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The catalytic Wuence of metal oxides on the decomposition of potassium 
perchlorate and potassium chlorate has been reviewed by Rudloff and Freeman’ and 
it has been observed that the decomposition temperatures of potassium perchlorate 
and potassium chlorate in the preserxe of several of these oxides are considerably 
lower than those of the pure salts. It is suggested that the chemical reactions are 
involved in the decomposition of potassium chl0rat-e in the presence of chromium(Vi) 
oxide rather than true catalysis. Studies on the thermal decomposition of potassium 
perchlorate and potassium chlorate3 in the presence of Cr,O, have revealed that 
chromium(IIr) oxide not only lowers the decomposition temperatures of pure 
potassium salts but chemically interacts to form potassium dichromate; each mole of 
Cr,O, consumes 2 moles of KC104 and 813 moIw of KClO, _ The present work deals 
with the detailed studies made of the effect of Cr03 on the thermal decomposition of 
KClO, and KClO, employing TG and DTA techniques- The decomposition products 
were examin ed by chemical analysis, infrared spectral measurements and X-ray 
powder patterns. 

Potassium perchlorate used was from BDH (London). Commercially avaiIab!e 
potassium chlorate was rsrystallized and used. All other chemicals employed were 
pure reagent grade_ 

Method3 
Mixtures of KCI04 and CrO,, and hCl0, and Cr03 were prepared in 1:2, 

l:l, 2:l and 41 molar ratios by taking the required amounts and grinding in anagate 
mortar for %I0 min_ 

The thermogravimetric analyses were made in air using Stanton recording 
thermobalanee at a linear heating rate of 6°C minWx. About 200 mg samples were 
taken in a platinum crucibie container for each run. Differential thermal analyses 
were made in air employing Netzsch differential thermoanalyzer at a heating rate of 
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10°C min-’ using standard alumina as reference material. About 70-100 mg samples 

were used for each experiment in platinum crucible container. 

The infrared spectra were recorded in NujoI on Beckman IR I2 spectro- 

photometer. The X-ray powder patterns 

diam. camera using Cu& radiation. 

Anaipicai4 
Chromium(W) was determined 

were taken with a Debye-Scherrer 114.6 mm 

iodometrically. Chloride was determined 

gravimetricahy after separating the chromate by precipitating as barium chronMe. 

RESULTS AbiD DISCUSSION 

In Figs. 1 and 2 are given TG and DTA pIots of 1:2, 1:I and 21 molar ratios of 

KClO, and CrO, , and KCI03 and CrO, , respectively_ As the plots of 4: I mixtures 

are similar to the corresponding 2:1 molar ratios, they are not reproduced. For the 

sake of comparison, the TG and DTA curves of 00, are plotted in Fig. IA. The 

observed nature of CrO, decomposition is simiiar to that of an earlier report5. It 

melts around 22O”C, indicated by an endotherm and starts decomposing at 300°C. 

A broad exotherm around 350°C is attributed to the expuIsion of oxygen and an 

endotherm at 48O’C is due to the formation of Cr,03_ The decomposition begins 

at 2403C for all the mixtures of KCIO, and CrO,, and at 200°C for those of KCIO, 

and 00,. which are much lower than the decomposition temperatures of pure 

KclO~2 and KCIOs3. For 1~1 molar ratios thz decomposition was complete at 

350°C for the KClO,-CrO, system and at 250°C for the KC103-Cr03 system_ The 

decomposition was complete at 480°C for I:2 molar ratios of the two systems and at 

450 and 350°C for 2:l and 4: I molar ratios of KCIO,-Cr03 and KCI03-Cr03 

mixtures, respectively. The residues of decomposition of ail mixtures are examined by 

chemical anaIyses and infrared and X-ray diffraction studies. 

The products of decomposition of 1 :I, 2:l and 41 molar ratios are soluble 

freely in water and contained K2Cr207 and KCI. The residues of the I:2 mixtures are 

part& soIubIe and contained K,Cr,07 and Crz03_ The analytical values are given 

iu Tables I and 2. 

