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Eutectic high-entropy alloys (EHEAs), as a sub-group of high-entropy alloys (HEAs), are becoming a new
research hotspot in the metallic materials community because of their excellent castability, fine and uni-
form microstructures even in the as-cast state, high strength, and good ductility. Some of the EHEAs have
shown promising potentials for industrial applications. Here, the history, interesting solidification mi-
crostructure and mechanical properties, and the design strategy of EHEAs are reviewed, and their future

© 2020 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Since 2004, a new type of alloys, high entropy alloys (HEAs) or
multi-principal-element alloys, proposed by Yeh and Cantor et al.
[1,2], have become a new research frontier in the metallic ma-
terials community [3-8]. Compared with the conventional metal-
lic alloys based on one or two principal elements, HEAs generally
contain at least four principal elements. The concept of HEAs is a
breakthrough to the alloy design in the traditional physical metal-
lurgy and opens a new field for explorations of new materials with
novel properties. Nevertheless, most HEAs do not show superior
mechanical properties, relative to those of conventional alloys if
they are in the form of simple solid solutions, which are stabilized
by the high mixing entropy in HEAs. Not surprisingly, researchers
in the HEAs community turned to develop multi-phase HEAs to
improve their mechanical properties but that generally would lead
to the problem of poor castability. In fact, casting of HEAs, partic-
ularly at a large scale (kilogram scale) is quite often a challenge,
since most HEAs do not possess good castability and they exhibit
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considerable chemical inhomogeneity in directly cast alloys, which
retard their industrial applications.

On the other hand, it is well known that eutectic alloys are
the most widely used casting alloys in industries. Generally, the
eutectic alloys have the following features: 1) near-equilibrium
microstructures that resist changes at temperatures as high as
their reaction temperatures; 2) low-energy phase boundaries; 3)
controllable microstructures; 4) high rupture strength; 5) stable
defect structures; 6) good high-temperature creep resistance; 7)
regular lamellar or rod-like eutectic structures, forming an in-
situ composite [9]. In addition, eutectic alloys are known to have
good castability. Also importantly, since the eutectic reaction is
an isothermal transformation without a solidification-temperature
range, both the segregation and shrinkage cavity can be allevi-
ated. From the mechanical properties perspective, it is already
known that in general single-phased body-centered-cubic (bcc)-
structured HEAs have limited ductility, while single-phased face-
centered-cubic (fcc)-structured HEAs could have high ductility but
their strength is low. How to reach the simultaneous high strength
and high ductility is another challenge for the engineering applica-
tion of HEAs. Accordingly, if eutectic HEAs (EHEAs) with the com-
posite fcc/bee structures can be prepared, they could possess the
advantageous mechanical properties and castability, clearing obsta-
cles for their technological applications. Many metallic parts of in-
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dustrial equipment are made by direct casting, such as propeller,
generator housing, engine housing, and various metal ball valves,
and adapters. If the casting quality is poor, it is impossible to elimi-
nate the casting defects through thermomechanical treatments, es-
pecially for complex and large ingots. Therefore, the casting per-
formance and mechanical properties of the as-cast alloys are very
important for the industrial applications of engineering alloys.

To address the above-mentioned problems for the real applica-
tions of HEAs, Lu et al. [10,11] firstly proposed to use the eutectic-
alloy concept to design HEAs, aiming at good castability of HEAs.
They [10,11] also used the eutectic alloy idea to design HEAs with
the composite structure, or it can be said to use the HEA concept
to design eutectic alloys. Furthermore, they proposed to design the
eutectic alloys with a mixture of soft fcc and hard bcc phases, to
achieve the balance of the high fracture strength and great duc-
tility. Since then, more and more researchers have been attracted
by the advantages of EHEAs and their great potential in industrial
applications, and have dedicated to the research on EHEAs [10,11].

