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A perspective on corrosion of multi-principal element alloys
N. Birbilis1,5✉, S. Choudhary 2,5✉, J. R. Scully 3,5 and M. L. Taheri 4,5

Metallic alloys are critical to essentially all advanced technologies and engineered systems. The well-documented impact of
corrosion (and oxidation) of alloys, remains a significant industrial and economic challenge, year on year. Recent activity in the field
of metallurgy has revealed a class of metallic alloys, termed multi principal element alloys (MPEAs) that present unique physical
properties. Such MPEAs have in many instances also demonstrated a high resistance to corrosion – which may permit the broader
use of MPEAs as corrosion resistant alloys (CRAs) in harsh environments. Herein, the progress in MPEA research to date, along with
prospects and challenges, are concisely reviewed—with potential future lines of research elaborated.
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INTRODUCTION
Emerging technologies often place critical demands upon the
portfolio of existing materials, namely metallic alloys, such that
material development remains necessary. Such emerging tech-
nologies include: energy (e.g., materials for solar thermal1,2,
materials for high temperature process, materials for nuclear
technologies3); Transport (e.g., materials for propulsion systems,
gas turbines and elevated temperature use4,5, materials for marine
applications, lightweight vehicles); new technologies (e.g., smart-
phones, consumer products, and even spacecraft); biomedical
technologies, and the ongoing need for engineering materials
that are more durable and sustainable. In the context of all the
aforementioned applications, corrosion and oxidation often
remain key factors that limit many technologies. This is perhaps
unsurprising from the perspective that metallic alloys are
inorganic materials with a tendency to return to their original
form (most likely an oxide rich ore)—however, there may be hope.
In recent years, the performance of a class of metallic materials

known as high entropy alloys (HEAs) has very rapidly captured the
attention of researchers, the world over. The concept of HEAs was
reported by Yeh et al.6, who described that by blending five
metallic elements together (or possibly, more than five elements)
in approximately equiatomic proportions, then the attendant
entropy of mixing was high; resulting in a nominally single-phase
alloy being produced. Empirical rules for the design of HEAs that
adopted the pursuit of a high entropy of mixing were
developed7,8 and examples of HEAs include CoCrFeNiMn9,
TaNbHfZrTi10, and Al20Li20Mg10Sc20Ti30

11. What was perhaps one
of the most remarkable empirical findings in the recent history of
metallurgy, is the physical properties of HEAs, as reported in the
detailed review by Zhang et al.12; revealing that HEAs have very
high strength and excellent thermal stability, placing them in their
own unique (and favourable) window of so-called ‘property-
space’13. This new property space has to date focused mainly on
mechanical properties, with corrosion and oxidation resistance
relatively less explored. The purpose of this perspective is to
provide a concise synopsis of the field from the perspective of
corrosion and oxidation, specifically, what is presently known,
what is not known, where challenges and opportunities reside.

Researchers have taken great interest in the topic of HEAs,
many seeking to produce their own alloys, with variations to the
original ‘recipe’ or formulation criteria for HEAs emerging. For
example, if calculating the entropy of mixing for a particular
combination of elements, it is possible to achieve a high entropy
of mixing with say, only four elements in near equiatomic
proportions (as opposed to five+ elements), whilst it is also
possible to maintain a high entropy of mixing with minor alloying
additions in the case of one or more elements, as well14. To this
end, a more broad definition of HEAs that has been termed as
CCAs (compositionally complex alloys or complex concentrated
alloys) has emerged15. Examples of alloys termed CCAs include
AlTiCrV16, Al0.3CoFeNi

17 and NbTiZrCr18.
In fact, more broadly, it has been found that the unique

properties displayed from HEAs and CCAs, may also be possible to
achieve in alloy systems where there are only two or three so-
called ‘principal’ alloying elements. Example of such
multi-principal element alloys (MPEAs) include Ni40Co40Ru20

19,
FeCoNiCr0.5

20 and Ni38Fe20Cr22Mn10Co10
21. The compositional

possibilities for MPEAs are much broader, as multiple trace or
functional elements may be utilised, and adaptations of more
well-understood systems (such as nickel alloys and the family of
so-called corrosion-resistant alloys, CRAs) can be expanded22. It is
none-the-less emphasised that such MPEAs are indeed unique to
any alloy systems previously explored. To make the distinction of
these so-called ‘new’ alloy systems clear, a schematic is presented
(Fig. 1), revealing the broad concepts of such alloy systems—
noting that the definitions are not rigid and regularly evolving in
the field. From herein, the term MPEA will be utilised to describe
and encompass all of MPEAs, CCAs and HEAs.
A synopsis of the open literature (as determined by data from

