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THE POSSIBILITY OF A SIMPLE TRANSFORMATION
OF THERMOGRAVIMETRIC CURVES

P. K. DAVID and E. ZELENYANSZKI

Research Institute for the Electrical Industry, Budapest, Hungary

A simple method is suggested for the Arrhenius-like representation of the thermal
decomposition of a wide variety of materials. It consists in the transformation of the
TG and the corresponding DTG curves, obtained as a single measurement by a deriv-
ative thermobalance. The method consists mainly in the division of the momentary
DTG ordinates by the corresponding momentary TG values, the transformation of
this value into logarithmic form, and the plotting of the logarithmic expression as a
1/T function. In many cases a straight line results testifying to a first-order reaction
or a tolerable approximation of it.

The simple method described in this paper has been found useful in evaluating
the thermal stabilities of a wide variety of materials.

The method suggested is the calculative or instrumental transformation of
thermogravimetric curves obtained with a derivative thermobalance. The first
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Fig. 1. TG, DTG curves :and f lines of the decomposition of Ca(COO), * H,O
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step in the transformation method consists in the instrumental (or calculation)
dm

dr
TG values () or by the residual weight fraction (). The second (or parallel)
step is the (instrumental) transformation of these values into logarithmic form

division of the momentary DTG (calibrated) values by the corresponding

dm

ds .
log — =7.
m

In this way a relative rate constant is obtained in logarithmic form, plotted as a
function of the temperature, eliminating the great deviation of the DTG curve
from the real kinetic shape. If these data are plotted on a reciprocal temperature
scale, in most cases a straight line is obtained, indicating the approximate first
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Fig. 2. DTG curve and f lines of polyethylene. Heating rate: 8°/min

order of the decomposition reaction; any deviation from linearity is indicative
of different kinetics or complexity. As an example, Fig. 1 illustrates the decompo-
sition of calcium oxalate: the T, TG and DTG curves are given as usual time func-
tions, and the f lines (see the above formula) as reciprocal temperature functions,
all in the same diagram. The corresponding TG steps, DTG peaks and lines are
marked by I and II. (It must be noted that these f lines are not in the same tem-
perature position as the T and DTG curves for technical reasons.) It can be seen
that the function fis not continuous, indicating that the steps of decomposition
can be regarded as different reactions where the residual fraction of the material,
m (in Fig. 1 wy), becomes zero at the end of the step and so the expression

log —dﬁ%d't becomes infinite. Figs 2 and 3 similarly illustrate polyethylene

decomposition but without the T and TG curves.
Fig. 2 shows an example of a continuous f function, the line consisting of three
straight sections, obtained by regarding the whole decomposition as characterized
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by only one residual material fraction (). This value therefore becomes zero only
at the end, resulting in a continuous line.

In Fig. 3 there is a correction of Fig. 2, on the basis of the three sectional pro-
cesses marked by the linear sections of Fig. 2, obtained instrumentally. The method
can be seen to have increased selectivity. The method outlined above is simple
and recommended for practical use, making possible the direct Arrhenius-like
interpretation of a number of thermal decomposition in both inorganic and organic
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Fig. 3. DTG curve and corrected f lines of polyethylene. Heating rate: 8°/min

systems. It is possible to carry out the measurements instrumentally, by adapter
devices attached to the derivative thermobalance, but also by calculation or
graphical method. The basic instrument used in these experiments was the
Derivatograph.

It is possible to “linearize” non-linear f functions by choosing a probable reac-
tion order.

The approach by this method is fair in many practical cases, and primarily
in the comparative evaluation of the thermal stabilities of materials.

REsuME — On propose une méthode simgle pour représenter la décomposition thermique d’un
grand nombre de substances par une loi analogue a celle d’Arrhenius. La méthode consiste
a transformer les courbes TG et TGD obtenues par une mesure unique & I’aide d’une thermo-
balance comportant un dispositif de dérivation. En premier lieu, on divise les ordonnées de
la courbe TGD par les valeurs TG correspondantes puis on exprime ce symbole sous forme
logarithmique et finalement on représente cette expression logarithmique en fonction de 1/7,
ce qui donne dans de nombreux cas une droite et prouve ainsi qu’il s’agit d’une réaction du
premier ordre ou d’une approximation qui peut &tre tolérée comme telle.

ZUSAMMENFASSUNG — Eine einfache Methode zur Arrheniusanalogen Darstellung der ther-
mischen Zersetzung vieler Arten von Substanzen wird vorgeschlagen. Sie besteht in der Trans-
formierung der TG- und der entsprechenden DTG-Kurven, welche mit Hilfe einer derivieren-
den Thermowaage durch eine einzige Messung erhalten worden sind. Die Methode besteht
hauptsdchlich in der Teilung der bestehenden DTG-Ordinaten durch die entsprechenden
TG-Werte, dann in der Transformierung dieses Symbols in die logarithmische Form und
schlieBlich in der Darstellung dieses logarithmischen Ausdruckes als Funktion von 1/T,
wobei in vielen Fillen eine Gerade oder eine annehmbare Niherung einer Geraden erhalten
wird, die fiir eine Reaktion erster Ordnung spricht.
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Pestome — TIpemnoxeH IPOCTON MeTOH oOImMCaHus TO Appermycy Tepmopacnaza 6onb-
INOro KOJMYECTBA PA3HBIX BellecTB., MeTon 3akmodaeTcs B npeobpasosanuu TI' u cOOTBET-
crByromux JITIT KpUBBIX, ITONY4YSHHBIX HAa AMGEOEPSHIPAILHEX TEPMOBECAX NPH OTHOM M3~
MEPEHHM KAK HEMOCPENCTBEHHBIC NaHHble M3MepeHult. MeTrox, B OCHOBHOM, 3aKJIIOYACTCH B
JeTIeHH akTyalbHeIX opauHaT A TT Ha cooTBeTCTRYIOmMNKE BeNmdwHEl TI', mMpeppameHaa ITok
BEHMYUHLI B ToTapudMmueckyro GopMy |, HaKOHEl, B IpeoOpa30oBaHu HOLYYSHHOTO JIorapad-
MHYECKOI'0 BhIpaxenus B Bume ¢pyuxuumn 1/T. B OONBIIMHCTBE ClyyacB IOIy4alioch JuHeliHOe
COOTHOIICHVE, CBHETENLCTBYIONIEE O PEAKIMH IIePBOIO HOPAIKA WM YIOBICTBOPUTEIBHOM
OpUOTKEHRHA X HeMY.
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