At present, there are more than 100 papers on EHEAs. The
first reported EHEAs is the AlCoCrFeNi,; alloy, with the tensile
fracture strength over 1000 MPa, good ductility and great seawa-
ter corrosion resistance. The corrosion resistance and strength of
this AlCoCrFeNi,; alloy exceed that of copper alloys used in all
marine applications, and its density is lower than that of cop-
per alloys [11]. Subsequently, many EHEAs with excellent mechan-
ical properties and special functionality have been reported [12-
21]. EHEAs generally exhibit fine and uniform regular lamellar mi-
crostructures with lamella widths ranging from a few microns to
tens of nanometers [22]. Even in kilogram-scale casting ingots,
it is possible to obtain ultrafine lamellar microstructures with a
lamella width of ~ 100 nm by ordinary solidifications [23,24]. The
ease of achieving ultrafine microstructures in directly cast alloys is
rarely seen in traditional alloys, including traditional eutectic al-
loys, which is directly related to the compositional complexity and
the resultant slower elemental diffusion and growth rate of EHEAs,
compared to those in conventional alloys. Certainly, a more de-
tailed and systematic study of solidification mechanism of EHEAs
is still needed.

2. The solidification microstructures and properties of EHEA

Conventional eutectic alloy solidification is usually via the reac-
tionof L o + BorL — o + B + y, where L is the liquid phase,
and «, B and y are individual phases in binary eutectic or ternary
eutectic alloys. A summary of the reported EHEAs with completely
eutectic microstructure is given in Table 1 [10,12,17-19,22,25-50].
It can be seen that all reported EHEAs with completely eutectic
microstructures consist of a two-phase structure, and three-phase
EHEAs have not been reported yet, which is quite different from
traditional eutectic alloys. This phenomenon could be due to the
complicated solidification mechanism of EHEAs and the difficulty
with diffusion and coupling, restricting the formation of ternary
eutectic phases, which again indicates that the solidification mech-
anism of EHEAs needs to be further studied.

Most EHEAs display a lamellar structure, and a small portion
of EHEAs show a cellular eutectic structure. The lamella of some
EHEAs grow in a divergent manner to form eutectic cells. The outer
edges of the lamella are thicker, while the inner lamella are thin-
ner, as shown in Fig. 1 [22]. Such lamellar structures with the ra-
dial growth and thickening along the growth direction are com-
mon in EHEAs but are rare in conventional eutectic alloys. The so-
lidification structure of EHEAs is generally fine, some with lamella
widths ranging from one to several microns, and some even down
to tens of nanometers to 100 nanometers, like that in Fig. 2 [49].
Jiang et al. reported an industrial-scale CoCrFeNiNbg 45 EHEA cast
ingot with the interlamellar spacing of ~ 100 nm using normal

casting methods, as shown in Fig. 3 [23]. Such an ultrafine solidi-
fication structure is rarely seen in conventional eutectic alloys and
has never been found in conventional eutectic alloys in bulk ingots.
EHEAs generally have excellent structural stability. Jiang et al. re-
ported that the lamellar structure of CoCrFeNiNbg 45 EHEAS is sta-
ble as obvious spheroidization and significant coarsening were not
observed when the temperature is kept at 600 - 1,000 °C for 4 h,
as exhibited in Fig. 4 [23].

EHEAs composed of BCC/B2 and BCC/intermetallic phases are
generally brittle and have no tensile plasticity, while some
EHEAs composed of a soft and a hard phases, like FCC/BCC (or
B2), show excellent mechanical properties. The prototype EHEA,
AlCoCrFeNi, 1, displays a tensile fracture strength of 1,000 MPa and
an elongation around 15%. Later, it was [12,17-19] reported that
some as-cast EHEAs also present excellent mechanical properties
with the tensile fracture strength up to 1,200 MPa. Such a high
strength in as-cast EHEAs is extremely rarely seen in conventional
alloys.

3. The alloy design of EHEAs

Although many EHEAs have been identified, how to design
EHEAs is still a great challenge. Till now, some design strategies us-
ing for example the mixing enthalpy [46], a simple mixing method
[49], the calculation of phase diagram (CALPHAD) method, and
grouping and machine learning [50,51]| have been reported, and
they are briefly summarized below.

