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Polymer foams constitute an extraordinarily broad family of cellular materials with 
outstanding combinations of properties, which make them attractive in many 
applications. The final properties of foams depend on the bulk polymer forming the 
matrix, on the morphology and structure of the cells, and on the foam production 
process itself. Polymer science provides a unique conceptual and practical framework 
to master the complexity of foam formation. 

1 Introduction 

Nowadays, most commodity and technical polymers can be foamed to prepare cellular 
materials exhibiting a combination of properties that could not be achieved otherwise: low 
density and high mechanical stiffness; thermal, electrical and acoustic insulation; energy 
absorption. Depending on the starting ingredients and the processing, it is possible to 
engineer soft flexible foams, rigid hard panels, molded, extruded or co-extruded articles, 
membranes, and even fibers. This makes polymeric foams suitable for a wide range of 
day-to-day and technical applications.  

To achieve a desired combination of properties, it is necessary to select the polymer 
with the appropriate bulk properties, to develop the appropriate processing method and to 
control the final structure and morphology of the cells. Generally speaking, polymers are 
foamed by introducing a blowing agent into un-reacted monomers or into hot polymers, 
allowing gas bubbles to grow and stabilize, and then solidifying the whole material by 
chemical cross-linking or by cooling. During the entire process, it is crucial to control 
accurately the kinetics of bubble nucleation and growth, the stability of the cells and the 
reaction of polymerization or solidification of the polymer forming the matrix. Although 
this picture seems to be relatively general, industrial foams exhibit a great variability of 
properties, depending on the very details of the formulation and of the production method.  

In this chapter, we review several important aspects of polymer foams. We begin by a 
short overview of the properties of polymer foams and applications. Then, we describe the 
two main methods that are commonly used to process polymer foams: foaming from 
reacting monomers, and foaming from polymer melts and slurries. Each method has its 
specific constraints and presents several challenges. The last section focuses on some 
universal mechanisms that determine the formation of polymer foams: bubble growth in 
viscoelastic polymer solutions and melts, bubble stability and stabilization of polymer 
foams by surfactants.  

 




