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IO 345 P B CHS KK 2 R i AL RE T ol TR 3R
T A7 A SR AL B0 7 2 |, 7 27 53 TR o 55 B 2% 1 T A g
3R T A P TR 0T 9 R s 2 o 4 4 )
R R B B . It AR SER AR T
VER BRI AL B T UL AT, P {5 g 76 42 3 55 R
PEZRAT T AT, ORUE & i B DUR E 47

2 SEIEEHS

2.1 RKFENEE

A AR RSB, BT PR AR S 5 >85.0% , KL
J£ 150~300 nm, P4 % 35 A AL 22 0F 58 BT 5 — K & A Ak
i, AL SR R 2 U 400, 20 DY 2R AN L T A R
BRgR, AR R R AL T S A b Al S AR TR
TR B o Hr 4l RDX, Tl g%, [/ 805

IER : IKA C-MAG HS10 B 1 B FF 45 L 5 [ IKA
I 3R AR R AL XO-600S, T 5T G kAR 2 i 1
FRRA T B O VTR, i 2= B AR A PR A A
METTLER TOLEDO FiveEasy Plus % i Ji i1, Fif + 4§
P-4 H 24 7 3 BS 224 SHIMT R (d=0.0001 g),
kw2 UHEREARSA ; B A2
DMAX2400 #4 X 5t 417 S5 AL (Cu #2 ) ; Quantab600FEG
% & B T S s MDSC2910 % 2% 758 4 4 i 4
1, & E TA A H] ; H A HL + JEOLJEM-3010 B35 5 H
T .
2.2 CuAlEEMEF&

FREL1.08 g HLERKEA A I A E] 30 mL & B+ /Kl
O TR AW CRBU 1= B FE 1 b R )5
A 0.5 g FHEPEFR IR 2 T 400, #7208 2 h, B
BB B TR B 0.44 g BB T 30 mLK A B 3R
TR B K VW85 1.36 g K G E AL T 60 mL 255
FoRH LB A .25 ¢ 2 DU LR AN 0.9 g
AR BAN T 3 B 1 TR A VW I 0.5 mol - L
1) &AL BNV T, R T IR T pH 290k 6, 15 BRI
A 45 5 TR0V W5 K b 3R 3 I 14 R R B TR VR A B
250 mL = FUBSH A, ZERERE A5 00 T 2218 I A SUAE B oK
WU, THIR B 45 °CIR 2818 I A SRR 28 5 TV R, )
N ok i e W IR R 1 pH (E S 4k, B 20 min J& KR
BV 25 7 K R 0 Tk A B IS A ) T K
PR BLZS THRA T 80 CCT MR 4 h, 13 R R &) .
2.3 CuAIRDXE &I H &

U 19 Cu/AlE S M EZ5 0.1 g, & T LB FK
e ) H OB 20 RS E R (PVP) 0.5 g, M 7 43 L
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30 min, 1325 A M RHE IR H0.5 g RDX & T A
oL B PE 2 RDX 98 2 i, 15 31 RDX N W 5 4% RDX
VAT v v G A A R S B MR PR W, R O B
T WEULTE FHTCK CRER Bk S BIRAE G .
2.4 CuwAlX RDX #5 fif 9 821

M A Sh A A A A 80 mL-min™,
TR #3504 2.5,5,10,20 K-min™", B i FH 24351
F1.16,1.15,1.43,1.52 mg, ML G 40 ~ 400 °C.
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W, SR pH — B REATG, 55 80 2% T AR 88 0 1% 1 R
TETE W A A S g, BV (4)

Cu(L), + 2Al + 4H" — Cu + 2AP" + 21" + 2H, (4)

LAREREZ G 7, WX (4) T LUE ), %581 Cu®*
B 3 T PR BT A

] 57 R A SRR 4 A RIS TR, BT A R
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Fig.1 Change of pH values of suspension with time

pH

add NH,F
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3.2 XH&ALTH 2 (XRD)

Xt Hi AR KR R R RN A5 B B Cu/AL S A MR T
XRD 3 #r, 25 B 2 s . HE 20T LR I B
FFAE U6 20 4 38.5°.44.7° .65.1°,78.2° .82.5°, 43 5| %F
BRI AT 1 1).(200).(220).(311),
(22 2) &0 . FNASBEIRE S MOEHE 20 9 38.5°
44.7°.65.1°.,78.2°.82.5°40 34 1 B4R B i ELAT 1Y) R 1iE
Tt e X Ul 2 S AR R S A SR R . A, 5
JUR F R K SRR AH L, B G MOBHEE 43.3°.50.4°.74.1°
bt S R T LA AT SR U, 43 i R N R B AR Y
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I B Cu/AlL S A R

intensity

20 30 40 50 60 70 80 90
201 (°)
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Fig.2 XRD patterns of aluminum powder and Cu/Al composite

