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Figure 1. Highlights of the scientific production between 2010 and
2013. The cover pages appeared in the following periodics are
included: J. Phys. Chem. C 114, 2010, issue 43; Phys. Chem. Chem.
Phys. 13, 2011, issue 2; Idem 14, 2012, issue 23; and Electrocatalysis
4, 2013, issue 2

Figure 2. Stabilized polarization and power density curves of
PEMFCs with anodes operated under H2 coming from an ethanol
dehydrogenation reactor compared to pure H2, H2 with 100 ppm CO,
and a pure ethanol. Cathode: pure Oxygen. T = 70 oC. More details in:
Sato et al. 2015. J. Power Sources. 294: 269-573

The goal of the project consists of the study
of electrocatalytic processes taking place in energy
conversion and storage systems, particularly the ones
involving reactions in fuel cells, including bioactive
electrodes. Attention will be paid to the study of
the oxygen reduction reaction and of the oxidation
of alcohol molecules and hydrogen deliberately
contaminated with traces of carbon monoxide. The
investigation will also include the study of kinetic
instabilities usually observed, for instance, during
the electro-oxidation of small organic molecules
such as formic acid, methanol, and ethylene glycol.
It will be studied some fundamental aspects of the
electrocatalysis as well as the kinetic instabilities of
such reactions on massive pure metals (both single
crystals and polycrystalline) and metallic alloys, and
carbon dispersed electrocatalysts. In this case, it will be
employed nanoparticles of pure noble metals, alloys,
core-shell structures formed by a transition metal
covered by monolayers of noble metals, and metallic
oxides. Finally, the development of biomaterials for
low temperature bio fuel cells will be also considered,
with emphasis on the immobilization of enzymes
such as cloroperoxidase, peroxidase, lacase, tirosinase
e glicose oxidase. Further development might also
include operational systems of gas diffusion electrodes,
on which the study of electrocatalysed reactions of
fundamental and practical interest will be carried out.

SUMMARY OF RESULTS
TO DATE AND PERSPECTIVES

MAIN PUBLICATIONS

New insights have been achieved regarding the
understanding of fundamental aspects of the reactions and
processes, as well as on the improvements of the catalytic
performances. In this way, studies on the electrocatalysis
of the oxygen reduction reaction were conducted either
in acid and alkaline electrolytes, employing a number
of nanostructured carbon-supported Pt-based (PtM/C)
electrocatalysts, where M were Ni, Co, Fe, etc., with special
structures such as hollows and core-shells, and different
catalyst supports such as non-noble metal carbides and
oxides. In addition, the electrocatalysis of alcohol oxidations
such as methanol, ethanol, glycerol, were investigated
aiming at applications on acid and alkaline fuel cell
systems. Electrocatalyst materials were nanocrystalline and
polycrystalline bulk metals (Pt, Pd, and Au). Several types of
carbon-dispersed nanoparticles (PtRu/C, PtRh/C, PtSnOx/C,
PtWOx/C, etc) were also considered. In these systems,
different types of oscillatory kinetics have been commonly
investigated for obtaining kinetic parameters under farfrom-equilibrium reaction regimes. In the bioelectrocatalysis
area, works to study the electron transfer reactions mediated
by triphenylen-derived compound and the pseudomonas
aeruginosa bacteria for the electrocatalysis of the glycerol
oxidation were carried out. Finally, the electrocatalysis of
the cathodic and anodic reactions on proton exchange
membrane fuel cells (PEMFC) were investigated focusing
practical and fundamental aspects of the oxygen reduction
reaction and hydrogen oxidation reaction in the presence of
contaminants such as CO and sulfur.
Figure 1 shows, in an illustrative way, some of the
main results obtained in the project, including four cover
pages that appeared in specialized journals. The academic
production achieved inserted in Fig. 1 clearly show that the
project was completed very successfully. The quality of the
scientific production is attested by the large number of
articles published in journals of high scientific impact such
as Chemical Sciences, Chemical Communications, Applied
Catalysis B, Journal of Physical Chemistry, Journal of Power
Sources, Electrochemistry Communications, Electrochimica
Acta, PLoS One, among others. Typical results obtained on
PEMFCs are illustrated in Figure 2.
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