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ABSTRACT:

Lightweight High Entropy Alloys (LWHEASs) represent a transformative class of materials designed for high-
performance applications in aerospace, automotive, and defense sectors where weight reduction and mechanical
integrity are critical. Unlike conventional alloys based on a single principal element, HEAs incorporate multiple
principal elements—typically five or more—in near- equimolar ratios, resulting in high configurational entropy and
the formation of stable solid-solution phases. LWHEAs integrate low-density elements such as aluminum,
magnesium, lithium, or titanium, effectively reducing weight while preserving excellent mechanical strength,
corrosion resistance, and thermal stability. These materials demonstrate superior specific strength and structural
reliability under extreme conditions, often outperforming traditional light alloys like aluminum or titanium. The
combination of high entropy effects, lattice distortion, and sluggish diffusion contributes to their unique behavior
and long-term performance. This review examines the compositional design, synthesis methods, mechanical
behavior, and potential applications of LWHEAs. The outcome of this review reveals that LWHEAs hold significant
promise as next- generation structural materials, with ongoing research focused on tuning their microstructure for
enhanced industrial applicability and mass production.
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The conventional paradigm of alloy design has, for over
1. INTRODUCTION a century, centred on a single principal element — iron,
aluminium, or titanium, for example — to which minor
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alloying additions are made to tailor properties. This
paradigm was fundamentally challenged in 2004 when
Yeh and co-workers reported nanostructured alloys
containing five or more principal elements in near-
equimolar proportions, coining the term “high entropy
alloys” (HEAs) on the basis that high configurational
entropy stabilises a simple solid-solution phase over the
complex intermetallic compounds that classical alloy
theory would predict !. Independently, Cantor and co-
workers reported a closely related equiatomic
multicomponent alloy system in the same year, and the
CrMnFeCoNi “Cantor alloy” that emerged from this
work remains one of the most widely studied HEA
systems 2. Together, these two papers are recognised as
the foundational works of the field °.

HEAs are conventionally understood through four
interrelated “core effects”: the high-entropy effect,
which favours solid-solution phase formation via high
configurational entropy; severe lattice distortion,
arising from the differing atomic radii of the constituent
elements; sluggish diffusion, which retards phase
transformation kinetics and coarsening; and the cocktail
effect, referring to the synergistic combination of the
properties of the constituent elements '*°. These effects
collectively give HEAs mechanical, thermal, and
chemical properties that can substantially exceed those
predicted by simple rule-of-mixtures estimates from the
constituent elements.

Most early HEA research focused on transition-metal-
rich systems such as CrMnFeCoNi and AlCoCrFeNi,
which, while exhibiting excellent strength and
corrosion resistance, carry densities in the range of 7—8
g/cm® — comparable to or exceeding structural steels
— limiting their appeal for weight-sensitive
applications Lightweight high entropy alloys
(LWHEAs) address this limitation directly by
deliberately incorporating a substantial fraction of low-
density elements — principally aluminium (2.70
g/cm?®), magnesium (1.74 g/cm?), lithium (0.53 g/cm?),
titanium (4.51 g/cm?®), beryllium (1.85 g/cm?®), and
scandium — into the multi-principal-element
framework, with the explicit goal of achieving densities
at or below that of titanium while retaining the strength
advantages conferred by the HEA core effects 7. A
striking early demonstration of this concept was the
AI20Li20Mg10Sc20Ti30 alloy reported by Youssef,
Koch, and co-workers, a nanocrystalline single-phase
alloy with density comparable to aluminium but
strength exceeding that of conventional titanium alloys,
and an estimated strength-to-weight ratio described by
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the authors as unmatched among metallic materials at
the time of publication 8.

