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Introduction

Microcellular foaming materials are characterized with 
cell diameter between 1–10 μm and cell density between 
109 and 1012 cells/cm3 [1]. Compared with the unfoaming 
materials, they have higher impact strength, higher frac-
ture, and longer fatigue [2]. The microcellular materials as 
the twenty-first century new materials have attracted wide 
attention, and control of cell structure has been a research 
point in the last few decades.

A well-known method for generating microcellular 
foaming materials is by saturating polymers with a safe 
blowing agent (CO2 or N2) under saturation pressure and 
temperature [3]. Arora et al. [4] have studied the foaming 
of PS using Sc-CO2 as blowing agent. They got the results 
that higher saturation pressures lead to higher nucleation 
densities and hence smaller cell diameters, decreasing the 
depressurization permits a longer time for cell growth and 
therefore larger cell sizes. Goel et al. [5] have reported a 
different foaming method in which the specimen was satu-
rated at a relatively high temperature.

The development of microcellular foaming materials is 
addressed to obtain foaming materials with high cell den-
sity, small cell diameters, and excellent impact property 
[3]. Smaller cell diameter and more uniform cell size are 
very beneficial for mechanical property and heat-insulating 
property. Constrained foaming is an effective method to 
control cellular structure which has been the focus of foam-
ing materials in recent decades [6, 7]. In addition, study 
on impact property of microcellular foaming materials has 
been widely expanded [8, 9] and only the materials with 
certain shape and mechanical properties showed guarantee.

This work aims to study on the relationship between 
mechanical property and constrained foaming, con-
trolled cellular structure and improved impact strength by 

Abstract To obtain cellular with small cell diameter, to 
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foaming materials, the quick-heating method was applied 
for foaming polystyrene (PS) using supercritical CO2 (Sc-
CO2) as physical blowing agent. Then, changes of cell 
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that the Sc-CO2 solubility and nucleation density in the 
constrained conditions were not influenced compared with 
those under free foaming conditions. However, cells in 
constrained foaming process are mostly circular and inde-
pendent with thick cell walls; the phenomenon of cell coa-
lescence and collapse was effectively eliminated under 
constrained conditions. In addition, cell diameters in con-
strained foaming process decrease with increase in foam-
ing temperature and increase with increase in the foaming 
time. Compared with that in free foaming conditions, the 
cell growth was restrained dramatically under constrained 
conditions which resulted in smaller cell diameter. Moreo-
ver, higher impact strength could be obtained for foamed 
PS as foaming time was prolonged, foaming temperature 
was increased or saturation pressure was enhanced.
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