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Introduction 
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− 
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O2 + 4 𝑒− = 2𝑂2− 

Air 

A schematic of solid oxide fuel cells (SOFCs) 

• High temperature operation (600-1000 oC)  

• Fast kinetics, lower potential 

 High efficiency 

• Integrated heat for internal reforming 

systems;  

• No need for PGMs 

• Ni-cermet  

• good for H2 

• not good for biofuels 

• coking and sulfur tolerance 

Introduction 

• Alternative ceramic oxide anodes have higher tolerance to coking and sulfur 

poisoning, but lack of sufficient catalytic activity;  

• Traditional ceramic processing (bulk) methods requires high temperature sintering, 

leading to a number of limitations; 

• reactions with other cell components 

• mismatched thermal expansion 

• Nano-engineering with low temperature fabrication, such as impregnation has been an 

effective alternative 

 

 

Introduction 

Enhanced electro-catalytic activity; 

Lower amount of catalysts;  

Wider range of material option; 

Matched thermal and mechanical 

stability; 

Potential for improved coking 

resistance and sulfur tolerance 

 

 

Typical microstructure introduced by wet impregnation route 

Nature Energy, 1, Article number: 15014 (2016) 

Particles growth and agglomeration 

leading to degradation; 

Processing time and cost; 

Up-scaling; 

 

 Various hydrocarbon and biomass fuelled SOFCs 

 To optimise the impregnated microstructure by varying 

solution properties, scaffold structure and  impregnation 

processing, in order to enhance performance and long-

term stability.  

 

 To investigate the interactions between impregnated 

particles and backbone, and to understand their roles in 

affecting SOFC electrode  performance and durability; 

 

Introduction 

EPSRC project: Tailoring of Microstructural evolution in impregnated SOFC electrodes 

Performance 

and durability 

Systems under study in St Andrews 

 Surface energy varies significantly with materials, which might be helpful for understanding of the 

microstructure evolution of anode with different components introduced by impregnation 

 

(La,Sr)(Cr,Mn)O3 (LSCM) showed interesting morphology under various 

conditions when being infiltrated into YSZ scaffold 

In air In 5%H2 
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Systems under study in St Andrews 

YSZ 

LSCM  

(La0.75Sr0.25)0.97Cr0.5Mn0.5O3) 

LSCTA- 

(La0.2Sr0.25Ca0.45TiO3)  

CeO2 Gd0.1Ce0.9O2 (GDC) Zr0.1Ce0.9O2 (ZDC) 

Ni + CeO2 Ni + GDC Ni + ZDC 

Ni  

Impregnates 

 Sample preparation 

 

 

 

 Electrochemical characterization 

 

 

 

 

 Microstructure analysis 

 

Current work and results 

YSZ pellets pressed 
and fired (2mm 

thick) 

LSCM-YSZ 90-10 scaffold 
printed and fired; 

LSM-YSZ 50-50 cathode 
printed and fired 

Ceria precursor solution 
impregnations and heat 

treatment 

Pt and Au current 
collector painted and 

fired;  

TC H2/N2 

SOFC 

Al2O3  

tube 

Air 

• 2-electrode, full-device 

measurements  

• Solartron1470B multichannel station; 

• I-V curves, 650-800 oC, 10-50% H2/N2; 

• Impedance: 105-0.05 Hz;  

• Stability at 0.7 V at 800 oC in 10% H2/N2; 

• FEI Scios FIB microscope; 

 

Electrochemical performance evaluation 

Current work and results 
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Polarization curves at 800 oC in 10% H2/N2 

• Different ceria loading: ~ 35% as optimal; 

• OCV close to theoretical values; 

• LSCM-YSZ 90-10 anode performance is 

significantly improved with different types of 

ceria impregnation; 

• The sequence of improvement: 

 CeO2 < GDC < ZDC 

Current work and results 

 Rs mainly from thick YSZ pellet, and was corrected for comparison; 

 Rp values are appreciably smaller with impregnation, compared to the bare LSCM-YSZ anode; 

  Three impedance arcs from all cells; 

  The response below 100 Hz were significantly reduced with different types ceria 

 

Electrochemical performance evaluation 
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• Degradation rate 

• Scaffold, 0.415 mA cm-2 h-1;  

• with CeO2, 0.051 mA cm-2 h-1;  

• with GDC, 0.041 mA cm-2 h-1;  

• with ZDC, 0.033 mA cm-2 h-1. 

 

• Degradation of scaffold is associated with deterioration 

of catalytic properties;  

 

• Anode catalytic properties are stabilised with ceria 

impregnation, and degradation is mainly due to 

increased Rs from anode current collector 

Current work and results 

Durability  

Summary  

 With LSCM-YSZ 90-10 scaffold, the impregnation of different ceria greatly enhanced 

anode performance with a sequence of CeO2 < GDC < ZDC; 

 With different types of ceria infiltration, the impedance responses below 100Hz were 

significantly suppressed, meaning the surface reaction processes were facilitated 

ascribed to the excellent catalytic properties from ceria nanoparticles; 

 Diverse morphology features observed on LSCM-YSZ scaffold with different type of 

ceria impregnates. The uniform distribution and better net-work of nanoparticles with 

ZDC impregnation explains the best performance in this anode; 

 Stability test showed durable catalytic properties in different ceria impregnated 

anodes, whereas the non-impregnated anode suffered from loss of catalysis. 
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Future work  

 Microstructure evolution of different ceria impregnated LSCM-YSZ after SOFC 

operation will be investigated with respect to freshly impregnated samples; high 

resolution TEM analysis will be utilised to give a better view of nanoparticles as well as 

possible interactions between scaffold and impregnates 

 Ni co-catalyst will be introduced to different ceria-LSCM-YSZ matrix, to study its 

effects on microstructure, anode performance as well stability 

 The performance and stability of impregnated anode will be evaluated with 

hydrocarbon fuelled SOFCs, such as CH4  

 XPS and Raman spectroscopy of the same samples will be used to help the 

understanding of performance difference as well as interactions of different ceria 

infiltrated LSCM-YSZ anode with and without Ni 
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