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Nanoporous polymers have been industrially used in valuable products such as large-scale separator sheet of Li-
ion batteries, hollow fiber membranes for medical usage, and high-performance membrane and adsorbent for gas and
water purification. New development of fabrication methodology of nanoporous polymers is therefore a key challenge
that will make it possible to launch new applications. Here we will describe our new fabrication methods of nanoporous
polymers that rely on solid-liquid phase separation phenomena. One is flash-freezing nanocrystallization method that is
driven by nanocrystallization of solvent molecules and the other is physical gel precursor methods utilizing
crystallization of polymers. Deep understanding of phase separation and crystallization mechanism is a key on the
fabrication methods. Using commercially-available polymers such as polystyrene and engineering plastics, these
methods provide a membrane, a fiber, and a monolith of mesoporous polymers with nanopores (10-100 nm in diameter)
and large specific surface areas (over 300 m?/g). The mesoporous polymers are useful as separation membranes and
adsorbents for water purification and gas separation, thermal insulators, and optical materials.
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Fig.1 Schematic illustration of phase separation method for
nanoporous polymer fabrication.
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Fig.2 (upper) Schematic phase diagrams of polymer solutions:
liquid-liquid phase separation (left), solid-liquid phase separation
(right). (lower) Cross-sectional SEM images of nanoporous
polymers obtained by each phase separation.
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Fig.3 (left) Concept of nanocrystallization of solvent molecules.
(right) Schematic illustration of nucleation rate and crystal growth
rate depicted as a function of temperature.
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Fig.4 Schematic illustration of temperature process on flash
freezing nanocrystallization method.
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Fig.5 (left) SEM images of nanoporous polystyrene obtained by
flash freezing method using 40 wt% or 15 wt% solutions. (right)
Pore size distribution of nanoporous polystyrene determined by
nitrogen adsorption measurement. A solid line is guide for eyes.
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Fig.6  Schematic illustrations of TTT diagrams: conventional
ice-templated method (left) and our flash freezing

nanocrystallization method (right).
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Fig.7 A hierarchal porous polystyrene having nano- and macro-
pores obtained by two-step crystallization.
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Fig.8 (upper) Chemical structure of poly(ether sulfone) (PES).
(lower) Fabrication procedure of nanoporous PES monolith by
gel precursor method.
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Fig.9 X-ray diffraction (XRD) patterns: (left) a PES gel, (right)
a PES monolith.
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Fig.10 (left) A cross-sectional SEM image and (right) cumulative
pore volume plot of nanoporous PES.
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Fig.11 (left) Thermal stability of nanopores in nanoporus PES.
(right) Thermal conductivity of nanoporous PES in the range of
180-200 °C.
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Fig.12  (left) A SEM image and (right) pore size distribution of
nanoporous crystalline PES particles.
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Fig.13 (upper) SEM images of commercial poly(vinyl chloride)
powders synthesized by suspension polymerization. (lower)
Photographs of the powders immersed in liquid styrene monomer
Under white light illumination, transmission light is pale blue and
scattering light is red.
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Fig.14 Schematic illustration of refractive indices # as a function
of wavelength of light A. The crossing of wavelength-dependent
refractive indices brings out visible coloration by Christiansen
effect.
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