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Abstract 
In this review the role of oxidation of chromia-forming Ni-based superalloys used for rotor disc 

applications in gas turbines is examined.  A detailed review of the oxidation performance of these 

alloys in air is undertaken with emphasis on oxide composition and kinetics.  The actual surface 

condition of the component entering service is important but often overlooked during oxidation 

studies.  The effect of shot-peening on the oxidation of Ni-based superalloys is here evaluated.  The 

oxide growth rates and composition of these alloys was assessed with respect to their response to an 

applied load or stress.  One area where a significant amount of research has been conducted is on the 

effect of oxidation on the mechanical performance, with oxidation having been shown to reduce time 

to crack initiation, increase fatigue crack growth rates and therefore reduce overall component fatigue 

life.  It is argued that this enhancement in crack growth rates arises from the cracking of an oxide 

intrusion ahead of the crack tip, exacerbated by Stress-Aided Grain Boundary Oxidation (SAGBO).  

Introduction 
Ni-based superalloys have been optimised, compositionally and microstructurally, to operate in the 

highly stressed conditions occurring in the hot sections of gas turbine engines. Under such conditions 

degradation by oxidation occurs and plays a key role in determining the lifetimes of the components. 

For this reason it is important to understand the oxidation processes occurring and the mechanisms 

involved. Most oxidation studies, especially those on Ni-based superalloys, are performed on 

specimens having a ground or polished surface rather than the actual condition the component would 

have entering service, in particular shot-peening, and it is important to quantify the effect this may 

have. Additionally, studies have primarily focussed on the study of oxidation without the application 

of an external load.  This may be an important omission since in the real life operating conditions of 

these alloys, and the components they will be used for, significant external stresses can be present. 

This overview will examine the basic oxidation properties of chromia-forming Ni-based superalloys, 

the influence of surface conditions on these and oxidation/mechanical properties interactions. 

















 
Figure 5: Comparison of the oxidation damage formed on a) polished RR1000 and b) shot-peened RR1000 oxidised 

for 2000 hours at 700oC [17]. 
 

 

The mass gain oxidation kinetics of the polished and shot-peened RR1000 alloy were found to be 

broadly similar but with a slightly adverse effect being found at 700 and 750oC [19] for the shot-

peened specimens.  This was reflected in the growth kinetics of  the surface chromia layer as 

determined from extensive metallographic measurements [17].  As with the polished condition a 

significant enhancement in the chromia growth rates over those expected for Ti-free chromia was 

reported, particularly in the early stages of oxidation.  This is illustrated in Figure 4, using equations 

(5), (6) and (8).  The behaviour is similar to that found for the polished condition (Figure 4a) except 

that the trend exists at 800oC also and this may be related to the non-continuous nature of the 

(Ti,Ta)O2 phase at the chromia/alloy interface in the shot-peened specimens.  As with the polished 

specimens, Ti doping of the chromia layer is thought to be responsible for the large rate enhancement.  

The decline of the enhancement ratio with increasing oxide thickness indicates that the chromia 

growth kinetics are sub-parabolic in the shot-peened specimens of RR1000 over the temperature range 

of 700-800oC. 
 

An interesting study by Foss et al. [26] has investigated oxygen transport in fine-grained RR1000 at 

800oC for 120 hours using a two stage isotopic exposure (16O2 for 72 hours followed by 18O2 for 48 

hours) at 200 mbar.  Both polished and shot-peened surface finishes were examined but the general 

oxide morphology was similar in both and also to the results reported by Cruchley et al. [14, 17] on 

the coarse-grained alloy variant.  A significant observation was that the surface chromia layer grew 

both by cation diffusion (new oxide formed on the outer surface of the layer) and by anion diffusion 

(new oxide formed at the oxide/metal interface).  The growth of chromia by such counter-current 

diffusion is well established for layer growth on simpler alloys [51] so its demonstration on a complex 

superalloy with Ti-doped chromia is a helpful contribution.  It shows that the doping is not 

















grain boundary from the crack tip and produces cohesive weakening [77-79] in a manner analogous to 

S embrittlement.  The concept is influenced by the experiments of Bricknell and Woodford [80, 81] 

on Ni containing different amounts of carbon exposed to oxidising and non-oxidising environments at 

1000oC.  In impure Ni, oxidation of the C content occurred under oxidising conditions even though Ni 

oxidation was prevented and extensive bubbles of CO2/CO were produced together with significant 

embrittlement at 800oC.  In the purest grade of Ni examined, few if any bubbles were present but 

substantial embrittlement still occurred suggesting (but not by Bricknell and Woodford) that 

intergranular cohesive weakening arose in the presence of dissolved elemental oxygen.  These 

experiments were well conducted but the extrapolation of their findings to complex Ni-based 

superalloys should be undertaken with much caution.  The erroneous feature of the argument is the 

assumption that elemental O could exist in such alloys at sufficient concentration to cause 

intergranular embrittlement in the presence of elements such as Cr, Ti and Al that have a strong 

affinity for O.  As an example, the reaction between O and Cr would reduce the fractional partial 

pressure of O in equilibrium with chromia to as low as ~10-32 at 650oC [82].  Chemical reaction to 

form oxides of these elements is much more energetically favoured than O segregation to the alloy 

grain boundaries and this forms the basis of an alternative mechanism of enhanced crack growth 

under oxidising conditions. 

 

In this second model, it is envisaged that oxides of low fracture toughness form at the crack tip and 

penetrate along the alloy grain boundary ahead of it.  Crack advancement occurs by the subsequent 

repeated cracking and reforming of these brittle oxide intrusions [83, 84].  Recent atom probe 

tomography and TEM studies support the presence of oxides penetrating the alloy from the crack tip 

[82, 85, 86].  An example of these oxide wedges, observed with TEM [82], is shown in Figure 10 for 

RR1000 tested at 625oC.  This particular image shows the tip of the intrusion and the thermodynamic 

sequencing of the oxide layers that exists within it.  By this is meant that oxides of lower 

thermodynamic stability, in this case CoO and NiO, are present at the central regions of the inclusion 

whereas the most stable oxides such as alumina and rutile are present adjacent to the alloy surface.  

Similar observations have been reported by Viskari et al. [86].  This is an unexpected result that 

indicates that individual layers can reduce the partial pressure of oxygen beneath them to their 

equilibrium dissociation pressure. 
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