The infrared spectra of the decomposition products of 1: 1, 2:l and 4:l molar 

ratios of the two systems are identical and had absorptions at (cm-‘) 1303w, 

95Os,b, 903s, 892s, 8OOs, 76Os, 562m, 45Ow, 372m which corresponded6*’ to the 

absorption frequencies of pure K2Cr20f. On the other hand the infrared spectra of 
the residues of 1:2 mixtures had absorptions due to K,Cr,O, and additional fre- 

quencies at (cm-‘) 625s, 555m and 400~ which are characteristic* of CrzOs 

indicating the presence of free CrzO, _ 

The X-ray powder patterns of the residues of I : 1 moIar ratios of the two systems 

had the following intense &,, values (A): 3_65m, 3_44m, 2.95s, 2.85s, 2.60~ and 

2-03~~ These values are due to the diffraction patterns of K,Cr,O,‘. The decom- 

position products of higher moIar ratios had d-spacings due to K2Cr207 with 
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Fig, l- TG and DTA plots of 00, (A) and I:2 (B). I:1 (D) and 2.1 (C) molar ratios of KCIOI and 
-3. 
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Fig_ 2. TG and DTA piots of I-2 (A), I:1 (C) and 2:1 (B) molar ratios of KC103 and Ct03. 
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TABLE I 

TG AND ANALYTICAL DATA ON KCIO~ AND Cr03 MIXTURES 

Weigfit loss (%) Found 

Foimd Cak. Cr(y7) Cl 

Calc. 

Cr(V. Cl 

I2 34.5 34.0 15.7 - 15.4 - 

1:l 38-S 38.4 221 - 21.8 - 

2zl 41.5 41.2 13.4 9.12 13.8 9.40 

Ql 43.5 43.3 824 162 7.95 16.3 

TABLE 2 

TG AND ANALYTICAL D_4TA ON KC-IO3 AND C1-03 MIXTURES 

MoIkr ratio 
KCI03:Cr03 

Weight loss (54) 

Forutd Cdc. 

Fomd 

Cr(VI) CI 

Cak 

Cr(VI) Cl 

12 31-O 30.9 16.4 - 16.1 - 

lrl 34.0 33.9 23.5 - 23.4 - 

2Zl 36.0 35.7 14.8 10.4 15.1 10.3 
4:l 37.5 37.2 8.63 18.4 8.8! 18.0 

additional lines at (A) 3_16s, 2.22m and 1.81~ corresponding9 to those of KCI, 
whereas the residues of 1:2 molar ratios had d-r values in addition to those of 
K2CrZ07, extra lines at (A) 3.63m, 2.68s, 2.48s and 1.68s corresponding9 to those of 
Cr203 _ The results oi chemical, X-ray and IR analyses thus indicate that 1-l molar 
ratios of KCIOI and CrO,, and KClO, and 00s give K2Crz07 as the decomposition 
product. The reaction schemes are given as, 

xKClO,+yCtQ + fKzCr,0,~(x-l)KCI+~<JIz+~-l)Cr203+ 

i-(2x--$)0, (1) 

xKClO,iyCrO, ---, ~K~Cr,O,;(x-l)K~+~C1,;~-l)Cr~O,f 

+(3x/2-+)0, (2) 

x,y=l.2,3.,. 

Based on these schemes, the expected weight losses for different mixtures are calculated 
and the values are tabulated in Tables 1 and 2 together with the thermogravimetric 
results. The two results are in good agreement. 

The DTA curves of KClO,-CrO, _ . (Fi_g. 1) showed an endotherm 

around 210°C due to the melting of Cr03, an exotherm at 320°C assigned to the 
formation of K,Cr,O, and an endotherm at 400°C due to the melting of K&r20,. 



265 

An exotherm around 350°C followed by an endotherm at 470°C for 1:2 molar ratio 
is characteristic of the decomposition of CrO, present in excess, to the formation of 
KzCrzO,; the former is due to the expulsion of oxygen and the latter is due to the 
formation of Cr203. An endotherm at 300°C for 2:l and 4:l molar ratios is due to 
the phase transformation of unreacted KClO.+ and an endotherm immediately 
folIowed by an exotherm around 470°C is due to the decomposition of KCIOj. The 
DTA cumes of the different molar ratios of KC103 and Cr03 (Fig.2) showed an 
exotherm at 220°C due to the formation of K2Cr20, and an endotherm at 400°C 
due to its melting. The 1:2 molar ratio showed an additional exotherm at 353°C and 
an endotherm around 470°C which are characteristic of G-0, decomposition. In 
the case of 2:l and 4:l molar ratios there was an endothermic effect at 320°C ascribed 
to the melting of unreacted KCIO, and exothermic effects at 350 and 3SO”C due to the 
decomposition of KClO, _ 
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