Since this initial demonstration, the LWHEA field has
expanded to include a broad range of Al-Mg-Li-Ti-Sc,
Al-Nb-Ti-V-Cr, and Zr-V-Nb-Ti-Al compositional
families, alongside growing efforts to apply
computational and machine-learning-assisted alloy
design to navigate the enormous compositional space
more efficiently than trial-and-error experimentation
permits "°. This review compiles and synthesises the
current understanding of LWHEA compositional
design principles, synthesis and processing routes,
reported mechanical behaviour, and prospective
structural applications, and identifies the principal
challenges that remain before LWHEAS can transition
from laboratory-scale demonstration to industrial-scale
structural use.

HIGH ENTROPY ALLOYS (HEAs)
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Figure 1: Concept and design philosophy of

Lightweight High Entropy Alloys (LWHEAS).

2. COMPOSITIONAL DESIGN OF
LIGHTWEIGHT HIGH ENTROPY ALLOYS

2.1. Defining Criteria for a Lightweight HEA

While HEAs are formally defined by containing five or
more principal elements each present between 5 and 35
atomic percent, with configurational entropy exceeding
1.5R (R being the gas constant) in the random solid-
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solution state *!° the lightweight sub-class is
additionally defined by an overall alloy density
criterion, most commonly a density lower than or
comparable to that of titanium (4.51 g/cm?), the
traditional benchmark for aerospace-grade structural
lightweighting 7. Elements considered in LWHEA
design because their density falls below this titanium
benchmark include lithium, beryllium, boron, sodium,
magnesium, aluminium, silicon, potassium, calcium,
and scandium 7.

2.2. Al-Li-Mg-Sc-Ti and Related Systems

The Al-Li-Mg-Sc-Ti compositional family remains the
most extensively studied LWHEA system. The
pioneering Al20Li20Mg10Sc20Ti30 alloy formed a
single-phase  face-centred-cubic  structure during
mechanical alloying, transforming to a single-phase
hexagonal-close-packed structure upon annealing, with
density and strength characteristics that the original
authors described as unmatched by other metallic
materials at the time 8. Subsequent work on related Al-
Mg-Li-containing multi-principal-component systems
has examined phase stability as a function of
composition, finding that the relative proportions of
aluminium, magnesium, and lithium strongly influence
whether a single-phase solid solution or a multiphase
microstructure forms ',

2.3. Al-Ti-V-Cr and Al-Nb-Ti-V-Cr Systems

A second major LWHEA family substitutes early
transition metals (Nb, V, Cr) for magnesium and
lithium, trading some density reduction for improved
thermal stability and hardness. AlTiVCr-based
lightweight =~ HEAs  have been examined
computationally for their electronic structure and phase
stability, providing a basis for rational alloy design
within this family '2. Doping AINbTiVCr-based
lightweight HEAs with cobalt has been shown to
enhance hardness and overall mechanical properties
through modification of phase constitution and
distribution 3, while carbide strengthening of
(AINDTiVCr) systems via controlled carbon additions
has similarly been used to raise strength through a
secondary carbide-strengthening mechanism 4.

2.4. Zr-V-Nb-Ti-Al
LWHEA Systems

and Refractory-Adjacent

A further design strategy incorporates zirconium and
niobium to access body-centred-cubic LWHEA
microstructures with improved high-temperature
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capability. A Zr1.2V0.8NbTiAl lightweight HEA has
been reported to combine high tensile strength with
useful ductility, an unusual combination for BCC-
structured HEAs, which typically trade ductility for
strength '°. These refractory-adjacent LWHEA systems
generally carry a higher density than the Al-Li-Mg-Sc-
Ti family but offer improved elevated-temperature
strength retention, illustrating the compositional trade-
off space that governs LWHEA design.

