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The catalytic decomposition of KC10~ by Fe203, obtained by calcination of Fe(II) 
salts at different temperatures, was investigated by DTA, TG, X-ray and IR. A sample 
without catalyst was found to begin fusion and decomposition simultaneously, and 
to form an intermediate, KC10~. Addition of catalysts resulted in solid-phase de- 
composition before fusion of KC10~, and in a small amount of KC10~. The difference 
in catalytic effect observed for different catalysts was less in the molten-phase decom- 
position than in the solid phase. The initial decomposition temperature (Ti) increased 
with the temperature of preparation of the catalyst and showed a definitive relation- 
ship with the crystallite size of the catalyst. The change of Ti is discussed on the basis 
of the n-type semiconductive properties of the catalyst. 

Several investigators have studied the thermal decomposition of pure KC104, 
and the decomposition catalyzed by metal oxides and halogenides [1-18]. 
Rudloff and Freeman [18] employed thirteen metal oxides in a systematic 
investigation of their catalytic effects on the decomposition, by means of DTA, 
TG and electrical conductivity methods, and concluded that (a) the catalytic 
activity increased with the p-type semiconductive character of the catalyst, (b) in 
some cases, for example Cr203, the catalyst itself was oxidized irreversibly to 
a higher oxidation state during the decomposition, and (c) since the higher the 
electrical conductivity of the oxides, the higher the resultant catalytic activity, 
the decomposition might proceed through a charge-transfer mechanism, being 
at least in part ionic. Furthermore, they reported the interesting fact that Fe203, 
although an n-type semiconductor, exhibited a catalytic activity comparable 
with that of p-type semiconductors. 

Otto and Fry [1] described that the isothermal decomposition of KC104 
containing Fe203 was unimolecular, that the rate constant was proportional to 
the amount of catalyst added, and that the sample in the course of decompo- 
sition was free from chlorate. 

In a series of studies on the thermal decomposition of alkali metal perchlorates, 
Markowitz and Boryta [14] gave the heats of crystallographic transition, fusion 
and decompositions of KC104, and also suggested that the role of MnO 2 as 
catalyst was the abstraction of atomic oxygen produced in the primary decom- 
position step. 
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The present paper is mainly phenomenological and introductory to the final 
objects, the elucidation of the mechanism of catalytic thermal decomposition 
of KC104 by FezOa and the effect of the preparing history of the oxides on the 
catalytic activity; however, some discussion of the results is given on the basis 
of the n-type semiconductive properties of Fe203. 

Experimental 

DTA. The gas-flow DTA apparatus (Fig. 1) consisted of two quartz tubes 
(i.d. = 10 mm) placed vertically in the furnace, one used as sample compartment 
and the other as reference compartment. The apparatus was designed to permit 
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Fig. 1. Gas-flow type D T A  apparatus.  C: recorder, A:  amplifier, PC: program temper- 
ature controller,  G 1, G~: gas inlet and outlet, F:  furnace, W: quartz  wool, S: sample, 

R:  reference, T:  quartz tube, P: inner quartz tube 

any kind of gas flow through the sample layer. The pulverized sample and reference 
material were kept at a fixed position in the tube by underlying loosely-packed 
quartz wool. The sensor of the CA-thermocouple (d = 0.3 mm) in the inner 
tube was positioned at the center of the sample or reference material. The heating 
rate was controlled by an ECP-51B type program controller (Ohkura Electronic 
Ins.), and the differential temperature was recorded on a 2 5 S B 4 - I R - 6  type 
millivolt recorder (Ohkura) through an AM1001B type microvolt meter (Ohkura). 
The thermocouple was calibrated against the melting points of Sn, Pb and Zn. 
The reference material was 1 g of AI203 (-150 mesh) (Merck) calcined at 1290 ~ 
for 3 hours. Samples of a total weight of 1 g were prepared by mixing KC10~ 
( -200 mesh) and Fe203 (-300 mesh) with AlaO 3 in an agate mortar. A120~ 
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was used as the diluent to prevent the melt from falling in drops through the 
quartz wool layer. 

