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Abstract: The phase separation mechanisms of thermally induced phase separation (TIPS) and nonsolvent induced phase
separation (NIPS) were investigated for poly(vinylidene fluoride) (PVDF)/solvent/diluent system for PVDF membrane
fabrication. Di-butyl phthalate (DBP) was used as a diluent and #-methyl-2-pyrrolidone (NMP) was used as a solvent.
Image changes via TIPS were successfully captured by using a hot stage and an optical microscope, and NIPS images
were observed at the interface between dope solution and nonsolvent. Addition of NMP to PVDF/DBP system lowered
the crystallization temperature and retarded the spherulite growth to result in the formation of big spherulites, which was
confirmed by the flat membrane fabrication. Addition of DBP to PVDF/NMP system decreased the miscibility of the sys-
tem for binodal curve to be shifted to the left hand side, which expanded the unstable region. Finger-like structure was
disappeared and dense skin layer was formed at the interface due to the rapid extraction of NMP. Phase separation mech-
anism depended on the composition of solvent and diluent, and the corresponding structures were formed.

Keywords: thermally induced phase separation, nonsolvent induced phase separation, PVDF membrane, phase sep-
aration mechanism.
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Figure 1. Schematic diagram of thermo-optical microscope (TOM)
system.
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Figure 2. TIPS phase diagram of PVDF/DBP/NMP systems.
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Figure 3. NIPS phase diagram of PVDF/DBP+NMP/water system.

Table 1. Solubility Parameter Data Used

(MPa'?) 2] G a 5 A
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NMP 18.0 123 72 23.0 2.16
DBP 17.8 8.6 4.1 202 6.45
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Figure 4. Microphotographs of phase separation at 120 °C for various DBP/NMP compositions: (a) 100/0; (b) 90/10; (c) 80/20. Holding time

is expressed as hr:min:sec.
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Figure 6. Microphotographs of phase separation at same degree of supercooling for various DBP:NMP compositions: (a) 100:0; (b) 90:10;
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Figure 8. Cross sectional SEM images of PVDF flat membrane quenched in 30 °C DI-water for various DBP:NMP compositions: (a) 100:0;

(b) 95:5; (c) 90/10; (d) 85/15.
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Figure 9. Microphotographs of phase separation by contacting with 50 °C DI-water for various DBP:NMP compositions: (a) 0:100; (b) 5:95;

(c) 10:90; (d) 15:85. Holding time is expressed as hr:min:sec.
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Figure 11. Cross sectional SEM images of PVDF flat membranes contacted with 50 °C DI-water for various DBP:NMP compositions: (a)

0:100; (b) 5:/95: (c) 10:90; (d) 15:85.
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