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THE EFFECTS OF SAMPLE SIZE AND HEATING RATE ON THE 
KINETICS OF THE THERMAL DECO;MPOSITLOS GF CaCG, 

P. I(_ GALLAGHER AXD D. \V_ JOHSSOM. Jr. 

Bell Telephone Lahurrttorics. Jfttrra~ Hill. .V.J. 0797-S f L’. S. A.1 

iReccivcd 1 September 1571) 

Isothermal and dynamic methods were used to stud>- the rate of \<eight loss of 
CaC03 _ Sample sizes were controlled in the range of I-32 ms. The contractins area 
rste law proved universally applicable. A pronounced dependence of the activation 
enthalpy, pre-esponentia! term, and rate constant upon sample wei,oht and heatins 
rate was observed. This dependence is discussed primarily in terms of the effects of 
self-cooling and sample geometry_ The concept of a unique activation energy is 
questioned_ 

INTRODUCTIOS 

The kinetics of the thermal decomposition of solid state materiats is a highly 
complex and frequently controversial subject. The practical importance of the subject, 
howe\-er, has lead to a very extensive effort to understand the mechanisms which 
control such reactions. Two of the major esperimentai /ificu!ties encountered are the 
effect of the enthalpy of the reaction upon the sample temperature and the control of 
the atmosphere for those reactions which involve a gaseous reactant or product. 
These experimental uncertainties are inherent in both the isothermal and dynamic 
techniques. 

There are at least two recognized approaches which should minimize these 
problems. First, use as small a sample as wi-ill provide the necessary experimental 
sensitivity. Provided that it is in ,oood contact with the heat sink, generaiiy the sample 
holder, it wi!J aIlon_ for better thermal exchange- Since the quantity of gas which is 
involved is less and its diffusion path shorter_ the build xp of product sas or dep!etion 
of the reactant sas wit! be minimized_ Secondly, work in the re@on where the reaction 
is relatively slow. This also releases or consumes less gas and heat per unit of time and 
thereby reduces these complications. In t!le isothermal case this can be achieved by 
working in the lower portion of the practical temperature ;ange and for the dynamic- 
technique by using a relatively siow rate of heating 

It is the purpose of this paper to carefully determine the effects of sample size 
and heatins rate upon a weJ!-defined thermal decomposition in order to determine 
the validity or effectiveness of these approaches_ The decomposition of calcium 
carbonate has been frequently studied’ and shown to be reversible and straight 
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forward. However. there have been no extensive studies 

sample size and heatin rate. The relatively larse weight 

el;olution of carbon dioxide also provides an csperimentall~ 

technique for foIloGn, 0 the course of the decomposition. 

of the dependence u pan 
loss associated with the 

: convenient and accu rate 

Fig. 1. Scanning electron micrographs of ca!cium carbonate: a. before dccomposirion, and 6. after 
decomposition. 
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EXPERIMESTAL PROCEDURES ASD RESULTS 

The calcium carbonate was reagent grade from the J_ T. Baker Co. It was 

sei\-ed and the fraction from 2W pm was selected for study. The surface area was 

measured by nitrogen absorption (BET technique) and found to be I_4 mZ g- *_ 

Assuming spherical geometry and a density of 2.71 go cm - 3 this indicates an averse 

particle size of about 1.6 pm and su=, Omests that manv of the seived particles btre 

actually a@omerates. Figure I sho\vs scanning electron micrographs of the powder 

before and after decomposition_ They obviousiy confirm the agglomeration and also 

indicate that the decomposition does little to change the macroscopic shape or size 

of the particle. The agglomerate size distribution was also substantiated by measure- 

ments with a Coulter counter which indicated a ven_ square distribution with greater 

than 955; in the size ranpe of X-60 jmi. 

Isor/~wnral nreasurenrenls 
Samples were nominally controlled at 1) 2, 4. S. 16. and 32 mgs. They xvere 

packed by light tappins into a small hemispherical basket of platinum having a radius 

of 2.5 mm. This basket was suspended in a fused quartz tube having an internal 

diameter of 18 mm. Oxy_gen was passed through a tower of Drierite and down the 

tube at a rare of approximately 60 cm3 min- I_ The sample was then heated to 

constant wei_ght at 4OO’C. A clam she11 fcr-3ce at the desired temperature was then 

closed around the tube and data collection was begun. in this manner, the weight loss 

of each size sample was followed at 9s I. 952, 930, 9 10. and 880 K. The Cahn balance 

and the electronics, which obtain weight and temperature as a function of time in a 

digitai format on magnetic tape, have been described elsewhere’. The subsequent 

computer processing has been previously described in some detai12-3. 