3.1. The mixing enthalpy method

Lu et al. [46] firstly proposed to use the mixing enthalpy
method to pinpoint new EHEA compositions based on known
ones. Alloy elements are divided into two different atomic groups
by the mixing enthalpy. For one group, the mixing enthalpy be-
tween elements is close to zero, while elements possess the neg-
ative mixing enthalpy in the other group. For example, in the
AlCoCrFeNi,; EHEA, one group contains Co, Cr, and Fe elements,
and the other group contains Al and Ni elements. From this alloy,
new eutectic alloys were designed by replacing one element in the
group of elements possessing the very negative mixing enthalpy
group by another element, called the mixing enthalpy method.
Similar to Al, the four elements, Zr, Nb, Hf, and Ta, also pos-
sess a very negative mixing enthalpy with Ni (AHpx (al-ni) = -
22 k]/mol, AHmix (Zr-Ni) = -49 1(]/m01, AHmiX (Nb-Ni) = -30 kj/mol,
AHpix (N = -42 KJ/mol, AHpix (ta-niy = -29 kJ/mol). Therefore,
one can use Zr, Nb, Hf, and Ta elements to replace the Al el-
ement in the AlCoCrFeNiy; EHEA, forming M (M = Zr, Nb, Hf,
Ta)xCoCrFeNi,; EHEAs. The required contents of Zr, Nb, Hf, and Ta
elements to form EHEAs, and their corresponding mixing enthalpy
with Ni shows a connection to the case in AlCoCrFeNi,, as is de-
scribed by the following equations:

Zr X 22 Nb x 22 Hf x 22

AT 49 X0 ArTTT T30 O T o
Ta x 22

x0.52; A-1- a9 x0.76

Thus, a series of new EHEAS, Zrq sCoCrFeNij g, Nbg 74CoCrFeNi, o,
Hfy 55CoCrFeNiy g and TaggsCoCrFeNi, g, have been located after
some minor compositional adjustments. Fig. 5 gives the mi-
crostructure of the designed EHEAs.

3.2. A simple mixing method
The simple mixing method by considering the mixing enthalpy

and constituent binary eutectics was proposed by Jiang et al. [49].
Required elements in EHEAs can be easily identified according to
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Table 1.
A collection of reported EHEAs with completely eutectic microstructure [10,12,17-19,22,25-50]

