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Synthesis of high-entropy alloys and materials
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ABSTRACT

Similar to traditional alloys, high-entropy alloys (HEAs) are a new class of materials
with their compositions and microstructure that are unique to these alloys. Typically
consisting of five or more principal elements equiatomic or near equiatomic with no
one element intentionally altered, these alloys exhibit exceptional mechanical, ther-
mal or corrosion resistant properties. The microstructural characteristics and physical
properties of HEAs, phase formations, lattice distortions and grain morphologies, are
explored in this study. The research investigates the interplay between the entropy
driven stabilisation of solid solution phase and competing effects of high temperature
processing and cooling rates. The influence of composition and processing on micro-
structure property relationships in HEAs was unraveled by advanced characterisation
techniques such as electron microscopy, X-ray diffraction and nano indentation. Key
findings demonstrate importance of multicomponent systems in stabilising simple face
centred cubic (FCC), body centred cubic (BCC) as well as mixed phase structures. The
study also relates high configurational entropy to its utility in suppressing the forma-
tion of intermetallic compounds so that ductility and toughness may be improved. In
addition, hardness, wear resistance, and thermal stability are calculated with respect
to microstructural features, including grain boundaries and the respective distribu-
tions of precipitates. As this comprehensive investigation demonstrates, HEAs have
the potential to be advanced engineering applications, and insights drawn from this
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investigation into tailoring their properties to specific use cases within aerospace,
energy and automotive industries. Research to further improve the performance of
these innovative materials is now possible based on the findings.
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AIMS AND BACKGROUND

High-entropy alloys (HEAs) are a novel class of materials that have received con-
siderable attention in the field of materials science for their novel microstructure and
outstanding physical properties. HEAs differ from conventional alloys to the extent
that they are multicomponent HEAs, frequently five or more components in close
to equiatomic or equiatomic (atomic) ratios. Because such a compositional strategy
is novel, this allows the fabrication of materials with high configurational entropy —
central to the stabilisation of simple solid solution phases such as face centred cubic
(FCC) or body centred cubic (BCC), while preventing the formation of complex
intermetallic compounds'-.

HEAs have presented new ways on the design of materials with superior me-
chanical, thermal, and chemical properties. High strength, good ductility, and out-
standing wear resistance are some of the properties that make HEAs good candidates
for employment in applications in the industries involving energy, aerospace and
automotive®*. These extraordinary performances of HEAs are driven by the core ef-
fects including high-entropy effects, sluggish diffusion, severe lattice distortion, and
cocktail effects (Fig. 1)*¢.
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Fig. 1. Understanding the High-entropy alloys

Physical properties of HEAs are critically dependent on: (i) their microstructure,
and (ii) their composition. However, the shape is forged by selection of alloying ele-
ments, processing techniques as well as thermal treatments. The number of principal
elements, however, also introduces a large lattice distortion that increases the strength
and hardness of the material’. Furthermore, ductility and toughness of HEAs depend
on the FCC, BCC, and mixed phase structures interactions. Processing techniques such
as severe plastic deformation and annealing are exploited in prior studies® to further
tailor the microstructure of HEAs, influencing grain refinement and PH (potential of
hydrogen) evolution.
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