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the formation of Z phases CrMN (M=V, Nb, Ta) in steel
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The challenge of raising the steam inlet temperature of fossil-fired power plants calls for creep-resistant
steels with a Cr content higher than 9% in order to achieve sufficient corrosion and oxidation re-
sistance. However, it has been observed during long-time power-plant operation that in 11-12% Cr
ferritic-martensitic creep-resistant steels strengthened by fine-grained (V,Nb)N particles, precipitation
of thermodynamically stable Z-phase particles, CrMN (M=V, Nb, Ta), is unavoidable and detrimen-
tal. Usually, Z-phase particles are coarse-grained and brittle, and they grow at the expense of the
desired, beneficial (V,Nb)N particles. A promising solution to this problem is provided by the idea
to exploit the Z phase as a thermodynamically stable mechanical strengthening agent. Hence the
challenge is to control the precipitation of the Z phase such that fine-grained and long-time stable
particles are formed.

We present atomistic simulations, based on density function theory calculations, which reveal the
essential thermodynamic processes and kinetic mechanisms underlying the formation of ternary Z
phases from binary metal-nitride (MN) particles in Cr-containing steel. The scenario that evolves
(figure 1) consists of the diffusion of Cr atoms into MN particles with the rocksalt structure and the
subsequent clustering of Cr atoms in a layered arrangement which finally results in the transformation
of the MN particles to Z-phase particles with multilayer [Cr/MN] structure. The energetic stability
of Z phases with respect to related compounds as well as the thermodynamics and kinetics of atomic
defects in MN involved in the Z-phase formation are investigated.
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Figure 1: Formation of a Z phase CrMN from MN in Cr-containing steel: Cr atoms diffuse from the Fe matrix
into the MN particle (left), they agglomerate to planar Cr clusters (middle), and these grow to extended Cr layers
in MN, forming the multilayered [Cr/MN] structure (right) of the Z phase.
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