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The kinetics of the thermal decomposition of CaC03 in CO2 were investigated 
usins both dynamic and isothermal techniques. Values of apparent activation energies 
range from 200-1000 kcal mol- i depending upon sample size and heating rate. It is 
concluded that thermal transport rather than mass transport or chemical processes is 
rate determining. The results are compared with earlier work in O2 and discussed in 
terms of “the kinetic compensation effect”, i.e., the reported linear relationship 
between the logarithm of the preexponential term and the activation energy derived 
from the Arrhenius equation_ 

In earlier work’ on the kinetics of the decomposition of CaC03 in a stream of 
oxygen we had found a very marked dependence upon sample size in isothermal 
studies and upon both sample size and heating rate in dynamic studies. Correlations 
were observed between the apparent parameters of the Arrhenius equation, i.e., 
activation enthalpy (AH*) and the preexponential term (A), with both sample weight 
and heating rate. We explained the trends toward higher values of apparent AH* with 
decreasing heating rate or sample size as sus_eestive that thermal transport controlled 
the rate of the decomposition. 

Recently, Smith et al.’ have discussed the effects of the partial pressure of CO, 
upon the decomposition of dolomite and have su ggested that our results may really 

have been determined by mass transport of the evolved CO2 rather than thermal 
transport. The trend in apparent AH* has been toward higher values with increasing 
CO2 partial pressures3-J. Since we observed both a decreasing temperature of 
reaction and increasing values of apparent AH* with decreasing sample sizes and 
heating rates, this would be contrary to that anticipated based upon high partial 
pressure of CO?_ However, with increasing sample size and heatins rate there is 
undoubted@ a seater rise in the partial pressure of CO2 durin_g the course of the 
decomposition. The mathematical analysis would reflect this as a lower apparent AH*. 
Therefore, in order to observe these trends as a function of sample size and heating 
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rates without having to contend with the possible change in CO, pressure, we have 
chosen to rcinvestisate some of the effects in an atmosphere of pure CO, _ 

Correlation of the Arrhenius parameters with the various experimental variables 
involves consideration of the “kinetic compensation effect”*. Zsako and Arz’ have 
recently described this effect and have fortuitous15 selected the thermal decomposition 
of CKO, as their example because of the wealth of studies on this compound. 
Basicafly this effect is described by the relationship 

log -4 = aAH++-b (1) 

where LJ and b are constants_ EssentiaIly this states that observations of a reaction 
which reveal a higher apparent activation energy are generally compensated by a 
greater v&e of the preexponential term. Various ramifications of this will be dis- 
cussed_ 

ESPERIJIEXTAL PROCEDLXES 

The equipment and data analysis zechniques are the same as in our previous 
study of CaCO, ‘. The same 20-M pm fraction of 3. T. Baker Co. reagent grade 
material was used_ It was dried at 1 IO’C prior to use. Nominally I, 3, and 16 rn_g 
samples were used for the dynamic studies at heating rates of approximately 1.25, 5 
and 2O’C min- ’ in a flow of dry CO, at 40 cm3 min- ’ through a tube of 20 mm i-d_ 
Isothermal studies were performed on nominally 2, 3, and 32 ms samples at 34 
temperatures in the range of 900-95O’C \vith a flow of dry CO, of 30 cm3 min- ’ 

through a tube of IS mm i-d. 

RESULTS ASD DISCXSSIOS 

Analysis of the dynamic data indicated that the contracting voIume geometry 
equation, i.e., reaction order, n = 2$, = save the lowest overall standard deviation using 
either the Achar? Brindley and Sharp6 (ABS) or the Coats and Redfern’ (CR) 
approaches as we use them ’ -‘_ The actual results are given in Tabie I. Results from a 
Freeman-CarroI’ analysis are not inchxded because that approach allows II to vary 
which would cioud the comparisons that \ve wish to make. 