Figure 2 shows typical weight versus time plots from the iirst sta_ge of computer 

anhIysis_ The second stage invoIved fitting the data to a variety of kinetic rate laws. 

Table I lists the functions which were plotted versus time. The minimum standard 

deviation in alpha obtained from the least squares fitting of the best straight Iine was 

used as the criteria for the most applicable rate law. Some tj-pica1 plots are shown 

TABLE I 

KINETIC FUNCTIQNS USED IN THE COMPUTER ANALYSIS (z = fraction reacted) 

Power law 
Conrracting geometry 

Eroket- 
Diffusion controlled. ZD 
Ditfusion controlled. 30 
Jander 
Prout-Tompkins 
Second order 
Exponential 

2. n = I. 2. 4. 1. J, 
1 -_(I -I)“=. n= 2, 3 

[-lnll-I)]“” n= I. 1.5. 2. 3.4 
(I -I) In{1 -z)+x 
(I-<j3!-(l-z)* 
[I -_(I -z)i]’ 
In iz/C 1 -I)] 
J;!l--)-I 
In 2 
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in Fig 3. The least square Iinc was determined over the range in alpha from 0.1 to 

0.9 or approximately from 400 to 3200 scc in Fis. 3_ 

The contractin_c area equation 

1 -(I --I)! = h-r (II 

and the Erofeev cquarion \vith II = 2 

[--fn(I -x)1’ = kr (2) 

were comistently the most applicable rate 1av.s. Figure 4 uses the contracting area 

equation and indicates the resultin g lines for var>-ing sample weight at constant 

temperatures_ Fi_cure 5 presents similar data for varying temperature at constant 

sample \veizht. 

. . 
0.0 AA __---...- 

0 400 eoo IX0 160% 2000 2400 2600 3200 3650 

SEC 

It ~vas noted that piots of log k versus IO, = weight (mgj were reasonable straight 

lines for each temperature_ Figure 6 shows a typical plot with the least square Iines. 

Such plots were used to correct the X--s cbserved for the nominalI>- correct weight to 

the exact weight increments of I. 2. a. S. 16. and 32 m~s. These corrected k’s were then 

combined with the Arrhenius equation to determine \-alues of the activation enthalpy. 

-1H* and pre-exponential A. term for each sample n-eight. Figure 7 she\\\-s a typical 

Arrhenius plot. Derived values of -1H’ were identical within +O_I kcal usins either 

rate law. The Erofeev equation consistently yielded a larger value of rl. 

Average values of L_3H* and the separate values of 10s ri xere plotted versus 

Io_e weight (mzs) in Fig. Y_ Remarkably good straight lines result. The cakuiated 
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Fig. 5_ Ptots of I - (1 -I)$ versus rime for 32 mg sample. a. 9Si K: b. 952 K; c. 930 K; d. 910 K; 
c. SSO K_ 

Fig. 6. Pfot of log k versus fog u-eight at 951 K. 0. I -_(I -I)* =X-r: 0. [-h(l -dl*. 

equations from the least squares fit to the best straight Iines are: 

AH* (in kcal..moIe) = -2-9134 log (mgs)t49.675 

log A I = - I.3152 log (mgs)i8_4026 

Iog _A2 = - I.3425 log (mgs)+ 8.6597. 

These equations fit all the points within ~0.1%. 

(3) 

(4) 

(5) 
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K-‘X 1O-3 

Fig. 7. Arrhenius plots for a 16 mg sample. 0. I -_(I -z)* =kf; 0. [ --In(I -z)jf =X-r. 

20 ’ I I I I I I i 6.0 
0.0 0.2 c-4 0.6 0.8 1.0 1.2 1.4 1.6 

LOG Nlqs) 

Fig. 8. Arrhenius paramet-rs versus log weigh1 Cmgs) .?dP. 0. log A for I --(I --lb* = kr: 0. log A 
for [-ln(l -211’ = kr. 
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A Pcrkin-Elmer thermobalancc \vas used. It had been moditied to gi\-e a digital 

output on punched paper tape of wisht and temperature as a function of time*‘. 

