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Preparation of Sea Urchin-shaped Na @and Effect on Thermal

Decomposition )Ré p/gzﬁl

LIU Jian-bing', ZHAO Ning- HIMA Fen ﬁS G Ji-rong"?, MA Hai-xia'
(1. School of Chemical Engineering, wedt Universi Y\dn 10069, China;2. Science and Technology on

Combustion and Explosion Laborang Xi'an

3. Conservation Technology

Abstract: Sea urchin-shaped nanaﬁ\&%artlc es were synthesized using hydrothermal method. The phase

ticles were characterized using X-ray diffraction (XRD) and scanning electron

“hemistry Research Institute, Xi'an 710065, China;
rtment, the Palace Museum, Beijing 100009)

composition and structure of MnQ,
microscope-energy dispersive spectrometry (SEM-EDS). MnO,/CL-20 composites were prepared by grinding the
mixture of nano-MnQO, and CL-20 with the mass ratioof 1 : 2, 1 : 5 and 1 ¢ 9. The effect of nano-MnOQO, particles on
the thermal decomposition performance of CL-20 was studied by differential scanning calorimetry (DSC). The
results indicate that nano-MnQO), does not change the most probable mechanism function of the thermal decomposition
process of CL.-20. The thermal decomposition peak temperature of CL-20 significantly decreases with the addition of
nano-MnQO,. Compared with pure CL-20, the apparent activation energy of MnQ,/CL-20 mixture with different
mass ratios reduces, indicating that the sea urchin-shaped nano-MnQ, can accelerate the thermal decomposition of
CL-20.

Key words: physical chemistry; sea urchin-shaped nano-MnQO, ; CL-20; thermal decomposition mechanism
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Table 1 The kinetic parameters of CL.-20 and the MnQ, /CL-20 composites calculated by Kissinger and Ozawa

methods at different heating rates

/ E../ E./ E,/
B F T./C re T,/ C ‘ n lg(Ay /s rY
(C +min ") (k] » mol™") (kJ « mol™") (k] » mol™")
2.5 222. 36 234. 96
5.0 230. 40 242,52
7.5 234,77 247.50
CL-20 183.37  0.9989 187.60  0.9985  16.85 186.59  0.9986
10.0 238. 08 250. 41
12.5 240. 37 252. 46
15.0 241. 84 255. 79
2.5 217. 33 227.09
5.0 224.71 235. 17
MnO, /CL-20 7.5 229. 62 239. 67
170.56  0.9988 179.76  0.9995  16.32 179.01  0.9995
(1:2) 10.0 233. 87 242,54
12.5 235. 60 245. 80
15.0 237. 80 247. 81
2.5 217. 96 227. 34
5.0 225.79 235. 41
MnQ, /CL-20 7.5 230. 28 240, 04
173.59  0.9994 5\ 18 o. 9990 16. 25 178.47  0.9991
(1:5) 10.0 234. 24 242‘ >5&
12.5 236. 17 % \0 ()
15.0  238.34 }QLLE 7.94 *‘I\
2.5 218. 75 | \~
5.0 226. 68 ‘\\\ 6
MnQ, /CL-20 7.5 230. 58 240. 9
182. 85 \ 993 186.32  0.9996  16.97 185.27  0.9996
(1:9) 10.0 233.65 \Q‘ 243. 67
12.5  236.65 \(\\» 246.55
15.0 238. 21 248. 42
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Table 2 Thermal decomposition Kinetic parameters of CL.-20 and MnQ, /CL-20

