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ABSTRACT 

The effect of past mechanical history on the subsequent thermal decomposition 
kinetics of sodium, potassium, rubidium and caesium perchlorates, has been in- 

vestigated- At low temperatures the decomposition of all these salts is significantly 
sensitized by pre-compression. At high temperatures, hovvever, prior compression 
results in a lowered decomposition rate in the case of potassium, rubidium and 
caesium perchlorates and in an increase in the thermal reactivity of sodium per- 
chlorate. The high temperature behaviour is shown to be an indirect consequence of 
the low temperature behaviour- The difference in behaviour between sodium per- 
chlorate and the other alkali metal perchlorates is explained on the basis of the 
stability of the respective chlorates, formed during the low temperature decomposi- 
tion. This is substantiated by experiments which show that the addition of sodium 
chlorate to sodium perchiorate brings about a sensitization whiIe potassium per- 
chlorate admixed with potassium chlorate results in a desensitization at high 
temperatures. 

INTRODUCTiON 

The thermal decomposition of alkali metal perchlorates has been studied by a 

number of investigators in recent years I-’ 2. The general picture about the stability of 
these materials, about the role of structural and physical properties in determining 
the stability and the possible mechanism of the decomposition, has been investigated 
in detail. Solymosi’ has reported that the decomposition of alkali perchlorates takes 
place at high temperatures and with the exception of lithium perchlorate, the de- 
compositions occur in a relatively narrow tern-raturl: range (500-575°C). The 
decompositions have been found to be autocatalytic and proceed concomittantly 
with melting of the perchlorates probably Jue to the chlorides forming a eutectic 
with the undecomposed materials. The decompositions are believed to consist of the 
following steps: 
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MCIOI 2 MCIO,;--30, (1) 

(2) 

(M=Na,K,RbandCs) 

the rate determining step being reaction (1). 
An examination of the Iiterature shows a wide variation in the reported values 

of the activation energies and pre-exponential factors for the decomposition of these 
materiaIs_ Most of the investigators report chloride and o_xygen as the major de- 
composition products_ Significantly enough, Cordes and Smith” report alkali chIorate 
as a major decomposition product. Some of the variations in the kinetic data are 
undoubtedly due to the differences in the age, particle size, method of preparation and 
previous mechanical and thermal history of the materials. A systematic investigation 
has therefore been undertaken with a view to establish the role of these factors in the 
control of the decomposition rates of these materials This paper reports results of the 
effect of the mechanical history on the decomposition kinetics of sodium, potassium, 
rubidium and caesium perchlorates. The effect of age, method of preparation, prior 
thermal treatment and particle size, will be published in subsequent papers. 

Potassium perchlorate (Laboratory Chemicals, India, AR _mde) was recrystal- 
lized twice from hot distilled water. Rubidium and caesium perchlorates were 
prepared from the corresponding carbonates (BDH, AR grade). The materials were 
recrystallizd twice from hot distilled water_ Sodium perchlorate (FIuka, Switzerland, 
AR grade) was used as received. AI1 the materials studied were polycrystalhne and 
the mate&& in all the cases, were stored in powder form over phosphorus pentoxide. 
AH comparative runs were done on materials of the same particIe size (149-177 p) 
and age_ 

Compression of the materials was effected uniaxiahy on a hydraulic peIIet press 
using a stainless-steeI die for holding the materials. After compression, the materiaI 
was crushed in a mortar (avciding circular motion of the pestle) and then sieved to the 
same particle size as the uncompressed mate&I_ 

i Differential thermal analysis (DTA) was carried out on an apparatus similar to 
that described b_+ Savant and Pate1 r3_ The DTA assembly was housed in a tubular 
quartz furnace which was programmed to a constant heating rate of 10°C min- *. 

The temperature were measured on a calibrated chromel-aiumel thermocouple 
connected in series with the block thermocouple and immersed in an ice-water 
mixture so as to maintain 0°C as the reference temperature_ Ignited powdered 
alumina was used as the reference material. Thermo_~vimetric analysis (TG) was 
carried out on a conventional McBain-Baer type quartz-spring baIancel 4. The sample 
was heated in a quartz furnace whose temperature could be controlled to & 1 “C of 
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the required temperature_ A convenient sample size for decomposition studies was 
found to be Sfty milligrams_ 

Ageing studies were carried out on samples kept in sealed tubes maintained at 
appropriate storage temperature. 

