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General strategy

Precipitation strengthened materials derive their mechanical properties from
microstructural features such as their particle volume fraction, average radius,
average separation and their morphology. The evolution of precipitates is
controlled by both thermodynamic and kinetic principles. The modelling of
precipitation kinetics typically establishes an artificial boundary separating
nucleation, growth and coarsening stages. The model presented here accounts
for the concomitant effects of these regimes, in an effort to produce a
computing scheme to maximise the properties of precipitation hardened ultra
high strength stainless steels through the control of their thermal treatment.
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Model development

Application of the model

The model is applied to simulate the evolution of Chi (x) (Fe;Cr;,Mo,,)
precipitation in Nanoflex ® maraging steel.

Specimens were heated to 1100 °C, for 5 and 30 minutes, then cooled down at
50 °C/s to 900 °C and held for different times (120, 300, 900, 1800 and 3600 s)
to study the precipitation kinetics, and further cooled down to room temperature
at 50 °C/s. The measured average grain size was 40 pm and 120 pum for 5 and
30 minutes solution heat treatment, respectively. SEM images of specimens
aged for 300, 1800 and 3600 s are shown below.
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The alloy composition was taken as Fe-12Cr-4Mo-9Ni wt% in the calculation.
The number density of nucleation sites was assumed to be 10'® and
0.33*10'8/m?, following the average grain size of 40 um and 120 um. The
interfacial energy was assumed to be 0.1 J/m?.
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