3. SYNTHESIS AND PROCESSING METHODS

3.1. Liquid-State Processing: Arc Melting and
Casting

Vacuum arc melting remains the most widely used
LWHEA synthesis route owing to its simplicity, cost-
effectiveness, and compatibility with conventional
metallurgical infrastructure; the technique involves
melting elemental charges under an inert or vacuum
atmosphere and casting into the desired geometry, with
related liquid-state routes including induction melting,
Bridgman directional solidification, and laser-based
melting '°. Processing-route comparisons across HEA
systems generally have shown that arc-melted alloys
with defect-minimised, single-phase microstructures
can display strong and ductile compressive responses,
though the specific phase balance achieved is highly

sensitive to both alloy composition and thermal history
16

3.2. Mechanical Alloying

Mechanical alloying, in which elemental powders are
combined through high-energy ball milling, is a non-
equilibrium solid-state synthesis route capable of
producing nanostructured HEA and LWHEA powders
directly, without the segregation issues that can
accompany solidification from the melt '7. The original
Al20Li20Mg10Sc20Ti30 LWHEA was itself produced
by mechanical alloying, underscoring the suitability of
this route for compositions containing elements of
widely differing melting points and densities, such as
lithium and titanium, which are difficult to co-process
by conventional casting ®'*. Milling time is a critical
process parameter: insufficient milling yields
incomplete alloying, while excessive milling can
introduce  contamination and undesired phase
transformations '3,

3.3. Powder
Manufacturing

Metallurgy and Additive
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Powder metallurgy routes — typically combining
mechanical alloying or blended elemental powders with
hot isostatic pressing or spark plasma sintering (SPS)
— offer an alternative to ingot metallurgy that avoids
the coarse dendritic microstructures characteristic of
arc-melted alloys and can improve compositional
homogeneity for elements with disparate densities and
melting points '*2°. Comparative studies indicate that
SPS-processed HEAs can achieve substantially higher
yield and tensile strength than arc-melted counterparts
of the same nominal composition, owing to the finer,
more homogeneous microstructure achieved under the
powder-consolidation route '¢. More recently, additive
manufacturing techniques such as selective laser
melting have been applied to HEA and LWHEA
fabrication, offering near-net-shape processing
capability alongside microstructural refinement from
the rapid solidification rates inherent to the process '*%.

4. MECHANICAL
PROPERTIES

BEHAVIOUR AND

4.1. Specific Strength and Comparison with
Conventional Light Alloys

The central performance metric for LWHEAs is
specific strength (strength normalised by density), since
this determines whether a lightweight alloy offers a
genuine advantage over conventional aluminium,
magnesium, or titanium alloys in weight-critical
applications ’. Conventional aluminium alloys offer low
density but comparatively low absolute strength;
magnesium alloys offer the lowest density among
common structural light metals but suffer from limited
room-temperature formability, corrosion resistance,
and relatively high cost; and titanium alloys offer high
specific strength but at high material cost 7. Compiled
comparisons of reported LWHEA mechanical
properties against magnesium and aluminium alloy
benchmarks indicate that several LWHEA
compositions can match or exceed the specific strength
of these conventional light alloys, motivating continued
interest in the class as a potential replacement in weight-
sensitive structural roles 7.

4.2. Strengthening Mechanisms

The mechanical performance of LWHEASs arises from
a combination of solid-solution strengthening (driven
by lattice distortion from atomic-size mismatch among
the constituent elements), grain-boundary (Hall-Petch)
strengthening in the frequently nanocrystalline or
ultrafine-grained = microstructures  produced by
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mechanical alloying, and, where applicable, secondary-
phase or carbide strengthening introduced by controlled
minor alloying additions 3%, Sluggish diffusion further
contributes to mechanical stability at elevated
temperature by retarding the coarsening of

strengthening microstructural features during service
1,4

4.3. Table of Representative LWHEA Systems

Table 1: Representative lightweight high entropy
alloy systems compiled from the literature, by
primary synthesis route and reported structural
character.

