
Mechanics of reversible two-way shape memory polymers 

 

Reversible shape memory polymers are smart materials which can change their shape between 
two configura7ons upon an on/off thermal s7mulus. They are par7cularly interes7ng for the 
development of actuators for so> robo7cs and of dynamic pla?orms for 7ssue engineering. 
Their working mechanism relies on a carefully tailored macromolecular architecture and on the 
applica7on of specific thermo-mechanical protocols. In this talk, the mechanism, the 
experimental characteriza7on of the two-way shape memory effect, and the introduc7on of 
phenomenological models for describing this behavior will be addressed. First, the 
macromolecular requirements for obtaining the two-way shape memory effect will be 
described. Semi-crystalline polymeric networks based on polycaprolactone are proposed as a 
model material to study this effect. These materials display a crystalliza7on-induced elonga7on 
upon cooling below their crystalliza7on temperature under the applica7on of an external tensile 
load, and this deforma7on can be recovered upon hea7ng above their mel7ng temperature. By 
engineering advanced thermo-mechanical programming protocols and by leveraging their 
crystallizable phase, it is possible to obtain the two-way shape memory effect also without any 
external load applied, giving rise to fully “self-standing” or “stress-free” reversible shape 
changes. Second, the design of suitable shape memory cycles and thermo-mechanical protocols 
for the characteriza7on of the two-way shape memory effect both with and without the 
applica7on of an external load will be described. Finally, a phenomenological model that 
accurately describes the two-way shape memory effect will be introduced based on the 
described working mechanism and calibrated on the experimental data. This integrated 
approach is being leveraged for the design of 4D printed materials and devices for the biomedical 
field.   
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