y E./(k] » mol™") Lg(A/s™h)
ARG RIS g MnO, /CL-20 MnO, /CL-20
(C +min™") CL-20 CL-20
1:2 1:5 1:9 1:2 1:5 1:9
2.5 183. 22 170. 18 169. 90 190. 27 16.43 15. 35 15. 30 17. 44
5.0 194. 14 178.05 188. 74 195. 02 17.57 16. 19 17. 30 17.94
Mac 7.5 187.61 181.73 185.71 185.52 16. 88 16.57 16. 94 16.91
Callum-Tanner 10.0 189. 08 189. 46 184. 47 176.76 17.04 17. 38 16. 85 16.01
12.5 185. 74 176.53 172.58 181. 82 16.70 16.02 15.59 16. 54
15.0 175.71 179. 90 185. 83 181. 66 15.68 16. 38 16.97 16.51
2.5 181.17 168. 86 168. 60 187.83 16. 25 15. 24 15. 20 17. 22
5.0 191. 49 176. 29 186. 39 192. 31 17. 32 16.03 17.08 17. 84
7.5 185. 31 179.77 183.52 183. 34 16. 67 16. 40 16.76 16. 71
Satava-Sestak
10.0 186. 70 187.07 182. 35 175.07 16. 82 17.16 16. 66 16.01
12.5 183.55 174. 86 171.13 179. 85 16. 50 15. 89 15.47 16. 36
15.0 174.08 178. 04 183. 64 179.70 15.54 16. 21 16. 77 16.51
2.5 182. 11 169. 30 169. 05 189. 25 16. 35 15. 30 15. 26 17.37
5.0 192. 82 176.98 187.61 193.83 17.47 16.12 17. 21 17.84
7.5 186. 25 180. 56 184.52 184.3 16.78 16. 49 16. 88 16. 82
Agrawal \\
10.0 187.66 188.18 183. 24 17 .93 17.28 16. 76 15.93
S AN O
12.5 184. 30 175. 29 171. %xﬁ{o 2@ 15.94 15.51 16. 44
15.0 174,31 178. 60 180. ;N .08 16. 28 16. 86 16.41
2.5 181. 38 168. 4 .96 13.92 13.88 17.37
5.0 192. 25 176. kk 186 8 93 16. 06 14.73 15. 80 16. 42
7.5 185.76 17 183. 67 15.40 15.11 15.48 15.43
W 3 AR A3 vk
10.0 187.23 18 \Q 2.63 174.98 15.55 15. 89 15.37 14.56
12.5 183.92 17@‘ 170. 84 180. 02 15.22 14.58 14.16 15.07
15.0 173.96 17 184. 00 179. 86 14. 24 14.92 15.49 15. 04
2.5 182. 11 169. 98 169. 05 189. 25 16. 36 15. 30 15. 26 17.37
5.0 192. 82 176.98 187.61 193. 83 17. 47 16.12 17.21 17. 84
. 5 186. 25 180. 56 184.52 184. 32 16.78 16. 49 16. 88 16. 83
R )

10.0 187. 66 188.18 183. 24 175.57 16.93 17. 28 16.76 15.93
12.5 184. 30 175. 29 171. 39 180. 56 16.59 15.94 15.51 16. 44
15.0 174. 31 178. 60 184.51 180. 35 15.58 16. 28 16. 87 1641
SEHE 184.57 178.12 179.99 183.90 16. 34 15. 96 16. 14 16.53

WA 2 oA, 3 F MnO,/CL20 BREWA [—In(l—) 177, ¥ Bk n] JUHLIE R B 5 X
CL-20 1y #4J7 fiff B 1 38 A 7] — > de ] JL AL 3 oF %8 () S8 2 v B SR A5 X0 I 1 ~F- 408 E, F A 172
YR BENL S FBE G A K B e T UL B R B AR A T i da/dt =Af (@) exp(—E/RT) . 1%
=1/3 ) Avrami-Erofeev J7 #1420 G(a) = By IR 3,
[—=In(1—a) ]V S A 9 353 R f () =3 (1 —a)

