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High-entropy alloys: A class of materials with 
outstanding mechanical properties

Traditional alloys

One or two principal 

elements

Steels, Aluminum alloys.

High-entropy alloys

Five or more principal 

elements, atomic 5% to 

35%
B.Gludovatz et al. A fracture-resistant high-entropy alloy for cryogenic applications 

Science,345(2014), pp. 1153-1158



Potential Applications

Å High strength

Å High ductility

Å High corrosion resistance

Å High thermal stability

Å Good creep strength

Å Good fracture toughness

Gao, Michael C., et al., eds.High-entropy alloys: fundamentals and 

applications. Springer, 2016.



Objectives

Estimated number of publications > 
10,000 CrMnFeCoNi 

CrMnFeNi MnFeCoNi CrMnCoNiCrMnFeNi MnFeCoNi CrMnCoNiCrFeCoNi

To establish  the dynamic  mechanical  response  at high  strain  
rates  of  five  quaternary  high -entropy  alloys  subjected  to the 
same thermomechanical  processing . 

Web of Science, 2026.



Alloy synthesis and processing

1- Induction melting 2- Homogenization

3- Deformation

4- Recrystallization



Microstructural characterization after homogenization, 
deformation and recrystallization

CrMnCoNiMnFeCoNi



CrMnFeNi CrFeCoNi

Microstructural characterization after homogenization, 
deformation and recrystallization



Laser shock experiments set-up

PS Ablator: 

30 µm

Drive Laser 

(neodymium-glass )
VISAR Laser

Stainless steel 

washer

Target: 

50-100-250 µm

Plasma

Momentum catch & 

debris shield
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First Beam time

Energy (J): Pulse duration (ns)

80, 100 and 150 10 

Second Beam time

Energy (J): Pulse duration (ns)

50, 70 and 80 5, 2 and 1 



Microstructural characterization after laser shock

MnFeCoNi

Deformation 
twinning

Thickness of 250 ɛm

Actual Energy 159 J

Pulse 10 ns



Microstructural characterization after laser shock

CrMnCoNi

Deformation 
twinning

Thickness of 250 ɛm

Actual Energy 157 J

Pulse 10 ns



Microstructural characterization after laser shock

CrMnFeNi

Dimpled 
surface

Thickness of 250 ɛm

Actual Energy 159 J

Pulse 10 ns



Microstructural characterization after laser shock

CrFeCoNi

Dimpled 
surface

Thickness of 250 ɛm

Actual Energy 158 J

Pulse 10 ns



Microstructural characterization after laser shock

MnFeCoNi

Deformation 
twinning

Melted 

region
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Tm: 1600 K

Thickness of 50 ɛm

Actual Energy 47 J

Pulse 1 ns

strain rate~109 s-1; strength ~20 GPa

Local strain at dimples can be very high

No thermal softening in drag regime



Microstructural characterization after laser shock

CrMnCoNi

Melted 

region

Deformation 

twinning  

Thickness of 50 ɛm

Actual Energy 51 J

Pulse 5 ns



Microstructural characterization after laser shock
CrMnFeNi

Deformation 
twinning

Melted 

region

Dimpled  

surface

Larger dimples

Thickness of 50 ɛm

Actual Energy 79 J

Pulse 2 ns



Microstructural characterization after laser shock

CrFeCoNi

Melted 

region

Larger melted 

region

4 ͓ m

Thickness of 50 ɛm

Actual Energy 47 J

Pulse 1 ns



Microstructural characterization after laser shock

MnFeCoNi



CrMnCoNi

Shock

direction

CrMnFeNi

Shock

direction

Microstructural characterization after laser shock



CrFeCoNi

Shock

direction

Microstructural characterization after laser shock



CrMnCoN
i

CrFeCoNiMnFeCoN
i

CrMnFeNi

MD Simulations
(HEAs shocked at 48 GPa)

Shock compression only!

ůSp15.5 GPa ůSp16 GPa ůSp15 GPa ůSp15.5 GPa

Green = FCC; Blue = bcc; Black =  deformation twin ; Red =intrinsic Stacking Fault ; Cyan ï triple SF; Yellow ï quad SF; Magenta ï hcp lamella



Under the simulated conditions and 

grain sizes, spallation is observed 

to occur exclusively through 

intergranular failure.

Shock compression plus tension!

MD Simulations
(Voids nucleation and growth)



Spall strength versus strain-rate

Gas-gun

Janus laser

Quasistatic

Tavareset al. Extreme Tensile Strength of Medium-Entropy Alloys Through Pulsed Lasers. Advanced Functional Materials (2026). 

Tavares et al. Dynamic fracture response of Cantor-derived medium entropy alloys. Acta Mater, 292 (2025).



Analytical model prediction

Intragranular

L. Seaman, D.R. Curran, D.A. Shockey, Computational models for ductile and brittle fracture, J. Appl. Phys. 47 (1976) 4814ï4826. 

Remington et al. Spall strength dependence on grain size and strain rate in tantalum. Acta Materialia (2018)., 

Intergranular
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Intragranular Intergranular

Analytical model prediction



Spall stress prediction for intragranular and 
intergranular void growth



Å The same thermomechanical treatments produced significantly different microstructures, with the primary 

phase being face-centered cubic (fcc).

Å Pulsed laser experiments were conducted at high amplitudes (approximately 50 GPa) and short durations 

(10 ns). The strain rate applied varied from 5 x 106 to 1.1 x 107 s-1. The tensile spall stresses measured 

ranged from 6.5 to 9.8 GPa. The range of values was much narrower than the variation in the quasistatic 

response.

ÅMolecular dynamics simulations at the sub-micrometer scale support the experimental results, although they 

are performed at much higher strain rates (10 ï10  sϖ¹ vs. 10 ï10  sϖ¹) and smaller length scales (nm vs. 

mm). The spall strengths obtained, ranging from 9 to 15 GPa with increasing strain rate. 

Conclusions

Å Quasistatic tensile tests reveal a low strain-rate regime governed by thermally activated dislocation motion. At 

strain rates above ~10  sϖ¹, deformation transitions to the viscous drag regime. The reduced slope observed in 

this regime is attributed to void nucleation, growth, and coalescence controlling the deformation and failure 

process.

Å The activation of intragranular and intergranular voids through their nucleation and growth enables the 

prediction of spall strengths consistent with the experimental results. 

Å A second campaign using lower thickness ( 50 ɛm) and lower pulse duration ( 5, 2 and 1 ns) yielded localized 

melting in the spall area.

Å VISAR window was too large and did not capture the pull-back signal.
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