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Abstract

The focus of this work is on the use of thermal analysis to understand the in¯uence of the particle size on the decomposition

of KClO4. DSC curves of KClO4, with different particle sizes, show an endothermic peak from a phase transition close to

3088C and a melting point at 6088C. DTA curves gave similar results. Also observed is the fusion of KCl at about 7708C. The

corresponding TG curves of decomposition for the reaction of KClO4 ! KCl� 2O2 were recorded and the percentage of

mass loss is close to the theoretical value (46.18%). The initial decomposition temperature of KClO4 with smaller particle

sizes is shifted to lower temperatures, and the decomposition activation energies of KClO4 range from 231 to 269 kJ molÿ1.
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1. Introduction

Potassium perchlorate is a powerful oxidizing agent

and decomposes at elevated temperature to produce

oxygen as one of its major products. Previous studies

on the thermal properties of potassium perchlorate by

differential thermal analysis (DTA) showed an

exothermic peak at about 3008C, that is a phase

change of potassium perchlorate from rhombic struc-

ture to cubic structure [1]. Potassium perchlorate

subsequently melts at about 5888C, and then decom-

poses rapidly above 6008C [2]. In general, particle

size, purity of material and heating rate of instrument

are the factors that can affect the resulting experi-

mental curves. Since DTA is a dynamic temperature

technique, the experimental curves would be different

owing to the experimental conditions. At higher tem-

perature, the lattices of cubic structure are expanded

suf®ciently to allow O2 to escape easily. In this work,

the thermal behaviors of potassium perchlorate

with different particle sizes were studied using

DSC, DTA, and TG. And the activation energies for

thermal decomposition of potassium chlorate with

different particle sizes were evaluated by dynamic

TG techniques.

2. Experimental

KClO4 (Ferak Berlin, purity 99.5%) was ®rst care-

fully ground for 10 min in an aluminum oxide mortar

and pestle, and the fractions of particles passing
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through a series of sieves (NBS) were taken. The mass

percentage of each particle size range is shown in

Table 1. Five categories of potassium perchlorate

powder with different particle sizes were the samples

used for the DSC, DTA and TG investigation. A Du

Pont TA 2000 with 951 TG and 910 DSC cell base and

a Rigaku Denki thermoanalyzer (model 8121) DTA

were used under static air and ¯owing 50 ml/min N2

atmospheres, with heating rates from 5 to 508C minÿ1.

The reference material for DSC and DTA was pow-

dered a-Al2O3, and the sample weight of experiment is

approximating 6.5 mg.

3. Results and discussion

Fig. 1 shows the DSC curves of KClO4 with dif-

ferent particle sizes under static air atmosphere with a

108C minÿ1 heating rate. The endothermic peak of the

phase transition is close to 3088C. The result was in

agreement with Cordes and Smith [3] and Rudolf and

Freeman [4]. Melting point of KClO4 was observed to

start at about 6088C. Decomposition was rapidly

accomplished following melting at higher tempera-

ture. DTA measurements on the solid state reaction in

the region 300±8008C were carried out in static air

atmosphere with 108C minÿ1 heating rate, and DTA

curves of KClO4 samples with different particle sizes

are shown in Fig. 2. DTA curves gave similar results to

DSC except that the fusion of KCl at about 7708C
could be observed [5,6]. The TG curves of KClO4 with

different particle size region under a static air atmo-

sphere with a 108C minÿ1 heating rate, are also shown

in Fig. 3. The average percentage of mass loss

for the four particle sizes is 50%. This value is close

to the theoretical value (46.18%) for decomposition

KClO4 ! KCl� 2O2, and we found that the initial

Table 1

Weight percentage of potassium perchlorate with a particle size

region

Particle size Mass percentage (%)

�100 mesh (�150 mm) 3.25

100±l50 mesh (106±150 mm) 9.14

150±200 mesh (75±106 mm) 48.78

200±325 mesh (45±75 mm) 33.84

ÿ325 mesh (�44 mm) 4.98

Fig. 1. DSC curves of KClO4 with different particle sizes under

static air atmosphere with a 108C minÿ1 heating rate. (A)

�100 mesh; (B) 100±150 mesh; (C) 150±200 mesh; (D) 200±

325 mesh; (E) �325 mesh.

Fig. 2. DTA curves of KClO4 with different particle sizes under

static air atmosphere with a 108C minÿ1 heating rate. (A)

�100 mesh; (B) 100±150 mesh; (C) 150±200 mesh; (D) 200±

325 mesh; (E) <325 mesh.
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decomposition temperatures of KClO4 powders

were shifted to lower temperature in this work, and

were lower with decreasing particle size. But this

result was discontinued for the powder size smaller

than 44 mm.

Flynn and Wall [7], Doyle [8], et al., have illustrated

that the activation energy of a thermal decomposition

process can be determined directly from a series of TG

curve, which are carried out at different heating rates.