TG. The apparatus used consisted of a quartz spring (sensitivity, 3.25 x 10 .3 
g/ram) and a quartz reaction tube (d = 40 ram) connected to a vacuum system. 
The sample of 0.1 g of a mixture of KC104, Fe20 3 and A120 3 (weight ratio = 
= 4 : 1 : 5) was placed in a cylindrical quartz dish (10 x 10 mm) and evacuated 
at 10 .3 mm Hg before heating. The weight decrease of the sample at constant 
volume and under the pressure of the evolved oxygen was measured with a 
cathetometer as a function of  temperature, which was measured with a CA- 
thermocouple attached at the outer wall of the reaction tube. 

X-ray diffraction. The diffractometer used was of Geigerflex 2141 type (Rigaku 
Denki Co.), and was operated under the following conditions; Cu-target, Ni- 
filter, 25 kV, 10 mA, 2~ and 1 sec-time constant. A Co-target and a Fe-filter 
were used for Fe203. The crystallite size of FezO3 was evaluated from the breadth 
of the X-ray diffraction line in comparison with that of NaC1 as standard [19]. 

Infrared spectra. IR absorption spectra were measured with an I R - E  type 
spectrometer (Japan Spectroscopic Co.) in the range 700-4000  cm -1, and an 
E P I - G 2  type (Hitachi) in the range 400~4000 cm -1. In all cases, the tablet 
for the IR spectra was prepared by mixing 2 mg of sample with 498 mg of KBr, 
followed by pressing the mass at 10 tons/cm 2. 

Specific surface area. The surface area of Fe20 3 was calculated by the BET 
method from the amount of  Ar adsorbed at liquid nitrogen temperature. 14.6 A 2 
[20] was employed as the cross-sectional area of Ar. 

Density. Pycnometric density measurement for Fe203 was carried out at 20 ~ 
using CC14 and taking its density as 1.5942 g/cm 3 [21]. Prior to measurements, 
Fe203 in a pycnometer half-filled with CC14 was evacuated for 30 minutes at 
a pressure of 20 mm Hg to expel included air. 

Chemical analysis of ClO~. Qualitative analysis was performed by observation 
of the white precipitates formed by Ag + with CI- resulting from the reduction 
of C10~- by NaNO2 in nitric acid solution. 

Materials. KC10~ (Kanto Chemical Co., Inc., GR grade) was recrystallized 
from distilled water. Thirteen Fe203 catalysts were prepared by 1-hour isothermal 
pyrolysis of  F e S O ~ ' 7 H 2 0  (Kanto) in air at 700,, 800 and 900 ~ , and of  
FeC204 " 2HzO (Kanto) at 500, 600, 700, 800 and 900 ~ in air and in oxygen 
(see text). 

Results and discussion 

Influence of atmospheric conditions, recrystallization, particle size and amount 
of catalyst. There are essentially two endothermic peaks and an exothermic 
peak in the DTA curve of  pure KC1Oa when measured in air. The solid-phase 
transition of the perchlorate from the rhombic to the cubic form results in the 
first endothermic peak (peak temperature designated as Tt) around 300 ~ The 

J. Thermal AnaL 6, 1974 



308  F U R U I C H I  et al.: CATALYTIC DECOMPOSITION OF KCIO~ 

second endothermic peak corresponds to the fusion of the solid perchlorate 
(Tf), followed by the exothermic peak of the decomposition (Td). It has been 
found that the DTA profiles are influenced by factors such as the atmosphere, 
particle size and impurities [7, 22, 23]. The DTA curves of KC1Q recrystallized 
zero, three and five times did not differ significantly. Fig. 2 shows DTA curves 
of  KC104 ( - 2 0 0  mesh) measured in air at various flow rates. No significant 
change of the peak positions is observed in the Figure. Similar results were 
obtained for N2 and 02. Rudloff and Freeman [17] also found the influences 
of  N2 and 02 on the DTA curves of KC103 to be insignificant. Next, two sieve 
fractions of KC10~ with particle sizes of  155,,-200 mesh and under 200 mesh 
did not give any change in the peak positions. Finally, the change of Td was 
measured in air for KC10,  ( -  200 mesh) containing different amounts of catalyst. 
As seen in Table 1, T d decreases with the amount of catalyst and changes according 
to the preparing history of the catalyst. 

