
KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY (ICT)

DOCTORAL THESIS IN SRA - ENERGY
STOCKHOLM, SWEDEN 2012

Dual-ion Conducting
Nanocompoiste for
Low Temperature Sol-
id Oxide Fuel Cell

XIAODI WANG

Academic Dissertation which, with due permission of the KTH Royal
Institute of Technology, is submitted for public defence for the degree of
Doctor in Philosophy on Thursday the 7th June 2012, at 10:00 a.m. in
Sal C2, KTH-Electrum, Isafjordsgatan 26,, Kista.



ISBN: 978-91-7501-387-9 | Trita-ICT/MAP AVH 2012:10 | ISSN 1653-7610
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-95652

Abstract

Solid oxide fuel cells (SOFCs) are considered as one of the most promising
power generation technologies due to their high energy conversion efficiency,
fuel flexibility and reduced pollution. There is a broad interest in reducing the
operating temperature of SOFCs. The key issue to develop low-temperature
(300~600 °C) SOFCs (LTSOFCs) is to explore new electrolyte materials.
Recently, ceria-based composite electrolytes have been developed as capable
alternative electrolyte for LTSOFCs. The ceria-based composite electrolyte has
displayed high ionic conductivity and excellent fuel cell performance below 600
°C, which has opened up a new horizon in the LTSOFCs field. In this thesis, we
are aiming at exploring nanostructured composite materials for LTSOFCs with
superior properties, investigating the detailed conduction mechanism for their
enhanced ionic conductivity, and extending more suitable composite system
and nanostructure materials.In the first part, core-shell samarium doped ceria-
carbonate nanocomposite (SDC/Na2CO3) was synthesized for the first time.
The core-shell nanocomposite was composed of SDC particles smaller than
100 nm coated with amorphous Na2CO3 shell. The nanocomposite has been
applied in LTSOFCs with excellent performance. A freeze dry method was
used to prepare the SDC/Na2CO3 nanocomposites, aiming to further enhance
its phase homogeneity. The ionic conduction behavior of the SDC/Na2CO3

nanocomposite has been studied. The results indicated that H+ conductivity
in the nanocomposite is predominant over O2- conductivity with 1-2 orders
of magnitude in the temperature range of 200-600 °C, indicating the proton
conduction in the nanocomposite mainly accounts for the enhanced total
ionic conductivity. The influence of Na2CO3 content to the proton and oxygen
ion conductivity in the nanocomposite was studied as well.In the second
part, both the proton and oxygen ion conduction mechanisms have been
studied. It is suggested that the interface in the nanocomposite electrolyte
supplies high conductive path for the proton, while oxygen ions are probably
transported by the SDC grain interiors. An empirical “Swing Model” has
been proposed as a possible mechanism of superior proton conduction,
while oxygen ion conduction is attributed to oxygen vacancies through SDC
grain in nanocomposite electrolyte.In the final part, a novel concept of non-
ceria-salt-composites electrolyte, LiAlO2-carbonate composite electrolyte,
has been investigated for LTSOFCs. The LiAlO2-carbonate electrolyte
exhibits good conductivity and excellent fuel cell performances below 650
°C. The work not only developed a more stable composite material, but also
strongly demonstrated that the high ionic conductivity is mainly related to
interface effect between oxide and carbonate. As a potential candidate for
nanocomposite, uniform quasi-octahedral CeO2 mesocrystals was synthesized
in this thesis work as well. The CeO2 mesocrystals shows excellent thermal
stability, and display potential for fuel cell applications.
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