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My thesis was about delamination of composite materials. I made tests in mode 
I, II and mixed I/II and evaluated the energy released upon delamination. 
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SCIENTIFIC AND TECHNICAL ACTIVITIES 

 
My research work is focused on the production of cellular structures made with 

biodegradable polymers. This study covers two aspects: a) the basic study of thermodynamics and 
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physics of foam formation and b) the technological process of foam extrusion. The aim is to 

understand the influence of the processing parameters on the morphology of the cellular structures.  

The foaming process of poly(caprolactone) (PCL) using CO2 under pressure has been 

investigated by examining issues related to CO2 sorption thermodynamics and kinetics and issues 

related to rheology of PCL melt with dissolved CO2. To this aim, CO2 sorption experiments were 

performed at temperatures ranging from 70 to 90°C and pressures up to 6.5MPa, in order to gather 

information on CO2 diffusivity and solubility in the PCL melt. CO2 sorption data were correlated 

by using Sanchez and Lacombe equation of state (SLEOS) theory. Parameters of SLEOS for pure 

PCL melt were obtained by performing PVT experiments at several temperatures (60-120°C) and 

pressures (up to 200MPa). Evaluation of the PCL melt viscosity with dissolved CO2 was performed 

by in-line rheometric measurements during extrusion, by using a capillary device. The theoretical 

study will also concern the modeling of the cell growth process, to get an analysis tool of the effects 

of processing variables on the density and the morphology of the cellular structures. 

By examining the extrusion process, we could observe that commercial biodegradable 

polymers are not suitable for foaming: in particular they have poor  rheological properties and the 

polymer constituting cell walls is not able to withstand the elongational stresses during cell growth. 

This is the reason for cell collapse, which determines the rise of foam density and the deterioration 

of the cellular morphology. 

We faced this problem in two ways, modifying the material (in this case PLLA) by enhancing 

its rheological properties and modifying the foaming process, to best control each process involved 

in foam formation. 

Solid post condensation treatments have been performed on PLLA, to give the material a 

higher melt strength. These treatments resulted efficient in affecting the molecular weight and the 

viscosity of the material. In this study we also analyzed the effect of the treatment on the 

crystallinity of the samples. 

The extrusion process has been modified to attain microcellular foams, by using static mixes 

and nucleation nozzles, to best control the temperatures and the pressures during extrusion. This 

system provides a complete monitoring and analysis of the different process of gas solubilization, 

nucleation, growth and stabilization of the foam.  

 


