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C A L C U L A T I O N  METHOD BASED ON DTG CURVE FOR 

EVALUATION OF ACTIVATION E N E R G Y  

J. GYORE and M. ECET 

Ministry o f  the Interior, Budapest, Hungary 

Authors have pointed out three calculation methods based on the weight loss rate 
of the sample to discuss and to compare them by means of describing kinetically 
the thermal decomposition of malonic acid. Values of EA calculated by different 
methods are well comparable. The method based on the calibrated DTG curve mea- 
sured by the Derivatograph leads to reliable results and it seems to be convenient for 
the calculation of EA of transformations involving weight changes. 

Methods of thermal analysis have developed rapidly during the last two decades 
and have found widespread practical application. Thermoanalytical methods are 
nowadays important tools in research and routine analysis [1]. 

It is also a well-known fact that, paralM with the development of thermo- 
analytical methods, calculation methods have been prepared which are convenient 
for the determination of kinetic parameters. 
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Fig. 1. Thermal decomposition of malonic acid 
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The kinetic calculation methods based on thermoanalytical measurements 
can be divided into three main groups: 

1. Methods based on thermogravimetric (TG) curves. 
2. Methods based on differential thermoanalytical (DTA) curves. 
3. Methods based on the modifications of thermoanalytical curves due to 

different heating rates. 
The literature also mentions combinations of  the fundamental methods. 
Numerous attempts have been made to prepare calculation methods based on 

the rate of  weight loss of  a sample, that is to say the derivative function of the 
T G  curve. 

There are several possibilities for the preparation of the weight loss curve. We 
have pointed out three methods to discuss them in detail and to compare them 
on the example of  the kinetics of  the thermal decomposition of malonic acid. 

We should like to show that the D T G  curve obtained with the Derivatograph is 
suitable for the calculation of kinetic parameters. 

Production of the rate function by the construction method 
of Wiedemann et al. [2] 

Wiedemann et al. start from the Arrhenius equation: 

EA 
k = Z �9 exp - -  

R T  

where k is the rate constant. 
They state that the relationship is also true in the form: 

de 
k = f (e)  d~-" 

For a decomposition reaction of the nth order, f (e)  is equal to (1 -e )n .  The 
reaction factor is proport ional  to the weight loss of  the sample, a being unity in 

de 
the case of  complete decomposition. The term dT represents the rate of decom- 

position of the sample; its value is determined by the slope of the T G  curve at 
individual a values. I f  ~ is inserted as a parameter  (e.g. e = 0.5), then from the 

de 
relationship for k we obtain that the logarithm of d t  is a linear function of the 

d~ 
reciprocal of  the absolute temperature;  thus if log ~ ,  obtained from the TGcurve  

recorded at different heating rates, is plotted as a function of the reciprocal of  the 
corresponding absolute temperature, a straight line is obtained of slope tg ti- 

The activation energy can be calculated f rom EA ---- 2.3 R �9 tg ft. 
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Production of  the rate function by the calculation 
method of Tang [3] 

To obtain the rate function by calculation, the data in the TG  curve were 
analysed by the differential method of Tang. 

The rate of  weight loss and reaction rate constant k at various temperatures 
are calculated from the relations 

dw dw dr 

dt dr dt 

dw 
- - -  : k w r ,  

dt 

dw 
where ~ = weight loss per minute, 

dw 
- weight loss per ~ and 

dr 

dr 
- heating rate 

dt 

The residual weight of sample, w,, at temperature z is obtained from the relation 

W r = W d - -  

where ~ is the weight loss at temperature z. 
The value E A may be calculated from the slope of the plot of  log k versus 

reciprocal absolute temperature by means of  the equation 

E A = 2 . 3  R tgc~. 

Production of the rate function instrumentally and 
its use for preparation of  kinetic equations [4] 

It is well-known that the Derivatograph produces the rate of weight loss 
curve instrumentally, but its graphical construction is also possible. In the latter 
case slopes of  the tangents at individual points of the T G  curve are plotted. The 
instrumentally obtained values may be used instead of  data prepared in different 
ways. 

It can be seen that in the Wiedemann method the step involving the calculation 
of  the slope at point a = 0.5 on the T G  curve corresponds to the reading on the 
D T G  curve at the same value, and thus at this point 

dot dm 

dt dt 
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d ~  
Thus the term ~ ,  the determination of which is rather difficult and inaccurate, 

dm dm 
be substituted by the term dt  and the equation becomes k = f ( ~ ) - ~  may 

dm 
The numerical value of ~ -  can be obtained precisely by a simple reading from 

dm 
the calibrated DTG curve. For the calculation of the activation energy, log - -  

dt 
values for identical points on the DTG curves at different heating rates are plotted 
against the reciprocals of the corresponding absolute temperatures. In this way a 
straight line is obtained of slope tg/~. The activation energy may be calculated 
from E A = 2.3 R tg/~. 

Employment of the calculation methods in practice 

The calculation methods presented above were employed on the thermal 
decomposition curves of malonic acid measured under different experimental 
conditions. Measurements were made with a MOM P a u l i k - P a u l i k - E r d e y  
Derivatograph. The DTA and the D T G  galvanometers of the instrument were 
calibrated [1] permitting the determination of temperature differences between 

dm 
the sample and the inert material, as well as the numerical values of ~ which 

represents the rate of decomposition. The experimental conditions are listed in 
Table 1. 

