Vol.21 No.10
Oct., 2005

55 10 ) xom e % %= 4R
2005 4 10 A CHINESE JOURNAL OF INORGANIC CHEMISTRY

?%\‘/‘/\/“/\‘/v/\/v‘/\‘/-/\'{a

IS faf i };
&

Seaeasaea e

AR SEHIT B SR L FRRI MR

N&H FRAES B K2 KB KRG
(LABEILFRALLER, Fd  250100)
CHFEIRFEARFARBENKRIRBERFRL TS, &K

RS

210094)

KGR PURHINY ;o IR R fiEfLERE
RES %S 0614.121 TERARIRAD : A XEHS: 1001-4861(2005)10-1525-06
Effect of Nanometer Cu Powder on Thermal Decomposition of Ammonium Perchlorate

LIU Lei-Li' LI Feng-Sheng™* YANG Yi* TAN Ling-Hua> ZHANG Qing-Si'
('College of chemical engineering, Shandong institute of light industry, Jinan 250100)
(*National Special Superfine Powder Engineering research Center, Nanjing University of Science & Technology ,Nanjing 210094)

Abstract: The decomposition behaviour of ammonium perchlorate (AP) has been investigated in the presence of
Cu nanopowder by DTA. The results show that nanometer Cu powder decreased the first and second thermal de-
composition temperature of AP by 35.1 °C and 130.2 C, respectively, and the DTA heat release of AP in the
presence of Cu nanopowders increased to 1.20 kJ-g™', showing good catalytic effect on the thermal decomposition
of AP. The catalytic effect of Cu micron-size powder on the thermal decomposition of AP was less than that of Cu
nanopowder. With the increase in content, Cu nanopowder enhanced its catalytic effect on the high temperature
decomposition of AP, however, it weakened its catalytic effect on the low temperature decomposition of AP. The
mechanism of catalysis for the thermal decomposition of AP is as follows: (1) metal oxider acts as the intermedi-
um in the process of election tranfer, (2) Cu nanopowder reacts with the decomposed product of AP, (3) Cu

nanopowder has special surface effect.

Key words: Cu nanopowder; ammonium perchlorate; thermal decomposition; catalysis

= BEPERER A R % o LN AR A AL 50 98115 HE 2t 57 A b
PEREC A DT BT, HRTOR R 2 1) 229N

0 3l

0 TR B2 (AP 2 [F1 AR JC o e 2 5910 v T ) 464k
RIS RELL S, 75 AP R AEFEF H Y 60%~90% 1) LE
191 AP B SR T A K 4 71 ) A P A B 22
SO, U FERA 4 1 15 A R 590 ) R B 1 B
DIAASG . T WETE AP f8 8 fifp A 1 vl L4 00 4
R RRBEPEREN 2, 78 b B i A 7R) 2 9 7 4 50 1R

Wk H 19 :2004-12-20,, W& ok H 4 :2005-05-09,
[ 5K SRR i 4 35 45 45 B2 ) 95 H (No.50306008)
“i# HEE R A . E-mail : Lifs@NUSTO.njust.edu.cn

K& JE A,

WFFE 2RI, ORI H HAT B Ar e i, n]
DAV i Ak 700 B 42 0 FH A TAT b 3 BE AL R
YK A Byt 8 R AR G I A AR R L A K AR R X
T HMXP I AH 5 fff 2o 72 DL K GAPHI $453 fifk 35 3¢
A I A SR L (E R A A A o A )

AR KT 8,37 BRI DRI 1) AR R A 0



- 1526 -

x Hl

¥ R

521 %

LA FEARIE L 2D o A SCH] DTA J7 ik BIE5E T 40K 2
H AT AP I AL PERE , JF X AL FH LI
AT T TS

1 SEWEsS

1.1 K FIFA{L 8

CuS0, -5H,0 KBH, .EDTA NaOH Fl Z [ ¥ g
ST AR 5 2R 2 ks BE TR (PVP) Ry Ak 2% 4l
AP HiRy (RiAE 26 wm, 5 5 99.99%) ¥4 Ry TR 77 i o
H-800 #Y3% 5 B3 7 W 355 (H 4 H 37); LEO 1530 VP
RIFH BT BB (T E); D/max-rA B X ST AT 5
Y (H A i 2#) ; Shimadzu DTA-50 B3 A (H 48 5
) ; Shimadzu TGA-50 UKL FAL(H A5 Hy)
1.2 40K HHl &0

