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THE CONVERSION OF KINETIC DATA TAKEN AT CONSTANT TIME
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often result in data on the degree of completion of reaction at equally spaced time inter-
vals. Unless the reaction rate is constant with time, this leads to kinetic results which are
usually weighted in favor of the latter portions of the reaction. We illustrate methods for
converting such data to avoid this effect, but show that for well-behaved systems such as

the decomnosition of CaCQa.. these nrecgsutions do not mﬂnnﬁnnnﬂv affact the kinstic
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results. Conditions are outlined where these techniques should be used to avoid error.

INTRODUCTION

The determination of solid state reaction kinetics often relies on data
taken at constant time intervals. For nvnmnln solid state decomnasitions
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studied isothermally frequently make use of TG (thermogravimetry) data
taken by machine at preset intervals of time. Analysis of this data involves
the calculation of the fraction reacted (a) at each of these times and then fit-
ting these « vs. time points to any of the numerous expressions used to
describe kinetics models.

Except for the rare case in which « is directly proportional to time, equal
intervals of time between data points result in unequal intervals of a between
the same data points. Because decomposition reactions nearly always show a
monotonic decrease in da/dt with time, data taken at equal time intervals
result in a compression of the data points at the higher values of «. If then,
in fitting the data.to kinetic equations, all data points are weighted equally,
the degree of fit to any particular kinetic equation is influenced more by the
data at high values of o than it is at low values of «. In principie, to compare
various  kinetic equations, those  equations which best fit the data at the
higher values of a are La'v'ﬁ'iéu over uluSé which fit the data equau:y' well at
low values of «.. '
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taken at equal time intervals to data points at equal « intervals and to com-
narp fhp resu ts ' d tyr_g,
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TECHNIQUE

Data on the thermal decomposition of CaCO; were used. These were
taken from a study [1] of the effects of sample size on decomposition
kinetics. The isothermal data were taken from a thermobalance and machine
recorded at equal intervals of time. Ranges of temperatures and heating rates
had been used and this offered data sets with both many and few data points
and with both well-behaved and noisy signals.

In order to derive a set of data points equally spaced in « from a set of
points equally spaced in time, some sort of interpolation is necessary. Further-
more, unless the data set is very well behaved, a degree of data smoothing
may also be desirable or necessary since « vs. ¢ must be monotonically
increasing in order to avoid multiple values of « at a single value of ¢ *.

In the course of this work, we have tried two interpolation and smoothing
techniques. These are the fitting of B splines and the fitting of polynomials.

B splines [2] are piecewise polynomials fit over sections of data such that
the function and certain derivatives of the function are continuous at the
nodss (the intersections of the data sections). This technique has the advan-
tage that it can be used on data sets whose behavior is not well approximated
by polynomials and is well suited to computation by machine. We have
found that B splines also can have the disadvantage that, under some condi-
tions of noisy data, they follow the data points sufficiently well that multiple
roots in the « vs. ¢ function can occur. An example of this is shown in Fig. 1.
These data were taken on the smallest sample used, 1 mg. Consequently, the
considerable noise in the data signal from the thermobalance gives a set of
data which without sufficient smoothing gives a function with multiple
values of time for some values of a. In this case, a spline of order 6 was used
with three data points per mesh interval.

Using more points per mesh interval for the data in Fig. 1 will lead to suf-
ficient smoothing to avoid negative first derivatives in the function. In the
extreme, an extension of this leads to a single mesh interval with nodes only
at the minimum and maximum values of time in the data set. This is equiva-
lent to a polynomial fit which for the data sets in this study offered well-
smoothed functions which also approximated the data points well. Figure 2
shows the same data as in Fig.1 but with a cubic polynomial fit. For the
data sets used in this study, we found the cubic polynomial fit to be satisfac-
tory and subsequent data analyses will make use of it. However, the reader is
cautioned that, for more complex reactions than the decomposition of Ca-
CO;, it would be desirable to use a spline or polynomial with more degrees'
of freedom. Also, while a cubic polynomial can fit perfectly data of a poly-
nomial form such as reacticn order 0 or 4, it can never exactly fit other reac-
tion equations such as some derived from the diffusion controlled models.

