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Ferritic-martensitic (F/M) steels, with a high chromium content, are critical materials for magnetic
confinement fusion technology due to high temperature stability and corrosion resistance, facilitating the
thermal efficiency necessary for fusion power plant operation. To predict the evolution of the steel
microstructure and mechanical properties when subjected to sustained high doses of radiation at elevated
temperatures, we must understand how radiation damage affects magnetic properties of the materials, which
strongly influence phase stability and chromium solubility.

We investigate the effect of neutron irradiation on the magnetic properties of F/M steel alloys, relating
experimentally observed [1] concentrations, radii and number densities of Cr precipitates within a Fe-Cr
matrix to the dynamics and degradation/enhancement of magnetism across a broad range of temperatures.
The Curie temperature is shown to vary, strongly dependent upon microstructure, increasing significantly
with Cr precipitation observed at high doses and ageing times. These large-scale non-collinear calculations
are performed using a method implementing magnetic cluster expansion (MCE), parameterised using a
database of DFT-generated observables [2], with spin-dynamics (SD) incorporating both transverse and
longitudinal spin fluctuations [3]. SD simulations provide valuable insight into the ageing of alloys under
realistic magnetic confinement conditions to inform material choices and construction strategy for fusion
power plant design.

This work has been carried out within the framework of the EUROfusion Consortium and has received
funding from the Euratom research and training programme 2014-2018 under grant agreement No 633053.
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