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T 22 BG4 KWKy (n-B) , i 7 KL 42 50~80 nm, B
P T A BRA A SRR (NC) , & B 12%, 1175 2% 22
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Fig.1 Diagram of coaxial electrostatic spinning device
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Fig.2 SEM pictures of n-B/NC spinning products with different solution mass fractions
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Fig.3 SEM and diameter distribution of n-B/NC/F,,,, under different mass fractions of shell solutions
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Fig.4 SEM and diameter distribution of n-B/NC/F,,, at different spinning voltage
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Fig.6 SEM and diameter distribution of n-B/NC/F,,,, under different shell flow rates
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Fig.7 SEM and diameter distribution of n-B/NC and n-B/NC/F,,,, nanofibers.
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Fig. 11 combustion flame diagram: (a—b) n-B/NC combus-

tion flame, (c—d)n-B/NC/F,,, combustion flame
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Fig.12 combustion pressure curves of two samples
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Table 1

volume combustion of two samples

Peak pressure and supercharging rate of constant

samples Prax/ MPa pressurization rate/MPa-s™'
n-B/NC-1 0.31 0.19
n-B/NC-2 0.28 0.17
n-B/NC-3 0.33 0.22
n-B/NC/F -1 0.45 0.38
n-B/NC/F, -2 0.51 0.61
n-B/NC/F,,,,-3 0.49 0.34
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Fig.13 combustion products and their molar ratios
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Table 2 Energy performance of samples

energy performance

sample I, Cc* M T.
/(N-s/kg) /m-s™" /g-mol™ /K

n-B(9.09%)/NC(90.91%)
n-B(3.64%)/NC36.4%)F, . (60%) 1840.4

2602

2379.6 1439.5 24.8 2466.1

1150.4 29.0 1947.1

4 4

AW 5838 1 R YK B/NC/F, 0, WUZ 75 BE LT 4 1Y
il & SR RE R B9 IS B 458 0 F .

(TR 5 NC I Fq,, 7 5l #5 1 27 22, il 55 T
N-B/NC/F,0, AL 4t P B HAR N 1.32 pm, £ 45 15
5] R BAF 53 BT NCIF W, kst 1 e

Chinese Journal of Energetic Materials, Vol.31, No.12, 2023 (1214-1223)

VAGE S8 I

(2) B AE n-B/NC/F,q,, 1 384 F 1L SR By 1
£ 43.43% , I AE n-B/NC/F,q,, A0 05 3 HE J50R} B
3 B U TR B AIR 41 °C, X2 &5 F) (i 45 4 oK 0 K BE 8 4 119
7 FH T 4 R el

(3)n-B/NC/F,, W2 £F 4 - 254K 5 & T He B2 &7
4k 75 0.17 MPa; n-B/NC/F, ., BUJZ £ 4 5 2 16 [ 3 R
B LR 2T 4R 0.25 MPa-s™'. HoA W2 40 78 45 1 1Y
N-B/NC/F 0, 7% 5C £F 4t R B 0 5 1 R Be M e o

5% 3k

(1] BB, ZEH A, l— . AR Bl A o b e JHG X 94 /7 AR A 44 K 27

FERFEML) ] KIEZ5°24), 2016, 39(2): 27-31.
HONG Ying, LI Yan-chun, CHENG Yi. Modification of boron
nanoparticles and its effect on boron/nitrocellulose nanofibers
[J]. Chinese Journal of Explosives & Propellants, 2016, 39
(2): 27-31.

[2] WANG Y, XU J, SHEN Y ,et al. Fabrication of energetic alumi-
num core/hydrophobic shell nanofibers via coaxial electrospin-
ningl)].Chemical Engineering Journal, 2021, 427(3): 132001.

(3] FEAr. Gl o mr 0] Ay etk B 7 & Re AR A AT D 1.
At WAt TR, 2013,

YAN Shi. Modification of micro nano aluminum and boron
combustible agents and their application in energetic materials
[D]. Nanjing:Nanjing University of Technology, 2013.

(4] AEWET, BRETT, 04,55 . Ak 5 G BB AR BF 50 E J
[J]. &fiF#t, 2013(05): 80-83.

REN Xiao-xue, CHEN Chun-fang, FAN Xi-ping, et al. Progress
in Research on Nanoenergetic Materials Technology Abroad
[J]. Aerodynamic Missile Journal, 2013(05): 80—83.

