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Abstract: The isothermal decomposition and kinetics of potassium metaperiod-
ate (K10,) were studied by thermogravimetry as a function of the concentration
of dopants. The thermal decomposition of KIO,4 proceeds mainly through two
stages: an acceleration period up to o = 0.50 and a decay stage. The thermal
decomposition data for both doped and untreated K10, were found to be best
described by the Prout—Tompkins Equation. The o~t data of doped and un-
treated samples of KIO, were subjected to isoconversiona studies for the de-
termination of the activation energy values. The isoconversional studies of the
isothermal decomposition of untreated and doped samples of K1O, indicated
that the thermal decomposition of KI1O, proceeds through a single kinetic mo-
del, the Prout-Tompkins model, throughout the entire range of conversion, as
opposed to earlier observations.
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INTRODUCTION

Thermal decomposition studies are one of the most common and widely
used techniques employed to obtain insight into the elementary steps of solid-
state reactions. The reactivity of solidsis greatly modified by pre-treatment, such
as doping, pre-compression, pre-heating, etc. The nature of influence of the pre-
-treatment provides valuable information of the elementary steps of solid-state
reactions and thereby on the mechanism and control of solid-state reactions.1.2
Kinetic studies are one of the important applications of thermal analysis. Solid-
state kinetic data are of practical interest for a large and growing number of
technologically important processes. A large number of reviews are available in
the literature on such processes.3-10
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The methods of kinetic analysis can be classified based on the experimental
conditions selected and the mathematical analysis performed. Experimentally,
either isothermal or non-isothermal methods can be used. The isothermal me-
thods are based on the initial assumption that a single conversion function and a
single set of Arrhenius parameters, A and E, apply over the full range of the
degrees of conversion. The main problem in isothermal kinetic analysisis that a
sample requires some time to reach the experimental temperature. We solved this
problem by fabricating a thermobalance particularly for studying the isothermal
kinetics of solid-state reactions. The effects of pre-treatments on the thermal
reactivity of several high-energy solids, such as halates and perhalates, were re-
ported11-19 that throw light on the mechanism of their decomposition. Thermal
decompositions of halates and perhaates, which occupy an important place in
modern solid-state chemistry, are extremely sensitive to the presence of impu-
rities, additives, etc., and more data of thiskind are desirable.

According to thermoanalytical studies, KIO4 decomposes in two steps.20.21
At about 570 K, KIO4 decomposes with heat evolution to potassium iodate
(K103) and oxygen. The decomposition of KIO3 to KI occurs in the range 780—
—800 K. In the thermal decomposition of KlQy4, the identification of the six-
-valent iodine compound, K2l O4, analogous to the compounds, M2l O4 formed in
the decomposition of lithium and sodium periodates has not been realised. The
effects of several pre-treatments on the kinetics and mechanism of the thermal
decomposition of KIO4 have been studied. It was observed that KlOy4
decomposes via the Prout—Tompkins mechanism. Earlier investigations!3.16:18,19
showed that the isothermal decomposition of KIO4 follows Prout—Tompkins
kinetics at all temperatures studied and it was proposed that the probable rate
determining step in the thermal decomposition of KIQy is the transfer of an
electron from the periodate anion to the potassium cation, rather than the rupture
of the 1-O bond or the diffusion of cations/anions.

Studies on the effect of metal oxide (CuO, MnO» and TiOy) additives on the
thermal decomposition kinetics of potassium metaperiodate (K104) to potassium
iodate (KI103), in air by thermogravimetry under isothermal conditions,18 re-
vealed that irrespective of whether p- or n-type, the metal oxides had little or no
influence on the rate of the decomposition, except for a small decrease when the
oxide concentration was as high as 10 wt. %. The rate law for the decomposition
of KlIO4 (Prout-Tompkins model) remained unaffected by the additives. The
behaviour of mechanical mixtures of KIO4 with n- and p-type semi-conducting
oxides suggests that the electron work functions of these oxides might be smaller
than that of KIQy4; hence, they lack electron acceptor property with respect to
K104 and thusfail to favour electron transfer processes.

In continuation of investigations on the thermal behaviour of periodates of
alkali metals,13.16-19 in this paper, the results of isoconversional analysis of the
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isothermal decomposition kinetics of doped and untreated samples of KIOg4 in the
temperature range 560-580 K are reported. Isoconversional kinetics rests upon
the evaluation of the dependence of the effective activation energy on conversion
and using this dependence for making kinetic predictions and for exploring the
mechanism of thermal processes.

