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The high-temperature solid oxide fuel cell (SOFC) is convenient for the environmental 
friendly and efficient conversion of chemical into electric energy. During the last decade the 
development of planar SOFC stacks with metallic interconnects has made considerable progress in 
both size and power density. The improvement of durability in long-term operation of planar SOFC 
components is one of the main fields for stationary applications. Ageing of stacks can be caused by 
various processes, e.g. corrosion of metallic plates, degradation of ceramic parts and chemical 
interactions on electrodes/electrolyte or interconnect/electrode interface. Namely, these processes 
are object of the overview in the present work. The most important characteristics of ageing 
behavior are object of analysis and discussion, as well. Moreover a correlation between ageing 
process and single cell performance will be given. 

INTRODUCTION 

In a fuel cell, chemical energy is directly converted into electrical energy without any combustion 
process. The electrochemical reaction takes place between a fuel gas (e.g. hydrogen) and 
atmospheric oxygen. In a SOFC, oxygen ions are transported from the air cathode side through an 
ion-conducting electrolyte to the anode side. Here oxygen ions react with the hydrogen of the fuel 
gas to form water as an out let. During the reaction of hydrogen and oxygen ions into water, 
electrons are released which can be used in an outer electric circuit. Fuel cells enable an efficient 
and environmentally acceptable use of the available energy resources. The open circuit voltage of 
such a fuel cell membrane is about 1 volt. In order to obtain higher voltages it is advantageous to 
stack these cells, i.e. the anode and the cathode (which have to be supplied with hydrogen and 
oxygen, respectively) of two adjacent fuel cells face each other. The separation of the gas volumes 
is effected by means of an interconnect [1]. 
One of the open problems still is the long term cell stability. Although operation times of 10000 
hours have been demonstrated the degradation ranges around 3% in 1000 hours. This value is still 
one order of magnitude higher then can be accepted for stationary applications with expected life 
times of 40000 hours exploitation and more[2]. An important issue with respect to reduction of the 
cost per unit of electricity produced by an SOFC stack is the durability of the cell. It is useful to 
study the ageing of the individual cell components in order to gain a better understanding of the 
fundamentals behind the degradation of SOFCs [2]. Aging of stacks can be caused by range of 
processes e.g. corrosion of metallic plates, degradation of ceramic components and chemical 
interactions on electrodes/electrolyte or interconnect/electrode interface. Namely, these 
performance characteristics are object of overview in the present work. 

CORROSION OF METALL IC PLATES 

The interconnects SOFC applications should possess: good mechanical properties at both 
operational and room temperatures, a thermal-expansion coefficient (TEC) compatible with other 
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fuel cell components i.e. cathode, anode and electrolyte and good electrical and thermal 
conductivity [3]. In addition, the cost of the component is an important materials election criterion. 
The requirement for good mechanical properties, good electrical and thermal conductivity and low 
price makes metallic interconnectors more suitable than ceramic ones, because the latter are 
generally quite brittle. The negative aspect of all metallic interconnectors is the gradual increase in 
their electrical contact resistance to the electrodes because of corrosion processes. The resistance of 
the metallic core of the interconnector is always negligibly small in comparison to the resistance of 
the oxide scales formed on the surface. The layers formed on the cathode and/or anode side of the 
interconnector during the exploitation is function of the growth rate, composition, microstructure, 
and the point defects concentration. The last one depends of the oxygen partial pressure. The oxide 
scales should remain in very good contact with the metallic core during the whole service time of 
the fuel cell. Spallation effect, crack formation and especially exfoliation of the oxide can lead to a 
remarkable decrease in the power of the fuel cell. 

Table Oxide imposed limitations for metallic interconnects 

Oxide 
Electrical 

resistivity (fl cm) 
at 25 °C 

Electrical 
resistivity 
(П cm) 

SiCfe 1 xlO14 7xl06 at 600 °C 
А12ОЗ 3 xlOM 5x10" at 700 °C 
Сг2Оз 1.3x10' 1 xlO2 at 800 °C 
NiO 1 xlOu 5 -7 at 900 °C 
CoO 1 xlO8 1 at 950 °C 

MgO 5.5 xlOu 1.8 xlO1 at 800 °C 

According to data in the table chromium oxide possesses a sufficiently high electronic conductivity 
for SOFC applications. However, it reacts with oxygen and water vapour, forming volatile 
chromium oxides and oxyhydroxides, such as СгОз or СЮ2(ОН)з [4]. The volatile chromium 
compounds can be formed at the active centres of the cathode side and reduce the cathode activity, 
respectively. 