(5] #AEL, T%, TWHE,% . NC/GAPE/CL-20 ¥ BB & £F 4k Ay s

Yi el WoE)]. KL, 2021(5): 47-51.
ZHAI Wei, WANG Yi, WANG Ya-na, et al. Study on the NC/
GAPE/CL-20 energetic composite fiber prepared by electro
spinning technology [J]. Initiators Pyrotechnics, 2021 (5) :
47-51.

(6] #ije, AR A M, £330/, 5. &GO MK NC R4 1Y i %

[, K HEZy24, 2011, 34(2): 77-79+83.
XIE Long, SHAO Zi-giang, WANG Wen-jun, et al. Prepara-
tion of aluminum nanoparticles/nitrocellulose nanofibers [].
Chinese Journal of Explosives & Propellants, 2011, 34(2) :
77=79+83.

(7] Eft, Pis %, LRI . HOKRMIAL L 42 00 & K RERIEL) ]
FrEERRE, 2012, 20(2): 167-171.

XIA Min, LUO Yun-jun, HUA Yi-long. Preparation and char-
acterization of nitrocellulose nano-fibers[)]. Chinese Journal of
Energetic Materials( Hanneng Cailiao),2012,20(2): 167-171.

(8] #herty, 25, /% 5 . RDX/NC QUK 4 25 4 i i 45 Btk
fE[)]. K HEZ5 %4, 2012, 35(6): 28-31.

XU Hong-mei, LI Rui, JIANG Xiao-jun, et al. Preparation and
properties of nano-composite fiber RDX/NC[]J]. Chinese jour-
nal of Explosives & Propellants, 2012, 35(6): 28-31.

(9] wofLAfL . [l v 2 22 36 ) S R -7C S AR T 4R ()] LI 24 B
FACAARRIEM) , 2022, 37(2): 23-26.

HUANG Shi-yin. Fabrication of shell-core composite nano-
tubes coaxial electrospinning[J]. Journal of Jiujiang University
(Philosophy and Social Science Edition),2022,37(2): 23-26.

Sttt

www.energetic-materials.org.cn



Y4 K B/NC/F, , W2 75 B 25 4k 9 ) 4% K H b B 1223

[10] RAMERE, Ju/NF, X, 45 . [R]fls v 27 58 e 5l /2% &0 B ok properties of F,.,/GAP/CL-20 energetic fibers with high ener-
L1 YRR 5 B PERE ()] 2 TR, 2023, 44(1): 14-22. gy and low sensitivity prepared by the electrospinning method
ZHU Ya-ting, FAN Xiao-ping, LIU Yuan, et al. Preparation [J]. ACS Omega. DOI: 10.1021/acsomega.0c01043.
and properties of sacha inchi oil/polyvinyl alcohol nanofibrous [17] P, T8, X s, 45 . 3D MR F L 2 NC/GAP/nano-TATB
membrane by coaxial electrospinnin [J]. Packaging Engineer- 2F Y i RAE B AL A RE (eSO [)]. W REA EL, 2020, 28(9):
ing, 2023, 44(1): 14-22. 925-935.

[11] HE W, LI Z H, CHEN S, et al. Energetic metastable LUO Ting-ting, WANG Yi, LIU Li-xia, et al. Characterization
n-Al@PVDF/EMOF composite nanofibers with improved com- and thermochemical properties of 3D mesh electrospun NC/
bustion performances [J]. Chemical Engineering Journal, GAP/nano TATB fibers[J]. Energetic Materials, 2020, 28(9) :
2019, 41: 123146. 925-935.

[12] P sl . NC/GAP L ROk &2 4 & B 25 2k (9 1 % K 1 RE 0F 5 (18] A&, K, X4 . 2522 T2 # 95 PIMA-AA) £F 488 557 I
[D]. K Hrdeks, 2020. HASKIE )L R ATIMAL T2 B 244, 2014, 24(4): 11-15.
LUO Ting-ting. Preparation and properties of NC/GAP based ZHOU Lei, LI Chang-long, LIU Xin-hua. Effect of spinning pa-
submicron composite energetic fibers[ D]. Taiyuan: North Uni- rameters on morphology and diameter of electrospun P (MA-
versity of China, 2020. AA) Fibers[]]. Journal of Guangdong University of Petrochemi-

(13] XUFGLT, F 4, B, 55 . PVDF Hhas 4 K 21 4 1 i 4 S L1 2 cal Technology. 2014, 24(4): 11-15.

