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Fig. 1 DSC curves of HMX mixtures

with four nano metal oxides at ambient pressure

. 9T X gy HMX [ PR 4 3 O3 fige 19 A
L HMX KGR AR R 9 DSC il £ ) 250 ~ 300 C 7
3 AR T AR R R R ) A HIMIXC G o 0 31 Sy 53¢ X )
18 W KL DA L A AHLS R AH (LR 1)

250
201 p=3 mpa
1501
2
=
= 100
< HMX
8 5o HmxPR0
HMX/CuO
ol AMIXIAI,0;
HVXITIO,
50 : 20957 . :
220 240 260 280 300 320

temperature/ °C
B2 @ ET ARG R A
5 HMX R A 1R &9 DSC ik (B= 10 C - min~")
Fig.2 DSC curves of HMX mixtures

with four nano metal oxides at 3 MPa
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Table 1 DSC characteristics of HMX mixtures with four nano and normal metal oxides

nano metal oxide normal metal oxide

pressure/MPa samples - I N 1
T, AH, T, AH, T, AH, T, AH,
HMX 275.0 43.5 286.1 1358
HMX/PbO 275.17 144.8 285.8 1455 275.9 160. 4 286.1 1252
HMX/CuO 275.2 61.7 286.0 1456 275.2 64.4 286.0 1492
0.1 HMX/PbO + CuO 275.6 122.1 285.5 1345
HMX/AL O, 269.9 283.0 284.4 976 267.3 367 284.7 654
HMX/TiO, 274.3 132.4 285.4 893 275.4 91.2 285.5 974
HMX 273.2 67.6 287.4 3014
HMX/PbO 278.8 3093 267.4 3082
HMX/CuO 275.6 68.0 287.4 2649 274.0 145.3 286.7 2378
3 HMX/PbO + CuO 288.4 2539
HMX/AlL, 0,4 284.5 2584 273.4 208.9 285.6 2740
HMX/TiO, 273.0 137.8 286.2 2578 273.6 159.2 286.8 2566

Note: T, and T, are the initial decomposition temperatures of solid-phase and the peak temperatures of liquid-phase for HMX and its mixtures on DSC,

respectively, °C. AH," and AH,' are the decomposition heats of solid-phase and liquid-phase for HMX and its mixtures,respectively,] + g~ ".
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Table 2 TG characteristics of HMX mixtures with four metal oxides

T,/C T,/%C T./C U,/% + min~" Uyyo/% + min ™'

samples

nano normal nano normal nano normal nano normal nano normal

HMX 246.0 246.0 280.8 280.8 283.0 283.0 70.1 70.1 1.9 1.9
HMX/CuO 232.0 226.2 283.2 281.3 283.0 283.0 54.9 60.4 1.6 2.2
HMX/PbO 221.1 225.0 283.2 283.2 285.0 285.0 42.9 38.8 2.9 2.7
HMX/Al, 0, 187.1 194.4 275.0 269.7 285.0 285.0 5.7 5.4 5.3 5.4
HMX/TiO, 172.2 182.3 272.2 282.7 285.0 285.0 4.2 41.9 3.4 2.3

Note: T,,T, and T, are the initial decomposition temperatures, the peak temperature and the end decomposition temperature on TG-DTG, respectively;

U, is the maximum decomposition rate on DTG ; U,,, is the decomposition rate in solid-phase at 270 °C.

1001 HMX
- HMXICuO
801 HMX/PbO
HMX/AI,03
= 60-
3 HMX/TIO
g 40 2
20
B=2°C -min"!
0_
160 180 200 220 240 260 280 300 320
temperature / °C
B3 gk 4R S 55 HMXOE G Y0 TG 4

Fig.3 TG curves of HMX mixtures with four nano metal oxides
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Fig.5 1so-TG curves of HMX mixtures with

nine nano metal oxides at 220 °C
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Table 3 Iso-TG data of HMX mixtures

with nine nano metal oxides at 220 °C

samples 13/ min Uyy/% + min -1 C,
HMX 246 0.25

HMX/TiO, 12 2.17 8.86
HMX/AL O, 20 1.1 4.4
HMX/Fe, 0, 119 0.22 0.88
HMX/Co;0, 159 0.25 1.00
HMX/CuO + PbO 168 0.31 1.24
HMX/PbO 169 0.23 0.92
HMX/NiO 189 0.33 1.32
HMX/Bi, 04 200 0.31 1.24
HMX/CuO 212 0.26 1.04
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Table 4 Non-isothermal kinetic parameters of

HMX mixtures with four metal oxides

T E, InA
samples o/ % g (a)
/C /K] - mol ™ /57!

