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High-entropy alloys: A class of materials with

outstanding mechanical properties
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Potential Applications

Q\erospace & Aviation Structuresj Cryogenic Structural Components

® Aircraft Fuselage Parts

A H |gh Strength ® Wing & Tail Structures

® (Critical Supports
® High Strength-to-Weight

® Cryogenic Storage Tanks
® Low-Temperature Piping
® Space Exploration Equipment

® Toughness at Low Temperatures

A High ductility

A High corrosion resistance High-Entropy
Alloys (HEAs)

Structural Applications

A High thermal stability

High-Temperature Materials

® Gas Turbines

@mpact & Wear-Resistant Stmcture

A Good creep strength ® Military Armor
® Cutting Tools

© Wear-Resistant Parts

® Rocket Engines

@ Industrial Furnaces

A Good fracture toughness : o :
© Hardness & Toughness Corrosion-Resistant Components ® Oxidation & Creep Resistance

® Chemical Equipment
® Marine & Offshore Structures
® Acidic Fluid Tanks

® High Corrosion Resistance

Gao, Michael C., et al., eddigh-entropy alloys: fundamentals and
applications Springer, 2016.
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Alloy synthesis and processing
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Microstructural characterization after homogenization,
deformation and recrystallization
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Microstructural characterization after homogenization,
deformation and recrystallization
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Laser shock experiments setup
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Microstructural characterization after laser shock
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Actual Energy 159 J
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Microstructural characterization after laser shock
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Microstructural characterization after laser shock
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Microstructural characterization after laser shock

Thickness of 25@m
Actual Energy 158 J
Pulse 10 ns




Microstructural characterization after laser shock

Thickness of 5@m
Actual Energy 47 J
Pulse 1 ns

strain rate~19s-1; strength ~20 GPa
Local strain at dimples can be very high
No thermal softening in drag regime




Microstructural characterization after laser shock
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Microstructural characterization after laser shock
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Microstructural characterization after laser shock
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Microstructural characterization after laser shock




Microstructural characterization after laser shock
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Microstructural characterization after laser shock
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MD Simulations
(HEAs shocked at 48 GPa)

MnFeCoN

5

0sp15.5 GPa (5,16 GPa 05,15 GPa 0s,15.5 GPa

Shock compression only!

Green = FCC; Blue =bcc; Black = deformation twin ; Red =intrinsic Stacking Fault;  Cyan 1 triple SF; Magenta i hcp lamella



MD Simulations

(Voids nucleation and growth)
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Shock compression plus tension!

Under the simulated conditions and
grain sizes, spallation is observed
to occur exclusively through
intergranular failure.




Spall strength versus strainrate
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Tavares at al. unpublised results)
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. CoCrFeMnNi (Thrumer et al.)

—— Linear fit for all data
—— Linear fit for current work and Ref [32]
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Analytical model prediction

(b7) b2) < (b3)

LA, .

L. Seaman, D.R. Curran, D.A. Shockey, Computational models for ductile and brittle fracture, J. Appl. Phys. 47 (18482@.814
Remington et alSpall strength dependence on grain size and strain rate in tantalum. Acta Materialia (2018).,
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Spall stress prediction for intragranular and

Intergranular void growth
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Conclusions

A The same thermomechanical treatments produced significantly different microstructures, with the primary
phase being face-centered cubic (fcc).

A Pulsed laser experiments were conducted at high amplitudes (approximately 50 GPa) and short durations
(10 ns). The strain rate applied varied from 5 x 10° to 1.1 x 107 s’. 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.

A Molecular dynamics simulations at the sub-micrometer scale support the experimental results, although they
are performed at much higher strain rates (107110 s@d vs. 10110 sod) and smaller length scales (nm vs.
mm). The spall strengths obtained, ranging from 9 to 15 GPa with increasing strain rate.

A Quasistatic tensile tests reveal a low strain-rate regime governed by thermally activated dislocation motion. At
strain rates above ~10 s@, 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.

A The activation of intragranular and intergranular voids through their nucleation and growth enables the
prediction of spall strengths consistent with the experimental results.

A A second campaign using lower thickness ( 50 em) and lower pulse duration ( 5, 2 and 1 ns) yielded localized
melting in the spall area.

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