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Polymeric ionic liquid-coated core-shell nanoparticles for polymer electrolyte fuel cells
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Polymeric ionic liquid-coated core-shell nanoparticles for polymer electrolyte fuel cells

This doctoral thesis demonstrated fabricating proton- or ion-conductive core-shell nanoparticles coated
with polymeric ionic liquids (PIL), and the construction of three-dimensional (3D)-controlled isotropic
proton- or ion-conductive channels by filling with the core-shell nanoparticles, toward for the application of
polymer electrolyte membranes in polymer electrolyte fuel cells.

Chapter 1 summarized the research background and explained about polymerization with particles (PwP)
which is a polymer coating method for the surface of nanoparticles.

Chapter 2 fabricated proton-conductive core-shell nanoparticles in which SiO; (silica) nanoparticles were
coated with PIL composed of poly(vinylphosphonic acid) (PVPA) as an anion and heterocyclic compounds
(HCC) as a cation (silica@PVPA/HCC). Pelletized silica@PVPA achieved good proton conductivity over
102 S em™ at 80°C and 95% RH and the optimal PVPA coating thickness was 10 nm. Moreover, the
proton conductivity of silica@PVPA/HCC was dependent on the pK, values of HCC and chemical
structure. As a result, silica@PVPA/Im achieved the highest proton conductivity under a wide range of
humidity conditions.

Chapter 3 demonstrated hierarchical polymer layer-coated core-shell nanoparticles in which poly(acrylic
acid)-block-polystyrene (PAA-b-PS) was coated on the surface of silica@PVPA/Im, to make the outermost
layer of core-shell nanoparticles hydrophobic. The water uptake for the shell was suppressed, and the proton
conductivity of silica@PVPA/Im/PAA-b-PS was over 102 S cm! at 80°C and 95% RT.

Chapter 4 described PIL-coated core-shell nanoparticles for the operating conduction of above 100°C.
The PIL composed of poly(1-vinylimidazole) (P1VIm) as a cation and bis(trifluoromethanesulfonyl)imide
(TFSI) as an anion were coated on the surface of silica nanoparticles. The core-shell nanoparticles achieved
ion conduction under anhydrous conditions and the maximum ionic conductivity was 8.5x10° S cm! at
160°C. Furthermore, the ionic conductivity of pelletized silica@P1VIm/TFSI was independent of
conducting directions indicating that the achieved construction of isotropic ion-conductive channels.

Chapter 5 presented the ion-conductive dynamics in the state of filler-filling of core-shell nanoparticles by
using solid-state NMR  spectroscopy. The PIL contained “mobile” protons which contribute to proton
conduction, and it was suggested that was originated from the core-shell and filler-filling structures.

Finally, chapter 6 summarizes the results of this thesis.
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