ERRE I R =1

2005 4 10 H

ok
Be

ENERGETIC MATERIALS

7 Bl Vol. 13, No.5

October, 2005

X E S :1006-9941(2005)05-0284-04

Z2K Cu 3t HMX #1 RDX # 4 f# B9 L 1E

woRL, X OB A, AR
(L. kBT AFEMHARFE THEZK, LK 100081 ;

2. rEAEEFERAFEL, LK FE 250001 ;

3. WRARMFEREA, KB TL 710065)

FE: R DSC.PDSC TG-DTG 1 T 4K 4@ Cu Ky %t HMX RDX $70fif B AL A T o 5 2R 3R W], 905Kk Cu
X HMX f4 6] A 0 i A1 RDX R 20 ik 19 s /R A T2 o BiEE 90K & J@ Cu B 3 & 9 3% m, EMIXC 14 (361 A 23 % 3 7 2
Fil, 24 HMX 544K Cu ByAYBEEEL o 10 1 IF, HMX [ A 20 i B9 JT 46 8 B R R 25.5 C5 R T A0k &R Cu Bl
RDX {438 K043 Ak £ 3 fe 4 3 A 2391 CC 4R R 21 220.9 °C o Cu H5 AR B AN 20 150 (BB ) 1 A0 08 F o

K. W Abor; PN 90K Cu ks MEALVE
hESES: TI55; V512

1 5]

RDX Fl HMX J& 3 L9 45 25 5 i, 9732 L AE 4
H % 8 245 0 B A A S0 b . BFSE HMX I RDX 4443
A 4 T 7 S, BRI 1 1 LR AT B4
FRIFFE— ELAR B H BT, BN 20 120 40 4R £ F 28 L i) 45
PP R R R AL R R B R A
R 2 AR R L % B A T e i 3
SR T/ 48 37 0 A5 i 21 4b ( T-jump/FTIR ) 16 FH £ AR A
R 22 R R B (PDSC) R T R AR B AT AT
BT E AT i 3 2 FOPLEE . TR 5 A 1
(9 [a) L 0358 7 32 9 R[], 3R 75 1 4% SR A AR K I 2%
Ao 4B Cu By — R UL AR B AL R . 4 K ok
REAR /N, He e TR, BN I 1 v s 22, ol G 7E i A
W B 25 B A 5 A A RS 8] A b AR
K, 4 KA Ak 390 X 70 4R 43 A I RR B R 5w #) A
FE R BUE T AT E gk

ARICR ) DSC PDSC DTG $ AR BFSE T 3 38 % Fn 4
K4S Cu A X R RO HMX A2 (9 AL VR
AR EATR RDX S (0 A A AN S0 M 30 )2

il

2 % W
2.1 B &

RDX 1 HMX 2445 i o K2 Cu 53 18- ks
#2490 nm,icy Cu(n) , ¥l 2 Cu Brig-FHH4E3 pum,
5 B 9 :2005-05-13 ; & 2] B 9 :2005-07-20

EEB N LM (1978 =), &, Wi, NS5 e AT R A i BF 5

e-mail ; fanxipingguo@ 163. com

X ERARIRAG A

Lk Cu(g) . B AANKE Cu Ky ¥k [ [ PR b
LR E,

RDX F1 HMX 544Kk Cu ¥y WIE A 2K — & B9 Jit
i P B R A ik
2.2 UEMREEG

DSC F1 PDSC it i i 4 5 /& DSC jtL iy TA910S !
ZER R P T . DSCIRFE /DT 1| mg, 1B S
S5, AS TR A 60 ml - min ', PDSC K 55 i 7 R
AR E T, sh B ®IE N, ¥ & 5 5 N
200 ml - min "1 860 ml + min ", 5 R | Hh 25 4>
TALEE 1 (A ) A FLA G 01 (B i) W, 35 & <R
G — F it 55 5 FHEE S 10 °C - min ™',
Kissinger 3K RDX [ #4443 fift 3l g 24 if 14 T il 3 238 h
5,10,20,30 °C - min "',