3.3 FARBEMESEBIRSH(SEM K TEM)

P 3 2 H BB K 48 8 S Cu/Al & 4 # R SEM IR
Ao HE 3aml i, B AE SR B BT RN R AR
9 150~300 nm , #B 53Ok AT R AE— & . i B 3b AT,
A9 Cu/ALEZ A AR /INFURE ) B0 508 42 4y b [
FEBRAR B M3 R R WU G, /D i 0K ] 2 AT 2R L 43
PR BT, UKL I RST  AoK 9, Ri AR A B8
BRI Cu/AIZ G M EBIRIAE S 200~500 nm,

4 % LR K4S B ) Cu/AL Z A 41 KHE) TEM R
AL AT LVE AR RS B (K] 42) FRIEDE W  fEAE U B
M A R BUTET BB R R T AFAE — )2 AL R, G
oRFHCE 4b) Jo W 5 19 i AR R W1 B ok 3% A A1k
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JEBESE 4R B ok T B — JR S8 22 A R R £
B9 B BUR YER AR 1) Cu/AVE G bR 0K 2 (1] /b i
GBS s Gl S T

a. electrical explosive aluminum powder b. Cu/Al composite
B3 BB K Cu/AlLE G R SEM ]
Fig.3 SEM images of electrical explosive aluminum powder

and Cu/Al composite

a. electrical explosive aluminum powder b. Cu/Al composite
B4 BB K Cu/ALE AR TEM B
Fig.4 TEM images of electrical explosive aluminum powder

and Cu/Al composite

3.4 EEiE oM (EDS)

Ry HE— 2 B A R B AL, XA A R R B AR X
PEAT EDS 23 M, 45 AN 5 s . i B 5 Al L RE A
AR PR OT R MBI A R B AT K, KR
R E BF Ry 2R 18T %) S0 AR 2 AR S 9 07) R B Bl ok R Ak B
1 20 iV I o ) g , R TIAR EE AR 5 Cut R AR
e[ N AN H 3 H — & JT R R 0 i
BOHER :78.46% 4 :21.54%

SHEFE 179cts 4R 0.000 keV

B 5 Cu/AIZ &R EDS I
Fig.5 EDS pattern of Cu/Al composite
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3.5 CwAlE&# B3t RDX B & 14 4 5> f21E F
3.5.1 CwAlE &# #3t RDX B #4545 1% %2 1
THE 2 10 K-min™' Iif RDX ., AI/RDX (Al 5 RDX
W b 1:5) Fil Cu/Al/RDX(Cu/Al 55 RDX i & [
1:5) 1 DSC i Ze an &l 6 ir 7 . Hi 181 6 A] 1, RDX 1 #4
Oy FRAT AL S A IR (1) J Tl W A R A 0 (L
T BE R 207.26 °C 5 (2) 53 filf B B8 XN 1Y) 43 it 0 4y
MBS T, 28 211.32 °C, 78 3% i BE I 0 B0 ¥ A () B R
I3 I AR A R IR N 238.05 °C, AH IR Y 43 i i R
%k 841 )-g7'. i AI/RDX Al Cu/AlI/RDX & & # ¥y
DSC i1 £ I o 22 B B S 1 [ R O fb oo B, B 0E A
[ A7 43 1 o 5 40 & RDX A E , AI/RDX [ 43 1 %] 4 5
J3E 053 itk D R AR A AN K, O3 ik TR RS B AR T 257 -7
X F U ALK X RDX #43 fiff Be A7 B 2 e fRVE T . i
Cu/Al/RDX & & B EHR) 43 fif 40 b3 i B2 2 202.81 °C, 41
fiff W Il R 211,62 °C, AH L 1) 43 i BB IG S 1137 )27
54l i RDX A L, Cu/AI/RDX & A kR Y 5 A i B
IR 5 10 % 3l i W 4G R R R T 8.51 °CL A iR
VMR BEAR T 26.43 °C, BUAEAR %5 S il OIS e T
296 J-g™', Cu/Al/RDX & A M RHE 2 fiff 0 Tt 5 782 16 9 i
T BE (% 22 {4 8.81 °C, 1fii RDX 4 26.73 °C, £ W]
Cu/AlR] LU RDX 4 453 A% B8 IR, B g s 4  Jin 42
i, Cu/ALE AR REEE ALK X RD X AT B8 58 4 4 AL A

