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Polypropylene (PP) is relatively inexpensive among polymers and has excellent chemical resistance and heat 

resistance. PP foams are used for automobile materials and food trays because of these advantages. Due to the rapid 

viscosity reduction upon melting and the lack of strain hardening of the linear chains, PP has poor foamability. The 

lack of strain hardening can be addressed by using long-chain branched PP. Further, if the density and the structure 

of the cells in the PP foam can be controlled, a wider range of applications can be expected. One way to control the 

cell structure is by adding a nucleating agent and inorganic ones are often used. However, the aggregation that 

occurs upon decreasing the primary particle size results in a lower limit to the achievable size of the nucleation sites. 

It is believed that organic agents can be used to circumvent this issue, see Fig. 1. Here, the addition of a fluorinated 

hyper-branched polymer (F-HBP) to polymethylmethacrylate (PMMA) resulted in a significant reduction in the cell 

size without adverse effect on the expansion ratio. Therefore, in this work, we have investigated the effect of the 

addition of F-HBP on the foaming of long chain branched polypropylene (LCB-PP).  

As can be seen from Fig. 2, F-HBP exhibited a weaker effect on the cell size of LCB-PP foams when compared to 

PMMA. According to classical nucleation theory, Eq. (1), the largest difference between the PP and PMMA foams 

must arise from the surface tension between the polymer and CO2, γp-CO2

 , and the heterogeneous nucleation factor, 

S. From Table 1, it can be seen that the S values do not differ significantly. However, the γp-CO2

  for PP/F-HBP is 

close to 2.5 times that of PMMA/F-HBP. As the γp-CO2

  is raised to the third power, we hypothesize that the origin of 

the difference in the foamability of the two systems can be traced to the difference in the polymer/CO2 γp-CO2

  

values. Further work will focus on quantifying this effect. 
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Fig. 1 Foams of PMMA and PMMA/F-HBP 
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Table. 1. Interfacial tension and S of PP and PMMA. 

Fig. 2 Foams of PP and PP/F-HBP 
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