Web of ScienceTM (Clarivate analytics) between 1999 and August
2020) reveals that the number of publications—when using the
expanded form of the search terms HEA, CCA and MPEA—is
rapidly increasing. An analysis of studies in the categories of
MATERIALS SCIENCE MULTIDISCIPLINARY and METALLURGY
METALLURGICAL ENGINEERING, reveals the increase in the
number of publications is presented in Fig. 2 - which shows
under 50 publications per year until ~2013, after which a
significant non-linear increase has occurred to >450 in 2019.
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Figure 2 also indicates the key funding sources supporting
research in the field.
In order to assess the origins of such publications, along with

the respective nations contributing to the field, the respective
institutions in those nations, and the most productive authors in
the field, further analysis was carried out. The compilation in Fig. 3
indicates that the greatest output in publications in the field of
HEAs, CCAs and MPEAs, is China, followed by the USA. The
combination of China and the USA accounts for ∼72% of all
publications in the field since 1999. The contributing European
nations at some scale, were Germany and France, with the
remainder of the nations being in Asia (whilst the other category
includes the rest of the world). This breakdown of research by
nation is revealing, as it demonstrates the so-called early adopters
of R&D in the field, and where the respective expertise resides. Of
the contributing institutions, the largest number of publications
have come from the University of Tennessee, where the most
productive researcher (P.K. Liaw) is based. To supplement the
information in Fig. 3, the inset of Fig. 2 provides the source of
funding for the research publications, which reveals the largest
single funding source (affiliated with publications, not a financial
amount) is the National Natural Science Foundation of China.

WHAT DO WE KNOW?
A review of the mechanical performance of alloys within the MPEA
classification has been assembled12,23. Whilst the mechanical
properties of a selection of MPEAs appear to be ‘excellent’
(typified by yield strengths in excess of 1 GPa), mechanical
performance remains variable depending on the alloy micro-
structure. The key aspects of microstructure that are critical are the
type of matrix phase (e.g., an FCC matrix is associated with
demonstrations of the highest ductility, whilst BCC and ordered
BCC alloys have revealed lower ductility). The presence of many
unique phases has also been revealed24–28 in the case of MPEAs,
with many phases having been observed for the first time and are
genuinely new discoveries. The complexity of microstructures,
often with very high volume fractions of a second phase29, may
also limit the ductility of MPEAs.
In addition, the so-called ‘energetic landscape’ of MPEAs is

such that there exists a propensity for order-induced fluctuations
to influence stacking fault energy and Peierls stress30–33. These
fluctuations present an opportunity to tune alloys for desired
mechanical properties based on order and resulting energy
distributions.
The majority of empirical studies to date reveal that MPEAs are

generally thermally stable—meaning that they retain their room
temperature microstructure and properties to elevated temperate
(akin to ‘superalloys’)34–37. However, MPEAs being universally

thermally stable is a generalisation with notable exceptions7, this
revelation also highlights a vast requirement of future work,
covered below.
The aqueous corrosion of MPEAs has been studied with some

purpose in the past 5 years, with very few reports prior to 2015.
This is in spite of a report as early as 2005 by Yeh and co-workers,
who indicated that HEAs present superior aqueous corrosion
resistance than 304 stainless steel38. A synopsis of the corrosion
characteristics of HEAs was published by Qiu et al. in 201539, who
made the generalised observation that HEAs and CCAs were
inherently corrosion resistant. More specifically, the revelation that
alloys with highly heterogeneous microstructure were found to be
corrosion resistant was counter to conventional wisdom. Such
work was followed up with a further broad survey of the corrosion
of high entropy alloys, published in this journal40 and in a review
by Shi et al.41 and Scully et al.42 highlighting that significant
further work was warranted in the field, in order to rationalise the
mechanistic aspects of the corrosion resistance of MPEAs.
Specifically, a wide variety of oxides are reported both during