EXPERIMENTAL

All the employed chemicals were of AnaaR grade reagents from Merck. Doped samples
of K10, at four concentrations, viz., 104, 103, 102 and 0.1 mol % were prepared by the me-
thod described earlier.1316 BaCl,, AlCl5-6H,0, K,S0, and K5PO, were used for doping Ba*,
Al3*, SO,% and PO, respectively. The thermogravimetric (TG) measurements in static air
were performed on a custom fabricated thermobalance, 16, an upgraded version of Hooley.22

A magjor problem? in isothermal experiments is that the sample requires some time to
reach the experimental temperature. During this period of non-isothermal heating, the sample
undergoes some transformations that are likely to affect the results of the following kinetic
analysis. The situation is especially aggravated by the fact that under isothermal conditions, a
typical solid-state process has its maximum reaction rate at the beginning of the transforma-
tion. Hence a thermobalance was fabricated particularly for isothermal studies, in which load-
ing of the sample is possible at any time after attaining the desired temperature. The opera-
tional characteristics of the thermobalance are: accuracy; balance: +1.0x10° g, temperature:
+0.5 K, sample mass. 5x102 g, particle size: 90-106 um and crucible: platinum. The fraction
of solid decomposed (&) was measured as a function of time (t) at five different temperatures,
viz., 560, 565, 570, 575 and 580 K.

The a—t data, in the o range 0.05-0.95, of doped and untreated samples of KIO, were
subjected to isoconversiona studies for the determination of the apparent activation energy as
afunction of « from the sets of isothermals obtained. The activation energy value (for agiven
value of @) of the decomposition reaction was calculated from a plot of In t (t being the time
required to reach a given value of « at a constant temperature T) versus the corresponding
reciprocal of the temperature (1/T).

RESULTS AND DISCUSSION

The ot curves for the decomposition of the pure and doped samples of
KIO4 at 560 K are shown in Fig. 1. Similar curves were obtained for all other
samples of KIO4 (doped and untreated) at all temperatures. The decomposition
proceeded mainly through two stages: i) an acceleration period up to o = 0.50
and ii) a decay stage.

The a—t data in the « range 0.05-0.95 were fitted to various solid state ki-
netic equations, given in Table S| of the Supplementary material, using the me-
thod of weighted least squares, as described earlier.13 The Prout-Tompkins
Equation,24 In (ad(1-a)) = kt, which is the simplest case of an autocatalytic
reaction, gave the best fits for all the studied temperatures. A typica fit for the
Prout—Tomkin model for the decomposition of the untreated sample of KIO4 at
560 K isshown in Fig. 2. Typica fits for al kinetic models described in Table S+
for the decomposition of the untreated sample of KIO4 at 560 K are shown in
Figs. S-1-S-4 of the Supplementary material. Similar fits were obtained for all
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other samples of KIO4 and at al temperatures (not shown). Separate Kinetic
analyses of the ot data corresponding to the acceleration region (o range 0.05—
—0.5) and the decay region ((« range 0.5-0.95) showed that the acceleration stage
was best fitted by the Prout—Tompkins equation itself, whereas the decay stage
was better fitted by the contracting area equation.13.16,19 Doping did not change
the basic shape (sigmoid) of the o~t plots and the decomposition proceeded
through the two stages mentioned in the case of pure KIQO4, obeying the same
rate laws mentioned above for the two decomposition ranges.
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Fig. 1. The o~ curves for the isothermal decomposition of A: sulphate; B: phosphate; C:
barium- and D: aluminium-doped K10, at 560 K; 0 mol %, a, 10* mol %, b, 10" mol %, c,
102 mol %, d, 0.1 mol %, €; in C and D, curve ais superimposed on curve e.

The o+t data, in the a range 0.05-0.95 with an interval of 0.05, of the un-
treated and doped samples of KIO4 were also subjected to isoconversional stu-
dies for the determination of the apparent activation energy as a function of a. A
plot of In t (t being the time required to reach a given value of o at a constant
temperature T) versus the corresponding reciprocal of the temperature (1/T) leads
to the activation energy for the given value of «. Typica isoconversional plots
for the isothermal decomposition of sulphate doped KIQO4 (at different conver-
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sions) are shown in Fig. 3. Similar plots were obtained for all other doped samp-
les of KIO4. Values of slope and correlation coefficient obtained for the isocon-
versional plots of sulphate and barium doped samples of KIO4 at different dopant
concentrations at different conversions are given in Tables | and 11, respectively.
Similar values were obtained for isoconversional plots of all other doped samples
of KIOg4. In al cases, the isoconversional plots gave good correlations. A plot of
the apparent activation energy vs. conversion for untreated K1Og4 is shown in Fig.
4 and those of the doped samplesin Fig. 5.

Prout-Tompkins

r=0.9958

20 40 50 60 70 80
t/ min

Fig. 2. Typical modél fitting least square plot for the Prout—T ompkins model
for the decomposition of K10, at 560 K.

