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Fabrication of a metal-supported ceria cell by wet powder spray and its 

characterization at intermediate temperatures 

 

N. Oishi, Y. Yoo and I. Davidson 

 

Institute for Chemical Process and Environmental Technology 

National Research Council Canada, Ottawa, Ontario K1A 0R6, Canada 

 

A tri-layer comprising a lanthanum strontium cobalt iron 

perovskite cathode, a doped ceria electrolyte and a nickel ceria 

cermet anode was fabricated on a porous stainless steel substrate 

by a series of processing steps involving wet powder spraying, 

lamination and sintering, and was tested with humidified 50 % 

hydrogen in argon supplied to anode and air supplied to cathode at 

intermediate temperatures of 650 and 600 °C. Open circuit voltage 

showed relatively lower values, below 0.75 V, however the cell 

was found to deliver higher current densities, over 1 A/cm
2
, and 

achieved a maximum power density of over 450 mW/cm
2
 at 

650 °C. It was found that the cathode accounted for most of the 

polarization resistance and that the anode polarization was less 

influential to the ceria cell tested. 

 

 

Backgrounds 

 

We have been focusing on wet processing technologies involving colloidal ceramics 

suspensions and sintering stages that would allow us to fabricate metal supported solid 

oxide fuel cells at much lower costs. It had been shown that bi-layers of a doped ceria 

electrolyte and a nickel cermet anode can be fabricated on stainless steel substrates by 

using a series of processing technologies involving wet powder spraying (1), lamination 

and sintering processes (2). In order to evaluate the feasibility of this processing route for 

fabrication of metal-supported cells, a tri-layer comprising, from the top downwards, a 

cathode, an electrolyte and an anode, was fabricated on a stainless steel substrate having a 

porous structure, and was tested as a fuel cell using humidified 50 % hydrogen in argon 

as the fuel at intermediate temperatures in the range of 600 to 650 °C. 

 

Experimental 

 

Fabrication and characterization of a tri-layer on a porous metal substrate 

 

For the metal substrate, a ferritic stainless steel (SUS-447J: nominally, Fe-30Cr-2Mo) 

was chosen, and was machined to disks with a thickness of 250 µm and a diameter of 18 

mm. Porous structure was subsequently introduced into the disk by laser machining 

process with/without an etching process. Figure 1 shows the surface optical micrograph 

of one of porous metal substrates prepared; black dots spaced over the surface are holes, 

which are around 20 µm in diameter and 75 µm apart in a simple square structure. The 

one-directional scratches seen are due to the cold-rolling process, grains of stainless steel 

can also be observed in the micrograph. 
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Figure 1. An optical micrograph of a porous metal surface (640 µm x 480 µm). 

 

An anode suspension containing 65 wt% NiO – 35 wt% Ce0.8Sm0.2O2 was first 

sprayed onto a porous metal substrate, followed by an electrolyte suspension containing 

Ce0.9Gd0.1O2. An appearance of a sprayed anode on substrate and a sprayed electrolyte on 

anode is shown in Figure 2. Zirconium was incorporated into the anode suspension as a 

sintering inhibitor, while iron was added into the electrolyte suspension as a sintering aid 

(3). It should be noted that no polymeric agents were added into the colloidal ceramic 

suspensions. 

 

 

Sprayed electrolyte on anode

Sprayed anode on substrate

Metal substrate

18 mm

Sprayed electrolyte on anode

Sprayed anode on substrate

Metal substrate

18 mm
 

Figure 2. An appearance of sprayed layers on a metal substrate. 

 

The weakly bonded as-sprayed bi-layer was laminated on the metal substrate in an 

isostatic press at a pressure of up to 200 MPa. Laminated bi-layers on porous substrates 

were evaluated by analyzing their topographic structures with a scanning confocal 

microscope (SCM; Sensofar, Solarius Development Inc., USA). 

 

The laminated electrolyte/anode bi-layer was sintered in a controlled atmosphere at 

up to 1055 °C in a furnace. A cathode layer was then attached onto the sintered 

electrolyte surface to form a tri-layer by spraying a La0.6Sr0.4Co0.2Fe0.8O3 suspension and 

firing at 850 °C in air. The microanalysis of a tri-layer was carried out on SCM and a 

field emission type scanning electron microscope (SEM; S-4800, Hitachi, Japan) 

equipped with an energy dispersive X-ray spectroscope (EDS; INCAx-sight & INCAx-

stream, Oxford instruments, U.K.) 
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Fuel cell testing of a tri-layer on a porous metal substrate 

 

By using an electrochemical interface (EI; 1287, Solartron, U.K.), a tri-layer having a 

cathode, an electrolyte and an anode described above, was tested under fuel cell 

conditions of humidified argon-balanced 50% hydrogen and compressed air at 

temperatures of 650 and 600 °C in a furnace; temperature was measured underneath the 

metal substrate. An ac impedance measurement was performed on the two electrodes 

under open circuit voltage condition by using a frequency response analyzer (FRA; 1260, 

Solartron, U.K.) coupled with EI.  