Table 1 

Experimental conditions 

Weight of ! Heating rate 
No. sample (mg) Atmosphere Sample holder ~ rain -1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

48.0 
48.5 
99.0 

465.0 
195.0 
94.0 

191.0 
450.0 
453.0 
94.6 

183.0 
192.0 
188.0 

A r  
Ar 
Ar 
Ar 
Ar 
air 
air 
Ar 
Ar 
Ar 
Ar 
a i r  
air 

crucible 
poly-plate holder 
poly-plate holder 
poly-plate holder 
poly-plate holder 
crucible 
poly-plate holder 
poly-plate holder 
poly-plate holder 
poly-plate holder 
crucible 
crucible 
crucible 

0.8 
1.0 
2.9 
3.0 
3.3 
4.0 
6.1 
7.0 
7.3 
7.6 
8.0 
7.9 
8.4 
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The thermal decomposition curves of malonic acid recorded under different 
experimental conditions are very similar, and for this reason only curve number 3 
is presented in Fig. I. 

The curves show the known decomposition of malonic acid. According to the 
DTA curve step one is a crystal modification, peak two indicates the melting of  
the malonic acid, and peak three marks the decomposition of  the sample. 
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Fig. 2. Estimation of the activation energy by the Wiedemann method 
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Fig. 3. Es t imat ion  of  t h e  activation energy by the Tang method 

In calculating the activation energy (EA) by the Wiedemann method we started 
from the curves recorded at different heating rates. After numerical calculation 
the logarithmic values of the slope relating to a = 0.5 were plotted versus the 
values of the reciprocal absolute temperature; a straight line was obtained of 
slope 8.7 (Fig. 2). 

In calculating the activation energy by the Tang method we started from only 
one measurement of  the T G  curve. After numerical calculation and plotting of  the 
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logarithmic values of the rate constant k versus the values of the reciprocal absolute 
temperature, a straight line was obtained of slope 8.9 (Fig. 3). 

In the calculation of the activation energy by means of the rate of weight loss 
obtained instrumentally, the starting point was again the curves recorded at 
different heating rates. After humerical calculation and plotting of the logarithms 
of the calibrated D T G  values given by the Derivatograph versus the values of 
the reciprocal absolute temperature of the D T G  peak, a straight line was obtained 
of slope 8.6 (Fig. 4). Values of the activation energy of the thermal decomposition 
of malonic acid calculated by the different methods are around 40 kcal/mole. 
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Fig. 4. Estimation of the activation ene[gy by the method based on the calibrated DqG curve 

On the basis of this investigation the methods employed could be compared. 
It was concluded that the thermal decomposition curves of malonic acid obtained 
by the Derivatograph were suitable for kinetic calculations. Values of E a cal- 
culated by different methods are well comparable. This statement is unambiguous 
because the basis of  all the methods is the Arrhenius equation. 

The method of Wiedemann, which permits the calculation of  the activation 
energy, requires more measurements but less numerical calculation. 

Application of the method of Tang needs only one measurement, but many 
numerical calculations. 

The method based on the calibrated D T G  curve measured by the Derivatograph 
leads to reliable results. It needs more measurements, but less and very simple 
numerical calculation. The D T G  curve eliminates the difficult and uncertain 
construction of rates of weight loss, and reduces numerical calculation. The 
method seems to be convenient for the calculation of the activation energies of 
transformations involving weight changes. 

The accuracy of data is strongly influenced by temperature readings in all tke 
cases presented. They have the advantage, that the reaction mechanism need not 
be known. 
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R~SUM~ -- On 6tudie trois m6thodes de calcul reposant  sur la vitesse de la perte de poids d 'un  
~chantillon dans le but de les discuter et de les comparer  ft. l 'aide de la description cin6tique 
de la d6composition thermique. Les valeurs de EA calcul6es par  ces diff6rentes mSthodes sont 
effectivement comparables. La m&hode qui utilise la courbe T G D  calibr6e enregistrSe sur 
un "Der iva tograph"  condui t / t  des r6sultats plausibles et semble convenir  au calcul des valeurs 
de EA pour  les t ransformations s'effectuant avec un changement  de poids. 

ZUSAMMENFASSUNG - -  Es werden drei auf  die Geschwindigkeit des Gewichtsverlustes der 
Probe basierenden Rechnungsmethoden zwecks Diskussion und Vergleich mit Hilfe der ki- 
netischen Behandlung der thermischen Zersetzung der Malonsfiure besprochen. Die mit ver- 
schiedenen Methoden gerechneten EA Werte sind gut vergleichbar. Die auf  der mit dem De- 
r ivatographen gemessenen kalibrierten D T G  Kurve beruhende Methode fiJhrt zu verlhB- 
lichen Resultaten und scheint zur Errechnung der EA Werte yon rnit Gewichtsver/inderung 
einhergehenden Umwandlungen geeignet zu sein. 

P e 3 r o M e -  ~aHO o6cy~ertr~e H cpaBHeHHe Tpex MeTO~OB pacqeTa, ocnoBaHHoro na cKopocT~I 
noqep~4 Beca 06pa3t~a ~ KHHeTHqeCKOFO O1/FICal-n, DI TepMopacna~a MaYII~IHOBO~ /r 
BestHq~tmbI EA, pacc~Tarmbie pa33nqHHMrI MeTo]/aMH, xopol]JO cpaBI-II~lMbI Mem,ay co6o~. 
MeTO~, ocnoBar~nbI~ na Ka~n6poBanHo_~ rpnBofi ~TF ,  rt3Mepeuno~ rIa )IepnBaTorpaqbe, 
Hp!/IBO,~HT K Ha,/Ie~HblM pe3ysl~TaTaM ~I npe~IcTaBnaeTca rtO~XO~8~M ~ pacqeTa BeJ/Flq//IH 
EA npeBpameH~, conpoBo~Ia~o~nxc~t /,I3MeHeHHeM Beca. 
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