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The effect of the dispersity of the sample on the topochemical mechanism and 
on the kinetic parameters of thermolysis (As--~ Bs q- Cg) under non-isothermal con- 
ditions is discussed. For correctness of the experiment, a ratio of maximum and mini- 
mum particle diameters _< 6 is a necessary condition. The topochemical mechanism 
of the process should be determined separately for the initial and final stages. 

In all monographies discussing the kinetics of heterogeneous processes under 
isothermal conditions much attention is paid to the effect of the dispersity of the 
substance on the character of the rate-controlling stage of the process ([1 - 3 ]  and 
others), and monodispersity is assumed in the deduction of many topochemical 
rate equations. 

On the other hand, in the majority of experimental work studying the kinetics 
of thermolysis processes A~ ~ B~ + C, under non-isothermal conditions, the 
necessity of monodisperse samples is disregarded. This peculiar feature is pre- 
sumably connected with the historical development of experimental non-isother- 
mal kinetics not based on the methods and concepts of the chemistry of solids, 
but on attempts of quantitative processing of thermal curves (DTA, TG) obtained 
in standard thermoanalytical experiments at linear heating rates. It may be 
observed that in some cases the preparation of the samples for thermal analysis 
by DTA includes grinding of the specimen to the "powder" state (<4.3 pro), 
while for clay minerals the fraction < 1 #m is recommended [4]. 

However, in highly disperse materials, intergranular and intragranular diffusion 
exchange begins to play an important part. Under such conditions, the rate- 
controlling stage is diffusion of the evolved gases from the reaction zone to the 
surface of the particle, or from the internal part of the powder-like sample to its 
external surface [3]. 

In addition, as estimated by Delmon, the kinetic curves of homothetic shrinkage 
of the polydisperse sample up to conversions of 50 ~ coincide with the kinetic 
curves of monodisperse samples only if the range ratio between the particle diam- 
eters does not exceed the value of 6 (dmax/dmin <- 6). In the case of a wider 
particle spectrum (dmax/dmi n > 6) the order of the reaction increases to n = 1 
and n > 1 [1 ]. Possibly such a wide range of dispersity yields the explanation for 
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the frequent appearance of formal orders or reactions n = 1 and n > 1 in various 
papers (cf. e.g. [5-15]) .  

We studied the macrokinetics of the dehydration of the EDTA chelate 
MgMnL �9 9 HzO for samples with different particle sizes. The experiments were 
carried out in a continuous-flow reactor using a conductometric detector [16]; 
m = 10.0 mg, helium flow rate through the sample 60 cma/rnin, rate of temper- 
ature rise 3~ The analysis of  the topochemical mechanism and the calcula- 
tion of the kinetic parameters was performed by the evolved gas curves using the 
integral method with the computer program TA IB [17-20] ;  the best kinetic 
equation was selected on the basis of the linearity of the relationship lg g(~) vs. I /T,  
for the conversion ranges 0.08 < ~ < 0.030; 0.30 < e < 0.80; 0.80 < c~ < 0.95. 
The successive widening of the ranges was chosen in view of keeping the error 
in the calculated value of  the activation energy E within the limits of + 5 ~ .  

As may be seen from Table 1, scattering of the activation energy values for the 
fractions 8 0 . . .  400/~m does not exceed 2.5 ~ (in all cases up to conversion of  50 
the rate-controlling stage is the reaction on the phase boundary, d~/dt = k(1 - ~)2/3). 

When passing to fractions < 80 #m, the process is apparently more and more 
retarded by diffusion. At d < 50/~m intergranular diffusion (best described by 
the K o m a t s - U e m u r  equation) becomes the rate-controlling stage. Towards the 
end of  the process (~ > 50 ~ )  rate is controlled in all investigated cases by the 
diffusion of water vapour through the layer of the dehydrated product on the 
surface of the particles (best described by the Brounshteyn equation). 

The data in Table 1 (and also our earlier published data: thermolysis of clathrates 
of thiourea, urea, hydroquinone, dehydration of EDTA chelates [20-22])  
demonstrate that if the process A S ~ Bs + Cg can be described at all by the equa- 
tion of the reaction on the phase boundary (n = 1/2, n = 2/3), then only up to 
conversions of c~ = 5 0 . . .  60 ~ ;  at ~ > 60 ~ diffusion of the gas C through the 
layer of  the product B s on the surface of the particles becomes the rate-controlling 
factor. Hence, similarly as in isothermal kinetics, a fraction should be chosen 
where the ratio of extreme particle dimensions does not exceed 6 (dmax/dmi ~ <__ 6). 
This will prevent distortion of the equation of the homothetic shrinkage of  the 
particles up to conversions of 50 ~ and yield reproducible values of E within 
error limits of 5~o. No essential advantage ensues from the choice of a narrower 
fraction: the rate-controlling factor at conversions ~ > 5 0 . . .  60 ~ will invariably 
remain diffusion through the product layer. 

