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Abstract

Abstract

During the development of the society, the demand for energy, especially fossil
energy is growing rapidly. But as a non-renewable resource, serious problems of
environmental pollution and giant gap between supply and demand, always accompany
in the process of use of fossil energy. So hydrogen and fuel cells as a new green energy,
have long-term prospects and research significance. Amog them, direct formic acid fuel
cells (DFAFC) and hydrogen evolution reaction (HER) as key analytical technologys,
have get a great attention and a considerable development. However, currently the used
Pt and Pt-based nano catalysts are high cost, low activity and short life, which still
hinder their further commercialize applications.

In this paper, an advanced physical method called plasma-gas-condensation method
was applied to prepare nanoparticles catalysts. The components, size and dispersion of
as-prepared catalysts are fully controllable. Compared to traditional chemical method
of preparation, the preocess is under a high vacuum environment and without any
ingredients, which lead to an extremely clean stacked self-assembled granular films
with high porosity. In this thesis, Pd and Pd-based granular films as a formic acid
oxidation catalysts and Ni-Mo, Mo-Co granular films as water electrolysis hydrogen
evolution reaction catalysts were prepared and investgated, respectively.

The results show that the as-prepared Pd nanoparticles have a high electrochemical
activity surface area and formic acid oxidation current density, also a higher catalyst
life. Besides, Co was proved to be able to enhance the catalytic activity and anti-
poisioning ability of Pd-Co catalysts by "bi-functional mechanism". Wherein the Pd -
20 at% Co granular film exhibits great electrocatalytic activities including a large
electrochemical surface area (50.4 cm®g™), a high current density peak of formic acid
oxidation (28.2 mA cm™), which means excellent catalytic performance.

This article also explores the structure and the catalytic properties of Ni-Mo and

Mo-Co nanoparticle catalysts with different components. Results indicated that

il



Abstract

appropriate content of Mo and Co in Ni-Mo and Mo-Co nanoparticle catalysts
respectively, can significantly reduce the overpotential for water electrolysis hydrogen
evolution reaction, thus great catalytic activity and catalyst life should be expected.
Wherein Ni-50 at% Mo catalyst shows a minimum overvoltage (0.205V), while the
current density of water electrolysis hydrogen evolution reaction is 20mA ¢cm™, and the
overpotential only increased 0.04V after cycling; And Mo-40 at% Co catalyst shows a
minimum overvoltage (0.232V), while the current density of water electrolysis
hydrogen evolution reaction is 20mA cm™, and the overpotential only increased 0.03V

after cycling.

Keywords: Nanoparticle composite deposition system ; DFAFC; HER;
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Figure 1.1 The basic structure diagram of fuel cells.
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