Nos  Alloys Morphology  eutectic structure References
1 AlCoCrFeNis ; eutectic (FeCoCr)-FCC + (AINi)-B2 [10]
2 Al; ,CrCuFeNi, eutectic (FeCr)-FCC + [(NiCu)Al]|CrFe)-B2 [25]
3 Co3oCrioFeqpAl1gNisy eutectic FCC+BCC [26]
4 AlCrFeNis eutectic (FeCrNi)-FCC + (AINi)-B2 [12]
5 AlCog,CrFeNi; g eutectic (FeCoCrNi)-FCC + (AINi)-B2 [12]
6 AlCog 4CrFeNiy ¢ eutectic (FeCoCrNi)-FCC + (AINi)-B2 [12]
7 AlCog ¢CrFeNij 4 eutectic (FeCoCrNi)-FCC + (AINi)-B2 [12]
8 AlCog gCrFeNi; eutectic (FeCoCrNi)-FCC + (AINi)-B2 [12]
9 CrFeNij,Algs eutectic (FeCrNi)-FCC + (AINi)-B2 [18]
10 Al;5Co41Crys5Fe oNig eutectic (FeCoCrNi)-FCC + (AINi)-rich BCC [27]
11 Ni3gCo30CrigFejoAl;g W, eutectic (FeCoCrNi)-FCC + (AINi)-rich B2 [19]
12 CoCrFeNiZrg s eutectic (FeCoCr)-FCC+Zr-rich Laves [28]
13 CoCrFeNiTag 395 eutectic (FeCr)-FCC + Ta-rich Laves [29]
14 CoCrFeNiMnPdg g eutectic (CoCrFeNiMn)-FCC + MnyPdy [30]
15 CoCrFeNiMnPd eutectic (CoCrFeNiMn)-FCC + MnyPdy [30]
16 CoCrFeNiMnPd; 4 eutectic (CoCrFeNiMn)-FCC + MnyPdy [30]
17 CoCrFeNiMnPd, g eutectic (CoCrFeNiMn)-FCC + MnyPdy [30]
18 Coy5Fey5 MnsNips Tigg eutectic (Fe,Co,Ni)-rich FCC+Ti,(Ni,Co) [31]
19 CoFeNiNbg 5 eutectic (Fe,Co,Ni)-rich FCC+Nb-rich Laves [32]
20 V10Cry5sMnsCoqoNipsFe,s3Nbg 7 eutectic (Fe,Cr)-rich FCC+Nb-rich Laves [33]
21 AlCrFeNi eutectic (AINi)-BCC1 + (FeCr)-BCC2 [22]
22 AlCrFeNiMog eutectic (AINi)-BCC1 + (FeCrMo)-BCC2 [22]
23 CoCrFeNiNbggs eutectic (FeCrNi)-FCC + (CoNiNb)Laves [34]
24 Nby5Scy5TipsZrs eutectic (Sc,Zr)-HCP + (TiZrNb)-BCC [35]
25 NiyFeCoVy5Nbg.75 eutectic (FeNiV)-FCC + (CoNb)-Laves [36]
26 CoFeNiVMog ¢ eutectic (FeCoNiV)-FCC + CoMo;,NiV-type IM [37]
27 CoFeNi; 4VMo eutectic (FeCoNi)FCC + Co,Mos-type IM [37]
28 Co,MoggNi, VW g eutectic (CoNiV)-FCC + (W,Mo,V)-u [38]
29 Aly93C015Cr5Nisg7 eutectic Al-poor FCC + Al-rich B2 [39]
30 CoCrFeNiMog g eutectic FCC+CrgMoy Niyo-type intermetallic [40]
31 Fe,0Coy0Nig1 Aljg eutectic (Fe,Co)-rich L1,+(AINi)-B2 [17]
32 Al; 5CrFeNi eutectic (Fe,Cr)-BCC+(AINi)-B2 [41]
33 FepgNijggMnsp gAli41Crg eutectic (Fe,Mn,Ni)-FCC+(AINi)-B2 [42]
34 Fe3gNijgMns3Al;3 eutectic (Fe,Mn,Ni)-FCC+(AINi)-B2 [43]
35 Fe3oNiygMnssAl;s eutectic (Fe,Mn,Ni)-FCC+(AINi)-B2 [44]
36 AlCrFeNiTig 25 eutectic (Fe,Cr)-BCC+(AINi)-B2 [45]
37 Zrg.6CoCrFeNij o eutectic FCC+NiyZr, [46]
38 Nbg.74CoCrFeNi, o eutectic FCC+(Co,Ni),Nb [46]
39 Hfj55CoCrFeNi, o eutectic FCC+Ni;Hf, [46]
40 Tag.g5CoCrFeNi, o eutectic FCC+(Co,Ni),;Ta [46]
41 CoCrFeNiNbg 45 eutectic FCC + Laves C15 [47,49]
42 CoCrFeNiTag 4 eutectic FCC + Laves C15 [48,49]
43 CoCrFeNiZrgss eutectic FCC + Laves C14 [49]
44 CoCrFeNiHfg 4 eutectic FCC + Laves C14 [49]
45 Al;7C0143Cr43Fe143Nig0 4 eutectic L1,+B2 [50]
46 Al;7C0,86Cri43Fe143Nissg eutectic FCC+B2 [50]
47 Al;17C0143Cr43Fesg6Nissg eutectic FCC+B2 [50]