Table 1 

Effect of the amount of catalyst on the exothermic 
peak temperature (Ta) of the decomposition 

Amount  
of  catalyst 

(mol ~ )  

0 
1.39 
3.49 
7.52 

12.4 
17.8 
29.0 

543 

Zd, ~ 

Fe~O3 catalyst 

A a) Bb) C c) 

538 
531 
520 
516 
512 
511 

541 

535 
529 
525 
519 

539 
539 
538 
537 
533 
530 

a) obtained from FezSO4" 7HzO calcined at 800 ~ for 1 hr 
b) obtained from Fe(OH)3 calcined at 300 ~ for 1 hr 
c) obtained from FeC20~- 2H20 calcined at 800 ~ for 1 hr 

In subsequent experiments, all measurements were carried out by employing 
the recrystallized KC10~ with a particle size of - 2 0 0  mesh, F%O3 of - 3 0 0  mesh, 
static air, and a fixed mixing ratio KC10~ : FezOz : A12Oa = 4 : 1 : 5 by weight. 

Preparation of Fe20z catalysts. The results of DTA experiments in air showed 
that an endothermic deflection corresponding to the decomposition of  FeSO~ 
appeared between 650 ~ and 780 ~ with the peak at 750 ~ Balek [24] showed by 
chemical analysis that FeSO~ �9 7HzO decomposed completely at 700 ~ and that no 
anion traces were present. Thus, temperatures above 700 ~ were taken for the prep- 
aration of  Fe203 by isothermal decomposition of FeSOa �9 7H~O. After having been 
washed carefully with hot water, Fe2Oz obtained at 700 ~ was found to be free 
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from SO~- in tests with Ba 2+ and by inspection for SO~- IR absorption bands 
at 983 cm -1 and 1105 cm -1. Brown and Bevan [25] have proposed a decompo- 
sition mechanism for FeC20~ �9 2H20 on the basis of  the results of  DTA, TG  and 
X-ray experiments. In the present experiment, DTA curves of the oxalate measured 
in air showed two exothermic peaks at 462 ~ and 517 ~ From X-ray data, these 
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Fig. 2. DTA curves of KC104 in air at various flow rates. KC104:--200 mesh, 100 mg; 
A1203:--150 mesh, 800 mg; �9 = 4.4~ 

were found to correspond to the decomposition and the oxidation of  FeC20~, 
respectively. The product of  1-hour pyrolysis of FeC204 �9 21-I20 in air at 500 ~ 
gave the X-ray diffraction pattern of pure ~-Fe203, but the existence of a small 
amount of FeO was detected in the product obtained by 3-minute pyrolysis 
under the same conditions. On the basis of  these results, Fe203 catalysts used 
in the present experiments were prepared by isothermal pyrolysis for 1 hour at 
temperatures above 700 ~ for FeSO4 �9 7H20, and above 500 ~ for FeC204 �9 2H20. 

Decomposition ofKCl04. Markowitz and Boryta [14] give the heats of reactions 
(AQ, kcal/mole) as follows: 

Transition of crystal structure: 

KC104 (s, rhombic) ~ KC104(s, cubic) AQ = -3 .29  (1) 

Fusion: 
KflO~(s) ~ KC10, (1) AQ = - 2 . 3  (2) 

Decomposition: 
KC10,(1) --. KCI(1) + 2 02 (g) AQ = + 6.8 (3) 
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KCIO4(1) ~ KCI(s) + 2 02 (g) 

KC10~(s) ~ KCI(1) + 2 02 (g) 

KC10~(s) ~ KCI(s)  + 2 02 (g) 

KC104(s, 1) ~ KC1Os (1) + 1/2 02 (g) 

KC103(1 ) ~ KCI(1) + 3/2 02 (g) 

AQ = + 12.8 (4) 

AQ = + 4.5 (5) 

AQ = + 10.51 (6) 

AQ < 0 (7) 

AQ > 0 (8) 

Fig. 3 shows typical D T A  results o f  the catalytic decomposi t ion.  The endo- 
thermic  peak  a round  300 ~ arising f rom the solid-phase transit ion (Eq. 1) appears  
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Fig. 3. DTA curves of KC10~ containing Fe2Oz prepared from FeC20~ �9 2H20 by pyrolysis 
in air. Pyrolysis temperature: (1) 500% (2) 600 ~ (3) 700 ~ (4) 800% (5) 900~ mixing ratio: 
KCIO~ : Fe~O3 :A12Oz=0.4 g : 0.1 g : 0.5 g; curve (6): KC10~:A12Oz=0 .4g :0 .6g .  