Philips and Taylor2> proposed that the rupture of the I-O bond determines
the rate of the decomposition of K1O4 to KIO3. Contrary to the observation of
Hill, 26 they pointed out that the autocatalytic stage does not involve a diffusion
chain and reported an activation energy (E) value of 191 kJ mol=1 for the decom-
position of KIO4. Our earlier investigations!3.16,18,19 showed that the isothermal
decomposition of KIO4 follows Prout—-Tompkins kinetics at all temperatures
studied with an E value of 2063 kJ mol—L. The acceleration stage was best de-
scribed by the Prout—Tompkins equation itself, with an E value of 21843 kJ mol—L.
However, the decay stage was best represented by the contracting area equation
with an E value of 185+3 kJ mol—1. Based on these previous results, we sug-
gested that KIO4 decomposes in accordance to the Prout—Tompkins model with
two dimensional nucleus growth up to 50 % decomposition, and thereafter
through the contracting area law. Several authorsl?2527-30 reported such a
description of the reaction kinetics using different rate laws for different ranges
of . We reported earlier that the rate law and the activation energy of the de-
composition remained unaltered by doping and observed that the basic mecha
nism of the decomposition was not affected by doping, the only effect being a
modification in the concentration of active sites.
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Fig. 3. Typical isoconversional plots for sulphate doped K10, at 560 K.

TABLE |. Vaues of dope and correlation coefficient obtained for the isoconversiona analysis
of sulphate-doped samples of KIO, at different dopant content and at different conversions

Dopant content, mol %
o 10* 10° 10° 0.1
Slope, K™ r SopeK' r SopekK' r  SopeK' r

0.05 243515 0.9982 244925 0.9996 24598.1 0.9987 24596.9 0.9985
0.10 24609.0 0.9985 248224 0.9996 24914.3 0.9988 24908.9 0.9988
0.15 248355 0.9987 249739 0.9988 25066.0 0.9990 25123.3 0.9989
0.20 24923.0 0.9989 25008.7 0.9988 24764.7 0.9981 25203.3 0.9989
0.25 249541 0.9988 25146.2 0.9989 253514 0.9991 25314.1 0.9989
0.30 25025.9 0.9989 25231.0 0.9990 25365.8 0.9991 25352.1 0.9989
0.35 25126.7 0.9990 25269.2 0.9991 254055 0.9992 25352.0 0.9990
0.40 25182.6 0.9991 25372.0 0.9992 25464.2 0.9992 25450.5 0.9989
0.45 25251.1 0.9989 25388.8 0.9991 254945 0.9990 25512.0 0.9989
0.50 25273.1 0.9991 25424.0 0.9992 25525.6 0.9991 255729 0.9990
0.55 25302.6 0.9991 253989 0.9992 25530.6 0.9992 25565.2 0.9990
0.60 252432 0.9991 25380.1 0.9993 25490.4 0.9992 25529.7 0.9992
0.65 25262.9 0.9993 25366.1 0.9993 25506.2 0.9994 25517.6 0.9991
0.70 25237.6 0.9993 25384.7 0.9994 25520.8 0.9994 255354 0.9992
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TABLE I. Continued

Dopant content, mol %
o 10" 10° 10° 0.1
Slope, K™ r  Sope K' r  SopeK' r  SopeK' r

0.75 25276.7 0.9993 25389.1 0.9993 25487.8 0.9994 25538.0 0.9994
0.80 25257.2 0.9994 25407.5 0.9993 25513.7 0.9996 25598.4 0.9994
0.85 25203.7 09994 25388.3 0.9994 25530.2 0.9996 25568.6 0.9996
0.90 25239.6 09995 25470.2 0.9995 25521.6 0.9996 25603.3 0.9996
0.95 25278.6 09996 254225 0.9996 25486.7 0.9997 25570.3 0.9998

TABLE Il. Vaues of dope and correlation coefficient obtained for the isoconversiona analysis
of barium-doped samples of K10, at different dopant concentrations and at different conversions

Dopant content, mol %
o 10* 10° 10° 0.1
Slope, K™ r SopeK' r  SopekK' r  SopeK' r

