Traineeship Delft university of Technology
Nucleation and growth of precipitates on dislocations

25th of August 2015   

W. Kranendonk (R&D-PTA-MTD-FFS)

Precipitates play an important and a diverse role in steel: they increase the strength of steel and they hinder the growth of grains. Simulation of the nucleation and the growth of precipitates is, therefore, essential for understanding and optimizing steel alloys and manufacturing processes.

Precipitates can nucleate on several places in the material: in the grain, on grain boundaries, on dislocations and on inclusions. Den Ouden has developed a model for nucleation and growth of precipitates in the grain and on grain boundaries in his PhD research project [1]. This model predicts the precipitate size distribution of several types of precipitates, which precipitate simultaneously. This approach is an important improvement with respect to many other models, that give only a prediction of the time evolution of the mean size of the precipitates and that are restricted to only one precipitate composition.
Precipitation on dislocations is, however, not a part of this model yet. For microalloying steels, this kind of precipitation plays an important role, when the steel is plastically deformed at high temperatures, as during hot rolling and forging. In these processes recrystallisation and recovery occur in addition to precipitation and these three phenomena influence each other: precipitates nucleate on dislocations, which have been created during deformation, and they slow down recovery and recrystallisation, while on the other hand recovery and recrystallisation decrease the number of nucleation sites, and so slow down precipitation.
Zurob has formulated a model, which describes these phenomena and their interaction [2]. The precipitation model, is, however, restricted to a description of the evolution of the mean precipitate size and only for niobium carbonitrides. The aim of the project is to extend the model of Den Ouden to precipitation on dislocations, which means a description of the evolution of the precipitate size distributions for a multi-component system.
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