The temperature axis was calibrated usins ma,onetic standards”. A flow of dr> 

osyeen, -10 cm’ min- I. \vas maintained down the furnace tube. 20 mm i-d. The sample 

holder was a smail c>-Iindrical platinum cup about 3.5 mm in diameter and I.2 mm 

deep. This limited the sample six to a maximum of 16 mg. Nominal sampIe weights 

of I, 2,4, S, anti I6 mgs were run at heatins rates of 73.6. 15.2.4.45, I. 1 CT and 0.29 C 

min. Figure 9 stows the resultin? computer plots for the extremes in sample weight 

and heatins rate. The 8 and 16 rnz samples failed to go to completion at the fastest 

heating rate uncItx the esperimenta! conditions imposed. 

” ” 72.0 i 
z i 

2 66.05 

I 
64.Oj 

t 
60.0 i 

, 

56.0 i 

i 

52.oi 
0 100 200 300 400 500 6cr) 700 8aO 900 1000 

Fig. 9_ l‘hermograx-imctris piots for a. 1.25 mS a10.29 C_ min: b. 0.95 m_e at 77.6 CTmin: c. 15.56 mg 
li 0-29 C’minr d_ 16.05 mS ;11 7_:_6 C‘min. 

These data wzre processed to give vaIucs of 2df” and A usin? three basic 

ttchniques’_ The Freeman and CarroIIh approach is a difference-difKerentia1 technique 

in which the order of the reaction is determined as we11 as the Arrhenius parameters_ 

An integni technique was developed b- Coats and Redfern’. The Achar, Brindley, 

and Sharps method is a single differential method. The iast two methods require the 

order of the reaction as an input. VaIues of 0. 0.5. 0.67. and 1.0 were used but the 
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standard deviations obtained usin? 0.5 were _generall_v the lowest. This crder corre- 

sponds to the contracting area equation. eqn ( I )_ described earlier. Table 2 summarizes 

the results. 

SUMMARY OF THE DYSXMIC STUDIES OS THE THER%lAL 
DECO~~POSITfOS OF CaCOj IS DRY OXYGES 
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“DiKcrcnri;tl method of Xchar. Brindls~- an< Sharp’. n = O-5. Dln:egrating n.cthod of Cosls ad 
Redfcrn-. n = 0.5. ‘Ditfcrcncr-diti~rcntili method of Freeman and Carroll”. ‘in kcal. mole. cl1 = 
order of rcacrion. 

Berlin and Robinsong have described a technique where-b: AH* can be obtained 

from the s!ape of the line formed from a pIot of log (K,sec) wrsus 2-i ’ where T, is 

th? absolute temperature at which the weight loss stops. Figure IO shows such plots 

for those thermosravimetric esperiments which went to completion. The points do 

not form a straight line. Using the values at the slower heating rates. which are more 

linear. values of AH* from 44 to 37 kcal mole are calculated. The values decrease 

N ith increasing weight. 
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Bcrling and Robinson’. using the data of Richer and Vallet”. observed a 
straight line relationship between log (rnss) and 5-r- I_ Fi_gure 1 I shows such plots for 
this work. 
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Fig. 10. Plots of log tK see- *) versus the reciprical of the tcmpcraturc of complete decomposition. 
0. I mg; X, 2 mS: 0.4 mg: V. S mg; v. 16 mg. 
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Fig. II. Plots of !og (mgs) vexus. the reciprical of the temperature of complete decomposition: 
x , 73.6 K,‘min : 0. IS.1 K!min : V. 4.45 KImin ; v. I_ I6 K!min ; 0. 0.19 K!min. 
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DiSCUSSION 

The discussion of the isothermal results will be restricted to the contracting 
geometry rate Iaw. Although the Erofeev equation with n = 2 fits equally well, the 
contracting geometry is conceptually simpler and has the added advantage of being 

more compatibie with the dynamic technique?. As in prior workrV3*’ the value of 
AH* was relatively independent of the choice of rate law. Only the values of A varied 
significantly. 

Equations (3) and (4) can be substituted into the Arrhenius equation to yield 

log x- = (636.7 T- J. - 1.3152) log (mgs) f 5.4026 - IO 855 T- *_ (6) 

This equation describes the experimentally observed rate constant as a function of 
sample weight and temperature_ Figure 12 shows plots of log K versus T- ’ for a large 
range of sample weights_ Besides 1 and 32 mgs, which represent the extremes of this 

6.0 

-6-O 

-9.0 

1.0 1.2 ‘1-4 1.6 

K-‘x lo4 

Fig. 12. Arrhenius plots as a function of sample weight: a, 1.135 x 10-s mg; b, 6.62~ 10-Z mg; 
c, 1 mg; d, 32 mg; e, 500 mg; f, 10” mg. 

