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a b s t r a c t

The performance of electrolyte supported solid oxide fuel cell is impaired primarily due to

poisoning of electrodes due to contaminants generated from the metallic components of

the stack.

Ferritic stainless steels are commonly used as stack material under severe operating

conditions of SOFC environment. However, the high chromium content in this type of

steels tends to form gaseous oxides and/or hydroxides which volatilize and condense on

various components of stack assembly, particularly cathodes, resulting in performance

degradation of the system.

Two types of barrier coatings have been developed to minimize the chromium volatiliza-

tion. In one case, coatings of oxide species were deposited by processes such as thermal

and plasma spraying, and the other is by diffusion coating process such as aluminizing.

This presentation will describe various barrier coatings, barrier properties provided by the

coatings,and transpirationmeasurementsadopted toevaluate theefficiencyof thosecoatings.

Copyright ª 2010, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

In electrolyte supported solid oxide fuel cell (SOFC) stack,

a frame capable of withstanding SOFC operating environ-

ments is required to support the solid oxide electrolyte sheet

of yttria-stabilized zirconia (YSZ). Various types of ferritic

stainless steel such as AISI 446, 430 and E-Brite� (Allegheny

Ludlum) were under evaluation as potential candidate frame

material (Fig. 1). These steels posses the coefficient of thermal

expansion in the range of 11.2e11.6 ppm/�C, which is

compatiblewith that of the 3mol%YSZ electrolyte, in addition

to their stability in both oxidizing and reducing environments

at the operating temperature around 750 �C. However, all

these steels mentioned above have chromium content in the

range of 18e27 wt.%. All types of stainless steels form Cr2O3

during oxidation at elevated temperature which acts as a base

protective scale. But under fuel cell operating conditions of

high humidity and elevated temperature, Cr2O3 scale is

oxidized to gaseous species such as CrO3 or CrO2(OH)2),

through the following reactions:

2Cr þ 1.5O2 (g) ¼ Cr2O3 (s)

Cr2O3 (s) þ 1.5O2 (g) ¼ 2CrO3 (g)

Cr2O3 (s) þ 2H2O (g) þ 3/2O2 (g) ¼ 2 CrO2(OH)2 (g)

According to Ebbinghaus’ calculated and measured ther-

modynamic data [1], CrO2(OH)2 (g) is the most dominant
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volatile component at moderate temperature in the presence

of O2 and H2O such as in the fuel cell operating environment.

However, the above species are reduced at the cathode side

causing degradation of the cell performance known as

“cathode poisoning” according to the following reactions [2].

2CrO2(OH)2 (g) þ 6e� / Cr2O3 (s) þ 2H2O (g) þ 3O2�

2CrO3 (g) þ 6e� / Cr2O3 (s) þ 3O2�

In cathode poisoning, gaseous CrO3 (g) and CrO2 (OH)2 (g)

deposit onto the cathode as solid Cr2O3 (s) and degrades SOFC

performances over time.

Abatement of chromium evaporation from ferritic stain-

less steels by surface modification of the frame material or by

developing a barrier layer is of significant interest in SOFC

development.

An effective barrier layer for electrolyte supported SOFC

system should possess a few ideal attributes, such as (a)

minimum mismatch of thermal expansion coefficients (CTE)

between the glass seal materials and the frame materials; (b)

electrically non-conductive; and (c) low diffusivity of chro-

mium in it.

This paper summarizes approaches in development of

suitable barrier coatings and evaluation of their

effectiveness.

2. Approach and details of various coating
processes

Considering the advantages and disadvantages of various

candidatematerials for coatingon ferritic stainless steel, itwas

determined that alumina and/or other mixed oxides (spinel)

wouldmeet thecriteriaofaneffectivebarrier coatingon ferritic

stainless steels, except for its considerable mismatch of CTE

with stainless steels (as noted below in Table 1).

Alumina is dielectric, and dense. It possesses low diffu-

sivity of chromium at high temperature (estimated

w10�22 m2/s at 800 �C) [5]). Another important parameter for

the barrier coating development is determination of its

optimum thickness for suppression of the volatile species

migration through the barrier layer.

Theoretical calculations [6] predicted that alumina barrier

layer on AISI 446 ferritic stainless steel should be at least in the

range of 20 mm thickness to ensure chrome concentration to

be well below 5 wt.% at the outer surface of the barrier layer

after five years (w 40,000 h) of fuel cell operation at 800 �C.
Depending on the methods for application of barrier

coating on stainless steel substrate and the desired coating

thickness, the coating applications were classified as (a) direct

deposition of alumina or other mixed oxides, such as spinel

and (b) in-situ formation of thermally grown alumina from

diffusion coated substrate as described below.

2.1. Direct deposition of alumina or other oxides
as Cr barrier layer on ferritic stainless steels

Thermal and Plasma Spray e These are process in which

metallic and nonmetallic materials are deposited in a molten

or semi-molten state on a prepared substrate imparting

properties that the substrate would not otherwise possess. In

these methods either an electric or gas source (for thermal

spray) or plasma sources (for plasma spray) helps melting

alumina powder feedstock. As the molten powder particles

impinge with high velocities on to a ferritic stainless steel

substrate or on to a SOFC frame, they form a dense coating of

Fig. 1 e A typical electrolyte supported SOFC stack assembly.

Table 1 e Coefficient of thermal expansion.

Material CTE at 750 �C (ppm/�C)

Ferritic Stainless Steele(E-Brite) 11.7a

Alumina 8.2b

a from reference [3].

b from reference [4].
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