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Fig. 1 DTA curves of various metal oxides in air

Table. 1 Activation energy of CuO, Cu,0, Cr,Oy and V;O; from the measurement

of electrical conductivity in various atmosphere.

T~ activation energy impurity area intrinsic area
Substance 3tmﬁphkt;re' B ~-S§f?|_/f"oil_ (temperature range) (temperature range)
. 14.1 28.6
In air (room temp.-171T) arnic--)
CuO
in N 3.9 15.8
2 (room temp.-190C) (190¢C--)
.. 11.8 13.1
n air (room temp.-145C) (234c--)
Cu,O 8.6 29.1
in N, (room tem'p.-200'c) (250'6--)
.. 26.7 9.2
In air (room temp.-352C) (32¢c--)
Cl’gO. 27.5 17.2
in N, (room tcm.p.-393'c) (393'(5--)
P 10.4 27.5
In air (room temp.-200C) (478¢C--)
Vg03 8.9 6.9
in N (room tem.p.-194°c) (400'6--)
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Fig. 2 Electrical conductivity of CuO, Cu,0,
V:0; and CryO, in the presence of

perchloric acid or ammonia gas
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Fig. 3 DTA of AP, AP + 10% Cu,0, AP+
10%,Cu0, AP + 10%Cr,O; and AP +
10% V,0; in air (heating rate=10C/
min)
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Fig. 4 Kinctic analysis of the thermal decomposition of AP - 10% CuO
(A) decomposition ratio vs. time (min)
(B) half order plot Q-1-x)'*)
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Fig. 5 Kinctic analysis of the thermal decomposition of AP + 10% Cr,0,
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Fig. 6 Arrhenius plot of AP+10% Cu:0, AP+10% CuO, AP+Cr;O5 and AP+10% V,0,

Table. 2 Rate constant (at 282TC) and Arrhenius parameters of the
thermal decomposition of AP + 10% metal oxide.

Arrhenius parameters
Catalyst rate constant (min. 1) at 282°C
log A ' E (kcal/mol)
Cu,0 4.57x10-* 10.87 31
CuO 2.23x10-2 | 15,17 43
Cr.0, 4.80x102 15.39 45
V,0, 6.11x10¢ 15.25 47
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Table. 3 Summary of kinetic investigations of the thermal decomposition of

AP + catalyst mixtures®

tem Arrhenius parameter
catalyst | 1it, no® | catalyst conc. (%) ran gl:; ) kinetic analysis
* log A E (kcal/mol)
158 5 240 -- 270 p=c exp (kt) - 29
Cu,0 186 1 260 -- 280 p=c exp (kt) 12.54 36
154 ? 250 -- 270 A.E 17.15 45.5
200 16--50 180--200 | P.T or A.E - 28.9-32.9
CuO 154 ? 239 -- 270 A.E 20.70 53.5
192 4.1 260 -~ 289 C.A 16.6 47.7
41 13 210 -- 230 C.V 9 26.7
Cr;0, 154 ? 260 -- 309 C.V 8.8 31.3
201 4.8 250 -- 308 adiabatic 27.3 68
V.0, | 154 9 250 -- 303 A.E 15.2 43.7
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Fig. 7 Chemical Analysis for NH,* and ClO,-
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Fig. 8 Weight loss and chemical analysis for metal ion
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Thermal decomposition of ammonium perchlorate catalyzed
by metal oxide

by T.Nagaishi, J.Goto, M.Matsumoto and S. Yoshinaga

Thermal decomposition of ammonium perchlorate catalyzed by cupric oxide, cup-
rous oxide, chromium oxide and vanadium pentoxide was studied by means of DTA,
TG, X-ray diffraction, electrical conductivity and chemical analysis for ammonium
ion, perchlorate ion and metal ion. The catalytic activity of these metal oxides was
deduced from the experimental results.

The results were obtained as follows.

{1) These four metal oxides had catalytic activity for thermal decomposition of
ammonium perchlorate. The order of activity was Cu, 0> CuO> Cr,0,> V.0, on
the basis of the results of DTA and TG.

{2) The catalytic activity of Cu,;O was ascribed to the exothermic reaction of
oxidation of Cu,0 and CuQ(Cu,0) which had reactivity in nascent state.

The rate determining step was seemed to be electron transfer from perchlorate
ion to ammonium ion. The activity of CuO and Cr.0; was ascribed to alternative
adsorption of ammonia or perchloric acid gas on the surface of oxide, by which
dissociative decomposition of ammonium perchlorate was promoted and to heterogeneous
decomposition of perchloric acid on the surface., The rate determining step was
seemed to be the thermal breakdown of perchlorate ion by rupture of CI-O bond.

Vanadium pentoxide didn’t promote low temperature decomposition but high
temperature decomposition. The activity was ascribed to the catalysis of oxidation
of ammonia gas.

(Department of Industrial Chemistry of Kyushu Sangyo University, Higashi-ku,
Fukuoka, Japan)
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