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Fig. 1 The SEM images of Ta-Fe and nitramine explosives
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Fig. 2 The particle size distribution curves of Ta-Fe and nitramine explosives
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Fig. 3 The SEM images of Ta-Fe/nitramine explosive com-
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F1 RFETHEERE T CL-20 JFUE I Ta-Fe/CL-20 & 4 IR 9 #43h 1% 24
Table 1 Thermodynamic parameters of CL-20 and Ta-Fe/CL-20 composite microspheres at different heating rates
E,/kj-mol™! Ig(A/s™) R
sample B/C-min”" T /K
Kissinger Ozawa Kissinger Kissinger Ozawa
5 519.85
10 530.15
raw CL-20 178.0 177.6 15.68 —-0.9925 —-0.9932
15 534.55
25 539.25
5 505.55
Ta-Fe/CL-20 10 512.95
. ) 168.4 168.3 15.24 -0.9974 -0.9977
composite microspheres 15 518.55
20 522.75
5 509.65
10 517.45
raw RDX 188.5 187.4 17.18 -0.9987 -0.9988
15 521.45
20 525.55
5 503.55
Ta-Fe/RDX 10 509.25
. . 189.3 188.1 17.55 -0.9744 -0.9765
composite microspheres 15 512.65
20 518.95
5 562.35
10 568.35
raw HMX 244.6 241.6 20.64 -0.9838 —-0.9850
15 571.85
20 577.35
5 551.55
Ta-Fe/HMX 10 556.85
. ) 247.5 244.2 21.38 —-0.9898 —-0.9905
composite microspheres 15 561.35
20 565.55

149 53 fifk T30 A U 11 DA DA 257.0 CRE I & 239.8 °C, i
WRCRAE =& W X .

(3) 8 75 W§ 25 + 8 1k il & 1) — Fh Ta-Fe/CL-20,

Ta-Fe/RDX . Ta-Fe/HMX & & 1 Bk 18 1k 500 10 W £ T
Y BIR A, 2 W 7 W8 25 1 4 1 A T AR i 0 5] B B R
il & TR IRA I AN AT 5 .

SE Nk

[1]

[2]

[3]

[4]

Rastogi R P, Kishore K. Polymers as fuel binders in composite
solid propellants [J]. Journal of Scientific & Industrial Re-
search, 1973, 32: 279-299.

VE % B, BN L TR R 7 BOR i Q)87 5 & () ).
&}, 2015, 23(1): 3-6.

PANG Ai-min, LI Xiao-ping. Innovation and development law

HREM

of solid propellant technology[]]. Chinese Journal of Energetic
Materials( Hanneng Cailiao), 2015, 23(1): 3-6.

Jain S R. Solid propellant binders[J]. Journal of Scientific & In-
dustrial Research, 2002, 61(11): 899-911.

Talawar M B, Sivabalan R, Anniyappan M, et al. Emerging

trends in advanced high energy materials[J]. Combustion Ex-

CHINESE JOURNAL OF ENERGETIC MATERIALS

—
Nl
—

S

plosion and Shock Waves, 2007, 43(1): 62-72.

i, ORGR L 4R 130, AL T A0 e R % BE B RE CL-20 FE [
PRI g B W SEL) ). A3, 2002, 2(2): 57-60.
CHEN Pei, ZHAO Feng-qi, LI Shang-wen, et al. Application
of high energy density materials CL-20 in solid propellants
abroad[]J]. Winged Missiles Journal, 2002, 2(2): 57-60.
R, KRB, RO, A 005 WUk 7 [ KR % 3 LT
NEPE % A% 3 4fk 8 70 iy BR B )], [l A K /FH R, 2018, 41
(1): 47-52.

DALl Zhi-gao, SONG Qin, WU Jing-han, et al. Combustion
property of low burning rate of NEPE propellant applied to sin-
gle chamber dual thrust rocket motor[)]. Journal of Solid Rock-
et Technology, 2018, 41(1): 47-52.

Ge H, Shen L, Gu H, et al. Effect of co-precipitation and im-
pregnation on K - decorated Fe,O,/Al,O; oxygen carrier in
chemical looping combustion of bituminous coal[]].Chemical
Engineering Journal, 2015, 262: 1065—1076.

Wang Y, Xia X, Zhu J, et al. Catalytic activity of nanometer-
sized Cuo/Fe,O, on thermal decomposition of AP and combus-
tion of AP-based propellant[)]. Combustion Science and Tech-
nology, 2010, 183(2): 154-162.

LA, B, BEZ R, % . GAP/CL-20 i fil [ A 4 i 700 308 be
RERZM R 2 ()], AR KR, 2017, 40(5): 592-595.