LWHEA System Primary Reported Ref.
Synthesis Route Structural
Character
AI20Li20Mg10Sc20Ti30] Mechanical |[Single-phase FCC| 8
alloying — HCP; density ~

Al, strength > Ti
alloys

BCC solid 12

solution; phase-

stability studies

High hardness via| 13

phase distribution

AITiVCr Arc melting /
computational
design

Arc melting

Co-doped AINDbTiVCr

control
(AINbTiVCr)100-xCx Arc melting + [Enhanced strength| 14
carbide via in-situ
strengthening carbides
Zr1.2V0.8NDbTiAl Arc melting High tensile 15
strength with

retained ductility

5. POTENTIAL APPLICATIONS

The combination of low density and high specific
strength positions LWHEAS as candidate materials for
aerospace structural and engine components,
automotive lightweighting for improved fuel efficiency
and range, and defence applications such as armour and
protective structures where weight budgets are tightly
constrained ®’. Beyond bulk structural HEAs, HEA
reinforcement of lightweight metal matrix composites
(aluminium-, magnesium-, and titanium-based) has
separately emerged as a strategy for combining the
load-transfer,  grain-refinement, and  Orowan-
strengthening benefits of a discrete HEA reinforcement
phase with a lightweight matrix, broadening the routes
by which HEA chemistry can contribute to lightweight
structural performance 2!.

6. CHALLENGES AND LIMITATIONS
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6.1. Phase
Complexity

Prediction and Compositional

The enormous compositional space available when
combining five or more principal elements makes
reliable a priori prediction of the resulting phase
(single-phase solid solution versus multiphase or
intermetallic-containing microstructure) a persistent
challenge; empirical parameters such as configurational
entropy and atomic-size mismatch provide useful but
imperfect guidance, and machine-learning-assisted
composition screening has been proposed as a means of
navigating this space more efficiently than exhaustive
experimental screening *'°,

6.2. Processing Scalability and Cost

Many of the highest-performing LWHEA compositions
reported in the literature have been synthesised at
laboratory scale via mechanical alloying or arc melting,
and scaling these processes to industrially relevant billet
or component sizes while retaining the fine, controlled
microstructures responsible for the reported properties
remains an open processing challenge !'®!°. The
inclusion of reactive, low-melting-point elements such
as lithium and magnesium further complicates large-
scale liquid-state processing owing to oxidation and
evaporation losses during melting '!.

6.3. Ductility-Strength Trade-off

As with many BCC-structured HEA systems, several
LWHEA compositions exhibit a trade-off between high
strength and adequate room-temperature ductility,
limiting their immediate applicability in damage-
tolerant  structural roles; systems such as
Zr1.2V0.8NbTiAl that combine high strength with
retained ductility remain comparatively rare within the
compiled literature and represent a priority direction for
further compositional optimisation '3

7. FUTURE DIRECTIONS

Three directions appear most likely to advance
LWHEAs toward practical structural deployment. First,
integration of  computational thermodynamics
(CALPHAD-type modelling) with machine-learning-
assisted composition screening would substantially
reduce the experimental burden of navigating the
LWHEA compositional space °. Second, continued
development of scalable powder-metallurgy and
additive-manufacturing processing routes is needed to
translate laboratory-scale mechanical-alloying results
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into components of industrially relevant size '*2°. Third,
systematic study of the ductility-strength trade-off
across LWHEA families, potentially through controlled
secondary-phase engineering as demonstrated for
carbide-strengthened AINbTiVCr systems, would help
identify compositions suitable for damage-tolerant
aerospace and automotive structural applications '*15.

8. CONCLUSION

The principal conclusions of this compiled review are
as follows:

» Lightweight high entropy alloys extend the multi-
principal-element HEA design concept by deliberately
incorporating low-density elements such as aluminium,
magnesium, lithium, and titanium, achieving densities
comparable to or below titanium while retaining
competitive mechanical strength.

» The high-entropy effect, lattice distortion, sluggish
diffusion, and cocktail effect collectively underpin the
favourable combination of low density and high
strength reported across compiled LWHEA systems.

* Al-Li-Mg-Sc-Ti systems report the most striking
density-strength combinations compiled in this review,
while AI-Nb-Ti-V-Cr and Zr-V-Nb-Ti-Al systems offer
complementary advantages in hardness and ductility
retention, respectively.

* Mechanical alloying and arc melting remain the
dominant synthesis routes, with powder metallurgy and
additive manufacturing offering promising, though not
yet fully scaled, alternatives for improved
microstructural control.

