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Abstract 

In the wide range of innovative technologies, hydrogels take their place, 

thanks to their ability to absorb large volumes of water and change their 

physical and chemical behaviours based on solvent content and the 

presence of external stimuli. The amount of swelling is affected by 

mechanical forces, pH, salt, temperature, light and electric field. 

Polyelectrolytes are a class of hydrogels of particular interest for 

applications, as for example in controlled drug delivery systems and 

tissue engineering. The presence of acid or basic groups on 

polyelectrolytes’ chains allows them to swell if immersed in a solution, 

where the ionizable groups dissociate into fixed charges bonded to the 

polymer and mobile ions in solution. 

In the prospect of a better knowledge and prediction of their behaviour 

in response to a change in pH and ionic force of the solution, this work 

deals with two parts: an experimental campaign to collect data, and a 

second part consisting in the optimization of system parameters, 

followed by the simulation of a descriptive model, provided by 

literature. In particular, the experimental campaign consists in the study 

of the dynamic and steady state swelling behaviour of an anionic 

commercial hydrogel (Orbeez™), whose structure is essentially formed 

by sodium polyacrylate. To analyze the effect of the ionic force alone, 

sodium chloride (NaCl) has been added to constant pH solutions in a 

wide range of concentrations and swelling has been analyzed by a 

gravimetric analysis, monitoring the evolution of mass with time. 

Successively, for a fixed concentration of 0.01M, the steady state 

behaviour for the whole range of pH has been studied. The comparison 
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of the results with those obtained for a salt free solution shows a general 

reduction in swelling ratio. 

The simulation part uses a descriptive model that, after a suitable 

optimization of the system parameters (fraction of ionizable groups and 

Flory-Huggins mixing parameter), is used to fit the data. The 

optimization results provide a good fitting of the experimental data for 

the steady state behaviour. As regards for the dynamic behaviour, the 

evidence is that the system responds with different kinetics at different 

concentrations of salt, requiring a further analysis about fluid-dynamic 

quantities, such as solvent diffusivities. 

The results of this work, following the optimization of just two 

parameters, and the consequential comparison of the model with data, 

as regards for both steady state and dynamic behaviour, has shown the 

strength of such model in describing the physics of these systems. 
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