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ABSTRACT: Microcellular polymeric foam structures have been generated using a pressure
induced phase separation in concentrated mixtures of supercritical CO, and SAN. The process
typically generates microcellular core structure encased by nonporous skin. Pore growth will
occur through two mechanisms: diffusion of CO, from polymer-rich regions into the pores
and also through CO, gas expansion. The effects of saturation pressure, temperature, and
swelling time on the cell size, cell density, and bulk density of the porous materials have been
studied. Higher CO, pressure lowered polymer viscosity and interfacial tension between SAN
and CO, to produce cells with smaller average size but higher cell density, resulted from in-
crease in swollen CO, into SAN matrix. This trend was similar to what was observed in swell-
ing time series. While the average cell size increased with increasing temperature, the cell
density decreased. The trend of bulk density was similar to that of cell size.

Keywords: microcellular polymeric foam, supercritical CO,, pressure induced phase separation,
cell size, cell density, bulk density.
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Figure 1. Schematic of nucleation and growth mech-
anism for the formation of microcellular structure.
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Figure 2. Schematic of experimental setup for gen-
eration of foams.
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Figure 3. Effect of pressure on the foam structure (temperature 40 C, swelling time=24 h, magnification=750) :
(a) 1200 psi, (b) 1500 psi, (c) 1800 psi, and (d) 2500 psi.
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Figure 5. Effect of temperature on the foam struc-
ture (pressure= 1800 psi, swelling time=24 h, magnifi-
cation=750) : (a) 40 C, (b) 60 C, and (c) 80 C.
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Figure 6. Average cell diameter and cell density vs.
temperature (pressure= 1800 psi, swelling time=24 h).
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Figure 7. Effect of swelling time on the foam struc-
ture (pressure= 1500 psi, temperature=40 C, magnifi-
cation=750): (a) 12 h, (b) 18 h, and (c) 24 h.
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Figure 8. Average cell diameter and cell density vs.
swelling time (pressure=1500 psi, temperature=40
).
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Figure 9. Bulk density vs. pressure (temperature=
40 C, swelling time=24 h).
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Figure 10. Bulk density vs. temperature (pressure=
1800 psi, swelling time=24 h).
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Figure 11. Bulk density vs. swelling time (pressure =
1500 psi, temperature=40 C).
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Table 2. Polydispersity Index of the Cell Size Dis-
tribution at Different Processing Conditions

saturation  temperature saturation PDI of
pressure (psi) (C) time (h) cell sizes
1200 40 24 1.299
1500 40 24 1.317
1800 40 24 1.351
2500 40 24 1.427
1800 60 24 1.329
1800 80 24 1.305
1500 40 12 1.213
1500 40 18 1.337
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