» Phase-prediction reliability, processing scalability,
cost, and the ductility-strength trade-off remain the
principal barriers to industrial-scale LWHEA adoption,
and should be prioritised in future research aimed at
translating laboratory-scale results into structural
components for the aecrospace, automotive, and defence
sectors.

CONFLICT OF INTEREST

The authors declare that they have no conflict of
interest.

ACKNOWLEDGEMENT

The authors would like to acknowledge the Department
of Mechanical Engineering at Chhattisgarh Swami



Run. Int. J. Mech. and Auto. Engl. 2(2): August 2025

Vivekanand Technical University, Rungta College of
Engineering and Technology, and for providing the
resources necessary for conducting this literature
review.

REFERENCES

1. Yeh J.W., Chen S.K., Lin S.J., Gan J.Y., Chin T.S.,
Shun T.T., Tsau C.H., Chang S.Y. Nanostructured high-
entropy alloys with multiple principal elements: novel
alloy design concepts and outcomes. Advanced
Engineering Materials. 2004; 6(5): 299-303.
https://doi.org/10.1002/adem.200300567

2. Cantor B., Chang I.T.H., Knight P., Vincent A.J.B.

Microstructural development in equiatomic
multicomponent alloys. Materials Science and
Engineering A. 2004; 375-377: 213-218.

https://doi.org/10.1016/j.msea.2003.10.257

3. Miracle D.B., Senkov O.N. A critical review of high
entropy alloys and related concepts. Acta Materialia.
2017; 122: 448-511.
https://doi.org/10.1016/j.actamat.2016.08.081

4. Tsai M.H., Yeh J.W. High-entropy alloys: a critical
review. Materials Research Letters. 2014; 2(3): 107—
123. https://doi.org/10.1080/21663831.2014.912690

5.Hsu W.L., Tsai C.W., Yeh A.C., Yeh J.W. Clarifying
the four core effects of high-entropy materials. Nature
Reviews Chemistry. 2024; 8: 471-485.
https://doi.org/10.1038/s41570-024-00602-5

6. George E.P., Raabe D., Ritchie R.O. High-entropy
alloys. Nature Reviews Materials. 2019; 4: 515-534.
https://doi.org/10.1038/s41578-019-0121-4

7. Zhang W., Chen S., Cotton J., Liaw P.K., Zhang Y.
Recent advances on lightweight high-entropy alloys:
processing, microstructure, and mechanical properties.
Advanced Engineering Materials. 2023; 25(1):
2200826. https://doi.org/10.1002/adem.202200826

8. Youssef K.M., Zaddach A.J., Niu C., Irving D.L.,
Koch C.C. A novel low-density, high-hardness, high-
entropy alloy with close-packed single-phase
nanocrystalline structures. Materials Research Letters.
2015; 3(2): 95-99.
https://doi.org/10.1080/21663831.2014.985855

9. Yang X., Chen S., Cotton J.D., Zhang Y. Phase
stability of low-density, multiprincipal component
alloys containing aluminum, magnesium, and lithium.

ISSN 2456-0286(0)
RUNGTA
International Journal of
Mechanical and Automobile
Engineering

JOM. 2014; 66(10): 2009-2020.

https://doi.org/10.1007/s11837-014-1059-z

10. Rao Z., Tung P.Y., Xie R., Wei Y., Zhang H.,
Ferrari A., et al. Machine learning-enabled high-
entropy alloy discovery. Science. 2022; 378(6615): 78—
85. https://doi.org/10.1126/science.abo4940

11. Stepanov N.D., Yurchenko N.Y., Skibin D.V.,
Tikhonovsky M.A., Salishchev G.A. Structure and
mechanical properties of the Al70Cr17Fe6Ti4Zr3
lightweight high-entropy alloy. Materials Science and
Engineering A. 2015; 636: 188-195.
https://doi.org/10.1016/j.msea.2015.03.097