250 ~279  190.0  34.64 [-In(1 -a)]""?
255~280 167.0 29.87 [-In(1-a)Y"*
248 ~278  143.7  19.41 [-In(1 -a)]V"?
244 ~275  140.0 23.32 ~In(1 -a)
198 ~237  89.0  13.36 ~In(1 -a)
258 ~277  176.7 31.81 [=In(1 -)]V"®
260 ~278  182.3  32.96 [-In(l-a)]""?
219 ~251  121.3  20.47 ~In(1 -a)
216 ~252  108.0  17.26 ~In(1 -a)

HMX 1~30

normal PbO/HMX 5 ~50
nano PhO/HMX 5 ~50
normal TiO,/HMX 5 ~30
nano TiO,/7HMX 5 ~30
normal CuO/HMX 5 ~30
nano CuO/HMX 5 ~30
normal Al,0;/HMX 5 ~30
nano Al,0;/7HMX 5 ~30
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Table 5 Isothermal kinetic parameters of

HMX mixtures with four metal oxides

T E, InA
samples g (@)
/C /kJ'mol_l/571
220,230,
HMX 198.0 38.28 [ -In(1-a)]¥"?
240,250,260
normal PbO/HMX 220,240,250  173.4 32.67 [ —In(1-a)]""?
nano PbO/HMX 220,240,250  157.5 28.87 [ -In(1-a)]Y"?
180,190,
normal TiO,/HMX 132.9 24.33 -In(1 -a)
200,210,220
] 180,190,
nano TiO,/HMX 73.5 10.46 -In(l -a)
200,210,220
normal CuO/HMX 220,240,250  173.7  32.66 [ —In(1 -a)]""’
nano CuO/HMX 220,240,250  189.3 36.37 [ -In(1-a)]""’
normal Al,O;/7HMX 210,220,230  173.3  34.46 -In(l -a)
200,210,
nano Al,0,/HMX 102.4  16.81 ~In(1 -a)
220,230,240
4 & #

(1) 7€ HMX I fh Z 1, 4 )8 S 10 W0 10 #7246 3 i
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558 DSC [ AH A 2510 HE A g — 30y (AL g5 R
R DX 43 9K 5 AR GOR AR AS [ A
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T 25 R R TiO, F AL O, (9 fi Ak VE R f R 1
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G, AT R R DN B R o AR A T RO TR A
JEAf i, A A — Bz 4L, 4n Tio, #1 AL O, , PbO
Fl CuO 1k 1 F 58 55 19 L 5 W 7 36 AN W 1 2548
1 HE DSC 38 AT 4 4t Fe a1k A R 145 8 o

(3) M5 S59E55 I TG 3151 3h 112 S B R AE
YK FAEGE K CuO PbO (AL O, F1 TiO, Xf HMX [ f
TVER, Hogs B2 —F . Tio, 1 ALO, fff HMX [y
E, 6 FWRZ X 50 DSC Hl TG R #1F Mk 1E
FHR 45 B E—31 . B CuO &b, Hw = Fhgh K bkl
HMX /) E, {8 T K 05 B A0 R F 3558 Ak, B L, 3RAE
XF HMX [0 AR L, B R F 2 A4S #4000 i RR AR it 25
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Catalytic Effects of Nano Metal Oxides on the Decomposition of HMX

LIU Zi-ru, YIN Cui-mei, LIU Yan, ZHAO Fen-qgi, LUO Yang
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The effects of nine nano metal oxides, including Co,0,,Fe,0,,Bi,0,,Cu0O, PbO, Al,0,,TiO,,NiO and PbO/CuO, on
thermal decomposition of HMX were investigated by PDSC,TG-DTG and iso-TG. The results show that the decomposition of HMX in
solid phase before melting is advanced by the metal oxides, especially PbO, Al,O, and TiO, , and the endothermic melting peak of
HMX mixed with PbO and Al,O; even disappear entirely, owing to the compensation of exothermic decomposition in solid phase at
pressure. Thermal decomposition of HMX in liquid phase at high pressure of 3 MPa is catalyzed by PbO,but not affected by Al,O,
and TiO,. The results of TG-DTG at lower heating rates and iso-TG under HMX melting temperature are in agreement with those of
DSC in solid decomposition at ambient pressure. These results are advantageous to the identification of the different effects of nano
and normal metal oxides. The catalytic decomposition of HMX by nano and normal metal oxides, including CuO, PbO, Al,O, and
TiO, ,were also characterized by the kinetic parameters obtained from isothermal and non-isothermal TG. The kinetic parameters
obtained from isothermal TG are in agreement with those from non-isothermal. The catalytic effects characterized by means of kinetic
parameters consist also with those by DSC and TG-DTG. The decrements of E_ values of the decomposition of HMX with three nano
materials, except CuO,are more than that of those with normal materials.

Key words: physical chemistry; thermal decomposition; dynamic; nano metal oxide; HMX; thermal analysis
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