K I Be AR IS OB S L B EA 282
P8R K b, B4 50N EA T T VE TE T R A
AR HNS & A ek o Hodr 78 150 9 0F 75 b i
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Fig.2 Electron microscope images of HNS microspheres pre-

pared with different binders
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b. H/N-5%

c. H/G-5%

B3 AN [ B 45 00 il 4 9 HINS f Bk SEM &
Fig.3 SEM images of HNS microspheres prepared with differ-

ent binders
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Fig.4 Binarization image of HNS microspheres prepared with different binders

=1
Table 1

ferent binders

N TR) 285 445 790 1 4 19 HINS SRR I 2

Roundness of HNS microspheres prepared with dif-

maximum minimum
. . average
samples D,/ um  particle particle span
’ ) . roundness

size/ pm size/ pm
H/F-5%  45.39 61.83 34.13 0.934 0.33
H/N-5% 58.68 71.52 43.69 0.915 0.33
H/G-5% 45.43 67.28 31.97 0.925 0.52
Note: D, is the median particle size of the microspheres.

18.25°8123.9°H B 1 F54E A7 5 0, 3 Fh 3Bk 19 R AE A7y
S 06 55 0 FOK HIN'S P9 AT S5 06 A XGF 07, 2 B Gl 0t 42 il 25
B AR R il BB R & A AR
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Fig.7 DSC curves of submicron HNS and HNS composite microspheres
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Fig.8 TG curves of submicron HNS and HNS composite microspheres

Chinese Journal of Energetic Materials, Vol.31, No.2, 2023 (121-129)

Sttt

www.energetic-materials.org.cn



TR IO 5 R ) A% I OK 9 HINS JE PBX &2 45 Bk

127

SE TN 2 5 IR FR (B 26 M 2 0K ] £L B K 1A 7
FLBD) B P A o e B2 R A X A AOR HNS
HNS & & ok #E 47 7 R AE (B 10 k) 451 )
2. MR 20, 3 FGOK M B A Y 5 WK
HNS L4351 $2 5 T 0.0466,0.0441,0.0262 g-cm ™,
Ui ERTE ALl AR 3G T HNS /9 H %5 48 5 T HNS
25 1R BE

F2 HOKHNS K HNS & & Bk %
Table 2 True density of submicron HNS and HNS compos-

ite microspheres

average true the relative standard

samples

density / g-cm™ deviation (RSD)
submicron HNS 1.8942 0.0086
H/F-5% 1.9408 0.0079
H/N-5% 1.9383 0.0093
H/G-5% 1.9204 0.0106

2.7 ERREUERE ST

K PR 11 £ 0 % 80K HNS B2 HNS 42 45 sk ik
frpu b m ) g e 9 frs o WK HNS JE B
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Zh 4 5700 ) £ B9 sk H/F-5% H/N-5% Fi1 H/G-5% T& i
B4 A 43 R 27°,24.3°11 24°( 8 9b . 9¢ . 9d) . T] %l
02 G Tk ) HE R BE S8/ T AOK NS, 3R I 0
PEHR N 51 3 Fh SR it HOCPE RE O 5 o AR B SCHR (15 ]
il £ B9 HNS/NC Bk (IR 1k 1 : 33.1°) , ASHIF 5% il 4% 1)
TERIR 1L A 3818 30°LL R, FLAT 94 0 T i i
2.8 TAERML A R B I AE 4 AT

W AHOK HNS FITHNS & A T Bk i i ol J B % B8 452
RREAE R UL 3. &3, 5 W HCK HNS M e,
H/F-5% H/N-5% F1 H/G-5% 13 £k 11 4 o 8% 5 55 1) 4
5 4.5,4,3.5 ), BRI il 3 =5 52,36,4 No T
AR, 2 3z B g o ol R ST, 3 445 70 BB A 00 T RN Ay
S 43 e i, R B — E W 22 v AE T s HNS 2 A ek 2
85 I L A T AR, EURLEE A A 350, AR Y A R R R
YL S W o BORIAE 3 AS B J8 BR S v R T2
PRS0 77 A 5 TR I GOK R TEOG E EAER R EUN A AL
%7 o7 BB g AR v AR A AR AT B IR T AR
WE R o Tk A ML AHER B IR 5 B 5 R B RE A G
FoodJB TIETERESE 7] ,NC Fl GAP JE T & RERE S5 7], &
5 32 A0 SR RT3 &, Dt B BE 26 45 7 A5 9 SOk AL
G (I N = i1 I S I > O R 2
H/F-5% ) {5 7 B FI1EE 482 ) ot 5 o
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a. submicron HNS

