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ABSTRACT 

Results of the isothermal decomposition of CaCO in the tempera- 
ture range 1018-1048K show greater dependence of tie CO pressure 
on observed rate of reaction compared with the equation g based on 
Langmuir or Freundlich theories of the adsorption. The mechanism 
of the decomposition on the basis of the Jovanovic adsorption the- 
ory has been proposed.In agreement with this mechanism the activat- 
ion ener 

!? 
of CaCO decomposition is a linear function of the CO 

Dressure p> and deJends also on the ratio p:p, (pe- the equilibr urn 1 
bressure). 

INTRODUCTION 

It is usually assumed that the rate of the thermal decomposition 

of solids can be described by the equation: 
r= s=kf(oc) (1) 

where k -rate constant dependent only on the temperature, f(M) is 

a function of the fraction decomposed and depends on the reaction 

mechanism. It is worth remembering that in the reverssible decom- 

position reaction there is one more -very important- parameter 

f(p,T)- function of two variables: the temperature and the pressu- 

re E-31. The dependence of the decomposition rate on the pressure 

is expressed usually by the functions based on the Freundlich or 

Langmuir mechanism of the adsorption/)-61. In the literature there 

are a few equations describing the relation between the pressure in 

the system and the rate of the decompositionb-IO]. 

Results of our experiments show much higher influence of CO2 

pressure on the decomposition rate of CaCO, than any predicted the- 

oretically based on the theories mentioned above. 

RESULTS AND DISCUSSION 

Decomposition of CaCO3 (polycrysalline calcite, Merck p.a.)has 

been carried out isothermally on Mettler 2000C thermoanalyser. 

Experiments have been made under atmosphere of pure CO2 in the pres- 

sure range IO-100 mbars at the temperatures 1018-1058K in IOK in- 
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tervals.When the equations based on the Langmuir theory are used 

the results show deviation from the expected linearity. On the fig? 

there are presented.;u; results in the coordinates according top] 

andD] namely V VS.~ 
( )w Pe 

here:V-the reaction rate, p and p,- pres- 

sure of CO2 in the system and equilibrium pressure respectively. 

In the case presented in fig.1 as a rate of the reaction the reci- 

procal of t0,g has been taken, p, .values were calculated from the 

Tamaru equation 011 . 

Fig.1 shows that the equation proposed by Earretk,Y]is not va- 

lid in this case. This disagreement and some remarks in the litera- 

ture showing that the rate of the ohemisorption differs from this 

predicted by a simple Langmuir mechanism induced us to consider 

the Jovanovic adsorption theory b2]for the thermal decomposition 

reactions. 

Jovanovic modyfied the Langmuir theory taking into account the 

readsorption process resulting from collisions between bulk phase 

gas molecules and molecules desorbing from the surface.Introducing 

the Jovanovio6 interpretations into our description of the CaCO-, 

decomposition we have assumed that the CO2 adsorption and readsor- 

ption processes are of the chemisorption type. The chemisorption 

process takes place on the initially formed CaO which has some un- 

stable structural state between crystallographic structure of CaC03 

and the final cubic structure of Ca0.Thi.s intermediate CaO is cal- 

led here an active Co0 and is given the designation CaO+. 

0.2 0.4 Cl6 

Fig.1 The rate Uf the deoompos. 
of CaCO 

a 
at 1018 and 1048K vs. 

w ere:p- pressure of CO 9 
p,- equilibrium pressur z . 
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g.2 The activation energy E 
:al/mol) of the decomposition 

of CaCO 
2 gressur . 

as a function of the CO2 
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The chemisorption processes on CaO+ result in the production of 

CaC03. We have also assumed that the decomposition being the chemi- 

desorption process takes 

CaO+, 

place on the CaC03 surface not covered by 

We will show later this assumption is not important quanti- 

tatively, because the fraction of the total reaction surface occu- 

pied by CaO+ is negligible. 

Our next assumption is that chemisorption processes during the 

decomposition are rate-controlling and the crystallisation of CaO 

to the stable form is fast and does not have influence on the ob- 

served rate of the decomposition (except, of course, for the ini- 

tial induction period, when nucleation process is important>. 

Let us consider the elementary processes of the decomposition: 

A). In agreement with the Jovanovic ideas the rate of the chemi- 

sorption can be expressed as 

(2) 

where&andp are dimensionless constants fluctuated near l,@is the 

fraction of the total reactive surface not covered by CaO+,nH is 

the -enthalpy of the decomposition of CaCO, and b, and kloare the 

proportionality constants. 

The assumption thatC?andPvalues are about 1 results from the 

fact that the surface potential in chemisorption is generally 

almost equal with the heat of the reaotion. Particular disscusion 

of the eqs. (2) and (6) will b e published in our next paper h3]. 

B). We consider the CaOf crystallization CaO+-CaO as a fast, 

first order process (fast in comparison with the desorption), ha- 

ving the rate : 

rc= kd@ and k>>k, (31 

Of course, also the process CaOcub-CaOC can be considered, but 

in comparison with the fast decomposition process the latter 

seems to be no.t important. 

C). Once again, in agreement with Jovsnovio theory, we can write 

the equation of the adsorption rate: 

rads= ki@(l - e- bp) (4) 

Let us assume now that the process is fully developed (the in- 

duction period is over) and the teacting surface is in the Quasi- 

steady stake < the rate of the decomposition per unit area and 

are constant). From tha equations (2),(3) and (4) we have: 
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The equation (6) describes the influence of temperature and CO2 

pressure on the decomposition rate per unit area of CaC03 and the 

equation (5)- the influence of temperature and CO2 pressure on the 

fraction of the reactive surface covered by CaO+. 

From the eqs. 5 and (6) very interesting conclusions can be no- 

ticed: 

1). The surface fraction is small and becomes even smaller with 

the increase of the CO2 pressure.The result of the increase of the 

CO2 press‘ure is the decrease of the number of produced CaO nuclei 

(see ref. 14 >. 

2). The eq. (6) shows that in vacuum the activation energy of CaC03 

decomposition is equal&AH, so is close to the heat of the reaction. 

3). It can be shown that the activation energy under the constant 

pressure of CO, is a linear function of the pressure ( see fig.2) 

EP= oCAHtb~p(~AHt_:RT) (7) 
n 

4:. Analogically, the activation energy under constant ratio x=~ 
Fi!? 

is the linear function of x 

Ex = GCAH t X.b.p;( P.&+-,AH+~RT) (8) 

All relations described above are related to the case of CaC03 de- 

composition under vacuum or in CO2 atmosphere. However, one can ex- 

pect in accordance with the influence of the collision effect on 

the readsorption, that the atmosphere of the inert gas can alter 

the decomposition rate as well as the morphology of the product. 
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