aqueous corrosion and high temperature oxidation studies based
experimental enquiry. All stages of corrosion merit investigation
but the role of the oxide in mediating uniform corrosion is one of
the first topics to consider. The equilibrium thermodynamic
assessments that underpin both the notions of classical passivity
of metals (i.e., Pourbaix Diagrams) have just recently been
extended to consider the stability of solid solution oxide
compositions based on various host oxide lattice structures such
as corundum. It is found for a non-equiatomic Ni–Cr–Ni–Fe–Mn
alloy that a corundum solid solution containing Cr and Fe but not
Mn is the most stable oxide formed at pH 4 in NaCl in agreement
with experiment21. This is an advancement but there remains an
open question regarding whether equilibrium thermodynamics,
particularly of single element and spinel stoichiometric oxides, are
even relevant? Likely, solid solutions must be considered, but the
thermodynamic probability of forming various combinations of
single elements oxides43 as well as what factors change the
prevalence of forming a particular oxide should be considered.
Moreover, so-called ‘third element effects’ as seen in certain
FeCrAl alloys should be considered. These undertakings at
minimum are likely necessary in order for thermodynamics to
remain relevant.
Some of the most cited works on the corrosion of HEAs

include the work of Shi et al.44 who studied the AlxCoCrFeNi
system with varying Al-content, and the work of Luo et al.45 who
studied the CoCrFeMnNi relative to stainless steel in sulfuric acid.
Both studies, along with several others more broadly46–50 note
the corrosion resistance of the respective alloys, and allude to
mechanistic aspects. However, what has remained clear is that
detailed surface analysis has been lacking in the field to date,

Fig. 1 A schematic representation of the classification notions for multi-principal element alloys (MPEAs). HEAs may be considered as a
subset of CCAs; which in turn may also be considered a subset of the broader description of MPEAs—whereby the terminology of MPEAs
encompasses a broad range of new and emerging metallic alloys.
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and is an aspect that has been sought to be clarified in a number
of emerging studies. To date information is vague and oxides
during dry high-temperature oxidation and aqueous corrosion
are often characterised as complex suggesting a variety of
compositions and phases. Understanding of these oxides is
important given that they likely regulate thick film oxidation and
thin-film high-field passive current densities which are observed
to vary by orders of magnitude depending on MPEA composi-
tion51. For example, XPS has been sparsely applied to the study
of HEAs. Of the studies that have applied XPS, this has occurred
on systems, including TaNbHfZrTi46, CoCrFeNiMn52, and AlxCoCr-
FeNi53. The key findings from XPS studies to date have
highlighted that surface oxides upon MPEAs are highly complex,
and are comprised of various oxide species that present as a
non-stoichiometric combination of the constituent alloying
elements often situated on a host oxide lattice structure such
as corundum. These oxides may also be formed by solute
capture (i.e., kinetic factors54) but in some cases may be favoured
based on thermodynamics when solid solutions are found to
form stable oxides with the most negative formation energies.
The benefit from 3-D atom probe tomography and transmission
electron microscopy has been useful to help confirm whether
oxides consist of distinct phases separated stoichiometric or
non-stoichiometric forms or solid solutions. Recent research has
identified that both kinetics and thermodynamics are not
mutually exclusive in the case of secondary phase evolution28

and oxide evolution55 in MPEAs.
It is clear that a variety of techniques must be applied to

determine the fate of elements and character of the oxide during
oxidation. Oxide structure, as well as composition, must both be
understood. XPS is insufficient to determine molecular identities
of oxides56—despite popular misconceptions—because the bind-
ing energies of core-level electrons may differ only slightly for
various oxides57,58. As such, a combination of methods will be
required to unambiguously determine the nature of the oxides.
Most recently, the utility of a method known as atomic emission
spectroelectrochemistry (AESEC) has been applied to the study of
MPEAs59–61. This method, which is an in-line spectroscopy method
that couples an electrochemical cell to an inductively coupled
mass or optical emission spectrometer62,63 permits a time-
resolved analysis of dissolution products with high resolution.
These studies have been able to unambiguously clarify that the
dissolution (or reaction) of MPEAs with their environment is
‘incongruent’, and non-stoichiometric21,59–61. This characteristic is
not unique to MPEAs per se, but is unique on the basis that the
extent of incongruent dissolution is influenced by the bulk alloy

compositions having multiple principal elements, and that the
surface oxide composition (and near-surface alloy composition) is
in a continuously, kinetically, evolving state. This feature of MPEAs,
is a key aspect of their corrosion performance that rather than
being problematic, is most relevant to their high levels of
corrosion resistance. This level of complexity will also be critical
to emerging models for the rationalisation and subsequent design
of MPEAs64.
Another unique aspect of MPEAs is their electrochemical

