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Solid Oxide Fuel Cells (SOFCs) are an important
technology in the quest for more environmentally benign
power generation. A key component within an SOFC is the
solid electrolyte, which transfers O2- ions from the air side
(cathode) to the fuel side (anode) of the cell, with a
compensating flow of electrons in the opposite direction
through an external circuit which provides the electrical
power. As a consequence, the material chosen for the role of
the solid electrolyte must possess a high oxide-ion
conductivity and low electronic conductivity (the latter
essential to avoid internal short-circuits). At present, the most
widely used material for the solid electrolyte in SOFCs is
yttria stabilised zirconia (YSZ, Zr1-xYxO2-x/2 with x typically
around 0.15). However, these SOFCs must be operated at
temperatures of ~1200K to achieve a sufficiently high ionic
conductivity within the YSZ electrolyte. There are a number
of advantages of SOFC operation at lower temperatures
(~600-900K), including reduced problems of corrosion and
shorter start-up times, which have motivated considerable
research effort to identify materials with higher values of
ionic conductivity than YSZ. These include the related
material Zr1-xScxO2-x/2 and solid solutions based on Bi2O3 and
CeO2, which all possess an anion-deficient fluorite crystal
structure (space group ).

This presentation will briefly summarise our recent
programme of neutron powder diffraction studies of the
SOFC materials mentioned above, performed at the ISIS
spallation neutron source. Particular emphasis will be devoted
to the following aspects.

(i) The use of ‘total scattering’ methods (i.e. considering
bith the Bragg and diffuse scattering components), including
reverse Monte Carlo analysis of the data to probe the nature of
the defects within the materials.

(ii) The complimentary use of neutron powder diffraction
and Molecular Dynamics simulations to investigate the nature
of the ionic diffusion mechanisms and the factors which
promote extensive oxide-ion diffusion.

(iii) The development of novel sample environment
devices to allow neutron powder diffraction studies of SOFC
electrolyte materials to be performed under conditions of
temperature and gas atmosphere which mimic those found in
real device applications.

Keywords: solid oxide fuel cells; neutron powder
diffraction; reverse Monte Carlo

Page s124 27th European Crystallographic Meeting, ECM 27, Bergen, 2012
Acta Cryst. (2012). A68, s124

Oral Lectures – MS 46: Advances in powder diffraction: structure solution and structure-property relationships