TE—E WL CuSO,+ SHO ¥ A GE 2 il
P77 EDTA FA3 0GR R LA s Be i, SR 5 78 b ik
ik 42 i A — € ¥R 1Y) KBH, Al NaOH R4 ¥
T K T AR DT VE o B0 43 15, 2R 0B 7K R 2 333
VRV 3R, B TR R AR,
1.3 & fE

W AR R BT R, T T R B AR )
SR A S PR S OB WL BORE T S5 R R ST
ORI ATER M HE A 5, FHAH o 7 0 G5 43t ot
BLI I SRR ST Bk AH 25 44 X 5 A S i
FE L HIH K ,A=0.154 1 nm,
1.4 #5H(DTA)EE

B BT Sk, I AP 4k S0
THCECSY Bl RGBS R TR TR EE 1S AP
SHBEEAY ., RHRSITIEX AP 5805
GV AT RS S, FHREEE A 20 Comin™, N,
Fii% 20 mL-min™, i B 1.3 mg &£ 4, B & 50~550
C, B BURE

2 HR5ITR

2.1 TEM % XRD &R 44

i 1 AT, 20 K29 H 43.2°,50.3°,74. 1° 445 1Y
B A AT SR U, % N2 A TRT 8] BB (d) 4 0.208 nm ,0.181
nm 1 0.128 nm, 5 Cu(111),Cu(200)F1 Cu(220) F i
Bl A WA (ASTM #3 R AT 53R 5 4-836) , i ] 4
KA 3 A T O ST S5 R AR B XRD 3 E v B A
Cu W FRAEAT G 0 | JC L Ath 2% o 0 | 138 B <61 5 15 2] 1)
YA Ry A A S AU P L R R K A
RO R AR A 20 nm £,

i
il
i

(L 4
M’Nj i \‘WWMM L

20 40 0 80
20/

Bl 1 490K Cu #E XRD 1A
Fig.1 XRD pattern of nanometer Cu powder
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Fig.2 TEM image of nanometer Cu powder
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Table 1 DTA data and thermal decomposition Kinetic parameters of AP and the mixtures of AP and Cu powders
Sample 1/ t/C AH / (K]-g") Ey / (kJ-mol™) Ey ! (kJ-mol™) w/ %
AP 322.7 477.2 0.436 100 177 98.2
AP/Cu (20 nm) 287.6 347 1.2 95 152 96.6
AP/Cu (26 pm) 307.7 359.6 1.09 98 160 91.2

Note: ¢, is the first exothermic peak temperature; ¢, is the second exothermic peak temperature; AH is the DTA heat release; Ey, is the ac-
tivation energy of the first exothermic decomposition step; Ky, is the activation energy of the second exothermic decomposition step; w is
the TG weight loss.
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Table 2 DTA data of AP and the mixtures of AP and Cu powders with different heating speed

t,/ C 1,/ C t,/C 1,/ C 1,/ C t,/ C 6,/ C 1,/ C

Sample B=5 C-min”" B=10 C-min™ B=20 C-min” B=30 C-min" B=5 C-min" B=10 C-min' B=20 C-min”" B=30 C-min’
AP 292.1 313.7 322.7 341.0 454.2 467.7 477.2 491.5
AP/Cu(20 nm) 275.2 280.1 287.6 313.6 333.2 341.4 347.0 365.9
AP/Cu(26 pm) 289.1 300.6 307.7 332.4 345.7 353.2 359.6 376.8
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Fig.4 DTA curves of the mixtures of AP and Cu
nanopowder with different mass fraction
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Table 4 A rHf(T ) and ArGf(T) of corresponding reactions

Hesetions AH(T) 1 (kJ-mol™) AGT) / (k) -mol™)
322 C 477 °C 322 °°C 477 °C
(1) 2Cu + 0, — 2Cu0 -308.0 -305.8 -199.3 -171.3
(2) Cu + Cl, — CuCl, 2164 2117 -112.3 -85.7
(3) CuO + 2HCI — CuCl, + H,0 -120.6 -117.6 -31.1 -8.1
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