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Abstract 

Pharmacology studies the administration of drugs and it is focused on 

the development of controlled release pharmaceutical systems, in 

particular of the matrix systems. Hydrogels are commonly used as 

polymers to produce the matrix in which the drug is dispersed. The 

main feature of these polymers is their ability to swell and to create a 

gel layer when they enter in contact with water, thus the drug 

contained in the matrix could diffuse easily. Aims of this work are to 

study thermal properties of HPMC and to develop a mathematical 

model to describe mechanical properties of these materials. 

Polymer solutions were prepared using deionized water and HPMC 

MK 20000 S in powder form. Solutions were prepared with the 

following percentages by weight of polymer: 2, 2.5, 3 and 4%. 

Viscosity measurements and adsorbance spectra of different solutions 

were analyzed to characterize hydrogels. Indentation and compression 

tests are performed to analyze mechanical properties of these 

materials. Each type of test is conducted at different temperatures in 

order to observe and describe the change in the physical state of the 

material during the thermal gelation. Compression tests were 

conducted to test  the mechanical response of the samples and a 

mathematical model is implemented to describe the elastic response of 

these materials. 

Viscosity measurements were conducted with a rotational viscometer 

subjecting polymer solutions to heating and subsequently to cooling. 

The absorbance measurements were performed with an UV-Visible 

spectrophotometer, and indentation tests with a Texture Analyzer. 

Through viscosity and absorbance measurements it is possible to 

observe temperature ranges in which thermal gelation occurs and 

through penetration tests it was possible to assess how mechanical 

properties of the material during the phase transition change. 
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Mechanical tests are composed of a compression phase and a 

relaxation phase and response of the material was studied in both the 

steps. To develop mathematical model it is followed a poroelastic 

approach and it is therefore implemented in COMSOL
®

. Finally, 

simulations are performed to estimate elastic modulus value for the 

hydrogels. 

In conclusion, through viscosity and adsorbance spectra measurements 

it was possible to evaluate in which temperature ranges gelation 

occurs with a good agreement between the measurements. Indentation 

test allows to observe how mechanical properties of hydrogel vary in 

these temperature ranges. Compression tests were performed on 

hydrogels and their mechanical behaviour was described with a 

mathematical model. Through comparison between simulations and 

experimental data elastic modulus value has been derived for 

hydrogels analysed.  
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