RESULTS 

Figure 1 (A, B, C and D) shows the DTA traazs of sodium, potassium, rubidium 
and caesium perchlorates compared with those of the materiaIs subjected to prior 
uniaxiaI compression. The DTA traces of the pre-compressed sampies show an 
enhanced decomposition at low temperatures prior to fusion, 

The isothermal decomposition of potassium perchlorate and that of the 
material pre-compressed at 300 kg cm-* was studied in the temperature range 500- 
600°C. The a-z curves were found to be of the sigmoid type with a short time-lag in 

(d) 

(cl 

(b) 

- 

I 
(a) 

24-C 
3070 - 

I 

TEUPERATURE,-C 

Fis 1 .(A). DTA in air of potassium perchIorate compared with that of the same mat.xiaI pre- 
compressed at different pellettins pressures. (a) Uncompressed material; (b) material pre-compressed 
at 100 kg cme2; (c) material precomprcssed zt 200 kg cm- 2; (cl) material prc-compressed at 
300 kg CXII-~. (B)_ DTA in air of rubidium perchlorate (a); compared with that of the material 
pre-compressed at 300 kg cm- ’ (b). Q. DTA in air ofcaesium perchlorate (a); compared with that 
of the material pre-compressed at 300 kg cm-= (b)_ (D)- DTA in air of sodium perchlorate compared 
with that of the material pre-compressed at different pelletting pressures (a) Uncomprcsxd material; 
(b) material pre-compresscd at 100 kg cm-‘; (c) material pre-compresed at 200 kg cmm2; (d) mate- 
rial pre-compressed at 300 kg cms2_ 
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the initial stages of the decomposition. The data were fitted to the Prout-Tompkin’s 
equation r 5 

IO& A- 
C > 

= kr+C (3) 
l--a 

Two straight lines were obtained in the plot of log (a/l -CY) versus time-one for the 
accelerator-y portion of the decomposition and one for the decelerator-y portion. The 
rate constants in the two regions (Ic, and k,) for the uncompressed and precompressed 
materials are listed in Table 1. The activation energies were found to be unaltered on 
pre-compression and were 60 kcal mol -’ both for the accelerator-y and the de- 
ceIeratory portions of the decomposition. The activation energies were also calculated 
from the plots of log= zi (‘+ is the h&time for the decomposition) against the 

Fig. 

24. 
- 
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TABLE 1 

KINFXIC DATA ON THE ISOTHERMAL DECOMPOSITIOX OF POTASSIUM 
PERCHLOUTE PRECOMPRESSED AT 300 kg cm-z 

TcmZx 

(“c) 

Half-times (min) 

KP=O KP 300 

Rate constants 

IO2 K, min- 1 

KPO KP 300 

102 Kd min- 1 

KPO KP 300 

524 14 19 9.30 6.00 2.10 0.96 
536 9 12 12.00 10.70 3.60 1.70 
-550 5 7 24.00 17.30 6.00 2.80 
572 2 3 60.00 42.00 15.00 7-50 

8 KP stands for potassium perchlorate and the number signifies the pressure in kg cmm2 at which the 
sampIes were pre-comprcssed_ 

lEMPERATuRE,*C 

m 1 (cl. 
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reciprocal of the absolute temperature and were found to be 54 kcal mol- ’ both for 
the uncompressed and the precompressed materiaIs_ An examination of Table I 
shows, surprisingly enough, a lower decomposition rate for the precompressed 

material. Similar isothermal studies on rubidium and caesium perchlorates at 
temperatures above 500°C also reveal a lowered decomposition rate in the case of the 

pre-compressed materials. 
Figure 2 shows the results of the isothermal decomposition at 540°C of sodium 

perchlorate and of tii,o material pre-compressed at different pelletting pressures_ The 
z-t curves were found to give a good fit of the Prout-Tompkins equation. The rate 
constants and the half-times for the decomposition of the ditierent samples are shown 
in Table 2. The data revea’t an increase in the decomposition rate for the materials 
subjected to prior compression_ The decomposition of the materials was studied at 
different temperatures and the Arrhenius plots for the uncompressed and pre- 
compressed materiaIs were compared (Fig. 3). The activation energies were found to 
remain unaitered at 45 kcd mol- ’ for the acceieratory region and 55 kcal mol- ’ 
for the deceleratsry pot-&m of the decomposition. The activation energies were also 

536’= 

323. 

. (bl- 

3170 
24.C 

TEbtPEilhTURE.-C 



299 

A-A NaP UNCOMPRESSED 
I 

x+c n muscote~sswmcokg/cm2 

TIME OF HEAlING,UINS. 

Fig. 2. Isothermal decomposition (54O’C) in air of sodium perchiorate and of sodium pcrchlorate 
pre-comprcsed at different pressures. 

