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BT-1600 BRI EMGKLEE 430 R G0, FHAR A R RH A BRA F] &
1.2 kR Ui

F T ERL S 25 3 o A8 G R B /F 0, B2 A BRI B
LA S 4 K RS A K A VS R T R AR E B TR L (RN
KA % B K L L 2 R RAR 45 5 T RS DUk L AR
b e o G e IR e SR v I A N 0 S
KH-550 T § %53 2% 1 47 2Pk o 8 58 # 0.5 g KH-550
TINE] 20 mL Z B 5K TR A E W, B 30 min B
EFEMRTEE 6 ho SRIFINA T g 9K K , #E ) B+
12 ho FE B 50 CIK B 15 2 e S
K S A4 R 5 145 KH-550 SO 3k 9 BI0RY . o 46 36 ok
PERICR B 55 i S5O 9 K B0 R 5 KH-550 2 1 44
KA A E 10 mL 5 F g0, 10 PR RV 0, 25 3 an 1
Fis o RIS E 1~2 min N R AETTFE (K 1a), T
WU B8 A0 KB R TT LA B[] 2 5] 3 BCEE 2 F 0, 1 P T
W (B b)),

1.3 BIRER RGN &

B LI 25 3k T AN K B /F o0, B TR B R S0 %
LA 2 A2 DR 2R 0 5 L ol 56 i SR R
FhEE R B it (A TR AR N AE TR LA AN A i
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Fig.1 Dispersion photos of n-B powder in precursor solution
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Table 1 Orthogonal factor level table

horizontal A/% B/% C/kv D/mL-h~"
1 5 2 14 1

2 7 3.5 18 3

3 9 5 20 5

Note: A is solution concentration, B is mass ratio of F,, , to n-B powder, C is

2602
working voltage, D is propulsion rate.

F®2 EREEE
Table 2 Orthogonal experiment table

samples A B C D test plan
1* 1 1 1 1 A,B,C,D,
2* 1 2 2 2 A,B,C,D,
3* 1 3 3 3 A,B,C,D,
4* 2 1 2 3 A,B,C,D,
5% 2 2 3 1 A,B,C,D,
6" 2 3 1 2 A,B,.C,D,
7" 3 1 3 2 A,B,C,D,
8" 3 2 1 3 A,B,C,D,
9" 3 3 2 1 A,B.,C,D,
At A A 2023 % £ 31 % % 7H (654-661)
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Fig.2 Schematic diagram of electrostatic spraying device
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Fig.3 SEM and particle size distribution of 1*=9* samples
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JEEHT Dsp20.6 pum B Sl BR B U B ER B R R0R
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Table 3 Particle size uniformity and sphericity data

samples particle size uniformity sphericity
1" 0.564 0.781
2" 0.546 0.846
3* 0.509 0.753
4% 0.536 0.874
5* 0.882 0.913
6" 0.255 0.709
7* 0.218 0.794
8" 0.473 0.832
9* 0.846 0.908

Fa LURLAR AT 19 5] B 46 b 1 B 22 3 B 3
Table 4 Range analysis table based on particle size distribu-

tion uniformity

K, K, K, K, k, k, R
A 1.619  1.673 1.537 0540 0.558 0.512 0.046
B 1318 1.901 1.610 0.440 0.634 0573 0.194
C 1.292 1928 1.609 0.431 0.643 0.536 0.212
D 2292 1.019 1.518 0764 0340 0.506 0.424

rimary and secondar
P Y Y DCBA
relationship

B,A

optimal combination D,C,B,A,
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RS VUBRIE AR bR 4 22 0 B 3
Table 5 Range analysis table based on sphericity

K, K, K k k k R

3 1 2 3

A 2.380 2.496 2.534 0.793 0.832 0.845 0.052
B 2.449 2.591 2370 0.816 0.864 0.790 0.074
C 2.322  2.628 2.460 0.774 0.876 0.820 0.102
D 2.602 2.349 2.459 0.867 0.783 0.820 0.084

rimary and secondar
b Y Y CDBA
relationship

C,D,B,A

optimal combination ,D,B,A,
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a. raw n-B
B4 JSURHORT B S STRE i 19 SEM 5]
Fig.4 SEM images of raw n-B and sample 57
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Fig.5 XRD diffraction patterns of sample 5" and raw n-B
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Fig.6 IR spectra of raw n-B and sample 5*
HBE IR 0 . K 1335 em T b X —CF, 9 1)
Wi, 1386,848 cm™ b Xt i CH,—=CF, iy W g ")
X =Rk I Wi U TE YT IS 25 5TRE A TE F oy
3418 cm ™ Ab X C—N B 47 4R 3, 2921 em™ &b X
N C—H [ R B 4 IR 2, 1621 e ™ b X B N—H
B4R PR 3l , 1041 em™ &b XF 1 Si-O [ PR 3l , 3 U Ak i
W IE I 1 5T L TR AETE KH-5500 Ak, TR K Al
o (%) B TR W AL 0 O T R AE 5TRE i rh L X R B SRR
Al 2 T AT AL )2 LB 55 S AY 5T RE B BE A AT Ik
90K BB Bl AL, 5 XRD E S S A 4518 — 3.

Xof TSR K Ry A 5 RE i 2R AT AR S A, ORI
K7 B o NI 7a AT LU H 0B K B K3 75 90 °CTT

CHINESE JOURNAL OF ENERGETIC MATERIALS

120F —/
100k__ 61.48%
80k _117.66 A |

71.79%

mass / %

200 200 500 800
temperature / °C
B 7 sURRR B R K SRR i ) B ER il £
Fig.7 Thermogravimetric curves of raw n-B and 5*sample
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Preparation of Nano-B/F,,,, Composite Microsphere by Electrostatic Spraying Technology

DONG Chen', WANG Yi', SONG Xiao-lan*, CHENG Zhi-peng’, AN Chong-wei’

(1. School of Materials Science and Engineering, North University of China, Taiyuan 030051, China: 2. School of Environment and Safety Engineering ,
North University of China, Taiyuan 030051, China; 3. Jiangsu Key Laboratory for Chemistry of Low-Dimensional Materials, School of Chemistry & Chemical
Engineering » Huaiyin Normal University , Huaian 223300, China)

Abstract: In order to overcome the problems of easy agglomeration, easy oxidation and poor combustion performance of
nano-boron powder, fiuorine rubber(F,.,,) was used as binder.Nano-boron/F,,,, composite microspheres with different process
parameterswere prepared by electrostatic spray method.The perparationtechnology of composite microspheres were optimized
by orthogonal experiment, and the best preparation conditions for uniform particle size and rounded morphology of micro-
spheres were been found. The morphology, structure and thermal properties of the composite microspheres were characterized
by scanning electron microscopy, X-ray diffraction, infrared spectroscopy, and thermogravimetry. The results show that the opti-
mum preparation conditions were as follows: solution concentration 7%, the content of F,,, to boron power 3.5%, the injection
rate 1 mL-h™" and the injection voltage 18 kV. The prepared nano-boron /F,,,, composite microspheres have good dispersion,
and the serious agglomeration of nano-boron powder is improved. The boric acid peak on the surface of boron nanoparticles did
not appear on the composite microspheres, indicating that the composite microspheres prepared by electrostatic spraying can ef-
fectively prevent the surface oxidation of boron nanoparticles. Compared with the raw boron powder, the weight gain of the
composite microspheres increased by 22.98%, and the reaction degree with oxygen was deeper, and the boron energy release
was more complete.

Key words: electrostatic-spray method;nano-B/F,,,;orthogonal experiment;composite microsphere
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