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ABSTRACT BODY: 
Abstract Body: Dual phase composites containing a mixed ionic and electronic conductor (MIEC) and an ionic
conductor are used in both solid oxide fuel cell cathodes and oxygen permeation membranes. The oxygen Surface
Exchange Reaction (SER) in these composites is believed to primarily occur at the surface of the MIEC, whereas the
ionic conductor transports parts of the oxide ions. Recently, it has been reported that the SER of a composite is
significantly enhanced compared to what could be expected if the SER is occurring only on the MIEC1. The rate of the
SER is very important for the performance of electrochemical devices and it is therefore important to understand the
interplay between two materials and its effects on the overall achievable oxygen incorporation rate.
In the present work Electrical Conductivity Relaxation (ECR) has been used to study the SER and the oxygen ion
diffusion, in dual phase composites of (La0.6Sr0.4)0.98FeO3-δ/Ce0.9Gd0.1O1.95 (LSF/CGO). The results have been
compared to those of single phase LSF. ECR is a well-established method to determine the oxygen transport
properties of MIEC. ECR is based on recording the change of conductivity versus time after an instantaneous change
of oxygen partial pressure (pO2) in the surrounding gas. Due to the change of pO2 a new equilibrium of oxygen
vacancies in the sample is established, which results in a characteristic change of conductivity with time. The
response of conductivity can, by using Fick’s Laws of diffusion with appropriate boundary conditions, be fitted to obtain
the oxygen surface exchange coefficient (kex) and the chemical diffusion coefficient (Dchem).
The effect on catalytic and charge transport properties was studied by preparing samples containing 70/30, 50/50,
30/70 and 100 vol% CGO/LSF. The Dchem was found to be in the range from 2.73 10-5 (100% LSF) – 1.24 10-3 cm2

/s (70/30 CGO/LSF) and the kex was found to be in the range 3.51 x 10-5 (100% LSF) –1.86 x 10-4 cm/s (70/30
CGO/LSF) at 750°C and pO2 = 1.00 atm. The measurements clearly show that the dual phase composites containing
70/30 vol% CGO/LSF shows superior transport properties. The increase in the kex for the sample containing the most
CGO is somewhat surprising as CGO is believed not to be a good electrocatalyst for oxygen reduction. Measurements
at different temperatures between 600°C and 900°C reveal that the temperature has a large influence on the
enhancement of the kex for the composites. The highest enhancement was measured at the lowest temperature. For
the composition containing 70/30 vol.% CGO/LSF different samples with the same surface area ratio of CGO/LSF but
different Triple Phase Boundary (TPB) length were prepared. The results clearly demonstrate that the surface
exchange rate does not depend on the TPB length. The reasons for the enhanced exchange rate observed for
composites as well as its technological consequences will be discussed.
1. Wang Y, et. al, J Mater Chem A. 2 (2014) 136-143.
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