DEGRADATION OF C E R A M I C COMPONENTS 

The degradation processes depends of the exploitation characteristics a SOFC. Long- term 
temperature exposure in air shows negligible degradation but significant degradation can be seen 
when current is applied. The structural analysis shows an increase in the porosity at the electrode 
interfaces when the electrode is polarized. This behaviour is well illustrated in Figure 1. There is not 
any structural changes are detected for electrodes tested without current load. The degradation is 
primarily ascribed to the pore formation in the electrode material induced by an electric field [5]. 
The degradation of a SOFC single cell is accelerated by means of high current load cycling (see 
Figure 2). The output power decrease with increasing the number of load cycles N (Figure 3). 
Current cycles lead to temperature changes due to the dissipation of the heat. In this context, 
thermal stresses are induced and process of delamination of the cathode occurs. [6]. 
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Fig. 1 Microstructure of anode- supported SOFC with 15цт thick solid electrolyte. 
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Fig. 2 Conduction of load cycle experiments Fig. 3 Power degradation during current load cycling 

CHEMICAL INTERACTIONS 

It is well known, that during the exposure of a cation deficient oxide material, if any oxygen 
potential gradient exists, than cations can migrate towards the higher oxygen potential interface, 
while the oxygen vacancies are move in a opposite direction. This stimulate pore formation and 
their mobility [5]. Preferably the pores are form at the respective interface where lowest oxygen 
potential exists. In practice, this part of the interface is unstable. The pores are transported towards 
the interface with the highest oxygen potential. 

Cathode/electrolyte interface 
The classical SOFC cathode material is strontium doped lanthanum manganite (LSM). It is 
advantageous to produce cathode as an interlayer composite from LSM and the electrolyte material 
e.g. yttrium stabilized zirconium (YSZ) [5]. Thereby, the electrochemically active reaction zone 
may be extended from the electrode/electrolyte interface to the bulk of the electrode. 
At operating temperatures below 800°C polarization losses of manganites are too high for an 
efficient operation SOFC behaviour. LaCoOj has much higher electrical and ionic conductivity than 
LaMnOj. However, the rate of formation of pyrochlore phase La2Zr207 with high specific 
resistivity on the interface between LaCo03- based electrodes/YSZ electrolyte is much higher than 
between LaMn03 / YSZ [7]. 

Anode/electrolyte interface 
Chemical interactions at the phase boundaries of materials applied for the solid oxide fuel cell 
(SOFC) have been studied by Electron Probe Micro Analysis [8]. The chemical reactivity at the 
interface of Lay.xSrxMn03^ / Y: Zr02 is a function of the stoichiometry level (6) and the Sr content 
(x). Reaction products as zirconates and creation of a diffusion zone in the Y:Zr02 electrolyte are 
observed. The extension of cation release (Mn) is related to increasing of the chemical activity of 
Mn oxide in the perovskite by Sr substitution in A- position. It is reported [8] an influence wet-
ability of the metal/oxide interface in Ni/Zr02.Y203 cermet. 
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AGEING - SINGLE CELL PERFORMANCE RELATIONSHIP 

The microstructure of cathode has a strong impact on the cell performance. From one side, 
microstructural changes during operation time may change the performance considerably and to 
cause ageing[5]. From the other side, the performance may depend on the formation of low-
conductive reaction products such as lanthanum zirconate at the cathode-electrolyte interface during 
cell fabrication. Sintering properties of the cathode layers, the thermodynamic stability of the 
multicomponent ceramic mixture under operating conditions turns out to be an important factor 
determining the long- time performance of SOFC cathodes. However, the electrochemical 
performance of conventional SOFCs at temperatures below 800C is unsatisfactory. This is due to 
decreasing of the ionic conductivity and pronounced ohmic losses at the cathode side [9]. 
It is reported in ref. [10] that a key factor is optimization of the cermet structure which lead to better 
anode performance. By increasing the active three-phase boundary (TPB) area, where the three 
percolating phases Ni, yttria-stabilized zirconia (YSZ) and pores are meet, better performance is 
achieved. 

CONCLUSIONS 

The present paper presents an short overview about the processes and characteristics of SOFC 
ageing behaviour. The ageing processes as corrosion of metallic plates, degradation of ceramic 
components and chemical interactions on electrodes/electrolyte or interconnect/electrode interface 
are discussed. Moreover, a relationship between ageing processes and single cell performance are 
given. It is obvious, that the SOFC performance depends on the ageing processes of each cell 
element, which is a result of composition and microstructure changes during the exploitation period. 
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