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based software (Caccavo and Lamberti, 2017). The results of such kind of
model permit to discriminate between and to study the poroelastic and
viscoelastic regime as well as it permits to study the poroviscoelastic behavior.
Experimental unconfined stress-relaxation tests have been performed on
agarose-gels at different concentrations with radius and height of 1 cm, and
imposing a deformation of 10% (Caccavo et al., in press). In the time range
analyzed (1200 s) the agarose-gel has shown a predominant viscoelastic
behavior, releasing only little amount of water. The model, after an initial
tuning of the parameters, has been able to fairly predict the experimental data.
Characteristic of the developed approach is that, once the model parameters
are derived, it is possible to describe the hydrogel subjected to different stimuli
(mechanicals or chemicals).

The proposed poroviscoelastic model is extendable to multicomponent
diffusion systems, which could be, in example, controlled release systems
based on hydrogels. For the first time, to the author’s knowledge, in the
hydrogel-based systems modeling literature, in this thesis it has been shown
how to extend the poroviscoelastic model to consider the presence of another
diffusing species. The transport and constitutive model equations, opportunely
modified, have been implemented in a commercial FEM-based software and,
as an example, the drug release from a swelling system has been reported.

In conclusion, as a result of this work a deeper comprehension of
hydrogel-based systems (HBSs) has been achieved, thanks to a combined
experimental/modeling approach. It has been demonstrated that is not
sufficient to analyze the drug release to characterize the behavior of HBSs. A
complete investigation, considering the macroscopic behavior of the
components as well as their distribution inside the system (microscopic
behavior) should be preferred.

Along with the understanding of the hydrogel and hydrogel-based systems
behavior, three important tools (mathematical models), have been produced.
The 3D “mass balance only” model, which is able, with its pro e cons, to
describe the active ingredient release from HBSs. The 3D poroviscoelastic
model, which is able to describe the pure hydrogels behavior, coupling the
solvent transport to the system large deformation. And in the end, for the first
time in literature, the 3D poroviscoelastic model extended to other diffusing
species, suitable for example in applications of active ingredient delivery. All
these tools, properly tuned, can be of great aid in designing new systems based
on hydrogels.
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5.2 Perspectives

The future developments of this Ph.D. work are several, going from the
improvements of the models to their applications in the different fields that
exploit hydrogels.

Some work could be focused on the refinement of the proposed models. In
particular, the poroviscoelastic models could be improved considering other
(more realistic) elastic theories, for example the non-Gaussian theory of
rubber elasticity. Moreover, a suitable equation to relate the elastic moduli
with the polymer concentration, for physical gels, should be found and
applied. Much complex rheological models could be considered. The mixing
contribution could be further refined, upgrading the enthalpic terms and
investigating the importance of the interaction parameter. The
multicomponent poroviscoeleastic model, should be upgraded with the
interaction terms of the active ingredient with water and polymer. The
boundary conditions could be further investigated. Several independent
experiments could be conceived to obtain the material/model parameters, i.c.
like oscillatory rheology tests to determine the elastic moduli, free swelling
tests to determine Y4, and so forth.

Regarding the future applications (and practical importance) of this work,
the model proposed could be applied to hydrogel-based system for active
ingredient delivery (in biomedical and agro-food applications), for tissue
engineering application (being here the mechanics relevant to the in situ
application as well as to the cell differentiation and, the solvent/nutrient
transport relevant for cell proliferation), in microfluidics applications (i.c. to
design new stimuli responsive micro valves) etcetera. Therefore, the present
work could be used as starting point to develop mechanistic models in almost
all the sectors that use the hydrogel peculiar behavior.
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