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Abstract - A new interpretation to the kinetics of iron 
oxide direct reduction, based on the influence of 
probability of activation of the reaction on the “flux 
of transformation”, is presented in this paper. This 
interpretation is applied to justify a new process of 
direct reduction of iron oxides, by using carbon as 
the only reactant. 
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I. INTRODUCTION 
In order to analyze the direct reduction of iron oxides, a 
new kinetic interpretation, based on concepts similar to 
those of Eyring activated complex theory (Glasston et al.,
1941 and Darken and Gurry 1953), is applied. This new 
interpretation does not relate to a thermodynamic 
equilibrium condition but to a probabilistic approach. 

The interpretation was developed by Abril (1978) and 
improved by Abril (1997). Additional innovations are 
included in this paper, mainly to explain the reason why 
the empirical "specific rate of reaction" is generally 
constant, at a given temperature. 

II. CHARACTERISTICS OF THE NEW 
INTERPRETATION

A "flux of transformation" will be defined -for a given 
reaction- as the number of moles of reactants which are 
transformed into products, at a unit time. 

This flux is assumed to depend on an average "probability 
of activation" of a reaction, related to a constant frequency 
for the interchange of energy. 

A group of reactants may be defined as the minimum 
amount of reactants, grouped near enough among 
themselves, as to be able to be transformed into an
activated complex, when all the components of the group 
are simultaneously activated. 

The number of groups of reactants to be considered is 
assumed to be proportional to the number of deficient
components of reactants, from an estequiometric point of 
view. 

The probability of activation of a reaction is considered as 
a compound probability, which means that its value is 
equal to the product of probabilities corresponding to each 
one of the reactants of a group. 

The flux of transformation, J, is defined by the following 
formula: 

tJ f n W K ,  (1) 

where f is the assumed constant number of energy changes 
of the components per second; n the number of deficient 
components of the reactants; W the probability of 
activation of the reaction and Kt a factor of proportionality 
between the number of deficient reactants and the total 
number of reactant groups of the system. 

With homogeneous reactions, to any activated complex 
formed, a group of products will be produced in the 
system. When dealing with heterogeneous reaction -as the 
one to be analyzed in this paper- only the activated 
complexes formed in a small volume, facing the interface 
can be transformed into products. The reason for this will 
be later analyzed. 

From the value of J given by formula (1), corresponding 
values of rate of reaction, and of specific rate of reaction, 
may be obtained, as explained by Abril (1997)2

III. PROBABILITY OF ACTIVATION OF A 
SINGLE COMPONENT 

In order to obtain the W value of formula (1) the meaning 
of the probability of a single component will be defined. 

Based on statistical concepts, the following expression will 
be accepted to be proportional to the probability of 
activation of a component i.

2J and the reaction rate are considered equivalent but J is not 
necessarily related to a unit volume of a system, as happens 
with reaction rates 1Investigador Superior Emérito del CONICET. 


