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Abstract— Several polysulfone hollow fiber membranes for ultrafiltration were prepared by the dry-wet spinning
techkinique with spinning solutions containing polysulfone in one of the solvents such as N,N-dimethylaceltamae and
N,N-dimethylformamide using polyvinylpyrrolidone and 2-methoxyethanol as additive and nonsolvent which act as
pore forming agent. Water and solvent-water mixture were used as bore coagulant and gelation medium. The principal
variables of the spinning process investigated are spinning solution composition, the flow rate and composition of the
bore cuagulant, the air gap between the spinnerette and the gelation bath, etc. As the performance test, pure water flux,
sulute rejections, and the cut off molecular weights were measured.
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Fig. 1. Preparation process for polysulfone hollow
fiber membranes.
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Fig. 2. Schematic diagram of hollow fiber spinning

apparatus.
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Fig. 3. Tube-in-orifice type spinnerette.
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Table 1. Effect of polysulfone concentration on

water flux.

Casting solution composition (wt %) L, x 103
Polysulfone: PVPD cm

atm-min

1 10:15 fracture
2 15:10 4.9
3 15:15 6.9
4 18:5 35
5 18:10 6.6
6 18:15 8.0
7 21:5 1.7

* Solvent: DMA
DPVP: M.W. 10,000
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Fig. 5. Effect on water flux of PVP concentration.
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Table 2. Effect on water flux of solvent and pore forming agent.
Casting Solution Concentration Pore forming Water flux*
Solvent polysulfone/ pore forming agent agent Structure L1 o
(Wt %) (wt %) X 10
18/10 PVP(M.W. 10,000) finger print 6.6
DMA PVP(M.W. 40,000) " 2.8
18/15 PVP(M.W. 10,000) " 8.0
PVP(M.W. 40,000) " 35
MC " 3.9
PVP(M.W. 10,000) Spongy + macrovoid 5.3
DMF 18715 PVP(M.W. 40,000) " 2.7
MC " 2.0
*:at 3 atm
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Table 3. Effect of bore coagulant composition on

water flux.

Spinning solution Composition of L, x 103
composition bore coagulant ( cm
Polysulfone: PVP atm-min

(M.W. 10,000)
(wt %) (wt %)
18:15 pure water 8.0
18:15 80% DMA + 20%water 17.4
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Table 4. Rejection rate dependency on solute mole-
cular weight.

omposition PS/DMA PS/DMA PS/DMA
/PVP /MC /PVP
weight =15/65/20  =18/61/15  =18/67/15
PEG 600 0 0 0
PEG 1,540 0 7.7 0
PEG 7,500 0 51.0 0
PEG 18,500 52.0 75.0 22.0
PVP 10,000 17.6 29.0 0
PVP 24,000 55.6 72.0 5.6
PVP 40,000 70.6 86.0 14.0
PVP 160,000 90.9 93.5 83.9

PEG: 2,000 ppm, PVP: 2,000 ppm,
Applied pressure: 4 kg/cm?
Pore forming agent: PVP (K15, M.W. 10,000)
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Fig. 9. Rejection rate dependency on solute molec-
ular weight.

PEG: 2,000ppm, PVP: 2,000ppm,
Pore forming agent: PVP (M.W. 10,000).
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PS/DMA/PVP (M.W.10,000) = 18/67/15%
(wt), Bore coagulant: 80% DMA + 20% H:O,
Solute: PEG(M.W. 18,500)

Fig. 13. Crossectional view of 15wt% polysulfone
membrane (x 200).
PVP(M.W. 10,000) 15%, DMA Solvent

Fig. 14. Crossectional view of 18wt% polysulfone
membrane (X 80).
PVP(M.W. 10,000) 10%, DMA Solvent
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Fig. 15. Crossectional view of 18wt% polysulfone
membrane ( X 80).
PVP(M.W. 10,000) 15%, DMA Solvent

Fig. 16. External wall of polysulfone membrane in
Fig. 15 (x2,000).

Fig. 17. Internal wall of polysulfone membrane in
Fig. 15 (x2,000).

Fig. 18. Crossectional view of 18wt% polysulfone
membrane ( X 100).
PVP(M.W. 40,000) 15%, DMF Solvent
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Fig. 19. Crossectional view of 18wt% polysulfone
membrane (< 200).
PVP(M.W. 10,000) 15%, DMA Solvent,
Bore coagulant = 80% DMA + 20% H,0
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Fig. 20. Crossectional view of 18wt% polysulfone

membrane ( x 80). Fig. 23. External wall of polysulfone membrane in
PVP(M.W. 10,000) 15%, DMA Solvent, Fig. 22 (x 2,000).
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defect

SBBum

Fig. 21. Crossectional view of 18wt% polysulfone

membrane ( X 60). Fig. 24. Crossectional view of 18wt% polysulfone
PVP(M.W. 10,000) 15%, DMA Solvent, membrane (X 100).
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