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Abstract

Many phenomena determining the microstructure of a tool steel and
consequently the properties of the material, are governed by multicomponent
diffusion. The diffusion driven reactions that take place during, for example,
tempering of a hot-work tool steel or when the microstructure develops during
hot isostatic pressing of cold-work tool steel, are dependent on the types
and amounts of alloying elements. In order for computational methods to be
usable, these alloying effects need to be understood and incorporated in the
models.

In this work the influence of some typical tool steel alloying elements on the
coarsening behavior of precipitates is investigated. Experimental coarsening
studies are performed and the impact of the diffusion mobility descriptions
and the thermodynamic descriptions are investigated by means of DICTRA
coarsening calculations. The kinetic descriptions for diffusion in the body
centered-cubic phase in the case of the chromium-iron-vanadium system
and the chromium-iron-molybdenum system are improved by assessments
of diffusion mobility parameters, and are shown to have a large impact on
the calculated coarsening rate for vanadium-rich and molybdenum-rich
precipitates.

The effect of cobalt is examined by a coarsening experiment for
vanandiumrich carbides and by a diffusion couple experiment for the
investigation of the vanadium interdiffusion. The presence of cobalt is
experimentally shown to have retarding effect on the coarsening rate of the
carbides, but not on the vanadium diffusion.

The coarsening rate of nitrogen-rich precipitates is compared to the
coarsening rate of carbon-rich precipitates, and a lower coarsening rate
for nitrides compared to carbides can be confirmed. Correlation between
coarsening calculations and experiments is obtained suggesting that the
thermodynamic description of the two systems is the underlaying reason for
the different coarsening rates.

Further, calculations utilizing the DICTRA software are combined
with experimental investigations in order to study the possibility to apply
computational methods for compound material development and explore
application areas for high nitrogen alloyed tool steels produced by powder
metallurgy.
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