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Abstract: Poly(vinylidene fluoride) (PVDF) membranes were prepared via hybrid process of the thermally induced phase
separation (TIPS) and the non-solvent induced phase separation (NIPS) from the dope solution system of polymer/dilu-
ent/solvent. Various coagulants were tested such as water, glycerol, ethanol. N-methyl-2-pyrrolidone (NMP) or dibutyl
phthalate (DBP) was added to nonsolvent as a solvent or a diluent, respectively, to control the phase separation rate and
affinity with dope solution. It was examined that changes of phase separation behavior induced by coagulants affected
the surface structure and properties of the membranes. Real time phase separation mechanism studies were conducted by
using optical microscope system and were compared with the structures of the flat sheet membranes. Hollow fiber mem-
branes were prepared by using a melt spinning apparatus, and it was confirmed that change of inner coagulant affected
the inner surface structure of the hollow fiber membranes. It was proved that permeation characteristics were enhanced
while maintaining the mechnical strength and rejection performance.

Keywords: poly(vinylidene fluoride), thermally induced phase separation, non-solvent induced phase separation, coag-
ulant, hollow fiber membrane.
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Figure 1. Schematic diagram of thermo-optical microscope (TOM)
system.
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Figure 2. Phase separating images (MP), cross sectional images (CS) and top surface images (TS) obtained from dope solution of PVDF/
NMP=30/70 with various coagulants. (a) water; (b) glycerol; (c) ethanol; (d) DBP.
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Figure 3. Phase separating images (MP), cross sectional images (CS) and top surface images (TS) obtained from dope solution of PVDF/
NMP/DBP=30/35/35 with various coagulants. (a) water; (b) glycerol; (c) ethanol; (d) DBP.
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Figure 4. Effect of NMP/Ethanol coagulant composition on cross sectional (CS) and top surface (TS) morphology from dope solution of

PVDF/NMP/DBP=30/35/35 wt%.
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Figure 6. Effect of DBP/Ethanol coagulant composition on cross sectional and top surface morphology of flat membranes obtained from dope

solution of PVDF/NMP/DBP=30/35/35 wt%.
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Figure 7. Effect of non-solvent/NMP inner coagulant composition on cross sectional and inner surface morphology of the hollow fiber mem-
branes obtained from dope solution of PVDF/NMP/DBP=30/35/35 wt%.

DBP/EtOH DBP/EtOH
50/50

L e eemes N |

Figure 8. Effect DBP/Ethanol inner coagulant composition on cross sectional and inner surface morphology of the hollow fiber membranes
obtained from dope solution of PVDF/NMP/DBP=30/35/35 wt%.
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Figure 10. Effect of non-solvent/NMP inner coagulant composition
on the tensile strength and PS bead rejection of the hollow fiber
membranes obtained from dope solution of PVDF/NMP/DBP=30/
35/35 wt%.
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