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Preface

The electrochemical supercapacitor (ES), also known as a supercapacitor, ultracapac-
itor, or electrochemical capacitor, is a special type of capacitor that can have relatively
high-energy density when compared to conventional dielectric capacitors and elec-
trolytic capacitors. As an electrochemical energy storage/conversion device the
ES has several advantages, such as fast charging—discharging capability, immense
power density, wide operating temperature ranges, and long service lifetimes. As a
result, ESs have been found to be readily applicable in a wide variety of important
applications such as hybrid and electrical vehicles, portable electronics, backup
power supplies, aircraft, and smart grids. In particular, they can play a significant
role in the effective use of intermittent energies from renewable sources.

Although ESs are now available in commercial markets, they still face some
challenges, such as relatively low-energy density compared to both batteries and
fuel cells. This low-energy density will limit their wide applications in many high
energy—demanding systems, and also cause high manufacturing cost. In recent years,
there have been tremendous efforts focusing on the development of novel electrode
materials and electrolytes as well as electrode/electrolyte configurations to improve
the energy density for the next generation of supercapacitors.

For fundamental aspects, in Conway’s excellent pioneering book (Electrochemical
Supercapacitors: Scientific Fundamentals and Technological Applications), published
in 1999, he provided a comprehensive discussion of the science of ESs in the twentieth
century. In 2013, Yu et al. published Electrochemical Supercapacitors for Energy
Storage and Delivery: Fundamentals and Applications and Béguin et al. published
Supercapacitors: Materials, Systems, and Applications, covered comprehensive sci-
ence and technology, as well as coverage of the latest developments of ESs including
electrical double-layer capacitors and pseudocapacitors. The critical roles of both ES
electrode materials and electrolytes in improving energy density are emphasized in
these books.

On the basis of our recent review paper published in Chemical Society Reviews
(2015, 44: 7484-7539), we have largely extended this paper’s content and completed
this book covering the key aspects of novel and advanced electrolyte systems and
compositions. This book focuses on both the fundamental and technological aspects
of all kinds of ES electrolytes. The effects of electrolytes on ES performance are
highlighted. Some comparisons among different electrolytes in terms of their asso-
ciated ES performance are presented. This book also discusses the compatibility
issue or interactions between ES electrolytes, active components such as electrode
materials, and inactive components such as current collectors, binders, additives,
and separators. The book also illuminates the practical aspects of designing and
optimizing electrolyte systems for improving ES performance. We have a strong
desire to have this book be beneficial for the research and development activities of
academic researchers, graduate/undergraduate students, industry professionals, and
manufacturers of electrode/electrolyte systems, and also for other electrochemical
energy devices such as batteries, and end users of these devices.
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1.1 INTRODUCTION AND APPLICATIONS OF SUPERCAPACITORS

With the increasing consumption of globally limited fossil fuels and the resultant
environmental problems such as greenhouse gas emissions and other air pollutants,
there is an urgent need to engage sustainable, renewable, and clean energy sources
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such as the sun, winds, and tides. Since most of these sustainable (renewable) energy
sources are dependent on the time of day and location, it is highly desirable to develop
related energy storage devices in order to effectively harness these intermittent energy
sources. Electrochemical energy storage devices, such as batteries and electrochemi-
cal supercapacitors (ESs), will play an increasingly critical role in the sustainable and
large-scale use of energy from renewable sources.

ESs, also referred to as supercapacitors, ultracapacitors, or electrochemical
capacitors, have received a great deal of attention due to their high power den-
sity (potentially above 10 kW kg™'), long lifetime compared to batteries, and much
higher energy density compared to conventional dielectric and electrolytic capaci-
tors [1]. Depending on the charge storage mechanism, ESs can be briefly grouped
into electrical double-layer capacitors (EDLCs), pseudocapacitors, and hybrid
capacitors, which will be discussed further in Section 1.3. To date, EDL.Cs make up
the majority of commercial ESs, mainly due to their technical maturity. The role of
ESs among various typical electrochemical energy storage devices can be clearly
seen in terms of their power density and energy density (Ragone plot) as shown in
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FIGURE 1.1 Ragone plots for representative energy storage devices of capacitors, batteries,
and supercapacitors. (Reprinted by permission from Macmillan Publishers Ltd. Nature
Materials, Simon, P, and Y. Gogotsi. Materials for electrochemical capacitors, 7:845-854,
Copyright 2008.)