the mixing enthalpy and binary phase diagrams. The EHEA com-
positions are obtained by the equal-molar ratio mixing of binary
eutectic compositions. For example, the mixing enthalpies of the
atomic pairs, Co-Cr, Co-Ni, Co-Fe, Cr-Ni, Cr-Fe, and Fe-Ni, are close
to zero, while the mixing enthalpies between Nb, Ta, Zr, Hf el-
ements and Co, Cr, Fe, Ni elements are quite negative. Further-
more, the (Co, Cr, Fe, Ni) - (Nb, Ta, Zr, Hf) binary systems ex-
hibit eutectic reactions. Therefore, (CoCrFeNi)-(Nb, Ta, Zr, Hf) ele-
ments are chosen to design EHEAs, and four new EHEA compo-
sitions, namely, CoCrFeNiNby 45, CoCrFeNiTag 4, CoCrFeNiZrss, and
CoCrFeNiHfj 4 were discovered using the simple mixing method, as
shown in Fig. 2.

3.3. The pseudo binary method

Jin et al. [50] proposed a pseudo binary method to design
EHEAs, which are composed of FCC/B2 eutectic structures. In
their method, the EHEA is regarded as an FCC-NiAl intermetal-
lic compound (B2) pseudo binary alloy, and the FCC phase and
intermetallic compound phase should be stable enough, com-
pared to the pure component. Based on this strategy, three FCC-

structured CoCrFeNi,, Co,CrFeNi, and CoCrFe,Ni were taken as
the FCC component, and NiAl was taken as the other compo-
nent in the pseudo binary alloys. Several new EHEA composi-
tions, such as Alj7Co143Cr143Fe143Nigo1, Al;7C0286Cr14.3Fe143Nips 8,
Aly7Co143Cr143Fe)gNiys g, were located using this method.

3.4. The semi-quantitative method based on CALPHAD

Beyond empirical rules, a semi-quantitative method based on
CALPHAD was also developed to locate eutectic alloys in the multi-
principal-element system. Although the database of HEAs are still
lacking, several pioneer works demonstrated that the CALPHAD
simulation greatly accelerates the design of EHEAs. The first trial
was found in the work by He et al. [34]. Binary phase diagrams
are firstly reviewed to search for eutectic alloys, and they form the
subset binary systems that are required to form a EHEA system.
Based on this assumption, the compositional space of the EHEAs
are quickly narrowed down by screening existing binary phase di-
agrams. The CALPHAD simulations are applied to further pinpoint
the EHEA compositions. A typical example is the CoCrFeNiNby
EHEA system. The five constituent elements are chosen because
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Fig. 1. The microstructure of AlCrFeNiMoy, EHEA [22].
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Fig. 2. Microstructure of the CoCrFeNi-M (M=Nb, Ta, Zr, Hf) EHEAs: (a) CoCrFeNiNbg4s, (b) CoCrFeNiTag 4, (c) CoCrFeNiZrgss, and (d) CoCrFeNiHfy4 [49].

the binary phase diagrams of Ni-Nb, Co-Nb, Cr-Nb, and Fe-Nb sys-
tems all exhibit eutectic points at the positions of 14 atomic per-
cent (at. %) Nb. Since the CoCrFeNi HEA possesses single-phase
solid solutions at high temperatures [52,53], it is reasonable to
locate the EHEAs composition in a pseudo-binary (CoCrFeNi)-Nby
phase diagram. The validity of the method was successfully proved
by the microstructures of the CoCrFeNiNbx EHEAs. Following this
CALPHAD-assisted design approach, CoCrFeNiTag,43, AlCoCrFeNis,
AlCo,CrFeNi,, and AlCoCrFe,Ni,, CoCrFeNiZrys EHEAs were devel-
oped [50,54,55].