performance more generally. Recent work has highlighted that
HEAs (namely, Ni20Fe20Mo10Co35Cr15) may be a highly active and
stable electrocatalyst for hydrogen evolution reaction65. This is
noteworthy in that there is no noble metal element with the
optimal adsorption energy or filled 4d electron shell, as in the case
of Ru additions55,60.
Whilst research related to the corrosion of MPEAs remains

nascent, research related to the high-temperature oxidation (at
temperatures »1000 °C) of MPEAs is equally nascent. This
statement is however qualified on the basis that there are so
many emerging variants of MPEAs, that a comprehensive treatise
of the field is already untenable, and works that make significant
insight into specific systems are most relevant. There are however,
already several seminal papers in the field of oxidation of
MPEAs66,67, including works that have focused on so-called
refractory HEAs inclusive of the following alloy families TaMoCr-
TiAl, NbMoCrTiAl, NbMoCrAl, TaMoCrAl, NbMoTaW, VNbMoTaW,
TaNbHfZrTi and CoMoVW68–73.
In terms of rationalising oxidation of MPEAs, Butler and

Weaver67 noted that AlCoCrFeNi alloys exhibited a parabolic
oxide growth similar to NiCrAl alloys—also indicating that
oxidation was influenced by the relative Al concentrations
(whereby an increased Al content improved the continuity and
internal location of the Al2O3 scale). In a comprehensive study by
Dabrowa and co-workers74, who studied the effect of Cu content
on oxidation of AlCoCrCuxFeNi, they also noted parabolic
constants. As such, there remains significant further work required
in the field of MPEA oxidation75.
These studies highlight the presence of a complex and dynamic

diffusion process associated with MPEA oxidation. The vast
compositional space offers the opportunity to tailor these
processes toward improved protection. On a related note, the
wear and fatigue properties of MPEAs are not covered in detail in
this concise perspective. However, pertinent references (including
a recent review) are provided76–82.

Fig. 2 Number of unique archival publications in the field of HEAs, CCAs and MPEAs as determined from Web of ScienceTM for the period
of 1999 to August 2020. The inset indicates the associated funding source attributed to the respective publications.
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WHAT REMAINS UNKNOWN?
The production of MPEAs may be accomplished by various
methods, however arc-melting in controlled environments
remains the most common production route for ingots of
appropriate scale (although spark plasma sintering83, and additive
manufacturing84 have all been reported to date). As a conse-
quence, the majority of MPEAs (and most certainly, HEAs within
that category) are studied in their ‘as cast’ form. This is not an issue
per se, as many engineering alloys used in their ‘as produced’
form, however it also emphasises two key aspects that are critical
to a lack of more general understanding in MPEAs. These aspects
are (i) the phase diagrams associated with most MPEAs studied to
date, are unknown, and are difficult to calculate. This means that
temperatures where phase changes may occur, and even melting
temperatures of many MPEAs studied widely, are largely
unknown. This aspect is being addressed somewhat more
generally by the inclusion of MPEAs in common CALPHAD
software (such as PandatTM and Thermo-CalcTM) in recent
iterations of their software—however empirical evidence for
validations remains scarce. (ii) Essentially all (or the vast majority)
of studies to date on MPEAs do not study microstructural
variations of the same alloy. This aspect is not the case for the
traditional study of structural alloys, which have been broadly
studied as a function of thermomechanical processing. Again, this
points to a core lack of understanding in the thermomechanical
processing of MPEAs. The upside of such a lack of understanding
is perhaps, that there is scope for the (favourable) properties
measured to date, to be further optimised. There are examples of
several age-hardenable HEAs already published85–88, revealing
that even the (fcc) FeCoNiCr system has remarkable strength and
high ductility when modified with minor additions of Al and Ti.
At present, there are neither constitutive laws for strengthening

developed for MPEAs specifically – nor any strengthening or
deformation mechanisms that are general enough to account for
the complexity of microstructures observed in MPEAs. This
extends to aspects as simple as identifying if the Hall–Petch
relationship is applicable to classes of MPEAs.
Setting processing and synthesis aside, and focusing on corrosion

of MPEAs, the selection of elements to form protective oxides has not
yet been mastered. Besides ascribing the well-known metal oxides
such, as Al2O3, TiO2, Cr2O3 or alternatively a complex oxide, it is

