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Abstract: In this study, a simple crystallization process that can manufacture polypropylene films into porous membranes
was newly developed; a porous membrane with nano-sized pores was fabricated through solvent penetration into films,
melt crystallization and selective extraction of the solvent crystals, and its properties were analyzed. The pore structure
of the particles was controlled by adjusting the mixing temperature of polypropylene and solvent. When arachidic acid,
a solvent, permeated polypropylene at 160 C, a continuous pore structure was observed. The pore size of the manu-
factured membrane is 300 nm, which is smaller than that of existing polypropylene separators. When analyzing the
mechanical properties of the membrane, the modulus, tensile strength, and elongation at break varied depending on the
temperature at which the solvent penetrated. This novel simple and efficient manufacturing method can be used in the
field of water treatment membranes or battery separators.

Keywords: polypropylene, porous membrane, solvent crystallization, ice templating, directional freezing.
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Stainless plate (0.2 mm)

Figure 1. Preparation mold of polypropylene membranes to pro-
duce continuous pores.
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Figure 2. Surface SEM images of polypropylene membranes (12 h
penetration time): (a) Neat PP; (b) 140 C; (¢) 150 C; (d) 160 C;
(e) 170C.
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Figure 3. Cross-section SEM images of polypropylene membrane
(12 h and 160 C penetration).
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Figure 4. Porosity of PP membranes from different penetration tem-
peratures.
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Figure 5. DSC: (a) heating; (b) cooling curves of PP membranes
from different penetration temperatures.
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Table 1. Thermal Properties of PP Membranes Measured from DSC Heating and Cooling Scans

Heating Cooling
Sample - -
T, (C) AH,, (J/g) X. (%) 7. (C) AH. (J/g) X. (%)
Neat PP 162.4 73.6 355 111.7 75.0 36.2
140 C 162.1 772 372 110.3 77.8 37.5
150 C 163.5 84.1 40.6 110.8 89.9 434
160 C 164.2 82.7 39.9 111.7 80.2 38.7
170 C 169.9 97.3 46.9 111.6 88.2 42.5
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Figure 6. Typical stress-strain curves of PP membranes under uni-
axial tension.
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