= 4.4~ 
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in all the DTA curves, and its peak temperature (Tt) does not depend on the 
presence or the temperature of preparation of the catalyst. KC10~ without 
catalyst but with A1203 shows the peaks of endothermic fusion (Tf) and exothermic 
decomposition (Td) to be 60 ~ 100 ~ lower than the corresponding temperatures 
for pure KC104 reported in the literature [7, 12-14, 16, 18]. Rudloff and 
Freeman observed the lowering of Tf and Td by about 60 ~ by addition of AlzO 3 
to pure KC10~, although the catalytic activity of A1203 was found to be the 
least for the catalysts which they studied (Fig. 6, curves 13 and 14 in Ref. [18]. 
In the present experiments, A1203 was used as diluent to prevent the molten 
phase of KC10~ from falling in drops, but the comparison of the catalytic activities 
of Fe20~ samples with different preparing histories is possible, since the ratio 
KC10~ : Fe20 a : A1203 was fixed in all experiments. 

It is found in Fig. 3 that (a) both Tr and T d increase in all cases with increase 
of the temperature of preparation of the Fe203, (b) the addition of catalyst results 
in an exothermic deflection in the low-temperature range before the appearance 
of the endothermic peak of fusion, and (c) the area under this exothermic deflection 
seems to increase with decrease of the temperature of preparation of the Fe2Oz. 

Fact (b) is considered to show that the addition of catalyst leads to the solid- 
phase decomposition before fusion [18]. Fig. 4 contains the DTA and X-ray 
diffraction patterns of partially decomposed samples. The samples for X-ray 
measurements were obtained by being cooled at room temperature, after having 
been heated up to the temperatures indicated in the Figure. The catalyst used 
was Fe203 prepared at 500 ~ from FeC20~ �9 2 H20. In this Figure, the diffraction 
lines of e-Fe203 and ~-A1203 are omitted, because no change was observed in 
them before and after the decomposition. It is seen in Fig. 4 that KC1 is formed 
by decomposition of KC10~ at stages 3 and 4, at which the endothermic fusion 
does not still appear in the DTA curve. This may confirm the solid-phase 
decomposition. The intensity of KCI lines increases and of KC104 lines decreases 
with temperature. In the case without catalysts, the X-ray data showed that the 
diffraction lines of KC1 appear immediately after the beginning of the endo- 
thermic fusion of the KCIO~, and the intensity then increases steeply with the 
progress of the decomposition in the molten phase. The existence of KC103 
was not observed in the X-ray patterns of the samples with and without catalyst. 

As seen in Fig. 3, the ratio of the area under the endothermic fusion peak to 
that under the endothermic solid-phase transition peak is evidently smaller 
than 0.7, which is the ratio between the AQ values of Eq. (2) and Eq. (1). This 
may be interpreted by assuming that the observed endothermic fusion peak 
represents the resultant of endothermic processes (Eqs (2) and/or (7)) and exother- 
mic processes (Eqs (3), (4) and/or (5), (6), (8)) [14]. The lowering of Tf (fact (a)) 
may be attributed to KC1 produced by solid-phase decomposition. Harvey et 
al. [5] presented a phase diagram for the system KC1Q-KCI(KCIO3) and showed 
that the temperature range of phase change from solid to liquid decreased with 
the decrease of the ratio KC1OJKC1. The DTA curves in Fig. 3 show that the 
initial exothermic deflection due to solid-phase decomposition starts at a lower 
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temperature as the temperature of preparation of the catalyst is lowered. This 
indicates that the lower temperature of preparation results in the formation 
of  KC1 at the lower temperature, and thus in the lowering of T r. From these 
results, the catalytic thermal decomposition of KC10~ may be conveniently 
divided into two categories, the decomposition in the solid phase and the 
decomposition in the liquid phase [5, 18]. 
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Fig. 4. DTA curves and X-ray patterns of partially decomposed KCIO 4 containing Fe203. 
Fe~Oz: from FeCeO 4 �9 2H20 calcined at 500 ~ in air . . . . . .  KCI, - -  KC104 

