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ABSTRACT 

 
Supercritical fluids (SCF) have recently achieved a widespread attention in the synthesis and 

processing of thermoplastic polymers.  A supercritical fluid (SCF) is a substance that is 

compressed beyond the critical pressure and heated above the critical temperature (see figure).  At 

these conditions, the vapour and liquid phases become 

indistinguishable and the substance behaves as a single 

phase. Although the SCF remains as a single phase, its 

density can be easily “tuned” from gas to liquid values 

merely by changing the pressure of the fluid. While the 

density of an SCF is liquid like, the diffusivity and 

viscosity are intermediate between the gas and liquid 

values.  The motivation for using SCFs in polymer 

processing stems not just from the environmental impetus for their use as benign solvents. 

Sorption of SCFs into polymers results in their swelling and changes in mechanical and physical 

properties of these polymers. The higher diffusivities of SCFs provide a means of improving mass 

transfer characteristics, while lower viscosities assist in reduced energy for pumping.  In polymer 

extrusion, SCFs are injected in extruders for the purpose of plasticizing a polymer, reducing the 

melt viscosity and increasing diffusion rates. This leads to reduced pumping requirements and 

thermal degradation as well as it provides interesting potential for chemical modification in 

reactive extrusion operations. 

 

In this presentation, results will be presented from studies in four different areas. In the first one, 

the effect of supercritical CO2 on the viscosity and elasticity of polymer melts during extrusion 

will be highlighted for polyethylene and polystyrene resins. In the second one, the effect of 
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supercritical CO2 on the morphology of binary blends will be addressed in view of the influence of 

scCO2 on the interfacial tension. In the third study, we will address the role of supercritical CO2 in 

reactive extrusion processes by discussing results from grafting and reactive blending experiments. 

In the fourth study, the application of scCO2 in an extrusion process for the devulcanization of 

rubber crumb will be presented. Finally, current research efforts on the development of a scCO2-

assisted fibre spinning processes will be highlighted. 
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INTRODUCTIONINTRODUCTION
Supercritical Fluids (Supercritical Fluids (SCFsSCFs) / Applications) / Applications

•• vapour and liquid phases are indistinguishablevapour and liquid phases are indistinguishable
•• SCF density can be easily SCF density can be easily ““tunedtuned”” from gas to liquid values from gas to liquid values 

merely by changing the pressure of the fluidmerely by changing the pressure of the fluid
•• density is liquid like / diffusivity and viscosity are density is liquid like / diffusivity and viscosity are 

intermediate between the gas and liquid valuesintermediate between the gas and liquid values

INTRODUCTIONINTRODUCTION
Supercritical Fluids (Supercritical Fluids (SCFsSCFs) / Applications) / Applications

Motivation  for using sc COMotivation  for using sc CO2 2 in polymer extrusionin polymer extrusion

•• Benign solventBenign solvent
•• Changes in mechanical and physical properties of polymersChanges in mechanical and physical properties of polymers
•• Higher diffusivities improve mass transfer characteristicsHigher diffusivities improve mass transfer characteristics
•• Lower viscosities assist in reduced energy for pumpingLower viscosities assist in reduced energy for pumping
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Viscosity of PS/COViscosity of PS/CO22 SolutionsSolutions

- Dissolution of 1.0 wt% of CO2 ≈ Decreasing pressure by 9.8 MPa
- T-P and T-C interactions depend on the absolute temperature.
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Entrance Pressure Drop of PS/COEntrance Pressure Drop of PS/CO22 SolutionsSolutions
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Entrance Pressure Drop of PS/COEntrance Pressure Drop of PS/CO22 SolutionsSolutions
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Entrance Pressure Drop of PS/COEntrance Pressure Drop of PS/CO22 SolutionsSolutions
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Entrance Pressure Drop of PS/COEntrance Pressure Drop of PS/CO22 SolutionsSolutions

• Entrance pressure drop of PS and PS/CO2 increases with 
upstream pressure

• CO2 decreases the entrance pressure drop of PS melts. 
Entrance pressure drop, plotted versus wall shear stress, 
coincide on a master curve

• CO2 decreases both shear and extensional viscosities of PS
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• Highlights from our research work on polymer 
extrusion with supercritical CO2 have been presented

• Potential innovative applications are numerous

• Our current efforts are focused on membrane and fiber 
formation as well as on block copolymer and TPV 
preparation
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