TG-DTG i 55 /& F TA2950 7Y $4 5 X 58 o ik FF
N1 ~1.5 mg, ZH#E K 100 ml - min ™" FH i R
B} 10 C + min~',

ZREITiE

3.1 HMX/Cu B 5@ RZMMHE
3.1.1 £ Cu 3t HMX &2 EHN1ER

1 3 HMX 5 Cu(n) f Cu(g) J5i & F H 43 51 4
1/1,3/1,3/2 ISR E M DTG i<k, £ 1 H0.1,
3 MPaF HMX 4 Cu 8 i & b b 3/1 Bl PDSC #44)
il Yt E AN ARAE E . TR A R 1Yl 2 A s 5 L) HMX
Ao Z HIFHFTRE

B 1AL, Y HMX 5 Cu # 5 & ok 371 1,
Cu(g) Fl Cu(n) By HMX )53 , B RCRAS R AR &

3



%55

WA PR 49K Cu kyxl HMX F1 RDX $A70fif i) AL A

285

B Cu ¥ 038 fn, DTG W4 i ( R & 45 2k 1 R Jje K
B) TR, VR B i, DL K TR T OSBRI, 3 15
Cu it HMX (8360 53 i A AR AR BN I CERCRICER ) 1A
FH, Cu(n) X FAE S INsRZ, 2% 1 R bR, A
1B Cu(n) 2 Cu(g) IR NEE HMX (143, i HMX &
AH 3 AR TR R 45 RORL B2 1T, 8 1R (0. 1 MPa) 'R Y 43
PA BRI FER, Cu(n) AR A &
3.1.2 £ Cu #x HMX EH 45 E01EH

2 R 2 WEUE e T Cu(n) X HMX [ [ A
Sy R ZUAE . AE 2 19 DSC i £k b nl & 2 7
HMXC 1) 95 il W A e 22 i, A 7 B 38 1) 00 A 0 fie 06 X
J& HMX [ [R50 o 26 2 v AHY & DU R0 AR 4

ik ORI AR OB AH 5 ST 98P AR PR T A O i 4K
Cu(n) Ay AR & B @K, AHL/AH, 1 A8 Kk, B [
A 0 W . X HMX/ Cu () 1/1 B i A
I8 0. 91, WA il TR R W AR /)N | 32 28 Oy [ AR 0 it , WL
B2 gl 5,18 L R — iR G R R 19 DTG i £k
6 WA 5 M AL EAR . B 3y HMX/Cu(n) =
/1 i F HMX 45 5 4R (150 ~ 170 °C ) DSC gl £k,
I I — I AR 0 ([ AR 23 A ) D T TS — A A i
PIAR/IN 3K S R 7 HMX [ A 23 A )i, 8 433 20 I o
fifp BRI O/ P T 94 B A 0 A AR, Cu(n) 3
X HMX R[] A & o i 73 A o

50
286.7
15 MU 1 fy 2869 o] HC 2
2939 )
- 1 HMX 286.0 i
g | 2HwCue=dT = 301 2HUXICu(n)=15/1
= 104 3 HMX/Cu(g)=1/1 pl
= _ : 3 HMX/Cu(n)=3/1
= 4 HMX/Cu(n)=31 =
£ 5 HMX/Cu(n)=3/2 2931 < 204 4HMX(Cu(n)=1.5/1
5 3 5 HMX/Cu(n)=1/1
a 6 HMX/Cu(n)=1/1 =
2 57 £ 101
3
0_
0
1 T T T T T T _10 T ! ! J ! .
250 260 270 280 290 300 310 320 %0 2260 20 280 290 300 310
temperature / °C temperature / °C
K1 HMX/Cu{kZ DTG £k &2 AT EGF] HMX/Cu(n) ) DSC fh £k
Fig.1 DTG curves of HMX/Cu mixtures Fig.2 DSC curves of various HMX/Cu(n) mixture
at a heating rate of 10 °C + min "' at a heating rate of 10 °C + min ™'
#=1 3/1-HMX/Cu {F % H PDSC $31{E £ ( B 7 )
Table 1 PDSC characteristic values of 3/1-HMX/Cu mixture (liquid portion)
0.1 MPa 3 MPa
Ty /°C Th/C AH /T - g™ T:/C Ty /°C Tv/C AH /T - ¢! T /C
HMX 282.4 286.8 1215 292.6 279.3 285.5 3317 287.7
HMX/Cu(g) 281.9 286.6 1721 290.0 279.6 287.17 2952 285.5
HMX/Cu(n) 281.5 285.5 1638 289.7 279.4 285.9 2206 284.4