%3 CL-20 1 MnO,/CL20 REMWE hFEFH=E

Table 3 Kinetic equations of CL.-20 and the three composites

B m(MnQO,) + m(CL-20) E,/(k] » mol™") lg(A/s 1) da/dt

CL-20 0:10 184, 57 16. 34 1016. 82(1—a) [ —In(1—a) ] exp(—22199. 90/ T)
MnO, /CL-20 1:2 178.12 15. 96 1016, 44(1—a) [ —In(1—a) 1" exp(—21424.10/T)
MnO, /CL-20 1:5 179. 64 16. 05 1016. 53(1*0{)[*111(I*a)]“exp(*21606. 92/T)
MnO, /CL-20 1:9 183. 90 16.53 1017. 011 —a) [—In(1—a) I  exp(—22119. 32/T)




24 KO #

¥

#38EF 2 H

H 2 3 AI AL 7E 3 F MnO, /CL-20 IR &G ¥,
CL-20 f#44 i HLIR B A 2048 . 4 MnO, 5 CL-20
R 12,15 H 1 9 WL 1RSI B
WL IE AL RE 4> R 178.12.179. 99 1 183. 90 kJ /mol,
4 CL-20(184. 57 kJ /mol) 43 BIKEAR 6. 45.4. 93 FI
0.67kJ/mol. [ Itk MnO, 1] DL &Ik CL-20 #3% 1k
Al Xt A e B — i AR VR

3 & it

CU)FI K 32 4 i T 8 BEDIR 499 K MnO), » 3 %t
HY MRS Sk f7 T £ AE. H DSC #5344
K MnO, HIIA AR 2B CL-20 #4070 il 1k 5 10

ALJLALRE PR %R
(2)MnO, /CL-20 {i 45 ¥y 19 $4 73 fife W6 3L 1 3 0L
WAL AE 4l CL-20 #5432 5 1 F%fﬁﬁ, =W

MnO, xf CL-20 By i B A e 2EE T .

S 3K

(1] BRATH, X0 @03k, 49K bR RL 22 50
FOH R, 2006,
CHEN Jing-zhong, LIU Jian-hong.

Introduc i
Nano-materials Science[ M ]. Bel]mg H
tion Press,2006.

(2] SR, ARRE. GUKAEHRGIKS ?F'J M] i\

2 WAL . 2001,
ZHANG Li-de, MOU Ji-mei. Nanorhﬁ\&XaQnd Nanost-
ructures| M|. Beijing: Science Press, 2001.

(3] sRMok X235 2 RUAE. & 9k p kR & BF 58 (T
[JJ. kK224 4R .2000,23(1) ; 58-61.
ZHANG Ru-bing, LIU Hong-ying, LI Feng-sheng.
Preparation of composite nanometer-sized particle( [[ )
[J]. Chinese Journal of Explosives and Propellants,
2003,23(1): 58-61.

[4] Jiang Z, Li S F, Zhao F Q, et al.

combustion properties of propellants with low content

Research on the

of nano metal powders[ J]. Propellants, Explosives,
Pyrotechnices, 2006, 31(2):139-147.

[5] Prakash A, McCormick A V, Zachariah M R. Aero-
sol-gel synthesis of nanoporous iron-oxide particles; a
potential oxidizer for nanoenergetic materials [ J J.
Chem Mater, 2004, 16:1466-1471.

[6] Plantier K B, Pantoya M L, Gash A E. Combustion
wave speeds of nanocomposite Al/ Fe,O;: the effects
of Fe, O, particle synthesis technique [ J]. Combustion
and Flame, 2005, 140.:299-309.

[7] Said A A. Thermal decomposition of ammonium meta-
vanadate doped with Fe, Co or Ni hydroxides[]J].
Thermal Analysis, 1991,37:849-860.

