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A procedure is developed for determining equilibrium constants of reactions 

of the type: 

A (solid) $ B (-solid) + C @s) 

from TG data. The method is based upon the overlapping of both formation and 
decomposition TG dia~gams when an appropiate heating rate is applied. 

l!aRODUcnON 

The equilibrium constants of rcvcrsiblc thermal decomposition of solids of the 

type: 

A (s) + B (s) -; C (g) 

are frequently determined‘ from direct measurements in which the solids A and B 
are allowed to equilibrate with the gas, C, at different temperatures. 

St_m and Weiss’ have pointed out that such direct measurements are frequently 
unreliable since in many cases “pseudcxquiiibria” amppear, i-e_, different cons-t 
pressures are obtained depending on whether the equilibrium is approached:from 
above or below. This behaviour can be understood by considering that w&n the 
forward and reverse of reaction (I ) are going on, a progressive decrease of their 
rates takes piact; then the equilibrium has not been reached, and the reaction is 
merely very slow. 

in order to avoid these “pseudo-equilibria”, a method is developed in the 
present paper which allows the determination of equiiibrium constants of reversibIe 
tbennal decomposition of salids from TG data_ The method is based on the effcd of 
heating rate change on the TG cwvcs. 

The thermal de-composition of CaC03 has been chosen as test reaction to carry 
outthisstudy:.. ‘,,. . - ..- 



taco, :-h c30 -L co2 

EXYER!HPiTAL 

C&O, WHemio a-r. and CaO proceeding from its decomposition have been 

used. 

Apparatus 

A Cahn electrobalancc, model RG, has been employed. The bdance was 
connected to a conventional vacuum system and to a gas storing system. The temper- 
ature has kn measured with a thermocouple located outside the electrobalance 
hangdown, very near to the .samplc. A furnxe of 15 of resistance connected to a 

temperzzturc propmmer of an Aminco ~hcrmoanalyscr makes possible to obtain 
lineal heating railtes from 2 to 25°C nlin”. 

The TG diagrams have been plotted with an X-Y Plotomatic 690 recorder. 
Sample weights of 20-21 mg of 00 have been used in a!! the experiments. The 

large volume of ihe elr~trob3lance avoids pressure changes during the experiments. 

RESGL-TS ASD DlSCUEiSIDN 

When the temperature of a sample of CaO is progressively raised under a 
defined pressure of COz, a continuous .lcrease in rhe sample weight could be expected 
until the equilibrium for reaction (2) is reached_ Above the equilibrium temperature, 
CaCOJ will not be thermodynamically stab!e and a weight loss should be recorded in 
the TG diazam. 

Figure I includes the TG diagrams obtained for a sample of CaO at a huting 
rate of 11°C min-’ and a CO, pressure of 29 Torr. As can be observed in this 
Figure, under the experimental conditions used, the thermogravimetric curyes 
corresponding to both the thermal formation and decomposition of C.&O3 do not 
overlap, as could be expcctcc! if a real equilibrium situation would bc reached. The 
curyes are separated by a broad zone of “pseudo-equilibria” temperaturn from 680 
to 740°C in which no detectable change of weight has been recorded, although the 
oxide is not compleleiy recarbonated. 

Therefore, for the determination of the equilibrium tempexature of the reaction, 
it is necessary to develop an experimental procedure which allows the ovcriapping of 
both curves. 

In order to achieve this, we must recalls- ’ that when a chemical reaction is 
carried out under a hearing pro_mmme, the plot of the reaction progress parameter 
vs. temperature shifts itself towards hi&er temperatures on i ncreasiag the heating 
rate. In this way. the equilibrium temperature of CaCO, thcrmaI decomposition 
coutd be determined at different pressures of CO, by c-hanging the heating rate until 
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overlapping of the thermogwvimetric curves corresponding to tile reactions of for- 
mation and decomposition of the salt occurs. 

Therefore, TG diagrams of CaO-CaCO, incfudtvf in Fig. 2 have been recorded 
at diRerent pressures of CO1 by changing the heating rate until overtqping of both 
the forward ztnd reverse reactions is reached. Optimum values of heating mte are 
ahvays in the range 14-17°C min”. 

From the diagrams of Fig. 2, C&O, equilibrium dissociation temperatures 
have been determined at different pressures. Both magnitudes have been represented 
in Fig, 3 by means of the ClausiwClapeyron equation. In this Figure our resuk~ are 
compared with those tabulated by Stern et al.’ for the dissociation pressures of 
CaC05. determined at different tempemtures by classical equilibrium methods. 

The small desplacemcnt of the fines obscmed for the two sets of data of Fig 3 
may be accounted by considering the difference between the actual temperature of the 
sample and that measured by the septuple (- 20°C). U~o~una~~y, it has not 
been possible to determinate the temperature inside the sample container of the 



eIeWoWance. Hc~wevcr, if the experiment is ~xzrformed in a DTA apparatus, u$ng 
tht same furnace and sample weight and a heating rate of 16°C min’ I, a difference of 
temperature between the tlummcouple !oca&d inside the saxnpfe and the refer&= 
thermocouple close to 20°C is recorded. 

From the slope of the pIot of our data (see Fig. 3), the rcactioa~ enthalpy of 
CaCO, thexmai decompsitiun has bscn caIculated in the temperature range 990- 
lUW K. Then, &king in&o account tic “frte energy function” values given at different 

temperatures in r&I. 2, a standard enthalpy of 42 kcd mcSi has been obtained. The 
good agreement of this result ~5th &he value of 4261 kcal moi-‘., given in zeal 2, 

seems to support the validity of the method developed in #he present paper for the 
&krmination of ~ui~ib~u~ cons&ink 



The authors wish to thank Dr. I. Carrizosa for his assistance in discussing 
thtse results. 
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