The vahtes of apparent AH* and Iog rf are very large but consistent with other 
observers who have worked in pure CO, 5. These hish salues result from the increased 
steepness of the TG curve-s despite the higher temperatures at which the reaction 
occur-s. As we reported earIier’ the trend is towards higher values of apparent AH* 
and Iog A with decreasing sample sizes and heating rates. Since the percentage of CO-, 
in the _eas phase is invarient during these experiments, the expIanation must lie else- 
where. Work is presently underway lo which indicates that the rate of this reaction in 
a chemicafly inert atmosphere is proportiona to the thermal conductivity of the 
atmosphere_ This dependence upon thermal conductivity and the trends reported 
herein and earIierL iead us to conclude that the supply of heat is the rate determinig 
factor consistent with the approach of Draper and Sveum’ ‘_ 
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TABLE 1 

RESULT OF THE DYNASIIC KINETIC EXPERIMEKTS OF THE DECOMPOSITIOS 
OF CaCO, IN COz ASSUMING THE CONTRACTING VOLUME EQUATION 

Hearing rate 

t-C tttitt- ‘) 

1.25 

5.00 

‘0.00 

.Verltod of 

analysis 

A BS 
CR 

ABS 
CR 

ABS 
CR 

Xottrittal sample ueight (ntg) 

I 4 

AH” lo:,? A AH- 

597 101.7 373 
915 157.7 719 

450 80.0 ‘91 
827 139.9 538 

322 71.0 378 

605 103.6 443 

I6 

103 A AH*’ log A 

80.0 408 69-I 
123.3 639 109.s 

?7.4 209 33.2 
88.3 377 62.3 

63.7 I35 21.0 

73.5 Z4Y 10.6 

‘In kcal mol-‘. 

In principle, if thermal or mass transport were not important, then the sample 
interface should begin to decompose when AG = 0, and because of the endothermic 
nature of the reaction, remain at that temperature until decomposed. The temperature 
at which AG = 0 is controlled b_v the atmosphere for this reversible equilibrium. !n 
one atmosphere of pure CO, mass transport becomes ne_gligibIe and the equilibrium 
temperature of the reaction, TR, predicted from thermodynamics is 1 I60 K (see 
Fig. 1)3. This is considerably higher than the temperatures observed for the de- 
composition with inert sweep gases. At lower temperatures where thermal transport is 
slovver, isothermal kinetic studies are practical and more informative_ However, at 
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Equilibrium partid pxssure of CO= over CaCO, as a function of remperature3. 
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higher temperatures encountered in pure CO2 where radiative thermal transport 
becomes dominant due to its T4 dependence, the rate of thermal energy input is much 
srater and consequently the rate of the reaction becomes large very quickly. This 
greatiy reduces the accmacy of isothermal techniques because the estent of the 
reaction durin_e heating to the desired temperature is greater and the range in temper- 
ature over which the rate wn be satisfactorily measured is much smalter. The latter 
el%ct exagerates the effects of errors in temperature measurement upon the cai- 

CrJkIted Arrhenius pzrameters. These conditions, of course, lead to enormtius values 

of apparent 4H* and log A similar to the trend observed d_vnamicaIIy. 
J3ecause of these difkulties we have chosen not to place great confidence in the 

isothermal results_ VaIues of apparent 4H* varied from 530-693 kcal mol- ’ and 

log A from 92.4 to 122.6. These seem reasonable in comparison with Table I. 
Before one makes a detai!ed analysis of these vaiues of the Arrhenius parameters 

and compares them with the much lower values observed in our earlier work’, the 
relationship between 4H* and log rf should be considered_ Taking the simple form 

of the Arrhenius equation and merely rearraneinz yields some insight. 

--Jri- 

k=AeRT 

In A =inKt-&AH’ 

A plot of log ii vs. 4H* shouId have a slope of 2_303/(RT) and an intercept of 10s A’. 

Garn I ’ has also pointed out this rearrangement. The same result can be derived usin 
the expanded form Arrhenius equation in which 

XP 
A =zeF (3 

where Z is the temperature independent preexponential term, and adaptins the com- 
mon thermodynamic relationships involving changes in heat capacity to activated 
compiex and absolute rate theory 

AC* = dWf*) = =d(AS*) 
P 

dT dT 

yields 

d(InA) I 
=- 

d(4H*) RT 

(3 

(6) 

The fact that data accumulated over a fairly wide range of temperature would 

J-ield such an apparent straight line as indicated in the work of Zsako and AIZ’ 
indicates that the function within the limits defined by the accuracy of the data is 
surprisingly insensitive to temperature. Zsako and Art obtained a slope of 0.195 from 
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a least squares fit of the collected data. This wouId predict a value of Tfrom eqns (3) 
or (6) of 1 I20 K. Considering that the data are collected from experiments without 
COz additions to the sweep gas all the way to those utilizing pure COz, this probably 
represents a reasonable average temperature. Fi_gure 1 indicates that the equilibrium 
partial pressure of CO, at that temperature is 0.5 atm \z:hich is also consistent with 
this avera@ns over the range_ 

Earlier work by Zsako et al.’ 3, on the decomposition of the complex, 
CoBrZ(m-totuidine), , also exhibited the “kinetic compensation efGect” with a much 
geater slope, 0.475f0.005. This is simply a reflection of the fact that the decomposi- 
tion takes place at a much lower temperature and. in fact, the value of T (457 K) 
calculated from the slope is again very near the mid point of the temperature ran_ee 
used in their experimental plots to derive the values of apparent AH* and log <ji. 
Gam” has also indicated this for the above complexes and for complexes of bis- 
dioximatocobalt (III) as well as for the reaction of SrC03 and various samples of TiOz. 

