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Fig.1 SEM image of porous and raw HMX
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Table 1 Pore structure parameters of porous and raw HMX
sample speszlc f]urface area mean pore size ps)rosny
/m* - g /nm /%
PHMX-A 5.3 501 56.1
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Fig.3 Pore distribution curves of porous HMX

3.4 PMEBERIE

PHMX-A . PHMX-B &% HMX JE Kl iy DSC fih £k fl
TG £k an& 4 fE 5 Fin,

A 4 750, PHMX-A F1 PHMX-B 1) #H % A8 15 &
30 L HMX R R T 2.8 CCHI17.5 °C, =7 i
R B4R T 0.3 CH 1.3 °C, dy &l 5 A,
PHMX-A I PHMX-B 11y #4J¢ 5 JF 43 1 % L HMX UL
SRR T 4 °CH 14 °C, XAl fEJ& B HMX J5UR)
Loyt Z LA AL B , b 3 T R B n, 2 1m E E JR T 4
Z R IELRERRAG . X 5 e =4 WPk FOX-7 iy AT
L

50

— PHMX-B
| | exo —— PHMX-A
40 —— raw HMX
>
E 30 7
=
€ 20-
3
<y 0- 183.?/C7
198.2°C
0 .
201.4°C

50 100 150 200 250 300 350 400
temperature / °C

4 ZALRPR HMX J2 HMX J5UE ) DSC i £¢
Fig.4 DSC curves of porous and raw HMX

Chinese Journal of Energetic Materials, Vol.23, No.6, 2015 (606—609)

L

120
100
= 801
8 601 — PHMXB
2 —— PHMX-A
2 409 — raw HMX
£
20-
0_
150 200 250 300 350

temperature / °C
B 5 ZILFPR HMX & HMX FURHE TG i 28
Fig.5 TG curves of porous and raw HMX

4 & i

(1) 38 33K HMX 5 4k 45 4 90 1 25 BRI 700 00
B ARAR T AR 2 0 FLRT IS A % S 1 B R B £ AL
PR HMX, Bl T2, kM AR 251
PHMX-A #I PHMX-B 77} .

(2) FLE5E 5T % B, PHMX-A S g B f ik fL K
BE  SEH LA 501 nm, fLBR 2 56. 1% ; 1fif PHMX-B
H80% LL 12 B AU Ak, L/ BEJE, P L AR N
75 nm, fLBR S 37. 2% o, A M REXT & B, PHMX-A
H1 PHMX-B 1A % A2 5 B2 43 0 [ HMX JE0RHB& i T
2.8 CHI17.5 °C, HARS i U BE 43 51 bt HMX JEURL 2
BT 0.3 °CHI 1.3 °C, H e & 4 76 B 4 % He
HMX JFURHZET T 4 °CHI 14 °C,

5 3K -
[1] Smirnov A V, llyushin M A, Tselinskii | V. Synthesis of cobalt
ammine complexes as explosives for safe priming charges[ ] ].
Russian Journal of Applied Chemistry, 2004, 77(5) : 794-796.

[2] Fisher N,Huell K, Klapotke T M, et al. 5,5'-Azoxytetrazolates-a

[

new nitrogen-rich dianion and its comparison to 5,5-azotetrazo-
late[ )]. Dalton Transactions, 2012, 41; 11201-11211.

[3] EfMmdE, w3, E8H, & S48k UNS il 5 RIED]. &

He bR, 2008, 16(3) . 258-261.
WANG Jing-yu, HUANG Hao, WANG Pei-yong, et al. Prepara-
tion and characterization of high purity nano HNS[ J]. Chinese
Journal of Energetic Materials( Hanneng Cailiao) , 2008, 16(3) :
258-261.

[4] Yang G C, Nie F D, Huang H. Preparation and characterization
of nano-TATB explosive[)]. Propellants, Explosives, Pyrotech-
nics, 2006, 31(5): 390-394.

[5] Xu A G, Zhang G C, Zhang P, et al. Dynamics and thermody-
namics of porous HMX-like material under shock[J]. Commum
Theor Phys( Beijing, China), 2009, 52: 901-908.

