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Some consequences of using the rate equation d~/dt = ktf(~) are shown on a simple 
example. It is demonstrated that kt usually depends on the sample size, and that it is 
usually incorrect to assume that if mass and heat transport effects are avoided both ct 
and d~/dt -- as functions of time -- are independent of the initial mass. Rate equations 
should be based on real local quantities. 

Cr iado  recently publ i shed  remarks  [1] on the app l ica t ion  of  Chat ter jee ' s  me thod  
[2] for  the kinetic  analysis  of  T G  data .  The discussion is based on  the compar i son  
o f  two rate  equat ions :  the one used by  Chat ter jee  

d W  
dt  - k "  m n (1) 

,(where ~ is the active weight of  the mater ia l  at  t ime t, and  n and k are the order  of  
reac t ion  and the rate  constant ,  respectively),  and  the fo rmula  most  c o m m o n l y  
used in the rmal  analysis :  

d~ 
dt  = k t "  (1 - ~)n (2) 

Equa t ion  (2), said to be val id  for the " the rma l  decompos i t ions  o f  solids fo l lowing 
n - o rde r  kinet ics" ,  conta ins  the reac ted  f rac t ion ~ and k t, " the  ' t rue '  ra te  cons tan t  
o f  the reac t ion" ,  assumed to be independen t  of  sample  mass. 

Af te r  a correct  mathemat ica l  t rea tment ,  Cr iado reaches the  conclus ion tha t  k of  
Eq. (1) depends  on the ini t ial  mass and that  Chat ter jee ' s  p rocedure  to  de te rmine  
the n value (based on T G  curves o f  samples  of  different ini t ial  mass) canno t  be used 
a t  all. The same conclusions were d rawn  by Sz6kely [3] several  years  ago.  

The conclusions - in the form wri t ten  above  - are correct .  However ,  it  is nec- 
e s sa ry  to discuss the assumpt ion  that ,  for  decompos i t ions  o f  solids, k t in Eq. 2 or  
in the  more  general  fo rm 

dc~ 
dt  - kt " f (c0  (3) 
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is independent of the initial mass. Of course, this assumption, which can be en- 
countered in practically any kinetic study in the field of thermal analysis, should 
not be attributed to Criado, whose activity in the clarification of problems of kinet- 
ics is rated highly by the present author. 

As a simple example, let us consider an irreversible s o l i d -  gas decomposition 
where the time derivative of the reactant mass (m) divided by the area of the react- 
ing surface (A) depends on the temperature only (mass and heat transport do not 
affect the rate of the process): 

1 dm t 

A dt = kT (4) 

If  this is applied to the isothermal reaction of a compact spherical sample of initial 
radius R, the rate of mass change will be 

dm t 
dt = kT " 4 r 2 rc (5) 

where r represents the radius at time t. Taking into account 

m r 3 

1 - e = - ~ - =  R---- ~ (6) 

M being the initial mass), we can write 

dm 
dt = k ~ - 4 .  [(1 - e ) . R a ]  2/3. ~z (7) 

Expressing M in terms of the initial radius and the density (9) yields 

de 1 dm 3 k~- (1 e) 2/s (8) 
dt M dt oR 

If this equation is compared to Eq. (2) containing an n value of 2/3, we get 

3k~ 
k t = - -  (9) 

oR 

showing that the rate constant of Eq. (2) depends on the initial size. Had the con- 
trary been true, the time required for total decomposition of spheres of any size 
should have been identical in this example - which is physical nonsense. 

As a consequence, the other common assumption does not hold either, that 
"provided that mass and heat transfer effects have been avoided, both u and (de/d0 
are quite independent of Wi", the initial weight [1]. 

Generally speaking, as previously discussed in detail [4, 5], in heterogeneous 
reactions occurring on a moving phase boundary or in a narrow reacting zone, the 
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fraction reacted is an average value for the whole sample, not a local (intensive) 
quantity, and Eq. (2) should be used for kinetic analysis o f  these reactions only if 

(a) the initial mass, the particle size distribution and the geometry of  the samples 
are identical, or 

(b) the particle size (distribution) is identical and the process advances uniformly 
in each particle, or 

(c) the particle size (distribution) is identical and the rate is governed by nuclea- 
tion only (first-order kinetics). 
Even in these cases, k t will be characteristic of  the sample size. 

In order to overcome the difficulties arising f rom the application of Eq. (3), we 
suggested a new mode of description for the rate of  heterogeneous processes [4, 5], 
based on real local quantities. (The treatment of  the example presented above can 
in fact be regarded as a simple application of that description, without mentioning 
general quantities.) A detailed discussion of the suggested new forms of the rate 
equation can be found in [5]. 
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