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Abstract

The hydrogels are particular macromolecules that are characterized by
a polmeric matrix, interstitial fluid, and ionic species. The evaluation
of hydrogel’s mechanical properties is an important parameter to
optimize their applications in various fields such as pharmacokinetics,
for drug delivery and tissue engineering. In this work the mechanical
and transport behaviour of agarose hydrogels was studied.

It was developed a method of confined compression and relaxation of
hydrogels, conducted by the Texture Analyzer. To this purpose it was
designed and built, by the research group "Transport Phenomena and
Processes", a compression chamber. The chamber is constituted by:
threaded parts for fastening on the plate of the Texture Analyzer; side
molds, realized for the preparation of the gels; central mold, for the
housing of the gel when subjected to confined compression test; outer
chamber, where the water can enter; holes, positioned on the bottom
of the central mold and which allow the water exchange between the
outer chamber and the central mold; sintered filter, placed at the base
of the central mold.

The method consisted in several phases starting from the preparation
of hydrogels in the side molds of the compression chamber. The
hydrogels were extracted and positioned in the central mold, where
they were subjected to confined compression test. Before starting the
mechanical test was necessary to reduce the height of the gel. If the
height of the gel was the same of the central mold, the play between
the probe and the mold could cause the leakage of the gel, influencing
the test results. By reducing the height of the sample, it is avoided that
problem.

By mechanical tests, conducted by varying the polymer concentration
in the gel, stress-relaxation graphics were obtained and from which it
has been possible to study the mechanical behavior of agarose
hydrogels. The mechanical test was divided into three different
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phases: pre-compression phase, compression phase, and relaxation
phase. During the pre-compression phase, the probe moves toward the
gel and it stops when it records the trigger force set at 0.1 kg, because
at this force value, it means that the gel surface was touched.

After this phase, the compression phase started during which the
probe advances of 0.5 mm, with a preset speed of 0.05 mm / sec, by
impressing an axial deformation of 10%. The compression phase
lasted after ten seconds and ended recording the maximum value of
the force. In the last part of the test the force decreases rapidly up to a
constant value: both the poroelastic and the viscoelastic relaxation are
negligible. The rapid relaxation, which is recorded after compression,
suggests an elastic behavior of the gel which leaks water quickly.
Moreover gravimetric analyzes were conducted, in order to evaluate
the transport of water during the compression test. At the end of these
analyzes the difference between hydrogel’s mass after and before the
compression was evalueted. The mass of the sample after the
compression was measured by weighing the sample, whereas, the
mass of the sample before the compression was calculated from the
Texture Analyzer data, not being able to extract the gel from the
central chamber before the test, to weigh it. The mass of the sample
before the compression was calculated by multiplying the volume
with the density. The volume was considered as a cylinder of diameter
of 5 mm and having a height equal to the one that the probe of the
Texture registers at the trigger force. In the first performed analyzes
the water was inserted in the outer chamber and the results obtained
were very scattered. It is probably due to two causes: 1) the water,
going from the outer chamber into the central mold when the
mechanical test ends, can be dragged from the gel during the
extarction, influencing the weight of the sample; 2) the value of the
initial mass calculated by the texture data is not realible.

For these reasons, gravimetric analyzes were conducted without water
in the outer chamber in order to solve the problem that could arise
from the presence of water. During these analyzes it was also decided
to evaluate the water transport considering the increase in weight of
the filter, placed at the base of the compression chamber, and not the
reduction of gel’s mass; in this way it was solved the problem arising
from the calculation of the initial mass. The latter method was used
only after it was ensured that the water lost by the samples, during the
mechanical test, was not present in the space below the compression
chamber, but only in the filter.
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By stress-relaxation results obtained by the mechanics tests it can be
concluded that, with increasing concentration, increases the maximum
force reached in the compression phase and by gravimetric it can be
cocnluded that the amount of water loss decreases with increasing
concentration because the gels are more resistant.
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