From the polynomial used to smooth the « vs. ¢ data, the times corre-

* The nature of data acquisitidn in thermal analysis can readily lead to multiple roots in
« = f(¢) due to noise in the measuring sxgnal for . On the other hand, there are seldom
multiple roots in the ¢ = f(a) funchon since the recorded values of time are monotomcally .
increasing. : : :
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Fig. 1. Spline fit to data points for 1 mg CaCO3; decomposed at 930 K. The spline order is
6 with 3 points per mesh interval.
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Fig. 2. A cubic polynomial fit to the same data set as Fig. 1.
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sponding to 0.01 increments of « were calculated and these a vs. ¢ data sets
as well as the original a vs. ¢ sets were used to determine the best kinetic
equation over the range 0.1 < a < 0.9. The kinetic models used. and the com-_
putational methods have been described elsewhere [3]. '

RESULTS

As reported in the previous study, the contracting area model [1 — (1 —
a)!/? =Ekt] and the Erofeev, n =2 model [—In(1 —a)"? = kt] fit the data
spaced equally in time quite well. Examples of the data and the least squares
straight lines for the Erofeev, n = 2, equation are shown in Figs. 3 and 4.
Shown in these figures are both the original data points equally spaced in
time (left axis) and the calculated points equally spaced in « (right axis).
Note that the left and right vertical axes are displaced to avoid overlap of
data points. Figure 3 renresents a case where the original data points were
well behaved in that only a small amount of noise existed. In Fig. 4, con-
siderably more noise was present in the original data. However, in both cases
virtually the same straight line was calculated for both the data equally
spaced in time and those equally spaced in alpha. The data smoothing in Fig.
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Fig. 3. 2 mg samples of CaCO; decomposed at 952 K and plotted according to the Ero-
feev, n = 2, model. The lines are the least squares straight lines fitting either conventional
data equally spaced in time (left axis) or derived data equally spaced in & (right axxs)
Note that the two vertical axes have been displaced to avoid overlap of the data.
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Fig. 4. As Fig. 8 but for a 4 mg sample of CaCO3; decomposed at 910 K.

4 for the points equally spaced in a had a negligible effect on the nature of
the fitting of this model.

The insensitivity to the type of data used is further illustrated in Table 1.
Here the rate constants for all of the isothermal data sets are listed for both
the original data points equally spaced in time and the calculated points
equally spaced in a. The rate constants changed by, at most, 2% between the
two data representations.

Table 2 further shows that the activation energies and pre-exponentlal
terms are little affected by the type of data.

DISCUSSION AND CONCLUSIONS

While, in principle, the compression of data points taken at equal time
intervals toward high values of «, can affect the derived kinetic results, no
such effect has been found for a large body of data on the isothermal decom-
position of CaCO;. We found no significant changes in the kinetic model
which best described the data, or the kinetic parameters derived from it
despite the use of a rather crude smoothing function (cublc polynomlal) to
derive data spaced equally in «. :

This suggests that the data fits the model equally we]l over the entn:e range.
of a used In other words, if the data had fit one model best at low values of
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a and another model at hlgh values of a, then the use of data pomts equally
spaced in ¢ would have favored the model flttmg best at high values of «.

Our results suggest to us that there is no need to smooth raw « vs. t data
routinely and calculate equally spaced a data sets for studies of well-behaved
systems such as CaCO;. There _are, however, two cases where the kinetic
analyst should consider the techniques described here. One is for systems in
which the model used to derive the kinetic information obviously fits better
on one section of the reaction than others. The other is where the data are
taken and analyzed over a very large range of a, probably to « > 0.95, where
a large fraction of data pomts equa]ly spaced in time are clustered at the high
valu&s of a.
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