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Abstract 

A gel that consists of a cross-linked polymer network of three 

dimensions is a polymer gel. The gel matrix takes on different 

characteristics depending on the production technique. 

Cryogelification, a technique which occurs at low temperatures, ensures 

a porous structure; the size of the pores depends on the thermal 

conditions at which they are produced. In this work the effect of the 

external bath temperature, which influences the cooling and freezing 

rate, on production step of cryogels of 2% w/w agarose is studied. 

Cryogels were produced in a temperature controlled aqueous ethylene 

glycol bath. Three thermocouples were placed into the samples during 

preparation, thus obtaining, using MATLAB®, the temperature profile 

along the radius. This allowed to obtain important information when the 

production temperature varies, such as: the crystallization and the 

transition temperature, as well as the time necessary for the complete 

freezing of the product. 

Thanks to the collected data it has been possible to implement on 

Comsol Multiphysics® a model able to provide information about the 

production process. After describing the fluid dynamics, using a low 

Reynolds number k-ε RANS model coupled with the energy balance, 

the geometry of the cooling system was constructed. By solving the 

mass and energy balances, the model was able to provide valuable 

information on a large number of variables. Implemented on Comsol 

Multiphysics® it can also be used to simulate the freezing of many 

substances, if the properties are known. 

Once the information on the production step was obtained, evaluations 

on the product structure were carried out to study the differences 

between the cryogels obtained. In particular, the pore size was 

estimated using the empirical equations available in the literature; 
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observing that the lower the production temperature, the smaller the 

pore size. 

To confirm what was observed, mechanical tests were conducted. The 

cryogels were deformed by 10% in unconfined compression tests. 

During these several photos were taken, obtaining information on the 

variation in height, diameter and volume of gels. The mechanical results 

coupled with the image analysis confirmed the higher poroelasticity of 

the samples at lower production temperature. 

In conclusion it was built a model that can replicate the cryogel 

production process, observing that the temperature of the thermal bath 

has a significant influence on the structure and properties of the gels. 

Temperatures close to the point of crystallization result in larger pores, 

faster release of water and a weaker structure. 
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