Note: Tf and T" is initial and end temperature of exotic decomposition peak respectively and TI[; is the peak temperature of liquid phase decomposition of HMX.

K2 AELEH HMX/Cu(n)E &1 DSC =
Table 2 DSC characteristic values of various HMX/Cu(n) mixture at 0.1 MPa

HMX/Cu(n) ( mass ratio) T,./C T5/°C T]];/C’C AH/J - g™! AHS/AH,
1/0 282.1 274.2 286.8 1215 0.09
15/1 280.8 275.5 284.3 1409 0.08
3/1 281.0 271.2 283.8 1499 0.34
1.5/1 281.4 264.7 283.6 1342 0.56
1/1 282.0 248.7 282.6 1348 0.91

Note: T, ,T5 and T" is melting temperature , initial temperature of solid phase decomposition and peak temperature of liquid phase decomposition of HMX
msto p 2 F P ¥ T F F q T T

respectively. AHS and AH, is solid phase decomposition enthalpy and the whole decomposition enthalpy for HMX.
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Table 3 PDSC characteristic values of RDX/Cu(n) mixture and RDX at a heating rate of 10 °C - min ™'

o/ MPa RDX 1.5/1-RDX/Cu(n) mi{(lure
T /C AHS/T - g7t T/C /% AHS/T - g7t AHY/T - g7t
0.1 239.1 2278 220.9 - 14 1098
2 237.3 3924 218.8 249.1 146 3577
237.0 5771 226.8 245.1 147 4198

Note: AH; and AH) is the thermal decomposition enthalpy of solid and liquid phase which was calculated by integral method with the melt temperature of

RDX as a divided point.

&4 RDX/Cu(n)fR5 RDX WREHRSBINFESH
Table 4 Kinetic parameters of the thermal decomposition reaction of 1.5/1-RDX/Cu(n) mixture and RDX in liquid phase

heating rate/°C + min ' T,/C E,/k] + mol ™! InA/s ™! k r
5 231.4
RDX 10 239.3
20 244.8 172.6 36.16 5.06 x 10 ~20760/T) 0.982
30 254.1
5 211.7
1.5/1-RDX/Cu(n) 10 221.3
20 230.4 143.6 30.50 1.76 x 10¢~17272/1 0.997
30 236.0

Note: T is the peak temperature,k is rate constant,r is relative coefficient.
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Catalysis of Nano Cu Powder on the Thermal Decomposition of HMX and RDX
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Abstract: The catalysis of nano Cu powder on the thermal decomposition of HMX and RDX was investigated by using DSC, PDSC

and TG-DTG. The results show that thermal decomposition of solid phase for HMX and liquid phase for RDX is accelerated appar-

ently due to the nano Cu powder.

o of HMX with nano Cuis 1 :

The solid phase thermal decomposition temperature of HMX decreases 25.5 °C when the mass rati-

1. The liquid phase decomposition temperature of RDX accelerates from 239.1 C to 220.9 “C. The

decrease of exothermic enthalpy is due to the dilution and dispersion function of the nano Cu powder.

Key words: physical chemistry; thermal decomposition; nano Cu powder;

catalysis



