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Abstract

Hydrogels constitute a wide class of polymeric materials that are able
to absorb large quantities of water and modulate their physical and
chemical behaviors based on the water content and on the presence of
external stimuli. The amount of swelling is affected by mechanical
forces, pH, salt, temperature, light and electric field.

Many natural and synthetic macromolecules are polyelectrolyte, long-
chained polymers that contain ionizable groups. When such a polymer
Is in solution, the ionizable groups dissociate into fixed charges bonded
to the polymer and mobile ions in solution. The solution consists of
solvent molecules of a low molecular weight (water). As well as ions
of two types: counterions that bear charges of the opposite sign to the
fixed charges, and co-ions that bear charges of the same sign as the fixed
charged.

Neutral hydrogel’s behavior is described using the poroviscoelastic and
monophasic model, this work goes beyond the neutral network and has
the objective to propose a model for polyelectrolyte hydrogel. Due to
the behavior of the ionizable groups, the helmoltz free energy of this
type of hydrogel is the sum of four contributions: the term referred to
the stretching of the network, the term of mixing the solvent with the
network, the one mixing ions with the solvent and the one referred to
the dissociation of acidic groups. In this work in particular there is the
assumption of electroneutrality.

The model obtained by this work, has the aim to describe as first the
qualitative behavior of this kind of gels. The stationary analysis has
been done to understand the physics beyond the movement of the ions
in the system, in particular the swelling and the concentration of the
different species has been analyzed in different conditions: external
concentration of salt, number of acidic groups, degree of crosslinking
of the gel and the mixing parameter. The simulations have underlined a

[IX]
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good approximation with the qualitative behavior of the gels, but one
of the critical point of the model is a not good answer to small
concentration of external salt.

The swelling analysis has been validated also in a quantitative way
comparing the simulation results with data taken from literature.
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