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Report: 
 
Iron aluminides are important materials for high temperature applications because of their 

ability to form an adherent α-Al2O3 scale on the metal surface Critical to oxidation resistance 

of these alloys are growth stresses that develop within the scale during oxidation. 

Nevertheless, the origin of such stresses is not yet completely understood for many metal-

oxide systems /Veal 2006/. 

The main objective of this project was to study 

the evolution of the growth stresses in oxide 

scales formed at low temperature (700°C). In 

this case a multi-layered oxide scale is formed, 

composed of α-Al2O3 and α-Fe2O3, with an 

overall thickness of 80 to 100nm (figure 1). 

In order to assess the influence of substrate 

microstructure and chemical composition on the 

oxide scale development, both single crystals 

and polycrystals of two Fe-Al alloys (ferritic Fe-

15at.%Al and intermetallic Fe-26at.%Al) were 

used in the studies. The stresses in the growing 

 

Fig. 1: TEM micrograph of the oxide 

scale grown on an Fe-15at.%Al 

substrate after 5h oxidation at 700°C. 



in the scales were determined in-situ by applying 

the sin2Ψ method with a grazing incidence angle 

of 0,3° /Ma 2002/. 
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Fig. 2: Evolution of growth stresses in 

the oxide layer grown on an Fe-

15at.%Al (100) single-crystal at 700°C. 

 

The evolution of growth stresses in the oxide 

layer formed on an Fe-15at.%Al single crystal is 

shown in figure 2. The stresses exhibit a transient 

behavior, in which initially elevated values 

gradually relax as oxidation progresses. In the 

initial stages of oxidation growth stress 

development was found to be governed by the 

epitaxy between the two main oxide phases 

present in the scale, due to reduced layer 

thickness /Panicaud 2006/. Because they share 

the same crystal strucutre α-Al2O3 and α-Fe2O3 

exhibit parallel epitaxy relationships in the basal 

planes /Wang 2002/. Preliminary texture 

analyses have also indicated that the (104) 

planes of α-Al2O3 and α-Fe2O3 are also parallel 

to each other (figure 3). This is reflected in the 

development of the growth stresses, where the 

positive strain on the (104) plane of α-Fe2O3 is 

balanced by compressive strains on the (104) 

plane of α-Al2O3. 
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Fig. 3: Experimental pole figures of (a) 

α-Al2O3 (104) and α-Fe2O3 (104). 
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