0 200 400 600 800 
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Fig. 2. Kinetic compensation efiect ior the decomposition of CaC03 in CO, _ Least squares straight 
line is :og A = 0_175AH* - 2.95. 0 = Achar, Brindley and Sharp analysis; 5 = Coats and Redfem 
analysis; f = Range from earlier work Q-t O=_ 

Our data for CO2 (Table 1) are plotted in Fig.. 2_ A reasonably straight line is 
indicated. A least squares fit yields a slope of 0.175 and an intercept of - 2.95. The 
value of T calculated from this slope is 1243 K, again consistent with the apparent 
temperature range in which the data were collected. The value of log K is the rate 
associated with that of I for any set of AH* and log ,-I values on the line. 

The insensitivity of this plot to temperature can be shown by the short line in 
Fig 2 which represents our data from the earlier work’ in Oz _ Figure 3 is an expanded 
plot of these earlier data and the least squares fit in this instance gives a slope of 0.2778 
and an intercept of - 5.98. Despite the distinct differences of- these values from those 
derived from Fig. 2, there would bc little reason to suspect this from an inspection of 
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Fig. 3. Kinetic compensation effeci f&r rhc decomposition of CaCO; in 02_ Lca~t squares srraighr 
line is log A = 027SAH* - 5. 9s. C = Xchar, Brindley and Sharp analysis; = = COZLE. and Rcdfern 

an~I~5is. 

Fis. 2 or the similar plot in the work of Zsako and Arz5. The slope changes smoothly 

and ,oradualIy in such a plot and this change may be readily concealed by the scatter 

inherent in the data. 
These obseen-ed changes in the Arrhenius parameters as a function of sample 

size, hearing rate, and temperature regime clearIy indicate that the chemical or bond- 

breaking steps are not rate-determinirg. We feel further that similar studies on other 
materials woufd reveal this to be generally true for thermal decompositions havin,o 
substantial values of AH. That this is not more commonIy observed is only due to the 

fact that many reactions are not reversible or if they are reversible, the pressure of 

the product is not varied extensively. ConsequentIy the kinetics are seldom determined 
over a broad temperature range_ Wide ranges in sample size and heating rates wouid 
aiso show these effects but require much more effort. 

Separating the effects of mass and thermal transport is sometimes difficult. Any 
set of experimenta conditions which will hold the paniai pressure of the product gas 

in the ambient constant wi11 aIIeviate the problem of mass transport. This is difficult to 

accomplish experimentally except in an atmosphere of the pure gas. Using an inert 

sweep _gts wiI1 tend to keep the concentration of product gas low but it may stiI1 vary 
over sever4 orders of magritude- Similarly a nearly constant vacuum may be 

maintained at a SauSe by continuous pumping! but it is still difficult to maintain a 

constant pressure of the product gas at the sample interface. Certainly usinS the 

smakst sampfe size and lowest temperatures commensurate with the experimental 
sensitivity or usinS seif generated or product ,oas atmospheres are steps in the proper 

direction. 
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For a reversible decomposition, e.g., CaCO, , hoiding the partial pressure of the 
product gas would establish a temperature of reaction as discussed earlier. This has 

the effect of increasing the slope of the TG plot and thereby increasing the apparent 

value of AH*- Changes in apparent AH* are accompanied by the appropriate change 
in log A as described by the “kinetic compensation effect”. Under this condition of 
constant P,,, the reaction is then controlled by the ability to supply heat to the 
reaction interface_ Sample packing, holder, and geometry; thermal conductivity of 
the atmosphere and product layer; and the actual temperature regime of the reaction 
itself will influence the thermal transport 

Facilitating either thermal transport or mass transport has the same effect of 
mcreasing the apparent AH* and log A and decreasing the “measured” temperature 
of the reaction_ It is therefore necessary to study the kinetics under conditions of 
minimal mass transport effects such as done herein or to systematically correlate the 
kinetics with thermal transport variables such as is presently under study”. 
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