2020 4% F 284 H 24 (145-150)



150 B AR KT L KBl
ZHOU Xiao-yang, TANG Gen, PANG Ai-min, et al. Study on (1): 50-55.
combustion performances of GAP/CL-20 high-energy solid pro- [16] Zhao W Y, Zhang T L, Zhang L N, et al. Large-scale produc-
pellants [J]. Journal of Solid Rocket Technology, 2017, 40 tion of (2,4-DHB)nM micro-nano sphere by spray drying and
(5): 592-595. their application as catalysts for ammonium perchlorate [J].
[10] RIWAh, BRI, PIa e, 5. CL-20 e 52 1 e M BURE e 9 710 11 Journal of Scientific & Industrial Research, 2016, 38: 73-81.
Phbettre)]. KHFEZ2EH, 2012, 35(1): 52-54. [17] Zhao W, Zhang T, Song N, et, al. Assembly of composites in-
SONG Zhen-wei, LI Xiao-jiang, YAN Qi-long, et al. Combus- to a core-shell structure using ultrasonic spray drying and cata-
tion properties of cross-linking modified double-base propel- lytic application in the thermal decomposition of ammonium
lant with CL-20[])]. Chinese Journal of Explosives and Propel- perchlorate[J]. Royal Society of Chemistry Advances, 2016, 6
lants, 2012, 35(1): 52-54. (75): 71223-71231.
(1] SRS, 200, AR, A5 . RDXORL I X sl XU #f 2F 70 4 RE 52 [18] Song N'M, Yang Li. Catalytic study on thermal decomposition
ma[)]. & ReR R, 2007, 15(3): 220-223. of Cu-en/(AP, CL-20, RDX and HMX) composite micro-
JIAO Qing-jie, LI Jiang-cun, REN Hui, et al. Effects of RDX spheres prepared by spray drying[J]. Royal Society of Chemis-
particle size on properties of CMDB propellant [J]. Chinese try, 2018, 42(23): 19062-19069.
Journal of Energetic Materials (Hanneng Cailiao) , 2007, 15 [19] Song N'M, LiuJ C, Zhang G Y, et al. Catalytic action of sub-
(3): 220-223. micron spherical Ta/Ph-Fe on combustion of AP/HTPB[]J]. Pro-
[12] Dreizin E L. Metal-based reactive nanomaterials[J]. Progress in pellant, Explosives, Pyrotechnics, 2018, 43(7): 637-641.
Energy & Combustion Science, 2009, 35(2): 141-167. [20] mides, EVFJr, X0 R, 45 . B R Ay )tk 1 2 o itk R LA A
[13] Survase D V, Gupta M, Asthana S N. The effects of Nd,O, on g FAAFSEL)]. FaER kL, 2004, 12(21): 197-200.
thermal and ballistic properties of ammonium perchlorate Nan Huan-jie, Wang Xu-li, Liu Suo-en, et al. Modify the tech-
(AP) based composite propellants [J]. Progress in Crystal nology of lead tannin and study to propellant[)]. Chinese Jour-
Growth & Characterization Mater, 2002, 45(1-2): 161-165. nal of Energetic Materials(Hanneng Cailiao) , 2004, 12(z1):
[14] Tersoff ). New empirical model for the structural properties of 197-200.
siliconlJ]. Physical Review Letters, 1986, 56(6): 632-635. [21] Ozawa T. Estimation of activation energy by isoconversion
[15] Kohga M. Burning characteristics of AP/HTPB composite pro- methods[]]. Thermochimica Acta, 1992, 203(2): 159-165.

pellants prepared with fine porous or fine hollow ammonium

perchlorate[J]. Propellants Explosives Pyrotechnics, 2010, 31

Kissinger H E. Reaction kinetics in differential thermal analysis
[J]. Analytical Chemistry, 1957, 29(11): 1702-1706.

Preparation and Catalytic Properties of Submicron Iron Tannate /Nitramine Explosive Composite

Microspheres from Spray Drying Process

YANG Li', LI Hong-run', SONG Nai-meng'*, LIU Jian-chao'
(1. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology,Beijing 100081, Chinas; 2. School of Aerospace and Architectural
Engineering, Haerbin 150001, China)

Abstract: In order to study the effect of iron tannate catalyst on thermal decomposition properties of common components in sol-
id propellants, three submicron composite microspheres,tannic acid and iron (Ta-Fe)/ hexanitrohexaazaisowurtzitane (CL-20),
Ta-Fe/ cyclotrimethylenetrinitramine (RDX) and Ta-Fe/ cyclotetramethylene tetranitramine (HMX), were prepared by ultrasonic
spray drying. The morphology, particle size and composition of these composites were characterized by SEM and granulometer
analyser. The effect of Ta-Fe on the thermal decomposition catalytic properties and kinetic parameters of CL-20, RDX and HMX
were studied by differential scanning caloriometry (DSC). Results show that Ta-Fe distributes evenly with spherical particles and
good dispersibility, and the particle size distribution range is 500-1000 nm. Ta-Fe effectively promotes the thermal decomposi-
tion of CL-20, RDX and HMX, whose peak thermal decomposition temperatures decrease by 17.2,8.2 °C and 11.5 °C, respec-
tively. Especially, Ta-Fe/CL-20 has the best catalytic effect, whose activation energy is 9.6 kJ-mol™ lower than raw CL-20.

Key words: hexanitrohexaazaisowurtzitane (CL-20) ; cyclotrimethylenetrinitramine (RDX) ; cyclotetramethylenetetranitramine
(HMX) siron tannate (Ta-Fe) ;composite microspheres;thermal decomposition;catalytic performance
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