investigation, there are lines for a hypothetical 36 pm and 1 pm particles representing 
a single experimental aggregate and particle respectively_ At the other extreme there 
are lines representing a more conventional sampIe weight of 500 mgs and finaiy a 
kiiOglZIl. 
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AIthough Iog k can be accurately expressed in terms of sample weight, the 
ex?rapoIation to zero weight Ieads to an infinite value of the rate constant_ SimiIarIy 
.extrapoIations for AH* and Iog ii to zero sample size also give values of infinity. The 
contracting geometry mode1 assumes instant surface nucleation and then a constant, 
zero order, rate of movement of the interface inward. The experimental& determined 
rate constant is the true zero order rate constant for interface movement divided by 
the appropriate geometric parameter e.g., radius of the spherical particle, one half of 
the edge for a cubic particle, or radius of the circular cross section for a cylindrical 
particle reacting in two dimensions. ConsequentIy as the sample weight and thus size 
goes to zero the experimental rate constant wiI1 go to infinity. However, the mode1 
assumes rapid surface nucleation, and therefore is no longer applicable for data taken 
from v-cry smaI1 particles where the surface moIecules represent a significant fraction 
of the totaL 

Because the sampIes w-ere sized the radius of the aggregates are presumably the 
same and thus the experimental rate constants should aI1 be different from the true 
zero order rate constant by a constant amount. However, Ingraham and cowor- 
kers’ 1.12 have shown that peIIetized samples -?n behave essentiaIIy as a single, large 
particIe with the reaction interface proceeding inward. Although the samples in this 
work were not pelletized it is nevertheless reasonable that the buIk pile geometry 
would be a factor_ The reasons for IocaIized CO2 concentrations and thermal trans- 
port are still valid. In order to determine the appropriate conversion factor it is 
necessary to establish the shape of the bulk sample. Peiletizing as advocated by 
Ingraham and coworkers i r v1 ’ wouId seem to solve this; however, with the smaI1 
sample weights used herein this was not considered feasible. Even once this is estab- 
lished there is still the tacit assumptions that the geometrical shape remains constant 
and that ah surfaces receive the same therma ffux. It is basicahy a combination of 
the pile geometry and the distribution of thermal fIux that determines the apparent 
order of the reaction. 

Since this connection represents a constant multiplier of the rate constant it is 
not a factor in the determination of AH* when a constant sample size is employed. 
In other words, there is no change in eqn (3). The difference appears as a correction 
to the pre-exponentiai term. If for example, the sampIe was assumed to be a spherical 

pile behaving as a singfe particle then eqn (6) becomes 

Iog x-,ru, = (636.7 T- ’ - 0.9819) log (mgs) -f- 9.9520 - IO 855 T- i (7) 

The true rate constant, or rate of interface motion, w~13uId also have units of pm set- * 
where the radius of the sample pile is in j;m. Such a correction does reduce the 
dependence of the rate constant on sample weight but it can never eliminate it 
because of eqn (3). New lines for each weight such as those shown in Fig. 12 would 
be panlIe to the oId but the spread wouId be significantIy less. 

The second major factor in introducing a dependence of k, 4H*, and A upon 
sample weight is the effect of seIf cooling in an endothermic process. The AH* 

involved in this and most other decomposition reactions is immense in comparison 
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to the heat capacity of the products and reactants. Under hypothetical adiabatic 
conditions it would be sufficient to lower the sample temperature over a thousand 
degrees. Obviously, therefore, it is necessary to have a high thermal input in order to 
sustain the reaction. This heat must be supplied from conduction by the sample 
hoIder and atmosphere or by a radiant flux and in either case must diffuse through 
the product Iayer of increasing thickness to the reaction interface. As described in the 
introduction this thermal exchange is favored by small sample size and slow dccom- 
position rates. 

