Short-Range Order in High-Entropy Alloys: First
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EPSRC

Ploneering research
and skills

VY
WARWICK C.D. Woodgate'* and J.B. Staunton'

THE UNIVERSITY OF WARWICK

'Department of Physics, University of Warwick, Coventry, UK
*C.Woodgate@warwick.ac.uk

Infroduction Theory

Short-range order (SRO) in multicomponent alloys can af- Linear Response
fect a variety of material properties. An understanding of — Mean-field free energy based on ensemble-averaged site-occupancies, {éi, H2):
the nature of order and how it emerges is essential 1o guide ,
material design. Q==Y cialogcia — Y ViaCia + (Qeol{cia}] )
We can: . —Impose perturbation about honggeneous ref:rence state, ¢, = co + Acia.
— Use a linear response theory to calculate atomic SRO ab o "

initio and infer order-disorder transitions directly. —Change in free energy due 1o perturbation written:
— Extract interactions in real space. 50 — ES‘ N Al pterl = SP A, where L = 50‘0", af<Qe_I>O =35 (3
— Run atomistic simulations to understand nature of order. ’ i a,o7 o o o Ca OCia0C)o o
As a case study, looked at an Ni-based family of high- Term in square brackets referred to as ‘chemical stability maftrix’.
entropy alloys which torm on an fcc lattice( 1), — Assess which perturbations are energetically favourable to find dominant correlations.
High-entropy alloys: — Convenient to perform analysis in reciprocal space, writing Ac, (k).
— First examples synthesised in 2004 (4, 5). Atomistic Modelling
— Multiple metals combined in roughly equal ratios. — Bragg-Williams Hamiltonian for atomistic modelling:
— Simple, close-packed structures: fcc, bee, hep. H({&,)) = S: S: Viaia'€ia&jar + Z Via&ia 4)
— Single-phase solid solufion stabilised by configurational ij aa i

entropy: — Metropolis Monte Carlo with Kawasaki dynamics(3). Measure specific heat capacity

BN cialog cia (D (SHC) and SRO parameters,

Results Visualisations

Linear Response Analysis
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Fig. 3: Equiliorated configurations at 300K for a supercell of 2048 atoms for NiCoCr

O.OOF X W K T 7 U T X W K . 7 U and NiCoFeMnCir. Solid solution remains disordered at this tfemperature.

Fig. 1: Eigenvalues of the chemical stability matrix around the irreducible Brillouin zone for NiCoCr and NiCoFeMnCr. Fe and Mn

infroduce flat modes, associated with weak ordering fendencies, and drive up predicted ordering temperatures.

— NIiCoCr:
— Dominant mode: k = {0,0,1}, Ac¢;, = (—0.035, —0.689, 0.724).
— Ordering femperature: T = 606K.
— Describes ordering into alternating Co-rich, Cr-deficient/Co-deficient, Cr-rich layers.

— NiCoFeMnCr: nteractions extend beyond nearest neighbour dis-
— Dominant mode: k = {0,0,1}, Ac;o, = (0.033, —0.685, —0.082, 0.011, 0.723). tance.

— Ordering temperature: T' = 281K. nteractions are poorly approximated as pseudobinary.

Conclusions

Dominant correlations are between Co and Cr.
~e, Mn, inferact weakly and dilute the Ni-Co-Cr interac-

tions, stabilising the solid solution.

Monte Carlo Simulations
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and the predicted ordering temperature are seen to be markedly reduced with increasing number of components. (3)D. F Landau, K. Binder, "A Guide fo Monte Carlo Simulafions in
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