(at present) unknown what creates the ‘special properties’ observed
for MPEAs, and confers good corrosion resistance. For example,
questions such as: is it a binary oxide with special properties or
phase-separated oxides? Beneficial dopants may be envisioned, but
at the same time the variety of oxidation states in complex oxides
containing many cation types should increase ionic and electronic
defects - which could be detrimental. The so-called ‘oxide by design’
paradigm has not been established and oxides are largely based on
environmental exposures, followed by ‘look-and-see’.
The vast majority of MPEAs studied to date have a high density,

in other words, they are heavier than most steels (steels
possessing a density in the close range of ~8.0 g/cm3). As a
consequence, lighter- and lower-density MPEAs represent an area
of research endeavour less studied. Furthermore, low alloy cost is
also of benefit, particularly from an industrial perspective, as this
will influence the uptake of MPEAs whereby cost must be justified
by the gain in properties.
The relatively ‘recent’ advent of MPEAs as materials being

researched in the corrosion community means that there is a lack
of data regarding their performance in a variety of environments,
and besides the usually studied electrolytes such as NaCl, HCl and
H2SO4, reports are rare. In addition, long-term performance has
not been evaluated in a variety of natural environments. Whilst
this applies to all properties, the long-term atmospheric exposure,
extended immersion in corrosive electrolytes, or long-term
exposure at elevated temperatures, remain essentially unstudied.
The challenges in the collection of such data are impacted by
several factors, such as: (i) MPEA specimens are typically not large
enough to permit accelerated exposure tests such as salt-spray
testing; (ii) long-term atmospheric exposure testing requires
specialist sites that are usually operated and maintained by
industrial companies, albeit with some exceptions. At present,
such industrial companies (such as steel and aluminium produ-
cers) do not routinely produce MPEAs—and therefore no such
data are being generated (and if it is, it is not public domain).
The classifications in Fig. 1 capture many trillions of alloy

combinations. Furthermore, the combinations may include billions
of alloys, with no overlap in elements with one another. As such,
the rudimentary (albeit inclusive) classification of MPEAs is likely to
very rapidly be superseded, by simply, the word ‘alloys’.
Undoubtedly, if critical advances in the field are to occur, a

Fig. 3 A schematic representation of the publication outputs in the field of HEAs, CCAs and MPEAs as determined from Web of ScienceTM

for the period of 1999 to August 2020. The representation is limited to the 25 most published authors, and the 23 most published
institutions. The publication proportion by country is an aggregate of the field over the 21-year period.
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deviation from branding that includes HEAs will likely be
necessary. The proliferation of works in the area is already making
rationalisation of information untenable, since for example, the
corrosion mechanism of the alloy AlTiCrV89 is very much unrelated
to the mechanism for Ni38Cr21Fe20Ru13Mo6W2

55, and vastly
different to the mechanism for AlFeMnSi90. They are, for all
intents and purposes, different alloy classes.
From the perspective of corrosion science, models of passivity

and attendant thermodynamics have notionally been developed
for pure metals and simple alloys—that while principally dictated
by incongruent dissolution are guided by simple rules of thumb,
such as ‘all nickel dissolves and all Cr forms Cr oxides’91. In the
case of MPEAs, one may go as far as making the generalisation
that all MPEAs (and inclusive of HEAs and CCAs) undergo
incongruent dissolution to various extents. As a consequence,
rationalisation of their passivity, their repassivation, and their long-
term performance, all require focused research. In addition to
phase-separated or complex oxides, there is likely a complicated
altered layer underneath the oxide including void formation by
both vacancy injection and Kirkendall voiding.

WHAT ARE WE HOPING TO DETERMINE AND HOW?
The vast possibilities for alloy research, production and then
testing, are daunting. As a consequence, attention has rightly
been placed on both high throughput alloy design, and the
utilisation of machine learning for targeted MPEA systems22,92,93.
Downselection of systems to study permits tangible science-
based learning outcomes, and also, are tenable on the basis that
there are now (in contrast to alloy development in the early
twentieth century) a number of high-throughput methodologies
for both alloy production and characterisation94. A design-
directed approach is also useful for targeted MPEA research. For
example, whilst work is now emerging on many HEA systems -
emerging from these programmes is a need to address unmet
needs in metallic materials, including lightweight MPEAs, and
lower-density refractory alloys.
There exists a large number of degrees of freedom to optimise

