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Structure and role of the subsurface on the oxidation mechanism At high pO,
At low p02 - growth of TiO,: inward mechanism as a p-type oxide via oxygen vacancies [Kofstad 88]
- growth of TiO,: outward transport via cations interstitials [Kofstad 88] - laminated scale and defect structure of TiO,: enhanced transport of interstitials to the interface,
- dense precipitation of nitrides at the interface whereby oxygen plays the role of a precursor for further inward oxidation process in the subsurface
- oxidation of nitrides is very slow in low pO, - high amount of oxygen available and high diffusion rate in the subsurface impede nitride precipitation
- this nitride-rich layer and the Al-enrichment underneath may act as barriers - oxygen diffusion and solution in the subsurface are mostly responsible for the weight gain, and oxide
against diffusion of oxygen: both lowering amount of oxygen available at the formation may become rate controlling. Non-protecting oxides, mainly TiO,, AINbO,, Nb,O4
interface and retarding oxygen diffusion in the subsurface - cracking occurs in the saturated subsurface zone. Changes of the microstructure above the so-called
- oxygen diffusion is rate controlling, weight gain due to oxide formation
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Scale structure and oxidation mechanism at 800°C: = at 800°C with low and intermediate pO,: nitride precipitation

= lamellar microstructure in the oxygen-affected zone (IAZ): the B phase (low O solubility, high diffusivity) offers slowers the diffusion of oxygen, weight gain is due to oxide formation
the most permeable path for penetration of oxygen, rapidly saturates and first oxidises to fast growing TiO, and | | = at 800°C with high pO,: weight gain is due to oxygen diffusion in

(Ti,Nb),O. Nb,Al precipitates and oxidises to non-protecting AINbO, the subsurface, oxide formation may become rate controlling
= influence of the initial microstructure: as oxygen diffusion is rate controlling at this temperature, stabilisation of | | = oxidation progress at 800°C in air is controlled by the diffusion of
the a2 phase by oxygen (high O solubility, low diffusivity) enhances oxygen dissolution and embrittlement oxygen: decomposition and internal oxidation of B phase; slowering
= the IAZ extends as long as the weight gain is parabolic. IAZ thickness remains constant after breakaway. effect of the o phase; non-protecting oxides TiO, and AINbO,
Enrichment in Nb,Al may favor external oxidation of Nb-oxides and scale cracking [Cerchiara 96] = onset of breakaway fits with constant thickness of the IAZ: external

= engineering features: high sensitivity to interstitial-induced subsurface embrittlement; effect of alloying oxidation occurs with fast growing Nb-oxides
elements: deleterious Nb leads to formation of AINbO, and Nb,O;, deleterious Mo [Meier 96], beneficial Ta lowers = maximum application temperature in air < 650°C, due to a high
O diffusion