é p=10Kmin" 21162
5]
"o | CuAIRDX 0261 AHF=1137 )G
= 0281 33798
E AIIRDX 211.73 AH, =584 J-g”
z 238.0
= RDX
8 211.32
07 26 AH=841 Jg"
150 200 250 300

tempreture / C
Bl 6 %k T RDX.AI/RDXHICu/Al/RDX ) DSC i £k
Fig.6 DSC curves of RDX, AlI/RDX and Cu/AI/RDX under at

mospheric pressure

RDX 14 53 fif S 75 6 mil 56 1005 04 J w28 vp ) 35 40
SRV BOMARGEN A AR ENT L T Cu/AI/RDX E &
A RE R RDX 4 J il W8 4 2ok 52 1) DR 8 4 i % B 1 PR
R TR it o R 35, DSC i 28 ok S B 0 44
2. Cu/Al/RDX & & 41 KL RDX 9 43 fiff 2t [ - 2
D7 [ B 2 A7 0 AR 35 A G R 3k b 7 40 i ok R v TR I A
A M AR A BE G N T RDX B 4 I I, ff £5 RDX
B H 0 AR F AR AR AR 2 L X BT Cu/Al
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524 MERE R RN S KRR R AR A R 2R
i R 8 LA B AL Bl g o), BT LK NO, #1H A RDX 43 F
RS L, T BT RDX 40 F i C—N #E AT N—N #E 1)
SEREAR 5, 2 HE T RDX W55 F 40 ff s ok Cu/AlZ &
AR Y 0 K B AL T RDX 4 i 72 W v 1 B AL
(149 53 A R RE , AT 32F — 25 AR 30F T RDX 1 43 fift o [R] BsF
F Cu/AlVE A M B BN KA B8 K 1 F R AL, 3%
1] R T 22 Ab T A4 IR S X 28 R 7 B A A 1S
Cu/AlZ & MR LA FRIR I R AL . Hf, Cu/Al &
A RRLATLL S RDX 43 F o i —CH, fl—NO, 1EHT , &
HRDX 43 FH C—N i 2 N—N B i) 5 BE A2 55 , M
PEHE T RDX [ B #450 fif AR
3.5.2 EURSEIHHAEITE

£ 2.5,5,10,20 Kemin™' FF i 8 F T i T
Cu/Al/RDX(Cu/Al 5 RDX iy F it [ 1:5) & A& 41K
DSC <k, K 7 k. 4liRDXAE 2.5,5,10,20 K-min™'
FE L 3R R 5 R R 4y ) k224,01, 231.98,
238.05,246.63 °C. Cu/Al/RDX & & # B 7E 2.5,5,
10, 20 Kemin™ Jt ik 3 3 F 4 50 % 06 5 5 58
200.12,205.23,211.62,222.09 °C. Cu/Al/RDXE &
A REAE A ) 3 8 5 T (9 08 UL 5 2 RD XM L6 3 B
PEHT, UL Cu/ALXE RDX A 43 it ke 31 1 AL VR o

& 22209 B
5] [\ £=20 K:min
_ 21162

g L =10 K-min”
= 205.23 1
_E_’ J \ £=5K-min
E £=2.5Kmin"

l\ 200.12

160 180 200 220 240 260 280 300
tempreture / C

B 7 ARFHEE ST Cu/Al/RDX ) DSC £k
Fig.7 DSC curves for Cu/Al/RDX at different heating rates

K Kissinger i , Ozawa 7 Al Starink 7531 5
T Cu/AlRDX I i sh 1 28, &R W&, b
I =F 7 Jr FE A A ()
In—=-—+C (1)

KA RN EH,8.314 )-min' KB, CHHEHGE
NG AL BE k) -mol ™5 T4 Xt iR, K 8 T i ek
K Kemin™',

Mk s=2 WF, B ¥ B=1 1} Kissinger 3% 7 ¢ ; 24
s=0 I}, 2% B=1.0516 I Jy Ozawa 3% )5 12 ; 24 s=1.8,
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Table 1 Base data of the thermal decomposition of two samples
sample B/K-min" T, /K /1) /K In(B/T,2 /K =min™")  In(B/T,'¥/ K*E-min7") In(8/K-min™")
2.5 473.25 2.11%x1073 -11.40 -10.17 0.92
478.35 2.09%x1073 -10.73 -9.50 1.61
Cu/Al/RDX
484.75 2.06x1073 -10.06 -8.83 2.30
20 495.25 2.02x1073 -9.41 -8.17 2.99
2.5 497.15 2.01x1073 -11.50 -10.26 0.92
5 505.13 1.98x107° -10.84 -9.60 1.61
RDX
10 511.20 1.96x1073 -10.17 -8.92 2.30
20 519.78 1.92x1073 -9.51 -8.26 2.99

Note: S is the heating rate. T is the decomposition peak temperture.