MPEAs and their oxides. With certain prerequisites, such as an
ability to form a solid solution, alloying elements may be tailored
for specific functions such as to limit Cl− adsorption95 or
sequester cation vacancies, or to alter transport mechanisms
prevalent in oxides through the use of so-called trapping agents.
The already appreciated complexity of MPEA surface oxides (as
noted in the aforementioned studies employing methods
including AESEC, 3D-APT and XPS) has frustrated the ability to
execute rational thermodynamic calculations—, including CAL-
PHAD methods—, for understanding corrosion or oxidation of
MPEAs to date.
There is a precedent for the complexity of passivation layers

from multicomponent systems96 and thus for a refractory alloy
(RMPEAs) with desired mechanical properties, complex passi-
vation behaviour is able to be realised—perhaps addressing
short comings to the present limitations in, for example, Ni-
based superalloys. The wide compositional space of MPEAs and
their resulting microstructures yields a wealth of opportunity
for improved mechanical properties68. For example, lattice
distortion due to atomic disorder can contribute to high
strength and ductility97. In addition to complex local order
strengthening effects98, a combination of strengthening
secondary phases has been shown to be successful in MPEAs99

and extended to RMPEAs to enable a combination of strength
and ductility. It is critical that the materials community develop
the ability to design MPEAs (and therein, HEAs) like they
presently do for high strength, low-alloy steels100. This is
because such alloys possess tunability at the phase, precipitate,
and microstructural level.

Unlike most previous examples of new alloy development and
transition into industrial use, the development of MPEAs has a
different context—with the vast majority of research and testing
being carried out in smaller laboratories and non-industrial
researchers. As a consequence, there is (at present) very little
industrial testing or industrial alignment of MPEA research.
Determination of the potential industry on-ramps and off-ramps
for MPEAs is becoming crucial, along with the performance of
MPEAs at scale (in size) and indeed, subject to long-term
standardised testing. This will require both partnerships with end-
users, and most likely with the (ultimate) producers of such alloys.

OPPORTUNITIES AND CHALLENGES
The compositional variations that are tolerated (and celebrated) in
many classes of MPEAs more broadly, permit an ability to recycle
metal waste streams very efficiently (i.e. many waste metals or
alloys can be used, or designed to be useful).
There are examples of unique alloys emerging, such as the so-

called high entropy brasses, as developed by Laws et al.101. These
alloys have been demonstrated to be readily capable of scaling-up
(in size) and readily castable by conventional practices102– placing
them in a category of being essentially ‘industry ready’. The
imminent challenge for MPEAs is their utilisation in speciality or
consumer products, including the universal alloy designation of
specific compositions and their production with reproducibility in
an industrial setting. The field has yet to see a pivot from any
major alloy supplier in the world, towards MPEAs; suggesting that
an opportunity remains for scaling MPEA production.
Following the point above, the ability to produce MPEAs

directing in net-shape by exploiting emerging additive manu-
facturing technologies has also emerged as a potential produc-
tion route103. The rapid cooling rates in laser-based additive
manufacturing methods have resulted in the successful produc-
tion of a number of MPEAs, including CoCrFeNi104, CoCrFe-
NiMn105 and MoNbTaW106. The corresponding corrosion
performance of MPEAs prepared by additive manufacturing is
essentially unexplored. However, it is anticipated that defects
which accompany the various additive manufacturing technol-
ogies, previously outlined by Sander et al.107 in the context of
corrosion, will all be relevant.
Of the many works and reviews surveyed for this perspective,

there is little doubt that MPEAs and associated research is
contributing towards ushering in a new era in metallurgy. There
are several ways to assess this, but one poignant statement is by
Gorsse et al., is that research into MPEAs demands an ‘efficient
exploration of hyper-dimensional design space’15. The present
perspective has sought to focus on aspects of MPEAs through
the lens of corrosion and durability—but that lens is not
decoupled from other properties—such that MPEAs represent
an opportunity (perhaps for the first time, in a concerted effort)
to include corrosion resistance as a critical design variable
amongst a range of critical properties instead of the usual
paradigm where primary and secondary properties are investi-
gated in series. It is acknowledged that this concise perspective
is unable to be truly comprehensive owing to the emerging
breadth of the field, however the many exceptional works to
date (and apologetically, the many exceptional works that are
un-cited herein) have provided enough insight and firm
evidence – that there is much promise in MPEAs with respect
to high corrosion resistance. Furthermore, research into MPEAs
more broadly has demonstrated movement at the frontiers of
understanding metallic structural materials.

DATA AVAILABILITY
The data in Figs. 2 and 3 are publicly available on Web of ScienceTM.
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