12. Qiu Y., Hu Y.J., Taylor A., Styles M.J., Marceau
RK.W., Ceguerra A.V., et al. A lightweight single-
phase AITiVCr compositionally complex alloy. Acta
Materialia. 2017; 123: 115-124.
https://doi.org/10.1016/j.actamat.2016.10.037

13. Xu F., Chen D., Chen R., Ding H., Han J., Guo J.
Lightweight Al-Nb-Ti-V-Cr high entropy alloys with
high hardness and enhanced mechanical properties via
doping Co. China Foundry. 2025; 22: 283-291.
https://doi.org/10.1007/s41230-025-4130-1

14. Xu F., Gao X, Liu E., Yan Z. Microstructure and
mechanical properties of lightweight (AINbTiVCr)100-
xCx high entropy alloys by carbide strengthening.
Materials Letters. 2022; 325: 132885.
https://doi.org/10.1016/j.matlet.2022.132885

15. Wang L., Chen S., Li B., Zhang Y., Liaw P.K.
Lightweight Zr1.2V0.8NbTiAl high entropy alloys
with high tensile strength and ductility. Materials
Science and Engineering A. 2021; 814: 141234.
https://doi.org/10.1016/j.msea.2021.141234

16. Arun S., Radhika N., Saleh B. A snapshot of high-
entropy alloy processing techniques and their effects on
resulting mechanical properties. Journal of Materials
Research and Technology. 2025; 39: (in press).
https://doi.org/10.1016/j.jmrt.2025.10.187

17. Suryanarayana C. Mechanical alloying and milling.
Progress in Materials Science. 2001; 46(1-2): 1-184.
https://doi.org/10.1016/S0079-6425(99)00010-9

18. Sharma A., Deshmukh S.A., Liaw P.K., Zinkle S.J.
A review on mechanically alloyed high entropy alloys:
processing challenges and properties. Materials
Research Express. 2022; 9(5): 052001.
https://doi.org/10.1088/2053-1591/ac69b3


https://doi.org/10.1002/adem.200300567
https://doi.org/10.1016/j.msea.2003.10.257
https://doi.org/10.1016/j.actamat.2016.08.081
https://doi.org/10.1080/21663831.2014.912690
https://doi.org/10.1038/s41570-024-00602-5
https://doi.org/10.1038/s41578-019-0121-4
https://doi.org/10.1002/adem.202200826
https://doi.org/10.1080/21663831.2014.985855
https://doi.org/10.1007/s11837-014-1059-z
https://doi.org/10.1126/science.abo4940
https://doi.org/10.1016/j.msea.2015.03.097
https://doi.org/10.1016/j.actamat.2016.10.037
https://doi.org/10.1007/s41230-025-4130-1
https://doi.org/10.1016/j.matlet.2022.132885
https://doi.org/10.1016/j.msea.2021.141234
https://doi.org/10.1016/j.jmrt.2025.10.187
https://doi.org/10.1016/S0079-6425(99)00010-9
https://doi.org/10.1088/2053-1591/ac69b3

Run. Int. J. Mech. and Auto. Engl. 2(2): August 2025

19. Mohanty S., Maity T.N., Mukhopadhyay S., Sarkar
S., Gurao N.P., Bhowmick S., Biswas K. Powder
metallurgical processing of equiatomic AlCoCrFeNi
high entropy alloy: microstructure and mechanical
properties. Materials Science and Engineering A. 2017;
679: 299-313.
https://doi.org/10.1016/j.msea.2016.09.062

20. Torralba J.M., Alvaredo P., Garcia-Junceda A.
High-entropy alloys fabricated via powder metallurgy.
A critical review. Powder Metallurgy. 2019; 62(2): 84—
114. https://doi.org/10.1080/00325899.2019.1584454

21. Reddy M.P., Himabindu V., Bahubalendruni
M.V.A.R. High entropy alloy reinforced lightweight
metal matrix composites: a review of the fundamentals,
fabrication, properties, and prospects. Journal of Alloys
and Compounds Communications. 2025; 6: 100059.
https://doi.org/10.1016/j.jacomc.2025.100059