Fig. 5 illustrates Kissinger plots [26] for the estimation of  the activation energy 
of the liquid-phase decomposition from Td at heating rates of 9.9, 7.1, 4.4 and 
2.1 ~ Open and full circles in the Figure indicate the data without and with 
catalyst (prepared from FeC20~ " 2H20 at 800~ respectively. For  the two cases, 
the reaction order estimated from the shape factor of DTA peak was 1.3 and 1.2, 
so that the liquid-phase decomposition may be approximated as a first-order 
reaction. Furthermore, the data in Fig. 5 are on a single line with a slope of 75 
kcal/mole [5]. This shows that the catalytic effect of Fe2Oa is very small in the 
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liquid-phase decomposition. Another illustration is given in Fig. 6, which shows 
TG curves for samples with and without catalysts. In TG experiments, the 
temperature was measured with a thermocouple placed at the outer wall of the 
reaction tube, so that some temperature differences are seen in thermal profiles 
between the DTA curves in Fig. 3 and the TG curves in Fig. 6. The mutual corn- 
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122 123 1.24 1.25 1216 i1.," 
] I [ I 

o 

kcoI / mote 

i " 
Fig. 5. Activation energy of the liquid-phase decomposition (Kissinger plot). 

o KC104 + A1203, �9 KC104 + A1203 + Fe203 obtained from FeC20~ �9 2H20 at 800 ~ 

parison of the TG curves, however, is possible for differentiation of the catalytic 
effects of Fe203 with different preparing histories, since the TG measurements 
were carried out under the same experimental conditions. As seen in Fig. 6, 
the slopes of the TG curves in the region showing the steepest weight decrease 
are practically independent of the presence of catalyst and its preparation tem- 
peratures -- the sample was liquefied in this region. This supports the conclusion 
of the small catalytic effect on the liquid-phase decomposition. 

Fig. 7 contains DTA curves and IR spectra of partially decomposed samples. 
By referring to the IR spectra of pure KC104 and KC103, it is found that the sample 
without catalyst (Fig. 7) simultaneously gives the weak absorption band of C10~- 
and the beginning of the endothermic fusion (stage 2). The absorbancy increases 
thereafter with the progress of the decomposition, but it decreases after passing 
through the maximum value in stage 4 and becomes zero in the final stage. On 
the other hand, the sample containing catalyst showed a very weak band of 
C10; only at a temperature corresponding to Td. From comparison of the ab- 
sorbancies the amount of KCI03 formed in the catalyzed decomposition was 
found to be smaller than in the uncatalyzed decomposition. Chemical analysis 
of C10~- revealed the same results. If the decomposition of KC104, as suggested 

J. Thermal Anal. 6, 1974 



314 FURUICH[ et al.: CATALYTIC DECOMPOSITION OF KCIO4 

by Simchen [11], proceeds according to a successive reaction path, KC104-* 
KC10 3 ~ KC1 (Eq. (7) --* Eq. (8)), it is considered that the catalyst accelerates 

the latter step preferentially, so that the amount of CIO.;- is small in the cat- 
alyzed decomposition. In addition to the successive reaction, if the direct ~decom- 
position from KC10~ to KC1 (Eqs (3) and (4)) occurs competitively, the catalytic 
decomposition is considered to proceed mainly through Eq. (3) or Eq. (4). 

g 
4o 

30 

2O 

10 

_ "~,'J x x• /<  

0 
450 500 550 500 

Tem perQture )~ 

Fig. 6. T G  curves of  KC104 containing Fe2Oa prepared  f rom FeC204 �9 2H20 by pyrolysis 
in air. Pyrolysis temperature: --O-- 500 ~ --A-- 700 ~ and--�9 900~ - - x - - :  no cata- 
lyst; initial sample weight: 0.1 g, KC104 : FezO3 : AlzOa = 0.4 g : 0.1 g : 0.5 g; ~ = 5 ~ 