 

Results and discussion 

 

Defect formation during laminating stage and effect of anode thickness 

 

Since pressure was applied to the sprayed loose layer on a substrate with holes during 

lamination, the pressed areas over holes where there was no physical support underneath 

were of most concern from a cell fabrication point of view. As predicted, regularly 

plunged regions, i.e., craters (can be seen in Figure 3), were formed over holes in the 

pressed electrolyte layer. Compared to electrolyte that had a restriction over thickness for 

intermediate operation; needed to be kept to a minimum thickness, anode could be varied 

in thickness in order to alleviate the crater formation by dispersing the applied pressure in 

lateral directions in the anode layer while a bi-layer was being pressed. Figure 3 

summarizes the effect of anode thickness on the crater formation on a porous substrate 

with about 15 µm holes. The thickness of the sprayed anode layer was varied, while the 

electrolyte thickness was kept to a similar thickness range of 14 ~ 16 µm. It was found 

that after lamination a bi-layer with a thinner anode had craters, on the other hand, a bi-

layer with a thicker anode had a smooth surface, and that a thicker anode could alleviate 

the formation of craters in the electrolyte. Accordingly, a bi-layer whose thickness was 

twice as large as the size of the hole was thought to be required to form a crater-free 

surface. 
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Figure 3. Topographic images (640 µm x 480 µm) of a laminated layer on a porous 

substrate for various anode thicknesses; thickness values are before lamination. 
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Oxide scale grown on metal substrate during firing stage 

 

The fabrication technology being developed involved a firing stage at elevated 

temperatures, therefore, the stainless steel intrinsically formed a chromium-based oxide 

layer (oxide scale) on its surface. In order to examine the potential influence of a formed 

oxide scale on cell performance, microanalysis was carried out on a cross-section of a bi-

layer processed in a same manner except that the firing temperature was increased to 

1100 °C. An oxide scale thermally grown on a metal substrate underneath an anode layer 

is shown in Figure 4. The oxide scale was found to be about 1 µm in thickness. An EDS 

analysis confirmed that the oxide scale was rich in chromium. Assuming that the oxide 

scale was made of pure Cr2O3, from conductivity data for Cr2O3 (4), the area specific 

resistance of the oxide scale at a fuel cell operating temperature in the range of 600 to 

650 °C was estimated to be less than 0.003 Ωcm
2
, which was nearly two order of 

magnitude lower than any other resistive components; e.g., 0.1 Ωcm
2
 for typical 

electrolyte layers. Accordingly, an oxide scale grown on the metal substrate during a 

firing stage was expected to have no deleterious impact to the cell performance. 

 

 
Figure 4. A cross-sectional SEM micrograph of an interface between an anode and a 

metal substrate processed at 1100 °C, showing a thermally grown oxide scale in between. 

 

Characterization of a ceria cell at intermediate temperatures 

 

Fabricated ceria cells described above were unsymmetrical, having cathodes smaller 

than anodes in area; current density was defined by the area of cathode (0.29 cm
2
). 

Current-voltage (I-V) and current-power (I-P) characteristics of a ceria cell tested using 

humidified 50 % hydrogen in argon and air at temperatures of 650 and 600 °C are shown 

in Figure 5. Open circuit voltage showed relatively lower values, below 0.75 V, while 

terminal voltage decreased almost linearly with current density, and the cell was found to 

deliver higher current densities, over 1 A/cm
2
, and achieved a maximum power density of 

over 450 mW/cm
2
 at 650 °C. 

 

The impedance spectrum under open circuit voltage at 650 °C is shown in Figure 6. 

The spectrum has one distorted arc over a frequency range of 1 kHz to 130 mHz having 

two intercepts at 0.13 Ωcm
2
 and 0.35 Ωcm

2
. The total resistance of 0.35 Ωcm

2
 on the 

impedance measurement was almost in agreement with the total resistance (0.3 Ωcm
2
) 

calculated from the slope of the i-v curve in Figure 5. It was thought that the difference of 

0.22 Ωcm
2
 in intercept corresponded to polarization for electrodes, cathode and anode. 
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Figure 5. I-V and I-P characteristics of a ceria cell tested using humidified 50% hydrogen 

in argon and air at 650 °C (circle symbols) and 600 °C (square symbols), respectively. 

 

According to our separate work on La0.6Sr0.4Co0.2Fe0.8O3 perovskite (5), the area specific 

resistance for La0.6Sr0.4Co0.2Fe0.8O3 was estimated to be about 0.27 Ωcm
2
 at 650 °C, 

which was comparable to the polarization resistance on the impedance measurement. It 

was therefore found that the cathode accounted for most of the polarization resistance and 

that the anode polarization was less influential to the ceria cell tested. It should be noted 

that although the anode was exposed to an oxidizing atmosphere during the firing stage 

for cathode, the anode functioned without any pre-treatment; the anode was reduced in-

situ at the operating temperature. 

 

Although the usage of ferritic stainless steels at the intermediate temperature of 

650 °C raised concerns regarding the long term stability of the metal support affected by 

the formation of a brittle sigma phase, the series of processing technologies developed 

were found to be feasible for fabrication of metal-supported ceria cells that could be 

operated at an intermediate temperature. 
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Figure 6. An impedance spectrum of a ceria cell under open circuit voltage at 650 °C. 
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Summary 

 

In order to evaluate the feasibility of using wet processing technologies involving 

spraying of colloidal ceramic suspensions and sintering stages for the fabrication of 

metal-supported cells at lower costs, a tri-layer comprising a lanthanum strontium cobalt 

iron perovskite cathode, a doped ceria electrolyte and a nickel ceria cermet anode was 

fabricated on a porous stainless steel substrate, and was tested with humidified 50 % 

hydrogen in argon supplied to the anode and air supplied to cathode at intermediate 

temperatures of 650 and 600 °C. Open circuit voltage showed relatively lower values, 

below 0.75 V, however the cell was found to deliver higher current densities, over 1 

A/cm
2
, and achieved a maximum power density of over 450 mW/cm

2
 at 650 °C. It was 

found that the cathode accounted for most of the polarization resistance and that the 

anode polarization was less influential to the ceria cell tested. 
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