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PREFACE Xi

PREFACE

Rotating disk electrode (RDE) and rotating ring-disk electrode
(RRDE) techniques are one kind of the important and commonly
used methods in electrochemical science and technology, par-
ticularly, in the fundamental understanding of electrochemical
catalytic reaction mechanisms such as electrocatalytic oxygen
reduction reaction (ORR). The kinetics and mechanisms of ORR
catalyzed by both noble metal- and nonnoble metal-based
electrocatalysts are the most important aspects in fuel cell and
other ORR-related electrochemical technologies. Using RDE and
RRDE to evaluate the activities of catalysts and their catalyzed
ORR mechanisms is necessary and also one of the most feasible
approaches in the development of ORR electrocatalysts.

In developing ORR electrocatalysts, significant challenges
exist in achieving high catalyst activity and stability. To facilitate
the effort to overcome these challenges, a book with focus on the
catalyzed ORR and its associated testing and diagnosis of ORR
catalysts is particularly useful. Although all researchers in the
area of ORR-related electrocatalysts use RDE/RRDE as routine
techniques to evaluate their catalysts and explore the catalyzed
ORR mechanisms, based on our observation, however, a funda-
mental understanding of these methods seems not being fully
achieved. Some confusion can be found in the literature when
RDE/RRDE methods were used and the data explained. There-
fore, a detailed and comprehensive description about these
techniques from fundamentals to applications is definitely
helpful and may be necessary.

In Chapter 1 of this book, the necessary parameters for both
RDE/RRDE analysis in ORR study, such as Oy solubility, O2 dif-
fusion coefficient, and the viscosity of the aqueous electrolyte
solutions, are discussed in depth in terms of their definitions,
theoretical background, and experimental measurements. The
effects of type/concentration of electrolyte, temperature, and
pressure on values of these parameters are also discussed. To
provide the readers with useful information, the values of these
parameters are collected from the literature, and summarized in
several tables. In addition, the values of both the O, solubility and
diffusion coefficient in Nafion® membranes or ionomers are also
listed in the tables. Hopefully, this chapter would be able to serve
as a data source for the later chapters of this book, and also the
readers could find it useful in their experimental data analysis.

In Chapter 2, to facilitate understanding and preparing the
basic knowledge for rotating electrode theory, both the electron
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transfer and reactant transport theories at the interface of elec-
trode/electrolyte are presented. Regarding the reactant trans-
port, three transportation modes such as diffusion, migration,
and convection are described. A focusing discussion is given to
the reactant diffusion near the electrode surface using both
Fick's first and second laws. In addition, based on the approach
in the literature, the kinetics of reactant transport near and
within porous matrix electrode layer and its effect on the elec-
tron transfer process is also presented using a simple equivalent
electrode/electrolyte interface.

In Chapter 3, to give some basic knowledge and concepts,
some fundamentals about the catalyst activity and stability of
ORR electrocatalysts, which are the targeted research systems by
rotating electrode methods, are presented. A detailed description
about the electrocatalysts and catalyst layers and their applica-
tions for ORR in terms of their types, structures, properties,
catalytic activity/stability, as well as their research progress in
the past several decades are also given. Furthermore, both the
synthesis and characterization methods for ORR electrocatalysts,
and the fabrication procedures for catalyst layers are also
reviewed.

In Chapter 4, the fundamentals of ORR including thermody-
namics and electrode kinetics are presented. The ORR kinetics
including reaction mechanisms catalyzed by different electrode
materials and catalysts including Pt, Pt alloys, carbon materials,
and nonnoble metal catalysts are discussed based on literature in
terms of both experiment and theoretical approaches. It is our
belief that these fundamentals of ORR are necessary in order to
perform the meaningful characterization of catalytic ORR activ-
ity using both RDE and RRDE methods.

In Chapter 5, to give readers the knowledge how to appro-
priately use RDE in their ORR study, fundamentals of both the
electron transfer process on electrode surface and diffusion-
convection kinetics near the rotating electrode are presented.
Two kinds of RDE and their associated theories of the diffusion-
convection kinetics and its coupling with the electron transfer
process are presented, one is the smooth electrode surface, and
the other is the catalyst-layer coated electrode. For measure-
ments using RDE method, the apparatus of RDE and its asso-
ciated devices such as rotator and electrochemical cell are
described to give the readers the basic sense about this techni-
que. The measurement procedure including RDE preparation,
catalyst layer fabrication, current—potential curve recording, the
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data analysis, as well as the cautions in RDE measurements are
also discussed in this chapter.

In Chapter 6, the importance of RRDE fundamentals and
practical usage in ORR study is emphasized in terms of both
the electron transfer process on electrode surface, diffusion-
convection kinetics near the electrode, and the ORR mechanism,
particularly the detection of intermediate such as peroxide. One
of most important parameters of RRDE, the collection efficiency,
is deeply described including its concept, theoretical expression,
as well as experiment calibration. Its usage in evaluating the
ORR kinetic parameters, the apparent electron transfer, and
percentage of peroxide formation is also presented. In addition,
the measurement procedure including RRDE preparation,
current—potential curve recording, and the data analysis are also
discussed in this chapter.

Chapter 7 reviews the applications of RDE and RRDE tech-
niques in ORR research and its associated catalyst evaluation.
Some typical examples for RDE and RRDE analysis in obtaining
the ORR kinetic information such as the overall electron transfer
number, electron transfer coefficiency, and exchange current
density are also given in this chapter. It demonstrates that both
RDE and RRDE methods are a powerful tool in ORR study, and
using RDE and RRDE methods, ORR has been successfully
studied on Pt electrode, carbon electrode, monolayer metal
catalyst, Pt-based catalyst, and nonnoble metal-based catalysts.

It is our hope that this book could be used as a reference for
college/university students including undergraduates and grad-
uates, scientists and engineers who work in the areas of energy,
electrochemistry science/technology, fuel cells, and batteries.

We would like to acknowledge with deep appreciation our
families for their understanding and support of our work. If
technical errors exist in this book, we would deeply appreciate
the readers’ constructive comments for correction and further
improvement.

Wei Xing, PhD
Geping Yin, PhD
Jiujun Zhang, PhD

April 2013
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