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Diffusion of Mn and the formation of low volatile (Mn,Cr) O  spinel oxide at the 3 4

surface above Cr O  are strongly suppressed upon Laves phase precipitation2 3

   INTRODUCTION

   RESULTS

High-temperature corrosion resistance of ferritic stainless steels (Fe–Cr based alloys) is 
built upon the formation of protective Cr-rich oxide scale. However, Cr vaporization limits 
the use of Fe–Cr alloys under extreme service conditions; in particular, it has been 
identified as the most significant failure mechanism in solid-oxide fuel cells (SOFCs). Our 
study focusses on the initial stages of oxide scale formation on advanced ferritic stainless 
steels and shows that the Cr vaporization can be controlled via the alloy composition and 
heat treatments [1-3]. The high degree of alloying makes advanced ferritic stainless steel 
alloys suitable for high temperature applications, but also renders the alloys prone to 
microstructural changes that can affect the growth of protective oxide scale.

In this work [4], we investigate the influence of heat treatment (120 h, 650 °C) on the initial 
stages of oxidation of Ti–Nb stabilized ferritic stainless steel (EN 1.4521, 
Fe–19Cr–1.2Mo–1.0Si–0.5Mn–0.2Nb–0.1Ti, at.%) at 650 °C by X-ray photoelectron 
spectroscopy (XPS) and synchrotron light mediated photoemission electron microscopy 
(PEEM).

(a) SE image, (b) Nb M -edge and (c) Ti L -edge XAS-PEEM 3 3

images of AGED (120 h, 650 °C) EN 1.4521 sample.

Ÿ Highly stable Ti(CN)- and (NbTi)C-type particles were 
present in the alloy in the as-received condition

Ÿ Heat-treatment (aging) induced precipitation of Si-rich 
Laves phase (57.7Fe–2.0Cr–6.9Si–7.6Mo–25.8Nb, 
at.%) on grains and grain boundaries

Precipitation of (FeCrSi) (MoNb)-type Laves 2

phase during 120 h heat-treatment at 650 °C
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Oxidation in low pO  at 650 °C2

(a) XP spectra of Si 2p for AGED (120 h, 650 °C) EN 1.4521 after 
oxygen exposures at 650 °C. (b) Operando analysis of Si oxidation 
by PEEM under oxygen pressure of 4.0E-9 torr at 650 °C.

Ÿ Oxygen induced surface segregation and oxidation of Si

Ÿ Grain orientation has stronger influence on oxidation 
rate than local Si concentration
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Oxidation in high pO  at 650 °C2
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XPS depth profiles for (a) NOT-AGED and (b) AGED (120 h, 650 
°C) EN 1.4521 after 30 min oxidation in ambient air at 650 °C.

Ÿ Formation of Si oxide at the oxide–metal interface

Ÿ Diffusion of Mn to the oxide layer is strongly 
suppressed on AGED sample
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