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1. Introduction and general interest of the subject

The development of eco-friendly, sustainable and cost-effective energy sources is a present need because the use of
fossil fuels causes negative effects such as the climate change and environmental pollution. Hydrogen is a clean energy
vector that can be satisfactorily used in fuel cells, which have higher efficiency than other competing devices [1]. Water
electrolysis is considered to be one of the most promising techniques to obtain pure and green H> from renewable
energy sources (i.e., solar and wind power) [2]. In addition, the production of H, can be combined with water
decontamination because the organic compounds can be oxidized at the anode in concomitance with cathodic hydrogen
production. The H: released could then be stored to be used in a fuel cell and hence, part of the energy consumed in the
electrolysis could be recovered.

Platinum is known to be the best catalyst for the H, oxidation and the hydrogen evolution reactions and, therefore, it
is the preferred catalyst for polymer electrolyte fuel cells and water electrolyzers, respectively. However, Pt is
expensive, scarce and susceptible to poisoning, especially when the hydrogen gas used as fuel is produced by reforming
[3]. Accordingly, reducing the cost and improving the catalyst activity and stability are currently active research areas.
One possibility is to use core-shell nanostructures, in which a core of a sacrificial metal is covered by a shell of Pt [4].
The nanoparticles have a large active surface area with low Pt loading, thus allowing saving the amount of precious
metal and, in addition, the metal core can modify the electronic properties of the surface Pt to be a more active catalyst
than the pure metal. As shown in previous studies, polymetallic catalysts such as Pt(Cu) core-shell nanoparticles can
contribute to the reduction of the cost and to the CO poisoning in fuel cells [5-9].

A step forward is also planned in the case of obtaining new good anode catalysts for the oxidation of organic
pollutants, since its combination with a gas-diffusion cathode would finally yield a fuel cell for water decontamination.
Using a specialty electrode as gas-diffusion electrode for hydrogen peroxide generation, the addition of Fe? * or purpose-
made Fe-based heterogeneous catalysts to the solution in catalytic amounts could promote Fenton's reaction, thus
enhancing the degradation of contaminants [10-11]. Note that in such Fenton-based systems, Pt and platinized anodes
are typically employed, but they represent a high cost for practical implementation and hence, less expensive anodes are
needed.

2. Objectives

The general objectives of the PhD thesis are:

1. To update the existing bibliography.

2. To synthesize core-shell Pt(Cu)/C electrodes using the electroless reduction of Cu* and galvanic exchange. The
metal content can be modulated, being about 20 wt.% for fuel cells. Variables foreseen in the synthesis are the bath
composition and temperature. The support would be carbonaceous or not.




3. To determine the electrochemical performance of the catalysts. The electrochemical characterization techniques, in
particular the cyclic voltammetry, allow showing their catalytic activity and determining the electroactive surface areas
through the hydrogen sorption and the CO stripping.

4. To determine the crystalline structure, metallic composition, total metal percentage, size and distribution of
nanoparticles and states of oxidation of the elements in the electrocatalyst. The appropriate characterization techniques
are X-ray diffraction, atomic absorption, low and high resolution transmission electron microscopy, X-ray energy
dispersive microanalyses and X-ray photoelectron spectroscopy.

5. To study the kinetics of the hydrogen oxidation and the oxygen reduction reactions, using cyclic and linear sweep
voltammetry and electrochemical impedance spectroscopy, on the glassy-carbon surface of the rotating disk electrode
modified by the appropriate catalysts.

6. To compare the structural and electrochemical characteristics of the electrocatalysts prepared with those of the Pt/C
commercial electrocatalysts of reference.

7. To perform degradation tests of organic pollutants with the supported core-shell catalysts as the anodes and a H.-
producing cathode.

8. To perform degradation tests of organic pollutants in fuel cells. The anodes will be Ha-diffusion ones or electrodes
able to oxidize the organic matter. The cathode will be an O,-diffusion one for H,O, production with the addition of Fe
species to promote Fenton's reaction.

3. Working plan and schedule
The aforementioned work is planned according to the schedule summarized in Table 1.

Table 1.- Chronogram for the PhD development, considering 4 years (16 terms). One or two stays in a foreign
centre (6 months or 3 months and 3 months, respectively) and presentations in national and international
meetings (2 per year) are forecasted.

Activity 1 234567 89 10 11 12 13 14 15 16
1. Development of methods and techniques  x
2. Objective 1 X X X X
3. Objective 2 X X X X X X X X
4. Objective 3 X X X X X X
5. Objective 4 X X X X X X
6. Stay in a foreign centre X X
7. Objective 5 X X X X X
8. Objective 6 X X X X
9. Objective 7 X X X X
10. Attendance to congresses X X X X
11. Writing and defense of Thesis X X X
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