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Combining Transition Metals  An approach towards High-performing Coking 
Tolerant Solid Oxide Fuel Cell Anodes 

D. B. Drasbæka, M. L. Traulsena, B. R. Sudireddya, and P. Holtappelsa

a Department of Energy Conversion and Storage, Technical University of Denmark, 
Denmark 

Bimetallic combinations of the three transition metals, Ni, Co, and 
Fe, were infiltrated alongside gadolinium doped ceria (CGO), into a 
strontium titanate backbone. The infiltrated cells were analyzed 
using electrochemical impedance spectroscopy in the temperature 
range 650°-850°C and in the atmospheres: 4% H2O/H2, 50% 
H2O/H2, 80% H2O/H2, and 50% CO2/CO. In addition, in situ
synchronous Raman spectroscopy and EIS experiments were 
performed to explore the coking tolerance of the bimetallic 
infiltrations. The electrocatalytic activity of the bimetals were 
similar to the single metals with electrode area specific resistances 

2, 0.2 2, and 1.32 of 2 for the Co-Fe-CGO, Ni-
Co-CGO, and Ni-Fe-CGO infiltrated cells, respectively, at 750oC in 
50% H2O/H2. The results obtained from the synchronous in situ
Raman - EIS experiments further indicates an improved coking 
resistance for combined transition metal infiltrations. 

Introduction 

Ni/YSZ cermet electrodes are state of the art and are effective for the oxidation of H2, but 
suffer from degradation in performance when exposed to redox cycling and when poisoned 
by impurities such as sulphur in the fuel (1). Furthermore, these state of the art Ni/YSZ 
anodes are susceptible to carbon deposition when operated with carbon containing fuels 
and finally they suffer from loss of nickel percolation over time, which causes a detrimental 
loss of conductivity within the electrode (2). 

For several decades, research efforts have been directed towards the improvement of 
the SOFC anode materials. One strategy to overcome some of the challenges with the 
Ni/YSZ anodes is to decouple the electrode functionalities, by separating the electronically 
conductive phase from the electrocatalytic phase. This would enable design of a backbone 
material which is both redox stable and which has the desired electrical conductivity.  

One possible backbone material is the Nb-doped strontium titanate (STN), which is 
known to be highly redox stable, tolerant to oxygen, carbon, and sulphur containing 
atmospheres and to have a suitable electronic conductivity. However, the STN based SOFC 
anodes suffer from a too low ionic conductivity (3), (4), for which reason ionic conductivity 
must be introduced in order to extend the triple phase boundary into the electrode structure.  

In previous work performed by Drasbæk et. al. it was found that nickel, cobalt, and iron 
nanoparticles each have some desirable properties, depending on the fuel atmosphere. In 
short, it was found that the nickel and cobalt infiltrated STN94 anodes have similar 
performance in all atmospheres, while the iron infiltrated samples was found to be too 
unstable in performance with changes in the pO2 (to be published). Furthermore, in situ
synchronous Raman spectroscopy and EIS coking studies of the nickel and cobalt 


