The method that was developed by Flynn and Wall

was the rate equation of the form:

da
dt
� A

h

� �
f �a� exp ÿ Ea

RT

� �
(1)

where T is the temperature in Kelvin, h the heating

rate, A the pre-exponential factor of the Arrhenius

equation, Ea the activity energy, R the gas constant, a
the degree of conversion and f �a� � a is the function

of degree of conversion (mass loss). A, f(a), and E are

assumed to be independent of T, and A and Ea are also

assumed to be independent of C. By utilizing the

successive approximation method and the approxi-

mate activation energies as determined, the constant

in Eq. (2) may be easily recalculated and the correct

activation energies can be obtained. For 20 �
Ea=RT � 60, the slope with average value of 0.457

is used in Eq. (2) and varies �3%.

d�log h�
d�1=T� � ÿ

0:457

R

� �
Ea (2)

The TG curves for thermal decomposition of potas-

sium perchlorate with different particle size region,

both under N2 and at static air atmosphere, with

heating rates from 5 to 508C minÿ1 were recorded

and analyzed.

Fig. 4 shows the TG curves of KClO4 with different

particle sizes with a 108C minÿ1 heating rate,

both under N2 and at static air atmosphere. In the

Fig. 3. TG curves of KClO4 with different particle sizes under

static air atmosphere with a 108C minÿ1 heating rate. (A)

�100 mesh; (B) 100±150 mesh; (C) 200±325 mesh; (D)

<325 mesh.

Fig. 4. TG curves of KClO4 with different particle sizes with a

108C minÿ1 heating rate. (1) <325 mesh, under air atmosphere; (2)

<325 mesh, under nitrogen atmosphere; (3) 200±325 mesh, under

air atmosphere; (4) 200±325 mesh, under nitrogen atmosphere.
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static air atmosphere case, the initial decomposition

temperature of KClO4 for the particle size smaller than

44 mm was shifted from 558 to 6068C, while increas-

ing the linear heating rate of TG, and the initial

decomposition temperature of the particle sizes that

are between 44 and 74 mm also ranged from 536 to

6188C. Same results were observed in N2 atmosphere,

the initial decomposition temperatures of potassium

perchlorate for the particle sizes smaller than 44 mm

are from 556 to 6258C, and that for particle size

between 44 and 74 mm are from 526 to 6218C, respec-

tively. Experimental results have shown that the initial

decomposition temperature of potassium perchlorate

with particle sizes smaller than 44 mm are almost

higher than that for particle size between 44 and

74 mm no matter in air or at N2 atmosphere with

heating rate of 5±508C minÿ1.

The activation energies of potassium perchlorate

with different particle sizes are estimated by applying

the technique of dynamic TG. The activation energies

of the decomposition stage evaluated by dynamic TG

method are listed in Table 2. When the percentage of

the weight loss is lower than 10%, we found that the

KClO4 of particle size smaller than 44 mm has a higher

activation energy of decomposition under either static

air or at N2 atmosphere. This result may illustrate that

the initial decomposition temperature of potassium

perchlorate with particle sizes smaller than 44 mm are

almost higher than the particle size between 44 and

74 mm no matter in air or at N2 atmosphere with

heating rate of 5±508C minÿ1.

It has to be considered that the initial portion of the

TG curves can be ®tted with a ®rst-order reaction

equation. In this study, we recognized that low weight

losses consistently lower than 10% can use the Arrhe-

nius equation to calculate the activation energy,

because the TG analysis gave KClO4 ! KCl� 2O2

result, and the decomposition activation energies of

KClO4 with two kinds of particle size under air atmo-

sphere are 231±269 kJ molÿ1, which are close to the

results of Cordes (for 210 kJ molÿ1) and Harvey (for

295 kJ molÿ1).

4. Conclusions

The thermal behaviors of KClO4 with different

particle sizes were investigated using DSC, DTA

and TG. The corresponding TG curves of decomposi-

tion for KClO4 are also recorded and the initial

decomposition temperatures of KClO4 with smaller

particle size are shifted to lower temperature. The

decomposition activation energies of KClO4 with

smaller particle size range from 231 to 269 kJ molÿ1

(mass loss percentage is lower than 10%, calculated by

dynamic TG method).

Table 2

Activation energy of decomposition for KClO4 with particle size between 44 and 74 mm, and less than 44 mm in static air and in a nitrogen

atmosphere

Mass loss (%) 44±74 mm �44 mm

E

(kJ molÿ1)

ÿra E/RT b Ecorrected

(kJ molÿ1)

E

(kJ molÿ1)

ÿra E/RT b Ecorrected

(kJ molÿ1)

Air

5 226 0.931 71.6 0.446 231 262 0.945 80.8 0.445 269

10 238 0.968 74.7 0.445 245 257 0.964 80.4 0.445 264

30 241 0.983 74.8 0.445 248 241 0.967 74.8 0.446 247

40 245 0.984 75.7 0.445 252 241 0.942 74.3 0.446 247

50 310 0.953 94.8 0.443 320 263 0.948 78.4 0.445 270

N2

5 112 1.00 36.2 0.458 112 134 0.996 43.3 0.454 135

10 117 0.999 37.5 0.457 117 117 0.998 37.5 0.457 117

30 116 0.994 36.2 0.458 116 113 0.980 35.3 0.459 112

40 120 0.986 37.2 0.458 120 109 0.986 33.7 0.460 108

50 113 0.995 34.8 0.459 113 107 0.970 32.9 0.461 106
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