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High Temperature Electrochemistry
Preface

The electrochemical process based on an inorganic solid oxide electrolyte is promising to play an important
role in electricity generation, electrolysis, and electrochemical synthesis. Such a process is often called as high
temperature electrochemical process because high temperature (400 ~ 800 °C) is needed for the ions, strongly
bonded with the lattice sites of the oxide electrolyte, to overcome the migration activation energy. Compared to
conventional electrochemical process, high temperature electrochemical process has several advantages: First,
its kinetic process is fast and it does not need any noble metal as catalyst. Second, the electrolyte is generally
single ion conducting, leading to high selectivity of target product. Usually, only gas-solid catalytic reactions are
involved, thus the reactor configuration is simple and there are few byproducts. At last, a high temperature elec-
trochemical reactor can operate under large current and high potential because of good stability and wide elec-
trochemical window of solid oxide electrolytes.

While there are many kinds of solid oxide electrolytes, conducting a variety of ions, the electrolytes con-
ducting oxygen ions and protons are attracting special attention because their application may meet the urgent
demands of the world for energy conservation and emission reduction as well as sustainable energy application.

Regarding to electricity generation, the solid oxide fuel cell (SOFC) performs well in terms of efficiency
and fuel flexibility. Its high efficiency comes from high operating temperature which not only reduces activation
loss but also enables high quality exhaust heat to run a turbine to generate more electricity. Except hydrogen,
more readily available hydrocarbons and even solid carbon can be used as the fuels of SOFCs, resulting in re-
duced operating cost. These superiorities make SOFC a potential clean and efficient technology for distributing
electrical power station and coal to electricity conversion.

Regarding to electrolysis, the solid oxide electrolysis cell (SOEC), operating in the reverse process of
SOFC, can efficiently split water and carbon dioxide to produce hydrogen, syngas, and oxygen. It can also di-
rectly produce methane through co-electrolyzing water and carbon dioxide. The efficiency of high temperature
electrolysis can be over twice of that of a conventional electrolysis technology. It is a promising technology for
large scale energy storage which is essential to efficient application of sustainable energy.

With the development of high temperature electrochemistry, it is hard to classify all the areas only by elec-
trical generation and electrolysis. There are increasing interests in applying high temperature electrochemical
process in co-generation of electricity and value-added products. For instance, gas-electricity cogeneration
through partial electrochemical oxidation of carbon-contained reactants and producing more valuable ethane by
electrochemically dehydrogenation of ethane through a reactor with proton conducting electrolyte. These high
temperature electrochemical reactions provide new pathways for producing chemical products with high energy
efficiency and low pollution emissions.

Focusing on the interconversion between chemical energy and electrical power, high temperature electro-
chemistry is an expansion field of electrochemistry. However, its processing principles involving the inorganic
solid electrolytes are rather different from those of conventional electrochemistry, which are mainly based on
liquid electrolytes. Novel theoretical systems and methods should be built up for research to provide insight into
fast transportation of ions in inorganic solid electrolytes, co-effects of temperature and electrical fields on the
surface electronic states of electrode catalysts, and correlations between the electrode process and its microstruc-

ture, as well as the surroundings. While the new theories and methods are important for guiding developing high
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performance materials and devices, their establishment needs data accumulated from experimental research pro-
moted by the urgent application demands.

Here, we have collected 8 papers from some excellent research teams. The content covers several hot top-
ics of high temperature electrochemistry, including direct carbon and single chamber SOFCs, water and carbon
dioxide electrolysis by SOECs, electrochemical dehydrogenation, in situ reforming of fuels, and cathode cata-
lysts, etc.. To some extent, this issue reflects the national status of high temperature electrochemistry research. It
may be helpful to those interested in high temperature electrochemistry, either for fundamental research or for
practical application development.

I highly appreciate the excellent contributions of all the authors and reviewers. Also, I would like to give

my special thanks to the editors for their kind patience and effective hardworking.

Guest editor
Professor Dr. Jiang Liu
School of Environment and Energy

South China University of Technology
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