The pronounced catalytic effect seen in Fig. 6 is the change in the initial de- 
composition temperature (Ti), which increases with the temperature of preparation 
of the catalyst. This change in Ti is also observed in the corresponding D TA  
curves in Fig. 3; the lower the temperature of preparation of the catalyst, the lower 
the temperature of the initial exothermic deflection before the endothermic peak 
of fusion. The values of T i determined from the TG  curves are plotted in Fig. 8. 
Here we define T i as the characteristic value indicating the catalytic activity of 
the Fe~Oz. From Fig. 8, it can be seen that the catalytic activity in the range of 
low preparation temperature decreases approximately in the order FeSO~ in air > 
> FeC20~ in 02 > FeCzO~ in air, and increases with decrease of the temperature. 

Table 2 lists surface area, density and crystallite size of the catalysts. It is seen 
that the density increases with preparation temperature, except for FezOz ob- 
tained by calcination of FeC204 " 2H20 in 02, and that surface area decreases 
and crystallite size increases with the temperature. As found in Fig. 9, the plot 
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of the crystallite size as a function of the T~ determined from the TG curves 
(Fig. 6) shows a good relationship in that the latter increases with the increase 
of the value of the former. It can be presumed in general that Fe20 3 obtained 

Wclve number ~ cm -1 
1400 1300  1200  1100 1000 900 800 

I ~ i I ! I 

2 

3 

4 

uJ 

&Y 5 ~ 
I ~ " 

o i 1 

m 300, 400 500 
Temperature ~~ 

Fig. 7. D T A  curve and IR  spectra of partially decomposed K C ] O  4 

by pyrolysis of iron salts grows at the higher calcination temperature into less 
distorted and less defective well-crystallized oxide. IR spectra of FezO 3 catalysts 
showed that the absorbancy at 550 cm -1 and 450 cm -1 [27, 28] decreased, and 
their positions shifted to wavenumbers higher by 5 ~ 8 cm -1 with an increase 
in the temperature of preparation of the catalysts. Sato et al. [29] obtained a 
similar result for ~-FeOOH with different ageing times, and concluded that this 
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Fig. 8. Relation between initial decomposit ion temperature found by T G  and temperature 
of preparat ion of catalysts. 

- - o - -  FeSO~ �9 7H20, calcined in air 
Fe2Oa prepared from - - O - -  FeC~Oa �9 2H~O, in air 

- - A - -  FeC204 �9 2H20, in 02 
x no catalyst 

Table 2 

Change in surface area, density and crystalline diameter of catalysts 

Temperature of  preparat ion 
o f  F%Oa, ~ 

FeSO4 �9 7t-I20 
(calcined 
in air 
for 1 hr) 

FeC204 �9 2H20 
(calcined 
in air 
for 1 hr) 

FeCzO ~ . 2H~O 
(calcined 
in O2 
for 1 hr) 

surface area 
(m2/g) 

density (g/cm 3) 

crystallite 
diameter (/~) 

surface area 
(mS/g) 
density (g/cm a) 

crystallite 
diameter (~)  

surface area 
(mZ/g) 

density (g/cm a) 

crystallite 
diameter (/~) 

500 600 700 800 900 

15.6 

5.00 

810 

20.6 

5.08 
5.08 

1280 

11.3 

5.09 
4.98 
5.03 

1220 

8.5 

5.03 
5.17 
5.17 

1440 

9.9 

5.10 
4.89 
4.93 

2510 

1.2 

5.23 
5.20 

2410 

6.2 

4.97 
4.97 
4.97 

1980 

3.7 

5,41 
5,49 
5.52 

2890 

0.8 

5.23 

2880 

3.0 

5.19 
4.95 
5.06 

2600 
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change in the IR spectra resulted from the increase in the crystallinity of the oxy- 
hydroxide. The growth of  crystallite of  Fe203 can therefore presumably be used 
as a parameter of the increase of  crystallinity. 
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Fig. 9. Relation between crystallite size and initial decomposition temperature. 
- -o- -  FeSO4 " 7H20, calcined in air 

