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Doped cerium oxide materials, long 

valued and mass produced for 

catalysis, are now being applied 

to solid oxide fuel cells (SOFCs) and other 

electrochemical devices like electrochemi-

cal oxygen generators (ECOGs). For these 

new applications, developers are finding 

that the mass-produced materials are not 

meeting production or performance needs, 

or will not in the future as certain grades 

are retired. Focusing on the refinement of 

common ceramic processing methods and 

the development of subsequent quality 

control methods has led to a new series of 

reproducible doped ceria materials tailored 

to individual requirements. 

Beneficial Properties

Cerium oxide powders, especially those 

doped with lanthanum or other metals, 

have well-known catalytic and oxygen con-

duction behaviors. These characteristics 

have revolutionized the catalytic converter 

and catalytic burner industries, particularly 

in transportation. The oxygen exchange 

capacity of ceria materials has fostered dra-

matic reductions in the amount of expen-

sive precious metals, particularly platinum, 

needed to convert unspent fuels and toxic 

emissions into more benign gases.

More recently, ceria materials have 

begun to be applied to the challenges of fuel 

processing, particularly in the conversion 

of higher hydrocarbon fuels (i.e., gasoline) 

and fuels that contain sulfur compounds to 

simpler compounds that are more readily 

utilized. The oxygen exchange capacity and 

the attendant catalytic activity make doped 

cerias very attractive materials for use in 

SOFCs and ECOGs.

Ceria materials are being explored for 

electrodes, where catalytic oxygen con-

version is very important, and for mem-

branes/electrolytes, where high oxygen 

conductivity is of great value. A third 

application, in which ceria materials are 

used as barriers between manganite- or 

ferrite-based perovskite cathode materi-

als and doped zirconia membranes, takes 

advantage of the low reactivity between 

cerias and perovskites. 

However, doped ceria materials are not 

without their challenges. They are mechan-

ically weak and are less than ideal for struc-

tural components, such as self-supporting 

membranes. Traditional ceria materials 

also require high sintering temperatures to 

achieve high density, which presents chal-

lenges for multi-layer fabrications where 

interactions of the layers with the environ-

ment or each other at high temperature can 

lead to reduced performance.

Processing Refinements

Scientists and engineers often come to 

materials suppliers requesting “standard” 

materials with the intention of adjusting 

the downstream processes to match the 

product they receive. Two reasons for this 

are the low cost of such materials and the 

unwillingness of some suppliers to alter 

their processes, since they produce mate-

rials that meet the demands of the sizable 

catalyst marketplace.

 Unfortunately, it is always difficult—

and often not possible—to adjust down-

stream processing to compensate for an 

inherent behavior of the standard mate-
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➤ Advances in doped ceria properties, processing and quality control are enabling the 

material’s application in solid oxide fuel cells and electrochemical oxygen generators.

by Matthew Seabaugh, Ph.D., Director of R&D, and 

Jonathon Foreman, Director of  fuelcellmaterials.com, 

NexTech Materials, Ltd., Lewis Center, Ohio Made
Tailor

Ceria materials tailored for pressing, casting and thick 

film deposition to fabricate electrochemical devices 

and catalyst supports.
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