Kinetic parameters calculated from experimentally determined formal orders 
of reaction n = 1 (or n > 1) for polydisperse samples should be considered with 
caution, since the equation do@t = k(1 - c 0 may express not only accidental 
nucleus formation, but may be a distorted form of the rate equation of the homo- 
thetic shrinkage of the particles due to rapid knock-out of  the fine fraction [1]. 

The risk of error in evaluating the topochemical mechanism increases, if the 
order of  reaction n is determined from the total kinetic curve. In fact, if the value 
of  the formal order of reaction is calculated from the total dehydration curve 
established in our present experiments (Table 1), n = 0.85 + 0.5 for all narrow 
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Table 1 

Kinetics of dehydration of the EDTA chelate (various fractions) 
MgMnL �9 9H O ~ MgMnL q- 9H~O 

367 

Conversion Ea , n 
Fraction, /tm Topochemical mechanism range kcal/mol lg A (from the 

a, ~ total ctarve) 

315--400 
200-- 315 
160--200 
125-- 160 
100--125 
90-- 100 
80--90 
71-- 80 
63--71 
50--63 
10--50 

80-- 400 
Ground sample 

not separated 
into fractions 
(10-- 400) 

Shrinking sphere 0.5--48.9 
Shrinking sphere 3.5--44.1 
Shrinking sphere 0.5-- 58.4 
Shrinking cylinder 0.5--47.8 
Shrinking sphere 0.5--48.1 
Shrinking sphere 0.5-- 51.5 
Shrinking sphere 0.5-- 52.5 
Shrinking sphere 0.5-- 57.6 
Shrinking sphere 0.5-- 80.4 
Shrinking sphere 0.5--79.4 
Three-dimensional 

diffusion 3.0-- 49.2 
Shrinking sphere 0.5--52.0 

Shrinking sphere 0.5-82.0 

32.8 
32.0 
32.1 
32.9 
32.9 
33.2 
31.7 
29.6 
28.1 
27.1 

44.7 
32.1 

16.6 
16.1 
17.0 
16.8 
16.6 
16.9 
17.0 
14.8 
13.7 
13.3 

23.9 
16.5 

24.0 11.2 

0.80 
0.80 
0.80 
0.80 
0.80 
0.90 
0.80 
0.80 
0.90 
0.80 

0.90 
0.80 

1.05 

fractions. This distort ion of  the kinetic equat ion (n > 2/3) is caused by including 
the diffusion part  of  the process in the calculation ofn .  For  a sample that  is ground,  
bu t  no t  separated into fractions,  the formal order of reaction (owing to rapid 
knock-out  of the fine fraction) rises to a value of n = 1.05, in agreement with the 
theoretical considerat ion of De lmon  [1]: the calculat ion based on the equat ion 
of  shr inking spheres results in a sharp decrease of the value of Ea when the process 
takes place in the range combined with diffusion. 
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RI~SUME - -  L'effet de la dispersion de l '6chantillon sur le m6canisme topochimique et sur les 
param~tres cin6tiques de la thermolyse (A s--~ B s + Cg) en conditions non-isothermes est 
discut6. La conditions n6cessaire pour  qu 'une  exp6rience soit correcte est que le rapport  entre 
les valeurs maximale et minimale des diam6tres des particules soit <6 .  Le m6canisme topo- 
chimique du processus devrait 6tre d6termin6 s6par6ment pour  les 6tapes initiate et finale. 

ZUSAMMENFASSUNG -- Die Wirkung der Dispersion der Probe auf den topochemischen Me- 
chanismus und die kinetischen Parameter  der Thermolyse (A s ~ B~ + C a) unter nichtiso- 
thermen Bedingungen wird diskutiert. Die Genauigkeit des Experiments setzt ein Verhiiltnis 
der maximalen und minimalen Teilchendurchmesser yon --<6 voraus. Der topochemische 
Mechanismus sollte fiir die Anfangs- und Endphase des Vorganges einzeln bestimmt werden. 

Pe3ioMe - -  PaCCMOTpeHo BYIHaHI~Ie ~i~icnepcHocrri 06pa3tta Ha TonoxrlMri,iecl<~I.~ MexaHH3M 1,I 
I~aHeTH~ecKI4e rtapaMeTpb[ TepMoJm3a (ATB ~ B-cB + Cra3) B Hel, I3oTepMI4'iecI<I,IX yCJIOBI4aX. 
~ n  xoppeKTBOrO 3Kcnep!,IMeHTa ~onyCTHMLIM ~BJI.qelc~l OTHOmeHHe pa3MepoB Ma~cHMaJIhHOrO 
H M/4HHMaJII~HOFO 3epHa dMaxc./d~j~i~ < 6; TOIIOXHMHHeCKI;I~I MeXaHH3M npolLecca ~O3DKeH o1Jpe- 
,~Ie~DtTBC~I OT)2eYIBHO )~.;I~ HaqayllaHO~t H KoHeHHO~ cra2IH~. 
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