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ABSTRACT: Microporous polypropylene hollow fiber membranes were prepared via thermal-
ly-induced phase separation process. Several affecting parameters on the membrane structure
and performance were investigated based on the competitive mechanism of liquid-liquid and
solid-liquid phase separations. Melt index of polypropylene influenced the melt viscosity,
processability, and spherulite growth. Residence time within the liquid-liquid phase separa-
tion region was controlled by adjusting the air duct temperature, and it affected the liquid
droplet growth to result in the changes of flux and rejection. As the take-up speed at the
winder increased, the fiber got more stretched, which increased the pore size and porosity of
the membrane. The membrane prepared via thermally-induced phase separation was
stretched at room temperature for the enhancement of membrane porosity. When it was
stretched before the diluent extraction, it was uniformly stretched due to the diluent presence
as a plasticizer. The flux increased while the original rejection was maintained. However,
when it was stretched after the diluent extraction and drying, it became so brittle that uni-
form stretching was not achieved resulting in the membrane damage. In this case, the flux
remarkably increased but rejection was too much reduced to lose its function as a membrane.

Keywords: polypropylene membrane, holiow fiber, thermally-induced phase separation, cold-
stretching.
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Figure 1. Phase diagram of PP/soybean oil system
determined at 10 °C/min rate.
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Figure 2. Hollow fiber spinning apparatus.
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Figure 3. Cross-sectional images of hollow fiber
membranes with different MI values: (a) Mi=8.4g/
10 min, (b) MI=57g/10min, and (c) MI=2.0g/
10 min.
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Figure 4. Cross-sectional images of hollow fiber membranes prepared at different air duct temperature : (a) 18

water, (b) 60 C water, (c) 18 T SO, and (d) 60 T SO.

Table 1. Water Flux and Rejection of Hollow
Fiber Membranes Prepared at Different Air Duct
Temperature

air duct water flux rejection of dextran
coagulant 5. (mL/cm? min bar)  (M,=2000000)
water 18°C 0.0468 419
60 C 0.0842 51.9
soybean 18°C 0.0232 317
oil 60 °C 0.0460 36.3
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Figure 5. Flux and rejection of hollow fiber mem-
branes prepared with different take-up speed.
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Figure 6. Bubble point pressure and maximum pore
diameter of hollow fiber membranes prepared with dif-
ferent take-up speed.
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Figure 7. Outer surface images of hollow fiber membranes prepared with different take-up speed: (a) 35 m/min,
(b) 44 m/min, (¢) 53 m/min, (d) 62 m/min, and 71 m/min.
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Figure 8. Inner surface images of hollow fiber mem-
branes prepared with different take-up speed:(a)
35 m/min, (b) 44 m/min, (c) 53 m/min, (d) 62 m/min,
and (e) 71 m/min.

o] Ao 7|237)8 AAsQ .8

__4ycos §
Dmax - P (1)

Dypax = W 71% A F (1m)

= 99 ¥HAE (dyne/cm)
P = bubble point pressure (kg;/cm?)
0=8%2 (")

#n 3 O

Miojf ot Hg. dto] F2& BRI YA

Polymer(Korea) Vol. 22, No. 5, September 1998



AR EE 2 dUFFE o4 FEZ2EH FFALY A=

(c)

(e)

AR £5= o AA2 AMSE nEaly BAE
o uwal ®o] F$Hoh 84g/10min, 5.7g/
10 min, 2.0g/10 ming] M2 9& MI§ z& PP
& ANl ZtZ PP 40 wt% A8 FFANEE
A3t AZE Al coagulante A2 & AN
YT o] o} AH &5 = 53 m/mingdch. Spinneret

#elo) A22d A52 19989 94

(d)

Figure 9. Cross-sectional images of hollow fiber
membranes prepared with different take-up
speed : (a) 35 m/min, (b) 44 m/min, {c) 53 m/min, (d)
62 m/min, and (e) 71 m/min.
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Figure 10. Comparison of flux of the hollow fiber
membranes stretched before and after the diluent ex-
traction.
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Figure 11. Rejection of the hollow fiber membranes
stretched before the diluent extraction.
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Figure 12. Rejection of the hollow fiber membranes
stretched after the diluent extraction.
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Figure 13. Outer surface images of hollow fiber membranes stretched before the diluent extraction: (a)
unstretched, (b) 5% stretched, (c) 10% stretched, and (d) 15% stretched.
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Figure 14. Outer surface images of hollow fiber membranes stretched after the diluent extraction : (a) unstretched,
(b) 5% stretched, (c) 10% stretched, and (d) 15% stretched.
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Figure 15. Inner surface images of hollow fiber membranes stretched before the diluent extraction :(a)
unstretched, (b) 5% stretched, (¢) 10% stretched, and (d) 15% stretched.
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Figure 18. Inner surface images of hollow fiber membranes stretched after the diluent extraction : (a) unstretched,
(b) 5% stretched, (c) 10% stretched, and (d) 15% stretched.
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