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Abstract: The nano-MnQO, was prepdred b Xl\ot ermal method, and then combined with Al nanoparticles using
*
ultrasonic mixing., forming supert ? /MnQOs,.
r

ffraction (XRD), transmission electron microscopy (TEM) and scanning elec-

Its physical phase, composition, morphology and structure
were characterized by X-ray powde
tron microscope-energy dispersive spectrometry (SEM-EDS). The differential scanning calorimetry (DSC) was em-
ployed to evaluate the compatibilities of the superthermite with HMX, RDX, NC, CL.-20 and NTO. The results
showed that the nano-MnQO, were rod-like structure. In the superthermite system, the globose nano-Al particles at-
tached to the surface of the nano-MnQO, evenly. The superthermite Al/MnQ, had good compatibility with NC. The
systems of Al/MnQ, with RDX and HMX was slightly sensitive, CL.-20 and NTO were judged to be incompatible.
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Fig.1 XRD patterns of nano-MnO, and
superthermite Al/MnQO,
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Fig.2 SEM images of nano-MnO; and, \
superthermite Al/MnO, \ *

18 16 14 12 10 0 2 4 6 8
Energy/keV
(a) 412kMnO,

1816 14 12 10 0 2 4 6 8
Energy/keV
(b) FZLFFFIAL/ MO,

B3 #k MnO, RBHEHF Al/MnO, B EDS B R
Fig. 3 EDS spectra of nano-MnQ, and
superthermite Al/MnO,
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Table 1 Evaluated standard of compatibility for explosive

and contacted materials
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Table 2 DSC data and compatible evaluation between superthermite Al/MnQ, and main components of propellant
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Al/MnO,-RDX 238.01 242.09 4.08 B

Al/MnO,-NC 209. 26 208. 37 —0.89 A
Al/MnO,-CL-20 242.95 250. 55 7.60 C
Al/MnO,-NTO 264. 64 276.69 12.05 C

% T HMX,RDX, CL-20 NTO K A 55 0 U5 1 T4 8 0 430 W 5L W R

FAB AT G TR A R 0 o i Ve IR R TR R 1
Fefik. i T HMX Fl RDX 43+ B A A [ 1 **’J%&
B G N—NO, F1 C— N A [a] B 1y 24 11
LB,

B % A i B IS %%I)ujﬂ/\ﬁ@ﬂl /MFNEE}\\
RDX

DSC i 31 5 i 0 57 Al/Mn() ig
AR 5 P A % 9 B TR o UK

CL-20 1y # 77 fifk 14 fE Lﬁﬁﬂﬁéﬁt(ﬁn HMX 1
RDX) A, N—NO, ¥ )5 5 75 %8 n] i 12
H iR R il 2 i, AT C— N A e b
Kt CL-20 #4453 fift S MR 7= 9 NO, 19 & & [
RDX st HMX #73 fit AR 7= ¥ 2 5 . CL-20 (1 #4
oy B N—NO, g5 28455 A8 58 #4050 AL/
MnO, J& . —J7 i » 41K MnO, %} CL-20 B3 it
AU MR AE s 5 — I gk ALK B A i

JiE, 5 CL-20 th N—NO, 8463255 7= 4 0
NO, %R T NO, By ¥ BE I e 98 N—
NO, [ i H 32, i H ih 45 A 5 R AR 1 2 AT
22T 52N R B R AR SO T CL-20 8 4% 5
G300 0 fif SUINE o DT A8 4 il 40k 82 E A7 3R B0 R A
2R AR T T 1) 8% 2l oy i 0 I R A R R I

B Al/MnO, 5 CL-20 48 1R & i &
AR AR PF O 2 G 09 Co NTO FEAR il i o HE oy fig

ML C—NO, H # 2 F ik & i, C— NO,
B2 32 BB AR I AR 2 BB AR ALY
MnO, G, K KREME T C— NO, 424 1 3% 1k g,

AR ARG 5 . BT A AL
HMX Fl RDX 78 #53 ff 1 72 N— NOy 32
JaFEAR T C— N #wr 24 10 i 22, fili \\/&EK X

R A HGR AL/MnO, 5 NTO B FH 2% 22, DSC
7%5 éflJ SR IR A R R B,

%53 L/£ HERAE R A D B A

{EHZ&%;&EA/E'T“ » B BN UL Y 5

/J‘rlisznzlz It DSC 5k ) W7 i 3 A A0 45

‘r JERRRL X E EAE i — P R

7 2 CAn 20 A0 63 1 . VST ﬁ%/i 24k ok &5
G VAL A A

3 &

(1) R FH7K $R3E il % A IR oK MinO, , AR 75
PRI S 9k AL OB A ) 5 B0 9ER B
Al/MnO, ,

(BRI Al/MnO, 5 NC 9 4 25 P &
45 HMX . RDX,CL-20 #1 NTO 58 2% 57 #55) Al/
MnO, Z 45 T Al/MnO, BEL1E . 88 &
A 2R 43 ik W YR EE R VL 1 B — 2 43 A e TR A AS )
FEBE 1Y 2 A0, 1 DSC & # Wik A Al/MnO, 5
HMX . RDX 5 ff sk, nl 4 B A , 5 CL-20 .NTO
TR Bl R

S0k

[1] Granier J J, Pantoya M L. Laser ignition of nanocom-
posite thermites [ J]. Combustion and Flame, 2004,
138(4) . 373-383.