Fe20~ prepared from --�9 FeC204 �9 2H20, in 02 
--,i-- FeC~O4" 2H20, in air 

Preparation temperatures are indicated in the Figure 

c~-Fe20 3 is usually classified as an n-type semiconductor, with the metal ion in 
slight excess. According to Morin [30, 31], the donor center in the oxide is pro- 
vided by the excess Fe 2+, which ionizes into Fe z+ to give the conduction electron. 
Pryor and Evans [32] have confirmed the existence of Fe 2+ in c~-FezOz calcined 
at fairly high temperature. It has been reported that oxygen did not chemisorb 
on c~-Fe20 3 at low temperature [33], but that the depletive chemisorption of  oxy- 
gen at 100 ~ resulted in a decrease of the electrical conductivity and the oxygen 
desorbed at same temperature under a pressure of  l0 -6 mm Hg, followed by the 
restoration of  the conductivity [34]. On the other hand, the decomposition of 
KC104 can be regarded as a reduction of C17+ to C15+ or C1-. It may be speculated, 
therefore, that at around 400 ~ at which temperature the catalytic decomposition 
starts, the interaction between catalyst surface and chemisorbed oxygen of  C10~- 
promotes the ionization of  the donor ion Fe 2+ ~ Fe 3+ + e, and the electrons 
thus produced transfer to CF +. Accordingly, the initiation of  the decomposition 
of  KC10~ may probably be considered as follows: 

2Fe 2+ (oxide) + C1Oi- ~ Fe~ + 02-  (oxide) + C10~- (9) 

The conductivity (a) is expressed by 

a = H n e  (10) 

where p is the mobility, n is the concentration of conduction electrons and e is 
the charge of an electron, a increases with n, which is a function of the concentra- 
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tion of donor centers (Eq. (11)). Rudloff and Freeman [18] concluded that the 
catalytic activity depended on the p-type semiconductive character, but they 
found that Fe203, although of n-type, had a large conductivity, and an exceptionally 
high catalytic activity, i.e. a low T i value. One of the possible explanations for 
this is that the FezO3 had a higher concentration of donor centers than the other 
n-type oxides (MgO, A1203, TiO~ and ZnO) which they used in the experiments, 
so that the reaction of Eq. (9) occurred more frequently even at low temperature 
(see below). 

Mott and Gurney [35] have given an equation for n: 

[2mekBT)3/~exp -wi (ll) 
n = (No)l/Z ( h ~ [ 2~kB T) 

where N D is the number of donor center, mr is the mass of an electron, wi is the 
ionization energy of a donor center, and the others are well-known symbols. 
If the temperature-dependence of p in Eq. (10) can be neglected, the slope of the 
plot of a against 1/T gives the value of w i. Okamoto et al. [36] found that hydrous 
ferric oxide aged in water for different periods had a decreased wi and an increased 
surface area with a decrease in the crystallinity. Furthermore, according to 
Meyer's rule [37] the value of w i is decreased by interaction between the donor 
centers, when their concentration is high. Since a small w i means the ionization 
of the donor at low temperature, it is considered that the low crystallinity of Fe203 
results in the low ionization energy and thus in the low initial decomposition 
temperature. 

Conclusions 

1. The decomposition of KC10~ was not influenced by the atmospheric condi- 
tions. 

2. ~-Fe2Oz acted as the catalyst mainly in the initial solid-phase decomposi- 
tion. The liquid-phase decomposition was affected very slightly by the catalyst. 
The activation energy of the liquid-phase decomposition, estimated by Kis- 
singer's method, was 75 kcal/mole both with and without catalyst. 

3. KC104 containing no catalyst began to melt and to decompose simultane- 
ously and KC103 formed as a reaction intermediate. Addition of catalyst result- 
ed in the' solid-phase decomposition and depressed the formation of the inter- 
mediate. The initial decomposition temperature increased with the temperature 
of preparation of the catalyst. 

4. The change in initial decomposition temperature was correlated with the 
crystallinity of the Fe2Oz. The oxide with low crystallinity was presumed to 
have a high concentration of donor centers and a low ionization energy, which 
led to a low initial decomposition temperature. 