Equation 7 offers some indication of the extent of self cooIing. TabIe 3 gives 
vaIues of temperature caiculated at different reaction rates for the sample weights 
used in Fig. 12. These temperatures correspond to the experimental temperature as 

TABLE 3 

EXPERfMEhTAL- REACTION TEMPERATURES FOR VARIOUS 
FCEACTION RATES AND SAMPLE WEIGHTS 

k,, (pm SC- I) 

ZO-4 10-1 1 

1.135x 10-B 732 K S06K 896 K 
6.62X 10-S 749 842 962 
1 778 908 1091 

32 793 945 1165 
500 808 982 1251 

IO6 873 1161 1732 

TaIcuIatcd from eqn. (7)_ 

measured in this work. K one assumes that the temperature indicated -tar the I pm 
particIe is very nearly correct, thel; m the region where this work was done, Le., 
k uue z IO-‘, the measured therlnccouplz temperature was approximately 100-140” 
higher than the actua1 interf?_ce temperature_ This degree of seIf cooling is simiIar 
to that determined by DraF and Sveuni’ 3. The advantages of working at the lower 
temperatures and the slower rt -,&ion rates is also substantiated by Table 3_ As the 
rates become slower, the tern_perature discrepancy becomes smaIIer_ 

Another possibIe reason for the dependence of the Arrhenius parameters upon 
sampie weight is the reIative change in the partial pressure of Cot. The larger the 
sampIe size, the ionger the digusion path of the CO2 and hence the greater the partial 
pressure of C02. The equilibrium constant wouId then require a higher reaction 
temperature for the larger sampIes_ However, it is assumed that the diffusion of the 
gaseous products out of a IightIy taped powdered sample is substantially greater 
than the diffusion of heat in and is therefore a minor factor. This is substantiated by 
the fact that Britton et aZ_ I4 obtain values of Ml* in vacuum which are comparable 
to most cf ihe values determined in a sweep gas’ I. 
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If there is no significant change in the partial pressure of CO2 then thermo- 
dynamics wouid predict that the reaction temperature is where J5G = 0, at the appro- 
priate partial pressure of CO2 _ Provided that MY* = Wf, the reaction wouId proceed 
at a measurabte rate’ 3_ However, this stipulation that the solid state reaction proceeds 
mithoet activation appears unlikeIy. The thermodynamic enthalpy of the reaction is 
dtfined for the products in their stindard state. At the very least the CaO initially 
formed by the decomposition is in a microcrystalIine or amorphous and high!y 
strained state with a large concestration of defects. This regardfess of any additional 
mechanistic difficuIties shou!J give rise to _UY*>lH on a microscopic scale. The 
time, temperature, and parti& size relationships may be such that this additional 
energy is retrieved on a macroscopic scale before the rate measurements are concluded. 
Under those cricunrstances NY* could approach NY_ It is the contention of this 
paper tterefore that the reaction temperature is probably not independent of sample 
size, particular@ for the smaller sample sizes. 

The results of the dynamic esperiments su ggest that they lack the precision or 
consistency of the isothermal resuhs. Table II reveals considerable scatter in the 
vaiues of MY* among the various experimenta situations, and even more distressing 
among the various methods of anaiysis for the same data. They do indicate, however, 
that a singIe simpIe experiment can give a reasonabIe estimate of the Arrhenius 
parameters with careful analysis. AItemativeIy the very simpfe anaIysis suggested by 
Berlin and Robinson’ combined with severa experiments can give a suitable estimate 
of AH*. Figure IO, however, indicates that the proposed reIationship is not linear 
over a very wide range of heating rates. The Berlin-Robinson approach did predict 
a (rngs)+ dependence’ which is in excellent agreement with eqn (3). AIthough in 
eqn (3j the dependence of AH* upon weight has a temperature term, the average 
vaiue is very neariy 5 over the experimental range of temperature_ 

As expected the scatter and lack of smooth trends is most evident in the Free- 
man-CarroIl technique’. This is in a large part due to the added degree of freedom 
a5orded by the selection of the order, n. The vaIue of rz varies considerably but the 
average is 0.4. In both the Coats-Redfem’ and the Achar, Brindley and Sharp’ 
analysis as we11 as in the isotherma treatment, the values of n were restricted to 0, 
0.5, 0.67, and 1.0. The vahxe of 0.5 gave consistentIy the best results so that al1 the 
data and analytical approaches are consistent in this respect. 

Certain trends are cIearIy evident from the dynamic results. The values of AH* 
and A tend to increase with decreasing sample weight and heating rate. Qualitatively 
these trends are in compIete a.eement with conclusions based upon isothermal 
resuIts. Reducing the heating rate slows the reaction and provides for better thermal 
equilibrium. 