TABLE 2 

EFFECT OF PRE-COMPRESSION ON THE ISOTHERMAL DECOMPOSITION 
OF SODIUM PERCHLORATE (Nap) AT 540°C 

Ma ferial Hclf-rimes (min) Rare constants ( x 10 min- I) 

KS Kd 

NapV 8 I.78 1.40 
NaP 100 6 2.80 1.75 
NaP 200 4 3.20 220 
Nap 300 2.7 3.50 3.00 

l The number signifies the pressure in kg an- ’ at which the sampie was prccomprtsscd. 
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Fig. 3_ Arrhenius plots of (A) sodium perchlorate (Nap) (acceleratory region); (B) NaP (decelemtory 
region); (C) XaP pre-compressed at 300 kg cm-’ (sceleratory region); and @J NaP pre-com- 
pressed at 300 kg cm-= (deceIeratory region). 

CalcuIated by plotting IO, m t+ against the reciprocal of the absoIute temperature_ They 

were found to be 58 kcaI mol- ’ both for the uncompressed and the pre-compressed 

SampIeS_ 
The time dependence of the precompression effect was studied for potassium 

perchIorate by carrying out the isothermal decomposition of the precompressed 

material at various intervab of days after the pre-compression treatment. The resuIts 
are shown in Fig. 4. A &-dual decrease in the thermal reactivity is evident with 
storage of the pre-compressed material. After twelve days, however, there is an 
increase in the decomposition rate with ase. Figure 5 shows the effect of the storage 
temperature on the thermal reactivity of potassium perchlorate subjected to prior 
compression_ An increase in the rate and the extent of ageing with an increase in the 

storage temperature is evident. 

The results of the present investigation show that the decomposition rates of 
alkali metal perchlorates are sensitive to the preceding mechanical history of the 
materials- Prior compression rest&s in a lowered decomposition rate in the case of 
potassium, rubidium, caesium perchIorates and an increase in the thermal reactivity 
of sodium per&orate at temperatures above 500°C. The DTA results at the same 
time show an enhanced decomposition at temperatures below the fusion points for 
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all the materials studied. Studies on the isothermal decomposition of these materials 
at low temperatures (below the fusion points) will be reported elsewhere’ 6_ Thermal 
analysis data in conjunction with infrared spectra and X-ray diffraction employed in 
these studies 1 6 indicate the important role played by crystal defects in controllin_g the 
decomposition rates of these materials at low temperatures. Thus the enhancement 
in the decomposition rates at low temperatures observed in the DTA traces of the 
materials subjected to prior compression, can be attributed to the additiona defects 
introduced in them as a resuh of the prior treatmentr6. The behaviour of these 
materials at hiSh temperatures may be an indirect consequence of the low temperature 
decomposition which in turn is infiuenced by pre-compression. 

The data on sodium perchlorate reveal a marked increase in the decomposition 
rate as a resuit of prior mechanical treatment throughout the temperature range 
investigated_ The desensitization of the decomposition observed at hi$r temperatures 

the case of the other alkali perchIorates is absent here. This anomalous behaviour 

TIME OF HEATING, MtNS- 

Fig. 4. EEect of storage time on the isothermal decomposition (536’C) of potassium perchlorate 
pre-compreszed at 300 kg cm-Z. 
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can probably be explained hy comparing the relative stabilities of the alkali chlorates 
formed in the course of the decomposition. The increased amount of the highly 
unstabie sodium chlorate in the pre-compresscd material as a result of its Iow 
temperature decomposition probably forms sodium chloride which in turn, accelerates 
the subsequent high temperature decomposition. In the case of potassium, rubidium 
and caesium perchlorates, the relative tendency for the respective chlorate to form the 
corresponding chIorides is much iess ’ ‘. Thus potassium perchlorate to which a smah 
amount of potassium chlorate is added, decomposes at a iower rate whereas sodium 
perchlorate containing sodium chlorate shows an enhancement in the decomposition 

rate (Elg 6)- 
The effect of prior compression on the thermal reactivity of these materials, 

shows a complex dependence on the time of storage of the material and suggests that 
diffusion and recrystahization processes in the pre-comprcssed materiak on storage 
may be important factors- The dependence of the pre-eompression effect on the 
storage temperature can possibly he attributed to the temperature dependence of 
these processes on the subsequent decomposition kinetics_ 

AGE l?4 DAYS 

Fig. 5 Effect of storage tanpcrature on the thermal reactivity of potassium jxrchioiatc pre- 
compressed at 300 kg CXII-~. 
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Fig. 6. Isothermal decomposition in air (536*C) of sodium 
perchlorate (ICP) compared with that of the -me materiaB admixed wit 
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