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Abstract

Hydrogels are peculiar macromolecules, characterized by a polymeric
matrix, an interstitial fluid and, eventually, some ionic species. These
materials are particularly interesting in different subjects such as
pharmaceutical industry, where they can form matrices for controlled
drug delivery, or in tissue engineering. Looking at the different
applications for hydrogels, it is obvious the interest in natural polymer
based hydrogels, or in biocompatible ones. In order to select the right
polymer for a certain application, their behaviour, from several points
of view, has to be studied.

This thesis’ work is focused on the analysis of the poro-visco-elastic
behaviour of agarose hydrogels, at different polymer’s concentration.
Agarose is a natural polymer, derived from agar, a gelling substance
extracted from a certain typology of red seaweed. Particularly, the
mechanism of relaxation has been studied through unconfined
compression tests in water.

During the experimental work, gravimetric analyses have been done in
order to evaluate the solvent diffusion in hydrogels, either subjected to
a compression force, or without any stress condition. The result of this
kinds of analyses is that agarose hydrogel, under tests’ conditions and
independently from the polymer concentration, don’t absorb
significant amount of water. Gravimetric analyses have also been
helpful in determining the final and initial mass fraction of polymer in
samples. The water in which samples have been submerged during
compression test has been analyzed using a colorimetric method in
order to evaluate agarose concentration in solution, with the aim to
quantify erosion phenomenon; the result of these analyses is that the
erosion of the gel can be neglected. Compression tests have been
made on hydrogels at different agarose concentration and stress-

[X1]
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relaxation curves have shown a trend with these concentrations,
otherwise, stress values seem to rise with concentration, at any time.

Later, the experiment has been simulated using a poro-visco-elastic
model, implemented in COMSOL MULTIPHYSICS® software, in
order to verify if this model correctly describes the analyzed
material’s behavior. The used model has some unknown parameters
(G4, G,, T) which have been evaluate by an optimization algorithm,
whose aim is to force the calculated curve to match the experimental
data. The parameters obtained have been correlated to the initial mass
fraction of polymer of samples, and a linear relation seems to well
describe these points. Later relations between experimental data and
material’s parameters have been found, in order to allow parameters’
estimation without any other simulation’s need; even in this case the
relations found are linear. Then, a parametric sweep has been done,
changing the diffusivity coefficient, in order to observe if water
diffusion in hydrogels can be neglected, in test’s condition, as shown
in the experimental work. The result is that diffusivity does not affect
the stress-relaxation curve, thus, the recorded experimental behavior
could be described using a pure viscoelastic model. However, using
this approach, parameters describing the whole water-polymer system
can be found, in spite of parameters representative of the polymeric
network.

In conclusion, the viscoelastic model is not suitable for a model
generalization (i.e. in describing other kinds of test) as the used poro-
visco-elastic model, which describes agarose hydrogels behavior very
well.
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