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Abstract 

In this work it has been studied the phenomenon of the ionotropic 

gelation for the realization of idrogels. 

Specifically, this work is focused on designing an optimal experimental 

method to monitor the processes as well as on the development of 

mathematical model for the description of the observed phenomena. 

Laboratory tests have been carried out using an aqueous solution of 

alginate at 2% w/v and CMCh at 1, 1.5, 2% w/v, put into contact with 

a zinc solution with a concentration equal to 0.5, 1, 2 M, for an exposure 

time equal to 1, 2, 3, 5 min. 

The data obtained from the reticulation of the polymeric solution by the 

use of the ionic solution are the thickness of the obtained gel and the 

variation of the concentration of the zinc solution, quantified by a 

titration method. 

The developed mathematical model is characterized by the parameters 

of diffusivity, D, kinetic constant, k, and minimum concentration of 

bounded ions capable of forming a gel, S*, and describes the 

phenomenon depending on the concentration profiles of the free ions in 

the polymeric solution Q, and the bounded ions in the polymeric 

solution S. 

The software implementation of the physical phenomenon has been 

initially performed with MATLAB and later with COMSOL 

Multiphysics, that has high-performance resolution algorithms. 

The comparison between the experimental data and the model 

calculation has been carried out gradually narrowing the time interval 

of the simulations, and with parametrical sweep. 

Experimentally it has been observed that the thickness of the gel 

increases if there is an increment of the reaction time, of the ionic 
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solution concentration and, unexpectedly, also of the polymeric 

solution concentration. 

The parametrical study carried out with the mathematical model has 

shown how the thickness of the gel is influenced by the diffusivity, the 

kinetic constant and the concentration S*. In particular, it is possible to 

obtain a greater thickness by increasing the diffusivity and the kinetic 

constant, while an increase in the concentration S* leads to a lower 

thickness of the gel. 

Comparing the experimental results with the mathematical model it can 

be noticed that this can adequately describe them both depending on the 

variation of the external ion’s concentration (with fixed parameters), 

and depending on the polymer’s concentration, in this case 

appropriately varying the kinetic constant. 

This leads to the conclusion that the reaction’s rate could be different 

from a simple first order solely linked to the free ions and instead it 

must consider also the polymer concentration.   
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