0.05 24322.1 0.9996 24355.6 0.9986 24387.2 0.9995 24591.4 0.9987
0.10 24635.0 0.9987 24231.8 0.9982 24313.2 0.9981 24957.9 0.9988
0.15 24808.8 0.9985 24393.3 0.9988 24585.6 0.9989 248325 0.9990
0.20 24792.8 0.9987 24530.4 0.9989 246954 0.9990 24777.8 0.9991
0.25 24853.0 0.9989 24824.8 0.9992 24966.2 0.9993 24935.0 0.9989
0.30 249129 0.9990 24972.3 0.9992 25086.5 0.9993 25104.3 0.9990
0.35 249155 0.9989 249754 0.9991 25122.0 0.9992 25286.7 0.9993
0.40 25018.1 0.9988 25147.6 0.9993 25289.1 0.9993 25376.4 0.9994
0.45 25081.4 0.9990 25253.6 0.9993 25407.3 0.9995 25467.3 0.9995
0.50 25138.2 0.9989 25373.1 0.9992 255229 0.9995 255104 0.9995
0.55 25160.2 0.9991 253535 0.9990 25518.6 0.9994 25548.6 0.9995
0.60 25175.2 0.9991 25267.4 0.9993 25442.6 0.9995 25507.5 0.9995
0.65 25160.6 0.9992 25162.7 0.9993 25336.4 0.9995 25433.2 0.9994
0.70 25181.1 0.9992 25101.3 0.9993 25201.5 0.9994 25336.5 0.9997
0.75 25238.2 0.9993 25085.0 0.9992 25070.0 0.9994 25333.0 0.9997
0.80 252985 0.9996 25091.3 0.9995 25062.3 0.9995 25225.7 0.9997
0.85 251915 0.9993 24978.1 0.9995 24962.1 0.9995 25213.7 0.9997
0.90 25092.0 0.9994 24930.0 0.9995 24831.2 0.9993 25320.0 0.9998
0.95 25140.0 0.9994 24890.2 0.9995 24795.8 0.9995 25330.4 0.9997

We found that the apparent activation energy values obtained by the
isoconversional method at different conversions (« range 0.05-0.95 with an in-
terval of 0.05) for sulphate- and barium-doped samples of KIOg4 lie in the range
203-213 kJ mol—1. However, in the case of the phosphate- and al uminium-doped
samples of K1Qy4, the apparent activation energy values varied only up to 210 kJ
mol~1 from 203 kJ mol—L. In the case of untreated KIOg, the activation energy
value increased from 203 kJ mol—1 with conversion, passed through a maximum
(=210 kJ mol—1), and decreased to the initial value (203 kJ mol-1). In all cases,
these values are in close agreement with the activation energy values obtained
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from the model fitting method (206+3 kJ mol-1) using the Prout—Tompkins
model.
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Perusal of Tables | and Il and Figs. 4 and 5 reveals that the deviation of
activation energy with conversion is less than £2 % for al samples of doped and
untreated K104. This indicates that the therma decomposition of KIO4 proceeds
through a single kinetic model, the Prout—Tompkins model, throughout the entire
conversion range, as opposed to our previous observation that the acceleration
stage was best fitted by the Prout—Tompkins Equation and the decay stage was
fitted better by the contracting area equation.16.19

CONCLUSIONS

The apparent activation energy values obtained previously by model fitting
analysis of the isothermal decomposition of untreated and doped samples of
K104 are in good agreement with the present results. The isoconversional studies
of the isothermal decomposition of untreated and doped samples of K1Oy4 indi-
cate that the therma decomposition of K1O4 proceeds through a single kinetic
model, the Prout—-Tompkins model, throughout the entire range of conversion,
contrary to our earlier observations.

SUPPLEMENTARY MATERIAL

Table S| and Figs. S-1-S-4 are available electronicaly at http://www.shd.org.rs/JSCY,
or from the corresponding author on request.

U3BOJ

YTUIAJ JOAATAKA HA U30TEPMCKY KUHETUKY PA3JIATABA
KAJIMIYM-METAIIEPJOJIATA

KARUVANTHODI MURALEEDHARAN, MALAYAN PARAMBIL KANNAN 1 THARAKKAL GANGADEVI
Department of Chemistry, University of Calicut, Kerala-673 635, India

W3oTtepMcka KUHETHKA pasnarama kKanujym-meranepjonara (KIO,4) ncnutuBana je Tepmorpa-
BUMETPH]CKH Y (YHKIHMjH KOHICHTpAIMje J0JaTaka. TepMallHO pa3jiarame ce O/BHja yIIIaBHOM
KpO3 JIBa CTyIha: nepuoj yop3ama 10 « = 0,50 u crynam pasnarama. Tepmanto pasiarame KlOy,
ca u 6e3 momaraka ce Moxke omucatu Prout—Tompkins-oBom jennaunHoM. 30KOHBEHIIMOHAIHU
Merto] je kopumheH y oapehuBamy €HEpruje akTHBalHje MONUPAHUX M HEAONHPAHMX Y30paKa.
V30KOHBEHIIMOHAIHA HCIUTHBAbha U30TEpPMCKe KHHETHKE HeTpeTHpaHux u ponupanux KlO4 y3o—
paka yka3yjy Ha TO J1a ce TepPMaJHO pa3iiaramke oJIBHja caMo Kpo3 jelaH KHHETHYKH CTynam, Prout—
—Tompkins Mozen, y IHPOKOM OIICery KOHBEP3H]e ILITO j€ CYHPOTHO HAIIMM PAHHjUM 3alaKambuMa.

(ITpumibeno 18. centemGpa 2009, peBumupano 9. maja 2011)
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