[2] Prakash A, McCormick A V, Zachariah M R. Synthe-

sis and reactivity of a super-reactive metastable inter-

molecular composite formulation of Al/KMnO, []J].



36 X B % A %35 5% 6 M
Adv Mater, 2005, 17(7); 900-903. WU AR A AR LT ] B R TORE, 2011

[3] Valliappan S, Swiatkiewicz J, Puszynski J A. Reactiv- (11) . 23- 28, 34.
ity of aluminum nanopowders with metal oxides []J]. AN Ting, ZHAO Feng-qi, GAO Hong-xu, et al.
Powder Technology, 2005, 156(2-3); 164-169. Preparation of super thermites and their compatibilities

[4] Dreizin E L, Metal-based reactive nanomaterials[ ] ]. with DB propellants components [J]. Journal of Mate-
Progress in Energy and Combustion Science, 2009, 35 rials Engineering, 2011(11) . 23-28,34.

(2): 141-167. L1301 Xdn. & fear Bt 7 A LML db 5t [ B Tl iR

(5] 22, BRGE. Hanfa. 500G P91k & AE M kY ., 2008.

WFoE )], kKEZy 23, 2010, 33(3): 55 -62. LIU Zi-ru. Thermal Analyses for Energetic Materials
AN Ting, ZHAO Feng-qi, XIAO Li-bai. Progress of [M]. Beijing: National Defense Industry Press, 2008.
study on high activity nano-energetic materials [ ] . [14] ™R, 22200, BEMIR, 2. U IFIRE(TNAD)
Chinese Journal of Explosives and Propellants, 2010, S H M a1 s DSC s iE L)1, & aett kL,
33(3): 55-62. 2008, 16(3): 309-314.

[6] Siegert B, Comet M, Muller O, et al. Reduced- sensi- YAN Qi-long, LI Xiao-jiang, LIAO Lin-quan, et al.
tivity nanothermites containing manganese oxide filled Compatibility of trans-1, 4,5, 8-tetranitro-1, 4,5, 8-
carbon nanofibers[J]. J Phys Chem C, 2010, 114 tetraazadacalin (TNAD) with some propellant compo-
(46); 19562- 19568. nents evaluated by DSC method[ J]. Chinese Journal of

[7] Ivanov Y F, Osmonoliev M N, Sedoi V' S. Productions Energetic Materials, 2008, 16(3): 309- 314.
of ultra-fine powders and their use in high energetic [15] Oyumi Y, Brill T B. Thermal decomposition of ener-
compositions[ J]. Propellants, Explosives, Pyrotech- materials 14. Selective product distributions evi-
nics, 2003, 28(6): 319- 333. )5& qﬁt\ed in rapjd, real-time thermolysis of nitrate esters

[8] SFmEX, gk, ™E k., &, QV‘]*%E&F\:E%/ va &%ure% [J]. Combustion and Flame.,
7E B VA 30 390 o B O FH B 5 2 R D). Ak u%* D o 16.

B FM AR, 2012,10(1) : 60- 66,78. K m/l(ﬂﬂml Y, Brill T B. Thermal decomposition of ener-
QI Xiao-fei, ZHANG Xiao-hong, YA 1 ong, et al. getic materials 22. The contrasting effects of pressure
Research progress in applications of nano m on the high-rate thermolysis of 34 energetic compounds
their composites in solid propellants[ ] ieal Pro- [J]. Combustion and Flame, 1987,68(2): 209- 216.
pellants and Polymeric Materials, &‘Q‘zl) 60- L17] xF4m, X, J04 ¥, 4. RDX Hl HMX [ #%4) fif
66, 78. HL G UL . KHEZ 54, 2006, 29(4): 14- 18.

[9] Prakash A, Mccormick A V, Zachariah M R. Tuning LIU Zi-ru, LIU Yan, FAN Xi-ping, et al. Thermal
the reactivity of energetic nanoparticles by creation of a decomposition of RDX and HMX explosives Part III;
core-shell nanostructure[ J]. Nano Letters, 2005, 5 mechanism of thermal decomposition [ J]. Chinese
(7): 1357- 1360. Journal of Explosives and Propellants, 2006, 29(4):

[10] Bhattacharya S, Gao Y., Apperson S, et al. A novel 14- 18.
one-chip diagnostic method to measure burn rates of [18] Patil D G, Brill T B. Thermal decomposition of ener-
energetic materials[ J]. Journal of Energetic Materials, getic materials 53. Kinetics and mechanism of thermol-
2006,24(1); 1- 15. ysis of hexanitro hexaazaisowur tzitane[ J ]. Combus-

[11] Kuo K K, Risha G A, Evans B J, et al. Potential us- tion and Flame, 1991, 87(2); 145- 151.
age of energetic nano-sized powders for combustion and [19] Yeong-Ming Wang, Cheng Chen, Sheng-Tsair Lin.
rocket propulsion [ C]. Materials Research Society Theoretical studies of the NTO unimolecular decom-
Symposium, Boston: MA 2003, 800 243- 254. position[ J ]. Journal of Molecular Structure ( Theo-

(127 2z, BORUGE . m 2o, 45, 8 240 B0 A 1 o B H chem), 1999 (460): 79- 102.



