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Effect of nano metal powder on the thermal decomposition
characteristics of HMX
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Abstract:

Xi" an 710065, China)

The thermal decomposition characteristics of HMX influenced by the addition of aluminum, nickel, copper with dif-

ferent particle size( general and nano)were studied by PDSC and TG. The result shows that the nano copper have the greatest influence

on the properties of condensedphase decomposition of HMX among the metal powders. Such catalysis effect of nano copper will be

weakened by the decrease of the content of naon copper or the increase of the system pressure. Based on the kinetics result inferred

from the isothermal DSC data, this catalysis mechanics are described to the efficacy of first catalysis, secondary catalysis and reaction

site effect of nano copper on HMX.
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Table 1 Average diameter of metal powder

Al i Ni - Cu oAl s Ni o Cu
90 nm 10 nm 90 nm 10 Hm 1.1 Hm 3 Um

FES SRR Tolk4i HMX, 120 H. 54 B IES
R BT B ) 4%, WRFER 2N 0.5mg, LG /K B K
SR, HEAIE, HMX 54 BRI mEl A 3 2.
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(1) G4 2 B HMX 49~ A d5e 58 16 18 AL 1
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(2) HMX/ <& @ ¥ iR &1 Z 4 HMX AR A IR Rl
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Table 2 DSC result of HMX and mixture of
HMX and metal powder

Sample 1/ C | 1o/ T | ¢/ T |PPH/ C|DTH/ C| At/ C

HMX 282.05|282.48 | 286.86 | 1.52 0 4.38
HMX/mrCu | 281.83)249.06)270.94 | 80.7 | 15.92 | 21.88
HMX/ e Ni 281.09]263.69 ) 283.68| 38.5 | 3.18 | 19.99
HMX/ Al 281.76 | 269.04 | 284.23 [ 35 2.63 | 15.19
HMX/gCu | 281.48 [281.70(284.73| 14.7 | 2.13 | 3.03
HMX/ = Ni 280.43 | 280.80 | 284.68( 9.14 | 2.18 | 3.88
HMX/ Al 281.4 |282.14]286.17] 2.83 | 0.69 | 4.03

1, —onget temperature of decomposition; 1y —temperature of liquefy

t, —peak temperature of decomposition At= tp— b,
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Fig.1 The DSC curve of HMX and HMX/ ir Cu
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A HMX/ o Cu (¥ 73 iff 2 46 V6 Ui, 7 ik Ui ik LA & HMIX/
i Cu ] DSC 43 fff 65 270. 94 °C, 043 HiE N onset,
peak, tq), T IX 4K R (Y 2% 3 43 b DL SR B R
R, ERWER 3 PR,

(1) 5 HMX 4 Fe 4%, HMX/ o Cu f) 4% B 43 i 2 463
aa;?r%‘n%‘%ﬁ'a’f r 23.61 C, DTG m%ﬂéﬁéﬁﬁ J’ 3.67°C, DIG

TEET 10.022%/ ‘C. H13.17 Hﬁﬁ*ﬁrTé&u,memcu
1 DSC 43 i@ 5 3¢ HMX $2 /1 1 15.92 C, 1fii DTG U
BAUHRAT T 3.67 C, X /& H T HMX %t R A7 7 i #k
5 A R ) 42 ) 28 IR AN [R), 75 HMX SRR 1 %8 5%
FH A AL R, S =) 2 DL T 3U7E [ 7 HMX
A R B AR K 4T R T, 3R A Tk g 42 1) 20 B A2
FROGT B8 B SR = B ania i 72, 1 #2120
O U AR B PR Ak 2 o i ALY i B bk
R
(2) 1E tq 4b, X b HMX B, HMX/ o-Cu B K E

BAHEBEET 20.2%, B ER2EET
0.775% /| °C, X 3 ML HMX 15 58 AH 20 i 11 44 2% 5
5G4 B0 AN ], {(HAE HMX/ e Cu (5
TGy fif S ST 2 BT 0 B2 B iR R Ak, HMIX/ o Cu 156 B
ERE R ET SR REER(E HMX ML) .

Table 3 TG experiment result of HMX and HMX/ i Cu

Percentage of Rate of weight :
Temperature/ 'C
Ttesms weight loss/ % loss%/ C
Onset | Peak | 14 | Onsel | Peak | g | Onset | Peak | tg

HMX 2.52 1 31.4 ] 0.48 | 1.618] 11.60) 0.120281. 07)286.79] —
HMX/rCu | 8.75 [48.25] 21.7 | 0.371 | 1.578] 0.895|257. 46|283. 12|1270. 94
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Table 4 DSC result of HMX with different content of m Cu

Sample . ]
1/ C tyl T At/ 'C |PPH/% T

HMX/ - Cu

1.0 282. 48 286. 86 4. 38 1..52

32 249. 06 270. 94 21.88 88.8

21 263. 65 283.70 20.05 53.2
3 1265. 54 283. 82 18. 28 41.2

41 269. 26 285. 46 16. 20 32.4

3.4 [EIEX m Cu ELEFERIF N

B e o 1Y) 32 5, HMX 7E & s R 2 8 = A
S R T HMX WA R, MW R E, JF R
KL, R B 0B IR TR,
S, AT H B R O I . X T HMX/ e Cu R & 1R
&, WK 5 fow, RGERAIIE R, HISS T o Cu X HMX HY
ot SRAT 40 AR R e sdE A Y, A6 YB0RR 0 At A A 93 g BT
i LB K, 1 MPa DR B R JR 55, HMX/ e Cu 1
DSC gk, HIL T A 40 it 1 o 0, T _EL ¥B0AH 5 it
FEAH I IRl I R0 . X A2 BT HMX R85
F| T wrCu FIF W, 165 R T, M 5 IR BB AR
R, 409 14 20y Sl e ik, 73 mICRE DR, EAGAE D T
B, PRI T HMIX (1) i 30058 SRR S 2 BT o B9 11 55, 0
W 5 #%, T o Cu X HMX ¥R 70 1) A4 1 F 4R 8%
FEALE, (675 HMX K R 53 i 2 82 ] LA 2

Table 5 DSC experiment result of
HMX/ ir Cu at different pressure

Sample "
td C ty/ C atl C PPH/ 9% C
HMX/ ir Cu
HMX 282.48 286. 86 1.52
0. IMPa
HMX/mrCu| 249.06 270.94 80.7
HMX 280. 37 285.33 0. 80
IMPa
HMX/rCu| 277.73 283.01 63. 08
283. 10/
HMX 277.15 0.23
5MPa 284. 60
HMX/rCu| 280. 10 282. 19 52.5
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Fig.2 DSC curve of HMX/ ir Cu
at different heating rate
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Table 6 Kinetic result derived from isothermal DSC result

Sample Activation energy | Log( Frequency factor)
HMX 168 £22 kJ/ mol (15.5 13 1) / min
HMX/ ir Cu 137 £16 kJ/ mol (13.1 Tt 6) / min

4 ¥ g
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