One  o f  the  a u t h o r s  (R.F . )  wishes  to t h a n k  the M a t s u n a g a  F o u n d a t i o n  for  a scholarsh ip .  
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Rt~SUMI~ -- Etude par ADT, TG, RX et IR de la d6composition catalytique de KC1Oa par FeeOa 
obtenu par calcination de sels de Fe(II) /t diff~rentes tempdratures. En l'absence de cata- 
lyseur l'6chantillon commence par fondre tout en se d6composant et il se forme inter- 
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m6diairement KC1Oa. En pr6sence de catalyseur, la d6composition de la phase solide 
pr6c~de la fusion de KC1Oa et il n ' appara i t  pue de faibles quantitds de KC1Oz. Les diff6- 
fences de l'effet eatalytique observdes avec divers catalyseurs sont moins marqu6es dans 
la phase fondue que dans la solide. La temp6rature de d6composition initiale (Ti) augmente 
avec la temp6rature de pr6parat ion du catalyseur et est fix6e par  la granulom6trie du 
catalyseur. Les variat ions de T~ sont  discut6es sur la base des propri6t6s de semi-conduc- 
teur type n, du catalyseur. 

ZUSAMMENFASSUNG -- Die katalytische Zersetzung von KC10~ durch Fe~Os, welches du tch  
Kalzinierung yon Fe(II)-Salzen bei verschiedenen Temperaturen erhalten wurde, wurde an 
Hand  yon DTA, TG, P, Sntgen trod IP, geprtift. Es wurde festgestellt, dal~ die Probe olme 
Katalysator  gleichzeitig zu schmelzen und  sich zu zersetzen beginnt und ein Zwischenprodukt,  
KC1Oz, bildet. Die Zugabe yon Katalysatoren ergab eine Zersetzung in der festen Phase, 
noch vor dem Schmelzen des KC10~ und in kleinen Mengen des KC1Oa. Der Unterschied 
der katalytischen Wirkung verschiedener Katalysatoren war bei der Schmelzphasenzersetzung 
geringer als in der festen Phase. Die Anfangs-Zersetzungstemperatur  (T~) n a h m  mit steigender 
Herstel lungstemperatur des Katalysators zu und zeigte einen ausgepr~igten Zusammenhang  
rnit der KristallgrSl~e des Katalysators.  Die .~nderungen yon T~ wurden unter  Erw/igung der 
Halbleitereigenschaften vom Typ n des Katalysators erSrtert. 

Pe3loMe - -  Flccne~oBan MeTO~IaMla ,~TA, TF, HKC rI pei-iTreHocTpyx(Typnoro arlannaa raxa-  
JInTrtqeci~i,I~ pacna~ IZC10 a iIO~ ~e~cTBneM OlCrlCrI x~ene3a Fe203. norynenHl~I~ I~anl~im~inpo- 
BanHeM COSle~ Fe]II. J. H a ~ e n o ,  qTO 5e3 raxanaaaTopa o6paaelX o~rloBpeMerlrlO n~IaarlTC~ 
rI pacria~aeTca, oSpa3ys IIpoMex~yTOqI~t,ffI npo~yI~W KC1Os. Hpn  ~o6aBJIe~Inr~ xaxaJIrI3awopa 
zto IlnaaJIerin~ KC1Oa IlpOrtCXO~rtT ero TBep~oqba3noe pa3no~KeHi4e n 06pa3yexca B rle60.rmnlOM 
ronnnecTBe KC1Os. YcxaI~oBaerlo, ~TO paamma raTannTnaecroro aqbqberTa, rla6alo~IaeMoro 
~na pasnrlqi~l~iX I~aTanrl3aTOpOB, 61,1ha Mere, me np~t paanoxennrI B pacn2iaBneni~oA Ca3e, 
no cpaBHerm~o c xBepao~. Ha~an~Haz TeMnepaTypa pacnazta (T~) yae:qlearlaaexcz e reM- 
rlepaTypo~l npi~roToBnenI~a I~aramt3aTopa rI naxo~nTCrt ~ onpe~e~Ierino~t 3aBrlCmVlOCTrI OT 
pa3MepoB rprlcra~noB Icara2Ia3aTopa. O6cyx~aeTc~ rlsMeneni~e Ti, ncxo~a r~3 n-xmml, lX 
no~unpoao~Ivaroa~,IX cso~cxa ~aTazri3axopa. 
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