TabIe 4 offers a comparison of the results of this work with some pr,:.ious 
ir,vestigations. In general, the other investigations empIoyed sample sizes much greater 
than used herein. Equation (3) predicts that AH* = 41.8 kcaI/moIe for a sample 
weight of 500 mg. This is in good agreement with the previous values. There does not 
appea.. to be any consistent difference between the vaIues based on either dynamic 



81 

TABLE 4 

SOME EXPERIMENTAL VALIJES FOR THE THERMAL DECOMPOSITION 
OF C&O, 

iIn- Sample ur Dwamic Annosphere Order 
(A-caIJmoie) (mg) isoxhermal 

BerIin and Robinson9 40.6 
Britton, Gregg and Windsor” 35-42. 
Coats and Redfem’ 51.7 
Draper and St-cum’ 3 41.2 
Freeman and Carroll” 39.0 
Hutlig and Kappa1 * ’ 49 
Ingraham and Marier’ ’ 40.6 
Kissinger* 6 42.9 
Maskill and Turner” 95 
Slonium’” 3S.@ 
Speros and Woodhouse’ 44 
Sharp and Wentworthzo 43-46 
Splichel et al.” 37-39 
This work 49.7-45.3 
This work 34-7 1 
This work extrapolated 41.8 

250 D 
500 I 
100 D 
300-450 I 
290 D 
- I 

455 I 
- I 

500-2ooO I 
- 1 

100 D 
1000 D 

- I 
1-32 I 
1-16 D 

500 I 

XL 

vacuum 
air 
NZ 
air 
- 

air 
- 

air 
vacuum 
N2 

- 

- 

02 

02 

02 

- 
0.58-0.7’ 
0.46 
- 
0.4 
O-1 
0.67 
0.22 
1 
I 
0.2 
0.5 
0.3 
0.5 

-0.5 
0.5 

or isothermal techniques. The order shows con&derable variation but it must be 
recalled that both the sample geometry and the distribution of thermal flux are 
invoIved_ A spherical sample which is heated primarily on the sides adjacent to the 
furnace walls cannot be expected to follow a simple contracting sphere rate law. 

SWMMARY AXG COSZLUSIOSS 

AIthough the dependence of the rate constant, activation enthalpy, and pre- 
exponential term upon sample weight is not newa-17*‘2, it was carefully determined 

over a wide range and with smaller samples than previously employed. Extrapolation 
to higher weights give values which are consistent with previous investigations. 
UnfortunateIy, the logarithmic dependence upon weight precludes extrapolation to 
zero weight. 

The dependence of the Arrhenius parameters upon weight is a composite of at 
least four factors. Since the data best fit the contracting geometry equation with n = 2, 
it must be remembered that this model wiii break down when a significant portion of 
the total reactant moIecuIes are present in the surface. This, however, shouId not 
become a factor until the particle size approaches 100 A. The actual value of R 
depends upon the distribution of thermal flux as we11 as sample geometr\-. 

The second factor concerns the geometry of the sample piie and its tendency to 
behave as a large singIe particle. The experimental rate constant represents the trut 
zero order rate constant for the interface motion divided by a particular geometric 
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distance dependin, (I upon assumed geometry of the sample. Individual particle size 
also is a factor but to a Iesser degree”. 

The self cooling effect of an endothermic reaction is an established fact and it 
plays a dominant role. The larger the sample size the greater the difficuIty of equi- 
Iibrating with the experimental heat sink of IWte capacity, i.e., the sample holder. 
The length of the therma diffusion path also becomes greater depending upon the 
extent of the reaction and hence larger temperature differentials become possible. 
This is strongIy dependent upon the rate of the reaction and can be gready minimized 
by working at lower temperatures or heating rates. 

The partial pressure of CO= will govern the equilibrium decomposition temper- 
ature. The larger the sampie the Ionger the diffusion path. Consequently, the partial 
pressure is more likely to buiId up and raise the equilibrium decomposition temper- 
ature. This is considered to be a minor effect compared to the therma diffusion and 
bulk sampIe geometry_ 

This composite view impIies that the actual AH* of the reaction is significantly 
larger than the vaIues generaI& measured_ At the lightest sampIe actually measured, 
about 1 mg, AH* is 49.7 kcaI/moIe. The problem remains regarding how far it is 
Aid to extrapolate. Extrapoiation to the sIightIy higher weights used in other 
investigations, see TabIe 4, appears successful. If the extrapolation is carried to a 
single I q spherical particle, the smaliest entity of the experimental sampIes, or to 
a 100 A particle, an approximate lower limit of the contracting geometry model of 
the rate Iaw, then the values of MP become 72.5 and 90.3 kcaI[moIe respectively. 
These vaIues agree well with the intrinsic values proposed for the threshold of the 
decomposition of carbonate ions’. * 7*t3. 
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