With the development of the CALPAHD-assisted alloy design
idea, a more general grouping strategy based on the intrinsic for-
mation mechanism of the lamellar structures was proposed [56].
The emphasis of the grouping strategy is on the solidification be-
haviors of the eutectic alloys. During solidification, components of
an EHEA system tend to separate into two groups, and each of
which forms one phase when the temperature decreases to the
solid line. Accordingly, a eutectic structure can be expected in a
new multi-component alloy system if the designed components
can be divided into two groups. The standard deviation of the dis-
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Fig. 3. (a) Appearance of the bulk CoCrFeNiNbg4s EHEA ingot. (b) The microstructure observed in the upper part of the ingot. (c) The microstructure observed in the bottom

part of the ingot [23].

tribution of mixing enthalpies of binary systems was suggested to
characterize the thermodynamic features of alloys systems that can
be divided into two groups. This grouping strategy was succes-
sively supported by the discovery of new EHEAs, Ni,CoCrFeNbg 74,
COCrFeNiTa0.43, NizCOCl‘FerO.Ss, and CoCrFeNinO.S.

3.5. The machine-learning method

There are several composition variables in a multicomponent
system. Based on the phase rule, there should form a series of eu-
tectics. It is a great challenge to determine all the eutectic com-
positions in each alloy system. The machine-learning method has
been applied to predict the eutectics in multi-principal-element al-
loys [57]. In the Al-Co-Cr-Fe-Ni system, a database containing the
alloy compositions and phase constitutions of 321 alloys was built
up using the literature results and CALPHAD calculations. The ar-
tificial neural network model was then trained to predict a large
number of near-eutectic compositions. By analyzing the predicted
compositions, the association between different elements and eu-
tectic formation was established, as shown in Fig. 6. It was found
that Al is the critical element for the eutectic formation, the con-
tent of which should be between 15 to 20 at.%. Cr is the strongly
associated element with Al, i.e., there is a corresponding eutectic
content range for Cr when fixing the Al content. As for the misci-
ble Ni, Co, and Fe elements, their contents can be estimated using
the average valence electron concentration. This research in Ref.
[57] not only revealed the eutectic formation in the Al-Co-Cr-Fe-
Ni system, but also provided a three-step design method to locate
EHEAs in multicomponent systems: 1) divide the elements into
critical elements, strongly associated elements, and miscible ele-
ments by machine learning; 2) select the combinations of critical
and strongly associated elements; and 3) determine the contents
of miscible elements. In the future, the machine learning method

is expected to be a promising method to develop abundant EHEAs
with the development of databases.

4. Future trends
4.1. New alloy systems

Metallic casting parts are widely used in various industrial
fields. In all cast alloys, eutectic alloys are the most widely used
because of their excellent castability. EHEAs have the advantages
of both HEAs and eutectic alloys, which brings the hope for the
large-scale and extensive industrial application of HEAs. Most of
the reported EHEAs can be divided into two categories according
to their microstructures. The first kind of EHEAs is composed
of two hard phases, such as BCC/B2 phases [22,41,45]. They
cannot be applied in a load-bearing structure especially when
cyclic fatigue exists, but could be used as functional materials.
The second kind of EHEAs is composed of a hard phase and a
soft phase, such as FCC+BCC (B2) or FCC/intermetallic phases,
which generally exhibits excellent mechanical properties and can
be used for load-bearing structures. The second kind of EHEAs
includes AlCoCrFeNiy; [10], Alg;CoFeNi, [25], AlCrFeNi; [12],
CO30CF]0F610A118Ni32 [26], Cl‘FeNiZ.zAlo_g []8], A1]5C04]C1']5F810Ni18
[27],  NiggCo3pCrigFeioAligWy  [19],  FeypCopNigiAlyg  [17],
Fe)g 2 NijggMnsp gAlyg1Cre [42], Fe3gNijgMns3Alys [43],
Fe30Ni20Mn35A115 [44], and Niz4C035Fe10Cr10Al18W2 [57], all
displaying the tensile fracture strength > ~ 1,000 MPa and good
tensile ductility with a uniform elongation of 5~30% in the cast
state. The second kind of EHEAs has wide application scopes and
great potential in industrial applications. Much of the current work
in the field of EHEAs is focused on the alloy design or optimization
of the second kind of EHEAs. Since many EHEAs contain expensive
elements, such as Co, how to remove the expensive elements
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Fig. 4. Microstructures of the as-cast and as-annealed CoCrFeNiNbg 45 HEAs: (a) as-cast, and after annealing for 4 h at various temperatures (b) 600°C, (c) 750°C, (d) 900°C,

(e) 1,000°C, and (f) 1,100°C [23].

while still maintaining the excellent performance of EHEAs is the
focus of the future work.

