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Electrochemical characterisation of SOFC anodes
T. Ramos and M. Mogensen
Fuel Cells and Solid State Chemistry Division
Rise National Laboratory - DTU
P.O. Box 49, DK - 4000 Roskilde, Denmark

To assist optimisation and gain further insight on
the behaviour of each cell component, it is usually
necessary to break down and assign the losses into the
various components. However, thin electrolyte cells
cannot be used to measure anode and cathode losses
separately using a reference electrode [1]. Symmetrical
cells tests, associated with electrochemical impedance
spectroscopy (EIS), can provide an elegant alternative for
evaluation of individual electrode performance and
further understanding of the processes involved, as well as
assisting full cell impedance spectra deconvolution

One issue raised when evaluating the
performance of a single electrode by the use of symmetric
cells, such as the common Ni/YSZ cermet SOFC anode,
lies in the different manufacturing processes used for the
production of symmetric cells, which usually hinders
direct comparison with the electrode behaviour in a full
cell due to different microstructures and impurity levels
[2, 3]. The other issue arises from the interpretation of the
impedance spectra, as the number and nature of the
physical processes are usually not known, with
interpretations differing for similar electrochemical
systems [4, 5].

In order to minimise differences in microstructure
and amount of impurities between symmetrical cells and
full cells with Ni/Sc-doped YSZ (ScYSZ) based anodes,
investigations of anode cermets were performed by EIS
using three different types of fully tape-casted
symmetrical cells. The different types used can be seen in
Figure 1.
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Figure 1: Different types of symmetric cells with
Ni/ScYSZ anodes tested in this work.

All cells contained Ni/ScYSZ anodes, Ni/YSZ anode
supports and ScYSZ electrolytes, with Type 1
corresponding to the more common thick electrolyte and
Type II and III with thin electrolytes and two or one
anode support, respectively. 6 mm x 6 mm sintered pieces
were tested in a special designed rig. The cells were
heated up in air, reduced at 1000 °C and then tested in H,
atmospheres, with varying contents of H,O, between 850
and 650 °C.

So far, interpretation of impedance spectra has been
mostly based on the complex nonlinear least-squares
(CNLS) approximation to a priori established model
represented by the equivalent circuit. However, in this
work we combine CNLS with a pre-identification method
based on the distribution function of relaxation times
(DRT), which enables the separation of contributing
processes with different time constants directly from the
impedance data [5, 6].

Figure 2 compares the distribution of relaxation
times for a cell of type I and II at 750 °C, 97 % H, + 3 %
H,0. The differences between them are clear and seem to
indicate the presence of at least four distinct contributions
to the overall impedance, in both cases.
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Figure 2: DRT of symmetrical cells with Ni/ScYSZ anodes
of type I (electrolyte supported) and type II (anode
supported).

In addition, suitable changes in testing
parameters, such as temperature and water content, were
also performed to gain further information on the total
number of contributions, as well as on their individual
dependencies. This extra knowledge can also prove useful
to determine which physicochemical process corresponds
to each feature seen in the impedance spectra. So being, a
suitable starting equivalent circuit for CNLS fitting would
be LR(RQ)(RQ)(RQ)(RQ).

This combined DRT/CNLS approach will be
used for the deconvolution and fitting of the obtained
impedance spectra and correlated, whenever possible, to
the microstructural features of the tested anodes. The
results will be viewed in the light of other published
results, in an attempt to increase the knowledge on the
electrochemical behaviour of Ni-based SOFC anodes.
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