22. Senkov O.N., Wilks G.B., Miracle D.B., Chuang
C.P.,, Liaw P.K. Refractory high-entropy alloys.
Intermetallics. 2010; 18(9): 1758-1765.
https://doi.org/10.1016/j.intermet.2010.05.014

23. Zhang Y., Zuo T.T., Tang Z., Gao M.C., Dahmen
K.A., Liaw P.K., Lu Z.P. Microstructures and
properties of high-entropy alloys. Progress in Materials
Science. 2014; 61: 1-93.
https://doi.org/10.1016/j.pmatsci.2013.10.001

24, Han Z.D., Chen N., Zhao S.F., Fan L.W., Yang
G.N., Shao Y., Yao K.F. Effect of Ti additions on
mechanical properties of NbMoTaW and VNbMoTaW
refractory high entropy alloys. Intermetallics. 2017; 84:
153-157.
https://doi.org/10.1016/j.intermet.2017.01.007

25. Ye Y.F., Wang Q., LuJ,, Liu C.T., Yang Y. High-
entropy alloy: challenges and prospects. Materials

ISSN 2456-0286(0)
RUNGTA
International Journal of
Mechanical and Automobile
Engineering

Today. 2016; 19(6): 349-362.

https://doi.org/10.1016/j.mattod.2015.11.026

26.LiZ., Pradeep K.G., Deng Y., Raabe D., Tasan C.C.
Metastable high-entropy dual-phase alloys overcome
the strength-ductility trade-off. Nature. 2016; 534: 227—
230. https://doi.org/10.1038/nature17981

27. Senkov O.N., Miracle D.B., Chaput K.J., Couzinie
J.P. Development and exploration of refractory high
entropy alloys — a review. Journal of Materials
Research. 2018; 33(19): 3092-3128.
https://doi.org/10.1557/jmr.2018.153

28. Miracle D.B., Miller J.D., Senkov O.N., Woodward
C., Uchic M.D., Tiley J. Exploration and development
of high entropy alloys for structural applications.
Entropy. 2014; 16(1): 494-525.
https://doi.org/10.3390/e16010494

29.Lu Y., Dong Y., Guo S., Jiang L., Kang H., Wang
T., et al. A promising new class of high-temperature
alloys: eutectic high-entropy alloys. Scientific Reports.
2014; 4: 6200. https://doi.org/10.1038/srep06200

30. Gludovatz B., Hohenwarter A., Catoor D., Chang
E.H., George E.P., Ritchie R.O. A fracture-resistant
high-entropy alloy for cryogenic applications. Science.
2014; 345(6201): 1153-1158.
https://doi.org/10.1126/science. 1254581

31. Ranganathan S. Alloyed pleasures: multimetallic
cocktails. Current Science. 2003; 85(10): 1404—-1406.

32. Chen S., Oh H.S., Gludovatz B., Kim S.J., Park
E.S., Zhang Z., Ritchie R.O., Yu Q. Real-time
observations of TRIP-induced ultrahigh strain
hardening in a dual-phase CrMnFeCoNi high-entropy
alloy. Nature Communications. 2020; 11: 826.
https://doi.org/10.1038/s41467-020-14641-1


https://doi.org/10.1016/j.msea.2016.09.062
https://doi.org/10.1080/00325899.2019.1584454
https://doi.org/10.1016/j.jacomc.2025.100059
https://doi.org/10.1016/j.intermet.2010.05.014
https://doi.org/10.1016/j.pmatsci.2013.10.001
https://doi.org/10.1016/j.intermet.2017.01.007
https://doi.org/10.1016/j.mattod.2015.11.026
https://doi.org/10.1038/nature17981
https://doi.org/10.1557/jmr.2018.153
https://doi.org/10.3390/e16010494
https://doi.org/10.1038/srep06200
https://doi.org/10.1126/science.1254581
https://doi.org/10.1038/s41467-020-14641-1