4.2. New processing routes

EHEAs are easy to be synthesized because of their excel-
lent castability. Most EHEAs are prepared by conventional melt-
ing methods, such as arc melting or electromagnetic induction
melting [10-23,58]. Despite the simplicity of the melting process,
EHEAs generally exhibit a fine and uniform lamellar microstruc-
ture. Ding et al. reported that EHEA prepared using the pow-
der produced by the gas-atomization method also possess excel-
lent mechanical properties and good corrosion resistance proper-
ties [59]. Their results indicated that EHEAs are not only suit-
able for casting, but also suitable for powder metallurgy and ad-
ditive manufacturing. Chen et al. and Wang et al. studied the ef-
fects of directional solidification on the microstructures and me-
chanical properties of EHEAs [60,61]. Their results suggest that the
mechanical properties of EHEAs could be further improved under
directional-solidification conditions, especially the tensile ductility,
for example the uniform tensile elongation of AlCoCrFeNiy; can
be improved to > 35%. The uniform elongation was greatly in-
creased because the directional solidification significantly reduced
casting defects. Bhattacharjee et al. [62-64|, Phanikumar et al.

[65], Tsuji et al. [66,67], and Mishra et al. [68,69] studied the ef-
fects of thermomechanical treatments on mechanical properties of
EHEAs. Their works show that the thermo-mechanically treated
AlCoCrFeNi,; EHEAs can have the tensile fracture strength up to
1,950 MPa, tensile yield strength up to 1,650 MPa, and still have
the tensile elongation of more than 5%. It clearly suggests that al-
though the mechanical properties of EHEAs have been excellent,
there is still much room for improvement via subsequent process-
ing. Therefore, new processing routes with further improvement in
mechanical properties could increase the industrial application po-
tential of EHEAs.

5. Potential applications

The EHEAs can be excellent structural and functional materi-
als, with great potential in industrial applications [70,71]. EHEAs
containing Al and Cr elements have excellent seawater corrosion
resistance and high-temperature oxidation resistance. The proto-
type AlCoCrFeNi,; EHEA with high concentrations of Al and Cr
shows seawater corrosion resistance beyond all copper alloys that
are used as propeller materials currently in service, and it can also
be expected to possess good oxidation resistance at high tempera-
tures [11]. At the same time, the AlCoCrFeNi,; EHEA has also been
shown to be useful over a wide temperature spectrum, and their
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excellent mechanical properties were demonstrated from 77K to
as high as 1,000K. EHEAs with excellent mechanical properties and
seawater corrosion resistance can be widely applied in propeller
for ice-breakers instead of copper alloys and stainless steels, and
also in ships, pipelines, valves, motor housing, acid pump compo-
nents, offshore oil platform, and complex structural castings requir-
ing both excellent mechanical properties and corrosion resistance.

Another promising application direction for EHEAs is as a func-
tional material. Recently, Tsai et al. reported some EHEAs have
good damping properties and can be used as shock absorbers [20].
Also, if the lamellar spacing of alloys is about tens of nanometers,
with one being the hard magnetic phase and the other being the
soft magnetic phase, a giant magnetoresistance effect would occur.

With designed structures and properties, EHEAs could be revolu-
tionary metallic materials.

6. Conclusions

The development history, the unique solidification microstruc-
ture, and the alloy-design strategies of EHEAs are briefly reviewed
here. EHEAs possess the advantages of both high entropy alloys
and eutectic alloys, and the concept of EHEAs can be readily
adapted to the large-scale industrial production of ingots with
fine and uniform lamellar microstructures. EHEAs can be excellent
structural materials exhibiting simultaneously high strength and
great ductility. With better cost control, EHEAs could well be the
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first used alloys in large-scale industrial applications in the domain
of HEAs.
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