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Chemical Complexity Controls Energy Dissipation and Defect
Evolution

Increasing chemical complexity achieved
orders-of-magnitude  reductions  in
electron mean free paths and electron and
thermal conductivities of alloys of NiCo,
NiFe and NiCoFeCr, compared to Ni,
and suppressed damage accumulation
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(Top) Increased majority spin electronic structure
t[r ansp o.rt measurements  show  that broadening of NiCoFeCr relative to NiFe in equiatomic
increasing the number of elements  gjid-solution alloys with increasing complexity. Note
creates chemical disorder that the lack of disorder broadening in NiFe. (Bottom)
substantially reduces electrical and  Reduced defect production as alloy disorder increases.
thermal  conductivity.  Calculations
demonstrate that electrical conductivity is modified due to the broadening of the electronic band
structure by the disorder, and that this “smearing” depends both on the number of elements and
on the particular elements in the complex alloys. Ion irradiation and ion beam analysis,
molecular dynamics modeling of defect production and microstructural characterization of
irradiated alloys support the finding that slow energy dissipation reduces defect production and
suppresses damage accumulation at early stages. Understanding and controlling energy
dissipation and defect dynamics by altering alloy complexity may pave the way for new design
principles of radiation—tolerant structural alloys for energy applications.
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