AL PERERT ST () ], KRB T2 244, 2022, 53(1): 36-43. [19] Wit , (E1E, PRLL, % . Wi 2522 L% R e R 90K
LIU Rui-hong, ZHOU Quan, YANG Fan, et al. Preparation of ICH B AR W) ] A L4 Tl 2016, 39(1): 31-34.
PVDF hollow nanofibers and study on their immobilized en- ZANG Chuan-feng, REN Yu, LIN Hong, et al. Effect of elec-
zyme properties[)]. Journal of Taiyuan University of Technolo- trospinning process on morphology and diameter of cellulose
gy, 2022,53(1): 36-43. diacetate nanofiber[J]. China Synthetic Fiber Industry, 2016,

[14] BAYKARA T, TAYLAN G. Coaxial electrospinning of PVA/Ni- 39(1): 31-34.
gella seed oil nanofibers: Processingand morphological charac- [20] RUIL I, HONGMEI X U, HAILONG H U. Microstructured Al/
terization[J]. Materials Science and Engineering B, 2021, 265 Fe,O,/NITROCELLULOSE ENERGETIC FIBERS REALIZED BY
(2): 115012, ELectrospinning[}]. [ 2023-07-06].

(151 Ji 4 T i 2 22 0 3R e 41 208 e 0 A 2T A4 2 01 ) 6 B FC A R T [21] VESE, Wakfh, FI0, 55 . 250 45K (1 AI/PTFE 5 52 7 b4 R 51
FL[D). AHE LR R, 2022. KSR BerEREL) . S RER KL, 2022, 30(9): 877-885.

ZHOU Fei. Preparation and performance study of coaxial load- WANG Xin, ZHENG Da-wei, ZHOU Xu, et al. Construction
ed curcumin antioxidant sustained-release nanofiber mem- and combustion performance of AV/PTFE based reactive mate-
brane[ D]. Heifei: Anhui Agricultural University, 2022 rials with hollow structure[J]. Chinese Journal of Energetic Ma-

[16] SONG X, GUO K, WANG Y, et al. Characterization and terials( Hanneng Cailiao), 2022, 30(9): 877-885.

Preparation and Properties of Nano B/NC/F,,, Double-layer Energetic Fibers

PENG Hao', SONG Xiao-lan', WANG Yi’, CHENG Zhi-peng’, AN Chong-wei'

(1. School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China; 2. School of Materials Science and 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 s Huaian 223300, China)

Abstract: In order to improve the dispersibility and energy output of nano-boron powder, n-B/NC/F,,,, core-shell nanofibers
were prepared by coaxial electrospinning method. The morphology of the samples prepared with different core solution mass
fraction, shell solution mass fraction, working voltage, distance from needle to collector and injection rate were analyzed by
scanning electron microscope (SEM) , and the optimum preparation conditions were explored. Scanning electron microscope
(SEM), X-ray photoelectron spectrometer(XPS) and infrared spectrometer (IR) were used to analyze the morphology of the sam -
ples prepared under the best preparation conditions. The combustion performance test, thermodynamic simulation and DSC-TG
were used to analyze the combustion performance. The results show that the optimum preparation conditions is 15% of the core
layer solution, shell solution mass fraction 15%, working voltage 16 kV, distance between needle and collector 12 cm, core
flow rate 3.6 mL-h™", shell flow rate 6 mL-h™". The average diameter of the spinning product was 1.32 pm. The combustion perfor-
mance test shows that the highest peak of combustion pressure is 0.51 MPa, and the average pressure boost rate is 0.61 MPa-s™',
showing excellent combustion performance. Thermodynamic simulation showed that the average molecular weight of the prod-
uct was 29 g-mol™', and the combustion was sufficient. DSC-TG showed that the weight gain of boron in n-B/NC/F,, was
43.43% more than that of the original boron powder, and the peak exothermic temperature of boron in n-B/NC/F,,,, was 41 °C low-
er than that of the original boron powder. The coaxial electrospinning method could better optimize the nanostructure of the fibers.
Key words: nano-boron powder; coaxial electrostatic spinning; optimal preparation conditions; morphology analysis; Perfor-
mance analysis;nanostructure
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