o (P AT

c. H/N-5%

d. H/G-5%

B9 WAHOK HNS K HNS &7 Tk i Vit i i AR
Fig.9 Dispersion stacking diagram of submicron HNS and

HNS composite microspheres

#z3 HNSE G HERVUAERE

Table 3 Mechanical sensitivity of HNS composite micro-
spheres

samples impact sensitivity / friction sensitivity / N
submicron HNS 1.5 108

H/F-5% 6.0 160

H/N-5% 5.5 144

H/G-5% 5.0 112

3 &k

(1) 2R JHWH O A B B 457 FLe0, \NCLGAP
I 5% I X AT A BRO R ORLAR 23 A
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AEHLSr BOME A HNS A ek o bl 2 A5 R
Fa0a ~ NC 1l 55 19 13 3K 35 187 56 0, 1 25 J90kE HE 5] 240 80 5%
S HAE WA RORTE S . 3 R I ERF X RE B 4y 5
b 0.934, 0.915, 0.925, D,, % %l & 45.39, 58.68,
45.43 pm (85 Y /NT0.55)

(2) T Bk 19 F8 93 fiff 0 I 73 5y 354.44,349.53,
339.37 C. 5 NC.GAP L, H F,q,, il £ M Bk B A
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Preparation of Submicron HNS-based PBX Composite Microspheres by Droplet Microfluidics

LIU Yi', ZHU Rui', SHI Jia-hui', HAN Kai', WU Bi-dong''*, AN Chong-wei'’, WANG Jing-yu'"
(1. School of Environmental and Safety Engineering, North University of China, Taiyuan 030051, China; 2. Shanxi Province Ulirafine Powder Engineering
Technology Research Center, Taiyuan 030051, China)

Abstract: In order to obtain spherical granulations with regular shape, good dispersibility and uniform particle size, the effects of
different binders on 2,2',4,4’, 6, 6'-hexanitrodiphenylethylene (HNS) composite microspheres were studied by using droplet
microfluidic technology. Fluoroelastomer (F,.,) , nitrocellulose (NC) and glycidyl azide polymer (GAP) were selected to pre-
pare spherical granulation of submicron HNS, and submicron-level HNS/F,.,, (95/5), HNS/NC (95/5) and HNS/GAP (95/5)
composite microspheres were successfully prepared. Resultant microspheres were characterized by scanning electron micro-
scope, X-ray diffractometer, specific surface area, thermal analyzer, true density tester and mechanical sensitivity tester. Results
indicated that such methods could obtain the HNS composite microspheres with high sphericity, monodisperse, narrow size dis-
tribution, good roundness and improved safety performances. The average circularities were 0.934, 0.915 and 0.925 with D, of
45.39, 58.68 um and 45.43 pm (the span was less than 0.55), respectively. Thermal decomposition peak temperatures were
354.44, 349.53 °C and 339.37 °C for HNS/F,,,, HNS/NC and HNS/GAP, respectively. The spheroidization process increases
the true density of the microspheres to 1.9408, 1.9383 g-cm™ and 1.9204 g-cm™, respectively, which can effectively improve
the HNS charge performance. The cone angles of 27.0°, 24.3°, and 24.0° indicated that microspheres have good dispersion per-
formances. Compared with submicron HNS, the impact sensitivity of the three microspheres was increased by 5.5, 4, 3.5 J, and
the friction sensitivity was increased by 52, 36 N and 4 N, respectively, indicating a better safety performance.

Key words: droplet microfluidic technology ; submicron; HNS; composite microspheres
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