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The production method of monodisperse mm-sized polymer gel beads combining
sedimentation polymerization and two-fluid atomization was developed. This method
proceeds as follows: a pre-gel aqueous solution is allowed to fall dropwise through a nozzle
into an oil medium, then nitrogen gas is allowed to flow in a downward direction around the
droplet of the pre-gel solution, and the droplets gelate during their descent in the oil medium.
The purpose of this study is to develop functional gel beads and to establish and design a
continuous process for the separation and reaction using gel beads. In Chapter 2, monodisperse
N-isopropylacrylamide (NIPA) gel beads, which were approximately 1 mm in diameter, were
prepared. The size of the gel beads was controlled by adjusting the gas flow rate. The
thermosensitive NIPA gel can adsorb/desorb Au(Ill) ion by changing temperature. The
isotherms and the kinetics on the Au(IlI) adsorption were evaluated. The continuous process,
comprising the adsorption at 34 °C and desorption at 10 °C, was successfully demonstrated,
and the breakthrough curve was successfully predicted by a mathematical analysis. In Chapter
3, various kinds of polymer gel beads containing Au nanoparticles were prepared by the
adsorption of Au(IIl) ions onto gels, followed by the reduction of Au(Ill) ions. Their gels
catalyzed the reduction of p-nitrophenol as a model reaction. The performance of the gels was
evaluated based on reaction kinetics and Weisz-Prater modulus. In Chapter 4, the emulsion gel
beads, i.e. a polymeric hydrogel containing randomly distributed oil microdroplets of
di-n-hexylsulfide as an extractant, were prepared. Continuous adsorption—desorption of Pd(II)
ions from a solution onto emulsion gel beads was successfully demonstrated using the
fixed-bed method, and the breakthrough curve was successfully predicted by a mathematical
analysis based on the adsorption isotherms and the kinetics. In Chapter 5, enzyme-entrapped
gel beads composed of amphiphilic NIPA and hydrophilic PEGMEA were prepared. The
lipase-entrapped gel beads successfully catalyzed the esterification of oleic acid and ethanol.
The enzymatic reaction rate was expressed using the ping-pong bi-bi mechanism. A continuous
reaction process was successfully demonstrated.






