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Abstract of Thesis

The final goal of this thesis is to synthesize Pt based nanoparticle/sp? carbon catalyst with high catalytic activity and better
durability by the IL based one-pot pyrolysis method. The basic idea of this work is to use Ni as the alloy component for Pt
nanoparticle and sp? carbon materials as the carbon support. The dissertation is consisted of general introduction, chapter 1,
chapter 2, chapter 3 and summary.

The general introduction describes the background and goal of this work. Fuel cells are generally accepted as an ultimate
energy solution for the high efficiency and unlimited renewable source of reactants. However, Pt nanoparticle-supported carbon
electrocatalysts currently used for PEMFC still have several issues that need to be overcome, e.g. large overpotentials for the
ORR, use of costly Pt, and insufficient durability. In order to address such issues, Pt-based binary and ternary electrocatalysts
have recently been given much attention for the purpose of enhancing their catalytic activities, reducing their costs and improving
durability. On the other hand, the sp>-hybridized carbon materials emerged as the promising candidates to replace the widely used
carbon black as PEMFC catalyst supports for the less corrosion under start-up condition. However, usually the sp? carbon support
does not present a strong affinity towards catalyst particles without chemical pretreatment of the carbon support. It is reported that
metal nanoparticles can be attached onto carbon materials using ionic liquid (IL) as a combination material without hurt of the
surface structure. Inspired by previous works, an IL-based one-pot pyrolysis method is hired here to prepare ORR electrocatalysts

using the mixtures consisting of IL, carbon supports, and thermally reducible Pt and/or Ni precursors.

Chapter 1 describes the preparation of PYMWCNT and PtNi/MWCNTs with different precursors and precursor ratios using
IL one-pot pyrolysis method. The particle size of Pt and PtNi alloy nanoparticles on the Pt/MWCNTSs and PtNi/MWCNTs was
dependent on the precursor species. The use of thermally unstable acetylacetonate (acac)-based precursors made the particle size
larger. The electrocatalytic activity before and after durability test of the prepared catalysts were compared to understand the
effect of Ni composition in nanoparticles on the ORR performance. The bell-shaped curve constructed in this article allows us to
predict the mass activity of the PtNiI/MWCNTs from the Ni content in the PtNi alloy nanoparticles.

Chapter 2 describes the formation mechanism of PtNi alloy nanoparticle in PtINi/MWCNTs via a staircase heating process.
PtNi/MWCNTs are obtained from two kinds of Ni precursors by the one-pot pyrolysis method. Their morphology, composition
variation and electrochemical performance are reported to illustrate the growth mechanism of nanoparticles in this method.
Although the final products were similar upon completion of the process, regardless of the precursor species, there was a notable
difference between the initial steps of the PtNi nanoparticle formation, depending on the Ni precursor used. Variations in the
catalytic behavior strongly suggest that the heating process is crucial for controlling the characteristics of the PtINi/MWCNTs in
an IL one-pot pyrolysis process.

Chapter 3 describes the application of hydrous insoluble Ni precursor, NiC204-2H>0, in the PtNi/MWCNT preparation with
the one-pot pyrolysis method. The Ni content and crystal structure of the resulting PtNI/MWCNT composites are confirmed.
The solubility and existence of crystal water are not significant for a metal precursor used in this method to prepare metal and

alloy nanoparticles. The application of this one-pot pyrolysis method is extended by a use of different Ni precursor.

The summary gives the main results and conclusions obtained in each chapter as well as future prospect of the IL based

on-pot pyrolysis method.
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