A B=1.0037 i} Jy Starink i5 5 2

K H Kissinger i . Ozawa ¥ #il Starink i , 43 51|
In(B/T,2) InB Ml In(B/T," )%k 1/T M 18, il e /) —5fe
L AT RAERLS L SRAT RIS L RE 2390 R B B, 1 Eg, 25
RULE 8 FI 2,

4

2 [ '\4\_‘\'
= Or
E ol
« = kissinger
— 4 ® ozawa
= 6t 4 starink
x
= -8

ol '\‘-\.i\‘\,
_1?2 . . . . :
.00 2.02 2.04 2.06 2.08 2.10 2.12
(1T )x10*/ K"
8 3FMEXM I In(B/T,)E /T, LR
Fig.8 Plots of In(B/T%) vs. 1/T, corresponding to three methods

2 RO 0 8 1 B

Table 2 Kinetic parameters obtained by three methods

kJ+mol™
sample E, E, E E..
RDX 192.13 190.77 193.97 192.29
Cu/Al/RDX 173.10 172.27 173.93 173.10

FH e /N 3R ik g A7 2R PR LA, 459 3] Kissinger 7 |
Ozawa ¥ FI Starink i XJ [ (9 &} 2 43 51  —20.82 .
=21.79.-20.92, #1 X R R 4 % 4 0.976.0.980.
0.972, R =M e 45 B 1A B —8ohE

2 2 Al 01, 7E A Cu/ALE & FRHE , RDX B #4
Sy IE AL BERRAL T 19.19 k)-mol™, 3% BB Cu/Al B &
B AL BE A% R A RDX (1 22 W05 AL A8 , $2 55 RD X 119 43+ fie 7
6 RDX IO A7 B 2 AR VB F . 23l Cu/Al
BEMEBA BRI BRI IR A, R AR £
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b T A FR A 3X 2 5 1 AF TE 15 Cu/Al I &
REELE RR IR I R ALY . BT, Cu/AlE A BRI B
TE RDX R I, AN FE 2 5 RDX 40 FH & 1Y
Bl 3 (—NODME L i T —NO, Wi F A BEHT, T3k
RDX 43 F Ht N—N & i) S B A8 55 , AT IR T RDX (1)
oy s Ak Rg

4 #Hit

(1) LR AR R R R — K A S AR R R B R R
FH B 4 B 95 A Cu/ALSE A R RE, 78 B HE 45 85 8
Cu™ i J5 oy B4 11 2o o, 40 K R R T R) R 67 3%
P K AR e 1T L, SEM ORI TEM 36 B, I 1 )i 48 /4
B THT B /N OB 1 AT 450 2 i U 1 RUSE Sl oKk %

(2) 54 RDX #H [t , Cu/AlI/RDX & & B i1 #4453
fiff g W) Sk BRI TR S A AR I AR b BB A
Cu/AlZ B W5 , RDX [ # fi VE B W 1 4 i , 40 M 0
T FEAR 26.43 °C, 7 il CIAER & 1 296 )- g7, 00 il 0
FEREFEAR T 19.19 kJ-mol ™,
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Preparation of Cu/Al Composite and Its Effect on Thermal Decomposition Properties of RDX

YAO Bing-jie, ZHENG Xiao-dong, LU Ying-di, TANG Wang. JIANG Jun, @IU Shao-jun

(Xi'

an Modern Chemistry Research Institute, Xi' an 710065, China)

Abstract: To improve the surfaceoxidation of aluminum powder, and the catalytic effect on thethermal decomposition of energy
materials, using electric explosive aluminum powder and copper chloride dihydrate(CuCl,-2H,0O)as raw materials, the rapid de-
position of nano-copper particles on the surface of aluminum powder was realized and the uniform coated Cu/Al composite was
prepared by displacement method, in which nano-sized copper particles was made to cover the surface of aluminum powder.
The structure and morphology of the composite were characterized by scanning electron microscopy (SEM) , transmission elec-
tron microscopy (TEM) , X-ray powder diffraction(XRD) , energy dispersive spectroscopy (EDS) , etc. DSC curves of the mixture
of Cu/Al composite and RDX (mass ratio as 1:5) at different heating rates were measured. The kinetic parameters of the thermal
decomposition reaction of the mixture were calculated. Results show that the oxide layer on the surface of electric explosive alu-
minum powder is stripped by the etching of ammonium fluoride. The composite material contains simple substance aluminum
and simple substancecopper crystallinephase, but no copper oxide and aluminacrystalline phases. Nano-sized copper particles
are uniformly coated on the surface of aluminum powder andthe particle diameterof the composite is 200-500 nm. After the ad-
dition of Cu/Al composite, the initial decomposition temperature and peak temperature of RDX decrease by 8.51 °C and 26.43 °C
respectively, the heat of decomposition increases by 296 J-g™', and the activation energy of thermal decomposition decreases by
19.19 kJ-mol™, indicating that Cu/Al composite can promote the thermal decomposition behaviorof RDX .
Key words: displacement method;nano-particles;copper/aluminum composites;thermal decomposition; RDX
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