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ABslRAcr 

Isothermal and dynamic techni~es were employed to examine the rate of 
weight loss of CaC03. Thermogravimetric studies were conducted in atmospheres of 
He, N,, Ar, and various percentages of CO, in Ar. Three methods for deriving 
kinetic parameters from thermogravimetric data were used and these results were 
then compared with data obtained from isothermal investigations done on identical 
samples. It was found that the higher the thermal conductivity of the atmosphere!, 
the more rapidiy the reaction proceeded. Also, as the percentage of CO, in Ar 
increase4 the temperature range of the decomposition became higher and narrower, 
resulting in a higher Won energy. 

INI’RODUCIION 

There is a wealth of information concerning the thermal decomposition of 
CaC03. However, there are still some uncertainties as to the actual mechanism and 
which factors are rate controlling. In a &id state endothermic decomposition, the 
product~t interfkcc usually travels from the exterior surface into the sampIe, 
provided it receivestheneassary hea.tofreaetion,Ethkrateofheattransfkris 
slower than the inherent rate of the reaction, then thermal transport may be rate- 
detemkkg’. In an earlier study, Gallagher and Johnson2 suggested that thermal 

-transport-determines the E@ of the decomposition after having observed high- 
vaIues of apparent activation energy with decreasing heating rate or sample size. 
Daxea&g heating rate Or sample size would suggest a Iower CO, partial pressure 
aad thus a lower a&vat& energy if one considers t&e generally observfxl trends of 
kmasing activation enew, with increasing CO, part& pressure’; However, the 
apparent activation energks WR actually higher as the heking rate &d sknple size 
dccrcasad.soitwascandudadthattheCO,partialp~~wasnottheratb 
dcWmi&gfactor. 
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when CO, is present in the sweep gas, the thermal dekmposition of CaCOs 
willoaxuat.highertempemtue5 than it would’if Co, was-not prcsnt%i the sweep 
gas. At these higher tern-, them& transp0rt~i.s more effective due to the T+ 
dqendencc involved in the radiation cfEkcts_ Thus. the tanperat3xe range of the 
decomposition beMmes increasin gIy narrow as the pqcentage of CO, hi the sweep 
gas incress From an Arrhenius plot of Iog k vs. l/T, the wide range of k’s and 
narrow range of temperatures wiII generate a steep curve 2rid. therefore, a high 
apparent actkition energy, 

For the dynamic m easurements, a Perkin-EImer TGS-1 thermobalance was 
used_ The weight and temperature were recorded as functions of time on punched 
paper tape3_ The CaCO~ was 2WWp fraction of reagent grade mate&I from the 
J_ T_ Baker Co- SampIe s&s were limited to 4 mg and the sample ho&r was a smaII 
qlkdrkal Pt &p about 35 mm in diameter and 12 mm deep, The fiow-rate of the 

various atmospheres FabIe 1) was 40 cm3 min-’ down th& 20 mm diameter fkmace 
tube_ The heating rate was always set * 9Cmin-l within the te&&ature ra~&e 
f&m room temperatu~ to approximately looO°C 

TABLE I 

ARRHENlusPe FOR TKE DECOMFOSiTiON OF 
taco, IN lKDClWRESOFCO,ANDh 

VaIacrofEiarri;rkcal~l-‘andAin~-’_ 

0 745 48 ICP 0.5 52 5-w o-47 Sl 3-w OS 54109 05 
s 780 227 xv OS 164 S=lo= I.15 171 l-lo= I-? 14s S-10” 1 

100 906 --- s12 5-W’ 203 503 1090 2 489 IW? 2 
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It was found that the decomposition occurred most rapidIy in the atmosphere 
having the high& thermal conductivity, which indicates that the rate of the reaction 
is dependent upon how quickly heat is supplied to the system. The atmospheres used 
were He, Nz and Ar; Fig. 1 shows the thermal conductivity-temperature reIation.ships 

for these gases. In Fig. 2, the rate constant is plotted against temperature for the three 
gases using the kinetic data obtained_ It is shown that for any temperature, the rate is 
fastest in He, followed by N, and then Ar_ Thus, the experimental data indicate that 
the decomposition proceeds most rapidly in the atmosphere having the highest 
thermal conductivity. 

For experkznts in various percentages of COz, as the percentage of CO, in 
the sweep gas increased, the temperature range of the decomposition became narrower 

Fige1_‘RiamalconductivityofseIectedswecp-a .,. 1:. 
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i.IoNcLusI0ti . 

Thuss we codude that the rate of the dazomposiiicm of CaC03 is proportional 

to the thermal condt&ivity of the atmosphere, thereby giving support to the_$heory 

that the mecbnism of th@ decomposition is thermal transports _- -; 
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