(6] Mg, AR, Mo, %. 90K TATB MW S5 Z &b
A B R )] BAE S ik, 2010, 30(1) : 75-79.
QIAO Zhi-giang, NIE Fu-de, YANG Guang-cheng, et al. Rela-

www. energetic-materials. org. cn



ZALRR HMX (1 i 4 5 RAE 609

tionship of between microstructures of nano-TATB and shock ini- RDX/RF nanocomposite energetic particle by emulsion-sol-gel
tiation thresholds of its composites [ J ]. Explosion and Shock technique[ J]. Chinese Journal of Energetic Materials( Hanneng
Waves, 2010, 30(1) . 75-79. Cailiao) , 2010, 18(6) ;: 643-647.
[7] Armstrong R W, Ammon H L, Elban W L, et al. Investigation of [12] R, ki mtbrh & L HMREM (D). EME . HEEaEAs
hot spot characteristics on energetic crystals[ J]. Thermochimic K, 2013.
Acta, 2002, 384(1-2): 303-313. KUI Jun. Electrochemistry preparation and performance of porous
[8] Zhang Y X, Liu D B and Lv C X. Preparation and characteriza- silicon[ D ]. Nan Chang: Nanchang Hangkong University,
tion of Reticular nano-HMX[ J]. Propellants, Explosives, Pyro- 2013.
technics, 2005, 30(6) : 438-441. [13] Vu A, Li XY, Phillips ], et al. Three-dimensionally ordered me-
[9] Huang B, Qiao Z Q, Nie F D, et al. Fabrication of FOX-7 quasi- soporous (3Dom ) carbon materials as electrodes for electro-
three dimensional grids of one-dimensional nanostructures via a chemical double-Layer capacitors with ionic liquid electrolytes
spray freeze-drying technique and size-dependence of thermal [J]. Chem Mater, 2013, 25. 4137-414.
properties[ J]. J Hazard Mater, 2010, 184 561-566. [14] He X, Zhou X G, Su B. 3D interconnective porous alumina ce-
[10] Nie F D, Zhang J, Guo Q X, et al. Sol-gel synthesis of nano- ramics via direct protein foaming[)]. Mater Lett, 2009, 83
composite crystalline HMX/AP coated by resorcinol-formalde- (11):830-832.
hyde[)]. J Phys Chem Solids, 2009, 71: 109-113. [15] ®RK, Y. W5 meBIE LM IM]. deat: &)
(117 548, ¥, TAEfE. RDX/RF 49K 5 & & GEflek i 2L A Ik - TR AL, 1993,
BEBEHI A ()], A REMEL, 2010, 18(6): 643-647. CHAO Xin-mao, LI Fu-ping. Octogen and its application[ M].
ZHANG Juan, YANG Guang-cheng, NIE Fu-de. Preparation of Beijing: Rural books publishing house, 1993.

Preparation and Characterization of Porous Reticular HMX

CHEN Ya, XU Rui-juan, LIU Yu, ZHANG Qi, HAO Shi-long, LI Jing-shan
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: Two types of porous reticular HMX ,PHMX-A and PHMX-B,were prepared by adding octogen( HMX) / dimethylsulfox-
ide( DMSO ) complex, which was obtained by mixing HMX and DMSO, into pure distilled water or the solution containing poly-
vinyl pyrrolidone. Their structures were characterized by scanning electron microscope, X-Ray diffraction, mercury pressure meth-
od and thermogravimetry-differential scanning calorimetry. Results show that both porous reticular HMXs are consist of homogene-
ous continuous skeleton and many pores, and have high specific surface area and porosity. PHMX-A is absolutely g-type crystal,
while PHMX-B contains a little y-type crystal. The SSAs for PHMX-A and PHMX-B are 5.3 m® - g™ and 19.0 m* - g', the mean
pore diameters are 501nm and 75nm, and the porosities are 56.1% and 37.2% , respectively. The phase inversion temperature ,
thermal decomposition temperature and initial decomposition temperatures for PHMX-A and PHMX-B compared with those of raw
HMX, are all advanced by 2.8 °C and 17.5 °C,0.3 °C and 1.3 °C, 4 °C and 14 °C, respectively.

Key words: octogen( HMX) ; dimethylsulfoxide( DMSO ) ; porous reticular; specific surface area; porosity
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