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A B S T R AC T

The heat of adsorption, the adsorption energy and the activation energy are of the most impor-
tant and frequently calculated parameters in adsorption and ion exchange systems. However, 
in many occasions these parameters are not clearly defi ned, appropriate calculated or analyzed 
in the related literature. A characteristic example is the use of different limits used in order to 
identify a process as physisorption, chemisorption or ion exchange. The present paper aims at 
clarifying the nature of these parameters and their interrelationship in theoretical basis and to 
present the paradigm of ion exchange systems involving zeolites and cations as a case study. 
All basic theoretical issues are presented, analyzed and discussed with the support of a large 
number of experimental data in order to draw secure conclusions on several critical issues. In 
total 46 activation energy, 32 adsorption energy and 34 heat of adsorption experimental values 
are collected and discussed.
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1. Introduction

The heat of adsorption, the adsorption energy and 
the activation energy are the most important, inter-
related and frequently calculated parameters relevant 
to the thermodynamics of any sorption system [1,2]. 
Although the great developments in technological, ana-
lytical and computational methods is true that the lit-
erature is frequently less accurate and insightful than 
expected on some theoretical subjects. This is the case of 
the above-mentioned parameters, which in many cases 
are neither clearly defi ned nor appropriately calculated 
in the related literature [3].

Inevitably, the theoretical analysis should start from 
the fundamentals of the subject and this is the primary 
target of the present paper. Furthermore, a secondary 
target is to discuss and clarify the relevant limits found 
in the related literature, which are used for defi ning a 
process as physical or chemical sorption. As it is well 
known, the heat of adsorption in physisorption pro-
cess is normally lower than 80 kJ/mol while in chemi-
sorption higher than this limit [4,5]. Concerning the 
adsorption energy, if below 8 kJ/mol the phenomenon 
is defi ned as physical adsorption, if between 8−16 kJ/
mol as ion exchange and if over 16 kJ/mol as chemical 
adsorption [6]. Furthermore, in physisorption process 
the activation energy is lower than 40 kJ/mol, while in 
chemisorption higher than this limit [7,8]. In purely ion 
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