[8]

[9]

[10]

[11]

[12]

3@4 62(1

Shen S M, Chen SL, Wu B H. The thermal decompo-
sition of ammonium perchlorate ( AP) containing a
burning-rate modifier [ J ]. Thermochim Acta, 1993,
223:135-143.
Kishore K, Sunitha M R. Effect of transition metal
oxides on decomposition and deflagration of composite
solid propellant systems: a survey[J]. AIAA Journal,
1979 ,17(10):1118-1129.
Yang Y, Li F S, Liu HY, et al. Catalysis of nanome-
ter a-Fe, O; on the thermal decomposition of AP[J].
Journal of China Ordnance Society, 2005:169-172.
i.)'( HSHE 53, AR 5L oK A Bk 1 ) A B R
FRREH ML ERTLT ] K222 4R, 2008, 31

(5): 69-72.
ZHAO Wen-zhong, ZHENG Han-yong. LIN Bi-liang,
et al. Preparation of iron oxide nanoparticles and its
catalysis on fuel with high metallic content[J]. Chi-
nese Journal of Explosives and Propellants, 2008, 31
(5): 69-72.

M AR R R DU S5 91K Fe, O,/ R SR B I
ﬁ?ﬂ’]%‘] N H R R R ar o )] A= 2 ik,

52-1255
ye, LI Feng-sheng, CHEN Ai-si, et al.

@%tlon and thermal decomposition behavior of

[13]

[14]

[15]

[16]

Fez();/ammomum perchlorate composite nanoparticles
[J]. Acta Chimica Sinica, 2004, 62(13):1252-1255.
TR, 2R KA B 25 K Fe, O Bl 45 KX 8
ARGy fr v AL PERE LT D, i fk 27 4k, 2003, 24
(10) :795-798.

MA Zhen-ye, LI Feng-sheng,CUI Ping,et al. Prepara-
tion of nanometer sized Fe,O; and its catalytic per-
formance for ammonium perchlorate decomposition
[J]. Chinese Journal of Catalysis, 2003, 24 (10):
795-798.

MaZ Y. LiF S, Bai H P. Effect of Fe,; O, in Fe, O,/
AP composite particles on thermal decomposition of
AP and on burning rate of the composite propellant
[J]. Propellants, Explosives, Pyrotechnices, 2006, 31
(6):447-451.

Ma Z Y. Li F'S, Chen A S. Preparation and thermal
decomposition behavior of TMOs/AP composite nano-
particle{ﬂ Nanoscience, 2006,11(2):142-145.

R X0 Gt BR L S 98K S B A i A B X I i
%ﬂﬁﬁ@%ﬂﬁﬁﬂi MW IE LT, KM 222 4R, 2002, 23
(3): 51-52.
XU Hong, LIU Jian-hong, CHEN Pei, et al. Synthesis
and effect of nanometer-sized ferric oxide on catalyzing
decomposition of absorbent powder[ J]. Chinese Journal of

Explosive and Propellants, 2002,23(3): 51-52.
(T 4% 34 )



34

K #HF

iid

#38EF 2 H

[15]

[16]

[17]

(18]

[19]

[20]

(L% 24 )

[17]

[18]

[19]

gies, 2011, 4(1).185-214.
Ernst-Christian Koch. Special materials in pyrotech-
nics: [lI. Application of lithium and its compounds in
energetic systems[ J]. Propellants, Explosives, Pyro-
technics, 2004, 29(2) :67-80.

Li Chuang, Zhou Dianwu, Peng Ping, et al. First-
principles calculation on dehydrogenating properties of
LiBH,-X (X=0, F, CD) systems[J]. Acta Chimica
Sinica, 2012,70(1) .71-77.

Schlapbach L, Zuttel A. Hydrogen storage materials
for mobile application[ J]. Journal of Nature, 2001,
414 . 353-358.

AR, REWHTEMRE MR ID]. m et m o 8l
T K2E, 2009.

FE L #A R Tk 4. BRI ADN I GRALELLT ], ok
FEZ5 4R, 2014, 37(1): 86-90.

