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Nanosized precipitates during subsurface oxidation of steels-Turning a corrosion problem into a 
mechanism to increase mechanical properties
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InnovMath, Austria

Steels and nickel-based alloys possess a very broad field of applications, ranging from high temperature materials (e.g. boiler 
steels or steam turbine blades) to view parts in automotive industry, cutting tools or for special pharmaceutical applications. 

During manufacture of sheet materials, oxidation is considered as severe problem. Especially during hot-rolling of a sheet, the 
material suffers from the formation of an outer scale layer (mostly wustite) and the formation of inner oxides, both inside the 
grains and along grain boundaries. Whereas the scale layer can be easily removed in an industrial process, grain boundary 
oxides weaken the cohesion between individual grains, which may ultimately fall off during forming of the final workpiece. 
Grain boundary oxides can only be removed by costly pickling procedures, which remove the first 20 µm of the sheet material. 
This represents a similar 4% loss of a 1mm thick sheet. Surprisingly, the presence of fine grained inner precipitates has a very 
beneficial effect of material’s hardening. The formation of small nitride particles (100nm or less) in the alloy microstructure 
builds a transition in hardness between the hard outer shell of iron nitrides and the soft interior of the material. Without 
this transition zone, the hard shell may easily break (egg-shell effect). This presentation aims to distinguish the influence of 
inner precipitates on the mechanical properties of a material and provides strategies to decrease the amount of brittle grain 
boundary oxides to finally turn the unavoidable oxidation problem from manufacture into enhanced mechanical properties 
of the material.
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