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Abstract 

The cyclic and Controlled Rate Thermal Analysis method (CRTA) has been used. The two 
rates automatically selected in the cyclic curve are small enough to allow the two states of the 
sample to be compared have nearly the same reacted fraction. Thus, the activation energy can be 
calculated without previous knowledge of the actual reaction mechanism. 

Provided that the activation energy, E, is known, a procedure has been developed for deter- 
mining the kinetic law obeyed by the reaction by means of master curves that represent the values 
of the reacted fraction, ct, as a function of-E/R(I/T-1/T0.5), To.5 being the temperature at which 
ct = 0.5. This procedure has been tested by studying the thermal decomposition reaction of 
BaCO3. 
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Introduction 

It has been proved in a previous reference [1] that the shape analysis of a sin- 
gle thermoanalytical curve obtained using the Constant Rate Thermal Analysis 
(CRTA) method allows to discriminate without ambiguities among Avrami-Ero- 
feev, 'n order' and diffusion controlled reactions. This does not occur if the 
conventional TG technique is employed [2-3]. Therefore, CRTA holds a num- 
ber of advantages with regards to TG in order to perform the kinetic analysis of 
solid state reactions. However, it has been shown in the literature [4] that when 
'n order' reactions are involved, one standard CRTA curve does not supply 
enough information for calculating n, what is a limitation of this method of ki- 
netic analysis. Master curves that allow the accurate discernment of the kinetic 
law obeyed by solid state reactions are developed in the present paper in order 
to overcome the above limitation. 
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Experimental 

BaCO3 from DHemio (a.r. grade) was used. 
It was employed the CRTA system developed by Rouquerol et al. that was 

described elsewhere [5-6]. This apparatus permits to maintain constant at val- 
ues previously selected both the rate of decomposition and the residual pressure 
in the close vicinity of the sample. On the other hand, an automatic device (in- 
eluding a timer and an air-operated butterfly valve joined to the equipment) al- 
lows an alternative control of the reaction at two different rates in order to carry 
out cyclic CRTA experiments. 

T h e o r e t i c a l  

Bearing in mind that CRTA diagrams are obtained at a constant decomposi- 
tion rate, C, and taking into account the general expression of the reaction rate 
of thermal decomposition of solids, we can write 

OG~ 
d-t = C = A.exp(-E/RT ).fl, ot ) (I) 

that can be rearranged in the form: 

1 A E 
C RT lnflot) = In (2) 

where = is the reacted fraction at the time t; f(et) is a function depending on the 
reaction mechanism and the other symbols have their usual meaning. 

According to Eq. (2), it is accomplished the following expression at the tem- 
perature T0.5 at which the reacted fraction is ot = 0.5. 

1 A 1 
lnfl0.5 ~ ) - In C RTo.5 (3) 

From Eqs (2) and (4) we get: 

./(0.5) R T~.5 (4) 

In the case of a cyclic CRTA experiment we can easily derive from Eq. (2): 

,nO 11 C2 = -- k r ,  (5) 
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where C1 and (72 are the two rates in the cycle to which correspond the tempera- 
tures 7"1 and T2, respectively. 
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Fig. 1 Master curves for 'n order reactions' 
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Fig. 2 Master curves for diffusion controlled reactions 
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Fig. 3 Master  curves for reactions obeying the Avrami-Erofeev kinetic law 

On the other hand, as lnlf(o0/f(0.5)] is a function of a which is equal to 
(-E/R)(1/T-1/To.5),  o~ can be calculated as a function of the right hand side of 
Eq. (4). Figures 1 to 3 show the theoretical master curves calculated by this 
way from thef(o 0 functions more commonly used for describing solid state re- 
actions. Therefore, the plot of the experimental values of a against the right 
hand side of Eq. (4), once the activation energy has been obtained form the cy- 
clic CRTA curve, allows to discriminate the kinetic lay fitted by the reaction. 

Results 

Figure 4 shows the CRTA curve corresponding to the thermal decomposition 
of BaCO3 obtained at a constant decomposition rate C = 1.1-10 -3 min -1 using a 
sample weight of about 30 mg under a constant residual pressure of 
1.10 -5 mbar. 

Cyclic CRTA curves of BaCO3 were recorded by using a weight sample of 
about 150 mg and a residual pressure of 5.10 -5 mbar. The two states of the sam- 
ple to be compared have almost the same reacted fraction. Thus, the activation 
energy can be calculated without prior knowledge of the actual reaction mecha- 
nism. These conditions allowed to perform about 15 cycles (i.e., 15 succesive 
measurements of E during the decomposition of BaCO3). By way of example, 
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Fig. 5 shows one of this cycles. The mean value of the activation energy calcu- 
lated from the cyclic CRTA experimental has been E = 268_+9 kJ.mol -~ and it is 
independent of the reacted fraction a. By using this activation energy, the o~ val- 
ues taken from the CRTA curve included in Fig. 4 have been drawn against 
-(E/R)(1/T-1/To.5) and matched with the master curves included in Figs 1 to 3. 
This analysis allows to conclude that the thermal decomposition of BaCO3 fol- 
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Fig, 4 CRTA curve for the thermal decomposition of BaCO3 recorded at a residual pressure 
of  5.10 -5 mbar and a constant rate C = 1.1.10 -3 rnin -l 
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Fig. 5 A cycle in a CRTA curve of  BaCO3 
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lows a first order kinetic laws (F0 as shown in Fig. 6. The kinetic parameters 
and the kinetic law here reported are in very good agreement with those pre- 
viously determined [7] from a comparison of standard TG and CRTA data ob- 
tained by using the same sample. 
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Fig. 6 Kinetic analysis of the CRTA curve included in Fig. 4. A comparison with the master 

curve corresponding to a first order law (FI) 

In summary, we can conclude that the method of kinetic analysis of thermal 
decomposition of solids developed in the present paper supplies an easy and 
quick way for discriminating the actual reaction mechanism and calculating the 
values of the kinetic parameters. 
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Zusammenfassung - -  Cyclischc und Controlled Rate Thermal Analysis (CRTA) wurde vcrwcn- 
det. Die in der cyclischen Kurvc automatiseh gesetztcn zwci Gesehwindigkcitcn sind klein gcnug, 
um zuzulasscn, dab die beidcn zu verglciehcndcn Probcn annfihcrnd die gleiehc umgcsetztc 
Fraktion zu bcinhalten. Somit kann die Aktivicrungscncrgic ohnc vorheriges Wissen des 
jewciligen Rcaktionsmcchanismus berechnct wcrden. 
Ffir den Fall, dab die Aktivierungsencrgie E bckannt ist, wurdc mit Hilfc yon Mastcr-Kurvcn, 
wclehe die Wcrtc ffir die bercits rcagicrte Fraktion als Funktion yon -E/R(1/T-1/To.s) darstcllcn, 
ein Vcrfahrcn zur Bestimmung des Geschwindigkcitsgcsetzcs entwickelt, dem die Rcaktion 
untcrlicgt (bei der Tcmperatur T0.5 ist ct =0.5). Dieses Vcrfahrcn wurdc an der Untersuchung 
der thermischen Zersetzungsreaktion yon BaCO3 getestet. 
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