WANG Jing-na, HU Lan, ZHANG Gao, et al. Hy-
droscopic mechanism of spherical ADN[]]. Chinese
Journal of Explosives and Propellants, 2014, 37(1):
86-90.
HRe e gt . B RS, TN J% IR 10 X IR o M A A 1Y S
WALJ]. K KEZ2E 4R . 2010, 33(2): 19-21.
MEI Zhen-hua. QIAN Hua. Lii Chun-xu, Eff)}g‘t

DL, X = €22/, % HNIW H e
PEEEmraT )], K HEZy 4k, 2001, 2

AN Hong-mei, LIU Yun-fei, LI Xiao-meng, et al.

1@;& P

Study of combustion property of HNIW monopropel-
lant[ J]. Chinese Journal of Explosives and Propel-
lants, 2001,24(1) .:36-37.

LM X = K EEF. % 4R A Yx HNIW 5
T HE AR BE B AL BT 2 [T ], KOHE 25 2 4L 2000, 23
(4).27-28.

AN Hong-mei, LIU Yun-fei, LI Yu-ping, et al. Study
on catalytic combustion of HNIW monopropellant by
metal oxide [ J]. Chinese Journal of Explosives and
Propellants, 2000,23(4) :27-28.

SRAS RN AR E SC. HNIW [ gk pe bk e oz 0], 1
1 KA H A 52004,27(3) :190-192.
ZHANG Jie, YANG Rong-jie, ZOU Yan-wen. A
study on combustion properties of hexanitrohexaazai-

sowurtzitae [ J]. Journal of Solid Rocket Technology,
2004,27(3) :190-192.

[21]

[22]

[23]

[24]

[25]

crylic potassium salt polymer on the phase stabilization
of ammonium nitrate[ J ]. Chinese Journal of Explo-
sives and Propellants, 2010, 33(1): 19-21.

Marosi G, Ravadits 1. Role of migration process in the
efficiency of intumescent flame retardant additives in
polypropylene [ J ]. Fire Retardancy of Polymers,
2000.2: 325

Cui Qingzhong, Jiao Qingjie, Ren Hui. et al. Study
on Moisture-Resistant Black Powder [ J]. Chinese
Journal of Energetic Materials,2007,15(2) :114-117.
Lang K, Sourirajan S, Matsuura T, et al. A study on
the preparation of polyvinyl alcohol thin-film composite
membranes and reverse osmosis testing[ J] . Desalina-
tion, 1996 ,104 . 185- 196.

Reed Blau. Low humidity uptake solid pyrotechnic
compositions and methods for making the same. US,
0148541 A1[P]. 2002.

Hussain G, Rees G J. Combust ion of black powder,

Part IV: Effect of carbon and other parameters[]J] .

@ellams, Explosives, Pyrotechnics, 1992, 17
S XV, c®

[20]

[21]

[22]

[23]

26]
X\’IB

Je $ tlliam C. Method of encapsulation of lithium
g,\ ydride: US, 3070469 P]. 1962.

Ding Y S, Shen X F, Sitham B S, et al. Synthesis and
catalytic activity of cryptomelane-type manganese diox-
ide nanomaterials produced by a novel solvent-free
method[ J]. Chem Mater, 2005,17:5382-5389.
TTCHE , . FIR L 55, W IH BROE R 91 K 4 1 MO,
fil s kB R ARFEL] PEA 6 S8R,
2008,18(1):113-117.

QI Shu-yan, FENG Jing, YAN Jun, et al. Hydrother-
mal synthesis and supercapacitor properties of urchin
sphere and nanowire MnO, [ J]. The Chinese Journal of
Nonferrous Metals, 2008, 18(1). 113-117.

Wang N, Pang H T, Peng H R, et al. Hydrothermal
synthesis and of MnO,
nanostructures| J ]. Cryst Res Technol, 2009, 44 (11)
1230-1234.

EAORAR . i ERL L R B A BT g ) 2 (M. OB
TR0 deat B2 A 20081 151-159.

HU Rong-zu, GAO Sheng-li, ZHAO Feng-qi, et al.
Thermal Analysis Kinetics{ M. (2nd). Beijing: Sci-
ence Press, 2008:151-159.

electrochemical properties



