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Preface

The present dissertation comprises a series of articles that were written while the PhD was
carried out and now published or submitted for publication. These articles describe most of the
work done, which was mainly performed by the author, both conceptual and experimental. Co-
authors but the supervisors contribute allowing the author to work in their labs, with important
advices and tutoring and performing important analysis (e.g. DMFC tests), as mentioned previously
in the acknowledgements section.

The developed work is described in four parts according to the materials that were used and
studied. Part one starts with the introduction of the direct methanol fuel cell (DMFC) topic,
describing generically each of its main features and potentialities as power source (chapter 1). This
part focus mainly on the proton exchange membrane, performing an overview concerning its
research and development. It is also outlined a critical study taking into account the main
contributions of the present work regarding the R&D on proton exchange membranes for direct
methanol fuel cells.

Part two is dedicated to the sulfonated poly(ether ether ketone) (SPEEK) plain polymer
(chapter 2). A critical analysis of the sulfonation degree effect on the polymer barrier and mass
transport properties towards direct methanol fuel cell species was performed. Impedance
spectroscopy (proton conductivity), pervaporation (water and methanol permeation) and pressure
rise experiments (nitrogen, oxygen and carbon dioxide permeation) were proposed. Nafion®™ 112
was used as reference during this study.

Part three is devoted to the incorporation of zirconium oxide via in situ hydrolysis on the
SsPEEK polymer. This part starts with chapter 3 where the zirconium oxide influence on the SPEEK
barrier and electrolyte properties was analyzed. This study is expanded in chapter 4, in which the
range of the SPEEK modification with zirconium oxide was extended. The investigated properties
were the proton conductivity, proton transport resistance, water uptake, water, methanol, oxygen,
carbon dioxide and nitrogen permeability coefficients, morphology and elemental analysis. The fact
of having hybrid membranes with a wide range of properties allowed the validation of the standard
characterization methods in terms of the DMFC performance qualitative prediction (chapter 5).
Furthermore, in chapter 6 is presented a mathematical model that was developed based on these
membranes. This approach enabled the prediction of the DMFC performance for membranes with

distinct characteristics. This part ends with chapter 7, in which the developed mathematical model



was applied to study the influence of the membrane properties on the DMFC performance, in terms
of proton conductivity and permeability towards methanol.

Part four focuses on the characterization and application of composite membranes based on
sPEEK polymer modified inorganically with different amounts of zirconium phosphate pretreated
with n-propylamine and polybenzimidazole. The DMFC application of these membranes was
performed at temperatures up to 130°C. Chapter 8 is devoted mainly to the characterization results.
On the other hand, chapter 9 explores the use of these composite membranes and presents a novel
approach for evaluating the DMFC overall efficiency accounting for the permeation of carbon
dioxide through the membrane.

Finally, the present dissertation ends with the main conclusions of the developed research

work and suggestions for future work.
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